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PRESIDENT’S MESSAGE on the occasion of the ICS Congress, Dali, China, 2016 

 
 
Welcome to the 2016 Congress in Dali, which I am pleased and honoured to open.   
 
I am confident that our Congress organisers will delight us all with their congress planning, 
designed to offer us: 
 * The choicest gardens to be visited 
 * An appealing array of cultural and scenic offerings 
 * An appetising menu of the location’s finest foods, in comfortable hotels 
 
But more importantly, Congress organisers must ensure they offer to camellia enthusiasts, 
researchers, and historians the opportunity to present the latest news and developments from 
the world of camellias. 
 
This book of proceedings encompasses just over 70 papers, grouped into four basic sections:    
resources and history; breeding and molecular biology; cultivation, propagation and 
utilization; and gardens and tourism. 
 
Some of these papers are posters which cover the authors’ subjects.   We urge you to read 
them, study them, and learn from them, just as much as the presentations themselves. 
 
This year for the first time, there will be several prizes given for the best presentations and 
posters – in a way, recognition of the increasingly informative and interesting subjects that 
camellia researchers and enthusiasts are taking up, these days. 
 
Congratulations to all our organisers and presenters on this program, which I am sure will be 
a notable success! 
 
 

 
 
 

Patricia Short 
 
President 
The International Camellia Society 
  
 



Preface 

 

Camellia is the world famous ornamental flower and one of the ten Chinese famous 

flowers. Owing to its beautiful tree shapes, colorful flower colors, gorgeous flower types and 

bright evergreen leaves, camellia is widely adored by flower enthusiasts and highly prized by 

horticulturists in the world.  

China is the distribution center of the genus Camellia L. and also the earliest country 

brought camellias from wild into cultivation as ornamental plants in the world. The history of 

camellia cultivation in China can be traced back to the period of Shu-Han (221-263 A.D.). In 

2003, the International Camellia Society Congress was held in Jinhua, China. This was the first 

time that the ICS Congress held in China. After the ICS Congress in Jinhua, the ICS Congress 

was held again in Chuxiong, China in 2012. We are now very happy to welcome the 2016 ICS 

Congress to be held in Dali, for its third time in China.  

The Organizing Committee of the 2016 Dali ICS Congress has made great effort and 

contributions to ensure the success of the congress. Thanks to Prof. Li Jiyuan and his team, 71 

papers and 2 abstracts were collected in the proceedings. These high level papers reflect the 

up-to-date research advances and achievements in our camellia world.  

As President of the International Camellia Society, I appreciate the compiling of the 

proceedings and congratulate the success of the 2016 Dali International Camellia Congress.  

 

 

 

 
                                        Guan Kaiyun 
                                        ICS President 
                                        January 2016 
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History of Camellia Cultivation and Research in China 
Guan Kaiyun  

(Kunming Institute of Botany, the Chinese Academy of Sciences,Heilongtan, Kunming, Yunnan 
650204, China) 

Abstract: According to the historical literatures record, camellia cultivation in China can be traced back to the 
period of Shu-Han (221-263 A.D.) in Sichuan. Since then, camellias have been cultivated in more and more 
places in China. To the Five Dynasties (907-960 A.D.), camellia cultivation was very popular. During the Song 
Dynasty (960-1279), more camellia cultivars were bred and camellia cultivation extended to the ordinary people 
and bonsai camellias appeared during this period. In the period of the Yuan Dynasty (1271-1368 A.D.) and the 
Ming Dynasty (1368-1644 A.D.), camellia cultivation was further expanded and camellia trade began to appear. 
In the period of Qing Dynasty (1644-1911), more than 50 camellia cultivars were recorded. Camellia cultivation 
and research were greatly interrupted during the period of the end of Qing Dynasty to the 1970s because of 
various reasons. From the 1980s to the early 21st century, camellia research and production were developed very 
fast in China. During this period, the commercial production of camellia in China went through a period of 
greatly development. Entering the 21st century, many achievements in the fields of research and the commercial 
production of camellia have been achieved in China. During this period, China also paid attention to the breeding 
of new camellia cultivars and some distinctive new cultivars were bred and registered. After the International 
Camellia Society Congress was held in Jinhua, Zhejiang Province in 2013 and in Chuxiong, Yunnan Province in 
2012, the 2016 congress will be held in Dali, Yunnan Province again. From this, it can be said that the Chinese 
camellia sector has established tight links with the outside world.  
 
China is the distribution center of the genus Camellia and is the first country to cultivate wild 
camellias as ornamental plants. The history of camellia cultivation in China can be traced back to 
the period of Shu-Han (221-263 A.D.). Camellias were highly appreciated then and ranked as 
Qipin Sanming (the third sub-grade of the seventh grade). It can be seen that camellia was 
cultivated as an ornamental flower in China as early as 1800 years ago. From the periods of Jin to 
the Southern and Northern Dynasties (265-589 A.D.), camellias were important ornamental plants 
for courtyard landscaping and camellia cultivation spread from the south to north and became one 
of the “twenty four famous flowers” in China. From Sui and Tang Dynasties (581-907 A.D.), 
camellia was brought into cultivation in the royal palace and poems and paintings about camellia 
began to appear. The following exert ‘camellia flowers reach their prime, cherry petal in buds are 
about to fly’ from the poem ‘Feasting in the East Hall’ is one example. Many famous poets in the 
Tang Dynasty such as Liu Zongyuan, Li Bai, Bai Juyi and Wen Tinjun wrote many poems in 
admiration of camellias. To the Five Dynasties (907-960 A.D.), paintings on camellias emerged 
and it showed that camellia cultivation was very popular in this period. During the Song Dynasty 
(960-1279), more camellia cultivars were bred and camellia cultivation extended to the common 
people. Furthermore, bonsai camellias appeared during this period, further enhancing the 
pleasures of camellias amongst breeders. During the period of the Yuan Dynasty (1271-1368 A.D.), 
camellia cultivation was further expanded and the first literature records on camellias began to 
appear. Since the start of the Ming Dynasty (1368-1644 A.D.), camellia trade began and camellia 
cultivation reached to a new stage. At this time, books about cultivation of camellias also began to 
appear. Following this period, there were more than 50 camellia cultivars, and poems and 
monographs on camellia were in common occurrence in the period of Qing Dynasty (1644-1911). 
Many books and records on camellia, such as Records on Camellias in Central Yunnan by Feng 
Shike, Records of Yunnan Camellia by Zhao Bi, The Cultivars of Camellia by Pu Jingzi, were in 
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circulation during the Ming and Qing Dynasties.  
As a medicinal plant, camellia was recorded in the renowned book Compendium of Materia 
Medica by Li Shizhen during the Ming Dynasty. In his book The Research on Plant Names with 
Illustrations, Wu Qijun described the morphological characters of C. reticulata and C. japonica 
for the first time. In 1930s, Fang Shumei, a scholar from Yunnan examined 72 Yunnan camellia 
cultivars in his book The Short History of Yunnan Camellia. Furthermore, the horticulturist Shen 
Yuanru, from Wuxi, began researching sexual hybridization, leaf and bud cuttings and grafting of 
camellias. Meanwhile, camellia enthusiasts Liu Youtang and Sun Dongming from Yunnan made 
an extensive collection of Yunnan camellia cultivars and some precious cultivars such as 
‘Zaomudan’, ‘Dali Diechi’ and ‘Yingchunhong’ were bred. In the 1940s, on the basis of field 
investigation, Prof. Yü Dejun published the following books on camellia: Yunnan Camellia and its 
Horticultural Cultivars; Yunnan Camellias and A Survey of Yunnan Camellias with Illustrations. 
His achievements made an important contribution to camellia research and development in China.  
In the 1980s, camellia research and production were greatly developed in China. In 1981, Prof. 
Zhang Hongda (Chang Hung-ta) published the paper A Taxonomy of the Genus Camellia. In the 
same year, Prof. Feng Guomei, Prof. Xia Lifang and Prof. Zhu Xianghong published their book 
Yunnan Camellia. Wang Yiping and Yu Zhonglu published a book named The Camellia Flowers. 
In 1985, a book Camellias of Zhejiang by Chen Shaoyun, Xu Biyu and others was published. In 
the same year, Camellias of Fujian edited by Dai Zhitang and Wang Jinxun was published. In 1986, 
the book Yunnan Camellia of China edited by Feng Guomei et al and translated by Guan Kaiyun 
was published. It was the first book in English that introduced Yunnan camellias systematically. 
Since 1984, several international camellia conferences and symposia were held in China and 
research on camellia in China progressed greatly as a result. In 1984, the first International 
Camellia Symposium on Camellias in China was held in Kunming. During the Symposium, an 
International Camellia Garden of Friendship was established in the Kunming Botanic Garden. A 
time capsule was imbedded within the garden. The time capsule will be opened for the first time in 
2034 and then finally opened in the year 2084. On 26th March 1987, the Camellia Society of China 
was established with its headquarter located in Hangzhou, Zhejiang Province. Mr Cai Fugui (Tsai 
Fu-Kui) from Taiwan published the book Collections of Camellias of the World in 1988. The book 
Golden Camellias edited by Liang Shengye was then published in 1993. The book Famous and 
Precious Camellias of the World edited by Gao Jiyin, Chen Shaoyun and Xu Biyu was published in 
1998. At the same time, the volume of subfamily Theaceae of Flora Sinica edited by Zhang 
Hongda and Ren Shanxiang and the Monograph of the Genus Camellia written by Min Tianlu 
were published. These publications indicated that substantial achievements in camellia research in 
China had been achieved and the associated research had reached an international level.  
During this period, the commercial production of camellia in China also went through a period of 
development. Entering the 21st century, many achievements in the fields of research, breeding and 
the commercial production of camellia have been achieved in China, and more publications were 
produced. The book Chinese Camellia Culture edited by Zhang Lechu, You Muxian and others 
was published in 2002. The book Chinese Famous Flower - Camellias of Jinhua edited by Xu 
Gongxing, Shao Jie-an, Zhong Yongjun was published in 2003, in the same year the book 
Camellias edited by Xia Lifang was also published. As chief editors, Gao Jiyin, Clifford R. Parks 
and Du Yueqiang published their book Collected Species of the Genus Camellia, an Illustrated 
Outline in 2005. In 2007, the book Camellia Sasanqua was published by Xu Biyu as chief editor. A 
Handbook on the Cultivation of Yunnan Camellias by Xia Lifang, Feng Baojun and Wang 
Zhonglang was published in 2007. In the same year, The Identification and Appreciation of the 
World’s Outstanding Camellias by Gao Jiyin, Su Yuhua and Hu Xiancong was published. And 
Pictorial Book of Fengcheng Camellias (2007) and Camellias of Taiwan (2009) by Zhu Guodong 
were published in Taiwan. In 2009, the book Camellias was published by Mr. Shen Yinchun. The 
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book was a result of his many years of researches on numerous camellia literatures kept in the 
libraries both in China and abroad. In 2010, the book Tracking Down Chinese Ancient Camellia 
Trees for Ten Years by You Muxian was published. Camellias of Sichuan edited by Zhou Li was 
published in 2011. In 2014, the book Camellias of China was published by Guan Kaiyun, Li Jiyuan 
and Wang Zhonglang as chief editors. A large number of people participated in compiling the book 
and the authors include many of the famous and currently active camellia researchers, enthusiasts, 
propagators and breeders in China. 
During this period, China also paid attention to the breeding of new camellia cultivars and some 
distinctive new cultivars were bred and registered. According to the statistics, there were 108 new 
camellia cultivars registered in recent ten years. It is worth noting that the Chinese camellia 
enthusiasts and horticulturists are actively taking part in international camellia activities and 
exchanges in the new century. Thus, China’s influence on camellia work has greatly increased 
internationally. In 2003, the International Camellia Society Congress was held in Jinhua, Zhejiang 
Province in China. This was the first time that the International Camellia Society Congress held in 
China. After the International Camellia Society Congress in Jinhua, the International Camellia 
Society Congress in 2012 was held in Chuxiong, Yunnan Province and the 2016 congress will be 
held in Dali, Yunnan Province in China. From this, we can proudly say that the Chinese camellia 
sector has established tight links with the outside world.  
Although there are many wild species belonging to the genus Camellia and most species are 
distributed in China, yet, only a few species have been cultivated as ornamental plants. Among 
these species, the most widely cultivated are C.japonica, C.reticulata, C. sasanqua and C. 
saluenensis. In recent decades, the discovery of a number of new camellia species with yellow 
flowers and for the cultivation of new yellow camellia cultivars has resulted in a renewed vigor 
amongst camellia enthusiasts and breeders. The discovery of the species Camellia amplexicaulis 
and Camellia chuangtsuoensis with long blooming period together with the discovery of the 
species C. azalea (C. changii) blooming nearly all year have generated interest amongst camellia 
breeders. Since the discovery of these new camellia species, some new cultivars blooming all the 
year round have been bred by using these materials in China. It is worth to mention here that more 
than 200 cultivars which blooming nearly all the year round with peak blooming season in summer 
were bred by Guangdong Palm Landscape Architecture Co., Ltd. This landmark achievement will 
greatly influence the development of our camellias in the horticultural world.   
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Preservation of Ancient Camellias, pre-1900 
Introductions in the United States 

Florence S . Crowder 

(1149 Cockerham Rd,Denham Springs, La. 70726,225-665-8179,USA) 

When we speak of ancient camellias in the United States, we are referring to those known here 
since 1797. That was the time that John Stevens of Hoboken, N. J. imported a single red of 
unknown origin from England. Documents tell us that Michael Floy, an English gardener, brought 
to Mr. Stevens a double white we know to be Alba Plena in 1800. It is thought that seeds or 
cuttings from these were sent to growers in Massachusetts, as we know that camellias were in 
Massachusetts in 1806. Mr. Floy became known as the nurseryman who raised and named more 
camellias from seed than any other enthusiast in his time. There was a list of 42 seedlings to his 
credit in the ‘Magazine of Horticulture’ in 1838. Few of those are with us today, at least, by those 
original names. Other early nurserymen, Hovey, Landreth, Wilder, followed suit developing 
varieties and germinating seeds, as well as importing such from Europe. Camellias became quite 
popular in those days and one nursery’s inventory in Harlem contained 20,000 camellias.   
Camellias spread east, south and finally west in 1850. Some individual enthusiasts imported plants 
from Europe and Asia on their own. Magnolia Plantation in Charleston, South Carolina, 
Rosedown Plantation in St. Francisville, Louisiana, and later, Jungle Gardens in Louisiana, 
became large importers. In 1832 F. Newman’s Nursery in New Orleans, Louisiana and advertised 
camellias for sale in the ’La Courier’ newspaper. Camellias became quite popular and new 
varieties began to flourish, and cuttings were spread to neighbors and friends. Following the 
United States Civil War of 1861-1865, interest began to dwindle as folks had surviving and 
replenishing that which was lost.    
Then, following World War II, interest in camellias was renewed and continues to this day. The 
American Camellia Society was organized in 1945 and is housed in Fort Valley, Georgia through a 
donation by Dave Strother in 1966. The 9 acres of gardens, other than one of the world’s finest 
camellia collection are the specialty gardens along with ornamental shrubs, trees, annuals and 
perennials and is an International Camellia Society ‘Garden of Excellence’ (Figure 1). 

In present nomenclature books, 460 varieties 
are listed that were supposedly known to be 
in the US prior to 1900 but I have physically 
located only a bit over 200; I have searched 
endlessly, but much more needs to be done. 
In conducting extensive research, in addition 
to the mentioned above, I have found listed 
more than 250 pre-1900 varieties in various 
documents, catalogues, listings, and 
newspapers, from the 1800’s that are not 
within our nomenclature books so there are at 
least 550 named but not located.     
Where are they? Are there others? I think that some may have been renamed due to lost tags and, 
wanting to impress a valuable customer, a camellia was named for him or her that already had been 
identified by another name. Some may not have been here at all because nomenclature books for 
                                                                            
Corresponding author :Florence S. Crowder Florence.crowder@cox.net 

 

Figure 1: The Annabell Fedderman building located 
at the ACS headquarters 
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many entries do not specify the exporting country or the name of the one who received them nor 
can those records be found. So who knows for sure that they were actually here.  Someone could 
have seen the variety listed and included it as being in the United States. Some, through the years 
have lost tags and have not been correctly identified. But, by and large, most are obviously lost.   
After 10 years of research, the first nomenclature book of camellias was published by the Southern 
California Camellia Society in 1947 stating the name and description. This was quite an 
accomplishment. In later years’ information regarding the date, person registering the variety and, 
if foreign, the country from which it was imported has been included. However, there is still much 
information that is lacking, such as many of the foreign imports only list the country it is from but 
does not indicate who imported it and where it went, and this information is not likely to be found. 
I became interested in the early camellias in the United States when attempting to identify the 
camellias at our family home that had been planted by our parents in the late 1940’s and early 
1950’s. There were two that I was especially interested in that I could not identify. No one I asked 
seemed to know what they were but I found them on the ‘lovcam.org’ website in France as 
‘Duchess de Cazes’ and ‘Punctata Boutourlin’ (Figure 2). Then when I was researching catalogs in 
the United States I found those names listed at Jungle Gardens in New Iberia, Louisiana, one of the 
nurseries where our parents visited to purchase plants in the years gone by. The plants obviously 
came from there. From that effort I realized that some varieties are quite scarce and, some not to be 
found at all.  

 
Figure 2  ‘Duchess de Cazes’ and ‘Punctata Boutourlin’ 

Many of the varieties I had not been able to locate in the United States were listed on the website in 
France previously mentioned. My thoughts were, ‘if I can’t locate these on native soil, foreign soil 
would be second best’. I had been in contact with curators of two gardens in France and when they 
invited me over, I began making plans to visit these gardens where many of those camellias not 
located in the United States were. My husband, Charles and I made two trips, in 2008, 2010 and in 
2011 two of my sisters accompanied me, to collect scions. The curator of the Nantes Botanical 
Garden took us to the inspection station each time we visited and wished us well. We were 
fortunate to collect 41 that I had not located in the United States and 48 that had not been registered 
here. On our return home each time I divided scions and sent them to the American Camellia 
Society, Magnolia Gardens, Green’s Nursery and the Louisiana State University AgCenter to be 
rooted and each garden kept a scion of what they wanted so the varieties can be spread through the 
southeast United States. I then collected the rooted plants and began the growing process. 100+ of 
these will be planted at the Louisiana State University AgCenter’s arboretum in Baton Rouge, 
Louisiana for educational purposes and public appreciation.  
I received two books a few years ago, ‘Antiche Camelie’ by Piero Hillebrand of camellias in the 
Lake Pallanza area in Italy. Seven of those featured originated in the United States prior to 1900 
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but are not listed in our nomenclature books, only in researched documents. It is my hope that I am 
able to return to collect scions of these and bring them back to their homeland. It was in this area in 
Italy that I attended the symposium of the International Camellia Society Historic Camellias 
Conservation and Working Group of which I am a member. It was absolutely amazing to be among 
such notable folks with which a common interest was displayed. When visiting the old gardens 
there, I had a renewed enthusiasm to attempt to locate our ‘oldies’. I also remembered the words of 
my dad when we owned commercial greenhouses and I would send him vegetable seeds that had 
been sent to me for testing, ‘don’t forget the old ones, without them we would not have the new 
varieties’. Could my Dad have known that in my later years I would be remembering the old ones? 
I suppose I inherited that trait. 
Among the many others in the United States that I have worked with who have been active in the 
conservation effort for some time are Gene Phillips and Debbie Odom of Savannah, Georgia, 
Bobby Green of Fairhope, Alabama, Miles Beach and Tom Johnson of Magnolia Plantation and 
Gardens of Charleston, South Carolina, Henrietta Humphries, Anna and David Sheets of Aiken, 
South Carolina, Denis Dooley and Collier Brown of Oregon, Sandra and Fred Jones of Boston, 
Georgia, John Grimm of Metairie, Louisiana, William Khoury of the American Camellia Society 
and so many more who are contributing to this effort.   
Varieties have also been lost in foreign countries.  Marc Coninck of Belgium, Joanna Guedes and 
Antonio Assundo of Portugal, Bee Robson of England, Philippe Ferard, Jacques Soignon and 
Pascal Vieu of France, Daniel Marcacci of Switzeland, Andrea Corneo and Gianmario Motta of 
Italy are all working to locate those old varieties and are also assisting me in locating those in their 
countries that were once in the United States.   
Conservation is to apply the principles and practices by which we are able to preserve the existing 
order of things from injury or destruction. The order must be preserved so that future generations 
will have them to appreciate and be problem of lost varieties. Once DNA or germplasm is lost from 
a link in camellia heritage, it is gone forever. Many times one inherits a property with camellias 
and is not aware of their importance, or doesn’t have the knowledge to maintain them. There is 
often a lack of information regarding maintenance and one doesn’t where to obtain it. Commercial 
and residential development plays a large part in the destruction of gardens. Nature, naturally, 
plays a part through diseases, insects and the natural life of a plant. As nurseries are able to grow 
only a few varieties it is up to those of us who have a genuine interest in conservation to proceed on 
our own. We must preserve the past for the future.  
I believe the steps in successful conservation are: 
1–LOCATION– It is essential that the public and camellia groups all over the camellia growing 
world assist in locating public and private gardens as this task cannot be done by just a few.  There 
is a need to publicize the urgency in locating older gardens.   
2–IDENTIFICATION– Once gardens are located, the task is to attempt to identify the camellias 
within that garden. Often identification of the older ones is difficult since we seldom see them, if at 
all. If you have not seen it before, how can you know what it is so extensive research must go in 
order to make proper identification. Today, more than ever before we have access to a world of 
information and groups working together makes identification more likely.   
On Facebook there is a page called ‘Camellia Identification’ that can be very helpful. We now have 
access to many very old documents that have been digitized and often drawings can be found. 
Libraries with rare book collections are most helpful and the International Camellia Society 
Register includes descriptions of all registered and plans are being made to make more use of your 
smart phone in identification and location and to include pictures. The American Camellia Society 
is including pictures with descriptions of those registered with them. Individuals also are posting 
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pictures on Facebook and other social media that enables one to view camellias all over the 
camellia growing world. If we are fortunate, while searching we may find an identification label 
on a plant. However, this does not occur very often. Morphological documentation is the simplest 
method of propagation, however, may not be the most accurate.    
Data sheets have been designed to include helpful information. Chemical testing is, of course, the 
most accurate. Spain seems to be the leader in this process as is illustrated by the article 
‘Morphobotanic descriptors selected for characterization of Camellia Japonica cultivars’ by P. 
Vela, C. Salinero, M Gonzalez-Garcia and M. J. Saniz relating their work at the Estacion 
Fitopatoloxica do Areeiro at the Deputacion de Pontevedra along with many other studies. Ideally, 
morphological and chemical testing can be combined to obtain more accurate results. Often we are 
able to locate a list of an owner’s purchases or even a map of the planting. We just have to get in 
there and do it! Do you want your grandchildren to ask some day, ‘What is the name of this 
japonica grandmother had right here’? No you don’t, so properly label and map each plant in your 
garden and encourage to do so in theirs.  
3–PROPAGATE– Study methods, determine what is best for you and begin the task of collecting 
scions and properly prepare them for rooting or grafting. Natural means and intentional 
hybridization serve to produce new varieties. Most important is to share results with others. In that 
way we can ensure the continuance of a variety.   
4–DOCUMENT– Make sure your work is properly documented in order to be preserved for the 
future. It would be useless to collect data and not make it available for others to use. A. Corneo and 
D. Remotti have written a book, that I have yet to see, of descriptions of camellias of Verbania 
using the morphological method mentioned earlier. Various organizations such as the International 
Camellia Society, American Camellia Society and many societies from other countries are 
documenting information but you must also send your information to them to be able to be used. 
Countries are able to compare descriptions, thereby, assisting one another in identifications. We 
are able also, to see how a variety in one country may have a slight difference in another country. I 
have already observed that a number of varieties with the same name may have rounded petals in 
the United States and more pointed petals in Europe. Why? 
We all need to work together to accomplish the task of conservation. If it was worthy of registering, 
it is worthy of conserving. ‘Don’t forget the Old Ones’.    
Though I am called on to assist homeowners and gardens in identifying the camellias in their 
gardens, the most extensive and identification project I have worked on has been at Jungle Gardens 
on Avery Island in Louisiana, the developed gardens of E. A. McIlhenny. After consultations with 
the archivist there and the great granddaughters of Mr. McIlhenny, I was given the opportunity to 
begin identification work there. I asked Jim Campbell, owner of a camellia nursery and now 
President of the American Camellia Society, Joe Holmes, a member of the Baton Rouge camellia 
society with an interest in the older varieties, and Bart Brechter, curator of Bayou Bend in Houston 
whose owner bought camellias only from Mr. McIlhenny’s nursery to assist in this effort. 
Identification tags, for the most part, had been lost, however Mr. Bernard, the archivist located a 
few maps and listings to assist in this extensive project, of the 150-acre property that contained 
some 700-1,000 camellia plants with catalog listings of some 700 varieties. Among these listings 
are those imported from 1931-1937 which adds to those possibly remaining in the garden. We have 
identified some 300 and found that 50 varieties not located elsewhere were there at Jungle Gardens. 
We return each blooming season to make further identifications and to map those found.   



Florence S.,et al: Preservation of Ancient Camellias, pre-1900 Introductions in the United States 

9 
 

We have assembled notebooks by color and 
within each color we separate, according to 
form, with pictures of each found.  In 
addition, we have assembled pictures and 
related information of those not identified 
that are in the inventory and catalogues to 
make further identifications easier.   
A number of camellia shows are now offering 
awards for the pre-1900’s which is assisting 
in public awareness of them. We are all 
working together toward the same goal: to 
preserve and encourage others to put forth 
efforts to preserve our wonderful camellias.   
The American Camellia Society has recently 
approved the formation of a preservation, or 
conservation committee and we will begin 
organization shortly. Those on the committee are very serious in the task of better conservation of 
our camellias in the United States and are most interested in knowing just which varieties are 
actually growing here. I have asked the Baton Rouge Camellia Society to submit their inventories 
along with those on the ACS Camellia Trail as well as various other gardens. The Camellia Trail 
Committee has objectives similar to those of the ‘Route of the Camellia’ in Galicia. Often someone 
will contact me to try to locate a certain variety for them. This assembled information has been 
most useful when trying to do this. It is such a delight to be able to locate one that someone is 
searching for. Many stories can be told of discovery and efforts of conservation but the greatest of 
these is in the relationships that I develop through these ventures. I am most thankful that I am a 
participant in the conservation of the camellia that our good Lord has given us to nurture, share and 
enjoy and for all those relationships that have flourished and will always cherish. Sharing is a part 
of loving and camellia folks are a loving group. I part with the words of my dad, ‘Don’t forget the 
Old Ones’.     
A meeting is being considered of the International Camellia Society’s Conservation Working 
Group to be held in the United States in 2017. Plans are being made to receive those in New 
Orleans, Louisiana, tour the southeast ending at the American Camellia Society headquarters in 
Fort Valley, Georgia. Definite plans will be release and they become available. Interested parties 
should contact me to ensure contact in this area. 
 
 
 

 

 

Figure 3: Joe Holmes, Florence Crowder and Jim 
Campbell at Jungle Gardens on an identification 

mission 
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Investigation and protection of  
ancient camellia trees in China 

Muxian You 

(Camellia breeding group, Chinese Flower Association   Jinhua, Zhejiang 321017) 

Abstract:China has the world's most abundant resource of camellia , and wild and ancient camellias trees were 
widely distributed. This paper described the investigation of the distribution of the existing wild and ancient 
camellias resources in Zhoushan Zhujiajian island, Putuo Mountain, Qingdao Changmengyan, Guangxi Xingan, 
Yunnan Tengchong, Dali Baotaishan and other places. Through the investigations of local nature and cultural 
environments , from the ornamental and breeding perspectives, we proposed development and utilization of wild 
and ancient camellia resources , and also make the appropriate protections. 
Keywords: wild camellia; ancient camellia trees; protection 
 

Introduction 
Camellias are glamorous trees. And ancient camellias bloom with richer charm. Wild camellia is a 
living historical relics, and is rare and non-renewable germplasm resources. There are about 220 
Camellia species all over the world, and China has about 195 species accounting for 89%. Chinese 
wild camellia trees and mainly distributed in southern and southwestern China, Yunnan, Sichuan 
and south, through Guizhou, Guangxi, Guangdong, Fujian and Guangdong and adjacent areas. 
Among them, safflower tea Yunnan Tengchong forest, Dali Yongping community, Zhejiang 
Zhoushan Island, Qingdao Changmeng Island, and Guangxi Xing'an County are well preserved 
resources. Of course, what I have surveyed is just one drop in the ocean. Our wild camellia trees 
resources and too rich, voluminous. I only report the starting point to attract more people to study 
Chinese wild camellia trees. 

1. Wild Camllia japonica population in Zhejiang Zhoushan Zhujiajian and 
Putuo Hill 
I and some reporters from Jinhua TV station went to Zhoushan Zhujiajian island, and after 
visited Putuo hill in March 27th, 2000. The following are some photos taken by time. 

  

Fig.1 Wild C.japonica from Zhujiajian Fig.2 Flowers of C. japonica from Zhujiajian 
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Fig.3 Wild Camellia Forest in front of HuiJi Temple of Putuo Hill 
 

  
Fig.4 The tallest Camellia tree of 

HuiJi Temple 
Fig. 5 The wild C. japonica tree in 

Longshou Temple 
 

2 C. japonica ‘Naidong’ in Shangdong Changmengyan island 
The Changmengyan island has the northernmost distributions of wild C. japonica population. 
That island probably has the oldest wild C. japonica tree, and richest wild population. In April 
12th, 2009, I and Mr. Xin Zhaocai-the President of the Dongdu industry company- went to visit 
the island. 
 

   
Fig. 6 Changmeng island in the 

mist 
Fig. 7 wild C.japonica  

trees 
Fig. 8 No177 is the largest 

 tree 
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Fig.9 The tree with most abundant 
flowers 

 Fig.10  
Red ‘Naidong’ 

Fig.11  
White ‘Naidong’ 

  

3 Red Camellias in Guangxin Xin’an 
 

 
 
 
 

  

 
 
 
 

 
Fig. 12 I and owner of the hill in 

wild camellia forest 
Fig. 13 Wild camellia in 

blooming 
Fig. 14 Wild semi-double  

C.japonica  

  

Fig. 15 I and friends in the camellia forest Fig. 16 An old around 800 years old 
 

4 C. reticulata with red flowers in Tengchong Yunnan 
In 2007, I went into the Tengchong for investigation twice. Tengchong has natural forest of around 
6,000 acres of tea plantations. Central distribution area is the west side of Yunhua and 
Shuanglong-1700-2300 meters in altitude. 
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Fig. 17 Mutated C. reticulata with red and semi-double flowers 

 

5 Wild C. reticulata in Dali Baotai Mountain 
January 23, 2014, I, in the 
invitation of International 
Camellia Congress, 
accompanied by Dali State 
Flower Industry Office director 
Wang Zhaoxing, visited Baotai 
Mountain. Bao Taishan National 
Forest Park is a mysterious 
forest park, and there are many 
unknown species scattered in the 
forest. 

bruary 9, 2015, China Wild Plant Conservation Association 
Commission of camellia inaugural meeting, held in Dali City. 
Since then, the protection of wild camellia and trees is 
affiliated to a national organization in China. 

6 Discussion 
1.People tend to focus on Camellia varieties with beautiful 
flowers. Little attention is paid to the growth of wild camellia 
trees. In fact, it's common to love famous camellia flowers,  
but those wild camellia trees are worthy of our attention. 
2.Wild camellia trees are living historical relics. 
3.Wild camellia trees are among the world’s tangible and 
intangible cultural heritage. They are very valuable 
non-renewable resources. It is our duty to avoid the damage 
and destruction of them, in order to ensure that the value of wild camellia trees for future 
sustainable development. 
4.To better protect wild camellia resources, we need to develop national tourist park such as 
Zhujiajian island.  
5.Dali Prefecture set up a “Chinese Commission for the Conservation of Wild Camellia” . It 
organizes all social forces to promote national policies and decrees related knowledge, to 
popularize and promote camellia community in China.  
 

  
Fig. 18 Mutated C. reticulata with magenta double flowers 

 
Fig. 19 Wild Plant Conservation 

Association Commission of 
Camellia Inaugural Meeting 
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Introduction of Camellia x hortensis  

from Japan to the World 

Takayuki Tanaka  

(The School of Agriculture, Tokai University, Minami-aso-mura, Aso-gun, Kumamoto 869-1404, 
Japan） 

In the former congress I presented a paper on the origin of the cultivated camellias. The 
morphological segregation of seedlings of cultivated camellia species suggests that they are of 
hybrid origin. There is no longer any doubt that one of the parent species of cultivated camellias is 
C. japonica from the point of not only the morphological similarities but also the existence of 
small brown spots on the abaxial surface of the leaves. The brown spots are observed exclusively 
on leaves of C. japonica within the genus Camellia. Then the author postponed that the other 
parent species of the cultivated camellias must be Chinese species such as C. x reticulata T.Tanaka, 
or C.chekiangoleosa.  Based on these findings, I named the cultivars of camellia as C. x hortensis 
T. Tanaka distinguished from C. japonica L.  
From the name of cultivars ‘Yoichi’ or ‘Suminokura’, Yoichi Suminokura or his father Ryōi 
Suminokura had been introduced Chinese Camellia species to Japan in 16th century or early 17th 
century. They were famous merchants for oversea trading. 

Camellia Boom in Japan  
Japanese people enjoyed the plants as ornament from the ancient time. In 1/3 of the 4500 poems of 
the “Manyoshu (万葉集)” which is the oldest collection of Japanese poetry (759), names of plants 
were found composed. Among them nine poems were composed for camellias.  But the variations 
or diversity of the camellias were limited in the ancient time, such as ‘Shiratama (白玉) Tsubaki’ 
(white camellia) or ‘Yae (八重) Tsubaki’ (double flower) . According to the old book “Engishiki 
(延喜式)” written in 927, Japanese missions brought camellia oil to Tang dynasty, China in 733～
735 A. D. But they had not known the camellia plants for a long time.  Then Portuguese, Spanish, 
English and Dutch people came to Japan in 16th or early 17th century but I could not find the record 
that they brought camellias back to their home countries.  Thus the C. japonica had not been 
famous as an ornamental plant.  The reason of it I guess is that camellias were not so attractive 
before 16th century. 
Buddhist priest, Sakuden Anrakuan (“Hyaku-chinshu (百椿集)”,1630) wrote that a number of 
amazing camellia cultivars had been appeared in the end of 1615 in Japan. After then, the first 
camellia boom occured in the early Edo period in Japan mainly among the upper class society in 
Kyoto and Osaka area. In 17th century, many beautiful and luxurious picture scrolls of camellia 
cultivars were illustrated such as “Hyakuchinzu ( 百 椿 図 )” (1633, 100 cultivars), 
“Momoiro-tsubaki” (before 1700, 100 cultivars) or “Chinka-zufu” (before 1700, 720 cultivars).   
The second camellia boom was occurred in Edo area (old name of Tokyo) among the common 
people from ca. 1700.  From the series of books, “Kadan-chikinsho (花壇地錦抄)” (1695), 
“Zoho-chikinsho ( 増 補 地 錦 抄 )”(1710), “Koheki-chikinsho( 広 益 地 錦 抄 )” (1719), 
“Chikinsho-furoku(地錦抄附録)” (1733) by Japanese charismatic nursery family, Ito, at that time, 
we can guess that not only camellias but also many other ornamental plants were found very 
popular and commercially available even for the common people. They were published in Edo, 
suggesting that the center of camellia boom moved from Kyoto and Osaka area to Edo area and 
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also to the local area. Almost all of the flower forms and color of camellia cultivars nowadays were 
released in 17th century and after, even yellow and blue colors.   

Export of Camellias from Japan 
Even though Japan was politically isolated from other country except China and Holland in the 
Edo period (1639 ~1853), so many ornamental plants were imported from all over the world 
including C. x reticulata and other species of the genus Camellia.  Foreign merchants could sell 
exotic plants for Japanese people at a high price, because ornamental horticulture was very popular 
in the peaceful Edo period.  Then so many ornamental plants were developed there.   
In return, Chinese and Dutch people might surprise to know the amazing camellia cultivars 
developed in Japan. In 1711, Chinese merchants brought back 48 pots of the camellia and some 
tree peony cultivars on June 3rd and after then they brought back camellias and some other 
ornamental plants from Oct. to Dec. 31 by 13 times according to the record of the items of Dejima, 
the only foreign trading port in Nagasaki prefecture, Japan.   
Almost at the same time, Engelbert Kaempfer, a German naturalist, who came to Japan as a 
member of the Dutch Trading House in Dejima for two years from 1690 to 1692 introduced 23 
camellia cultivars to the European countries in “Amoenitatum Exoticatum “(1712) and “The 
History of Japan”(1727).  Then the first description of Camellia japonica was written in the 
“Botanical Magazine” by Carl von Linné in 1753.  
Thus the first introduction of camellias to the world from Japan was in early 18th century.  After 
then, camellias became very popular in the upper class society in Europe who could afford to buy 
them and keep them outdoors (southern part of Europe) or in the green house (northern part of 
Europe). Then they also bred camellia cultivars in the European countries.  
In the “Illustrations and Descriptions of the Plants which Compose the Natural Order Camellieae, 
and of the Varieties of C. japonica, Cultivated in the Gardens of Great Britain” (A. Chandler and W. 
B. Booth, 1831), five species, C. japonica，C. maliflora， C. oleifera，C. reticulata and C. 
sasanqua and sixteen cultivars from China and nineteen cultivars bred in England were illustrated 
and described.  But the sixteen cultivars from China were Japanese origin, for example, 
‘Anemoniflora’ was Japanese ‘Beni-karako’. 
In the “Iconographie du Genre Camellia, des Camellia les Beaux et les Puls Rares” (Berlèse, 
Lorenzo, 1841~1843, three volumes), published in Paris, France, in 299 cultivars, 102 cultivars 
were peony form, 93 were perfect double and 79 were anemone form. Though Japanese name 
were not found on the books, ‘Doncklari’ was considered a cultivar renamed from Kurume 
(Japanese) cultivar ‘Masayoshi’ (1789)，and ‘Tricolor’ from Janpanese cultivar ‘Ezo-nishiki’ 
(1830). In the seven volumes of “Nouvelle Iconographie des Camellias - Les figures et une courte 
description des plus rares,des plus nouvelles,et des plus belles varietes de ce genre –“ (A. 
Vershaffelt, 1848-1860) also published in Paris, 624 cultivars were illustrated and described.  He 
wrote that the enthusiasts in the world were attracted by the elegance of the flower, the beautiful 
evergreen leaves and the flower color. 
In the “Bollweilerer Camellien-Summlung” (Baumman, 1835) published in Germany, forty-nine 
cultivars were illustrated and described. Among them, two C.sasanqua, one C. oleifera and fruit of 
C. japonica were included. The first introduction of four living C. japonica trees were carried out 
by Carl Peter Thunberg in 1776 from Kyoto to Kew gardens, England. Then one of the four 
camellia trees were transplanted to Pillnitz Casle, Dresden, Germany in 1801. Then in the Dresden, 
one of the biggest camellia nursery industry in Europe developed, producing ca. 100,000 plants in 
1842 using 1100 collections of camellia cultivars.  
In the “L'Illustration horticole”, vol.1～43 (C. H. Lemaire andＡ. Verschaffelt, 1854～1896) in 



Takayuki Tanaka: Introduction of Camellia x hortensis from Japan to the World 

16 
 

Bergium, except the single flower of C.japonica and C.sasanqua, sixty-four cultivars illustrated 
and described in French were perfect double. Then the camellias were introduced to U.S.A. (1800), 
New Zealand (1820), Australia (1831), South Africa (1840) and other countries mainly from 
England or from Japan.  
There were so many perfect double, anemone type and peony type flower cultivars. Many of them 
were considered to be bred in the European countries. The author guess that in European countries 
where they cultivated only gorgeous or amazing cultivars they prefer, the excellent cultivars were 
much more easier to be bred than in Japan where abundant wild camellia grew wild. In fact, 
hundreds of cultivars were released in Europe in early 19th century.  
Japanese government opened her country in 1853 and took part in the World’s Fair (an 
international exposition) in Paris from 1867 which gave a rise of “Japonism (the influence of 
Japanese art, fashion and aesthetics on Western culture)”. Thus Japanese camellia boomed in the 
European country before so-called Japonism or camellia boom in early 19th century, suggesting 
that camellia boom was the first Japonism. After the Meiji period (1868-1912), the Yokohama 
Nursery Co. Ltd. published a catalogue “Magnolias, Japanese Camellias and Iris” (1890) and 
exported many ornamental plants from Japan to the Western countries.  
After the World War II, camellia boom occurred again in the Western countries and the boom in the 
world affected Japanese people. Then more than 1,024 cultivars of C. x hortensis, 49 cultivars of C. 
x reticulata, 105 species of the genus Camellia were then introduced to Japan from European 
countries and some from China. Many of the cultivars of C. x hortensis imported from European 
countries were released between 1778 and 1900.  
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An Introduction to Pu-erh Tea and  

its Ancient Tea-horse Route in Yunnan 

Li Jia-hua 

(Longrun Pu-erh Tea College, Yunnan Agricultural University, Kunming 650201,Yunnan, China) 

Abstract: Pu-erh tea is a traditional historical famous tea of Yunnan Province in China, and it is the geography 
trademark products and had been originated in Xishuangbanna and Pu’er regions, etc in Yunnan Province. 
Because special manufacture technology, the unique flavor characteristics and magic function of Pu-erh tea were 
gradually understood by people, it has been more and more concerned and recognized by experts and consumers 
domestically and internationally. This paper will comprehensively provide with history, unique flavor and 
healthy function of Pu-erh tea, and summarize the horse route, the national tea culture, and tea industry in the 
ancient tea-horse route for people to better understand basic information of Pu-erh tea. 
Key words: Pu-erh tea; quality characteristics; uniqueness; function; ancient Tea-horse route 

Yunnan is the origin of tea plants (Camellia sinensis (L.) O. Kuntze), but also the home of Pu-erh 
tea. Yunnan Pu'er tea products were defined based on geography (GB / T22111-2008) [1] 
regulations, refers to the scope of protection of geographical indications and seed drying green tea 
as raw material. It has been using a specific process which is made with unique quality features of 
tea. For a long time, Pu'er tea as a wonderful work, with its long history and unique style, quality, 
health effects is famous worldwide. In the long process of historical development, the Pu'er tea has 
also been experiencing years of baptism, and folded his grace, from the Tea-Horse Route out of the 
mountains of Yunnan. from the vast waters of the world, in the Yunnan tea development calendar 
and the world have left the worth exploring and combing indelible mark, formation and 
development of tea. The development of Yunnan tea history has left an indelible mark, formation 
and development of tea worth exploring and combing. Through the history of the formation of 
Pu'er tea, three aspects of the health benefits Pu'er tea were generally reviewed. From the 
Tea-Horse Route, the industry and culture of Tea Horse Route, we generally described the 
Tea-House route. We intended to provide appropriate background knowledge for people to explore 
and understand Pu'er tea. 
The “Tea-Horse Route” was a historical route of exchanging tea products and culture between 
inland agricultural areas and other nomadic areas in China. It was also the biggest and most 
complicated business route in Asia over time, which represented the highest parkway of 
civilization transmissions.  
In the history of “Tea-Horse Route”, it was more than just one route. Instead, it was a complex and 
cross-linked route system. It majorly included Sichuan-Tibet, Yunnan-Tibet and Qinghai-Tibet 
main avenues, supported by many other side ways generating a complex route system. It spanned 
Sichuan, Yunnan, Qinghai, and Tibet provinces, and extended to south, west, middle and southeast 
Asia areas, till Europe. It has played stimulating roles in the transmitting of tea products and 
culture.  
Tea-Horse Route through Tibetan, Han, Naxi, Bai, Yi, Lisu and more than 20 ethnic 
neighborhoods, is China's most mysterious triangle. According to experts, Tea-Horse Route is not 
just a supply lifeline for more than thousands of years. Tea-Horse Route also is the world's center 
of tea. In the oldest area of using tea, the everyday life is indispensable together, hence tea has a 
very rich cultural heritage in that area. As a major thoroughfare, it was also known as China’s 
second “silk route”. It once recognized as one of the world’s highest spreading civilization and 
cultural trail. Tea-Horse Route inhabited by more than 20 different ethnic minorities, and it has 
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adapted to their own living environment, diet, dress and cultural habits. In the long-term 
exchanges, “Tea-Horse Route” blended to form a series of distinctive ethnic tea culture. These 
practices included some primitive tea cultures, such as ‘Jino cold tea’, ‘philosophical Bai three 
tea’ . From Tibetan butter tea to Chengdu Gaiwan tea , it formaed a local indigenous to Central 
Plains Civilization influencing each other. 
The “Tea Horse Route” across Yunnan and Tibet area is the starting point of the ancient Pu'er tea 
world, and it has been over 1,700 years of tea history as the center of origin of Pu'er. Tea Horse 
Route has made indelible contributions on the development of of Yunnan, Sichuan and Tibet 
region, and has brought new glory to the Chinese tea industry. 
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In Search of Camellias in Argentina 
Frieda Delvaux (Belgium), Waldemar Max Hansen(Germany) 1 

 

For several years I’ve been trying to get into contact with 
Camellia friends or Camellia cultivators in 
Latin-America, so far, in vain.  I wrote to Botanical 
Gardens, Embassies and other Institutions.  But either I 
didn’t receive any reply, or I was told that Camellias were 
not so popular or not well known. 
I was about to give up on the idea.  However, at the 
Symposium of Old Camellias in March 2015, at the 
Azores, I talked again to Carmen Salinero and Pilar Vela 
from Pontevedra/Galicia and asked them if they couldn’t 
provide me with contact details in Argentina.  Back at home, Pilar sent me the E-mail address of 
the German Teodorico Hildenbrandt, living in Argentina. 
This time I seemed to be successful. Immediately I received a reply to my E-mail.  The travel 
plans were developing so quickly that I contacted Frieda Delvaux in Belgium as I was looking for 
someone to join me on this trip.  Initially she was not sure whether she would find the time, but 
later on she agreed to join.  We waited for the travel schedule from our friend in Argentina, but no 
word.  While looking at the website of the newspaper, my contact had worked for, I found the bad 
news that the man had passed away. Frieda Delvaux didn’t give up and searched for new contacts.  
So, we received the E-mail address from Dolores Barbosa, working in the agricultural business in 
the neighbourhood of Buenos Aires and organising visits to the Camellia cultivation from Hernán 
Marquez.  She was so kind to organise a meeting with Hernán at his Camellia nursery on one of 
the islands of Tigre, in the Delta of the Parana. Dolores as well as Hernán were pleasantly surprised 
by the interest from European Camellia friends and hoped that this way they could get some help, 
identifying their Camellias. 
I had already met Hernán Marquez during our 
ICS-Congress in Pasadena/California, in 2001. Again 
plans were made for our trip and so we could book 
flights and hotels. We left for Buenos Aires (BA) on 
August 3rd, 2015. Frieda left from Brussels to London 
and I had a flight from Stuttgart. From London we 
headed for BA, where we arrived on Tuesday morning 
after about 13 hours. A taxi, which we had booked in 
advance, took us to our hotel “1555 Malabia House” in 
the Palermo district of BA. After a shower, we were 
back on the road, exploring the parks in the city. About 
3.000.000 people live in the centre of BA. As a whole, the city has about 10.000.000 inhabitants, 
so a lot of ground to cover. We first wanted to visit the Botanical Garden, designed by the French 
garden architect, Carlos Thays, who was born in Paris on 31.01.1849 and died on 31.01.1934 in 
BA. He was the most famous garden designer at the time in BA. As it was wintertime not many 
plants were blooming. Still temperature was about 19 degrees. We did find many interesting trees, 
bushes and succulents, as well as a few Camellias.  Very remarkable for us was the Floss-silk Tree 
(Chorisia speciosa), with fruits as big as goose eggs and full of cotton like fibres. These fibres are 
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used as stuffing material for car upholstery as well as for the manufacturing of textiles. In 
Argentina they are ornamental trees with beautiful pink blossoms. In some streets we saw borders 
with big Jacarandas. It must be a lovely sight when they are all flourishing against the blue sky.  
We saw huge Euphorbia Milii, Cactus plants and 
Succulents and continued our walk to the Japanese 
garden, which is well outlined with hills, rocks and 
pools. 
For the Japanese, it was the right timing to enjoy the 
cherry blossoms which coloured a side of the garden in 
white, pink and red.  We were also lucky as we found 
some nice Camellias.  Typical for a Japanese garden, 
the ponds were full of Koi (Carps). The breeding pools 
were covered with nets, protecting the small fishes 
from hungry birds.  The weather was nice although it 
was a little cloudy but it remained dry.  However, during the night there was a thunderstorm and a 
lot of rain. 
05.08.2015 At 09h30, Dolores picked us up at the hotel to drive to the Isla de Tigre. The sky 
didn’t  

look bright and the streets were still wet from the 
showers the previous night.  In Tigre a small 
boat was waiting to take us the Hernán’s estate. 
We embarked for a 2-hour journey through the 
Delta, a group of small islands. Something I had 
never seen before.  Apparently there are about 
11.000 islands. The temperatures are similar to 
Yunnan/China, though the humidity is 
substantially higher.  Some of the houses 
(bungalow type) on the islands are populated 
throughout the year, but most of them are only 
used during holidays. 

Personally, I can’t imagine myself spending a summer holiday in the company of Myriads and 
Mosquitos.  
Two times a week, a boat, which is actually a 
floating supermarket, comes to provide the 
inhabitants with supplies. Because there are also 
bills to pay and other financial affairs to be taken 
care of, another “Bank” boat comes once a week. 
Healthcare is assured by 3 hospitals in the 
neighbourhood.  On most islands there are 
forests with a lot of Brazilian pine-trees.  The 
Casuarinas cunninghammia is mainly used as 
shore protection.  The root system of these trees 
is so dense that there is no need for additional 
support.  Another very common tree is the Bald 
Cypress (Cypressus palustris).  Here and there 
we noticed blooming Camellias. Approaching Hernán’s property, it became a real Camellia 
avenue. Later we learned that these were over 80 years old. They had been planted by Hernán’s 
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grandfather and one of his friends.  A little further we found what looked like a forest full of 
Camellias and then at a jetty, Hernán was waiting to welcome us. 

The cultivation is situated behind the 
embankment and the first Camellia we saw on 
the way to the “chalet”, was the C.j. Barbara 
Woodroof.  Here, under the pine-trees about 
10.000 Camellias were growing, mainly 
Japonicas, Sasanquas, Thee Sinensis and also 
Higos. Under the blooming plants we saw a 
Lutchuensis,  ‘Spring Mist’, spreading its fine 
fragrance. 
Most of the Camellia plants didn’t have name 
tags. They are sold like you see in the 
supermarkets at home: “red”, “white”, “pink” 
or “striped”.  Hernán was hoping I would be 

able to identify a lot of his plants.  So, I discovered the following: 
C.j. Masayoshi ( Donckelaeri), C.j. Otome (Minna Seidel, Pink Perfektion), C.j. Elegans,  
C.j. Bella Romana, C.j. Princess Clothilde, C.j. Barbara Woodroof, C.j. Adolphe Audusson, 
C.j.Adolphe Audusson Variegata, C.j. Mathotiana alba, C.j. Mathotiana rosea, C.j. Alba Plena, 
C.j.Lady Campbell, Mary Phoebe Taylor and some more.  Hernán thought he had about 30 
varieties, but not all were having flowers.  In particular, for the Sasanquas the blooming time was 
over and I couldn’t name these. He had about 100 parent plants for propagating, mainly through 
cuttings and grafting. The business was founded by Hernán’s grandfather in 1989.   
Until 2001 his father sold thousands of plants and flowers. Then, Argentina suffered from a severe 
economic crises and the sales dropped. In 2010 Hernán took over the business. He’s now 42 years 
old and works as a Landscaper. He also writes articles for agricultural magazines and keeps selling 
plants and flowers from his cultivation. The flowers are mainly used for events, exhibitions and 
weddings.  Hernán showed us the estate which 
allowed us to have an overview, so we would be able 
to walk around on our own.  The groundwater level 
depended on the water level of the stream.   
After a late lunch and pleasant conversations, a water 
taxi (a small boat) brought us back to  
“Los Pecanes”, a small cosy hotel, with a big 
restaurant for guests during summertime.   
During the night there was again a severe 
thunderstorm with heavy showers, which led to a  
power cut. 
06.08.2015 It had stopped raining, but garden and meadows were partially flooded.  Again the 
water taxi brought us back to the Camellias, where the identification continued.  Pictures were 
taken to identify certain flowers, later on.  Early evening, we returned to the hotel.  Before dinner 
we walked through the garden of the hotel, along the riverside, accompanied by 3 dogs which 
belonged to the hotel owners.  We saw some local birds like wild turkeys, with black feathers and 
a red throat.  On the terrace of the hotel nectar feeding tanks were hanging in different corners 
much appreciated by many humming-birds. Trying to catch them on a photo was really a 
challenge. 
07.08.2015 Back to the Camellia plantation, we strolled through the gardens and took some more 
pictures with Hernán and his Camellias.  Around noon the water taxi brought us to Tigre.  
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Arriving there, the sky remained very clouded, though it didn’t rain and we could make a nice walk 
through the city. Remarkable were the huge old style Club Houses of the Canoe and Rowing clubs 
at the banks of the river Tigre.  We had been told to visit the “Puerto de Frutas”. 
The halls were still there, but no occasion to buy fresh fruit.  Instead, we found souvenir shops, 
restaurants and other stores.  For the night we had booked a room in an Art Nouveau style villa, 
called “Villa Julia”.  Inside was a mixture of old fashioned furniture and more contemporary 
accommodation. The rooms were very spacious and with a walk-in closet. 
08.08.2015 In the morning, Dolores and Hernán picked us up at the hotel, with a large Toyota 
SUV. At that time, we didn’t know what we were in for.  We only knew that the way to reach the 
Pampa Farm, “La Rica”, would be difficult to drive because of the heavy rain. But, as that was the 
place to find the very old camellias, it didn’t scare us of. After a drive of about 160 km (99 mls), we 
had to leave the motorway.  

Then we had to drive about 5-6 km (3-4 mls) through 
heavy mud and deep water holes. The car slipped from 
one side to the other, sharply avoiding the ditch on each 
side of the path.  We started to feel our stomach turn.  
However, Dolores proved to be an excellent driver and 
after an endless long drive we reached a lonesome farm 
and were happily welcomed by some dogs. 
 
Dolores explained 
that her family had 

a medium size farm in the neighbourhood (about 30 km / 19 
mls away).  When asking what to understand under medium 
size, she replied about 1000 hectares, including a milk 
factory. 
It continued raining while we were at the farm, but the whole 
length of the backside of the farm, was covered with a porch 
roof.   What we saw then, immediately made us forget the 

bumpy ride. The yard contained a group of old 
camellias, perhaps over 130 years old. It was 
cloudy and rainy, nevertheless the view was 
stunning and we admired the beauty of the 
flowers.  Although people claim the Rose is the 
Queen of all flowers, she will never be as 
beautiful as a flourishing Camellia tree. Behind 
the courtyard, there was a nice park with rare 
trees, also designed by the well known Carlos 
Thays.  After further observation and taking 
pictures, we had to return to BA.  
As a precaution, Hernán filled up the water 
reservoir for the windscreen wipers.  Driver 

Dolores concentrated on a new round of mud wrestling.  Back on the main road she stopped at the 
next motorway service to have a break and to get rid of all stresses and strains.  From there we still 
had about 155km / 96mls to go, to reach BA, where the sun was supposed to be shining, but we 
were hit by a heavy hailstorm. 
We first returned to the suburb of BA, where the house of Dolores was located. A charming 
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property, with a garden surrounded with nice block-shaped box-trees. In a separate bed 
Crassulaceae, Succulent plants as Kalanchoe and others were growing. Of course, Camellia plants 
were not failing, but only the ‘Sring Mist’ was blooming.  Hernán had left his car there and 
brought us back to our hotel. 
09.08.2015 We, Frieda and myself, made our own program for the day, visiting more parks. We 
wanted to take a shortcut and go to the Zoo through the Botanical garden, expecting to see more 
exotic plantations, but in vain.  Due to the elections, that day, the garden was closed and so we 
walked a different way to reach the Zoo.  The Zoo was not that big and mainly had habitants from 
the Brazilian forests and protected exotic animals from all over the world. Afterwards, we went to 
the “Rosedal” park, also designed by Carlos Thays. Through the fence we could see an extended 
park, with very fine lawns and nice water streams, though also because of elections, we couldn’t 
enter and had to leave this visit with a general overview.  During our walk, we were surprised by 
such a strong rainfall, that I decided to stop a taxi to take us back to the hotel.  As it was getting 
late afternoon, we changed clothes, waited a while and then left again for dinner in a Steakhouse 
nearby. 
10.08.2015 Today, I absolutely wanted to buy 
stamps for the postcards, I had bought in Tigre. It 
didn’t seem to be easy to find a post office, but when 
asking at the hotel they gave me the address of a post 
office about 1km/0.6 mls away.  So, I took off while 
Frieda waited for Dolores who would pick us up at the 
hotel.  In the post office I asked for nice postage 
stamps, to add to my postcards to send to Europe.  
The clerk asked for the postcards, explained that there 
are no postage stamps and put only an ink stamp, 
showing a value of 37 Peso (2,65 Euro per postcard) 
on each of the cards.  Dolores and Frieda picked me up near the post office and we drove of to 
visit the Teatro Colon.  We bought tickets for the next guided tour in English, which would start 
an hour and half later.  We had to meet Dolores again around 16h, so we had plenty of time to see 
parts of the city. We also went to the Puerto Madero, comparable with the “Hamburger 
Speicherstadt”.   Old store houses, renewed and now containing luxury apartments, offices, 
restaurants and nice shops.  The red bricks wall in 
contrast with the water was quite nice. The tour in the 
theatre took about 50 minutes and was very 
interesting. 
11.08.2015 We had checked-in the evening before 
and just a bit later a message was circulated by British 
Airways that the departure would be delayed with 1 
hour.  Arriving at the airport, we were informed that 
the flight was cancelled and that we could join the 
Lufthansa flight, departing 3 hours later, to Frankfurt.  
There are ways separated again, Frieda back to 
Brussels and I continued the travel to Stuttgart. 
 
Conclusion: the Camellias in Argentina are well worth the journey! 
I would like to thank Dolores and Hernán for all the time they spent, organising this visit and their 
efforts for making us feel comfortable. It was a real pleasure meeting you! 
Also, thanks to Frieda who was a great help. 

K 

L 
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 ‘Camellia, a flower for all time’ historical vignettes 
project, featuring synthesis of historical information 

Stephen Utick  

(Member, ICS Working Group on Preservation and Protection of Historic Camellias and New 
Camellia Species, ICS Director (Australia)) 

 Abstract: This paper marks the end of the first phase of the camellia historical vignettes project initiated by the 
ICS Working Group on Preservation and Protection of Historic Camellias and New Camellia Species. This 
project takes account of the growing base of documentary resources on camellia history by the ICS and the 
momentum of work undertaken by the ICS Working Group on Preservation and Protection of Historic Camellias 
and New Camellia Species, to compile a collection of historical sketches or vignettes, suitable for wider 
dissemination and global promotion of the horticultural history of genus Camellia. Advantages of brevity, 
appropriation for digital media, and synthesis of documentary and other resources are identified. Examples are 
introduced from such themes as Historic Camellia Gardens and Ancient Trees; Historical Cultivars and Species 
Discoveries; Camellia People; and Celebrating Global Cultures through Camellias. Further contributions are 
sought. 
Key Words: Genus Camellia; floricultural history; historical sketches or vignettes on camellia; documentary 
resources; history of camellia; Historic Camellia Gardens; Ancient Trees; Historical Cultivars ; Species 
Discoveries; Global Cultures 
 

1 Introduction: seeking a place for genus Camellia in floricultural history 
As a result of growing written and other contributions from many camellia enthusiasts within the 
International Camellia Society (ICS), a more comprehensive understanding of the broader 
horticultural history of genus Camellia L. is slowly but surely being realised. This panoramic saga 
is emerging from past obscurity - particularly in relation to the contribution of this genus to flower 
and ornamental plant production (floriculture); to commodities such as beverage, food and 
cosmetics; and in other areas such as horticultural aesthetics. It should be noted that the history of 
tea, the most significant product derived from Camellia sinensis, has been more widely 
appreciated given its status as one of the most important global beverages.   
Such matters have been subject to increasing reflection. Herb and Pat Short have researched and 
provided a wonderful overview of key episodes in the history of camellia with respect to its 
introduction to the West, and there have been numerous examples from the perspective of 
individual countries. [1] The history of camellia was also of considerable interest to the late 
Professor Richard Clough (1921-2014), one of Australia’s foremost landscape architects during 
the twentieth century. In 2002, Clough devised a timetable of the history of camellia, mostly 
derived from secondary resources; however, the subsequent document was unpublished. [2]   
The horticultural saga of camellia is course but one extraordinary chapter in floricultural history. 
Flowers such as roses and chrysanthemums already had ancient histories, long before Zhang Yi’s 
Book of Flowers noted camellia during the third century AD (although camellias had been 
cultivated as garden plants centuries before, for example in the Wutong Garden of Fuchai at Huiji 
during the fifth century BC).[3] Since the dawn of human civilization, humans have selected plants 
and their flowers not only for food, beverage and ornamental beauty, but for their healing 
properties, for poisons, for altering consciousness, for use in aesthetics and art, and as powerful 
religious and cultural symbols.[4] Harvested flowers such as those of the lotus, rose, chrysanthemum, 
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orchid, lily, peony, daffodil and the tulip have transcended the status of garden decoration to 
provide powerful inspiration to the human spirit – although in many different ways. By contrast, 
the history of the genus Camellia with respect to floriculture is very much a history of a cultivated 
ornamental nursery stock plant. Breeding and clone selection for quality flowers have been 
essential parts of this process. However, the lack of a long-lasting camellia flower suitable for 
floristry has so far been a limiting factor for appreciation of camellias among the broader public 
when compared with the histories of many of these other floricultural crops. Nonetheless, there are 
many unique and previously unrecognised qualities of camellia floriculture emerging through a 
deeper understanding of its history.   

2 The growing base of documentary resources on camellia history 
2.1 ICS journals and website 
ICS journals have always provided scope for coverage of camellia history, and in the past five 
years there has been a growing interest with a range of between 12 to 14 articles published in 
each issue from 2010 to 2014. While awareness of the necessity of conservation and preservation 
of historic camellia trees has provided an impetus to much of this, there has also been an increase 
in the scope of historical topics. In addition, many articles on other camellia topics may 
incorporate some historical content and there are historical gems buried in earlier issues of the 
journals. Several substantial articles on historical themes have now been added to the ICS 
website on http://www.internationalcamellia.org/historical. 

2.2 ICS Congresses: Other Publications and Data 
Additional historical content (not otherwise featured in the International Camellia Journal) can 
be found the published Proceedings of successive Congress symposia. However, some of the 
most important books and publications have been released separately during such Congresses, 
celebrating the importance of camellias to national or regional cultures. Perhaps the most 
monumental work in this range has been Chinese Camellia Culture, produced for the ICS 
Congress in Jinhua in 2003.[5] Other such examples include Camellias in Kurume, produced for 
the ICS Congress in Kurume in 2010; Records of Camellia Ancient Trees in Chuxiong City of 
Yunnan, available during the ICS Congress in Chuxiong in 2012; and Portuguese Camellias, 
History and Beauty, produced for the ICS Pre-Congress in Portugal in 2014.[6][7][8] Further content 
can be extracted from numerous pamphlets, brochures on historic camellia sites, CDs, DVDs and 
other such media, and also from the recorded observations of camellia enthusiasts around the 
world. 

2.3 Appreciating and appropriating documentary resources 
This above growing body of work is something that the ICS should be truly proud of; it is in fact 
a hidden treasure house of information. The new historical knowledge contained in this literature 
represents a highly significant contribution to the history of floriculture. If appropriated and 
communicated to a broader global audience, including of course horticultural education 
institutions, such knowledge could raise the profile of the genus Camellia within the wider 
horticultural world. Also, because this knowledge throws much light on the development of 
horticultural aesthetics of each culture camellias have impacted; such interest could be 
potentially much wider than that of the garden enthusiast. Furthermore, this knowledge could 
enhance mutual cultural understanding and respect, while introducing camellia stories to 
potential new audiences. The influence of specialist printed books and monographs must, by 
comparison, be limited when these latter are restricted to limited print runs or buried as hard 
copy in a few libraries. 
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3 Gathering momentum: International Working Group on Historic Camellias 
and New Camellia Species 
3.1 Symposia 
Since its inception at the Kurume Congress in 2010, the work of this ICS International Working 
Group has also revealed the remarkable scope and depth of historical subject matter. The first 
symposium of this Working Group, held at Goto City Japan in February 2011, focused on 
protection and utilisation of camellias with an emphasis on Japan and Asia.[9] The second such 
symposium, held at Pallanza Italy in April 2013, drew on convergent work of experts in Europe 
and the USA on the topics of ancient camellias and on historic camellia gardens.[10] At this second 
symposium, two important parameters were introduced for considering camellias as ‘historic 
camellias’: first, ancient camellias, namely specimens and cultivars over 100 years old; and 
second, varieties relevant to the history of cultivation.[11] A third symposia, conducted between 
February and March 2015 in the Azores (Portugal), introduced several important new 
conceptions. Featuring contributions from thirteen countries or geographical regions, forty 
historical stories were presented by way of a short summary sketch of no more than a few 
hundred words plus photographs. [12] This style of presentation might also be understood as a 
‘vignette’, a descriptive piece (of writing in this case) which enables the reader to understand the 
material quickly due to its brevity. The Azores symposium stories also included those on famous 
camellia people. 

3.2 Beginning of the Historical Vignettes Project 
At the meeting of the Working Group held at the ICS Congress in Pontevedra, Spain in March 
2014, it was agreed to commence work on a project of collecting and compiling a sample range 
of historical vignettes on camellia with input from ICS enthusiasts. Scope was widened to 
include the contribution of camellias to human cultures over time.   

4 Advantages for synthesis of documentary resources 
Historiography refers to the numerous ways or styles that historical subject matter can be 
presented. [13] One of the advantages of brevity with respect to the vignette approach to 
historiography is that vibrant camellia historical subject matter can be easily appropriated for 
digital communication, website and other forms of global communication, while retaining its 
usability in traditional printed media. Also such information can be presented under certain 
subject headings that can each serve as a separate data field. Under the approach trailed initially, 
each vignette has the following components: 

(i) Subject (or main title); 
(ii) Source country or countries (i.e. where the camellia story has come from); 
(iii) Time period (usually broadly within a century rather than precise date); 
(iv) Photographic image or images illustrating the camellia story; 
(v) Text on subject matter (this can vary from 150 to 350 words, depending on the necessity 
of providing sufficient background); and 
(vi) Reference sources presented by way of a uniform referencing system (the vignette 
project is currently trialing the author-date system). Any useful primary and secondary 
resources can be included. Importantly all contributors to the item, including to photography, 
are acknowledged. 

Synthesis of documentary resources, particularly through the uniform referencing system noted 
above, is another clear advantage of the vignette approach, complemented by photographic 
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images. By facilitating the drawing together of key references and other data from various 
sources, the net result is an up-to-date entry on the historical camellia topic. The final article 
resembles something like an entry in an encyclopaedia that can be updated over time. A 
completed vignette entitled ‘Captain’s Camellia Cargo: ‘Captain Rawes’ and the naming of 
Camellia reticulata Lindl.’ is a good example of this, encapsulating as it does the 19th century 
story of this famous cultivar blending historical and horticultural detail, including internet as 
well as printed resources. The recovery and adaption of stories from old printed material can also 
be brought within this process: ‘The Nanzhao Scroll: Camellias of an Ancient Civilisation’ 
(China) is one completed example drawn from the 1990 ICS journal. These stories can be 
accessed through the respective hard copy or the Journal Archive on the ICS website 
http://www.internationalcamellia.org/journal-archive. Such synthesis further allows for the 
inclusion of empirical observation as it is often the only source for the subject material, but it is 
still valuable if contributor and date of observation are both recorded. An example of the latter is 
the completed vignette ‘Camellia amplexicaulis, the Camellia flower of the Tết Celebrations’ 
marking how this camellia species has long been used in such celebrations in northern Vietnam.   

5 Key Themes and Scope of Subject Material 
As the number of vignettes grows from contributors, it is possible to identify several key themes 
under which they might be presented. Most of these themes have been already been identified at 
past meetings and symposia of the International Working Group on Historic Camellias and New 
Camellia Species. The following theme titles are but suggestions and are not mutually exclusive 
as certain subject material could appear in more than one theme category. 

5.1 Historic Camellia Gardens and Ancient Trees 
There is already a great wealth of source material relevant to this theme. Certain completed 
vignettes provide concise summaries on historic gardens as part of a uniform compendium; such 
examples include: ‘Quinta De Santo Inácio De Fiães: The Camellia Paradise of Porto’ 
(Portugal), ‘Camellia Glory of Kunming’s Golden Temple (Jindian)’ (China) and ‘Bonsai Higo 
Camellias at Kumamoto Castle’ (Japan). Examples of completed vignettes featuring ancient trees 
include ‘Pillnitzer Kamelie’: The Aristocratic Dame of Dresden’ (the famed Pillnitz camellia 
specimen, Germany), ‘The Towering Treasure of Pazo de Oca at A Estrada’ (Spain) and ‘Pioneer 
Camellia on the Australian Goldfields, Walhalla, Victoria’ (Australia). 

5.2 Historical Cultivars and Species Discoveries 
This theme picks up a contrast of old and new, although the species vignettes can also be 
presented as discovery in a historical context. There are only a handful of historical cultivars 
stories at http://www.internationalcamellia.org/historic-camellias, and stories in this category 
need to be greatly expanded. The ‘Captain Rawes’ vignette has already been noted; ‘Majestic 
‘Masayoshi’ of Kurume’ (Japan) is another completed example that could be included in this 
category as well. While species vignettes could be themed separately, as with historical cultivars 
there is a focus on the plant/cultivar/species as the historical subject. One such powerful new 
vignette on species is ‘The survival of Camellia campanulata: lantern flowers in the forest’ 
(Vietnam and Cambodia), revealing its survival despite the rain of Agent Orange and other 
defoliants used during the Vietnam war.   

5.3 Camellia People 
This theme was first given prominence during the 2015 Azores symposium. Some of the most 
fascinating stories are emerging on this topic. The completed vignette ‘Camellias fit for a King: 
Leopold I and Camellia japonica ‘Roi des Belges’ (Belgium) introduces Leopold of Saxe-Coburg 
and Gotha (1790-1865) and the beginning of the royal house’s passion for camellia. Passion is 
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also the right word to describe infatuation of couturiѐre Coco Chanel (1883-1971) with the 
flower as recounted in ‘Camellias the Epitome of Fashion: the legacy of Coco Chanel’ (France), 
resulting in camellia becoming an alluring global fashion symbol. Camellia sasanqua was the 
subject of the haiku death poem (jisei) of a famous twentieth century orientalist and tutor to a 
future emperor of Japan, captured in the vignette ‘Reginald Horace Blyth’ (1898-1964) (Britain 
and Japan). This theme naturally encompasses famous camellia pioneers and enthusiasts. The 
first two vignettes received from the United States contribute to this latter topic: ‘Edward (Ned) 
McIlhenny, the Tabasco and Camellia ‘King’ of Louisiana’ and ‘A Dream Come True: Kosaku 
Sawada of Overlook Nursery, Alabama’.  Both McIlhenny (1872-1949) and Sawada 
(1882-1968) were nursery proprietors who promoted camellia culture throughout the United 
States. 

5.4 Celebrating Global Cultures through Camellias 
Camellias have become part of so many human cultures, celebrated through food and beverage, 
horticultural aesthetics, art, poetry, literature, philosophy, religion, and even cinema. A growing 
number of vignettes broadly grouped under this theme reveal the wonderful diversity of human 
celebration with camellia over time. From Dali itself comes ‘The Wonder Wall of Ruijiesanfeng 
Compound: Dali Zhang’s Garden’ (China) describing how this breathtaking design feature has 
showcased Camellia reticulata perhaps for many centuries. The revival of the philosophy of the 
tea room through the literary work of Okakura Kakuzō is captured in ‘Revealing the Oriental 
Mysteries of Teaism: The Book of Tea (1906)’ (Japan). An ethnobotanical vignette ‘Teatime at Bu 
Gia Map’ (Vietnam) describes perhaps for the first time the forest tea of the S’Tieng minority 
made from the leaves of (newly discovered) Camellia bugiamapensis. An amusing piece, 
‘Camellias go to Hollywood: Charlie Chan and the City in Darkness (1939)’ (United States) 
reveals how camellia was portrayed as a symbol of style in Hollywood movies of the 1930s and 
1940s. 

6 Camellia, a flower for all time’ project 
6.1 End of the first phase 
At the end of the first phase of this project initiated by the ICS International Working Group on 
Historic Camellias and New Camellia Species, there is now compiled a sample range of subject 
material featured as historical sketches or vignettes. Through compilation of such material, a new 
stream of historical articles may become available not only to ICS journals and its website, but 
potentially as subject material for promoting camellia to horticultural schools and colleges 
globally. An update on the number completed will be given during this Dali Congress. 

6.2 Painted image and symbol 
As a personal contribution to this project, the author has commissioned and donated a painted 
symbol (by Australian illustrator and artist Ester de Boer) entitled ‘Camellia, a flower for all 
time’ which features camellia flowers springing from the water flowing from an ancient stone 
water clock and symbolising camellia stories emerging over time (below). It is available as a 
promotional piece for the project, if desirable. 
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‘Camellia, a flower for all time’ (Ester de Boer, Australia, 2015) 

6.3 Next phase: global contributions welcome 
The next phase of this project is to seek contributions from across the world using the basic 
format of the historical vignette already outlined. All contributors would be acknowledged as 
authors, although the pieces would be subject to adjustment to the uniform format. Contributors 
would also be expected to observe copyright requirements with respect to photographic images 
submitted. The author agrees to become moderator for such contributions, particularly with 
respect to English language clarity and referencing convention; email sutick@grapevine.com.au. 
I invite all to share historical camellia stories from their own countries, so that camellia may 
truly be appreciated as a ‘flower for all time’. 
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The Manila shawl: part of the Spanish culture 
Jesús Izco 1 & Carmen Salinero2 

(1.University of Santiago de Compostela, Spain;                                2.Estación 
Fitopatolóxica Areeiro. Deputación de Pontevedra, Spain) 

Abstract: Chinese large scarves or shawls decorated with oriental motifs have been known since the 6th century 
B.C. Once the trade across the Pacific (Manila Galleon route) and the Atlantic (Indian fleet) was opened, ideas 
and products of all kind were introduced in Spain: goods, artistic trends and fashions from China, Japan and 
Philippines. Since the 18th century large scarves with images of dragons, birds (pheasants, cranes, geese and 
butterflies), plants and flowers (mainly camellias and chrysanthemums) began to be seen. These large scarves 
are known by the generic name of Manila shawls, name of the route of arrival of these goods in Europe. The 
shawl has been a popular garment, also used by the women of the high society. In recent years shawls have been 
used again, as a symbol of elegance in Spanish fashion. 
The route from Europe to the East across the Pacific-Mexico-Atlantic was opened through Spain and goods 
began to be introduced in this country. Embroidered silk shawls, which were designated as Manila shawls, were 
part of these goods. They began to be widely used by the population and started to be part of popular dresses and 
dances, as well as of religious and profane festivals. Over time, they have drawn the attention of the wealthier 
classes and became part of the finest fashion. Now, as a hallmark of Spanish culture, Manila shawls are part of all 
kinds of artistic and literary events. 
Key words: silk; hand embroidery; Manila shawl; Spanish culture 
 

1  Introduction 
For over 1,500 years the Silk Route was the connecting link between the Chinese regions in the 
Pacific Ocean and the Atlantic and Mediterranean coasts, at the other end of the world. In spite of 
the inherent difficulties of the journey or the stages, this connection system worked until the 
destination areas located at the shores of the Mediterranean Sea were occupied by Muslims, who 
took advantage of the situation to rise prices to levels which were unaffordable to European 
societies in the mid-14th century. 
So as to break this pressure, Portugal began to explore a new route, skirting Africa to reach India 
and the islands of Southeastern Asia, up to China and Japan. On the other hand, Spain started its 
own route, free of competence, towards the West. The discovery of an intermediate continent 
presented new challenges to sail across the Pacific Ocean, crossing Mexico and arriving at Seville, 
after having sailed the Atlantic Ocean (Izco, 2014). This route was called the "Spanish Silk Road”, 
a journey also known as the “Indies run”, which involved 30,000 km of the way to and back the 
destination, the largest oceanic route ever known (Aguilera, 1998). Among the products shipped 
by the Spanish Silk Route it is worth to mention the so-called “Manila shawl”, whose history and 
establishment in Spain is the subject of the present work. 

2  From the East to the West  
Without a doubt the Manila shawl comes from the East and was introduced by the Spanish into the 
Western world. However, it is well known that the Manila shawl was not originated in the capital 
of the Philippines, but in Canton or Guangdong in China, where the raw material was obtained. 
There is evidence that Chinese women wear this garment since the 17th century. The Spanish trade 
with the Philippines was consolidated with the creation of the Royal Company of Philippines, in 
1795, that monopolized the foreign trade in this country. However, the Spanish strategy to avoid 
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competitors by creating a new route was effective, but not absolutely. Different European powers 
(Britain, France, Holland or Denmark) had the same purpose as Portugal, through their respective 
East India Companies, in the XVII century, as those of Dutch-Austria (Ostend Company) or 
Sweden in the XVIII century.  
Due to the Mexican process of independence, the activity of the Manila galleon ceased in 1815 and 
the Spanish Royal Company of Philippines disappeared shortly after the independence of Mexico 
(1821), in 1834 (Schurz, 1985). 

It is widely known that at that time some poor quality or defective fabrics, although embroidered 
with pleasant scenes of Chinese society, were introduced in Spain, sometimes wrapping packages 
of tobacco arriving from Philippines. In Seville, women who produced cigars, popularly known as 
cigarreras (cigar makers), used these silks as an ornament. This “myth of origin”, as it was 
designated by Aguilar (1999) does 
not contradict the initial use by the 
cigarreras and their popularization 
(Figure 1). The first embroidered 
shawls would have elements of 
iconography and were worn by 
models that followed the taste of 
the Chinese society: animals, 
especially birds in awkward poses, 
intimidating dragons and flora 
(bamboo, lotus), everyday scenes 
with characters dressed in kimonos, 
pagodas, etc. with a profound 
symbolic meaning, following the 
Eastern thought. 
The motifs most often repeated in 
old shawls and in other modern 
ones, as well as their respective meanings are the following: 
Dragon (representing the emperor), pheasant (beauty and imperial achievements), crane 
(longevity), geese (marital bliss), butterflies (fertility and happiness), toads or frogs (money and 
prosperity), lotus (beauty and perfection), plum flower (purity and elegance), peach blossom (love 
and longevity), peony (good fortune and honour), chrysanthemum (eternity) and camellia (perfect 
love). Depending on the colour of the embroidery the flowers have different meanings. Thus, the 
pink camellia means longing, the red camellia unpretending excellence and white camellia 
perfection and loveliness (Greenaway, 1884). 
In China, the camellia represents perfect love because the calyx falls with the petals at the end of 
the blooming period, whereas in most flowers the calyx remains in the stem even after the petals 
have dropped. This phenomenon symbolizes an everlasting union between lovers. This is the 
flower you should wear if you want to attract a partner. In some Catholic representations of Jesus 
found in Japan, he is wearing a Kakure (official kimono) with camellia embroidery representing 
the blood of the Catholic martyrs (Turnbull, 1998).   

3  How the Manila shawl became Spanish 
Due to the high demand of those first pieces of silk in Spain, they started to be created in this 
country and adapted to Spanish taste. The compositions became denser and more colorful, Chinese 
motifs disappeared (pagodas, characters with kimono), unwelcomed animals (toads) as well as the 
Chinese symbolic meanings (dragons). New flowers were incorporated (carnation, rose), which 

 
Figure 1: Current Spanish shawl with camellia embroidery 

worn in the cigarreras style. (E. Aguilar). (Courtesy of 
University of Seville) 
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were part of the identity of the joy and colorful people of Andalusia and, in general, of the 
Spaniards. At that time camellias were still embroidered, but sporadically (Figure 2). Other 
flowers, such as lilies, sunflowers or rosemary were also incorporated (Aguilar, 1999). The 
Spanish writer Benito Pérez Galdós, according to Llarchi (2002), in his novel Fortunata and 
Jacinta describes the contributions made to the Spanish shawls "they were larger, with more tones, 
turning those graceful, poetic and elegant sonatas into powerful sonatas full of life, with daring 
new combinations".  

Fringes are also a Spanish 
contribution. These fringes have 
several series of threads or cords 
attached at one end to the shawl 
and free at the other end. First 
fringes were sown to the edge of 
the shawl and later they became 
part of the body of the shawl itself, 
as a frayed edge. In comparison to 
the original model, smooth-edged, 
fringes have been getting longer 
and longer with the passing of time, 
sometimes being half of the size of 
the whole shawl in some cases. 
This addition gives the shawl a life 
that did not have in its original 
version. With a shawl over the 
female shoulders, the fringes move 
when we walk and dance, bringing 
gracefulness, and charm, and they 
attract the attention of people 
when they walk. This effect is 
even greater when they dance, 
bringing a sense of movement of great artistic expression with incomparable aesthetic possibilities. 
For this reason the Manila shawl became part of the traditional Spanish dances and now is an 
indispensable garment in Spanish dances and in dances in general. 
Shawl production began in Spain in the outskirts of the city of Seville, when Álvaro Manrique de 
Zúñiga, Marquis of Villamanrique and Viceroy of New Spain since 1585, started to produce 
shawls in the town of Villamanrique de la Condesa, municipality which gave him the title of 
Marquis, in the Sevilla province. Then production spread to other towns of the same region, known 
as El Aljarafe. Today Manila shawls are being produced in Carrión de los Céspedes, Pilas, 
Aznalcázar, Huévar, Castillejo del Campo, Aznalcóllar and other municipalities in the region of El 
Aljarafe, as well as in other regions, such is the case of Cantillana, with a wide tradition in the 
creation of embroidered shawls. 
The Manila shawl we know today is based on models dating from the first quarter of the 19th 
century, although nowadays there are a wide variety of types of shawls. The most similar to the 
ancient shawls that arrived from Manila is called chinesco (Chinese), and has scenes with genuine 
Chinese motifs: groups of people, pagodas, bridges, fauna and flora of the country, etc. Closer to 
the Spanish taste is the shawl known as cigarreras style, characterized by their large embroidered 
roses or camellias. This type of shawl reminds of the first ones produced in Spain in the manner of 
those early pieces of silk that wrapped cigarette packages arriving in Seville and that the 

 
Figure 2: Manila Spanish shawl with camellia embroidery. 

(www.mantones.com) 
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cigarreras adapted for personal use. The type of shawl known as “Isabelino”, designated after the 
Spanish Queen Elizabeth II because she used to wear them, follows the traditional Chinese pattern, 
with figures loosely arranged in the corners and an with empty centre. 
The shawls are usually embroidered on raw silk (generally white or with a light tone), but the 
enthusiasm for innovation has led to other colors, either light or strong: blue, red, violet, or even 
yellow or black, the last one known as ‘fly wing’. 

4 Effect on the Spanish clothing and popular traditions  
The fashion of humble origin and initially restricted to Seville, or its immediate surroundings, 
became popular and spread throughout Spain as well as Latin America. To that extent it was 
identified with the popular classes, that now the shawl has become part of the tradition, multiplied 
in different cultural expressions throughout the country. In the beginning it was a daily item of 
clothing but later it started to be worn only for local festivals (patronal feasts) or family 
celebrations (weddings, baptisms or birthdays). In some cases they were the common attire of the 
participants or part of the clothing of a leading figure. Again Benito Perez Galdós describes 
perfectly well the popularization of the Manila shawl: “This beautiful garment is being banished, 
but only people preserve it with admirable instinct. They take them out of their chests for special 
moments in life, such as baptisms or weddings, in the same way the wind is given a hymn of joy in 
which there is a stanza for the country ”, and in the same work he describes “... this garment, this 
national work of art, [it] belongs to us in the same way as tambourines or bulls do...”, but then he 
clarifies that actually it became ours because we introduced it. Alternative: because we take it for 
us. 
The Manila shawl has been associated with the Andalusian traditions and also to flamenco dance, 
but the reality is very different. It was present in the festivals of many Spanish regions, as part of 
the traditional female dress –even in males ones- in patronal feasts. Despite their ancient origin the 
shawl became very popular in the 19th century, popularity that, after a decline, was recovered in 
recent years in many Spanish regions. It is worth to mention the festivals to honour the Virgin of 
La Paloma, where the chulapas (Madrid girl in traditional dress), wear a large and slim fit dress 
and a shawl over their shoulders. When these girls raise their shoulders the shawl fits perfectly on 
them, “she swelled, I mean, she arched her arms and shoulders, in the way girls from Madrid 
entertain themselves with their shawls, with a movement similar to that of a hen that shows off 
their plumage, and later returns to its natural volume” (Pérez Galdós, 1986).  In central-western 
Spain, the Manila shawl is also popularly known as “Serrana shawl”. The typical serrana costume 
consists of a white petticoat, a skirt with an apron decorated with passementerie; a silk blouse 
worn as a shirt with the cuff of the sleeves having a lace ending, white wool stockings and 
cordovan or suede shoes, as well as an embroidered hat. Since the early 20th century the shawl 
coexisted with the local and traditional elements. 
The arrival of spring has been celebrated since ancient times in all European regions. These 
festivals of pagan character were originated by ancient cultures, as part of the celebration of the 
arrival of spring. They may be probably related to the Roman spring festival known as 'Bona Dea' 
or to the spring Celtic festivals in Beltane. In any case, all of them were later Christianized and 
associated (or held close to) May 3, the festivity of Santa Elena, for reasons that are not going to be 
explained here. These include the “festivity of Maya”, celebrated in many parts of the country: 
Olivenza (Badajoz), Orgaz (Toledo), Treviso and Bejes (Cantabria) or El Molar (Madrid). The 
festivity of the ‘Maya’, held in Colmenar Viejo (Madrid) on May 2, revolves around a girl wearing 
a petticoat and a white shirt, with a floral crown and a shawl over her shoulders tied to the back, so 
that the embroidery can be seen on the front. She also has large beaded necklaces and remains 
seated on a throne, in silence. Other girls, dressed in the same way or with the shawl tied at the 
front, asked for money to those who approached, saying: “For the Maya, who is very pretty and 
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gallant". https://es.wikipedia.org/wiki/Fiesta_de_La_Maya (Figure 3). 

Spring festivals are also those 
popularly known as Cruz de 
Mayo (May’s Cross), 
celebrated in many regions in 
Spain. In fact nowadays there is 
more than a hundred of a 
special relevance. Their origin 
is also ancient; they are pagan 
and related to festivities 
devoted to the Roman goddess 
Flora. They are held in 
mid-spring, when plants start to 
bloom and show their colours 
in the Mediterranean regions. 
In primitive pagan festivals the 
event revolved around a tree 
trunk, without branches, embellished with flowers and branches, with people dancing and singing 
around. Now the festival is known as '”Maypole” or simply as “May”. When the festival was 
Christianized, the tree was replaced by a cross: http://www.webgranada.com/DiaDeLaCruz.asp. 
http://granada.nueva-acropolis.es/. 
Among all the “Cruz de Mayo” celebrations, one of the most colorful, with more participation and 
best known is the festival held in Granada. In this festival people gather in the streets and in the 
courtyards of their homes around a large central cross made of flowers, placed on an altar and 
accompanied by a profuse floral decoration, decorated plates, vases with all kinds of plants, and 
Manila shawls hanging from the railings of the upper floor. http://www.carmenmerino.net/ (Figure 
4)  

Among the several popular 
manifestations held in northwestern 
Spain where the shawl is especially 
relevant, in Galicia it is worth to 
mention the “Dance of San Sebastián” 
in the parish of Aldán (Cangas, 
Pontevedra). The festival has been 
documented since the late 17th century. 
The dress of the female participants is 
usually the traditional Galician dress, 
together with a Manila shawl covered 
by large necklaces, colorful ribbons 
and rhinestones. The Manila shawl 
presence in Galicia could be linked to 
its seafaring tradition. Men fishing in 
eastern seas and spending months 
away from home return with gifts, 
which are often shawls. So often in the houses near the coast there are one or several precious 
shawls, as a present of the head of the family to the wife or to the women of the house (Figure 5). 

 
Figure 3: “Festivity of Maya” in Colmenar Viejo, near Madrid. 

(Courtesy of the Colmenar Viejo’s city council) 

 
Figure 4: “Cruz de Mayo” celebrations, Manila shawls 

hanging from the railings of the upper floor. (Courtesy of 
Carmen Merino) 
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There are much more festivals where the 
Manila shawl is used. For instance, the 
festival held in Santa Cruz de Moya 
(www.torredesantamaria.es/fiestas/), the 
festival devoted to the Virgin of Balma, 
in Zorita del Maestrazgo  
(www.zoritadelmaestrazgo.es/es/page/fi
estas-tradiciones), the “Dance of the 
Santaneros” in the town of Villafranca de 
Oria, known as Ordizia in the local 
language 
(http://www.diariovasco.com/20090728/
gente/anos-santaneros). Of ancient 
origin is the festival of the “Móndidas” 
in the village of San Pedro Manrique, in 
Soria, and others coinciding with the 
celebration of Saint John, on the summer solstice. In this festival three marriageable girls, known 
as “Móndidas”, wear fancy clothes, with a shawl, are adorned with beads and on their heads carry 
baskets decorated with flowers and bread inside (http://soria-goig.com/Etnologia/pag_0893.htm). 
The Corpus Christi or Body of Christ (in English), is a Catholic festivity held to celebrate the 
Eucharist. The consecrated host, with great solemnity and respect, is placed inside a baroque pyx 
of gold adorned with religious scenes and carried along the streets in a procession. The route of the 
procession is often decorated with a carpet of flower petals, forming artistic drawings. The 
balconies are also adorned with colorful scarves and shawls. The history of this festival dates back 
to the early 13th century. The procession of Corpus Christi is typical of the religious festival that 
coincides with the ninth Sunday after the new moon of spring or 60 days after Easter Sunday. The 
most famous processions of Corpus Christi in Spain are held in Toledo, Madrid, Puebla del Río 
(Seville) or Sitges (Barcelona). 
Due to the Spanish influence the use of the shawl widespread in Mexico, and it became part of the 
traditional costumes of the women of Puebla, known as the famous dress of the “China Pueblana”. 
It is also present in Guatemala and Peru, as well as in areas of North America, especially in 
California, and later it also widespread to Boston and Philadelphia. In addition, many of these 
Spanish celebrations and festivals, together with their traditional dresses, were reproduce in 
Ibero-America. 

5 From a popular to an exclusive use of the Manila shawl 
Since the initial use by the cigarreras, the Manila shawl eventually replaced other shawls and 
scarves commonly used by the female population. Later, with the production of luxury shawls, this 
piece of clothing made a leap from the popular classes, as part of their dresses wore in the most 
important festivity days. This evolutionary process continued until, in the early 19th century, it 
was used by all social classes. Again we must turn to Perez Galdós to express with finesse that 
presence in all social classes. “It is a garment which is at the same time exclusive and popular, 
worn both by the great lady and the gipsy. Wrapping yourself up in a shawl is like wearing a 
painting. Modern industry won’t be able to invent anything that could be compared to the naïve 
poetry of the shawl. ” 
Due to its origin the shawl was part of the identity of the popular flamenco dance and later evolved 
to achieve higher artistic levels. Today is part of the clothing of important tonadilleras (female 
singers of Spanish popular music) and bailaoras (flamenco female dancers) popularly known 
worldwide. The Manila shawl has been strongly associated with flamenco, although it is also an 

 
Figure 5: Manila shawl is an important garment of 

traditional Galician dresses 
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accessory of the dress worn, in certain periods, as an everyday garment, and nowadays is still 
being used.  

In flamenco dance, characterized by the movement, the shawl plays a crucial role. To perform this 
dance the shawl must have a size that allows the dancer to hold the two ends of the shawl 
diagonally, forming a triangle. In this way the figure of the dancer is clearly seen and allows her to 
move freely. The fringes of the dress are also important. Long fringes increase the sense of 
movement and charm in slow steps. So as a shawl is adapted to the needs of the art of dancing, the 
weight of the shawl is also important, it should be average, not too light, as it will be difficult to 
follow the rhythm, or too heavy, as it will be difficult to handle. Of the famous traditional flamenco 
dancers and singers wearing a shawl it is worth to mention La Macarrona, La Malena, La 
Argentina, Pastora Imperio or La Niña de los Peines. From the beginning of the 20th century are 
some classic names of “cuplé” singers, such as Albalat, Rosita Fortuny, La Fornarina or Raquel 
Meyer, who wore shawls in their 
performances. Other artists of our time 
like Isabel Pantoja, Lola Flores o Rocío 
Jurado also wore this garment as part of 
their stage outfit. Famous flamenco 
dancers nowadays like Sara Baras, Belén 
Maya and María Pagés move the Manila 
shawl in harmonic motion. 
Finally, the Manila shawl walked straight 
into the heart of the haute couture in the 
early 20th century, as part of the school of 
Art Deco, and became so famous in Paris 
as well as in other European capitals. It 
has been incorporated to the latest fashion 
by great designers like Victorio & 
Lucchino or Juan Duyos (Figure 6). 
Therefore, this garment started to be worn 
by great and popular ladies of the public 
life who wear shawls in the most elegant 
parties, such as the Queens of Spain, Sofia 
and Letizia, or the infanta Elena, among 
other elegant women. Such is the strength 
of the shawl that the designer Andrés 
Sardá has incorporated this garment to the 
wedding dress.  

6 Source of inspiration in art, 
music and literature  
As part of the women clothing, belonging to different social classes, the Manila shawl was part of 
the work of several important artists in the transition from the 19th to the 20th centuries. Among the 
most renowned Spanish artists representing the Manila shawl in their works we should mention 
Joaquín Sorolla and Julio Romero de Torres. Both share something more than the same period, 
both played with the light (although in a different way), both were interested in motifs related to 
local customs and manners and also in women. Others Spanish and foreign painters were inspired 
by female figures wearing shawls. 
Of the pictures by Julio Romero de Torres, the most popularly known is Fuensanta, representing 

 
Figure 6: Fashion design following Manila shawl style, 

created by Duyos. (Photography by Biel Sol) 
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her model, María Teresa López. This image later appeared in the Spanish bill of 100 pesetas issued 
in 1953. As a commemoration of her pose 75 years ago she was photographed in 2002 wearing a 
shawl, shortly before her death. Regarding Joaquín Sorolla, he was hired by the Hispanic Society 
of America to create an extensive collection dealing with several aspects of the festivals and 
Spanish traditions. As part of this collection one of his paintings, entitled Sevilla, represents a 
courtyard in Seville, with plenty of flowers, and also shawls hanging from the railing of the upper 
floor, with a typical fountain, and several gypsy women wearing shawls, some of them dancing. 
Given this fascination by the popular, including the Manila shawl, which inspired, to some extent, 
the transition from the 19th to the 20th century, there is a long list of artists and an extensive 
collection of paintings that illustrated that reality in their pieces of art, showing the local customs, 
the Spanish flamenco singers and the figures of women of high society. Among the Spanish artists, 
Federico Armando Beltrán, Juan Cardona Ramos, Fernando Fader, Soledad Fernández, José María 
López Mezquita, Gustavo de Maeztu, José María Román Francés, Manuel Benedito Vives or 
Ignacio Zuloaga can be mentioned. Other Ibero-American artists, mainly from Argentina and 
Mexico, are Cohen Fusé and the Mexican Saturnino Herrán. Other European artists, creating 
pieces of work of a similar content and character: Kees van Dongen (Holland), Leopold Smutzler 
(Austria), George Owen Wynne Apperley (Great Britain) or Henri Matisse (France).  
As a representation of the local customs and manners, the manila shawl was also present in music. 
It is part of the famous opera Carmen by Georges Bizet, based on the novel of the same title, by 
Prosper Mérimée. Released in 1875, it represents the story of Carmen, a gipsy woman from Seville, 
of indomitable spirit and searching love without barriers, which have cost her life (Figure 7).  
Zarzuela is the Spanish expression of Opera. It is a musical composition, representing the Spanish 
custom and manners, coinciding in time with the painting style that incorporated the shawl to 
plastic arts. Zarzuela is part of the Spanish artistic tradition where the main features of Spanish 
people are shown as they are. In the Zarzuela entitled La verbena de la Paloma (Fair of the Dove), 
with music by Tomás Betón and lyrics by Ricardo de la Vega, set in the Madrid of chulapas or 
manolas and majos or manolos (men and women in traditional Madrid dresses), the Manila or 
China shawl is mentioned as part of the dialogue. 
An indisputable garment belonging to the Spanish tradition which was assumed and accepted by 
all social classes of the past and present, the shawl became the image of a postage stamp. The 
Spanish Post Office, in its collection of stamps “Clothing”, issued, in 2004, a sheet of stamps of 
four different prices (0.27, 0.42, 0.77 and 1.90 euros). These four stamps reproduced fragments of 
different paintings by the artist Soledad Fernández, with shawl motifs. Another stamp, issued in 
2009 for international mail, harmonizes two characteristic elements of Spain, the fan and the shawl 
(Figure 8).  
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Figure 7: Photograph of actress Emma 

Calvé with a Manila shawl, as 
‘Carmen’ in the opera of the same 

name, at the beginning of 20th century. 
(Courtesy of Carmen Merino) 

Figure 8: Set of stamps issued by the Spanish 
Post Office (mantón is the Spanish name for 

shawl). 
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Review 10 Years Camellia Species Conservation Work      
-- Problems and Suggestions 

Hung Chin Mei , Lee Shih Lin 

(Advisor of Theaceae, Dr. Cecilia Koo Botanic Conservation Center) 

Abstract: The conservation of Camellia species had no standard protocol to follow. We have worked at Dr. 
Cecilia Koo Botanic Conservation Center (KBCC) for 10 years for camellia species conservation. And 
encountered many problems. We correct errors step by step. We have confidence that the conservation of 
camellia species will have chance to make it true. Hope that Camellia species grow sustainably. 
Keywords: Camellia; conservation; re-establishes population; wild investigation; Gene diversity 

 

Introduction 
Botanic conservation turns into a hot topic for several years, Chin Mei and Shih Lin, join the Koo’s 
Botanic Conservation Center (KBCC) in Taiwan, from programing to preparation, until now, 
every process keep rightly working over 10 years. During these periods, we had imported 90 
camellia species and over 1,000 cultivations to KBCC. We spent 3 years to adjust automatic digital 
sprayer system for working at different seasons with different styles. Created a suitable 
environment for all camellias growth. As Prof. Gianmario Motta visited KBCC, he said,” even 
though there are many species I don’t know, but I can feel they are cheerful here.”  
In this article, we would not like to make the doctrinally analysis, but to share our pragmatic 
experiences we got from camellia conservation during past 10 years. We would like to propose 
problems we face and give suggestions to solve problems. If we can follow these steps to 
overcome problems, we still full with confidence to make camellia species conservation come 
true. 

To begin with, there are three main factors make camellia species lost in natural habitat: 
1. Natural habitat been destroyed by farming or reclamation 
2. Illegally dig out for sale or firewood 
(1. and 2. Are easy to control by legislation.) 
3. Global warming effects come with drought or flood 

The third point might be a fatal reason causing species extinction from the earth which is out of 
human’s control. Some mild effects change species growth patterns such as species sterile or seed 
cannot germinate causing population withered gradually. These negligence effects are hard to be 
discovered at beginning thus increase difficulties of species conservation.  
Chin Mei and Shih Lin did both conservation job and field research for camellia species in natural 
habitat at Taiwan’s mountains incessantly for 5 years. There are 15 native camellia species in 
Taiwan, include 8 endemic species, but only 4 of them have progenies in the wild. They are 
Camellia brevistyla, C. caudata, C. salicifolia and C. sinensis var. formosensis. Two species 
including one endemic species were destroyed by illegally digging for sale as rootstocks: C. 
japonica var. japonica and C. japonica var. hozanensis. The other nine species, including five 
endemic species and one new endemic species, C. chinmeii, C. furfuracea, C. henchunensis, C. 
kissi, C. nokoensis, C. tennifolia, C. transnokoensis, C. transarisanensis, and C. trichoclada, we 
got no seed from natural habitats. Moreover, in these 15 native species, there are 5 camellias we 
couldn’t find populations, two of them exposed in the harsh environment, other three species, 
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although population are big enough, well growth and blooming every year, but no seed can be find 
from natural habitat in last 5 years. In all, the first two serious problem threaten camellia survival 
are sterility and non-germination. 
In the forest, we saw many over 10 years old tree but no seedling been discovered, which implied 
these trees generated many seeds fallen down and grew up 10 years ago. But there had no seed 
generated or growth within last 10 years; we don’t know real reasons but one of possibilities might 
be environmental changing such as global warming results of unsuitable condition for ovary 
development after bloom. Although we could not deny any other reasons, this phenomenon is 
assuredly raises up the potential of species toward extinction. We believe these species will wither 
gradually in the future because there have no younger offspring renew group’s life. Until now, we 
have no solution to this problem for population sustained in the wild.  
We found same problems occurred in China, too. When C.acuticalyx Chang had been discovered 
at Guangxi in 1991, there were five individuals been recorded. In 2012, we been the same place 
and found there were 5 plants but no one assured these five trees were the same individuals as 
1991 or were offspring because no labels hung on trees for very long time. These trees grow well 
and bloom every year but no seedling under trees. At that time, we found a few tinny seeds only. 
The park’s workers told us there were no seed ever germinated in their 20 years’ observation. 
The same situations also happened in Guizhou(10). In recent years, as we known, all reports of 
camellia species investigations depicted non-optimistic situations to the camellia natural 
populations. 
Base on facts we mentioned above, conservation which means preventing species extinct from the 
world is an imperative job. There are 3 prevail methods in the world for conservation: 

1. Seed Bank (ex situ conservation). Two points need to think before we use this method. 
First, how to keep seeds alive when we take them out after long time storage. “Keep seed by dry, 
frozen or chemical process make it always fresh and valid for use as long as we need” the claim 
by Seed Bank. However, camellia friends had experience, if camellia seed pass by dry, frozen 
or chemical process it never germinates anymore. Until now, people haven’t found a suitable 
process can keep camellia seed valid for long time and still has ability to germinate as ever. 
Second, where and how to get enough seeds to store? As we mentioned above, in Taiwan, only 
4 of 15 camellia species can get seeds from habitat. Without seed source, the idea of Seed Bank 
had difficulties to achieve. We can apply this method only if we overcome these problems. 
2. Wild spot protection (in situ conservation). ICS had a group discussion about this 
subject for several years. Many camellia friends at China, Japan or Europe find an old camellia 
tree, trying to resuscitate in home ground no matter how hard it is. Each person uses their 
secrets formula to rescue his or her old camellia tree. Everyone delight for old tree germinates 
once again. However, this method stills a long way if we hope to collect seeds from these trees 
for population enhancement. Moreover, this kind of protection is case by case, hard to 
implement for whole population or for species conservation.    
3. Camellia living body preservation (garden conservation). Garden preservation is a 
well-known method for conservation. For example, The 
International Camellia Species Garden at Jinhua Zhejiang, 
Royal Botanic Garden in Australia special for Viet Nam 
species, and Koo’s Botanic Conservation Center (KBCC) in 
Taiwan.  

Camellia species living body can be imported into garden and 
cultivated outside or inside greenhouse. Culturing plant 
outside of greenhouse is the cheapest way and easy to extend 
planting area. Nonetheless it strongly depends on the location 

Fig. 1 Viet Nam species growth fast 
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of the garden whether the outside environment is accepted by camellia species. At Jinhua, winter is 
too cold thus difficult to grow yellow camellia and Viet Nam camellia species. KBCC at south 
Taiwan, keep camellia living body inside greenhouse, control humidity but no need to control 
temperature because annual average temperature is around 28℃ which stable through the year. 
Not only C. japonica, C. reticulata growing well but also yellow camellia and Viet Nam species 
(Fig.1) grow up as fast as they can. Germinating 2-3 times a year with 2-30cm long each time. We 
are glad to build an environment that good enough for camellia. However, a new difficulty we 
faced is capacity limitation. KBCC’s camellia cultivation area extends double per year. Spaces 
never enough for KBCC’s camellia even though new greenhouses built up year by year. Thus 
limited us to increase new species into conservation center.  
To solve the problem of non-germination. We are familiar with that camellias’ childhood grows in 
different conditions compare to adults in their life. Thus, we take conservation center as a 
transition station to breed camellias’ childhood within greenhouse until they can stand for 
environmental stress of wild habitat. After pre-adapted period then transplants to original habitat. 
This is a simple and transitional process can achieve conservation aim and would not occupied 
space in conservation center for a long time. Here we provide an example of Pyrenaria 
shinkoensis which is an ongoing work at KBCC.  

In 1890, an English botanist Augustine Henry 
discovered a new species from south Taiwan named C. 
shinkoensis. Prototype specimen are preserved in Kew 
Garden London. Professor Chang Hung Ta examine 
specimen in US, name it Tutcheria taiwanica Chang et 
Ren. At that time, this species was widespread in south 
Taiwan. At 2003, people re-found barely 3 survivals (Fig. 
2) that were over 200 years old, re-named it as Pyrenaria 
shinkoensis. Growing well, full bloom and fruit but no 
seedling was found at their habitat. In 2012, KBCC tried 
to re-establish this species population through cultivated 
seeds in greenhouse that collected from original habitat. 
After 4 years, P. shinkoensis were 120cm high, then we 
planted it to outside of greenhouse for pre-adapt natural 
environment before being translocating individuals back 
to natural habitat. We hope after next 4-5 years can 
transplant P. shinkoensis to original habitat. We believe 
through this model would aid many species 
reconstructing their population and avoid extinction 
from the wild. Most importantly, this is a cheapest and 
valid way for species conservation. Of course, this might 
be a special case for some species but not for all. Perhaps we can take this method as another style 
of wild spot protection. Before large scale camellia species conservation, we can first focus on a 
single species to test whether this step by step conservation method to resuscitate target population 
with high efficiency. 
Space limitation not only restrict importing new species but also increase the possibility of 
hybridization. Two years ago, nightmares came to KBCC. When we immersed in the happiness 
that seeds could produce by camellia plant itself from KBCCs’ greenhouse, which implicates we 
can resuscitate population from KBCC. Nevertheless, some individual plant had no fruit, no seed, 
or had seed but can’t germinate. The other plants, although some seeds germinated normally, were 
hybrids. As we mentioned, space limitation is a serious problem of KBCC, we cannot insulate 

 
Fig. 2 Two survivals of Pyrenaria 

shinkoensis  
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species with species to preventing genus hybrids generated in greenhouse. We devoted 10 years of 
our minds for camellia species conservation but the conservation dreams at KBCC were broken. 
KBCC became a camellia species exhibition garden, warehouse or a conservation transition 
station only. We cannot fully complete the mission of conservation. The same troubles happened at 
other conservation garden, either. 
The threaten of sterility might be the result of population shrinkage. In Taiwan, it’s rampant that 
people digging out C. japonica var. japonica and C. japonica var. hozanensis illegally for sale, 
only a few survivals alive in remote mountain area. These plants blooming but cannot produce 
seeds. As we know, self-infertility is true in camellia, therefore, population shrinkage reduce 
genetic diversity in that accelerates extinction process in camellia is easily to image. Initially, each 
camellia species that imported to KBCC had only 1-5 plants cannot establish a minimum 
population. So, if we need to keep a minimum population for each species – maybe 100 or 200 
plants – to maintain genetic diversity meanwhile elute the chance of self-infertility. All plants got 
from original habitat must be gathered by seeds but not by cutting, grafting or tissue culture from 
one individual since plants have the same genetic background which causes self-infertility. In our 
experience, plants we got from market and nursery all by cutting or grafting, we cannot get seed 
seedling from the market.  
Another problem we faced is species taxonomy. At the beginning, we searched camellia species 
and imported to KBCC from market and nursery. However, merchant don’t know what the right 
camellia species names are; they always gave camellia plant a name by themselves. This situation 
impedes conservation progress because many plants we collected with different names are actually 
the same one. Camellia species in the market and nursery are rare collected from wild habitat by 
researcher or taxonomist. Thus, the only way to get camellia species from the habitat is by us. 
There are over 300 species must get from original habitat by ourselves when we need. Many 
camellia species had at Jinhua Camellia Species Garden, not bought from market or nursery, all 
passed by Professor Gao Jiyin and his assistant’s help got back from original habitats one by one, it 
was a huge and hard mission. That makes us truly admire. 
The camellia species conservation is not only got a few species plants living in garden and 
maintaining them well growth. The meaning of conservation is when species extinction or 
disappeared from native habitat; we have to get enough seeds from conservation center to 
re-breeding and re-culturing a new population then move to original habitat. Make this species 
population grow back again to the wild. The re-culturing species population not only need enough 
individuals for minimum population but also corresponding to gene diversity. Thus, we need to 
collect and plant a minimum population composing of seed seedling, and prevent species 
hybridization in conservation center. Then, the conservation center can achieve camellia species 
conservation rather then an exhibition center.  

Above statements can be summarized as four points: 
1. Sterility and non-germination are the serious problems in the wild. 
2. The methods of Seed Bank or wild spot protection would not suitable for camellia 
3. Garden conservation should prevent species hybridization and maintain gene diversity 
4. Taxonomy of camellia is an important issue need to be solved especially the name from 
the market. 

Solutions for camellia species conservation 
Suffering these mistakes; if we can adjust our process, we still full with confidence that camellia 
species conservation will come true. Considering from global viewpoint of camellia species 
conservation, it is a duty belong to all of us, not restricts in a country, nation or unit. 
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There are three suggestions for camellia species conservation. We hope ICS and camellia friends 
could agree and promote them together with us. 

1.Integrating camellia species taxonomic system.Redo camellia species field investigation. 
2.Find a place with suitable natural environment for camellia species and plant with minimum 
population and insulate hybridizations. 
3.Technical integration and support. 

Integrating camellia species taxonomic system 
Redo camellia species field investigation 
Oct. 2012, Chin Mei and I visited Prof. Ming Tien-lu at Kunming with Dr. Wang Zhonglang. We 
talked a proposal about integrating camellia species taxonomic system included conception and 
definition; redo camellia species filed investigation and do camellia species conservation, 
especially in China. Prof. Ming very pleased with this idea, and told us “I had the same idea as you 
30 years ago, but no one agreed with me, if I known you 30 years ago, we could do many things 
together for camellia.” 
There are two different opinions of systematic of camellia at China, The Chang’s system (Fig.3) 
and Ming’s system (Fig.4). We need integrate to one, let whole word can follow it. Prof. Ming 
agreed with this request. Integrate different opinions to one in China is an important job. 
Integrating camellia species name, one species with one name. “Camellia has distinguished 
morphology and stable population should be a species, without population, cannot. And add 
molecules analysis, gene sequence to know full information about species”. Based on this 
statement then redo field investigation, and do conservation job continuously. Prof. Ming agreed 
with this claim. With this statement, many camellia species name need to be considered again, 
because there was no population in the wild. We cannot tell if it is a new species or a variance 
without performing a phenotype constantly. But we still keep a chance for them, if we can help 
them increase population size with their seeds and monitoring new generations still perform the 
same characters with mother plants, we help this single plant build up a population quickly and 
keep their species name.  

  

Fig. 3 Prof. Chang Hungta(second right) and Dr. 
Ye Chuangxing(first right) 

Fig. 4 Prof. Ming Tienlu(first right) and Dr. Wang 
Zhonglang 

We list systematically that there are 350 species of camellia now. There are 90％camellia species 
at China. China had enough power and ability to do this job for camellia for the world. Today, 
with new knowledge and new equipment, we can redo camellia field investigation including 
collect GPS information, population size, and growth conditions. Building camellia molecules 
analysis, gene sequence and species database, let species information more complete. And there 
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are many old friends ever joined wild investigation 30 years ago still strong enough can give us a 
hand, give us their experiences. We can follow their route and take reference from flora to find 
out species original habitat. If we can start this work in few years, everything will run easier and 
faster than 30 years ago. Then, new information of camellia species will show to the world, we 
can update information of Theacae index of Sinicae Flora together, and get seed, twigs down 
from habitat for conservation job use. There are many different projects can be completed at the 
same time. But, Prof. Ming cannot find a young guy manage and push this proposal. Then, Chen 
Mei and I transferred from Kung Ming to Guizhou, this proposal stopped and disappeared before 
start. Now, here a new director of ICS, Prof. Guan, perhaps we can ask him do a favor for 
camellia, make this proposal restart again. 
In 2013 Nanning yellow camellia congress, Mrs. Short said “ICS asked Dr. Clifford Parks renew 
the camellia species information”. I don’t know what it going on now, but I sure ICS had no idea 
for redoing wild habitat investigation and did camellia species conservation at that time.  

Find a place with suitable natural environment for camellia species,planting 
with minimum population and insulate hybridizations 
We need to think this problem with international outlook. We need to find a place with suitable 
environment as a new home for camellia species, before starts camellia field investigation. No 
matter where it is. This place must be big enough can let species grow with a minimum population 
and isolate species from species. Soil quality, nature environment like temperature, humidity are 
accepted by all camellia species. Two places we ever been, one is Longzhou at south Guangxi, 
China; another one is Tam Dao National Park at Ha Noi, Viet Nam. 
In 2013, after Nanning Yellow Camellia Meeting, Chen Mei and I transferred to Ha Noi, Viet Nam 
visit Prof. Tran Ninh and Tam Dao National Park.  
When we arrived Tam Dao National Park (Fig.5) again with Prof. Tran Ninh, they led us to a small 
nursery behind parks’ office; we found Tam Dao friends finished an impossible mission. 
Unexpectedly, they multiplicities yellow camellias were so easy. Had 99.5％ survivals (Fig.6), no 
matter twigs or old branches, all roots were germinated. They had moved 300 yellow camellia of C. 
tienii to slope of mountain within the regenerating pine forest (Fig.7) behind Tam Dao National 
Park’s office two years ago, growth over 60cm high (Fig.8) now.  
The soil, temperature and humidity are natural environment without any equipment or material 
need imported from other place. Tam Dao is a natural greenhouse of camellia. If camellia branches 
fall down to the ground, it growth automatically, no need any special cares. If we gather camellia 
species to Tam Dao National Park, they will growth cheerful at there. Special for Viet Nam’s 
species. Nothing can carp to Tam Dao.  
Next morning, Prof. Tran Ninh gave me a proposal; hope I could seek a foundation got budget and 
organized a team made field investigation at Viet Nam from north to south and guide their 
university students joined together. And transferred species to Tam Dao National Park did 
conservation job continuously. Very sorry, KBCC didn’t support this proposal; I couldn’t get 
another budget for Tam Dao National Park. So, Dr. Train Ninh’s proposal hanging on wall till now 
had no chance to make it come true. 
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Fig.5 Tom Dao National Park Fig.6 cutting of C. tienii at Tam Dao  

  
Fig. 7 300 C. tieniis in forest Fig. 8 C. tienii 2 years growth 60cm 

high 

Unbelievable, 30 years after war away from Viet 
Nam. Some new archecamellia never discovered 
ever, growth up again from grounds. The extinct 
species C. piquetiana (Pierre) Sealy 1958, a new 
group discovered by Dr. Train Ninh again. We 
trust there are over 100 species will be discovered 
from Viet Nam (Fig. 9), special with high quality 
yellow camellia—growth quickly with full bloom, 
deep yellow color and huge flower. It has high 
economical value (Fig. 10). 
 
 
 

 
 
 
 
Another place we ever been there at China is Longzhou Nature Reserve (Fig. 11) at south Guangxi, 
Nanning. Here had seven species of yellow camellia, the same; Longzhou’s natural conditions are 
good enough for all species of camellia. So, there are 90％species of camellia in China will easily 
transfer to Longzhou. Keep Chinese species at longzhou and Viet Nam species at Tam Dao should 
be a right way for conservation, these two conservation areas will collected almost all camellia 
species of the world. Of course, these species are identified first with the same taxonomic system 
before get into conservation area. 

 

Fig. 9 Wild at Ha Noi Viet Nam 

Fig. 10 New species of yellow camellias of Viet Nam 
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In recent years, many provinces finished their field investigation of camellia species belongs to 
themselves at China like Zhejiang, Guangdong, 
Guangxi, Guizhou, Yunnan and Sichuan. If we can redo 
investigation of camellia species at China at this 
moment, it will reduce many troubles and make things 
easier. Perhaps, we can ask them set up a conservation 
center for their species at each province; they can 
exchange species with each other. After examinant 
these reports, we found there were about half species 
belong to endangered and 1/3 species list as extinct. 
Camellia species conservation is a serious urgent job 
now.        

Technical integration and Support 
Regulate camellia species taxonomy systems→ Redo field investigation → Exactly species name 
→ Conservation work → Re-establish species population → Transplant to original habitat are a 
series steps of conservation work. Ever, taxonomist examines specimen at office desktop and update 
data with another data. Now, Taxonomist need go to habitat to understand the real condition in the wild, 
and then decide conservation priority, the one almost extinct should be cared first. Then get seed and 
twigs back from habitat for conservation. Combine filed investigation, taxonomy and conservation 
work together are our new goal for taxonomist.  
However, we hope ICS could organize a team include taxonomist and conservation specialist from 
every corner of the world come together to managing this mission. Everything goes efficient and 
easy than ever. Handle and promote the conservation by this team. Not only give budget to each 
conservation center but also examine the result they have finished. We hope all job will finished 
within 10 years or maybe faster. After species collected to conservation area, scientist will easily 
open Pandora’s Box in camellia species. There will show many amazing information to us.  
We are glad to hand over our knowledge, information and experiences that we got from 
conservation work in these 10 years. All ICS friends are glade to offer their opinions and 
experience so that they could make conservation work successfully. We believe camellia species 
conservation will come true. 

Conclusions 
Camellia species conservation is for continue species life. Transplantation to wild habitat that 
recovers original appearance of the nature is the final goal of conservation. Over 10 years work for 
conservation, we believe these suggestions are reasonable and can be true, not only ask people to 
care for conservation job. All mentioned above are our experience. We are open with contrary 
opinions or different voice. Thus we can update our camellia conservation process, make it more 
perfectly. 
This article is not only for global species conservation, but also accept any local species 
conservation for special species. We are glade to do our best and provide our knowledge or 
experience to help them. Note again, all species plant in conservation center never composed by 
the cutting, grafting and tissue culture from single plants. 
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Thoughts on the Conservation of C.changii 

Shu-Fen Cheng 1, Yi-Fu Wang2, Shi-Lin Lee2 

(1 National Taiwan University, 2 Dr. Cecilia Koo Botanic Conservation Center) 

Abstract: The conservation of Camellia changii is currently a popular topic. Based on various theories, 
researchers have adopted different methods to study the population of C. changii, so as to pave the way for its 
protection and conservation. Since the establishment of the Ehuangzhang Nature Reserve in Hewei Mountain, 
Yangchun, Guangdong Province, every possible measure of protection and control has been taken to tackle the 
problems of illegal logging and excessive deforestation. Though excellent results were reached, little effects 
could be seen on the growth and expansion of the population of C. changii. So far the Ehuangzhang Nature 
Reserve remains the only natural habitat of the C. changii. In this study we approached the problems and 
interpreted the data of previous studies from a different angle, and tried to find a way out for the protection and 
conservation of the C. changii. 
Keywords: C. changii; root bud seedling; inbreeding depression; population re-establish  
 

1 Data Compilation 
According to the report by Xiao-Ying Luo in February (2)(3): The main distribution area of C. 
changii lies along Er-cha River in the Hewei Mountain, Yangchun, Guangdong Province 
(currently Ehuangzhang Nature Reserve). It grows in sunny places at a distance of 8 to 10 meters 
from the riverbank, with elevation from 50 to 175 meters. The whole area is 4 kilometers long and 
there are 25 small hydropower stations in the area. Currently there are less than 1000 plants in the 
wild. According to field observation, C. changii has root-sprouting capacity. Therefore, the 
consistency of habitats, poor gene flow and the capability for asexual reproduction are the main 
reasons for the low level of genetic differentiation among subpopulations.” 
In a research report published by Xin-Lei Li in August 2013(5), the plants of C. changii in 
Ehuangzhang Nature Reserve were divided to nine sample areas (from A to I), and a complete 
data collection and analysis were performed. According to the data, the plants of C. changii are 
mainly adult trees with a maximum height of 4.5 meters and a maximum radius of 5 centimeters, 
lacking seriously seedlings. In the course of population growth, the distribution pattern turned 
from aggregated to random, showing declining trend.  
According to the research by Xin-Lei Li, a shrub is considered as a single plant. Basal diameter, 
height and crown width are used as indicators for plant size for studying the structure of 
population size. Partitioning methods for diameter classes: level I, less than 10 mm in basal 
diameter, the seedling stage; level II: 10-20 mm in basal diameter, the sapling stage; level III: 
20-30 mm in basal diameter, small trees stage; level IV: 30-40 mm in basal diameter, 
medium-sized tree stage; level V: more than 40 mm in basal diameter, large tree stage. 
Classification standards for height structure: level I, less than 1.0 m in plant height; level II, 
1.0-2.0 m in plant height; level III, 2.0-3.0 m in plant height; level IV: 3.0-4.0 m in plant height; 
level V: more than 4.0 m in plant height.  
Classification standards for crown structure: level I, less than 0.5 m in crown width; level II, 
0.5-1.0 m in crown width; level III, 1.0-1.5m in crown width; level IV, 1.5-2.0 m in crown width; 
level V, more than 2.0m in crown width. Diameter level, height level and crown width level 
treated as horizontal coordinates, and the percentage of the number of plants of individual level 
as vertical coordinate, several charts of the population diameter class, height and crown width 
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structure of natural range (T) and various sample area (from A to I) were drawn (Figure 1). 
Population diameter class can be seen in figure 1; except sample area B and H, the number of 
plants of C. changii increased along with diameter class and started to decrease after peaking. As 
to the population height structure, there’re more plants from level II to level IV, and can amount 
to 72.7-100 % of the total number of plants. Among various sampling area, area F had the 
highest number, with all level II to level IV plants. Apart from area H, the number of plants 
increased along with height level, starting from level I; after level III, the number of plants 
decreased along with height level and most plants were concentrated between level II to level IV. 
As to the population crown width, except sample area E and H, the number of plants in all other 
areas increased along with the crown width, and started to decrease after peaking. Most plants 
were from level II to level IV. Seedlings and saplings showed an aggregated distribution, while 
medium to large trees showed mostly random distribution. 
The level of seed vigor represents the strength of the self-renewal ability of the plant(4). Low 
vigor is one of the causes of extinction of many endangered plant species. Under natural 
conditions, C. changii has low pollination success and seed setting rate. Its seed vitality is also 
poor, resulting in the lack of seedlings in the understory of the population. C. changii is a typical 
insect-pollinated plant species, with its breeding system out-crossing and self-incompatible. Full 
seeds only account to 40% of the total number of seeds, with 73 % of the seeds viable and the 
average germination rate of 38 %. Under natural conditions, it has a high ovary abortion rate of 
64 % and ovule abortion of 65 %. Sterile and fertile ovules cannot be distinguished from the 
appearance. Compared to natural conditions, seed setting rate can be doubled with artificial 
cross-pollination. Shu-Jun Chen investigated 50 plants of C. changii. There were 15 plants 
setting and the setting rate was 30 % of the total. In 50 plants, there’re 880 flowers and only 41 
set fruits (4.66 %).  
Dan-feng Yan and other researchers(7) have studied the pollen and stigma of C. changii and 
stated that during peak flowering period the stigma receptivity and pollen viability were the 
lowest. While stigma receptivity and pollen viability were stronger, the flowering rate is 
relatively low. It could be one of the reasons for low setting rate of self-pollination.  

2 Data Analysis 
Currently there’re 3-400 existing Camellia species. Most of them are terrestrial woody species 
growing on land, and only C.changii in Ehuangzhang Nature Reserve originally grows in habitats 
near water. According to the construction period of the Er-cha River hydropower stations, it can be 
deduced that C. changii could be the only aquatic woody plant growing in the water before 1935.  
If we use the radius of the tree to estimate its age, the population of C. changii could be the newest 
species of genus Camellia.  The largest remaining plant of C. changii has 5 cm base diameter, 
probably forming no more than 200 years ago, around the 20th year of the Jiaqing Emperor's reign 
(1815 A.D.). Before the plant of 5 cm base diameter formed, there should be a plant with more 
robust root spreading out in the whole sampling area from A to I, and formed the plant with 5 cm 
base diameter around 200 years ago. Because the consistency of gene expression of the entire 
population, we inferred that the entire population grew from root sprouting originated from one 
single plant. However, due to the lack of evidence and the fact that it has no effect on subsequent 
studies, we will not explore the earlier period of its development.  
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 In these 2-300 years, to ensure its survival, the root system of C. changii has experienced 
domestication toward the root system of aquatic plant. The structural pattern with root buds as the 
main body of the population has evolved into a stable state. Bud clusters grew in aggregation and 
showed aggregated distribution; but with the impact of flood, discrete, decomposition or breakage, 
it has become random distribution, and the situation is consistent with the report(5). Root sprouting 
resulted in population gene depression, causing obvious weak performance of the seed. As a result, 
it is very difficult to collect seedlings. According to various researches for gene analysis, there is 
only one population of C. changii in the nature reserve, seriously lacking genetic diversity. It is the 
characteristics of root sprouting population. The number of root-sprouting plants and seedling 
plants are significantly 
different.  

We presumed that the oldest 
plant in current habitat is 200 
years old and use it as the 
standard. All plants in the 
habitat were divided into five 
blocks, with each block 
representing 40 years. Block I 
had plants with 1 cm base 
diameter. It took 40 years to 
grow into 1 cm, which means 
its yearly growth was 0.25 mm. 
In other words, the plants with 
1cm base diameter sprouted 40 
years ago (in 1975). Block II 
had plants with 2 cm base 
diameter, and the plants were 
sprouted 80 years ago (in 
1935). Block III had plants 
with 3 cm base diameter, and 
the plants were sprouted 120 years ago (in 1895). Block IV had plants with 4 cm base diameter, 
and the plants were sprouted 160 years ago (in 1855). Block V had plants with 5 cm base 
diameter, and the plants were sprouted 200 years ago (in 1815). According to Xin-Lei Li’s 
statistics in August 2013, the water level should be the highest during the three phases covering 
120 years from 1815 to 1935, and the environment in the Er-cha River habitat was the most 
favorable for C. changii. Now we presumed that block V was the first generation, and from 
block IV to II, which were second generation, third generation and forth generation respectively, 
the number of plants, height and crown width gradually increased. Before the fourth generation, 
the habitat of C. changii around Er-cha River was probably entirely underwater. Around 1935, 
the growth and reproduction of the original population of C. changii reached a peak.  
From 1935 to 1975, the construction of Er-cha River Hydropower station began, causing the 
downstream water level to decrease seriously.  The ecohydrology of the Er-cha River changed 
dramatically, but the population of C. changii was unable to change accordingly. The mechanism 
of root sprouting crashed instantly. The development of root sprout suddenly disappeared. 
Though the root system of existing population could maintain its survival, but the reproduction 
ability was lost almost entirely. From the statistics point of view, the population decline of block 
I seemed to be quite positively related to the development of hydropower stations in the 
Ehuangzhang Nature Reserve.  
The domestication and evolution of root patterns can take quite a long time and cannot be 

Fig. 1 
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changed suddenly. Besides, with 2-300 years of root sprout reproduction, the function of seed 
reproduction system was suppressed relatively. The seed reproduction system of the C. changii 
population degenerated significantly, and it cannot be restored easily. Furthermore, the effects of 
gene depression and poor seed germination resulted from root sprout were revealed clearly, and 
seedlings cannot be obtained. The root sprout reproduction mechanism of the entire population 
collapsed instantly, and there’s a lack of seedlings. Every year the loss of adult trees due to 
typhoons and storms become irreparable. It is understandable that the population decreases 
annually due to force majeure. We’re quite shaken to confirm this kind of self-extinction caused 
by the plant population itself. 

3 Summary  
Presumably, all plants of C. changii might come from the decedents of the root sprout of the 
original plant according to the similar habitat of population gene of C. changii. It is similar to 
horticulture varieties, using budsticks from one single plant for cutting or grafting so as to be 
spread all over the world. The plants of C. changii around the world all come from one single 
plant and all of them carry the same genetic sequence.  
For the C. changii in Ehuangzhang Nature Reserve, we can reflect from several points of view. 
(1) Ex-situ conservation. Because the root system of C. changii has evolved into the root system 
of aquatic plant, without understanding its characteristics, transplanting is not possible. Plants 
with aquatic root system from the original habitat will not survive when transplanted on land. 
When transplanting plants from nursery to Er-cha River bank, the terrestrial root system cannot 
adapt to high humidity environment at the riverside. It is understandable if the plant becomes 
infirm. Besides, transplanting existing population to new location 
cannot change its method of reproduction and improve its diversity. 
Therefore, any kind of transplanting has its blind spots. The results 
of earlier attempts have already proved it.(6)  
(2) In-situ conservation. Comparing to 80 years ago (period of 2 cm 
base diameter), the environment of the Er-cha River habitat of C. 
changii is very different. Especially after the construction of 
numerous hydropower stations, the environment of the habitat is 
damaged beyond recovery. With current conditions, in-situ 
conservation of existing plants in Ehuangzhang Nature Reserve so 
as to maintain the survival of existing adult trees is possible, but it 
cannot increase the number of plants. The attempt to recover the 
root sprout reproduction mechanism of 120 years ago would be 
impracticable. Besides, root sprout reproduction cannot achieve 
higher genetic diversity. It is a kind of asexual reproduction, similar 
to that of cutting and tissue culture. The situation of gene depression 
is already an obvious situation and the recovery of root sprout 
reproduction will only further the situation. It is a taboo of species 
conservation and is something that we shouldn’t and couldn’t do. 
(3) Re-establishment of plant communities in the original habitat. 
It is the mission of Dr. Cecilia Koo Botanic Conservation Center 
(KBCC) to re-establish the plant communities in the original habitat. 
However, without the possibility to collect seeds, there’s nothing we 
can do. Besides, even if we can overcome the difficulties to 
re-establish new population of C. changii back in Ehuangzhang 
Nature Reserve successfully, the new population is no longer the 

Fig. 2  sowing May 
2015, Oct. photo 

Fig.3  2 years seedling 
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original population with root sprout as its way of reproduction. The new population is an altered 
and domesticated population with seeds as its way of reproduction, so that it will recover the 
ability to survive. It is the maximum we can do. (Figure 2 and Figure 3)  
The result that each endangered species will face is identical, but the causes are different. In the 
last two decades, various studies of the threat of extinction of C. changii tend to conclude that 
more than a hundred years of root sprout reproduction mechanism leads to population gene 
depression, which in turn results in seed infertility and arrested development. However, 
Dan-feng Yan reported (7) that the stamen and pistil are fairly active, and Professor Ji-yin Gao’s 
attempts of crossbreeding have achieved considerable results. Therefore, we have great 
confidence to successfully cultivate the seedlings and then replant them back in Ehuangzhang 
Nature Reserve. We’re hoping to increase the genetic diversity of C. changii in its original habitat 
by increase seed seedlings of C.changii without destroying its environment, so that the population 
can be rebuilt and allowed to grow robust seedlings by itself. This is the only way to conserve C. 
chanigii. We hope to have the opportunity further study C. changii in Ehuangzhang Nature 
Reserve and we’re confident to be able to  
overcome the difficulties and find out a feasible way to protect and conserve C. changii. 
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Hundred-year-old camellias growing at Pazo de 
Lourizán, Pontevedra (NW-Spain) 
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(1. Estación Fitopatolóxica Areeiro. Deputación de Pontevedra;2. Centre for Functional Ecology, 
CEF, Department of Life Sciences, University of Coimbra, 3001-401 Coimbra, Portugal.) 

Abstract. The morphology, phenology and molecular analysis (SSR markers) of 277 ancient camellia specimens 
growing in the old area of the historical garden of Pazo de Lourizán (Pontevedra, Spain) were studied. With the 
results of this study a plan of the garden was drawn, showing the location of each camellia specimen. All plants 
except one belonged to Camellia japonica. 191 of these specimens were grouped in 33 morphological groups, of 
which, according to old written documents on the garden, 168 specimens were identified and ascribed to 28 
cultivars. The similarity among the specimens in each group was determined by using SSR molecular markers 
that had been successfully used in other works to differentiate among C. japonica cultivars. The application of 
these markers, which in some cases altered the initial morphological characterization, resulted in 146 specimens 
identified corresponding to 28 cultivars. The 87 specimens that were not assigned to any of the morphological 
groups, either because they did not have distinctive morphological characteristics or did not present a single 
allelic profile, were included in group Ω. A preliminary classification of the specimens identified in the historical 
garden of Pazo de Lourizán is presented in this work.  
Keywords. Camellia japonica; morphobotanic descriptors; molecular markers; SSR  

1  Introduction 
Pazo de Lourizán is one of the twelve gardens included in the Route of the Camellia created by 
Turgalicia (Galician Tourist Board) in collaboration with the Estación Fitopatológica Areeiro 
(EFAreeiro) and the Spanish Camellia Society (SEC), with the aim to promote historical and 
artistic tourism linked to camellia culture. Located between Pontevedra and Marín, this 15th 
century manor house, was acquired in late 19th century (1879) by the politician and lawyer 
Eugenio Montero Ríos, who turned it into his summer residence. For years, it was an important 
forum for the discussion of political affairs where important decisions in the history of Spain were 
taken. Later, in 1943, the propriety was acquired by Deputación de Pontevedra and today is the 
headquarters of the Centro de Investigaciones Forestales de Lourizán (Forestry Research Centre). 
The property has 54 hectares, comprising the gardens, the manor house and the woodland. It also 
has an important botanic garden named Arboretum created in 1949 with both exotic and native 
species. These gardens preserve an important collection of old camellia specimens obtained by the 
school of agriculture in A Caeira (Pontevedra) (Barbazán et al, 2009), by the nursery of José 
Marques Loureiro (Porto) and by the nursery of Costa & Costa (Porto) during the 19th and 20th 
centuries (Salinero et al., 2011). 
In the last years, several morphological studies have been carried out in Spain with the aim to 
characterize, differentiate and identify cultivars (Salinero et al., 2004; Vela et al., 2013, Vela et al., 
2014). In addition, with the increasing use of molecular markers, which are combined with 
morphological descriptors, more reliable results have been obtained. 
The aim of the present work was to characterize and identify, by using morphological descriptors 
and microsatellite molecular markers, most specimens, especially the old ones, growing at Pazo de 
Lourizán. 
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2  Materials and Methods 
For ten years plant material of 277 Camellia plants growing in 3 hectares corresponding to the 
oldest part of the garden was collected. So far, 98 of them were analysed using molecular markers.  
For the morphological study 10 flowers (completely open) and 10 leaves (the second of the last 
year growth, from the apex to the branch) were collected from each specimen (Figure1) and 
analysed according with the following morphobotanic descriptors: (1) Leaves: longitude, width, 
leaf index, shape of the blade, shape of the apex, shape of the base, margin type; (2) Flowers: shape 
and size; petals (number, shape, margin type, colour, colour distribution and venation); stamens 
(presence, number, disposition, filament colour); petaloids (presence, number, variegation, 
disposition); stylus (presence). Data on the specimen, like growth habit, number of stems at the 
plant base and at a height of 1,30 m from the base, foliage, height, height of the canopy, basal 
perimeter and diameter measured at 1,30 meters from the base were analysed too. The analysis of 
morphological data was complemented with photographs taken from leaves and flowers and of the 
whole specimen. The phenological stages of the specimens were also determined, specially their 
blooming period. 

Subsequently, the specimens were grouped according to 
their morphologic similarity and compared to descriptions 
of camellia cultivars included in documents dating from the 
time this garden was established, such as the catalogues of 
the school of agriculture in A Caeira, the catalogues of the 
nursery of José Marques Loureiro (Porto) (from 1865 to 
1890) and catalogue number 4 of the nursery of Costa & 
Costa (Porto). Some invoices from the 19th century 
detailing the purchase of camellias (now kept in the 
Museum of Pontevedra) were also considered.   
For the molecular analysis, young leaves in a good 
phytosanitary condition were collected and genomic DNA 
from the leaves extracted by the NucleoSpin® Plant II Kit 
(Macherey-Nagel), according to the standard protocol 
recommended by the manufacturer. 25 mg of sample were 
measured and sprayed in Speed Mill Plus Homogenizer 
(Analytik Jena AG) and subjected to different buffers and 
reagents until a genomic DNA template solution was 
obtained. DNA was amplified with eight microsatellite 
markers used for C. japonica (Ueno et al., 1999; Abe et al., 2006) and C. sinensis (Freeman et al., 
2004; Zhao et al., 2008) (MSCjaF25; MSCjaF37; MSCjaH38; MSCjaH46; MSCjaR02; 
CamsinM5; CamsinM11; Z496). 
Amplification reactions by PCR were a final volume of 25 µL containing: 1 µL of genomic DNA 
solution, 12,5 µL of Kapa 2G Readymix (2X) (KappaBiosystems), 0,16 µL microsatellite marker, 
0,16 µL fluorescent dye-labels, and 11,18 µL of Milli-Q. The fluorescence dye-labels used was 
M13-FAM, M13-VIC, M13-PET and M13-NED. PCR reactions were performed in Termocycler 
Tgradient (Biometra).  
Amplification conditions were: 5 minutes at 95oC, 45 cycles (1 minute at 95oC, between 30 
seconds and one minute at the corresponding hybridization temperature (TM) (Table 1), 1 minute 
at 72oC, and a final step of 15 minutes at 72oC. 
  

 
Figure 1: Collecting samples of the 

oldest specimens in Lourizán 
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Table 1. Characteristics of the 8 microsatellite loci of Camellia japonica and C. sinensis, showing the repeat motif, sequences 
of each primer, annealing temperature, annealing cycle time, and expected allele size. 

Micro 
satellites 

Repeat 
motif 

Primer sequences  
(5’→3’) 

Tm(oC) Cycle  
time 

Size  
expected (pb) 

MSCjaF25 (CA)8(AAAAAT)4 F:GGGAAGGTGCATAAAATACT 
R:TGCGACCTAAGATTACTAAA 

58   1 min 213-245 

MSCjaF37 (AG)13(GAA)7 F:CGCTCGACGTAATGCCACACT 
R:CGAGCCTTCCTTTTCCCATTC  

58 1 min 344-370 

MSCjaH38 (GA)14 F:CCTATTGCCTACGACCATTTC 
R:GCTGAGCTTGGAGATTTTGTT 

55 1 min 343-362 

MSCjaH46 (GA)16 F:AGGGAGCATTATGAGTCGTCT 
R:CATCGTCCTAATCCACTTCAC 

58 1 min 443-461 

MSCjaR02 (CT)8...(CT)11 F:AAGGGTGATGCAAAAGTGAGA 
R: TTCTTTGGGTTGTGTTCCAA 

55 1 min 219-248 

CamsinM5 (GT)15(GA)8 F:AAACTTCAACAACCAGCTCTGGTA 
R:AATTATAGGATGCAAACAGGCATGA 

55 1 min 206-224 

CamsinM11 (CA)12 F:GCATCATTCCACCACTCACC 
R:GTCATCAAACCAGTGGCTCA 

55 1 min 173-182 

Z496 (AG)11 F:GAAAGTGCGAAACCAAAC 
R:CTGCGAACCCTCTTGACC 

55 1 min 102-122 

 

Amplification products were visualized on a 2% agarose (weight/volume) in a TBE 0.5X buffer 
and were viewed using a UV – transilluminator.  
A volume of 1 µL of amplification products was added to 15 µL of formaldeide and 0.5 µL 
Genescan-500 LIZ size standard and denatured at 95oC for 3 min. The samples were run on ABI 
PRISM 310 Genetic Analyser (Applied Biosystems) and analysed in Genemapper 4.0 software 
(Applied Biosystems). 

3. Results and Discussion 
The old part of the garden of Pazo de Lourizán has 277 camellia plants, of which more than 200 
specimens were planted before 1950 (figure 2). 

 

Figure 2. Plan of the old part of the garden showing the camellia location  
 

191 specimens were grouped according to their morphological characteristics in 33 morphological 
groups (MG), of which 150 were ascribed to a 28 cultivars (table 2). 87 specimens that were not 
assigned to any of the morphological groups, either because they did not have distinctive 
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morphological characteristics or did not present a single allelic profile, were included in group Ω. 
The results of the morphological and molecular analysis were as follows: 

1. Group A: it includes 5 specimens (5, 85, 102, 128 and 150) morphologically grouped and 
identified as ‘Incarnata’ (Escuela de Agricultura de Pontevedra, 1882; Costa & Costa, 
1889). This cultivar was known in Galicia with the name ‘Carnea’. That was the name 
also given by the nursery of this pazo, which until 2000 sold plants propagated in the 
nursery from material taken from old plants growing in the garden.  In catalogue 
number 4 (1889-1990) of the nursery of Costa & Costa (Porto), on page 18, the cultivar 
‘Carnea’ includes a description that corresponded to ‘Incarnata’.  

2. Group B: identified as ‘Alba Plena’. 23 specimens (87, 88, 94, 97, 98, 99, 100, 103, 104, 
107, 109, 132, 137, 138, 151, 153, 158, 166, 177, 178, 223, 227 and 237) were ascribed 
to this cultivar because they presented similar morphobotanic characteristics.  

3. Group C: identified as ‘Antonio Bernardo Ferreira’. According to its morphobotanic 
description, 13 camellias were included in this group (32, 33, 44, 66, 152, 163, 164, 185, 
195, 198, 214, 220 and 232), which were also analyzed by molecular markers, thus 
confirming the results of the morphological analysis. Specimens 25 and 28, initially 
ascribed to Ω, were also included in this group.  

4. Group D: including 16 specimens (47, 65, 130, 154, 155, 156, 160, 162, 174, 175, 182, 
183, 188, 210, 218 and 228) identified as ‘Dom Pedro V, Rei de Portugal’, given their 
morphobotanic features.  

5. Group E: identified as ‘Doutor Balthazar de Mello’ includes 13 camellia plants (43, 157, 
170, 176, 184, 186, 189, 190, 196, 200, 201, 207 and 212) using morphological 
descriptors. The similarity among specimens was confirmed using molecular markers.  

6. Group F: 33 specimens with single flowers were included in this group (20, 22, 38, 48, 49, 
51, 52, 56, 57, 59, 60, 62, 63, 64, 70, 72, 74, 77, 81, 113, 159, 165, 167, 168, 173, 179, 
180, 181, 187, 206, 209, 222 and 271). These results need to be confirmed by molecular 
techniques.  

7. Group G: with 3 camellia specimens (69, 171 and 226) with white single flowers that 
need to be subsequently analyzed by molecular techniques.  

8. Group H: 9 specimens were grouped using morphobotanic descriptors (2, 3, 34, 36, 40, 
172, 193, 219 and 229) that were identified as ‘Peonia Rubra Portuensis’ (Marques, 1872; 
Escuela de Agricultura de Pontevedra, 1882). By molecular analysis it was confirmed that 
9 specimens showed identical allelic profiles with the 8 markers. The specimen 31, 
previously included in group S after performing the morphological analysis, was also 
incorporated to this group because it had an allelic profile similar to these 9 specimens.  

9. Group IA: 6 plants were included (17, 24, 37, 54, 58 and 192) according to their 
morphological features.  After the molecular analysis 5 of them shared the same allelic 
profile (Vela et al., 2014). The specimens 27 and 73, initially included in Group Y were 
also incorporated. Specimen 192 was incorporated to group Ω, since it presented a 
distinctive allelic profile.     

10. Group IB: identified as ‘Pomponia Alba Monstruosa’ (Marques, 1872; Escuela de  
Agricultura de Pontevedra, 1882) includes specimens 21, 35 and 55. Molecular analysis 
confirmed that the 3 specimens belong to the same group.  

11. Group IC: 6 camellia specimens were included in this group (12, 13, 23, 110, 129 and 
208) which were morphologically ascribed to ‘Conde da Torre’ (Marques, 1879). Results 
need to be confirmed by molecular techniques. 

12. Group J: identified as ‘Bella Romana’, includes 9 specimens (78, 84, 90, 95, 127, 131, 
216, 217, 221) with similar morphological characteristics (Vela, 2011). Results need to be 
confirmed by molecular techniques. 
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13. Group K: specimen 203 was morphologically similar to ‘Bento de Amorim’. 
14. Group L: using the morphobotanic descriptors 10 specimens were included (4, 7, 61, 83, 

106, 108, 194, 205, 215 and 230) identified as ‘Duquesa de Palmella’ (Marques, 1865; 
Marques, 1872; Escuela de Agricultura de Pontevedra, 1882). Molecular analysis showed 
that 3 allelic profiles were present in this group: one corresponded to ‘Duquesa de 
Palmella’ (specimens 4, 61, 83, 106, 108, 194 and 215); specimens 7 and 230 were 
included in group β since they presented the allelic profile of this group; and specimen 
205 was incorporated to group Ω. 

15. Group M: including a single specimen (231), identified by morphology as ‘Emilia’ 
(Marques, 1865; Marques, 1872; Escuela de Agricultura de Pontevedra, 1882); it 
presented an allelic profile different from the rest of the specimens analyzed by molecular 
techniques.  

16. Group N: using the morphobotanic descriptors, the camellia specimens 71 and 93 were 
included in this group and identified as ‘Dom Fernando II de Portugal’ (Marques, 1865; 
Marques, 1872; Escuela de Agricultura de Pontevedra, 1882). 

17. Group O: 3 specimens were included (6, 105 and 111) in this group because they were 
morphologically similar and identified as ‘Marqueza da Fronteira’ (Marques Loureiro, 
1865; Marques Loureiro, 1872; Escuela de  Agricultura de Pontevedra, 1882). 

18. Group P: specimen 46 was morphologically different from the rest and was identified as 
‘Swetiana’ (Marques, 1865; Marques, 1872; Escuela de Agricultura de Pontevedra, 
1882). 

19. Group Q: specimen 199 was identified by morphology as ‘Imperatriz Amelia’ (Real 
Companhia Horticolo-Agricola Portuense, 1902). 

20. Group R: specimens 86, 91 and 134 were identified as ‘Cidade de Vigo’. All of them 
were planted recently.  

21. Group S: Specimens 29 and 31 were initially ascribed to this group and identified as 
‘Marmorea Portuensis’ (Marques Loureiro, 1865). After performing the molecular 
analysis, specimen 31 showed an allelic profile identical to the one corresponding to 
group H, thus it was finally included in this group. 

22. Group T: comprises a young plant (8) with morphobotanic features different from those 
previously studied, especially as regards the characteristics of the leaf.  

23. Group U: includes two specimens (9 and 11) with formal double, deep pink coral flowers, 
showing morphological and molecular characteristics different from the rest of specimens 
studied. A name was not given yet.  

24. Group V: the specimen 112 was identified morphologically as ‘Centifolia Rosea’ (Escuela 
de  Agricultura de Pontevedra, 1882; Costa & Costa, 1889). 

25. Group W: it comprises a single young plant, identified as ‘Chandleri’.  
26. Group X: of the 9 plants initially included in this group, and identified as ‘Corallina’, 

four of them (41, 42, 45 and 211) showed a similar allelic profile. The rest (53, 197, 204, 
224 and 225) had distinctive and different allelic profiles, thus they were included in 
group Ω. 

27. Group Y: it initially comprised plants 27 and 73, which shared an allelic profile identical 
to the specimens of Group IA, thus group Y disappeared. 

28. Group Z: specimens 139, 191 and hedge 254, corresponded to ‘Dona Herzilia de Freitas 
Magalhaes’. 

29. Group α: specimen 241 belongs to ‘Virginia Franco’. 
30. Group β: the specimen 161 was identified as ‘Camille Brozzoni’; after the molecular 

analysis plants 7 and 230 (initially ascribed to group L) showed that they also belonged to 
this group. 

31. Group δ: specimens 136, 235 and 236 belong to cultivar ‘Angelina Vieira’. 
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32. Group ε: specimens 133 and 149 were identified as ‘Herzilia II’. 
33. Group π: the specimen 234 corresponded to ‘Jury’s Yellow’. 
34. Group Ω: it comprises all the specimens that were not included in any of the previous 

groups, either because they did not have distinctive morphological characteristics or did 
not present a single allelic profile. 

 

Of the 33 groups initially created on the basis of  the established morphobotanic descriptors,  
groups B, D, F, G, K, P, Q, R, T, W, α, δ, ε and π were not subjected to molecular analysis, thus 
either new groups may appear or the existing ones may be altered. 
In groups A, E, H, IB, M, U and Z, the molecular analysis confirmed the identification performed 
using morphobotanic descriptors. The other groups were modified according to the results 
obtained after performing the molecular analysis (C, IA, L, S, X and β). 
Group Ω includes 93 unidentified specimens, of which 15 were analyzed using molecular markers 
and presented a distinctive allelic profile, and 78 specimens that have not been subjected to 
molecular analysis.       
Regarding the specimens of the groups -including those belonging to Ω, that have been only 
identified on the basis of morphological descriptors, they will be subjected to molecular 
identification in further studies, for a more reliable and accurate identification.  
. 

Table 2  277 C. japonica specimens growing in the old garden of Lourizán assigned to different groups according to their 
morphological and molecular features 
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Advances in taxonomy of genus Camellia 
George Orel  & Anthony S. Curry 

(Theaceae Exploration Associates, Sydney, NSW, Australia) 

Abstract: The discovery of some 32 new Camellia species in Viet Nam and China resulted in the introduction of 
a number of novel morphological characters into the classification of the genus. These necessitated the extension 
of the terms of reference for Camellia taxonomy. This paper discusses the said changes and introduces the 
updated taxonomic system. 
Key words: Discovery; morphology; sections; species; taxonomy 
 

1 Introduction 
Northern Vietnam, traditionally, has been considered the home of most Vietnamese Camellia 
species 1,4,3. Until recently only a relatively few ‘primitive’ southern Vietnamese species were 
known to science, arguably the most notable being C. piquetiana (Pierre) Sealy, C. krempfii 
(Gagnep.) Sealy and C. dormoyana (Pierre) Sealy 8,1,3 .  
The 2002 re-discovery of the presumed to be ‘extinct’ C. piquetiana (Pierre) Sealy by Australian 
scientists, gave existing Australian Camellia research a new impetus. It also helped to formulate a 
firm rationale for further scientific inquiry. The scientific basis for our research was Orel’s 
hypothesis, published in Orel & Marchant (2006). This paper proposed a new interpretation of the 
known facts pertinent to the origin of Theaceae and genus Camellia in particular 7 . Orel & 
Marchant also proposed that the South Asian phyto-geographic region is not only an important 
biological refuge 2, but also the centre of genetic diversity for a ‘large number of endemic species 
of ancient plants’ 7. This projection was based on the data available at the time and unpublished 
personal observations (pers. obs. Orel 1999-2002). 
Consequently, to accommodate the newly discovered large number of South Vietnamese and other 
endemic species, some 32 new Camellia taxa and 7 new Camellia sections were established (Table 
1.) 6. In the light of these new discoveries the authors of this paper modified the taxonomic system 
of 1 (Fig. 2.), which they consider to be the natural continuation of Sealy’s (1958) 8 system for 
genus Camellia 6 (Figs. 1. & 3.).  

2 Materials and Methods 
The following list provides an overview of our 32 new Camellia species and the sections to which 
they were assigned. The newly established sections are highlighted in red:  
 
Table 1. 

Sect. Piquetia (Pierre) Sealy: C. dongnaiensis Orel, C. longii Orel & Luu   

Sect. Stereocarpus (Pierre) Sealy: C. maiana Orel   

Sect. Dalatia Orel: C. luteocerata Orel, C. decora Orel, Curry & Luu, C. bugiamapensis Orel, Curry, Luu & Q. D. Nguyen, C. insularis Orel & 
Curry, C. hongiaoensis Orel & Curry, C. tienyenensis Orel & Curry, C. luuana Orel & Curry, C. tadungensis Orel, Curry & Luu  

Sect. Archecamellia Sealy: C. cattienensis Orel, C. lucii Orel & Curry   

Sect. Bidoupia Orel, Curry & Luu: C. inusitata Orel, Curry & Luu  

Sect. Heterogenea Sealy: C. cherryana Orel, C. curryana Orel & Luu, C. duyana Orel, Curry & Luu, C. reflexa Orel & Curry, C. viscosa Orel & 
Curry  

Sect. Capitatae Orel: C. capitata Orel, Curry & Luu  

Sect. Pierrea Orel: C. ligustrina Orel, Curry & Luu  
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Sect. Lecomtia Orel: C. campanulata Orel, Curry & Luu  

Sect. Yersinia Orel: C. harlandii Orel & Curry  

Sect. Chrysanthae Chang: C. oconoriana Orel, Curry & Luu, C. elizabethae Orel & Curry, C. tomentosa Orel & Curry  

Sect. Lamdongia Orel: C. cuongiana Orel & Curry  

Sect. Corallinae Sealy: C. minima Orel & Curry, C. erubescens Orel & Curry  

Sect. Paracamellia Sealy: C. albata Orel & Curry  

Sect. Thea (L.) Dyer: C. tenuistipa Orel, Curry & Luu, C. concinna Orel & Curry  
Reference: Orel & Curry 20156 

3 Results 
The strictly morphology based taxonomic system of Orel & Curry (2015) 6 (Fig 3.) is presented 
and compared to the taxonomic systems of Sealy (1958) 8 and Chang & Bartholomew (1984)1 
below. The new system relies on meticulous observations, comparisons and evaluations of freshly 
harvested Camellia specimens and the available supporting materials.  

 
 

Figure 1. Camellia taxonomic system by Sealy (1958) [8] 

Reference: Sealy 1958 8 
 

 
Note: Sect. Dubia has not been included as it contains some, at the time, imperfectly known Camellia species. 

Reference: Chang & Bartholomew 1984 1 

Figure 2. Camellia taxonomic system by Chang & Bartholomew (1984) 1 
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C. hongiaoensis, mature flower. 

Image: A. Curry 
C. campanulata, mature flower. 

Image: A. Curry 

 

 
Reference: Orel & Curry 2015 6 

Note: The newly established sections are presented in red 

Figure 3. Camellia taxonomic system by Orel & Curry (2015) 6 
Discussion 
The establishment and addition of 32 new Camellia species and 7 new sections, (Table 1.), to the 
existing Camellia taxonomy presented the authors with a number of questions. Decisions had to be 
made regarding which of the existing taxonomic systems the new species should be evaluated with. 
As demonstrated, the three, currently used taxonomic systems, namely those of Sealy (1958) 8, 
Chang & Bartholomew (1984) 1 (Figs. 1. & 2.) and Ming & Bartholomew (2007) 5 are quite 
dissimilar and in some cases diametrically disagree with each other.  
Some of these disagreements pertain to the identity, or the very existence of taxonomic entity, of 
individual Camellia species. The morphological descriptors for each species may also vary. The 
placement of individual Camellia species into particular sections, in some cases, varies from 
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author to author greatly. 
Further, sectional descriptors themselves and the contents of each section, i.e. the number and the 
identity of species within the sect. are also variable 8,1,3,5. 
As our research progressed it became palpably obvious that some of the new species’ morphology 
could not be accommodated by the current taxonomic systems 8,1,5. The new species could not 
simply be subsumed into the already existing Camellia species, or added to the already existing 
Camellia sections, as had been the case in the past.  
This can be demonstrated by the comparisons of morphological descriptors, for example, of C. 
luteocerata Orel, C. inusitata Orel, Curry & Luu, C. ligustrina Orel, Curry & Luu, C. capitata 
Orel, Curry & Luu, C. harlandii Orel & Curry and C. cattienensis Orel 6. 

  

C. luteocerata, mature flower. 
Image: G. Orel 

C. inusitata, mature foliage and main stem. 
Image: G. Orel  

 

  

C. ligustrina, mature flower.  
Image: A. Curry 

C. capitata, maturing flower buds. 
Image: A. Curry 
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C. harlandii, terminal flower buds. 

Image: G. Orel 
C. cattienensis, developing flower bud.  

Image: G. Orel 

It appears that Camellia species discovered in southern Vietnam possess some morphological 
traits which are not found in the morphologies of other Camellia species. This suggests that 
southern Vietnamese Camellia must have been subjected to different environmental conditions 
than those experienced by the northern Vietnamese and Chinese species. A divergent evolutionary 
process, aided by the mechanisms of natural selection, is thus implied 6. 
It should be noted that of the 7 newly established sections, six contain Camelllia species which are 
exclusively of South Vietnamese provenance. Section Dalatia is the only sect. which contains 
Camellia species with southern and northern provenance 6. It could be argued that the majority of 
Camellia species which required placing into the newly created sections possess primitive 
morphological traits which are typical of tropical/sub-tropical, relictual Camellia species. These 
were the species with:  
Relatively large leaves and prominent drip tips (to compensate for low light levels and ever humid 
atmospheric conditions)  
Leaves possessing well-developed leaf venation patterns (to facilitate water drainage from the leaf 
lamina in order to prevent excessive proliferation of pathogens  
Pendulous, soft and pliable juvenile leaves (to prevent mechanical damage caused by the falling of 
large water drops from the overhead canopy) 
A distichous arrangement of mature leaves 
Laterally compressed (flat) branches 
Flowers with a spiral or partially spiral sepal and petal arrangement 
Flowers which are oblongoid in their lateral section 
Relatively small flowers which appear in dense clusters or spike-like arrangements (to present a 
larger target to pollinating vectors)  
Flowers with bright bi-coloured petals (to attract pollinating vectors in low light environments) 
Flowers with un-orthodox flower part arrangements (the result of pressures applied by the 
processes of natural selection) 
*The anomalous morphology of C. ligustrina Orel, Curry & Luu may be due somewhat to cool 
growing conditions (i.e. the relatively small leaves, hairiness of some flower parts, hairy seed 
capsules etc.). 
To elucidate the placement of the newly discovered Camellia species into the newly created 
Camellia sects. a comparative study of Camellia sects. contained in the works of Sealy 1958 8, 
Chang & Bartholomew 1984 1, Gao et al 2005 3 and Ming & Bartholomew 2007 5, was undertaken 
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6. A holistic approach, which took into consideration not only the said works, but also the 
observations, diary notes, photographic images and drawings, accumulated over many years was 
adopted. Figure 3. is the result of these observations. It should be noted that all Camellia species 
except one were observed in situ, using only freshly harvested materials. This enabled the authors 
to observe the new species in vivo, i.e. with no, or very minor spoilage. Hence the size and habit of 
each new species, the colour, surface texture, hairiness or lack of it, possible scent, stickiness (the 
presence of nectar) and other pertinent morphological attributes of all plant and flower parts were 
assessed and recorded in the field in minute detail. 

  

C. dongnaiensis, mature flower.  
Image: G. Orel  

C. elizabethae, mature flower and flower buds.  
Image: A. Curry  

 

  

C. insularis, mature flower.  
Image: A. Curry 

C. lucii, mature flower. 
Image: G. Orel 

With regard to molecular data, the authors of this work agree with the opinion expressed by some 
of our colleagues, that we currently do not possess adequate molecular protocols and techniques to 
be able to develop a complete and viable taxonomic system for genus Camellia. Reliable data re 
the provenance of species Camellia, especially if collected from remote forest locations can be 
obtained. The problem with the identification of Camellia materials, namely in reference to 
unreliably documented accessions from public places, dedicated private collections and nursery 
raised Camellia selections, varieties and cultivars, further compounds the veracity of 
molecular-based results.  
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C. piquetiana, mature flower. 
Image: A. Curry 

C. viscosa, mature flower. 
Image: G. Orel 
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Taxonomic Treatment of Camellia lutescence 
Shi-Xiong Yang  

(Key Laboratory of Biodiversity and Biogeography, Kunming Institute of Botany, Chinese 
Academy of Sciences, Kunming 650204, Yunnan, China) 

Taxonomic history 
Camellia lutescence was firstly described by Dyer in 1874, based on two collections of Griffith 
(Griffith 777, 779) in Assam. At the same time, the earliest infrageneric classification of Camellia 
was made by Dyer, and two sections, Sect. Thea and Sect. Camellia, were established under this 
genus. C. lutescence was included in Sect. Camellia.  
Pierre (1887) divided Thea (=Camellia) into six sections: Sect. Euthea, Sect. Piquetia, Sect. 
Stereocarpus, Sect. Camelliopsis, Sect. Camellia and Sect. Calpandria. C. lutescence was placed 
in Sect. Calpandria.  
Like Dyer’s treatment, only two sections, Sect. Euthea and Sect. Camellia, were recognized under 
Thea (=Camellia) by Kochs (1900). But C. lutescence was moved into Sect. Euthea. 
Cohen Stuart (1916) set up five sections under Camellia: Sect. Eriandia, Sect. Calpandria, Sect. 
Eucamellia, Sect. Theopsis and Sect. Thea. C. lutescence was contained in Sect. Eucamellia.  
Sealy (1958) present a more detail description of this species. In his famous monograph there are 
12 sections as well as a group called “Dubiae”, in which the species were too inadequately known 
for Sealy to place them in any of the 12 sections. C. lutescence was a member of group “Dubiae”. 
Sealy suggested that the highly and irregularly united filaments and the hairy ovary with three very 
short free styles are respectively similar to C. grijsii and C. brevistyla of Sect. Paracamellia, and 
meanwhile there is some resemblance to two imperfectly known species, C. pachyandra and Thea 
nervosa.  
Chang’s Camellia was composed of about 20 sections (Chang 1981).  C. lutescence was placed in 
Sect. Paracamellia and its highly united filaments was emphasized. 
Ming (2000) present a most radical taxonomic treatment. In his Camellia containing 14 sections, C. 
lutescence was reduced to a synonym of C. kissi, although kept in Sect. Paracamellia. 

Results and Conclusions 
1. The author was lucky to study the specimen of C.lutescence collected by Griffith (Griffith 

777, 779) when I looked for collections of Theaceae in Kew Garden of United Kingdom in 
2006. I made a detailed observation to this species and had some conclusions below: 
It’s improper to reduce C.lutescence as a synonym of C.kissi. Filaments at mostouter 
round is only united at base, with a united style, 3-7mm long in C.kissi, but C.lutescence is 
highly united with very short, separated styles. Therefore, these two taxa should be 
classified into two separated species. 

2. C.lutescence may be the same species with C. pachyandra. The latter was descripted by 
Hu Xianxiao in 1938, based on a collection from southern Yunnan, small sized flower; 
Filaments, fleshy and larger diamond-like type towards its base; style very short, separated 
by 3; younger fruit fleshy, very similar to C.lutescence. The combined characteristics of 
fleshy filaments and a very short style are unique in Camellia. These two species are also 
overlapped in their geographic distribution. Since 1990s, the author found C.pachyandra 
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at several locations in southern Yunnan and adjacent Northern Myanmar. I also observed 
some specimen collected from Assam and north Myanmar. The major difference exists for 
hair at inner perules in C. C.lutescence, glabrous at inner perules in C. pachysandra. The 
import identification characteristics of glabrous perules at both sides were emphasized by 
Ming (2000). But after observation based on large number of collections, I found this 
characteristics is not so stable as expected. The hairs at the central rib on both sides of 
perules were observed, and prominent hairs particular in collections from Jingdong and 
Weishan (Li Minggan 945, Jiang Ying 12565). The other difference exists for prominent 
cork-warts at leaves below in C. pachysandra, but glabrous in C. lutescence. However, 
cork-warts at leaves below in C. pachysandra were not observed occasionally. 

3. The treatment of C.lutescence into Sect.Paracamellia Sealy is improper. This section is 
featured with early falling perules, most filaments at mostouter round united only at base, 
most styles united. But C.lutescence is persistent in perules, highly united in androecium, 
separated in styles. So, it’s obvious that this species does not possess the common 
characteristics of Sect. Paracamellia Sealy. Therefore, I would support the taxonomic 
placement of C.lutescence into Sect. Sect. Heterogenea sensu Ming. 

Taxonomic Treatment  

Camellia lutescence Dyer in Hook.f., Fl. Brit. Ind. 1: 293. 1874; Brandis, Ind. Trees 61. 1906; Coh. 
Stuart in Meded. Proefst. Thee 40: 66, 69, 71. 1916 et in Bull. Jard. Bot. Buitenzorg 3(1): 241, 243, 
247. 1919; Sealy, Rev. Gen. Camellia 212, fig. 96. 1958; H. T. Chang, Tax. Gen. Camellia 35. 1981; 
H. T. Chang et B. Bartholomew, Camellias 51. 1984. Lectotype: India, Assam, Mishmi Hills, 
Griffith 777 (K). 
----Thea lutescence (Dyer) Pierre in Fl. For. Cochinchina 2: sub. t. 119. 1887; Kochs in Engler, Bot. 
Jahrb. 27: 594. 1900. 
----C. kissi auct. non Wallich: Ming, Monogr. Gen. Camellia 303. 2000, quoad syn. C. lutescence. 
----C. pachyandra Hu in Bull. Fan. Mem. Inst. Biol. Bot. 8: 131. 1938; Sealy, Rev. Gen. Camellia 
216, fig. 98. 1958; H. T. Chang, Tax. Gen. Camellia 95. 1981, in Icon. Corm. Sin., Suppl. 2: 456. 
1983 et in Fl. Reip. Pop. Sin. 49(3): 97, pl. 27:1-4. 1998; H. T. Chang et B. Bartholomew, 
Camellias 118, pl. 38: 1-4. 1984. Ming, Fl. Yunnan 8: 292. 1997, in Acta Bot. Yunn. 21 (2): 156. 
1999 et in Monogr. Gen. Camellia 231. 2000; Ming et B. Bartholomew, Fl. China 12: 397. 2007, 
syn. nov. Type: Yunnan, Cangyuan, C. W. Wang 73288 (AA, K, P, PE). 
----C. taheishanensis F. C. Zhang in Acta Bot. Yunn. 2 (3): 343, fig. 1: 7-11. 1980. Type: Yunnan, 
Menghai, F. C. Zhang 002 (YNAU, KUN). 
India: Assam, Mishmi Hills, Griffith 777 (lecotype, K), 779 (K); ibid, Kingdon-Ward 18452, 18538 
(BM); Nonesuch Tea Garden, N. G. Goklale 3080, 3081 (K); ibid, W. Wight 3122 (K). 
China, Yunnan: Cangyuan, C. W. Wang 73288 (type of C. pachyandra, AA, K, P, PE), 73204(PE); 
Gengma, S. X. Yang 1716, 1717, 1726, 1737 (KUN); S. X. Yang et J. Li 94565 (KUN); ibid, P. Y. 
Mao 5592 (KUN); ibid, H. Wang 8108 (PE); Jingdon, M. K. Li 945 (KUN); Jinghong, H. Wang 
6450 (PE); Lincang, S.X. Yang 1696, 1697, 1700, 1861, 2281 (KUN); ibid, S. X. Yang et J. Li 
94570, 94571 (KUN); Menghai, C. W. Wang 77304 (KUN); ibid, F. C. Zhang 002 (type of C. 
taheishanensis, YNAU, KUN); ibid, W. J. Zhang et D. X. Li s.n. (KUN); ibid, T. G. Gao 1282 (PE); 
ibid, S. X. Yang 1639, 2388(KUN); ibid, S. X. Yang et D. W. Zhao 4623, 4627 (KUN); 
Shuangjiang, S.X. Yang 1707, 1715 (KUN); Weishan, Y. Tsiang 12565 (PE, KUN); West Yunnan, 
Forrest 29841 (PE); Ximeng, S. X. Yang 1553, 1554, 1558, 1561, 1562, 1564(KUN). 
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Placement 
Camellia lutescence Dyer in Hook.f., Fl. Brit. Ind. 1: 293. 1874; Brandis, Ind. Trees 61. 1906; Coh. 
Stuart in Meded. Proefst. Thee 40: 66, 69, 71. 1916 et in Bull. Jard. Bot. Buitenzorg 3(1): 241, 243, 
247. 1919; Sealy, Rev. Gen. Camellia 212, fig. 96. 1958; H. T. Chang, Tax. Gen. Camellia 35. 1981; 
H. T. Chang et B. Bartholomew, Camellias 51. 1984. Lectotype: India, Assam, Mishmi Hills, 
Griffith 777 (K). 
----Thea lutescence (Dyer) Pierre in Fl. For. Cochinchina 2: sub. t. 119. 1887; Kochs in Engler, Bot. 
Jahrb. 27: 594. 1900. 
----C. kissi auct. non Wallich: Ming, Monogr. Gen. Camellia 303. 2000, quoad syn. C. lutescence. 
----C. pachyandra Hu in Bull. Fan. Mem. Inst. Biol. Bot. 8: 131. 1938; Sealy, Rev. Gen. Camellia 
216, fig. 98. 1958; H. T. Chang, Tax. Gen. Camellia 95. 1981, in Icon. Corm. Sin., Suppl. 2: 456. 
1983 et in Fl. Reip. Pop. Sin. 49(3): 97, pl. 27:1-4. 1998; H. T. Chang et B. Bartholomew, 
Camellias 118, pl. 38: 1-4. 1984. Ming, Fl. Yunnan 8: 292. 1997, in Acta Bot. Yunn. 21 (2): 156. 
1999 et in Monogr. Gen. Camellia 231. 2000; Ming et B. Bartholomew, Fl. China 12: 397. 2007, 
syn. nov. Type: Yunnan, Cangyuan, C. W. Wang 73288 (AA, K, P, PE). 
----C. taheishanensis F. C. Zhang in Acta Bot. Yunn. 2 (3): 343, fig. 1: 7-11. 1980. Type: Yunnan, 
Menghai, F. C. Zhang 002 (YNAU, KUN). 
India: Assam, Mishmi Hills, Griffith 777 (lecotype, K), 779 (K); ibid, Kingdon-Ward 18452, 
18538 (BM); Nonesuch Tea Garden, N. G. Goklale 3080, 3081 (K); ibid, W. Wight 3122 (K). 
China, Yunnan: Cangyuan, C. W. Wang 73288 (type of C. pachyandra, AA, K, P, PE), 73204(PE); 
Gengma, S. X. Yang 1716, 1717, 1726, 1737 (KUN); S. X. Yang et J. Li 94565 (KUN); ibid, P. Y. 
Mao 5592 (KUN); ibid, H. Wang 8108 (PE); Jingdon, M. K. Li 945 (KUN); Jinghong, H. Wang 
6450 (PE); Lincang, S.X. Yang 1696, 1697, 1700, 1861, 2281 (KUN); ibid, S. X. Yang et J. Li 
94570, 94571 (KUN); Menghai, C. W. Wang 77304 (KUN); ibid, F. C. Zhang 002 (type of C. 
taheishanensis, YNAU, KUN); ibid, W. J. Zhang et D. X. Li s.n. (KUN); ibid, T. G. Gao 1282 (PE); 
ibid, S. X. Yang 1639, 2388(KUN); ibid, S. X. Yang et D. W. Zhao 4623, 4627 (KUN); 
Shuangjiang, S.X. Yang 1707, 1715 (KUN); Weishan, Y. Tsiang 12565 (PE, KUN); West Yunnan, 
Forrest 29841 (PE); Ximeng, S. X. Yang 1553, 1554, 1558, 1561, 1562, 1564(KUN). 
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A new species of Camellia sect. Paracamellia in Taiwan 
Camellia chinmeii 

Shih-Lin Lee1 and T.Y. Aleck Yang2, 3  

1 Advisor of Theaceae, Dr. Cecilia Koo Botanic Conservation Center                              
2 Department of Biology, National Museum of Natural Science, Taichung 404, Taiwan                  
3 Department of Life Science, National Chung Hsing University,Taichung 402, Taiwan                      

Abstract: A new species of Camellia chinmeii S.L. Lee & T.Y.A, Yang, belonged to Camellia sect, 
Paracamellia Sealy is described. The new species is a small arbor in habit. With white sessile flower, 4 pieces 
bud calyx not differentiated, petals 4-5 pieces, easy shedding, yellow stamen radially expanded, base separated, 
Gynoecium 6-7mm. 1/2-2/3 fused from the base, crack tip 2 or 3, ovary densely tomentose, small fruit beaked or 
not, Approximate features as Paracamellia Sealy, but flower pattern significant different from C. brevistyla, C. 
chinmeii had gray white trunk which is different from rusty-red color of C. brevistyla, Also it had pointed oval 
small leafs, almost same as C. transnokoensis, with partial leafs circle oval like C. brevistyla. There are about 
200 plants of 100-300 years olds group(Fig.1). Spread on 100m wide and 2300-2500 altitude high steep side. 
Mixed growth with C.transnokoensis, much older than C. transnokoensis, two different species distribution 
block was completely overlapped. However, their flowering period differed for 3-4 months. If examine leafs 
only(Fig.2) without flower, it is easy to confuse with C. brevistyla and will miss this species. 
New species with radially yellow stamens(Fig.3) look significantly different from white lower half fused 
stamens of C. brevistyla are easy distinction. Based on the statement accepted by Professor Ming Tien-lu 
“Camellia has distinguished morphology and stable population should be a species, without population, cannot.”, 
so named this to distinguished from C. brevistyla.  
Key words: Camellia chinmeii; new species; Paracamellia Sealy, Taiwan 
 

   
Fig.1 Fig.2 Fig.3 

Camellia chinmeii S.L. Lee & T.Y. Aleck Yang, sp. nov. 
TYPE SPECIMENS: TAIWAN: Nantou County, Jenai Township, Mt. Weishang, 

C.C. Liao, C.M. Hung & S.L. Lee No.39, 14 Nov. 2014 (holotype, TNM; isotype, TAI), C.C. Liao, 
C.M. Hung & S.L. Lee No. 37, 14 Nov. 2014 (paratypes: KUN, TAIF, TNM), C.C. Liao, C.M. 
Hung & S.L. Lee No.38, 14 Nov. 2014 (paratype: TNM), C.C. Liao, C.M. Hung & S.L. Lee No.33, 
14 Oct. 2014 (paratypes: E, TNM). (Fug.4) 
Diagnosis: Close to species C.brevistyle but differs in having fewer stamens in number, filaments 
free from each other, longer styles and fruits smaller; also close to species C. confusa in having 
smaller sizes both in leaves and flowers, fewer stamens in number and smaller fruits.  
An ever green tree up to 10m tall(Fig.5); barks smooth, yellowish-brown turning grey when 
getting old; buds and young branches pale yellowish-green(Fig.6) and turning pale brown when 
matured, pubescent(Fig.7). 
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Leaves dark green, oblong(Fug.8) or 
elliptical(Fig.9), 3.5-5.5cm long, 1.5-3cm wide, 
apex acuminate, base acute to obtuse, margin 
slightly serrate, entire or nearly so toward the 
base; midrib prominent on both sides, pubescent, 
lateral veins 6 pairs; coriaceous; petioles 7-10mm 
long, pubescent above and glabrous beneath.  
Flowers white, terminal or axillary, usually in 
pairs, sessile, 2.5-3.5cm. in diam.; sepals 4, 
ovate, glabrous inside and velutinous outside, 
deciduous; petals 4-5, glabrous inside, 
velutinous outside, margin with sericeous, apex 
emarginated, slightly connate at the base, 
deciduous; 
Stamens 28-48 in number, 7-10mm long, 
2-seriate (Fig.10), free from each other, radially 
expand (Fig.11); anthers versatile;  
Stigma 3, sometimes 2, styles 6-7mm long, 1/2-2/3 connate from the base(Fig.12), glabrous, 
ovary 2-3-celled, tomentose.   
Fruit a capsule, globose, with beak (Fig.13) or not(Fig.14), ca. 7mm long, sparse hairs; 1-2-seeded, 
brown in colour.  
Blooming season is during October to December, and fruits matured normally after 5 months later. 
Distribution and ecology: Camellia chinmeii mainly occurs in the mountainous area at 
elevations about 2000-2350m, along the gentle slope and in woods of Mt. Weishang, Nantou 
County, which is located in the middle and extend to south Taiwan, ever saw individual at Alishan, 
but no group. 
Etymology: The specific epithet after “chinmeii” is named after Ms. Chin-Mei Hung, wife of 
the first author in reorganization of her first noticed of this new taxon and passed away during a 
field trip in last year. 
Notes: The C. brevistyla stamen filaments 50-70 pieces, white lower half fused as short tube, 
upper half filaments anthers curved inward as lantern-shaped(Fug.15). This new species stamen 
filaments 28-48 pieces, base separated radially expand to outside same as C.confusa, but flower 
and leavies are obviously different from C. confusa.  
This new species population belong to elderly population and aging, tracking 3 years never found 
under 10 years plants, also the population growth well fewer pests and diseases,but rare bud or the 
residue bud scar.  
In the wild habitat has not been different camellia species natural mixed and overlap growth at 
same block, so taxonomy seniors doubt camellia species at wild habitat keep interspecific 
exclusion phenomenon. another mountain at north Taiwan, there are 3 different camellia species 
distribute at different altitude never mixed growth, no overlap. Another mountain at south Taiwan, 
there are two different camellia species C. caudata, and C. henchunensis growth nearby but no 
mixed. C. henchunensis growth in a small block outside surround by C. caudate. This new 
species and C. transnokoensis mixed growth block whether the expression of other messages yet 
understand.  
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Character C. brevistyla C. confusa C. chinmeii 

Leaf  elliptic-oblong elliptic to broad elliptic oblong or elliptic 
Leaf size 4-5 x 2cm 7-13.5 x 2.5-6 cm 3.5-5.5 x 1.5-3 cm 

Flower position axillary axillary terminal or axillary  
Flower (in dimeter) 3 cm  4-6 cm  2.5-3.5 cm  

Petal (number) 5 5 4-5 
Stamen (number) 50-70 60-90 28-48 

Filament connate at base free from each other free from each other 
Style 1 mm 5-12 mm  6-7 mm 
Fruit ovoid to pyriform ovoid globose 

Fruit size 1.7-3.1 cm 1.7-2.1 cm 7 mm 
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Camellia Ninhii – A New Yellow Camellia Species        
From Vietnam 

Luong Van Dung1, Le Nguyet Hai Ninh2  

(1. Faculty of Biology, Da Lat University, Lam Dong, Viet Nam; 2. Faculty of Biology, Hoa Lu 
University, Ninh Binh, Vietnam) 

Abstract: A new yellow Camellia species, Camellia ninhii Luong & Le is described and illustrated. The newly 
described species has some morphological characteristics that proposed a transitional taxonomic placement in 
Camellia sect. Chrysantha Chang.  
Keywords: Camellia, Theaceae, taxonomy, Vietnam.  

Vietnam is considered a major center of diversity of Camellia L. (Theaceae). Not only that, 
Vietnam also possesses numerous endemic yellow Camellia species. Previous researches suggest 
that climate of northern Vietnam is consistent with the development of yellow Camellia as 
evidenced by many species have been found in that area. However, when the surveys have been 
expanded to the south, the number of new discovered species still keeps on rising. This suggests 
new assumptions about the distribution area of yellow Camellia species. Some yellow Camellia 
species newly published recently in southern Vietnam with some of our contributions include: 
Camellia dalatensis Luong, Tran & Hakoda (2012), Camellia dilinhensis Tran & Luong (2013), 
Camellia sonthaiensis Luu, Luong, Q.D.Nguyen & T.Q.T.Nguyen (2014). 
With such positive results, we have enhanced our surveys in southern area in Vietnam. During a 
field work in Cat Tien district, Province of Lam Dong in March 2015, we obtained some Camellia 
samples bearing fruits. By 10 December 2015, when returning to that area, we found that 
individuals with yellow flowers. After analyzing and comparing morphological characteristics 
with closely species, we assert that this is a new species, named as Camellia ninhii Luong & Le. 

This species is described as following: 
Camellia ninhii Luong & Le, sp. nov. (Fig. 1, 2). 

  

Figure 1  Flower (left) and fruit (right) of Camellia ninhii Luong & Le 
(Photo by Luong Van Dung) 
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Ab aliis speciebus flavi Camelliae floribus breviter pedicellatis (2-3 mm.), perulis 6 ad 7, capsula 
extus furfuraceis. Shrub, 2-4 metres high; young branches pubescent and become glabrous when 
older. Leaves stalked; blades elliptic to oblong elliptic, apex acuminate to nearly caudate, base 
broadly cuneate or nearly rounded, 14-20 cm. long and 5-7 cm. wide, margin shallowly serrulate, 
shiny and glabrous above, pubescent below, venation prominent below, lateral vein 10-14 pairs; 
petioles 4-7 mm. long, hirsute. Flowers 3-3.5 cm. in diameter, solitary or a pair at the ends of 
branches. Pedicel 2-3 mm. long, glabrous; bracteoles and sepals not differented, about 6-7, 
semiorbicular to suborbicular, 2-7 mm. long, 3-9 mm. wide, glabrous outside, thick and finely 
puberulous inside. Corolla deep yellow; petals 9-11, nearly rounded to elliptic; 3-4 outer petals 
5-15 mm. long, 10-13 mm. wide, glabrous outside and finely puberulous inside; 6-7 inner petals 
16-19 mm. long, 9-12 mm. wide, united with outermost filaments at the base, glabrous outside and 
pubescent towards the apex inside. Androecium 200-300 stamens, in 5-6 circles; filaments 4-10 
mm. long, glabrous, outer filaments united for 3-4 mm. from the base and form a short cup. 
Gynoecium 3, ovary ovoid, pubescent, 2.5-3 mm. high, 2-3 mm. wide, 3 loculi; styles 3, free to the 
base, 8-9 mm. long, glabrous. Capsule slightly flattened-globose, 4-5 cm. in diameter, 3-3.5 cm. 
high, outer surface wall gray and furfuraceous, 3-part short tip at the apex; 3-locular, 1-2 seeds in 
each loculus. Seeds cuneate or semiglobose, 12 mm. high, 16 mm. wide, pubescent. 

Blooming season: Winter 
This species was found in evergreen broadleaved forest of Cat Tien district (Lam Dong province), 
at altitudes of 500-600m. The detailed provenance is recorded on their specimens. 
Typus: Vietnam, Lam Dong, Cat Tien, evergreen broadleaved forest, at altitudes of 500-600m, 
10/10/2015, Luong Van Dung, Tran Trong Hung, Le Nguyet Hai Ninh, DL.15.10.01 (Holotype, 
DLU, HN; Isotype, DLU).  
Etymology: The specific epithet honors Prof. Tran Ninh, a Vietnamese Camellia leading expert, 
who has made great contributions to the studies of Camellia in recent decades. 

Taxonomic remarks: 
Morphological characteristics of Camellia ninhii indicate that it has affinities with sections 
Corallina Sealy and Chrysantha Chang (sensu Chang & Bartholomew, 1984). Camellia ninhii 
agrees with some key characteristics of section Corallina that emphasized by Chang, including: 
undifferentiated bracts and sepals, persistent, styles 3 free, capsule 3 loculi. However, it has 
filaments in 5-6 circles and united about ½ length at the base (filaments in 2-3 circles and nearly 
free in section Corallina). This new species also possesses a number of, but not all, morphological 
characteristics exhibited by section Chrysantha. It has yellow flowers, bracteoles and sepals 
persistent, styles free, 2 seeds in each loculus of a fruit, but placement it into section Chrysantha is 
rather tenuous. Camellia ninhii differs from the generalized description of section Chrysantha by 
possessing only 6-7 undifferentiated bracts and sepals on a very shortly pedicellate, filaments in 
5-6 circles (bracts 5-7, sepals 5-7, filaments 4 circles in section Chrysantha). However, according 
to Chang & Bartholomew (1984), two sections have similar development steps and parallel 
development process, we consider Camellia ninhii to be transitional in section Chrysantha Chang. 
Camellia ninhii shares number of morphological characteristics with Chrysantha’s members. 
Camellia ninhii and Camellia pubipetala Wang et Huang (distributed in southern Guangxi, China) 
are quite similar in leaf morphological characteristics: elliptic in the shape, tip acuminate to nearly 
caudate, base broadly cuneate to rounded, upper surface glabrous, lower surface pubescent, 
petioles hirsute. They also have yellow flowers on extremely short pedicels. However, Camellia 
pubipetala has 5-7 bracts, 5-6 sepals with outer surface pubescent, androecium pubescent, 
gynoecium 3-4 styles cleft at the tip. Camellia ninhii also has some similar characteristics with 
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other members of section Chrysantha, such as pubescent branches, petioles and lower surface of 
leaves (as does Camellia tonkinensis (Pitard) Cohen-Stuart), androecium glabrous and gynoecium 
3 with styles 3, free, glabrous (Camellia crassiphylla Ninh et Hakoda, Camellia euphlebia Merr. 
ex Sealy, Camellia hulungensis Rosmann et Ninh). 
Due to its transitional taxonomic placement, Camellia ninhii share some charateristics with 
Camellia species that belong to section Corallina Sealy. For examples, Camellia ninhii and 
Camellia fleuryi all have very short pedicel with undifferented bracts and sepals, androecium 
glabrous, styles 3, free, glabrous, wall of capsule furfuraceous. However, Camellia ninhii is well 
distinguished from Camellia fleuryi by larger leaves, young branches pubescent, ovary pubescent 
(Camellia fleuryi has leaves only 7-11 cm. long, young branches glabrous, ovary glabrous).  
In this paper, we give priority to the views given in Chang & Bartholomew (1984) for comparison 
and ordering. The views around Camellia classification issue still have many differences. The 
unstable nature of the exiting infrageneric classification of Camellia needs for further supporting 
evidence. 
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Figure 2. Camellia ninhii Luong & Le 

A – Leaf; B – Part of lower surface of leaf; C – Part of upper surface of leaf; D – Flower; 
E – Petals (inner surface); F – Calyx and gynoecium; G – Bracteoles and Sepals (inner surface); 
H – Filaments; I – Capsule; K – Seeds. 
(Drawn by Luong Van Dung) 
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General Information About The Yellow Camellia Species 
in Vietnam 

Le Nguyet Hai Ninh1*, Luong Van Dung2  

(1*. Hoa Lu University, Ninh Binh, Vietnam;2. Da Lat University, Lam Dong, Vietnam) 

Abstract: In this paper we aggreate the list of 40 published yellow Camellia species in Vietnam until the present 
time. These results are based on authors’studies on Vietnamese Camellias from 2003 onwards, the fieldwork, 
collected specimens and some of new publications.  
Keywords: Yellow Camellia; Theaceae; biodiversity; Vietnam 
 

1 Introduction  
The genus Camellia L. (Theaceae) is mainly distributed in tropical Asia. The distribution centre 
for the species in Camellia genus is South China and North Vietnam (Chang & Bruce 
Bartholomew, 1984). This genus has 119 to 350 species due to very different taxonomic opinions 
of various authors (Sealy, 1958; Chang & Bartholomew, 1984; Gao Jiyin et al., 2005; Ming Tien 
Lu, 2000, 2007). 
Viet Nam is located on the Indochina peninsula in Southeast Asia. It has a tropical monsoon 
climate, with humidity averaging 84 percent throughout the year. Three quarters of Viet Nam’s 
territory are made up of low mountains and hilly regions. Therefore, natural conditions Vietnam 
has been identified as favorable for the development of Camellia species. Wild Camellias were 
discovered in many parts of Vietnam's territory, stretching from north to south. Colours of wild 
Camellia flowers can be white, pink, red and yellow. Of them, yellow Camellias are so beautiful, 
rare and have much economic potential. 
The first yellow Camellias were discovered in Vietnam and were published in “Flore générale de 
L'Indo-Chine” (1910). In that book, C.-J. Pitard described two new species: Thea flava Pitard 
based on some samples collected by H. Bon at ‘Võ Xá in Monte Chùa Hạc’, Ha Nam province, in 
1884, and Thea tonkinensis Pitard based on samples collected by B. Balansa at ‘Lan Kok (Mont. 
Bavi)’ Ha Tay province, in 1887. By International Code of Botanical Nomenclature, their names 
were revised as Camellia flava (Pitard) Sealy (1949), and Camellia tonkinensis (Pitard) 
Cohen-Stuart (1916). It was not until 1964, the first Chinese yellow Camellia species was 
discovered in Guangxi, China, Camellia chrysantha (Hu) Tuyama. Up to now, Vietnam and China 
are the only two countries owing the highest number of wild yellow Camellia species. 
In 1965, Prof. Tran Ninh, the first Vietnamese scientist who discovered yellow Camellia species of 
Vietnam, detected some individual of Camellia flava (Pitard) Sealy in Cuc Phuong National Park. 
After several large-scale studies, Tran Ninh published “Results of the study on yellow Camellias 
of Vietnam” in International Camellia Journal (2003) with 16 species. Following the study of Tran 
Ninh, we continue researching on yellow Vietnamese Camellias. Here are some brief and general 
information. 

2 Materials and methods  
Our research on yellow Camellia has conducted from 2003. Under the financial aid of Janpanese 
Camellia Society, several works on field at many different locations in 17 provinces throughout 
Vietnam have carried out. We have obtained more than 300 specimens of the genus Camellia. 
Using comparative morphology method, we have classified the species in the genus Camellia 
                                                                            
corresponding author :lenguyethaininh@gmail.com 
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species in general and yellow Camellia species in particular.  

3 Results 
3.1 Common characteristics of Yellow Camellias of Vietnam 
Yellow Camellias species are evergreen which may be shrubs or small trees. Their buds and young 
branches are glabrous or hairy. Leaves are alternate and no stipule. Leaf-stalks are rather short, 
from 1.5-3 mm to 10-15-25 mm, and from glabrous to hairy like on their young branches. Blades 
are almost elliptic or oblong, sometime lanceolate, and rarely ovate. Leaf apexes are often acute, 
acuminate, or caudate, rarely subcircular. Leaf bases are narrow or broadly cuneate, sometime 
round, cordate or auriculate and amplexicaul. Blade size largely varies. Leaf shape, size and 
texture of one species can be diverse if they grow in different areas or in different conditions. So 
that it is important to deal with many other characteristics if we want to put one species in a correct 
classification. Leaf margins are serrate. Flowers are complete, bisexual, radially symmetric; 
solitary or 2-3 flowers each cluster, some time in clusters of 9 to 12 (to 14), terminal or axillary. 
Flower dimension greatly varies, about 1 cm in diameter or up to 10-11 cm in diameter. Flowers 
are pedicellate or sessile. The number of bracts in different species greatly differs, but number of 
sepals is often 5-6, rarely more. Petals are often more than 10, however, the fluctuation in their 
number can occur in flowers on the same tree, so it has not important for classifying. Androecium 
is numerous. Gynoecium mostly consists of 3-5 carpels. The indumentum on these reproductive 
organs is often closely related with the one on vegetative organs. Commonly, if leaves, leaf-stalks 
or young branches have hair, their ovaries are also hairy, and contrarily. Fruits are capsule, globose, 
flattish globose or rarely obovoid. Pericarps dehisce longitudinally from the top when dried. 
Valves segregate and a columella can be seen in the middle of opened fruit. Each locule has 1-2 
seeds or more. 
The flowering season of almost yellow Camellias often prolongs from 1 to 3 months, from 
October to March of following year. 
[The information contained herein with reference to general characteristics of section Chrysantha 
Chang (Chang & Bartholomew, 1984), information from “A Revision of the Genus Camellia” 
(Sealy, 1958) especially the specific analysis on the yellow Vietnamese Camellias, including 
approximately 2500 words in Master’s thesis of Le Ng.H. Ninh (2007), and the recently updated 
data] 

3.2 List of yellow Camellia species of Vietnam 
List of yellow Camellia species presented in Table 1 includes species that we have studied based 
on collected specimens or preserved specimens in herbaria in Vietnam. The list is in alphabetical 
order by scientific name. The information on the publication year, collection number of research 
samples, location in Vietnam and other countries of these species are available. 
Also, some more new discoveries of yellow Vietnamese Camellias have published recently, but we 
have not accessed to research specimens yet. They are C. oconoriana Orel, Curry & Luu (2013); C. 
bugiamapensis Orel, Curry, Luu & Q. D. Nguyen (2014);  
Some other species, such as C. impressinervis Chang et S. Y. Liang; C. chrysantha (Hu) Tuyama, 
C. pleurocarpa (Gagnep.) Sealy have also been reported in Vietnam in some documents, but we 
have not obtained them in the survey as well as archived specimens. 

List below does not include C. ninhii Luong & Le is jointly published in this proceeding. 
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Table 1  List and information of studied Vietnamese yellow Camellia species 
No. Species Published 

Year 
Research samples Location in Vietnam Other 

countries 
1 C.aurea Chang 1979 H099 1599 (VNMN) Lang Son province China 
2 C.capitata Orel, Curry & Luu 2014 DL 15.03.18 (DLU) (Private coll.) Lam Dong province Not seen 
3 C.crassiphylla Ninh et Hakoda 1998 TN 9813 (Holotypus), TN 9808, TN 9880, TN 9881, etc. (HNU); HN 

5/1/2015(Private coll.) 
Vinh Phuc province Not seen 

4 C.cucphuongensis Ninh et Rosmann 1998 PA 95109 (Holotypus), PA 95106, TN 14/3/94, etc. (HNU); HN 2007, HN 2014 
(Private coll.) 

Ninh Binh province Not seen 

5 C.dalatensis V.D.Luong, Tran & Hakoda 2012 HN 22/7/2008, HN 17/1/2014 (Private coll.) Lam Dong province Not seen 
6 C.dilinhensis Ninh & V.D.Luong 2013 HN 19/1/2013 (Private coll.) Lam Dong province Not seen 
7 C.dongnaiensis Orel 2006 G.Orel, G.Richards, A.Curry & G.Wilkes 21148 (Isotype: VNM) Lam Dong province Not seen 
8 C.dormoyana (Pierre ex Laness) Sealy 1958 TN 10512, TN 10513, TN 110301, etc. (HNU); HN 6/1/2013 (Private coll.) Lam Dong, Thanh Hoa, Nghe An, 

Dong Nai province  
Not seen 

9 C.euphlebia Merr. ex Sealy 1949. TN 9802, TN 9803 (HNU). Quang Ninh, Lang Son, Bac Giang 
province 

China 

10 C.flava (Pitard) Sealy 1949 PA 95116, PA95110, PA 95110, etc. (HNU). 
HN 12/2007 (Private coll.) 

Ninh Binh, Hoa Binh, Nghe An 
province   

Not seen 

11 C.fleuryi (A.Chev.) Sealy 
 

1949. Aug.Chevalier 38794 (Isotype: P) 
Phuong 7522 (VNMN) 

Nha Trang province (on Isotype); 
Vinh Phuc province 

Not seen 

12 C.gilberti (A.Chev.) Sealy  1949 TN 9801, TN 9802, TN 10516, etc. (HNU). Quang Ninh, Vinh Phuc province  China 
13 C.hakodae Ninh 2007 TN 0201 (Hololypus), TN 11006 (HNU); HN 10/1/2015 (private coll.) Vinh Phuc province Not seen 
14 C.hamyenensis Tran et Le 2006. TN 04201, TN 051104 (holotypus), ĐT 05081994, etc. (HNU); Phương 6902 (HN). Tuyen Quang province Not seen 
15 C.hirsuta Ninh et Hakoda 2007 TN 04-02-07 (Holotypus), TN 2.1006, TN 120604, etc. (HNU); HN 10/1/2015 

(private coll.) 
Thai Nguyen province  Not seen 

16 C.hulungensis Rosmann et Ninh 1998 TN 9804, TN 9701, P 7083 (HNU) Lang Son province  Not seen 
17 C.indochinensis Merr. 1939 A.Petelot 5459 (Holotypus, AA) Lang Son province  China 
18 C.inusitata Orel, Curry & Luu 2012 HN 19/1/2013, HN 17/1/2014 (Private coll.) Lam Dong province Not seen 
19 C.kirinoi Ninh 1999 TN 98105, TN 98106, etc. (HNU) Lang Son province Not seen 
20 C.limonia C.F.Liang et S.L.Mo 1982 TN 9801, TN 9805, P-2253, etc. (HNU) Lang Son province China 
21 C.luongii Tran et Le 2015 HN 06215 (Holotype: HNU)  Thai Nguyen province  Not seen 
22 C.luteocerata Orel 2010 G.Orel 0715 (Isotype: VNM) Lam Dong province Not seen 
23 C.megasepala Chang et Tran Ninh 1998 167947, 167944, Na Hang 28/10/98, TN 20401, etc. (HNU) Tuyen Quang, Bac Kan province Not seen 
24 C.murauchii Ninh et Hakoda 1998 TN 98906 (Holotypus: HNU) Lang Son province Not seen 
25 C.petelotii (Merr.) Sealy 1949 951034, 951038, H 9870, TN 98101, TN 941268, NT-987, etc. (HNU). HN 

5/1/2015 (private coll.) 
Vinh Phuc province Not seen 

26 C.phanii Hakoda et Ninh 2007 TN 04-02-05 (Holotypus), TN 30910, etc. (HNU); HN 10/1/2015 (private coll.) Thai Nguyen province Not seen 
27 C.quephongensis Ninh et Hakoda 2002 T. 1785, TN 2011, etc. (HNU) Nghe An province  Not seen 
28 C.rosmannii Ninh 1996, 1998 TN 9803, TN 951050, etc. (HNU) Quang Ninh province Not seen 
29 C.sonthaiensis Luu, Luong, Q.D.Nguyen & 2015 HN 9/1/2014 (private coll.) Khanh Hoa province Not seen 
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T.Q.T.Nguyen 
30 C.tamdaoensis Hakoda et Ninh 2007 TN 96101 (holotypus), TN 2031, TN 2032, etc. (HNU);  

HN 6/1/2015 (private coll.) 
Vinh Phuc province  Not seen 

31 C.thanxaensa Hakoda et Kirino 2007 TN 05125 (holotypus), TN 120604, etc. (HNU) Thai Nguyen province  Not seen 
32 C.tienii Ninh, Tr. 2009 01907, 02907 (Holotypus) (HNU) Vinh Phuc province  Not seen 
33 C.tonkinensis (Pitard) Cohen-Stuart 1916 TN 031007 (HNU) Ha Noi China 
34 C.vidalii Rosmann 1999 HN 7/1/2013 (Private coll.) Lam Dong province Not seen 

Thus the total number of Vietnamese yellow Camellia species recorded now is 40 species. Some new species recently discovered have many 
distinctive morphological characteristics, as a basis for the establishment of new sections in the Camellia genus, including: Dalatia Orel, Bidoupia 
Orel, Curry & Luu, and Obvoidea Tran et Luong. (George et al., 2014; George Orel et al., 2012; Tran Ninh & Luong Van Dung, 2013) 
The species composition of yellow Camellias of Vietnam is quite abundant and highly endemic, however, most of them have not so many in 
quantities, narrowly distributed, and negatively affected by many factors. Many yellow Camellia species in northern Vietnam are being exploited to 
eradicate in the wild. Some other species in southern Vietnam are also facing a potentially high risk of extinction in the immediate and mid-term 
future. So, we look forward implementing conservation measures to maintain the quantity as well as ensuring the existence and development of 
these yellow Camellia species in future. 
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Plate 1  Camellia sonthaiensis (left) and Camellia capitata (right) 

(Photos by Le Nguyet Hai Ninh and Luong Van Dung) 
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Figure 1. Camellia krempfii (Gagnep.) Sealy 

A. Part of branch; B. Part of flowering shoot; C. Flower bud; D. Flower; E. Capsule (view from below); F. Capsule (dehiscing); G. Petals; H. Gynoecium; 
K. Filaments 

(Based on specimens collected in January 2014 in H. Ninh’s private collection) 

Drawings of Some Camellia Species From Vietnam 

Le Nguyet Hai Ninh  

(Faculty of Biology, Hoa Lu University, Ninh Binh, Vietnam, lenguyethaininh@gmail.com) 

Drawings of five Camellia species from Vietnam are supplied in this paper. These species include 
Camellia krempfii, Camellia luongii, Camellia dalatensis, Camellia hirsuta and Camellia 
sonthaiensis. They are drawn based on samples collected during my fieldwork and specimens 
preserved in herbarium. 
The first specimens of Camellia krempfii were collected by M. Krempf in province of Khanh Hoa, 
Vietnam. Then, in 1942, based on specimens M. Krempf 1564 (P, type), Gagnepain described and 
published “Krempf tea” as “Thea krempfii Gagnep” in Not. Syst. 10:127.1942. By 1949, it was 
merged into Camellia genus by Sealy as Camellia krempfii (Gagnep.) Sealy.  

Since type specimens were collected, this species is no longer to be found in the wild. Fortunately, 
in a survey in 2013, our research team has found a population of Camellia krempfii concentrated 
on an area around 1 km2 with about over 500 individuals being in brilliant flowering season. This 
finding is published recently in International Camellia Journal (2014) by Luong Van Dung, Truong 
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Quang Cuong, Pham Huu Nhan, Le Nguyet Hai Ninh. As such, this is the first rediscovery of this 
species since it was found in Vietnam more than 100 years ago. 

 

Figure 2  Camellia luongii Tran & Le 
A. Leaf; B. Flowering shoot; C. Flower; D. Gynoecium 

(Based on Type specimens HN 06215 in HNU) 

This species was found in Thai Nguyen province, north Vietnam in early 2015 and published in the 
same year in International Camellia Journal by Tran Ninh and Le Nguyet Hai Ninh. It is a very 
beautiful yellow Camellia species. However, it is being fully exploited, so the remaining wild 
individuals are mainly regeneration. 
These species have been published respectively in 2012, 2007 and 2015. Their publications are 
included fully detailed descriptions and illustrations. However, in this paper I want to supply some 
figures with details of structure as an aid to identification. This has been recommended in edition 
of the Code which embodies the decisions of the XVIII Congress International Botanical in 
Melbourne, Australia in July 2011 (Chapter V. Valid publication of names, Section 2. Names of 
new taxa, Art.38, Recommendation 38D). 
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Figure 3. Camellia dalatensis Luong, Tran et Hakoda 
A. Leaf; B. Flowering shoot; C. Flower; D. Flower (view from below); 

E Capsule.; F. Capsule (side view) 
(Based on specimens collected in July 2008 and January 2014 in H. Ninh’s private collection) 
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Drawings of some more Vietnamese Camellias will be supplied in the upcoming publications.  
 

 

 
Figure 4  Camellia hirsuta Ninh et Hakoda 

A. Flower shoot; B. Sepal; C. Gynoecyum; D. Filament; E. Capsule 
(Based on specimens TN 2.1006, TN 120604 (HNU); and specimens collected in January 2015 in H. Ninh’s private 

collection) 
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C.sonthaiensis: Loài này công bố gồm hình ảnh chi tiết, chưa có hình vẽ nên bổ sung hình vẽ. 

 
 
 

Figure 5  Camellia sonthaiensis Luu, Luong, Q.D. Nguyen & T.Q.T. Nguyen 
A. Young branches; B. Flower (side view); C. Flower; D. Gynoecium; E. Filament 

(Based on specimens collected in January 2014 in H. Ninh’s private collection) 
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50 years of history of the International Camellia Show  

in Galicia (NW Spain) 

Salinero C., Vela P., Barros A., González-García M.  

(Estación Fitopatolóxica Areeiro. Deputación de Pontevedra, Spain ) 

Abstract: Since 1964 the International Camellia Show has rotated among the three cities of the province of 
Pontevedra (NW Spain). 
A brief summary of the history of the show is provided, including the most important events and modifications 
along its 50 years of history. 
Keywords: camellia show, flowers, Pontevedra, Vigo, Vilagarcía de Arousa 
 

Introduction 
The camellia has been cultivated in Galicia for more than 200 years and, although in the beginning 
it was a plant only owned by the nobility and the high society, its culture widespread and it became 
popular. Nowadays, camellias are present in almost any private or public garden in Galicia.  
Deputación de Pontevedra (provincial government of Pontevedra) has been involved in the 
dissemination and promotion of the camellia since the early 19th century, by carrying out different 
actions. In 1873 this institution founded the Agricultural School of A Caeira (1873-1886) (figure 
1), which contributed to the dissemination of its culture, by creating an important camellia nursery 
that was running even after the school was closed. The catalogues dating from 1882 and 1886 
included 139 camellia cultivars imported from Portuguese (Estabelecimento de Horticultura Jose 
Marques Loureiro, Real Companhia Horticolo-Agricola Portuense) and French (Rene Puyt Fils) 
nurseries and others were obtained in the school.  
Many of the camellia specimens growing in the historical gardens in Galicia were originated in 
this school, such is the case of some of the camellias planted around the Provincial Palace of the 
Deputación de Pontevedra, as well as others growing at Pazo de Gandarón, Pazo de Lourizán and 
in private properties. 
In 1943 the Forestry Research School was created by the board of trustees of the Pazo de Lourizán, 
also belonging to the provincial government of Pontevedra. This was an important centre of 
camellia promotion. From 1959 to 1963 several gardening courses were specially held for students 
of the school of forestry and also for women belonging to the upper-middle class of Pontevedra 
and surrounding areas (figure 2). It is thought that the first steps to create the first international 
camellia show were taken in this centre. 
At that time, Ramón García-Reboredo contacted with the Swedish American Lines in New York, 
so as to include a port of call in Galicia, especially in Vilagarcía de Arousa, in the tourist packages 
of European cruises. The maiden voyage, which took place in 1963, was designated with the name 
“Route of the Camellia”. One of the passengers of this cruise was the Spanish Minister of 
Information and Tourism. In 2006 the same name was given to the itinerary that includes visits to 
twelve gardens with camellias in Galicia.  
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Figure 1: Agricultural School of A Caeira 
(1873-1886) 

Figure 2: students of the gardening courses 
organized by the Forestry School of Lourizán from 

1959 to 1963 

1965, the first camellia show 
The idea to organize a camellia show was conceived in the first years of the 1960s.  
From 26 to 28 February 1965, the first camellia show was held in the Provincial Palace of 
Pontevedra with a great success. The I National Camellia Show was attended both by provincial 
and local authorities. They were extremely pleased by the warm welcome that surpassed all 
expectations. At that time, this event was also supported by the Councils of the cities of Vilagarcía 
de Arousa and Vigo, a collaboration that is maintained nowadays.  
In the inauguration of the camellia show, the Governor said: "I hope this camellia show of beauty 
would remain in the future, rotating among other towns in the province, not as a mere national 
show but as a large international show, a clear example of what the camellia represents in the 
world ... The camellia will have its Day, with festivals rotating among the cities of the province, 
and then this show will be also celebrated in other sister provinces and in northern Portugal, where 
this Japanese flower is also widely cultivated". His words anticipated the continuous collaboration 
among the three cities in the province until the present time. 
About 140 plots of flowers belonging to 40 Spanish and Portuguese participants were presented in 
this first edition of the show that would become international in the second edition, in 1966. Some 
of the flowers presented were collected from plants growing in Pazo de Lourizán, in Pontevedra; 
Pazo de Castrelos, in Vigo; Pazo de Pardo Bazán (shortly after the Parador Hotel in Cambados), 
several public gardens in Pontevedra, Vilagarcía, O Rosal and Caldas de Reis, as well as other 
flowers displayed by private camellia collectors.  
This first edition gave prizes to the best plots of white, pink, variegated, best artistic display and 
fragrant camellias (figure 3). The prizes were funded by the Ministry of Agriculture and the 
Ministry of Information and Tourism. The main prize was the ‘Golden Camellia’, awarded to the 
best plot of flowers, which was given to a group of flowers belonging to Camelia japonica 
‘Matothiana’ donated by the wife of the head of state at that time, Francisco Franco, who displayed, 
outside of competition, some camellia plots from camellias growing at the Pazo de Meirás, his 
Galician residence in northern Galicia, in A Coruña province.  
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Other side events were also held, such as cultural 
activities, a flower stamp exhibition, presented by the 
Grupo Filatélico (Philatelic Group), which would 
participate in later events, issuing commemorative 
postmarks on the occasion of every event; a show window 
display contest and an exhibit of watercolor paintings. 
The most important articles on camellia, published in 
Galician newspapers, were also awarded. 
The local newspaper Faro de Vigo published a full-page 
article, beautifully illustrated and written, entitled: 
“Memoria, viaje y elogio de la camellia” (Memory, 
journey and tribute of the camellia). In this article he 
would write his famous sentence, quoted so many times: 
"... .It has been proved in the good town of Pontevedra on 
26 February 1965 that the Galician people from Rías 
Baixas, Tuy and O Rosal valley, and others with quiet 
orchards in ancient cities or parks of 18th century pazos 
had a secret love: the camellia". And I wonder whether 
this flower will be our companion...May all Pontevedra 
scents, forms, colours, softness, valleys, rivers and songs 
be present inside a camellia" 
Alvaro Cunqueiro. First Prize (for articles), 1965 

Next editions  
The second edition, held in 1966, became the International Camellia Show and was held in Vigo. 
The local newspapers communicated the importance of this “flower tournament”. This time there 
were 175 flower plots from 40 participants and during the opening of the show the Mayor of the 
city designated one of the main streets of the city as the “Avenue of the camellias”. 

"Our devotion to the camellia has led us to designate one of the most modern and large 
streets in our city with the evocative and symbolic name of the Avenue of the Camellias, as a 
fair evocation of this colourful and melancholic flower, of a great and serene beauty, 
because we understand that it has a justified good reputation in Vigo, and it well deserves 
this passionate devotion". 

This time, the “Golden Camellia” prize was given to a Camellia reticulata ‘Captain Rawes’ plot. 
The shop window display contest was held again, and therefore the city shops were beautifully 
decorated.  
On the same year, from 12 to 22 February, during Carnival time (very popular in Galicia) the 
festival of the camellia was celebrated in Pontevedra, with a wide offer of dancing activities and 
events held all around the city. In addition, the Queen of the Camellia was elected.   
The third edition of the show was held in Vilagarcía and was attended by the Mayor and all 
provincial authorities, once again with a large number of participants and visitors. 
From that time onwards, the International Camellia Show has rotated among the three seaside 
cities in southerm Galicia (Pontevedra, Vigo and Vilagarcía de Aorusa) (figure 2).  
In 1968 the camellia show was held again in the assembly hall of the Provincial Palace of 
Pontevedra. At the same time, an exhibition of Spanish and foreign publications on camellia was 
displayed. In addition, a book entitled Catálogo de la Exposición bibliográfica y bibliografía 

 

Figure 3: I National Camellia Show 
(1965). Mercedes Pita Mon with her 

plot of C. japonica ‘Alba Plena’. 
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sobre la camelia (Catalogue of the bibliographic exhibition and bibliography on camellia), written 
by Antonio Odriozola, would be the first brochure of a series, including works by several authors, 
that years later would be gathered in the first book on camellia edited in Spain.  
Along the years this show gained in popularity. In fact, in 1969 the show was held in the Sports 
Centre of the city, a larger facility. The show was opened for three days, given the large number of 
visitors. There was also a live broadcast of the awards ceremony. A special prize was given to the 
Spanish television channel for broadcasting the event and for their work on camellia promotion 
and dissemination, by having conducted several documentaries and reports on the flower at a 
national level.  
These camellia events had a significant impact on the society, since many camellia varieties which 
were almost unkown became popular. In addition, other activities related to the camellia, such as 
decoration of shop window displays, bibliographic and philatelic exhibitions, literature related to 
camellia (in verse and in prose) also contributed to the popularity of the genus. In Spain the 
camellia became known as the “Flower of the Rías Baixas”, which is the name given to the areas in 
the southern coast of Galicia.  

From 1970 onwards it was decided that the same 
participant could not be awarded with more than two 
prizes, with the aim to provide prizes to different camellia 
enthusiasts. In addition, this event, held in Vilagarcía de 
Arousa, took place at the same time than its seafood 
festival named “Fiesta de la Perla de Arousa” (Festival of 
the Pearl of Arousa). 
In 1972 around 500 plots of flowers belonging to 70 
camellia growers were displayed. Leslie Rigall, a British 
participant living in Portugal at that time and presenting 
varieties that were unknown in Galicia, obtained the 
Golden Camellia prize. It was the first time that a foreign 
participant was awarded with the highest prize and he did 
it in the following three years. 
Although this camellia show has maintained the same 
initial structure and concept, along its history the type and 
quantity of the prizes awarded has changed.  
In 1974 and in subsequent camellia shows, the awards of Golden, Silver and Bronze Camellia 
were given to participants displaying the best plot in any of the following categories: best Camellia 
japonica flowers, best Camellia reticulata flowers, or the most important plot of flowers (of the 
same or different colour or variety). The prizes given to the best white, pink, red and variegated 
camellias, as well as those given to camellias of other colours, those belonging to other species and 
those given to the best artistic exhibit were maintained. In addition, other side events were held, 
such as the awards given to the best article on camellias (in verse or prose), to articles about the 
history of the camellia, to the best window shop display, and, of course, to the bibliographic and 
philatelic exhibition. 
From 1917 to 1975, the camellia show was broadcasted for the NODO (a state-controlled series of 
cinema newsreels produced during Franco dictatorship). This series were broadcasted in all 
cinemas in Spain before the film screening.  
From 1976 and until 2014 the Queen Sophia of Spain chaired the Committee of Honour of the 
exhibition. From 2015 the show is chaired by the Queen Letizia. 

 

Figure 4: Golden Camellia prize 
obtained in 1972 by Leslie Rigall, a 

British participant living in Portugal 
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In 1977 a special prize was given to the “magnificent varieties of Camellia japonica” of Robert 
Gimson.  
The awards ceremony of the 1978 show, held in Vigo, was chaired by the Minister of Culture of 
Spain, and was broadcasted for the first time in Technicolor at a national level. A first and a second 
special prize were given to “camellia trees” and also to “new camellia plantations”.  
In 1980 a special prize was awarded to the best scientific display, since this was the first time the 
camellias were labeled with the name of the cultivar. In addition, an essay competition for children 
was also held, thus involving scholars in camellia culture. Next year, other categories were 
included: “Shrubs in bloom”, and “Shrubs grown in private gardens”, prizes that were maintained 
in Vilagarcía de Arousa, in the following year. 
Tom Savige (1981) wrote about the Vigo show: “The presentation was quite different from shows 
seen in other countries”. The presentation at the 1985 show was the same, and there were 6 classes 
for flowers: a) white; b) pink; c) red; d) variegated; e) reticulata; f) a mixture of all three, and there 
prizes for flower arrangements, colour photographs and postage stamps depicting camellias (R. 
Gimson).  
Every year, at the same time the camellia show was held, brochures including information on 
camellia culture, history, species and cultivars were issued (see table). In 1986 Odriozola was the 
coordinator of the book La Camelia, including the 10 brochures published in previous years, as 
well as some new articles. 
In 1988 the exhibit held in Vilagarcía de Arousa was visited by 160 members of the ICS from 
Australia, New Zealand, England, France and Holland. 
In the same year the main prize was renamed "Golden Camellia Antonio Odriozola" to honour the 
memory of this adoptive Pontevedra citizen, who carried out an important work in Camellia 
dissemination, organized this show for years and was part of the jury for 22 years. Since 2004 the 
"Antonio Odriozola" award goes to the best camellia flower correctly identified and presenting the 
best characteristics, selected among those flowers presented for this prize.  
In 1993, in Vigo, a flower art exhibition with the camellia as the main character was held. In 
addition, a camellia hybrid designated as “Xacobeo” was presented. 
The Galician writer and Nobel Prize of Literature, Camilo José Cela, wrote for the exhibition held 
in 1993: 
“It came from India, China and Japan, but she found a home among us and became the flower of 
Galicia, my country; In Iria Flavia, in the house where I was born and in my Foundation, red, pink 
and white camellias are blooming, with their bright, fleshy and soft petals and their literary, sweet 
and almost fragile fragrance. Camellia is both a tree and delicate flower that needs love and 
company. In Galicia there are cities with camellias in the streets, in the same way there are acacias 
and palm trees and bananas elsewhere; it is very beautiful being represented by the camellia. ” 
The brand Chanel, that uses the white camellia as an ornament since 1933 and turned it into a 
symbol since 1960, awarded the best white camellia in the camellia show of 1995 (Iglesias, 1995). 
The brand has a line of jewelry inspired in the camellia flower.  
In 1996 the Council of the City of Vigo organized several musical activities, including a concert 
performed by the Classical Orchestra of Vigo that closed the camellia show.  

21st century 
In the 2001 International Camellia Show, the provincial government of Pontevedra edited a new 
book on camellia, written with the collaboration of an important number of authors dealing with 
several aspects of camellia culture, phytosanitary problems, species and cultivars. It also included 
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some articles published before 2000 under the name “Florilegio de la camellia” (A tribute to the 
camellia flower). 
In 2004 the hall of the Provincial Palace was adorned to celebrate the 40th anniversary of this 
exhibit. The prize of the Spanish Camellia Society, awarding the best camellia plot presented by a 
person that participates for the first time in the camellia show, was added to the rest of the prizes. 
The Japanese Ambassador in Spain, who explained to the audience the graphical symbol and the 
meaning of the word camellia in Japanese, attended this show for the first time (La Voz de Galicia, 
2004).  
From this edition onwards the same categories were maintained, comprising 21 prizes belonging 
to 11 categories : Golden Camellia, Antonio Odriozola, Spanish Camellia Society, Camellia 
reticulata (1, 2 3), Camellia hybrids (1, 2 3), White Camellia japonica (1, 2), Pink or other colour 
Camellia japonica(1, 2), Red Camellia japonica (1, 2), Variegated Camellia japonica (1, 2), 
Camellia species  (1, 2), Best artistic display (1, 2) 
On the occasion of this camellia show, the book “La camelia en la colección de la Diputación de 
Pontevedra” (The camellia in the collection of the Diputación de Pontevedra), including a 
description of more than XX cultivars growing in the gardens belonging to the provincial 
government of Pontevedra was presented.  
Since 2005 the winner of the Golden Camellia of the last edition is part of the jury in the next year, 
and has, in addition, a separate table to display his/her flowers out of competition. In subsequent 
years other side activities were also held, such as photograph contests, painting exhibitions 
inspired by the camellia, literary contests and also shop window display awards, conferences, 
flower art or jewelry exhibits. It is worth to mention the painting exhibition held in 2010 in the 
Museum of Pontevedra entitled “Visións da camellia” (Camellia impressions), in which 11 
Galician artists showed different ways of representing this flower.  
In 2014 the 50th anniversary of the show was held in Vigo and took place at the same time as the 
International Camellia Congress in Pontevedra. All participants in the congress had the 
opportunity to enjoy the special way to display the flowers in Galicia, in groups of flowers and 
including a special prize for artistic display.  
At the time it was created, the aims of the show were the promotion of the culture and camellia 
enthusiasm, besides being a meeting place for all camellia lovers. The International Camellia 
Show contributed to camellia popularization and spread of the knowledge on the species and their 
cultivars, showing a wide variety of forms and colours. In addition, for several years, a camellia 
forum is held with the aim to promote tourism related to this genus, gathering botanists, tour 
operators, nurseryman, as well as managers of botanic gardens, landscapers, businessman and 
enthusiasts.  
Along its history the International Camellia Show has gone through highs and lows, but nowadays 
is a reference point for growers and enthusiasts, both participating and enjoying the camellias. The 
evolution of the show can be measured in figures: the first edition of the show was attended by 40 
exhibitors that presented 140 plots of flowers; in recent years shows are attended by about 60 
camellia growers displaying more than a thousand plots of flowers. 
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[7] Odriozola A., Noriega M., Navarro A. 1980. La camelia, variedades y cultivo. Filatelia. Negociado de Cultura, Diputación Provincial de Pontevedra. 

 

 

 

 

 

Brochures and books edited on the occasion of the 
International Camellia Show 

 
- 1968, Catálogo de la Exposición bibliográfica y bibliografía sobre la camelia, IV Curso-Exposición Internacional de 

la Camelia “Flor de las Rías Bajas”. Antonio Odriozola, Diputación de Pontevedra.16 pp 
- 1971, La Camelia y sus exposiciones en las Rías Bajas (1965-1970), VII Curso-Exposición Internacional de la 

Camelia, Pontevedra. Antonio Odriozola y Alvaro Cunqueiro, Diputación Provincial Pontevedra. 25 pp 
- 1974, Camelias en Pontevedra, X Concurso-Exposición Internacional de la Camelia, Pontevedra. Antonio 

Odriozola, Alfredo Navarro Paya y Álvaro Cunqueiro. Comisión de cultura de la Excma. Diputación Provincial de 
Pontevedra. 48 pp 

- 1975, La camelia reticulata en Galicia. Robert Gimson, Comisión de cultura de la Excma. Diputación Provincial de 
Pontevedra (ingles y castellano). 13 pp 

- 1976, La historia de Torokaja y Uraku. Robert Gimson, Comisión de cultura de la Excma. Diputación Provincial de 
Pontevedra. 12 pp 

- 1977, Camelias en Galicia, XIII Concurso-Exposición Internacional de la Camelia, Pontevedra. Antonio Odriozola, 
Comisión de Cultura de la Diputación Provincial de Pontevedra. 21 pp 

- 1978, Oranda-Ko, el matusalen de las camelias. Robert Gimson, Comisión de Cultura de la Excma. Diputación 
Provincial de Pontevedra. 14 pp 

- 1980, La camelia, variedades y cultivo. Filatelia. Antonio Odriozola, Miguel Noriega Miembro y Alfredo Navarro 
Paya. Negociado de Cultura, Diputación Provincial de Pontevedra. 40 pp 

- 1981, Laude da Camelia. Alvaro Cunqueiro, Comisión de cultura, Diputación de Pontevedra. 20 pp 
- 1982, Patología de la camelia en Galicia. Francisco J. Fernández de Ana Magán y J. Pedro Mansilla Vázquez. 

Sección de Cultura, Diputación Provincial, Pontevedra. 24 pp 
- 1986, La Camelia, recopilación de trabajos. Varios autores, Gabinete de Relaciones Públicas, Diputación de 

Pontevedra. 245 pp 
-1998. Vista pintórica, Parque del Castillo de Soutomaior.Pedro Mansilla, Carmen salinero, Ilustraciones Xosé Conde 

Corbal. 48 pp 
- 2001, La Camelia. Varios autores. Diputación de Pontevedra. 214 pp 
- 2004, La camelia en la colección de la Diputación de Pontevedra. Carmen Salinero, Pilar Vela. Diputación de 

Pontevedra. 298 pp 
- 2007, A Camelia nos xardins das Rías Baixas. Alex Vázquez-Palacios, Carmen Salinero. Diputación de Pontevedra. 

28 pp 
- 2010, Visións da camelia. Varios autores. Diputación de Pontevedra, 38 páginas 
- 2014, The Camellia Journey, from the East to the Rías Baixas. Alex Vázquez, Carmen Salinero3 pp 
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Figure 6: Posters edited on the occasion of the International Camellia Show in Spain 

  



Salinero C. et al: 50 years of history of the International Camellia Show in Galicia (NW Spain) 
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Figure 4: Brochures and books edited on the occasion of the International Camellia Show in Spain. 
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Survey of Healthy Status of Ancient Camellias and their 
Regeneration in Wanzhou Xishan Park 

Chen Ling1 

(Management Department of Gardens and Landscape of Wanzhou Chongqing, Wanzhou 
Chongqing) 

The ancient camellias in the Wanzhou Xishan Park of Chongqing China are regarded as 
‘Treasure of Camellias’ because there are 72 ancient camellias with more than one hundred years 
old from sixteen sichuan camellia cultivars. Of them, the oldest identified as C.japonica 
‘Zijinguan’ at round 360 years old is crowned the ‘King of Camellias in Wanzhou’. Recently, a 
survey of healthy status of these ancient camellias was conducted. These morphological features, 
such as growth, stem, leaves, and diseases or pests, were carefully observed and recorded tree by 
tree. These symptoms, mainly including inclination of a canopy and a stem, damage of a trunk, 
and diseases, were found among these ancient camellias in the park. These factors are mainly 
considered to be responsible for poor healthy status: shallowly and infertile soil, worse soil 
quality due to heavily stepping by numerous visitors, imbalance between absorption and 
consumption of nutrients above and under grounds, heavy diseases (Botrytis cinerea etc) and 
pests (Icerya spp.,Ceroplastes spp., Pseudaulacaspis spp.etc.) . Following practices have been 
taken to regenerate ancient camellias. Firstly, soils were improved by replacement with fresh 
soils, digging more furrows, embedding ventilation pipes into soils, mixing peat moss and perlite, 
applying organic fertilizer etc. Secondly, properly pruning was conducted to enhance more new 
shoots, and wax was used to seal damaged scars and holes to prevent water into interior stems or 
trunks. Thirdly, some steps were taken to preserve ancient camellias by supporting inclined 
branches with solid poles, installing guard fences etc. Fourthly, proper fertilizer (oil extract 
residue) was applied around ancient camellias at two or three times each year. The first was done 
at late September and the second at early spring before germination of buds. And the last but 
important, is to control diseases (mainly sooty mould) and pests (mainly ceroppastes spp.) with 
high efficiency and lower poison pesticides. 

 

 

                                                                            
1The Corresponding author: 12693021@qq.com 
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Tea: A Journey from the East to Mid-Atlantic 

João Forjaz Sampaio1, Mário Moura2  
 

(1. President of the Associação dos Floricultores dos Açores;2. Ribeira Grande County and 
University of the Azores) 

1  The Azores 
There are reports by poets and historians about the islands of the Azores as far back as Homer, or 
legends by the North European navigators, the Vikings. 
However, the first mention to our islands appears in 1351 on the maps of the Medici from Florence, 
Italy, but it was only in 1427 that the Azores were 
acknowledged due to the Portuguese discovery project set 
off in 1416 by the Sagres School of Navigation. 
Due to their position in the North Atlantic Ocean, the 
islands receive a strong influence of the warm sea current 
of the Gulf of Mexico and we can’t forget the influence of 
the wind that forced all the Portuguese and Spanish ships 
returning from the East and the Americas to stop at the 
Azores. 
In 1492 Christopher Columbus stopped at the island of 
Santa Maria; Vasco da Gama, in 1499, on his return from 

the Indian Ocean, 
stopped at 
Terceira Island. 
This was called 
“The Turn of The 
Islands” and all 
ships carrying 
valuable, exotic 
goods from 
Central and South 
Americas, Africa, India, Ceylon, Malacca, China and 
Japan stopped at the Azores. 

 
The result was the introduction of spices as cocoa, and crops as potatoes, maize, tomato, 
sugar-cane, tobacco and taro. As main fruits we had the pineapple, cherimoya, passion fruit, 
avocado, some Eugenias like jabuticaba (E.cauliflora) , jambo (E. jambos) and pitanga (E. 
uniflora), different cultivars of mango, jackfruit, and other exotic shrubs and trees as the Damara 
Pine (Damara australis), New Zeeland Christmas Tree (Metrosiderus excelsa) and, of course, the 
tea plants.    
 

2  Environment – Soil and Climate 

                                                                            
The corresponding author: forjazsampaio@azores.com.pt 

Photo 1: Jabuticaba, South America fruit 

Photo 1: Jabuticaba, South America fruit 

Photo 2: New Zeeland Christmas Tree ,Sant’Ana Garden 
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The fertility of the soil and the influence of the warm sea 
current of the Gulf of Mexico allowed for diverse and 
sometimes luxuriant evergreen vegetation. 
Topography and landscape determine diversification, and 
some of the big craters with lakes occur as a result of a very 
strong and explosive activity; big mountains like Pico are 
the result of an effusive lava flow. 
 
All the islands have volcanic origin and they rise from the 
abyssal floor of the ocean to the surface, layer by layer of 

lava rock, for many millions of years. 
Another testimony of the volcanic presence is the 
different mineral and thermal spring waters used 
for therapeutic ends and for the production of 
electric power — energy stations using volcanic 
steam.      
The volcanic rocks belong to the basalt family 
(basalt, trachytic, andesitic and their different 
series) and the soils are formed by consolidated 
rock materials or disaggregated pyroclastic 

materi
als as 
ash, sand and gravel with different sizes and a 
predominance of pumice stone. 
In the fields where the tea plantations are, in low 
coastal altitudes we have more developed soils as the 
Eutric Hapludands and in medium altitudes the Typic 
Udivitrands, both belonging to the Andisol Order. 
They are very riche in juvenile amorphous clay 
materials like alofana, incipient clay structures as 
imogolite or even some crystalline forms as haloisite 
in oldest soils. 

The tea plantations’ altitude range from 150 to 350 metres. 
At 150 meters — where the ‘Porto Formoso Tea factory’ is 
— the pH nears 5,8, so slightly acid; and at 350 meters — 

where ‘Roça do 
Louro’ is — the pH 
of 4,2 is acid. 
 
In both situations 
the amounts of phosphorus and potassium are very high 
and there is a very good content of organic matter.  
 In these two places tests done to the plants show that the 
levels in phosphorus and potassium are high, according to 
the soil data for these two elements. The levels of nitrogen, 
calcium and magnesium are lower at ‘Roça do Louro’ due 

Photo 3: Pico Mountain 

Photo 4: Capelinhos Volcano ,October 1957 – November 1958 
 

Photo 5: Trachytic composition soil Eutric Hapludands 
probably derived from pumice material 

Photo 6: Tea Factory Field – 150 meters altitude 

Photo 7: Tea Cultivation Field ‘Roça do Louro’ 
– 350 meters altitude 
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Photo 8: Cudbear Lichen, Coastline of Islands 

to a bigger acidity of the soil (at 350 m altitude), lower rates of nitrification and bigger losses of 
calcium and magnesium. 
Our climate is mild and temperate, with an annual average temperature of 15º C; February is the 
coldest month, with an average of 12º C, and August the hottest month with 20º C. Temperatures 
below 0º C never take place. 
The islands’ relief influences the rain that falls on the slopes of the islands, being the highest 
rainfall on the shores facing north. Rainfall is regular throughout the year, although it rains less in 
summer. At sea level there is an amount of about 1.000 mm, and it increases 25% for each 100 
meters. 
Humidity is very high all around the year, reaching an annual average of 80%. 
According to the Thornthwaite-Matter classification the climate is a B2 - Wet and according to the 
Köppen classification we have a mesothermal climate Cfs. 

3  The Agricultural Crops 
Throughout the ages the islands have known an array of 
different agricultural crops. The Portuguese didn’t produce 
enough wheat on mainland and always tried other places to 
find supply of this important cereal. First they tried 
territories in North Africa, as Ceuta, Tangier, Azamor and 
Agadir, but constant instability meant these lands didn’t 
provide for their needs. 
In the Azores, simultaneously, they also tried producing 
woad and cudbear lichen, both exported to Flemish 
countries. After this initial period came the wine 
production, which even reached some distant countries like 
the Russian Empire. Subsequently the Azores had their richest crop, the orange, which gave them 
the opportunity to build beautiful manor houses and gardens. But all this activity was not pest free, 
as the Coccus hesperidium; economic competition became stronger, some storms affected the 
islands, and the orange trade with England decreased.   
The decrease of the citrus exportation came as a true hecatomb for the islands’ economy but 
wealthy landlords, also known locally as gentleman farmers, tried as soon as possible to overcome 
this crisis. 
A dynamic new agricultural association, the ‘Sociedade Promotora da Agricultura – SPAM’, 
created in 1843, tried the introduction of new crops. 
Thus was born the alcohol production from the sweet-potato, the industrial production of tobacco, 
with the construction of some tobacco plants, and of course the tea crop, first tried in 1878. 
 
4  Where did the Tea come to the Azores  
Where did tea – bushes, seedlings and seeds -, come from to the Azores? From China? From China 
to the Azores or through Brazil to the Azores? Or from Japan? Or either from India? As far as we 
know, they came from all these places at different times brought by different individuals and 
institutions to different Islands. 
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About tea introduction in S. Miguel’s Island, before 1860’s, 
there are known several accounts. The earliest account 
dates from 1873, coming in O Cultivador. It refers to 
something that had happened roughly 40 years before. It 
points to Jacinto Bettencourt, 1830, and Brazil: ‘the tea 
bush was imported from Rio de Janeiro´s Botanical 
Garden about 40 years ago after coming back from Brazil 
where he saw it and had the idea to acclimatize it in this 
Island.’ The next account, dates back from 1874. It is a 
Supicos’ newspaper article, pointing out again to Jacinto 
Bettencourt, and for about 1820. Mr. Supico does not 
explain us the 13 years date difference between, O 
Cultivador (1833) and his (1820). 
The next account dates back to 1883, his from Gabriel de 
Almeida: ‘We do not know when.’ However, without 
explaining why he had done so, the same author, in 1892, 
had changed his opinion: ‘it is believed to have come 
before 1833.’ It came from Brazil. He doesn’t indicate any 
name. In 1905, again Francisco Supico, adds a new version: 
‘a former João Soares’ servant, coming home from Brazil, 
had brought a gift of tea to his former master.’ 
All versions need to be thoroughly confronted with reliable sources. In all these versions, Brazil 
comes as the main and the only source of tea and technology.  

5  The first Experiments  
Jacinto Bettencourt began experiencing with tea in S. Miguel, around the 1820’s or the 30’s, prior 
to José do Canto’s in the 1860s. Those experienced by José do Canto are well documented 
experiences at grimaneza’s greenhouse in Ponta Delgada. 
Furthermore, Jacinto Bettencourt died before the coming of the two first Chinese tea masters. But 
before, one has to say that: it seems to be obvious that tea coming from different places had been 
introduced in S. Miguel Island by different people on different occasions.  
Tea entered S. Miguel’s Island in two distinct periods: before and after ‘wardian cases’ were 
invented. Wardian cases were invented by Nathaniel Bagshow Ward. It means before and after 
1830’s. It is a sort of small portable greenhouse invented by Ward allowing plants and seeds to 
travel safely from a place to another. 
Roughly from 1846 to 1860, José do Canto was, dedicated almost entirely into plant collecting, 
moved by the sheer pleasure of collecting plants. In a letter written in April the 5th 1866, he admits 
that: ‘… Since 1846 that I have been collecting plants and I already find it difficult to find new and 
desirable plants in France, England and Belgium. From Northern Germany and Europe, I only 
know … Booth House in Hamburg ….’ 
While still living in Paris, José do Canto added another interest to his prior sole collecting interest. 
In a February of 1866 letter, he purchases plants to profit from. We assume that besides oranges 
and other plants of the sort, tea might also be on his mind: ‘… I found a great number of 
economical plants:… it would be necessary to undergo experiments using methods differing from 
those we have been using up to now, in selected and suitable places ….’ At that time, he was 
preparing his return to S. Miguel, where he was planning to improve his lands and exactly in 
Caldeira Velha, latter, would be the home place for his tea plantations.  

Photo 9: Grimaneza Greenhouse, José do 
Canto Garden 
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Because it is fairly documented, so far, in S. Miguel, the 1860’s period seems to have been a 
turning point in the History of local tea. For that matter, if up to now, we had the first tea time 
period divided into three different moments, from now on, due to additional data, we have to add a 
fourth moment: one going from the 1860’s to 1873. As a matter of fact, it is also a milestone for tea 
in India and Sri Lanka. As an updated reader of English and French newspapers and Magazines, 
José do Canto would be informed on to what was happening in those parts of the world.  
A letter from Alexander Reith, José do Canto’s gardener, written in Ponta Delgada (S. Miguel 
Island) and sent to his boss, at the time in Paris, tells us about the coming of tea seeds from Japan in 
the year of 1860. It is the first time tea is mentioned after the last known 1801’s account in Arquivo 
dos Açores. 
Besides Japan, José do Canto also ordered seeds and seedlings from China. We are talking about a 
time period roughly before 1864. 
José do Canto received, this time from James Veitch’s House, in London, in January the 16th 1866, 
‘… Thea Bohea ….’ After January the 19th 1866, among other plants that Mr. Alexander Reith 
would be expected to receive in the forward months of April, May and June of 1866, sent by José 
do Canto from several European nurserie, 
Besides Japan and China, José do Canto received tea from India. Thus, in July 4th 1867: ‘… Paris 
Le 4 Juillet 1867/ Cher Monsieur/ J’accomplie un dévoir des plus agréables, vous felicitations ) 
Thea assamica Bohea ….’ 

6  Tea Plantations   
In September of 1867, Fouqué was in São Miguel where 
he visited several local gardens. Later on, back to France, 
he would write about those visits: ‘Tea bushes grow 
extremely well in Ponta Delgada gardens. The culture is 
easy; they only have to know exactly the right conditions 
before dreaming into expanding it.’ Have we heard about 
‘teas and phormium’ before November of 1867? José do 
Canto’s experiences outside grimaneza’s greenhouse, in 
Ponta Delgada, in Pico da Pedra, in Furnas and in Porto 
Formoso. 
It is Reith who writes again to his boss José do Canto in 
Paris: … I have marked the places for the phormium and 
teas, at grimaneza in different parts of the garden not all in 
one place, which will give a better idea of which part they 
will grow the best being at different heights of the ground. 
The same with the teas and at Pico da Pedra in the same 
manner. At the Furnas at the Pico do Fogo near the 
Rhododendron, and one higher up and the tea likewise at 
the Lagoa do Rabaçal … to learn which will do the best, 
the same with the teas. Teas being a plant that grows in China on hilly ground where there is much 
rain, I have every reason to think that the hills at the Furnas will suit it well, … At Porto Formoso 
I have marked the ground in the same way. I think the teas will grow well here the soil being what 
they like.’  
After having succeeded into growing tea inside greenhouses, as early as c. 1860, they expanded it: 
still in the 1860’s, they grew tea in local gardens, after, they grew tea in different places of the 
Island. 

Photo 10: Tea Plantation of Gorreana, Porto Formoso 
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The next step was to plant tea on a much larger scale. And José do Canto, for several reasons, he 
chose Pico Arde, in Ribeira Grande, where from 1869 on he planted tea and in 1878 he would 
build his first tea factory, and in 1892 he built his second tea factory.  For other reasons, for a 
while, he kept also smaller plantations in Porto Formoso and in Pico da Pedra. 

7  Time to Learn   
But, for José do Canto and for other less known local tea growers, making proper tea was still a 
mystery. 
Quoting Supico in 1870’s, ‘… they placed some tender leaves in bottles, and when they were well 
withered, they made tea. For tasting so greatly sour, they could not drink it.’ 
Quoting Angra’s Captain-General’s in 1801, ‘they needed a method to reach perfection.’ So, most 
likely for that purpose, José do Canto, before going once again to Paris, conceived a plan of action 
with his brother Ernesto: they needed to bring the local 
Agricultural Association (SPAM) into this project. No wonder that, 
a few months later, ‘due to Mr. Ernesto do Canto’s proposal, the 
Micaelense Promoting Agricultural Society Administration had 
been empowered to hire an expert to come into the Island to teach 
the Chinese process of turning tea leaves into articles of trade.’  
Lau-a-Pan and Lau-a-Teng, came from Macao and stay during 
1878 and 1879. Lau-a-Pan, the master, earned ‘24$000’ a month in 
S. Miguel and his family in Macao received the other half. His 
helper, Lau-a-Teng, came as na interpreter, received ‘15$000’ 
under the same conditions. 
Chum Sem and Lum Sum arrived December the 8th, 1891 hired by 
José do Canto. In 1893, arrive an English technician hired by José 
do Canto and a machine bought by the same to manipulate tea at his 
factory in Caldeira Velha.  
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The Tea at the Park of Pena 
Elsa Isidro1, Nuno Oliveira2, Pedro Sousa3 

(1 Parques de Sintra – Monte da Lua, S.A., Parque de Monserrate 2710-405 Sintra, 
elsa.isidro@parquesdesintra.pt, 2 Parques de Sintra – Monte da Lua, S.A., Parque de Monserrate 
2710-405 Sintra, nuno.oliveira@parquesdesintra.pt, 3 Parques de Sintra – Monte da Lua, S.A., 

Parque de Monserrate 2710-405 Sintra, pedro.sousa@parquesdesintra.pt) 

Abstract:28 out of 100 plants of tea Camellias (Camellia sinensis) survived from the 19th century original tea 
plantation at the Park of Pena in Sintra. Located at the top of the Sintra’s mountain, the Park of Pena is a romantic 
park idealised by the King consort of Portugal Ferdinand II, a prince of German origin.  
The King consort Ferdinand II carried out a radical transformation of the Sintra landscape, listed by UNESCO, 
since 1995, as a World Heritage Site in the cultural landscape category. From 1839 onwards, the park was built 
out of the ruins and on the grounds of a 16th century Hieronymite monastery. The Park and Palace of Pena 
resulted from a profound reaching, epic and unique construction project on a scale in keeping with the greatest of 
European romantic parks and duly recognised as the pinnacle of Romanticism in Portugal.  
The Tea Hill, a neglected area of 4,98 out of 85 hectares, hosted the first plantation of Camellia sinensis in 
Portugal and is currently under study and restoration by Parques de Sintra – Monte da Lua, S.A. 1 
Key Word: Cammellia sinensis, tea, heritage garden, 19th century, Park of Pena 
 

1 A brief description of the grounds 
Ferdinand of Saxe-Coburg-Gotha became the king-consort 
Ferdinand II of Portugal after marrying Queen Maria II in 1836. 
He was a patron of the arts, a keen painter, drawer and musician, 
who became known popularly as the Artist-King.  
In 1838, the king consort bought the abandoned Hieronymite 
monastery of Pena, transformed it and built a new palace.  
All together they became a new royal residence. After he had 
successively acquired several neighbouring properties, the 
convent’s original estate became a part of the 85 hectares of the 
Park of Pena.  
The changes that he planned in to the original landscape of Sintra 
reminded Ferdinand II of his homeland and the Park and Palace of 
Pena became the object of the monarch’s close attention. After the 
queen’s death in 1853, Ferdinand II met Elise Hensler in 1861 
when she was performing the role of Oscar in Verdi’s Un Ballo in 
Maschera at the Royal Opera House in Lisbon, thus beginning a 
new chapter in his life. Elise Hensler, born in Neuchâtel 
(Switzerland), had lived since her childhood in Boston (USA) and 
married the king in 1869, becoming Countess of Edla.  

                                                                            
1 Parques de Sintra – Monte da Lua, S.A. (PSML) is a state-owned company, established in 2000, following UNESCO’s recognition of the Cultural 
Landscape of Sintra as a World Heritage site in 1995. The company’s shareholders are the public institutions responsible for preserving and managing the 
region’s natural and cultural heritage. PSML has been entrusted with responsibility for the management of the state properties in the area, in order to restore, 
maintain and promote them, keeping them open for public fruition. The Company is thus responsible for the management of the Park and Palace of Pena 
and the Chalet of the Countess of Edla, the Park and Palace of Monserrate, the Gardens and Palace of Queluz, the National Palace of Sintra, the Moorish 
Castle, the Capuchos Convent and Vila Sassetti among many other properties, covering a total area of 660 hectares of gardens and forests. 

 

 
Figure 1 - King Ferdinand of 
Saxe-Coburg abd Gotha (J.F. 

Layraud, 1877). 
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Figure 2  The Monastery of Pena, depicted by 
Clémentine Brélaz in 1840. 

Figure 3 - View of the Palace of Pena seen from 
the High Cross (PSML, 2015). 

Together, they continued the work of landscaping the Park of Pena, which included the building of 
a chalet for the Countess, together with new gardens, the Ornamental Farm, the Farm Greenhouses 
and the focus of the study, the Tea Hill.  

The Park was landscaped from 1839 onwards, 
with the addition of extensive water systems 
and water features (cascades, ponds, lakes 
and fountains), embellished by Neoclassical, 
Neo-Gothic, Islamic and Romantic pavilions 
and small garden buildings (Temple of the 
Columns, Fountain of the Small Birds, 
Water-wheel, Manueline Chapel, the Monk’s 
Grotto, etc.), farm buildings (barn, aviary, 
and small huts and animal sheds), 
greenhouses and many other ornamental 
features, such as bridges and pergolas. The 
locations of these garden structures were 
defined by a complex visual system 
organised around a series of different axes. 
The link between constructed architecture and landscape architecture was an unexpectedly 
coherent feature of this great Romantic project. The project included a desire to return to nature 
and enhance the surroundings of the Palace of Pena through the systematic planting of a wide 
variety of species, originating from all kinds of different terrains and imported from all over the 
world. In this sense, the Camellia collection was particularly notable. The work of landscaping the 
park continued practically uninterrupted until the mid-1870s and dramatically transformed the 
landscape of the Sintra hills from their original barren and rocky state.  
Although the design of the Park of Pena was inspired by many contemporary influences, most of 
its plantations and numerous garden structures appear to have benefited from the contribution of 
Baron von Eschwege, a great geologist, geographer, architect and metallurgist with profound 
knowledge in fields like hydrology, botany, gardening, farming and forestry that became in 1802, 
at the young age of 25, ‘Director of Mines in Lisbon. It is also believed that the gardens were laid 
out with the assistance of his French gardener François Bonnard and Wenceslau Cifka, who, as 
well as being an artist and an amateur photographer, had the necessary professional skills, since he 
had been the chief administrator of the forests of the  

 
Figure 4 - Chalet of the Countess of Edla (PSML, 

2015). 
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German Reichsstadt before settling in Portugal. 
The scenographic dimension of this creation and 
the eclecticism of the different styles that were 
used have turned this area into a theme park of 
history and architecture.  
The Park of Pena was created as a total work of 
art (Gesamtkunstwerk), resulting in a place 
where visitors are frequently surprised to find 
themselves amid scenery so intensely luxuriant 
and dramatic as to be worthy of a Wagnerian 
Opera.  

2 The Camellia plant at the Park of Pena 
From October to April, the parks, quintas and gardens of Sintra are brightened by the delicate 
Camellia flowers and became the motif of several celebrations held in Sintra, such as the colourful 
balls and parties that took place in the town, organised by the gardeners from Sintra. More recently, 
in the 1950s, they even gave their name to an old motor car rally in the hills of Sintra. Camellias 
rapidly became one of the symbols of Sintra. 
Camellias were introduced into the gardens of the Palace of Pena, in Sintra, by king-consort 
Ferdinand II in the 1840s. They were purchased from the best nurseries in France, Belgium and 
Italy, and even Chinese varieties were imported via England. Later these collections were enlarged 
through the addition of cultivars produced in Portugal, especially in the region around the city of 
Porto. 

In the region of Sintra, ideal conditions exist for the growth of Camellias: acidic soil, a mild 
climate and frequent rainfall. For this reason, as soon as the landscaping of the park began, very 
good European plant growers supplied and sold a remarkable variety and quantity of camellias to 
king Ferdinand II. Among these suppliers, the Marques Loureiro nurseries (in Porto) particularly 
distinguished themselves in the homage that they paid to the king and the Portuguese Royal Family, 
by developing a series of 
camellias bearing royal titles: 
‘Dona Maria II, Rainha de 
Portugal’ (1865, cherry red), 
‘Dona Maria Pia, Rainha de 
Portugal’ (virginal white with 
crimson stripes), ‘Princeza 
Dona Amelia’ (1865, pure 
white), ‘Princeza Real’ (1865, 
cherry red speckled with white), 
‘Dom Carlos Fernando 
(Príncipe Real)’ (1865, delicate 
pink), ‘Infante Dom Augusto’ 
(1865, pink with white stripes), 
‘Dom Pedro V, Rei de Portugal’ 
(1872, pure white, with pink specks and stripes), ‘Dom Pedro, Imperador do Brasil’ (1865, white, 
with crimson stripes and specks) and ‘Condessa d’Edla’ (1872, pure white).  
The PSML project for the botanical identification of the Camellias in the Park of Pena, led to the 

 
Figure 5  Valley of lakes (PSML, 2015). 

  

Figure 6 - Camellia japonica 
'Dom Fernando II de Portugal'. 

Figure 7 - Professor Armando 
Oliveira and Mr. António 
Assunção (PSML,2015). 
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distinction of “Camellia Garden of Excellence” by the International Camellia Society (ICS), 
during its biannual congress in 2014 (Pontevedra, Spain). This project has been developed since 
2009 with support from the Portuguese Camellia Society and from camellia specialists such as 
Prof. Armando Oliveira and Mr. António Assunção, (founder of the Viveiros Flavius at Guimarães 
and well known grower of camellias).  
The main goals of the project are, on the one hand the safeguarding and maintenance of the 
valuable natural and cultural heritage of the camellias as well as to increase its public awareness, 
through responsible promotion and marketing.  

To underline the place of 
the Park of Pena as the 
most important collection 
of camellias in southern 
Portugal, the project 
included the study, 
classification and recovery 
of the extensive collection, 
which is comprised of 
2258 old specimens, 
mainly concentrated in 
four areas of the Park of 
Pena: the Garden of 
Camellias, the Garden of 
Queen Amelia, the Garden 
of the Countess of Edla and the Tea Hill. 318 specimens have been classified into 205 different 
cultivars, belonging to 5 different species: (Camellia japonica L., Camellia rusticana Honda, 
Camellia reticulata Lindl., Camellia sasanqua Thunb., Camellia sinensis (L.) Kuntze). 

3 The Tea Hill Restoration Project 
Since 2009 PSML has developed systematic studies, 
projects and activities dovetailing the implementation 
of the Recovery Plan of the Park of Pena from 1995, 
and were restored the following garden areas: the 
Garden of the Countess of Edla (in 2012), the 
Ornamental Farm (in 2013), the Garden of Camellias 
(in 2013), the Queen’s Fern Valley (in 2014), the Valley 
of the Lakes (in 2015) and The Farm Greenhouses (in 
2015).  
In 2015 the restoration project of one of the most 
special garden areas began - the Tea Hill. The 
intervention area spans across 4,98 hectares inside the 
park. The garden is structured by a network of paths 
that steadily climb and go over the top of the granite 
cliffs, where a viewing point can be found and enjoyed, 
corresponding to the third highest point in the Park of Pena 450m above sea level (behind the 
highest the High Cross 528m above sea level and the Palace of Pena).  
This site hosted the first planting of Tea Camellias (Camellia sinensis) in Portugal. According to 
the Diário de Notícias newspaper on 28 January 1883, Sintra was selected as the region for this 
experimental sowing of an important package of camellia seeds with the objective of testing the 

  

Figure 8  Camellia 
Garden at Park of 
Pena (PSML, 2015) 

Figure 9  Tree labeling  
(PSML, 2013). 

 
Figure 10  Perspective on the granite 

boulders (PSML,2015). 
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viability of launching the tea growing industry in the country. The plantation left the Park of Pena 
with an oriental scenario where the plants grow and prosper in the cracks of the cliffs.  

According with Tude Sousa (a Forestry Engineer how dedicated a great effort on his career to the 
study of the Park of Pena as an unique Arboretum), in his article “The tea of the Pena” from 1948, 
The king Ferdinand II probably planted over 100 tea plants in the second half of 19th century.  
On 15th of February of 1941 a cyclone affected the metropolitan area of Lisbon and caused the fall 
of thousands of trees at the Park of Pena. Dozens of remarkable trees, in size and age, were lost and 
it is almost certain that some fell at the Tea Hill. These extreme weather event changed a lot the 
arboretum composition and 
density of the tree crown 
cover allowing the opening 
space for the development of 
invasive arboreal species 
such as Acacia 
melanoxylon.  
In the middle of the 20th 
century, of the 100 original 
plants only 66 survived and 
had lost their original vigour. 
Following another violent 
storm that hit Sintra in the 
19th of January of 2013 the 
existing conditions have 
changed. The once very 
dense arboreal crown has opened up due to the fact that many trees either fell during the storm or 
were felled for safety reasons thereafter.  

 

Figure 13 – After the storm (PSML, 2015). 

 
This enabled more sunlight to trickle through the canopy into the tea plants. This led to small 
increase from 28 very old, around 2 meters high, specimens (recorded in 2009 and in 2015) and 5 
juvenile plants. 
A morphological study was carried out for the 28 specimens of Camellia sinensis that survived 
from the original plantation (dated from 1883) based on a field survey with the following 
characters: trunk diameter, the length of 10 healthy-look leaves and the measurement of floral 
components (averaged from one to three flowers). However, at the time of the field study, some 
specimens were delayed in blossom season and do not presented flowers. These survey aim to 

  

Figure 11 Figure 12 
Figure 11 - Professors from the Instituto Superior de Agronomia – Universidade de Lisboa (Agronomy 
School) in front of a large eucalyptus.;Figure 12 - Root of the previous tree with a Professor as scale. 
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allow the identification of the existing Camellia sinensis cultivars.  
The growth rate, based on trunk diameter bigger than 10mm (Table 1), revealed that it is very slow, 
around 0,45mm per year. One possible reason for this result is that this plantation was used to tea 
production, where the plants were commonly subjected to severe pruning (Figure 15). 
Table 1  Loadings of the 28 specimens of Camellia sinensis from the Tea Hill plantation. Trunk diameters and respective 

growth rate are given for each specimen. 
 ID Code Trunk diameter (mm) Trunk diameter average (mm) Growth rate   (mm/year ) 
1 29552 170        170,00 1,29 
2 29633 60 65 45 60     57,50 0,44 
3 29248 70 20 30 40 30 20   35,00 0,27 
4 29603 55 30 20 20 20 20   27,50 0,21 
5 28943 20 20 20      20,00 0,15 
6 29585 80 30 30      46,67 0,35 
7 29525 125 50 40 40 35    58,00 0,44 
8 29591 70        70,00 0,53 
9 54827 20 30       25,00 0,19 

10 54828 45        45,00 0,34 
11 54829 65        65,00 0,49 
12 29622 240        240,00 1,82 
13 29595 100        100,00 0,76 
14 29621 30 30 25 20 20 20 20 20 23,13 0,18 
15 29623 70        70,00 0,53 
16 54808 30 30 20 20     25,00 0,19 
17 54809 80        80,00 0,61 
18 54806 30 30 20 30 50 30 30  31,43 0,24 
19 29583 110        110,00 0,83 
20 54810 20 20 20 10     17,50 0,13 
21 58696 30 20 10      20,00 0,15 
22 58697 70        70,00 0,53 
23 29634 50 95 25      56,67 0,43 
24 58698 40        40,00 0,30 
25 58699 30 20 20      23,33 0,18 
26 58700 30        30,00 0,23 
27 29618 30        30,00 0,23 
28 29592 70 100 65      78,33 0,59 

Table 2 - Loadings of the 28 specimens of Camellia sinensis from the Tea Hill plantation. Healthy-look leaves length and 
flowers diameter are given for each specimen. 

 ID Code Leaves length (cm) Average (cm) Flowers diameter (cm) Average (cm) 
1 29552 7,5 6,6 6,8 7,5 7,1 7,1 - - -  - 
2 29633 5,9 5,6 6,5 6,2 5,9 6,02 2,5 - - 2,50 
3 29248 8,0 7,7 7,3 7,7 8,1 7,76 - - -  - 
4 29603 9,8 9,9 7,8 8,4 8,2 8,82 3 - - 3,00 
5 28943 8,8 8,9 8,5 8,7 9,0 8,78 2 - - 2,00 
6 29585 7,5 7,3 7,5 8,2 7,7 7,64 2,5 - - 2,50 
7 29525 9,5 8,6 8,7 8,8 8,5 8,82 2,0 - - 2,00 
8 29591 8,4 9,3 8,5 8,2 8,4 8,56 2,3 2,3 2,8 2,47 
9 54827 10,2 8,5 8,7 8,3 9,2 8,98 3,0 - - 3,00 

10 54828 8,5 10,1 9,6 10,0 9,8 9,6 2,0 - - 2,00 
11 54829 7,4 7,2 6,4 6,9 7,0 6,98 - - - -  
12 29622 8,7 10,4 9,5 8,0 8,4 9 3,0 2,9 - 2,95 
13 29595 6,7 6,6 7,0 7,2 7,5 7 2 - - 2,00 
14 29621 7,2 8,2 7,7 6,9 7,8 7,56 - - -  - 
15 29623 7,2 8,5 7,4 8,1 7,2 7,68 3 - - 3,00 



Elsa Isidro et al: The Tea at the Park of Pena 

112 
 

16 54808 6,3 6,0 7,9 6,4 7,5 6,72 - - - - 
17 54809 6,3 7,4 6,5 6,3 7,4 6,78 2 - - 2,00 
18 54806 7,1 7,7 7 8,2 7,6 7,52 3 - - 3,00 
19 29583 7,7 8,0 7,6 7,7 8,1 7,82 2 2 - 2,00 
20 54810 6,5 6,7 6,3 7,7 8,0 7,04 2 - - 2,00 
21 58696 8,3 8,0 7,8 8,5 8,3 8,18 - - - - 
22 58697 8,2 8,4 8,5 8,7 8,2 8,4 2 - - 2,00 
23 29634 9,3 9,6 9,5 8,1 10,2 9,34 3 3 - 3,00 
24 58698 7,6 7,6 6,9 8,0 7,0 7,42 - - -  - 
25 58699 9,0 8,1 8,4 8,6 9,4 8,7 2,5 - - 2,50 
26 58700 7,9 8,7 7,8 7,0 7,7 7,82 - - -  - 
27 29618 10,5 8,9 8,3 10,0 9,1 9,36 2,5 - - 2,50 
28 29592 7,6 7,5 7,3 7,7 7,0 7,42 2 - - 2,00 

  
Figure 14 - Specimen of Camellia sinensis 
showing severe pruned trunks. 

Figure 15 – Camellia 
sinensis flower. 

    

    Figure 16 – Measurement of Camellia sinensis leaves and flowers. 

Based on the survey and according to Gao Jiyin, on his publication “Collected Species of the 
Genus Camellia” were identified four species of the Sect.Thea :C. leptophylla, C. parvisepala, 
C.pubicosta, C.gymnogyna. 
The undergoing restoration project of the Tea Hill includes work on the built structures: the 
original network of paths (granite irregular pavements and associated granite walls), and the 
traditional water supply network including the decorative ponds.  
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To recreate the original ambience of these 
gardens, after a historical, bibliographic, 
iconographic, cartographic and 
fototographic research, the restoration 
project of the tea Hill was based on 
illustrations created in the 13th and 14th 
century by Cantonese painters. These 
images shows the different steps in the 
cultivation and production of tea in China. 
The illustrations were collected in the first 
third of the 18th century and preserved at 
the Bibliothèque Nationale in Paris. These 
collection of illustrations were published 
in 2002 by the bibliothèque de l’Image in 
“Le Voyage du thé, Album Chinois du 
XVIIIe Siècle”. 
 

  
Figure 18  Granite 

boulders (PSML, 
2015).  

Figure 19 Path 
(PSML, 2015). 

The original Camellia sinensis specimens grew old at the south slop of the hill, under ideal 
conditions: high humidity, shelter from the northern and salty wind that comes from the seashore, 
plentiful sunlight and a fertile acidic soil overflowing with nutrients. The conditions are very 
similar to those described in the aforementioned book which served as baseline reference for this 
project.  

The following image shows how the planting was carried out by the peasants. They are carrying 
bamboo baskets with the tools used to plant tea. The plants use to be planted in uninterrupted lines 
on the south-facing slopes in the costal provinces near Fujian and Zhejiang. The planting was also 
done inside the fractures of the rocks, creating very dramatic sceneries, as the romantic landscape 
was require to be. The Tea Hill has exactly this kind of ambience.  

 
Figure 17  Tea Hill Master Plan (PSML, 2015). 
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Figure 20 and 21- Tea planting, 
depicted by Cantonese painters. 

Figure 22 - Source of water, 
depicted by Cantonese painters. 

Also key in the development of camellias is the proximity to an abundant source of water, as this 
species is particularly needy in this regard. This presence of water is clearly represented in the next 
image, were we can see a waterfall tumbling out of the fractures in the rocks. In much a similar 
way water has a great artificial presence in the Tea Hill through man-made cascades and ponds.  

 
Figure 23 and 24 - Ponds and a cascade at the Tea Hill (PSML, 2015). 

The composition in the image below is very 
typical of Chinese Landscapes. Dramatic 
features like trunks driven perpendicularly 
into the rock are meant to be part of the 
romantic composition, very in vogue in the 
19th century. 
The travellers in the image with “their 
postures and gestures underscore the 
allusions of the painting, whose subject is 
as much the contemplation of nature, via a 
backdrop of misty mountaintops fading 
into the distance, as it is the observation of 
the tea shrubs and pine trees which 
punctuate the foreground”(Frères 2002).  
The presence of the mist is a constant in the 
Park of Pena and the steepness paths in the Tea Hill allow the visitors to enjoy the clouds 

  
Figure 25 – Trunks 
drive into the rock 

(PSML, 2015). 
 

Figure 26 - Source of water, 
depicted by Cantonese 

painters. 
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approaching to the top of the hill, creating a even more romantic scenery. 
Through these evidences and parallels with the Chinese tea landscapes one can easily understand 
why this hill was chosen to be the first site to experiment the tea plantation in mainland Portugal, in 
the context of the creating a 19th century romantic landscape. 
The next step in this work is the implementation of the restoration project, including the planting 
of hundreds of tea plants following the Chinese traditional methods and the style and spirit of the 
characteristic Chinese tea landscapes. 
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Abstract: There is renewed worldwide interest in old nursery and seed catalogue collections, recognized as 
essential tools for research on the history of plant breeding, horticultural biodiversity, and planting conservation 
or reconstruction in historic gardens and parks. 
The 19th century European camellia nursery business was highly competitive. The merchandising focused on 
producing visually attractive and free catalogues to attract vast audiences. In Portugal, many successful nurseries 
were established, most of them around Porto and some also in the islands of Azores and Madeira, excellently 
suited for growing camellias. Their owners were immensely influential, not only by disseminating cultivars 
imported from Europe (mainly France, Italy, Belgium and England) but also by originating their own. In addition 
to their success in the gardening market, many received public acknowledgment as garden designers and 
bestselling authors, with a pivotal role in the creation of the outstanding historic camellia collections that can be 
admired today. 
This paper addresses the systematic collection and comparative investigation of nineteenth century nursery 
catalogues or sample books as well as contemporary documents related to camellia trade both within Portugal 
and with the rest of Europe. Improving our knowledge on the similarities and differences in the origin of 
camellia collections available in the mainland and in Azores and Madeira can prove invaluable to trace the early 
history of cultivated camellias and aid cultivar identification in historic gardens. 
Keywords: early Portuguese catalogues; camellia cultivar origin; garden history; cultural heritage collections; 
mainland Portugal; Madeira and Azores Islands 
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Management Systems for Registration of New Camellia 
Varieties and Recognition of Outstanding  

Oil Camellia and Tea Cultivars in China 

Li Jiyuan1 
(Research Institute of Subtropical Forestry, CAF, Fuyang, Hangzhou, Zhejiang China 311400) 

 

1 Introduction to some economically important camellia species in China 
1.1 Camellia oleifera (oil camellia)  
Camellia oleifera, belonging to genus Camellia of family Theaceae, is an evergreen shrub or 
small-sized tree. It is unique to China and one of most important woody species producing edible 
oil in China. The cultivation history is over 2,300 years. It is regarded one of the four well-known 
woody oil trees with olive, palm and coconut. In current China, cultivation area is near 5,500 acres, 
with annual output of oil seeds around 1 million tons producing around 260,000 tons of edible oil 
every year and earning around 10 billion RMB on the market. The Plantation is mainly developed 
in south of the Yangtze River valley and distributed in 14 provinces, of which Jiangxi, Hunan and 
Guangxi provinces (region) accounting for 76.2% of the total area. The central government has 
decided to develop C. oleifera as a way of increasing earnings for farmers in mountainous zones 
in the past nearly decade. Governments at all levels have invested a lot of money both to plant new 
high-yielding C. oleifera plantations and transform the low-yielding C.oleifera into high quality 
forests. 

 
1.2 Camellia sinensis (tea) 
Tea, coffee and cocoa are the world's three main plant beverage crops. As a cultivated crop in 
China, tea has a history of over 3,000 years. The origin of tea in Yunnan, China, and its natural 
distribution areas include southwest China, the South China and the northern part of Southeast 
Asia. Since thousands of years of introduction activity, tea has been introduced in more than 50 
countries and regions in four continents. World’s tea plantation area has reached 2.561 million 
hectares, with total output of 3,419,000 t and direct trade amounted to over 40 billion dollars in 
2005. It was estimated to establish tea plantation of 952,500 hectares and production reached 
940,500t, accounting for 27.51% of world production in China [2] according to the National tea 
production statistics (http://www.jxc-tea.com/news/ 12593.shtml). Total Dry raw tea was 
harvested at 2.092 million tons and output value reached 134.9 billion RMB in 2014. 

 
1.3 Ornamental Camellias 
Ornamental camellias usually refer to the species and varieties resources, including all the widely 
used Camellia plants. In the narrow sense, it refers to several economically-important species and 
all ornamental cultivars. Traditional ornamental camellia species includes C.japonica, 
C.reticulata, C.saluenensis, C.sasanqua, C.chekiangoleosa and other over 800 derivative 
cultivars. 
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Ornamental camellia production areas are mainly concentrated in Zhejiang, Fujian, Shandong, 
Qingdao, Guangdong, Guangxi, Yunnan, Sichuan, Chongqing, Taiwan and other provinces. 
Production area has reached 10 million mu. The main products are: large-sized garden camellias 
suitable for gardens, parks, schools, offices, residential zones; the second is sasanqua-based green 
hedge; the third is potted camellias for the Chinese traditional festivals, such as Spring Festival; 
the fourth is bonsai camellias for high-quality private gardens.  
There are many obvious geographical characteristics in camellia production centers, such as: 
potted camellia production in Jinhua Zhejiang, Camellia stock raising in Fenghua Zhejiang, Large 
sized full crown camellia production in Wenzhou Zhejiang, Large-sized high-quality potted 
camellias in Chencun and Fangcun Guangdong, golden camellia production in Nanning and 
Baihai region Guangxi, C.reticulata camellia production in Dali, Chuxiong and Kunming Yunnan, 
Sichuan camellia production in Chongqing and Sichuan Yibin in Sichuann, ‘Naidong’ camellia 
production in Qingdao Shandong and high quality bonsai camellias in Taiwan. 

 

2 Management system for outstanding oil camellia and tea cultivars  
2.1 Outstanding C. oleifera cultivars 
Since 2002 China started to recognize outstanding C. oleifera cultivars at national and provincial 
level. To 2008, there were 54 national cultivars approved by the national outstanding forest 
cultivar recognition committee. More than 100 outstanding oil camellia cultivars have been 
recognized by provincial management departments. 

 
2.2 Elite Tea varieties  
    Before 2002, National elite tea cultivars should be mandatorily recognized by the Variety 
Approval Committee. The Variety Appraisal Committee tests performance of a variety, and review 
multiple trials to determine its appropriate promotion range. Without the approval of varieties it 
may not be allowed to extend in other non-test regions. 
    Provincial Crop Variety Approval Committee accepted varieties, and after validation by breed 
cooperation, can be extended in its province range.  
    After 2002, the national management department started to implement voluntary recognition 
system for elite tea varieties. Except for Fujian Province, the other tea-producing provinces have 
also implemented voluntary recognition system [2].  
    To 2000, Chinese central management department approved 77 varieties and the 
provincial-level granted 119 cultivars. In fact, there were 367 tea varieties registered at provincial 
departments[3]. During the period of 1969-2005, there are 37 institutions to breed 67 elite tea 
cultivars. 
 

3 Registration of new camellia varieties and management of new variety 
rights 
3.1 New Cultivar Registration 
China in November 1984 set up the China Flower Association (http://www.chinaflower.org/ 
portal/hhxh/s/268/content- 820567.html). It comprises of rose, camellia, orchid, osmanthus, lotus, 
azalea, peony, plum praecox, ferns, retail, potted plants, ornamental nursery stock, bonsai, as well 
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as a flower culture committee. China camellia branch set up the nomenclature and registration 
committee for camellias. This committee is responsible for the registration of new camellia 
varieties in China. 
     As of November 2015, there are 202 varieties of camellias registered in the China 
Nomenclature and Registration Committee for camellias. 

3.2 Management for Camellia Plant Variety Rights  
The office for the New Plant Variety Right in state forest administration is responsible for new 
variety rights for ornamental camellias and oil camellias. The office for the new plant variety 
right under the Chinese Ministry of Agriculture is responsible for tea. Currently, the two 
department offices have granted new plant varieties of 35 camellias, including 10 tea varieties, 3 
oil camellia varieties and 22 ornamental varieties.  

 

4 Technical standards for recognizing new camellia varieties 
2011 China issued the standards “Conduct guidelines for test of distinctness, uniformity and 
stability for camellias” (GB / T 269-2011) developed by Research Institute of Subtropical Forestry 
of Chinese Academy of Forestry. The standard is used to recognize new camellia new varieties, 
including ornamental and oil production cultivars. There have been 49 major morphological 
characteristics adopted in this standard. Along development of more new varieties of Sect. 
Theopsis, more new morphological characteristics will be adopted in the revised standard in the 
future. 
Chinese Tea Institute under the Ministry of Agriculture has developed the standard “Conduct 
guidelines for test of distinctness, uniformity and stability for tea” (NY / T 2422-2013).  
Research Institute of Subtropical Forestry under Chinese Academy of Forestry of the State 
Forestry Administration is developing a forest standards, i.e., “Conduct guidelines for test of 
distinctness, uniformity and stability for oil Camellia.” 

 

5 International technical protocol of DUS testing guidelines for new camellia 
varieties  
International Union for the Protection of New Varieties of Plants (UPOV) established in 1961, is 
an inter-government organization following the new plant variety protection convention. By the 
end of 2014, 72 countries have joined the international organization, including South Africa, 
Australia, Belgium, China, France, Germany, Italy, Japan, Kenya, the Netherlands, New Zealand, 
Portugal, South Korea, Spain, Sweden, Switzerland, Great Britain, the United States and Vietnam. 
China has developed the “Conduct guidelines for test of distinctness, uniformity and stability for 
tea in UPOV (TG /238/1)” in  2009  (http://www.upov.int/ test_guidelines / en / 
fulltext_tgdocs.jsp? Lang_code = EN & q = tea). 
China has developed the “Conduct guidelines for test of distinctness, uniformity and stability for 
camellias, excluding tea for the UPOV (TG/275/1)” in 2011 (http://www.upov.int/ 
test_guidelines/en /fulltext_tgdocs.jsp?q=camellia). 

 

6 Conclusion 
1. Genus Camellia is one of the most economically-important plant groups in China. There are 
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great economic values in traditional plant beverage, woody edible vegetable oil, and woody 
ornamental flower. China has a history of over 3,000 years of tea cultivation, 2,300 years of 
Camellia oleifera cultivation, and 1,800 years of growing ornamental camellia. 

2. China has established a relatively complete technical systems for registration, recognition 
and management system for new camellia variety rights for genus Camellia plants. These 
new cultivars have played an important role in beverage, edible oil and ornamental industry.  

3. China has developed guidelines for new tea and ornamental camellia varieties with UPOV 
and has made positive contributions to development of camellias in the world.  
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A summary of ten years’ camellia breeding by the Palm 
Landscape Company and promotional plans of new 

generation hybrids 

Wu Guichang, Gao Jiyin, Liu Xinkai, Zhong Naisheng, Huang Wanjian 

（Palm Landscape Architecture Co. Ltd., Guangzhou 510000, Guangdong, China） 

Abstract: It systematically summarized the achievements obtained by Palm Landscape Architecture Co. Ltd., 
China for 10 years’ research on the breeding of the new camellia hybrids that bloom year-round. Over 160,000 
flowers pollinated were done and 214 new hybrids with year-round blooming trait from C. azalea were obtained. 
Five common characteristics of the hybrids were summed up and the genetic expression tendencies of the 
hybrids on blooming period, flower color, flower form, flower size, fragrance, leaf characteristics, growth vigor 
and resistance were discussed in detail, through the trait comparisons of the two parents with their hybrid. In 
addition, the promotional plans of the new generation hybrids were also put forward for both China and other 
countries. 
Key words: Camellia breeding; Hybrids from C.azalea; Year-round blooming; Genetic expression tendencies 
 

The Palm Landscape Architecture Co. Ltd., one of the most famous companies on garden designs 
and constructions in China has gotten a break-through progress on the creation of new camellia 
varieties, especially on the new camellia hybrids that bloom year-round since 2006, after 10 years 
of unremitting efforts. The book, ‘Illustrations of the New Camellia Hybrids that Bloom 
Year-round’ to be published at the end of 2015 is the periodic summary which the company has 
done the camellia breeding for 10 years. Here, we mainly introduce the hybrids’ common 
characteristics which are very different from ordinary camellias, the genetic expression tendencies 
of hybrids and the promotional plans of the new generation hybrids. 

1 Outline of the camellia breeding in the palm company 
There have been many camellia species and cultivars collected from domestic and overseas in the 
company. It was the superiority that the company can did a lot of crosses between camellia species 
and camellia cultivars and can did many selections from camellia seedlings in the past ten years. 
We have obtained 320 new camellia varieties at present. The detailed are as the following table 1. 

Table 1  Outline of camellia breeding done by the palm company 

Item Quantity 
Number of cross-combination Over 150 

Number of successful cross-combination 80 
Pollinated flowers Over 160,000 

Number of hybrid plants obtained Over 5,000 
Number of new camellia hybrids that bloom year-round 214 
Number of new camellia hybrids that are tall in plants 55 

Number of new ordinary camellia hybrids 20 
Number of new camellia varieties selected from chance seedlings 31 

Number of hybrid plants that have not yet bloomed 1,500 
Total of the new hybrid plants we have propagated 80,000 

Number of new camellia hybrids which have obtained patent rights in China 21 
The topic subject we will discuss is only the hybrids from C. azalea here.  

1.1.  Summary on creating new camellia hybrids that bloom year-round 
We know that there are thousands and thousands of camellia cultivars in the world, however, the 
blooming periods of most of these cultivars mainly concentrate from winter to spring. Except for a 
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few of camellia cultivars that bloom in autumn, no camellia cultivars can bloom in summer and no 
camellia cultivars can bloom continuously whole year too in the world’s current camellia cultivars. 
Throughout the current camellia cultivars, most of them have green, light-green leaves which are 
not sun-proof and not hot-proof. The flowers of the current camellia cultivars are easy infected by 
flower blight fungus. These shortcomings of the current camellia cultivars have become the causes 
to restrict camellia development in some degree.     
We used Camellia azalea (Camellia changii) which originates only in China, leaves are 
dark-green leaves and resistances to diseases are stronger as a parent crossed with other camellia 
species or cultivars. Seventy cross-combinations have been done, of them, 52 cross-combinations 
were successful, which successful rate is 72.9%. More than 3,000 hybrid seedlings have been 
obtained, of them, 214 hybrid seedlings are confirmed as new hybrid varieties according to their 
special characteristics. 
The new generation camellia hybrids with year-round blooming trait, dark-green leaves and 
strong-resistance has been formed. 

1.2. The common characteristics of the hybrids from C. azalea  
The obtained 214 new camellia hybrids that bloom year-round are different each other in their 
characteristics, but they have some common characteristics as follows: 
A. Most of the hybrids in the group can start to bloom from mid-summer, then fully bloom from 
autumn to winter and sparsely bloom in spring. 
B. The colors, forms and sizes of flowers and flowering density of these hybrids are more 
multifarious, more beautiful and denser than C. azalea. 
C. The leaves of the hybrids are dense, dark green, pale-green back-surface, coriaceous, elliptic 
and shallow and sparse margin serrations, which all the traits are very similar to C. azalea. 
D. The plants of the hybrids grow very vigorously, they can grow and bloom well under full 
sun-light in hot summer with air temperature of 38℃ and also can grow normally in cold winter 
with air temperature of -8 to -5℃.  
E. The hybrids are disease-resistant in some degree. Any flower blight disease has not yet been 
found in the hybrids at present.  

1.3.  Genetic expression tendencies of the hybrids from C. azalea 
In theory, the hybrids of C. azalea should have 50% genes from C. azalea. Therefore, some super 
characters of C. azalea, such as year-round blooming and dark green leaves, should be expressed 
in the hybrids. At the same time, other 50% genes of the hybrids should be from ordinary camellias. 
Therefore, some super characters of ordinary camellias, such as multi-colors, multi-flower forms, 
strong cold-hardiness and so on, also should be expressed in the hybrids. To make sure the 
relationship of character expression between the hybrids and their cross-parents, it is very 
important for the breeding of year-round blooming camellias in the future, the conclusions of 
genetic expression tendencies in this kind of hybrids are described as follows here:  

1. 3.1. Genetic expression tendencies of the hybrids on blooming period 

No matter whether C. azalea is used as female or male parent, most of the hybrids usually bloom 
about 3 months later than C. azalea, and from summer to winter, even next spring. This trait is 
roughly similar to C. azalea. So, it may be proven that the genes controlling year-round blooming 
in C. azalea have been successfully transferred into the hybrids through crossing and the genes are 
dominant over ordinary camellia parents, which resulted in the year-round blooming traits being 
expressed in the hybrid. See table 2. 



Wu Guichang,et al: A summary of ten years’ camellia breeding  
by the Palm Landscape Company and the promotional plans of the new generation hybrids 

123 
 

Table 2  Comparisons of the hybrid with its cross-parents on blooming period  

 Cross-parent and hybrid 
Blooming period 

Spring Summer Autumn Winter 
Months  Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. Jan. Feb. 
C. azalea S N F F F F F N N N T T 
Ordinary camellia N T -- -- -- -- -- -- S N F F 
Hybrids -- -- -- S N F F F F N T T 

Mark：S means starts to bloom; N means normally to bloom; F means fully to bloom; T means thinly to bloom. 

1. 3.2. Genetic expression tendencies of the hybrids on flower characteristics 

1) Flower color: The flower color of C. azalea is red. In hybridization, no matter whether C. 
azalea was the female or male parent, flower colors of hybrids usually tend to the deeper one. For 
example, in the three cross-combinations, C. azalea x ‘Royal Velvet’ which is dark-red in flower 
color, ‘Royal Velvet’ x C. azalea and C. azalea x ‘Bob Hope’ which is dark-red too, the flower 
colors of the hybrids all tend to their cross-parents with dark-red. If another parent can produce red 
flowers, most of the hybrids will be red in flower color, except for a few of hybrids has pink 
flowers occasionally. If another parent’s flowers blotch with white spots or stripes, hybrids with 
the same flower color usually occurred. If the another parent opens white flowers, there would be 
no white flower in F1 hybrids, which shows that white flower is recessive to red one. If you want to 
get the hybrids with multi-color petals, another cross-parent, at least, should have multi-color 
flowers. Please see table 3: 

Table 3  Comparisons of two cross-parents with their hybrid on flower color 

Two cross-parents and their hybrid  Flower color 
C. azalea red 
Another parent red Dark-red white Multi-color pink 
Hybrids red Dark-red Red or pink Red, pink， or multi-color red 

 
2) Flower form: The flower form of C. azalea is single. If another parent is also single，almost all 
of hybrids will be single form. If another parent is semi-double, anemone or peony, its hybrids will 
have different forms, such as single, semi-double, anemone, peony, rose-double and formal double. 
The flower form of hybrids, in a great degree, depends upon the heterozygosity of another 
cross-parent. The higher the heterozygosity of another cross-parent is, the more the different forms 
in the hybrids' flower will be. For example，because ‘Tama Beauty’ is a highly heterozygous 
cultivar, in the combination of ‘Tama Beauty’ × C. azalea, we selected 45 distinct hybrids with 
different forms from more than 80 hybrid seedlings. Please see table 4. 

Table 4  Comparisons of two cross-parents with their hybrid on flower form 

Two cross-parents and their hybrid  Flower form 
C. azalea single 
Another parent single semi-double anemone peony Rose-double 

Hybrids 

single single,  
semi-double 

anemone peony 
or rose-double 

single 
semi-double 
anemone or 

peony 

single 
semi-double 

peony 
rose-double or  
formal double 

single 
semi-double 

peony 
rose-double or 
formal double 

 
 
3) Flower size: Flower size of hybrids depends upon another parent in a cross-combination with C. 
azalea. The larger the size of the other parent’s flowers, the larger the hybrid’s flowers will be. 
Exceptions happened occasionally and even if another parent opens large flowers, sometimes, a 
few hybrids with small or miniature flowers also appeared. For getting the hybrids with large 
flowers, the flower of another cross-parent in a cross-combination must be as large as possible in 
size. Please see table 5. 
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Table 5  Comparisons of two cross-parents with their hybrid on flower size 

Two cross-parents and their hybrid Flower  size 
C. azalea Medium to large 
Another parent Miniature Small Medium Large Very large 
Hybrid Miniature 

to small 
Small to 
medium 

Medium to large Large to very 
large 

Very large 

 
4) Fragrance:  In cross-combinations of C. azalea, if another parent has the fragrant trait, the 
hybrids, in most cases, would express the fragrant trait. For example, both ‘Kramer’s Supreme’ 
and ‘Scented Swirl’ all are fragrant cultivars. We obtained 6 distinct hybrids from the combination 
of C. azalea x ‘Kramer’s Supreme’, and there were 5 hybrids with fragrance, which is 83% of the 
total hybrids. Also, we got 3 hybrids from the combination of C. azalea × ‘Scented Swirl’ and two 
of them are fragrant. In conclusion, it could be deduced from this that the fragrant trait may be 
expressed in the hybrids as long as another parent has fragrant trait in a cross-combination with C. 
azalea. Therefore, for getting fragrant hybrids, another parent in a cross-combination with C. 
azalea must have fragrant trait. Please see table 6. 

Table 6  Comparisons of two cross-parents with their hybrid on flower fragrance 

Two cross-parents and their hybrid Whether fragrant or not 
C. azalea No fragrance 
Another parent No fragrance Fragrance 
Hybrid No fragrance Fragrance 

1. 3.3. Genetic expression tendencies of the hybrids on leaf characteristics 

The hybrids have dark green, longer and dense leaves, which were inherited mainly from C. azalea. 
Whether or not C. azalea was the female or male parent, all hybrids would tend consistently to it 
on leaf color, shape, insertion angle, thickness and density, which raised their ornamental value 
greatly. Shown in Table 7. 

Table 7. Comparisons of two cross-parents with their hybrid on leaf characteristics  

Two cross-parents 
and their hybrid 

Leaf color Leaf shape Leaf insertion 
angle* 

Leaf thickness Leaf density 

C. azalea Dark green Smooth edges   30-60° up thick Dense 
Another parent Light green to 

normal green 
Obviously serrated 

edges 
70-90° up thin Sparse to normal 

dense 
Hybrid Dark green Thinly and 

shallowly serrated 
edges 

45-80° up thick Dense 

*Mark: Angle is the included angle between a leaf and the branch that the leaf inserts on. 
 

1. 3.4. Genetic expression tendencies of the hybrids on growth vigor 

The results of annual shoot growth showed that the annual growth of hybrids were significantly 
higher than both parents, which indicated that heterosis of the hybrids is very strong in growth 
(Table8). 
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Table 8  Comparisons of two cross-parents with their hybrid on annual shoot growth 

Cross-combination Female parent 
(cm) 

Male parent 
(cm) 

Hybrid (cm) Significanc
e to  

female 

Significance 
to male 

C. azalea x ‘Dakagura’ 15.4 ± 1.6 10.2 ± 2.2 29.5 ± 1.7 ** ** 
C. azalea x ‘Francis Eugene Phillips’ 13.7 ± 0.9 7.8 ± 1.8 16.4 ± 1.2 * ** 
C. azalea x ‘Dixie Knight Supreme’ 15.1 ± 1.2 6.9 ± 0.6 40.2 ± 2.6 ** ** 
C. azalea x ‘Bob Hope’ 14.9 ± 1.7 6.6 ± 0.7  18.7 ± 1.6 * ** 
C. azalea x ‘Yupan Jinhua’ 16.3 ± 1.1 8.7 ± 1.3 32.7 ± 1.9 ** ** 
C. azalea x ‘Dr Clifford Parks’ 14.7 ± 1.2 10.1 ± 0.4 23.8 ± 2.2 ** ** 
‘Tama Beauty’ x C. azalea 7.9 ± 2.7 14,4 ± 2.1 37.9 ± 1.5 ** ** 
‘Royal Velvet’ x C. azalea 10.2 ± 0.8  14.3 ± 1.2  19.2 ± 1.3 ** ** 
’Miyakodori’ x C. azalea 8.7 ± 0.6 13.9 ± 1,4  17.8 ± 2.1 ** * 
C. chekiangoleosa x C. azalea 12.6 ± 1.4 14.6 ± 0.8 39.4 ± 2.0 ** ** 

Mark: * and ** are significant and very significant at LSD 0.05 and 0.01 respectively. 
 

1. 3.5. Genetic expression tendencies of the hybrids on resistance 

The cold resistance of the hybrids from C. azalea mainly depends upon the cold resistance of 
another cross-parent in a cross-combination. C. azalea is a species with high resistance to high air 
temperature and little resistance to low air temperature. Meanwhile, ordinary camellias have good 
resistance to cold. The hybrids between C. azalea and ordinary camellias contained the genes of 
both parents. Therefore, in theory, hybrids should have the two traits of resistance to heat and cold. 
However, If another cross-parent is not cold-hardy, its hybrids also will not be cold-hardy, for 
example, in cross-combination HA-36，both C. azalea and C. amplexicaulis all are not cold 
resistant and the experiments results of cultivated these hybrids also showed that they were not 
cold-hardy in the winter of eastern China. Here we discuss mainly the genetic expression of the 
hybrids between C. azalea and ordinary camellias in resistance to high or low temperatures. 
Through experimental trials and observations of the hybrids in different places, the following three 
points have been confirmed: 
1) The hybrids grew well under full sunlight with 38℃ air temperature in summer, which makes 
them suitable for culturing in hot areas.  
2) The hybrids grew normally and no damage occurred under air temperature of 0℃ to -8℃ in 
winter. So the hybrids are suitable for culturing in cool areas.  
3) Flower blight disease, which can infect ordinary camellias, has not been found in C. azalea yet. 
The hybrids were similar to C. azalea and less flower blight disease. From this, it appears that the 
hybrids have gotten the genes for resisting to flower blight disease from C. azalea. See table 9. 

Table 9  Comparisons of two cross-parents with their hybrid on resistance 

Two cross-parents and their 
hybrid 

Resistance to hot weather
（over 38℃） 

Resistance to cold Resistance to sun- 

C. azalea Growing normally Injured under 0- -2℃ No problem 
Another parent Growing abnormally normally Injured and growing not well 
Hybrid Growing strongly Growing normally under 

-5℃,even -8℃ 
Growing very well 

 
In conclusion, the hybrids of C. azalea have the advantages of both C. azalea and ordinary 
camellias. They consistently tend towards the C. azalea on blooming period, leaf traits and growth 
vigor, and most of them tend to ordinary camellias on flower characteristics. To make the hybrids 
have more of the super characteristics of C. azalea, back-crossing between the hybrids and C. 
azalea should be continued, which makes the back-crossed hybrids with 75% C. azalea genes. For 
expression of other traits such as white flowers, back-crossing to ordinary camellias may be 
necessary and this would reduce the C. azalea genes to 25% in the back-crossed hybrids. We are 
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sure that as long as more extensive crossing of C. azalea is continued, the new satisfying and novel 
camellia varieties will be increase. 

2 The promotional plans of the new generation hybrids 
2.1 The promotional plans in China 
The eastern, central southern, southern and south-western-China are the major area to promote the 
new camellia hybrids. 
The companies or nurseries which are permissive to produce the hybrids must be large, famous, 
credible and caring for intellectual property. 
The prices of the new camellia hybrids within permissive produced quantity must be reasonable. 
The permissive areas and permissive produced quantity for the patent hybrids are as the table 10. 

Table 10  The permissive areas and permissive produced quantity of the hybrids in China within 3 years 

Area Province or cities 
Quantity of the 

permissive 
companies 

Permissive plant quantity to be produced 
 

Central south Hubei 1 30,000-50,000 

Hunan 1 30,000-50,000 

Jiangxi 1 20,000-30,000 
Eastern China Jiangsu 1 20,000-30,000 

Zhejiang 3 30,000-50,000 

Shanghai 1 20,000-30,000 

Fujian 1-2 30,000-50,000 
Southern China Guangdong 5-10 150,000-200,000 

Guangxi and  Hainan 1-2 50,000-100,000 
South-Western China Yuannan 1-2 30,000-50,000 

Sichuan and  Chongqing 1-2 30,000-50,000 
Total ------- 17-26 440,000-690,000 

2.2 The promotional plans in other countries 
We intend to cooperate with camellia nurseries or companies which are large and famous to 
develop the new camellia hybrids in the United States, Canada, some countries of Europe, 
Australia, New Zealand, Japan and some countries of south-eastern Asia together. Only one 
cooperator will be looked for each country to do the project with our company. The cooperators or 
companies must be credible and they assist our company to apply for patent rights of the new 
camellia hybrids imported. After the authorizations are obtained from our company, the 
cooperative companies would propagate and produce the hybrids commercially in their countries. 
The royalties obtained from the patent hybrids can be shared with the cooperators to a scale. 
Anyway, an official agreement must be signed before the cooperation. Your company or nurseries 
are welcome to cooperate with our company to develop the new generation camellia hybrids. 
Please contact with lxk1000@163.com. 
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Genetic Strength of Camellia reticulata and Breeding of 
New Reticulata Hybrid 

John Ta Chuang Wang, Orinda, Ca. U. S. A  
 
We are gathering here on the Yunnan Plateau of China for International Camellia Convention. The 
surrounding magnificent landscape of Dali city is also the habitat of beautiful Camellia reticulata. 
  
Today I want to focus my subject at exploring many possibilities on C.reticulata hybrids. Firstly, 
since 1950 the United States has been actively working on reticulata hybridization by so many 
Camellia breeders. Many hundreds of F1 hybrids have been developed and enjoyed by countless 
camellia-loving people. The F1 reticulata hybrids possess desired floral appearance, strong growth 
habit, improved tree appearance. Even so in last 17 years I have been searching how to utilize the 
superior genetic traits to further camellia breeding. I intend to breed new reticulata hybrids to have 
more refreshing coloration and more refined appearance.  
1 I do believe that we need to produce many more white or very pale color reticulata hybrids. 
Because a vast majority of F1 reticulata hybrids, then and even now, are still in red or pink. If we 
want to breed new reticulata hybrids to have a wide range of color 
spectrum such as white, ivory, blush, blend of two colors, creamy, 
purple, with spots and strips decoration or a picottee, we should have to 
initiate our breeding work from a white reticulata flower. White or near 
white reticulata flower would serve as mother plant with which we 
might be likely to breed different color variation. There were only a rare 
few of white F1 reticulata hybrids available about 15 years ago, such 
as ‘Lauretta Feathers’, ‘White Reti’, ‘Suzanne Withers’ and ‘Golden 
Glow’. Therefore, my first 6 years work on reticulata hybridization was actually trying to breed as 
many as possible of F1 hybrids of near white hybrid flowers. A total of 36 near white F1 reticulata 
hybrids were developed. However, I consider them only as my “ Bridge Plant ”. Most of these 
bridge seedling plants have been tested to be rather fertile, serving as good mother plant. Now with 
many bridge plants in hand, I am able to have better chances to produce new F2 reticulata hybrids 
in different variation.  
2 We have so many beautiful flowers of F1 reticulata hybrids. If we take a very close examination 
on their flower form, size, petal substance, growth habit etc. These reticulata F1 hybrids still 
maintain strong resemblance like original C.reticulata. Because C. reticulata possesses such 

strong 

genetic strength. From a fundamental point of view on camellia hybridization. I would like to 

                                                                            
Corresponding author:wangjohn6@aol.com 

Fig. 1 F1 reticulata hybrids  

Fig. 2 White camellias 

A: ‘Bridge Plant’, Wang’s White. B: F2 reti hybrid camellia, Zhanqun Yujie. C: F2 reti hybrid camellia, Zhanqun Mingzhu. D: F2 reti hybrid, 
CANG-SHAN-Fei-XUE. 
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A: F2 reti hybrid seedling in purple. 
B: F2 reti hybrid with ting fragrance. 

Fig. 4 F2 reticulata hybrids inherited different merits 

Fig. 5 F2 reticulata hybrids with new appearances 

A: F2 reti hybrid leaves compared to that of C. 
reticulata. B: F2 reti hybrid, CANG-SHAN-Fei-XUE 

modify the F1 hybrids to blend and to balance more of genetic merits of other counter part of 
camellia species from C. japonica, C. saluenensis etc. Therefore, in order to extend camellia 
hybridization on C. reticulata, my first approach has been to develop F2 reti hybrids. Of course 
that was my desire and goal. It took about 15 years of planning and efforts.  I have managed to 
develop many new F2 reticulata hybrid seedlings. These new F2 reticulata hybrids prove the 
results are very promising and possible to improve the flower color, flower form, plant appearance 
ect. 
 

3 To increase our chance to develop new reticulata hybrids, it is obvious that we can also select 
many special white F1 hybrid seedlings to be parent plants. We do not have to only to produce 
white or very pale color reticulata hybrids. To select other F1 reticulata hybrids such as darker or 
purplish color, lighter color, bright red, serrated petal, etc. we can arrange further cross pollination 
of F1 X F1 to develop new seedlings of interesting variation, including new color formation. 
4 There are so many other camellia species. These species hold different merits that can enhance 
reticulata hybrids genetically, such as fragrance, floral appearance, coloration and blooming time. 
I only have a few very limited seedlings of 
reticulata hybrids related with other camellia 
species. For example, I have two new reticulata 
F2 hybrids flowers; This one showed pleasant 
light purple, a cross with C.lapedia. The next one 
is a cross with C. hunanica, showing tinge 
fragrance. There are many other new 
seedlings are pending to bloom. Indeed, there 
is a sign of encouragement. 
Now I am going to selected a few examples to 
illustrate some tendencies of F2 reticulata hybrids. 
There are many new F2 reticulata hybrids that 
would have a wide ranged of variation including 
the size, form, petal substance, coloration, growth 
habit and appearance etc. I can only point out a 
few higntlights as follows:  
A.  Leaves: Many leaves tend to be larger with 
slightly waxy shine. Some leaves are thicker. We 
know that the size of the leaves would be also 
affected by sun light, humidity or other 
environment factors. The color can be deeper green. 
B. Growth habit: Some of my F2 hybrids show bush-type form. Some would also have strong 
growth habit. 
C.  I was told by Mr. Fang of Jinhua, China and Gene Philips, Georgia of U. S. that their F2 reti 

Fig. 3 F2 reticulata hybrids in various 
colors A: F2 reti hybrid seedling in ivory color. B: F2 reti hybrid seedling in bi-colors. C: F2 reti hybrid seedling in light purple, special formation. D: F2 reti 

hybrid camellia in red. 
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hybrids would show rather sun tolerant. 
D. The petal appearance can be either toward reticulata-like or japonica-like. 
E. The color F2 reticulata hybrid may show a blend of coloration, light, medium or darker color. 
F. I am going to show you the flowers of my F2 reticulata hybrids: some are registered in Chinese 
Camellia Society and many are still under evaluation at known camellia nurseries in both China 
and the United States. The pictures I am showing is only a reference. Because the color or shape of 
reticulata hybrid flower tends to be affected by cultivation and environment. 
G. The photo of My F2 reticulata hybrid seedlings can be single form, medium or very large 
flower, different types of semi-double forms, different types of peony forms, light purple color and 
ivory color, bi-color petals, white coloration, very mild fragrance, deep red, rose form and formal 
double flowers. I also find that it takes 3 to 4 years for new seedling flower to reach their mature 
flower form. 
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Abstract C. azalea is a rare species in genus Camellia that blooms during summer season. The adaptation in C. 
azalea presents an excellent system to study the underlying mechanism of flowering regulatory pathways in 
response to environmental cues. We previously performed a comprehensive transcriptomics study to capture the 
expression profiles of small regulatory RNAs in C. azalea including over 273 million high quality short reads 
and 175 miRNAs genes. We conducted similarity search of Camellia miRNAs to plant miRNA database to find 
conserved and novel miRNAs. We found that one family member of miR3633 (namely Caz_mir3633_3p), 
previously listed as Vitis only miRNA family, also existed in Camellia, suggesting this family may evolve before 
the separation of Vitis and Camellia. Here, we characterized the structural basis of Caz_mir3633_3p, and 
predicted the putative targeted genes. Two predicted targets encoding NBS_LRR gene and subunit of 
DNA-directed RNA polymerase II were identified with high confidence. Finally, the potential evolutionary path 
of Mir3633 family is discussed.  
Keywords: Camellia azalea; microRNA; small RNA sequencing 
 

Introduction 
The plant microRNAs (miRNA) are small non-coding RNAs with diverse regulatory functions 
through silencing their targeted transcripts (Axtell and Bowman, 2008). Distinct to other 
double-strand silencing RNAs such as short interfering RNA, miRNAs are primarily transcribed 
from plant genomes (Axtell, 2013; Axtell and Bartel, 2005). And mature miRNAs are processed 
from single-stranded precursors with hairpin structures (Axtell, 2013; Axtell and Bartel, 2005).  
Genome-wide analyses from many plants species have proved that some miRNA gene families 
were highly conserved in terms of sequences, secondary structures of precursor RNA, and target 
genes (Cuperus et al., 2011; Meyers et al., 2008), while more miRNA gene families appeared to be 
lineage-specific and diverse (Cuperus et al., 2011; Nozawa et al., 2012). Several miRNA families 
including miRNA156, miRNA160, miRNA166 were found from fern to flowering plants and 
shared conserved miRNA sequences and target genes (Axtell and Bartel, 2005; Axtell et al., 2007; 
Cuperus et al., 2011). These deeply conserved miRNAs often had critical functions in plant 
development and likely were under stringent selection pressure (Gu et al., 2012). It was recognized 
that newly evolved or lineage-specific miRNAs were less selected during evolution (Gu et al., 
2012; Voinnet, 2009). With the fast development of next generation sequencing technologies and 
bioinformatics tools, more and more miRNA genes were identified in a much wide range of plant 
species presenting a thorough platform of comparative analysis. Moreover, the recent progress in 
plant genome sequencing enabled a deep understanding of miRNA biogenesis, function and 
evolution.  
The Camellia genus contains many economically important woody species in which C. japonica is 
a famous ornamental species. There are five major types of double flowers classified based on 
petal number, arrangement, and shape, and degree of petaloid stamens (Sealy, 1958; Sun et al., 
2014b). The generation of excessive petals in different double flower types was the central theme 
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in ornamental flowers, which greatly promoted their aesthetic value. Molecular genetics in several 
ornamental plants underscored the significance of repression of C class functions in double flower 
formation (Dubois et al., 2010; Galimba et al., 2012). However, the formation of distinctive double 
flower types in Camellia appeared to involve certain novel alterations in C class gene expression 
(Sun et al., 2014a). Therefore, understanding the molecular mechanism of floral organ 
development in Camellia may provide insights in genetic engineering of new varieties. The 
miRNAs emerged as a key regulatory component for modifying gene expression patterns, and also 
they could serve as an important biotechnology platform of manipulating gene expression. Here 
we performed extensive analyses of a member of MIR3633, and revealed that this family were 
specific not only for Vitis but also Camellia. Targets of MIR3633 were predicted in Camellia, and 
genes encoding NBS_LRR gene and subunit of DNA-directed RNA polymerase II potentially 
were regulated by the newly evolved miRNA family.  

1 Materials and methods 
1.1 Plant materials and growth conditions 
Camellia materials used in this study were grown in the greenhouse of Research Institute of 
Subtropical Forestry located in Fuyang (Hangzhou city, Zhejiang, China) under natural light 
condition. The floral buds of Camellia azalea between 12-15mm in length were collected and 
dissected under a microscope (Leica DFC295, Leica Microsystems, Germany). At this stage floral 
organs were under maturation and could be distinguished by manual separation. Floral buds were 
collected from three independent plants and each sample was mixed from more than 6 buds. After 
sample collecting, the tissues were frozen immediately in liquid nitrogen and stored in -80°C 
freezers before use. Three biological replicates were collected, and each biological replicate 
contained samples from at least three plants. 

1.2 RNA extraction 
Total RNA was extracted from floral buds by using the EASYspin Plant RNA Extration kit (RN09, 
Aidlab, Beijing, China) and treated with Column DNA Erasol to avoid the DNA contamination. 
RNA quality and quantity was determined using Nanodrop 1000 spectrophotometer (Thermo 
Fisher Scientific, Wilmington, DE) and Bioanalyzer RNA nano chip (Agilent Technologies, 
Singapore). Only the RNA samples with 260/280 ratio between 1.8 to 2.0, 260/230 ratio between 
2.0 to 2.5 and RIN (RNA integrity number) more than 8.0, were used for sequencing. 

1.3 miRNA identification 
The sequencing reads were processed to remove adaptors and cleaned by Q30 value. Reads with 
over 20% bases less than Q30, and N base more than 10% were filtered. The following reads were 
further filtered if read length was over 30bp or less than 18bp. The derived reads were mapped to 
various RNA database including Silva, GtRNAdb, Rfam and Repbase by Bowtie (Langmead et al., 
2009) to annotate. The unannotated reads containing small regulatory RNAs were processed for 
miRNA identification by miRDeep2 (Friedlander et al., 2012). 

1.4 Target prediction 
The miRNA targets were annotated by standard settings of psRNATarget (Dai and Zhao, 2011) 
with maximum expectation value 3.0. The primers of candidate genes of miRNA targets were 
designed by PrimerExpress2.0 with default settings. RNA samples were transcribed and amplified 
by PrimeScript reagent Kit (PR037Q, Takara, China) on a QuantStudio 7 Real-Time machine. 
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2 Results  
2.1  Sample separation and collection  
To identify genes of different floral organs, we dissected the floral structures at the floral bud 
outgrowth stage to collect samples. As showing in Figure 1, at about length of 15mm, the floral 
bud of C. azalea at the stage of stamen and carpel morphogenesis. The perianth was removed and 
collected, and the stamens and carpels were separated under the micro-dissection scope and 
collected. The total RNA samples were prepared as described before for small RNA sequencing.  

 
Fig.1  Side and top views of a Camellia azalea floral bud after removing perianth at the stage of organ 

outgrowth.  
The arrows indicate the gynoecium with three stigmatic branchlets which were elongated ahead of stamens. Samples of small RNA sequencing were collected 

at this stage. 
 

2.2 Identification of Caz_mir3633_3p precursor  
The genome-wide identification of miRNAs was processed previously. Through similarity search 
of conserved miRNA gene family, we found caz_mir3633_3p was a potential member of 
MIR3633. It was reported that this family was only found in Vitis before and suggested it was a 
Vitis specific family (Taylor et al. 2014). We investigated the secondary structure of the precursor 
sequences, and the Minimal Free Energy (MFE) was calculated to -49.9 which was typical for 
canonical stem-loop structure of RNA (Figure 2). This result suggested Caz_mir3633_3p was 
potentially a bona fide miRNA gene in C. azalea. To further prove that it was an authentic miRNA, 
short reads were aligned to the precursor, we found the mature miRNA and the complementary 
area were significantly enriched in short reads (Figure 2). 
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Fig.2  Identification of Caz_mir3633_3p hairpin sequences and structural analysis.  

Left is the secondary structure of Caz_mir3633_3p and the MFE is -49.9. Right displays the alignments of short reads to the precursor. The statistical analysis 
showed the mature and star areas were significantly enriched. 

2.3 Target prediction and functional annotation  
To gain the functional properties of Caz_mir3633_3p , we used the de novo transcriptome of C. 
azalea as a reference for miRNA target prediction (Fan et al. 2015). The expectation value of 
software was set to 3, and 12 putative targets were identified (Table 1). Among them, two targets 
with high confidence (expectation value less than 3) were identified as NBS-LRR resistance 
protein and DNA directed RNA polymerase II subunit (Table 1).  
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Table 1. Target prediction and annotation of caz_mir3633 The targets of miRNA were predicted and cutoff value of 
expectation was set as 3. Red color indicated the targets of high confidence.  

 

2.4 Expression analysis of Caz_mir3633_3p in different tissues 
The expression of miRNA levels were quantified by 
alignment of short reads to precursors. The 
expression level of Caz_mir3633_3p was very 
abundant, and total number of reads counts was 
33929. The distribution of reads among tissue 
samples was shown (Figure 4). We found the highest 
expression of Caz_mir3633_3p was in young leaf, 
and stamen also displayed abundant expression 
levels.  

3 Discussion 
Camellia species are of great importance to 
horticulture and their miRNAs could serve as targets of genetic engineering based breeding. In this 
work, we implemented next-generation sequencing technology to identify conserved and novel 
lineage-specific miRNAs that may possess critical roles in floral development. The potential 
application of miRNA based genetic engineering could facilitate the molecular breeding of new 
ornamental varieties with desired floral forms in camellias. Without a high-quality reference 
genome in genus Camellia, it is challenging to distinguish authentic miRNAs and other small 
RNAs despite very abundant overall sequencing depth. It is recognized that the ‘young’ or newly 
evolved miRNA genes were often less abundant (Fahlgren et al., 2007; Fahlgren et al., 2010). 
From our datasets combining 15 independent sequencing libraries, many potential miRNAs were 
still lowly expressed. Therefore, further deep sequencing or enrichment approaches might be 
required to ensure the discrimination of authentic miRNA genes in Camellia species before the 
availability of a complete genome. The mirDeep algorithm allowed the discovery of true miRNA 
gene even under less abundant sequencing depth as tested in Arabidopsis (Breakfield et al., 2012; 

 
Fig. 3 The expression quantification of 
Caz_mir3633_3p in different tissues. 
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Li et al., 2012). It employed several characteristic features which allowed accurate identification 
of canonical miRNA genes, such as a high degree of complementary area, the presence and 
precision editing of star sequences (Taylor et al., 2014). The new mirDeep2 software improved the 
determination of miRNAs to meet the power of next-generation sequencing which could 
efficiently identify conserved miRNAs and novel non-canonical miRNAs without a reference 
genome (Breakfield et al., 2012). In this study, we identified a group of lineage specific miRNAs, 
which were potentially newly evolved in Ericales. Some of these miRNAs were not deeply 
covered (less than 100 counts), hence further analyses such as genomic loci identification or 
cloning of mature and precursor sequences might be necessary.    
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Camellia reticulata is one of the most economically important camellia species, well-known for its 
beautiful flowers and high quality seed oil. C.reticulata is native to Southwest China and possesses 
considerably environmental adaptability to mountainous regions with poor soil as well as unique 
climates. It plays important roles in horticulture and oil industry and tourism. Unfortunately, little 
genomic information has led to poor knowledge of functional genes related to oil production, 
flower coloration and flowering time control. This situation has also hampered the exploitation of 
abundant molecular markers and novel gene resources towards modern breeding efforts of this 
economic plant. For the first time, we employed the Illumina technology to sequence the 
transcriptome of C.reticulata. The results are summarized as follows: 
1. Using Illumina sequencing platform, we obtained approximately 311.3 million clean reads from 
the five tissues of C. reticulata. A total of 141,460 unigenes were assembled with the length of 
~96.1 million nucleotides. Systematic evaluation indicates a good quality of the transcriptome 
assembly, which is suitable for further studies such as expressed sequence tag simple sequence 
repeats (EST-SSRs) mining and pathway analysis.  
2. By similarity searches against public databases, 69,922 unigenes were annotated as putative 
protein-coding sequences. On average, the annotated genes had more than three counterparts in C. 
reticulata transcriptome compared to Aribidopsis thaliana and Vitis vinifera, suggesting that 
whole genome duplication events might occur in C. reticulata. 
3. Expression levels of unigenes were assessed by aligning the RNA-Seq reads from each library 
to the assembly. Quantitative reverse transcription polymerase chain reaction (qRT-PCR) was used 
to evaluate the reliability of RNA-Seq expression analysis, showing a high degree of consistency 
between these two methods. A total of 94,450 unigenes were positively expressed (FPKM≥1) in at 
least one of the five sequenced tissues. Of them, 22,229 unigenes were defined as differentially 
expressed genes (|fold change| ≥4 and false discovery rate ≤ 0.001) across these five tissues.  
4. We observed that the flowering transition of C. reticulata often occurs at the apex of branch 
around mid-April when the day length is more than 12 hours. This suggests that the photoperiodic 
flowering pathway may be involved in flowering time control of C. reticulata. We identified an 
almost full set of gene homologs involved in the photoperiodic flowering pathway except for 
CONSTANS (CO) and CYCLING-DOF-FACTOR-1 (CDF1). Many genes involved in this pathway 
had multiple copies. Different expression patterns of these duplicated genes were observed across 
tissues, such as the differential expression of SOC1_a, SOC1_b and SOC1_c. 
5. We totally identified 93 unigenes for the triacylglycerol biosynthesis (TAGBS) pathway. Many 
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FA desaturease genes, including SAD_a, FAD2_a, FAD2_b, FAD3, FAD8_b, and FAD8_c were 
up-regulated in flowers or flower buds. The flowers of C. reticulata often bloom during winter 
when the temperatures are quite low. Thus, high expression of these desaturase genes may explain 
the freezing tolerance of C. reticulata flowers and flower buds in winter. While FAD2_a had a 
lower expression level in seeds than in mature leaves, SAD_a and FATA had several folds higher 
expression level in seeds than in mature leaves. These observations suggest that SAD_a and FATA 
may be key genes responsible for monounsaturated fatty acid (MUFAs) production in C. reticualta 
seeds. In seeds, up-regulation of SAD_a and FATA genes and down-regulation of FAD2_a gene in 
the TAGBS pathway may control the ratio of MUFA to polyunsaturated fatty acid (PUFAs) in seed 
oil.  
6. Flavonoids and carotenoids, two major groups of colorful pigments, have been proposed to 
involve in flower coloration of Camellia species. Homology analysis identified 56 and 33 
unigenes as candidate genes related to the flavonoid biosynthesis (FlaBS) and carotenoid 
biosynthesis (CrtBS) pathways, respectively. Systematic analysis of both sequence and expression 
levels revealed the extent of variation within these genes in C. reticulata. For example, MYBF1, a 
transcription regulator gene of the FlaBS pathway, was found with great sequence variation and 
alteration of expression patterns, probably resulting in functionally evolutionary differentiation. 
MYBA1_a and some anthocyanin-specific biosynthetic genes in the FlaBS pathway were highly 
expressed in both flower buds and flowers, showing important roles of anthocyanin biosynthesis in 
flower development. Several genes that are related to formation of pigment compounds in CrtBS 
pathway (e.g., lutein, zeaxanthin, carotene), such as LUT1, LUT2, LUT5, and LYC, were expressed 
at relatively low levels in C.reticulata. Our results indicate that the flavonoid biosynthesis pathway 
may play key roles in flower coloration rather than carotenoids biosynthesis pathway in C. 
reticulata. The analysis of expression profiles suggest that ABA biosynthesis genes may play 
important roles in developmental processes of flowers. Collectively, these findings have provided 
an in-depth understanding of the expression patterns and potential functions of these candidate 
genes.  
7. We developed a new pipeline, CandiSSR, to easily and efficiently identify putative polymorphic 
SSRs based on the multiple assembled sequences from a given genus or species. Using CandiSSR, 
a total of 835 polymorphic SSRs were identified in the transcriptomes of C. reticulata and its 
closely related relatives. In addition, using MISA a total of 40,823 EST-SSRs were identified 
specifically in C. reticulata. 
Overall, the obtained transcriptome has considerably increased the number of sequences deposited 
in the public databases for C.reticulata. This large dataset has provided a good opportunity to 
develop EST-SSRs and explore the candidate genes involved in TAGBS, photoperiodic flowering, 
FlaBS and CrtBS pathways. The datasets and results reported here will contribute to further basic 
and applied researches on this economically important Camellia plant. 
Key words: Camellia reticulata; transcriptome sequencing; triacylglycerol biosynthesis;  
pigment biosynthesis; photoperiodic flowering pathway 
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Table 1 Summary of the sequencing data and transcriptome assembly of C. reticulata 

Table 2 Summary of functional annotation for C. reticulata unigenes. 

Annotation Number of unigenes Percentage of  
matched unignes (%) 

Number of unique 
homologs 

Total unigenes 141,460   
Annotated unigenes 69,922 49.4  
BLASTx against public protein databases    
NR 68,026 48.1 41,413 
trEMBL 62,618 44.3 37,374 
Swiss-prot 49,469 35.0 16,373 
A. thaliana proteins (TAIR10) 56,664 40.1 17,368 
V. vinifera proteins  59,968 42.4 15,763 
Unigenes mached at least one database 69,922 49.4  
Unigenes matched all five databases 42,042 29.7  
Domain/GO annotation    
Search against PFAM database 47,693 33.7  
Annotated with GO terms 39,301 27.8  

 

 
Figure 1 Overview of C. reticulata transcriptome assembly and its homology search against the NR 

database 
(A) Length distribution of total unigenes (blue) and putative protein-coding unigenes (red). (B) Species, (C) similarity, and (D) E-value distributions of the top 

 Raw Reads Clean Reads Retain rate (%) Clean Nucleotides (nt) 
Leaf buds 75,791,012 57,655,612 76.1 4,700,656,880 
Mature leaves 95,982,836 74,474,740 77.6 6,113,913,256 
Flower buds 70,418,086 57,626,233 81.8 4,929,278,585 
Flowers 71,987,410 59,351,076 82.4 5,114,541,561 
Immature fruits 80,714,310 62,182,007 77.0 5,323,094,674 
Total 394,893,654 311,289,668 78.8 26,181,484,956 
 Contigs Unigenes   
Total number 232,428 141,460   
Total length (nt) 186,434,209 96,117,212   
Mean length (nt) 802 679   
N50 (nt) 1,255 1,080   
GC content (%) 42.4 41.8   
Number of length ≥ 500 nt 119,933 57,162   
Number of length ≥ 1000 nt 63,845 27,880   
Reads mapping rate (%) 84.5 80.8   
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BLAST hits for each unigene against the NR database. 

 

Figure 2 qRT-PCR validations of 11 putative genes involved in TAG biosynthesis.  
qRT-PCR results represent the mean (± SD) of three biological replicates. Gene abbreviations can be referenced in Supplementary Table S12. LB, leaf buds; 

ML, mature leaves; FB, flower buds; FL, flowers; FR, immature fruits; SE, seeds. 

 

Figure 3 qRT-PCR validations of 11 putative genes involved in flavonoid biosynthesis.  
qRT-PCR results represent the mean (± SD) of three biological replicates. Gene abbreviations can be referenced in Supplementary Table S13. LB, leaf buds; 

ML, mature leaves; FB, flower buds; FL, flowers; FR, immature fruits; SE, seeds.  
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Figure 4 Putative genes related to TAG biosynthesis in C. reticulata.  
The numbers in brackets following each gene name indicate the number of unigenes annotated to that gene. 
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Figure 5 Heat map representation and hierarchical clustering of putative genes involved in C. reticulata 
flowering time control  

(A), TAG biosynthesis (B), flavonoid biosynthesis (C), and carotenoid biosynthesis (D). For gene abbreviations in Figure 4A-D, their full name and other 
information can be referenced in Supplementary Table S11, S12, S13, and S14, respectively. Expression profiles of these genes across five tissues (LB, leaf 
buds; ML, mature leaves; FB, flower buds; FL, flowers; FR, immature fruits; SE, seeds) are shown, and DE genes (fold change ≥4, FDR ≤0.001) are indicated 

as “DE” in brackets. Green and red colors are used to represent low-to-high expression levels, and color scales correspond to the mean centered 
log2-transformed FPKM values. A hierarchical cluster dendrogram is shown on the left. 
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Figure 6 Putative genes involved in FlaBS 
(A) and CrtBS (B). The numbers in brackets following each gene name indicate the number of unigenes annotated to that gene. 
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Abstract: 179 taxa of genus Camellia were analyzed using SSR, EST-SSR molecular markers technology to 
detect their genetic relationship. DNAs of the 179 camellia taxa were extracted by the improved CTAB, then 
tested for the quality of DNAs by way of 1 percent of agarose gel electrophoresis, and tested for PCR 
amplification by way of 2 percent of agarose gel electrophoresis. The results of amplification products show, the 
EST-SSR sequence fragment size is 194bp, the longest being Camellia chuangtsoensis S.Y. Liang et L.D.Huang. 
of 210bp and shortest being C.impressinervis H.T.Chang. of 152bp. Referring to the homologous series in NCBI 
and compared using Cluster x software, great differences were found in the EST-SSRs of different camellia 
plants, with 1752 deletion loci and 813 mutation sites. Phylogenetic trees were constructed using MEGA 6.0 to 
analyze their genetic relationship, 39 camellia taxa were classified into four groups, i.e. Sect. Camellia, Sect. 
Chrysantha, Sect. Furfuracea and Sect. Theopsis, the results are basically in consistent with Chang Hung Ta 
morphological classification. This indicates that EST-SSR molecular marker is effective in phylogenetic 
classification and identification of Camellia. 
Key words: Genus Camellia; SSR; EST-SSR; phylogenetic tree; genetic relationship 
 

1 Introduction 
Camellia is one of China's top ten flowers, mainly distributed in China's west and southwest. 
Yunnan camellia has earned a reputation of “finest in the world” for its large flower, bright color 
and tall tree. Camellias have great ornamental value. Their leaves are thick and shiny, and glossy 
all year round; they have plenty variations in colors with red, white and pink being the most 
common; flower forms vary from single to double petals. Due to its visual quality and great 
landscape ecological value [1].Tea is one of the most valuable non-alcoholic beverages, which 
makes tea tree a major economic-benefiting tree species in rural China. It has broad development 
prospects due to its human health benefits [2]. and therefore has broad development prospects[2]. 
Moreover, camellia entails great medicinal value, its leaves, stems, flowers can be used as 
medicine, camellia contains many medicinal components such as anthocyanins and 
leucoan-thocyanin which can be used to soothe stagnation and swelling, and for hemostasis and 
blood cooling. Camellia oleifera, a newly developed eco-woody oil crop, also has great 
prospects for development. 
EST-SSR is a simple sequence repeat (SSR) marker derived from expressed sequence tags (EST) 
[3], an exon outside the DNA Coding region, about150-500bp.EST-SSR Marker, as a new type 
molecular marker, has many favorable traits such as high polymorphism, codominant inheritance, 
abundancy, apt to PCR test and even distribution in genome, it doesn’t require tedious and costly 
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library construction and screening processes as the conventional method. The advantages are low 
cost, good versatility among species, and easy statistics, particular notable feature is being from 
transcribed genome region [4], so the flanking sequences are generally highly conserved among 
species, relating to regulation of gene expression. Due to its good versatility among species, 
EST-SSR Marker has become an important tool for the analysis of genetic relationship [5]. 
SSRs (simple sequence repeats or microsatellites DNA) are a class of DNA sequences consisting 
of simple motifs of 1-6 nucleotides that are tandemly repeated, normally 2-3 base pairs. Most 
SSRs are 100-300bp long. Plant genomic SSRs are distributed in large number across 
gene-coding regions and control regions. SSR marker, developed by Moore et al. in 1991 [6], is 
one of the most widely used molecular marker technologies. Although SSRs are distributed in 
different positions in genome, normally at both ends are conserved single copy sequences, 
therefore a pairs of specific primers can be designed from the end sequences, amplified using 
PCR technology, and use  electrophoresis technique to obtain length polymorphism, i.e. SSR 
marker[7]. SSR markers are widely distributed in genome, presenting Mendelian inheritance, 
abundant polymorphism and enormous information [8]. At present, SSR marker has been widely 
used for genetic linkage mapping, genetic positioning, maker-assisted selection, genetic diversity 
analysis and genetic relationship analysis. 
SSR molecular marker has been widely used to test the genetic purity and identification of crops, 
such as corn [9], cotton [10] and Rosa chinensis [11]. Zheng Jingsheng[12] et al. analyzed the genetic 
diversity of 18 different genomic wild rices using SSR markers, 18 wild rices were divided into 
three genomes, there were a close relation within the same genome and a distant affinity among 
different genomes. Pollegioni[13] et al. conducted identification of the hybridogenic parents of 
Juglans regia and J.nigra using SSR fingerprinting, and found interspecies parent with strong 
affinity. Yao Zhuping[14] et al. identified 01-230 as the true male parent of hybrid Zheza 210 
using 34 pairs of microsatellite primers. Liu Zhen[15] et al. conducted genetic diversity and 
relationship analysis of tea germplasms originated from south western China based on EST-SSR, 
the results showed that the genetic polymorphism of Tea Area in southwest China were abundant. 
Zhou Meng[16] et.al conducted genetic diversity analysis of ancient tea plants in Yunnan Province 
using EST-SSR markers, which revealed that the genetic distance and the genetic relationship 
were related to its geographic source; Yu Jizhong[17] et.al analyzed the genetic diversity and 
relationship of half-sib tea cultivars using EST-SSR markers, the results showed that the genetic 
polymorphism of half-sib tea cultivars related to Fuding Dabai was more abundant than those of 
Yunnan Daye. Wang Guoliang[19] et al. studied the development of EST-SSR primers and 
conducted their practicability test for Laminaria. Yumiko Fujita[20] et al. conducted identification 
of wheat varieties using EST-SSR markers.Molecular markers technologies such as RFLP, 
RAPD, AFLP and ISSR have been widely used in identification of tea trees, while STS, SSR and 
SNP are based on limited known nucleotide sequence information, hindering its application in 
tea tree research. 
There are mainly two systems of classification for genus Camellia, Chang Hung Ta and Min 
Tianlu’s morphological classifications. Chang Hung Ta divided Theoideae into Theeae, 
Gordonieae, Stewartieae Chang and Pyrenarieae Chang. In order to make the concepts of 
camellia groups more clear to reflect the phylogeny and evolution of genus Camellia, Ming 
Tianlu raised his different view and developed a system taxonomy that divides genus Camellia 
into two subgenera, 14 sections and 119 species [20]. When developing the system taxonomy of 
genus Camellia, Ming Tianlu consolidated 2 subgenera and 9 sections from Chang Hung Ta’s 
classification, and cancelled the classification of “subsection” and “series”, and defined the 
concept and scope of subgenus and section. 
Distinguishing camellia species by morphological characteristics not only depending on the 
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environment, but also the classifier's stock of knowledge and subjective judgment, that’s when 
the morphological studies of genetic variation meets its limitation. To address varietal 
complexity and develop new varieties, molecular marker technology becomes necessary. This 
study uses SSR and EST-SSR markers for sequence cloning and analysis of 179 varieties of 
genus Camellia, and aims to provide molecular biology basis for Camellia cross breeding, 
species identification and classification. 

2 Materials and Methods 
2.1 Plant materials 
Among 179 taxa of experimental materials, No.1-161 was collected from Jinhua International 
Camellia Garden in Zhejiang Province, appraised by Yu Jiangong. No.162-179 Golden Camellia 
samples were collected from Guangxi Golden Garden, appraised by Jiang Changjie, senior 
engineer. There were 54 taxa of Sect. Camellia, 16 of Sect. Tuberculata, 14 of Paracamellia, 6 
of Sect. Oleifera chang, 16 of Sect. Thea, 24 of Sect. Theopsis, 11 of Sect. Furfuracea, 18 of 
Sect. Chrysantha, 1 of Sect. Longipedicellata, 1 of Sect. Longissima, 3 of Sect. Camellia 
szechuanensis Chi, 2 of Sect. Glaberrima Chang, 2 of Sect. Stereocarpus (Pierre) Sealy Rev., 5 
of Sect. Eriandria Coh. St., 2 of Gordonia Ellis, 1 of Tutcheria, 1 of Sect. Luteoflora Chang in 
Act, 1 of Sect. Corallina Sealy Rev, and 1 of others. Leaves were cleaned using 75% alcohol and 
washed with tap water, then stored in a refrigerator at -20oC. The names and their codes of the 
taxa are listed in Table 1. 

Table 1． Names and Codes of the experiment materials. 

No. Name 
Chang Hung Ta 
Classification 

Min Tianlu 
Classification 

Results of this 
study 

1 Camellia paucipetala Chang. Sect. Camellia   
2 Camellia edithae Hance. Sect. Camellia   
3 Camellia lienshanensis Chang. Sect. Camellia   
4 Camellia xifongensis Sect. Camellia   
5 Camellia tenuivalvis H. T. Chang. Sect. Camellia   
6 Camellia glabrtperuloata Sect. Camellia   
7 Camellia pitardii Coh. Var. Yunnanica Sect. Camellia   
8 Camellia boreali-yunnanica Chang. Sect. Camellia   
9 Camellia heyhangensis Sect. Camellia   

10 Camellia concina Sect. Camellia   
11 Camellia hilisciflora Sect. Camellia  Sect. Camellia 
12 Camellia glabsipetala Sect. Camellia  Sect. Camellia 
13 Camellia delicata Sect. Camellia  Sect. Camellia 
14 Camellia hunanica Sect. Camellia  Sect. Camellia 
15 Camellia japonicaL. Sect. Camellia Sect. Camellia  Sect. Camellia 
16 Camellia brevipetiolata Chang. Sect. Camellia  Sect. Camellia 
17 Camellia lapidea Wu. Sect. Camellia  Sect. Camellia 
18 Camellia brevicolumna Chang. Sect. Camellia   
19 Camellia longigyna Chang. Sect. Camellia   
20 Camellia phelloderma Chang. Sect. Camellia   
21 Camellia brachygyna Chang. Sect. Camellia   
22 Camellia cryptoneura Chang. Sect. Camellia  Sect. Camellia 
23 Camellia uraku (Mak.) Kitamura. Sect. Camellia  Sect. Camellia 
24 Camellia hongkongensis Seem. Sect. Camellia   
25 Camellia reticulataLindl. Sect. Camellia Sect. Camellia  
26 Camellia lanosituba Chang. Sect. Camellia  Sect. Camellia 
27 Camellia trichosperma Chang. Sect. Camellia   
28 Camellia chekiangoleosa Hu. Sect. Camellia Sect. Camellia  
29 Camellia pitardii Cohen-Stuart Sect. Camellia   
30 Camellia villosa Chang et S. Y. Liang ex 

Chang. 
Sect. Camellia  Sect. Camellia 

31 Camellia semiserrata Chi. Sect. Camellia   
32 Camellia apolyodonta How ex Hu Sect. Camellia Sect. Camellia Sect. Camellia 
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33 Camellia pentapetala Chang. Sect. Camellia  Sect. Camellia 
34 Camellia compressa Chang. Sect. Camellia  Sect. Camellia 
35 Camellia bailinshanica Chang, Liu et Xiong Sect. Camellia  Sect. Camellia 
36 Camellia lungshenensis Chang. Sect. Camellia  Sect. Camellia 
37 Camellia pitardii var. Alba Chang. Sect. Camellia   
38 Camellia brevipetiolata Chang . Sect. Camellia  Sect. Camellia 
39 Camellia subintegra P. C. Huang. Sect. Camellia Sect. Camellia  
40 Camellia polyodonta How ex Hu. Sect. Camellia  Sect. Camellia 
41 Camellia oligophlebia Chang. Sect. Camellia  Sect. Camellia 
42 Camellia bambusifolia Chang. Sect. Camellia   
43 Camellia villiosa Chang et S.Y.Liang. Sect. Camellia   
44 Camellia pitardii Coh, St. Sect. Camellia Sect. Camellia Sect. Camellia 
45 Camellia omeiensis Chang. Sect. Camellia  Sect. Camellia 
46 Camellia albo-sericea Chang. Sect. Camellia  Sect. Camellia 
47 Camellia mairei (Lévl.) Melch. Sect. Camellia Sect. Camellia Sect. Camellia 
48 Camellia magniflora Chang. Sect. Camellia  Sect. Camellia 
49 Camellia phellocapsa Chang. Sect. Camellia   
50  Sect. Camellia  Sect. Camellia 
51 Camellia saluenensis Stapf ex Bean. Sect. Camellia Sect. Camellia Sect. Camellia 
52 Camellia jinshajiangica Chang et S.L.Lee Sect. Camellia   
53 Camellia rhytidocarpa Chang. Sect. Tuberculata Sect. Tuberculata  
54 Camellia rhytidophylla Sect. Tuberculata   
55 Camellia rubituberculata Chang. Sect. Tuberculata   
56 Camellia parvimuricata H. T. Chang. Sect. Tuberculata Sect. Tuberculata  
57 Camellia lipingensis Chang. Sect. Tuberculata   
58 Camellia anlungensis Chang. Sect. Tuberculata Sect. Tuberculata  
59 Camellia hupehensis Chang. Sect. Tuberculata   
60 Camellia neriifolia H. T. Chang. Sect. Tuberculata   
61 Camellia obovatifolia Chang. Sect. Tuberculata   
62 Camellia acuticalyx Hung T. Chang. Sect. Tuberculata   
63 Camellia acutiperulata Chang. Sect. Tuberculata   
64 Camellia rubimuricata H. T. Chang. Sect. Tuberculata   
65 Camellia tuberculata Chien. Sect. Tuberculata Sect. Tuberculata  
66 Camellia leyeensis Chang et Y.C.Zhong. Sect. Tuberculata   
67 Camellia pyxidiacea Xu, F. P. Chen et C. Y. 

Deng. 
Sect. Tuberculata Sect. Tuberculata 

 

68  Sect. Tuberculata  Sect. Camellia 
69 Camellia crassissima Chang et Shi. Sect. Camellia   
70 Camellia obtusifolia Chang. Sect.Paracamellia   
71 Camelliasaluenensis Stapf. Sect.Paracamellia   
72 Camellia phaeoclada Chang. Sect.Paracamellia   
73 Camellia puniceiflora Chang. Sect.Paracamellia   
74 Camellia shensiensis Chang. Sect.Paracamellia   
75 Camellia microphylla (Merr.) Chien. Sect.Paracamellia   
76 Camellia fluviatilis Hand.-Mazz .. Sect.Paracamellia   
77 Camellia hiemalis Nakai. Sect.Paracamellia   
78 Camellia kissi Wall. Sect.Paracamellia   
79 

Camellia yuhsienensis H.H .Hu. Sect.Paracamellia 
Sect. Oleifera 

Chang 
 

80 Camellia tenii Sealy. Sect.Paracamellia   
81 Camellia confusa Craib. Sect.Paracamellia   
82 Camellia miyagii (Koidz.)Makino & 

Nemoto. 
Sect.Paracamellia   

83 Camellia brevistyla (Hayata)Coh. Stuart. Sect.Paracamellia   
84 Camellia odorataL. S. Xie & Z. Y. Zhang. Sect.Paracamellia   
85 Camellia tachangensis Zhang. Sect. Thea Sect. Thea  

  86  Sect. Thea   
87 Camellia fangchengensis S. Y. Liang et Y. C. 

Zhong. 
Sect. Thea Sect. Thea 

 

88 Camellia assmica(Mast.) Chang. Sect. Thea /series   
89 Camellia pubescens Chang et Ye. Sect. Thea /series   
90 Camellia jingyunshanica Chang et 

J.H.Xiong. 
Sect. Thea    
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91 Camellia taliensis(W.W.Sm.) Melch. Sect. Thea Sect. Thea  
92 Camellia gymnogynaChang. Sect. Thea Sect. Thea  
93 Camellia leptophyllaS. Y. Liang et Chang. Sect. Thea Sect. Thea  
94 Camellia parvisepala Chang. Sect. Thea   
95 Camellia sinensis (L.) Kuntze. Sect. Thea Sect. Thea  
96 Camellia tetracocca Zhang. Sect. Thea   
97 Camellia angustifolia Sect. Thea   
98 Camellia atrotheaChang et Chang. Sect. Thea   
99 Camellia kwangsiensis Chang. Sect. Thea Sect. Thea  
100 Camellia ptilophylla H. T. Chang. Sect. Thea  Sect. Thea  
101 Camellia euryoides Lindl.  Sect. Theopsis   
102 Camellia cuspidata (Kochs) H. J. Veitch var. 

Grandiflora 
Sect. Theopsis 

  

103 Camellia buxifolia Chang. Sect. Theopsis   
104 Camellia minutiflora Chang. Sect. Theopsis   
105 Camellia lipoensis Chang et Xu. Sect. Theopsis   
106 Camellia campanisepala Chang. Sect. Theopsis   
107 Camellia macrosepala Chang. Sect. Theopsis   
108 Camellia parvilimba Sect. Theopsis   
109 Camellia subacutissima Chang. Sect. Theopsis   
110 Camellia rosthorniana Handel-Mazz. Sect. Theopsis Sect. Theopsis  
111 Camellia lancicalyx Chang. Sect. Theopsis   
112 Camellia forrestii (Diels) Coh. St. Sect. Theopsis   
113 Camellia parvicaudata Chang. Sect. Theopsis   
114 Camellia tsofuii Chien. Sect. Theopsis   
115 Camellia parvilimba Merr. Et Metc. Var. 

Brevipes Chang. 
Sect. Theopsis  Sect. Theopsis 

116 Camellia fraterna Hance. Sect. Theopsis   
117 Camellia percuspidata Chang. Sect. Theopsis   
118 Camellia cuspidata (Kochs)Wright. Sect. Theopsis   
119 Camellia acutissima chang. Sect. Theopsis   
120 Camellia handelii Sealy. Sect. Theopsis   
121 Camellia septempetala Chang et L. L. Qi. Sect. Theopsis  Sect. Theopsis 
122 Camellia elongata (Rehd. Et Wils.) Rehd. Sect. Theopsis Sect. Theopsis  
123 Camellia parvi-ovata Chang et S. S. Wang 

ex Chang. 
Sect. Theopsis   

124 Camellia costei Levl.  Sect. Theopsis Sect. Theopsis  
125 Camellia tsaii Hu var. Synaptica Chang.  Sect. Theopsis Sect. Theopsis  
126 Camellia gaudichaudii (Gagn.) Sealy. Sect. Furfuracea   
127 Camellia crapnelliana Tutch. Sect. Furfuracea Sect. Heterogenea  
`128 Camellia gigantocarpa Sect. Furfuracea   
129 Camellia parafurfuracea S. Y. Liang ex 

Chang. 
Sect. Furfuracea 

  

130 Camellia latipetiolata Chi. Sect. Furfuracea   
131 

Camellia furfuracea (Merr.) Coh. St. Sect. Furfuracea Sect. Heterogenea 
Sect. 

Furfuracea 
132 Camellia multibracteata Chang. Sect. Furfuracea   
133 Camellia pubifurfuracea Sect. Furfuracea Sect. Heterogenea  
134 Anneslea fragrans Wall. Sect. Furfuracea   
135 

Camellia connatistyla Mo et Zhong. Sect. Furfuracea 
 Sect. 

Furfuracea 
136 

Camellia oblata chang. Sect. Furfuracea 
 Sect. 

Furfuracea 
137 Camellia longipedicellata(Hu) Chang et 

Fang. 
Sect. Longipedicellata   

138 
139 

Camellia chungkingensis Chang. 
Sect.Camellia 

szechuanensis Chi 
  

140 
141 

Camellia szechuanensis Chi. 
Sect.Camellia 

szechuanensis Chi 
  

142 
143 

Camellia trichocarpa Chang. 
Sect.Camellia 

szechuanensis Chi 
  

144 Camellia danzaiensis K. M. Lan. Sect. Glaberrima Chang   
145 Camellia kwangtungensis Sect. Glaberrima Chang   
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146 
Camellia gauchowensis Chang. Sect. Oleifera Chang 

Sect. Oleifera 
Chang 

 

147 Camellia lanceoleosa Chang. Sect. Oleifera Chang   
148 

Camellia sasanqua Thunb. Sect. Oleifera Chang 
Sect. Oleifera 

Chang 
 

149 Camellia vietnamensis T. C. Huang. Sect. Oleifera Chang   
150 
151 

Camellia yunnanensis(Pitard) Coh. St. 
Sect. Stereocarpus 
(Pierre) Sealy Rev 

  

152 
153 

Camellia liberistyloides Chang. 
Sect. Stereocarpus 
(Pierre) Sealy Rev 

  

154 Camellia salicifolia Champ. Ex Benth. Sect. Eriandria Coh. St.   
155 Camellia cordifolia (Metc.) Nakai. Sect. Eriandria Coh. St.   
156 Camellia salicifolia Champ. Ex Benth. Sect. Eriandria Coh. St.   
157 Camellia wenshanensis Sect. Eriandria Coh. St.   
158 Camellia lawii Sealy. Sect. Eriandria Coh. St.   
159 Gordonia acuminate Chang. Gordonia Ellis   
160 Gordonia longicarpa H.T.Chang. Gordonia Ellis   
161 Tutcheria hexalocularia Hu et Liang ex 

Chang. 
Tutcheria   

162 Eurya japonica Thunb. Others   
163 

Camellia pentamera Chang. 
Sect. Corallina Sealy 

Rev 
  

164 
165 

Camellia luteoflora Li ex Chang. 
Sect. Luteoflora Chang 

in Act 
  

166 Camellia longissima H. T. Chang. Sect. Longissima   
167 

Camellia oleifera Abel. Sect. Oleifera chang 
Sect. Oleifera 

chang 
 

168 Camellia paivpetala J.Y.Liang et Su. Sect. Chrysantha   
169  Sect. Chrysantha   
170 
171 

Camellia theopsis chrysantha H. Sect. Chrysantha 
 Sect. 

Chrysantha 
172 

 Sect. Chrysantha 
 Sect. 

Chrysantha 
173 Camellia longruiensis  Sect. Chrysantha   
174 Camellia achrysantha Chang et S.Y.Liang. Sect. Chrysantha   
175 

Camellia euphlebia Merr. Ex Sealy. Sect. Chrysantha 
 Sect. 

Chrysantha 
176 

Camellia lungzhouensis Luo. Sect. Chrysantha 
 Sect. 

Chrysantha 
  Sect. Chrysantha   

177 
Camellia nitidissima C. W. Chi. Sect. Chrysantha 

Sect. 
Archecamellia 

Sect. 
Chrysantha 

178 
Camellia limonia C.F. Liang et Mo Sect. Chrysantha 

Sect. 
Archecamellia 

 

179 
Camellia impressinervis H.T.Chang. Sect. Chrysantha 

Sect. 
Archecamellia 

Sect. 
Chrysantha 

180 Camellia tunghinensis Sect. Chrysantha   
181 Camellia tianeensis Sect. Chrysantha   
182 Camellia nitidissima Chi var. Microcarpa 

Chang. 
Sect. Chrysantha 

  

183 Camellia pinggaoensis Fang var.terminalis Sect. Chrysantha   
184 Camellia grandis Sect. Chrysantha   

185 Camellia pubipetala Wan et Huang.  Sect. Chrysantha 
 Sect. 

Chrysantha 

 

 
2.2 Methods 

2.2.1 DNA Extraction – Improved CTAB 

Place 0.1g of blades in a mortar and quickly pour proper amount of liquid nitrogen, then use 
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pestle to even and fine powder or paste. Add a small amount of sodium ascorbate, PVP dry 
powder and 10μLβ-mercaptoethanol while grinding; move the powder into 1.5mL centrifuge 
tube, and add 700μL 65℃ of DNA extract. After shaking and centrifuge, placed in 65℃ water 
bath for 1h. gentle shaking several times for every 5 min.; adding an equal volume of 
chloroform/Iso-amyl alcohol (24: 1) (mixed evenly before use), slowly flip the centrifuge tube to 
allow full shaking and mixture of contents; centrifuge at 10000r for 10min to create layers, 
remove the aqueous phase (supernatant) into a centrifuge tube; then add an equal volume of 
chloroform/Iso-amyl alcohol (24: 1)(mixed evenly before use), extract once again. Slowly flip it 
to allow even mixture, centrifuge at 10000r for 10min to create layers, remove the aqueous phase 
to another centrifuge tube; the aqueous phase, after two extractions, was added with 2/3 volume 
of ice-cold isopropanol, shook for even mixture, followed by centrifugation before placed at 20℃
for 1h. Then centrifuge at 10000r for 10min, and collect the precipitate, dry naturally at room 
temperature; this precipitate was dissolved in 300μL 0.1TE buffer solution (1.0mmol/ L of 
Tirs-Hcl PH 8.0, 0.1mmol/L PH 8.0 EDTA), add 2~3μL RNase A stock solution(10mg/ml), kept 
warm at 37℃ for 1h to cleave RNA; then add an equal volume of chloroform/Iso-amyl alcohol 
(24: 1)(mixed evenly before use), extract once again. Move the aqueous phase(supernatant) into 
another 1.5mL centrifuge tube, added with 1/10volume of 3mol/L NaAc, then add 2.5 volume of 
cold 100% ethanol, placed at -20℃  for at least 2h(overnight);10000r centrifugation for 10min 
and collect precipitate; washed twice with 75% ethanol, 7000r centrifugation for 2min after each 
wash, finally washed with absolute ethanol for 7000r 2min centrifugation, collect the precipitate; 
the precipitate was air-dried, then dissolved in 30μL deionized water, stored for use at -20℃. 

2.2.2 DNA DNA Test 

Take 3μL DNA for sample application, voltage stabilization at 120V, electrophoresis for 
30-40min with 1% agarose gel[21], take a photo using Gel Imaging System (Gel DocTM EZ). 

2.3 Target Fragment PCR Amplification 

2.3.1 Fragment SSR PCR Amplification 

2.3.1.1 SSR Primer Screening 

The selection of primers depends on species and SSR type. Typically the primer is 18~30bp long, 
the product is 80~300bp long, PCR annealing temperature is 40~60℃. Primer’s 3'-End has 
1~2C/GNucleotides, nucleotide of one primer has 3 complementary sequences, the matching of a 
pair of nucleotides primers shall be less than 3 consecutives, in order to prevent primer-dimer 
formation that will depress amplified PRC products. In purpose of selecting primers with rich 
polymorphism and clear gel electrophoresis bands, no non-specific bands, significant literature 
review was conducted to select the following primers as the best primer [21]: 

F：5´-GCT GCC GCT CTT CTT AAG TG-3´ 
R：5´-CGC AAA TCT CCA AAC AGA CC-3´ 

2.3.1.2 SSR-PCR reaction system 

PRC amplification reaction was conducted on a PCR thermal cycler with total volume of 50 μL, 
2×Taq MaterMix 25μL, primer F(10μmol/L)1μL, primer R(10μmol/L)1μL, template DNA 2μl, 
ddH2O 21μL. 

2.3.1.3 SSR-PCR Reaction program 

94℃ initial denaturation 5 min, 94℃ denaturation 45s, 54℃ annealing 60s, 72 ℃ extension 
30s, 37 cycles, 72℃ extension 10min, 4℃ thermal insulation for the end. 
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2.3.2EST-SSR PCR Amplification 

2.3.2.1 EST-SSR Primer Screening 

The selection of primers depends on species and SSR type. Primer design principles are: Primer 
length18-22bp, optimally 20bp; PCR products 100-300bp; optimum Tm value 58~60℃;GC 
content 35%~65%, optimally 50%. After literature review, the following two pairs of primers [21] 

were selected; primer sequences are shown in Table 2. 
Table 2. Two pairs of EST-SSR primers 

Primer 1 Primer 2 
F:5′TCC CTA CAA ACC CTA ACC G 3′ F:5′AGA TTT CCC TTT CTA AGG AGA C 3′ 

R:5′GAG CAG CAT CAG AGT CAC GT 3′ R:5′CTT GAG TCT GTG ATC TGG AAG 3′ 

2.3.2.2 EST-SSR PCR Reaction System 

Primer 1 reaction system: PRC amplification reaction was conducted on a PCR thermal cycler 
with total volume of 50 μL, 2×Taq MaterMix 25μL, Primer F(10μmol/L)2μL, Primer 
R( 10μmol/L)2μL, template DNA 2μl, ddH2O 19μL. 
Primer 2 reaction system: PRC amplification reaction was conducted on a PCR thermal cycler 
with total volume of 50 μL,10×PCR Buffer(Mg +) 5.0μL,dNTP (10nmol/L) 2.0μL,Taq 
Enzyme(2.5U)1μL, Primer F(10μmol/L)2μL, Primers R(10μmol/L)2μL, template DNA 2μl, 
ddH2O 34μL. 

2.3.2.3 EST-SSR PCR Reaction Program 

Primer 1Reaction Procedure:95℃  initial denaturation 3 min, 94℃  denaturation 30s,60℃ 
annealing 30s,72℃ extension 50s, 35 cycles, 72℃ extension 10min, 4℃thermal insulation for 
the end. 
Primer 2 Reaction Procedure:95℃ initial denaturation 3 min, 94℃ denaturation 30s, 56℃ 
annealing 1min,72℃ extension 90s, 40 cycles, 72℃ extension 5min,4℃ thermal insulation for 
the end. 

2.4 Data Processing and Statistical Analysis 

2.4.1 Gene sequencing 

Gene sequencing of the PCR amplification product was conducted by Shanghai Biological 
Technology Co., Ltd. (Sagon Biotech). 
2.4.2 Software Analysis 
The sequencing diagram was transformed into gene sequence using chromas software, then 
referred to similar sequences in NCBI, followed by sequence alignment with Clustal X software, 
cluster analysis UPGMA tree was constructed using MEGA4.1 software. 

3 Results and Analysis 
3.1 DNA Extract 
Genomic DNAs of 179 varieties of Camellia were extracted using improved CTAB method, gel 
electrophoresis was used to test that DNAs of all samples were successfully extracted, yet tailing 
were shown and strips were obscure for some samples. Gel electrophoresis results for Camellia 
( No.1-100) are shown in Figure 1. 
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Fig.1  The gel electrophoresis of geneomic DNA 

At present, methods of plant DNA extraction has been reported21] in literature, however since the 
camellia leaf contains a variety of secondary metabolites and  hign contents of polysaccharides, 
pigments and phenols, the extracted DNAs using common CTAB are not suitable for PCR 
amplification. Under improved CTAB, β-mercaptoethanol and PVP are added during grinding to 
effectively remove phenols and polysaccharides, after 1% Agarose gel electrophoresis, bands 
were clear, fragment size was in line with expectations and tidy. It contains less RNA, meeting 
the objective of follow-up PCR amplification. 

3.2 Detection of the PCR Amplification Products 

3.2.1 Detection of the SSR-PCR amplification products 

Take 3μL SSR amplification reaction product and 3μL 6×loading buffer, mix evenly, Marker 
(D2000) was purchased from Shanghai Biological Engineering Technology Co., Ltd., the control 
range is 100~1000bp. Gel electrophoresis in 2% agarose (1.4g agarose dissolved in 
70mL0.5×TBE), buffer was 0.5×TBE, voltage regulator 150V, Current 60mA, Electrophoresis 
25min. Use Gel imaging system to take pictures, record the results. 
The SSR-PCR results of the 179 species show:131 Camellia species have clear PCR strips, 
according to gel electrophoresis, the majority fragment size is 250bp, same as expected. The 
largest fragment is about 300bp, smallest fragment about 200bp. SSR-PCR Gel electrophoresis 
results of some varieties are shown in Figure 2. 

 

Fig.2  Electrophoresis pattern of SSR-PCR sequence of Camellia plants 

3.2.2 Detection of EST-SSR PCR Amplification Products 

Take 3μL EST-SSR primer 1 amplification reaction product and 3μL 6×loading buffer, mix 
evenly, Marker (100bp DNA Ladder) was purchased from Shanghai Biological Engineering 
Technology Co., Ltd., the control range is 100~1500bp. Gel electrophoresis in 2% agarose (1.4g 
agarose dissolved in 70mL0.5×TBE), buffer was 0.5×TBE, voltage regulator 150V, Current 
60mA, Electrophoresis 25min. Use Gel imaging system to take pictures, record the results. 
The SSR-PCR results of the 179 species show: 83 Camellia species have clear EST-SSR PCR 
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strips, compared to SSR amplification, EST-SSR has clearer strips and no heavy bands, almost 
all fragments are all 250bp. Only a small portion had tailing. EST-SSR Primer 1 PCR Gel 
electrophoresis results of some varieties are shown in Figure 3. 

 
Fig.3  Electrophoresis pattern of EST-SSR Primer 1 PCR sequence of Camellia plants 

 

Using same sample application method as primer 1, PCR amplification pre-test was conducted 
on 17 Camellia species of sect. Furfuracea (No. 121-137), Marker (MarkerⅢ) was purchased 
from Shanghai Biological Engineering Technology Co., Ltd, the control range is 200~4500bp. 
The results show the amplification of primer 2 is poor, with only 6 varieties were successfully 
amplified, no target strip has amplified from the other 13 species, the target strip is about 300bp. 
Detailed results are shown in Figure 4. 

 

Fig.4  Electrophoresis pattern from EST-SSR Primer 2 PCR sequence of Camellia plants. 

Gel electrophoresis results showed that: primer 1 is more suitable for Camellia PCR 
amplification tests; primer 2’s amplification efficiency is not high, only 35%, primer 1 is selected 
for the follow-up PCR amplification experiment. Some species have not been successfully 
amplified, probably due to: 1. old camellia material makes it difficult for DNA extraction; 2. 
Extracted DNA was degraded from the long testing process of too many species; 3. some species 
cannot be amplified efficiently due to poor cross-species  universality of the primer; 4. due to 
lack of time, gradient test wasn’t conducted  to explore the optimal PCR reaction system and 
procedures, resulting in low amplification efficiency; 5. DNA sequence was not complete, 
resulting in SSR deletions, hence not amplified. 

3.3 EST-SSR Gene Comparison 
As the SSR sequencing data has not been received from Shanghai Biological Technology Co., 
Ltd. the follow-up part of the experiment only conducted analysis on EST-SSR. The nucleotide 
sequences of this experiment used Cluster X Software for sequence alignment of 83 Camellia 
species. Most sequences are 194bp in length, with the longest sequence being C. chuangtsoensis 
210bp, the shortest being C. impressinervis H．T．Chang, 152bp. There were 1751 deletion loci 
and 813 variation sites. Similar nucleotide sequences of Camellia plants were searched on NCBI, 
the mRNA sequence of C. sinensis (s2060) was found, the accession number is KA304313, the 
size is 201bp, its nucleotide sequence and liner DNA sequence are shown in Figure 5. 
cgcgttttac cccttacgtg ttacccacac gggagtagtt tctgttctcg ttgagctcat cttaggacac ctgcgttatc ttttaacaga 
tgtgccgccc cagccaaact ccccactgac aatgtcttcc gcccggatcg gcccgccgag gcggccttgg gtccaaaaag 
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nggggcagtg ccccgcctcc  

gattcacgga a 

 

 
Fig.5  mRNA linear sequence (s26060)of EST-SSR sequence of C. sinensis. 

It is shown in Figure 6 that base deletions at 33bp, 46bp, 81bp, 84bp, 85bp, 92bp, 135-144bp and 
155-161bp are significant; base substitution at 31bp, 81bp and 165-168bp are significant. Partial 
deletion occurred at 117-121bp. 
 

 

 
Fig.6  Genetic comparison chart of EST - SSR sequence of Camellia plants 

3.4 Construction of Phylogenetic Tree 

3.4.1 EST-SSR Phylogenetic Tree Construction (83 Species) 

For this experiment, sequencing was successfully done for 83 species out of 197, including 30 
species of Sect. Camellia, 2 species of Sect. Tuberculata, 1 of Sect. Paracamellia, 3 of Sect. 
Thea, 15 of Sect. Theopsis, 5 of Sect. Furfuracea, 1 of Sect. Longipedicellata, 2 of Sect. Oleifera 
chang, 1 of Sect. Stereocarpus (Pierre) Sealy Rev, 3 of Sect. Eriandria Coh. St., 1 of Sect. 
Gordonia Ellis, 1 of others, 1 of Sect. Corallina Sealy Rev and 17 of Sect. Chrysantha. Use 
MEGM 4.1 to construct the phylogenetic tree of 83 Camellia species, it is found at the closest 
genetic distance 55 species were clustered as one big group, including 22 species of sect. 
Camellia, 1 of Sect. Paracamellia, 3 of Sect. Thea, 11 of sect. Theopsis, 1 of Sect. Furfuracea, 1 
of Sect. Longipedicellata, 1 of Sect. Oleifera Chang, 1 of Sect. Stereocarpus (Pierre) Sealy Rev, 
2 of Sect. Eriandria Coh. St., 1 of Sect. Gordonia Ellis, 1 of others and 7 of Sect. Chrysantha. 
The results are inconsistent with Chang Hung Ta and Min Tianlu’s morphological classification. 
Detailed classification is showed in Figure 7. 
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Note: numbering of test materials is the same as in Table l. 

Fig. 7  The phylogenetic tree from EST-SSR sequence of 83 species plants of the genus camellia 

3.4.2EST-SSR Phylogenetic Tree Construction (39 species) 

As 83 Camellia species don’t allow correct classification, this experiment has excluded some 
species and conducted clustering analysis on the remaining 39 species, i.e. 26 of Sect. Camellia, 
1 of Sect. Tuberculata, 2 of Sect. Theopsis, 3 of Sect. Furfuracea and 6 of Sect. Chrysantha. 
Based on the clustering analysis results, the classification of 39 species is basically in consistent 
with Chang Hung Ta classification, except that Tuberculata Zeng was clustered with Camellia 
hilisciflora. Detailed clustering results are shown in Figure 8. 
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Note：The number of cultivars was the same as in Table l． 

Fig. 8  The phylogenetic tree from EST-SSR sequence of 39 species plants of the genus camellia 

4 Discussions 
The genetic relationship analysis results show (Fig. 6) that , at closest genetic distance, 55 
Camellia species clustered into one group, including 22 of Sect. Camellia, 1 of 
Sect.Paracamellia, 3 of Sect. Thea, 11 of Sect. Theopsis, 1 of Sect. Furfuracea, 1 of Sect. 
Longipedicellata, 1 of Sect. Oleifera Chang, 1 of Sect. Stereocarpus (Pierre) Sealy Rev., 2 of 
Sect. Eriandria Coh. St., 1 of Sect. Gordonia Ellis, 1 of others,7 of Sect. Chrysantha. This 55 
Camellia species almost cover the entire camellia genus classification, which is inconsistent with 
Chang Hung Ta and Ming Tianlu’s morphological classification. The reasons could be: confusion 
of species as a result of sample numbering mistake during test or sequencing; blades were not 
taken from the tender part of bud or leaves, resulting in difficulties in DNA extraction and poor 
DNA quality with contents of phenols; EST-SSR primer was lack of specificity to some species, 
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and less selective to target strip, the sequencing results are non-monoclonal sequence.   
As the UPGMA clustering chart of 83 species presents some error, 39 species were selected to 
construct clustering analysis diagram. As shown in the results (Fig. 7), at the genetic distance of 
0, C.bailinshanica, C.lungshenensis Chang., C.compressa Chang., C.cryptoneura, C. 
brevipetiolata Chang., C.hunanica were clustered into one group, support rate is 9. C.uraku 
(Mak.) Kitamura and Camellia apolyodonta were clustered into one group with a support rate of 
61. C. delicata and C. pitardii Coh, St. were clustered into one group with a support rate of 55, 
the species that were clustered into one group are close in genetic relationship, they all belong to 
sect. Camellia in Chang Hung Ta’s morphological classification. 
At the genetic distance of 0.02, C. connatistyla Mo et Zhong. and C.oblata Chang. were 
clustered into one group with a support rate of 99, they both belong to sect. Furfuracea; C.villosa 
Chang. et S. Y. Liang ex Chang, C.oligophlebia Chang, C.polyodonta How. ex Hu. and 
C.omeiensis Chang. were clustered into one group with a support rate of 24, C. glabsipetala and 
C.lanosituba Chang. were clustered into one group with a support rate of 36; C. albo-sericea 
Chang. and C.saluenensis Stapf. ex Bean. were clustered into one group with a support rate of 34; 
C.mairei (Lévl.) Melch, Warm fruit Camellia and C.magniflora Chang. were clustered into one 
group with a support rate of 21, they both belong to sect. Camellia; C.theopsis chrysantha H and 
C.lungzhouensis Luo were clustered into one group with a support rate of 36; C.pubipetala Wan 
et Huang, C.chrysanthoides Chang and C.nitidissima C. W. Chi were clustered into one group 
with a support rate of 30, they all belong to Sect. Chrysantha; C.hilisciflora, C.lungshenensis 
Chang and Zens tumor fruit tea were clustered into one group with a support rate of 15, the 
former two both belong to sect. Camellia, the latter one belongs to sect. Tuberculata. Except that 
Zens tumor fruit tea was clustered into Sect.Camellia, the rest classifications are consistent with 
Chang Hung Ta’s morphological classification. Zens tumor fruit tea was clustered into Sect. 
Camellia, probably because C.hilisciflora, C.lungshenensis Chang. And Zens tumor fruit tea are 
genetically close, and the morphological classification was inaccurate. 
At the genetic distance of 0.04-0.06, several species were separately clustered into one group, i.e. 
Micropodons Theopsis was clustered into one group; C.impressinervis H．T．Chang. was 
clustered into one group with a support rate of 16; C.septempetala Chang. et L. L. Qi was 
clustered into one group; C.euphlebia Merr. ex Sealy was clustered into one group; C. 
pentapetala Chang. was clustered into one group; C.japonica L. was clustered into one group; 
Beauty carpolithes camellia was clustered into one group; C.furfuracea (Merr.) Coh. St., 
C.connatistyla Mo et Zhong and C.oblata chang. were clustered into one group. Judging from 
the clustering analysis results, molecular marker and morphological marker don’t have much 
difference in classification. 
Based on the UPGMA diagram, the classification of genus Camellia is more in favor of Chang 
Hung Ta’s morphological classification, which suggests that similarity in morphology is highly 
related to DNA similarity, however C.hilisciflora and Zens tumor fruit tea were distant in genetic 
relationship yet clustered into one group, this may be due to high similarity in genotype, but this 
doesn’t mean they are close or distant in genetic relationship. The results of this study is 
consistent with the results of Wang Liyuan et.al’s phylogenentic analysis of interspecies in 
section Thea using SSR markers. 

5 Conclusions 
EST-SSR is a type of molecular marker technology, it present good amplification performance, 
easy to operate and has good repeatability, it’s suitable to analyze the genetic relationship among 
germplasm resources. Based on the genetic analysis results using EST-SSR markers, molecular 
marker classification is basically consistent with Chang Hung Ta’s morphological classification, 
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except that Zens tumor fruit tea was clustered with two species of Sect. Camellia, this may be 
related to the genetic background of Zens tumor fruit tea, or related to the EST-SSR maker that I 
chose for this study. With molecular marker, we can tell the genetic relationship of genus 
Camellia through their genetic distances, which can contribute to the accuracy of Camellia 
classification. It is recommended to adopt molecular marker in Camellia classification and new 
variety breeding. 
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Breeding Cluster-flowering Camellia Cultivars  
in Shanghai Botanical Garden 

Zhang Yali, Guo Weizhen, Li Xiangpeng, Feng Shucheng1 

(Shanghai Botanical Garden, Shanghai, 200231) 

Abstract: In Shanghai Botanical Garden(SHBG), there is a team focusing their interests and knowledge on 
Camellia innovation. Such as, distant hybridization by using species of Sect. Theopsis, hybrid embryo abortion, 
adaptive observation and analysis of new hybrids, molecular biology research on early identification of hybrids. 
In this paper, some of our works on cluster-flowering camellias were introduced. 
Key Word: Cluster-flowering camellia; distant hybrid; soil; application 
 
Shanghai Botanical Garden (SHBG) is located in the southwest of Shanghai and benefits from the 
northern-subtropical, maritime-monsoon climate of the city. The garden was constructed in 1974 
with an area of 81.86 hectares as a comprehensive botanical garden and plays an important role in 
plant introduction, scientific research, interpretation and public education.  
In 1970s, Mr. De-lin Huang, the member ship of American Camellia Society bred the new yellow 
camellia named ‘Huanghai Neibaozhu’ in SHBG. From then on, Camellia studies were inherited 
by the gardeners and researchers of SHBG, now we are performing the ‘Cluster-flowering 
camellias innovation program’, study on hybrid embryo abortion, adaptive  
observation and analysis of new hybrids, molecular biology research on early identification of 
hybrids, so that to select and breed new camellias with high ornamental and resistance characters 
for landscapes.  

 

1 Cluster-flowering camellias Breeding in Shanghai Botanical Garden 
In 1990s, Mr Fei Jian-guo, used Camellia parviovata as pollen parent, and C.japonica 
‘Kuro-tsubaki’ as seed parent, and gained 7 seedlings. Now, 5 of them had been selected by our 
team and gained protection from the State Forestry Administration of P. R. China and 1 are 
allowing plant patent in USA. They are the first hybrids from Sect. Theopsis in China. 
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In 2000s, according to our gardens research aim and the status of world camelliaresearch, our 
young researchers planed and performed the ‘Cluster-flowering camellias innovation program’ 
and pay more attention to distant hybridization by using species of Sect. Theopsis.  

 
Table 1 The cross compatibility of different cross combinations between 4 species of Sect. Theopsis and other species or 

cultivars in Genus Camellia 

Cross 
Combination 

Female Parent 
Male Parent 

(Sect. Theopsis) 
Pollinated 

flowers 
Fruits 

Fruit 
Setting 

Rate 
1 C. amplexicaulis C. fraterna 25 3 12.0 

2 C. nitidissima C. fraterna 28 2 7.1 
3 C. japonica ‘Moyulin’ C. fraterna 35 6 17.1 
4 C. japonica ‘Hakuhan Kujaku’ C. fraterna 31 7 22.6 
5 C. Chekiangoleosa C. fraterna 30 10 33.3 
6 C. japonica ‘Mohong Liuhai’ C. minutiflora 30 3 10.0 
7 C. japonica ‘Moyulin’ C. minutiflora 29 7 24.1 
8 C. japonica ‘High Fragrance’ C. minutiflora 35 4 11.4 
9 C. japonica ‘Jinpan Lizhi’ C. minutiflora 25 6 24.0 

10 C. japonica ‘Hakuhan Kujaku’ C. minutiflora 28 11 39.3 
11 C. japonica ‘Hakuhan Kujaku’ C. handelii 32 5 15.6 
12 C. nitidissima C. handelii 21 1 4.8 
13 C. amplexicaulis C. handelii 9 1 11.1 
14 C. Chekiangoleosa C. handelii 49 1 2.0 
15 C. japonica ‘Jinpan Lizhi’ C. costei 21 6 28.6 
16 C. Chekiangoleosa C. costei 20 3 15.0 
17 C. japonica ‘Hakuhan Kujaku’ C. costei 40 4 10.0 
18 C. japonica ‘Moyulin’ C. costei 26 17 65.4 

Note: C. japonica ‘Moyulin’, C. japonica ‘Mohong Liuhai’ are the new camellias bred by Shanghai Botanical Garden with dark red flowers. 

From table 1, we can see that there is a certain degree of compatibility while species of Sect. 
Theopsis selected as male parents in 18 combinations, but a 0% -fruit setting rate appeared in all 
our crosses with species of Sect. Theopsis as female parents. As, we know, C. cuspidate, C. 
lutchuensis, and other species had ever been used as female parents and harvested 
cluster-flowering camellias, such as ‘Candle Glow’, ‘Milky Way’, ‘Captured Enriches’,et al. 
hence, we tried 5 methods to overcome this incompatibility and increase the pollination flowers to 
more than 100, but we, still failed to gain seeds when species of Sect. Theopsis as female parents. 
Fortunately, during these 6 years distant crossbreeding, we gain about 20 seedlings from more than 
10,000 pollination flowers. And now, they are going to be in blossom. 

 

2 Adaptive observation and analysis of new cluster-flowering camellias 
The light or heavy alkaline soil is normally believed to be one of the main limiting factors for 
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camellias growing well in Shanghai. Hence, we bred new camellias in shanghai and observed their 
soil character and growing status. 

 
Table 2 Comparison of soil index for ‘Xiaofenyu’ in different soil samples 

Samples 
Soil bulk 

density(g/cm3) 
Largest water retaining 

capacity(%) 
Total porosity(%) Aeration porosity (%) 

SH1 1.04±0.21b 51.51±17.35a 50.58±8.48 14.31±7.72 

SH2 1.30±0.08a 35.15±3.39b 45.54±2.24 12.51±3.99 

SH3 1.18±0.13ab 41.37±7.43ab 48.13±3.76 15.5±5.56 

Samples pH 
EC 

(ms/cm) 
Organic matter(g/kg) 

SH1 6.85±0.30c 0.17±0.02b 29.20±15.36a 
 

SH2 7.78±0.13b 0.35±0.02a 18.53±3.13b 
 

SH3 8.16±0.01a 0.16±0.01b 17.4±0.85b 
 

Note: SH1: Soil sample from Qingpu district of Shanghai, SH2: Soil sample 1 from SHBG, SH3: Soil sample 2 from SHBG; Different letters are significantly 
different at 0.05 by Duncan’s test. 
 

When we plant Camellia ‘Xiaofenyu’ in different part a Shanghai, we analyzed part of the physical 
and chemical characters of different soil sample, which was shown in table 2, results indicated that 
there was no difference among total porosity and aeration porosity, but other factors are with 
significant difference. We were surprised that they can grow well even in alkaline soil, which we 
can see from table 2, the data of 3 samples pH are 6.85, 7.78 and 8.16 separately, which is so 
promising to apply camellias in more landscapes. Now, 5 of our protected new cluster-flowering 
camellias have been growing well in the light alkaline soils during the past two decades, we hope 
that we can select more alkaline soils resistance camellia in the future. 
In addition, Camellias are normally believed to be planted on half shade environment, but these 
new camellias can tolerance full sun environment to a certain extent. 

3 Application on new cluster-flowering camellias  
Camellia application in landscapes can be traced back to1800 years ago. C.japonica, C. reticulata 
and C.sasanqua and their varieties are the most popular camellias in China. In Shanghai, 
C.japonica and C. sasanqua are normally used in courtyards and gardens. As some parts of the soil 
are light or heavy alkaline, some C.japonica can’t grow well in Shanghai. Hence, camellias are 
normally massive, isolated or linear planted in half shade environment and acid soils. 
These new cluster-flowering camellias have proved astonishingly long-lasting, floriferous and 
useful landscape plants. Not only because of their numerous flowers, but also, their winter leaves, 
spring tender leaves and amazing following flowers. Hence, they are suitable for use as spectacular 
hedges or ground covers (Table 3). 
In conclusion, we hope to breed more cluster-flowering camellias with different flower types, 
colours, and fragrance for landscapes, which also have high resistance to environment and 
diseases.  
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A New Hybrid Bred by Nanning Golden Camellia 
Park—‘Dong Yang Zhi Hai’ 

Xiaona Huang, Zhihui Li, Yanying Luo, Liangdong Huang  

(Nanning Golden Camellia Park,Guangxi,530022) 

Abstract: This paper described that Nanning Golden Camellia Park used camellia nitidissima as the female 
parent and C.amplexicaulis as the male parent and conducted hybridization to obtain a new variety, ‘Dong 
Yang Zhi Hai’ and described its traits. Through comparisons, the paper described the similarities and 
differences existing between the variety and its parents. 
Keywords: Yellow Camellia; Camellia nitidissima; Camellia amplexicaulis; Hybridization 

Camellia belongs to the Theaceae. In 1960, Chinese scientists, for the first time in Nanning area, 
found a golden camellia and names as Camellia nitidissima. Camellia found a sensation around 
the world horticultural sector, by domestic and foreign horticulturist attention. It is precious to 
cultivate golden camellia varieties. In 1982 Nanning Camellia Park (formerly Hsinchu nursery) 
started with a variety of crossing as female parent of the distant hybridization breeding 
experiments, obtained ‘Dong Yue', ‘Jin Bei Dan Xin 'and other eight new hybrid varieties [1]. 
C.amplexicaulis belong to Theaceae, is a small evergreen tree native to Vietnam. It has narrow 
dark green leaves and stems tightly hold the growth phase, hence got the name [2]. 
Nanning Golden Camellia Park from 2001 started to introduce Vietnamese C.amplexicaulis as the 
male parent with C.amplexicaulis as female parent in crossing experiment, Now we got a new 
hybrid which starts flowering. 

1 Materials and Methods 
1.1 Female parents: 
Choose from Camellia Park to plant gene bank, robust, growing well, lush flowering Camellia 
(Camellia nitidissima Chi) as female plants. 

1.2 Male parents:  
Vietnam very shortly stalked camellia (Camellia amplexicaulis (Pitard) Cohen Stuart) 
1.3 Methods: General pollination method, choose soft and did not open the Camellia bud, 
emasculation, and then male pollens on the stigma granted, bagging mark, shedding petals can be 
removed bagging, after bear fruit with plastic nets live to prevent fruit cracking seeds fall. When 
the hybrid fruit peel ripe to crack, sowing the seeds harvested. 

2 Results 
Pollination March 2008, numbered 827. In November yielding fruit one, 45 days after sowing 
germination, flowering in January 2013 3. Named: ‘DongYangZhiHai’. Morphological 
characteristics of the species are described as follows: 
Shrubs, bark brown, hairless. Purple buds, leaves thick, dark green, leathery, alternate, glossy, 
narrow blade shape, length 16-19cm, width 7-9cm. Leaf veins, apex narrow, short end of the tail. 
Leaf base round or nearly round, petiole length 0.5-0.7cm. Dorsal glabrous. 
Flower buds axillary or terminal, calyx persistent, imbricate, oval, yellow-green, hairy, 6-8 pieces. 
Corolla diameter 6.3-8.6cm, semidouble type, purple petals, slightly concave top shape. Petal 
margin entire, petals 18-23 pieces, oval, fold weaker. The number of stamens, clustered, tube-type 
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arrangement, filaments basally united, stigma number 4, style deep split, pistil and stamen close 
contour, ovary lint, flowering in January-3 months. 

 
Figure 1：‘Dong Yang Zhi Hai’ 

 
Table 1. Morphological Comparisons with the parents of ‘Dong Yang Zhi Hai’ 

Characteristics Dong Yang Zhi Hai C. nitidissima C. amplexicaulis 

Petal number 18-23 8-10 8-13 
color pink yellow pink 

wrinkle weak weak none 
diameter medium small small 
Leaf size Very big big Very big 

Glossy foliage Medium Strong Medium 
Leaf base shape round Wedged Ear-like 
Petiole length Medium Medium Very short 
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Figure 2 A flower of ’Dong Yang Zhi Hai’ and its father plant C. amplexicaulis 

 

Figure 3 Leaf of ‘Dong Yang Zhi Hai’ and its father plant C. amplexicaulis 

The hybrid has shown significant differences with its parents, in particular, for features of flowers 
and leaves. We will do further investigation of physiological characteristics of the varieties in the 
future. 
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Cloning CPI from Camellia azalea and Overexpressing to 
Tobacco Enhance Insect Tolerance 

Jiangying Wang, Zhengqi Fan, Hengfu Yin, Bin Wu, Weixin Liu, Jiyuan Li ∗ 

(Research Institute of Subtropical Forestry of Chinese Academy of Forestry, Zhejiang Provincial 
Key Laboratory of Tree Breeding, Zhejiang, Hangzhou 311400, China.) 

Abstract: Most of ornamental Camellias were cultivated in greenhouses, but pests and diseases are likely to 
occur in the very hot-moist environment, which leads to detrimental effects on ornamental and economic value. 
On the basic of homologous sequences of Camellia japonica, a Cysteine proteinase inhibitor (CPI) gene was 
isolated from the tender leaf in C. azalea by the 3’, 5’-RACE technology named CaCPI to improve the resistance 
of plants to insect pests. The full-length cDNA of CaCPI is 579 bp, containing a 306 bp ORF which encodes 101 
amino acids. The relative molecular weight of CaCPI protein is 11.078 KDa, and its isoelectric point (pI) is 6.72. 
Expressions of CaCPI in root, stem and leaf of camellias were analyzed by fluorescent quantitative real-time 
PCR. The results showed that the expression level of CaCPI in leaf was the highest, medium in stem and the 
lowest in root. It was also found that compared with stem and root, the expression level in leaf was about 
1.53-fold and 1.61-fold, respectively. Furthermore, the expression levels of CaCPI in transgenic plants increased 
up to 55.84-174.83. In addition, overexpression of CaCPI enhanced insect tolerance in transgenic plants. Two 
genotypes plants were inoculated with aphids after 5 days indicated that overexpression of CaCPI gene 
significantly increased insect resistant to Homoptera Myzus persicae, cumulative mortality rate of aphids in 
transgenic tobacco plants was up to 90.75% and about 5.14-fold compared with wild type plants. 
Key words: Camellia azalea; gene clone; insect tolerance; expression analysis; transgenic tobacco 
 

1 Introduction 
Abiotic stresses have important effects on the growth of agricultural and forestry plants, and pest 
stress is an important factor leads to decrease the production of agricultural and forestry. Previous 
statistics showed that the economic losses of the agricultural and forestry crops under pest stress 
were up to 30% (Hou et al., 2000). In the whole period of cultivation, Camellias also suffered with 
many pests and diseases, which mainly including Coleoptera, Lepidoptera and Homoptera pests. 
These pests mainly harmed the tender shoots, leaf buds, leaves and flower buds, which lead to 
detrimental effects on ornamental and sometimes even cause death (Bind et al., 2004). Therefore, 
breeding of new variety of Camellias with insect resistance through molecular biology techniques 
becoming one of the major trends in breeding of Camellias. 
Cysteine proteinase inhibitors (CPI) in plants might protect the cells from inappropriate 
endogenous or external proteolysis and/or could be involved in the control mechanism responsible 
for intracellular or extracellular protein breakdown (Turk et al., 1991). Prophase research showed 
that many Coleoptera and Lepidoptera pests and Homoptera aphids were based on the cysteine as 
the primary digestive enzyme (Ryan, 1990; Rahbe et al., 2003; Campan et al., 2005). Previous 
studies on the effects of both natural and synthetic cysteine proteinase inhibitors have shown that 
they may inhibit digestive cysteine proteinases, thus limiting the availability of amino-acids for 
insect growth and development (Murdock et al., 1987; Ryan, 1990). The first cDNA clone for a 
CPI was isolated from rice (Abe et al., 1987) and then CPI has been found in many 
monocotyledonous and dicotyledonous plants, including rice, wheat and maize of Poaceae, and 
modal plant Arabidopsis thaliana, and sunflower, carnation (Abe et al., 1985; Kuroda et al., 2001; 
Abe et al., 1988; Belenghi et al., 2003; Kouzuma et al., 2000; Kim et al., 1999). Overexpression of 
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CPI in the plants effectively inhibited Coleoptera, Lepidoptera and Homoptera pests, and also 
inhibited digestive enzyme in nematodes, thereby enhanced insect resistance in transgenic plants 
(Hong et al., 2008). However, research on the camellia CPI has not been reported yet.  
In the study, with the aim of certifying the potential of CPI in C.azalea (CaCPI), we cloned CPI 
from C.azalea Linn. and investigated its expression pattern in different tissues of C. azalea by 
qRT-PCR approach. In addition, study on overexpression of CaCPI to increase insect resistance to 
Homoptera Myzus persicae in transgenic tobacco plants, and to lay a foundation for molecular 
breeding of insect resistant in Camellias. 

2 Materials and Methods 
2.1 Plant materials 
C.azalea materials selected for present study using two-year-old cutting seedlings were collected 
from a greenhouse of the Research Institute of Subtropical Forestry located in Fuyang (119°57′ E, 
30°04′ N; Hangzhou, Zhejiang, China), growing under natural light condition and regular 
irrigation. The annual mean environmental temperature is approximately 18°C. And subculture 
aseptic tobacco seedlings with six true leaves (Nicotiana tabacum L. cv. SR1) were grown in an 
illumination box at 25°C and 1200 Lux light (16 h day / 8 h dark) in our laboratory. Tender root, 
stem and leaf of C. azalea grafted seedlings collected were immediately put into liquid nitrogen 
and stored at –80°C for later use. Myzus persicae (Homoptera: Aphididae) were purchased from 
insect company. Primers design was showed in Table 1, primers synthesis and sequencing were 
completed by BGI Corporation (Shanghai).  

2.2 Isolating CaCPI gene in C. azalea 
Total RNA from C. azalea tender leaves was extracted using the plant total RNA isolation kit 
(Aidlab Biotech, China) for reverse transcription polymerase chain reaction (RT-PCR) (TaKaRa, 
China). A pair of specific primers (F1, R1) of conservative region was designed in reference to CPI 
to perform the PCR amplification, and the eluted PCR amplified product was inserted into 
pGEM-Teasy vector (Promega, USA) and confirmed by sequencing. Basing on this sequence, 3’, 
5’-RACE primers were designed (F2 for 3’ outer PCR amplify, F3 for 3’ inner PCR amplify, R2 for 
5’ outer PCR amplify, R3 for 5’ inner PCR amplify) to isolate the CPI gene by 3’,5’-RACE 
amplification kit (TaKaRa, China) from 3’- or 5’-RACE cDNA of C. azalea young leaves. Two 
amplified fragments were cloned into pGEM-Teasy vector (Promega, USA) for sequencing, and 
full-length cDNA sequence were assembled by program DNAMAN 8.0 and submitted to 
GenBank. 

2.3 Sequence and bioinformatics analysis 
CPIs from nine species of high homology with CaCPI were selected through Blast homology 
comparison on NCBI, and using DNAMAN 8.0 and MEGA 5.05 software to analyze the amino 
acid sequence alignment and phylogenetic tree analysis. Furthermore, programs Prot Param 
(http://cn.expasy.org), HNN (http://npsa-pbil.ibcp.fr/) and Swidd-model 
(http://swissmodel.expasy.org) were respectively used for characters, second structure and tertiary 
structure analysis of deduced amino acid. 

2.4 Fluorescent quantitative real-time PCR 
The cDNAs from different organs of C. azalea cutting seedlings were obtained by employing the 
PrimeScript™ RT reagent Kit (Perfect Real Time) (TaKaRa, China). And trace DNA of the reverse 
transcription products were removed by DNase I (RNase-free) (TransGen Biotech, China). 
Primers of fluorescent quantitative real-time PCR (qRT-PCR) were designed and the PCR 
products were about 130-180bp. Subsequent PCR runs were performed along with specific 
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primers for CaCPI gene (F5, R5), and 18S RNA gene (18S-F, 18S-R) of Camellias was exploited 
as an internal control gene to normalize the amount of mRNA present in each sample. And all 
samples were amplified in four independent replicates by an Applled Biosystems 7300 Fast 
Real-time PCR system using SYBR-Premix Ex Taq™ II (Tli RNadeH Plus) (TaKaRa, China) for 
fluorescence detection and the expression data was analyzed using 2–△△Ct method.  

2.5 Transformation of tobacco and qRT-PCR analysis of transgenic plants 
Running PCR gave an amplification of full length nucleotide cDNA sequence of CaCPI gene 
utilizing a pair of primers (F6, R6) which contain Xba I and Sac I restriction sites. The PCR 
product was integrated into pGEM-Teasy vector (Promega), then plant expression vector pBI121 
and the pGEM-Teasy vector (including CaCPI gene) were digested with the restriction 
endonuclease Xba I and Sac I, and purified with agarose gel extraction kit (Axygen, USA). The 
cDNA of CaCPI gene was subcloned into pBI121, and promoted by 35S promoter. The 
reconstructed pBI121-CaCPI plasmid was transformed into Escherichia coli DH5α and then 
mobilized into Agrobcterium tumefaciens strain EHA105 by heat shock, which can be used for 
plant transformation. Tobacco transformation through Agrobcterium tumefaciens-mediated was 
performed as the leaf disk method described by Horsch et al. (1985), and transgenic plants were 
screened by 50 mg/L kanamycin. Transgenic plants were detected by RT-PCR (F6, R6 and F7, R7). 
T1 seedlings were identified for further qRT-PCR analysis and EF1a gene (EF1a-F, EF1a-R) of 
tobacco was exploited as an internal control gene to normalize the amount of mRNA present in 
each sample. Specific methods of qRT-PCR analysis were showed in 2.4. 

2.6 Detection of insect resistance of transgenic plants 
Three independent transgenic plant lines (AL1, AL2 and AL3) and wild type tobaccos were grown 
in nutrient soil and removed into an illumination box at 25°C and 1200 Lux light (16 h day/8 h 
dark) in our laboratory. The plastic pots with tobacco plants were gently put into the 1L braker, and 
slowly inward about 200 mL water into the beaker. In addition, aphids with good status were 
inoculated into the plants by toothpick, 30 aphids per plant, and then every beaker was covered 
with 50×50 cm fly net (0.2 mm aperture net yarn made into). Reproduction of viviparous aphids 
were observed every day and accumulated the cumulative mortality rates of aphids after 5 days. 
Biological experiment was repeated by 3 times, and each transgenic lines and wild type of the 3 
strains. 
Repeated experiments of insect-feeding were designed as follows, the first experiment was 
performed on 2015.4.14-2015.4.18, the second experiment was performed on 
2015.4.15-2015.4.19, and the last experiment was performed on 2015.4.16-2015.4.20. Three 
strains of transgenic plant lines (AL1, AL2 and AL3) and wild type tobaccos were used in each 
experiment.  

Table 1 Sequence of primers and application 

Code Primer sequence(5’-3’) Primer Use 
F1 TCGACAGCCTCGCTCGATTTGC Conservative district fragment 
R1 GGCTTGAATTCCTGCAACTC 
F2 TCGACAGCCTCGCTCGATTTGC 3’RACE-Outer 
F3 CCGTTGACGAACACAACAAG 3’RACE-Inner 
R2 GGCTTGAATTCCTGCAACTC 5’RACE-Outer 
R3 ATCCATGGCTTCACCCAGAC 5’RACE-Inner 
F4 ATGGCTAAAGTCGGAGGAAT Complete ORF amplification of CaCPI 
R4 CTAAGCACTAGGGTGTGAAG 
F5 GTCGTGAATGTGAAGCAAC Fluorescent quantitative Real-time PCR of CaCPI in C. azalea 

and transgenic tobacco R5 GCTTGAATTCCTGCAACTCCTTG 
F6 GCTCTAGAATGGCTAAAGTCGGAG 

Xba I 
Plant expression vector construction; PCR identification of 

CaCPI transgenic tobacco 
R6 GCGGATCCCTAAGCACTAGGGTGT 
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Sac I 

F7 CCATCGATAAGCTTGCATGCCTGCAGGT PCR identification of CaCPI transgenic tobacco 
R7 CCATCGATCCAGTGAATTCCCGATCTAGT 

18S-F GACTCAACACGGGGAAACTTACC Camellia reference gene 
18S-R CAGACAAATCGCTCCACCAAC 

EF1a-F CGGTTAAGGATCTCAAGCGT Tobacco reference gene 
EF1a-R GAACTGGAGCATATCCATTGCC 

3 Results 
3.1 Cloning, molecular characterization and phylogenetic analysis of CaCPI 
A 218 bp fragment (Fig. 1A) was obtained from C.azalea tender leaves cDNA, and sequence 
homological degree between this fragment and CsCPI in C. sinensis was calculated to 97.70%, 
which showed that this fragment was a part of CPI homologous gene. Then, a cDNA of CaCPI 
(GenBank Accession ID: KP635269) was isolated from C.azalea young leaves by 3’, 5’-RACE 
amplification, 5’- and 3’-RACE PCR products were 287 bp (Fig. 1B) and 458 bp (Fig. 1C), 
respectively. The full length sequence of CaCPI cDNA consisted of 579 bp nucleotides owns an 
open reading frame of size 306 bp (Fig. 1D). 

 
Fig.1 Cloning of CaCPI from C. azalea. M: DL 2000 DNA Marker; 1. Conservative PCR product; 2. 

5’-RACE PCR product; 3. 3’-RACE PCR product; 4. CDS PCR product 
 

In addition, DNAMAN 8.0 analysis revealed that CaCPI in C. azalea possessed high sequence 
homology to other nine published plant CPIs (such as C.sinensis, Aegiceras corniculatum). The 
assay showed that all of the 10 plants amino acid numbers were rang 94 to 106, N, C-terminal 
slightly difference and other regions were more conservative. Moreover, there was 97.03% of 
sequence similarity between CaCPI from C. azalea and CsCPI from C. sinensis, and up to 70% 
from other plants (Fig. 2A). Aiming to investigate the evolutionary relationships among CPI 
proteins, a phylogenetic tree was built using MEGA 5.0, and these graphs indicated that there was 
a close genetic relationship among C. azalea and C. sinensis according to CPI sequence (Fig. 2B).  

A 

 

 

A                     B                    C                    D 

M    1              M      2              M     3               M    4 

2000bp→ 

1000bp→ 
750bp→ 
500bp→ 
250bp→ 
100bp→ 

2000bp→ 

1000bp→ 
750bp→ 
500bp→ 
250bp→ 
100bp→ 

2000bp→ 

1000bp→ 
750bp→ 
500bp→ 
250bp→ 
100bp→ 

2000bp→ 
1000bp→ 

750bp→ 
500bp→ 
250bp→ 
100bp→ 



Jiangying Wang et al: Cloning CPI from Camellia azalea and Overexpressing to Tobacco Enhance Insect Tolerance 

170 
 

B 

 
Fig. 2 Multiple sequences alignment of CaCPI  

(A) and phylogenetic tree analysis of CaCPI (B) from C. azalea and other nine plant species. The accession numbers in GenBank of CPI are as follows: C. 
azalea (KP635269); C. sinensis (ABD97259.1); Aegiceras corniculatum (AY463911.1); Artemisia vulgaris (AF143677.1); Castanea sativa (AJ224331.1); 
Jatropha curcas (FJ899657.1); Manihot esculenta (AF265551.1); Oryza sativa (KM983023.1); Pelargonium hortorum (DQ679789.1); Spinacia oleracea 

(AB470647.1). The multiple sequences alignment and the phylogenetic tree were constructed using DNAMAN version 8.0 and MEGA version 5.2, 
respectively. 

Furthermore, Prot Param online analysis of protein characters revealed that CaCPI in C. azalea 
encoded 101 amino acids, pI 6.72, instability index 34.94, therefore CaCPI was a stability protein. 
Then, HNN software was used online to analyze the protein second structure found that CaCPI 
including alpha-helix 36.63%, random coil 36.63%, extend strand 20.79% and beta turn only 
5.94%. The comparison between the secondary structures of CaCPI from C. azalea and CPIs from 
other species with high homology indicated that all of them were dominated with alpha-helix and 
random coil, followed by extend strand, and the proportions were less in beta turn. Besides, the 
tertiary structure of CaCPI was predicted by Swidd-model homology modeling (Fig. 3A), and we 
also found that CaCPI and other CPIs were dominated with alpha-helix and random coil as the 
main skeleton. The CaCPI protein was predicted to be constructed dominantly with alpha-helix, 
random coil, and contain CY domain (Fig. 3B), and with the essential protein structures to produce 
inhibitory activity, which including two glycine residuces (G-G), putative reaction domain 
QXVXG and A/PW motif, and a high conserved amino acid sequence called ‘LARFAVXEHV’, 
‘QVVXG’and ‘YEAKXWXKPW’ (red lines in Fig. 2A) were found in all plant CPI members. 

 
Fig. 3 Tertiary structure of CaCPI gene from C. azalea (A) and conserved domains of coded protein of 

CaCPI gene from C. azalea 
3.2 Expression pattern of CaCPI in C. azalea 
In this study, qRT-PCR was used to investigate the expression characteristic of CaCPI in specific 
tissue. To assay the expression pattern of CaCPI in root, stem and leaf from C. azalea cutting 
seedlings, the transcripts levels were examined. Information on relative expression of CaCPI in 
different subjects is provided below (Fig. 4). It was found that CaCPI was expressed in all tested 
tissues, but the expression level of CaCPI of three tissues were significantly different at a 
confidence level of 0.05. In which the expression level of CaCPI in leaf was the highest, with 
nearly 1.53 and 1.61 times higher than that in stem and root, respectively. 

 

     
 

A           B 



Proceedings of 2016 Dali International Camellia Congress 

171 
 

 

Fig. 4 Relative expression of CaCPI in different Camellia tissues of C. azalea. Colums with different 
letters indicate significant difference at a confidence level of 0.05. The data are the means of four 

replicates and were compared by Duncan’s multiple range test.  
3.3 Construction of plant expression vector 
Diagram of the recombinant plasmid pBI121-CaCPI was showed in Fig. 5A. The plant expression 
vector pBI121 and the pGEM-Teasy vector including CaCPI gene were digested with the 
restriction endonuclease Xba I and Sac I (Fig. 5B), and two fragments were connected by T4 DNA 
ligase at 16°C overnight. Then, recombinant plasmid was identified by enzyme digestion, the 
results showed that the cDNA of CaCPI gene was successfully subcloned into pBI121 (Fig. 5C). 

 
Fig.5  

(A) Diagram of the recombinant plasmid pBI121-CaCPI. (B and C) Enzyme-digestion identification of Plant expression vector pBI121-CaCPI.  
(B): Electrophoresis gel of enzyme-digestion of pGEM-T-CaCPI; (C): Electrophoresis gel of enzyme-digestion of pBI121-CaCPI; M: DL2000 DNA Marker; 

1. Fragmentss of enzyme-digestion of pGEM-T-CaCPI; 2. Fragmentss of enzyme-digestion of pBI121-CaCPI. 
 

3.4 Detection of CaCPI transgenic tobacco plants 
Using CaCPI cDNA primers (F6 and R6) to detect the positive transgenic plants showed that the 
target bands were amplified by PCR in three transgenic lines (CL1, CL2 and CL3), but a 
light-colored band was also amplified in the wild type plants (Fig. 6A). Therefore, according to the 
full length sequence of pBI121 expression cassette designed a pair of primers (F7 and R7) to 
further detected the positive transgenic lines by PCR, in which F7 was a sequence in the beginning 
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of CaMV 35S promoter, and R7 was a sequence in the end of T-Nos-terminator. PCR amplification 
results indicated that CaCPI gene had been amplified in transgenic lines and wild type plants 
without this gene, that certificated transformation was successful (Fig. 6B).  

 
Fig. 6 Detection of CaCPI transgenic tobacco by RT-PCR.  

A, Fragments of PCR by CaCPI cDNA primers; B, Fragments of PCR by CaMV35S promoter forward primer and T-Nos-terminator reverse primer; M: 
DL2000 DNA Marker; CL1, CL2, CL3: 3 lines of CaCPI transgenic tobacco; +: Positive control of pBI121-CaCPI combined vector; -: ddH2O; WT: Wild 

type. 

3.5 Expression analysis of CaCPI in transgenic tobacco plants 
Quantitative Real-time PCR analysis showed that the expression level of CaCPI in transgenic 
lines were significantly increased compared with the control. The expression amount of CaCPI in 
transgenic plants was 55.84-174.83, while that in wild type plants was 0, and the average 
expression of CL1, CL2 and CL3 was 95.23, in which CL2 line was the highest. 

 

Fig. 7 Expression level of CaCPI gene in different lines of transgenic plants and wild type plants.  
WT: Wild type; CL1, CL2, CL3: 3 lines of CaCPI transgenic tobacco plants. Colums with different letters indicate significant difference at a 

confidence level of 0.05. The data are the means of four replicates and were compared by Duncan’s multiple range test. 

3.6 Overexpression of CaCPI enhanced insect tolerance in transgenic plants  
Transgenic lines (CL1, CL2 and CL3) and wild type tobaccos were planted for 45 days, then every 
plants were inoculated with 30 healthy, apterous and viviparous aphids (Fig. 8A). After 5 days, the 
growth status of aphids was showed in Fig. 8B and C, where most of aphids on wild type plants 
grown well, only a few of them had died (the black spots on the leaves were dead aphids), and the 
cumulative mortality rate of aphids on wild type plants was about 16.70% (Fig. 9). However, most 
aphids on the transgenic lines after 5 days (CL1, CL2 and CL3) were dead, only a few survived. 
The statistical results showed that the cumulative mortality rates of aphids on CL1, CL2 and CL3 
were 88.90%, 96.67% and 86.67%, respectively (Fig. 9). In addition, prominence otherness 
analysis suggested that there was no significant difference in cumulative mortality rates between 
three lines, while the cumulative mortality rates in transgenic lines were all significantly increased, 
about 4.32-5.79 times of the wild type plants, and the average was 5.44 times (Fig. 9), which 
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indicated that CaCPI overexpressed could improve the ability of insect resistance to aphids in 
transgenic tobacco plants. 

 
Fig. 8 Wild type and CaCPI transgenic tobacco plants were inoculated with aphids for 5 days.  

A: Wild type and CaCPI transgenic tobacco plants were inoculated with aphids; B: The states of wild type and CaCPI transgenic tobacco plants were 
inoculated with aphids after 5 days; C: The states of aphids on the leaves in wild type and CaCPI transgenic tobacco plants were inoculated with aphids after 

5 days; WT: Wild type; CL1, CL2, CL3: 3 lines of CaCPI transgenic tobacco plants. 

 

Fig. 9 Cumulative mortality rates of aphids in wild type and CaCPI transgenic tobacco plants were 
inoculated with aphids after 5 days.  

WT: Wild type; CL1, CL2, CL3: 3 lines of CaCPI transgenic tobacco plants. Colums with different letters indicate significant difference at a confidence level 
of 0.05. The data are the means of four replicates and were compared by Duncan’s multiple range test. 

4 Discussions 
Plant cystatins, a new cystatin superfamily member, is closely related Stefin and Cystatin family 
proteins while they contain no cysteine residues. Therefore, plant cystatins are the fourth member 
in cystatin superfamily, which different from animal cystatins (Kondo et al., 1991). Plant cystatins 
contains a particular glycine residue ‘G’ near the N-terminal position, the sequence ‘QVVAG’ in a 
central part of the molecule, and a conservative ‘W’ near the C-terminal position (Arai et al., 1990). 
In this paper, CaCPI was isolated from the leaves of C. azalea, which encoded a 101 amino acids 
residue with a predicted molecular weight of 11.078 KDa, and with the essential protein structures 
to produce inhibitory activity, which including two glycine residuces (G-G), putative reaction 
domain QXVXG and A/PW motif, and a high conserved amino acid sequence called 
‘LARFAVXEHV’, ‘QVVXG’ and ‘YEAKXWXKPW’. This result suggested that a protein was 
encoded by CaCPI was a cysteine protease inhibitor. Lin et al. (2014) reported that 4 CPI genes 
(NtCPI1, NtCPI2, NtCPI3 and NtCPI4) of CPI gene family were isolated from tobacco, and 
encoded 98, 98, 120 and 123 amino acids residue, respectively. In addition, they all have 
conservative sequences of CPI reaction site and specific basis of plant CPI. By the gene sequence 
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comparison, it was found that CaCPI was close to NtCPI1 and NtCPI2, while CaCPI was much 
closer to NtCPI2 based on amino acid sequence comparison, which indicated that CaCPI belongs 
to CPI2. 
Using qRT-PCR analysis, CaCPI gene was expressed in examined tissues differently, where the 
expression level of CaCPI in leaf was the highest, medium in stem and the lowest in root. Lin et al. 
(2014) found that 4 kinds of CPI genes from tobacco have different expression patterns in different 
tissues, in which the expression level of NtCPI2 in leaf was higher than stem, and the expression 
amount of root was lower. The results coincide with those from our experiments. 
Most of aphid species are oligophagous or monophagous, while the yellowish green peach aphid 
specie (Myzus persicae) is polyphagous on over 100 plant species in different families. The life 
history of M. persicae has two hosts, the female in summer is parthenogenesis and has strong 
reproductive capacity. Moreover, with the room temperature in summer, it takes 4-5 days to 
complete a generation (Weber et al., 1985). Therefore, in this experiment the insect-feeding was 
completed in the greenhouse and the temperature continued at 25°C, and the cumulative mortality 
rate of aphids was recorded in the case of the aphids did not reproduce. Thus, the statistical 
analysis of cumulative mortality rate was conducted after 5 days. If you want to observe the 
symptoms of the tobacco plants under aphids’ stress, inoculation time must be extended until 
appeared symptoms, which will be researched in the successive experiments.  
Insect-feeding experiment indicated that most aphids on the CaCPI transgenic tobacco plants were 
died, while only a few of them died on the wild type plants, and two genotypes plants were 
inoculated with aphids after 5 days, cumulative mortality rate of transgenic plants was about 
5.14-fold compared with wild type plants, which indicated that overexpression of CaCPI gene can 
significantly enhance insect resistant to M. persicae. Previous research found that CPI has an 
impact on the growth and digestive physiology of larval Heliothis zea and Spodoptera exigua 
(Broadway et al., 1986). Lei et al. (2006) reported that recombinant protein of plant CPI inhibited 
digestive function of cysteine proteinases in the insect midgut, thus limited insect growth and 
development. Furthermore, a cysteine was induced by plant CPI gene, and suppressed pathogenic 
fungi in plants (Belenghi et al., 2003). OsCPI from rice was successfully transferred into poplars 
and the resistance of transgenic plants to insects was stronger compared to the control (Leple et al., 
1995). Massimo et al. (2001) also overexpressed CPI from Arabidopsis thaliana in the Populus 
alba, and expression product of AtCPI was detected in the tissues of transgenic plants, which could 
resist to the main pests in poplar. Rahbe et al. (2003) studied the OC-1 on different aphids and 
found that recombinant protein of OsCPI (OC-1) could reduce growth and development of 
Acyrthosiphon pisum, Aphis gossypii and M. persicae, and overexpression of OsCPI in rape also 
seriously reduced the weight of M. persicae. Moreover, Campan et al. (2005) also found that rice 
CPI1 has resistance to aphids. In this study, overexpression of CaCPI in tobacco enhanced insect 
tolerance to M. persicae, and laid a foundation for molecular breeding of insect resistant in 
Camellias. 

5 Conclusions 
In this paper, we have first cloned and identified a CPI from C. azalea, and suggested that a protein 
was encoded by CaCPI was a cysteine protease inhibitor. Transcript levels of CaCPI was 
expressed differently in all examined camellia tissues, where the expression level of CaCPI in leaf 
was the highest, medium in stem and the lowest in root. In addition, we demonstrated that 
overexpression of the exogenous CaCPI in tobacco, and found that the expression level of CaCPI 
was significantly increased in the transgenic plants, and which have strong insect resistance to M. 
persicae. Genetic transformation system of C.japonica is being established in the Zhejiang 
Provincial Key Laboratory of Tree Breeding and have obtained some results at present. In the 
further research, CaCPI will be transferred into Camellias and hope to cultivate new species with 



Proceedings of 2016 Dali International Camellia Congress 

175 
 

insect resistance. 
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Cloning,Expression and Functional Analysis of CaAPX 
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(Research Institute of Subtropical Forestry of Chinese Academy of Forestry, Zhejiang Provincial 
Key Laboratory of Tree Breeding, Zhejiang, Hangzhou 311400, China.) 

Abstract: On the basic of homologous sequences of Camellia japonica, an Ascorbate peroxidase (APX) gene 
was isolated from the tender leaf in C.azalea by the 3’, 5’-RACE technology named CaAPX. The full-length 
cDNA of CaAPX is 1097 bp, containing a 753 bp ORF which encodes 250 amino acids. Fluorescent quantitative 
real-time RT-PCR analysis indicated that CaAPX was expressed differently in all examined camellia tissues, and 
the expression levels in order were immature green fruit, tender leaf, flower, leaf bud, seed embryo, petal and 
flower bud. The highest expression level of CaAPX was in immature green fruit, approximately ranging 2.68 to 
11.44 times as high as other six groups. It was also found that the expression level was notably up-regulated in 
leaves of camellia plants subjected to abnormal temperatures. Furthermore, the APX activity in transgenic plants 
increased 2.58-4.09 fold, and the AsA content increased 2.67-3.56 fold as higher as wild type plants. In addition, 
overexpression of CaAPX enhanced cold and heat stress tolerance in transgenic plants under temperature 
stresses.  
Key words: Camellia azalea; gene cloning; temperature stress; expression analysis; transgenic tobacco 
 

1 Introduction 
The genus Camellia including evergreen shrubs and small trees is cultivated world-widely in 
subtropical regions, and it usually locates under tall trees in forestry for its preference to shady 
environment, particularly for Camellia japonica which is an ornamental species of the genus 
Camellia (Min, 2000). For most varieties of C. japonica, depending on environmental temperature, 
the flowering period is between January and March. Zhuang’s study (1989) indicated that the 
camellia was seriously inflected by abnormal temperature, namely 0°C low or 35°C high, and it 
even leads to flowers abscission or inability of flower buds’ differentiation. Defense-related genes 
altered plant temperature stress tolerance were transferred into Camellias by molecular biology 
techniques becoming one of the major trends in stress resistance breeding of Camellias. 
Temperature stress, namely low and high temperature, often caused negative impacts on plant 
metabolism, cellular homeostasis balance and major physiological processes coupling. Not 
surprisingly, the stress-induced cellular changed in plants accumulate toxic chemicals in cells that 
included reactive oxygen species (ROS), such as 1O2, H2O2, O2

-, and HO. (Sofo et al., 2005; 
Suzuki et al., 2006). In ascorbate-glutathione pathway, a major antioxidant defense system in 
chloroplasts and cytosol, ascorbate peroxidase (APX) is found to be a key enzyme in biosynthesis 
of L-Ascorbate acid known for scavenging cellular H2O2 produced in various stressful conditions 
(Foyer et al., 1976; Jablonski et al., 1981; Hossain et al., 1984; Lu et al., 2007; Gill et al., 2010). 
Nowadays, APX genes have been cloned from many plants such as Nicotiana tabacum, 
Arabidopsis thaliana, Oryza sativa, Solanum tuberosum and Camellia sinensis, and 
overexpression of APX genes could enhance cold and hot stress tolerance in transgenic plants 
(Yutaka et al., 2001; Tang et al., 2006; Kim et al., 2010). 
Herein, with the aim of certifying the potential of APX in Camellia azalea (CaAPX), we cloned 
APX gene from C. azalea and investigated its expression pattern in C. azalea plants, and then using 
qRT-PCR approach, we studied the defense response in transgenic and un-transformed wild type 
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tobacco plants exposed to abnormal temperature stresses at the molecular level. 

2 Materials and methods 
2.1 Plant materials and treatments 
C. azalea materials selected for present study including four-year-old grafted seedlings and 
two-year-old cutting seedlings were collected from a greenhouse of the Research Institute of 
Subtropical Forestry located in Fuyang (119°57′ E, 30°04′ N; Hangzhou, Zhejiang, China), 
growing under natural light condition and regular irrigation. The annual mean environmental 
temperature is approximately 18°C. And subculture aseptic tobacco seedlings with six true leaves 
(Nicotiana tabacum L. cv. SR1) were grown in an illumination box at 25°C and 1200 Lux light 
(16h day/8h dark) in our laboratory. 
C. azalea cutting seedlings, wild type and CaAPX transgenic tobacco plants were exposed to 4°C 
low and 38°C high temperatures for 0, 2, 4, 8 and 12 h, respectively, in the illumination box at 
25°C and 1200 Lux light (16 h day/8 h night). The samples treated for 0 h were set as controls.  
Tender leaves of C. azalea grafted seedlings and the forth leaves of treatment tobacco plants 
collected were immediately put into liquid nitrogen and stored at -80°C for later use. The tender 
leaf, leaf bud, flower bud, flower, petal, immature green fruit and seed embryo of C. azalea, and 
the forth functional leaves of wild type and transgenic tobacco plants treated with temperature 
stresses were selected to extract total RNA for expression analysis and parameters determination. 
Primers design was showed in Table 1, primers synthesis and sequencing were completed by BGI 
Corporation (Shanghai). 

2.2 Isolating CaAPX gene in C. azalea 
Total RNA from C. azalea tender leaves was extracted using the plant total RNA isolation kit 
(Aidlab Biotech, China) for reverse transcription polymerase chain reaction (RT-PCR) (TaKaRa, 
China). A pair of specific primers (F1, R1) of conservative region was designed in reference to 
APX gene to perform the PCR amplification, and the eluted PCR amplified product was inserted 
into pGEM-Teasy vector (Promega, USA) and confirmed by sequencing. Basing on this sequence, 
3’, 5’-RACE primers were designed (F2 for 3’ outer PCR amplify, F3 for 3’ inner PCR amplify, R2 
for 5’ outer PCR amplify, R3 for 5’ inner PCR amplify) to isolate the APX gene by 3’,5’-RACE 
amplification kit (TaKaRa, China) from 3’- or 5’-RACE cDNA of C. azalea young leaves. Two 
amplified fragments were cloned into pGEM-Teasy vector (Promega, USA) for sequencing, and 
full-length cDNA sequence were assembled by program DNAMAN 8.0 and submitted to 
GenBank. 

2.3 Sequence and bioinformatics analysis 
APXs from nine species of high homology with CaAPX were selected though Blast homology 
comparison on NCBI, and using DNAMAN 8.0 and MEGA 5.05 softwares to analyze the amino 
acid sequence alignment and phylogenetic tree analysis. Furthermore, programs Prot Param 
(http://cn.expasy.org), HNN (http://npsa-pbil.ibcp.fr/) and Swidd-model 
(http://swissmodel.expasy.org) we reseparately used for characters, second structure and tertiary 
structure analysis of deduced amino acid. 

2.4 Fluorescent quantitative real-time PCR 
The cDNAs from different organs of C. azalea cutting seedlings on respectively different 
temperature stress levels were obtained by employing the PrimeScript™ RT reagent Kit (Perfect 
Real Time) (TaKaRa, China). And trace DNA of the reverse transcription products were removed 
by DNase I (RNase-free) (TransGen Biotech, China). Primers of fluorescent quantitative real-time 
PCR (qRT-PCR) were designed and the PCR products were about 130-180 bp. Subsequent PCR 
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runs were performed along with specific primers for CaAPX gene (F5, R5), and 18S RNA gene 
(18S-F, 18S-R) of Camellias was exploited as an internal control gene to normalize the amount of 
mRNA present in each sample. And all samples were amplified in four independent replicates by 
an Applled Biosystems 7300 Fast Real-time PCR system using SYBR-Premix Ex Taq™ II (Tli 
RNadeH Plus) (TaKaRa, China) for fluorescence detection and the expression data was analyzed 
using 2–△△Ct method.  

2.5 Construction of plant expression vector and transformation into tobacco 
Running PCR gave an amplification of full length nucleotide cDNA sequence of CaAPX gene 
utilizing a pair of primers (F6, R6) which contain Xba I and BamH I restriction sites. The PCR 
product was integrated into pGEM-Teasy vector (Promega), then plant expression vector pBI121 
and the pGEM-Teasy vector (including CaAPX gene) were digested with the restriction 
endonuclease Xba I and BamH I, and purified with agarose gel extraction kit (Axygen, USA). The 
cDNA of CaAPX gene was subcloned into pBI121, and promoted by 35S promoter. The 
reconstructed pBI121-CaAPX plasmid was transformed into Escherichia coli DH5α and then 
mobilized into Agrobcterium tumefaciens strain EHA105 by heat shock, which can be used for 
plant transformation. Tobacco transformation through Agrobcterium tumefaciens-mediated was 
performed as the leaf disk method described by Horsch et al. (1985), and transgenic plants were 
screened by 50 mg/L kanamycin. Transgenic plants were detected by RT-PCR (F6, R6) and 
southern blotting (F7, R7).  

2.6 Determination of APX activity and AsA concentration 
The forth leaves of sense CaAPX transgenic plants were collected for further analysis. APX 
activity was determined according to the method of Nakano et al. (1981). AsA content was 
determined according to the method of Arakawa et al. (1981). Wild type plants as control, and the 
biological test was repeated three times.  

2.7 Cold and heat stress tolerance assays 
Three independent T1 transgenic plant lines (AL1, AL2 and AL3) and WT tobaccos were 
incubated on tissue culture medium under a 16 h day/8 h dark cycle at 25°C for 30 d, and then 
transferred into two different illumination boxes separately at 4°C and 38°C, 1200 Lux light (16 h 
day/8 h dark) for 12 h treatment. The treated plants were observed per 15 min, and their the forth 
functional leaves taken at the same time (8 h) were exploited to conduct physiological experiments 
which determined the wilting situation of leaves and the content of H2O2 according to the method 
of Sairam et al. (2002). 

Table 1 Sequence of primers and application 

Code Primer sequence(5’-3’) Primer Use 
F1 GCATGGCACTCTGCTGGTAC Conservative district fragment 
R1 CATCCGCAGCATATTTCTCAAC 
F2 GTTCAGAGAGCTTCATGTG 3’RACE-Outer 
F3 CATCCGCAGCATATTTCTCA AC 3’RACE-Inner 
R2 GCATGGCACTCTGCTGGTAC 5’RACE-Outer 
R3 ACTGGAGGACCTGATGTTCC 5’RACE-Inner 
F4 ATGGGGAAGTGCTATCCAACTG Complete ORF amplification of CaAPX gene 
R4 TTAGGCTTCAGCAAACCCCAG 
F5 TAGGAACAGGACCTCATTGCG Quantitative Real-time RT-PCR of CaAPX in C. azalea and 

transgenic tobacco R5 AAGGTGTCGCCTATGTTGACGAC 

F6 GCTCTAGAATGGGGAAGTGCTATC 
Xba I 

Plant expression vector construction; PCR identification of 
sense CaAPX transgenic tobacco 

R6 GCGGATCCTTAGGCTTCAGCAAAC 
BamH I 

F7 ACTGGAGGACCTGATGTTCC Southern blotting 
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R7 GAATGCATCCTCATCCGCAGCAT 

18S-F GACTCAACACGGGGAAACTTACC Camellia reference gene 
18S-R CAGACAAATCGCTCCACCAAC 

3 Results 
3.1 Cloning, molecular characterization and phylogenetic analysis of CaAPX 
A fragment (566 bp) (Fig. 1A) was obtained from C. azalea tender leaves cDNA, and its sequence 
analysis showed that this fragment was a part of APX homologous gene. Then, a cDNA of CaAPX 
(GenBank Accession ID: KP635267) was isolated from C. azalea young leaves by 3’, 5’-RACE 
amplification, 5’- and 3’-RACE PCR products were 765 bp (Fig. 1B) and 797 bp (Fig. 1C), 
respectively. The full length sequence of CaAPX cDNA consisted of 1,017 bp nucleotides owns an 
open reading frame of size 753 bp (Fig. 1D), which encodes a 250 amino acid residue with a 
predicted molecular weight of 27.595 KDa.  

 
Fig.1 Cloning of CaAPX from C. azalea. 

M: DL 2000 DNA Marker; 1. Conservative PCR product; 2. 5’-RACE PCR product; 3. 3’-RACE PCR product; 4. CDS PCR 
product 

In addition, DNAMAN 8.0 analysis revealed that CaAPX in C. azalea possessed high sequence 
homology to the published APX proteins belonging to other plants. The assay showed that there 
was 88.0% of sequence similarity between CaAPX in C. azalea and MdAPX in Malus domestica, 
meanwhile, the sequence homological degree between CaAPX in C. azalea and NtAPX in 
Nicotiana tabacum was calculated to 89.6%, and particularly compared with CsAPX found in 
Camellia sinensis, it was up to 96.8% (Fig. 2A). Aiming to investigate the evolutionary 
relationships among APX proteins, a phylogenetic tree was built using MEGA 5.0, and these 
graphs indicated that there was a close genetic relationship among C. azalea, C. sinensis, N. 
tabacum and M. domestica according to APX sequence (Fig. 2B).  
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Fig. 2 Multiple sequences alignment of CaAPX  

(A) and phylogenetic tree analysis of CaAPX (B) from C. azalea and other nine plant species. The accession numbers in GenBank of APX are as follows: C. 
azalea (KP635267) ; C. sinensis (ABD97259.1); N. tabacum (AAA86689.1); Malus domestica (ABP87792.1); Tamarix hispida (ACN60159.1); Ziziphus 

jujuba (BAM28755.1); Gossypium hirsutum (AAC08576.1); Vitis pseudoreticulata (ABR18607.1); Zantedeschia aehtiopic (BAM28755.1); Hevea 
brasiliensis (AAO14118.1). The multiple sequences alignment and the phylogenetic tree were constructed using DNAMAN version 8.0 and MEGA version 

5.2, respectively. 

  

Moreover, Prot Param online analysis of protein characters revealed that CaAPX in C. azalea 
encoded 250 amino acids, pI 5.62, instability index 38.93, therefore CaAPX was a stability protein. 
Then, HNN software was used online to analyze the protein second structure found that CaAPX 
including alpha-helix 40.80%, beta turn 10.00%, random coil 37.20% and extend strand 12.00%. 
The comparison between the secondary structures of CaAPX from C. azalea and APXs from other 
species (such as tea) with high homology indicated that all of them were dominated with 
alpha-helix, followed by random coil, and the proportions were less in extend strand and beta turn. 
Furthermore, the tertiary structure of CaAPX was predicted by Swidd-model homology modeling 
(Fig. 3A), and we also found that CaAPX and other APXs were dominated with alpha-helix and 
random coil as the main skeleton. The CaAPX protein was predicted to be constructed dominantly 
with alpha-helix and random coil, and contain POD domain (Fig. 3B) where a high conserved 
amino acid sequence called ‘XANX’, ‘LPDAX’ and ‘(E)RSGF/W’ (red lines in Fig. 2A) were 
found in all POD members. These conserved fragments were critical to react with substrate AsA. 

A                    B 

  

Fig. 3 Tertiary structure of CaAPX gene from C. azalea (A) and Conserved domains of coded protein of 
CaAPX gene from C. azalea 

 

3.2 Expression pattern of CaAPX in C. azalea 
In this study, qRT-PCR was used to investigate the expression characteristic of CaAPX, basing on 
specific tissue corresponding to different temperature stresses. To assay the expression pattern of 
CaAPX in seven parts of material acquired from C. azalea grafted seedlings, the transcripts levels 
were examined. Information on relative expression of CaAPX in different subjects is provided 
below (Fig. 4A). It was found that CaAPX was expressed in all tested tissues, and the expression 
level of CaAPX in immature green fruit was the highest, with nearly 2.68 times higher than in leaf. 
What’s more, there was a notable larger quantity of CaAPX relative expression in these two tissues 
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than in leaf bud, flower bud, flower, seed and petal, which indicated that functions of CaAPX were 
mainly involved in the AsA metabolism of these tissues (Fig. 4A). 
To investigate the expression of CaAPX from C. azalea cutting seedling leaves under abnormal 
temperatures, we examined the transcription levels of leaves after the plants were exposed to 4°C 
and 38°C, respectively, at five different time intervals. As these two graphs shown, the expression 
levels of CaAPX in leaves were both up-regulated under the low and high temperature treatment, 
reaching peaks at 8 h, approximately 3.49 fold and 2.67 fold than in control (0h treatment), 
respectively, however, they then both sharply declined after 12 h temperature stresses (Fig. 4B, C). 

 

 

Fig. 4 Expression pattern of CaAPX of C. azalea.  
(A) Relative expression of CaAPX in different tissues of C. azalea. (B) Relative expression of CaAPX in leaves of C. azalra during different times under 4°C 
cold stress. (C) Relative expression of CaAPX in leaves of C. azalra during different times under 38°C hot stress. Different lowercase letters in (A) represent 
significant differences among the different tissues whereas different lowercase letters in (B) and (C) represent significant differences among the tempreature 
stress treatments, at a confidence level of 0.05. The data are the means of four replicates and were compared by Duncan’s multiple range test.  

3.3 Construction of plant expression vector 
Diagram of the recombinant plasmid pBI121-CaAPX shown in Fig. 5A. The plant expression 
vector pBI121 and the pGEM-Teasy vector (including CaAPX gene) were digested with the 
restriction endonuclease Xba I and BamH I (Fig. 5B), and two fragments were connected by T4 
DNA ligase at 16°C overnight. Then, recombinant plasmid was identified by enzyme digestion, 
the result shown that the cDNA of CaAPX gene was successfully subcloned into pBI121 (Fig. 5C).  
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Fig.5 (A) Diagram of the recombinant plasmid pBI121-CaAPX. (B and C) Enzyme-digestion 

identification of Plant expression vector pBI121-CaAPX. B: Electrophoresis gel of enzyme-digestion of 
pGEM-T-CaAPX; C: Electrophoresis gel of enzyme-digestion of pBI121-CaAPX; M: DL2000 DNA 

Marker; 1. Fragmentss of enzyme-digestion of pGEM-T-CaAPX; 2. Fragmentss of enzyme-digestion of 
pBI121-CaAPX. 

 

3.4 Detection of CaAPX transgenic tobacco plants  
The twenty transgenic lines integrated CaAPX were screened with 50 mg/L kanamycin and PCR 
analyzed with CaAPX cDNA amplification primers (F6 and R6), and three random samples (AL1, 
AL2 and AL3) were chosen from the positive transgenic plants for southern blotting analysis, 
which confirmed the single insertion of target construct (Fig. 6A, B).  
 

 
Fig. 6  

(A) Detection of CaAPX transgenic tobacco by RT-PCR. (B) Southern blot analysis. A and B, M1: DL2000 DNA Marker; M2: λ-Hind III digested DNA 
marker; AL1, AL2, AL3: 3 lines of CaAPX transgenic tobacco; +: Positive control of pBI121- CaAPX combined vector; -: ddH2O; WT: Wild type. 
 

3.5 APX activity and AsA content in transgenic tobacco plants 
The activity of APX was examined in transgenic and wild type plants (Fig. 7A). It was found that 
APX activity was much higher both in three transgenic lines than in WT. Compared with WT, 
APX activity levels in the leaves of AL2 line were obviously much higher (4.09 fold), and AL1 
line, AL3 line were 3.05 fold, 2.58 fold. In addition, the overexpression of CaAPX significantly 
increased the AsA content in transgenic lines, particularly in leaves (Fig. 7B). Compared with WT, 
these three transgenic lines exhibited 2.67-3.56 fold increases in AsA content, with the maximum 
shown in AL2.  
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Fig. 7 APX activity (A) and AsA concent (B) in wild type and transgenic plant lines. WT: Wild type; AL1, 

AL2, AL3: 3 lines of CaAPX transgenic tobacco.  
 

3.6 Heterogeneous expression of CaAPX in tobacco altered plant temperature stress 
tolerance 
The phenotypes of the three transgenic lines (AL1, AL2 and AL3) and WT plants were analyzed to 
study the tolerance to temperature stresses. After 8 h treatment, the transgenic lines AL1, AL2 and 
AL3 grew better than WT plants under both 4°C and 38°C temperature stresses. It was shown in 
Fig. 8A, B that the growth status of transgenic plant was pretty good along with a few slight 
wilting leaves, contrarily, the majority of WT leaves were in the wilting state. 
Leaves of transgenic lines and WT plants were measured to analyze the effects of temperature 
stresses on the contents of H2O2. It was found that H2O2 concentration in leaves accumulation in 
WT plants was immediately induced when the test plants were exposed to the abnormal 
temperatures (4°C and 38°C), and accelerated more dramatically compared with transgenic lines. 
The results demonstrated that the H2O2 content accumulated in transgenic lines were separately 
exhibited 0.51-0.61 fold (Fig. 9A) and 0.35-0.41 fold (Fig. 9B) with comparison to WT plants after 
8 h treatment at 4°C and 38°C. 

 
Fig. 8 Wild-type and CaAPX gene transgenetic plants under cold and hot stress treatments.  

A: Phenotypes of Wild type and CaAPX gene transgenetic plants of 4℃ treatment after 8h; B: Phenotypes of Wild type and CaAPX gene transgenetic plants 
of 38℃ treatment after 8 h; AL1, AL2, AL3: 3 lines of CaAPX gene transgenic tobacco; WT: Wild type. 

 

 
Fig. 9 H2O2 content in wild type and transgenic plant lines under tempreature stress.  

A: H2O2 contents of transgenic tobaccos and wild type tobacco under 4℃ temperature stress; B: H2O2 contents of transgenic tobaccos and wild type tobacco 
under 38℃ temperature stress; AL1, AL2, AL3: 3 lines of CaAPX gene transgenic tobacco; WT: Wild type. 
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4 Conclusions and Discussions 
In this study, we found that CaAPX was expressed in all examined camellia tissues, but the 
expression levels were different, and the levels of expression in immature green fruit, leaf, flower, 
leaf bud, seed embryo, petal and flower bud were in descending order. Significant different 
analysis in the 0.05 level showed that expression level of CaAPX in immature green fruit was the 
highest, approximately 2.68-11.44 times as high as other six groups (Fig. 4A). Han (2007) reported 
that SmAPX was expressed in the three tissues of Salvia miltiorrhiza, where the expression level of 
SmAPX in root was the lowest, medium in stem and the highest in leaf, in which expression was 
nearly 21 times compared root. Sun et al. (2012) also showed that the expression amounts of APX 
in six tea cultivars were significantly different. It was shown that expression pattern of APX was 
associated with tissues in the different plants. In addition, the expression levels of CaAPX were 
both distinctly up-regulated after 8 h treatment under low and high temperature stress (Fig 4B, C). 
Under temperature stress, relative expression of cytosolic APX in embryogenic cultures of 
Dimocarpus longan was higher than that in the control (Shao, 2008). Xu et al. (2012) successfully 
isolated APX from Phalaenopsis and the expression of APX was obviously increased under 
temperature stress, which indicated that APX might play a defense role in protecting Phalaenopsis 
from stress. And APX from Anthurium andraeanum was induced under low temperature stress 
(Liu, 2012). Therefore, APX was up-regulated by heat and cold. 
In ascorbate-glutathione pathway, a major antioxidant defense system in chloroplasts and cytosol, 
ascorbate peroxidase (APX) is found to be a key enzyme in biosynthesis of L-Ascorbate acid 
known for scavenging cellular H2O2 produced in various stressful conditions (Lu et al., 2007; Gill 
et al., 2010). When APX reduces hydrogen peroxide to water by utilizing AsA as an electron donor, 
monodehydroascorbate (MDA) accumulates. Meanwhile, MDA is somewhat unstable and likely 
to be re-reduced disproportionately into AsA and dehydroascorbate (DHA), and both MDA and 
DHA can be reduced back to AsA through the activity of reductases (Foyer et al., 1976; Jablonski 
et al., 1981; Hossain et al., 1984). Therefore, AsA as the reaction substrate and product, which 
content was also need to increase along with the APX activity increased, in order to continue the 
entire catalytic reaction to clear H2O2. According to this experiment, we found that overexpression 
of CaAPX could significantly increase APX activity and AsA content. The APX activity in 
transgenic tobacco plants obviously much higher (2.58-4.09 fold) than that in WT (Fig. 7A). In 
addition, the AsA content in transgenic lines were exhibited 2.67-3.56 fold increases than WT (Fig. 
7B). Chen et al. (2007) reported that APX activity in transgenic LlAPX Arabidopsis thaliana 
increased 4.7-7.8 fold, the AsA content increased 1.5-2.3 fold, which result was consistent with 
this paper. Kornyeyev (2001) overexpression of tAPX in cotton, and APX activity of leaves in 
transgenic plants was up to 6 times than that in WT. It was indicated that overexpression of APX in 
plants might increase the APX activity and AsA content in order to improve ability to remove the 
H2O2 generated as a result of hot and cold stresses. 
As shown in Fig. 8A, B, the growth status of transgenic plant was pretty good along with a few 
slight wilting leaves after 8 h treatment by cold and hot, contrarily, the majority of WT leaves were 
in the wilting state. High expression of CaAPX in the function of the CaMV35S promoter after 
CaAPX had been integrated in tobacco genome (Battraw et al., 1990). Therefore, overexpression 
of CaAPX could enhance the APX activity, and AsA content in plants was also increased. What’s 
more, H2O2 accumulation in WT plants was immediately induced when the test plants were 
exposed to the abnormal temperatures, and accelerated more dramatically compared with 
transgenic lines. Thence, CaAPX has an important role to enhance cold and hot stress tolerance in 
transgenic tobacco. Previous research found that heat shock-mediated APX expression and 
protection against chilling injury in rice seedlings (Yutaka et al., 2001), and enhanced tolerance of 
transgenic sweet potato plants expressing APX in chloroplasts against methyl viologen-mediated 



Proceedings of 2016 Dali International Camellia Congress 

185 
 

oxidative stress (Lim et al., 2007). Wang (2011) shown that APX activity was significantly 
increased in the Camellia oleifera seedlings were treated by low temperature than the control, 
which indicated that APX activity increased contributes to the alleviation of cellular injury under 
cold stress. An et al., (2012) suggested that rice OsAPX1 has an effect on active oxygen 
scavenging, and overexpression of OsAPX1 could enhance heat tolerance in rice. Compared with 
the wild-type tobacco, AsA content of APX overexpressed tobacco was higher, while H2O2 content 
was lower (Ma, 2012), and APX overexpression enhanced hot stress resilience in potato plants 
(Tang et al., 2006; Kim et al., 2010). In this study, CaAPX overexpressed enhanced the cold and 
hot stress tolerance in transgenic tobacco plants, which would offer the strong support for 
adversity-resistance breeding of Camellias. 
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Effects of Xylose Selection System on Induction and 
Growth of Camellia azalea Callus 
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 (1. Research Institute of Subtropical Forestry, Chinese Academy of Forestry, Hangzhou, 311400, 
Zhejiang, China; 2. Key Laboratory of Forest genetics and breeding, Zhejiang, 311400, China) 

Abstract: Antibiotics could inhibit callus formation and differentiation so that affected establishing an active 
and stable transformation protocol for many woody plants, including camellias. In this study, xylose isomerase 
gene (xylA) was used as the selective marker to set up non-antibiotics screening system in the genetic 
transformation of Camellia azalea. The xylA gene cloned from Escherichia Coil ‘Top 10’ was exploited to 
substitute the hptⅡ gene in the plant expression vector of the pCAMBIA1300 to obtain the new vector 
pCAMBIA1300-xylA. Agrobacterium tumefaciens ‘EHA 105’, which was successfully transformed with the 
recombinant vector, was then transformed into tobacco through Agrobacterium-mediated method. The results 
indicated that the xylA gene was effective as a selective marker instead of Kanamycin marker in the process of 
tobacco transformation, and the transgenic tobacco grew much better compared with the control. The leaves, 
stem segments and cotyledons of C.azalea being employed to induce callus through xylA selection system led to 
better growth status of callus, shorter initial induction days and heavier weight of callus in the genetic 
transformation. The results illustrated that the initial days of callus induction was about 10d less, and weight of 
the callus was 1.5~2.5 times heavier than the weight of the control. In conclusion, the concentration of xylose at 
25 g/L was recognized as the optimum one on induction and growth of callus formed on 3 different explants of C. 
azalea. 
Key words: Camellia azalea; callus; induction; growth; xylose screening 
 

1 Introduction   
Camellia azalea, which is flowering around a year, especially with its full blossom in summer and 
with colorful flowers, is naturally distributed in E’huangzhang Nature Reserve of Yangchun City, 
Guangdong Province. And it is an endemic genetic germplasm of camellia in China and also 
employed as a specific parent to breed new varieties of ever blooming camellia. At present, 
predecessors have made a breakthrough progress in C.azalea breeding. Transformation of 
exogenous and functional genes into camellia by molecular biology techniques has become one of 
the major trends in stress resistance breeding of C. azalea (Huang et al., 2008; Gao et al., 2011). 
Because of its difficulty in regeneration in vitro of camellia plants and lower transformed 
efficiency, there is seldom report on effective transgenic camellias by new technologies, except 
Agrobacterium-mediated method and kanamycin screening system obtained transgenic plants of C. 
sinensis successfully (Mondal et al., 2001). However, Fan et al. (2005) found that kanamycin and 
Hygromycin had a serious impact on callus induction and growth of camellia callus, and callus 
was prone to brown when the concentration of antibiotic added was high. Therefore, it was hardly 
to obtain regenerated plantlets. It was also found that higher concentration of kanamycin could 
inhibit the regeneration of transgenic plants and even completely suppressed bud differentiation in 
transgenic peaches and poplars (Boscariol et al., 2003; Zheng et al., 2006). 
Joersbo et al. (1996) reported that sugar genes were involved in positive selection system could 
solve the problem of the plant tissues to be sensitive to antibiotics. Furthermore, xylose isomerase 
gene (xylA) encoding xylose isomerase, then isomerizes xylose to xylulose through the pentose 
phosphate pathway, and xylulose could be utilized in the plants, so as to achieve the role of 
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screening cell (Dekker et al., 1991; Walfridsson et al., 1995; Nancy et al., 1998). The xylose 
selection system has been successfully established in corn, peanut and cucumber plants at present 
(Guo et al., 2007; Ding et al., 2012; Cui et al., 2010). However, research on the xylose selection 
system for establishment of transgenic camellias has not been reported yet. 
In this paper, 3 different kinds of organs from C. azalea like leaves, stem segments and cotyledons 
were employed as explants, and xylose was applied to set up a selection system to study effects of 
xylose selection system on induction and growth of C. azalea callus, and it was also aimed to 
provide scientific basis for optimizing highly efficient and stable genetic transformation system of 
C. azalea. 

2 Materials and methods 
2.1 Plant materials and strains 
Tissue culture materials selected for present study included tobacco (Nicotiana tabacum L. cv. 
SR1) plants and C. azalea leaves, stem and cotyledons which were cultured in an illumination box 
at 25°C and 1200 Lux light (16h day/8h dark) in our laboratory. Agrobacterium tumefaciens strain 
EHA105 and pCAMBIA1300 vector were stored in our laboratory. Competent cells of 
Escherichia coli Top10 and DH5α were respectively purchased from TransGen Biotech and 
TaKaRa. 

2.2 Amplification xylA gene in Top10 
Genomic DNA from E. coli Top10 was extracted by using the genomic DNA isolation kit 
(TransGen Biotech, China). A pair of full-length primers both containing Xho I (F1: 
5’-CCGCTCGAGATGCAAGCCTATTTTGACC-3’;F2:5’-CCGCTCGAGTTATTTGTCGAAC
AGATAA-3’) for xlyA gene was designed according to the sequence of xylA gene in GenBank 
(accession ID X04691). The genomic DNA of E. coli Top10 was exploited as template to amplify 
the full-length sequence of xylA by Trans Taq HiFi DNA Polymerase (TransGen Biotech, China). 

2.3 Construction of plant expression vector pCAMBIA1300-xylA 
The plant expression vector pCAMBIA1300 and the pGEM-Teasy vector including xylA gene 
were digested with the restriction endonuclease Xho I, and two fragments were connected by T4 
DNA ligase at 16°C overnight. Then, recombinant plasmid was identified by Xho I enzyme 
digestion. Furthermore, a pair of primers (F2 and R2) to further detected the positive clones by 
PCR, in which F2 (5’-GATGTGATATCTCCACTGACG-3’) was a sequence in the beginning of 
CaMV 35S promoter, and R2 (5’-AGCTTGTCGATCGACAGATC-3’) was a sequence in the end 
of T-Nos-terminator. 

2.4 Functional identification of xylA in model plant 
The reconstructed pCAMBIA1300-xlyA plasmid was transformed into Escherichia coli DH5α and 
then mobilized into Agrobcterium tumefaciens strain EHA105 by heat shock, which would be used 
for plant transformation. Tobacco transformation through Agrobcterium tumefaciens-mediated 
was performed as the leaf disk method described by Horsch et al. (1985). In this paper, tobacco 
aseptic seedling leaves were treated as explants, cut into 1×1 cm, dipped into Agrobcterium 
(OD600 adjusted to 0.4) for 15 min. After washed with sterile water for 5 times and patted dry on 
the filter paper again, followed by 2-day co-cultivation, tobacco leaves were transferred onto 
callus induction medium. In addition, co-culture medium comprised of MS salts supplemented 
with 30 g/L sucrose, 2.25 mg/L 6-BA, 0.3 mg/L NAA and 6.5 g/L agar, and callus induction 
medium and differentiation medium were both MS salts added with 15 g/L sucrose, 15 g/L xylose, 
2.25 mg/L 6-BA, 0.3 mg/L NAA, 6.5 g/L agar and 200 mg/L Tim (Timentin). And rooting medium 
was half-strength MS salts combined with 15 g/L sucrose, 15 g/L xylose, 6.5 g/Lagar and 200 
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mg/L Tim (Guo et al., 2007; Ding et al., 2012; Cui et al., 2010; Haldrup et al., 1998). Moreover, 
pCAMBIA1300 inserted into EHA105 was used in the control group and specific compositions of 
co-culture medium in the control group were the same as in test group except that the callus 
induction medium, differentiation medium and rooting medium in the control group were all 
mixed with 30 g/L sucrose as carbon source with no xylose, and transgenic plants were screened 
by 50 mg/L kanamycin, the rest compositions were designed according to the experimental group. 
50 leaves discs were employed in each group, and all experiments were biologically repeated 3 
times. 
In the process of the transformation of tobacco plants, the effect of xylose on the transformants 
was investigated, and all status about the ratio of callus induction, the number of adventitious bud 
differentiation and rooting were record to detect the positive ratio of transgenic tobacco plants. 
PCR detection primers in the test group were F3 (5’-ATGCAAGCCTATTTTGACC-3’) and R3 
(5’-TTATTTGTCGAACAGATAA-3’), and were used to amplify the full open reading frame 
(ORF) of xylA, and the primers in the control group were F4 
(5’-ATGAAAAAGCCTGAACTCACCGC-3’) and F5 (5’-CTATTTCTTT GCCCTCGGAC-3’) 
which exploited for amplifying the full ORF of hptⅡ. 

2.5 Establishment of xylose selection system for different explants of C. azalea 
3 different tissues of C. azalea, namely leaves, stems and cotyledons, were applied as explants and 
seven experiments were designed according to the PGRs combination in callus induction medium 
of ‘Naidong’ (Wu et al., 2013). Keeping 30 g/L total carbon source unchanged, non-infected 
explants were cultured onto the callus induction medium containing different concentrations of 
xylose (0, 5, 10, 15, 20, 25 and 30 g/L), and the growth status of C. azalea leaves, stems segments 
and cotyledons were observed and record after 15-day, 30-day and 45-day culturing on the 
medium with different concentrations of xylose, respectively. And according to the rates of callus 
induction, the optimum concentration of xylose added into medium for screening was chosen. 

2.6 Effects of xylose selection system on callus induction and growth of C. azalea 
The reconstructed pCAMBIA1300-xylA plasmid was transformed into Escherichia coli DH5α and 
then mobilized into A. tumefaciens strain EHA105 by heat shock, which can be used for plant 
transformation. A. tumefaciens-mediated transformation of the three different explants of C. 
azalea was performed as the modified leaf disk method described by Horsch et al. (1985). 
Pre-cultured for 7 days, the explants were dipped into Agrobcterium (OD600 adjusted to 0.4) for 
20 min. After 5 times sterile washing, they were blot-dried on sterile filter paper for 20 min again, 
followed by 2-day co-cultivation, in which the components of pre-culture medium and co-culture 
medium were the same as the ‘Naidong’ callus induction medium. And then the explants were 
transferred onto the induction medium including 5 g/L source, 25 g/L xylose and 200 mg/L Tim to 
induce callus formation, with xylose screening. However, the explants were dipped into 
Agrobacterium which contained pCAMBIA1300 and transferred to the induction medium 
including 30 g/L source and 200 mg/L Tim, with Kan screening. Formation and the growth status 
of callus were record and the weights of the callus for explants of C. azalea were counted. The 
quality of the explants in the test group were the same as that in the control group, and in this 
experiment, the total mass of the leaves, stems and cotyledons were 5.2 g, 3.0 g and 6.5 g 
respectively. All experiments were biologically repeated 3 times. 

3 Results 
3.1 Isolation of xylA from E. coli 
Using primers F1 and R1, a fragment (1.3 kb) was obtained from E. coli Top10 genomic DNA (Fig. 
1-a). PCR product derived from 1% agarose gel electrophoresis was subcloned into pGEM-T 



Proceedings of 2016 Dali International Camellia Congress 

190 
 

vector. And then transformed into Escherichia coli DH5α, recombinant plasmid was identified by 
Xho I enzyme digestion (Fig. 1-b). Five positive clones were taken for DNA sequencing and DNA 
sequence of each clone was compared with GenBank database for xylA, the results showed that the 
amplified fragment was xylA from E. coli. 

 

Fig. 1 PCR amplification product of xylA gene from E. coli and pGEM-T-xylA vector digested by Xho  
I. M: DL2000 DNA Marker; 1: PCR amplification product of xylA; 2: pGEM-T-xylA vector digested by Xho I. 

 

3.2 Identification of the recombinant plasmid pCAMBIA1300-xylA 
Diagram of the recombinant plasmid pCAMBIA1300-xylA was showed in Fig. 2, xylA instead of 
hpt II in pCAMBIA1300 vector. There are two Xho I restriction sites at each end of the hpt II in 
vector pCAMBIA1300 and a pair of primers both contain Xho I restriction sites to amplified xylA, 
therefore xylA may be integrate into the vector in positive or negative directions. At first, by Xho I 
digestion identified that preliminary judment xylA insertion in 1, 3, 4 and 5 recombinant plasmids, 
and according to the full length sequence of pCAMBIA1300 expression cassette designed a pair of 
primers (F2 and R2) to further detected the positive clones by PCR, in which F2 was a sequence in 
the beginning of CaMV35S promoter, and R2 was a sequence in the end of CaMV35S polyA. PCR 
amplification results indicated that a 1 532 bp fragment could be obtain in recombinant plasmid 
which xylA integrated into the vector in positive direction, while no target strips at all in negative 
direction. Therefore, it was found that 8, 9 and 10 recombinant plasmids successfully integrated 
xylA in positive direction (Fig. 3-b). 

 
Fig.2 Diagram of the recombinant plasmid pCAMBIA1300-xylA. 
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Fig. 3 pCAMBIA1300-xylA vector digested by Xho I and xylA insertion detected 
M: DL2000 DNA Marker; 2: Non-recombinant; 1, 3, 4, 5: Preliminary judgment xylA gene insertion; 6, 7: The reverse xylA gene insertion; 8, 9, 10: The xylA 

gene insertion; +: pCAMBIA1300 plasmid; -: ddH2O 

3.3 Effect of xylA gene on the establishment of transgenic tobacco 
When xylA was employed as the selective marker in the agrobacterium infection experiment, 
green callus and tiny adventitious bud primordia were derived from the explants after 10 days, 
and then they gradually developed into numerous adventitious shoots with good growth status. 
The regenerated shoots were transferred separately onto the rooting medium, and juvenile main 
roots were achieved and elongated with heavy lateral roots combined 7 days later (Fig. 4). 
Meanwhile, it apparently cost more time to induce callus and differentiate from the explant when 
using kanamycin screening, over 15 days and 20 days respectively. 12 days later, fine main roots 
were observed with seldom lateral roots after yellow-greenish adventitious shoots were 
transferred onto the rooting medium. (Fig. 5) 
As the Fig. 6 showed, the rate of callus induction in the test group was approximately 80%, 13% 
higher than the rate in the control group (Fig 6-a). The number of adventitious buds developed 
per 50 leaves disk in the test group was about 380, 2.7 times larger than the control group (Fig. 
6-b). There were also more main roots and lateral roots achieved in the test group (Fig. 6-3). 
Total genomic NDA was isolated from 20 putatively transformed tobacco selected randomly 
from each group, and the following step was PCR amplification to analyse the introgression of 
the target gene (Fig.7,8). The results illustrated that while there were 10 transgenic tobacco 
plants obtained in the control group, there were 18 transgenic plants in the test group, therefore, 
the positive ratio of the transgenic plants by PCR detection in the test group was 1.8 times higher 
than the control group. 

 
Fig. 4 pCAMBIA1300-xylA transformed tobacco with 15 g/L xylose screening 

1: Callus and adventitious bud primordia obtained after 10 days of agrobacterium infection; 2: Adventitious buds formed on the callus after 15 days of 
agrobacterium infection; 3: Adventitious bud formation on the callus after 20 days of agrobacterium infection; 4: Adventitious buds grown on the rooting 

culture; 5: Roots developed after 7 days. 

 

Fig. 5 pCAMBIA1300 transformed tobacco with 50 mg/L kanamycin screening 
1: Callus obtained after 15 days of agrobacterium infection; 2: Adventitious buds formed on the callus after 20 days of agrobacterium infection; 3: 

Adventitious bud formation on the callus after 30 days of agrobacterium infection; 4: Adventitious buds grown on the rooting culture; 5: Roots developed 
after 14 days. 
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Fig. 6 Effects of xylA gene on callus induction, adventitious bud differentiation and the rooting in genetic 
transformation of tobacco 

(a): Callus of tobacco leaves after 15 days and 10 days of agrobacterium infection of CK and Test respectively; (b): The number of the adventitious buds after 
20 days and 30 days of agrobacterium infection of CK and Test respectively; (c): The number of the main and lateral roots both after 30 days of agrobacterium 
infection of CK and Test; CK: pCAMBIA1300 transformed tobacco with 50 mg/L kanamycin screening; Test: pCAMBIA1300-xylA transformed tobacco 

with 15 g/L xylose screening. 

 
 

Fig. 7 Detection of pCAMBIA1300-xylA transgenic tobacco by PCR.  
M: DL2000 DNA Marker; +: pCAMBIA1300-xylA positive; -: ddH2O; WT: Wild type; 1, 5: 2 lines of non- transgenic tobacco; 2-4, 6-20: 18 lines of 

transgenic tobacco. 

 

Fig. 8 Detection of pCAMBIA1300 transgenic tobacco by PCR. 
M: DL2000 DNA Marker; +: pCAMBIA1300 positive; -: ddH2O; WT: Wild type; 2, 5-10, 13, 15, 16: 10 lines of non- transgenic 

tobacco; 1, 3, 4, 11, 12, 14, 17-20: 10 lines of transgenic tobacco. 

3.4 Optimisation of the concentration of xylose in C. azalea callus induction  
According to the establishment of xylose screening system for C. azalea, callus initiation derived 
from leaves and stem segments costed less time than cotyledons employment. The table chart 
compared different rates of callus induction from the three explants with various concentrations 
of xylose added. 3 different explants grew well, but the amount of callus decreased significantly 
as the concentration of xylose increased gradually (Table. 1), which led to an illustration that 
xylose might inhibit callus growth, especially when at 25g/L in NO. 6 medium. Analysing 
significance of the difference among multiple samples by using SPSS 19.0 found the rate of 
callus induction in NO. 6 significantly differed from the rate in other groups (p<0.05), which 
also showed this combination could apparently inhibit callus formation no matter what kind of 
explants exploited, so the optimum concentration of xylose was 25 g/L. Meanwhile, callus 
induction was completely inhibited when the added xylose was 30g/L, so it was unsuitable for 

 

 
Ra

te
s o

f c
al

lu
s g

ro
w

th
（

%
）

 
   

 
 

 
 

 

CK 
 
 

Test 
 
 

CK 
 
 

CK 
 
 

Test 
 
 

Test 
 
 

100 

80 

60 

40 

20 

0 Th
e 

nu
m

be
r o

f t
he

 a
dv

en
tit

io
us

 b
ud

s 500 

400 

300 

200 

100 

 0 

Th
e 

nu
m

be
r o

f t
he

 m
ai

n 
an

d 
la

te
ra

l r
oo

ts 

0 

20 

40 

60 

80 

Callus of the leaves                    Adventitious buds                   Main and lateral roots 
 (a)                               (b)                                    (c) 

 M  +  -  W T  1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20 

2000→ 

←xylA 
1323 bp 

1000→ 
750→ 
500→ 
250→ 
100→ 

bp 

 

M  +  -  WT  1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20 

2000→ 
←hptⅡ 
1026 bp 

1000→ 
500→ 
100→ 

bp 



Jiangying Wang et al: Effects of Xylose Selection System on Induction and Growth of Camellia azalea Callus 

193 
 

selection system. 
While callus was all observed on leaves, stem segments and cotyledons cultured on NO. 6 
medium, the amount of callus felt sharply (Fig. 9-a,b,c), and when explants were inoculated on 
NO. 7 medium, nearly no callus formed. In addition, when the concentration of xylose was 
relatively lower than sucrose’s concentration added in the same callus induction medium, like 
NO. 2 and NO. 3 medium, the growth status of callus induced was much better. 

Table 1 Rates of callus induction for explants of Camellia azalea in different concentrations of xylose 

Medium number Xylose (g/L) Sucrose (g/L) Explant 
 Rates of callus growth (%) 

Leaf Stem Cotyledon 

1 0 30 50 98.00±2.00a 95.33±3.06a 93.33±4.62a 
2 5 25 50 97.33±1.16a 94.67±1.16a 92.00±5.29a 
3 10 20 50 87.33±4.16b 85.33±4.62a 85.33±6.11a 
4 15 15 50 70.67±5.03c 70.00±7.21b 66.00±5.29b 
5 20 10 50 66.00±4.00c 62.00±10.58b 62.67±7.57b 
6 25 5 50 21.33±5.03d 19.33±6.43c 20.00±5.29c 
7 30 0 50 0.00±0.00e 0.00±0.00d 0.00±0.00d 

Note: Analysis of rates of callus induction with Duncan’s multiple range test, and different small letters in a column in the same medium mean significant 
different at 0.05 level (P﹤0.05, Data=Mean±Standard Deviation, n=3). 

 

Fig. 9 Growth status of Camellia azalea leaves, stems and cotyledons cultured in the medium with 
different concentrations of xylose after 30 days, 30 days and 45 day respectively.  

1: xylose concentration 0 g/L; 2: xylose concentration 5 g/L; 3: xylose concentration 10 g/L; 4: xylose concentration 15 g/L; 5: xylose concentration 20 g/L; 
6: xylose concentration 25 g/L; 7: xylose concentration 30 g/L. 

3.5 The effect of xylose selection system on callus induction and growth status of C. azalea 
Callus was formed on leaves and shoot segments infected with Agrobacterium containing 
plasmid pCAMBIA1300-xylA after 15-day callus induction, and 25 days later, the amount of 
callus formed on leaves was less than on stem segments (Fig. 10 a-Test, b-Test), while reddish 
and bulky callus was observed on cotyledons after over a 20-day period of the induction (Fig 10 
c-Test). Meanwhile, after the 3 different explants were infected with other Agrobacterium 
including vector combined with pCAMBIA1300, there were few callus induced on leaves and 
stem segments till 15 days’ inoculation later, and then some parts of explants began to enlarge 
(Fig. 11 a-CK, b-CK), but the cotyledons slices responded so insensitively that it took 40 days to 
develop a few reddish and compact callus (Fig. 10 c-CK). 50 days later, as the result showed, the 
growth increment of leaves, stem segments and cotyledon slices in the test group was 
respectively 1.8, 2.5 and 1.5 higher than in the control group (Fig. 11). In conclusion, the xylose 
selection system was the most suitable for stems, the second most suitable for leaves, and finally 
had a limited promotion of callus induction on cotyledons. 
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Fig. 10 Growth status of the explants of Camellia azalea in xylose screening system.  
A: Growth status of Camellia azalea leaves after 25 days of agrobacterium infection; B: Growth status of Camellia azalea stems after 25 days of 

agrobacterium infection; C: Growth status of Camellia azalea cotyledons after 40 days of agrobacterium infection; CK: pCAMBIA1300 transformed 
Camellia azalea explants with 50 mg/L kanamycin screening; Test: pCAMBIA1300-xylA transformed Camellia azalea explants with 25 mg/L xylose 

screening. 
 

 

Fig. 11 Weight of the callus for explants of Camellia azalea.  
(a): Callus for of leaves (5.2 g) Camellia azalea after 50 days of agrobacterium infection; (b): Callus for of stems (3.0 g) Camellia azalea after 50 days of 
agrobacterium infection; (c): Callus for of cotyledons (6.5 g) Camellia azalea after 50 days of agrobacterium infection; CK: pCAMBIA1300 transformed 

Camellia azalea explants with 50 mg/L kanamycin screening; Test: pCAMBIA1300-xylA transformed Camellia azalea explants with 25 mg/L xylose 
screening. 

4 Conclusions and Discussions 

In this study, xylA was used as a selection marker and the effect concentration of xylose in the 
genetic transformation of tobacco plants was 15 g/L. The growth status of transformants in 
experimental group were better than that in control group, and the time of appearance of callus 
induction and adventitious buds were shortened, in which the rate of callus induction was about 13% 
higher than control group, and the numbers of the adventitious buds and roots were 2.7-fold and 
3.1-fold respectively of the control group. More importantly, the positive rate of transgenic 
tobacco plants was increased nearly one time. The results indicated that the xylA gene was 
effective as a selective marker instead of Kanamycin marker in the genetic transformation of 
tobacco. Therefore, xylose selection system was feasible in the genetic transformation of tobacco 
plant. However, some previous research found that using xylA as the marker gene and xylose as the 
sole carbon source has no effective function as Kanamycin to screen the positive plants in the 
genetic transformation of tobacco (Haldrup et al., 1998). And the possible reason is that xylose as 
the sole carbon source has poison function to plant cells. In addition, in the research of cucumber 
and potato found that the mortality rate of explants was higher and the seedling rate was much 
lower in the condition of using xylose as the sole carbon source (Cui et al., 2010; Haldrup et al., 
2001). Thence, when using xylose as the selective marker should be avoided as the sole carbon 
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source. 
In this study, xylose selection system of leaf, stem and cotyledon in C. azalea were successfully 
established and we also found that the callus induction of three explants were significantly 
inhibited in the two culture mediums separately including 25 g/L xylose+5 g/L sucrose and 30 g/L 
xylose, which indicated that the ideal concentration of xylose screening was independent of the 
explant types of C. azalea. It was also found that callus in 5 g/L xylose+25 g/L sucrose and 10 g/L 
xylose+20 g/L sucrose were more green than that in 30 g/L sucrose. It was likely that callus growth 
was quicker, whiter and more aging in 30 g/L sucrose, while the low concentration of xylose had a 
slight inhibitory effect on the growth of callus and the callus cells were rapidly dividing, which 
was beneficial to the induction of adventitious buds. Moreover, xylose as the sole carbon source 
has toxic effects on plant cells, we believed that 25 g/L xylose could be used as the ideal screening 
concentration of C. azalea. This result was consistent with that of the ryegrass (Mao et al., 2011). 
Considering the situation of only seven kinds of xylose concentration were designed in this study 
and concentration gradients of xylose would be optimizated in the following experiments in order 
to obtain more optimized concentration of xylose screening. Guo et al. (2007) and Ding et al. 
(2012) reported that the concentration of xylose was at wide range in the genetic transformation of 
maize and peanut plants. Thus, it is necessary to consider the tolerance of different plant species to 
xylose and optimize the concentration of xylose in the genetic transformation system. 
Various reviews on establishment of transformation using Agrobacterium showed that antibiotics 
could inhibit callus formation and differentiation so that affected establishing an active and 
stable transformation protocol for many varieties, especially for woody plants. When it comes to 
poplar, black locust, mulberry and eucalyptus, callus was found to be sharply sensitive to 
antibiotics during the Agrobacterium-Mediated transformation experiment, only a few callus 
differentiated into adventitious buds (Zheng et al., 2006; Wang et al., 1996; Wei et al., 2007). 
Therefore, xylose selection system might be a more effective way for those antibiotics-sensitive 
plants to set up transformation system instead of employing antibiotics. In this experiment, 
xylose selection system was tried to applied for building up a high-efficiency transgenic system 
of C.azalea, the response of callus induction took 5 days less, the growth status of callus was 
much better, and the growth increment of callus was 1.5-2.5 times larger than callus obtained by 
Kanamycin selection system. While the xylose screening system was not that effective than 
tobacco used as explants, optimised xylose selection system was also suitable for C. azalea 
regeneration system. 
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Abstract: This study established calli cultivation system of Camellia nitidissima Chi through in vitro induced 
from tender anther filaments of immature buds. The results suggested that the most optimal conditions of 
cultivation included: sterilizing explants by soaking in 70% ethyl alcohol for 10 min; the calli from anther 
filaments were induced and multiplication in Murashige and Skoog (MS) medium supplemented with 0.5 mg/L 
N-phenyl-N’-1,2,3-thiadiazol-5-ylurea (TDZ), 1.0 mg/L 2,4-Dichlorophenoxyacetic acid (2,4-D), and 30 g/L 

sucrose ( pH5.8 ) in the dark at 25 ± 1 °C. Further study of the kanamycin and hygromycin influence on calli 
induction and multiplication, showed that: lethal doses of kanamycin and hygromycin to anther filament 
explants were 100 mg/L and 30 mg/L, respectively; either 75 mg/L  kanamycin or 20 mg/L  hygromycin could 
inhibit of calli produced from the explant of anther filaments; either 100 mg/L  kanamycin or 25 mg/L  
hygromycin could inhibit proliferation of calli. These results provided important reference for further studies of 
transgenic C. nitidissima Chi. 
Key words: Camellia nitidissima Chi; Anther filament; Calli; Antibiotics; Sensitivity 
 

Golden camellia (Camellia nitidissima Chi) is a plant of the golden camellia group of Camellia 
genus of Theaceae family. One of the plants of the national treasure class in China, golden camellia 
has been listed as a first class protected plant of China, mainly distributed in Guangxi, China and 
Vietnam etc. The medicinal function of golden camellia is recorded in The Compendium of 
Materia Medica of China, and it has been discovered in modern medical research that golden 
camellia has such functions as tumor inhibition and reducing blood pressure and cholesterol[1]. 
The study on tissue culture of golden camellia started from the 1980s. Though many important 
research progresses have been achieved in somatic embryo and calli induction[2-9], further 
optimization and improvement are yet to made. Currently, no report has been made on the 
transgenosis study of C. nitidissima Chi.   
In this study, tender buds of golden camellia were used for culture in vitro, and a filament calli 
culture system was established. On this basis, the influence of kanamycin and hygromycin on calli 
induction and proliferation culture was studied. This study provides an important technical 
reference for the transgenosis study of C. nitidissima Chi.  

1  Materials and method 
1.1  Plant materials 
Golden camellia used in the experiment were planted in the camellia germplasm resources garden 
of the research unit.  

1.2  Method 
Tender buds of C. nitidissima Chi that were just picked were soaked in 70% ethanol for 1, 3, 5, 10 
and 15 min respectively, and then washed by sterile water for three times; petals and sepals were 
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peeled off, while filaments and anthers were inoculated on induction mediums respectively, and 
cultured in dark at 25 ± 1℃. The contents of the induction medium: MS + TDZ (0.25, 0.5, 1.0 or 
2.0 mg/L) + 1.0 mg/L 2,4-D, in addition to cane sugar 30 g/L and agar 5.0 g/L, pH5.8. After eight 
weeks of culture, the influence of disinfection time on the pollution of filament explants was 
calculated, as well as calli induction etc.  
The calli acquired through induction were cut and broken into tissue blocks with a diameter of 0.5 
mm, and then transferred to MS + 0.5 mg/L TDZ + 1.0 mg/L 2,4-D + 30 g/L cane sugar, pH 5.8, 
dark, 25 ± 1℃. After four weeks of culture, calli proliferation was observed.  
At the calli induction and proliferation stages respectively, kanamycin and hygromycin sensitivity 
tests were conducted. Antibiotics of different concentration gradients were added to solid medium 
MS + 0.5 mg/L TDZ + 1.0 mg/L 2,4-D + cane sugar 30 g/L + agar 8.0 g/L (pH5.8), specific 
settings being: (1) kanamycin: 0 (control) , 25, 50, 75, 100, 125 and 150 mg/L; (2) hygromycin: 0 
(control) , 5, 10, 15, 20, 25, 30, 35 and 40 mg/L. Filament explants and calli pieces were inoculated 
to various cultures. The culture tests at the calli induction stage lasted for eight weeks, and then the 
explant survival rates and calli induction rates of different tests were calculated. The test culture of 
the calli proliferation stage lasted four weeks, and then the calli proliferation rates of different tests 
were calculated. 
In each of the above tests, 50 explants or calli were treated, and each test was repeated three times. 
The SAS V8.0 software was used for variance analysis, and Duncan’s (1955) multiple range test 
(0.05 level) was used for analysis of significance of difference.  

2  Results and analysis 
2.1  Explant disinfection and calli induction 
After eight weeks of dark culture, the pollution of disinfected explants was as shown in Table 1: 
the pollution rate of those soaked in 70% ethanol for 1 minute was the highest, amounting to 
58.7%; the pollution rate gradually dropped with the increase of the soaking time in 70% ethanol, 
and when the soaking time was 5 minutes, the pollution rate dropped to 14.0%; when the soaking 
time in ethanol was 10 minutes, the pollution rate dropped to 0.  
In the course of dark culture of two explants, the surface of the anther explant was all tanned, 
without developing any calli. The wounds at the two ends of the filament explant were inflated, 
forming protuberances and gradually developing calli, which are milky white to light yellow, and 
semi-transparent. See Table 2 for the induced calli of filaments. When TDZ concentration was 
0.25 mg/L, the induction rate was 72.7%; TDZ concentration was 0.5 mg/L, the highest induction 
rate reached 100%; with the increase of TDZ concentration, the induction rate gradually decreased; 
when TDZ concentration was 2.0 mg/L, the induction rate dropped to 62.0%.  

Table 1 Effects of sterilization time using 70% ethyl alcohol on C. nitidissima Chi. 

Sterilization time（min） Pollution rate（%） 
1 58.7±6.1a 
3 35.3±4.2b 
5 14.0±4.0c 

10 0 
15 0 

Note: Different lowercases mean significant difference at 5% level. The same as below. 
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A: Not formed calli from Anthers; B: Calli form filaments 

Fig. 1 Calli from explant of C. nitidissima Chi 
 

Table 2  Effects of regulators on inducing calli from filaments of C. nitidissima Chi 

Regulators concentration (mg/L) Calli induction rate (%) 
TDZ 2,4-D 
0.25 1.0 72.7±3.1c 
0.5 1.0 100a 
1.0 1.0 86.7±4.2b 
2.0 1.0 62.0±3.5d 

 

2.2  Calli proliferation 
The calli induced, after being cut and broken, were cultured continuously. Four weeks later, all 
calli pieces were obviously proliferated. After several times of subculture, the color and form of 
calli were the same as the original calli.  

 

Fig. 2 Calli proliferation of C. nitidissima Chi 

2.2  Sensitivity of calli to two antibiotics in the course of induction  
See Fig. 3 and Fig. 4 for the influence of the two antibiotics on the induction stage of calli. In the 
control group without any antibiotics, the survival rate of explants and calli induction rate both 
reached 100%. The addition of kanamycin or hygromycin affected the survival of explants and 
calli induction to some extent, and such influence increased with the increase of antibiotic 
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concentration. When kanamycin concentration was 25 mg/L or when hygromycin concentration 
was 5 mg/L, the survival rate of explants were 64.0% and 79.3% respectively, and the calli 
induction rate were 55.3% and 66.0% respectively. With the increase of the concentration of the 
two antibiotics, the explant survival rate and the calli induction rate dropped significantly. When 
kanamycin concentration reached 75 mg/L or when hygromycin concentration reached 20 mg/L, 
no calli were developed on filament explants; when kanamycin concentration reached 100 mg/L or 
when hygromycin concentration reached 30 mg/L, all the filament explants died.  

 
A: Effects of kanamycin on explants survival; B: Effects of hygromycin on explants survival 

Fig. 3 Effects of two antibiotics on explants survival of C. nitidissima Chi  
 

 
A: Effects of kanamycin on calli induction; B: Effects of hygromycin on calli induction 

Fig. 4 Effects of two antibiotics on calli induction of C. nitidissima Chi 
 

2.3  Sensitivity of calli to two antibiotics in proliferation culture 
See Fig. 5 for the influence of the two antibiotics on the calli proliferation culture. In the control 
group without any antibiotics, the calli proliferation rate reached 100%. When kanamycin 
concentration was 25 mg/L or when hygromycin concentration was 5 mg/L, the proliferation rate 
of calli were 60.7% and 68.7% respectively. With the increase of the concentration of the two 
antibiotics, the calli proliferation rate dropped significantly. When kanamycin concentration was 
100 mg/L or when hygromycin concentration was 25 mg/L, the proliferation of calli were 
completely inhibited and all calli were tanned and died.  
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A: Effects of kanamycin on calli proliferation; B: Effects of hygromycin on calli proliferation 

Fig. 5 Effects of two antibiotics on calli proliferation of C. nitidissima Chi  

3  Discussion 
In most calli induction of camellia plants, leaves, stems and stem tips etc. were adopted [19-21]. In 
this study, filaments in tender buds were adopted as explants, and calli were induced at a high 
frequency. By far, the tissue culture of camellia plants including common camellia normally 
adopted ethanol and corrosive sublimate for the disinfection of explant surface[19-21]. The steps 
were complicated. In this study, tender buds of golden camellia that just became yellow were 
adopted for tissue culture study, and good results were found. As the inflorescence had not started 
at this time, and the buds were closely wrapped by petals and sepals, only 70% ethanol was used as 
surface disinfectant. The result showed that soaking in 70% ethanol for 10 minutes could achieve 
an ideal effect of disinfection. This study not only simplified the operating steps of surface 
disinfection but also avoided risks probably incurred by highly toxic reagents such as mercuric 
chloride. 
Reports on transgenosis studies of camellia plants are mainly concentrated on C.sinensis [10-18], and 
no reports on successful transgenosis of C. nitidissima Chi have been found. In existing reports, 
most of the selective agents for transgenosis were kanamycin or hygromycin. At the stage of 
transgenosis selection, the kanamycin concentration was generally 30-200 mg/L, while the 
hygromycin was generally 10-75 mg/L. In this study, at the calli induction stage of the filaments of 
C. nitidissima Chi, kanamycin at 100 mg/L or hygromycin at 30 mg/L caused all the explants of 
the filaments to tan and die; kanamycin at 75 mg/L or hygromycin at 20 mg/L could inhibit the 
production of calli on filament explants. At the stage of calli proliferation, kanamycin at 100 mg/L 
or hygromycin at 25 mg/L could completely inhibit the proliferation of calli and cause the tanning 
and death of calli. Filament explants or calli of C. nitidissima Chi were sensitive to both antibiotics, 
and whether at the stage of calli induction or proliferation, golden camellia was more sensitive to 
hygromycin. 
To sum up, this study used tender filaments of C. nitidissima Chi to successfully establish a calli 
induction and proliferation culture system. On this basis, the sensitivity to kanamycin and 
hygromycin at different culture stages was studied. The results of this study would provide an 
important technical reference for genetic transformation of C. nitidissima Chi.  
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Fertility of Reciprocal Crosses between Camellia Species 
with Different Ploidies 
Wen-qing JIA1,2, Ji-yuan LI1 

(1. Research Institute of Subtropical Forestry, Chinese Academy of Forestry, Hangzhou, 311400, 
Zhejiang, China; 2. Henan Institute of Science and Technology, Xinxiang, 453003, Henan, China) 

Abstract: Interspecific hybridization experiment was conducted through fluorescence microscope observation 
to investigate the differences in reciprocal crosses of Camellia species with different ploidy levels, such as 
Camellia magniflora Chang, Camellia azalea and Camellia japonica ‘Naidong’. The fluorescence microscope 
illustrated that while there were three main factors in breeding that led to cross-sterility of C. azalea × C. 
magniflora and C. japonica ‘Naidong’ × C. magniflora, namely low rate and non-synchronization of pollen 
germination, coupled with slow development of pollen tubes, degeneration and disintegration of endosperm and 
integument during hybridization caused C. magniflora × C. azalea and C. magniflora × C. japonica ‘Naidong’ 
interspecific sterility. 
Key words: Camellia species; ploidy; fertility; reciprocal crosses; interspecific hybridization; fluorescence 
microscope 
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Abstract: Fresh pollens of Camellia japonica were used as experiment material to test its viability through the 
application of in vitro techniques, and effects of different cryopreservation periods and various temperature 
settings on the pollen viability were investigated, combined with SOD, POD and CAT. The results showed that 
the optimum culture medium for pollen germination contained 150g•L-1 sucrose, 0.05 g•L-1 boric acid, 100 
mg•L-1 GA3 and 900g•L-1 Ca(No3)2; and after a 360-day period of -80℃ sealed storage, pollens could still 
germinate with the germination rate up to 58.19%; the three different enzymes remained active, which 
illustrated that pollen cryogenics seemed the most suitable storage method to keep germination capacity. 
Meanwhile, the germination rate dropped sharply after the three enzymes’ activities level reached a peak. In 
addition, the three different enzymes responded to different storage temperature settings to preserve C. japonica 
pollens. POD and CAT were regarded as sensitive kinds of enzymes at room temperature, SOD and CAT 
worked when the temperature fell at 4℃, and only CAT played a part role in preventing pollens from freeze 
damage when at -20℃ and -80℃. Therefore, the distinct activity levels of the three antioxidant enzymes of 
preserving C. japonica pollens was ranked as following: SOD>POD>CAT. 
Key words: Camellia japonica, pollen, storage conditions ; viability ;cryopreservation; SOD; POD; CAT 
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Abstract: Based on the plot investigation and data statistics of Camellia azalea populations in the natural 
distribution region, the static life table of the population were established, and standard survival curve, mortality 
rate and vanish rate curve were drawn. The results showed that the population of C. azalea was declining due to 
the higher survival number of middle-age trees and the lower survival number of young and old trees. The 
survival curve of the population belonged to DeeveyⅠtype. The curves of mortality rate and vanish rate 
increased with the increasing age class, but the curves with more significant fluctuation and no obvious peak 
showed the presence of high-intensity human disturbance.  
Key Word: Camellia azalea; life table; survival curve 

1 Introduction 
C. azalea Wei, an endemic and endangered species of Camellia (Wang et al, 2004)，distributed 
only in the E’huangzhang nature reserve of Guangdong province in China (Wei, 1986). The 
distribution of C. azalea population with serious damage has been less than 100 km2 , and the 
number was only 1000, that lead to it an extremely endangered state. The study on population 
ecology of Camellia was few (Zhang et al, 2000; Cao et al, 2003). Li et al (2013) have been study 
population structure and spatial distribution pattern of C. azalea, but related reports about life table 
and survival analysis of C. azalea has not been found until now. So, in order to discuss population 
dynamics and development trends, and provide a scientific evidence for developing protect 
measures, C. azalea population was used to study its static life table, standard survival curve, 
mortality rate and vanish rate curves. 

2 Methods 
Nine representative plots of C. azalea population with the area of 500 m2 were set up, based on 
comprehensive investigation. The basal diameter of C. azalea were invested and recorded by 
adjacent grid method with the basic unit of 5 m×5 m. The static life table of C. azalea population 
were established with diameter class instead of age class (Shen et al, 2008). According to the static 
life table, the order of diameter class was regarded as time order, that was the first diameter class 
corresponded to first age class and the second diameter class corresponded to second age class, and 
so on. Survival individual of different diameter class of C. azalea population in all plots was 
statistic, and the date was standardized. Based on the static life table of C. azalea. The standard 
survival curve was drawn with standard survival number as ordinate and diameter class as abscissa. 
Mortality rate and vanish rate curve were drawn with mortality rate, vanish rate as ordinate 
respectively and diameter class as abscissa (Shen et al, 2008) 

3 Results 
3.1 The static life table of C.azalea population 
                                                                            
Projects: *Zhejiang Science and Technology Program (2013C32075), the National Science Foundation of China (30800886), the Fundamental Research 

Funds for the Central Non-proflt Research Institution of CAF” (RISF 61250)。 
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The static life table of C.azalea population were showed in table 1. Survival number and standard 
survival number of C.azalea were lower at one and two age class, and then increasing gradually, 
reaching the peak at four to six age class and then decreasing gradually. Standard death number 
and mortality of C.azalea were negative at one to three age class, that showed the population was 
declining due to the severe lack of seedlings. When standard death number and mortality of 
C.azalea at other age class were negative or 0, the reason may be relate to human disturbance and 
destruction. Standard death number and mortality increased gradually after four age class with 
more significant fluctuation, that may be lie in the increase individual demand for nutrients and 
living space and the strength of self-thinning and alien-thinning which lead to the increase of death 
number and mortality. The mortality decreased with the satisfaction of the growth requirements for 
environmental conditions, when C. azalea entered into adult age period after nine age class. 
Mortality rate increased until the death of the individual, when C. azalea close to the limit of its 
life. Life expect and survival rate of the population decreased with the increase of diameter class 
on the whole, but the number of one, two and thirteen, fourteen age class was minimum which lead 
to the overestimate of life expect and survival rate of seedlings and old trees.  

Table 1  The static life table of C.azalea population 

Age stage Diameter class（mm） ax lx dx qx Lx Tx ex Sx Kx 

1 0～5 2 36 -109 -3.02 90.5 5539 153.86 4.03 -1.40 
2 5～10 8 145 -436 -3.01 363 5448.5 37.58 4.01 -1.38 
3 10～15 32 581 -419 -0.72 790.5 5085.5 8.75 1.72 -0.55 
4 15～20 55 1000 110 0.11 945 4295 4.30 0.89 0.12 
5 20～25 49 890 -110 -0.12 945 3350 3.76 1.12 -0.12 
6 25～30 55 1000 291 0.29 854.5 2405 2.41 0.71 0.35 
7 30～35 39 709 364 0.51 527 1550.5 2.19 0.49 0.72 
8 35～40 19 345 -18 -0.05 354 1023.5 2.97 1.05 -0.05 
9 40～45 20 363 218 0.60 254 669.5 1.84 0.40 0.91 

10 45～50 8 145 0 0.00 145 415.5 2.87 1.00 0.00 
11 50～55 8 145 55 0.38 117.5 270.5 1.87 0.62 0.48 
12 55～60 5 90 54 0.60 63 153 1.70 0.40 0.92 
13 60～65 2 36 18 0.50 27 90 2.50 0.50 0.69 
14 65～70 1 18 -36 -2.00 36 63 3.50 3.00 -1.10 
15 ＞70 3 54 54 1.00 27 27 0.50 0.00 3.99 

ax: Survival number; lx: Standard survival number; dx:Standard death number; qx: Mortality rate; Lx: Span life; Tx: Total life; ex: Life expect; Sx: Survival 
rate; Kx: Vanish rate.  

3.2 Standard survival curve，mortality rate and vanish rate curve of C.azalea  
Standard survival curve of C. azalea population were showed in figure 1. The survival curve of the 
population was convex curve which belonged to DeeveyⅠtype. The population was declining due 
to the lower survival of young tree and the higher survival of middle tree. The number of C. azalea 
were lower at one and two age class, and then increasing rapidly after three age class, reaching the 
peak at four to six age class, and then decreasing rapidly, at the same time, death number 
increasing gradually. The trend of the survival number increasing and death number decreasing 
became slow after nine age class, when closer to physiological life, the lower the survival number 
and the higher death number. Change trend of mortality rate and vanish rate curve of C. azalea was 
basically identical (figure 2). Mortality rate and vanish rate curves increased slowly at three age 
class then fastly, and appeared more significant fluctuation without obvious peak, that showed the 
presence of high-intensity human disturbance. After nine age class, the increased trend of 
mortality rate and vanish rate became slow, and then decreased, and appeared death peak when 
closing to the physiological life. 
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4 Discussion 
C. azalea population only distributed along the sides of the river at about 5 to 10 m from the river 
bed, and the total length was about four kilometer. The slope of river bed was larger, and some 
slope reached 90 degrees. High-intensity human disturbance such as deforestation and excavation 
led to its habitat fragmentation divided into nine patches by larger lope river bed (Li et al, 2013), at 
last formed local population in a narrow distribution range.The static life table of C.azalea 
population showed that the fewer young individual, human disturbance and environmental 
pressure led to the population can not rapidly grow and was difficult to natural regeneration. 
Survival curve, mortality rate and vanish rate curves reflects the changes of survival and mortality 
rate with age. The survival curve of the population belonged to DeeveyⅠ type. The mortality rate 
was low at early stage, and increased due to competitive pressures at young and adult stage, then 
decreased with the ease of competitive pressures. 
The obstacle in the process of seed forming seedling was the main reason for endangered plants 
(xie et al, 1999). The key to maintain the population stability was providing suitable conditions for 
seed germination and seedling growth (zhang et al, 2002). C. azalea only distributed along the 
sides of the river, and the slope of river bed was larger. Seeds spread by gravity after fruit ripening. 
Some seeds were washed away by rain, and other seeds scattered in the crevice which can only 
germinate and form seedlings in suitable environment. Most of the seeds were difficult to 
germinate with bad living environment, that led to severe lack of seedlings. The seedlings came 
from seeds must be protected for maintaining the stability of population and the abundance of 
genetic diversity (Roy et al, 2006). Human disturbance led to the reduction of population density 
and the lack of seedlings. High-intensity human disturbance such as indiscriminate felling and 
excavation also led to habitat fragmentation of C. azalea, thereby affected seed germination, 
seedling growth and population update. 
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Genetic Analysis of Diversities for Major Characters of 
Camellia azalea Leaves 

Bin Xu1,Lixia Peng2,Xiaoyang Pan1,Zhangfang Qiu1  

(1 Guangdong Provincial Academy of Forestry, Guangzhou 510520; 2. Guangdong Forestry 
Vocational Technical School, Guangzhou 510520) 

Abstract: In order to effectively evaluate and use camellia genetic resources and exploit their good traits, 37 
Camellia clones were used as research material. 14 leaf traits were determined by coefficient of variation for 
each trait, correlation between different traits, and principal component analysis and cluster analysis. The 
results showed that 14 leaf phenotypic trait variation coefficient ranges from 5.30% to 47.00%, the average 
coefficient of variation of 18.52%, indicating that major quantitative trait variations exist in Camellia azalea 
with greater genetic diversity. The correlation coefficient between leaf length and leaf index reached 0.967, 
leaf area and leaf dry weight of the correlation coefficient was 0.942, petiole length and petiole length / leaf 
length correlation coefficient of 0.828. The 14 traits can be reduced into five principal components, with the 
cumulative contribution rate of 80% in first five principal components, indicating that these traits have strong 
representation. The clustering revealed that the 37 clones could be divided into five groups. 
Keywords: Camellia azalea; coefficient of variation; correlation analysis; principal component analysis; cluster 
analysis 

Introduction 
Camellias, usually referring to all ornamental camellia plants, are one of the top ten traditional 
flowers of China. Our country is the distribution center of camellia species, and is rich in 
germplasm resources [1]. Camellia azalea, also known as Camellia changii, or azalea leaf 
camellia, is a rare and endangered plant species [2]. It is only found in Yangchun City, 
Guangdong Province [1,3]. C. azalea is beautiful and evergreen, with bright color and long 
flowering period. It can be used as a bonsai plant. It is also a valuable germplasm for breeding 
new varieties. 
At present, domestic and international breeding units have attached great importance to the 
C.azalea germplasm collection [4], and carried out cytological markers [5], molecular markers [4,6,7] 
and other genetic diversity analyses on population of wild C. azalea. Wang et al [5] showed C. 
azalea is diploid; Luo Xiaoying et al.[6-7] performed RAPD and ISSR analysis on 19 and 60 
individuals. Li Xinlei [4] carried out AFLP and SSR analysis on 230 individuals to study the 
genetic diversity of C. azalea. In this paper, 37 Camellia clones were used as research material. 
14 leaf traits were determined with coefficients of variation for each trait, correlation between 
different traits, and principal component analysis and cluster analysis.  

1. MATERIALS AND METHODS 
1.1 Materials 
Camellia mature leaves of 37 clones were from Guangdong Provincial Academy of Camellia. 
The gene bank was established in 2009, through plot sampling method, set up six survey plots, 
37 clones were selected. 

1.2 Methods 
Tests were carried out in September 2014 at the Guangdong Provincial Academy of nursery. 
Camellia gene library were used to select 2-3 plants from each clone, and a total of 91 plants 
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were identified. Choose from the east, south, west, north four directions outside of the 20 central 
plants mature leaves, leaf traits were measured, the average value was calculated and analyzed.  

1.3 Data Analysis 
Using Microsoft Excel to organize the raw data, and R software [11] to perform statistical analysis. 
R software “pastecs” and “hmisc” packages were used for observation traits, standard deviation, 
coefficient of variation and correlation statistical analysis, etc.; with “psych” package the 
principal component analysis and cluster analysis were performed. 

2 Results and analysis 
2.1 Diversity of leaf traits of Camellia azalea 

Table 1 Leaf traits and determination of standard of C. azalea 
No Trait Unit Determination of Standard 

Ｘ1 Petiole length cm  

Ｘ2 Left width to midrid cm Left width to midrid 

Ｘ3 Distance from widest to base cm Distance from widest to base 

Ｘ4 Leaf area cm2  

Ｘ5 width cm  

Ｘ6 Length  cm  

Ｘ7 angle ° Angle between leaf tip and midrib 

Ｘ8 thickness mm Average value of 10 measurments 

Ｘ9 Dry weight g  

Ｘ10 Shape index  X6/X5 

Ｘ11 Ratio leaf length to width   

Ｘ12 X3/X6   

Ｘ13 X2/X3   

Ｘ14 X4/X9 cm2/g X4/X9 

 
Table 2 Variation analysis for leaf traits of C. azalea 

Trait No. of Clone Min Max Mean Variance SD CV (%） 

X1 37 0.56 1.25 0.86±0.03 0.03 0.17 19.30 
X2 37 1.00 2.20 1.30±0.03 0.04 0.21 15.00 
X3 37 4.68 7.43 5.73±0.12 0.50 0.70 12.00 
X4 37 9.89 19.95 14,09±0.42 6.44 2.53 18.00 
X5 37 1.90 6.20 2.60±0.11 0.45 0.67 26.00 
X6 37 6.20 21.00 8.50±0.57 12.00 3.50 41.00 
X7 37 81.70 141.75 111.12±2.29 193.99 13.93 13.00 
X8 37 1.98 2.67 2.30±0.03 0.03 0.16 7.10 
X9 37 0.19 0.38 0.28±0.01 0.001 0.05 16.46 
X10 37 2.50 10.00 3.50±0.27 2.70 1.60 47.00 
X11 37 0.07 0.15 0.11±0.00 0.00 0.02 17.23 
X12 37 0.48 0.90 0.76±0.01 0.01 0.07 9.90 
X13 37 0.48 0.82 0.55±0.011 0.00 0.07 12.00 
X14 37 42.82 56.88 50.24±0.49 8.94 2.99 6.30 

 

2.2 Correlations between leaf traits of C. azalea 
Correlation analysis results were shown in Table 3. The results displayed petiole length, pulse 
left wide, broad-based and leaf area from the correlation coefficient between the four characters 
reach a significant and highly significant correlation coefficient up to 0.738. Leaf dry weight and 
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pulse wide left, wide base distance, leaf area, there is a significant or very significant positive 
correlation, the correlation coefficients were 0.628,0.653,0.942. Leaf length and leaf index 
highest correlation coefficient reached 0.967, both of which were highly significant positive 
correlation. Wide base distance / distance exists between leaf length and width of the base of a 
significant positive correlation, the correlation coefficient was 0.536. In addition, petiole length 
and petiole length / leaf length correlation between the pulse width and pulse left w / leaf width 
correlation exists between the very significant positive correlation, the correlation coefficient is 
higher, respectively, 0.828 and 0.689. In summary, the positive correlation coefficient showed 
different traits based on the selection of a trait also may also improve other properties, therefore, 
at screening leaf dry weight and leaf index were higher species, you can refer to leaf area and 
leaf length both blades traits. 

2.3 PCR analysis of leaf traits 
Table 3 Correlation analysis of different leaf traits in C. azalea 

  X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12 X13 X14 

X1 1.000               

X2 0.344* 1.000              

X3 0.523** 0.341* 1.000             

X4 0.357* 0.587** 0.738** 1.000            

X5 0.223  0.247  0.280  0.458** 1.000           

X6 -0.059  0.025  0.042  0.205  -0.034  1.000          

X7 -0.180  0.281  -0.004  0.118  0.036  -0.309  1.000         

X8 0.049  0.053  0.002  0.176  0.122  0.136  0.188  1.000        

X9 0.308  0.628** 0.653** 0.942** 0.425** 0.193  0.123  0.315* 1.000       

X10 -0.146  -0.109  -0.056  0.028  -0.149  0.967** -0.381* 0.046  0.027  1.000      

X11 0.828** 0.283  0.228  0.027  0.094  -0.195  -0.140  -0.081  -0.043  -0.227  1.000     

X12 0.191  0.222  0.536** 0.200  0.050  -0.221  0.108  -0.208  0.073  -0.231  0.449* 1.000    

X13 0.073  0.689** -0.050  -0.009  -0.186  0.124  0.124  -0.148  0.076  0.152  0.174  0.078  1.000   

X14 0.168  0.041  0.269  0.273  0.122  0.024  0.052  -0.341* -0.028  -0.027  0.081  0.156  -0.138  1.000  

*Correlation is significant at the 0.05 level, **correlation is significant at the 0.01 level. 
 

Table 4 Principal component analysis of leaf traits in C. azalea 

（Items） 
Principal component 

h2 
PC1 PC2 PC3 PC4 PC5 

Eigen Vectors 

X1 0.66 -0.22 0.45 -0.08 -0.44 0.90 

X2 0.73 0.06 -0.07 0.61 0.09 0.95 

X3 0.81 0.03 0.10 -0.28 0.14 0.89 

X4 0.87 0.34 -0.20 -0.17 0.15 0.95 

X5 0.50 0.06 -0.26 -0.34 -0.12 0.64 

X6 -0.01 0.89 0.36 0.01 0.05 0.93 

X7 0.15 -0.25 -0.64 0.32 0.27 0.67 

X8 0.11 0.32 -0.48 0.01 -0.61 0.76 

X9 0.81 0.41 -0.32 -0.01 -0.04 0.93 

X10 -0.17 0.85 0.44 0.04 0.07 0.95 
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X11 0.44 -0.49 0.56 0.10 -0.41 0.93 

X12 0.45 -0.43 0.24 -0.01 0.25 0.85 

X13 0.19 0.07 0.23 0.90 0.14 0.94 

X14 0.24 -0.12 0.24 -0.38 0.61 0.76 

Eigen values 3.83 2.46 1.86 1.67 1.34 - 
Variance/% 0.27 0.18 0.13 0.12 0.10 - 

Cumulative/% 0.27 0.45 0.58 0.70 0.80 - 

 

Fig. 1 Ordination plot of 37 C. azalea individuals 
 

2.4 Hierarchical clustering of traits 

 
Fig. 2 Cluster dendrogram of leaf main traits of Camellia azalea 
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A Comparative Study on Determination of Viability  
in Camellia azalea Pollens  

Bin Xu1, Lixia Peng2,Wen Pan1,Fangqiu Zhang1 

（1. Guangdong Provincial Academy of Forestry, Guangzhou 510520；2. Guangdong Forestry 
Technical School, Guangzhou 510520） 

Abstract：The pollens from a 4-year-old grafted camellia plant was used as the experimental material to detect 
pollen viability with MTT assay, TTC method and in vitro germination rate. The results showed that in vitro 
germination rate is the best for detecting camellia pollen viability, with the best medium for pollen germination 
as follows: 2.5% agar + 10% sucrose + incubation time 10mg / L of boric acid, suitably cultivation time of 4h. 
The average pollen germination rate is measured to 58.10%, and Ca2+ could inhibit pollen germination. 92.5% 
camellia pollens were found viable with MTT staining protocol, which is significantly higher than that in vitro 
germination. TTC staining method is not suitable due to its very poor staining results of pollens. 
Keywords: Camellia; pollen vitality; vitro germination; staining; MTT; TTC 
 

Camellia azalea, also known as Camellia changii, Theaceae, is an evergreen shrub or small tree. 
Wild C.azalea is only found in the reserve E'huangzhang at Yangchun City, Guangdong Province. 
This species is a unique native species, with beautiful compact tree habit, bright green leaves, 
beautiful color intensity, four seasons blossom, and a rare hybridization parent for ever-blooming 
cultivars. Nowadays, more and more attention was paid by camellia enthusiasts and breeders. As 
an important means of breeding  new hybrid varieties of camellias, pollen viability directly 
affects efficiency and capacity of sexual reproduction. The present study used the conventional 
TTC staining protocol, MTT staining protocol and agar solid medium germination method to 
detect camellia pollen viability. The system was optimized for pollen germination conditions and 
provided with a protocol in breeding of Camellia hybrids. 

1 Results and Discussion 
1.1 Measurement of Camellia pollen viability by TTC and MTT 
The Camellia pollen staining dye is placed in the 300C incubator, 20min later, were observed with 
a microscope and photographed, repeated three times, a total of three slides. Each slide was 
observed five watching plots. If a pollen was stained, it was counted as a viable pollen. 
 

1.2 Measurement of Camellia pollen germination  

1.2.1 Pollen germination rate under different concentrations of sucrose 

As can be seen from Fig.1, different concentrations of sucrose have a greater impact on the pollen 
germination rate. In the absence of sucrose, Camellia pollen germination was rate 
low-13.61%.With increasing concentration of sucrose, Camellia germination rate increased 
significantly.  
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1.2.2 Pollen germination rate at different Ca2 + concentration 

As seen from Fig. 2, after adding CaCl2 in optimum sucrose, 10% of the medium significantly 
inhibited the Camellia pollen germination. With the increase in Ca2+ concentration, pollen 
germination rate gradually decreased. At Ca2+ concentration of 70mg/L, the Camellia pollen 
germination rate fell to 21.53%, significantly lower than the 58.1% when without CaCl2. 

1.2.3 Pollen germination rate under different concentration of boric acid 

At the preferred sucrose concentration, when boric acid concentration in the 0 ~ 10mg / L range, 
Camellia pollen germination rate increased with the increase of acid concentration. It reaches a 
maximum when the concentration of 10mg / L, the germination rate was 73.19%; Boric acid 
concentration in the 10~70mg/L, the germination rate decreased with increasing concentration of 
boric acid, pollen germination was inhibited. 
Based on the above three results, we concluded that appropriate Camellia germination medium 
should be as following: 2.5% agar + 10% sucrose + 10mg / L boric acid, pH value of 6.5 to 7.0, and 
the culture conditions for 4h dark culture. 
 

 
 

 

 

 

Fig.2 Effect of Ca2+ concentration on C. azalea 
pollen germination rate 

 

Fig.1 Effect of sucrose concentration on C. 
azalea pollen germination rate 

 
Fig.3 Effect of H3BO3 concentration on C. azalea 

pollen germination rate 
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Types of Pollen Grains in Camellia reticulata and the 
Differences in Their Composition between Cultivars  

and Growing Conditions 

Toshiaki Shiuchi1, Tadashi Kanemoto1, Masashi Nakata1, Zhonglang Wang2, 
Baojun Feng2, Kaiyun Guan2, Noriyuki Fujishita3  

(1. Botanic Gardens of Toyama, 42 Kamikutsuwada, Fuchu-machi, Toyama 939-2713, Japan; 2. 
Kunming Botanical Garden, Kunming Institute of Botany, Chinese Academy of Sciences, 132 
Lanhai Road, Kunming, Yunnan 650204, P. R. China; 3. 2-18-7 Nishiyamadai, Osakasayama, 

Osaka 589-0022, Japan) 

Abstract: Pollen morphology and fertility of Camellia reticulata were investigated in 21 cultivars and 17 wild 
trees. Five types of pollen grains (normal, abnormal, huge, pseudopollen grains, and starch pollen grains) were 
recognized. Five cultivars, including ‘Dahongpao’, ‘Dayinhong’, ‘Dahong Guiye’, ‘Maye Yinhong’, and 
‘Jingancha’, cultivated in the Kunming Botanical Garden, China, had high percentages (70%~90%) of normal 
pollen grains, while those cultivated in the Maizuru Natural Culture Garden, Japan, produced pseudopollen 
grains instead of normal pollen grains. Environmental factors, such as hot summer temperatures in Japan, may 
have caused the sterile pollen grains. The proportions of normal pollen grains in wild C. reticulata trees were 
relatively high (70%~90%); however, some trees had sterile pollen grains, such as abnormal or pseudopollen 
grains. Genetic traits also appear to affect pollen formation in C. reticulata. 
Key Words: Camellia reticulata; cultivar; environmental factor; genetic trait; pollen fertility; pollen 
morphology; pseudopollen grain 
 
Camellia reticulata Lindl., widely known as Yunnan Camellia, is popular in China, especially in 
Yunnan Province. A large number of horticultural cultivars have been established, mainly by 
selection from natural populations, and new cultivars are still being created through selective 
breeding or from bud mutations/sports (Feng et al. 1986). However, old trees of more than 100 
years of age, including the trees from which horticultural cultivars were originally established, are 
now endangered due to environmental changes, excess cutting for grafting, inadequate 
management, etc. As a first step toward conservation, the Botanic Gardens of Toyama (BGT) in 
Japan and the Kunming Botanic Garden (KBG) of the Chinese Academy of Sciences in China 
conducted field research in Yunnan Province from 2007–2011. The research was part of a 
cooperative study to register old and large trees of C. reticulata in Kunming, Chuxiong, Dali, and 
neighboring areas (Yamashita et al. 2009, Shiuchi et al. 2010, Kanemoto et al. 2012, Shiuchi et al. 
2015). The study was the first scientific survey of historical Yunnan Camellias. During the study, 
the diversity of the pollen grains of C. reticulata was noted. 
With respect to pollen characteristics in the family Theaceae, Tsou (1997, 1998) reported a special 
kind of pollen grain, the “pseudopollen grain,” (PPG) in subfamily Camellioideae. Fujishita (1997) 
also reported PPGs in the genus Camellia and some other genera, and this included the first report 
of PPGs in C. reticulata. At present, 30 of the 50 species studied are known to have PPGs (Wang et 
al. 2012). However, the pollen characteristics, including the nature of PPGs, of C. reticulata are 
not yet fully understood. In this study, we focus on the morphology and stainability (≒ fertility) of 
pollen grains from both horticultural cultivars and wild trees of C. reticulata. 
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1 Materials and methods 
Pollen grains from cultivars of C. reticulata were collected from cultivated trees at BGT, the 
Maizuru Natural Culture Garden (MNCG; Japan), and KBG in 2011 (Table 1). The C. reticulata 
trees cultivated at BGT and MNCG were introduced from KBG in 1993 and 1982, respectively. 
The plants were under cultivation in greenhouses at BGT and MNCG. The temperature of the 
greenhouses at BGT was set so that it did not fall below 5°C, which reflects outside temperatures at 
MNCG. In KBG, the plants were under cultivated outdoors. The pollen grains of wild C. reticulata 
were obtained from several trees in Yangbi and Yongping, Dali Pref., Yunnan Province, in 2008.  
Monthly mean temperatures in 2010, recorded at observation points near the collection localities 
(Japan Meteorological Agency, http://www.data.jma.go.jp/obd/stats/etrn/index.php), are 
presented in Fig.1.  
For observation of pollen grains, stamens from C. reticulata cultivars and wild trees were obtained 
from living flowers. The stamens were stored in a 70% ethanol solution. Pollen grains from more 
than three anthers from each flower were gently squashed on a glass slide in a drop of 
iodine-potassium iodide staining solution (1g I2 and 2g KI dissolved in 300 mL distilled water), 
and the pollen grains were observed under a microscope (Nikon Eclipse E400, Japan). More than 
500 pollen grains per prepared slide were examined.

Botanic garden / Wild population Locality
Altitude

(m)
Latitude /
Longitude

Kunming botanical garden
 (KBG)

Kunming, Yunnan Province,
China

1920
25°08'18.4"N
102°44'40.0"E

Botanic gardens of Toyama
 (BGT)

Toyama City, Toyama Pref.,
Japan

17
36°39'44.6"N
137°10'52.5"E

Maizuru Natural Culture Garden
 (MNCG)

Maizuru City, Kyoto Pref.,
Japan

200
35°32'18.4"N
135°23'51.7"E

Xiulimg
Yangbi County, Dali Pref., Yunnan Prov.,
China

2384
25゜37'45.3"N
99゜53'38.9"E

Baotai Mountain
Yongping County, Dali Pref., Yunnan Prov.,
China

2553
25゜11'57.2"N
99゜32'16.5"E

Table 1. Localities of the botanic gardens and wild populations from which the materials were obtained.
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Type Abbrev.
Size in

long axis
 (μm)

Shape Surface structure
Color

(I2 - KI staining)
Note

Normal N 45–60 Sphere or spheroid 3 apertures
Light brown to

dark yellow,
uniform

―

25–50 Sphere or spheroid Irregular Unstained No cytoplasm

25–50 Irregular Irregular
Light brown to

dark yellow ―

Huge H 75–100 Irregular or spheroid
3 apertures to

 Many appertures

Light brown to
dark yellow,

heterogeneous

1.5 times (or more) larger
than normal pollen grain

Pseudopollen grain PPG 25–80 Sphere or spheroid
No aperture with

30–50 ribs
Unstained No cytoplasm

Starch pollen grain SPG 30–50 Nearly sphere Irregular Black Contains starch grains

Table 2. The five types of pollen grains observed in this study. The abbreviations correspond to those in Fig. 1.

Abnormal A
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Fig. 1. Monthly mean temperatures in 2010 for the three cities where the Camellia reticulata cultivars grew, 
and the normal value of the monthly mean temperatures for Dali Pref., Yunnan Prov., China, where wild 
C. reticulata were examined. 

 

 
 

2 Results and discussion 
2.1 Types of pollen grains 

 

 
Fig.2. The five types of pollen grains observed in this study. See Table 2 for descriptions. N: Normal pollen 

grains, A: Abnormal pollen grains, consisting of irregularly sized and/or empty pollen, H: Huge pollen 
grains, PPG: Pseudopollen grains, SPG: Starch pollen grains. Bar indicates 100 µm. Left two: ‘Maye 
Yinhong’ cultivated at KBG, Right: ‘Maye Yinhong’ cultivated at BGT. 

 

In this study, the following five types of pollen grains were recognized in terms of microscopic 
morphology and stainability (cf. Fujishita 2000): 1) normal pollen grains (Fig. 2, N)—grains 
nearly equal to each other in size and shape, tricolporate, well-stained; 2) abnormal pollen grains 
(Fig. 2, A) —grains irregular in size and shape and/or unstained owing to lack of cytoplasm; 3) 
huge pollen grains (Fig. 2, H) —about 1.5 times larger (or more) than normal pollen grains, well or 
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heterogeneously stained; 4) pseudopollen grains (Fig. 2, PPG) —grains variable in size and shape, 
no aperture at all in the exine, scalloped, shell-like structure with about 30–50 parallel ribs, 
unstained; 5) starch pollen grains (Fig. 2, SPG) —stained black, containing starch grains. Further 
information is presented in Table 2. It was sometimes difficult to distinguish the five types due to 
the presence of intermediate types. 
Fig. 3. Pollen grains of Camellia reticulata cultivars. A: ‘Dayinhong’ cultivated at KBG. A high proportion (c. 

88%) of normal pollen grains and several pseudopollen grains (PPGs, arrowheads) of various sizes and 
shapes are shown. B: ‘Maye Yinhong’ cultivated at MNCG. Only PPGs were observed. Bar indicates 
100µm. 

 

The results of observations are summarized in Tables 3 and 4. 
 

2.2 Growing locality and pollen characteristics 
The proportion of normal pollen grains in C. reticulata varied among the cultivars from 0 to 93.1% 
(Table 3). Of the 21 cultivars in KBG, 17 cultivars had more than 70% normal pollen grains, and 
the remaining four had 54.4%, 26.5%, 3.2%, and 0% normal pollen grains, respectively. 
In KBG, five cultivars—‘Dahong Guiye’, ‘Dahongpao’, ‘Dayinhong’ (Fig. 3A), ‘Jingancha’, and 
‘Maye Yinhong’— had high proportions of normal pollen grains, 90.8%, 72.1%, 88.3%, 82.5%, 
and 77.1%, respectively. However, the same cultivars grown at MNCG had no fertile pollen grains 
and had PPGs instead (‘Maye Yinhong’ were shown in Fig. 3B). At BGT, ‘Maye Yinhong’ had 
37.8% normal pollen grains, and had PPGs and SPGs at proportions of 20.1% and 27.7%, 
respectively. The two individuals of ‘Jingancha’ at BGT differed remarkably; one was PPG 
dominant (92.6%), while the other had 67.2% normal pollen grains.  
Higher proportions of normal pollen grains and lower proportions of PPGs at KBG (or Chuxiong) 
than those at MNCG or BGT, were observed in eight other cultivars— ‘Daguiye’, ‘Dalicha’, 
‘Damanao’, ‘Donglin’, ‘Luanye Yinhong’, ‘Seben’, ‘Xiaoye Mudan’, and ‘Zaomudan’. 
Fujishita (2001) reported that lingering summer heat might cause high proportions of abnormal 
pollen grains in some cultivars of Camellia. The monthly mean temperatures in 2010 reflect the 
hot-summer and cold-winter climate of Toyama and Maizuru, Japan, compared with Kunming and 
Dali, Yunnan (Fig. 1). Since the cultivars of C. reticulata are usually propagated by grafting and 
have the same genetic background, it is likely that the differences in temperature between Japan 
and Yunnan have affected pollen formation in C. reticulata, especially in certain cultivars. 
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Cultivar
(chinese name)

Source* Normal Abnormal Huge
Pseudo-

pollen grain
Starch

 pollen grain

KBG 77.4 4.5 0.2 17.9 0
MNCG 87.1 2.0 0 11.0 0
KBG 76.6 3.9 0.2 18.3 1.1
MNCG 63.1 4.9 1.1 30.9 0
KBG 90.8 1.3 0.6 2.9 4.4
MNCG 0 0 0 100.0 0
KBG 72.1 6.3 0 19.5 2.1
MNCG 0 0.7 0 99.3 0
KBG 83.3 0.8 0 15.0 1.0
BGT 65.1 2.2 0 32.6 0.2
KBG 84.0 2.7 0 12.7 0.5
BGT 70.7 8.1 0 19.6 1.6
KBG 88.3 1.4 0.2 9.6 0.5
MNCG 0 0 0 100 0
Original tree** 77.7 1.2 0.5 17.1 3.5
BGT 51.8 19.1 1.2 25.2 2.7
KBG 82.5 2.2 0 2.4 12.9
MNCG 0 0 0 100 0
BGT 1.1 6.1 0.2 92.6 0
BGT 67.2 5.3 0 26.9 0.6
KBG 0 97.7 0 2.3 0
BGT 0 2.8 0 97.2 0
KBG 74.2 1.3 0 19.3 5.2
MNCG 65.0 8.7 0.8 14.3 11.2
KBG 92.7 1.4 0 6.0 0
MNCG 61.8 18.1 0 19.1 1.0
KBG 54.4 1.6 0.2 41.9 1.9
BGT 65.8 3.1 0 30.5 0.5
KBG 77.1 8.7 0.6 12.4 1.2
MNCG 0 7.1 0 92.9 0
BGT 37.8 13.5 0.9 20.1 27.7
KBG 70.6 9.9 0 18.9 0.6
MNCG 75.8 4.1 0 18.3 1.8
Original tree*** 87.3 0 0 12.7 0
Original tree*** 88.7 1.7 0 8.6 1.1
BGT 81.3 1.2 0 16.8 0.7
KBG 88.9 1.9 0 8.9 0.3
MNCG 93.1 0.7 0 5.2 1.1
BGT 71.7 5.0 0 21.7 1.5

Juban
(菊弁)

Damanao
(大瑪瑙)

Dahongpao
(大紅袍)

Donglin
(東林)

Pingban Dalicha
(平弁大理茶)

Liangye Yinhong
(亮葉銀紅)

Dayinhong
(大銀紅)

Shizitou
(獅子頭)

Luchenchun
(鹿城春)

Luanye Yinhong
(卵葉銀紅)

Dalicha
(大理茶)

Jingancha
(靖安茶)

Maye Yinhong
(麻葉銀紅)

Seben
(色奔)

Table 3. Proportions of the five types of pollen grains observed in Camellia reticulata  cultivars.

Daguiye
(大桂葉)

Baozhucha
(宝珠茶)

Dahong Guiye
(大紅桂葉)
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continued   

 

2.3 Floral structure and pollen grains 

 
Pollen collections from ‘Juban’ and ‘Zipao’ at KBG showed proportions of 97.7% and 88.6% 
abnormal (empty) pollen grains, respectively. However, at BGT, ‘Juban’ had 97.2% PPGs, and one 
individual of ‘Zipao’ also showed a predominance (99.8%) of PPGs. Another two individuals of 
‘Zipao’ at BGT had mostly normal (70.9 and 75.9%, respectively) pollen grains. An individual of 
‘Zipao’ collected at MNCG had 50.9% normal pollen grains and 40.5% PPGs. These two cultivars 
have “doubled” flowers with more than 45 petals per flower. In some cases, almost all 
reproductive organs were converted to petals, resulting in structural sterility. The structure of these 

KBG 77.8 11.7 0 9.0 1.4
MNCG 56.3 6.3 0 37.5 0
KBG 26.5 49.2 0 23.2 1.1
MNCG 47.0 1.3 0 51.7 0
KBG 84.7 6.3 0 8.8 0.1
BGT 74.2 4.3 0 20.4 1.1
KBG 3.2 88.6 0 6.8 1.4
MNCG 50.9 3.4 0.5 40.5 4.7
BGT 75.9 3.5 0 20.1 0.5
BGT 0 0.2 0 99.8 0
BGT 70.9 3.2 0 24.8 1.0

**Original tree of this cultivar grow in Zixi Mountain, Chuxiong City, Yunnan Prov., China.
***Original two trees of this cultivar grow in Zixi Mountain, Chuxiong City, Yunnan Prov., China.

* KBG: Kunming Botanical Garden, China, BGT: Botanic Gardens of Toyama, Japan,
  MNCG: Maizuru Natural Culture Garden, Japan.

Zaomudan
(早牡丹)

Yinfen Mudan
(銀粉牡丹)

Zipao
(紫袍)

Xiaoye Mudan
(小葉牡丹)

Table 4. Proportions of the five types of pollen grains observed in wild Camellia reticulata  trees.

Source
Individual
number

Normal Abnormal Huge
Pseudo-

pollen grain
Starch

pollen grain

YS-1-1 91.3 1.0 0 5.7 2.1
YS-1-2 79.3 6.5 0 9.8 4.4
YS-2-1 85.9 3.1 0 6.9 4.0
YS-2-2 70.6 6.0 4.2 16.7 2.4
YS-2-3 79.6 4.9 0 9.4 6.0

YPND-1 79.0 1.8 0 17.1 2.1
YPND-2 76.0 1.4 0 17.2 5.4
YPW-2 56.8 4.5 0.7 33.3 4.8
YPW-3 76.8 3.3 1.4 12.3 6.2
YPW-4 86.8 2.3 0.2 8.8 1.9
YPW-5 90.9 0.7 1.5 5.1 1.8
YPW-6 84.1 1.3 0.2 11.7 2.7
YPW-8 6.9 62.7 0 23.4 7.1
YPW-9 51.0 21.0 0.2 20.5 7.3
YPW-10 5.5 53.2 1.3 37.8 2.1
YPW-11 0.5 76.4 0.2 22.2 0.7
YPW-12 70.8 14.9 0 12.3 2.0

Cultivated in BGT, Toyama
Pref., Japan

46298 70.7 7.8 0 21.0 0.5

Xiulimg, Yangbi County, Dali
Pref.,Yunnan Prov., China

Baotai Mountain, Yongping
County, Dali Pref., Yunnan
Prov., China
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flowers is likely to be involved in unstable pollen formation in these cultivars. 

2.4 Pollen grains in wild trees 
With few exceptions, the wild C. reticulata trees from Dali Pref. had relatively high proportions 
(over 70%) of normal pollen grains. However, two individuals had 51–57% and three had less than 
10% normal pollen grains (Table 4). These individuals had abnormal pollen grains and/or PPGs 
instead. The results indicate that individuals with sterile pollen are present in wild C. reticulata 
populations. A wild strain (acc. no. 46298) cultivated in BGT had 70.7% normal pollen grains and 
21.0% PPGs. The composition of pollen grains of this strain resembled that of some cultivars in 
BGT, such as ‘Damanao’, ‘Shizitou’, ‘Zaomudan’, and ‘Zipao’. With respect to the wild strain, it 
is unlikely that cultivation conditions in Japan would have caused a remarkable reduction in the 
percentage of normal pollen grains. 

2.5 Pollen information for breeding 
Wang et al. (2012) pointed out that, when one parental species in a cross produced PPGs, the F1 
generation would also produce PPGs. Likewise, the pollen characteristics of cultivars will be 
derived from the genetic traits of the parents from which they were produced. Fujishita (2006) 
reported that pollination by PPGs seemed to induce apomixis in some species of the genus 
Camellia. It is necessary to examine the pollen grains of potential parental individuals before using 
them in crosses for breeding. It is also important to consider environmental factors affecting pollen 
formation. 
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Phenotypic Genetic Diversity of Sect. Camellia 
Germplasm Resources in Jiangxi 

Sun-Ying, Zhou-Wencai, Zuo Ji-lin, Xu-Linchu1* 

(Jiangxi Academy of Forestry, Nanchang, Jiangxi) 

Abstract: Phenotypic trait genetic diversity is an important part of plant genetic diversity. In this paper, 6 quality 
traits (leaf shape, tip shape, leaf-teeth density,fruit shape, fruit peel color, fruit surface), 5 leaf and fruit quantity 
traits (leaf length, leaf width, single fruit weight, fruit height and fruit diameter) and 3 fruit quality traits (seed 
kernel oil content, oleic acid content, linoleic acid content ) of 12 species (Camellia lapedia, C.tricosperma, 
C.saluenensis,C.longicaudata, C.zhekiangoleosa, C.semiserrata, C.magnocarpa, C.japonica, C.polydonta, 
crassissima, C.magniflora, C.lusidissima ) of Sect. Camellia were analyzed. The results were summarized as 
follows: 
 (1) 6 grade of quality traits could be divided into 22 grades, with the effective percentage of hierarchical 
character frequency of 5.4% ~ 53.4%, and diversity index ranges from 0.74 to 1.62. The total of diversity for 3 
fruit quality traits accounts for 52.29% of the overall value of diversity for quality traits, which indicates fruit 
quality traits is more important than those in leaves. 
 (2) Variations for quantitative trait are greater, and diversity index varies from 1.43 to 1.91, which indicates high 
genetic diversity for these traits. The value of diversity index for three fruit traits accountes for 37.12% of the 
total value of diversity of quantitative traits.  
(3) Cluster analysis results suggest that these species clustering may be related to their distribution zone.   
 
Key Words: Sect. Camellia; phenotypic traits; genetic diversity 
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Differences for Biological Characters of Seeds among 
Four Superior Individuals of Camellia chekiangoleosa 

Huang Siqi, Xie Yun*  
(Jiyang college of Zhejiang A & F University, Zhu’ji 311800, Zhejiang, China) 

 

Abstract: The seed biological characters of four Superior individuals of Camellia chekiangoleosa were studied, 
which included some biological parameters, such as seed length, width, ratio of seed length and width, thousand 
seed weight, etc. A comparative analysis of each biological parameter, relationship and differences among the 
biological parameters was made. The results showed that there were significant differences for seed traits among 
four superior individuals. No.A2 was the best with 2214g of 1000-seed weight, 355.47 of longitudinal diameter 
(LD) and transverse diameter (TD) product, and smallest coefficient variations ( CV ) for TD and ratio of LD 
and TD , which indicates that seeds of No. A2 are most identical for TD and round in shape. 
Key words: Camellia chekiangoleosa; superior individual; seed biological character. 
 

Camellia chekiangoleosa was highly hardy and disease-resistant. It is naturally distributed in 
Qingyuan, Longquan, Jingning, Yunhe, Qingtian, Suichang, Songyang, Jinyun, Xianju, Pingyang, 
Tawashun, Wencheng, and kaihua in Zhejiang province, and Yongxin and Nanfeng in Jiangxi 
province, and also Jianning in Fujian province[2]. It has important ornamental and economic values, 
with dark green leaves, bright red flowers in winter and early spring, beautiful fruits and oily seed 
with high nutritional values. There were many outstanding individuals found in wild populations 
which could have a great potential usage as a high-yielding oil plant and ornamental plant. 
However, it was observed that Camellia chekiangoleosa produces plenty flowers but lower fruit 
yields due to heavy dropping of flowers and young fruits. So it is urgent to select outstanding 
individuals both used for flowers and fruits.  

1 Materials and Methods 
1.1 Materials 
4 superior individuals were selected from Golden Village of Ocean Town in Jinyun County. The 
fruits of the 4 superior individuals were harvested in September, 2013, and then dried in shade. 

1.2 Measurement of Seed Biological Characters 
Morphological Indexes: 400 seeds of each superior individual were taken randomly. Longitudinal 
diameter  (LD) and transverse diameter (TD) were measured and recorded on basis of 100 seeds 
with a vernier scale of 0.01mm accuracy. Then the ratio of LD and TD were calculated. 
Quality index: seeds of each superior individual were divided into 4 groups and weighed according 
to the protocol described in the national standard of tree seed inspection procedures 
(GB2772-1999). Hundred-grain weight was measured using the one-hundred-grain method, and 
then 1000-grain weight of 4 groups of each superior individual was calculated. 
The experimental data were analyzed with software of EXCEL2003and SPSS18.0. 

                                                                            
Found program：the Natural Science Foundation of Zhejiang Province.(LY13C160009) 
Author：graduate student for master degree, landscape architecture. 
*Corresponding Author：Associate professor, garden plants and Landscape architecture. 
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2. Result and Analysis 
2.1 Seed morphological differences among superior individuals 
Seed morphological traits were relatively stable and thus regarded as important indexes used for 
species classification and research on genetics. Seed size was considered to be relatively stable in 
the same plant species or in a superior individual, but was variable within a population, between 
populations, and even between individuals within a population[6-7].  It was found that there were 
significant differences for LD, TD, product of LD and TD, and ratio of the LD and TD of 
seeds among 4 superior individuals (Table 1). It showed that there were significant differences 
among 4 superior individuals of C. chekiangoleosa. The size and shape of seeds differed among 
superior individuals. 

Table 1  Main seed parameters measured among 4 superior individuals 

superior individuals LD/mm 
Longitudinal 

TD/mm 
transverse 

LD*TD 
product 

DL/DT 
ratio 

K1 16.15±2.53 12.45±2.84 208.97±70.66 1.31±0.22 

K4 15.52±1.81 15.42±4.31 218.24±52.21 1.04±0.40 

K6 15.57±2.75 16.34±3.03 252.30±31.21 0.97±0.31 

A2 19.52±2.56 18.26±2.56 355.47±66.15 1.08±0.16 

 

The data showed that the seed of A2 was the biggest with greatest LD, transverse diameter, as well 
as their product. The seed of K4 was the shortest, and K1 was the thinnest. Seed size was presented 
by the product of LD and TD. The product varies from 208.97 to 355.47. So seed of A2 is the 
biggest, and K1 the smallest. The seed morphological index, ratio of the LD and TD were also 
used to describe seed shape. The ratio is 0.97-1.31 with largest in K1 and the smallest in K6. It 
shows that seed of K1 is narrow and pressed round in K6. 

Table 2  Variance analysis of main seed parameters measured among superior individuals 

superior individuals Variance of 
DL 

Variance of 
DT/mm 

Variance of 
DL·DT 

Variance of 
DL/DT 

K1 1.69 3.17 1646.17 0.03 

K4 0.10 7.75 1504.79 0.06 

K6 2.69 3.74 394.09 0.04 

A2 2.81 3.06 1452.27 0.02 

     

Table 2 shows that difference for LD was most significant in inter-individual of A2, and the 
smallest in K4; difference for TD was most significant in inter-individual K4, and the smallest in 
A2; difference for the product was most significant in inter-individual K1, and was the smallest in 
K6; difference for ratio was most significant in inter-individual K4, and the smallest in A2. It was 
found that TD and for ratio of inter-individual relate to each other closely. 

2.2 Differences of seed quality among superior individuals  
1000-grain weight was used as one of important index to assess seed quality because it reflects 
seed full degree, nutrient load, seed maturity and resistance, etc.[8]. 
The obvious differences of 1000-grain weight mainly exist among 4 superior individuals (Table3 
& 4), and 1000-grain weight of A2 is the greatest (2214g), and K1 was the lightest (1023g) when 
water content is 10%(safe water content), and coefficient of variation was 42.48%.  
Difference of 1000-grain weight of seeds between K1 and A2 was significant, and was not 
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significant between K1 and K6. The inter-individual difference of 1000-grain weight of the seeds 
of K4 was the smallest, and K1 was the biggest. So the seeds of K4 was the neatest in quality. 

Table 3  1000-grain weight of 4 superior individuals (unit: G) 

 

Table 4  Variance analysis of 1000-grain weight of 4 superior individuals 

 

2.3 Correlation analyses between the seed traits 
The Pearson Correlation empirical results showed significant correlations between LD, TD, 
product of LD and TD, ratio of LD and TD and 1000-grain weight of the seeds of the 4 superior 
individuals. So the morphology and quality of the seeds remained high consistent, and the size of 
the seeds directly affects the seeds quality. However, the negative correlation between the 
1000-grain weight and ratio of LD and TD showed that the greater the 1000-grain weight, the 
more close to the spherical shape. There was a big difference of seed quality and seed size between 
the 4 superior individuals, through a comparative analysis of the data (Table 5). The ratio of 
1000-grain weight and ratio of LD and TD of the seeds of K1, K6, A2 progressively increasing, 
had positive correlation, but K4 and was not significantly correlated with others. Meanwhile, the 
ratio of 1000-grain weight and product of LD and TD of the seeds of K6, K1, K4, A2 gradually 
increasing, showed that seed quality and seed volume size of the 4 superior individuals was closely 
related(Table 6). 

Table 5  Relation of ratio of 1000-grain weight and ratio of LD and TD of 4 superior individuals 

 Superior individual 
Superior individual  Ratio 

K1 K4 K6 A2 

     K1 1023/1.31    

     K4  1142/1.04   

     K6   1039/0.97  

     A2    2214/1.08 

    Total 780.92 1098.08 1071.13 2050.00 

 

  

Superior 
individual 

Group
#1 

Group
#2 

Group
#3 

Group 
#4 

Group
#5 

Group 
#6 

Group
#7 

Group 
#8 

Average 
100-weight 

Average 
1000-weight 

K1 106.1 110.2 99.5 88.7 95.5 110.2 108.0 99.8 102.3 1023 

K4 110.2 117.0 108.0 118.0 119.3 111.0 109.8 120.0 114.2 1142 

K6 114.2 124.1 122.3 122.0 133.3 123.1 118.7 115.6 103.9 1039 

A2 211.5 233.4 221.0 227.8 222.9 220.1 219.3 225.2 221.4 2214 

Superior individual Group
#1 

Group
#2 

Group#
3 

Group#
4 

Group#
5 

Group#
6 

Group#
7 

Group#
8 

Variance 

K1 106.1 110.2 99.5 88.7 95.5 110.2 108.0 99.8 59.57 

K4 110.2 117.0 108.0 118.0 119.3 111.0 109.8 120.0 23.71 

K6 114.2 124.1 122.3 122.0 133.3 123.1 118.7 115.6 35.03 

A2 211.5 233.4 221.0 227.8 222.9 220.1 219.3 225.2 41.92 
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Table 6  Relation of ratio of 1000-grain weight and product of LD and TD of 4 superior individuals 

                 Superior individual 
Superior individual     Ratio 

K1 K4 K6 A2 

     K1 1023/208.97    
     K4  1142/218.24   
     K6   1039/252.30  
     A2    2214/355.47 
    Total 4.90 5.23 4.12 6.23 

2.4 Morphological Differences of seed character between 4 superior individuals 
The comparative analysis of seed character index (LD, TD, product of LD and TD, ratio of LD and 
TD and 1000-grain weight) showed that there were significant differences between the seeds of 4 
superior individuals, and also between the individuals of the same superior individual. The 
inter-individual difference of seed biological character of each superior individual has different 
values between the 4 superior individuals. The seed size, shape, and stability can be roughly 
judged by the value of differences. The coefficients of variation in Table 7 revealed that the seed 
quality and seed volume of C. chekiangoleosa had a greater range of variations. So, seed quality 
and volume was largely influenced by mother plants, although the variation of seed shape was 
small, perhaps correlation between seed morphology and mother plants was not obvious. So seed 
shape maintains relatively stable, although little differences may exist among mother plants.  
The variations of seed quality of each superior individuals was ranked as K1<K6<K4<A2, and 
changes of seed volume was ranked as K1<K4<K6<A2. Meanwhile, seed shape (ratio of LD and 
TD) was gradually changed from 3 sides to 2 sides.  
The coefficients of variation of index in Table 7 showed that the coefficient of variations of LD of 
K4 was the smallest, and k6 was the biggest. So the LD of seed of K4 was neatest, and K6 was the 
most various. The coefficient of variations of TD of A2 was the smallest, and k4 was the biggest. 
So the TD of seed of A2 was neatest, and K4 was the most various. The coefficient of variations of 
product of LD and TD of K6 was the smallest, and k1 was the biggest. So the size of seed of K6 
was neatest, and K1 was the most various. The coefficient of variations of ratio of LD and TD of 
A2 was the smallest, and k4 was the biggest. So the shape of seed of A2 was more round and neat, 
and K4 was the slender and various. 

Table 7  The coefficients of variations of LD, TD, product of LD and TD, ratio of DL and DT of seeds of 4 superior 
individuals  

Superior individual DL DT DL·DT DL/DT 
K1 0.157 0.228 0.338 0.168 
K4 0.117 0.280 0.239 0.385 
K6 0.177 0.185 0.124 0.320 
A2 0.131 0.140 0.186 0.148 

3. Discuss 
Correlation analysis of seed character index of each superior individuals revealed that the size of 
seed directly affected the seed quality, the greater the seed volume, the higher the seed 1000-grain 
weight, and there were significant differences of seed biological character among 4 superior 
individuals. 
No. A2 was the best for seed traits: 1000-grain weight of 2214g; LD and TD product of 355.47. 
Coefficients of variation ( CV ) of TD , and ratio of LD and TD were the smallest, which means 
A2 seed was the neatest and spherical. 
There were significant differences among 4 superior individuals, and so there are great potential 
to selecting superior individuals of C. chekiangoleosa. At present, there are many excellent 
variation types and huge potential values of C. chekiangoleosa, although a little was studied on 
germplasm resources. So the selection of superior individuals is highly possible to breed superior 
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varieties of C. chekiangoleosa. 
In this study, the seed biological characteristic of each superior individual was significantly 
different. But further research on factors causing these differences is needed. Which ones are 
important? genetics factors or environment factors, or both? Perhaps we may study more mother 
plants with combination methods featured by morphological markers and molecular markers, and 
field experiments to efficiently select superior individuals. 
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Studies on the Resources Diversity of Camellia japonica 
Yang Kai, Sun Yingkun, Wang Kuiling, Liu Qingchao, Liu Qinghua *1 

(Qingdao Agricultural University, Qingdao 266109)  

 

Camellia japonica, belonging to genus Camellia of Theaceae and native to China, is a specimen 
plant of Camellia and one of the ten famous flowers in China. It has very long cultivation history in 
China, which was introduced to western countries and become a famous and precious ornamental 
plant in the world. In north of China, C. japonica ‘Naidong’ is the peculiar specie in Camellia for 
its strong cold tolerance, graceful tree form, ever green leaves throughout a year, blooming in 
winter with a long flowering period.  
Because of numerous species in Camellia, such as rare golden yellow flowers in Sect. Chrysantha, 
famous ornamental plants with C. japonica and C. reticulata, dwarf plant type and fragrance in 
Sect.Theoppsis, resources diversity on these unique species were paid more attention. Along 
development on molecular biology, methods were mainly used with morphology, cytology 
(chromosome), physiological-biochemical.  

1 Morphology and anatomy field 
Phenotypic diversity is an important indicator to detect genetic variation in most direct and simple 
method (Dong YH，2008; Jiang XB, et al., 2014; King et al.,1998). At present, this method to 
reveal genetic variations and its pattern of natural population is still an effective evaluation means 
(Xie CY, et al., 1995; Volis S,et al., 1998; Daebler C C,et al., 1999; Jonas C S, et al.,1999; 
Jenczewski E,1999; Li WY, 2005). 

1.1 Research on morphology and anatomy of Camellia 
Researchers using morphological markers studied genetic relationship, evolution and 
classification of plants in Camellia, focusing on initial differences on the wild population area, 
plant number, habitat environment, tree shape, leaf size and shape, to characters of reproductive 
organs, such as flowers and fruits, and further developing comprehensive analysis using numerical 
classification. These made germplasm related research and morphological classification of plants 
in Camellia, which based on the morphology and anatomy of the genus camellia, more objective 
and accurate. 
Sect.Thea is researched most in Camellia, for example, Min TL(1992) divided different species 
and subspecies of C. sinensis, and put forward different classification system in Sect. Thea, on the 
basis of flower, fruit shape in combination with characteristics of blade. Later, Chen XY proposed 
the genetic distance among subgenus, Sect. Thea, species of C. sinensis and cultivated variety, 
furthermore shape classification model and classification system of plants in Sect. Thea by the 
survey of Yunnan C. sinensis resources in Yunnan province, combining the research of cyto 
taxonomy and chemical taxonomy from 1986 to 1992.The resource diversity research of Sect. 
Camellia began in recent years. Ren JY, Xie Y, et al.(2011), by measuring and analyzing 6 
phenotypic traits of C.chekiangoleosa in the 10 populations, found that phenotypic traits  
variation of leaf organ in C.chekiangoleosa mainly exists in the population. Hu GP, Wang GP, et 
al.(2014), by individual survey and the quadrat investigation to C. kweichouensis, found that there 
were many differences in bud character, flower color, leaf shape, et al., and by comparing the 
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tracking analysis, divided C. kweichouensis into five types on the base of influence degree of 
leaves and flowers to ornamental. 
Although there are complex links, such as gene expression regulation ontogenesis between  
morphological phenotype and genotype, the difference of the selected marker features can or can 
not reflect the level of genotype differences naturally become the key to the success of this kind of 
marking method. But in the case of the other marking methods are not thoroughly applied for some 
reason, the phenotypic markers can more intuitivly reflect the genetic differentiation between 
species or groups in species.  

1.2 Research on morphology and anatomy of C. japonica ‘Naidong’ 
C. japonica ‘Naidong’ was named by Chen Rong in 1938, and edited into “China Trees 
Taxonomy”. Now its classification is based on Theaceae classification in “Flora of China”, 
which published in 1998 by Zhang Hongda, and it was classified in Camellia, Theaceae. ‘Naidong’ 
is evergreen broad-leaved shrub or small tree, its shape is similar to C. japonica, but has generated 
some variation in growth variation (Wang J, 2001). Wang KL, Huang X, et al. (2006), made 
compare the anatomical studies on leaf tissue structure about 14 varieties of ‘Naidong’. The results 
showed that leaf epidermis, stoma, palisade tissue, spongy tissue, crystal cell, et al., could be used 
as the basis for species classification. Cao CJ (2005)based on the survey of varieties resources of 
‘Naidong’, using the conventional paraffin section method, studied the leaf structure of part of 
‘Naidong’ varieties by comparing and dissecting, and thus divided ‘Naidong’ into 19 varieties. For 
further research on varieties classification of ‘Naidong’, analyzing from the flower shape, 
flowering phase, flower color and pollen grains, about 16 pending varieties and another 2 variation 
varieties with ornamental value was found in the Shandong peninsula and the other regions near it 
(Wang KL, 2006). 

2 Cytology field 
Genetic diversity research on cellular level is studied on plants mainly using chromosome markers, 
cytology application of classification in Camellia early occurred in chromosome number studies 
about Camellia. 

2.1 Research on cytology of Camellia 
Morinaga and Fukushima(1931) first reported the chromosome number of sporophyte (2 n = 30) of 
Camellia plants, Karasawa (1977) found that Camellia plants was the polyploidy (2 n = 45). At 
present, chromosome of nearly hundred kinds of plants in Camellia were studied. The 
chromosome of Camellia plants has the stable base (x = 15), and changeful ploidy (2 x, 4 x 6 x, 8 
x). In known karyotype data group, Sect. Archecamellia was most primitive, Sect. Camellia was 
most evolutive. Meanwhile Camellia was thought probably originated in Indo-China Peninsula, 
mainly spreading in north and evolving; Nanling and nearby area were distribution and 
differentiation center of plants of Camellia; Yunnan-guizhou plateau and its adjacent areas were its 
secondary differentiation center (Zhang WJ, Min TL, 1998, 1999).  
In recent years, the cytological study of Camellia species was carried out more. Li B (1986) 
analyzed karyotype of C. ptilophylla ‘Nankunshan’ in Guangdong and classified it into Thea 
subgenus of Theaceae according to the chromosome number, and found C. ptilophylla 
‘Nankunshan’ had later origin than ‘Fenghuang Shuixian’ and ‘Lingyun Baimao’ according to 
morphological comparison with ‘Fenghuang Shuixian’in Guangdong and ‘Lingyun Baimao’ in 
Guangxi. C. sinensis has lots of variety and complex genetic relationship. For studying the 
evolution and varieties relationship of C. sinensis, Li B (2003) measured 18 chromosome of 
varieties in C. sinensis in China and proved that C. sinensis originated in southwest of China, and 
there was similar genetic relationship among varieties according to the evolution rule that plant 
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chromosome evolution was from symmetrical karyotype to the asymmetry karyotype. C. changii 
has high ornamental, its relationship research is carried out gradually in recent years. Wang S 
(2007) studied on karyotype of C. changii and showed that interphase nuclei was before spherical 
dyeing, the early stage of the mitotic chromosomes was intermediate type. By karyotype 
comparison, he also found that its karyotype was extremely similar to C. semiserrata, thus 
speculated that genetic relationship between them was recently. In addition, through these 
cytological proofs C. changii was evidenced more primitive in Sect. Camellia. The study of 
chromosome number and karyotype greatly in Camellia has promoted the study of classification 
of the genus in Camellia. 

2.2 Research on cytology of C. japonica ‘Naidong’ 
There were various essential beneficial ingredients in C. japonica ‘Naidong’, such as tea amino 
acid, catechins, and trace elements (Jia WQ, Li JY, 2013), but the health products research and 
development and medicinal value were only recorded, and the use and development were rarely 
reported. The resource diversity of Camellia based on cellular level has not been reported. 

3 Physiology and biochemistry field 
The physiological and biochemical research is a method which using of biochemical substances to 
proceed marker, such as many different storage protein and isozyme in protein crude extract of 
Camellia tissues.  

3.1 Research on physiology and biochemistry of Camellia 
Because of having obvious economic effect, C. sinensis is a species which was more researched on 
physiological and biochemical field in Camellia. Zhou JG (1993) determined chlorophyll content 
about 48 species and showed that there was obvious chlorophyll content differences among 
different varieties of C. sinensis, the average genetic variation coefficient was 17.4, the 
generalized genetic rate was 55.95%. The uptake and utilization efficiency of nutrient elements, 
such as nitrogen, potassium in C. sinensis, decided its production efficiency. In the analysis of 
different species in C. sinensis, Chen thought the tea polyphenols and water extractum content of 
C. taliensis and C. sinensis var. Assamica was higher than C. sinensis by analyzing resources of 
different species of Yunnan tea trees, but total caffeine and free amino acid had not significant 
differences between the species. At the same time, Magoina studied catechin of C. sinensis 
resources in China and Japan and showed that Chinese C. sinensis resources had higher catechin 
content to speculate it has the most diverse catechin biosynthesis pathway, and Japan C. sinensis 
resources catechins content was the lowest, so it had minimal catechin biosynthesis pathway 
diversity. 

3.2 Research on physiology and biochemistry of C. japonica ‘Naidong’ 
Because the cold resistance of C. japonica ‘Naidong’ is strong, so the study of physiological and 
biochemical of ‘Naidong’ was mainly concentrated in its cold resistance mechanism. Wang 
GD(2005) studied physiological and biochemical aspects of C. japonica ‘Naidong’, such as the 
leaves electrolyte leakage rate after low temperature stress resistance, the leaves water metabolism 
during wintering, soluble protein content, catalase activity, a variety of soluble sugar content, and 
so on. Wang KL, Huang X (2006) thought the lethal temperature of varieties of  C. japonica 
‘Naidong’ was between -12~-18℃ by studying the relationship between leaves structure and cold 
resistance. So far, the cold resistance research of C. japonica ‘Naidong’ is limited to single 
analysis of its varieties, there has no systematic resources diversity research of it. 
To sum up, the resources diversity research of Camellia is mainly adopted morphology method, 
cytological, physiological and biochemical methods is less used in resources classification. In 
order to deeply studying the resources diversity of Camellia, cytological and physiological and 
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biochemical research should be strengthened. In terms of the species study, it mainly focused on 
Sect. Thea represented by C. sinensis, and Sect. Camellia plants is focused on southern Camellia, 
resources diversity study of C. japonica ‘Naidong’ in the north of China is less made, and the 
varieties and research methods are not comprehensive enough. Because C. japonica  ‘Naidong’ is 
specific species in Camellia of Theaceae, which having high ornamental and economic value, thus 
resources diversity research of it would have great significance for landscaping. 
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The Effect of Gibberellin on Flowering  

in Camellia Cultivars 

Li-huan Chen  

（Member of Hsinchu City Camellia Society for Horticultural Research） 

Abstract: This article compared the effect of infected distilled water and 500, 1000 and 2000 ppm GA3 
solution into flower buds of Camellia on flowering quality improvement. Flower bud expanding and color 
showing of Camellia japonica L. ‘Shiba Xueshi (Shih Pa Hsuch Shih)’ were observed two weeks after GA3 
treatment. Most of flowers bloomed with brighter color at 3 to 4 weeks after GA3 treatment and increasing 
flower diameter 2-3 cm than that of the control. Flower buds of C. japonica L. ‘Jiuqu (Chiu Chu)’ also showed 
color two weeks after GA3 applications and bloomed 5-weeks earlier than that of the control. However, no 
significant differences for flowering time, flower color and diameter were found among treatments. For 
‘(Lizhicha (Li Chin Cha)’, there were no differences on flower color and flower diameter between the control 
and GA3 treatment, however flowering 3 to 4 weeks earlier in GA3 applications. There have had a quantity of 
camellia cultivars with unique and different flowering season. Further, there were differences for flowering 
time in 52 camellia cultivars among three different GA3 treatments. In conclusion, GA3 treatments resulted in 
earlier flowering with better blossom quality, however these effects are dependent upon cultivars in this study. 
Therefore, developing techniques for regulation of flowering time would increase economical value to 
particular cultivars. 
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The cultivation of camellias in taiwan comparing to mainland, Europe, American and Japan, is in 
smaller scale and with shorter history. However, we are pride of our collections of varieties and 
cultivation techniques. Cultivated camellias in taiwan mainly conclude Camellia japonica, and 
some C. sasanqua, higo camellias and hiemalis group which are prevailing in Japan. In order to 
introduce and popularize camellias by enthusiasts and owners, there are plenty of varieties with 
great beauty. In recent years, with active promotion of camellia shows, it successfully set off the 
fashion of camellias.  
C.japonica is of great ornamental values in winter and spring seasons. It flowers from early 
August till March or April next year. Under the same conditions, camellias blooming time vary 
not only due to different species but also horticultural varieties. Moreover, flowering time is 
affected greatly by climates. The changes of temperature often caused concentrated blooming or 
bud burst. In addition, camellia exhibition is generally held before the Spring Festival. Hence 
late flowering cultivars are not suitable for flower exhibitions which is regretful to sales of potted 
plants. So regulation of flowering time is necessary.  
Bonner (1947) and Konishi et al (1992) pointed out that the early flowering varieties of camellia 
develop floral buds in mid-June, late flowering varieties from early July to early August, and 
finish bud development between September-October and start to bloom in the spring. A few early 
species do not hibernate, and bloom in October-December of the current year. At high 
temperatures (above 27℃), formation of flower buds is fast, so that high temperature can induce 
formation of flower buds, but low temperatures around 15 ℃, enabling development of flower 
buds of good quality. The complex process of flowering is determined by several factors, and 
different kinds of plants vary in flowering habits. Camellia forms floral buds between spring and 
summer, after a period of dormancy period, and flower in the following year (Westwood,1978). 
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Flower bud differentiation is depending on plant carbohydrate interactions with endogenous 
plant hormones including gibberellin (Gibberellins) which is an important plant hormones 
influencing flowering (Pharis et al.1987). Normally, externally applied gibberellic acid can 
induce flower bud differentiation (Bernier etal.,1988). Li et al (2007) points out that after treating 
camellia buds with 800 ppm gibberellic acid, early flowering with improved floral quality 
occurred.  
Camellia flowering are mostly regulated with temperature and chemical treatments (Choi, 2005). 
Temperature treatments, by regulating ambient temperature in a greenhouse, could delay or to 
promote camellia flowering. Chemical treatments, mainly using gibberellic acid treatment, 
increase flower bud size and promote early flowering. This study, (A) used different 
concentrations of GA3 to treat three traditional varieties of camellia and defined the optimum 
concentration. (B) By using 2,000ppm gibberellic acid (GA3) to treat the prevailing late varieties 
of camellia plants in markets for future reference. 

1 Material and Methods 
1.1 Traditional camellia cultivars 
1.1.1 Materials included ‘Lizhicha’, ‘Shibaxueshi’, ‘Jiuqu’ and others. And samples were 
selected as for fixation and histological analysis (5 buds a week). The measurements started from 
May, through fixation, dehydration, transparent, and slice to observe bud development.  
1.1.2 The gibberellin (GA3) 500ppm, 1000ppm, 2000ppm and distilled water in a Completely 
Randomized Design select ‘Lychee tea’, ‘Eighteen Bachelor’, ‘Nine’ buds in the spring to inject 
the base of a flower bud agent, to a drop of water seeping scales (Figure 1). 

 

Fig 1. Injection of GA3 solution into flower buds of C. japonica L. in the field 

3. Five trees are selected in a variety, and four replicates are carried out in each tree (including 
control treatment). 10 times are repeated in a treatment was (50 per treatment tested flower buds, 
each tested 200 varieties of flower bud) (Figure 2).  

 
Fig 2. Flowering phase of C. japonica L. ‘Shiba Xueshi’ (A) colored flower bud, (B) flowering, and (C) 

full bloom 
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1.2 Popular late-flowering potted camellia varieties on the market  

(1). Mark after treated buds. 

 

(2). Each variety treated with 2000ppm gibberellin. Application methods include: 

 

 

 

 

a. Injecting bud treatment       b. Dripping on axillary buds               c. Spraying bud treatment 

 (3). Weekly recording after flowering 

2 Results and analysis 
2.1 Floral bud of ‘Shibaxueshi’ injected with GA3 at 500, 1000, 2000 ppm. After 2 weeks, the 
diameter of floral bud increased significantly (Figure 3), and flowering occurred after 3-5 weeks 
of treatments (Figure 4 and Table 1). The floral diameter of blank group is around 8-9cm, while 
the treated group increased by 2-3 cm with brighter floral color (Figure 5).  

 

Fig 3. Flower bud diameter survey of C. japonica L. ‘Shiba Xueshi’. GA3 was applied at 1st November, 
2006 
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Fig 4. Flower number survey of C. japonica L. ‘Shiba Xueshi’ for each treatment after GA3 treating. 

 

Table 1. Weekly flower numbers on each tree of C. japonica L. ‘Shih Pa Hsuch Shih’ after GA3 treating. 

Concentration of GA3

（ppm） 
              Weeks after GA3 treatments    No. of flowers/tree                   

 1     2     3       4      5        6      7      8 

         
0 0 a 0.2 b 0.8 b 1.0 b 1.8 b 1.6 a 1.8 a 3.2 a 

500 0 a 0.6 ab 5.4 a 8.8 a 7.0 a 3.4 a 2.2 a 0.8 b 
1000 0 a 0.8 ab 5.2 a 9.4 a 6.6 a 3.2 a 1.6 a 0.6 b 
2000 0 a 2.6 a 6.4 a 9.8 a 6.4 a 2.8 a 1.2 a 0.0 b 

y. Mean separation in columns by Duncan’s multiple range test, 5% level。 

 
Fig 5. Effect of GA3 on C. japonica L. ‘Shiba Xueshi’, flower diameter increased by 2-3 cm with brighter 

color（right）than that of the control（left）. 
      

2.2 After 2 weeks of GA treatment, ‘Jiuqu’ displayed increased floral buds and earlier flowering 
with darker colors (Figure 6, 7). Flowering time concentrated on 2-9 weeks which obviously 5-6 
weeks earlier to the check group (Table 2, Figure 7). Three types of GA showed similar effects 
on flowering, except the 1000 ppm group displayed significant difference with other two 
treatments (Table 2).  
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Table 2. Weekly flower numbers on each tree of C. japonica L. ‘Jiuqu’ after GA3 treating. 

Concentration of 
GA3（ppm） 

             Weeks after GA3 treatments       No. of flowers/tree              
1   2     3     4     5     6     7     8     9     10    11    12 

0            0 a 0 b 0 b 0 b 0 b 0.2 b 2.8 c 4.8 c 5.0 ab 6.6 a 6.2 a 6.6 a 
500 0 a 4.6 a 6.6 a 7.6 a 7.2 a 7.8 a 7.2 b 7.4 ab 6.2 ab 4.2 b 3.4 b 1.0 b 
1000 0 a 6.6 a 6.8 a 8.4 a 8.4 a 9.0 a 9.0 a 8.8 a 6.8 a 4.0 b 3.2 b 0 b 
2000 0 a 6.0 a 8.0 a 7.6 a 7.6 a 8.0 a 6.8 b 6.2 bc 4.4 b 3.2 b 2.8 b 0 b 

y. Mean separation in columns by Duncan’s multiple range test, 5% level 

 

Fig 6. Flower bud diameter survey of C. japonica L. ‘Jiuqu’. GA3 was applied at 31st October, 2006. 

 

Fig 7. Flower number survey for each treatment of C. japonica L. ‘Jiuqu’ after GA3 treating. 

2.3 GA3 in three concentrations, flower buds increased after two weeks treatment (Figure 8). 
Compared with the control group, the treatment group may early bloom 3-4 weeks (Table 3 and 
Figure 9), but no difference in the treatment group compared with the performance of color and 
flower diameter and the control group. GA-treated group (2000 ppm in the first 3-4 weeks of 
treatment) were significantly different (Table 3 and Figure 9). 
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Fig 8. Flower bud diameter survey of C. japonica L. ‘Lizhicha’. GA3 was applied at 1st November, 2006. 

 
Fig 9. Flower number survey for each treatment of C. japonica L. ‘Lizhicha’ after GA3 applications. 

 

Table 3. Weekly flower numbers of C. japonica L. ‘Lizhicha’ after GA3 treating. 

Concentration of 

GA3（ppm） 

            Weeks after GA3 treatments       No. of flowers/tree   

1    2    3   4   5    6    7   8   9    10   11  12 

0 0.2a 0.2b 0.8 b 0.6 c 1.0 b 1.6 c 3.2 a 3.2 a 3.6 a 2.2 a 1.8 a 1.0 a 

500 0 .2a 1.2 ab 1.8 ab 2.2 b 2.2 ab 2.4 bc 3.4 a 2.8 a 2.8 a 1.0 ab 1.0 ab 0.8 a 

1000 1.0 a 1.8 a 2.0 ab 3.0 ab 3.2 a 3.4 ab 3.6 a 2.2 a 1.4 b 0.4 b 0.4 b 0.4 a 

2000 1.0 a 1.8 a 2.6 a 3.8 a 3.6 a 3.6 a 3.6 a 2.4 a 1.6 b 0.6 ab 0.4 b 0.0 a 

 

y. Mean separation in columns by Duncan’s multiple range test, 5% level。 

The Effect of GA3 2000ppm treatments on Flowering in 52 Cultivars of Camellia 
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The Effect of GA3 2000ppm treatments on Flowering in 52 Cultivars of Camellia 
 

Cultivars 
Effects  

remarks a    b    c 

Miss Charleston   查尔斯顿小姐 ★ ★ #  

Monsieur Faucillon 方隆先生 # # #  
Mrs.D.W.Davis Descanso  玻璃花 ★ ★ # ⊙ 

Nuccio’s Gem 纽西欧美玉 ★ ★ #  

Onore del Monte 欧诺赌城 # # #  

Pearl Maxwell 上等珍珠 ★ ★ #  

Pearl Terry 南海明珠 ☆ ☆ #  

Queen Diana 黛安娜皇后 ★ ★ #  

Ramona 蕾梦娜 ☆ ☆ #  

Rosea Superba 赛玫瑰 ★ ★ # ⊙ 

Rosette 玫瑰石 ☆ ☆ #  

Sir Robert Muldoon 莫鲁洞先生 # # #  

Spring Fling 入春 ★ ★ #  

Storyi 故事 ★ ★ #  

Sundowner 沉鱼落雁 ★ ★ # ⊙ 

Swan Lake 天鹅湖 ☆ ☆ #  

Sweet Dream 甜蜜的梦 ☆ ☆ #  

Tootsie 托西 ★ ★ #  

Valentine Day 情人节 ★ ★ #  

Veiled Beauty 比尔美人 ★ ★ #  
Virginia Womack 佛吉尼亚.乌玛克 ★ ★ # ⊙ 

Zambo 珍波 ★ ★ #  

Bailujiao 白六角 # # #  

Honglujiao 红六角 ★ ★ #  

Jinhuang 金晃 ★ ★ #  

Ziheichun 紫黑椿 ★ ★ #  

Note: ★ significant;☆good;# not significant;⊙ early-flowering cultivars and good blossom even without treatment 

3 Conclusions   
GA (gibberellic acid) treatments may break dormancy and promote flower bud development in 
camellias. It suggests that GA treatments are effective and practical methods for regulation of 
flowering time. The results of this study showed that GA treatment are really effective in 
promoting early flowering. But not for any variety, for example Gibberellin treated ‘Shibaxueshi’ 
showed increased number of floral buds but flowering time varied from November to April and 
not concentrated. The 1000 ppm GA3 treatment on ‘Jiuqu’ promoted flowering five weeks early 
and extended flowering period up to 2 months, but it was not effective to ‘Lizhicha’.  
We would thank Dr. Meng Xia Qi, Taiwan University and Liao Ren Jie from Park Street 
Lighting Project Management Office for the assistance.  
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Evaluation and Utilization of Rare and Endangered 
Camellia L. Resources in Guizhou  

Liu Haiyan1，Zou Tiancai2∗ 

(1.Guizhou Botanical Garden, Guiyang 550004, Guizhou, China; 2.Guizhou Academy of Sciences，
Guiyang 550001, Guizhou, China) 

Abstract: There are 13 sections, 49 species and 4 varieties of Camellia genus distributed in Guizhou Province, 
number of sections and species (including varieties) account for 65.00% and 18.92% of totals respectively. 
There is also one endemic sect. Luteoflora Chang and 20 endemic species, with the endemic species ratio of 
37.74%. Guizhou is the origin and distribution center of sect. Tuberculata Chang. Wild Camellia species in 
Guizhou Province are mostly grown in a narrow distribution area, and classified into a group of rare and 
endangered species. Based on the investigation of the Camellia species and their distribution areas, we 
investigated and evaluated their endangered status, resources protection and utilization status, and proposed 
suggestions regarding to effective protection and development of Camellia resources in Guizhou. 
1) The survey showed that 94.34% of Guizhou camellia species diversity is conserved in-situ in various types of 
nature reserve.  
2) Guizhou Botanical Gardens have conserved 13 endemic and endangered species, each of them with more than 
or equal to 10 plants. The survival rate of introduction and cultivation of wild species ranged from 75.00 to 
90.16%, with coefficient of variation from 2.61% to 10.93%; wild seeds produced seedling rate of 78.15% - 
90.56%, with coefficient of variation from 2.82% to 7.90%.  
3) We selected five endemic camellia species suitable for landscape purpose in Guizhou, i.e. Camellia luteoflora, 
C. delicate, C. longistyla, C. kueichouensis and C. rhytidophylla, and propagated 50,000 individuals used for 
landscape in Guiyang city. Sowing propagation seedling rate was achieved to 82.85%-91.35%, and cutting 
propagation seedling rate of 80.35%-92.35%. Seedling cultivation survival rate by seedlings was obtained by 
85.86%-93.69%, and 83.23%-86.77% by cutting propagation. These results will play important practical roles 
on protection and development of new varieties of rare and endangered Camellia resource in Guizhou.  
Keywords: Camellia L.; endemic and rare; resource evaluation; breeding and cultivation; Guizhou 
 

Camellia Linn. is the most primitive species group of Theaceae. According to Zhang Hongda's 
classification system [1-3], the whole world has about 20 sections and 280 species of Camellia 
genera [2], mainly distributed in eastern and southeastern of Asia, located between south latitude 7 
degrees to north latitude 35 degrees, east longitude 80 to 140 degrees, distributed to the north 
Qinling Mountains to Huaihe River Basin, which belongs to the tropical Asia distribution type 

[4]. China is naturally distributed 18 sections and 238 species, mostly distributed in Yunnan, 
Guangxi, Guangdong, Guizhou and Sichuan, and the rest are of the Indochina and Japan [2]. 
Camellia species are distinctive and high value, tea is widely consumed drink, since ancient times 
it is an important commodity in international trade; high nutritional value of the seeds is the main 
source for edible oil and industrial oil, a few species for medicine, most kinds of camellia are of 
great ornamental value [2]. Guizhou natural ecological environment is superior, rich in Camellia 
resources and endemic species. Therefore, in this paper, we surveyed and evaluated the 
endangered status, resources protection and utilization status of the camellia resources in Guizhou. 
In order to further explore and protect existing camellia genera resources in Guizhou, to prevent 
loss and extinction of plant germplasm resources, and to provide scientific basis for the 
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development and utilization, we carried out collection conservation and propagation and 
cultivation research for some rare and endangered species. This could provide germplasm 
materials and scientific basis for Guizhou Camellia genus plant resources conservation, 
cultivating new varieties and international exchanges and explore, and to realize the sustainable 
utilization of the resources. 

1 Rare and endangered Camellia genus plants and resource protection status in 
Guizhou 
1.1 Camellia genus resources and rare and endangered species in Guizhou 
According to Zhang Hongda's classification system, combined “Flora Reipublicae Popularis 
Sinicae” [2] and “Flora of Guizhou” [4], on the basis of relative references collection [2-9], writer 
surveyed and researched the species resources and geographical distribution of Guizhou camellia 
plants (Table 1). There were 13 sections and 53 species (including varieties) of Camellia genera in 
Guizhou Province, almost distributed in the whole province's counties and cities, including one 
endemic section (sect. Luteoflora), 20 endemic species and four varieties, section and species 
(including varieties) account for the world distribution of 65.00% and 18.92% respectively, 
accounting for the Chinese distribution of 72.22% and 22.23%, endemic scale up of 
37.74%. Guizhou is the origin and distribution center of sect. Tuberculata Chang, distributed 11 
species, seven of which are endemic. Guizhou Camellia plants are mainly distributed in the north, 
northwest and high altitude mountain, most of them have a very narrow distribution area and 
sparse population, species tend to be critical endangered or endangered, such as Camellia 
luteoflora, C. rhytidophylla, C. liberofolamenta, etc. 

1.2 The reality of endangered Camellia plants in Guizhou and conservation status 
The grade standard of IUCN red list is the most widely used currently and the most far-reaching 
impact of criteria for endangered species, the grade standard of which is mainly based on the 
species population size, the number of mature individuals, population dynamics, distribution range 
and change and so on. According to the 2001 edition of the IUCN, the endangered status of the 
species is divided into two major categories: evaluated and not evaluated (NE); evaluated is 
divided into data evaluation and data deficient (DD); and there are 7 grades of species in data 
evaluation: extinct (EX); extinct in the wild (EW); critical endangered (CR); endangered (EN); 
vulnerable (VU); near threatened (NT) and least concern (LC) [10]. According to the IUCN red list 
assessment criteria, this paper evaluated qualitatively the endangered status of Guizhou Camellia 
genus, there were fifteen critical endangered species, six endangered species, two vulnerable 
species and six near threatened species. C. luteoflora and C. rubimuricata are confirmed as critical 
endangered species in IUCN red list, and C. grijsii is vulnerable species in “China endangered 
plant protection list”. Rare and endangered species accounted for 47.16% in Guizhou Camellia 
plant resources, critical endangered and endangered species up to 39.62%.  
The natural distribution range of Camellia plants in Guizhou is wide, there are five relatively 
concentrated areas, including northern Chishui, Xishui low altitude hot and humid valley; 
Rongjiang, Liping and Leigong Mountain Nature Reserve in southeastern of Guizhou; the plateau 
mountain in the vicinity of Weining, Hezhang, Panxian, Puan, Qinglong which are on the 
Yunnan-Guizhou Plateau in the western of Guizhou; Libo, Pingtang, Luodian, Wangmo, Ceheng, 
Anlong hills and mountains in the south and southwest of Guizhou; and including Jiangkou, 
Songtao, Yinjiang, Shiqian, Shibing, Fanjing Mountain Nature Reserve and the surrounding 
area. Due to the special natural geographical factors of Karst mountain, the differentiation of the 
species in the south and southwest of Guizhou is obvious, mostly are belonged to calciphilous sect. 
Tuberculata and sect. Chrysantha, especially some endemic species, belong to these two sections 
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[11]. At present, the nature reserves have been established in Guizhou Province almost could cover 
all distribution area of Camellia. By the end of 2012, Guizhou has established seven national 
nature reserves, three provincial nature reserves, 22 city-level nature reserves and 96 nature 
reserves at county level. Except C. oleifera and C. sinensis, which are widely cultivated in large 
area and don’t need to establish nature reserve, C. luteoflora has been established a special nature 
reserve, and has been successfully conserved and propagated, the other distribution areas or some 
of the distribution areas of the other 47 species (including varieties) have been within the 
established nature reserves. So far three endemic species haven’t been established nature reserve, 
including C. rhytidophylla, C. rubituberculata and C. kweichouensis (Table 1). 

Table 1 Species, distribution, endangered and conservation status of Guizhou Camellia genus resources 

Number 
The sect. 

(species number) 
Species 

(germplasm) 
Origin and distribution 

Endangered 
and 

conservation 
status 

1 
Sect. Luteoflora Chang 
(1) 

* Camellia luteoflora Y. K. Li 

At 350-1080m forest in Jinshagou, Hushi town, 
Chishui city, concentrated patchy distribution at 
500-700m generally, it is the northernmost species 
of camellia with yellow flower.  

CR in IUCN, 
+ 

2 
Sect. Chrysantha Chang 
(2) 

C. huana Ming et W.J.Zhang 
At 550-1020m in Guizhou (Xingyi, Luodian, 
Xingren, Ceheng), Guangxi (Tian’e), scattered 
and rare resource 

CR, + 

3 * C. liberofolamenta Chang 
At 620-720m forest in Luxiong of Ceheng county, 
rare resource 

CR, + 

4 

Sect. Tuberculata Chang 
(11) 

C. tuberculata Chien  
At 700m-850m forest in Guangxi, Guizhou 
(Yuanhou country) and southern Hunan, patchy or 
scattered distribution  

VU, + 

5 * C. lipingensis Chang  
Scattered at 600-1000m in Liping (Wuhu 
mountain); only 6 plants at 800-900m in Nangong 
Nature Reserve 

CR, + 

6 C. rhytidocarpa Chang  
Widely distributed at 700-830m in Guangxi, the 
southern of Hunan, Guizhou (Chishui and Libo), 
grow strongly 

LC, + 

7 
* C. rhytidophylla Y. K. Li et M. Z. 
Yang 

Only distributed at 573-920m in evergreen 
broad-leaved forest in Luowang river valley of 
Kaiyang county, scattered  

CR, － 

8 * C. anlungensis Chang  
At 720-850m in Anlong, Ceheng, Wangmo, 
scattered 

EN, + 

9 * C. rubituberculata Chang At 1000m in Sushu of Qinlong county CR, － 
10 * C. atuberculata Chang  At 1250m in Chishui river valley CR, + 

11 * C. neriifolia Chang 
At 1100-1200m in Jinshagou of Chishui city, 
scattered and rare resource 

CR, + 

12 C. obovatifolia Chang  
At 850-1000m in Guizhou (Chishui and 
Pingtang), at 600-750m in Yunnan (Pingzhai) 

LC, + 

13 * C. rubimuricata Chang  
At 700-850m limestone mountainous region in 
Maolan of Libo county 

CR in IUCN, 
+ 

14 C. parvimuricata Chang 
At 1200-1720m in Hunan, Hubei (Wangjiaping in 
Maoba), Sichuan (Jinfoushan in Nanchuan), 
Guizhou (Foudingshan in Shibin, Songtao) 

LC, + 

15 

Sect. Camellia(L.) Dyer 
(12 species and 3 
varieties) 

C. omeiensis Chang 
At 1000-1300m in Sichuan, Guizhou (Bijie, 
Chishui, Xishui)  

LC, + 

16 * C. longigyna Chang 
Qingliang village of Leishan county, rare 
resources 

CR, + 

17 C. lapidea Wu 
At 1200-1720m in of Guangxi (Dayaoshan), the 
south of Guizhou (Xishui, Anlong, Chishui, 
Daozhen) 

LC, + 

18 C. mairei Melch  
At 680-1500m in Sichuan, Guangxi, Yunnan, 
Guizhou (Bijie, Qianxi, Chishui), formation of 
large shrub 

NT, + 

19 C. villosa Chang et Liang 
At 800-1500m in Hunan (Xufeng mountain), 
northern of Guangxi, Guizhou (Rongjiang, 
Liping, Libo, Anlong, Jinping) 

NT, + 
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20 * C. kweichouensis Chang 
At 1000-1200m in Qinzhen (Jiulong mountain), 
rare resource 

EN, － 

21 C. cryptoneura Chang 

Widely distributed in Guangxi, Hunan, at 
800-1300m in Guizhou (Dushan), 200 square 
hectometer in Xianyuan of Xishui county in 
Guizhou  

LC, + 

22 C. saluenensis Stapf 
From Tengchong(in Yunnan) to Sichuan southern, 
at 2000-2400m in Guizhou(Weining, Hezhang, 
Panxian), can form a large shrub and growing well  

LC, + 

23 * C. delicata Y． K． Li 
At 1000-1200m in evergreen broad-leaved 
deciduous mixed forest in Jinshagou nature 
reserve of Chishui city 

CR, + 

24 * C. longistyla Chang 
At 1100-1300m in evergreen deciduous 
broad-leaved mixed forest in Hushi of Chishui city 
and Datang country of Leishan county 

CR, + 

25 * C. rubo-anthera 
At 1850m open forest in Jingkou of Qinglong 
county in Guizhou 

EN, + 

26 * C. paucipetala Chang  At 1100-1650m in Panxian, Shuicheng, Bijie EN, + 

27 ★C. pitardii Coh. var. pitardii 
In Sichuan, Hunan, Guangxi, Guizhou. The type 
specimen was collected from Guizhou Pingba 

LC, + 

28 ★C. pitardii var. alba Chang 
At 1200-1500m in Jiangkou, Suiyang, Leishan, 
Liping, Duyun 

LC, + 

29 ★C. pitardii var. yunnanica Sealy 
At 1900-2100m in Yunan, Sichuan, 
Guizhou(Weining, Bijie) 

LC, + 

30 

Sect. Theopsis Coh. St. 
(8 species and 1 variety) 

C. cuspidate( Kochs)Wright 
Distributed widely species, at 850-2000m in 
Guizhou Chishui, Xishui, Tongzi, Suiyang, 
Fanjing mountain, Fouding mountain  

LC, + 

31 * C. lipoensis Chang et Xu 
At 700-850m limestone mountainous region in 
Maolan of Libo county, rare resource 

EN, + 

32 C. handelii Sealy  
Jiangxi Ji’an, Guangxi, northern of Guizhou and 
disjunctive distributed at 600-1000m in Libo 

LC, + 

33 C. costei Lévl. 
Guangxi, the west of Guangdong, Hubei, Hunan, 
at 640-1600m in Guizhou Wangmo, Ceheng, 
Zhengfeng, Qinzhen and Luodian 

LC, + 

34 C. roshorniana Hand.Mazz. 
分布贵州赤水、黎平、锦屏、台江、麻江等地

海拔 700–1400m 林区 At 700-1400m in Guizhou 
Chishui, Liping, Jinping, Taijiang, Majiang 

LC, + 

35 C. dubia Sealy 
At 900-1250m in Jiangxi, Hubei, Sichuan, 
Guizhou Chishui, Xishui, Tongzi, Zheng’an 

LC, + 

36 C. 244elongata Rehd. 
Sichuan Emei mountain, at 1100-1300m in 
Guizhou Fanjing mountain and Leigong mountain 

LC, + 

37 C. parvicandata Chang 

Guangxi Huanglian mountain of Debao county, at 
900-1150m in Guizhou Liping, Congjiang, 
Fouding mountain, Zhujia mountain of Weng’an 
county 

LC, + 

38 
★C. tsingpienensis var. pubisepala 
Chang 

Guangxi Niantou mountain in Dewo of Napo 
county, at 700-1000m in Guizhou Rongjiang, 
Sandu, Congjiang, Xingren 

LC, + 

39 
Sect. Oleifera Chang 
(1) 

C. oleifera Abel. 
At 300-2300m in Guizhou Province, rich resource  LC, widely 

cultivated,－ 

40 

Sect. Paracamellia Sealy 
(4) 

C. grijsii Hance 

Only 3 plants at 1060m in Guizhou Jinshagou of 
Chishui city, a large area of distribution in Fujian, 
Jiangxi Lichuan, Hunan Youxian, Hubei Yichang, 
Guangxi Longsheng 

VU in “China 
endangered 
plant 
protection 
list”, + 

41 C. obtusifolia Chang 
Guangdong Ruyuan, Fujian, Jiangxi Lichuan, 
Zhejiang Longquan, at 500m in Guizhou Duyun 
and Sandu 

LC, + 

42 C. microphylla Merr. 
Anhui, Zhejiang, Hunan, Jiangxi, 
Guizhou(Fanjing mountain, at 650m in Jingping 
shady slope forest edge or by shallow rivers) 

LC, + 

43 C. confusa Craib The south and southwest of Yunan, south of LC, + 
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Guangxi, Laos, Burma, Thailand, Vietnam, at 
1200-1650m in evergreen forest in northwest of 
Guizhou 

44 
Sect. Pseudocamellia 
Sealy 
(1) 

*C. ilicifolia Y. K. Liex Chang 
At 850-950m in Jinshagou of Chishui city, very 
narrow distribution, rare resource CR, + 

45 
Sect. Corallina Sealy 
(1) 

* C. acutiserratr Chang 
At 900-1000m in Lujiadong of Ceheng county, 
rare resource 

CR, + 

46 
Sect. Longipedicellata 
Shang 
(1) 

C. indochinensis Merr.  
Guangxi Tian’e, Yunnan Jinping, at 600-800m in 
open forest in Guizhou Ceheng, Zhengfeng, 
Luodian 

LC, + 

47 

Sect. Thea(L.) Dyer 
(5) 

C. sinensis (L.) O.Ktze 
Distributed in the south region of Yangtze River, 
rich resource  

LC,  
widely 
cultivated, － 

48 C. tachangensisZhang  
Yunan, southwest of Guangxi, at 1300-1800m in 
Guizhou Pu’an, Ceheng, Xingren 

LC, + 

49 * C. tetrecocca 
At 1700-1950m in Pubai forestry station of Pu’an 
county in Guizhou, rare resource 

EN, + 

50 C. yungkiangensis Chang 
Yunan Hekou, Guangxi Damiao mountain, at 
600-1300m in Guizhou (Rongjiang, Pu’an, 
Ceheng, Libo) 

LC, + 

51 C. gymnogynaChang  
Yunnan Xichou, Sichuan Junlian and Guangdong 
Gaozhou, at 1100-1300m in Leishan, Rongjiang, 
Xishui in Guizhou 

LC, + 

52 
Sect. Glaberrima Chang 
(1) 

* C. danzaiensis K. M.Lan 
At 700-1100m in Guizhou Danzhai, scattered, rare 
resource  

CR, + 

53 
Sect. Eriandria Coh St. 
(1) 

C. wenshanensis Hu 
From Yunan Wenshan to Guizhou Anlong, 
Xingren, Rongjiang, at 800-1000m in evergreen 
broad-leaved forest or forest edge, rare resource 

VU, + 

Note: * is endemic in Guizhou；★ is variety; + means have established nature reserve; －means no nature reserve. 
About resources evaluation: CR: critical endangered; EN: endangered; VU: vulnerable; NT: near threatened; LC: least concern. 
 

2 Conservation and cultivation of rare and endangered Camellia germplasm 
resources in Guizhou 
2.1 Collection of 149 germplasm resources and establishment of 2.23 square hectometer gene bank 

Since the beginning of the eighties of the 20th century, Guizhou Botanic Garden and Guizhou 
Academy of Forestry Sciences began to collect germplasm resources of camellia and to build gene 
bank. The germplasm resources of 80% of Guizhou camellia had been introduced and conserved, 
especially rare, endemic and endangered species. So far, Guizhou camellia gene bank has a certain 
scale, with a total area of 2.23 square hectometer, collecting and conserving 149 genetic resources, 
in which 61 wild camellia species and varieties, 40 ornamental camellia varieties, 37 C. oleifera 
main planted varieties and native varieties and 11 excellent individuals. Plants in Germplasm 
nursery grew well, fine field management, the perfect biological experiment data recording system 

[12]. The gene bank prevents effectively the loss and extinction of rare and endangered Camellia 
germplasm resources, to provide germplasm materials for scientific research and production.  

2.2 Establishment of nature reserves, 94.34% Guizhou Camellia species protected by in-situ 
conservation 
In-situ conservation means protected in origin habitat, in situ conserve female parent and breeding 
populations to preserve germplasm resources in the origin ecological environment, such as 
establishing nature reserve to protect the wild species or kindred plants and their population. It is 
the most dependable method to preserve plant genetic diversity and stability. Table 1 survey results 
showed that the distribution areas of 94.34% Guizhou Camellia species had be established nature 
reserves, this has played an important role for effective protection of rare and endangered 
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germplasm resources of Guizhou Camellia. Especially, the germplasm conservation base for C. 
luteoflora has been established in Jinshagou of Chishui city, people have propagated a great 
number of seedling and taken regression introduction, effectively alleviating the extinction of C. 
luteoflora[14]. This is a typical example of the in-situ conservation for endangered plants (Fig. 1). 

 
Fig. 1 In situ conservation test of Camellia luteoflora  

A: Habitat; B: Plant; C: The sign of in situ conservation test; D: Seedlings. 
 

2.3 Ex situ conservation experiments could provide germplasm and technology for the 
development and utilization of Camellia 
Guizhou Camellia plants have specific distribution area and the habitat. With the deterioration of 
environment, it has important significance to carry out ex situ conservation, especially for the wild 
rare and endangered camellia plant resources. From 2008 to 2009, based on the investigation and 
ex situ conservation experience accumulation of Guizhou Camellia genus, taking ex situ 
conservation and development and utilization of rare and endangered plant germplasm resources 
as the goal, the author investigated the distribution area and the original habitat and evaluated 
resource status, and selected 13 endemic and endangered species, including C. luteoflora, C. 
iliclfolia, C. huana, C. liberofilamenta, C. delicate, C. longistyla, C. neriifolia, C. rhytidophylla, C. 
rubituberculata, C. kueichouensis, C. rubo-anthera, C. pauciala, C. tetrecocca. From 2009 to 
2015, we introduced wild plants and seeds from their habitat to germplasm nursery(1050m, the 
annual average temperature 14℃, the average annual humidity 80%, soil pH 5.6) of Guizhou 
Botanical Gardens in each year from October to December, each species introduced plants≥50, 
sowing seed ≥200, individual number ≥10 in each minimal population after ex situ conservation. 
Count one time every two years, repeat 3 times (for 6 years), we analyzed survival rate, 
adaptability, growth potential, amount of growth, etc. (Table 2).  
Table 2 showed that: First, 13 species could survive by ex situ and planting, form new plant 
population after introducing the new garden. Growth performance is basically adaptive to 
complete adaptation. The species resources and their biological diversity can be effectively 
protected, which can provide germplasm materials and technology services for the scientific 
research and production. Second, there were obvious differences between the survival rate of wild 
plant introduction and average seedling emergence rate of wild seed. Average survival rate of wild 
plant was 75.00-90.16%, and the difference coefficient 2.61%-10.93%. Average seedling 
emergence rate of wild seed was 78.15%-90.56%, and the difference coefficient 2.82%-7.90%. 
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The difference between seedling emergence and plant introduction was 0.40%-2.66%, and the 
difference coefficient 4.65%-106.20%. 

Table 2 Ex situ cultivation test of the rare and endangered Camellia resources in Guizhou  

Species 
Wild plant 

number for ex 
situ 

Average survival rate 
of wild plant and 

difference coefficient 
Seed number 
for sowing 

Average seedling 
emergence rate and 

difference coefficient 

Difference between 
seedling emergence 

and plant introduction 

1.C. luteoflora 200 76.16% 
CV=6.30% 

1000 78.15% 
CV=6.89% 

1.99% 
CV=54.26% 

2. C. ilicifolia 100 
75.00% 

CV=7.73% 
– – – 

3. C. huana 50 
76.11% 

CV=6.36% 
– – – 

4. C. liberofilamenta 50 
77.11% 

CV=5.13% 
– – – 

5. C. delicata 100 
85.00% 

CV=4.58% 
1000 

86.35% 
CV=2.88% 

1.35% 
CV=4.65% 

6. C. longistyla 200 
90.00% 

CV=10.73% 
1000 

90.56% 
CV=7.90% 

0.56% 
CV=56.60% 

7. C. neriifolia 100 
90.00% 

CV=10.73% 
– _– _– 

8. C. rhytidophylla 50 
90.00% 

CV=10.73% 
500 

90.50% 
CV=7.83% 

0.50% 
CV=61.24% 

9. C. rubituberculata 50 
75.00% 

CV=CV=7.73% 
200 

79.50% 
CV=5.28% 

1.50% 
CV=16.28% 

10. C. kueichouensis 200 
90.16% 

CV=10.93% 
1000 

90.56% 
CV=7.90% 

0.40% 
CV=68.99% 

11. C. rubo-anthera 200 
77.91% 

CV=4.15% 
200 

78.56% 
CV=6.40% 

0.65% 
CV=49.61% 

12. C. paucipetala 50 
75.00% 

CV=CV=7.73% 
200 

79.66% 
CV=5.09% 

2.66% 
CV=106.20% 

13. C. tetrecocca 100 
79.16% 

CV=2.61% 
200 

81.56% 
CV=2.82% 

2.40% 
CV=86.05% 

 
2.4 Technology services for application of cultivation by propagating seedlings 
On the basis of successful introduction and cultivation, we selected five species (C. luteoflora, C. 
delicate, C. longistyla, C. rhytidophylla and C. kueichouensis) with excellent ornamental character 
to study the seedling propagation by seed and cutting. Set the greater than or equal to 30cm as the 
standard height of seedling for successful propagation, we measured the percentage of seedling 
survival for reproduction by seed and cutting (Table 3). Table 3 showed that: 1) Percentage of 
seedling survival was 82.85%–91.35% by seed, 80.35%–92.35% by cutting. That meant most of 
the propagation tests were successful, propagation technology could be improved, and we could 
forecast to the feasibility and operability for future utilization and development of resource. 2) For 
the construction of ecological civilization in China, we reproduced seedling, popularized and 
utilized in Guiyang wetland park, green demonstration forest in Qingzhen city, Lianjiang modern 
agricultural park in Huishui. There were more than 50,000 (Fig. 2), the percentage of seedling 
survival was 85.86%–93.69% by seed and 83.23%–86.77% by cutting. By observation, these 
species were suitable for cultivation, grew well, favored by consumers in the market. We should 
further optimize program of the propagation and cultivation and carry out the popularization and 
application.  
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Table 3 The experiment analysis of propagation and application cultivation 

Species 
Percentage 
of seedling 
survival by 
introduction 

Breeding 
material and 
number for 

reproduction 

Percentage of 
seedling 

survival for 
reproduction 

The average 
survival rate of 

popularization and 
application 

Location and area for 
popularization 

Evaluation of 
development and 

utilization 

1. C. luteoflora 

78.15% seed≥5000 82.85% 85.86% 200 plants in Guiyang 
wetland park, 10000 
plants in green 
demonstration forest in 
Qingzhen city 

Grow well, can be 
put into mass 
production. There is 
still the potential to 
increase the rate of 
breeding. 

 cutting≥10000 80.35% 83.23% 

2. C. delicata 

86.35% seed≥2000 87.15% 90.80% 100 plants in Guiyang 
Qianling park, 1000 
plants in green 
demonstration forest in 
Qingzhen city 

Grow well, can be 
put into mass 
production. There is 
still the potential to 
increase the rate of 
breeding. 

 cutting≥2000 81.35% 83.30% 

3. C. longistyla 

90.56% seed≥5000 91.15% 91.59% 
100 plants in Guiyang 
wetland park, 10000 
plants in green 
demonstration forest in 
Qingzhen city 

Grow well, can be 
put into mass 
production.  cutting≥10000 86.35% 85.67% 

4. C. ueichouensis 

90.56% seed≥20000 91.25% 93.69% 1000 plants for green 
planting in Guian new 
district, 30000 plants in 
green demonstration 
forest in Qingzhen city 

Grow well, can be 
put into mass 
production.  cutting≥20000 86.35% 86.77% 

5. C. hytidophylla 
90.50% seed≥1000 91.35% 90.85% 2000 plants in 

Lianjiang modern 
agricultural park in 
Guizhou Huishui 

Grow well, can be 
put into mass 
production.  cutting≥2000 92.35% 85.86% 

 

Fig. 2 The test of propagation and cultivation application of Camellia with Guizhou characteristic 
A: The population of Camellia luteoflora; B: Flower of C. luteoflora; C: Reproduce of C. luteoflora in bulk; D: Reproduce of C. kueichouensis in bulk. 

 
3 Discussion and Suggestion 
3.1 The rapid development of economy and society in the present era has brought serious 
challenges to the maintenance of plant germplasm resources and its ecosystem. A large number of 
rare plant resources have drastically reduced or even threatened to extinction. With the rapid 
development of Biotechnology, in twenty-first century, the world has contended for germplasm 
resources in the new varieties of agricultural and forestry horticultural cultivation and the 
development of bio medicine and other fields. Who has a wealth of genetic resources in the fierce 
competition to get the initiative and a decisive victory, rescue plant is to save the human itself. 
Guizhou rare and endangered camellia genus plants have distinctive advantages and a variety of 
economic value, and the total amount is more, but due to the deterioration of the ecological 
environment, excessive logging, the population number and distribution area of most of them 
continue to decline sharply, even on the verge of extinction. Recently, the study on Guizhou 
Camellia plants are mostly concentrated in the resource status and geographical distribution and 

A B C 
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also on propagation and cultivation for some kinds, such as C. luteoflora, C. kueichouensis etc. But 
we are lack of the system research on the camellia wild resources and the deep development and 
utilization. Especially characteristics of ornamental, edible nutrition, medicinal value of health, 
matching technology development are far behind. At present, based on the Guizhou favorable 
climate and resource conditions, exert resources and geographical advantages, to establish the 
deep conservation germplasm bank of Camellia diversity in Guizhou and develop new 
characteristics plants product(varieties), it is of great significance to provide services for the 
scientific research and production and construction.  
3.2 According to the statistics of ex situ conservation, the difference coefficient of wild plant 
average survival rate was 2.61%-10.93%, the difference coefficient of average seedling emergence 
rate was 2.82%-7.90%, these meant, due to the different origin of ecological environment, there 
were different in wild plant average survival rate and average seedling emergence rate between 
different species. The survival rate of introduction was generally lower than the seedling survival 
rate by seed in the same plant. Therefore, in ex situ conservation, we should pay attention to the 
research on original ecological environment and take simulation test, and conservation by 
collecting seed is more economical, practical and effective.  
We have achieved successful experience in propagation and popularization of five species (C. 
luteoflora, C. delicate, C. longistyla, C. rhytidophylla, C. kueichouensis). We can strengthen and 
deepen the research on this foundation, further improve the survival rate of seedling and survival 
rate of cultivation, integrate the popularization and application technology and carry out the 
transformation and ripening application of scientific research achievements, and gradually form a 
technical standard, to change the resource advantage to economic advantage, to serve the local 
economic construction.  
3.3 Guizhou belongs to the typical mountainous and river valleys of central China in east Asia 
plant area, most of the mountain is altitude 1500 - 2000m, the river valley is altitude 300 - 
500m, carbonate rocks are widely distributed, the terrain is cut and crushed, rich in plant species, 
the flora is ancient in origin, endemic and relict species more. The existing research results 
confirmed, evergreen broad-leaved forest in China Central south-southwest, including Guizhou, is 
the origin of many East Asian flora plants, and may be the origin of the earth's vegetation. The 
special natural environment of Guizhou produced the diversity and endemism of Camellia genus 
resources. And Guizhou is the origin and distribution center of sect. Tuberculata Chang. Anyway, 
these specific Camellia plant germplasm resources are the most valuable wealth and scientific raw 
materials for human, we have reason to cherish and protect them. About system classification of 
species or the location of germplasm resources in different academic viewpoints, it is necessary to 
strengthen the research and deepen the scientific understanding. The plant species are in the 
corresponding ecological environment, the endemic species with narrow distribution, such as C. 
longistyla and C. delicate, their differences of morphological characters are obvious, and have 
special requirements to the ecological environment, so we thought it is of practical significance to 
determine the germplasm resources in the development and utilization of resources. The species 
classification of systems biology is proposed to study micro morphology and gene comparison by 
the ultra-microstructure and molecular biology, to explore and discover more scientific basis, and 
to solve the ambiguity problem of the species. It has important strategic significance to accurately 
evaluate the plant germplasm resources.  
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Abstract: Through the comparative analysis of ornamental value on  three winter Camellia sasanqua cultivars 
under 50%, 75%, and 100% light condition, we found that Kanjiro performs best, followed by Hi-otome. For 
each variety, 75% light condition is more favorable to its growth. Especially during flowering period, adequate 
light is more favorable to blossom. 
Keywords: Camellia sasanqua; shading condition; ornamental value 
 

Camellia sasanqua Thunb., a kind of evergreen shrubs belonging to the Genus of Camellia, 
Theaceae, is a famous flower. Except for wide adaptation, it has also distinct advantages in cold 
resistance, hot resistance and shade tolerance. Xu Biyu and Xia Yipin once made a special study on 
this field [1]. Yang Xiaopeng and other researchers have conducted research on photosynthetic 
characteristics with C. sasanqua grown in a greenhouse [1]. C. sasanqua has strong shade tolerance, 
but how does shade condition influence ornamental value and how do we exploit its advantage? 
Up to now, we only know a little about this issue. Here, we selected three different varieties from 
winter C.sasanqua and conducted a field cultivation program in Camellia Germplasm Resource 
Nursery of Hangzhou Botanical Garden. Our aim was to draw a conclusion on how different 
shading conditions influenced ornamental value and growth, which might benefit to extension and 
application of these cultivars in the future.  

1 Material and Methods 
1.1 Material 
Three winter C.sasanqua varieties were used in the trial: Kanjiro, Hi-otome and Showa-no-sakae. 
We used thirty plants for each variety in a block with three replications, ninety plants used in total. 
We used a shading net (shading rate 50% and 75%) bought from Hangzhou Agriculture Material 
Company. We measured plant height, canopy width, current year branch length, day growth length 
etc., with steel tape, measuring leaf thickness with a microcalliper. 

1.2 Methods 
Trial site is located at the point of intersection between the 30°15′N and 126°16′E, in Camellia 
Germplasm Resource Nursery of Hangzhou Botanical Garden, which is located in north-west of 
Xi Zhi Lake that lies in the foothill between LinYin and Yuquan. This region is featured with the 
subtropical monsoon climate, with an average annual rainfall of 574 mm, warm and wet, adequate 
shining, mean annual air temperature of 16.1℃.Summer temperature is above 35℃, but winter 
temperature is between -5 and -9℃. The pH of soil ranges from 5.5 to6.0. Fertilizer efficiency on 
plants growth is much better than other kinds of soil. All varieties are maintained following normal 
practices. Trial was arranged with three test treatments, three replications for each treatment, ten 
plants in each replication. Growth of plants was observed in three shading conditions (50%, 75%, 
100%). The ornamental periods (flower bud period, early flowering period, full blossom period, 
fading period, flowering period in a flower and full blossom period in a plant) and botanical 
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characteristics (leaf colour, leaf thickness, current year branch long and day long) were recorded, 
and then data was analyzed with relevant statistic software. 

2 Results and Analysis 
2.1 Influence of Different Shading Conditions to Flowering Period 
Based on detailed observations of three varieties, results were shown in Table 1. 

Table 1  Ornamental Period for Winter C. sasanqua in Different Shading Condition (day) 

Shading 
condition 

Variety 
Flower 

bud 
Early 
flower 

Full 
flower 

Final 
flower 

Single 
flower 

Group 
flower 

50% 
Kanjiro 9 10 18 8 10 18 

Hi-otome 10 12 20 10 12 19 
Showa-no-sakae 12 15 22 10 8 16 

75% 
Kanjiro 10 12 17 9 13 21 

Hi-otome 11 13 21 12 15 23 
Showa-no-sakae 13 15 25 14 10 24 

100% 
Kanjiro 8 12 19 10 8 20 

Hi-otome 8 10 22 12 7 23 
Showa-no-sakae 10 13 25 14 8 22 

Notice:  
flower bud period: one flower bud to 25% flower bud appear period. 
Early flower period: one flower to 25% flower blooming period. 
Full flower period: 25% flower to 75% flower blooming period. 
Final flower period: below 25% flower blooming period. 
Single flower period: only one flower blooming phase from flower bud appear to full blooming. 
Group flower period: one plant blooming phase from flower bud appear to full blooming. 

On basis of flowering period observation of three varieties, we found that under the 50% shading 
condition, the flowering period was different: Showa-no-sakae’s flower bud period was the longest, 
followed by Hi-otome and Kanjiro. They were  12 days, 10 days, 9 days respectively. There was 
no obvious difference between Hi-otome and Kanjiro, but significant difference with 
Showa-no-sakae. Regarding early flower period, full flower period, final flower period, 
Showa-no-sakae has longest period with 15 days, 22 days and 10 days, respectively. There was 
over two days’ difference between the other two varieties. Regarding single flower blossom and 
group flower blossom, Hi-otome’s was the longest, 12 days, and 19 days. On basis of these three 
varieties, average flower bud phase was 10.3 days. Average early flower period, full flower period, 
full flower period, and final flower period was 12.3 days, 20.0 days, 9.3 days and 17.7 days, 
separately. These differences might be caused by varieties and their different requirements on 
shading. Through the analysis, we might conclude: under 50% shading condition, Showa-no-sakae’ 
start to flower earlier, but Hi-otome has the longest flowering period. 
Under 75% shading condition, the flower bud period, early flower period, full flower period, final 
flower period and group flower period of Showa-no-sakae were the longest. The variation pattern 
performs identically as under 50% shading. But there was still some minor differences: the flower 
bud period, full flower period, the final flower period would extend three to five day long. Group 
flower phase would also extend two to four days long. Therefore, it could be easily found that 75% 
shading condition might benefit to C.sasanqua flowering, which led to a longer flowering period. 
Under full shading condition, the early flower period and full flower period were shorten slightly, 
compared with 50% and 75% shading conditions. The average flowering period ranks as follows: 
Kanjiro of 11.7 days, Hi-otome of 22.0 days, Showa-no-sakae of 12.0 days. Hi-otome has a 
longest blossom period among them, and Kanjiro’s was the same as Showa-no-sakae’s. If we 
compared with 50% and 75% shading conditions, difference was not significant. The average of 
final flower period was 12.0 days. The average single flower phase was 7.6 days. Average group 
flower period was 21.7 days. So under full shading condition, Showa-no-sakae bloomed much 
earlier with a longer ornamental period. Even though, 75% shading condition was beneficial to 
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flowering of Showa-no-sakae. So we concluded: higher or lower temperature might have negative 
effects on C. sasanqua flowering. 

2.2 Influences of Different Shading Condition on Growth 
Table 2 Winter C. sasanqua Growth under Different shading Rate 

shading 
rate 

Variety 
Height 
(cm) 

Width 
(cm) 

Leaf colour 
Leaf 

thickn
ess 

Current 
year branch 
length(cm) 

Day 
length 
(cm) 

50% 
Kanjiro 165 210 Dark green 0.315 13.6 1.8 

Hi-otome 148 85 Dark green 0.248 6.2 1.6 
Showa-no-sakae 140 200 Dark green 0.163 4.8 1.5 

75% 
Kanjiro 163 182 Dark green 0.285 10.4 2.6 

Hi-otome 156 74 Green 0.204 7.1 2.4 
Showa-no-sakae 153 186 Green 0.159 5.3 1.8 

100% 
Kanjiro 156 201 Dark green 0.285 10.5 1.6 

Hi-otome 154 92 Dark green 0.186 5.5 1.4 
Showa-no-sakae 153 185 Pale green 0.186 5.2 1.6 

Three winter C. sasanqua varieties performed obviously differently under 50% shading rate. 
Though there were obvious differences for height and width, these differences may be great 
influenced by variety, and less influenced by shading rate. But the other four indexes have the 
greater comparability. Leaf color less differs. But for leaf thickness, current year branch length and 
day length, Kanjiro Performs better. So the results indicated that Kanjiro grows well under this 
shading rate, followed by Hi-otome and Showa-no-sakae. The average leaf thickness, average 
current year branch length, average day length are 0.242 mm, 8.2 cm, 1.63 cm, respectively. 
Three varieties performed almost same under 50% and 75% shading rate. Kanjiro still performed 
best. The average leaf thickness, current year average branch length, average day length is 0.285 
mm, 10.4 cm, 2.6 cm. There were significant differences between other two varieties. Hi-otome 
performed better than Showa-no-sakae in these growth characters. The average leaf thickness, 
current year average branch length, average day length of the three varieties are 0.216 mm, 7.6 cm, 
2.27 cm. If we compared them with under 50% shading rate, we found that the average leaf 
thickness, current year average branch length reduced to some extent, and obvious differences 
existed. Meanwhile, average day length increases significantly. Therefore, we could conclude: 
overshading has a significant effect on growth of C. sasanqua. 
Table 2 indicted that three varieties obviously differed under full shading rate, comparing with 
under 50% and 75% shading rate. Kanjiro still performed best. Hi-otome and Showa-no-sakae 
showed similar performance with no obvious differences. The average leaf thickness, current year 
average branch length, average day length are 0.285 mm, 10.4 cm, 1.6 cm, respectively, which 
leads to obvious difference comparing with the other varieties. Especially the current year average 
branch length reach 10.5 cm, far exceed the other two varieties. This two varieties inter-compare 
show that Hi-otome performed better than Showa-no-sakae. The average leaf thickness, current 
year average branch length, average day length of this three varieties are 0.219 mm, 7.1 cm, 
1.53cm.  Comparing with 50% and 75% shading rate, the average leaf thickness, current year 
average branch length decreased slightly, and obvious difference happened. As a result, C. 
sasanqua grows under full shading rate not as good as under appropriate shade conditions. 

3 Discussion 
The results indicates almost same as its field performance. Kanjiro grows best under the same 
shading condition with a longest period of appreciation. Hi-otome is second, Showa-no-sakae is 
poorest. Even in a same variety, they have long periods of appreciation and grow well. Over 
shading and full shading condition are usually negative to growth. Especially during the flowering 
period, increasing shading has advantages to flowering. 
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Since the other two variety groups have different flowering periods, and shading conditions 
influence over themselves in different ways. To conduct further study on shade-hardiness of 
C.sasanqua, it’s necessary to take other research methods into consideration, such as Grey System 
Theory, Percentile Scoring Method and Variance Analysis Method etc. Only combining these 
methods to evaluate them, can we draw reliable conclusions. 
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The Growth Characteristics and  
Grafting Compatibility of Camellia azalea  

Xinlei LI, Jiyuan LI, Zhengqi Fan, Hengfu YI  

( Research Institute of Subtropical Forestry, Chinese Academy of Forestry, Fuyang 311400) 

Abstract: The grafting compatibility of Camellia azalea with different rootstocks was studied by C. azalea 
grafted with 16 Camellia rootstocks, and growth characteristics of the grafted C. azalea were investigated in the 
same year and the second year. The result showed that the survival rate of C. azalea grafted with different 
rootstocks has a great differences. The grafting survival rate was more than 90%, when C.sasanqua, C.oleifera, 
C.japonica ‘Hongluzhen’and C. saluenensis ‘Chunjie’ were used as rootstocks. The length and bud number of 
new shoots of C. azalea grafted with different rootstocks have great differences, and the new shoot growth of C. 
azalea grafted with C.japonica ‘Hongluzhen’and C.sasanqua were better. The length, bud number and branch 
number of the second branches of C. azalea grafted with different rootstocks have great differences, and the 
second branches growth of C. azalea grafted with C.japonica ‘Hongluzhen’and C.sasanqua were better. 
Key Word: Camellia azalea; grafting; compatibility; growth characteristics 

1 Introduction 
Camellia originated from China (Zhang et al, 1998). C. azalea Wei was an endemic species of 
China (Wei, 1986), and belonged to the first class rare and endangered plant of the nation (Wang et 
al, 2004). C. azalea could bloom throughout the whole year in appropriate cultivation conditions, 
especially full-bloom stage in summer and autumn, that was good parents for breeding four 
seasons bloom Camellias with good market prospects(Gao et al, 2005). C. azalea was seriously 
damaged after its discovery and using. So the study on colonization technology and large-scale 
production of C. azalea was beneficial for the protection of wild resources and development and 
using. The experiments used Camellias resources as rootstocks and semi-lignified branches of C. 
azalea as scions to study the growth characteristics and grafting compatibility of Camellia azalea, 
that will provide technical support for grating multiplication and large-scale production of C. 
azalea. 

2 Methods 
materials and Methods 

2.1 Materials 

Related experiments were carried in Fuyang city, Zhejiang province. Camellias were used as 
rootstocks with the diameter of more than 2 cm and healthy, strong growth (Table 1), and C. azalea 
were used as scions with the upper of canopy, healthy and semi-lignified branches. 

2.2 Methods 

Grating of C. azalea was carried in march by bark-grafting(Gao et al, 2007), and the grafting 
survival rate was investigated after two months of grafting. The new shoot growth of C. azalea 
grafted with different rootstocks was investigated in December of the current year, and the growth 
of two years old C. azalea grafted with different rootstocks was investigated in December of the 
second year. 
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3 Results 
3.1 The compatibility of C. azalea grafted with different rootstocks 

Grating experiments of C. azalea was carried in march by bark-grafting. 16 Camellias resource 
including of C.sasanqua, C.oleifera, C.japonica ‘Hongluzhen’and C. saluenensis ‘chunjie’ etc. 
were used as rootstocks with the diameter of more than 2 cm, and C. azalea were used as scions 
with semi-lignified branches. The survival scions, grafting scions and scion survival rate were 
investigated after grating, and the grafting compatibility of C. azalea was studied(Table 1). The 
results showed that the survival rate of four rootstocks grafted with C. azalea were more than 90%, 
including of C. saluenensis ‘chunjie’, C.japonica ‘Hongluzhen’, C.sasanqua and C.oleifera, that 
were 93.61%, 91.47%, 90.68% and 90.34% respectively. The highest survival rate of other 
rootstocks grafted with C. azalea was C.japonica ‘kuancaidai’ which was 67.83%, and the lowest 
was C.chekiangoleosa which was 13.33%. It was visible that the survival rate of C. azalea grafted 
with different rootstocks was quite different. 

Table 1  The compatibility of C. azalea grafted with different rootstocks 

Rootstocks Survival scions Grafting scions Scion survival rate（%） 

C.japonica ‘hongluzhen’ 568 621 91.47 

C. saluenensis ‘chunjie’ 161 172 93.61 

C.japonica ‘kuancaidai’ 78 115 67.83 

C.japonica ‘masedianna’ 59 107 55.14 

C.japonica ‘wuywmohuan’ 46 106 43.40 

C. saluenensis ‘daibi’ 18 43 41.86 

C.japonica ‘shechan’ 53 144 36.81 

C.japonica ‘keruimodamudan’ 54 150 36.00 

C.japonica ‘tianehu’ 16 47 34.04 

C.japonica ‘niuxiaodiaoshi’ 27 101 26.73 

C.japonica ‘huangjiatianerong’ 26 125 20.80 

C.oleifera 215 238 90.34 

C.sasanqua 107 118 90.68 

C.yunsiensis 25 44 56.82 

C. polyodonta 32 79 40.51 

C.chekiangoleosa 2 15 13.33 

 
3.2 The new shoot growth of C. azalea grafted with different rootstocks 
The length, roughness and bud number of the new shoot of C. azalea grafted with different 
rootstocks were investigated in December in order to study the new shoot growth of grafted C. 
azalea (Table 2). The result showed that the length of the new shoot of grafted C. azalea was quite 
different. When C.sasanqua was used as rootstock, the length of the new shoot with 19.63 cm was 
largest, followed by C.japonica ‘Hongluzhen’ with the length of 19.56 cm. The roughness of the 
new shoot of grafted C. azalea has not obvious difference, and the roughness of the new shoot with 
5.15 mm and 5.13 mm were larger when C.japonica ‘Hongluzhen’ and C.sasanqua were used as 
rootstocks respectively. The bud number of the new shoot of grafted C. azalea was quite different, 
and the bud number with 22.2 and 21.3 were larger when C.japonica ‘Hongluzhen’ and 
C.sasanqua were used as rootstocks respectively. It was visible that the new shoot growth was 
better when C.japonica ‘Hongluzhen’ and C.sasanqua were used as rootstocks. 
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Table 2  The new shoot growth of C. azalea grafted with different rootstocks 

Rootstocks Length of new shoot (cm) Roughness of new shoot（mm） Bud number 

C. saluenensis ‘daibi’ 6.06 3.22 6.0 
C.japonica ‘wuywmohuan’ 7.87 3.21 11.5 
C.japonica ‘masedianna’ 5.87 3.37 8.9 
C. saluenensis ‘chunjie’ 10.99 3.51 13.3 
C.japonica ‘hongluzhen’  19.56 5.15 22.2 

C.sasanqua 19.63 5.13 21.3 
C.oleifera 15.65 4.81 13.7 

C.polyodonta 15.78 4.13 18.3 

 

3.3 The growth of two years old C. azalea grafted with different rootstocks 
The length, roughness, branch and bud number of two years old C. azalea grafted with different 
rootstocks were investigated in order to study the growth of grafted C. azalea (Table 3). The result 
showed that the length of two years old grafted C. azalea was quite different. When C.sasanqua 
was used as rootstock, the length with 22.23 cm was largest, followed by C.japonica ‘Hongluzhen’ 
with the length of 22.07 cm. The roughness of two years old grafted C. azalea has not obvious 
difference, and the roughness with 5.59 mm were largest when C.japonica ‘Hongluzhen’ were 
used as rootstocks. The branch number of two years old grafted C. azalea was quite different. 
When C.oleifera was used as rootstock, the branch number with 6.5 was largest, followed by 
C.japonica ‘Hongluzhen’ and C.sasanqua with the branch number of 4.3 and 4.0 respectively. The 
bud number of two years old grafted C. azalea was quite different. When C.japonica ‘Hongluzhen’ 
was used as rootstock, the bud number with 41.9 was largest, followed by C.oleifera and 
C.sasanqua with the bud number of 39.5 and 29.9 respectively. It was visible that the growth of 
two years old grafted C. azalea was better when C.japonica ‘Hongluzhen’ , C.oleifera and 
C.sasanqua were used as rootstocks. 

Table 3  The growth of two years old C. azalea grafted with different rootstocks 

Rootstocks Length of branch (cm) Roughness of branch (mm) Branch umber Bud number 

C.japonica ‘wuywmohuan’ 15.66 4.26 3.5 24.8 

C.japonica ‘masedianna’ 15.92 4.53 1.2 18.2 

C. saluenensis ‘chunjie’ 13.08 3.73 2.7 19.3 

C.japonica ‘hongluzhen’ 22.07 5.59 4.3 41.9 

C.japonica ‘keruimodamudan’ 15.79 4.38 3.8 23.2 

C.japonica ‘shechan’ 19.66 5.39 3.2 27.3 

C.japonica ‘kuancaidai’ 20.20 4.54 3.8 31.0 

C.japonica ‘niuxiaodiaoshi’ 12.05 4.30 2.4 20.0 

C.sasanqua 22.23 4.48 4.0 29.9 

C.oleifera 15.65 5.33 6.5 39.5 

4 Discussion 
C. azalea, an endemic and endangered species in China, was serious damage with high-intensity 
human deforestation and excavation, and the number was only 1000(Li et al, 2013). The study on 
colonization technology of C. azalea was important for the protection of wild resources and the 
excavating of exploitation potential. Camellias propagated by seeding, cutting and grafting(Liang 
et al, 2005), but the growth and flowering of plants propagated by seeding and cutting often needs 
longer times. Camellias can often blossom within two years by grafting with suitable rootstocks,  
and the plants formation was more faster(Gao et al, 1998). So it was beneficial for scale and rapid 
production of C. azalea by grafting with suitable rootstocks. Two excellent rootstocks suitable for 
grating of C. azalea , C.japonica ‘Hongluzhen’and C.sasanqua,were selected with higher graft 
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compatibility and better growth characteristics. 
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Micro-propagation of Camellia Minutiflora Chang 

Bin Wu 1,2, Jiangying Wang 1,2, Zhengqi Fan 1,2, Jiyuan Li 1,2* 

(1. Research Institute of Subtropical Forestry, Chinese Academy of Forestry, Hangzhou, 311400, 
Zhejiang, China; 2. Key Laboratory of Forest genetics and breeding, Zhejiang, 311400, China) 

Abstract: Mature fruits of C. minutiflora Chang were collected and generated after surface-sterilization, and 
then aseptic shoot segments sprouted from the surface-sterilized seeds were inoculated on SIM medium to 
initiate micropropagation. After a period of 45 days, shoots were obtained from the explants were proliferated 
though axillary buds cultured on SIM medium supplemented with 0.05% (w/v) PVP (polyvinylpyrrolidone), 30 
g·L-1 sucrose, 7.0g·L-1agar, 0.1 mg·L-1NAA and 3.0 mg·L-16-BA. And maximum numbers of axillary buds were 
observed on SMM medium containing 0.05% PVP, 30 g·L-1sucrose, 7.0 g·L-1agar, 50 mL·L-1CM (coconut milk), 
0.1 mg·L-1NAA, 5.0 mg·L-16-BA and 2.0 mg·L-1GA3. Green axillary shoots were transferred onto SMM 
medium every 45±5 days, and numerous green adventitious buds were gained on SMM medium, with 
proliferation coefficient up to 3.3. 
Key words: Camellia minutiflora; micropropagation initiation; multiplication; PGRs  
 

1 Introduction 
Camellia minutiflora Chang, a small evergreen shrub belonging to the family Theaceae, is native 
to China. The origin of C.minutiflora Chang is centering Jiangxi Province and Guangdong 
Province coupled with some areas in Hong Kong like Pat Sin Leng. Dark-red and leathery leaves 
are 2-3.5cm long and 6-9mm wide. Large numbers of tiny white flowers grow in tight cluster with 
slightly fragrance. [1] Therefore, it has been strongly cultivated as a potential landscaping 
ornamental plant in recent years [2]. Nowadays, most studies about C.cuspidate including C. 
minutiflora Chang are focused on its nutrient analysis [3], drying technique of its fresh flowers [4] 
and evaluation of drought-resistance potential for different species under extreme weather [5]. 
Although vegetative propagation might be an effective method of propagation, it is actually 
affected by various factors such as cuttage technique and the growth status of camellias during 
different seasons [6]. For this reason, micropropagation in vitro seems to be an alternative to tackle 
the problems related to conventional propagation of C.minutiflora. It is the high rate of 
multiplication through tissue culture that would meet the industrial demands for ornamental plant 
cultivars with high quantities and qualities. Apart from numerous reports about micropropagation 
of Camellia including C.sinensis [7], [8], [9], [10], C. japonica [11] and that related species [12], [13], [14] 
publication, however, there seem to be seldom reviews on micropropagation of C. minutiflora 
published at present. 
Stem segments of aseptic juvenile plants which germinated from mature seeds of C. minutiflora in 
culture chambers were employed as explants for initiation and multiplication, and different 
combinations of plant growth regulators (PGRs) were also optimized during those two processes 
in this study. 

2 Explants and Methods 
2.1 Explant choice and pretreatment 
Firstly, mature seeds of C. minutiflora were collected from the International Camellias Species 
Garden in Jinhua on July, 2014. And then those seeds were washed directly several times and 
surface sterilization was carried out within 75% ethanol solution for 30s, followed by soaking in 
0.1% (w/v) HgCl2 solution for 8min and rinses 5-6 times with sterilized distilled water. The aseptic 
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seeds with peels removed were germinated on half-strength MS basal salts [15] medium which 
contained 0.05% (w/v) polyvinylpyrrolidone (PVP) and 30 g·L-1sucrose additionally and 
solidified with 0.7% (w/v) agar. The seeds were cultured at 25±2℃ under dark until germinated, 
followed by transfer under a 16/8 h (day/night) photoperiod with light provided by 
cool-fluorescent tubes at a photon flux density of 1500-2000μmol·m-2·s-1. 

2.2 Multiple shoots initiation of C. minutiflora 
Juvenile nodal segments 0.5-1.0cm in height, inoculated in shoots induction medium (SIM), were 
employed to initiated axillary shoots. The SIM comprised of MS salts supplemented with 0.05% 
(w/v) PVP, 30 g·L-1sucrose, 0.7%(w/v) agar. The PGRs combinations added into the SIM medium 
were designed as follow. B1:1.0mg·L-1NAA+3.0mg·L-16-BA, B2:1.0mg·L-1IAA+3.0mg·L-16-BA 
and B3:0.1mg·L-1NAA+3.0mg·L-16-BA. The explants in the following experiments were all 
cultured at 25±2℃ under a 16/8 h (day/night) photoperiod with light provide by cool-fluorescent 
tubes at a photon flux density of 1500-2000μmol·m-2·s-1.  

2.3 Shoot proliferation of C. minutiflora 
Shoot proliferation of C.minutiflora were 
conducted on shoot multiplication medium 
(SMM) which was consist of MS basal salts, 
0.05% (w/v) PVP, 30 g·L-1sucrose, 0.7%(w/v) 
agar and 50 mL·L-1CM (coconut milk) by using 
0.5-1.0cm long shoot segments obtained from 
initiation experiment. The PGRs combinations 
applied into the SIM medium were designed as 
follow. B1:1.0mg·L-1NAA + 3.0mg·L-16-BA, B2: 
1.0mg·L-1IAA + 3.0mg·L-16-BA and B3: 
0.1mg·L-1NAA  + 3.0mg·L-16-BA.  
All experiments were repeated three times, and 
the subculture during multiplication experiment 
was carried on SMM medium at regular intervals 
of 45 days. Observations and data were recorded 
with respect to the growth status coupled with 
photos taken. (Fig. 1) 

3 Results 
3.1 Effect of different PGRs combinations on micropropagation initiation of C. minutiflora 
Since the late 1970s, in vitro methods have been exploited to deal with the constraints in 
propagation mainly due to low-rate rooting in conventional cultivation. According to our reviews 
on micropropagation of C.japonica, several PGRs levels were designed to induce 
micropropagation of C. minutiflora.  
As Table 1 showed, NAA at low concentration combined with 6-BA at higher concentration was 
suitable to initiate micropropagation in vitro of C. minutiflora, However, the stem segments turned 
to callus initiation but not multiplication when explants cultured on the SIM medium containing 
higher concentration of NAA and 6-BA, meanwhile, there were nearly no axillary buds but some 
callus attained, what’s worse, the explants were somewhat of no good growth status. The optimal 
response of shoot proliferation was observed at 0.1mg·L-1NAA coupled with 3.0mg·L-16-BA 
when maximum numbers of the explants were stimulated on the SIM medium with initiation rate 
of micropropagation up to 84.0%. 
  

 

Fig.1 In vitro clonal micropropagation 
of C. minutiflora 
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Table 1 Growth status of stem segments of C. minutiflora during initiation culture 

NO. PGRs(mg·L-1) Growth status of explants of C. minutiflora on SIM medium  
B1 NAA 1.0+6-BA3.0 Numerous callus induced around the stem, but no axillary buds developed. 
B2 IAA1.0+6-BA3.0 Sseveral callus were obtained, but some explants grew worse even to death. 
B3 NAA0.1+6-BA3.0 Reddish axillary buds were observed, and then sprouted green buds. 

 
3.2 Effect of different PGRs combinations on multiplication of C. minutiflora  
After 70 days, axillary buds developed 2-3cm high buds. 4 different PGRs combinations were 
tested to proliferate during multiplication of C. minutiflora. The results demonstrated that all 
combinations of PGRs were found to be useful for shoot elongation of C. minutiflora, but differed 
in growth and development, especially in the proliferation coefficient (Fig. 2).  

 

Fig.2 Initiation and multiplication of  
stem segments of C. minutiflora 

A: A few axillary buds were obtained after initiation culture. B: Stem segments were proliferated 
on SMM medium. C: Numerous buds developed on SMM medium after several times subculture. 
D: Green buds with sturdy leaves and better shoot were observed continuously subcultured on 
SMM medium at 45-days interval.  

The effect of those PGRs combinations on proliferation was studied briefly.  
Table 2 Multiplication of axillary buds of C. minutiflora  

NO. PGRs(mg·L-1) Growth status of axillary buds of C. minutiflora on SMM medium 
B3 NAA0.1+6-BA3.0 Only one sprout developed during proliferation. 
B4 NAA0.1+6-BA2.0+2-ip2.0 1-2 proliferated shoots were obtained with vigorous leaves. 

B5 NAA0.1+6-BA5.0 Strong but dwarf axillary buds were observed during multiplication. 

B6 NAA0.1+6-BA5.0+GA32.0 3-5 adventitious buds with elongation of stems interval were attained. 

As Table 2 showed, only 1 bud derived from the nodal segment after a long time of subculture on 
MS medium containing 6-BA at a very low concentration, and those buds elongated inefficiently. 
By increasing concentration of 6-BA or using higher-active cytokinin, for instant 2-ip, the 
multiplication rates raised gradually.  
In addition, it was obviously shown that the number of shoots formed was higher in stem segments 
proliferated on SMM medium supplemented with GA3 which rose the multiplication coefficient to 
3.3 significantly, which demonstrated that GA3 seemed to be effective in proliferation of C. 
minutiflora. Therefore, more shoots with sturdy leaves, elongated shoot and better shoot diameter 
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were achieved when stem segments were proliferated on SMM medium along with 0.1 
mg·L-1NAA, 5.0 mg·L-16-BA and 2.0 mg·L-1GA3.  

4 Conclusion and Discussion 
A protocol for optimizing different PGRs combination in C. minutiflora micropropagation was 
briefly established in this present study. MS basal salts supplemented with 0.1mg·L-1NAA and 
3.0mg·L-16-BA was best for proliferation initiation, and half-strength MS basal salts containing 
0.1 mg·L-1NAA, 5.0 mg·L-16-BA and 2.0 mg·L-1GA3 could maximize the number of proliferated 
buds and increase the proliferation coefficient, in which GA3 appeared to be a potent PGR for C. 
minutiflora micropropagation with high proliferation rates. 
Furthermore, rooting of C. minutiflora should be conducted in following experiment so that the 
whole quick protocol for C. minutiflora micropropagation could be established thoroughly.  
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in Sect. Theopsis under extreme high temperature  

in summer  
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Abstract: Ornamental plants in the East China were seriously affected by extremely high temperature and long 
drought-damage in 2013. In this experiment, 24 12-year-old species of Sect. theopsis were evaluated with their 
drought-resistance potential through the field investigation indexes. The results showed that 24 species could be 
classified into 4 categories on the basis of comprehensive evaluation, including the category of strong 
drought-resistance: Camellia parvilimba, C.parvi-ovata, C.handelii, and C.macrosepala etc., while the category 
of weaker drought-resistance: C.acutissima, C.tsaii and C. fraternal.  
Key words: Sect. Theopsis; rate of drought-damage; drought-damage index; comprehensive evaluation 
 

1 Introduction 
Camellia species in Sect. Theopsis is a group of evergreen shrubs or small-sized trees, belonging 
to genus Camellia of family Theaceae (Zhang, 1981). Ornamentally, plant grows open; braches are 
dense, and leaves are coriaceous, pinnately veined, and often serrated. Meanwhile, flowers are 
small but enormous and aromatic. With their wide adaptabilities, those camellias are highly 
regarded as new landscaping ornamental plants in recent years (Ni et al., 2005). 
Li et al. (2006) investigated the physiological and biochemical parameters of 130 species of 17 
Camellia sections through relative conductivity, MDA content and superoxide anion-producing 
rate to evaluate the heat tolerances of the different Camellia species. In Liu’s research (2006), the 
resist-drought mechanism of 7 tea varieties in gradual drought-stress processing was studied by 
such parameters concerned. And the heat tolerance of 53 species of C.sasanqua was classified by 
the field investigation (Xu, 2007). Moreover, Huo (2009) evaluated the drought-resistance of 8 
C.oleifera Changlin series superior clones by using the method of natural drying. Additionally, 
ornamental plants in the East China seriously suffered from extremely high temperature and long 
drought in 2013. In this study, 12-year-old Camellia species in Sect. Theopsis were chosen as 
experimental materials to evaluate their potential of drought-resistance through the field 
investigation in order to provide scientific basis for introduction, adaptability breeding and 
development and utilization of Sect. Theopsis species. 

2 Materials and Methods 
2.1 Plant materials 
Camellia species in Sect. Theopsis were grown in the International Camellia Species Garden at 
Jinhua City, Zhejiang Province, China, in 2003, located in 119°35′ E and 29°08′ N. In the middle 
late June to late September, the average temperature up to 30.2℃, 2.1℃ higher than the perennial 
average in the same period, and the precipitation was about 50.7mm, nearly 90% less than the 
perennial average (Zheng et al., 2013; Wang et al., 2013). Geographic distribution of germplasm of 
24 species was shown in Tab. 1(Zhang, 1998). Field investigation was taken in September 12, 
2013. 
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Tab.1  Geographic distribution of germplasm of 24 species Camellia species in Sect. Theopsis 

Number Species Geographical distribution Altitude/m Latitude Longitude 

1 C. macrosepala Guangdong 700~1000 20°12′~25°31′ 109°45′~117°20′ 

2 C. cuspidata Most of the provinces in 
the south of Yangtze River 

600~800 20°54′~26°24′ 104°26′~112°04′ 

3 C. cuspidate var. Hunan 400~650 24°38′~30°08′ 108°47′~114°15′ 

4 C. forrestii Yunnan 1100~3200 21°08′~29°15′ 97°31′~106°12′ 

5 C. lipoensis Guizhou 700~950 24°37′~29°13′ 103°36′~109°35′ 

6 C. buxifolia Sichuan and Hubei 500~1200 26°03′~34°19′ 97°21′~116°07′ 

7 C. minutiflora Jiangxi, Guangdong and 
Hong Kong 

350~500 20°12′~30°04′ 109°45′~118°28′ 

8 C. parvicaudata Guangdong 600~800 20°12′~25°31′ 109°45′~117°20′ 

9 C. acutissima Guangdong 600~800 20°12′~25°31′ 109°45′~117°20′ 

10 C. subacutissima Guangxi 500~1000 20°54′~26°24′ 104°26′~112°04′ 

11 C. handelii Guangxi, Guizhou and 
Jiangxi 

550~2700 20°54′~30°04′ 103°36′~118°28′ 

12 C. costei Guangxi, Hubei, Hunan, 
Sichuan and Guizhou 

540~1400 20°12′~34°19′ 97°21′~117°20′ 

13 C. tsaii Sichuan, Yunnan and 
Hunan 

900~2000 21°08′~34°19′ 97°21′~114°15′ 

14 C. rosthorniana Guangxi, Hunan, Hubei 
and Sichuan 

420~1200 20°54′~34°19′ 97°21′~116°07′ 

15 C. euryoides Fujian, Jiangxi and 
Guangdong 

180~1200 20°12′~30°04′ 109°45′~120°40′ 

16 C. fraterna Jiangxi, Anhui, Jiangsu, 
Zhejiang and Fujian 

200~800 23°30′~35°20′ 113°34′~122°45′ 

17 C. parvilimba Guangdong, Sichuan, 
Hunan, Jiangxi and Fujian 

300~900 20°12′~34°19′ 97°21′~120°40′ 

18 C. septempetala Sichuan and Hunan 800~1500 24°38′~34°19′ 97°21′~114°15′ 

19 C. elongata Sichuan and Guizhou 1000~1500 24°37′~34°19′ 97°21′~109°35′ 

20 C. campanisepala Guangdong 650~800 20°12′~25°31′ 109°45′~117°20′ 

21 C. parvi-ovata Sichuan 500~1000 26°03′~34°19′ 97°21′~108°31′ 

22 C. lancicalyx Guangxi 400~1000 20°54′~26°24′ 104°26′~112°04′ 

23 C. parvicuspidata Guangxi 400~1000 20°54′~26°24′ 104°26′~112°04′ 

24 C. tsofui Hunan, Jiangxi and 
Sichuan 

500~950 24°29′~34°19′ 97°21′~118°28′ 

Note: Number 1~24 represent 24 spices respectively. 

2.2 Division of drought-damage levels 
Drought-damage levels of 24 species were divided into class 0, I, II and III, referred to the 
methods of drought-damage levels division in tea and pear (Yang, 2007; Westwood et al., 1987; 
Chen et al., 1996), meanwhile, combining with the actual drought-damage in the field. 
Drought-damage symptoms of each class were described as follow: 
Class 0: Grow well with no drought-damage symptoms. 
Class I: Mild drought-damage, portions of leaf tip, leaf border and lateral vein got yellow, 1/3 area 
of leaf edges was slightly wrinkled. 
Class II: Moderate drought-damage, portions of leaf tip, leaf border and principal vein got brown 
and withered, 1/2 area of leaf edges was wrinkled. 
Class III: Severe drought-damage, portions of leaf tip, principal and lateral veins completely 
withered, indeed, the whole leaf was exfoliated, 2/3 to full area of leaf edges was wrinkled. 
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2.3 Evaluation of the drought-damage in field under drought stress 
4 branches with the similar growth status in 4 directions (cardinal points) were selected to 
statistically investigate the drought-damage on per 30 pieces of leaves below the terminal bud 
respectively. Furthermore, the amount of drought-damaged leaves was recorded on each level, and 
the rate of drought-damage (%) and drought-resistance index (DI) for each species were calculated 
based on average value. 
Rate of drought-damage (%) = the number of leaves corresponding drought-damage level / the 
total number of leaves × 100 
Drought-resistance index (DI) = ∑ (drought-damage level value × the number of leaves 
corresponding drought-damage level) / (the total number of leaves × the most advanced 
drought-damage level value) 

2.4 Data processing 
Cluster analysis and classification of drought-resistance of the 24 species with the 
drought-damage indictors, including the total rate of drought-damage and drought-damage index 
by SPSS 19.0. 

3 Results 
3.1 Field Evaluation of camellia species in Sect. Theopsis under extreme high drought stress 
Different levels of drought-damage were occurred in 24 species, with aggravation of drought 
stress in the summer and autumn. It was shown in Tab. 2 that the total rates of drought-damage 
(SUM) of each species varied from 18.34% to 59.17% and the average value was 38.02%, while 
the majority of these species were lower than 50% except C.acutissima, C.tsaii and C. fraterna. 
Therefore, analysis on the scope of drought-damage could be indicated that the drought-damage of 
most of the species suffered was relatively mild. In addition, drought-damage indexes (DI) were in 
the range of 0.111~0.317, mean value was 0.195. Thus, under extreme drought condition, 
according to analysis on the extent of drought-damage, it was found that all of the test species had 
a good ability of drought-resistance. Drought-resistance potential of 24 spices was ordered based 
on the average value (AVG) of the total rate of drought-damage (SUM) and drought-resistance 
index (DI), which demonstrated that drought-resistance potential of those camellias including 
C.parvilimba, C. parvi-ovata and C.handelii etc. was stronger; however, the potential of other 
species like C. acutissima, C.tsaii and C.fraterna was relatively weaker.  

Tab. 2  Field Evaluation results of camellia species in Sect. Theopsis under drought stress 

Number Species 
Rate of drought-damage (%) 

DI AVG Order 
Class I Class II Class III SUM 

1 C. macrosepala 8.33 15.83 5.00 29.16 0.183 0.237 4 
2 C. cuspidata 11.67 12.50 13.33 37.50 0.256 0.316 18 
3 C. cuspidate var. 22.50 5.83 7.50 35.83 0.189 0.274 12 
4 C. forrestii 23.33 11.67 6.67 41.67 0.222 0.319 19 
5 C. lipoensis 19.17 13.33 5.00 37.50 0.203 0.289 16 
6 C. buxifolia 22.50 16.67 5.83 45.00 0.245 0.348 21 
7 C. minutiflora 16.67 21.67 4.17 42.51 0.242 0.334 20 
8 C. parvicaudata 25.83 8.33 0.83 34.99 0.150 0.250 7 
9 C. acutissima 34.17 14.17 3.33 51.67 0.242 0.379 22 

10 C. subacutissima 18.33 14.17 1.67 34.17 0.172 0.257 8 
11 C. handelii 20.83 8.33 1.67 30.83 0.142 0.225 3 
12 C. costei 22.50 15.00 0.83 38.33 0.184 0.284 13 
13 C. tsaii 36.67 16.67 5.83 59.17 0.292 0.442 23 
14 C. rosthorniana 30.83 7.50 1.67 40.00 0.170 0.285 14 
15 C. euryoides 25.83 5.83 2.50 34.16 0.150 0.246 6 
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16 C. fraterna 29.17 19.17 9.17 57.51 0.317 0.446 24 
17 C. parvilimba 7.50 6.67 4.17 18.34 0.111 0.147 1 
18 C. septempetala 16.67 6.67 12.50 35.84 0.225 0.292 17 
19 C. elongata 25.83 10.83 2.50 39.16 0.183 0.287 15 
20 C. campanisepala 21.67 10.83 2.50 35.00 0.170 0.260 9 
21 C. parvi-ovata 23.33 5.00 1.67 30.00 0.128 0.214 2 
22 C. lancicalyx 24.17 6.67 2.50 33.34 0.150 0.242 5 
23 C. parvicuspidata 24.17 9.17 2.50 35.84 0.167 0.263 10 
24 C. tsofui 21.67 10.83 2.50 35.00 0.192 0.271 11 

AVG* 22.22 11.39 4.41 38.02 0.195 0.288  
Note: Number 1~24 represent 24 spices of Camellia cuspidate respectively; 1~24 in italic represent the order of 24 spices of C. cuspidate 
drought-resistance respectively. 
*: Average of indicators in field of 24 species in Sect. Theopsis. 

3.2 Comprehensive potential division of drought resistance 
Furthest-neighbour method was used to classify 24 species through the total rate of 
drought-damage and drought-damage index in field. The results were established (Fig. 3).  

 

Note: Number 1~24 represents 24 species respectively. 

Fig. 3  Cluster diagram of total rate of drought damage and drought-resistance index 

24 species could be classified into 4 categories for the drought-resistance. The first category was 
relatively stronger drought-resistance under drought stress, accounting for 4.2%:  C.parvilimba 
(Fig. 4a). The second category was strong drought-resistance, accounting for 70.8%: 
C.parvi-ovata, C.handelii, C.macrosepala, C.lancicalyx, C.euryoides, C.parvicaudata, 
C.subacutissima, C.campanisepala, C.parvicuspidata, C.tsofui, C.cuspidata var., C.costei, C. 
rosthorniana, C.elongata, C.lipoensis, C.septempetala, C.cuspidata (Fig. 4b). The third kind to 
moderate drought-resistance, accounting for 12.5%: C.forrestii, C.minutiflora, C.buxifolia (Fig. 
4c). The fifth class of weaker drought-resistance, accounting for 12.5%: C.acutissima, C. tsaii, C. 
fraterna (Fig. 4d). 
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Number 1~24 represents 24 spices respectively. 

Fig. 4  Distribution of drought resistance of 24 species camellia species in Sect. Theopsis  

 
4 Discussion 
The drought-resistance potential of 24 species varied apparently, nevertheless with relatively 
strong drought-resistance potential, and was divided into 4 different categories. There were 18 
species arranged in the stronger potential, accounting for 75.0% of the 24 tested C.cuspidata, 
especially C.parvilimba, C.parvi-ovata, C.handelii, and C.macrosepala whilst C.fraterna and 
C.tsaii were arranged in the relatively weaker potential. In accordance with geographical 
distribution, annual precipitation and associated vegetation, C.parvilimba, C.parvi-ovata and 
C.handelii naturally distributed in mountainous evergreen forest at 500~1600m altitude under 
strong light intensity but with no associated vegetation, in which the annual precipitation is 
between 850~1500mm. This group of camellia  species grow up to 1~3m, whose leaves are 
coriaceous, small oval or ovate-lanceolate. Furthermore, root systems of those camellias develop 
vigorously, and can absorb deep soil moisture fully, which make them grow well under the 
unwatered circumstances and derive somewhat greater drought adaptability. However, C. fraternal 
mainly distributes in Chinese coastal areas, in which the annual precipitation is in the range of 
1350~2000mm, and specifically it naturally grows in undergrowth or forest margin shrubby under 
weaker light intensity, upper associated vegetation and higher ambient humidity, and consequently 
the physiological response of this kind of shrub species to drought stress is relatively sensible, yet 
it is unable to recover efficiently under drought or severe drought conditions.  
Drought is a major environmental stress that adversely affects plant growth and strongly 
influences plant distribution patterns (Kramer et al., 1995; Christopher et al., 2009). It is shown 
that the leaves apparently wrinkled and browned under drought stress, furthermore, the 
drought-damage became severe and irreversible gradually along with increasing drought stress. 
Therefore, the drought-damage on the leaves could be considered as a rapid way to determine the 
drought-resistance to some extent; however, this method would be nondeterministic and affected 
by certain factors, such as the amount of tested samples and the subjective judgments. It is 
accepted that accumulation of numerous MDA and proline occur and a series of antioxidant 
enzymes of protective enzymes in plants is activated under drought stress (Wyn et al., 1981; 
Davies et al., 1986；Bowler et al., 1992；Smirnoff et al., 1988). Accordingly, under the same stress 
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conditions, sample test for some critical physiological indexes is a rapid way to evaluate the 
drought-resistance of a certain plant. Consequently, the evaluation results will be much more 
accurate if the field investigation and physiological evaluation are both taken into consideration. 
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Characterization and optimum model selection of  

light responses of Camellia azalea 

Bin Xu1 , Fangqiu Zhang  

(Guangdong Provincial Academy of Forestry, Guangzhou 510520) 

Abstract Camellia azalea is a unique specie of China. It is only found in the natural reserve of Erhuangzhang in 
Yangchun city of Guangdong province. It has beautiful tree shape, and flowers all seasons. Given the current 
light response curve has not been reported, this study used the quadratic polynomial regression model, 
rectangular hyperbolic model, non-rectangular hyperbolic model, rectangular hyperbolic correction model, 
exponential model and index to study the light responses models in Camellia azalea. Results showed that there is 
a nonlinear relationship between the leaves photosynthetic rate and light intensity in C. azalea. Light response 
curves comparisons found that fitting quadratic polynomial model displayed significant variations, and 
remaining five kinds of model are closer to real values. Analysis of photosynthetic parameters of the fitted curve, 
showed that only the rectangular hyperbolic model fitting  was consistent, the maximum correlation coefficient 
R2 is 0.998; the Leaves maximum net photosynthetic rate (Pmax) is 5.56μmol · m-2 · s-1, the saturation intensity 
(Isat) is 1327.30μmol · m-2 · s-1, light compensation point (Ic) to 29.44μmol · m-2 · s-1, dark respiration rate 
(Rd) is 1.909μmol · m-2 · s-1, the initial quantum efficiency (α) of 0.065. Our data showed Camellia azalea has 
a strong ability to use light energy, comply to the characteristics of sun-fond plants, but also has a certain shade 
ability to adapt to a wide range of illumination. 
Keywords: Camellia azalea; light response curve model; photosynthetic rate; the intensity 
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Flower Development and Gibberellic Acid Application 
on Flowering of Camellia rosthoniana ‘Tianshanfen’  

L Xu1, F Z Chen1, K B Du2, X M Ji1, Y F Xie1, J Tong1, C M Shi2, J B Zhang2，

Z C Wang1,Q Y Li1 and M Wei1 

(1. Scientific and Research Institute of Forestry and Fruit Tree Sciences of Wuhan City, Wuhan, 
430075, P.R. China;  2. College of Horticulture and Forestry Sciences, Huazhong Agricultural 

University, Wuhan, 430070, P.R. China) 

Abstract: To make Camellia rosthoniana ‘Tianshanfen’ blossom in New Year’s Day, researches on flower 
development and gibberellic acid (GA3) application to ‘Tianshanfen’ was conducted. The results indicated 
that flower buds of ‘Tianshanfen’ morphological differentiation finished during late October and early 
November. Earlier treatment period resulted in flower buds falling off and discontinuous flowering. When 
treated 4 times (once a week) from October 27th by spraying with 800 mg L-1 of GA3, 82.2% of the shoots 
began to blossom at late December and early January. In conclusion, it is feasible to promote ‘Tianshanfen’ 
flowering around New Year’s Day by using the method of spraying the flower buds with 800 mg L-1 of GA3 
four times from late October to early November. 
Keywords: Camellia rosthoniana ‘Tianshanfen’; flowering; Gibberellic Acid 
 

1 INTRODUCTION 
Camellia rosthorniana Hand-Mazz., which originated from China, is an evergreen shrub with 
many excellent characteristics, such as compact plant type, small and elegant leaves and 
fragrance. We introduced and domesticated a variety of wild plants of the C. rosthorniana 
from Jiangxia District, Wuhan City, Hubei Province in 1999. Some natural varieties could be 
used as landscape plants for their excellent characteristics, such as pink flowers and red new 
leaves. Based on its pink, floribunda, fragrance, elegant round tree shape and high resistance for 
diseases, the ornamental variety ‘Tianshanfen’ was selected from domesticated wild plants of C. 
rosthorniana by the use of seedling selection. 
China has an ancient custom of purchasing potted flowers during Chinese Spring Festival 
which comes from January to February, and is also called Chinese New Year. The color of 
flowers in New Year is usually red or purple, indicating happiness and good luck. ‘Tianshanfen’ 
is one of the potential flower species for Chinese New Year. However, ‘Tianshanfen’ blossoms 
naturally from late February to late March, thus missing the New Year’s Day and Chinese 
Spring Festival.  
The effects of gibberellic acid (GA3) on flower forcing have been proved for many years (Hoad, 
1984). The flower forcing technology using GA3 has been used in some species, such as 
Paeonia lactiflora (Su et al., 2012), Helleborus (Christiaens et al., 2012) and peach (An et al., 
2009). We have reported the flowering effect of GA3 on C. rothorniana, and obtained the 
method of using a concentration of 800 mg/L GA3 for spraying the flowers(Xu et al., 2013). In 
order to obtain the right flowering date, further researches on flower development and GA3 
applying period to ‘Tianshanfen’ were tested here. At present, there are some reports about 
flower forcing technology in C. japonica (Racoff, 1964), which could provide references for 
this research. There are no other reports about flower forcing yet on C. rosthoniana except for 
our previous report on its pollens and floral biology (Xu et al., 2010; Xu et al., 2011). 
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2 MATERIALS AND METHODS 
2.1 Plant Material 
The experiments were carried out in 2009 and 2010 using C. rosthoniana plantlets propagated 
by cuttings of 35 - cm height and 40 - cm crown for 3 - 4 years, grown in producing area of 
Forestry and Fruit Trees Sciences Institute, located in east of Wuhan city, Hubei Province, 
China, which was 67 m in altitude, N 30°30′60″，E 114°27′05″, annual mean temperature of 
16.2 - 16.7 ℃, annual precipitation of 1140 - 1265 mm and annual mean frostless season of 237 
- 271 d. 
Potted plants used in this research were kept outdoors. The new shoots sprouted from leaf axils 
after flowers withering in March and April. Subsequently, flower buds initiated at leaf axils of 
tender shoots in May, lasting for 9 - 10 months, and flowering in March of the next year. 

2.2 Methods 

2.2.1 Flower development 

After peeling off the outer hard bracts，flower buds samples were taken for histology from June 
6th to December 8th, 2009. Three tree samples were selected randomly for investigation and the 
2nd or 3rd top five flower buds were collected from strong shoots around outer crown of each 
tree every week. The length and width of the tested flower buds were measured, and 
morphological characteristic were recorded.  

2.2.2 Starting date of treatment with GA3 

To observe the effect of exogenous GA3 application, starting date and treatment times were 
tested using the method of spraying the plants with 800 mg L-1 of GA3 once a week in 2010. 
Spraying with distilled water was used as control. Three starting date was set based on the 
various flower bud developing status, and more treatment times was adopted with earlier 
starting date (Table 1). In each starting date, three replicates were set up and each replicate 
contained five trees. Treatment times were practiced in the same tree to minimize any flower 
bud developing phase influence as much as possible. One to two strong shoots with more 
flower buds on one tree were sprayed with GA3 for each treatment time.  

Table 1  Influences on flowering date of different GA3 treatment starting date and times 

Starting date 
Flower bud size /cm 

Length  Width 
Characteristic of 

flower buds 
Treating 

times 
Initial open date PSB % 

September 8th 0.57±0.01 0.21±0.01 Green buds 1~2 - - 

September 22nd 0.69±0.01 0.26±0.01 Green buds 

0 Early March 0.0 ±0.0 d 

2 Late February 0.0 ±0.0 d 
4 Early January 13.3±7.7 c 
6 Middle November 0.0±0.0 d 
6 Late January 0.0±0.0 d 

October 27th 0.85±0.01 0.34±0.01 
Green buds 

turning to red buds 

0 Early March 0.0 ±0.0 d 

2 Early January 43.3±3.3 b 
4 Late December 82.2±3.4 a 

Note: PSB represented the Percentage of shoots that blossomed at late December to early January; “-” represented those flower buds that fell 
off after being treated for 1-2 times. 

The length and width of ten tested flower buds were measured and morphological 
characteristics recorded. The percentage of buds in bloom was determined weekly. Any of the 
plants was considered to be flowering if at least 10% of the buds were open. The temperature 
outdoors was recorded every day for analysis in relation to flower development. 
Data for each experiment were analyzed by ANOVA and means were separated with Duncan’s 
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multiple-range test (p ＜ 0.05) using SAS statistical software Version 8.01. 

3 RESULTS 
3.1 Flower Initiation and Development 

3.1.1 Floral morphology of C. rosthoniana ‘Tianshanfen’ 

There are 4 - 5 hardy bracts and 5 hairy sepals in each flower. These bracts and sepals become 
bigger, softer, sharper tips and less hairy from outside to inside. About 30 stamens with 
base-joint filaments attached at the base of each of the 5 - 7 petals. There is a pistil with stigma 
of three cracks at the top. 

3.1.2 Flower initiation and development 

Flower buds of C. rosthoniana differentiated along from shoot top to bottom sequentially. The 
‘Tianshanfen’ flowers initiation occurred after new 5 - 7 leaves completely expanded in middle 
to late May. In June 4th, the slides observations clearly showed that axillary buds had already 
evolved into flowers when 7 - 9 new leaves had begun unfolding. During this time, the 
protuberant growth cone developed into semi-spherical rapidly (Fig. 1A), and then broadened 
gradually. Three weeks later (June 25th), with sepal primordium development, petal primordium 
began to form at inner base of the sepals (Fig.1B), and after three to four weeks eventually 
developed into 5 - 7 petals in mid-to late-July. In middle July，raised stamen primordia began to 
form at the inner base of the petals, and preceding centric pistil primordium differentiation for 
about 10 days (Fig. 1 C and D). Subsequently, both stamens and pistil primordia elongated into 
stamens group and trilobate style until mid-October (Fig. 1 E, F and G). The differentiation of 
the main flower organs finished. In the end of stamens and pistil elongation, sexual cells began 
to differentiate last for the whole winter (Fig.1 H, I, J and K).  

3.2 The optimum starting date and times of treatment with GA3 
 A large number of flower buds fell off after spraying with 800 mg L-1 of GA3 from September 
8th for 1-2 times (Table 1), which could be an effort of the plant self-protection mechanism, i.e. 
plants response to external damage by the mode of falling off flower buds. When treated with 
GA3 from September 22nd, flowers opened ahead of the natural flowering date regardless of 
treatment times. However, the discontinuous flowering at the same plant was discovered 
generally. Flowers opened earlier when treatment times were increased. After being treated for 
2 times from September 22nd, the flowers opened on late February, ten days ahead of the natural 
flowering date; treated for 4 times, 13.3% shoots opened in early January; and for 6 times, some 
of the larger flower buds on the outer crown began to blossom in middle November, ahead of 
about 100 days. Some flowered in late January. When treated 2 times from October 27th, there 
were 43.3% shoots which blossomed at early January. When treated 4 times, 82.2% of the 
shoots began to blossom at late December and early January, thus it almost doubled. 
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Fig. 1 Flower bud differentiation process of Camellia rosthorniana ‘Tianshanfen’. 
A. Differentiation in the preliminary stage; B. Petal differentiation phase; C~G. Stamen and pistil differentiation phase; H~K. Sexual cells 
differentiation phase（Magnification: A~H, × 40; I~K, × 400）. 
AN: anther; EM: embryo; I-IN: inner integument; O-IN: outer integument; OV: ovule; PE: petal; PI: pistil; PO: pollen; SE: sepal; ST: stamen; STI: 
stigma; TA: tapetum; V: vegetation cone. 

4 DISCUSSIONS 
The C. rosthorniana blossoms near the New Year’s Day and the spring festival. The forcing of 
culture to make C. rosthorniana ‘Tianshanfen’ flower in holidays plays important roles in 
developing vigorously the national flower industry and achieving good economic benefits. 
Understanding the relationships among flower organs differentiation processes, obvious 
morphological characteristics and corresponding date will pave the way for forcing culture 
research and production practices of C. rosthorniana. 
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The flower bud differentiation can be divided into three stages, namely physiological, 
morphological and sexual cell forming. For ‘Tianshanfen’, it takes a long time from flower bud 
morphological differentiation to flower organs and sexual cells maturing in the following year. 
The morphological differentiation stage is the process of flower organ primordial development, 
including bracts, sepals, petals, stamens and pistil differentiating stages. At this time, the flower 
buds are full and compact appearing red or purple. The flower buds normally turn into 
semi-dormancy stage, and the inter pistils and stamens or sexual cells still develop slowly. In 
nature, low temperatures can break the semi-dormancy and promote the development of flower 
buds. Application of GA3 can break dormancy instead of low temperatures and make flower 
bud develop into the next stage and eventually promote flowering in advance [1]. 
In this study, observation and description of morphological characteristics in flower bud 
development was performed and the processes of inter flower organ differentiation were 
studied further coupled with paraffin sections simultaneously (Table 2). The results showed that 
the flower bud of ‘Tianshanfen’ belongs to the species of differentiation in summer - autumn 
and flowering in following spring. Based on the outer morphological characteristics, the whole 
process of bud differentiation was divided into 5 stages; green bud stage，red bud stage，
coloring stage，unfold petal stage and flowering stage. Main flower organs differentiate at the 
early flower bud differentiation stage (i.e. green bud stage) mostly. On the basis of flower bud 
differentiation processes and outer morphological characteristics, it is determined theoretically 
that it is possible to conduct forcing culture by use of GA3 treatment at the near time of flower 
buds of ‘Tianshanfen’ differentiation finishing during late October and early November. In 
middle November, the temperatures in Wuhan decreases and resulted in the most of flower buds 
enter into red bud stage.  

Table2  Relationships among flower bud morphology, differentiation process and date 

Date Flower bud morphology Flower bud differentiation process 
Late May - middle and late July Green bud stage Bract primordium, calyx primordium and petal primordium 

Early and middle July - early August Green bud stage Stamen and pistil primordial differentiation 
Early and middle August - middle and 

late October 
Transition period from green 

bud to red bud 
Further differentiation of flower organs and beginning of 

sexual cells differentiation 
 Early and middle December Red bud stage Sexual cells differentiation 

In this study, the results of forcing flowers at 3 starting treatment dates were in accordance with 
the above theoretical hypothesis. A great amount of flower buds subjected to treatment fell off 
in September 8th. The possible reason for this was that flower bud differentiation uncompleted 
in early September with the low ability to accept the external stimuli. Therefore, early 
September was not the right time for artificial application of the GA3 treatment to ‘Tianshanfen’. 
Treatment from September 22nd, the defect of discontinuous flowering was discovered 
generally. The flower buds differentiated from the top to bottom of the branch and each flower 
bud was in various physiological statuses, and produced different morphological responses thus 
answering to the stimulation of GA3. On October 27th, flower buds completed morphological 
differentiation thoroughly and came into semi-dormancy. On one hand, the flower bud has 
increased ability to resist stresses and application of GA3 will do no harm to plants, on the other 
hand, the flower buds could accept the stimulation of GA3 and thus breaking the dormancy. 
Flower buds’ treatment develops ahead of time and come into full flowering around January.  
It is feasible to promote flowering in advance when flower buds of ‘Tianshanfen’ complete the 
morphological differentiation. In conclusion, ‘Tianshanfen’ plants could bloom on around New 
Year’s Day when the flower buds are sprayed with 800 mg L-1 of GA3 once weekly continually 
for 4 times from late October to early November. 
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Flower Bud Differentiation Process of  

Camellia japonica‘Naidong’  
Liu Shuting, Wang Kuiling, Sun Yingkun, Liu Qingchao,                   

Zhang Qiang, Liu Qinghua*  

(College of Landscape Architecture and Forestry, Qingdao Agricultural University, Qingdao 
266109) 

Abstract: The flower bud differentiation of Camellia japonica ‘Naidong’ took four months which began in 
middle or later May and ended in October. The early-flowering cultivar flower bud differentiation 30 days 
earlier than the late-flowering one. The process could be divided into five phases: early phase of 
differentiation, the sepals formation, petal formation stage, the stamens formation period and pistil 
formation period. During the flower bud differentiation, formation of pistil primordia was late for inside 
stamen primordia and the growing way of stamen was regarded as centrifugal way. 
Key words: Flower bud differentiation, Camellia japonica, ‘Naidong’ Differentiation phases, Primordia 
 

Flower buds produce from the stem of the top meristem. As plants grow to a certain period leaf 
buds will be transformed into flower bud physiological state and tissue physiology and then 
development into floral organ prototype, this process is called flower differentiation(Ma YP, et 
al., 2003). Flower differentiation beginning from reproductive growth, it is in its own plant 
conditions and environmental factors work together to complete the regulation, there is the 
most critical stage of flower plant development, which determines plant flowering quantity and 
quality(The research group of garden department in Beijing Forestry University, 1990). 
Therefore, the flower bud differentiation process study of Camellia japonica ‘Naidong’, 
understanding the occurrence and floral organ development time, mastering the law of its 
flower differentiation, should be had a certain guiding significances for future regulation of 
flowering, reasonable cultivation, and cultivation of new varieties of fine. 

1  Materials and Methods 
C. japonica ‘Naidong’ flower buds were made the materials. Materials were collected at May 2 
to December 20, 2014 (in each structure within the flower buds were no longer obvious 
morphological changes so far) in Qingdao Botanical Gardens, May Fourth Square, Zhongshan 
Park. robust, floral normal, steady growth potential plants were selected, including two kinds of 
varieties flowers-early and late flowers, and each type not less than three plants, each plant 
randomly picking three buds at every 4 -7 d sampling time. Collection materials were fixed for 
24h in FAA (formalin: glacial acetic acid: 70% ethyl alcohol=5: 5: 90, v/v), then transferred to 
70% ethanol, and were stored at 4°C freezer. 

1.1 External morphology observation 
When flower buds were collected each time, its external forms include size, shape, etc. were 
observed and descripted.  

1.2 Microscopic observation 
Plants that grow well were selected when collecting flower buds stripped the outermost layer 
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2-3 bud scales and fixing in FAA. Paraffin section with slice thickness 8 μm was adopted by 
using Ehrlich’s hematoxylin staining(Fu Z, 2012; Cao JM, 2010), neutral gum sealing, 
universal microscope (OLYMPUS BH-2) and supporting the camera (OLYMPUS DP21) 
photographic observation. 

1.3 Supermicro observation 
scanning electron microscope was used to observe the process and flower buds(Qu B, 2010). 
Firstly, flower buds and terminal buds were dissected under stereoscopic microscope, and bud 
scales and other parts of the organization were removed. Secondly, they were washed three 
times with fixative to remove surface impurities. Thirdly, different proportions alcohol was 
adopted for progressively dehydrating. Lastly, materials were processed over 20 minutes by 
isopentyl acetate to sufficiently replace alcohol.  
QUORUM company K850 type CO2 critical point drying apparatus was used to dry experiment 
materials.  
Companies JEOL JFC-1600 ion sputter was used for spraying gold with180s.  
Japanese company JEOL JSM-7500F environmental scanning electron microscope was used 
for electron microscope observing and photographing under vacuum with electricity 2kv. 

2 Results and analysis 
During C.japonica ‘Naidong’flower differentiation process, the apical meristem transformed to 
floral primordia from the growth cone, and continued differentiated and developed to formating 
mature flower bud. These differentiation of each part of the structures was a continuous process. 
According to morphological and sub-microscopic observation, Camellia japonica ‘Naidong’ 
flower differentiation process was divided into five periods: the preliminary differentiation, 
bract differentiation phase, petal differentiation phase, stamen differentiation stage and pistil 
differentiation. 

2.1 Preliminary phase of flower differentiation 
Before the flower differentiation beginning of C. japonica ‘Naidong’, its apical buds and 
axillary buds were tightly wrapped with bud scales. At the preliminary stage of flower 
differentiation, growing point slightly bulged and arched upwards (Fig. 1). 

2.2 Bract differentiation phase 
Growing point subsidence, and then continued cross growth and its breadth more widened, 
while the shape of entire bottom primordia gradually developed from linear to circular. Each 
bract primordia successively spirally differentiated, and the early differentiation went through a 
longer period, the next primordial shold differentiate until the former growth developed to 
significantly bent and covered the central growing point. Late differentiation gradually 
accelerated, with an adjacent three primordia time gradually approaching, gradually expanding 
the central depression area. The dense arrangement cells of growth cone tip could be observed 
by tissue sections, which had small size and large nucleus, deeply staining. Viewed from the 
external morphology, flower bud diameter was less than 2mm at this stage (Fig. 2).  

2.3 Petal differentiation phase 
With the bract primordia gradually increasing  and elongating, apical meristem constantly 
spread and expanded, appeared 5-6 protuberances around the spacing projections. Among them, 
the sixth one formed behind the former five, which let central form appear the shape of flat 
pentagram. With the differentiation proceeding, petal primordia would widen and extend 
upward. By observing the petal primordium, we thought that there were 5-6 petals inC. 
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japonica‘Naidong’, which was consistent with its flower shape, indicating that there was no 
change in petal late development. The diameter of flower buds was about 2.5 mm at this 
stage(Fig.3).  

2.4 Stamen differentiation phase 
With the central pentagram constantly widening and slightly depressing, the outside flower 
primordia were almost simultaneously formed a wheel protuberance, concentrically arranging, 
which was the most in-wheel stamen primordia. With the inner wheel stamen primordia 
continuously developing into hemispherical and carpel primordial forming, outer wheel stamen 
also centrifugally differentiated, and eventually formed concentric three wheels stamens. 
Through comparing stamen primordia occurring and flower stamens structure of C. japonica 
‘Naidong’, we found that three wheels stamens did not synchronically occur in its primordial 
stages, the differentiation time of inner wheel stamen and carpel primordium was almost same, 
and arrangement of the outer two wheels stamen primordia were more continuous and compact. 
After flowering, the base of inner wheel stamen filaments often slightly connected with the base 
of ovary in C.japonica ‘Naidong’, and there was a big difference of fused degree compared to 
the other two wheels filaments, illustrating this appearing difference could be traced back to the 
preliminary differentiation stage of pistil and stamen. Stamen primordia differentiated along the 
axial direction, formed cylindrical and base connate filaments, and sequentially dilated(Fig.4). 

   

         

Fig.1-Fig.5 

Fig.1: Preliminary phase of flower differentiation. Fig.2: Bract differentiation phase.  
Fig.3: Petal differentiation phase. Fig.4: Stamen differentiation phase.  
Fig.5: Pistil differentiation phase 

Through observing the whole process of stamen differentiation, there was a slow development 
phase after stamen primordial formed. During this period, carpel primordia rapidly 
differentiated. Until carpel closing to nearly completed, stamen primordia fastly recovered, and 
continually differentiated into filament and anther. Stamen primordia around differentiated into 
four corners, which with large nucleus, deeply stained. At late stage, its differentiation became 
fast, so that the anther with four corners expanded and appeared butterfly-shaped, and its 
internal archesporial cells differentiated, later anther gradually matured and formed into mature 
pollen. In about late October, the differentiation lastly completed. 

1 2 3 

4 5  
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2.5 Pistil differentiation phase 
when the inner wheel stamen primordia formed, at the same time three wheels protuberances 
formed inside and quickly grew with ellipsoid-shaped, this were three carpel primordias of C. 
japonica‘Naidong’. Carpel primordias edge gradually grew to form syncarpous pistil. By now 
the entire flower organ differentiation was complete. Pistil primordia did not have dormant 
period, the united carpel primordia kept growing and its base dilated to form ovary. Ovary 
gradually developed, ovule primordia occured and ultimately differentiated into three 
anatropous per room(Figure5).  

3 Discuss  
Through these research, we found the process of flower bud differentiation in C.japonica 
‘Naidong’ showing "slow - fast - slow" development pattern. Dormant buds began to sprout and 
made vegetative growth after flowering in the same year. Until late May, stem elongation 
growth almostly ended, the top of fresh branch gradually turned harden, long and rough, and the 
color was lighter. Later reproductive growth was started. Series of physiological and 
biochemical reactions were made in plants, then growing point appeared, at this time there was 
no significant change judged by the external morphology. About late May to early June, part of 
the flower bud firstly entered into differentiation state with top appearing trifle swollen 
accompanied by the growth of the outer bud scales. The flower bud differentiation was slower 
and the amount was less in the initial stage. 
During mid-June to the end of July, flower bud differentiation of C. japonica ‘Naidong’ entered 
phase, a large number of top flower buds of top branch and leaf axils differentiated at this time, 
with different degree of differentiation. In this period, we could collect several different 
differentiation flower bud. This time was the rapid growth period of various primordial. The 
duration of large flower bud differentiation from the beginning to entire stamen appear was 
very short(about a half months). 
After each primordias forming, flower bud began into floral organs differentiation. Judging 
from the external shape, flower buds constantly enlarged and appeared sphere-shaped, flower 
organs developed to mature and completed, then sexual cell began to differentiate. From late 
October , the flower bud growth rate gradually slowed down, bud swelled to a temporary stable 
state, male and female gametophyte development gradually matured. 
The differentiation process and duration of early flowering variety were consistent with late 
flowering one, but the start time of differentiation was about a month early than the late 
flowering one. After a related observations of flower development and different varieties of 
flowering phenology, we found that the early trend throughout the reproductive stage, but its 
effect factors and regulation mechanism need thorough research. 
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Biological Characteristics and Propagation 
Technology of New Camellia Variety ‘maozi’1 

WEI Xiao-juan1, WU Dao-nian2, LIANG Xiao-jing1, LI Kai-xiang1*, 
LIANG Xiao-chun2 

(1.Guangxi Forestry Research Institute, Guangxi Key Laboratory of Characteristic Non-wood 
Forest Cultivation and Utilization, Nanning 530002;2.National Forest Park of Liangfengjiang, 

Nanning 530031） 

Abstract: Biological characteristics and propagation technology of new Camellia variety ‘maozi’ were 
studied. The results were as follows:(1)Camellia ‘maozi’ grew rapidly in the seedling stage, with 3 shoot 
sprouting through the year and an average annual height growth of 13cm ~ 18cm. Bud formation occurred 
from late April to early May, with a one to three months of flouring phase and a certain features of 
barrenness.(2) Primary pests and diseases included sooty mold, leaf tip blight, empoasca pirisuga matumura, 
toxoptera aurantii boyer, etc. (3) For cutting propagation, the optimum condition was the combining use of H3 
medium (red soil: vermiculite=1: 1) and plant growth regulator M2 (500 mg/L IBA), which resulted in 
desirable rooting and high quality growth of above-ground organs. Rooting mainly formed from roots 
primordiums and a small proportion from callus. (4) Grafting could carry out from May to September, with 
which July was the best period, resulting in higher survival. .The test of five different root stocks indicated 
that , judging from general effectiveness, C.oleifera was suitable root stock for Camellia ‘maozi’ , followed 
by C. polyodonta, and the poorest was C.japonica‘Da Hong Mu Dan’. 
Key words: new Camellia Variety ;Camellia ‘maozi’; biological characteristics; cutting propagation; 
grafting propagation 

Camellia ‘maozi’ [1] is a new variety of Camellia cultivated by Guangxi Forest Research 
Institute in 2013, which was hybrid of interspecific crossing of Camellia nitidissima and 
ornamental Camellia, with a certain features of barrenness. Camellia ‘Maozi’  grows 
fast,  ,with thick and deeper green branches and leaves, cabinet and delicate flowers in pale 
violet red which was rare in ornamental Camellia species. Being a new member of Camellia 
family, Camellia ‘maozi’ has a high value in scientific research economic development. 
Biological characteristics of a plant means the specific characteristics of the plant, which 
includes growth habit, adaptability, etc. [2]. Since sexual propagation [3] was limited because of 
its unfruitful character [4-6], cutting propagation and grafting propagation had become the 
primary protocols for the propagating of seedlings. In this paper, for a better understanding of 
germplasm conservation and propagation methods and for the improvement of the present 
situation of rare seedlings resource of Camellia‘Maozi’, the biological characteristics and 
cutting and grafting technologies of Camellia‘Maozi’ were studied to search for feasible 
technologies and measures of artificial propagation and the study  was conducted to  provide 
basic scientific data and theoretical basis for further research of Camellia ‘Maozi’, and to 
provide reference for the better protection and development of this species. 

1  Material and methods 
1.1 Material 
The experiments were carried out in Camellia japonica cultivation base of Camellia 
oleifera Abel. genetic resources center, where all cuttings and scions of 
Camellia‘Maozi ’were derived.  
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Rootstocks for the test included Camellia osmantha, Camellia japonica ‘Da Hong Mu Dan’, 
Camellia polyodonta, Camellia oleifera , Camellia japonica ‘Hei Mu Dan’, Camellia ‘Maozi’, 
and the required diameter of the rootstock seedlings were over 0.3 cm. 

1.2 Methods 
1.2.1 Biological characteristics observation 

Twenty adult trees (12a) of Camellia ‘Maozi’ were selected as standard plant during 2013～
2015. Standard branches were selected, labeled and observed regularly for their phenophase, 
growth, flowering and fruiting characters, growth adaptability, etc.. Thirty cutting propagated 
seedlings (1a) of Camellia ‘Maozi’ were selected simultaneously and observed regularly for 
their height and diameter growth.  

1.2.2 Cutting propagation 

The test for different media was conducted in June 1, 2015. 7 treatments of compound media(in 
volume ratio) was test: H1-red soil: coconut tree branny=2:1; H2-red soil: pearlite=2:1; H3-red 
soil: vermiculite=2:1; H4-red soil: vermiculite=1:1; H5-red soil: peat=2:1; H6-vermiculite: 
pearlite=1:1; H7-vermiculite: coconut tree branny=1:1, CK1-100% red soil . The base of the 
cutting were soaked in 500mg/L IBA for 1～2h before the cuttage. 
The test for different plant growth regulators was conducted in  June 3, 2015.  7 treatments of 
plant growth regulators was test: N1 was 2h in 500 mg/L NAA, N2 was 0.5h in 2000 mg/L NAA; 
M1 was 2h in 500 mg/L IBA, M2 was 1h in 1000 mg/L IBA, M3 was soaked quickly in 2000 
mg/L IBA and talc; L1 was 2h in 500 mg/L IAA, L2 was 0.5h in 2000 mg/L IAA. All the cuttings 
were inserted to red soil then, and water was CK2. 

1.2.3 Grafting propagation 

The test for different time of grafting was conducted in  May 11, June 1, July 3, August 6 and 
September 10, 2015, taking plantlets of Camellia osmantha as rootstocks. 
The test for different rootstocks of grafting was conducted in May 19, 2015: Camellia japonica 
‘Da Hong Mu Dan’, Camellia polyodonta, Camellia oleifera , Camellia japonica‘Hei Mu Dan’ 
were rootstocks, Camellia ‘Maozi’ was CK3. 
Complete random block design were used in all experiments mentioned above, three repeats for 
each treatment, 100 cuttings for each repeat in cutting propagation, 60 plants for each repeat in 
grafting propagation (cleft graft). 

1.3 Data processing 
Growth of cuttings such as rooting and pumping were measured after 100d. Survival ratio and 
pumping rate was investigated after three months, survival rates and germination rates of 
different rootstocks were examined after 5months along with the measuring of length, diameter 
and leaf number of new shoots. Data were processed and analyzed by Excel and SPSS 17.0.  

2 Results and analysis 
2.1 Biological characteristics observation 
2.1.1 Phenophase observation 

Camellia ‘Maozi’ started to produce new shoots in early December and the sprouting period 
was often from December to January in the following year, with a synchronization of leafing 
and shooting. Young trees had three shoot sprouting period in spring, , summer and autumn  
through the year, while adult trees had only one shoot sprouting period yearly. Growing of new 
shoots of young trees lasted for 25～30d, while growth of new shoot of adult trees lasted for 
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15～20d. Flowering buds formed from late April to early May. Florescence was concentrated in 
winter and spring (January～March), which lasted for three months. 

2.1.2 Growth characteristic  

2.1.2.1 Root growth 

Rooting of cuttings was mainly from the root primordiums in the bark: NAA and IAA 
treatments mainly resulted in bark rooting, and rooting from callus was seldom observed; The 
similar cuttings treated by IBA mainly resulted in bark rooting and a few of them were rooting 
from callus. 120 day after cottage, 7～62 roots were observed in different treatments, with the 
longest root over 2～12cm.  Randomly selected and test for 30 treated cuttings, the average 
roots of individual cutting was 12-18. 

2.1.2.2 Plant growth 

Camellia ‘Maozi’ could be defined as evergreen shrubs or small trees, with a height of 
3～5m. It grew fast in seedling stage, with three times of shoot sprouting through the year, . 
New shoots mainly appeared in March, May and August, with mean height incrementof 
3.9cm, 4.1cm and 4.7～5.1cm respectively. Height growth of adult trees reached its peak in 
March, growth of stem diameter mainly occurred in summer and autumn. With a strong 
sprouting and branching ability, it was easy pruning, and was observed that a 6～7a Camellia 
‘Maozi’ spouted out 5～10 branches from axillary bud and kryptoblast after a strong 
intensity radical pruning in year incurred.  

2.1.2.3 Flowering and fruiting habit 

The flower of Camellia ‘Maozi’ was in pale violet red color, which were grew in leaf axil on 
branches of last year or 2～3a branches and had 6～8 petals, most of which was stamen, and 
had three styles. The life span of single flower was 4～8d. Compared with grafted seedlings, 
the flower of cutting seedlings formed earlier 1～2a. Further research is needed to explore why 
there was no fruits so far, and if it was affected by Annual accumulated temperature of 
cultivation area and hybridization.  

2.1.2.4 Adaptability 

Camellia ‘Maozi’ is suitable for warm and damp surrounding, a certain extent of overshadow in 
seedling stage was needed, which need mean annual temperature higher than 20℃,the lowest 
monthly mean temperature higher than 2℃. Plantlets could grow normally when the lowest 
mean temperature reached 4～7℃ and frost appeared, while some leaves of new shoots 
suffered freeze injury. Plantlets were easily gotten sunburnt when the temperature reached 37～
39℃ for three consecutive days and under shinning straight. Camellia ‘Maozi’is suited for 
acidic or subacid red and yellow light red soils. Diseases of Camellia ‘Maozi’ are fuliginous, 
peony leaf tip blight, and so on, which could be protected and cured by 800～1000 times 
carbendazim and chlorothalonil. Insect pests of Camellia ‘Maozi’ are empoasca pirisuga 
matsumura, tea aphid, etc., which could be killed by 1500 times 80% dichlorvos emulsious.  

2.2 Cutting propagation 

2.2.1 The effects of different media to cutting rooting and the growth of above-ground organs 

The effects of different media to cutting rooting and the growth of above-ground organs were 
significant (Table 1). Rooting rate of H2, H3 and H5 were highest, which reached 100%. Rooting 
rate of H4 and H6 were higher than 90%, while rooting rate of H7 was only 60.83%. The effects 
of H3 to cuttings were best, with highest new shoots number, new shoot length, rooting rates, 
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roots number,  length of the longest toot and root fresh weight, which were 68.35%, 5.64cm, 
100%, 27.80, 8.53cm, 0.46g, respectively. These indexes were significantly higher than CK1. 
The growth of cuttings treated by H1 and H7 were poor, the new shoot rate, new shoot length and 
roots number of H7 was only 12.50%, 1.22cm and 9.6, respectively, which had no significant 
differences with CK. 
Each rooting characteristic and growth performance of above-ground organs of H3 medium 
were best for the usage of  vermiculite, which had better drainage, thermal insulation and 
moisture holding and good air permeability. It could satisfy the requisite air and water needed in 
rooting, when nixes with red soil by nearly two to one. There were coconut tree branny in H1 
and H9 media, which made the root of cuttings to mildew and effected rate of survival. So 
sterilization and disinfection were needed to improve rate of survival. Above all, H3 medium 
was selected for cutting propagation to production. 

Tab.1 The effects of different media on rooting characteristic and the growth of above-ground organs  

Medium New shoot 
rate 
/% 

New shoot 
length 
/cm 

Rooting rate 
/% 

Root 
number 

 

The longest root 
length 

/cm 

Root fresh 
weight 

/g 
H1 16.67c 1.55c 80.17b 11.30b 5.38b 0.15b 
H2 58.31a 3.60b 100.00a 24.70a 7.61ab 0.34a 
H3 68.35a 5.64a 100.00a 27.80a 8.53a 0.46a 
H4 56.33a 3.73b 91.57ab 19.60ab 8.12ab 0.32a 
H5 62.50a 4.75ab 100.00a 19.30ab 7.06ab 0.37a 
H6 41.67b 3.94ab 91.67ab 19.70ab 8.46a 0.37a 
H7 12.50c 1.44c 60.83c 9.60b 5.20b 0.16b 

CK1 17.09c 1.87c 73.36bc 11.36b 6.09ab 0.19b 
Note: different lowercase showed significance of difference (P＜0.05), and same below. 

2.2.2 The effects of different plant growth regulators to cutting rooting and the growth of 

above-ground organs 

There were significant variations in different treatment of plant growth regulators (Table 2). 
The effects of M1 and M2 to growth of above-ground organs were significant: new shoot rate, 
new shoot length and number of M1 treatment were biggest, were 60.87%, 4.05cm and 3.60, 
respectively. M2 took second place. The effects of N1 and N2 treatments to growth of 
under-ground organs were significant: the root number and root fresh weight of N2 were biggest, 
were 46.40 and 0.53g. The growth of above-ground organs treated by L2 was poor: new shoot 
rate, new shoot length and number were all lowest, were 4.35%, 1.31cm and 1.20, respectively. 
There were no significant differences among the longest root length treated by different plant 
growth regulators. 
Lower IBA (M1 and M2) could improve the growth of above-ground organs, while higher 
concentration could inhabit the growth of above and under-ground organs; NAA (N1 and N2) 
could improve the growth of above-ground organs; higher concentration of IAA (L2) could 
restrain the growth of cuttings. So M1 was selected as the best growth regulator for cutting 
propagation, and N1, N2, M2 and L1 took the second place. 

 

Tab.2 The effect of different growth regulator on rooting characteristic and the growth of organs above ground 

Plant Growth 
regulators 

New shoot 
rate 
/% 

New shoot 
length 

/cm 

Leaf 
number 

Rooting 
rate 
/% 

Root 
number 

 

The longest root 
length 

/cm 

Root fresh 
weight 

/g 
N1 47.83b 3.98a 2.80ab 80.43b 36.20b 7.40a 0.47ab 
N2 38.96b 3.16ab 2.40ab 89.13ab 46.40a 6.01a 0.53a 
M1 60.87a 4.05a 3.60a 100.00a 35.80b 7.57a 0.45ab 
M2 52.17ab 3.87a 3.30a 99.98a 18.90cd 7.27a 0.30bcd 
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M3 15.22c 1.87bc 1.80bc 67.39c 7.00e 6.25a 0.14d 
L1 45.65b 3.83a 3.40a 97.83a 12.90de 5.93a 0.21d 
L2 4.35d 1.31c 1.20c 58.70c 12.60de 6.24a 0.26cd 

CK2 17.39c 1.97bc 2.40ab 78.26bc 11.60de 6.11a 0.18d 

2.3 Grafting propagation 
2.3.1 Different time of grafting propagation: 

The grafting rate of Camellia ‘Maozi’ and Camellia japonica‘Da Hong Mu Dan’ were 
higher than 90% in each period, which reached 80%, the length of new shoot 10.50cm (Table 3). 
So the grafting propagation of Camellia ‘Maozi’ should carry out in May to September, 
among which the grafting rate, new shoot rate and new shoot length in July were best. 

Tab.3 The survival and growth of grafting of Camellia ‘maozi’ in different time 

Grafting 
time 

Grafting 
number 

Three months Five months 
Survival number Survival rate/% New shoot 

rate/% 
New shoot length 

/cm 
May 11 180 163 90.56 90.23 11.46 
June 1 180 175 97.22 95.31 12.65 
July 3 180 180 100.00 93.67 13.08 

August 6 180 178 93.89 86.43 10.92 
September 10 180 171 95.00 83.72 11.16 

2.3.2 Survival condition of different rootstocks 

Survival rate of C. polyodonta and C. japonica‘Hei Mu Dan’were higher than 95% (Table 4), 
survival rate of C. oleifera reached 100% after grafting three months, all of which were 
higher than CK3 (72.73%). However, survival rate of C. japonica‘Da Hong Mu Dan’ was 
lowest (12.81%). Germination rate of C. oleifera and C. polyodonta were higher, 82.05% and 
69.70%, respectively, while that of C. japonica‘Hei Mu Dan’ and CK3 were lower, 20.51%和
24.24%, respectively. Germination rate of C. japonica‘Da Hong Mu Dan’ was only 0.26%, 
which showed that there were significantly differences among survival rates and germination 
rates of different rootstocks.  

Tab.4 The survival and growth of grafting of Camellia‘maozi’ with different rootstocks 

Rootstocks 

August 21, 2015                        October 20, 2015 

Survival  
rate/% 

Germinat
ion 

rate/% 

Preser 
-ving 

rate/% 

Germina 
-tion 

rate/% 

New root length 
/cm 

New root 
width/mm 

New root 
number 

C. japonica‘Da Hong 
Mu Dan’ 

12.82c 0.26d 7.78d 0d 0c 0c 0c 

C. polyodonta 96.97a 69.70ab 88.33b 84.67b 6.35b 3.27a 6.10ab 
C. oleifera 100.00a 82.05a 100.00a 96.10a 11.65a 3.47a 7.30a 

C. japonica‘Hei Mu 
Dan’ 

95.17a 20.51c 89.44b 41.03c 2.73b 1.80b 3.30b 

Camellia ‘Maozi’ 72.73b 24.24c 54.44b 36.36c 4.35b 1.57b 3.70b 

Growth of C. japonica‘Da Hong Mu Dan’ was poor, whose preserving rate was only 7.78% and 
had no new shoots after five months. However, preserving rate of C. oleifera reached 100%, C. 
polyodonta and C. japonica‘Hei Mu Dan’ were higher (88%) than CK (54.44%). All 
germination rates of rootstocks had significant increase, which increased 12%～ 20% 
excepting C. japonica‘Da Hong Mu Dan’. Germination rate of C. oleifera was highest 
(96.10%), C. polyodonta took the second place (84.67%). New shoot length, width and leaf 
number of C. oleifera were biggest (11.65cm、3.47mm and 7.30, respectively), which higher 
than CK. C. oleifera was the best rootstock for different affinity or viability of scion and 
rootstock.  
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3 Discussions 
From observation, Camellia ‘Maozi’ had high germination ability and was easy pruning 
after biological characteristics. It grew fast in seedling stage, with an increment of 13～18cm in 
height. Young trees had  three times of shoot spouting, while adult trees had only one shoot 
spouting yearly. Buds formed from late April to early May, and lasted for three month, among 
which, the life span of single flower was 4～8d. So far there were no fruits of Camellia ‘Maozi’ 
observed. Its primary diseases were fuliginous, peony leaf tip blight and primary insect 
pests were empoasca pirisuga matsumura, tea aphid, etc. 
The results of cutting experiments showed that suitable medium and plant growth regulators 
were important factors to cutting rooting. When mixed medium H3 (red soil: vermiculite=2:1), 
M1 (2h in 500 mg/L IBA) were best for rooting and growth of above-ground organs. So in order 
to improve rooting and growth of above-ground organs, treatment of mixed medium and plant 
growth regulators were essential to improve the hormones in cuttings, which could enhance 
rooting effect[7-8], and improve the growth of above-ground organs further.   
When C.osmantha was used as rootstock, and the results of different time of grafting 
propagation showed that grafting propagation of Camellia ‘Maozi’ should carry out in May to 
September, among which the grafting rate, new shoot rate and new shoot length in July were 
best. For different affinity or viability of scion and rootstock, C.oleifera was the best rootstock, 
C.polyodonta took the second place, C.japonica‘Da Hong Mu Dan’ was the poorest. 

Acknowledgements  

This research was funded by The State Bureau of Forestry 948 project (2014-4-14). 

References 

[1] Wei XJ, Ma JL, Li KX. New varieties of Camellia. China Flowers & Horticulture, 2013(12):54. 
[2] Wei X, Chai SF , Jiang YS, et al. Seed reproduction and biological characteristics of Camellia nitidissima. Guihaia, 2010, 30(2):215-219. 
[3] Cutting propagation of Camellia japonica L. Guangxi Forestry Science, 2001, 30(2):86-87.  
[4] Zhao YH, Zheng H, Lei J. Study on the Cuttage for reproduction of Camellia japonica L. Journal of Anhui Agri. Sci., 2005, 33(5): 830- 831. 
[5] Li JH. Mechanism and application of cutting. Shanghai, Shanghai Scientific &Technical Publishers, 1987. 
[6] Zhang NY, Jiang ZP, Chen LQ, et al. Determination of rootstock-scion affinity in Camellia chrysantha grafting. Nonwood Forest Reasearch, 2007, 

25(3):65-68. 
[7] Journal of Sichuan Forestry Science and Technology, 2004, 24(3):50-51. 
[8] Wang JX, Yan XL, Pan RC. Relationship between adventitious root formation and plant hormones. Plant Physiology Communications, 2005, 

41(2):133-142. 
 
 
 
 
 



LI Xiang-peng et al: Propagation Techniques of Cluster-flowering Camellias 

286 
 

Propagation Techniques of Cluster-flowering Camellias 

LI Xiang-peng, GUO Wei-zhen,Feng shu-cheng1 

(Shanghai Research Center of Urban Plant Resources Development and Application & 
Engineering and Technology, Shanghai Botanical Garden,Shanghai 200231) 

Abstract: Compared with most camellia species, cluster-flowering camellias’ flowers and leaves have many 
characteristics, such as small and dense, besides used as potted plants, solitary planting, can also be applied to the 
bonsai, flowers hedge and border , but the application of cluster-flowering camellias in the garden is still rare . 
The annual branch of cluster-flowering camellia is born of thinner than other conventional camellias, should be 
discriminated in breeding process, breeding techniques (cutting, bud-stock graft and bark lifting graft) which is 
suitable for cluster-flowering camellia are introduced, to promote the popularization and application of 
cluster-flowering camellia. 
Key words: cluster-flowering camellias;cutting; bud-stock grafting; bark lifting graft 

Cluster-flowering camellias, especially species and varieties of mini-flowers cameliias which have 
many buds in apical and axillary,with broom brilliance,long flowering and leaf color period,are the 
innovative resources have broad application prospects in flower hedge,hedge,landscape and lunar 
new year flowers , however their application in landscape is still rare.The development history of 
cluster-flowering camellias, though less than 100 years, but as the application of seed resources in 
the germplasm innovation and increasing of new varieties,have attracted increasingly attention. 
Shanghai botanical garden had bred a series of cluster-flowering camellias as new germplasm 
resources in recent years, along with many excellent ornamental characteristics,such as flower 
clusters (number of flower buds in each leaf and apical is up to nearly 40), long ornamental period 
(1 ~ 1.5 months flowering, 1-1.5 months spring color leaf stage, winter color leaf stage 1.5 ~ 2 
months), application forms vary(flower hedge, hedge, flower borders, etc.), adaptability to 
illumination and the soil which have broken through east China camellia, are excellent ornamental 
materials in landscape application in the future. Breeding of cluster-flowering camellias is given 
priority to cutting and grafting, the two methods all can keep the excellent characteristics of 
material plants effectively, cutting can cultivate seedlings with large-scale in the short term, 
grafting can quickly cultivates large size commercial seedlings combined with superiority and 
adaptability of rootstock. 

1 Cutting Propagation 
1.1 Stock plant management 
The annual branches of cluster-flowering camellia are thinner,strengthen water and fertilizer 
managemengt of parent plant, remove buds in time. In order to obtain a large number of strong 
branches, moderately pruning before sprouting in spring which can help shoot grow. 

1.2 Media choice 
Choose red loam, vermiculite and peat, perlite, river sand alone or mix as media according to 
production conditions.Red loam can choosed as media alone for cutting  in regions rich of red 
loam resource and also can be used alone or as a mixture of vermiculite, perlite and other light 
matrix. 

1.3 Cutting 
From late May to October is cutting period of cluster-flower camellias.late May to mid June is 
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optimum. Always take from the outer edges of branches which grow moderation under full 
illumination (high-carbohydrate low nitrogen make them more likely to root), branches which was 
excessive growth or too thick do not apply[1]. The idea cutting have 2 to 3 leaves and be about 8 to 
10 centimeters long, slice off one side of very bottom tip of the stem, straight snip incision at 0.5 
cm from axillary. Each blade can be cut on half or keep intact depending on cutting spacing, for the 
adjacent leaves non-overlapping, Quckly dip just the very bottom, put exposed area of the stem in 
rooting powder(mix equal parts 500mg/L IBA and 1000 mg/L NAA),then cutting. Due to 
relatively thin cuttings, use bamboo to punch in the seedbed and then insert the cuttings and 
compacted cuttings base in order to reduce damage. 

1.4 Maintenance management 
Cover the tectorial membrane for moisturizing after cutting, can also used spray system for spray 
moisturizing regularly under the condition of cutting substrates which have good drainage 
permeability such as river sand or pearlite alone. If northwest of seedbed have no trees and other 
natural barriers, artificial barriers can be built to shelter the cold , western exposure and arid 
airflow[2]. Above the seedbed required 80% shade net to cool the building, reduce transpiration 
while avoiding the cuttings appear burns. 
The key factors of cutting seedling survival are to maintain the water balance in the early, the latter 
will have to pay attention to proper water control of matrix to promote rooting, timely supply of 
nutrients after rooting. Acclimatizing process must reduce the air humidity gradually. Cutting 
seedlings which cover moisturizing film can unlock shed on the both ends of the tunnel in the 
evening or rainy. 

 

Fig.1. Short cutting diagram 
A: before cutting, B: after cutting, C: rooting of cutting 

2 Grafting propagation 
2.1 bud-stock graft 

2.1.1 Seed treatment 

Hide Camellia spp seeds which are plumpness in Sand indoor or Leeward and Sun exposed, 
humidity of sand is appropriate. Usually 35 days in advance grafting in summer and autumn, about 
45 days ahead of winter and spring grafting, seeds can be sown. Seeding matrix can choose clean 
sand or vermiculite, first spread a layer of matrix in the bed about 10-15cm thickness, evenly 
spread the seeds, but avoid overlapping dense, then put 10cm thick matrix layer at the top of the 
seed, a little compacted, and drenched with 25% carbendazim powder 500 times liquid. Inspect 
regularly, supplementary irrigation in usual[3]. 
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2.1.2 Stock 

Graft when seedlings’ stem are longer than 2 cm and scion become semi-woody, wash seedlings 
and soaked with 25% carbendazim powder 500 times liquid 10 minutes for sterilization, store and 
moisture in the shade after washing. 

2.1.3 Scion 

Take half-woody shoots with plump buds from upper of young scion mother tree which have 
vigorous growth, wash seedlings and soaked with 25% carbendazim powder 500 times liquid 10 
minutes for sterilization, store and moisture in the shade after washing. 

2.1.4 Grafting 

Cut off seedlings of seed germ, leaving embryo above 3 to 4 cm , slitting deep 1.5 to 2cm from the 
middle section of cut with a sharp double-sided knife; select scions the same size as cuttings, 
oblique cutting two knife from 2 to 3 mm under buds, cut it as 1.5 to 2cm long wedge surface, keep 
long and short surfacing maintain a long gap of 3 to 5mm, then cut half scion’s leaf and truncated 
over bud on a 2 to 3mm. scion is inserted into stock and wrapped with aluminum foil to make close 
contact, place it in a cool place with moisturizing for planting. 

2.1.5 Maintenance management 

Plant the grafted in suitable spacing and irrigate, spray a broad spectrum fungicide for sterilization, 
then coated for moisture. Shade with 70% net shade structures after planting, increase 
transmittance appropriate in rainy weather, reduce air humidity of grafting seedbed gradually after 
a month, and prune sprout regularly, follow up keep water and fertilizer management. 

 

Fig.2. Bark grafting by using Camellia japonica ‘Naidong’ as root stocks. photography by Xiang-peng Li. 

A: cut-off stock and scions preparing, B: prepared scions in its proper stock position on stock, C: 
completed graft protection, D: succeed graft. 

2.2 bark lifting graft 
Unlike common peeling graft, bark lifting graft binding cleft grafting technique, chip cortex xylem 
off slightly from the side of stock after the cut, the cut does not penetrate to the other side, there are 
less wound than the cleft graft, healing is firm than the peeling method,, healing time is short and 
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sprouting fast, sprouting at 25 ~ 30 ℃ situation after about 30 days. 

2.2.1 Grafting time 

From February to early March or mid May to late September is grafting period, late May to mid 
June is optimum. 

2.2.2 Stock 

Choose 'Naidong', 'Red dew Jane' and other varieties of camellia as stocks which grow 
robustly ,have fewer pests on the market currently, plants with robust growth, no pests, main 
branches and more branches evenly distributed are appropriate. Select 2 to 4 branches which have 
straight trunk , smooth bark and no pests per stock in different directions as rootstocks. Truncate 
stocks leaving 30-80 cm from the ground, prevent dilacerations when tearing off the stock, 
trimmed cut slightly and keep it neatly. In accordance with the size of the scion, cut down 2-3cm 
once at the fracture point with little xylem of rootstock with a single knife, make incision vertical 
and smooth. Uniform grafting position distribution, direction of cut should consider the direction 
of new branch growth, in order to facilitate camellia prototyping rapidly. 

2.2.3 Scion 

Scion should choose branches which have robust growth, axillary bud full, color normal and no 
pests, use annual spring shoots in summer and current year's summer and spring shoot in fall as 
scion. In the early morning gathering scion, placed in a water basin to avoid dehydration. It is 
better to graft in time when scion was gathered, avoid taking the shade, old and worms branches, 
soak with 25% carbendazim 700 times liquid after scion harvest, for reducing fungal diseases and 
improving graft survival. a blunt wedge cut about 3-5 mm on both sides on the bottom bud, cut the 
scions about 5mm above the upper bud to include one bud and one leaf. Stay 1 or 1/2 leaf on the 
scion. If scions are too thin, minimize the second surfacing, avoid too thin after the scion cutting, 
while not affecting the scion into the connector. 

2.2.4 Graft 

Put long surfacing of scion inward, insert to rootstock incision, to protect one side of the cambium 
alignment at least. The upper scion need 2-3mm blank, in order to facilitate graft survival and 
interface heal, otherwise the interface is difficult to heal fully, binding interface from bottom to top 
with 1-1.5cm wide plastic film, and pay attention to prevent scion move. Sealed grafted kerf with 
plastic film, for reducing water loss, avoids kerf dry and crack. Sealed grafted kerf with aluminum 
to avoid light, is beneficial to the growth of callus, so that the interface healing early. 

2.2.5 Maintenance management 

Shade with 70% net shade structures after planting, can be removed after autumn and then 
properly managed. When axillary buds of scion start swelling, you can sip the bag film for seal 
moisture to reduce internal air humidity, and remove the bag follow up. Cut fastened straps after 
woody scion shoots to ensure its normal growth and development. High bud grafting rootstock 
branch more and grow faster, must be removed promptly, otherwise it will affect the growth of 
scion, remove buds until the dominant of scions’growth. 
The key of grafting survival is to choose plants growing vigorous as rootstock and scion, while 
both scion and rootstock cambium least one side aligned and closely, facilitate wound healing, the 
early formation of a new conducting tissue. Scion need air humidity above 95 percent at least, put 
a plastic bag moisturizing, spray a small amount of water into it before. Stocks should be irrigated 
in 2 to 3 days before grafting to avoid too much water in interfaces that will affect the survival. 
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Fig.3. Seed grafting by using Camellia fraternal as root stocks, by Xiang-peng Li. 
A: cut-off stock and scions preparing, B: prepared scions in its proper stock position on stock, C: completed seed graft, D: succeed seed graft. 

3 Conclusion 
Shanghai Botanical Garden have bred new varieties of cluster-flowering camellia series, with its 
high ornamental and adaptable characteristics, have broad application prospects in modern garden 
construction which develop rapidly. Cutting propagation technology can foster a large number of 
seedlings at a lower cost in the short term; bud-stock grafting techniques can breed high quality 
seedlings which grow strong, they can grow up to 20 to 30cm in one year; bark lifting graft can 
take full advantages of rootstock, have larger application space on the tree crown exchange and 
large-sized commodity seedling cultivation. So far application of the above techniques has 
successfully reproduced seedlings millions, promotion of scientific breeding techniques will 
greatly promote the popularization and application of cluster-flowering camellias. 
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Prevention and Control of Diseases and Pests for 
Camellia japonica in Hangzhou 
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Abstract: Camellia japonica is an important landscape architecture, which is one of the Top Ten Traditional 
Flowers. The occurrence of diseases and pests is the main reason of restricting its normal growth. The diseases 
and pests on Camellia japonica in Hangzhou were investigated systematically this years, and the article 
expounded the varieties、occurring patterns of the main diseases and pests of Camellia japonica in Hangzhou, 
thereafter, put forward relevant prevention and control means. 
Key word：Camellia japonica; Diseases and pests; Prevention and Control; Hangzhou 
 

Camellia japonica is one of the Top Ten Traditional Flowers in China, which is also very famous 
in the world. Camellia is widely used in urban greening, park, and the residential area. In recent 
years, the Camellia pests and diseases were investigated in the range of Hangzhou, main kinds of 
pests and diseases of Camellia and their control measures are summarized as follows. 

1 Main diseases and Preventions 
1.1 Infectious diseases 

1.1.1 Anthracnose 

Colletotrichum gloeosporioides, is the main disease of Camellia japonica, mainly occurred on the 
leaves, also on new shoots. At the early stage of the disease, in the tip, leaf margin presented nearly 
round or irregular shaped brown spots, later after the lesion becomes gray and white, there was a 
obviously boundary between the ill and health parts. At the later stage small irregular shape or a 
round of striated arrangement of small black spots appeared. Infected branches, the base of petiole 
or bifurcation have pale brown sag ulcer plaque. Pathogenic bacteria of mycelium in leaf disease 
or with disease leaves into soil in the diseased plants overwintering, general 5,6 months between 
onset and early in July reached peak period, 9 months after the gradually stop the onset. Heat, rain, 
barren land, nitrogen was conducive to the occurrence of the disease. 

1.1.2 Leaf clubroot 

 Pathogenic bacteria Exobasidium vexans, mainly damage leaves. Leaf injury after the disease of 
abnormal hypertrophy, with grey white powder, and later become brown. The disease is prominent 
under low temperature and high wet conditions, with temperature between 15-20 degrees, relative 
humidity above 80%. The disease could be induced by high planting density, poor ventilation and 
only nitrogen fertilization. 

1.1.3 Algal spot 

 Pathogen is Cephaleuros virescens, major happened in the lower part of the older leaves. After 
infection, frontal lobe and back can be produced Brown needle size round spots or cross shaped 
spots. After that, this center was radiate to the surrounding development round to irregular, size of 
micro convex spots. Lesion green to grayish brown, lesions visible thin strips felt like. Pathogenic 
algae to nutrient in diseased leaves in winter, in the spring of the next year, in high humidity 
conditions, resulting in zoosporangia and zoospore and by wind and rain spread, will continue to 
spread. The tide Wet conditions for spore formation and germination; plant intensive, shade, high 
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humidity and poor ventilation and light conditions conducive to the incidence and prevalence of 
disease. 

1.1.4 Gray mold 

Botrytis cinerea, infects the flowers, causing flower browning and make it fall off. At the early 
stage infected petals hygrophanous, feeble, fade dull, shading to brown, the expansion of the lesion, 
round or irregular shaped. Air humidity will create a fluffy gray mold layer on the surface, later the 
petal or bud rot, which impact the watch effect. 

1.1.5 Prevention and control 

Strengthening cultivation and management, increase the application of organic fertilizer, 
reasonable irrigation to enhance plant resistance to disease; timely pruning leggy branches and 
diseased branches, improve ventilation and light conditions, timely removal of diseased leaves, 
remove litter, the eradication of the infection source; early spring new shoot growth or early onset 
for Anthracnose using 25% carbon Trane wettable powder 500 times fluid, or 60% wettable 
powder of 400 times liquid spray for algae spot disease can use 0.6-0.7% lime half amount of 
Bordeaux mixture, or 30% of green insurance suspending agent 400 times liquid spray to leaf 
edema and Botrytis cinerea Using 70% mancozeb wettable powder 600 times liquid, or 70% 
methyl sulfur bacteria spirit can be wet WP 1000 times fluid, or 75% chlorothalonil Qing wettable 
powder 1000 times liquid spray. Once every 7-10 days after spraying, the continuous control 3-4 
times. 

1.2 Non infective disease 
Sunburn. In the summer sun, Camellia japonica leaf tissue is easily damaged, resulting in ash 
white, yellow white yellow brown spots. Burns spot area, with the sun of the time length and plant 
anti drying degree varies. Foliar tissue die of exposure, more intrusive saprophytic 
microorganisms. Due to sunburn, leaves to produce focal spot, even crinkling wither, so seriously 
affect plant normal nutrition physiology and landscape. The disease in the summer high 
temperature and drought season, when the temperature for 35℃, and for a long time when it rains, 
prone to the disease. Different varieties of camellia flowers of sunburn Different, in addition, when 
the plant growth is weak, it is easy to produce sunburn. 
Preventive measures: reasonable allocation, not to camellia flowers planted in the sun exposure; 
strengthen management and maintenance, ground watering or spray can improve plant resistance 
burning force. In summer, the high temperature and drought season to focus set shade canopy, to 
prevent excessive sunlight. 

2 Main pests and protections 
2.1 Sucking pest 

2.1.1 Stinkbug 

Erthesina fullo: 2-3 generations a year. Adults under the South bark or bark crack, eaves, cracks in 
the wall, overwinter. Next mid-late of March overwintering adults began feeding activity, April 
began to lay eggs on the back of the leaf, arranged in a massive 12 goals type egg. Egg period 4-6 
days, the first instar nymphs of cluster in feeding around the egg masses, 2nd instar scattered 
damage, the nymph period makes an appointment with 2 months. 
Halyomorpha halys: 2 generations a year. Adult in sunny bark cracks，wall joints, weeds, 
deciduous overwinter. The following late March overwintering adults started its activities. Lay 
eggs in April, which mostly lay on the back of leaf, a massive build-up, each about 20 grains. 
Overwintering adults has been active to 5 months in late April to late June the first generation of 
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nymphs began to hatch, the 1st instar nymph flock to the egg masses around 2 years old the 
scattered damage. The nymph stage about 1 and a half months to 2 months, the first generation of 
nymphs in June to middle August to early emergence.  
Poecilocoris druraei: 1 generation a year, mature nymphs in the leaves, weeds, soil cracks 
overwinter. Next April started its activities, lay eggs in June, the eggs into block production in the 
leaves of positive or negative. In the adult nymphs thorn ceiling leaves and tender shoots damage 
0.10 joking mature nymph began to live through the winter. 
Preventions: clear the park in the winter, timely removal of leaves, weeds, and trunk Alice skin, 
and tree trunks painted white in winter, reduce the density of overwintering pests; of canopy 
density larger plants proper pruning, thinning, to ensure ventilation, light transmission, create an 
environment is not conducive to insect growth and reproduction; the nymph cluster habit. In the 
early age extirpating insect eggs with foliage or, and focus on the destruction; occurs in 10% WP 
imidacloprid wettable powder of 1500 times fluid, or 4.5% of high chlorine cypermethrin EC, or 
1.2% bitter smoke EC 1000 times liquid spray control can be used. 

2.1.2 Aphid 

Toxoptera aurantii: more than 10 generations a year, the egg was layed in the abaxial leaf surface 
in the winter. At February the eggs began to hatch into stem mother, March began to produce 
wingless parthenogenetic aphids. High temperature and drought in summer  have certain 
inhibition of the insects, from April to May and from October to November are the annual two 
damage peak, the expansion of new leaves can not be normal. When the environment is adverse, a 
winged parthenogenetic aphids can be produced. 
Preventions: strengthen maintenance and management, improve plant growth, enhance their 
resistance; clear the garden in winter timely,use 3-5 Baume lime sulfur mixture kill more Chinese 
caterpillar fungus and eggs on dormant plants; combined with pruning, manually cut off pest 
branches, keep ventilated; always check the pest control , pay attention to the prevention and 
treatment at the early stage based on the different aphid habit, beginning with 5% WP imidacloprid 
wettable powder 1500-2000 times, or 1.2% bitter smoke EC 1000-1500 times liquid spray control; 
protection of green lacewing, ladybug, SYRPHID flies predators, in few enemies using chemical 
control. And artificial release ISO Color lady beetles for prevention and control. 

2.1.3 Scale insects 

Icerya purchasi: 2-3 generations a year, female adults or nymphs overwinters. Temperature and 
humidity have a significant relationship, general 6,8,10 month nymphs occur more, the hidden 
occurred serious. 
Ceroplastes ceriferus: 1 generation a year, 1-2 instar nymphs overwinter in the trunk. Next June, 
late July adult females at the end of July began spawning and early August oviposition period and 
early September for the hatching period. 
Ceroplastes Rubens: 1 generation a year, female adult form at send branches and leaves overwinter. 
In middle April the following year female adult began ovum, early June nymphs hatch, September 
of male and female mating, fertilized female adults of overwintering. 
Pseudaulacaspis cockerelli: 2-3 generations a year, adult female or nymph overwinter. Adult 
female began spawning in next Apirl or May, spawning period is long and irregular. When 
temperature is appropriate, 1 generation can be occurred in more than a month, with overlapping 
generations. Scattered or cluster damage, scattered a general in the face of blade fixed damage, 
individual cluster tend to be concentrated in the blade is fixed at the back of the damage. 
Protections: strengthen the seedling quarantine inspection, do not buy or introduce worm nursery 
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stock, such as the discovery of plant diseases and insect pests should be promptly take effective 
measures to be destroyed; strengthen maintenance management, reduce the planting density 
appropriately, pay attention to ventilation, light transmission; individual branches or leaves of 
scale insects should be timely brushing or removed, cut off insect branch, weak branches and 
dense branches, kept the plant ventilated and exposed to light; to understand the scale insects 
living habits, observe the pests in nymphs hatching period 10% wet imidacloprid wettable powder 
of 1500 times fluid, or 95% of pest mites emulsion 400 times fluid, or 25% hypertonic phenoxy 
Weike wet WP 300 times liquid spray control; protection of lacewing, ladybird, syrphids, 
parasitoids, do not occur in the flourishing period of spraying natural enemies. 

2.1.4 Leafhoppers 

Empoasca flavescens: about 10 generations a year, adults overwintering in the bark seam, to 
overcome the winter. In mid-March the next year the overwintering generation started its activities, 
April early on abaxial leaf surface in the main vein of spawning. Nymphs hatch like cluster at the 
back of the blade thorn ceiling damage, killed leaf blade adaxially lose the green dots. High 
temperature, rain is not conducive to the occurrence of the pest, mid-June to 10 in mid-September 
to a peak. 
Bothrogonia ferruginea: several generations a year , adults in the bark seam, weeds or often trees 
in winter. In April the following year host budding started its activities, after mating, oviposition 
on the back of leaf tissue. The nymph period of about 60 days, like the high temperature and 
drought climate, July to August is the peak period of the occurrence. 
Protections: strengthen management and maintenance, removal of weeds around, reduce the insect 
hibernaculum; combined with pruning, increase the light transmittance ventilate, reduce pests; 
using adult phototaxis and tend to yellow, and in the adult period using black light lamp or 
suspension of yellow sticky traps for trapping and killing; in harm before the peak of 25% 
buprofezin wettable powder, or 10% imidacloprid wettable powder 2000 times liquid, or 1.2% 
suffered smoke EC 1000-1500 times liquid spray control. 

2.1.5 Plant hopper  

Geisha distinctissima: 1 generation a year, in the form of host eggs to survive the winter. In the 
May early next year the eggs start hatching, from July to August, a large number of adult emerged. 
Adults and nymphs were meet surprised the habit of jumping. 
Salurnis marginella: 1 generation a year, in the form of host eggs to survive the winter. May the 
following year nymphs hatched, like cluster in twigs or branches in the upper part of the sucking 
damage and secrete a lot of white woolly wax and landscape impact of 6 months to July adults 
began to appear, to have damage to September 7 to August between adults mate and lay eggs, egg 
prolific in branch cortex, and covered with a small amount of white wax. Adults, nymphs have 
meet surprised the habit of jumping. Wet shade is conducive to the occurrence of the pest. 
Pochazia guttifera: 1 generation a year. Eggs in late April next year start hatching, May to June is 
a nymph peak, until late August nymphs eclosion of all. Appears the earliest adults in late June, 
September for oviposition peak, eggs on the branches of current year shoots, and covered with 
cotton wool silk white wax. After spawning adults gradually died. 
Protections: wax cicada insect pests generally do not cause obvious harm, manually kill the adult, 
the nymphs and remove egg branches. 48% chlorpyrifos EC 1500 times fluid, or 10% wettable 
imidacloprid wettable powder of 1000 times fluid sprays could be used for prevention and cure. 

2.1.6 Whitefly 

Aleurocanthus spiniferus: 4-5 generations a year, overlapping generations, 2-3 instar nymphs on 
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the back of leaf overwinter. Late May and from August to September for nymphal peak. Adult 
cluster in shoots and leaves back activities 0.1 instar nymphs with climbing ability, 2nd instar 
nymphs of degradation, after molting camp fixed survival. 
Protections: use yellow sticky card traps around the plant. Pay attention to check the pest, use 25% 
buprofezin wettable powder, or 10% wettable imidacloprid wettable powder, or 20 percent of 
cyanide fenvalerate EC 2000 times liquid for spray control. 

2.2 leaf-fed pests 

2.2.1 Clania 

Clania minuscula: 2 generations a year. mid instar larvae overwinter in the bags t. The following 
year with the temperature elevated activities began. Pupation may, June emergence after mating 
spawning in female cysticercosis. After the eggs hatch larvae spin silken, since the posterior 
capsule climbed out of the wind spread to neighbouring plants. Larvae gnaw the blade to form 
many holes, sometimes also gnaw food tender shoot bark, causing dry slightly phenomenon. 
July-August larvae peak period. 
Protections: discover to protect sac promptly removed; in young larvae were sprayed with BT gold 
coli BT preparations or 1.8% abamectin 1000 times liquid, or 25% chlorbenzuron No. 3 from 2000 
to 3000 times liquid. 

2.2.2 Slug moth 

Setora postornata: 2generations a year, the old larva in cocoon in rhizosphere soil in winter. The 
first and the second generation adults were appeared in May to late June and mid July to late 
August. The mating after egg powder produced in the leaf back June later larval infestation, 4th 
instar feeding mesophyll, leaving transparent skin, 4 instar eroded blade, when the insect 
population density in the short term the leaves eaten, only the main vein, serious influence tree 
growth and ornamental. The newly hatched larvae by 35-45 days after aging in shallow soil 
cocooning. Adults have strong phototaxis. 
Thosea sinens: 2 generations a year, mature larvae in the shallow soil to overcome the winter. 
Early may start pupation, late may start eclosion, adult have phototaxis, eggs spayed on leaves. 
Eggs stage endures for about 1 week, late June larvae hatch, larvae stage lasts about 1 month, 
mature larvae after cocoon and pupate. The larval and cocoon attached outside poison hair, can 
stimulate the skin is not conducive to health. 
Protections: winter pruning, digging of overwintering cocoons, elimination of overwintering 
larvae; the young cluster characteristics, cut off with insect branch, leaf, centralized processing; at 
the overwhelming period (late June to 7 month) spraying Bacillus thuringiensis BT preparations or 
1.2% bitter smoke 1000 times liquid to larvae of the first generation of. 25% or destroy 
diflubenzuron No.3 2000-3000 times liquid. 

2.3 truck-pest  

2.3.1 Anoplophora 

Anoplophora chinensis: one generation a year, overcome winter in the mature larvae form in trunk 
borers. The next April larvae in succession in Ambrosia internalization pupa, 5 months late 
emerged, 6 months for emergence peak period. Adult host tender shoot nutritional supplement 1 to 
2 weeks after mating, June to late July in the middle of the oviposition period, eggs in the tree trunk 
to base 10 cm above the majority, spawning in the trunk bark bite on a "8" shape or "t" - shaped 
groove to groove spawning a grain. Each female can lay 20-30 grain, high up to more than 70 
Grains. Newly hatched larvae eat cortex, gradually decayed into the xylem damage, and outward 
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fecal excretion chip, injured parts tend to have soy sauce like liquid exudation. Serious plant 
covered with Ambrosia, stunted growth, or even the whole plant dead. 11 months after the larvae 
decreased activity, began to overwinter in succession. 
Protections: suspension of Xylophagous insect attractant and trapping, trapping adults. Or in the 
forest edge manual stacked wooden lure, lure oviposition in emergence, oviposition period and 
early in the morning to capture adults oviposition site and groove shape, with a small hammer 
percussion groove, kill the eggs in the larvae bore into the xylem, with wire hook to kill larvae 
adult occurrence period of 8% cypermethrin microcapsules agent 200-400 times liquid, 2.5% 
deltamethrin EC 1000 times liquid spray to control larvae hatching larvae bore into the xylem 
using 75% cyromazine wettable powder, 20% acetamiprid soluble powder 100 times fluid sprays 
the trunk control; larvae bore into the xylem can be used after Guoguang tree body pesticides or 75% 
and fly disinfestation amine wettable powder 50 times liquid of drilling injection to prevent and 
cure, or with wire will dipped in 40% chlorpyrifos EC, 50% dichlorvos EC solution with cotton 
balls into the excretion of Apriona germari mouth, then clay sealed, through fumigation poisoned 
larvae. 

2.3.2 Termites 

Odontotermes formosanus: soil dwelling, social insects, the population of up to hundreds of 
thousands of head. Mainly in the worker ants gnawing trees epidermal and superficial layer of 
wood damage, generally do not bore into the xylem, injured trees tend to have large ant route, not 
only affects the growth of plants, but also affect the landscape effect. Every year in late March to 
early April workers began to nest predation can be continued damage to late November, may to 
June, September and October is the damage peak 6 to 7 months, encounter sweltering weather 
wing breeding alates. After pairing between male and female worm and in moist soil nesting set Ju. 
Nests are generally located within the range of the underground 0.3-2m, a mature nests of main 
nest diameter up to about 1 meter, nest usually has 1 head Ant King and the number of heads of the 
queen. 
Reticulitermes speratus: civil amphibious nature of social insects, except eats tree bark and roots, 
worker ants can eat further into xylem, damage height of is less than 2m, the basic focus within 1m. 
Victims of poor growth of trees, is easily broken, severe whole plant death. Each year in February 
the workers began to nest predation, continued damage to late November to early December, may 
to June, September and October is the beginning of the damage peak. When the noon temperature 
reached 17 degrees Celsius, winged reproductives may fly. Male and female worms settled in the 
near the roots of trees or wet soil is shallow nesting , the nest were small and scattered, the number 
of a group is generally not more than 1000 head, usually only hundreds of head concentrated in 
damage, and can rely on their own groups to split diffusion. 
Protections: strengthen maintenance management, improve plant resistance. Timely remove rot or 
dense branches to ensure ventilation and light transmission. Timely coating the plant wound area 
with protective agent to prevent termites from the wound damage; according to various 
characteristics of different groups using Blacklight to trap winged reproductives in termite damage 
before the peak (5 months in late June to early September), the use of 20% fenvalerate permethrin 
EC 20-40 times liquid spray main stem and the surrounding soil, then cover soil on termites have a 
significant effect; at occurrence peak, dig around damaged plant the shallow pit, dead Branches 
and other bait luring termites to be lured to a large number of termites to pit, spraying of 3% 
ivermectin powder, the termites carrying powder back to the nest, to destroy the nest. 
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30（2）：65-67. 
 
 



John Fildew : Xishan Park (West Park) Wanzhou Chongqing Municipality China 

298 
 

Xishan Park (West Park) Wanzhou  

Chongqing Municipality China 

John Fildew  
Xishan Park is hoping to become a new ICS Garden of Excellence. Wanzhou has a long history. 
The name Wanzhou, was given in 634 during the Tang Dynasty, means it’s the place where ten 
thousand rivers and ten thousand merchants (wan means ten thousand in English), which indicates 
that it has long been one of the busiest ports on the Yangtze River. 
 

Wanzhou is located on the Yangtze River above the three gorges dam which means the old part of 
the city is now 200-300 metres below the reservoir. It has a subtropical monsoon wet climate with 
four distinct seasons, foggy warm winter, dry hot summer, early spring and a long rainy autumn. 
I arrived at Wanzhou airport, which is on the top of a mountain, and was met by Mr Xiang Yinhong 
who is Director of Wanzhou Administration of Gardens and Parks and some of his staff. On the 
drive down the mountain he said that Wanzhou was a migration city where workers have moved 
east to Shenzgen Shanghi for work. I think that in the next ten years rich Chinese will move back 
because Wanzhou is covered with beautiful scenery, precious history and a great expanse of water, 
ideal for recreational use, it has been called the Hong Kong of the North West. 
The park like most things in Wanzhou is on the side of a hill so the garden is terraced. It is a long 
narrow natural slope that is 650 metres long from east to west and 250 metres long north to south 
with many different kinds of plants. There are five famous scenic spots in the ancient camellia 
garden, Wanzhou pool,, Jing Gardens, Kulishenko Tomb and Xishan Bell tower. 
The ancient camellia garden is the most famous scenic spot. It has about 29 different kinds of 
camellias totally in about 207 plants. The oldest Camellia is Japonica Zijingguan which is about 
350 years old. There are 29 Camellia plants which are over 200 years old with a further 114 which 
are over 100 years old. 
Xishan Park is the earliest park in Chongqing, founded in 1925.It is called this because of the 
Foundation of the Xishan Taoist Temple in the Ming Dynasty .In 1999 Xishan Park was rated as a 
Chinese Garden by the Chinese Park Association. The park is in the city and is very different from 
a rural park because it has to be more compact. It is very widely used, like other parks, by walkers, 
joggers, dancers and people just seeking a place to relax in the heart of the city. After the planting 
and signing are in place it will continue to enrich its botanical value through the purchase of new 
species. 
Charming Xishan Park text of video 
Charming Xishan – Camellia Image 
The endless Yangtze River has been rushing passionately 
Through the boundary of 3457 square kilometres, of Xisham. 
Which endows the landscape of various desirable styles and spiritualities 
Locating in the city with over 1700 years of established history, 
Xishan Park embodies strongest vitality, softest tonality. 
A temperament full of beauty and enchantment internally and externally. 

                                                                            
corresponding author: johnfildew@yahoo.com.au 
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It is said that the natural endowment of Xishan Park 
Has tenderly joined hands of the past and the future of Wanzhou. 
And it is also said that the classical and modern charm, 
had co-created Xishan Park into the famous city. 
In 1930, with both Chinese and western features, 
The Xishan Bell tower was established, Which became the third largest bell tower following that 
of Shanghai and Wuhan. 
Nowadays in this park area of nearly 10 hectares, from south to north there are five landscape areas. 
Such as Xishan Bell tower, Ancient Tea Garden, Wuzhou Pool, Wet land and garden Serene, all of 
which are diversified but integrated to form a green-toned space with co-dependent natural 
ecology. 
Here, ancient prominent trees are a feast for eyes, and there are more than 90 families of plants, 
160 genus, 320 kinds of ornamental plants, 
Such as; the largest Euonymus, Camellias, Chinese palm-trees and Semperflorens in chongquing. 
Furthermore, it fully deserves the names of Chinese Gardens 100, top level Standardized 
Management Park in Chongqing, etc. Xishan Park has stood the test of times 
For nearly a century and multiple modifications in its own genuine unique glamour. 
It has been playing a harmonious melody between human and nature within the arms of green 
mountains and blue waters. 
Each morning with the bell ringing across Wanzhou, the whole city awakes to this rhythmic 
symphony. 
Citizens start their morning exercises boxing,  waving swords, dancing and jogging. 
Numerous tourists will walk and admire the view, drink tea and chat, happy faces are all across the 
park. 
This is a poem written by the famous litterateur Lu you of Song Dynasty,  which presents a 
beautiful artistic conception among camellia blossoms. The poetic park scenery echoes in people’s 
hearts. 
Camellia is the city flower of Chongqing, and due to the beautiful sceneries and moist air, 
Wanzhou is a very sutable place to cultivate camellias. 
The history of which can be traced back a long time, when Xishan Park was established in 1925. 
Camellias were transferred from plantations in Chongqing and Eanzhou and then planted in the 
park. 
After nearly one hundred years of care, there are now over 150 Sichuan tea trees of 32 types. 
Among them, the Garden Treasure which is a tea tree of 350 years old, called “Purple gold cap”. 
This ancient tree is 5 metres in height with 35.2cm diameter, 
And the cap reaches 6 metres, which is very rare across the country. 
Over the years, Xishan Park has always been keeping 
Its historical treasure of plant resources and it takes every change to promote the quality of the 
park. 
Since 2012, the park has successively introduced 500 types of camellias on a large scale. 
The total number now reaches over 6000, including Camellia Heel, Camellia Freesia Bill Goertz, 
Camellia Festival, Red Crowed Crane Camellia, Lion Head Camellia,  
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Vermillion Willow Camellia and many other precious plants. 
They have made the park into a special unified camellia park with scientific popularization for 
Scientific research, species protection and garden tourism. 
A large quantity and high quality camellias together form the artistic attraction 
of ancient camellias in Xishan Park. 
Every year when the weather gets warmer, the camellia flowering will start in Xishan Park with all 
kinds of camellias in full bloom, striking in different poses with various faces, attracting huge 
numbers of citizens to indulge themselves into the beautiful sea of flowers, too delighted to leave. 
Such scenery is delicate and exquisite, which is not only the bedding of charming view and human 
landscape, but also the demonstration 
Of historical significance and modern civilization! 
I recommend Xishan Park in Wanzhou to be a garden of excellence at the 2016 congress 
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A New Application Using Augmented Reality to Show the 
Camellia Collection of the Pazo Quinteiro da Cruz 

Botanical Garden in Pontevedra, Galicia, Spain 

Beatriz Piñeiro Lago1, Pedro Piñeiro Lag1, Verónica Quirell De José2 

(1.Pazo Quinteiro Da Cruz, a Cruz 12-Lois, 36635-Ribadumia, Pontevedra;                   
2.Omnium Lab Studios. Algeciras, Cádiz) 

ABSTRACT: The creation of a new application with Augmented Reality to show and promote the camellias of 
the Pazo Quinteiro da Cruz Botanical Garden. Nature, botanical heritage and new technology come together in 
Camellias AR, a mobile application that generates a technological experience in a real-world setting, in which 
elements are overlaid or combined with virtual elements in order to create a mixed reality in real-time that allows 
the camellia blooms to be enjoyed all year round in a way that is innovative, creative and fresh. 
KEYWORDS: Augmented reality; camellias; botanical garden; Pazo Quinteiro da Cruz; mobile application; 
technological experience 

1 INTRODUCTION 
Pazo Quinteiro da Cruz is a private estate owned by the Piñeiro Lago family. It is situated in the 
Salnés valleyin Ribadumia, Pontevedra, Galicia, Spain, and is open to the public.  
The estate covers 70,000 m2, of which 30,000m2are dedicated to a plantation of Albariño variety 
vines. Dating from the 18th century, the manor house is an example of Galician neoclassical 
architecture and is surrounded by romantic elements: stone fountains, shady bowers, gardens, 
statues and sundials.  It has two traditional Galician stone crosses andtwo stone raised granaries. 
The largest (over 15 m long) dates from the 18th century and the other 19th-century one, of stone 
and wood, is mounted above a small pond reached by a double stone staircase of the same era. 
There is an outbuilding, with a portico of stone columns, that contains a traditional stone hearth, a 
wine press and farming implements, all catalogued in the registers of European wine-making 
cultural heritage and Galician cultural and artistic heritage. 
Near the camelliahedge stands the 16th-century chapel and a baptismal font from the late 12th 
century, with woodland and vineyards beyond. Close by is the winery where our Albariño wine is 
produced and marketed under the “Quinteiro da Cruz”, D.O. Rías Baixas label. Further on lies a 
small traditional cellar with oak barrels, where wine and spirit tastings take place. There is also a 
smallC. sinensis tea plantation and the Wood of Words, opened on September 28th 2014 by the 
writer Nélida Piñón, who defined it as ‘The wood of poets, of all those who consecrate human 
301eticula.’ 
The gardens, surrounded by native woodland and Albariño vineyards, are of great botanical and 
ornamental interest.There is an area designed towards the end of the 19th century by Dorgambide, 
a landscape gardener of French origin, and a more recently-created part (1975 to 1980) in which 
Victoriano Piñeiro Acosta sought to restore the existing flora in accordance with historical 
tradition and enhance the magnificent collection of camellias and other plants imported from 
different parts of the world.  
Among other interesting tree specimens, we can see Aesculus hippocastanum, Araucaria 
brasiliensis, Buxus sp., Cedrus atlantica, Cupressus sempervirens, Erythrina crista-galli, 
Lagerstroemia indica, Liquidambar styraciflua, Magnolia grandiflora, Phoenix dactilifera, Pinus 
pinea and Robinia pseudoacacia. 
Camellias take the leading role in Quinteiro da Cruz and about 5,000 specimens of more than 
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2,000 varieties of 72 species flourish and bloom, such as C. assimilis, C.caudata, C.cuspidata, C. 
fluviatilis, C. nitidissima, C. granthamiana, C. sasanqua,C. sinensis, C. rusticana, C. oleífera, C. 
euphlebia, C. liberofilamenta, C. crisantoides, C. irriwadensis, C. azalea, C. miyagi, C. flava, C. 
zenzucha, C. edithae, C. cuphuogensis, C. impressinervis, C. euryoides, C. chekiangoleosa, C. 
transnokoensis, C. taliensis, C. yushienensis, C. suchuca, C.amplexicaulis,hybrids como Kicho, 
kagirohi…,, with a special mention for the species C. japonica, C.reticulataand C. higowhich have 
won the Golden Camellia award in the International Camellia Show on several occasions. 
The cultivars that can be singled out are ‘Angelina Vieira’, ‘Augusto Leal de Gouveia Pinto’, 
‘Grace Albritton’, ‘Happy Higo’, ‘Mathotiana Alba’, ‘Nuccio’s Gem’ and ‘Tama-no-ura’ of 
C.japonica, ‘Captain Rawes’ and ‘Miss Tulare’ of C.reticulata, ‘Interval’ ofC.reticulata híbrida, 
‘Rendezvous’ ofC.x williamsii and ‘Dr. Clifford Parks’ ofC.reticulatax C. japonica. 
In 2014 the garden was awarded the Botany Prize 2014 by the Society of Friends of the Royal 
Botanical Garden of Madrid and has been listed among the best gardens in Spain. 
Victoriano Piñeiro, a pioneer of the C.Route, believed in the 1970s that the camellia would 
become a key factor in tourism in Galicia. 

“The camellia is a symbol of Galician sensibility, where innovation and creativity merge 
with our traditions and culture”.1 
Albariño wine and C.s are the key elements in the estate’s quest for sustainability. Every year, 
especially in the main flowering season of February, March and April, visitors come from all over 
the world to admire the blooms. Also, Albariño wine, spirits, honey, green tea and natural cosmetic 
products made from camellia and grape extracts are produced and sold on the estate. Visits to the 
vineyards, the gardens and the winery and cellar can be organized, with wine tasting sessions and 
tasting courses run by wine experts. 

2 MATERIAL AND METHODS 
Augmented Reality (AR) is the term used to define an image produced using a technological 
device, directly or indirectly, in a real-world setting whose elements are overlaid or combined with 
virtual elements in order to create a mixed reality in real-time. This has been used to give detailed 
information about the impressive collection of camellias in Pazo Quinteiro de Cruz. 
Introducing augmented reality into the C. collection allows Pazo Quinteiro de Cruz to show the 
user its botanical diversity by creating learning experiences of the world of the Camellia and the 
botanical world, enabling the Camellia blooms to be enjoyed all year round. It is a cost-free 
application based on studies of the Pazo Quinteiro de Cruz Botanical Garden. 
The user of Camellia AR simply has to point their device at the QR codes in the garden to 
download the application (there are 4 points where this can be done), and from then on navigates 
with the smartphone through the natural and ornamental universe within the botanical garden A 
video of the garden at the height of the Camellia flowering season is also available to download 
and enjoy at the same points. 
The 32 camelias which are listed below have been selected for their importance or uniqueness 
from the Camellia collection of the Pazo Quinteiro da Cruz botanical garden:C.nitidissima, C. 
Happy higo, C.sinensis, C.‘Tama-no-ura’, C.‘Mrs. D.W. Davis’, C.‘Dr. Clifford Parks’, C. Francie 
L., C.japonicaCovina, C. sasanquanavajo, C. japonica alba plena, C.japonicaNuccio´s Gem, C. x 
williamsii Rendezvous, C.reticulataLasca Beauty, C. Transnokoensis, C. x Interval, C. Euryoides, 
C. High Fragance, C. Dream Boat, C.japonica‘Hagoromo’, C.‘Loki Schmidt’, C. Grand Prix, C. 
Jury´s Yellow, C. Furô-AN, C.Shibori Egao, C.japonica Royal Velvet, C.Dahlohnega, C.Curtain 
call, C. Collettii Vera, C. Harold L. Paige, C. Azalea, C. Jean Clere, C.Bob´s Tinsie. 
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We have the first specimen of C.nitidissima that came to Europe from Vietnam, its place of origin, 
which is why it appears on the application. We also have a tea plantation of C. sinensis and are the 
first producers of Galician tea, allowing us not only to offer Albariño wine tastings but also green 
tea tasting sessions. This C. also appears on the application in order to bring the world of tea closer. 
Other camellias on the list include the oldest specimen in the garden, a C. japonica Covina dating 
from the 19th century, a C. azalea that flowers in summer, meaning the blooms cannot be enjoyed 
in winter, and the Camellias higo, a variety of C. japonica with an identity of its own. In olden 
times the Samurais would cultivate this camelliain their gardens and in Quinteiro da Cruz we have 
one of the largest collections in Europe of this type of camellia. A very 
specialcamellia,‘Tama-no-ura’,of which we have large specimens, also appears on the application, 
as does the delicate Hagoromo, or the one that is named after Loki Schmidt, which our German 
visitors find especially fascinating. All of them have been selected using different criteria so as to 
be of interest to everyone. For those who have no knowledge of Camellias, it is a window on an 
enthralling world of culture, tradition, sensitivity and sustainability. The application itself provides 
information about the leaves, the type of flower, the plant and its different uses, and what is most 
interesting, it allows us to enjoy the blooms at any time of the year. 

The application is available in three languages: Spanish, English, and Galician. 
In this project the selected devicesare used to add virtual information to the existing information, 
i.e. the personalized labels on each of the Camellias in the collection are mobile or Smartphone 
intelligent, creating apps for each of these platforms.  
The specific data relating to the Camellia is overlaid on our mobile, superimposing itself on the 
data displayed on the label,without substituting the real information. 
Overall, an augmented reality application has been developed to allow users to visit the Pazo 
Quinteiro da Cruz collection and see in real-time the required information about the Camellias, 
such as the scientific name, general information about the plant, country of origin, and information 
about the bloom, the leaf and flowering. 
Point your device at the label to see the information overlaid on the specially-designed labels, 
which are different for each of the species included in the application. 

See below for a schematic explanation of how the App functions. 
Download the application from the relevant digital distribution platform: App Store if the device is 
an iPhone or iPad; Google Play if the device uses an Android operating system. It can also be 
downloaded from the Pazo Quinteiro da Cruz website. 

The steps to obtain the information about each camellia are as follows:  

 
 

a.Open the application. 
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b.Look for the basic reference label of the C. tree and point your device at it. 

 

c.Information buttons let you navigate and learn. 

 

To make this possible, each flower was first sketched in pencil, then outlined in red to create the 
required basis for the watercolours that bring it to life. 
The labels display the name and botanical drawing of the Camellia.  

3 RESULTS AND DISCUSSIÓN 
The augmented reality application is a commitment to leading edge technology, using one of the 
currently most attractive trends found in museums. It allows the user to explore in depth the 
resources of the Camellia collection through interactive information that appears on the mobile as 
it focuses on the different labels found along the Quinteiro da Cruz Botanical Garden trail. 
As well as providing written information about the Camellia, it also provides an image of its flower, 
so that, even out of season, the app user can see the specimen in bloom.  
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Pazo Quinteiro da Cruz has come under the Designation of Origin Rías Baixas since its 
beginnings. It also forms part of the Rías Baixas Wine Trail, the Camellia Route, Rías Baixas 
Tourism, Smart destination, PREDIF (accessible tourism), SIDTEC (quality at destination: 
high-quality tourism) the Foundation of unique and historic homes in Spain, the Association of 
Friends of Pazos, the Spanish Camellia Society, the International Camellia Society, and 
PATRIVIT (European wine heritage). It is also developing wine tourism partnerships with 
associations like AENOTUR and ACEVIN, and with botanical gardens in different countries, 
with which it exchanges botanical seeds. It also collaborates with the Areeiro plant pathology 
centre in Pontevedra and with the University, participating in different research projects and 
doctoral thesis. Due to its geographical location, it forms part of the Camino de Santiago Pilgrim 
Route, “on the spiritual diversion on the Portuguese Way”, and collaborates with the Friends of 
the Portuguese Way association.    
One of our aims is to promote visits all year round and increase the number of events and the sale 
of products. With this Camellia AR application project, we have taken another step to create added 
value to attract different groups who have not yet paid us a visit.  
The garden visitis a tour that awakens the senses, a gentle stroll that combines botany, history, 
curious facts, rare specimens, the use of plants and their importance in our lives, and it now 
incorporates the third dimension with the Augmented Reality App, allowing visitors to see, using 
mobile devices, the Camellias in bloom in any season, together with the description and origin of 
the plant. In an appealing and interactive way, the application user actively participates in the 
tour round the estate, learning about the characteristics and details of the Camellia collection. 
The application will set us apart, both in the wine tourism and botanical sectors; it will allow us 
greater visibility, especially in the mass media; the new service will disseminate virally, leading to 
a greater projection and “pull factor” attracting visitors to Quinteiro da Cruz, which will create 
value for us as it will generate greater turnover and, in turn, added value for the benefit of 
Ribadumia, the Salnés area, Pontevedra and Galicia. 
We understand that we are going to promote awareness of the world of the Camellias across the 
entire population, increasing interest for different groups. The first collection of Camellias with 
Augmented Reality is a new and innovative application and a technological experience that can 
only be enjoyed by visiting Pazo Quinteiro da Cruz.  

4 CONCLUSIONS 
Pazo Quinteiro da Cruzis a garden with the spirit of a museum, which has more than 600 species 
of trees and shrubs from five continents and one of the largest collections of Camellias in Europe, 
with more than 5,000 trees of 2,000 different varieties from more than 72 species. 
It has the first collection of CCamellias with augmented reality (AR), a project that creates 
learning experiences of the world of the Camellia, of botany and of nature through evocation, 
magic and mystery and that allows the Camellia blooms to be enjoyed all year round. It 
generates a virtual classroom where Nature itself teaches you in a garden with the spirit of a 
museum, the Pazo Quinteiro da Cruz botanical garden. 
A technological experience you can enjoy when you visit the garden. 
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Camellia Garden of Tokyo Metropolitan Oshima 
Park’s activities for the application for International 

Camellia Garden of Excellence 
 Masahiro Abiko 1,Yoshihiro Akagi2, Koutaro Doi3. 

 (1.Tokyo Metropolitan Oshima Island Branch Office Director of the Construction Section;  
2.Tokyo Metropolitan Oshima Island Branch Office Senior Director;                                 

3. Director of the Camellia Garden of Tokyo Metropolitan Oshima Park) 

Abstract: This paper shows you how we solved the three problems which became apparent when preparing 
for the application of our camellia garden to be recognized as an ICGoE. At first, our garden’s registers of 
camellias and their locations were insufficient when we began to apply. To solve this problem, we introduced 
GNSS Handheld Data collector to measuring each bush’s coordinate data by a world geodetic system. And 
we also made new registers of camellias and camellia location map. Moreover, we built new management 
system using ScanSurvey software. Second, we didn’t have identifying labels for all the camellias. As this 
was insufficient for recognition, we had to improve our identifying labels. So we introduced 4 color labels. 
We believe that this has been very useful for our garden’s visitors. Third, the number of visitors to our garden 
has been decreasing. To solve this problem, we made the English and Japanese contents for a website to 
introduce camellias, and we developed new explanation system by using QR code. So we expect that the 
number of visitors will increase in future. 
  

Keywords: GNSS coordinate data, QR code. 
 

1 About Izu Oshima and Camellia Garden of Tokyo Metropolitan Oshima 
Park 
Mihara, which erupted several times since recorded 
history, and a gradual mountain foot is formed to the 
coastline. Coarse volcanic ashes accumulated by the 
eruptions provide camellias excellent soil with good 
drainage and appropriate acidity. Moreover, the climate 
of the island is temperate with the annual precipitation of 
2,500 to 3,000mm. It is really a paradise for camellias. 
Oshima has been a camellia island since ancient times. In 
modern times, the seeds of wild japonicas have been used 
for camellias oil and the woods for excellent charcoal. On 
the other hand, 
the bushes of wild japonicas were also planted to 
serve as wind breaks against salt breezes. In coppices, 
wild japonicas have intentionally been 
left uncut so that the total number of wild japonicas of the 
island is considered to be more than 3,000,000 individuals. 

                                                                            
corresponding author:222-1 Ondashi,Motomachi,Oshimamashi,Tokyo,100-0101,JAPAN E-mail: Masahiro_Abiko＠member.metro.tokyo.jp) 

 
Figure1  Location of Izu Oshima 
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Early wild japonicas start blooming from September and 
the late japonicas continue blooming until May in Izu 
Oshima. Camellia flowers can be observed on the island 
almost all year around except in summer. Thus camellias 
play an important role in the cultural climate or the daily 
life of the local people on the island. 
Camellia Garden of Tokyo Metropolitan Oshima Park 
occupies the center of Tokyo Metropolitan Oshima Park 
which is located at the eastern coast of Izu Oshima Island 
(Figure2). The precursor park was established in 1935 and 
was succeeded by Metropolis Tokyo. Then the present 
Tokyo Metropolitan Oshima Park was re-opened 
in 1938 and the collection of camellia cultivars was started 
from around 1940. Now we 
have 3,260 camellias of about 1,000 cultivars and 
species while about 5,000 japonica bushes grow wild in 
the area of 7 ha. It is one of the largest camellia collections in Japan (Figure3, Picture1). 

 
Figure3 Camellia Garden Area Map 

In the flowering season of camellias, more than 40,000 guests visit our marvelous camellia 
garden not only from all over Japan but also from foreign countries. In 1989, Camellia Pavilion, 
a camellia museum, was opened in the Garden. There various kinds of information on camellia 
is also provided to the 
visitors by exhibiting the replicas of famous picture scrolls in the Edo period, fine arts, folkcraft 
articles, others related to camellias. Furthermore, fossils of camellias discovered in Oshima are 
also exhibited (Picture2). 
In October, 2013 in Izu Oshima there was a massive landslide disaster caused by heavy rain 
from a typhoon. 36 residents were killed and 3 residents remain missing. 
We, the Tokyo Metropolitan Government, had just learned about the International Camellia 

 

Figure2 Location of Oshima Park 
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Society (ICS) and their certification for International Camellia Garden of Excellence (ICGoE) 
when we were thinking about what we could do for residents and for Oshima to recover from 
this disaster. 
We thought it would be a good opportunity for recovery because, if our garden applied for 
ICGoE recognition and received it, the wonderful news would make islanders cheerful again. 
Moreover, the island itself would recover and regain vitality through visitors from all over 
the world coming to see Oshima and our gardens. 
I will tell you in this paper how we solved the problems which became apparent when 
applying for ICGoE recognition. 

  
Picture 1 The camellia garden’s greenhouse Picture2 The Camellia Pavilion 

2 Three problems that our camellia garden had 
We started preparing in June, 2014 for the application of our camellia garden to be recognized 
as an ICGoE. However, we faced three difficult problems noted below. 
1) Registers of camellias and their locations were insufficient at that point. 
2) We didn’t have enough identifying labels at that point. 
3) The number of visitors to the camellia garden was decreasing year by year. 
First of all, one of the criteria for recognition as an ICGoE says that “the garden maintains a 
register of all its camellias, and their location in the garden.” When we started preparing, our 
identifying labels were insufficient for various reasons, so we had to prepare an adequate 
register to be recognized. We will explain the reasons later. 
Next, another criterion says that “all cultivars and species have identifying labels.” We didn’t 
have identifying labels for all the camellias. This was insufficient for recognition, so we had to 
improve our identifying labels. 
Finally, as for the number of visitors, Figure4 shows that the number of visitors to Oshima is 
around 200,000 per year. From 2004 to 2009, about 30% of visitors to Oshima, or over 60,000 
people visited our camellia garden each year. However, in recent years only about 20% of 
visitors to Oshima, less than 50,000 people visited the camellia garden. The number of visitors 
isn’t necessarily a criterion for recognition as an ICGoE. However, considering our purpose for 
applying for ICGoE recognition, to recover from the disaster and to make Oshima a more lively 
island, we needed to think about what we should do in order to increase the number of visitors 
to our garden (which is regarded as one of the main tourist spots in Oshima.) 
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Figure4: The number of visitors to Oshima and the number and percentage of visitors to the camellia 
garden of Tokyo Metropolitan Oshima Park.  

3 Improvement of insufficient lists of camellias 
About 70 years have passed since our garden opened. During this time, the number of varieties 
and bushes has greatly increased from the initial 100 varieties. It was estimated that there were 
3,700 cultivars of 450 varieties and 5,000 wild camellias when we began to apply. 
In each of the times, once any kind is newly introduced, we have attached the tag where the 
serial number is described, and managed it by putting on the list(Picture 3). Also, once in a 
few years or about ten years, when all the bushes within our garden were recognized, we have 
created the list by attaching new tags. As a result,for example, this bush has four kinds of tags 
attached. Originally, each bush within Garden is supposed to have four kinds of tags according 
to the times when the bushes were checked. However, the consistency between the list and the 
actual bushes have been lost because the tags could not stay legible by wind and rain or the 
number of the tags were reduced by lost for some reason. 
Furthermore, the criterion of “the garden maintains a register of all its camellias, and their 
location in the garden.” was very 

difficult for us because our 
camellia garden is very large 
(3.26ha). In addition, our map 
was too old and it was not 
integrated to show the 
locations of the camellia 
bushes. So, we couldn’t see 
their present locations clearly 
on the old map. 
 So we determined the 
location of each camellia bush 
and we made a new register. 
When we made the new 
register, we set some rules 
noted below. 
① By utilizing GNSS 
Handheld Data collector 
etc.,(Picture4 made by 
GARMIN, 

  
Picture3:1 The various identification 

tags of a camellia bush. 
2 Using a GNSS Handheld Data 

collector to determine the camellia 
bush’s location 

Picture4: GNSS 
Handheld 

Data collector 
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OREGON550), the measurement by a world geodetic system coordinate data 
(hereinafter referred to GNSS data)is conducted (Picture 3). For example, Table 
1 shows the GNSS data of this bush. 
②Based on GNSS data measured in ①,the drawing was created. 
③The drawing and the list of kinds of bushes(Excel) linked. 
  

Table1  The coordinates of the bush obtained by GNSS data 
 Latitude Longitude 

Latitude・ 
Longitude 

Degrees Minutes Seconds 34°45′47.40827″ 139°25′58.73535″ 
decimal system 34.7631690 139.4329820 
 X cordinate Y cordinate 

Plane rectangular coordinate -137136.6969 -36648.766 
  

After doing this, our system was built using ScanSurvey software as seen in Figure 5. The map 
of the garden is connected to MS-Excel. The graphic display window (upper) and MS-Excel 
window (lower) are displayed as seen below. 

 

Figure5  The new system using GNSS data (link from the graphic to MS-Excel) 
  

 
Figure6  The new system using GNSS data (link from MS-Excel to the graphic) 

When we would like to check the cultivar of a camellia on the map, we click the location of the 
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camellia on the map. Then that camellia will be highlighted on the MS- Excel document. 
Conversely, if we click a camellia on the MS-Excel document, the location of the camellias in 
the area will be displayed in red using the filter function.(Figure 6) 
At this time, the benefits that we consider as the introduction of this system are as follows: 
①GNSS data of the place where a bush is actually planted is only one in the world. 
Even if the labels attached to the bushes become illegible or lost, it is possible to prove which 
kind they belong to. 
②Since the drawing is created based on GNSS data, it becomes easier to find out where the 
target bush is. 
③Since it becomes available for the management by Excel, the collection and analysis of data 
became easier, which leads to the accumulation of the management data 
for the future. 
This system has just been implemented. The suitable method of management will likely be 
constructed in the future by introducing the system and sharing information with the other two 
camellia gardens in Oshima. We think that, over time, we will come to use this system more 
effectively. 
In addition, after checking all the bushes planted in display area, it was determined that there 
were 1,066 kinds of cultivars and the total number of bushes was 
3,260.Furthermore, we found that there were 700 unidentified bushes and more than 
1,000 unlisted bushes in the backyard. Now, we are checking unidentified bushes by comparing 
them with the old list. We are also planning to make a list of the bushes in the backyard. 

4 Improvement of insufficient identification labels 
As mentioned above, we previously couldn’t prepare enough identification labels because this 
garden has so many bushes. (Only around 500 labels were previously set.) We decided that this 
application was a good opportunity to prepare more labels. 
We prepared 4 kinds of labels noted below: 
① black labels: species 
② brown labels: Japanese cultivars 
③ green labels: foreign cultivars 
④ white labels: Edo Tsubaki cultivars that originated during the Edo period 

  
Picture5 Labels we prepared during this time (From the left, species, Japanese cultivars, foreign 

cultivars, and Edo Tsubaki, cultivars that originated during the Edo period) 

The labels show its Japanese name in Japanese characters, its pronunciation in Japanese 
characters and the English alphabet, and show its scientific name on the lower right corner 
in Italics. As a result, anyone can understand where the bush comes from easily. We believe that 
this has been very useful for our garden’s visitors. 
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5 Proposal for the solutions regarding the decrease in the number of visitors 
to our camellia garden year by year as the garden manager 
As the factors of the decrease in the number of visitors, various ones can be 
considered, such as the decrease in the number of the accommodations, lack of transportation 
and the pattern of Oshima Camellia Festival held all over the island etc., and the problems on 
preparations to accept the visitors to Oshima or the fact that the other facilities within the island 
has deprived of the visitors etc. On the other hand, it is considered as one of the reasons that 
neither our garden nor camellia can sufficiently appeal their charm. Accordingly, we have 
decided to take some measures for improvement in order to receive recognition as ICGoE by 
closely examining what we can do. First of all, from the viewpoint of the visitors who 
appreciate camellias for the first time, we found that there are some problems as follows: 
① The visitors who enjoy camellias for the first time do not know how the camellias bloom or 
how to enjoy them. 
For such visitors, in order to obtain the knowledge related to camellia in advance, we have 
decided to introduce the camellias, Tokyo Metropolitan Oshima Park and ICGoE etc., by 
enriching the contents of the website of Tokyo Metropolitan Oshima Island Branch Office. 
Please refer to the following URL.(We have created HP English and Japanese versions. ) 
http://www.soumu.metro.tokyo.jp/11osima/park/www/htdocs/gardens/encamellia 
html http://www.soumu.metro.tokyo.jp/11osima/window/englishcameliaindex.html 
Also, for the visitors who are knowledgeable about camellias, there are some problems as 
follows: 
② Since there are too many varieties and only the names of the varieties for the camellia are 
explained, it is difficult to understand them. 
③ Since garden is too large for the visitors to find out where and which flowers are located. 
④ The visitors want to see the blooming flowers, but cannot find out where the blooming 
ones are. 

 

Picuture6  QR codes set on a wooden post(left: distant view)(right: close view 

From these, in order to further appeal the charm of camellia to the visitors, we have decided to 
utilize the website and scanning the QR code that are described on wooden posts at the place, 
so that we can introduce the system where the visitors can see what kind of flowers will 
bloom on the website, even if the flowers are not in bloom. 
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First of all, visitors scan a QR code with a smartphone. The codes are set on wooden posts near 
each camellia bush or on the trunk of a camellia bush. 
Then, as seen in Picture 7, the following sentence will appear automatically, “You can check 
information about this camellia here.” If you click the URL, you can obtain information about 
the camellia as seen below (Picture 8) after jumping to the Oshima Society of Commerce 
and Industry website. There is a website about the camellias that bloom in Oshima managed by 
Oshima Society of Commerce and Industry. Please refer to the following URL. 
 

  

 

 

Figure7 An example of  
QR code 

Picture7 An example of 
after reading QR code 

Picture8 The explanation of camellia 
varieties by using QR(Tarokaja) 

http://www.tsubaki-r.jp/camellias/oshima/ Moreover, if you click the URL following the 
sentence, “Tap the following URL to display the location of the camellia”, the 
camellia’s location will be displayed using Google maps (Picture 9). 
Using this system, people who visit the homepage can learn the route to the location of the 
camellia they would like to see. 
Moreover, now, a ship company is creating the system which can search the list of flowers in 
bloom. The URL is as seen below. 

http://www.tokaikisen.jp/tsubaki/ 
Based on these approaches, we will make efforts in hopes that 
our garden will be introduced to other customers by the 
frequent visitors and by word of mouth, while enhancing the 
degree of satisfaction by all the visitors. We hope that more and 
more visitors come to see our marvelous garden. 

 6 Afterword 
In this paper, I reported the activities of the Camellia 
Garden of Tokyo Metropolitan Oshima Park. However, two 
more camellia gardens, of the Metropolitan Oshima Senior 
High School and of Tsubaki-hana Garden, are applying for 
ICGoE recognition. 
We would like to improve the system that visitors can use to 
learn about the attractions of each garden and camellias by coordinating for the three gardens 
to all use the same system. 
I truly hope that these initiatives will spread across the world and contribute to the development 
of world camellia gardens and the ICS. 
 

 
Picture9 The Route to a 

camellia’s location is displayed 
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(1. Oshima Island Tokyo Metropolitan Branch Office Senior Director (Tokyo Metropolitan 
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Ondashi,Motomachi,Oshimamashi,Tokyo,100-0101,JAPAN  

Abstract:It is said that there are about 3 million camellias in Oshima. We think that there are 3 factors why 
such a large number of camellias thrive in Oshima. One is a geographical factor: it rains a lot in Oshima, so 
the soil from the volcano becomes acidic. The next factor is natural: volcanic eruptions occur about every 150 
years, so it is difficult for ecological succession to reach its climax. The final factor is artificial. Since the Edo 
period, camellias have not been cut down because they are industrially useful for camellia oil and useful for 
wind breaking forests surrounding fields as well. 
Because our three gardens have recently applied for ICGoE recognition, we think this is a great opportunity 
to invite many visitors to Oshima from all across the world and to promote “Oshima, the Camellia Island” 
across the world. 
 

1  Introduction 
“I think you have been hiding your light under a bushel”   
This is what Jennifer Trehane, the UK’s director of the ICS, said when she visited Oshima on 
October 15th and 16th 2015.  
 We, the people living in Oshima, were able to realize the 
potential of camellias again through the process of 
preparing for the ICS’s ICGoE recognition. At the same 
time, we regret how we missed the chance to use this 
flower’s potential before.  
 Throughout the process, we learned a lot about Oshima 
as a marvelous camellia island and discussed about how 
to make full use of the potential of the camellias. 
Now I will introduce how Oshima became the “Camellia 
island” and how camellias blended into the island 
people’s cultures and lives throughout history in this 
document. I will also introduce the features of the 3 
camellia gardens we have in Oshima. Furthermore, I will 
explain the plan to stimulate this island by making the 
use of camellias effectively and how to promote its 
camellia attractions across the world once we have been 
recognized as an ICGoE. 
 

                                                                            
Corresponding author:E-mail:Yoshihiro_Akagi@member.metro.tokyo.jp 

Fig.1Location of IzuOshima 
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2  An Island of Camellias, IzuOshima 
(1)The soil geographical and climatic features of Izu-Oshima 
IzuOshima is a volcanic island located 
120km south of Tokyo, Japan 
(Figure1). At the center of the island, 
there is a volcanic mountain, Mt. 
Mihara (Figure2), which has erupted 
many times in recorded history. Mt. 
Mihara is one of the most famous 
active volcanos in Japan and it erupts 
about once every 35 to 40 years. 
Coarse volcanic ashes accumulated 
from the eruptions have become 
excellent soil with good drainage. 
Moreover, the climate of the island is 
temperate with the annual precipitation 
of 2,500 to 3,000mm. When it rains in 
the vicinity of a volcano, the soil from 
volcanic ejecta becomes acidic. When 
strong winds blow, the wind carries the 
sea water and it falls on the soil in Oshima. Because of this, only plants that are resistant to acid 
and sea winds can survive in Izu-Oshima. 
(2)Vegatation geographical reasons why camellias flourished in Izu-Oshima 
When and how camellias came to Izu-Oshima hasn’t been discovered yet. Did birds bring 
camellias to Oshima? Were camellias carried by the ocean? Was it because the island was 
connected to mainland in the ancient times? Or did ancient people bring camellias by ship? 
However, the fact that the leaf of Japonica was found as a fossil in a 10,000 year old stratum 
shows that camellias were surely growing in Oshima from long time ago. 
Though camellia trees have grown wild since ancient times, if they hadn’t been able to survive 
the struggle for existence, Oshima couldn’t have become the island of camellias. Additionally, 
if camellias hadn’t been useful in people’s daily lives, they likely would have been cut down. It 
is said that there are about 3 million camellias in Izu-Oshima. I assume that the geographical 
and natural factors as well as artificial factors aided in such a large number of camellias thriving 
in Oshima. 
As I mentioned above, Mt. Mihara has erupted many times in recorded history. Of those 
eruptions, big eruptions occur about every 150 years. When a big eruption occurs, rivers of 
molten lava flow out of the caldera and burn everything, including trees, in the area. (Figure3: 
The bluish color indicates lava from 30~40 thousand years ago and the other colors indicate 
lava from 20 thousand years ago to present times.) Even if they survive the fire, volcanic gas 
often causes plants to wither eventually. 
 
 
 
 
 

Fig.2Oshima island area map 
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Generally, after vegetation is lost to a lava flow, 
pioneer plants (ex. Polygonum cuspidatum Sieb. 
& Zucc. var. terminale (Honda) Ohwi) grow 
back first. Secondly, perennial plants (ex. 
Miscanthussinensis) grow back. Then, shrubs 
are formed. And, after going through a phase as 
a deciduous-evergreen mixed forest, evergreen 
broad-leaved forests are formed (ex. 
Castanopsis sieboldii, Machilus thunbergii.) In 
Izu Oshima, volcanic eruptions occur about 
every 150 years so we can say that it is hard to 
reach the climax (evergreen broad-leaved 
forest) because of this environment (though 
there are some evergreen broad-leaved trees 
such as Castanopsis sieboldii, in Oshima). 
Camellias thrive in deciduous-evergreen mixed 
forests and it is difficult for them to grow in 
evergreen broad-leaved forests. In addition, 
camellias are suitable to the climate of Izu 
Oshima. This is why camellias have become so 
plentiful in Izu Oshima. 
 

 

Fig.4 ecological succession and the number of 
years required for succession 

     

      

desert・wildness
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Figure3 a geological map of volcano in IzuOshima 
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Picture1 is an aerial photograph of 
the Senzu area (which lies to the 
east side of Mt. Mihara) in 1947. It 
is not certain which eruption caused 
it, but vegetation has not recovered 
fully and some of the area remains 
barren. On the other hand, Picture2 
is a photograph taken in the same 
area in 2004. It shows that the 
vegetation of the area recovered 
greatly after 57years compared to 
picture1. As primary succession 
proceeds, the number of camellias 
is supposed to increase. 
(3)Artificial reasons why the 
number of camellias increased 
There are also artificial factors which lead to the number of camellias increasing. The time from 
the 17th century to the middle of 19th century is called the Edo period in Japan. In the Edo 
period , people paid “Nengu”, a tax to the shogun who lived in Edo (now called Tokyo) as Izu 
islands were under direct control of this shogunate. At first, the people of Izu Oshima paid with 
salt for “Nengu”. But making salt took a lot of labor. It was so hard to produce salt in the Edo 
period that the people of Izu Oshima switched from paying “Nengu” with salt to money in 1690. 
At that time, they mainly sold wood charcoal, marine products, and camellia oil and seeds for 
“Nengu”money. Later, because of camellia oil’s utility, camellias were left to grow and more 
were planted. On the other hand, many other kinds of trees were chopped down for firewood. 
As a result, the number of camellias increased. 
Picture3 is an aerial 
photograph of Motomachi 
in 1947. You can see wind 
breaking forests 
surrounding the fields. 
The wind breaking trees 
are camellias. Compared 
to the aerial photograph, 
which was taken in 1976, 
the fields have shrunk, but 
there are still wind 
breaking forests in 
Oshima. (On the other 
hand, fields that have been 
abandoned and are no longer cultivated expand and secondary succession of vegetation starts.) 
 As I explained above, the number of camellias in Izu Oshima has increased to 3 million 
because they are geographically and naturally suitable for the island and also because they have 
been used by people throughout history. 

3  Industrial use of japonicas in Oshima 
Oshima, is a camellia island not only because it has numerous japonicas but also because 
japonicas have been used in many kinds of industrial ways. I will introduce some of the 

  

Picture1 Senzu area in  
1947 

Picture2 Senzu area in 
2004 

Picture4 Motomachi in 1976 Picture3 Motomachi in 1948 
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examples below. I will also introduce about the effort for the conservation of the camellia forest 
made by the Oshima Society of Industry and Commerce. 
(1)Production of camellia oils and the experience of extracting oils 
Camellia oil has been used since before the 9th century A.D. It appeared on a list of gifts from 
Japan to Chinese Emperor at that time. This oil was used for lighting. 
Camellia oil production flourished in Oshima. The amount of camellia oil production was 
31kl/year at peak periods. Production is currently at 25kl/year. Now, the main uses of camellia 
oil are for cosmetic products and cooking. 
The traditional way to produce camellia oil is very unique. First of all, the camellia 
seeds are gathered by farmers. Next, they are sun-dried. Then, the camellia seeds are brought to 
an oil maker. The collected camellia seeds are then washed, cracked, steamed, and pressed. 
When the pressing was over, those who gathered the seeds would receive half of the oil that 
came from them. For example, if we get 3.6l of camellia oil from 10kg of seeds, and one half 
goes to the person who picked them and the other half would go to the oil factory. This system 
has lasted for a long time.  
As I mentioned in the previous chapter, camellias were beneficial for the island people, no 
matter if they were wild camellias or cultivated ones. So they weren’t cut down, more were 
planted, and their number increased. 
We have 5 oil makers in Oshima and they all have unique products of their own. So we hope 
many people will try them. Furthermore, visitors can experience the extraction of camellia oils 
in Oshima. 
(2)Handicrafts made using camellias 

Many handicrafts are 
made using camellia 
seeds and trees. For 
example, accessories 
and key chains made 
using camellia seeds, 
dolls made from 
camellia wood, dyed 
textiles made using the 
camellia petals (Picture 
7), and potteries made 
using glaze made from 
camellia ashes(Picture 8). 
(3)Preserved Flowers 
Until recently, it was difficult to make preserved camellia 
flowers because their petals are really thick and processing 
them is very difficult. However, a group in Oshima 
succeeded in making preserved camellia flowers for the first 
time in the world. Thanks to this success, we can see 
beautiful camellias any time, even in the off-season. We 
used it as a corsage when the welcome party was held for 
judges who came in Oshima to evaluate our gardens for 
ICGoE recognition. The beauty of the corsage suited the 
aesthetic of the evening perfectly.（Picture9，10）。 

  

Picture 7 Dyed textiles made using 
the camellia flowers 

Picture8 Potteries made using 
glaze made from camellia ashes 

 
Picture 9 A preserved camellia 

flower corsage 
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（４） IzuoshimaTsubaki Renaissance(Camellia 
Restoring) Project 
As explained in section 2, there are 3 million 
Camellia Japonica trees on this island. However, 
nowadays camellias are not widely maintained for 
harvesting because the structures of economy and 
agriculture have changed. So The 
IzuOshimaTsubaki Renaissance (Camellia 
Restoring) Project was started by the Oshima 
Society of Industry and Commerce. In 2008, they 
began thinning, logging and weeding this area. 
They received subsidies from the Tokyo 
Metropolitan Government for 3 years. After that, as 
a continuation of the program, they started some maintenance such as weeding and they also 
started to maintain promenades. They continue to do these things. In addition, they hold several 
events to gain people’s interest. For example, they have a “camellia seed picking” event in 
autumn. They give tourists some opportunities to experience picking camellia seeds. To the 
people who get many camellias seeds, they give some products made from camellias. 

４Introduction to our 3 gardens 
Our 3 camellia gardens applied for ICGoE recognition, I will introduce each garden’s 
individual characteristics. 
 (1)About Oshima Park 

The Camellia Garden of Tokyo Metropolitan Oshima Park occupies the center of Tokyo 
Metropolitan Oshima Park which is located along the eastern coast of IzuOshima Island 
(Figure2). The precursor park was established in 1935 and was succeeded by the Tokyo 
Metropolitan Government. The Oshima Park was re-opened in 1938 and the collection of 
camellia cultivars began around 1940. Now we have 3,260 camellias of about 1,000 cultivars 
and species while about 5,000 japonica bushes grow wild in the area of 7 ha. It is one of the 
largest camellia collections in Japan (Picture12). 

  

Picture11 Experience picking 
camellia seeds 

Picture 12 The camellia garden’s 
greenhouse 

In camellia’s flowering season, more than 40,000 guests visit our marvelous camellia garden 
from all over Japan and also from foreign countries. In 1989, the Camellia Pavilion, a camellia 
museum, was opened in the Garden. Various kinds of information about camellias are also 
provided to the visitors there by exhibiting the replicas of famous picture scrolls from the Edo 
period, fine arts, folk craft articles, and others related to camellias. Furthermore, camellia 

 
Picture 10 Used as a corsage at the time for 

judgment of ICGoE 
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fossils of camellias discovered in Oshima are also exhibited (Picture13). The Tsubaki-plaza 
with the Camellia Pavilion is the main site of the Camellia Festival. There are many visitors 
during this festival. 
It is a distinguishing trait of Oshima Park that there are many classic and rare camellias. This is 
due to the park being established so long ago. After applying, we became aware of the value of 
several of these camellias. For example, ‘Nara-no-miyako’ (C.Sasanquahigo-group). 
(Picuture14) We feel the significance of the long history of our garden. 

  

Picture13 The Camellia  
Pavilion 

Picture 14 Nara-no-miyako 
(C.Sasanquahigo-group) 

(2)About Oshima High school 
Cultivars of the camellias from Oshima Park have been introduced by the Agriculture and 
Forestry Program of our school in sequence since 1977. Since that time, we have been grafting 
and cutting those camellias in order to increase their varieties. Now, about 350 kinds of camellia 
are planted on our school’s campus. The camellia garden of Oshima High School is opened to 
the public during the Izu-Oshima Camellia Festival held in February every year.(Picture 15) 
The most remarkable feature about this garden is that the students cultivate the camellia garden 
by themselves. (Picture 16) They sometimes held act as camellia guides and give cultivation 
lectures. These lectures, they explain their knowledge of camellias for local people and/or 
tourists. Because of these educational activities, many people have become interested in 
camellias and Oshima. (Picture 17)   

   

Picture 15 The camellia garden 
of Oshima high school 

Picture 16 The cultivation  
seedlings of the high  

school students 

Picture 17 The camellia guide  
by high school students 

Also, the students make camellia oil and chili pepper camellia oil from the camellia seeds that 
they pick themselves. They received highest award for this oil in the Agricultural High School 
Harvest Festival (held in Daimaru Department at Tokyo station) on November 14th and 15th. 
In addition, they took part in the Eco-1 Grand Prix in Japan and they made a presentation there. 
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In this contest, there were many presentations by high school students about their natural  

practices. The title of their presentation was “Protecting 
Camellia Projects to Economically Develop the Area. ~ 
Enviromental Projects of the Camellia island, Izu 
Oshima.~” They introduced a lot of their activities such 
as reusing the camellia oil pomaces as the mulch in 
order to prevent the insects causing damage to trees. 
Oshima high school’s students tied for 5 and they 
received the judge's special award.(Picture 18) We have  
great esteem  for these young local students because 
they realize the potential of camellias and they are active 
in a variety of activities. 
(3)About Tsubaki-hana garden 
Tsubaki-hana-garden is located at the foot of Mt. Mihara.  
The total area of the camellia garden is 175,000 ㎡. It has 
about 2,000 plants of about 400 species and cultivars. 
Upon entering the camellia garden, one may be 
astonished at the especially good conditions of the 
garden and the extremely well-cared-for camellias. 
(Picture 19) One may wonder how many gardeners are 
needed for such a large garden to be kept in such good 
condition. The answer is only one. This is the garden 
designed and preserved by one remarkable gardener 
according to his aesthetic sense.  
Tsubaki-hana-garden has two eminent features. One is 
the collection of very early flowering camellias. The 
earliest blooming one usually blooms at the beginning of 
September. (Picture 20) In the middle of October, you 
can see many japonica trees in near-full bloom in this 
garden. The other feature of Tsubaki-hana Garden is the 
great scenery featuring Mt. Fuji. In the garden there is an 
observatory called “Fujimi-ga-oka” (Mt. Fuji watching 
hill). Here, most the visitors are captivated by the 
beautiful scenery of Mt. Fuji as a background for the red 
flowers and green bushes of wild japonicas. (Picture 21)    
(4)The importance of our 3 gardens applying for ICGoE 
recognition concurrently  
For Applying all at one, our three gardens made a project 
team and prepared for every process to get the 
recognition in cooperation. That has had many benefits 
as explained below 
One of the good effect was that we could make a total list 
of the varieties in three gardens.The number of varieties 
in our 3 gardens were made clear thanks to the total list. 
For making the list, we recounted the number of cultivars. 
As a result, we found that there are 1455 cultivars total in 
the 3 gardens. Throughout the world, there are few 

 
Picture 18 The awards ceremony at 
the Eco-1 Grand Prix with a judge 

Picture 19 Tsubaki-hana Garden 
camellia garden 

Picture 20 Early blooming 
Camellia japonicas 

This camellia bloomed on September 10th in 2014 
This camellia bloomed on September 9th in 2015 

Picture 21 View of early blooming 
Camellia japonicas and Mt. Fuji 

from the Fujimi-ga-oka 
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gardens that can match this number. 
The total list enabled us to offer more information to visitors and to make them become more 
interested in camellias than before. For example, Oshima Park has “Rôgetsu”, but it doesn’t 
have “Kamo-fukurin(a mutation of Rôgetsu)”. However, we do have Kamo-fukurins at Oshima 
high school and Tsubaki-hana garden. So, visitors can study about the relationship of the 2 
cultivars and see both cultivars by visiting 3 gardens. 
But more important result of our cooperation has come from our continuous discussions about 
camellias and Oshima itself. Through the discussions, the curator of Tsubaki-Hana-garden, who 
had once thought of his own retirement, found the new way to utilize his knowledge and 
experience for the island and the next generations. The students of Oshima High school came to 
realize the significance of their activities more clearly, and could set next target. Furthermore, 
many ideas of local policies came out from our discussions. The largest (but only 6 members) 
group of town assembly was so interested in our ideas that they are now trying to establish the 
total tactics of the revitalization of the island using camellias. 
To tell the truth, although these three gardens are represent industry, academia and government, 
we had never collaborated until now. Though each of us did our best, activities weren’t 
expanded to their potential. However, it is different now. Our three gardens are cooperating 
with each other. We now exchange cultivation information and share garden maintenance 
know-how. We also plan to start collaborating to attract tourists. 

5  How we will stimulate this island by making the use of camellias effectively 
The movement to utilize the island’s camellias has enlivened the community. The news that our 
three gardens applied for ICGoE recognition is being welcomed by islanders with positive 
feelings. Furthermore, if our three gardens receive this recognition at the same time, it will be 
the best news in Oshima’s history.   
However, recognition is not our goal.  
In Japan, negative population growth and a decreasing birthrate, and an aging population are 
present issues. They are also Oshima’s issues. Moreover, the problem is more serious. The 
island had once thrived by the tourism. But the visitors have been decreasing for a long time. 
Many young people go out from the island and few of them return. The industry is shouldered 
mainly by the old people who cannot invest for the future. The declination of the island keeps 
people from expecting the good futures. 
But now, the trial to revitalize the island using camellias is about to start. For example, 
Oshima Senior High School used to permit only the students from the island to enroll, but from 
now on the students from outside the island is to be able to enroll. We expect that more students 
who are interested in camellias will come from all around Tokyo. They will be able to learn 
about camellias more deeply, then they will be able to get a job related to the camellia industry 
in Oshima in the future. 

6  How we will transmit information about IzuOshima’s camellias 
throughout the world 

We think it our duty to propagate the knowledge about camellias and to promote the interest in 
the camellias now that we are trying to become the ICGoEs.  
Since last September, we have consecutively placed a column “camellia” on our website, 
mainly for the people in Oshima to know about our plan and the process of getting recognition 
of our three gardens as an ICGoE. Now we have almost finished translating them into English. 



Proceedings of 2016 International Camellia Society Congress 

326 
 

You can read them at the site below. 
http://www.soumu.metro.tokyo.jp/11osima/window/englishcameliaindex.html 
Now more and more members has come to join or to cooperate with our team, such as the local 
government of Oshima, oil makers, ship company, the tourism association, the society of 
industry and commerce and so on. One of the result of widened cooperation, we could have 
made a portal site where people can learn about “Everything of camellias in Oshima” (This title 
came from the words Ms. Trehane appreciated this island.) in English. Please check it out. 
http://www.soumu.metro.tokyo.jp/11osima/camellia/index.html 
Now the ship company, Tokaikisen, is preparing to offer the tour to take the visitors to all the 3 
gardens. Unfortunately, we had no such tours before. We are improving our system to offer the 
information about camellia varieties utilizing QR codes. But it has just been started that we 
make efforts to make this island more active and invite many visitors to spread information the 
excellence of Oshima’s camellias all over the world.  
Moreover, we hope eagerly for the members of the Camellia Societies in many countries to visit 
Oshima and to experience this camellia island. And, if it is possible, we hope them to think with 
us what we should do and what the camellias in this island can do for the camellia enthusiast all 
over the world. We would like all of them to know how strongly we are hoping to contribute to 
the global camellia culture. 

7  Conclusion 
In this paper I have explained why Oshima became a camellia island because of geological 
factors, natural and artificial factors, and also the industrial utility of camellias. 
Ms. Trehane wrote to us in her e-mail “There are not many flowers that unite people all over the 
world. The 'camellia' certainly does that.” We will do our best for the camellias to unite the 
people in 2 ways.  First, we want to make the camellias unite the people in the island so that 
Oshima can conquer the declination and thrive with camellias in future. Furthermore, we want 
to make the camellias unite us to the people all over the world so that our activities will help the 
development of other camellia gardens all over world as well as ICS. 
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Action to make use of the locally treasured camellias in 
Oshima High School 

Reimei Hamada1,Yu Kaneko2 

(1.Second year student of Agriculture and Forestry Program;                                           
2.Chief ofAgriculture and Forestry Program) 

1Introduction 
Tokyo Metropolitan Oshima High School is located in Izu-Oshima, a remote island near Tokyo. 
Our school is not very large and only has about 120 students. However, we have an Academic 
Program, an Agriculture and Forestry Program, and a Home Economics Program. Also, we are 
proud to have the largestcampus among Tokyo Metropolitan high schools.Above all, the 
Agriculture and Forestry Program’s students learn about cultivation, forest science, and livestock 
raising. We also have a camellia garden in our farm. It is the symbol of our school, and is a place of 
learning as well as a place where we can enjoy many types of camellias.Now, wewill introduce the 
learning contents concerning the camellias in our school. 

2Camellia Oil  
It is said that 3 million Camellia japonica’sgrow wild in Izu-Oshima. The oil of those trees is 
traditionally a special product of Izu-Oshima.Because there are many camellias in our school, we 
also make camellia oil.In September, wegather all the students and collect the seeds from our 
camellias. The seedswe collect arepressed for oil after washing, sorting, and drying. Tsubaki Co., 
Ltd. is our partner in this and we entrust the pressing to them. We put a special label on the 
containers we fill to mark them as“Camellia oil produced by Oshima Senior High School.”After 
selling it in the harvest festival held in Tokyo last autumn, we were able to win their highest award. 
We think that it is important that we succeed in the making of Izu-Oshima’s special product.We 
believe that a revival of the camellia industry will lead a revitalization of the island itself. 

3Camellia Garden 
The camellia garden of our school is maintained by the students and teachers of the Agriculture 
and Forestry Program. Besides managerial work,students give a gardening classand act as 
guidesfor visitors to our camellia garden. This is very popular among both local inhabitants and 
tourists. 
During these interactions, our garden acts as a place of learning. As for having received a good 
evaluation from Director Jennifer Trehane, Mr. Tanaka, and former director Mr. Matsumoto, it 
gave us great confidence. Wehave heard that,if it is authorized,our garden will becomethe world's 
first International Camellia Garden of Excellence managed by a school. The students of the 
Agriculture and Forestry program are not many, but we’ll gain a great deal of support from this 
authorization. We are very heartened by this. Westrongly believe that we can continue to improve 
in our endeavor. 

4Conclusion 
Izu-Oshima was struck by a landslide disaster two years ago. Our school suffered much damage. 
We want to cheer up and revitalize Izu- Oshima by utilizing the camellias which are treasuredby 
the island.Furthermore,the cooperationof the 3 gardens from Izu-Oshimain applying for this 
certification will help spread the splendor of the camellia all over the world.For that reason, wewill 
endeavor to protect and will take great pride in Izu-Oshima’streasuredcamelliasforever. 
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Oshima High School’s Camellia Activities 

  

Photo 1   Oshima High School Photo 2   Camellia Garden 
 
 
 

  

Photo 3  Camellia Oil Photo 4   Harvest Festival in Tokyo 
  

 

  

Photo 5    Camellia Box Photo 6     Camellia Guide① 
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Photo 7    Camellia Guide② Photo 8  Camellia Flower Arrangement Contest 
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History of Cultivation and Utilization in Gardens and 
Landscape Designs with Sichuan Camellias 

He Jie1 

(Management Department of Gardens and Landscape of Wanzhou Chongqing, Wanzhou 
Chongqing) 

Sichuan Camellias were traditionally considered as a subgroup of eastern camellias (Camellia 
japonica) in China. However, Mr. Huang Deling, the well-known camellia Horticulturist in 
China, classified Sichuan Camellia cultivars into a separate camellia cultivar group at the 
same level with eastern camellia cultivars (C.japonica) and Yunnan camellia cultivars 
(C.reticulata) . Sichuan camellia cultivars are featured with short internodes, mainly oval or 
oval round leaves in shape, shinning green and compound colors under an unique climatic 
environment by high moist and rainy, heavy fog, shorter full light period. 
The history was dated back to Shu-Han Period of the Three States with 1800 year old. Since 
then, numerous books or poetries described ancient Sichuan camellias in Chongqing area. 
Some ancient camellias in Chongqing provide us evidences, such as more than 90 camellias at 
age of more than one hundred year old in Wanzhou Xishan Park, Two ‘Baozhucha’ (C. 
japonica) at age of more than one thousand years old at the yard of Zhoujia’s Family in 
Pengzhou Sichuan, more than one hundred camellias aged at more than one hundred at 
Camellia garden of Nanshan Botanic Garden of Chongqing, one camellia of ‘Qixinhong’ at 
age up to four hundred years old at Banan District of Chongqing and the ‘Baozhucha’ aged at 
more than five hundred years old in Fuling District of Chongqing. 
Currently there are several production centers developed in Sichuan, of which Nanshan center 
with more than 5000 mu, Jinguan center with 3000 mu, Wanzhou center with 2000 mu, 
Yingbin center with more than 10,000 mu and Chengdu suburban area with more than 
10,000mu. 
Sichuan camellias are traditionally used in several ways, such as a single plant by one large 
cultivar (‘Zijinguan’, ‘Hongqixin’ etc), group plant with 3 to 5 camellias. Sichuan camellias 
are also mixed with large trees, such as Camphors, Osmanthus, etc. It is planted together with 
shrubs, such as plum blossom, wintersweet, nandin, grasses.  
Sichuan camellias are mainly planted in yards of private estates, public housing communities, 
parks, landscape sites, roads, mine areas, tomb areas, as well as camellia-themed gardens. 

 
 

                                                                            
corresponding author:1464536960@qq.com 
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Current Situation of Landscape Optimization on 
Camellia Plant Garden in Wuhan Botanical Garden 

Xue Wang, Kanyuan Wan*, Qiong Liang* 
(Wuhan Botanical Garden, Chinese Academy of Science, Wuhan 430070, Hubei, China) 

Abstract: Special categorized plants garden is a plant display form which has a particular topic, and very 
important for developing and constructing the botanical garden. The primary mission of a special categorized 
plants garden are the collection, exhibition, research and ornamental, also the public education. This paper is 
about the current situation and issue of camellia plant garden construction in Wuhan Botanical Garden, 
improvement strategy of landscape also discussed. Special categorized plants garden management experience 
could be provided by this paper. 
Key words: special categorized plants gardens; camellia plant garden; current situation; landscape Optimization 

Special categorized plants gardens is a new word in modern times, but the plant display form like a 
special categorized plants gardens can be traced back to the Warring States Period. That famous in 
song dynasty, while it appeared in botanical garden in modern times. The special categorized 
plants garden is a place that collected certain plants for exhibition, research and public education. 
With the development of society, the task of botanical garden not only the plants collection or 
research, more requirements in plants exhibition, public education and Chinese culture spreading. 
As a special categorized plants garden, it should pay attention to showing features of native plants 
and spreading Chinese culture. In the current, there are many different forms of special categorized 
plants gardens, for example: peony garden, azalea garden and so on, those all compose of the 
similar plants in same genus or species; the rock garden and water garden, while the plant in the 
garden is make up the similar living natural environment. 
This paper is about the current situation and issue of camellia plant garden construction in Wuhan 
Botanical Garden, improvement strategy of landscape also discussed. Special categorized plants 
garden management experience could be provided by the paper. 

1Introduction of the genus camellia 
Camellia genus plants are widely distributed in China. According to the data in Flora Reipublicae 
Popularis Sinicae, these are 20 section, about 280 species plant, which distributed along the tropic 
of cancer of East Asia. Including more than 100 endemic species, China have 238 species of genus 
camellia. Most of them distribute in Province of Yunnan, Guangxi, Guangdong, Sichuan, Zhejiang, 
Hubei that located in the south of the Yangtze river region. Plants of the genus camellia has the 
very high economic value, for example some species are ornamental plants (C.japonica Linn.; 
C.reticulata Lindl.); some can be drink like tea (C.sinensis (L.)O. Kuntze.; C.sinensis 
var.assamica); some could provide oil for edible or industry (C.oleifera Abel). 
C. sasanpua., C.japonica Linn, C.reticulata Lindl. etc. are ornamental plants belong to camellia 
genus, which collectively known as camellia. The majority plants of camellia genus prefer an acid 
soil condition, and not adapt to the low temperature environment in north china. 
Camellia native to China, and has a long cultivation history. According to incomplete statistics, 
varieties of camellia were registered more than thirty thousand, at present. 

2Current situation of camellia garden in Wuhan Botanical Garden 
2.1 Geographical environment of Wuhan Botanical Garden 
Wuhan Botanical Garden of Chinese academy of sciences is located in North latitude 30 ° 33 ', 
longitude 114 ° 24'，19-35 m above sea level, a subtropical humid monsoon climate, annual 
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average temperature 16.3 ℃ , extreme low temperature 18.3 ℃ , the most high temperature 
42.7 ℃, average annual rainfall 1282 mm, concentrated in 4 to 7 months, raining time from April 
to July, 79% relative humidity, Sunshine time about 1810-2100 h, total amount of 
4.37×106-4.76×106KJ/m2 , neutral clay, soil PH 6.5. 

2.2 The current situation of collection and conservation the genus camellia plants in camellia 
garden 
Camellia Plant Garden of Wuhan Botanical Garden was established at 2010 to collect and 
conserve scientific research resources of Camellia Plant. Varieties of camellia plant in Wuhan 
Botanical Garden give priority to with varieties of camelliadue to climatic factor in Wuhan. 
Varieties of Camellia Plant was collected mainly through market shopping in Jinhua, zhejiang. 
Species was collected from the field of guangxi, Guangdong, Yunnan and Sichuan. Moreover, 
species was also obtained through communication between the botanical garden. Currently, 
collection of camellia plant has 8 genera and 30 species in Wuhan Botanical Garden, including 13 
species of camellia genera. Collection and introduction of camellia plant not only protected rare or 
endangered species of camellia genera, but also establish plant genetic resources treasure-house of 
cross-breeding. 
At present, Camellia Plant Garden of Wuhan Botanical Garden have developed well and take 
shape. In next years, collection the camellia species and varieties will be the main task, and the 
number of camellia species conserved will be expanded more than one thousand among 3 to 5 
years, including C. peteloetii. Moreover, numbers of C. oleifera Abel was grafted to match the 
campus landscape construction in 2014. 

2.3 The status quo of Camellia gardens landscape planning 
The camellia garden is located in the 
central and west of botanical 
garden(Fig.1), a total area of 
exhibition is about 14000 ㎡. Based 
on the characteristics of different 
camellia species or varieties, plants 
of genus camellia are exhibit as a 
single or a group. The main idea of 
designer is that the camellia 
exhibition and nature fuses into one. 
But the camellia exhibition is 
actually messy, and lack of 
hierarchy. 
There are five major landscape 
areas(Fig.2): the entrance landscape 
area; the “Tanchun” landscape area; 
the “Mitu Chaxiang” landscape area; the “Mantuo” landscape area; the “Yuming Yishan” 
landscape area.  

 

Fig. 1.The location of camellia garden in Wuhan Botanical 
Garden 
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The landscape areas of the entrance and the 
“Tanchun” are early flowering camellia 
varietiesexhibit areas. The flowering time is from 
November to the next January. Many camellia 
varieties are showed in this landscape areas for 
example: C.japonica ‘Desire’; C.japonica 
‘Nuccio’s Bella Rossa’; C.japonica ‘Bella Rossa’ 
Var.; C.japonica ‘Red Leaf Bella’; C.japonica 
‘longhuozhu’; C.japonica ‘Joy Kendrick’; 
C.japonica ‘Daikagura Red’; C.japonica 
‘Daikagura’; C.japonica ‘Xueta(Snow Pagoda)’; 
C.changii Ye; and so on. 
The landscape area of “Mitu Chaxiang” exhibit 
camellia varieties with fragrance. In this area 
plants of camellia sasanpua hedge winding 
path(like a simple maze), fragrance camellia 
varieties within the hedge. The fragrance camellia varieties planted in this region are C. ‘High 
Fragrance’; C. ‘Scented Sun’; C. ‘Xiangfei Chixian’; C. japonica ‘Xizi Xianghe’; and so on. The 
varieties of camellia sasanqua are C. hiemalis ‘Showa-no-sakae’; C. hiemalis ‘Xiaomeigui’; C. 
hiemalis ‘Azumabotan’; C. hiemalis ‘Red Jade’; and so on.  
The “Mantuo” landscape area exhibit classical camellia varieties, like C.japonica ‘Xueta(Snow 
Pagoda)’; C. japonica ‘Bai Chang’ecai’; C.japonica ‘Shiba Xueshi’; C. japonica ‘Huaheling’; C. 
japonica ‘Huafoding’; C.japonica ‘San Xueshi’; C. japonica ‘Yilanjiao’; C. japonica ‘Qixiannv’; 
C. japonica ‘Xiaoqiao’; C. japonica ‘Chidan’,etc. In this landscape area, the designers want to 
blend in Chinese culture. 
The “Yuming Yishan” landscape area is isolated by a river , varieties of C. sasanqua, and some C. 
japonica, C.oleifera planted in this area. The upper shade tree species is a Quifoliaceae and 
Celastraceae. 

3. The issues of camellia garden construction in Wuhan Botanical Garden 
3.1 Camellia conservation 
Camellia varieties shopped are grafted seeding of camellia, it may lead to various aspects of 
problems in later maintenance including degradation of characteristic, limit of plant growth due to 
root stock aging and interface infection of grafting. This phenomenon also puts forward higher 
requirement for camellia conservation, collection and introduction, maintenance of the future. The 
new varieties should not only be breed in time to ensure the number of camellia, but also grope for 
curing methods of seeding of grafting to reduce mortality. 
Camellia Flower Blight is the most destructive disease problem of camellias, It cause by the 
pathogen of Ciborinia camelliae Kohn. The camellia flower blight incidence rate is more than a 
half in Wuhan Botanical Garden. It has been found to occur in Hubei, Yunnan, Zhejiang and other 
provinces and has a fatal blow on camellia ornamental value, seriously restricts the development 
of camellia industry. Thus, chemical control and breeding of resistant varieties were main solution 
of prevention and control of the disease. 

3.2 Flaws of design of Camellia Plant Garden of Wuhan Botanical Garden 
Introduction, collection and the conservation of variety of camellia is given priority at the 
beginning. At present, single collection of species and showing ofclassion still happened in part of 
the plant planting area. This cannot help visitors fully appreciate cultural and spiritual connotation 

 

Fig.2The landscape area and the touring route of 
camellia garden 

1- the entrance landscape area；2- the “Mantuo” landscape area；3- the 
“Tanchun” landscape area；4- the “Mitu Chaxiang” landscape area；

5-the “Yuming Yishan” landscape area. 
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of the flowers. Thus, how plant landscape and Chinese cultural fusion is also design need to be 
examined in the direction of the specialty in the future. 

3.2.1 Camellia varieties display layout weakness and improvement 

To increase the varieties of camellia, it need more early flowering and aromatic camellia varieties 
to be populated, expand the scale of the show, increase the number of camellia species of 
conservation. 
Camellia varieties were scattered in the form of individual plant in different regions. The 
phenomenon not only bring tourists messy feeling at the flower show, and no enough visual impact 
feeling, but also it is hard to leave deep impression on sensory. Connotation and the spiritual 
culture of plants do not be understand by tourists by tour after tour type. 
Camellia plants show layout in the construction of campus landscape optimization has been 
adjusted in the past two years, and the same camellia varieties were planted together, the number 
of the camellia varieties were increasing, connotation of plant culture was realized again. To create 
camellia characteristic display area, the same color or camellia flowering can be display together, 
show of camellia varieties from different regions such as China, Japan and Europe and the United 
States should be classified, exploring differences of the aesthetic in different parts. Camellia is 
fond of acid soil, half negative growth environment. Under the strong sunshine in the summer, 
camellia leaf burns easily. Thus, it demand to grow part of the tall trees in camellia garden as a 
community of the upper shade. 

3.2.2 Strengthens the fusion of Chinese culture and camellia plants exhibition  

The fusion of Chinese culture and camellia plants exhibition should be strengthened. Camellia 
plants was native to China, there are many poetry about camellia plants, which were created by 
ancient Chinese poets. These descriptions about camellia plant culture should be gradually 
combined into camellia in the exhibition, showing a kind of special status of culture and science of 
China. 

4. Conclusion 
A Camellia garden is not only a collection and conservation plant center, but also have a mission of 
public education. The issues that how to improve the landscape, enrich plant diversity, combine 
traditional culture, landscape and plant, are every botanic garden should be considered. 
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The development of Camellia Cultivar Dictionary 
Wang Zhonglang, FengBaojun, ShenYunguang 
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Abstract:In this paper the first Camellia digital dictionary was produced, and also introduced how to install and 
the developing project. In order to provide a useful and rapid dictionary with rich information and photos for 
camellia lovers, breeders and researchers to look up at Anytime, Anywhere and Any style by Anybody (4A). 
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Efficacy of Camellia japonica seed residue after oil 
extraction in pest insects: first results 

Rosa Pérez-Otero, Pedro Mansilla & Carmen Salinero 

Estación Fitopatolóxica Areeiro. Deputación de Pontevedra, Spain (rosa.perez@depo.es) 

Abstract: The efficacy of camellia seed residue after oil extraction against two instars larvae of Eucalyptus 
snout beetle (Gonipterus platensis Marelli) and the African citrus psylla (Trioza erytreae Del Guercio) was 
tested in a preliminary laboratory bioassay. 
Key words:Gonipterus platensis; insecticide; seed oil; Trioza erytreae 

1Introduction 
Intensive agricultural and forest practices have led to negative environmental consequences, 
such as water pollution, losses of biodiversity among others. the intensive use of pesticides and 
fertilizers had significant implications in the environment. Thus, in recent decades 
cross-disciplinary studies on natural ingredients have been developed.  
Essential oil compounds and their derivatives are considered to be an alternative means of 
controlling many harmful insects and their rapid degradation in the environment have increased 
specificity that favors beneficial insects (Tripathi et al., 2009). In general, plant essential oils in 
general have been recognized as an important natural source of pesticides because they 
interfere with basic metabolic, biochemical and physiological and behavioral functions of 
insects (Tripathi et al., 2009). 
Camellia oil is a good raw material for industrial uses and is used to manufacture soap, 
margarine, lubricants, paint, among others (Ruter, 2002). Camellia oil has been proven to have 
its place in all emulsions used in the cosmetics and pharmacy. In China, Camellia oleifera seed 
residue after the oil extraction is reputed to protect crops from certain aphids, scales, leafhopper, 
beetles and caterpillars, but a literature search found no published efficacy data for such usage 
(Potter et al. 2010).Therefore, these products may be used to obtain biologically-based 
pesticides.  
Eucalyptus is a forest species of a high economic importance in Northwest of Iberian Peninsula. 
In this area, the Eucalyptus snout beetle, Gonipterus platensis Marelli (Coleoptera, 
Curculionidae), is a significant pest that reduces wood production. Both adults and larvae feed 
on leaves (mostly newly formed adult leaves) buds and shoots (Tooke 1955). High population 
densities may lead to complete defoliation of terminal branches, resulting in a strong decrease 
of growth and wood return. Additionally, trees consecutively defoliated may become 
vulnerable to attacks from other biotic agents (Branco, 2011). 
This beetle has been established in Galicia since 1991 (Mansilla 1992). Following the 
introduction of Anaphes nitens Girault (Hymenoptera Mymaridae), an egg parasitoid (Mansilla 
Vázquez & Pérez Otero, 1996), G. platensis population has been reduced. However, the 
parasitoid has not proven to be effective in the control of the pest, given the large density of 
beetles widespread in the region. 
Citrus Psylla, Trioza erytreae Del Guercio, was first reported in Galicia in 2014 (Pérez-Otero et 
al., 2015). Leaves infested by the insect are distorted and often characterized by local chlorosis 
where the nymphs develop (Van den Berg, 1990). Trioza erytreae is a quarantine pest for the 
EPPO region since this Psylloidea is one of two vectors of greening disease or Huanglongbing 
(HLB), the most a destructive disease of citrus. 
A single pesticide, acetamiprid, is currently labeled for the control of Gonipterus platensis in 
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Spain, whereas thiamethoxan is the only insecticide authorized to be used against Tryoza 
erytreae. Both insecticides are broad-spectrum synthetic neonicotinoids and highly effective 
against several insect pests. Nevertheless, they also kill non target insects and, among them, the 
biological control agents. Thus, it is necessary to search for an alternative substance to manage 
these pests.  
The aim of this work was to test the efficacy of camellia seed residue after oil extractionon first 
and second instar larvae (L1 and L2, respectively) of G. platensis and on T. erytreae colonies. 

2Materials and Methods 
Activity of Camellia japonica seed residue was evaluated in a laboratory bioassay. Oil was 
extracted using a press KT23-100 (Sanseiki). Cakes obtained from this process were broken in 
small pieces and mixed with distilled water. This mixture was macerated for 48 hours and then 
filtered (Figure 1). 

 

Figure 1. Residue obtained after camelliaoilextraction, dilution and leave immersion 

Two different macerates (50g and 100 g of residue in 200 ml and 250 ml of water, respectively) 
were prepared so as to determine dose response. G. platensis larvae were obtained from a 
laboratory rearing. 
To evaluate direct toxicity, five larvae per stage were placed into a 
9-cm-diameter glass Petri dishes. Two milliliter aliquots of the 
product were applied using a Potter spray tower (Burkard 
Manufacturing Co Ltd) at 55 kPa (Figure 2). The same procedure 
was followed for T. erytreae, but using lemon leaves with colonies 
(50 nymphs per leave) collected in a citrus orchard. Toxicity by 
ingestion (only against G. platensis larvae) was tested using 
Eucalyptus globulus leaves, which were immersed for 2 seconds in 
the solution, air-dried on a filter paper and placed into glass Petri 
dishes. All treatments were replicated four times. 
After treatment application, G. platensis larvae were placed into 
glass Petri dishes and colonies of T. erytreae into 500 cc plastic 
cages with small holes so as to allow ventilation. For both species, 
treated and control insects were kept in laboratory at 22 (±2) ◦C, 
65(±10) % RH, and 14:10 h light: dark photoperiod. 
The effect of treatments on mortality was evaluated at 24, 48 and 
72 h after treatment by counting dead insects. 

3Results and Discussion 
Camellia seed residue of oil extraction seemedto have a significant effect on L1 of G. 
platensis.Contact toxicity varied between 40 and 60% 24 h after treatment and reached 80-100% 
48 and 72 h after application. The impact of the residue by residual toxicity was greater, 

 
Figure 2. Potter spray tower 
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because all larvae died at 48 h after treatment application.  There were no significant 
differences between the two concentrations employed, so, according to these results, 
differences were not observed among doses. 
On L2 the camellia seed residue showed minor percentage of mortality: 24 h after contact 
application any larvae was dying, 48 h after the mortality rate does not exceeded 40% and three 
days after treatmentsome larvae were alive. As regards the toxicity residual bioassay, mortality 
of larvae occurred more rapidly, with 40-60% of dead larvae and 80-100% three days after 
application. 

 

Figure 3. Effect of the applicationon L2 of Gonipterus (left, contact; right, ingestion) 

Results of treatment application on T. erytreae colonies were not as clear as those obtained 
against L1 of G. platensis or even on L2, since 24 hours after treatment application, no 
significant changes were observed as compared to the control, two days after very few nymphs 
had died and at the end of the assay mortality rates were still very low. 
No scientific studies have been found on the efficiency of the Camellia japonica residue 
obtained from oil extraction for the control of related insects. Kim et al. (2005) report a slight 
repellent activity against Tetranychus urticae in 24 hours after treatment, although this effect 
become minor in 72 hours. Potter et al. (2010) report the efficiency of the residue of C. oleifera 
as a vermicide against earthworm casts (Oligochaeta: Lumbricidae) in turfgrass. So, some web 
sites include information on its properties against several types of organisms (snails, molluscs 
or soil pests). Our bioassay proved no good efficacy (of Camellia seed residue) on Tryoza 
erytreae colonies, but results obtained against Gonipterus platensis larvae, and those of other 
authors, open the possibility for further studies with this bioproduct.   
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Effects of Preservatives on Camellia japonica Cut 
Flowers 

QinHan,YongjieYu,JingZhang,Zhihui Dai, Sui Ni*  

(Ningbo University,Ningbo 315211,China) 

Abstract: Mixture containing 20 g/L sucrose+50 mg/L SA+0.2 mmol/L STS+30 mg/L 6-BA+75mg/L 
Al2(SO4 ) 3 was used as preservative to observe its effect on postharvest physiological indexes of Camella 
japonica cut flowers, with distilled water as a control. The results showed that the preservative had better 
effect than the distilled water. It could slow down the decline of contents of soluble sugar and protein，inhibit 
the ascensional range of contents of free proline and MDA and relative membrane permeability，delay the 
decline of POD activity. The conclusion is that the preservative has an important role to delay senescence of 
Camellia. 
Key words: Camella .japonaca; fresh cut flower; preservative; physical signs; senility mechanism 
 
With economic development, the flower industry has become the agricultural industry in an 
unprecedented high yield potential growth industry, and cut flowers is the floral industry's 
leading product [1]. In recent years, cut flower preservation technology has become an important 
part of commodity flower production, post-harvest physiology of cut flowers and preservation 
with horticultural science also has become an emerging field. Postharvest senescence 
mechanism of cut flowers and preservative formulation research [2-9], our fresh cut flowers 
research started late, has been in a daisy [10-11], Gladiolus [12-15], carnation [16- 18], there have been 
some studies on the flower rose [19-28] and so on. 
Camellia (Camellia japonica L.), also known as Theaceae Camellia (Theaceae) Camellia 
(Camellia) plant, an evergreen shrub or small tree and is one of China's top ten famous flowers, 
but also the world of luxury woody flowers. Camellia tree produces beautiful, dark green leaves, 
especially large and colorful flowers, is ideal for cut material [29]. But short vase life of cut 
flowers of camellia, easy browning are major shortcomings. Now post-harvest preservation 
techniques in camellia fresh cut flowers have been reported, but camellia cut flowers 
senescence mechanism is still blank. In this regard, we do a pre-preservative formulation 
research camellia cut flowers (another author have been published), reported the best cut flower 
preservative formulations is: 20g / L sucrose + 50mg / L SA + 0.2mmol / L STS + 30mg / L 
6-BA + 75mg / L Al2 (SO4).  

1 MATERIALS AND METHODS 
1.1 Materials 
Camellia cut flowers tested in March 2013 were collected from within the university campus in 
Ningbo, choose no pests bud in uniform size camellias, squid length of 20 ~ 30cm, saved in a 
plastic bag filled with distilled water, tested within 30 minutes  

1.2 Methods 
The experiment included two treatment experimental groups: 20g / L sucrose + 50mg / LSA + 
0.2mmol / L STS + 30mg / L6-BA + 75mg / L Al2 (SO4) 3; control group: distilled water. Vase 
from the date of the determination of camellia flower petals related physiological and 
biochemical indexes every day. 

                                                                            
Fundation:Zhejiang-CAF cooperation program(2012SY02);Key Zhejiang Flower Breeding Program(2012C12909-6) 
Corresponding author:nbnisui@126.com 
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Determination of soluble sugar content anthronecolorimetry[30-31]; 
Determination of soluble protein content using Coomassie brilliant blue method [32]; 
Determination of free proline using ninhydrin method [31, 33]; 
MDA content was measured using the thiobarbituric acid (TBA) method [31]; 
POD activity was measured using the guaiacol method [32]; 
Membrane permeability was measured by conductivity meter method [32]. 

2 Results  
2.1 Effects of Preservatives on soluble sugar content 

 

Fig.1 The effect of preservativeon soluble sugar content  
 

2.2 The effects of preservatives on soluble protein content 

 

Fig.2 The effect of preservative on soluble protein content  
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2.3 The effects of preservatives on free proline content 

 
Fig.3 The effect of preservative on free proline content  

2.4 The effects of preservatives on MDA content 

 

Fig.4 The effect of preservative on MDA content  

2.5 The effects of preservatives on POD activity  

 
Fig.5 The effect of preservative on POD activity  
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2.6 The effects of preservatives on relative membrane permeability  

 
Fig.6 The effect of preservative on relative membrane permeability 

3 Discussion 
After leaving the mother cut flowers, external morphology changes and aging is the result of a 
series of physiological and biochemical changes in the body. The results showed that 
preservative through metabolism and the aging process can cut post-harvest regulation, so as to 
effectively extend the shelf life of cut flowers [34]. Cut the content of soluble sugar and soluble 
protein in vivo is a reflection of the quality of cut important physiological indicators [35]. In 
general, soluble sugar and soluble protein content is higher, indicating that the body of nutrients 
cut the more the better cut quality [36-37]. In this test, the camellia flower by preservative 
treatment can effectively delay and reduce the metabolic activity of the protein content of 
soluble sugar, extend vase life. Proline as one of the most effective osmotic adjustment, from 
the reflection of the extent of the plant affected by water stress [38]. With the extension of the 
vase of time, increased water stress, resulting in increased proline content in the body. MDA 
content and POD activity is a reflection of free radical damage, lipid oxidation of commonly 
used physiological indicators of the degree. MDA is a product of the aging process tissue 
membrane lipid peroxidation, the higher the content, indicating membrane lipid peroxidation, 
the stronger, the more rapid plant senescence. High activity of POD can effectively remove 
oxygen free radicals, the latter POD activity decreased vase, they can not remove the body of 
reactive oxygen species, reactive oxygen species attack cell membranes surplus, so increasing 
the permeability of cell membranes, membrane lipid peroxidation reaction accelerated its 
product MDA content rose sharply, causing toxic plant cells, eventually leading to death 
senescence. 
Camellia is a unique luxury flowers, a beautiful tree with dark green leaves, large and colorful 
flowers, often bloom in early spring after midwinter. They are loved by the many people. It has 
been mainly developed as landscaping trees and potted flowers. The results of this study may be 
a new method and will greatly enrich the types of cut flowers. 
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The bioactivity of anthocyanins in lowering blood lipids 
from Camellia reticulata Lind. 

Wang Xu , Li Xiang-yong, Chen You-hui, Bao Liu-yuan, Huang You-an, Wang 
Jin, Xi Cong-fang*, Li Jian-bin* 

(College of Agronomy and Biotechnology, Yunnan Agricultural University, 650201Kunming, 
China) 

Abstract:the efficiency of anti-oxidation, anti-radical and lowering blood lipid of cyanidin 
3,5-di-O-β-glucopyranoside (Cy3G5G) and cyanidin 
3-O-(2-O-β-xylopyranosyl-6-O-(E)-p-coumaroyl)-β-glucopyranoside (Cy3GEpCX) isolated from petals of 
Camelliareticulata was determinedby the [DPPH·] and Kunming mice. The results showed that the ability of 
anti-oxidation and anti-radical of Cy3G5G was greater than Vc and rutin. EC50 (50% the initial [DPPH·] 
concentration) of Cy3G5G, Vc, rutin and Cy3GEpCX was 9.775, 10.123, 11.255 and 33.466, respectively, and 
the anti-radical efficiency (AE) was 0.102, 0.099, 0.089 and 0.03. While Kunming mice were feed 50 days with 
Cy3G5G and Cy3GEpCX, the amount of TG was reduced 50.8%~60.9% and 0.02%~69.5%, respectively. 
Anthocyanins from C. reticulata have strong ability of anti-oxidation and reducing blood lipid. 
Key words: Anthocyanin; Anti-oxidation; [DPPH·];Reducing blood lipid;Camelliareticulata 
 

Anthocyanin is kind of flavonoids which is a water-soluble plant pigments, but also the main plant 
petal coloring substance. Anthocyanidin which structure is 2-phenyl benzopyran [C6 (A ring) -C3 
(C ring) -C6 (B ring) configuration (Fig. 1) is an aglycon of anthocyanins][2].  

 
Fig. 1 The chemical structure of anthocyanins 

Anthocyanin is one main pigment for producing colors of petals and fruits as widely content in 
colored vegetables and fruits[3]. Anthocyanins were found in the flowers of angiosperm of 27 
Families and 73 Genus. The content of anthocyanins is rich in blackberries, blueberries, 
cranberries, grapes, cranberries, strawberries, mulberry, black beans, red cabbage, purple sweet 
potato, etc. [4]. Anthocyanidin is rare, but anthocyanins from acyl anthocyanidin are usually in the 
natural plants. There are six major anthcocyanins in plants (Table 1). 

Table 1 The proportion of several major anthocyanin in the edible parts 

Name Shorthand R1 R2 Color Proportion/ % 
Delphinidin Dp OH OH blue-red 12 

Cyanidin Cy OH H orange-red 50 
Petunidin Pt OCH3 OH blue-red 7 
Peonidin Pn OCH3 H orange-red 12 
Malvidin Mv OCH3 OCH3 blue-red 7 

Pelargonidin Pg H H orange 12 

                                                                            
Funding:National China-Japan Cooperation Programme(2011DFA 30490) 
*corresponding authors:Li Jian-bin, E-mail: ynljbin@163.com; Xi Cong-fang, E-mail: 1127165752@qq.com 
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Camellia reticulata Lind., also known as ‘Yunnan camellia’, is a famous woody flower in the 
world. Itis one of the top-ten traditional famous flowers in China, was cultivated over 1,300 years 
in Yunnan.C. reticulata is an evergreen tree with height 10 m, having many characteristics such as 
large flowers, gorgeous color, flowering in Spring, long flowering period, and long life, 
well-known in the world horticultural field[5]. C. reticulata is not only the famous ornamental 
flowers and woody oil, but also having high medicinal value, using for treatment of stool, cough, 
vomiting, vaginal bleeding, dysentery, vaginal discharge, burns, burns and bruises, etc. in folk 
medicine [6-7]. 
For characteristic Camellia resource, C. reticulata was often used as ornamental plants, but its 
edible value and medicinal value had not been really developed except medicinal with petals in 
private in Yunnan. Anthocyanins in the petals of C. reticulata have been studied widely. Yokoi first 
studied anthocyanins in the petals of C. reticulata in 1975. Sakata has studied composition of 
anthocyanins in the petals in 1981 [8]. Recently, Li [9,10] have isolated and identified 14 
anthocyanins in the petals of C. reticulata. 
Many researches showed that anthocyanin extract from plants have many bioactivities, such an 
antioxidant, anti-tumor, anti-inflammatory, eyesight, lowering blood pressure and other functions 
[11-14]. But report about antioxidant and hypolipidemic effect of anthocyanin was rarely. Bioactivity 
of anthocyanin from C. reticulata has not reported. 
In this research, antioxidant and hypolipidemic effect of anthocyanin from C. reticulata has been 
studied by biochemical experiments and laboratory rats. The DPPH radical scavenging activity of 
cyanidin 3,5-di-O-β-glucopyranoside (Cy3G5G) and cyanidin 
3-O-(2-O-β-xylopyranosyl-6-O-(E)-p-coumaroyl)-β-glucopyranoside (Cy3GEpCX) was studied. 
Under the same nutrient conditions, the Kunming mice were raised about 50 days with different 
concentrations of Cy3G5G and Cy3GEpCX solution. Levels of serum triglyceride (TG), total 
cholesterol (TC), high density lipoprotein (HDL), low density lipoprotein (LDL) in Kunming mice 
were measured. 

1 Materials and Methods 
1.1 Determination of DPPH radical scavenging activity of anthocyanin 

1.1.1Experimental Materials 

Cyanidin 3,5-di-O-β-glucopyranoside (Cy3G5G) and cyanidin 3-O-(2-O-β-xylopyrano- 
syl-6-O-(E)-p-coumaroyl)-β-glucopyranoside (Cy3GEpCX) are isolated from petals of C. 
reticulata.1,1-diphenyl-2-picrylhydrazyl (1,1-diphenyl-2-picrylhydrazyl referred to [DPPH·]), 
vitamin C and rutin are produced by Shanghai Shengwu Biotechnology Co.,L td. 

1.1.2 Experimental method 

The antioxidant activity of Cy3G5G and Cy3GEpCX was measured by DPPH· radical scavenging 
method. There are five different treatments, which are Cy3G5G, Cy3GEpCX, 50%Cy3G5G + 
50%Cy3GEpCX, Vc and rutin. Vc and rutin are control group.  

1.1.2.1 Standard curve of DPPH· 

The concentration of DPPH· was 250 mg.mL-1( 2.5 mg [DPPH·] was resolved with 100 mL 
methanol) . After the 0, 2, 4, 6, 8, 10 mL standard solution was placed in six test tube (20 mL), we 
added 10, 8, 6, 4, 2, 0 mL methanol in their order test tube, respectively, and compounded six 
concentration gradient solutions of [DPPH·] were 0, 5, 10, 15, 20, 25 µg.mL-1. 
The absorbance of the six standard solutions was measured at 515 nm respectively, by 723 
spectrophotometer visible light. The standard curve was made based on the six concentrations and 
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their absorbance (Fig. 2). The equation of linear regression is Y = 0.279x-0.0183 (R2 = 0.9961). 

 

Fig. 2 The standard curves of [DPPH·] 

1.1.2.2 Determination of residual rate of radicals 

Three concentrations (successively 5, 10 and 20 µg.mL-1) of the five different treatments were 
produced with 10 mL methanol solvent. Take above solution about 2 mL into glass colorimeter (4 
mL), added an appropriate amount solution of 25 µg.mL-1[DPPH·]and quickly measured it’s 
absorbance by 723 spectrophotometer at 515 nm. After measured 20 min (Measured once every 2 
min), concentration of remained DPPH· ([DPPH·]Rem) was counted based on the standard (Fig. 2) 
and absorbance. 
[DPPH·]Rem = [DPPH·]T /[ DPPH·]T=0×100% 
[DPPH·]T is the concentration of [DPPH·] at any one time 
[DPPH·]T = 0 is the concentration of [DPPH·] at 0 time 
[DPPH·]Rem is the concentration of remained [DPPH·] 

1.1.2.3 Computer of semi-inhibiting amount and evaluation of [DPPH·] scavenging [15] 

The curves was made based on amount of antioxidants to be measured and [DPPH·]Rem, and the 
regression equation was made from this curves. The efficiency content (EC50) of antioxidants 
could been computed with the regression equation when the [DPPH·]Rem was 50%, andanti-radical 
efficiency(AE) also could been computed by the following formula.  
AE = 1/EC50 

AE value is the larger, the ability to scavenge DPPH· of the test materials is the stronger.  

1.2 Lipid-lowering effect of anthocyanins using Kunming mice 

1.2.1 Experimental Materials 

Cy3G5G and Cy3GEpCX were isolated from C. reticulata. 

1.2.2 Experimental animals 

The Kunming mice were come from ExperimentalAnimalCenter in KunmingMedicalUniversity. 
It’s body weight was 150 g -170 g, clean level. 

1.2.3 Experimental method 

1.2.3.1 Establishment and grouping of an animal model   

The 200 Kunming mice (100 female and 100male) were divided into I, II, III and IV groups. I 
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group has 30 female mice and 30 male mice, kept in six squirrel cages. The 10 same sex mice were 
kept also in one cage. II and III groups were same as I group, but IV group has only 10 female and 
10 male mice. After feeding 7 days, the Kunming mice were begin to fill to stomach with 0.4 mL 
different concentration solution of antioxidants to feed 50 days (Table 2).  

Table 2  Detailed grouping and treatment of the experimental groups of mice 

Large group number 
Quantity 

(only) 
Sex Number Group ID Oral drugs 

Administered 
concentration
（mg/ml） 

Experimental 
period 
(Days) 

 
 

I group 
 

10 
10 
10 
10 
10 
10 

♀ A 

Cy3GEpCX 
 

0.03 50  
♂ A 0.03 50  
♀ B 0.15 50  
♂ B 0.15 50  
♀ C 0.75 50  
♂ C 0.75 50  

 
 

II group 
 
 
 

10 
10 
10 
10 
10 
10 

♀ D 

Cy3G5G 

0.03 50  
♂ D 0.03 50  
♀ E 0.15 50  
♂ E 0.15 50  
♀ F 0.75 50  
♂ F 0.75 50  

 
 

III group 
 
 

10 
10 
10 
10 
10 
10 

♀ G 
 

Cy3GEpCX 与 
Cy3G5G 
Isometric 
mixture 

0.03 50  
♂ G 0.03 50  
♀ H 0.15 50  
♂ H 0.15 50  
♀ I 0.75 50  
♂ I 0.75 50  

CK 
10 
10 

♀ J Shimizu 0 50  
♂ J Shimizu 0 50  

 

1.2.3.2 Determination of indicators 

The blood of Kunming mice was received by excised their eyes. The serum of mice was obtained 
from the blood by centrifuge. The content of triglyceride (TG), total cholesterol (TC), high density 
lipoprotein (HDL), low density lipoprotein (LDL ) in the serum were analyzed by Beckman 
Coulter AU 680 (The Second People's Hospital of Kunming).  

2 Results  
2.1 The measurement results of anthocyanin on eliminate [DPPH·] 

2.1.1 Analysis results of Residual rate of [DPPH·]and EG50 of anthocyanins 

The data of [DPPH·] radicals was eliminated using Cy3G5G、Cy3GEpCX、50% Cy3G5G + 50% 
Cy3GEpCX、Vc and rutin in Fig. 3. 
The [DPPH·]Rem value was different for different antioxidants and their concentration. The 
[DPPH·]Rem value was reduced with the concentration of antioxidants increased from 5μg/mL to 
20 μg/mL. Among them, decline of [DPPH·]Rem  was the largest for Cy3G5G from 5μg/mL to 15 
μg/mL. Next was rutin. But decline of [DPPH·]Rem was the largest for Vc from 10 μg/mL to 20 
μg/mL. Next was Cy3G5G. The [DPPH·]Rem value of Cy3GEpCX was smaller than Cy3G5G. The 
[DPPH·]Rem value of 50%y3GEpCX + 50%Cy3G5G was between its.  

The order of eliminating [DPPH·] radicals from strong to weak was as VC＞rutin＞Cy3G5G＞
50% Cy3G5G + 50%Cy3GEpCX＞Cy3GEpCX. 
The order of eliminating [DPPH·] radicals from strong to weak was as Cy3G5G＞rutin＞VC
＞50% Cy3G5G + 50%Cy3GEpCX＞Cy3GEpCX. 
The order of eliminating [DPPH·] radicals from strong to weak was as VC＞Cy3G5G＞rutin



Proceedings of 2016 Dali International Camellia Congress 

348 
 

＞50% Cy3G5G + 50%Cy3GEpCX＞Cy3GEpCX. 
 

 
Fig. 3Effects of removing [DPPH·] radicals for different anthocyanins 

 
The speed of eliminating [DPPH·] radicals was different for five treatments in table 3. Among 
them, the fastest for removing DPPH· was Vc, only 0~2 min. Next was Cy3GEpCX, the slowest 
was rutin.  

Tale 3  Effects of removing [DPPH·] radicals speed for different anthocyanins 

Antioxidants Concentration（μg/ml） Eliminate [DPPH·] time(min) 
Cy3G5G 5~20 2~12 

Cy3GEpCX 5~20 2~8 
50%Cy3G5G + 50%Cy3GEpCX 5~20 2~10 

VC 5~20 0~2 
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Rutin 5~20 6~14 

The linear regression equation between [DPPH·]Rem and concentration of antioxidants was made 
based on curves in Fig. 3. The EC50 was computed with the regression equation, and the AE was 
computed with formula as AE = 1/EC50 (Table 4). 

Table 4 Effect of different anthocyanins on clearing [DPPH·] radicals activity from C. reticulata 

Antioxidants Linear regression equation between 
[DPPH·]Rem and concentration 

EC50 
（μg/ml） 

AE  
AE = 1/ EC50） 

Cy3G5G Y = -4.4067x + 93.077 9.775 0.102 
Cy3GEpCX Y = -1.506x + 100.4 33.466 0.030 

50%Cy3G5G + 50%Cy3GEpCX Y = -2.982x + 96.953 15.745 0.064 
VC Y = -4.595x + 96.516 10.123 0.099 

Rutin Y = -4.1979x + 97.249 11.255 0.089 

Table 4 showed that the EG50 and AE value of Cy3G5G were the least, and next was Vc. We 
deduced that the best effect of clearing [DPPH·] activity was Cy3G5G, next was Vc, but 
Cy3GEpCX was the worst. 

2.2 results of lower blood lipids of anthocyanins  
TC、TG、HDL-C and LDL-C were analyzed in serum of Kunming mice, which were feed with 
different antioxidants 50 days, and the results were showed in table 5 and table 6. 

Table5  Analysis data of blood Lipid index of male mice 

Treatment  anthocyanins
（mg/d） 

TC 
(mmol/L) 

TG 
(mmol/L) 

HDL-C 
(mmol/L) 

LDL-C 
(mmol/L) 

CK 0.0 2.217 0.963 1.06 0.233 
Cy3G5G 0.012 1.91 0.87 0.957 0.2 

0.06 3.625 0.98 1.32 0.4 
0.3 1.893 0.783 0.85 0.2 

Cy3GEpCX 0.012 2.187 1.597 1.043 0.2 
0.06 1.52 1.993 1.723 0.133 
0.3 2.475 0.985 0.885 0.3 

50%Cy3G5G+50%Cy3GEpCX 0.012 2.003 1.2 1.057 0.133 
0.06 3.113 1.573 1.147 0.367 
0.3 2.013 1.11 1.007 0.167 

The table 5 showed that the TC,TG, HDL-C and LDL-C values in serum of male mice have not 
apparent changing rule for anthocyanins. After the male mice feed 50d with 0.012 and 0.3 (mg/d) 
Cy3G5G, the amount of TG was reduced 9.7%~18.7%, TC was reduced 11.6%~13.8%, LDL-C 
was reduced 14.2% than control. 

Table 6  Analysis data of blood Lipid index of female mice 

Treatment 
anthocyanins
（mg/d） 

TC 
(mmol/L) 

TG 
(mmol/L) 

HDL-C 
(mmol/L) 

LDL-C 
(mmol/L) 

CK 0.0 1.56 1.97 0.72 0.133 

Cy3G5G 
0.012 1.7 0.97 0.67 0.3 
0.06 1.568 0.938 0.68 0.2 
0.3 1.48 0.823 0.69 0.233 

Cy3GEpCX 
0.012 1.81 0.98 0.777 0.3 
0.06 1.83 1.967 0.833 0.3 
0.3 1.413 0.6 0.577 0.3 

50%Cy3G5G+50%Cy3GEpCX 0.012 1.667 0.683 0.69 0.233 

 
0.06 1.633 0.693 0.683 0.2 
0.3 1.457 0.957 0.567 0.2 

 

Table 6 showed that the blood lipid index have apparent changing rule, in serum female mice feed 
anthocyanins every day. The amount of TC in serum of female mice was reduced 0.02%~69.5% 
after feed anthocyanins, but LDL-C value was increased 33.5~55.6%. The amount of TG was 
reduced 50.8%~60.9% for Cy3G5G, but was 0.02%~69.5% for Cy3GEpCX. TC value was 
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reduced with the amountfeed same anthocyanins increased. The amount of TC was higher than 
control when the female mice feed 0.012~0.06 mg anthocyanins every day. Also, TC and HDL-C 
value were reduced after the female mice feed Cy3G5G, but the TC and HDL-C value were 
increased if the female mice feed Cy3GEpCX. 
Table 5 and Table 6 showed that the Cy3G5G and Cy3GEpCX have lower blood lipids activity, 
and the activity of Cy3G5G was better than Cy3GEpCX.  

3 Discussion 
TC, TG, HDL-C and LDL-C were the important index lipids[16]. Anthocyanin has reducing 
blood-fat activity for reducing the amount of TC, TG, LDL-C, increasing HDL-C value[17]. 
In this study, the EC50 of Cy3G5G eliminating [DPPH·] radicals was 9.775, reduced 0.348 than Vc. 
It was showed that the anti-oxidation activity of Cy3G5G was stronger than Vc. While the 
Kunming male mice were feed Cy3G5G, the amount of TC、TG and LDL-C were reduced. While 
the female mice were feed Cy3G5G, TG value was reduced 50.8%-60.9%. It was showed that 
Cy3G5G has strong activity to reduce blood lipids. The EC50 and AE of Cy3GEpCX eliminating 
[DPPH·] radicals was 33.466 and 0.03, respectively, was smaller than rutin control. The 
Cy3GEpCX feed to Kunming mice, the amount of TG was reduced 0.02%~69.5%, TC、LDL-C
和 HDL-C were little changed. It was showed that Cy3GEpCX could also reduce blood lipids.  

4 Conclusion 
The order of anti-oxidation activity from strong to weak for anthocyanins from C. reticulata was 
as Cy3G5G＞VC＞rutin＞50% Cy3G5G + 50%Cy3GEpCX＞Cy3GEpCX. 
The order of reducing blood-fat activity from strong to weak for anthocyanins was as Cy3G5G＞
50% Cy3G5G + 50%Cy3GEpCX＞Cy3GEpCX. 
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Anthocyanins from camellia and effect of intracellular 
environment of petals on floral color of Camellia 

reticulataLind. 

Bao Liu-yuan ,Xue Ying-li, Wang xu, Huang You-an, Wang Jin, Xi 
Cong-fang*, Li Jian-bin* 

(College of Agronomy and Biotechnology, Yunnan Agricultural University, 650201Kunming, 
China) 

Abstract: Camellia is a famous ornamental plant. Anthocyanin is the most important factor among many 
effecting environments on floral color. Recently, We have isolated and identified chemical structures of the 
25 major anthocyanins from red flowers of section Camellia. Chemical taxonomy of 33 red-flowered wild 
Camellia species was also studied based on anthocyanins in the petals of sect. Camellia. The more primitive 
anthocyanin traits species possessed the greater the amount of di-o-glycosides and acylation. 
Camelliareticulata have the most primitive anthocyanin traits, and have diversity floral colors. The pH value 
and content of soluble protein were decreased, but the content of soluble sugar was increased with the colors 
changed from white to red. The results provided theoretical basis for revealing the mechanism of floral color 
of sect. camellia. 
Keywords: Camellia;section camellia; camellia reticulataLind.; anthocyanin; flower color; cell 
environment 

Introduction 
Camellias is an evergreen broad-leaf tree that belongs to section Camellia, subgenus Camellia 
(Theaceae)[1]. Section Camellia DYER is the largest section in the genus Camellia with about 60 
species, subspecies and varieties.Most of its species are distributed along the ChangjiangRiver 
in the Yunnan, Guizhou, Sichuan, Guangxi, Guangdong, Hunan provinces and Taiwan of 
China[2-4].  
Camellias is the famous woody flower in the world.Flower color is the most important metric 
index for evaluating flower ornamental value[5,6]. There are many influence factors to effect 
flower color, but anthocyanins in petals of plant is the direct internal cause to producepetals 
with a rich color[7,8]. Li[9-12] hasisolated andidentified chemical structures of 25 anthocyanins 
from red flowers of camellias, and revealed chemical structure mechanism of its. Petal of 
C.reticulata isseveral colors with from white to red. Xue[13] studied the relationship between 
floral color and intracellular environment of C. reticulata. 
Anthocyanins in petals and relationship between diversity color and environment in cell of C. 
reticulata were summarized in this paper. These results will be provided the reference for 
breeding Camellia varieties with new color in the future.  

1 Anthocyanins in the petals of camellia  
For the first studying anthocyanins of the genus Camellia, Robinson[14], and Lawrence [15,16] 
reported the occurrence of cyanidin 3-glucoside and complex cyanidin 3-glucoside in Camellia 
japonica ‘Lady Clare’ and C. sasanqua, suggested the presence of acylated anthocyanin in 
camellias. Hayashi[17] first reported cyanidin 3-O-β-glucoside（Cy3G） isolated from C. 
japonica. Yokoi[18] found a delphinidin glycoside in C. hiemalis and C. sasanqua, and reported 
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cyanidin 3-glycoside and another unknown cyanidin glycoside in the species of C. japonica and 
C. reticulata, and cultivars of C. japonica. Soon, Cy3G, cyanidin 3-galactoside（Cy3Ga） and 
cyanidin 3-O-(6-O-(E)-p-coumaroyl)-β-glucoside（Cy3GEpC）were also determinted from red 
flowers of C. japonica[19-21]. 
Recently, we have identified the detailed chemical structures of 25 anthocyanins by 1H-NMR, 
13C-NMR, 2D FG-HMQC and HMBC, ESI-MS spectrum in red petals of Camellia flowers[9-12]. 
Seven anthocyanins were isolated and identified as cyanidin 3,5-di-O-β-glucopyranoside 
(Cy3G5G)(1),cyanidin 
3-O-(6-O-(Z)-p-coumaroyl-β-glucopyranoside)-5-O-β-glucopyranoside 
(Cy3GZpC5G)(8),cyanidin 
3-O-(6-O-(E)-p-coumaroyl-β-glucopyranoside)-5-O-β-glucopyranoside (Cy3GEpC5G)(16), 
Cy3G (6), cyanidin 3-O-(6-O-(Z)-p-coumaroyl)-β-glucopyranoside (Cy3GZpC) 
(20),Cy3GEpC (25), Cy3Ga (4) from red flowers of C. saluenensis[10]. Ten anthocyanins were 
isolated and identified as cyanidin 3-O-(2-O-β-xylopyranosyl)-β-glucopyranoside (Cy3GX)(5), 
cyanidin 3-O-(2-O-β-xylopyranosyl-6-O-(Z)-p-coumaroyl)-β-glucopyranoside 
(Cy3GZpCX)(19),cyanidin 3-O-(2-O-β-xylopyrano- 
syl-6-O-(E)-p-coumaroyl)-β-glucopyranoside (Cy3GEpCX) (24), cyanidin 
3-O-(2-O-β-xylopyranosyl-6-O-(E)-caffeoyl)-β-glucopyranoside (Cy3GECafX) (17), cyanidin 
3-O-β-glucopyranoside (Cy3G) (6), cyanidin 3-O-(6-O-(Z)-p-coumaroyl)-β- glucopyranoside 
(Cy3GZpC)(20), cyanidin 3-O-(6-O-(E)-p-coumaroyl)-β-glucopy- ranoside (Cy3GEpC)(25), 
cyanidin 3-O-(6-O-(E)-caffeoyl)-β-glucopyranoside (Cy3GECaf)(18), cyanidin 
3-O-(2-O-β-xylopyranosyl)-β-galactopyranoside (Cy3GaX) (3), and cyanidin 
3-O-β-galactopyranoside (Cy3Ga) (4) from red flowers of C. reticulata[9]. Twelve anthocyanins 
were isolated and identified as cyanidin 3-O-β-glucopyranoside (Cy3G)(6), cyanidin 
3-O-(6-O-(Z)-p-coumaroyl)-β-glucopyranoside (Cy3GZpC)(20), cyanidin 
3-O-(6-O-(E)-p-coumaroyl)-β-glu- copyranoside (Cy3GEpC)(25), cyanidin 
3-O-(6-O-(E)-caffeoyl)-β-glucopyranoside (Cy3GECaf)(18), cyanidin 
3-O-β-galactopyranoside (Cy3Ga)(4), cyanidin 
3-O-(6-O-(Z)-p-coumaroyl)-β-galactopyranoside (Cy3GaZpC)(13),cyanidin 
3-O-(6-O-(E)-p-coumaroyl)-β-galactopyranoside (Cy3GaEpC)(21), cyanidin 
3-O-(6-O-(E)-caffeoyl)-β-galactopyranoside (Cy3GaECaf)(10), delphinidin 3-O-β- 
glucopyranoside (Dp3G) (2), delphinidin 3-O-(6-O-(Z)-p-coumaroyl)-β-glucopyranoside 
(Dp3GZpC) (15),delphinidin 3-O-(6-O-(E)-p-coumaroyl)-β-glucopyranoside (Dp3GEpC) (23), 
and delphinidin 3-O-(6-O-(E)-caffeoyl)-β-glucopyranoside (Dp3GECaf) (14) from red flowers 
of C. hongkongensis[12]. Six anthocyanins are isolated and identified as cyanidin 
3-O-(2-O-β-xylopyranosyl)-β-galactopyranoside (Cy3GaX) (3), cyanidin 
3-O-(2-O-β-xylopyranosyl-6-O-(Z)-p-coumaroyl)-β-galactopyranoside (Cy3GaZpCX) 
(12),cyanidin 3-O-(2-O-β-xylopyra-nosyl-6-O-(E)-p-coumaroyl)-β-galactopyrano- side 
(Cy3GaEpCX)(22), cyanidin 
3-O-(2-O-β-xylopyranosyl-6-O-(E)-caffeoyl)-β-galactopyranoside (Cy3GaECafX)(11), 
cyanidin 3-O-(2-O-β-xylopyranosyl-6-O-acetyl)-β-galactopyranoside (Cy3GaAcX)(7), and 
cyanidin 3-O-(2-O-β-xylopyrano- syl-6-O-acetyl)-β-glucopyranoside (Cy3GAcX)(9) from red 
flowers of C.reticulatacv.‘Queen of Dali’[11].They chemical structures were shown in Fig. 1. 
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a

a,  structures of anthocyanins from C. saluenensis (Li et al., 2008a);   b, structures of anthocyanins from C. reticulata (Li et al., 2007);
c,  structures of anthocyanins from C. hongkongensis (Li et al., 2009); d, structures of anthocyanins from C.reticulata cv.‘Queen of Dali’ (Li et al., 2008b)

Fig. 1  Chemical structures of anthocyanins from Camellia flowers 

a b

c
d

 

2 Taxonomy and relationship o fSection camellia 
Section Camellia have a larger species, it was very interesting problems which is the more 
primitive species from the classification of camellia.  
Tuyama[22]first submitted a classification of section Camellia in which Camelliareticulata is the 
parent species; this was a conjecture based on geographical distribution and morphological 
characteristics. He suggested that C. reticulata→C. saluenensis → C. pitardii → C. polyodonta 
→ C. semiserrata→ C. chekiangoleosa → C. japonica. 
Sakata[23] submitted another classification, based on the constitution of floral anthocyanins, in 
which C. saluenensis is the parent species. He suggested that the evolution scheme was as 
follows: C. reticulata ← C. pitardii var. yunnanica ← C. saluenensis → C. pitardii → C. 
polyodonta → C. semiserrata (or C. chekiangoleosa) → C. hongkongensis, or C. reticulata ← 
C. pitardii var. yunnanica ← C. saluenensis → C. pitardii → C. polyodonta → C. semiserrata 
→ C. chekiangoleosa→ C. hongkongensis.  
However, Ming[24]suggesting that C. hongkongensishas more primitive morphological 
characteristics than C. saluenensisand C. reticulata, submitted a different classification in 
which C. hongkongensisis the parent species. He suggested that the evolution scheme was as 
follows: C.hongkongensis→C. azalea (or C. subintegra)→ C. semiserrata → C. 
chekiangoleosa → C. japonica, or C. hongkongensis→ C. azalea (or C. subintegra)→ C. 
pitardii → C. polyodonta (or C. saluenensis, or C. reticulata)→ C. mairei.  
But all of the theories are based on conjecture, lacking the chemical and statistical information 
necessary to locate the precise phenetics of the red-flowered Camellia. Recently, 
chemotaxonomy has been reported based on anthocyanins in petals and nrITS sequences in 
leaves of camellia species[25,26].  
We determined/ clarified complete chemical structures of the 25 major anthocyanins in the red 
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flowers of sect. camellia[9-12]. We collected 33 camellia species from China and Japan. The 
qualitative analysis of anthocyanins in the flowers of these species were performed by high 
pressure liquid chromatography（HPLC）. Then, relationship of these species was studied 
according to chemotaxonomy based on composition and content of 25 anthocyanins in petals of 
these species[25]. 
Based on chemotaxonomy dendrogram of 33 wild species of section Camellia（Fig. 2）, its 
geographical distribution and morphological characteristics, we suggested that there are two 
original centerswhich South China center of origin and Southwest China center of origin. C. 
hongkongensis was the more primitive morphological characteristics in South China center of 
origin[27]. Two differentiation scheme among the species distributed South China center of 
origin were: C. hongkongensis→C. semiserrata→C. japonica (orC. chekiangoleosa), and/or C. 
subintegra→C. semiserrata→C. japonica (orC. chekiangloeosa). C. saluenensis and C. 
reticulata were the more primitive characteristics in Southwest China center of origin. Also, 
two major differentiation schemes as determined by the species in the Southwest China center 
of origin were: C. saluenensis→C. pitardii→C. compsessa, and C. pitardii var. yunnanica← C. 
reticulata→C. velutina→C. xylocarpa, respectively. 

 
Fig.2 Dendrogram of 33 wild species of section Camellia based on PCA and cluster analyses 

(Li et al., 2013). 
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3 Color forming mechanism of camellias 
3.1 Diversity colors and anthocyanins of C. reticulata 
Flower color is an important factor to determine the ornamental value. We collected 19 groups 
with different color from Tengchong, Dali, Chuxiong, Songming and CAS Kunming Institute 
of Botany. The color and composition and content of anthocyanins of petals were determined 
by CIE L*a*b* (Table 1) and HPLC, respectively. The result was that the 19 group were 
divided into four type colors, as white, pale pink, pink and red (Fig. 3)[13]. There are three 
groups in white type C.reticulata, there are same composition and content of anthocyanins. 
Also, there are same constitution of anthocyanins in Pale pink（5 groups）, pink（5 groups） 
and red（6 groups）, respectively. There is a more different constitution of anthocyanins with the 
four type colors. The composition and content of anthocyanins were increased with the 
deepening of red color of C.reticulata (Fig.4)[13]. 

 
Fig. 3 Different flower color types of C. reticulata 
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Fig.4 Constitution of anthocyanins in the different flower colors from C. reticulata 
 

3.2 Relationship between color and cell internal environment of C.reticulata 
Anthocyanin is synthesized in the cytoplasm of plant petals, and stored in the cell wall, the 
storage[28]. Flower colors were important effect by pH and cell contents such as soluble sugar in 
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petals[29]. 
We studied results indicated that the pH, soluble sugar and soluble protein were different in 19 
groups of C. reticulata. The pH and content of soluble protein were declined, but the soluble 
sugar was increased with the color of petals from pale pink to red (Table 1). Generally, 
anthocyanin showed red and stable with low pH. It also affected the synthesis and 
copigmentation of anthocyanins[30]. Soluble sugar is one of the important components to 
synthesize anthocyanins, and is also a signal molecule to regulate anthocyanin synthesis[31]. 

Table 1 Data of CIE L*a*b*, pH, soluble sugar and soluble protein in petals of C.reticulata 

sample no. sampling Area L* a* b* C* h/° pH 
soluble sugar 

content 
mg.g-1FW 

soluble protein 
content 

mg.g-1FW 
A2899 (1110) 云南昆明植物园 82.03  -2.49  8.82  9.18  105.16  4.00  43.10 n 2.93 e 
211-16 (1116) 云南昆明嵩明 83.02  -1.37  6.62  6.82  100.68  3.96  29.96 r 2.34 i 
211-20 (1120) 云南昆明嵩明 84.86  -2.14  6.96  7.34  105.97  3.73  48.78 k 2.72 g 
18-25 (1825) 云南腾冲沙坝林场 78.50  11.05  3.76  12.20  22.18  4.00  57.20 g 2.27 j 
211-18 (1118) 云南昆明嵩明 72.13  21.11  0.73  21.13  2.04  4.11  42.65 o 2.72 g 
211-26 (1126) 云南昆明嵩明 75.09  13.82  1.39  14.02  6.37  3.77  33.15 q 2.57 f 
18-19 (1819) 云南腾冲沙坝林场 68.10  25.39  3.75  25.77  8.54  4.30  68.94 d 2.12 k 
A2901 (1109) 云南昆明植物园 73.20  17.04  2.31  17.26  6.86  4.05  53.05 i 3.44 b 
211-21 (1121) 云南昆明嵩明 64.60  36.06  -3.48  36.28  -5.54  3.91  43.93 m 3.29 d 
213-1 (1301) 云南楚雄牟定 57.64  48.89  -4.62  49.15  -5.37  3.78  58.22 f 0.95 o 
213-7 (1307) 云南楚雄牟定 59.42  41.86  -3.05  41.99  -4.35  3.70  53.50 h 1.40 n 
214-4 (1404) 云南楚雄吕河 61.98  38.72  -1.29  38.75  -1.88  3.73  39.21 p 1.83 l 
214-8 (1408) 云南楚雄鹿城镇 65.94  32.26  -3.40  32.56  -5.99  3.60  57.07 g 0.42 p 
18-14 (1814) 云南腾冲马站 49.56  51.22  9.22  52.06  10.15  4.04  60.84 e 3.39 c 
18-22 (1822) 云南腾冲沙坝林场 47.68  53.37  12.03  54.73  12.62  3.80  85.85 b 2.37 h 
20-12 (2012) 云南楚雄钟山 45.81  51.05  14.51  53.07  15.87  3.85  82.85 c 2.92 e 
18-24 (1824) 云南腾冲沙坝林场 43.12  53.04  12.74  54.55  13.50  4.00  106.45 a 3.64 a 
214-1 (1401) 云南楚雄吕河 49.65  54.53  9.35  55.39  9.65  3.85  46.93 l 1.81 m 
214-3 (1403) 云南楚雄吕河 45.02  56.25  16.98  58.76  16.79  3.56  51.90 j 2.26 j 

L*, Lightness; a* and b*, Chromatic components; C*, Chroma, C* =（a*2+b*2）1/2; h, Hue angle, h=arctan(b*/a*) 
 

4 Discussion and outlook 
Camellias is a famous woody flowers in the world, and one of the top-ten traditional famous 
flowers in china. There are 30 Camellia species and more than 200 horticultural varieties. The 
color of most camellias is red, yellow is less, blue and purple is not. 
Anthocyanins have many bioactivities such as anti-oxidation, anti-cancer, anti-virus, 
anti-inflammatory, reduce UV irradiation damage, improve vision, etc[32-33]. Red camellias is 
gorgeou with large petals and flowers. The component and content of anthocyanins are very 
rich in petals of red camellias. The camellias has utilization value and development prospect, 
and will been used widely in the territory of industry, food, medicine.  
This paper has important reference value to study more detail origin and evolution of section 
camellia, breeding yellow and blue camellias varieties, develop and utilize petals of camellias.   
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Effects of environmental conditions  
on the stability of anthocyanin 

Bao Liu-yuan, Li Xiag-yong, Li Hong-xiang, Wang Xu, Huang You-an, Wang 
Jin,Xi Cong-fang*, Li Jian-bin*  

(College of Agronomy and Biotechnology, Yunnan Agricultural University, 650201 Kunming, 
China) 

Abstract: The stability of cyanidin 3,5-di-O--glucopyranoside (Cy3G5G) ， cyanidin 
3-O-(2-O--xylopyranosyl)--glucopyranoside (Cy3GX) and cyanidin 3-O-(2-O-- 
xylopyranosyl-6-O-(E)-p-coumaroyl)--glucopyranoside (Cy3GEpCX) was studied in different environmental 
Conditions.The results showed that the three cyanins were bright red color and the more stable while in acidic 
solution, and were blue and unstable while alkaline solution. The color and stability of Cy3GEpCX were the 
most sensitive to different pH value.Cy3G5G and Cy3GX were very stable below 80℃, but its begin to 
decompose while temperature was increased from 80℃ to 100℃. Content of Cy3GEpCX was quickly changed, 
while temperature was increased from 60℃ to 100℃, or light was changed from weak to strong. The light and 
UV could affect the stability of the anthocyanins. Their stability were the best stable in the darkness, was begin to 
lower in the scattered, was kept 10 days in the sunlight, and was kept 4-6days in UV irradiation. Among metal 
ion, The Fe3+ was great effects on the stability of anthocyanins, but Al3+ has the least influence.In the additive, 
the most effect on stability of anthocyanins was Vc, and sucrose could increase the stability. 
Key words: Anthocyanin; Stability; pH; Light; Temperature; Food additives; Metal ion; Camellia reticulata 
Lindl. 
 

Anthocyanin is one of the soluble pigments which is widely existing in natural plants, belong to 
the flavonoids [1]. Anthocyanin has the typical structure of C6-C3-C6, is the main material 
foundation showing bright colors on flowers and fruits [2]. Modern medical research shows that 
anthocyanin has many activities such as anti-oxidation, anti-swelling, prevention of 
cardiovascular disease, lowering blood lipid, lowering blood pressure, weight loss, 
anti-inflammatory , improve vision, etc.[3,4]. Senescence and diseases is becoming the focus of 
people. With the development of human material civilization, people hope to resistance to diseases 
and live longer by means like reasonable diet and medical treatment. The cells were produced free 
radicals for effects of high-energy radiation, photochemical oxidants, ozone and other substances 
[5]. According to the free radical theory of Harman, the fundamental reason of senescence and 
cancer of body is the reactive radical would attack the protein molecules and cause protein damage, 
enzyme inactivation, membrane lipid per-oxidation, carbohydrates and nucleic acid damage [6,7]. 
So that, find proper antioxidants from outside and use it to clean up the active radicals inside is 
pretty good for the diseases treatment and health care. Within a variety of antioxidants, people put 
a lot of enthusiasm and expectations on the natural plant antioxidants, especially anthocyanin [8-10]. 
There are a lot of researches inside and abroad. The major factors that influence anthocyanin 
stability were pH, temperature, light, oxygen and metal particle [11,12]. Because of the existence of 
the positive ion in the carbon circle, anthocyanin is sensitive to pH value, and it shows better 
stability in the acid condition. The anthocyanin usually exist in the form of Oxonium salt, Quinoid 
base, pseudo-base,and Chalcone in water. This 4 form can change reversible with the pH value. In 
the same time, the color of solution changes with the change of structure. Temperature and light 
have obvious effect to the degradation of anthocyanin. The natural pigment is more stable in the 
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condition of dry and low temperature. Heating or high temperature can speed up the reaction of 
color changing, especially while heated to the boiling point, it is easy to oxide and fade [12,13]. In the 
normal condition, natural pigment could react with some metal ion such as A13+、Zn2+、Cu2+、
Fe3+ which has bigger molecular mass, high valences state, making the pigment became sediment, 
but it barely react with metal ion such as K+、Ca2+、Na+ [14] . Temperature, light and other outside 
factors will have influence on the anthocyanin, because of it is activated. In the all factors that 
influence the synthesis of anthocyanin, the light is the most important. The light could accelerate 
the degradation [14]. Ochoa [15] proved the degradation of anthocyanin would have significant 
difference with light or without light. The results that anthocyanin synthesis spectrum is visible, 
but not include UV by Morning Glory. The content of anthocyanin would raise most using the 
white Fluorescence to irradiate the fruit after the fruit was picked [16]. The study of Zhang Yan [17] 
and Dyeby[18] showed that the degradation rate of anthocyanin raised with the temperature go up.  
In this paper we used Cy3G5G、Cy3GX and Cy3GEpCXas experimental material to study the 
stability of anthocyanin under different circumstances (pH, light, temperature, metal ions and 
additives, etc.), and can achieve the maximum use of anthocyanin by the stability study. 

1  Materials and methods  

1.1 Experimental materials 
The materials, cyanidin 3,5-di-O--glucopyranoside (Cy3G5G) ， cyanidin 3-O- 
(2-O--xylopyranosyl)--glucopyranoside (Cy3GX) and cyanidin 3-O-(2-O-- 
xylopyranosyl-6-O-(E)-p-coumaroyl)--glucopyranoside (Cy3GEpCX) were isolated in petals 
of camellia reticulata. 

1.2 Equipment and reagents 
1200-Agilent HPLC system, RE-52B rotary evaporator, SHZ-D Circulating water pumps, 
Constant temperature water bath pot, -20℃ Low temperature freezer，Vacuum Dryer， Electronic 
balance，UV-visible spectrophotometer，NF-333 Portable colorimeter， pH S-3C Precision pH 
meter. 
FeCl3、FeCl2、CuSO4、AlCl3、Vc, sucrose, citric acid, potassium sorbate, sodium benzoate, salt. 

1.3 Experiment design and method 

1.3.1 Preparation of anthocyanin solution 

Fist, three 0.2 mg/mL solutions were prepared with Cy3G5G、Cy3GX and Cy3GEpCX, 
respectively. Then, other three 0.2 mg/mL solutions, Cy3G5G：Cy3GX (2:1), Cy3GEpCX：
Cy3GX (2:1), Cy3GEpCX：Cy3G5G：Cy3GX (2:1:1), were made using above solution. Finally, 
six group 0.2 mg/mL solutions were prepared as A was Cy3G5G, B was Cy3GX, C was 
Cy3GEpCX, D was Cy3G5G+Cy3GX, E was Cy3GEpCX+Cy3GX, F was 
Cy3GEpCX+Cy3G5G+Cy3GX.  

1.3.2 Experiment 1 Effect of stability of anthocyanin on pH  

Six 5 mL solutions of pH 1, 3, 5, 7, 9, 11 were prepared with 0.1mol/L hydrochloric acid and 
sodium hydroxide. Then, A, B, C, D, E, F solution (5 mL) was added into every different pH 
solution, respectively, mixed, shake, standing 30 min. After observed the color changed of 36 
mixed solutions, their L*, a* and b* were determined with NF-333 colorimeter. Finally, content of 
anthocyanins in the 36 mixed solutions and A, B, C, D, E, F solution were determined by high 
performance liquid chromatography (HPLC).  
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1.3.3 Experiment 2: Effect of stability of anthocyanin on temperature 

The A, B, C, D, E and F solution (10 mL) were heated for 5 hours at 25℃(control),60℃, 80℃ and 
100℃, respectively. Then, the changes of the six solution color were observed, the content of 
anthocyanins in the solutions were determined by HPLC.  

1.3.4 Experiment 3: Effect of stability of anthocyanin on light intensity  

The A, B, C, D, E and F solution (10 mL) were radiated 1, 3, 5 h by UV (100μw/cm2), irradiated 4, 
8, 12, 16 h by sunlight, shined 1, 3, 5, 7 days by scattered light and placed 1, 3, 5, 7 days in dark in 
laboratory. Observed the changes of the solutions color, the content of anthocyanins in the 
solutions were determined by HPLC. 

1.3.5 Experiment 4 : Effect of stability of anthocyanin on metal ion  

Take 0.49 mg and 2.94 mg FeCl3, 0.38 mg and 2.28 mg FeCl2, 0.48 mg and 2.88 mg CuSO4, 0.4 
mg and 2.4 mg AlCl3, put them directly into A, B, C, D, E and F solution, and make sure the final 
concentration of the ion equal to 0.3mmol/L and 1.8mmol/L. Keep them for 24 h, observe the 
changes of the solutions color, the content of anthocyanins in the solutions were determined by 
HPLC. 

1.3.6 Experiment 5: Effect of stability of anthocyanin on food additive  

Take 2 mg potassium sorbate, 2 mg sodium benzoate, 2 mg Vc, put them directly into A, B, C, D, E 
and F solution, make sure the final concentration of the additive equal to 0.2mmol/L. Keep them 7 
d, observe the changes of the solutions color, the content of anthocyanins in the solutions were 
determined by HPLC. 
Take 0.5 mg salt and 1 mg sucrose, put them directly into A, B, C, D, E and F solution, and make 
sure the final concentration of the additive equal to 5% and 10%, respectively. Observe the 
changes of the solutions color, the content of anthocyanins in the solutions were determined by 
HPLC. 

1.4 Indicators of measurement and methods  

1.4.1 Content of anthocyanin 

The content of anthocyanins in solutions was determined by HPLC. 

1.4.2 Color of different solution 

The color of solutions was measured by CIE L*a*b*.[19] 

2Result  

2.1 Effect of stability of anthocyanin on pH 
Figure 1 showed that from neutral to acid solution color of different anthocyanin has large 
difference. In acid solutions, the color of anthocyanins solution were red, and the red became more 
red with acid strengthen. In the neutral solutions, the color was light purple, and purple became 
darker with pH value rise. When the pH value arrived 13, the color became yellow.  



Bao Liu-yuanet al:Effects of environmental conditions on the stability of anthocyanin 

363 
 

 

 
 

Fig 1 Color changes of three kinds of anthocyanins on different pH 
 
In the acid solutions of three anthocyanins showed different color. The Cy3GX solution has 
similarity color in pH 1~5, but the color of solution was larger difference in pH 1~3 for Cy3G5G 
and pH 3~5 for Cy3GEpCX. The color of Cy3G5G acid solution was lighter red than other 
anthocyanin, but the color would more red while Cy3GX, or Cy3GX and Cy3GEpCX was added 
to the solution, so that, it explained there was copigmentation among the three anthocyanins. 
Figure 2 showed that content of the three anthocyanins was larger difference in different pH value. 
The content was reduced with pH value increase, but content of Cy3G5G was the least reduced, 
Cy3GEpCX was the largest reduced. While the three anthocyanins were mixed up, their content in 
solution was increase in pH ≦7. We can deduce that there is an effect of increasing stability 
among anthocyanins in different pH.  
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2.2 Effect of stability of anthocyanin on temperature 
Figure 3 showed that content of the three anthocyanins was decreased with the temperature from 
25℃ to 100℃. The content of Cy3G5G and Cy3GX were decreased less below 60℃, but the 
contents were larger decreased over 60℃. The stability of Cy3GEpCX has the largest effect to the 
temperature, and the content of Cy3GEpCX was larger decreased over 40℃. While the three 
anthocyanins were mixed, their content in solution was increase at 40℃ ~ 80℃. We deduce that 
there is an effect of increasing stability among anthocyanins at different temperature.  

2.3 Effect of stability of anthocyanin on light intensity 

Figure 4 showed that the content of Cy3GX was less decreased within 7d in dark, but content of 
Cy3GEpCX was decreased from 1d to 7d. While the three anthocyanins were mixed, their content 
in solution was increase than single treatment. 
Figure 5 showed that the contents of Cy3GX and Cy3G5G were also less decreased within 7d in 
scattered light, but content of Cy3GEpCX was larger decreased from 1d to 7d. While the three 
anthocyanins were mixed, their content in solution was also increase. 
Figure 6 showed that the contents of the three anthocyanins were linearly downward trend with the 
sunlight irradiated from 4 h to 16 h, but the content of Cy3GX was decreased the least, content of 
Cy3GEpCX was the most than other. While the three anthocyanins were mixed, their content in 
solution was also increase. 
Figure 7 showed that the contents of the three anthocyanins were also linearly downward trend 
with the UV radiated from 4 h to 16 h, but the content of Cy3GX was decreased the least, content 
of Cy3GEpCX was the most than other. While the three anthocyanins were mixed, their content in 

Fig. 2 The content changes of three anthocyanins on different pH 
（UL:Cy3G5G.Cy3GEpCX.Cy3GX Separate measurement  UR:Cy3G5G:Cy3GX=2:1 

LL:Cy3G5G:Cy3GX:Cy3GEpCX=1:1:2  LR:Cy3GX:Cy3GEpCX=1:2） 
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solution was also increase. 
It indicated that among anthocyanins can increase stability each other on different light intensity. 

 
Fig. 3 The content changes of three anthocyanins at different temperature 

（UL:Cy3G5G.Cy3GEpCX.Cy3GX Separate measurement  UR:Cy3G5G:Cy3GX=2:1 
 LL:Cy3G5G:Cy3GX:Cy3GEpCX=1:1:2  LR:Cy3GX:Cy3GEpCX=1:2） 

 

 
Fig. 4 The content changes of three anthocyanin in dark  

（UL:Cy3G5G.Cy3GEpCX.Cy3GX Separate measurement  UR:Cy3G5G:Cy3GX=2:1 
 LL:Cy3G5G:Cy3GX:Cy3GEpCX=1:1:2  LR:Cy3GX:Cy3GEpCX=1:2)  
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Fig. 5 The content changes of three anthocyanin in scattered light 

（UL:Cy3G5G.Cy3GEpCX.Cy3GX Separate measurement  UR:Cy3G5G:Cy3GX=2:1 
 LL:Cy3G5G:Cy3GX:Cy3GEpCX=1:1:2  LR:Cy3GX:Cy3GEpCX=1:2） 

 
 

 
Fig. 6 The content changes of three anthocyanin in sunlight 
（UL:Cy3G5G.Cy3GEpCX.Cy3GX Separate measurement  UR:Cy3G5G:Cy3GX=2:1 

 LL:Cy3G5G:Cy3GX:Cy3GEpCX=1:1:2  LR:Cy3GX:Cy3GEpCX=1:2 ） 
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Fig. 7 The content changes of three anthocyanin in UV 

(UL:Cy3G5G.Cy3GEpCX.Cy3GX Separate measurement  UR:Cy3G5G:Cy3GX=2:1 
LL:Cy3G5G:Cy3GX:Cy3GEpCX=1:1:2  LR:Cy3GX:Cy3GEpCX=1:2 ) 

2.4 Effect of stability of anthocyanin on metal ion 

Figure 8 showed that the content of the three anthocyanins was less changed in Al3+ solution, but 
was larger reduced in Fe3+ solution, especially. The content of Cy3GX was less reduced in Al3+, 
Fe2+ and Cu2+ solution, but content of Cy3GEpCX was the largest reduced in all ion solution. 
While three anthocyanins were mixed, the contents of Cy3G5G and Cy3GEpCX were increase in 
metal ion solution than, it indicated that anthocyanin with strong stability can increase stability of 
other anthocyanins with weak stability on metal ion.  

 

Fig. 8 The content changes of three anthocyanin in metal ion 
（UL:Cy3G5G.Cy3GEpCX.Cy3GX Separate measurement  UR:Cy3G5G:Cy3GX=2:1 

LL:Cy3G5G:Cy3GX:Cy3GEpCtbbX=1:1:2  LR:Cy3GX:Cy3GEpCX=1:2 
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2.5 Experiment 5: Effect of stability of anthocyanin on food additive 

Figure 9 showed that the content of three anthocyanins were large reduced in Vc solution, the 
content was reduced less in potassium sorbate solution, sodium benzoate solution, salt solution 
and sucrose solution. The sucrose, potassium sorbet and sodium benzoate could increase stability 
of three anthocyanins.  

 
Fig. 9 The content changes of three anthocyanin in food additive 

（UL:Cy3G5G.Cy3GEpCX.Cy3GX Separate measurement  UR:Cy3G5G:Cy3GX=2:1 
LL:Cy3G5G:Cy3GX:Cy3GEpCX=1:1:2  LR:Cy3GX:Cy3GEpCX=1:2） 

3 discussion and conclusion 
Anthocyanins not only have allure and bright colors, but also have many activities, such as 
anti-oxidation, anti-swelling, prevention of cardiovascular disease, lowering blood lipid, lowering 
blood pressure, weight loss, anti-inflammatory, improve vision, etc.[3,4], have good exploitation 
and prospects in food and health. 
The stability of anthocyanin extracts from natural plant was effected by pH, temperature, light, 
metal ion and food additives [14-18]. In this research, we studied the stability of Cy3G5G, Cy3GX 
and Cy3GEpCX from C. reticulata. The result showed that stability of the three anthocyanins was 
different effected by pH, temperature, light, metal ion and food additives. Their stability could 
increase in many environments, such as acidic, hypothermia, weak illumination, sucrose, 
potassium sorbate and sodium benzoate. The stability of mixture with two or three anthocyanins 
was also increase than one anthocyanin. 
The stability of different anthocyanin was difference because of their different chemical structure. 
In this study, the stability of Cy3GX was the highest, next was Cy3G5G, the last was Cy3GEpCX, 
but the stability of Cy3G5G has the best on UV. 
After the stability of anthocyanin was reduced, not only the content of it was reduced, but also the 
bright color was subsided. The color is red while the content of Cy3G5G, Cy3GX and Cy3GEpCX 
was high. If their contents were reduced, the red color was fades and subsided. The three 
anthocyanins were stability in acidic environment, were red color, but their stability would reduce 
with pH was increase, and red color was also fades, disappear, become purple, yellow while pH13. 
the stability of the three anthocyanins were very good below 60℃, the stability would reduce at 
80℃. The residual rate of three anthocyanins was less than 20% at 100℃, the color was changed 
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from red to yellowish. The stability of three anthocyanins was larger effect by sunlight, UV, Fe2+, 
Fe3+,Vc and salt. 
Anthocyanins have flash red color and anti-oxidation activity. In order to give full advantage of the 
flash color and bioactivity of anthocyanins, we suggest that try to make it in the acidic 
environment, avoid direct exposure by sunlight or UV, prohibit the use of iron container, 
processing temperature should not exceed 80℃, try not to add Vc and salt. 
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Optimization of the Extraction Technique of 
Anthocyanin fromCamellia japonica 

‘Red Leaf Bella’ Leaves 

Ying zhen, Li Ji-yuan  

(Research Institute of Subtropical Forestry of Chinese Academy of Forestry, Zhejiang Provincial 
Key Laboratory of Tree Breeding, Zhejiang, Fuyang 311400, China.) 

Abstract: Camellia japonica‘Red Leaf Bella’leaves were dried with lyophilization drying and thermal drying 
method. The extraction technology was developed to extract anthocyanins from ‘Red Leaf Bella’ leaves 
through lyophilization drying. The effects of methanol concentrations, hydrochloric acid concentrations, 
extractionperiod, and temperature were analyzed. The optimum levels were analyzed through orthogonal 
experiment design, and then anthocyanins of optimum levels were identified with the use of High-Performance 
Liquid Chromatography. The results showed thatlyophilization drying method is better method. The optimum 
extraction technology was developed as follows: 95% methanol with 0.5% hydrochloric acid, temperature 
25°C, extraction period 36 h. 
Key words: Camellia japonica‘Red Leaf Bella’; Colored-leaf plants;anthocyanin; component analysis 

1Introduction 
Camellia japonica ‘Red Leaf Bella’, is a variegatedcultivar of ‘Bella rose’. Its red colour of 
whole leaves, petioles, fresh shoots is different from other cultivars, especially early leaf 
development, which leaf color is gorgeous. It is also rare foliage camellia plants. Similar to most 
camellias in flowering and growth, It blooms in February to March, and shoots and new leaves 
grow in February to July. 
At present, there arefew reports about ‘Red Leaf Bella’, and components of leaf pigment were 
not known. As Red Leaf Bella is also a color-leaf ornamental plant. Research method of 
color-leaf ornamental plant such as Loropetalumchinense var. rubrum, Acerpalmatum, 
Prunuscerasifera(Liu Wei-huaet al,2006), could be used for this study. Zeng Luyi(2011) studied 
the anthocyanin in purple-leaf plum using HPLC.Quantitative analysis had shown thatits blade 
contained a variety of anthocyanins (Lu Yi-zeng et al., 2012).Yuan Ming(2010) also found that 
anthocyanins played an important role in leaf color change, and carotenoids have little influence, 
when he studied the mechanism of Loropetalum leaf discoloration process(Yuan ming et 
al.,2010). Jiang Weibing (2005)suggested that the color-leaf plant leaves are mainly influenced 
by pigment composition, when the chlorophyll and other pigment changed and leaf color would 
also changed(Jiang Wei-bing et al.,2005). Slatnar (2013) found an accumulation of anthocyanins 
when chlorophyll content in leavessignificantly decreased during poinsettia bracts 
development(Slatnar et al., 2013).It seems that bright red or deep purple's of leaves are mainly 
dependent on its anthocyanins.Relationship between red leaves and anthocyanins and 
chlorophyll in the ‘ Red Leave Bella’may be similar to that in other colorfulleaves. 
In the present, there are more than thirty thousands of new Camellia cultivars.Its flowers are 
used as an ornamental, but the flowers are easy to fall, brown and have a shorter flowering 
period, which greatly affectesits ornamental value. So, colorful leaf camellia has both higher 
ornamental and economic value. ‘Red Leaf Bella’ is a rare camellia plant with colorful leaf 
varieties. The study on its leaf pigment components is not only important to explain 
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physiological phenomena particularly, but also to breed new colorful leaf camellia in the future. 
In current investigation we intend to develop an anthocyanin pigment extraction technology 
for‘Red Leaf Bella’, with different conditions of drying leaves, anthocyanins extraction and 
HPLC analysis method. 

2. Materials and methods 
2.1 Material 
2.1.1 Plant material 

Deep red, complete, with same growth (approximately 7 days), Bella leaves were collected about 
400g｡ 

2.1.2 Chemicals 

Extraction solution: methanol with 1% hydrochloric acid(Li Xin-lei et al., 2012), Absolute 
ethanol was diluted with water to produce 85% (v/v) solution of ethanol for extraction. 

2.2 Procedure 
2.2.1 Anthocyanin content formula  

C/(mg/L)=(A×MW × DF × 1000)/(ε×1)(Xiaowei et al., 2014) 
C/(mg/g)= (A×MW × DF ×V ×1000)/(ε×1×m) 
Where A is the absorbance of the control solution containing, MW is the molecular 
weight(cyanidin-3-glucoside as standard, 433.2); DF is Dilution;ε is extinction coefficient,29600 
L.cm-1.mg-1;V is extract liquid, L; m is sample quality (g). 

2.2.2 Drying method 

Lyophilization drying:The 80g leaves were grinded in liquid-nitrogen after burned in boiling 
water for 30s, and then dried in freezing dryer for 24h. At the same time, 40g leaves were 
grinded in liquid-nitrogen without burned in boiling water, and then dried in freezing dryer 24h, 
too. After drying the sample was completely grinded once again grind to powder. And 100mg 
(accurate to 0.1mg) of powder was extracted with 10ml extraction solution in15ml centrifuge 
tubes for 24h, and then detected the total anthocyanin content. 
Thermal drying: The 80g fresh leaves were burned rapidly in boiling for 30s water cut into 
pieces, and then dried in oven (50°C) for 48h. The sample was grinded again after drying. And 
100mg (accurate to 0.1mg) of powder was extracted with 10ml extraction solution in15ml 
centrifuge tubes for 24h, and then detected the total anthocyanin content. At the same time, 40g 
leaves were dried in oven (50°C) for 48h, grinded and detected as above. 

2.2.3 Solid-liquid ratio 

20mg, 40mg, 80mg, 160mg, 320mg and 500mg of Lyophilization drying powder was extracted 
with 10ml extraction solution in15ml centrifuge tubes for 24h respectively, and then detected the 
total anthocyanin content, repeated three times. 

2.2.4 Extraction technology 

As was reported, alcohol and acids are usually used as anthocyanin extraction, extraction time 
was usually 24h (Inomata et al., 2013; Matysik and Benesz, 1991; Yabuya, 1987). We chose 
different concentrations of methanol and hydrochloric acid as extraction agent. Different 
concentrations of methanol (95%, 85%, 75% and 65%) and hydrochloric acid (0.1%, 0.5%, 1% 
and 5%) should be prepared, and then different temperatures (25 °C, 4 °C, 0 °C, and-20 °C,) and 
the time (12h, 24h, 36h and 48h) were set as extraction conditions. Orthogonal test was the form 
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of L16 (44) orthogonal design. Leaf samples were treatment by Lyophilization drying as 2.2.2. 
Solid-liquid ratio is 100mg/10ml. Anthocyanin was determined as above. 

2.2.5 Pigment identification 

The sample under optimal conditions from 2.2.4 was detected using HPLC (Shimadzu LC-20A). 
The injection volume was 20 µL and the condition of HPLC was according to the description by 
Li Jianbin(Li et al., 2008). 

3 Results and analysis 
3.1Effect of different drying methods on anthocyanin contention 
It was shown that the anthocyanins levels of samples were higher after Lyophilization drying 
compared to thermal drying (fig.1).Its average level was 22.3% higher than thermal drying 
samples with boiling. The anthocyanins levels of boiled samples were slightly lower than the 
untreated sample (0.7%) after Lyophilization drying. At the same time, the anthocyanins levels 
of boiled samples were significantly lower than the untreated sample (65.6%) after thermal 
drying. It seemed that the enzymes which could destruction anthocyanin component may 
probably exist in fresh samples. The biological effects of enzyme release, after the samples 
boiled in water. So you can improve the anthocyanin concentration of the sample after drying. 
But in thermal drying process, anthocyanin component may also degrade due to contact with the 
air, high temperature and so on. It was known that Freeze-drying process was in vacuum and low 
temperature environments (-50°C), the retention of anthocyanins can be kept maximum. Thus, 
Freeze-drying process was the most ideal method. 

  

Fig 1  The concentration of total anthocyanin by 

freeze drying and thermal drying 

Fig 2  The influence by the ratio of material to 

solvent during extracting anthocyanin 

 

 

Fig 3 The influence of the ratio of extracting by different weight of samples  
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3.2 Effect of different solid-liquid ratio on anthocyanin contention 
Table 1 The orthogonal test table about different extraction conditions  

Column  1 2 3 4 5 Results（mg/L） 
Factor  Methanol  

% 
Temperature  

°C 
Processing time 

h. 
Hydrochloric 

% 
  

Group  1 1 1 1 1 1 5.76 
 2 1 2 2 2 2 7.26 
 3 1 3 3 3 3 6.93 
 4 1 4 4 4 4 1.09 
 5 2 1 2 3 4 6.35 
 6 2 2 1 4 3 0.58 
 7 2 3 4 1 2 6.26 
 8 2 4 3 2 1 6.51 
 9 3 1 3 4 2 0.75 
 10 3 2 4 3 1 5.51 
 11 3 3 1 2 4 6.01 
 12 3 4 2 1 3 5.93 
 13 4 1 4 2 3 5.59 
 14 4 2 3 1 4 5.84 
 15 4 3 2 4 1 0.58 
 16 4 4 1 3 2 5.76 

Average 1 5.26 6.492 4.527 5.947 4.59  
 2 4.925 4.797 5.03 6.343 5.008  
 3 4.55 4.945 6.888 6.137 4.758  
 4 4.442 4.822 4.612 0.75 4.822  

Difference  0.818 0.333 0.503 5.593 2.297  

 

The content of anthocyanin increased with the sample quality rising from 20mg to 160mg in 
10ml extraction solution. There was a slowly increased tendency of the anthocyanin content 
when the sample quality rose from 320mg to 500m (fig.2). It seemed that when extraction 
solution was fixed, the extraction of anthocyanin increased along with the quality of the sample 
increased. But the extraction rate of anthocyanin declined when the sample quality increased 
from 20mg to 500mg (fig.3). This may be the solution in the anthocyanin extraction process of 
reversible reactions, stop into extracts of anthocyanins, which reduces the extraction rate. This 
may be attributed to the reversible reactions in the anthocyanin extraction process, which can 
prevent anthocyanins to extraction. Therefore, the solid-liquid ratio should not be more than 
80mg/10ml. 

Table 2 variance analysis for orthogonal test  

factor the sum of squares of deviations freedom F ratio F vaule F threshold 
Methanol % 8.597 3 0.519 1.06 3.29 

Temperature °C 8.094 3 0.489 1 3.29 
Processing time h 14.63 3 0.883 1.91 3.29 
Hydrochloric % 37.325 3 2.254 4.61 3.29 

Errors 8.281     

3.3 Effect of different concentrations of methanol and hydrochloric acid, extracting time and 
temperature on anthocyanin contention 
It was shown that the effect of different extract concentration and conditions on anthocyanin 
contention (tab.1and tab.2). Anthocyanin concentration was significantly correlated with 
concentration of hydrochloric acid in the process of extracting anthocyanins from the data. The 
anthocyanin contents were 5.947mg/L,6.343mg/L and 6.137mg/L in 1% concentrations of 
hydrochloric acid respectively, but in the 5% concentrations, the anthocyanin content was only 
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0.75 mg/L. This shown that anthocyanins could be stable in acidic environment with high PH 
values, unstable in acidic environments.The content of anthocyanin increased with the increasing 
methanol acid concentration and temperature. Anthocyanin content decreased when the time 
exceeds 36h, so the extraction time should not be too long. The result suggested that 
anthocyanins may degradation after stored a long time. And there had the highest extract 
efficiency under conditions of 25°C. The optimum extraction technology was as follows: 95% 
methanol with 0.5% hydrochloric acid, temperature 25°C, extraction time 36 h. 

2.4 The HPLC analysis 
Standards of cyaniding galactoside and cyaniding glucoside after chromatography had obvious 
absorption peaks, which could be used as control (fig.4 and fig.5). Cyaniding galactoside and 
cyaniding glucoside were identified in Red Leaf Bella leaves, and they were separated well 
through their retention time (fig.6). The other peaks were separated well as well. Anthocyanin 
obtained from extraction technology of orthogonal experiment could be the materials for 
identification of Red Leaf Bella anthocyanins.  

4 Discussion 
Thermal dehydration is used to dry leaves, which also can destroy the constituents of 
anthocyanin. As we know, a series of oxidase will be released if the plant tissues injured. Those 
oxidases can positively withstand harmful infective agents and toxins. However the skill of 
plants can adversely affect the ornamental value of themselves, such as the red petal will become 
brown. In the past, Chinese people found the dehydrated tea leaves can stay green after high 
temperature pretreatment. What’s more, a great number of effective ingredients have been found 
in tea, including polyphenols, polysaccharide, proteins and amino acid(Ying Zhen et al.,2014). 
For Anthocyanin is a kind of bio-active substances, Optimization for Extraction is necessary. In 
the result of drying experiment, there are significant loss in the thermal drying sample, compared 
the sample treated by lyophilization.   
Anthocyanin, combined anthocyanidin and sugar by glycosidic bonds, can show more deep color 
at low Ph. But the structure of anthocyanin is not stable. If the Ph was too low, the looping 
structures will be broken and glycosidic bonds will be cracked. In camellia plant, the most of  
anthocyanin belong to cyaniding, so our result indicates that the best Ph is the key of extracting 
of anthocyanin from the camellias’ leaves. Although four time gradients don’t show the 
significant difference, the concentration of anthocyanin still decreases from 36h to 48h. In 
addition to, there are no significant differences in extract temperature, but more anthocyanin can 
be extracted in 25°C, which suggest low temperature might be slow the fluid leading to reduces 
the extraction efficiency. 
According to HPLC analysis, the sample, optimized by orthogonal experiment, shows a great 
many of peaks in chromatogram. By contrasting the standards, Cyanidin-3-galactosidechloride 
and Cyanidin-3-O-glucoside chloride can part obviously, and other peaks also can be evaluated 
in future experiments. At present, 25 anthocyanins has been found in camellia petals, which are 
treated by boiling water and thermal dry. In our experiment, the sample is treated by 
liquid-nitrogen and lyophilization to ensure bioactive composition can be protected. What’s more, 
the components of leaves are more complicated than petals. So the results might provide the 
possibility for the future to find new anthocyanins in camellia. 
There are different leaves color between Red Leaf Bella La Traviata and Bella Rosa. According 
to our result, the leaves’ color is all related with Concentration of anthocyanins. The results 
might have important meaning to further explore the composition of anthocyanins and breeding. 
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The Aroma Component and of Flowers  
of Sect. Theopsis in geneusCamellia 

ZhengqiFan, JiyuanLi,XinleiLi, Hengfu Yin, Bin Wu, Zhen Ying 

(Research Institute of Subtropical Forestry, Chinese Academy of Forestry, Fuyang, 311400, 
Zhejiang, China) 

Abstract: A total of 229 different floral scent components were found in the 22 investigated plants of Sect. 
Theopsis. There are remarkable differences about the number of scent components ranging from 9 to 60 kinds 
among the tested species. These compounds belonged to monoterpenes, sesquiterpenes, benzenoids and fatty 
acid derivatives. The most commonly occurring monoterpenes were (Z)-ocimene, C.parvicaudata, C. 
lutchuensis, C.handelii and C.buxifolia displayed at the top of the table of scent volume. Linalool, 
cis-linaloloxide, .alpha.-farnesene, phenylethyl alcohol and methylsalicylate were also important components in 
8 more aromatic species. The number of compound varied from 17 to 33 kinds in the flowering process of C. 
Buxifolia and the total abundance of compounds followed the tendency of low-high-low, the peak (14.09 μg·g-1) 
appeared at complete opening stages. The stamens (100.63 ug/g) emitted a higher abundance of volatiles 
compared to petal (45.51 ug/g). 
Keywords: Sect. Theopsis; Camellia; floral scent components 
 
Floralscentis amixture ofchemicalcompounds emitted byplanttissueswhichplays crucial rolesin 
flower-animalcommunications (Piechulla and Effmert,2010;Schiestl, 2010).The floralscentin 
ornamentalspecies has agreateconomic impactinterms of theaestheticsignificance, and the 
geneticengineeringstrategyhasbeen proposedto enhance the floralscentbouquet inseveral 
species(Picherskyand Dudareva, 2007;Dudareva andPichersky,2008). Butlackofenough 
knowledge aboutthebiosynthesis pathwayand diversityofvolatilesmakes itsucha 
challengingworkin future . Recently, more and more studiesof identification ofvolatile compounds 
have enrichedourunderstandingon the diversityoffloralscent, although theoverallcomplexityof 
floralvolatilesremainselusive regardingtheirdiversebiological functions.Therefore, to characterize 
the complexityof volatile amongdifferentspecies is informative to provideinsights aboutthe 
regulation ofunderlyingbiosynthesis processes. 
In this study, we collected 22 species from genus Camellia (Sectiontheopsis) with different 
degrees of aromatic effects and analyzed the floral scent compositions by SPME-GC-MS analysis. 
In total, we have identified 223 volatile chemicals including benzenoids, phenyl propanoids, 
terpenes, and other components. We showed that stamens produced more volatiles than petals, and 
the emission of floral volatiles reached the maximum at the stage of half-opening. Among species 
with strong and moderate scent effects, monoterpenes and benzenoids were  frequently identified 
with higher levels, indicating important contributions of these 
compounds to the floral bouquets. Our work has not only provided the baseline information of 
floral scent compositions across species within genus Camellia, but also suggested the underlying 
biosynthesis pathways toward genetic modification in future. 

1 Material and methods 
1.1 Plant material 
22 species of Sect. Theopsis in genus Camellia were studied from the Jinhua International 
Camellia Species Garden in Zhejiang, China. The flowers of Sect. Theopsis plants opened from 
March to April every year, and twice samples collections happened in March, 2012 because 150 
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kilometre distance existed between collection site and laboratory. 

1.2 Volatile collection 
The branches with opening flowers or buds were cut and the bases dipped in water before carried 
back to laboratory. The branches were cultured with water at 25℃. Two flowers from each sample 
were putted into a 20 mL thread screw vial with silica pad. Flowers sample of C. buxifolia were 
divided into five stages according to the developmental process, and stamens and petals were 
isolated from whole flowers. 1µg benzoic acid ethyl ester (99.5% purity) as an internal standard 
was added into sample vial after the flowers were weighting. The volatile collection used 
solid-phase microextraction (SPME) technique. The extraction fiber with 50/30µm DVB/CAR on 
PDMS (Supelco) was inserted into the sample vial for 40 min at 25 ℃, following was introduced 
into an injector port for chromatographic analysis.  

1.3 Chemical analysis 
GC/MS analyses were performed on Agilent 6890N-5975B with a fused capillary column, 30 
m×0.25 mm×0.25 µm df (HP-5MS; 5% diphenyl, 95% dimethyl polydimethylsiloxane, Agilent 
Technologies).  A vaporization injector port was desorbed for 5 min and sampled in 260 ℃. The 
oven temperature was held for 2 min for 50 ℃, then increased by 5℃·min-1 to 210 ℃ and held 
for 1 min, followed by 10 ℃·min-1 to 250 ℃ and held for 5 min. Electron ionization mass spectra 
in the range 40-400 Da were taken at 70 eV. The quadrupole, sourse, and transfer line temperature 
were maintained at 150, 230 and 280 ℃, with a scanning speed of 1scan·s-1 from 30 to 550 amu. 

1.4 Data analysis 
All data were recorded with an MS ChemStation (G1701DA D.03.00.552; Agilent Technologies). 
Component was identified using the NIST 05 mass spectral database. The semiquantification data 
of individual component was confirmed by normalized peak area of each compound with one of 
the internal standard (benzoic acid ethyl ester). 

2 Results 
2.1 Flora size and type of the Sect. Theopsis plants 
The Sect. Theopsis plants belong to shrubs with a lot of flowers on the long branches. The weight 
of each little flower was not more than 0.8 g, and the lightest one was only 0.10 g among 22 species 
(Table 1). The aroma of flowers can be felt in flower group but single flower was difficult to be 
because the flowers were too small. Therefore we compared the volatile release amount with each 
samples at the single flower and per gram sample respectively.  
All flowers of the Sect. Theopsis plants are single form, included pistils, stamens, petals and sepals. 
The stamens and petals, which occupied most weight of whole flower, were the most important 
contributor. We chose stamens and petals of C.buxifolia as the materials to distinguish the aroma 
component in different flora organs. 

2.2 Difference of flora volatile components in species 
A total of 229 different floral scent components were found in the 22 investigated plants of Sect. 
Theopsis. There are remarkable differences about the number of scent components ranging from 9 
to 60 kinds among the tested species in flowers group (Table 1). These compounds belonged to 
monoterpenes, sesquiterpenes, benzenoids and fatty acid derivatives. The total volatile volume 
appeared remarkable floating among the investigated species flowers. C.parvicaudata, 
C.lutchuensis, C.handelii and C.buxifolia displayed at the top of the table of scent volume (above 
14 µg/g), and we can feel obvious fragrance. Four species such as C.tsaii var. synaptica had faint 
scent corresponding to slightly low scent volume (from 4.53 to 5.55 µg/g). The volatile quantity 
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from six species including C.rosthornina to four ones including C.forrestii were lower in turns, 
only weak or weaker fragrance could be felt. Four species including C.subacutiima had no smell 
consistent with their trace amounts volatile components. The detected results of single flowers had 
slightly different with those of group ones. The species with bigger flowers raise to higher layers 
when fragrance was gathered from single flowers. In general, five scent grades were divided 
according to volatile amounts consistent approximately with olfactory. 

2.3 The aroma components from whole flowers of the different species 
8 species were picked out from because their fragrance can be felt obviously. The components 
above 1% at relative contents from every species were displayed with their total contents above 90% 
(table 2). Terpenes (above 60%), including monoterpenes and sesquiterpenes, were most abundant 
in 7 species except C.cuspidate. The most commonly occurring monoterpenes were (Z)-Ocimene 
(all found in 7 of 8 species). Linalool and cis-Linaloloxide also the important monoterpenes in 
C.handelii and C.buxifolia,respectively. .alpha.-Farnesene as one member of sesquiterpenes, 
reaching the highest relative amount inC.parvicaudata (56.94%), C.tsaii var. synaptica (56.62%), 
C.parvicuspidata (61.93%), was dominant component in these species. The other important kinds 
of compounds were Benzenoids in fragrance of 7 species. Phenylethyl Alcohol was found in all 
species, and benzaldehyde had top level in C.buxifolia(47.57%). Fatty acid derivatives were found 
only in C.buxifolia with higher level of MethylSalicylate. The content sums of the other 
components, which were excluded from previous three kinds of compounds, were lower than 16%. 

2.4 The fluctuation of the aroma compounds at flora developmental stages 
C. buxifolia was collected as tested species of different flower organs and developmental stages 
because of its rich aroma and abundant flowers although it located the fourth in the abundance list. 
63 compounds were found in whole developmental process. There were differences in the 
composition of the volatiles emitted at the different stages. The number of compound varied from 
17 kinds at bud stage to 33 kinds at complete opening stage. (Z)-Ocimene, cis-Linaloloxide, 
Linalool, 2H-Pyran-3(4H)-one, 6-ethenyldihydro-2,2,6-trimethyl-, Phenylethyl Alcohol and 
Epoxylinalol were  the first six compounds at all stages, and the abundance of four components 
showed a curve of low-high-low. (Z)-Ocimene occupied the first place among all stages except the 
approaching fall one and reached the highest amount (6.71 μg·g-1) at the complete opening stage. 
The total abundance of compounds followed the tendency of low-high-low, the peak (14.09 μg·g-1) 
appeared at complete opening stages. 

2.5 The aroma components from flower organs 
33 floral scent components were found in petals while 58 kinds in stamens. Most volatiles over 1 
ug/g belonged to monoterpenes, together with some benzenoids, sesquiterpenes compounds. The 
stamens (100.63 ug/g) emitted a higher abundance of volatiles compared to petal (45.51 ug/g). 
cis-Linaloloxide (32.07%), (Z)-Ocimene (18.84%) and Linalool (18.46%) dominate the headspace 
of the stamens. In the petals, the main compounds also were cis-Linaloloxide (35.4%) and 
(Z)-Ocimene (31.68%) with lower Linalool (3.06%) and higher 
6-ethenyldihydro-2,2,6-trimethyl-2H-Pyran-3(4H)-one (7.49%) compared to stamens.  

3 Discussion 
In spite of affection of environmental conditions, such as temperature, light, humidity and time of 
the day (Azuma et al., 2001), and the status of sample, such as sampling period or physiological 
status of the trees (Siani et al., 2002), there were distinguished differences between species of Sect. 
Theopsis in genus Camellia in spatial fragrance patterns within flowers. The results of GC/MS 
were consistent with the feeling on the level of the fragrance density in general. The change of 
amount and type of compounds in an odor profile may ascribe to genetic variation (Wright et al., 
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2002). The fragrance of eight species can be felt and four species emitting prolific volatile oils. 
They were not only good garden plants but also the parents of the breeding of aromatic Camellia 
varieties. The scent is mainly attributed to a high abundance of monoterpenes and sesquiterpenes, 
and (Z)-Ocimene, Linalool, alpha-Farnesene were the most abundant compounds. Phenylethyl 
Alcohol was characteristic component in scent of Sect. Theopsis as it was detected from each 
species although be not the richest component. These substances were known as floral scent from 
many different plant species (Knudsen et al., 2006).  
Sect. Theopsis species emitted less voltaic oil than large flowers in aromatic Camellia from each 
flower. However, the fragrance of a big bunch of small flowers can be felt obviously. This result 
suggests that Sect. Theopsis species should be planted in cluster as garden plants.  
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Table1 he density of floral aroma within different species of Sect. Theopsis 

Name of Species Weight of each 

flower (g) 

Total number of 

components 

Content of 

components unit 

mass(ug/g) 

Total content of aroma 

components each 

flower (ug) 

Aroma feeling 

C. parvicaudata  0.29 60 24.04 6.88 heavy 
C. lutchuensis 0.29 44 20.44 5.91 heavy 

C. handelii 0.38 47 14.32 5.37 heavy 
C. buxifolia 0.27 30 14.10 5.01 heavy 

C. tsaii var.synaptica 0.36 23 5.55 2 Slightly heavy 
C. parvicuspidata 0.36 33 5.03 1.8 Slightly heavy 
C. cuspidate var. 

cuspidata  
0.72 31 4.55 3.28 Slightly heavy 

C. parvi-ovata 0.20 18 4.53 0.9 Slightly heavy 
C. rosthorniana 0.42 20 3.63 1.54 weak 
C. macrosepala 0.17 35 2.59 0.45 weak 
C. septempetala 0.69 20 2.48 1.72 weak 

C. costei 0.10 19 1.39 0.14 weak 
C. campanisepala  0.38 27 1.37 0.52 weak 

C. euryoides 0.72 19 1.11 0.8 weak 
C. forrestii 0.27 25 0.85 0.23 weaker  

C. acutissima 0.13 11 0.8 0.1 weaker 
C. fraternal 0.39 16 0.7 0.27 weaker 

C. minutiflora 0.17 13 0.7 0.12 weaker 
C. subacutiima 0.29 12 0.29 0.09 no smell 

C. elongate 0.40 15 0.22 0.09 no smell 
C. tsofui 0.45 14 0.17 0.08 no smell 

C. cuspidate var. 

grandiflora 
0.28 9 0.15 0.04 no smell 
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Table2  The aroma components from whole flowers of the different species 

Compound  C. parvicaudata C.lutchuensis C. handelii C. buxifolia C. tsaii var. 

synaptica 

C. parvicuspidata C. cuspidate 

var. cuspidata 

C. parvi-ovata 

Monoterpenes 10.48 28.9 61.93 87.92 2.06 4.28 0.00 5.86 

(E)-Ocimene tr tr tr 1.45 - - - - 

(Z)-Ocimene 8.00 14.89 20.39 47.57 2.06 4.28 - 4.17 

Alloocimene tr 4.44 4.18 8.01 - tr - - 

Linalool tr 1.48 30.75 3.58 - tr - - 

Epoxylinalol - tr tr 4.63 - - - - 

cis-Linaloloxide - 8.09 4.44 22.68 - - - - 

.beta.-Myrcene tr tr 2.17 tr - - - - 

.alpha.-Bergamotene 2.48 - - - - 2.33 - 1.69 

Sesquiterpenes 56.94 43.53 11.75 0.00 58.56 61.93 0.00 60.26 

.alpha.-Farnesene 56.94 tr tr - 56.62 61.93 - 60.26 

β-himachalene - - - - 1.94 - - - 

Caryophyllene - 39.51 11.75 - - - - - 

.alpha.-Caryophyllene - 2.65 tr - - - - - 

Isocaryophillene - 1.37 tr - - - - - 

Benzenoids 12.47 9.33 16.00 tr 30.90 14.94 60.21 24.43 

Benzaldehyde - - - - - - 40.11 - 

Benzyl Alcohol - - - - - - 2.35 - 

Phenylethyl Alcohol 12.47 9.33 16.00 tr 30.90 14.94 17.75 24.43 

Fatty acid derivatives 0.00 0.00 0.00 0.00 0.00 0.00 19.60 0.00 

Benzoic acid, methyl ester -- - - - - - 2.23 - 

MethylSalicylate -- - - - - - 17.37 - 

Other compounds 10.34 10.20 2.19 6.70 3.78 9.18 16.20 4.75 

Pentadecane - - - - tr tr 2.59 tr 
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Hexadecane 3.73 - tr tr - 3.55 tr - 

Heptadecane - - tr tr - tr 1.98 - 

6,9-Heptadecadiene - - - - - - 1.05 - 

8-Heptadecene - - tr tr tr - 1.93 - 

Hexanal - - - - - - 1.36 - 

2-Hexenal, (E)- - - - - - - 2.15 - 

Cyclopropane, 

1,1-dimethyl-2-(3-methyl-1,3-butadienyl)- 

- - - 1.18 - - - - 

2H-Pyran-3(4H)-one, 

6-ethenyldihydro-2,2,6-trimethyl- 

- 3.67 1.06 5.52 - - - - 

Ethanol, 2-phenoxy- - - - - - - 3.09 - 

Bicyclo[7.2.0]undecane, 

10,10-dimethyl-2,6-bis(methylene)-, 

[1S-(1R*,9S*)]- 

- 6.53 1.13 - 1.81 - - - 

(+)-Cycloisosativene 2.85 - - - - 2.62 - 2.36 

1,3-Dimethyl-5-(propen-1-yl)adamantane - - - - - 3.01 - - 

Hexestrol 3.76 - - - 1.97 - - 2.39 

1-Decanol, 2-hexyl- - - - - - - 2.05 - 

Total content 90.23 91.98 92.90 94.63 92.30 92.67 96.00 95.30 

“tr”: Trace. 
“-”: Not detected or not existed. 
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Table 3 The aroma components from flower organs 

Tissues Stamens Petals 
Total number of components 58 33 

Total abundance (ug/g) 100.63 45.51 
     

compounds Abundance 
(ug/g) 

Composition 
(%) 

Abundance 
(ug/g) 

Composition (%) 

cis-Linaloloxide 32.27 32.07 14.42 35.40 
(Z)-Ocimene 18.96 18.84 16.11 31.68 

Linalool 18.57 18.46 1.39 3.06 
Epoxylinalol 5.01 4.98 1.84 4.03 

2H-Pyran-3(4H)-one, 
6-ethenyldihydro-2,2,6-trimethyl- 

4.40 4.37 3.41 7.49 

Phenylethyl Alcohol 4.24 4.21 1.02 2.23 
Alloocimene 3.57 3.55 3.17 6.96 

Nerolidol 1.87 1.85 1.29 2.83 
Linalool oxide 1.77 1.76 0.40 0.87 

 

 

 

Figure 1 Variation of floral scent composition in different periods of C. buxifolia 
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Display Formsof Camellia Flowers 

Zhou Li  

（Chongqing Nanshan Arboretum Management Office） 

Abstract: This article summarizes four display forms of Camellia flowers, which includes flower twig, flower 
display, the art of flower arrangement and flower basket. It also introduces some points, regarding camellia 
flower collection, storage and transportation. 
Keywords: camellia flower display 
 

Camellia flowers blossom in winter and spring. Its beauty is widely welcomed by the public. In 
recent Camellia Expo, a camellia flower display section was gradually introduced, which attracts a 
lot of tourists. Particularly at the “International boutique Camellia flowers Exhibition” gallery in 
2014 Kunming Jindian Camellia Expo,more than 1000 varieties of Camellia were displayed, 
attracts over 1200 visitors per day. The flower show well highlights the unique effect of gorgeous 
camellias. 
Camellia leaves are evergreen, flowers are showy. For a long time, the major way of appreciation 
Camellia is to plant or potted plants. However, due to its leafy and dark green leaves, Camellia’s 
gorgeous charms are often submerged in the green background. Hence, the flower show of 
Camellia can highlight the beauty of its flower. To take a closer look at flowers is another way of 
enjoy camellias. In recent years, the Camellia exhibition at home and abroad also directly uses 
flowers on display for the purposes of ornamental varieties and exchange. 

1The main forms of camellia flower display 
Camellia has abundant varieties, most of which can be used for flower display. A variety of art 
forms brings floral character and charm, beauty, and also highlights the color and unique beauty of 
flowers. 
1.1. flower shoot display: cut the flower twig directly from camellia trees. The length is depending 
on the depth of the containers. Insert or lay the flower twig into the container filled with clean 
water. Flower twig display includes single and multiple flower display. 
1.2. flower display: flowers are cut from the pedicel, leaving no branches nor leaves. Lay the 
flowers into the container filled with water, let flowers floating on the surface of the water; or put 
the flowers on moist medium. This is a better way to display the characteristics of flowers. 
1.3. the art of flower arrangement: cut flowers and branches, using conventional flower 
arrangement art skills and techniques, display with the flower mud as immobilization matrix. The 
art of flower arranging, both to show the beauty of camellia flowers, due consideration should also 
be given to artistic expression. If combined with Camellia poetry, painting and calligraphy culture 
display more artistic. 
1.4. flowers basket: cut camellia flowers and branches, using flower mud as medium, inserted in 
larger flower basket. Varieties of camellia flowers were full of the basket. Often used in 
celebrations. 

2Picking and protection of flowers 
To choose flowers with robust stems, no pests; pure color, perfect petals, rust free, beginning to 
fully blossom (80-100%). Wash the dust on the branches and leaves with sterile water before 
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picking. Insert picking flowers stem into 5% light salt water for sterilization 2-3 hours, and then 
insert into flower mud in packing box. Due to the large and heavy camellia flowers, fleshy flower 
petals is easy to be squeezed and damage, the flowers placed density should be moderate, not to 
squeeze petals. Flowers can also be flat on the packing box, flowers upwards, use adhesive tape to 
fix the flowers to ensure flower does not compact. Wrap the branches incision with cotton to keep 
moisture. 

3Transportation and preservation of flowers 
Make sure the packing camelliadoes not to be squeezed in the transportation.Ice packs need to put 
into the packing box, to lower the temperature, and keep moist. During transport and display, 
preservative can be used to keep fresh and extendviewing time. 

4Details and notes of flowers display 
Choose flowers have perfect petals.Before application, need to comb the petals to its natural state, 
cleaning up the dust on leaves and branches.Cut the old incision before installation. 

5 Other ways of displaying flowers 
Plant specimens can be used forfloral display. For example, solution preserved specimen, soaking 
the flowers in antiseptic liquid for long-term preservation;or with liquid wax impregnated 
specimens; or dry the flowers. This can continue to explore. 
Base on some of the problems I encountered in previous flower shows, I have the above thoughts. 
It is well welcome to comment and suggestions. 
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The world’s largest golden camellia plantations 
in Dongxing Guangxi China 

ChenJifu, HuangLiandong 
(Dongxing Xinyu Industrial Co., Ltd., Guangxi Dongxing) 

 

Dongxing located near the Sino-Vietnam border, is the natural distribution area of golden 
Camellias. The climate and soil conditions are very suitable for growing yellow Camellias. 
Founded in 2009, Dongxing Xinyu Industry Co., Ltd. is committed to lead industry chain of 
yellow Camellias. It focuses on Camellia planting cultivation,development of health care products 
and bio-pharmaceutical research, and green tourism. 
The company adopts“protection first, development 
second” strategy, taking advantage of rich 
resources of wild yellow resources in Guangxi, and 
invested more than 1 billion RMB. It has 
established4 wild Golden Camellia plantation 
zones in Naliang of Fangchenggang city, Jiangping 
of Dongxing city, and 1 breeding center, planting 

over 
1.3 

million golden camellias and reaching total area of 
around 6600 mu. It has introduced 10 foreign and 30 
domestic varieties of golden camellias.  
 
This company has registered the commercial 
brandof “Yiduo Golden Camellia”, which includes 

series of products made ofraw leaves and flowers of golden camellias, extracts of golden flowers, 
cosmetic products and bonsai plants, etc.  
We are making an effortto steadily implement the project“Golden Camellia industrial center” in 
XinyuDongxing”. It aims to build plantation centers, research and development centers of golden 
camellia products, germplasms collection, and camellia themed park for tourism. It will be 
finished in 2017. After that, we’ll reach annual production of 0.5 millionseedlings, and fresh 
flower 150 tons, and fresh leaf 2100 tons. We expect annual tourists of 1 million and tea products 
of 21.5 tons, and beverage 70,000 tons. The annual output will reach 3.9 billion RMB.  
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Current situation and strategies for developing  
camellia industry in Dali prefecture 

Ma Pengxing1, Dong Xionghui2 

(1. Flower Research Institute of Academy of Agricultural extension of Dali Prefecture; 

(2.   Working Station for Horticulture of Dali City, Dali, Yunnan) 

 
China has about 80% of total camellia species resources in the world. Dali prefecture is located in 
the frontier area of the “Three Rivers Joint Area” rich in species resources, and is regarded as the 
major distribution area of camellia germplasm and outstanding cultivar resources, with around 33% 
of total numbers of national camellia species. According to uncompleted survey, there are 22 
ancient camellia trees preserved in Dali, with tree ages varying from 150~400 years old. Camellia 
is one of main traditional flowers with long cultivation history. Nowadays, it is estimated to 3.5 
million artificial camellia plants in Dali prefecture. Dali has produced around one hundred 
camellia cultivars with special Dali characteristics, accounting for 42.5% of total recorded Yunnan 
camellia cultivars. 

This paper deals with some major problems which hamper development of camellias in resource 
protection, development of camellia industry, lower product quality, lower rate of commercial 
camellia products and weak capacity of market change, on basis of survey and statistical analysis 
on camellia resources, production, market and local favorite policies. We suggest to high 
quality-economic gain strategy of developing camellia industry, follow market-oriented demands, 
enhance science and technology, introduce and apply international breeding cultivars, develop 
favorite policies, establish systems for business and market exploitation, develop advantageous 
resources and shift resource-oriented industry into economic gain-oriented industry. 

Key words: Dali prefecture; Camellia industry; current situation; strategy 
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Biological Characteristics and Ecological Habit of 
Camellia ptilosperma 

Li Zhihui, Li Gui’e 

(Nanning Golden Camellia Park, Nanning, 530022, Guangxi, China) 

Abstract: Camellia ptilosperma, which was first discovered and published by Liang Shengye, et al. in 1984, 
belongs to Sect. Chrysantha. Due to its unique flowering character throughout a year, it is also called 
‘Four-season blossom camellia’ and could be employed as an important germplasm for reciprocal crosses to 
create new hybrids. After it was introduced into the Nanning Golden Camellia Germplasm Bank, the biological 
characteristics and ecological habits of C. ptilosperma seemed to have changed to some extent because of its 
different living circumstances.Morphological characteristics and phenological phase of blooming and 
fruit-setting were both observedduring two yearsin our study. The investigation results also indicated that C. 
ptilosperma has strong cold tolerance with comparisons with other golden camellias, and criteriaof evaluation 
for resistances to diseases and pests wereprimarily developed.  
Keyword: Camellia ptilosperma;morphological characteristics; phenological period; cold tolerance; disease 
and pests’ resistance 

1Materials and Methods 
10 flourished field plants introduced into the Nanning Golden Camellia Germplasm Bank were 
chosen for observation species, and a number of morphological index, including shapes, shoots, 
leaves, flowers, fruits and seeds were measured from April 2012 to April 2014 (twogrowth cycles), 
and 20 sample plants of C. ptilosperma were randomly selected to evaluate its resistance to 
coldness, diseases and insects.  

2 Results  
2.1 Observation of biological characteristics in C. ptilosperma 

2.1.1 Observation of morphological features  

Flower single or often 2 axillary or terminal, flowers surface reddish purple or pale red in bud 
period, yellow with purple plaque at full blossom, 3.5-4.5 cm in diameter, petals 8-12 (Fig. 1D); 
ovary 3-celled, styles 3, free at base. Capsules 3-cornered oblate (Fig. 1E). Juvenile shoots rufous, 
glabrous (Fig. 1B), while matured branches russet (Fig. 1C). Fresh leaves purple-red, glabrous 
(Fig. 1B), while matured leaves oval or oblong, apices acuminate, base broadly cuneate (Fig. 1C).  
Seeds brown, surface densely tomentose (Fig. 1F). 
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2.1.2 Observation on phenological phase 

During a period of two growth cycles from April 2012 to April 2014, several observational index 
related to the growth status of C. ptilosperma were recorded in detail. As table 5 showed, in 
general, there were some differences in characters during phenological phase of C. 
ptilospermayear from year. And the germination, leaf-expansion and sprouting growth take place 
twice a year. C. ptilosperma sprouts firstly in June and then in September, followed by 
leaf-expansion and shoot occurring 3-4 days later. This species starts flowering from late April to 
early May, and the fullblossom stage occursin late May. Meanwhile, it also produces a small 
quantity of yellow flowers in the subsequent period ofaround 10months from June to March of the 
next year. In addition, fruits of C. ptilosperma ripen from early to middle May, and then seeds start 
shedding from late May to early June (Fig. 2B, C). In conclusion, flowering and fruiting of C. 
ptilosperma seldom occur simultaneously (Fig. 2A). It was an everygreen shrub withouta clear 

defoliation period 
according to our 
observation. 

 
 
 
 

 
Fig.2  Some Observations of Phenological Phase of C. ptilosperma 

Fig. 1 Morphological features of C. ptilosperma 
A: Asingle tree. B: Shoots and new leaves. C: Matured branches and leaves. D: Flowers. E: fruit. F: Seeds. 

A B C 
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Table 5 Phenological characters of C. ptilosperma (date/month) 

A:  Early Blossom period, with matured fruits; B: Matured fruits; C:seeds shedding 
 

Contents 2012 2013 
The First Sprout of leaves 13/6-15/6 20/6-26/6 
The First Leaf-expansion 14/6-19/6 22/6-27/6 
The First Sprout Growth 18/6-29/6 25/6-2/7 

The Second Sprout 22/9-25/9 28/9-5/10 
The Second Leaf-expansion 24/9-5/10 2/10-9/10 
The Second Sprout Growth 27/9-10/10 5/10-15/10 

First Flowering  
Full Blossom 

Late Flowering  

30/4 12/5 
10/5-15/5 20/5-26/5 

June to March  June to March 
Fruit Maturity 6/5 18/5 

Seeds Shedding  25/5 1/6 
Defoliation No No 

 

2.2 Investigation on ecological habit of C. ptilosperma 

2.2.1 The cold tolerance of C. ptilosperma 

The morphological observation was conducted from 
January to February. Allsampled plants grew well 
without anyfreezing injury like in other months (Fig. 3).  
Therefore, C. ptilosperma introduced in the Nanning 
Golden Camellia Germplasm Bank was considered to 
have high cold-tolerance in comparison with other 
yellow camellias. 
 
 

Fig.3 Normal Growth after a short period of extreme lower temperature 

 

2.2.2 Investigation on resistance to diseases and pests  

Based on growth status of 20 
randomized sample trees, it was 
observed anthracnose incidence in 4 
plants with leaf-tips die back (Fig. 4B). 
However, this disease seemed not to 
have a serious influence on its growth 
and ornamental value.The rest of 
sampled plants grew vigorously 
withoutany symptom of diseases and 
pests (Fig. 4A). In conclusion, C. 
ptilosperma introduced in the 
Nanning Golden Camellia 
Germplasm Bank is also considered to 
have a strong resistance to diseases 
and pests. 
 
 

Fig.4 Symptoms of incidence by diseases and pests  
A: Good growth without any symptomof diseases and pests. B: Anthrax incidence 

on leaf tipswith lowerinfluence on growth and ornamental value. 
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World largest center for growing yellow camellias in 
suburban Nanning China 

Chen De-long1, Li Ji-yuan*2  

(1.Guangxi Yuanzhiyuan Eco-agricultural Investment Co. Nanning, Guangxi;                
2.Research Institute of Subtropical Forestry, CAF, Fuyang, Zhejiang 311400) 

The Guangxi Yuanzhiyuan eco-agricultural investment company Ltd., a newly established 
agricultural company in Nanning Guangxi China, focuses on propagating yellow camellias 
because of rapid development of yellow camellia plantations for fresh flower purpose in southern 
China in recent years. 
This company rented rural land with a total of 150 ha (2250 mu) in three sites in suburban area 
of Nanning, Guangxi Zhuang Minority Autonomy Region, i.e. 6.7 ha at Wutang sub-center in 
Xingning district, 10 ha at Wuhe sub-center and 133.3 ha Changtang sub-center in Qingxiu 
district. It invested established a 3.3 ha scion production nursery, 3.4 ha plastic greenhouses for 
growing cut rooting seedlings and 12 ha plastic greenhouses for growing one or two year old 
seedlings.  
This company has collected and planted 5 yellow camellia species and other 300 camellia 
cultivars in Wutang sites since 2009, and successfully developed the one-leaf one-bud cut 
rooting method with rooting rate up to 98% on large scale. These root cuts usually will produce 
50 fine roots on average within 100 days in soil, and grow up to 50-110 cm tall during 27 months 
upon to various yellow camellia species. These younger camellia plants, usually used as scion 
harvesting mother trees, will sprout fresh shoots 2 to 4 times around a year in Nanning area.  

This center has raised a total of 3.25million 
stocks in three sites during the past 5 years in 
Nanning. It raised one million yellow 
camellia seedlings aged at 3-5 years old in 
Wutang site, of which 750,000 seedling for 
C.chuangtsoensis, 100,000 seedlings for C. 
nitidissima, 100,000 for C.impressinervis and 
50,000 for C.pubipetala. It collected 2,000 
yellow camellia mother trees at age of about 
10 years and 50,000 mother trees at age of 2 
years for harvesting scions in Wuhe site after 
2010. This sub-center propagated one million 
yellow camellia stocks, of which 800,000 for 
C. nitidissima, 100,000 for C.impressinervis, 
50,000 for C.pubipetala and 50,000 for 
C.chuangtsoensis. The Changtang site started to operate in 2014 and raised 1.25 million yellow 
camellia seedlings, of which one million for C.nitidissima, 150,000, C.impressinervis and 50,000 
for C.pubipetala in 2014; 500,000 yellow camellia root cutting stocks propagated in 2015.  

 

                                                                            
Funding: National Special Non-profit Institution Research Programme of Forestry (201504707) 
*Corresponding author: jiyuan_li@126.com 

 
Fig 1. General Manager Mr. Chen De-long at one of 

his nurseries in summer 2014 
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Fig 3. Yellow camellia nursery for harvesting 
scions in Wutang site 

 

 

 

Fig 2. Mr. Chen De-long showed his yellow 
camellias seedlings with good fine roots  

 

Fig 4. Newly established scion harvest 
nursery in Changtang site 

 

 

 
Fig 5. A Technician was measuring one year old C.impressinervis seedlings in Wuhe site 
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