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FOREWORD
The genus Camellia contains a large number of species in the family Theaceae. All the species
of the genus are distributed in southeastern and eastern Asia, and 80% of the species occur in
China. The genus includes many famous ornamental species and important economic plants such
tea and tea oil. 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 world-over.
Although there are many wild species belonging to the genus Camellia, 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 a
desire to hybridize new yellow camellia cultivars has resulted in a renewed vigor amongst camellia
enthusiasts and breeders. Another species which has generated interest amongst camellia breeders
is C.azalea, which blooms all year round. In recent years, some new cultivars blooming all the
year round have been bred by using C.azalea as breeding material, and it is suspected that more
new cultivars will be bred using C.azalea. In other projects, hybridizers are working with Camellia
Suben. Metacamellia in various regions of the world, and many new cluster-flowering camellia
cultivars have been obtained.
The 30th International Camellia Congress held in Nantes provides a very good chance for
camellia experts and enthusiasts from all over the world to exchange their research achievements,
experience and enthusiasm of camellias. I am very delighted to see that nearly forty presentations
have been collected in the proceedings of the congress. The presentations cover a very wide
range of fields. Some presentations are the latest research achievements by using very modern
scientific technologies, some presentations provide knowledge of breeding new camellia cultivars
for heat, cold or salt tolerance, some presentations give us a very good chance to see the precious
collections in the beautiful gardens around the world.
We all noticed that the disease of flower blight has seriously threatened the development of our
camellia cultivation. The good thing is that some successful research results have been achieved
which can be seen from the related presentations. Apart from camellia for ornamentation, the
presentations also feature work on tea, tea oil and the perfume of camellias which would definitely
broaden our knowledge about camellia.
The proceedings benefit greatly from the hard work and great contribution of Ms Patricia Short,
Immediate Past President and the Chairman of the scientific committee of this congress. I also
would like to thank the organizing committee of Nantes Congress and all those who made contributions to these proceedings.
I am sure the proceedings will be of great value to camellia development in the world.
May the success of this congress and our camellia friends from all over the world stay happy and
healthy!

Guan Kaiyun
ICS President
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30th International
Camellia Society Congress
This Congress is the 30th that has been held by the International Camellia Society.
In the early days, ICS congresses might have a few papers, but delegates came mostly for the
fellowship and garden visits, still a very important part of any congress. Over time, though, the
scientific sessions have become increasingly important to researchers and enthusiasts alike. This
year, more than 40 abstracts were submitted to the Scientific Committee, from which a selection
had to be made for presentations. Among our criteria :
- How new is the science ?
- How widely applicable are the conclusions ?
- Is the paper discussing species, which can have implications for hybridization and 		
the camellia gene pool, or is it discussing particular cultivars, which would have more
limited implications ?
- Is the presentation of interest to enthusiasts as well as researchers ?
- Is the presentation from a country that has been underrepresented, in the past ?
The Scientific Committee members had many different “favorites”, making it a real challenge to
put together the program for our three lecture sessions. We hope that all our delegates will find
something to interest them during the coming three days.
Patricia Short, Chairman
ICS Nantes Congress Scientific Committee :
			Jacques Soignon, Secretary
			Li Jiyuan (China)
			Pascal Vieu (France)
			Andrea Corneo (Italy)
			Pilar Vela (Spain)
			Stephen Utick (Australia)
			Takayuki Tanaka (Japan)
			Wang Zhonglang (China)
Honorary member : Guan Kaiyun
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Camellia in Nantes
Stéphane Lehuédé
(Lycée Professionnel Agricole, 34, chemin du Ponceau 44300 Nantes
lehuede.stephane@gmail.com )

The introduction of Camellia in the Nantes areas is due to a French politician who was also the mayor of
Nantes.
Abraham Ferdinand Favre (1779-1867), usually named Ferdinand Favre, a ship owner and trader, was
interested very early in horticulture and imported as early as 1806 the first camellia seeds from England.
Through a succession of sowings, he tested camellias that resisted winter temperatures. The numerous
century-old camellias that can seen in the gardens in Nantes and in the west of France are a proof of his
perspicacity.
Ferdinand Favre was one of the founding members of Société Nantaise d'Horticulture in 1828, which
encouraged horticulturists and nurserymen in the development of local horticulture by awarding prizes
and medals.
From this date and until today, about thirty "camellia sowers" will create more than 100 hybrids of
camellias. It is thus that Nantes will become the French capital, even European, of the camellia.
Even today, the passion of the camellia is very strong. The Green Space Department of the city of Nantes
develops important means to protect the collection of camellias and encourage the nurserymen to
continue the cultivation of this plant.

Key Words : Abraham Ferdinand Favre, acclimatization, Société Nantaise d'Horticulture, Guichard family,
Alfred Lemaître.

1. Ferdinand Favre, the father of camellia in Nantes
1.1. Family origins
The Favre family is a Protestant family from Couvet, in the canton of Neuchâtel in
Switzerland. Mr. Antoine and Marguerite-Henriette Favre go to live in Nantes in
1794 to join their two eldest sons, Abraham-Louis and Charles-Gabriel, who work in
the printed cotton industry.
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Ferdinand Favre (ph. 1)

By 1800, the textile industry of Nantes is declining.
Ferdinand Favre (1779-1867), one of the sons of Mr and
Mrs Favre, then becomes a ship owner and invests in
sugar refining turns.
Ferdinand Favre (photo l) devotes a large part of his life
to the service of the municipality of Nantes where he is
the mayor from 1832 to 1848 and from 1852 to 1866. He
is also elected Member of Parliament from 1848 to 1857,
then senator from 1857 to his death. He has a liberal
Orleanist tendency.

1.2. The passion of horticulture ... and camellias
In 1828, the Nantes Horticultural Society was founded. This association, which
includes notables passionate about plants and horticulturists practitioners, has a
mission to promote and encourage horticulture through the organization of
exhibitions and the awarding of medals to the most deserving.
The Nantes Horticultural Society is sponsored by the Duchess of Berry, then by the
Queen of the French, Marie-Amélie, then by the Empress Eugénie. It is also
supported by Princess Baciocchi, niece of Napoleon Bonaparte.
Ferdinand Favre is a founding member, as are his sister Rose-Marguerite (17671848), his elder brother Abraham-Louis (1768-1835), his younger brother Henri alias
Favre-Couvet (1783-1869) and their nephew Fleurus Petitpierre.
In 1806, Ferdinand Favre introduced “at great expense” seeds of camellias bought
in England. He intends to acclimatize this shrub to the Nantes region for outdoor
cultivation, which he will succeed by successive sowing for more than 30 years! In
his Clos sur l’eau property in Saint Sébastien, near Nantes, more than 7,000 feet of
camellias are counted in 1849.

1.3. A rich descent
Ferdinand Favre dies without children. He leaves however a rich horticultural
legacy through the passion of the plants which he knew to breathe near the inhabitants
of Nantes. The mayors who succeeded him
Camellia japonica 'Henri Favre' (ph. 2)
continue this work.
Some of his varieties continue to bloom every
year:
- 'Lineata' (1839);
- 'Henri Favre' (1839) (photo 2), bought by

18

International Camellia Congress 26-27-28 march 2018 Nantes France

Cachet (Angers) for the sum of 6,000 francs (about 13,000 euros);
- 'Maria' (1845);
- 'Charles Favre' (1846), in honor of his brother Charles (1775-1847);
- 'Madame Barrat' (1867).
His brother Henri Favre-Couvet, secretary general of the prefecture of LoireInférieure, is, as Ferdinand has been, a creator; among his cultivars:
- 'Prince Imperial' (1856);
- 'Mademoiselle Marie Barrat' (1862), in honor of a niece, Marie-Pauline Barrat. (The
synonym, 'Mademoiselle Marguerite Barrat', honors another niece, Jeanne-Marguerite
Barrat!)
Increasingly absorbed in political life, Ferdinand Favre sells his crops to nurseries
Noisette in Nantes and Cachet in Angers.

2. Jean Heurtin
Jean Heurtin is one of the pioneers of camellia in the Nantes region. He is the epitome
of the nineteenth-century gardener emerging from anonymity through hard work and selfdenial. His biography was made possible thanks to a letter from his grandson, Dr. Jean
Crézé, member of the International Society of Camellia (ICS), sent in 1975 to Paul
Plantiveau, director of the Department of Green Spaces of the City of Nantes.

2.1. His gardener's beginnings
Jean Heurtin was born on May 7, 1825 in Saint-Herblain, son of Jean-Joseph Heurtin,
plowman at "La Gagnerie", and Angélique Violin. He lost his mother in 1832, then his
father in 1835. He was then taken in by a sister of his mother whose husband is a
gardener. On January 29, 1856, he married Justine Marie Douineau (photo 5), a maid at
Ébaupin in Vertou, where he himself is a gardener.
Camellia japonica 'Beauté de Nantes'
The Ébaupin property has 7 gardeners. The
(ph. 3)
wedding takes place in Vertou; 3 of the 4 witnesses
are gardeners! Shortly after, they settled as
horticulturists on the côte Saint-Sébastien, chemin
de la Fonderie.

International Camellia Congress 26-27-28 march 2018 Nantes France

19

2.2. When thankfulness arrives ...
In 1869, he became a member of the Société
Nantaise d'Horticulture, where he won many prizes
during floral exhibitions (21 medals in 40 years).

Camellia japonica 'Ville de Nantes'
(photo 4)

In 1874, he obtained the camellia 'Justine Heurtin'
and, in 1879, the camellia 'Beauté de Nantes'
(photo 3).
In 1895, he participates in a horticultural exhibition
in Belgium, when he is 70 years old.
In 1897, he presents a camellia to the Society of Nantes horticulture, probably 'Ville de
Nantes' (photo 4) in tribute to the steamboat
Jean et Justine Heurtin, 1907. (photo 5)
'Ville de Nantes', which is supposed to take
the President of the Republic Felix Faure from
Nantes to Saint-Nazaire during of his visit
(April 22, 1897). In reality, this boat only
carries journalists, while the president takes
his place in the boat 'L'Elan'.
He dies March 16, 1917 of the Spanish flu.

3. The saga of Guichard nursery
The Guichard family is at the origin of a long history of camellia, which still finds its
"ramifications" in horticulture in Nantes.
3.1. Guichard family
Around 1830, Henri Guichard is a gardener in Procé, then owned by Mr. Marion de
Procé. He settles nearby, at rue de la Pelleterie, with a nursery, where he is joined in 1864
by his son Henry. The latter, who was trained in Paris, Montreuil, and Belgium with the
famous Louis Van Houtte and in England at Waterer, specializes in New Zealand plants
and camellias. In 1894, Guichard’s catalog contains nearly 276 varieties that are exported
throughout Europe as well as in Africa, America, Iraq, Iran, Lebanon, andTurkey.
Awareness or the nursery is sealed with a prize at the Paris World Fair in 1889 and a
second prize at the 1908 Chelsea Flower Show!
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Camellia japonica 'Chardonneret' (ph. 6)

Henri dies prematurely in 1911 and two of his five
daughters, Madeleine and Marie, take over the
activities of the nursery until 1955, under the name
of Établissements Guichard Sœurs. The development
continues and the clientele is national as well as
international. The nursery eventually spreads over 3
hectares in Nantes – rue de la Pelleterie, rue
Chanteclerc, Chemin des Communs, rue des
Chardonnerets ... It is also this last plot that will give
its name to a Nantes camelia, Camellia japonica
'Chardonneret' (photo 6).

3.2. Thoby family
When the Guichard sisters retire, the company is bought by Claude and Anne Thoby.
The fame surrounding the production of camellias remains at a very good level and the
catalog is considered one of the best at the European level. Production moves to the site of
Carquefou (1957) and Saint-Mars-du-Désert (1967). Claude Thoby is very involved in the
promotion of horticulture in general and camellia in particular. He is a founding member
of the Floralies Committee (1956) and director of the French section of the International
Camelllia Society. As such, it organizes the Camellia International Congress in Nantes in
1977.
Jean Thoby, son of Claude and Anne, succeeds them in 1998. At the same time, he
develops a botanical nursery in Gaujacq, in the Landes.
In 2007, the production and the site of Saint-Mars-du-Désert are taken over by the
Conte Group (Jardiland). At the end of 2009, all production stops at the Gascherie site in
Saint-Mars-du-Désert, while the Carquefou site disappears, integrated into the
development of an industrial zone. It's the end of one of the most beautiful adventures of
the camélia nantais that lasted nearly 150 years.

3.3. Alfred Lemaître and successors
Alfred Lemaitre is an example of the passionate horticulturist completely dedicated
to his job. He entered the Thoby Establishments in March 1958, where he spent his
entire career until he retired in 1995. He was appointed by all levels of the company
to become head of culture at the end of the 1970s.
These many years spent with camellias give him a detailed knowledge of this plant,
both in terms of cultural management and in terms of its identification. He becomes
an invaluable adviser to all the horticultural associations of the West of France and
participates in many demonstrations. He is a member of the Nantes Horticultural
International Camellia Congress 26-27-28 march 2018 Nantes France
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Camellia japonica 'Casimir' (photo 7)

Society, the Breton Society of Camellia, and the
International Camellia Society. In 2002, he
participates in a European commission to identify
the camellias of Laeken, collection of the King of
Belgium Leopold II.
Alfred Lemaitre is also the owner of a private
collection of more than 500 taxa that allows him to
be the creator of about 20 new varieties from
"chance seedling". Among his creations: 'Souvenir
de Ferdinand Favre '(1998),' Casimir '(2000)
(photo 7),' Élisa Mercœur '(2000),' Pays de la Loire

'(2006),' Sylvia Sass' (2011).
Alfred Lemaitre takes care of passing on his knowledge to professionals and
individuals alike. He gives advice until his death in 2014.
In 1983, Joël Lemaitre, son of Alfred, settled as a nurseryman in Carquefou and
specialized in acidic soil plants and more particularly in camellias. His catalog today
reflects the collection of camellias of his father.
Pépinières du Val d'Erdre, in Saint-Mars-du-Désert, have also taken a passion for
camellia and offer a wide and complete range of products for sale.
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The main cultivars of Nantes

Bahuaud:
'Madame Henri Bahuaud' (1900),
'Nobilissima Rosea' (1914)

Gouillon Jean:
'Nannetensis' (1828),
'Armoricana' (1834)

Bahuaud A.D:
'Madona' (1935),
'Madona Rosea' (1935)

Veuve Gouillon:
'Ma Fille Marguerite' (1833)

Bahuaud-Litou:
'Madame Henri Cormerais' (1900),
'Précoce de Nantes' (1900),
'Souvenir de Bahuaud-Litou' (1900),
'Condor' (1914),
'Fleur Dipater' (1914)
Biton Julien:
'Princesse Baciocchi' (1858)
'Ferdinand Favre' (1860)
Bruneau Jules:
'Anna Bruneau' (1856)
Cormerais:
'Général Leclerc' (1920)
De Combles Hippolyte:
'Hippolyte de Combles' (1849)
Drouard:
'Duchesse de Normandie' (1844),
'Duc de Bretagne' (avant 1846)
Drouard-Gouillon:
'Drouard Gouillon' (1839),
'Comtesse de Boigne' (1840),
'Marguerite Gouillon' (1842),
'Marguerite Gouillon Rose' (1843)
Drouart:
'Le Géant' ou 'Géant' (1851)
Favre Ferdinand:
'Henri Favre' (1839),
'Lineata' (1839),
'Maria' (1845),
'Charles Favre' (1846),
'Madame Barrat' (1867)

Guervel Paul:
'Clairon' (1978),
'Clovis Guervel' (1978),
'Souvenir de la Beaujoire' (1973)
Guichard Henri:
'Castille' (1962),
'Comtesse Moranzot' (1840),
'Adolphe Audusson' (1877),
'Gloire de Nantes' (1885),
'Prosper Vial' (1910),
'Campbelli (Guichard)' (1894),
'Maghuttina' (1910)
Guichard Sœurs:
'Général Lamoricière' (1912) , ,
'Madame Appoline Guichard' (1920),
'Madame Charles Blard' (1920),
'Souvenir de Gaston Allery' (1924),
'Bicolor' (GS) (1935),
'Comtesse de Nieuport' (1935),
'Anna Bruneau Variegated' (1971)
Haas:
'Marie' (1860),
'Madame Haas' (1879),
'Surpasse Nobilissima' (1879)
Hectot Jean-Alexandre:
'Hectotiana' (1843)
Herbelin Claude:
'Herbelina' (1843),
'Madame Herbelin' (1849)
Herbillon:
'Comtesse de la Motte-Rouge' (1840)

Favre Henri (dit Favre-Couvel):
'Prince Imperial' (1856),
'Mademoiselle Marie Barrat' (1862)

Heurtin Jean:
'Justine Heurtin' (1874),
'Beauté de Nantes' (1879),
'Ville de Nantes' (1897)

Lemaitre Alfred:
'Souvenir de Ferdinand Favre' (1998),
'Casimir' (2000),
'Clémence Lefeuvre',
'Élisa Mercœur' (2000),
'Pays de Loire' (2006),
'Seigneur d’Oudon' (2007),
'Sylvia Sass' (2011),
'Kizuna' (2012),
'Sèvria' (2012)
Lizé Mathurin:
'Eugène Lizé' (1883)
Ménoreau Jules:
'Rubescens Major' (1886)
'Fostine' (1890)
Nerrière Prosper:
'Joinville'
(= 'Prince of Joinville') (1843),
'Baptiste Drouard' (1849),
'Joseph Le Sant' (1849)
Noisette:
'Atrovirens' (1821)
Phélippeau:
'Hectotiana' (1843)
Thoby Claude:
'Alain Barbe-Torte' (2003)
'Bréca' (2003)
'Chardonneret' (1975)
'Jules Verne' (1978),
'Guichard Soeurs' (1988),
'Hippolyte Thoby' (1971)
'Épitone' (1993),
'Évangéline' (1993),
'Marie Le Menelec' (1993),
'Marie Sivet' (1993)
Thoby Jean
'Dragée' (2003)
'Emeric Halasz' (2003)
De divers obtenteurs nantais:
'Évalina' ('Évelina' ?) (1856),
'Amabilis' (1825),
'Madame Dumoustier' (1858),
'Mellinetii' (1858),
'Noisette' (1858),
'Grand Alexis' (1894)
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The Progress of International Camellia Register and development of
Camellia Cultivar Dictionary
Zhonglang WANG 1, Yunguang SHEN 1, Patricia L. SHORT 2, Satoshi YAMAGUCHI3,
Don BERGAMINI 4, Carmen SALINERO5，Derek BEARD6，Jim POWELL7,
Andrea CORNEO8 (Full Addresses, page 10)

Abstract
The International Camellia Register (ICR) was published in two volumes in 1993, its first
supplement in 1997 and the second supplement in 2011.
Based on the Word files sent by Neville Haydon, we changed all entries to Excel format, the total
ICR of four books having 43,337 cultivar names, of which 22,021 were accepted names (including
3,964 names believed extinct or no longer identifiable cultivars) and 21,316 invalid names. From
2011 to present, 1,332 new accepted names and 167 invalid names have appeared; future new
cultivars up to 2020 will be published in the third supplement in 2020. So far, the ICR has 23,353
accepted names. Most of them (ca. 81%) are C. japonica (17,707) and its hybrids clearly cited (1,210);
the second group (ca. 6.4%) is C. reticulata (826) and its hybrids (666), and the third largest group
(ca.5.8%) is C. sasanqua and its hybrids (1,343). In recent years, the C. azalea hybrids have
increased very quickly, and the number of its cultivars has reached 228.
In total, there are 1,982 re-used (duplicate) names in the ICR, which could cause confusion
when transliterated or transcribed into Roman characters, especially for Japanese cultivars. This is a
very important problem and should be solved. In order to comply with the rules in The International
Code of Nomenclature for Cultivated Plants (ICNCP), we suggest treating these re-used names as
follows: the first one that bears the name is accepted, while for later-named cultivars, brackets [ ]
must be used to affix the originator’s name, if known, different species, or different places of origin,
etc. Here we emphasize that all names in the ICR cannot be re-used for future new cultivars!
In addition, we have developed the first Camellia Digital Dictionary, which can be used by both
mobile/cell phone (Android, iOS and Windows) and PC computer. It can be searched by internet in
English (not only for accepted names but also invalid names), together with descriptions, some of
which include photos. And we have developed some entries in Japanese (Kanji, Hiragana and
Katakana) and in Chinese (Hanzi) for those who want to check the original Japanese and Chinese
names as well as their descriptions. We would like 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).
Key words: International, Camellia, Register, duplicate name, Mdict, e-dictionary, database
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INTRODUCTION
International registration of the names of cultivated plants is of considerable importance in the
disciplines of horticulture, agriculture and forestry. The International Code of Nomenclature for
Cultivated Plants (ICNCP), also known as the Cultivated Plant Code, is a guide to the rules and
regulations for naming cultivars and cultivar groups. These plant taxa’s origin or selection is primarily
due to intentional human activity. The 1st Edition of ICNCP was published in 1953, and the latest
edition, the 9th, was published in 2016. ICNCP is of greatest importance for promoting uniformity,
accuracy, and stability in the naming of cultivated plants (Principle 8 of ICNCP).
In 1962, the International Camellia Society (ICS) was founded, and it was then appointed as the
International Cultivar Registration Authority for the Genus Camellia at the International Horticultural
Congress at Brussels. Thanks to the hard and excellent work of 60 years by many camellia
horticulturists, enthusiasts and scientists, especially by Ralph Philbrick, Thomas Savige, and Neville
Haydon, the International Camellia Register (ICR) published two volumes with 2,208 pages in 1993, a
first supplement in 1997 and a second supplement in 2011.
The ICR proved that it would strengthen the system of validity by prior publication, prevent
further duplication when selecting names for new cultivars, and assist in clearing up some of the
confusion that still clings to a few of the old cultivar names. In the last two years, we checked the ICR
carefully based on the latest version of ICNCP, and found some important issues existing in the ICR
that should be treated or solved as soon as possible, especially the re-used (duplicate) names in
Japanese cultivars.
Here, we would like to introduce the recent progress of ICR, and development of Camellia
Cultivar Dictionary in Nantes Congress 2018.
1. Change ICR from Word format to Excel format
In 1993, The International Camellia Register, compiled by Thomas J. Savige was published in two
volumes, totaling 2208 pages. In 1997, the 1st Supplement, compiled by Thomas Savige, was
published with 386 pages. In 2011, the 2nd Supplement, compiled by Neville Haydon was published
with 472 pages. These 4 books weight a total of 7.04 kg – more than 15 lbs. The printed books are
heavy to carry and take time to search. In 2000, Malcolm Perry found that the digital record then
existing of the ICR could not be transferred to computer. He scanned the ICR with a primitive form
of optical character recognition (OCR), which required many corrections. Working with these scans
from 2002 to 2005, Neville Haydon corrected the OCR version of the ICR, then added the corrections
and began formatting data for a Second Supplement in Word files.
In 2008, the ICS Board decided to make the Register available online, free of charge. Prof.
Gianmario Motta of Pavia University, Italy, supervised this project and continues to do so. In
December 2009, the Web Camellia Register (WCR) was established. The counter of the website
reached 1,693,653 visits on 13 November 2017.
But the WCR holds some mistakes or disadvantages:
1) there are only 22,374 cultivars names that can be found by searching in the WCR; a
search will not find synonyms, orthographic errors, and other departures from
accepted names. But those names – including synonyms etc. – are very important for
users to search. According to Article 30.1 in the ICNCP, the epithet of a cultivar or
group must not be re-used within the same denomination class (for example the genus
Camellia) for any other cultivar or group. Article 30.1 indicates that if a cultivar name
2
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has been used before, whether it is an accepted name or not, that name cannot be reused anymore. So, besides the accepted names (shown in bold face in the ICR), the
WCR should include invalid names as well, including synonym, different reading,
abbreviation, orthographic error and variant, tentative designation, corruption of the
Japanese name, erroneous synonym, Latin error, and so on, as listed in the ICR.
2) The search engine of the WCR is not good enough. If the search strings or words
contain some characters like ‘Açoreana’, ‘Zuihôka’ or ‘Hiryû’, as examples, the search
result will display nothing in the database. And as indicated in the website, sometimes,
it happens that a valid entry may be followed by an invalid entry or by a subset of the
description string. This is because some entries include other entries in the printed ICR.
The WCR did not include all the entries which it should include, and therefore the
search engine in WCR should be improved.
In order to effectively manage the ICR and make it easy for us to use it, the ICR in Word form
was changed to Excel form, which divides different names in different rows with six columns: name,
mark, species or combination, meaning of oriental names, believed extinct, and description, as well
as a synonym table of each name in each row with three columns: name, description or cited
reference, and accepted name.
Based on the Word files sent by Neville Haydon, after several months’ effort and a large amount
of corrections, we changed all entries to Excel format. In total, the ICR in four volumes had listed
43,337 cultivar names: 22,021 accepted names, including 3,964 believed extinct or no longer
identifiable cultivars, and 21,316 invalid names, including synonyms, different readings,
abbreviations, orthographic errors and variants, tentative designations, corruption of Japanese
names, erroneous synonyms, Latin errors, etc.
From 2011 to the present, there are 1,332 new accepted names and 167 invalid names that
have appeared plus future new cultivars up to 2020, which will be published in the third supplement
planned for publication in 2020.
So far, ICR in total has 23,353 accepted names, most of them (ca. 81%) C. japonica (17,707) and
its hybrids clearly cited (1,210); the second largest category (ca. 6.4%) C.reticulata (826) and its
hybrids (666); and the third largest category (ca.5.8%) C.sasanqua and its hybrids (1343). In recent
years, the number of C.azalea hybrids has increased very quickly, reaching 228 cultivars (Table 1).
Table 1
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The list of statistical analysis for each species and its hybrids.

Number

Taxa

Amount

Percentage

1

C. japonica and its hybrids

18917

81.00%

2

C. reticulata and its hybrids

1492

6.39%

3

C. sasanqua and its bybrids

1343

5.75%

4

C. rusticana and its hybrids

565

2.42%

5

C. hybrids

540

2.31%

6

C. x williamsii and its hybrids

409

1.75%

7

C. oleifera and its hybrids

237

1.01%

8

C. azalea and its hybrids

234

1.00%

9

Higo and its hybrids

233

1.00%

10

C. vernalis and its hybrids

134

0.57%

3
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11

C. wabisuke and its hybrids

131

0.56%

12

C. hiemalis and its hybrids

130

0.56%

13

C. pitardii and its hybrids

69

0.30%

14

C. saluenensis and its hybrids

69

0.30%

15

C. chekiangoleosa and its hybrids

67

0.29%

16

C. amplexicaulis hybrids

62

0.27%

17

C. nittidissima and its hybrids

44

0.19%

18

C. lutchuensis and its hybrids

43

0.18%

19

C. sinensis and its hybrids

31

0.13%

20

C. fraterna and its hybrids

25

0.11%

21
C. rosiflora and its hybrid
23
0.10%
Note: There are many taxa (species, combinations, or groups) in the ICR. The table here only lists
those percentages above 0.10%. Please note that an interspecific hybrid has two parents, so each
hybrid was calculated twice for both parents. Thus, the sum of percentages exceeds 100%.

2. The problem of re-use of Epithets causing many duplicate names
Recently when we analyzed all the names of cultivars, we found a big problem with re-used
names – duplicate names, which means different cultivars share identical names. According to Article
30.1 and Article 21.22 of the ICNCP, the epithet of a cultivar must not be re-used within the same
denomination class (such as the genus Camellia) for any other cultivars. Many duplicate names
could cause confusion when transliterated or transcribed into Roman characters, especially the
names of Japanese cultivars. For example, in the book “Camellias of Japan” (2010) alone, there were
40 names (20 pairs) sharing the same names although they are completely different cultivars (Table
2). Some of the names are different in Kanji (Table 2 in the blue color), but when transliterated into
Roman they are the same. Others are identical both in original Japanese and Roman (Table 2 in
black color). This is a very important problem that should be solved as soon as possible.
Table 2 Duplicate names in the book Camellias of Japan (2010)
Duplicated Name

Duplicated
Number in
ICR

Asahi-zuru

2

Azuma-shibori

3

Chigo-zakura

2

Egao

3

Fuji-no-yuki

5

Hagoromo

9

Hakurakuten

4

Page

Japanese
Name

Adopted Name

321
245
147
178
300
175
235
305
298
215
103
321
297

朝日鶴
旭鶴
東絞
吾妻絞
稚子桜
稚児桜

Asahi-zuru
Asahi-zuru (Higo)
Azuma-shibori
Azuma-shibori (Nagoya)
Chigo-zakura
Chigo-zakura (japonica)
Egao
Egao (vernalis)
Fuji-no-yuki
Fuji-no-yuki (rusticana)
Hagoromo
Hagoromo (sasanqua)
Hakurakuten (sasanqua)

笑顔
不二の雪
富士の雪
羽衣
白楽天
4
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Hana-fūki

3

Hanamidō

2

Hi-no-hakama

2

Hi-no-tsukasa

6

Keiun

3

Kōgyoku

3

Kōka

2

Kokinran

3

Kyokkō

4

Miyako-no-haru

2

Ō-zora

2

Shinonome

6

Shishi-gashira

3

Shokkō-nishiki

4

Takara-awase

3

Yamaji

2

Yamato-nishiki

4

39
109
310
310
209
312
243
243
314
152
319
302
157
286
63
186
323
187
280
239
308
239
319
303
31
95
315
177
316
183
321
97
102
323
250

花富貴
花御堂
緋の袴
緋の司
慶雲
皇玉
虹玉
紅霞
香華
古金襴
旭光
極光
都の春
大空
東雲
獅子頭
蜀紅錦
蜀光錦
宝合
野麻路
山路
大和錦
日本錦

Hakurakuten (Yamaguchi)
Hana-fūki
Hana-fūki (hiemalis)
Hanamidō
Hanamidō (japonica)
Hi-no-hakama
Hi-no-hakama (Higo)
Hi-no-tsukasa (Higo)
Hi-no-tsukasa (sasanqua)
Keiun
Keiun (sasanqua)
Kōgyoku
Kōgyoku (japonica)
Kōka
Kōka (japonica)
Kokinran (japonica)
Kokinran (vernalis)
Kyokkō
Kyokkō (Osaka)
Miyako-no-haru
Miyako-no-haru (sasanqua)
Ō-zora
Ō-zora (sasanqua)
Shinonome
Shinonome (japonica)
Shishi-gashira
Shishi-gashira (hiemalis)
Shokkō-nishiki (Kanaoka)
Shokkō-nishiki (vernalis)
Takara-awase
Takara-awase (sasanqua)
Yamaji
Yamaji (rusticana)
Yamato-nishiki
Yamato-nishiki (Higo)

In order to stabilize the names and to comply with the rules in the ICNCP, we made the decision
to adopt the following procedure: the first cultivar to bear a name is accepted, while for later-named
cultivars, brackets [ ] are used to affix the originator’s name, if known, or different species or group,
different places of origin, and so on (Table 2, the column of adopted names) to distinguish them. In
the four books of the ICR, there are 1,982 duplicate names. What a big problem in the genus
Camellia!
Some names have more than two duplicate names, like the name ‘Hagoromo’ which has nine re28
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used or duplicated names in the ICR (Table 2). In addition to re-used same names, there are at least
21 names which have the word “hagoromo”: ‘Aka-hagoromo’, ‘Ama-no-hagoromo’’, Beni-hagoromo’,
‘Chikushi-hagoromo’, ‘Chita-hagoromo’, ‘Hagoromo-Kansai’, ‘Hagoromo-no-kyoku’, ‘Hagoromo-nomusume’, ‘Hanagawari-hagoromo’, ‘Higo-hagoromo’, ‘Hime-hagoromo’, ‘Hino-hagoromo’, ‘Kingyobahagoromo’, ‘Kingyoba-shiro-hagoromo’, ‘Ko-hagoromo’, ‘Miyo-hagoromo’, ‘Semi-no-hagoromo’,
‘Shibori-hagoromo’, ‘Shin-hagoromo’, ‘Shiro-hagoromo’ and ‘Yuri-hagoromo’. All these hagoromos,
should be checked carefully again on the publications, as some of them might be synonyms.
Here we must emphasize to everyone that all names in the ICR cannot be re-used anymore for
future new cultivars!
3. Names with the same Chinese Characters both in Chinese and in Japanese
In Japanese, there are many Chinese character called Kanji. Some are identical to Hanzi in
Chinese, but are pronounced differently. In the ICNCP, there are some articles on how to deal with
this. In the future, when we publish new cultivars, both in China and in Japan, we should follow the
instruction in the ICNCP.
According to Article 21.23 of the ICNCP, a name is not established if on or after 1 January 1996
its cultivar epithet is (a) so similar in its original written form, or (b) so similar or identical in
pronunciation, or (c) so similar or identical in spelling when transliterated or transcribed into the
Roman alphabet (see Recommendation 27F of the ICNCP) to an existing epithet in the denomination
class to which the cultivar is assigned that the name might cause confusion. For example, in Japanese
Kanji the characters, 牡蠣 (oyster), 垣 (fence), and 柿 (persimmon) are all pronounced and
transcribed “kaki”. If the first established cultivar epithet is ‘牡蠣’, then cultivar names with original
Japanese epithets ‘垣’, and ‘柿’ are not established in the same denomination class. On the other
hand, cultivar names with original Chinese epithets ‘垣’, and ‘柿’ (both pronounced entirely
differently from ‘牡蠣’ and from each other in Chinese) could be established even if there is an
existing cultivar epithet ‘牡蠣’ in Japanese in the same denomination class, since they are not of the
same or similar pronunciation, original written form, and transcription. By contrast, the traditionally
styled Chinese 牡蠣, simplified Chinese 牡蛎, and the Japanese 牡蠣 are of the same written form
or are orthographic variants, and so only the earliest cultivar name with the epithet of either ‘牡蠣’
or ‘牡蛎’ could be established in the same denomination class.
4. Some names on reverse transcription
In the latest version of the ICNCP there is a new Recommendation 34A.2 : where the epithet is
taken into a non-alphabetic script from another language, the cultivar name may be established in a
form which renders that word or phrase into the nonalphabetic script publication, but when
rendered in an alphabetic script should be in its original form where known, and not a transcription
of the epithet (published in the nonalphabetic script) (see also Recommendation 27D.3).
Consequently, it is recommended that reverse transcription should return words to their original
form, irrespective of the demands of the transcription system used. For example, the Japanese
epithet シルクロード for a camellia cultivar, is derived from the non-Japanese phrase “Silk Road”, and
should be rendered in an English language publication as ‘Silk Road’ and not ‘Shiruku-rōdo’ as it
would be transcribed.
But in our ICR, when we checked the checklist of the genus Camellia on cultivars of ‘Silk Road’,
we got the following two cultivars:
6
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▪

▪

Shiruku rōdo (Silk Road), (C.reticulata hybrid), ICS., Apr,1990, Japanese Camellia Cultivar
List, p.30: Large size, pink to deep pink ground, outer petals red, campanulate semi double,
arrayed in a whirl form. Late flowering. Originated in Kyôto Prefecture, Japan. A seedling of
‘Shot Silk’, (Dayinhong) x Kara-nishiki. Named and released by Ryo Nagao.
Silk Road (C.reticulata hybrid), SCCS, Supplementary List 2011. Medium pink, silk-like
texture. Medium size, single form. Strong, upright, well branched growth. Flowers early to
midseason. {(C.pitardii var yunnanica x Forty-Niner) x[C.pitardii var yunnanica x Tiny
Princess) x Tom Knudsen]}. Originated in 2009 by Daniel Charvet, Fort Bragg, Calif., USA.

The former cultivar (1990) should be rendered in an English language publication as ‘Silk Road’
and not ‘Shiruku-rōdo’, but in 2011 there was a cultivar named ‘Silk Road’ already. IF we comply with
the rules of Recommendation 34A.2 of the ICNCP (9th edition), then we will have duplicated names
for different cultivars.
This is a very difficult problem to deal with. After consulted Dr. Alan C. Leslie of the U.K. and Dr.
Jin Xiaobai of China – both of them members of the International Commission for the Nomenclature
of Cultivated Plants, an arm of the International Union of Biological Sciences – it is still difficult.
Actually, during the process of revision of the ICNCP, some members strongly objected to the
addition of the new Recommendation 34A.2, which was initially proposed by the Japanese experts.
The contemporary Japanese language does seem to shift very readily between words written in
western languages (mainly English) and the same words rendered in Japanese Katakana, and regards
both as equivalent or identical (more readily than the Chinese language treating the words of
western languages rendered in Chinese characters imitating the original pronunciation). However,
the objection was voted down by the majority of members of the ICNCP, and so that
Recommendation is there in the current Code.
Under the current Code, we think we may still take Camellia ‘Shiruku rōdo’ rather than C. ‘Silk
Road’ as the correct rendition of the name of the cultivar released by Ryo Nagao, to distinguish it
from Daniel Charvet’s cultivar C. ‘Silk Road’, since Recommendation 34A.2 is only a recommendation,
not a rule. This would be feasible if Ryo Nagao’s cultivar was published and already commonly
written as C. 'シルクロード' (in Katakana) or as C. ‘Shiruku rōdo’ (in transcription of the Katakana),
which is likely the case. If, however, Ryo Nagao’s cultivar was published in English, as C. ‘Silk Road’,
even if it is commonly written as C. 'シルクロード' or C. ‘Shiruku rōdo’, we should regard C. ‘Silk Road’
as its accepted name, and Daniel Charvet's C. ‘Silk Road’ as a synonym that should be rejected
(Articles 11.1 and 11.2). If there is good reason for the name C. ‘Silk Road’ [Daniel Charvet, 2011] to
be conserved or re-used, it can still become an accepted name after appropriate procedures (Articles
11.6-9, 19, and 30); or if it is authorized by a statutory plant registration authority, it can be an
adopted name (Article 11.3 and Article 30.1 Note 1). In any case, if needed, we may append names
of the authors or raisers and the dates to distinguish established cultivar names of identical written
form, although this does not necessarily imply that such names are accepted (Article 30.5).
We must say that the rules, recommendations and exceptions are very complicated and the
above is our preliminary thinking about the issue. We may discuss the issue further and forward to
the International Commission for the Nomenclature of Cultivated Plants.
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5. Diacritical Mark
Rules in Article 31.4 (7th edition in 2004), and Recommendation 34D.2 (8th edition in 2009 and
9th edition in 2016) of the ICNCP tackle the subject of diacritical marks.
If a diacritical mark is used to indicate when a vowel is to be pronounced long in Romanized
epithets transcribed from Kanji, Hiragana, or Katakana, then the macron (overscore) is to be used
and not the circumflex or any other diacritical mark. In Recommendation 34D.2 Example 8, the
epithet of Prunus ‘Chōshū-hizakura’ is not to be written as ‘Chôshû-hizakura’. But so far, the ICR used
the circumflex ‘Chôshû-hizakura’ other than macron (overscore) ‘Chōshū-hizakura’. We should
change all the circumflex marks to the macron (overscore) appearing in Romanized transcriptions of
Japanese epithets, to comply with the Rules in the ICNCP. Here we emphasize that all our ICS
members should know this important change and if using diacritical marks, should use the overscore
macron (ō, ū) other than the circumflex (ô, û).
6. Some other rules in ICNCP
There are many rules and recommendations in ICNCP, but here we cite some rules that could be
misleading, that we should know. or that are new:
Publications relating to a Register or Checklist published by an International Cultivar Registration
Authority – such as the ICS for the genus Camellia – that have appeared only in electronic media, can
be made nomenclaturally valid by the printing and deposit of two copies in a designated library
(Recommendation 25C of the ICNCP). This is a new recommendation in the 9th edition.
To meet compliance with Recommendation 34D.1 of the ICNCP, transcription of Japanese
characters (Kanji, Hiragana, and Katakana) into a script employing the Roman alphabet (Romaji)
should be by the modified Hepburn system of Romanization as laid out in the ALA-LC Romanization
Tables and employed in Kenkyusha’s New Japanese-English Dictionary (edition 3 and later).
Kenkyusha’s New Japanese-English Dictionary differs from the basic ALA-LC Romanization Tables in
its presentation of transcribed names by using hyphens. This Code follows the presentation of that
Dictionary and uses hyphens to separate the different word elements. Kenkyūsha’s New JapaneseEnglish Dictionary (新和英大辞典 Shin wa-ei daijiten) has long been the largest and most
authoritative Japanese-English dictionary. The fifth edition, the latest, was published in 2003 as a
volume with almost 3,000 pages; it contains about 480,000 entries (including 130,000 Japanese
headwords, 100,000 compound words, and 250,000 example phrases and sentences), nearly all of
which are accompanied by English translations.
Regarding the length of names, it is recommended that an epithet established in a non-Roman
script should consist of no more than 30 characters when transliterated or transcribed
(Recommendation 21K of the ICNCP).
7. Developing a Digital Camellia Dictionary
As printed, the ICR is too heavy to carry around and too expensive, as well as difficult to use to
search for any particular name. In order to let as many people to use the ICR as possible, it is better
to have an off-line e-dictionary for mobile phone, pad and PC. Based on software from Octopus
Studio (http://www.mdict.cn/wp/?lang=en), MDict is a dictionary that supports multi-language. It
doesn’t come bundled with dictionary data, but it’s an open platform onto which you can download
dictionary data pre-built by others. Key features include:
8
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1) Lots of dictionaries. With an active community, users have made lots of beautiful dictionaries.
There are over 1,000 databases available in the internet, including wikipedia.
2) PC + Mobile/cell. Supports multiple platforms, including Android, IOS and Windows. 3)
Multiple dictionaries lookup. You can put dictionaries into groups and look up all of them in the
same group.
4) Pronunciation support. Supports a true person pronunciation database or TTS engine. 5)
Clean and friendly user interface (UI). The UI is clean and friendly, which supports a
user in app lookup and cross-app lookup.
6) Make and share databases. Mdict provide tools for us to make our own dictionaries and share
with other people. From an Excel file, it is easy to change the format to a Mdict format, and it is easy
to use in Android, iOS, and Windows. Mdict can also include photos.
So, we are planning to develop the first Camellia Digital Dictionary, which could be used in
mobile phone and computer, as well as can be searched by internet (in the future) in English
(included all accepted names and invalid names) together with descriptions, some of which included
photos (Fig. 1, A-B). And we also developed some entries in Japanese (Kanji and Hiragana, Fig. 1, C)
and in Chinese (Hanzi) for those who want to check the original Japanese and Chinese names and
their descriptions. This dictionary supports HTML language, all blue word in the dictionary could be
clicked on to link to the corresponding entry.
We are also introducing and displaying for the dictionary how to download the app, and how to
install and use this e-dictionary. We would like 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). We believe you will like to use this e-dictionary, the very
first one for camellias. We need your help to point out and correct mistakes you have found when
you use the dictionary. The e-dictionary is much easier to update than the printed one. The Web
Camellia Register will update as well before Nantes Congress.

A

B

Fig. 1 Screenshot of Camellia Dictionary in Mdict format
A-B. the cultivar of ‘Tama-no-ura’
C. Cultivar of ‘玉の浦’ in Japanese
32
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Our books of the International Camellia Register have more than 40,000 names, which are very
difficult to manage. It should always be open to amendments and corrections, as errors and
omissions will always exist in such a comprehensive long list of names, no matter how carefully
checked, and in view of further data coming to light from previously unlocated literature and
catalogues. As it is intended to publish and update lists of new cultivars at future regular intervals, a
plea is made to our ICS members to help the Registrar and regional representatives in your
country/region, to collect any further data or information available, as well as any errors in ICR. If you
have any questions on the nomenclature, registration, please do not hesitate to contact the Registrar
and Regional Representatives.
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An exploratory study:
Comparative chemical analysis of
94 Theaceae samples using HPLC techniques and protocols
Dr G. Orel & A. S. Curry
Theaceae Exploration Associates
Sydney, Australia
e-mail: g_onebonobo@hotmail.com (contact email) & anthonycurry55@gmail.com

Abstract
Chemical analyses of some 94 Theaceae taxa were performed, using techniques and
protocols of High Performance Liquid Chromatography (HPLC). The recorded data was
evaluated utilising Cluster Analysis procedures. The resulting chromatograms were merged
to construct a single dendrogram employing Ward Linkage protocols. The assessment of
obtained analytes indicated that the said Theaceae materials were divided into two major
clusters and further into 7 distinct sub-clusters. The HPLC generated taxonomic data was
then compared to the existing morphology-based taxonomic structures. The newly obtained
HPLC derived data established a relatively high degree of concomitance between the
genotypic, phenotypic and metabolic traits in Theaceae and especially in genus Camellia L.
This may be considered to be an indication of the future usefulness of the HPLC-based data
and the establishment of its significance in upcoming taxonomic projects. The implications
of our findings and their importance for Theaceae and Camellia taxonomy are evaluated and
discussed.

(Key words: Camellia, evolution, metabolites, taxonomy)
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Introduction
Until recently the traditional taxonomic studies of genus Camellia L. routinely used
morphological and to a lesser degree molecular techniques and protocols, albeit with
various degrees of success. The resulting works were not always compatible and discussions
often arose as to which taxonomic system should be used in current and future scientific
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research (Sealy, 1958; Chang and Bartholomew, 1984; Gao, Parks and Du, 2005; Ming and
Bartholomew, 2007; Orel and Curry, 2015; Orel and Curry, 2017).
For some time, the authors of this paper have discussed the potential of using
alternative scientific methods and techniques to elucidate some of the long disputed,
specific and sectional issues of Theaceae and Camellia L. taxonomy. We also considered the
possibility of the incorporation of the alternative and newly obtained results into our future
studies. The chemical analysis of Camellia L. leaf samples was one of the methods discussed.
In our deliberations we considered the secondary metabolites, i.e. the intermediate
products of a plant’s metabolic reactions, catalysed by various enzymes that naturally occur
within plant cells, to be of prime importance (Tootill, 1984; Sharp, 1990; Thain and Hickman,
1995). Thus, the aim of our preliminary experiment, duly presented in this paper, was to
ascertain whether there was any relationship between the published morphology-based
taxonomic works for Theaceae and genus Camellia L. (Sealy, 1958; Chang and Bartholomew,
1984; Gao, Parks and Du, 2005; Ming and Bartholomew, 2007; Orel and Curry 2015; Orel
and Curry, 2017) and the newly obtained data derived from our HPLC analyses.

Materials and Methods
Leaf samples of 94 Theaceae taxa were collected throughout 1999-2017. These
included some 74 Camellia L. species, 19 Camellia vars. and cvs. and a solitary member of a
related Theaceae genus, namely Gordonia lasianthus (L.) Ellis. The leaf collections were
made in Vietnam, China, Japan, the USA and Australia. All samples were randomly selected
from our larger collection to avoid bias. The images of some of the Camellia species used in
this work are presented in Fig. 1.

Figure 1. Images of some of the Camellia species used in this work

Top row: C. maiana Orel, C. luteocerata Orel, C. amplexicaulis (Pit.) Coh. Stuart.
Bottom row: C. rosmannii Ninh, C. harlandii Orel & Curry, C. lucii Orel & Curry, C. azalea Wei.
Images: the authors.
The clean and disease-free samples were dried at ambient temperatures and stored
in a dark and dry environment. Exact records as to the identity, provenance and collection
dates of the samples were kept and all the samples were allocated a 1 to 4-digit, coded
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identification number in order to eliminate possible bias during their processing. The
prepared samples were subjected to HPLC analysis using a standard Agilent System at
detector wavelengths of 280 nm and 210 nm. The results were evaluated using Cluster
Analysis procedures. The samples used in this study are presented below (Table 1):
-------------------------------------------------------------------------------------------------------------------------Table 1. Randomly selected Theaceae materials arranged in alphabetical order. Pertinent Camellia sections in
brackets. Authors’ names for each species withheld for sake of clarity.

-------------------------------------------------------------------------------------------------------------------------A. C.achrysantha (Chrysanthae), C.acuticalyx (Tuberculatae), C.albata (Paracamellia),
C.albogigas (Archecamellia), C.amplexicaulis (Archecamellia), C.aurea (Chrysanthae),
C.azalea (Camellia)
B. C.boreali-yunnanica (Camellia), C.brevigyna (Camellia), C.brevistyla (Paracamellia)
C. C.chekiangoleosa (Camellia), C.cherryana (Heterogenea), C.concinna (Thea), C.cordifolia
(Eriandria), C.costei (Theopsis), C.crapnelliana (Furfuraceae), C.crassissima (Camellia),
C.cuongiana (Lamdongia), C.cuspidata (Theopsis), C.cuspidata var. chekiangensis (Theopsis)
D. C.duyana (Heterogenea)
E. C.elizabethae (Chrysanthae)
F. C.flavida (Chrysanthae), C.fluvialitis (Paracamellia), C.forrestii (Theopsis), C.furfuracea
(Furfuraceae)
G. C.grijsii (Paracamellia), Gordonia lasianthus
H. C.handelii (Theopsis), C.harlandii (Yersinia), C.henryana (Pseudocamellia), C.hirsuta (Paracamellia),
C.hongiaoensis (Dalatia)
I. C.ilicifolia (Tuberculatae), C.ilicifolia var. neriifolia (Tuberculatae), C.impressinervis (Chrysanthae),
C.insularis (Dalatia)
J. C.japonica var. rusticana (Camellia)
L. C.lapidea (Camellia), C.lawii (Eriandria), C.ligustrina (Pierrea), C.limonia (Chrysanthae), C.longii
(Piquetia), C.lucii (Archecamellia), C.lungshanensis (Camellia), C.lutchuensis (Theopsis), C.luteocerata
(Dalatia), C.luteoflora (Luteoflora)
M. C.maiana (Stereocarpus), C.mairei (Camellia), C.minima (Corallinae)
O. C.octopetala (Furfuraceae), C.omeiensis (Camellia)
P. C.phellocapsa (Camellia), C.piquetiana (Piquetia), C.pitardii var. pitardii (Camellia), C.polyodonta
(Camellia), C.ptilosperma (Chrysanthae)

36

International Camellia Congress 26-27-28 march 2018 Nantes France

R. C.reticulata (Camellia), C.reticulata var. (Camellia), C.rhytidocarpa (Tuberculatae), C.rosaeflora
(Theopsis), C.rosmannii (Chrysanthae), C.rubriflora (Corallinae), C.rubrituberculata (Tuberculatae)
S. C.salicifolia (Eriandria), C.sinensis (Thea), C.sinensis 'Rosea' (Thea), C.sinensis (Thea) cv. 1.,
C.sinensis (Thea) cv. 2., C.sinensis (Thea) cv. 3., C.sinensis (Thea) cv. 4., C.sinensis (Thea) cv. 5.,
C.sinensis (Thea) cv. 6., C.sinesis (Thea) cv. 7., C.sinensis (Thea) cv. 8., C.sinensis (Thea) cv. 9.,
C.sinensis (Thea) cv. 10., C.sinensis (Thea) cv.11., C.sinensis (Thea) cv. 12., C.sinensis (Thea) cv. 13
T. C.taliensis (Thea), C.tenuistipa (Thea), C.tetracocca (Thea), C.transnokoensis (Theopsis),
C.trichocarpa (Pseudocamellia), C.trichoclada (Theopsis), C.tsaii (Theopsis), C.tuberculata
(Tuberculatae), C.tunganica (Camellia)
V. C.vietnamensis (Oleiferae)
U. C.uraku (Camellia)
Y. C.yuhsienesis (Paracamellia), C.yunnanensis (Stereocarpus)
-------------------------------------------------------------------------------------------------------------------------References: (Sealy, 1958; Chang and Bartholomew, 1984; Gao, Parks and Du, 2005; Ming and
Bartholomew, 2007; Orel and Curry, 2015, Orel and Curry, 2017).
The resulting chromatograms were merged to produce a single dendrogram utilising Ward
Linkage Protocols (Fig. 2.). Fig. 2 indicates the distribution of the tested Theaceae taxa throughout
the dendrogram. By assigning pertinent Camellia sections (the products of morphological
assessments) to each of the 94 replicates, the clustering of the cognate taxa in each section
allowed us to estimate the sectional concomitance between the new HPLC data and the traditional
data.

Results
The dendrogram presented below (Fig. 2.) represents a summary of the ‘raw data’ before
the final decoding. Figure 2 illustrates the basically uneven distribution of the scrutinised Theaceae
materials and their division into two main clusters. The 94 Theaceae replicates, which are
apportioned to some 20 Camellia sections (Sealy, 1958; Chang and Bartholomew, 1984; Orel and
Curry, 2015), are further divided into 7 distinct sub-clusters.
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Figure 2*. A single dendrogram constructed by using Ward Linkage protocols

* Figure 2. before decoding. Full result to be presented in the final paper
Table 2 shows the degree of concomitance (agreement) between the traditional,
morphology based sectional divisions for the genus (Sealy, 1958; Chang and Bartholomew,
1984; Gao, Parks and Du, 2005; Orel and Curry, 2015) and the sectional divisions suggested
by the new HPLC data.
Table 2. The degree of concomitance between the traditional, morphology-based sectional divisions and the
sectional divisions derived from the new HPLC data.

-------------------------------------------------------------------------------------------------------------------------Morph. based sects.

No. of Theaceae replicates

Morph./HPLC sectional concomitance

--------------------------------------------------------------------------------------------------------------------------
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Camellia

17

13

Tuberculatae

6

3

Theopsis

10

7
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Chrysanthae

8

6

Thea

18

14

Paracamellia

6

3

Archecamellia

3

3

Dalatia

3

2

Stereocarpus

3

1

Luteoflora

1

1

Eriandria

3

1

Pierrea

1

1

Oleiferae

1

1

Lamdongia

1

1

Heterogenea

2

1

Pseudocamellia

2

1

Corallinae

2

1

Piquetia

2

1

Yersinia

1

1

Furfuracea

3

1

Genus Gordonia

1

1

TOTAL

94 replicates

Concomitance (64 replicates) 68%

Discussion
The presented work is a pilot study and the precursor to a larger investigation into
the suitability and applications of HPLC techniques re the taxonomy of Theaceae. On its
completion the emphasis of our project will be re-focused towards the taxonomy of genus
Camellia L. As is the case with most so far published studies that utilise the techniques of
chemical analysis, this paper does not seek to determine the quality and potential suitability
of the randomly selected Theaceae leaf samples for the manufacture of the tea of
commerce.
Nor does it aspire to catalogue and discuss the many minerals and chemical
substances which were identified during the study. The main purpose of this work is to
elucidate the so far problematic and/or unknown taxonomic relationships between the
presented Theaceae, using the newly obtained HPLC generated data. We are of the opinion
that the newly obtained HPLC data will illuminate and possibly resolve some of the points of
contention persisting in Theaceae and Camellia L. taxonomy (Sealy, 1958; Chang and
Bartholomew, 1984; Gao, Parks and Du, 2005; Ming and Bartholomew, 2007; Orel and
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Curry, 2015; Orel and Curry, 2017). The authors of this work would like to strongly
emphasise that our evaluations and results were based on strictly quantitative results which
reflected the production of metabolic substances in each of the leaf samples scrutinised.
The elaborate coding system we adopted assured the anonymity of each sample and thus
any bias on the part of the authors.
It should be noted that in general terms High-Performance Liquid Chromatography
(HPLC) is a technique which allows for the separation, identification and quantification of
each component in the given mixture. HPLC techniques and protocols are based on a
procedure where a solvent containing the sample mixture is forced through a column(s)
filled with a solid, usually granular, adsorbent material. Each sample then interacts, in a
slightly different way with the said adsorbent material(s). Variable flow rates for selected
components cause their separation. Thus this process allows for clear segregation of
secondary metabolites in the liquid(s) (Neue, 1997; Snyder, Kirkland and Dolan, 2009).
A total of some 188 chromatograms were constructed from the collected HPLC data.
These indicated the presence of a wide array of secondary metabolites. Various minerals (K,
Ca, P, Mn, Cu), catechins (EGC, EC, EGCG, ECG), caffeine and theanine were detected at
different levels and concentrations across the spectrum of given samples. A small number of
chromatograms exhibited unstable (elevated) baselines, a phenomenon caused by
accumulation of materials on the said columns. These anomalies were duly corrected (Orel
and Curry, pers. com., 2017).
Taking into consideration a wider scientific point of view, the secondary metabolites
may be characterised as a diverse array of minerals and chemical compounds (Bettelheim
and March, 1984; Tootill, 1984; Smith and Dwyer, 1991; Raven, Evert and Eichhorn, 1992;
Neue, 1997; Snyder, Kirkland and Dolan, 2009). The presence of such substances in various
plant structures may be used to characterise a wide range of plant species, genera and
families of flowering plants (Mirov, 1967; Thain and Hickman, 1995; Neue, 1997; Snyder,
Kirkland and Dolan, 2009). We should mention that the authors of this work were fully
aware that the cyclitols (solutes which are formed in a plant as a response to salt or water
stress) and alkaloids were successfully utilised in taxonomic studies which sought to
segregate the member species in genus Pinus L. (Mirov, 1967; Sharp, 1990).
In the case of alkaloids, characterised as organic substances which exist in
combination with organic acids, it is thought that these poisonous substances afford
protection to plants against various predators (herbivorous animals), but this may not be
the only reason for the accumulation of alkaloids (e. g. the absorption of nitrate through
plant roots) (Bettelheim and March, 1984; Tootill, 1984; Sharp, 1990; Smith and Dwyer,
1991; Raven, Evert and Eichhorn, 1992; Thain and Hickman, 1995).
It may be stated that the types of chemicals manufactured by green plants (including
those of Theaceae), are determined by their genetic make-up, i.e. their genome (Tootill,
1984; Raven, Evert and Eichhorn, 1992; Thain and Hickman, 1995). This comes as the
product of the long-term processes of evolution and natural selection (Darwin, 1859; Raven,
Evert and Eichhorn, 1992; Orel and Marchant, 2006).
However, the environmental conditions, i.e. the conditions the plants grow in, must
also be taken into consideration and their importance must not be underestimated. In
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extreme instances, in some plant genera, e.g. in genus Salix L., the individual morphological
traits may be so altered that individuals of the same species do not exhibit characteristic
morphological traits. In some cases, this has led to the establishment of ‘phantom’ new
species of willows (Newsholme, 1992).
Figure 2 shows the distribution of the 94 Theaceae replicates within the
dendrogram, thus implying the HPLC data-derived relationships between the individual
genera, i.e. Camellia L. and Gordonia lasianthus (L.) Ellis and Camellia L. species, varieties
and cultivars. Of particular interest were the distribution and positioning of Camellia L.
species. It was this type of information that allowed us to make comparisons between the
extant morphology-based taxonomic data and the newly obtained HPLC-based information.
The attachment of the pertinent, morphologically generated sectional names to each of the
replicates, allowed us to discern the degree of concomitance (of agreement), between the
new sets and old sets of data. Thus the existing compatibility between the old and new data,
or the lack of it, was firmly established.
Here we should point out the well-established facts. The degree of disagreement as
to the allocation of various Camellia L. species into Camellia sections varies from author to
author. These systematic anomalies are rather well entrenched, as various researchers
choose to use one or more of these systems and ignore the others (Sealy, 1958; Chang and
Bartholomew, 1984; Ming and Bartholomew, 2007; Orel and Curry, 2015). When
determining into which Camellia section each replicate was to be allocated, these systemic
discrepancies were noted. Further, the respective taxonomic systems were consulted in
detail and the evolution of each sectional placement for each replicate was thoroughly
scrutinised.
Table 2 indicates that the sectional division for some 64 Theaceae replicates, or 68%
of the 94 samples tested, agreed with the sectional divisions postulated by the morphology
based works (Sealy, 1958; Chang and Bartholomew, 1984; Gao, Parks and Du, 2005; Orel
and Curry, 2015; Orel and Curry, 2017). It appears that the newly obtained HPLC data
established a relatively high degree of concomitance between the genotypic, phenotypic
and metabolic traits in Theaceae and especially in genus Camellia L. This may be an
indication of the future utility of the HPLC-based data and the establishment of its
significance in upcoming taxonomic projects. As this work may be designated to be only a
preliminary study, we propose further detailed testing of the enlarged HPLC data sets in our
future extended work.
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« CAMELBASE » database
Identification of camellias
The difficulties we sometimes encounter in identifying camellias during garden
visits prompted me to create this database.
The structure of this database was created in December 2011 to assist in the
identification of camellias. I gave myself 10 years to finalize it. To refine the
research, several improvements were made in 2014 and 2016.
The approach used permits me to gather all the information collected by the
great camellias experts. These observations are stored in the database. On the
other hand, visits to parks and gardens — public and private — in Europe, make it
possible to collect as much data as possible, which is analyzed and compared before being integrated into the CAMELBASE central database.
The CAMELBASE database has 3 interconnected parts: A central search and
identification database « CAMELBASE » and 2 auxiliary databases.
This database will be available on the internet from 2022.

General organisation of the database

Visit of gardens

Photos

Data

It all starts with the garden tours in which I will take pictures and gather botanical
data on the camellias that I will meet.
Since 2011, I have traveled to European parks and gardens in England, Belgium,
Spain, France, Italy, Portugal, and Switzerland.
Currently, more than 100 gardens have been visited and over 4,000 camellias
have been inspected.
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General organisation of the database (continued)
The photos I take are: the flower, the leaf, the flower bud and the tree. Then
they are sorted and formatted. Formatting consists of resizing and cropping. Then
they are stored in the photographic base, which currently contains 4,200 photos.
The data I take are stored in the database of garden data. In this database,
the data are analyzed, compared to the International Camellia Register data and
data recorded previously. This database currently contains about 180,000 data
points. Only reliable data will be transmitted to the central search CAMELBASE
database which contains currently 65,000 data points.

Visit of gardens

Photos

Sorting photos

Data

Register
Reference

Database of garden data
(180,000 data)

Data analysis

Formatting photos

Photographic base
( 4,200 photos)

Choice of data

CAMELBASE
(65,000 data)
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Internal structure of « CAMELBASE »
1- The criteria
There are 22 criteria of determination: they
are placed on the edge of the data sheet.
Species

Stamens colour

Flowering season

Flower bud

Shape of tree

Leaf colour

Flower colour

Leaf form

Flower code RHS

Leaf surface

4 photo frames

Flower

Leaf

Flower colour options Leaf apex
Flower form

Leaf base

Flower size

Leaf edge

Petals form

Leaf venation

Petals number

Leaf length

Stamens form

Leaf width

Flower bud

Tree

Display of the database « CAMELBASE »
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Internal structure of « CAMELBASE »
2 - The menus
The menus used are drop-down menus to facilitate the input work: there is little or no use of
the keyboard.
They are of 2 types and depend on the chosen criterion:
1. Drop-down menu with single choice: it avoids typing errors. It is used, for example, for
the choice of the species.

click

choice
In this example we click on the criterion « espèce » (species) to open
the drop-down menu, then we
choose, for example, « japonica ».

2. Drop-down menu with multiple choices: it is used when criteria include several data. For
example, the form of petals.

clic

tick
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We click on the criterion «pétales
form» to open the drop-down menu,
then for this criterion we tick off the
data to choose. Here « cannelés
(fluted) », « incurvés (curved) »,
« lisses (smooth)», « pointus
(pointed) » and « spatulés
(spatulate) ».
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Floriscope project :
Promote horticultural botanic knowledges
in the digital age
Gaëtan DUHAMEL, Plante & Cité
Benjamin PIERRACHE, Plante & Cité
Floriscope provides a set of digital tools to botanic and horticulture professionals. This project is
supported and coordinated by Plante & Cité, a french non-profit organization working to build
and share advanced knowledges for nature integration in urban areas. Last year, a webapp was
officially launched. Build with and towards plant sector professionals,
Florisocpe webapp ( www.floriscope.io ) provides access to peer-reviewed data describing trees,
shubs, perennials and annuals plants.
On top of this ever-growing index of 160 000 taxa, a powerful search engine allow to learn about,
choose among and find out sets of plants well suited for gardening and landscape planning.
Moreover, Vegebase webservices layer which is feeding Floriscope webapp provides a set of
application programming interfaces for project partners to build their own digital on top of theses
services.
A peer-reviewed database of 160 000 taxa well-suited for gardening and greenspaces planning
A huge amount of plants open-source datasets is available among the web. But most of these
datasets are focused on wild flora. A few datasets deal with cultivated plants above the genomic
level. Cultivated flora used for ornamental or horticultural purposes indeed lacks opensource
peer-reviewed datasets. Though one’s can find reference databases such as Royal Horticultural
Society’s Plant Finder, misspelled and synonym scientific names are still widespread among plant
sector professionals. Build a consistent descriptive database for horticulture professionnals in
the absence of solid scientific names index at the cultivar level is a near-impossible task. So, how
do we provide access to truthful datasets with standardized formats suited with the last digital
innovations?
Plante & Cité is a french non-profit organization dedicates to build and share advanced technical
and scientific knowledges for nature integration in urban areas. In the year 2011, Plante & Cité
started out a peer-reviewed and long-term-maintained ornamental flora database. This project
has been entitled Végébase.
This huge task has involved many technical and scientific partners who helped to build taxa index
including nearly 100 000 valid names and 60 000 synonym names. This ever-growing 160 000
taxa index is set to be one the largest cultivated flora index of names available in France. It is now
publicly available through the Floriscope webapp.
Floriscope : a professional webapp to learn about, choose among and find out cultivated plants.
More than a website, Floriscope is a full-featured webapp build for landscape planners, horticulture
teachers and botanical garden managers. A powerful search engine allows Floriscope users to
quickly access detailed page for a wide variety of cultivated plants.
This engine exposes a set of common search filters such as growth speed, soil pH, maximal
height, flowering months. Many other descriptive traits are available inside the detailed page of
each plant: soil texture constraints, root profile, autumnal leaves color, seeding month, branching
architecture… Data about horticultural origin (obtentor, editor, breeder rights) for cultivated flora
and biogeographical distribution for wild flora will been soon available in both search engine and
detailed page catalog.
Enhancing the descriptive database, more than 25 000 pictures are currently available. More will
be published in the year to come. At last, Floriscope is publishing at no cost collections of plants
such as nurserystock catalogs, botanical collections, innovative landscaping project, thematic
lists of plants. When geolocation is available, these plants collections are displayed on maps
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provided by Floriscope webapp.
Use case : build citizen survey tools for Camellia census in Nantes Métropole area
Behind the scene, Végébase data layer is feeding the Floriscope webapp. Végébase also provides
a set of tools and application programming interfaces to build upon. Aiming at demonstrating
the capabilities of these features, we build a real-time mapping application as a proof of concept.
We choose to use a dataset authored by a Camellia specialists group in Nantes as a data source
for the demo app. This dataset includes a revised index of Camellia cultivar names, a collection
of pictures to illustrate these cultivars and small-scale descriptive database.
This data source was composed with Végébase real-time-mapping toolsets in order to build a
community-based survey mobile app for Camellia genus in Nantes city area and its surroundings.
This demo app will be presented live during the ICS 2018 Congress.
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Further mycological aspects of Ciborinia camelliae Kohn etiological agent of
Camellia flower blight
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Introduction
Camellia flower blight is a severe disease which affects plants of the genus Camellia,
caused by Ciborinia camelliae Kohn, Ascomycota belonging to the family of Sclerotiniaceae.
The pathogen damages only flowers, the most important part for camellias cultivated as
ornamental plants. Because of the damage caused to the plants and the capability of easy
easy spreading, Ciborinia is considered one of the most hazardous Camellia pathogens.
The disease was reported for the first time in Japan in 1919. In 1938 it was found in
different Californian nurseries, and it quickly spread in North America. In 1993, Ciborinia
was found in New Zealand, and from 1999 onwards spread around all European regions.
Currently the disease is confirmed to be present in England, Germany, Netherlands,
France, Spain, Portugal, Switzerland, Ireland, and Italy. In 2000, Taylor and Long published a
complete review on knowledge updated to that time. After this, research deepened
especially into different approaches to control the disease.
In Italy, C.camelliae was reported for the first time in Piedmont, Tuscany, and Lazio
(Garibaldi et al., 2001; Gullino et al., 2001). The pathogen spread quickly in our country as
our research group verified by sampling in different Italian areas in the years 2014-2017. We
confirmed the presence of camellia flower blight in the regions where it has already been
reported and we assessed its presence in Lombardy, Liguria, and Campania (Colombo, 2016).
The lack of scientific information about this pathogen in Italy pushed our research group
to intensify study of this organism. The aims of this paper are, first, to isolate and evaluate
the Italian population of Ciborinia to verify the presence of phenological variability and,
afterwards, to improve the characterization of the pathogen, studying the influence of
temperature and media on colony development and the sensibility to several fungicides. The
morphological description of Ciborinia was mostly developed in the past, when the fungus
was discovered, so another goal of this paper is to contribute to this description by building
a picture collection of its vegetative and reproductive structures using modern instruments
and techniques.
Material and methods
In each of the following tests, the inoculum was done with agar-mycelium plugs of 6 mm
in diameter punched out near the margin of active growing colonies of each strain. Petri
plates were always inoculated centrally and each experiment was performed in triplicate.
The colony development was assessed measuring, for each colony, two different
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perpendicular diameters. The media used are the following: Malt extract agar (MEA, 2% malt
extract, 2% glucose, 0.1% peptone, and 1.5% agar), Potato dextrose agar (PDA, infusion of
200g of potatoes, 20g dextrose, 18g agar), Czapek solution yeast extract agar (CYA, Czapek
solution agar Difco amended with 0.2% yeast extract), and Malt agar (MA, Difco) all adjusted
to pH 6.5.
Morphotypes descriptions
Eighty-two strains of Ciborinia camellia, isolated from symptomatic flowers and sclerotia,
were used for the description of the colonies’ morphology. This group included 57 strains
from Italian samples: 33 strains from Verbania (Piedmont), 10 from Genoa (Liguria), 10 from
Naples (Campania), and 4 from Capannori (Tuscany); 10 strains from Locarno (Switzerland);
and 15 from Dali (Yunnan, China).
The strains were inoculated on Petri plates containing MEA, PDA, CYA, and MA. Shape
and colony diameter, colour and micellar texture, and diffusible pigment production were
determined after 7, 14, and 21 days of incubation at 20 C. For each medium, the colonies
were separated in different morphotypes and all the information used to prepare a binary
matrix based on belonging or not belonging to each single recognised morphotype. A
similarity tree was calculated using the software NTSYSpc v2.01 setting the Jaccard
coefficient and the UPGMA methods.
Influence of temperature and media on colony development
Based on the similarity tree, six strains were randomly selected out of the isolates
belonging to the most frequent morphotype, isolated from phytopathological samples
collected in Italy. The strains were the following: ITAH1, ITAK, ITAN, ITAO, ITAQ, and ITAT.
They were inoculated centrally on Petri plates containing MEA, PDA, CYA, and MA. The
growth rates at 5, 10, 15, 20, 25, and 30C were assessed measuring their diameter after 3, 5,
7, 10, 12, and 14 days. The influence of substrate was assessed on the same strains and
media; the colony diameter was determined after 5, 7, 10, and 14 days of incubation at 20C.
Fungicide sensitivity
Influence of four fungicides on the colony development of C.camelliae strains was also
evaluated. Boscalid, Fluxapyroxad, and Iprodione were tested at concentration of 0.1; 1; 10;
100; 250; and 500 ppm. Tebuconazole was tested also at 0.01; 0.025; 0.05; and 0.075 ppm
of active compounds. Fungicides were added to sterile PDA cooled to 50C to avoid
denaturation of the active compounds. Controls were assessed on PDA. Diameters were
measured after 5, 7, and 10 days of incubation at 20C and the percentage growth inhibition
was calculated in relation to each relative control trials.
Micromorphological descriptions
The description of vegetative and reproductive structures of C.camelliae was carried out
using symptomatic samples picked up in camellia collections located in Oggebbio (Piedmont,
Italy) and Locarno (Switzerland) and in different in vitro cultures incubated from a few days
to a couple of months on PDA and CYA at 20C. Samples were prepared according to the
different microscopy techniques utilized. Macro observation of the samples were done using
a stereo microscope Optika mod. SZP-8. In addition, conidia, fertile stromata from
apothecia, and mycelia were collected using needles or surgical blades and mounted in
water (sometimes stained with 1% toluidine blue in water), to be observed with light
microscopy (Olympus BX-51 microscope). Analogous samples were prepared for scanning
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electron microscopy (SEM). They were freeze-dried (Petrolini and Locci, 1974; Petrolini et
al., 1986; Saracchi et al., 2008). All specimens were coated under vacuum with a thin gold
film and observed with an LEO 438VP electron microscope (Leo Electron Microscopy, UK).
The sizes of the different fungal structures were measured on digital images, averaging at
least 100 single measurements.
Results
Morphotypes descriptions
Based on the mycelial growth characteristics observed during the growth of 82
C.camelliae strains on MEA, PDA, CYA, and MA, 10 colony morphotypes were described
(Table 1, Figure 1). Considering the four morphotypes related to each strain, a similarity tree
(not shown) reveals the presence of eight groups of isolates. One of them – a combination of
the morphotypes A, D, F, and I – was the most common of all, including 66 strains, isolated
from all the localities where phytopathological samples were collected.
Influence of temperature and media on colony development
The best incubation period useful to underline the influence of temperature on
C.camelliae mycelium development corresponds to 14 days, and these data were
summarized on graphs reported in Figure 2.
It is clear that the tested strains do not grow at 5C and at 30C on any of the tested media.
In this range their behaviour is different: on MEA, MA, and CYA some strains start to grow at
10C and others only at 15C; on PDA at this temperature the colonies of all six strains do not
increase their diameter until the temperature reached 15C when they began to grow. The
maximum diameters were reached, on average, at 20C. Only on MEA and CYA did the
optimum temperature seem to cover a wider range, from 15 to 25C. Usually the decline in
growth is faster than its increase reaching the optimum point (Figure 2).
The six tested strains showed small variations when grown on different media at the
same temperature (Figure 3). ITAQ1 grows slower than the others on MEA and PDA; its
colonies reached only 15mm in diameter against 60-80mm of the faster growing isolates.
ITAH1 showed a slowdown only when grown on MEA and its colonies were half the size of
the others. A diversified behaviour of the six strains was seen on MA where the colonies
ranged from 20 to 80mm after 14 days of incubation at 20C. A more uniform development
was shown by all the tested strains when inoculated on CYA; they reached a colony size
varying from 20 and 40 mm in 14 days of incubation at the same temperature. In each
tested condition, the colony size increased regularly except ITAH1 on MEA, which showed a
lag phase until the 7th day of incubation, and ITAO on MA, which increased the growth rate
after the same incubation period.
Fungicide sensitivity
C.camelliae showed different sensitivity levels against the four tested fungicides in in vitro
trials (Figure 4). The strains were on average more sensitive to Tebuconazole, which led to a
40% reduction in growth at a concentration of 0.01 ppm and completely inhibited colony
development at 1 ppm. The same final results were obtained also in presence of 10 ppm of
Iprodione and 500 ppm when Boscalid and Fluxapyroxad were added to the growth medium.
These fungicides induced a 40 and 65% growth reduction, respectively, at the concentration
of 0.1 ppm.

International Camellia Congress 26-27-28 march 2018 Nantes France

53

Micromorphological descriptions
Mycelium consisting of a mass of branching and thin-wall hyphae having an average
diameter of 4-5 µm, frequently forming thread-like structures (Figure 5). C.camelliae
produces brown-walled conidia both in planta and on in vitro cultures. They are uninucleate,
globose to obovate, 1.5 – 2.2 m in diameter, and present a short collar at their apex (Figure
6E). Conidia are produced in chains (Figure 6E) by phialides 5-6 m x 1.5-2 m. Phialides are
septate and appear hyaline to light-brown-colored borne singly or in small groups along
hyphae (Figure 6B and 6D). Phialides and conidia are incorporated by a black drop of
mucilaginous exudate forming spermodochia that are detectable near the flower base and
on the surface of 3-4 weeks old in vitro developed colonies. Drops can converge and
become larger, up to 2-3 mm. To date, conidia have not germinated on artificial media.
On removing the receptacle from symptomatic flowers, there is clearly visible a cottony
mycelium mass (Figure 7A) that in few weeks will form the sclerotia near the petal base
(Figure 7B). The external layer of sclerotia is formed by four to six layers of melanized
hyphae, characterized by a thick wall and strictly connected each other (Figure 7C and 7D).
This dark-black layer is visible to the naked eye, simply by peeling the structure with a sharp
blade (Figure 7B).
In a single flower, more sclerotia can be differentiated and in some occasions, they can
weld together forming a complete ring. Below the cortex there is a medulla formed by
generally loose, interwoven hyphae (Figure 7C and 7E). In some cases, parts of the petal
tissues remain embedded in the cortical and medullary sclerotial pseudo-tissues; this layer is
white-to-light cream colored. Sclerotia are discoid, the dimensions are variable: from 1 up to
5 mm in thickness few millimeters up to 10x5in size. Sclerotia are produced also in vitro but
sub-cultured cease sclerotial production soon.
Sclerotia germinate producing apothecia stipitate-cupulate (Figure 8A). Stipe vary in
length, from 2 to 100 mm x 1-2 mm, composed of hyphae growing in parallel. The external
surface is covered by a thin amorphous layer (Figures 8B and 8C). The ascomata are 5-25 mm
in diameter, cupulate at first, becoming discoid to plano-convex. Hymenium (Figures 8D and
7E) colored buff to dull cinnamon when young, and dull umber to dark brick at maturity,
overlays a medulla of loose hyphae up to 200-400 m thick near the stipe. The fertile layer is
composed of asci and paraphyses (Figures 8E, 8F, and 8G). The asci are cylindrical, 60-120
m in length at maturity and contain eight spores each (Figures 8E and 8G). Ascospores are
hyaline, one-celled, ovate to obovate, biguttulate to multiguttulate, uninucleate, 7.5-12.5 x
4.0-5.0 µm (Figures 8F, 8G, and 8H).
Discussion
The research work begun only a few years ago has already provided interesting results,
augmenting the knowledge about this pathogen. First, information about the spread of the
pathogen in Italy have been increased: it was also found in regions not reported by Garibaldi
and colleagues (2001) who noted for the first time the presence of C.camelliae in Italy. This
part of the work has also allowed creation of a large collection of Italian and non-Italian
strains.
Mycological studies on the collected strains confirmed which are the most important
conditions for pathogen growth, such as temperature and growth substrate type (Taylor and
Long, 2000), improving these published hypotheses with numerical data. These experiments
allowed us to describe different morphotypes of the colonies, not clearly described before,
developed on four different media never stressed previously. Cluster analysis assessed one
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of the strains as the most frequent in the Italian population and also in strains coming from
other countries. It is possible to speculate that the news on the pathogen almost always
refers to this phenotype.
The experiments carried out confirmed also the sensitivity of C.camelliae to different
fungicides (Mansilla et al., 2003; Salinero et al., 2012; Cousuelo et al, 2014; Locati, 2016),
augmenting these results with detailed data on the different combinations of fungicides and
concentrations.
In recent years, microscopy researches mainly focused on the relationships between the
pathogen and the host (Taylor and Long, 2000; Consuelo et al., 2014; Salinero et al., 2014).
The micromorphological studies of the Italian isolates allowed us to better describe the
vegetative and reproductive structures of C.camelliae, the size of some of them a little
different in range from published descriptions (Hara, 1919; Mansilla Varquez, 2003; EPPO,
2017). This these could be due to the methods used to prepare samples or the geographical
origin of the population not considered before. In particular, the use of freeze-drying
techniques to prepare the different fungal structures for scanning electron microscopy
observations allowed us to reduce the effects often caused by the invasiveness of many
dehydration methods such as critical-point drying, more frequently adopted in sample
preparations (Petrolini et al., 1986). The quality of descriptions of the different structures
was consequently improved and the quantity of archived images increased the number of
micrographs available about this pathogen.
Overall new strains and new information are available to better describe C.camelliae, also
in order to promote the comparison of pathogen populations coming from different
countries where the disease is present.

Table 1- Morphotypes of Ciborinia camelliae described on the base of 21-days-old colony characteristics on
four different media
Colony
Mycelial
Colony colour
Reverse colony colour
Morphotype Medium
a
growth
texture
A
CYA
+
Velvety
White and hyaline
Ochre
C
CYA
++
Velvety
Ochre
Ochre
D
MA
++
Velvety
Brown and greenish
Black and brown
E
MA
+++
Velvety
Hyaline
Hyaline
F
MEA
+++
Felty
Green, brown and gray
Black and brown
G
MEA
++
Cottony Hyaline
Hyaline
H
MEA
+++
Cottony Greenish and hyaline
Greenish and hyaline
I
PDA
+++
Cottony White and gray
Beige and brown
L
PDA
+++
Cottony White and greenish
Yellow, orange, and brown
M
PDA
++
Cottony Gray and brown
Brown and black
a
+, poor; ++, moderate; +++, abundant, mainly in relation to the colony diameter.

International Camellia Congress 26-27-28 march 2018 Nantes France

55

C

D

E

F

G

H

I

L

M

PDA

MEA

MA

CZY

A

Figure 1- Ciborinia camelliae morphotypes described after 21 days of growth on CZY, MA, MEA, and PDA at
21C. First column was the most frequent combination.
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Figure 2 – Average diameter of 14-days-old colony of six representative strains of Ciborinia camelliae
developed on Malt extract agar (MEA), Potato dextrose agar (PDA), Malt agar (MA), and Czapek yeast extract
agar (CYA) at different temperatures.
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Figure 3 – Growth curves of six representative strains of Ciborinia camelliae growing on Malt extract agar
(MEA), Potato dextrose agar (PDA), Malt agar (MA), and Czapek yeast extract agar (CYA) at 20C. Data are
expressed as the mean of the colony diameters.

Figure 4 – Growth inhibition percentages of Ciborinia camelliae colonies developed on Potato dextrose agar
(PDA) added with different concentration of four fungicides.
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Figure 5 - SEM micrographs of Ciborinia camelliae hypae, hyphal tips (A) and mycelial cords (B).
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E

Figure 6 - Ciborinia camelliae conidia: drops of conidia formed near the petal base on symptomatic flower (A);
single phialide and conidium on mycelium developing from an aerial hypha (B); detail of the basal conidial
production from a group of phialides (C); chain of round conidia characterized by a basal collar (D); spore
masses (E). Figures A, B, and E referred to phytopathological samples, Figure C and D to 21-days-old colonies.
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Figure 7 - Ciborinia camelliae sclerotia: mycelium and sclerotia at the base of an infected flower (A); section of
a sclerotium showing the dark cortical layer and the white medulla (B and C); detail of the thick and hardened
walls characterizing the cortical cells (D) and the thin walled and loosed medulla hyphae (E).
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Figure 8 - Ciborinia camelliae apothecia: group of apothecia developed from sclerotia (A); (B and C); cross
section of the stipe longitudinal criofracture showing the hymenium and the medulla layers (D); detail of the
hymenium with asci producing ascospores (E) and paraphysis (F); light microscopy images of ascus and
ascospores (G); layer of ascospores on the hymenial upper surface (H).
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INTRODUCTION
The ascomycete Ciborinia camelliae is the causal agent of camellia flower blight,
which causes wilting and an early fall of flowers. Preventing infection of camellia flowers by
the fungus C.camelliae is one of the main concerns of camellia growers. Several strategies
for disease control have been tested and evaluated by different research groups and
camellia growers. Control strategies were focused on the interruption of the fungal cycle,
both sclerotia formation and apothecia germination stage.
In recent years, the Estación Fitopatológica de Areeiro, the Spanish regional
governmental center for research on plant health, has also been testing different strategies
using chemical fungicides and biological control agents.

BCAs
Chemical
fungicides

+
BCAs

BCAs
Figure 1. Diagram of the biological cycle of the fungus showing the steps that have been tried to interrupt the
cycle by the use of chemical fungicides and biological control agents.

Some strategies appeared to be effective under controlled conditions although none
of them proved to be effective under field conditions. The low effectiveness of chemical
methods is because of low mobility throughout the plant. Also, we must add that camellias
66

International Camellia Congress 26-27-28 march 2018 Nantes France

have a long blooming season with a slow and gradual opening of flowers, making it difficult
for the chemical fungicide to contact the entire surface of the petals.
Some biological controls appear to be effective for the control of the fungus under
controlled environment. However, in field conditions these biological control agents do not
have suitable environmental conditions and are also exposed to the strong competitive
pressure of the native microbiota, so they do not control Ciborinia camelliae in any way.
(Couselo et al., 2014a).
Due to the limitations detected in the strategies for control of the disease, some
research aimed at genetic improvement of the Camellia genus has been initiated. So far, no
species of the genus Camellia has been shown to be completely resistant to the disease.
According to Koch postulates, C.camelliae was isolated and identified in the brown necrotic
spots appearing on the petals of all species and hybrids of genus Camellia, and all fungal
isolates were able to infect and complete the life cycle, including the formation of sclerotia
(Couselo et al., 2014b).
However, differences were observed in the degree of susceptibility to flower blight
within the genus Camellia. In fact, C.lutchuensis shows a significantly lower susceptibility to
flower blight than C.japonica (Couselo et al., 2014b; Denton-Giles et al. 2013).
One of the main problems for the research into the disease is the lack of knowledge
about the biological interaction between C.camelliae and the floral tissues of the different
species of the Camellia genus that show different degrees of susceptibility. In addition the
development of biotechnological tools applied to the genera Ciborinia and Camellia are
scarce. Therefore, we are currently carrying out different experimental works aimed at
overcoming these two bottlenecks. In this communication, we show the results of the
development of an in vitro biological model that will allow research on plant-pathogen
interaction under controlled and sterile conditions. We also show the results of the
development of several somatic embryos lines of C.japonica that allow us to have a system
of regeneration suitable for the genetic editing of the genome of C.japonica. Finally, we also
show the results of the development of several cell lines derived from microspores of
C.japonica in order to develop haploid cultures.
MATERIALS AND METHODS
Plant and fungal material
Several Camellia species and cultivars from the living collection of Estación Fitopatológica de
Areeiro were used for the different assays. Several isolates of C.camelliae were obtained
from infected tissues of different camellias and also from apothecia-derived ascospores.
Culture media
Camellia in vitro cultures (calli lines, somatic embryos lines and microspore-derived cell
lines) were developed and maintained in different media compositions according to their
different nutritional and hormonal requirements. C.camelliae isolates were maintained in
PDA media supplemented with antibiotics when necessary.

International Camellia Congress 26-27-28 march 2018 Nantes France

67

DAPI staining
Microspore developmental stage in anthers was determined by microspore staining with a 6diamidino-2-phenylindole (DAPI) solution and then observing microspores under the
fluorescent microscope.

RESULTS
Development of an in vitro biological model of Camellia-C. camelliae interaction
In nature, C.camelliae exclusively infects flowers of the Camellia genus. The fungus is
not able to initiate infection or develop in any other part of camellia plants. However it is not
possible to obtain Camellia flowers under in vitro conditions. Therefore, to establish an
in vitro model for the study of the plant-pathogen interaction it was necessary to develop a
cell culture compatible with the infection of the fungus. For this purpose, for two years, we
induced the de-differentiation of camellia tissues from different organs (leaves, petioles,
petals, etc.) to obtain different calli lines.

A

B

Figure 2. Calli development from petals. A, calli induction from Camellia japonica petals (“Baronne Leguay”). B,
completely de-differentiated calli from “Baronne Leguay” petals.

Some of the calli lines were infected with pure cultures of C.camelliae to determine
the ability of the fungus to develop in their cells. The calli were infected with different
isolates of C.camelliae obtained from infected flowers and also from ascospores. The fungus
was able to infect several calli lines with different histological origins. In some of the calli
even the formation of sclerotia was observed. However, the fungus was not able to infect
some greenish-poorly differentiated callus lines. This indicates that the degree of de68
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differentiation seems to be key for the callus to be suitable for the development of the
fungus.

A

E1

B1

C1

B2

C2

D

E2

Figure 3. Infection of camellia calli (A) using isolates (B1, C1) and ascospores (B2, C2) of C.camelliae. D, Infected
calli after 72 hours. E1, cell morphology of uninfected calli (controls). E2, cellular morphology of infected calli in
which the presence of the fungus and the alterations caused in Camellia cells can be observed (arrows).

Having this in vitro system to reproduce the infection of the fungus will allow us to
perform plant-pathogen interaction trials throughout the year instead of only during the
flowering season. It will also allow us to study molecular and genetic aspects of the
interaction between both organisms, avoiding contamination by other microorganisms.
Development of somatic embryo lines of C. japonica
A somatic embryo is not an embryo produced as a result of the fertilization of an
ovule in the flower. It is an embryo derived from a somatic cell (therefore it does not derive
either from the pollen or from the ovule of the flowers) that can be germinated like the
embryo of any natural seed. However, when germinating, a complete plant is obtained that
is genetically equal to the parental (unlike the embryos that come from the fertilization of an
ovule by pollen, which are genetically different from their parents).
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The unicellular origin of somatic camellia embryos has been demonstrated (Vieitez
and Barciela 1990; Barciela and Vieitez 1993). In genetic improvement programs this is very
useful since the genetic modifications are made in individual cells. From these genetic
modified individual cells it should be possible to develop a complete plant that incorporates
the modification in all its cells, including the flowers. Developing somatic embryos of
unicellular origin may allow obtaining complete plants genetically modified from individual
cells genetically modified.
a) Globular and heart

b) Early cotyledonary

c) Mature cotyledonary

Line a

Line b

Line c

Line d

Figure 4. Morphological types of somatic embryos in C.japonica lines.

Protocols for plant regeneration of Camellia through direct and indirect somatic
embryogenesis had been described previously using leaves (Pedroso and Pais, 1993; San
Jose and Vieitez, 1993; Pedroso, 1994), cotyledon explants (Barciela and Vieitez, 1993), roots
(Vieitez et al., 1991) and embryonic tissues (Vieitez and Barciela, 1990) as starting plant
material. We have developed and characterized several embryogenic lines in C.japonica,
C.lutchuensis, and C.sinensis using appropriate explants and media. Some of these lines
present secondary embryogenesis with homogeneous morphological and developmental
characteristics. This selection of lines is ideal for the development of genetic modification
protocols by conventional genetic transformation and by means of the novel genetic editing
systems using CRISPR-CAS9.
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Figure 5. Germination of somatic embryos. The shoot and even the root (arrows) can be observed. The
development of these shoots will originate the development of complete plants genetically equal to the
parental plant. If the initial cell from which the embryo is derived is genetically modified, the shoot and the
plant derived from the embryo will incorporate the genetic modification.

Development of cell lines derived from microspores of C. japonica
C.japonica is a diploid species. This means that cells contains two complete
chromosomal sets. Therefore, for each genetically encoded characteristic (each of them
encoded by one or multiple genes), the camellia has two copies (one from the pollen grain
and the other from the ovule) that can be same (homozygous) or different (heterozygous).
When genes are heterozygous it is often very difficult to correctly evaluate the effect of
these genes. Among them, complex relationships of dominance-recessiveness can be
established that make it difficult to study their function. However, when the genes are
homozygous, the study of their function is much simpler. Nevertheless, most of the
characteristics of the plants are not determined by a single gene but by a broad set of genes.
To have plants in which all the genes that keep information about a phenotypic
characteristic (color, shape, size of the flowers, susceptibility to diseases for example) are in
homozygosis is extremely difficult. In practice this has almost never been achieved by
classical breeding techniques (crosses and backcrosses).
Modern techniques of plant biotechnology allow obtaining plants with all the genes
in homozygosis. This can be achieved by obtaining plants with a single set of chromosomes
(haploid plants) or with two sets of identical chromosomes (double haploid plants; obtained
by chromosomal duplication of haploids). For this, it is necessary to regenerate a whole plant
from gametic cells (ovules and/or microspores, the cell precursors of pollen grains) that are
already haploid by themselves.
The availability of haploid or double haploid plants is a fundamental tool for plant
genetic improvement because it allows study with clarity and precision of the function of the
plant genes and their relevance in the phenotype (the set of observable characteristics/traits
of the plants). Studying the function and regulation of the genes of Camellia plants is
fundamental for the investigation of the interaction between Camellia and C.camelliae.
Therefore, the development of haploid / double haploid plants of Camellia will contribute to
the development of varieties with none or little susceptibility to infection of the fungus but
that retain ornamental value.
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In this work we present the obtaining of multicellular structures derived from
microspore culture. The microspores were obtained from immature stamen of camellia
flowers. These microspores were subjected to different treatments and were cultivated in
suitable media.

b

a
b

c

d

e

Figure 7. C. japonica microspores. a-b, immature stamens. c, tetrad-stage microspores. d,
uninucleated/vacuolated-stage microspores. e, binucleated- stage microspore.

These multicellular microspore-derived structures show that the reprogramming of
microspores and the first step of haploid plant regeneration pathway were achieved. These
structures could allow the development of homozygous lines through organogenic methods
for plant regeneration (Pedroso and Pais, 1993; 1995; San Jose and Vieitez, 1993; Pedroso,
1994). Although, it will still be necessary to define the already defined protocol of plant
regeneration from the obtained multicellular microspore-derived structures.
A

B

C

G1

G1

D

E

F

G3

Figure
8. A-F, multicellular microspore-derived structures (arrows) in a microspore liquid suspension. G1-G3 detail of
multicellular microspore-derived structures after 12 weeks.
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CONCLUSION AND PERSPECTIVES
Overall, the results show the development of different biotechnological techniques
applied to the study of the interaction between the C.camelliae and Camellia as well as the
genetic improvement of the Camellia genus. These techniques together with the genetic
and molecular characterization of the interaction between the fungus and the plant will
allow development of Camellia varieties with ornamental interest and with no or low
susceptibility to the infection of the fungus C.camelliae.
Nowadays, some genetic and molecular elements related to the biotrophic
interactions between some fungi pathogens and different plant species have been identified.
Also, different general models of interaction have been proposed based on the study of
these biological models. But these models are too distant to the C.camelliae-Camellia
interaction. Therefore, the particular characteristics of this infection make it necessary that
the comparison of information from other models should be made carefully.
For this reason, we have begun research leading to the construction of a reference
transcriptome for the interaction (by RNAseq). This will allow us to identify specifically the
key genetic and molecular elements involved in the biotrophic stage and take advantages of
the differences of susceptibility found in this stage between species such as C.japonica and
C.lutchuensis.
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Introduction
Camellia petal blight is a disease of camellia plants caused by the fungus Ciborinia camelliae,
which belongs to the Sclerotiniaceae family along with many other species of pathogenic fungi.
Since its first detection in Wellington in 1993 (Taylor and Long 2000), the parasite has
propagated throughout New Zealand, frustrating the efforts of commercial growers and
enthusiasts every season. Our previous work investigated the levels of resistance and
susceptibility to the pathogen in a wide range of Camellia species and hybrids. Among all of the
plants that we tested, Camellia lutchuensis was found to be the most disease resistant (DentonGiles, Bradshaw, and Dijkwel 2013).
Next-generation sequencing (NGS) methods continue to become more and more
affordable (Mardis 2013) making studies with RNA-seq technology the basis of functional
genomics and transcriptomics. NGS is used to discover novel genes and investigate gene
expression patterns involved in various biological processes. While high levels of hybridization
and polyploidy in the Camellia genus make it challenging to obtain high-quality plant genome
sequences (Huang et al. 2013), the genus is still the subject of extensive transcriptomic
investigation.
After the transcriptome sequencing of the common tea plant, Camellia sinensis, in 2011
(Shi et al. 2011), several new transcriptomes of Camellia species were published including that
of the oil-rich Camellia oleifera (Xia et al. 2014), the ornamental Camellia reticulata (Yao et al.
2016) and the summer-blooming Camellia azalea (formerly Camellia changii) (Fan et al. 2015).
Transcriptomes were also used to further understand the biological processes involved in stress
resistance of the wild tea tree species, Camellia taliensis (Zhang et al. 2015), as well as to study
the interaction of tea plants with the blister blight disease pathogen, Exobasidium vexans, at
the molecular level (Jayaswall et al. 2016).
Here we describe the transcriptomic database for the petal blight-resistant C.lutchuensis
and test its value for polymerase chain reaction (PCR) primer design. The transcriptome
developed in this study offers a data source not only for future petal blight resistance studies,
but also the genetic investigation of other closely related Camellia species and hybrids.
Materials and methods
Plant and fungal material
Twelve C.lutchuensis shrubs were grown in the Massey University Plant Growth Unit
greenhouse #36 (40°37’80.54”S, 175°61’34.13”E) from May through November. Air inlets of
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the glasshouse were covered with 30 mm thick polyester wadding to limit the entry of airborne
C.camelliae ascospores. The greenhouse temperature was maintained between +1C and +20C
using coolers and a heater.
C.camelliae apothecia were collected at Massey University Arboretum (40°22’56.2”S
175°37’09.1”E) between July and September. Collected apothecia were inverted in 10 ml glass
tubes with a damp tissue at the top of the tube and kept for two days in ambient laboratory
conditions for ascospore release. Ascospores were collected by washing the glass tubes with
1 ml of Milli-Q water. C.lutchuensis petals were placed in plastic trays lined with paper towels
and sprayed with a diluted ascospore solution. Spray coverage was estimated at 500 to 1000
ascospores/cm2. A mock-inoculated group of petals was sprayed with sterile Milli-Q water. The
trays for both the infected and mock-inoculated groups were covered with plastic wrap and
incubated in a growth cabinet for 48 hours at 21C, in a 12 hour light/dark period with a light
intensity of 180 𝜇𝜇mol/m2/sec.

RNA-extraction and sequencing
Both the infected and mock-inoculated C.lutchuensis petals were frozen and ground in
liquid nitrogen. RNA was extracted from 0.5g of the petal tissue using the ZR Plant RNA
MiniPrep kit (Zymo Research, USA) according to the manufacturer’s protocol. The petal RNA
samples were treated with DNase (Roche, USA) to prevent gDNA contamination. To increase
RNA concentration and quality, a sodium acetate/ethanol precipitation step was also
performed.

RNA sequencing of all C.lutchuensis petal samples was done by New Zealand Genomics
Ltd on the Illumina HiSeq2000 platform. The sequenced reads were processed using the
SolexaQA package (Cox, Peterson, and Biggs 2010) and resulted in 72 million and 38 million
100-bp paired-end reads from the mock-inoculated and infected samples, respectively.
De novo transcriptome assembly and annotation
Reads obtained from the infected treatment group were mapped to the previously
assembled fungal genome (GenBank GCA_001247705.1) using standard TopHat protocol
(Trapnell et al. 2012). The reads that could not be mapped to the fungal genome and the reads
from the mock-inoculated samples were assembled into two separate transcriptomes using
Trinity (Haas et al. 2013). The two resulting transcriptomes were merged into one file and
redundancies were removed using CD-HIT-EST (Li and Godzik 2006).
The final transcriptome was annotated using the BLASTn (Altschul et al. 1990) search
against non-redundant nucleotide database (nt), and using the BLASTx search against SwissProt (The UniProt Consortium 2015). XML output files from BLASTx were uploaded to the
BLAST2GO program (Conesa et al 2005) to assign GO terms (Ashburner et al. 2000) and EC
numbers referring to specific enzyme groups.
cDNA synthesis and PCR analysis
cDNA synthesis was performed from 600 ng of total RNA using Transcriptor First Strand
cDNA Synthesis Kit (Roche, USA) with Anchored-oligo (dT18) primers according to the
manufacturer’s protocol.
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To 0.5 𝜇𝜇l of the nascent cDNA , 10 pmol of forward and reverse primers and 12.5 𝜇𝜇l of
Taq2X Master Mix (New England Biolabs, USA) were added, as well as sterile Milli-Q water to
give a final volume of 25 𝜇𝜇l. The initial denaturation of the cDNA was processed at 95C for 5
minutes. Then, 30 reaction cycles (95C for 30 seconds, 60C for 15 seconds, 72C for 10 seconds)
and a final extension of 72C for 5 minutes were conducted. To increase the quantity of the PCR
product, the reaction was repeated with 1 𝜇𝜇l of the initial reaction mixture as a DNA sample.
The presence and size of the PCR product was checked by agarose gel electrophoresis with
ethidium bromide staining.
All primers used were designed with Primer-BLAST tool (Jian et al. 2012). The optimal
product size value was set to range from 70 to 200 bp, and the optimal primer melting
temperature was 60C. Selected primers are listed in the table below (Table 1). Lower case 'f' or
'r' in the primer ID corresponds to the forward or reverse primer respectively.
Table 1: Primers used in this study
Primer
Sequence
WRKY40f

GGAGAGCACAACCATCCACA

WRKY40r

TGTGCGGCGGTTTGAATTTT

WRKY65f

TTCAGCCTCGACCCTTCAAC

WRKY65r

CCGACAGCAAGACCACTTCT

RPS2f

AAGTGAAGGTGGCAAGGACC

RPS2r

TGTGTGATCGCGTTGATGGA

EDR1f

GTGACGACCAGAGCTGTTGA

EDR1r

CACTCATCGCTAGGGCAAGT

PTBf

ACGCTGTCACAGTGGATGTC

PTBr

GCTTGGGTTCCCCCATTCTT

TUBf

TTGTCGCTTGGCATTTGTCC

TUBr

GGCTGGGATTCAAGTCGGAA

EF1af

ACCTCGACTGGTACAAGGGT

EF1ar

ATCCTGAAGTGGGAGACGGA

CHITINASEf GTCGACTCCCTGGCTATGGT

Product size
180
103
192
94
94
87
101
95

CHITINASEr CCCAATTCGGTCCTCTTGCT
SODf

CAGTTGGTGGCGATGGTACT

SODr

CCGGTGCTTTTGCTTAGCTC

GPX7f

TGGACCAAATACGGCTCCAG

GPX7r

GGAGATGTCGTTGGCTGGTA

SHMTf

TGCTGTAAAGGTGGCTGTGAA

SHMTr

CAACCTCATGTCGGAGCTTTG

151
144
125
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Sequence analysis
Alignments and the sequence conservation analysis were performed by using the
program Jalview (Waterhouse et al 2009) and making use of the Muscle algorithm and
similarity-based coloring with default parameters. Camellia sequences used in the study are
listed in the table below (Table 2).
Table 2: GenBank-NCBI sequences used in this study
Species

Accession number Sequence IDs in the alignments

Caffeine synthases
Camellia taliensis

KT215399.1

TAL

Camellia crassicolumna

KT215398.1

CRA

Camellia sinensis

AB031280.1

SIN

Camellia irrawadiensis

AB056108.1

IRR

Camellia ptilophylla

AB207817.1

PTI

Camellia japonica

AB297451.1

JAP

Camellia granthamiana

AB362882.1

GRA

Camellia sinensis

KU862281.1

SIN

Camellia japonica

JX657333.1

JAP

MADS-box transcription factors

Results
C.lutchuensis de novo transcriptome assembly
Illumina sequencing of RNA molecules produces data sets of short sequences (reads)
which can be assembled into full (or nearly full) RNA sequences. Usually, this process is done
using guide genome sequences which already contain information about the genes. However,
there are currently no available high-quality Camellia genomes, which makes it impossible to
use reference-based transcriptome assembly for these plants. But existing de novo assembly
methods can be used to assemble the C.lutchuensis plant transcriptome. The main goal of the
de novo approach is to join overlapping short sequences into longer sequences. We used the
Trinity protocol in our study to assemble our library.
Infected C.lutchuensis reads, excluding fungal reads, were assembled into 93,133
sequences and mock-inoculated reads into 108,990 de novo separate transcripts. After
merging, the resulting transcriptome file contained 202,123 transcripts in total. Following the
removal of redundant sequences, the final database for C.lutchuensis included 109,291
transcripts, which is 46% less than the number of sequences in the original merged file
including the redundancies. Thus, the transcriptomes from the infected and the mockinoculated plant samples were constructed and merged to create a single reference
C.lutchuensis transcriptome.
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Annotation of the transcriptomic library
Functional annotation of transcripts is an important step of the transcriptomic studies of
biological processes. In this step, researchers compare sequences from their libraries with
published sequences from different organisms found in public databases. We look for
similarities between the sequences assuming that similar sequences will also have similar
functions. The BLAST search tool against public nucleotide and protein databases, as well as the
assignment of Gene Ontology terms (standardized nomenclature to describe various biological
processes) are widely used approaches to help investigate the functions of sequences of
interest. We proposed that this BLAST-based approach would be useful for our library
annotation as well.
The BLASTn algorithm was used to find the best matches to plant transcripts from nonredundant nucleotide sequence database, and using BLASTx, transcripts were aligned against
the manually curated Swiss-Prot protein database. Based on the best BLASTx protein hits from
Swiss-Prot, GO terms were assigned using BLAST2GO program. Some 35,876 assembled
transcripts of C.lutchuensis had significant BLASTn hits. To validate our assembly, we did a
search in the BLASTn results for the homology with known Camellia sequences; 2,446
transcripts had the highest similarity with genes previously identified from plants of the
Camellia genus. BLASTx search gave significant 33,939 matches and GO terms were assigned to
30,935 sequences (Figure 1). Overall, we annotated about one-third of the transcripts using
BLAST with nucleotide sequence and protein databases, and we also assigned Gene Ontology
terms for the functional description of the transcripts.

Figure 1: Annotation of C.lutchuensis de novo transcriptome. Bars represent the number of sequences annotated
using non-redundant nucleotide database with BLASTn search (the first bar), Swiss-Prot database with BLASTx
search (the second bar), GO terms database (the third bar); and the total number of sequences in the library (the
last bar).

PCR analysis of candidate-genes involved in the resistant response
Having a genomic or transcriptomic reference database opens numerous possibilities for
future investigations. Whether to study the activation of a particular gene in plants, clone a
gene, or produce a protein of interest for biochemical studies, primer sequences need to be
created first, which are the starting points for DNA synthesis.
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We assumed that using our RNA library would enable us to create the primers needed
to synthesize desired gene fragments. We utilized our assembled transcriptome to create
primers for several genes using Primer-BLAST online tool. Several disease resistance-associated
genes were selected for this experiment: WRKY40 and WRKY65 transcription factors, kinase
EDR1, RPS2 resistance proteins, chitinase, superoxide dismutase (SOD), glutathion peroxidase
(GPX7), and SHMT (serine hydroxymethyltransferase). Also, three constitutively expressed
housekeeping genes were included: polypyrimidine tract-binding protein (PTB), tubulin (TUB)
and eukaryotic translation elongation factor 1 alpha (EF1a). The gel electrophoresis of PCR
reaction samples is presented in the figure below (Figure 2). According to the figure, all PCR
reactions gave products of the expected sizes validating our assembled database.

Figure 2: Gel of PCR products. The gel image was color-inverted and converted to grayscale using Adobe
Illustrator. Expected PCR product sizes are written under the bands. 200 bp marker bands are shown on
the far left and right lanes.

Interspecific applications of WRKY40 primers
There are many species and hybrids of Camellia plants and each of them has unique
features such as flower shape, color, scent or flowering period. The majority of these plants do
not have genetic information published. We propose that our sequence library and librarybased primers might be useful in the studies of unsequenced Camellia species and hybrids.
To demonstrate this application, we aligned the WRKY40 transcription factor sequence
identified in the petal blight-resistant C.lutchuensis with the WRKY40 sequence of C.sinensis
which is published in GenBank database under accession number "JQ820201.1". In the figure
below we show the alignment of C.sinensis regions which correspond to the WRKY40 primers
we designed for C.lutchuensis (Figure 3). As shown in the alignment, WRKY40f primer region is
identical between the two sequences tested. In the reverse primer, there are only two
sequence mismatches between the two species. In summary, we found highly similar regions of
WRKY40 primers in both C.lutchuensis and C.sinensis.

Figure 3: Alignment of WRKY40 transcription factor sequences from C.sinensis and C.lutchuensis. The figure
shows two regions of the alignment corresponding to the WRKY40f and WRKY40r primers used in this study.
Fully conserved columns of the alignment are highlighted in blue and the columns of mismatched alignments
are in white.

Interspecific variation of two Camellia transcripts
As we successfully demonstrated one sequence alignment corresponding to WRKY40
primers between two Camellia species, we hypothesized that we could extend the use of the
C.lutchuensis transcriptome comparing with other Camellia sequences. First, we located
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sequences for two additional Camellia genes in GenBank. We aligned the sequences with
corresponding C.lutchuensis homolog genes and identified alignment columns based on the
conservation sequences (Figure 4).
(A)

(B)

Figure 4: (A) Alignment of caffeine synthase (only part of the alignment presented) and (B) MADS-box transcription
factors from several Camellia species. Fully conserved columns of the alignment are highlighted in dark blue, the
columns of alignment with mismatches and gaps are highlighted either with light blue or white depending on the
level of conservation. Sequence IDs are listed in Materials and Methods (Table 2).

Figure 4A presents the alignment of the caffeine synthase genes from eight Camellia
plants, including the gene from C.lutchuensis shown as the first sequence. Figure 4B is the
alignment of transcription factors that contain MADS-box motifs from C.lutchuensis, C.sinensis,
and C.japonica. Figures 4A and B show high variation in the sequences of the terminal regions.
There are also two triplet CTT insertion/deletions in the caffeine synthase alignment (Figure
4A). The second alignment (Figure 4B) shows that C.sinensis (sequence SIN) has lost a 21 bp
fragment in the conserved region. However, the sequences we tested could still be classified as
highly conserved (highlighted in dark blue). Moreover, the highly conserved regions span more
than 50% of the protein-coding sequences. Based on these alignments we can conclude that
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the sequences we tested from the C.lutchuensis library have a high similarity to other
homologous Camellia sequences.
Discussion and conclusions
In this paper, we present the transcriptomic database developed for the petal blightresistant species, C.lutchuensis, and we also propose how the transcriptome can be used to
progress genetic studies of Camellia plants.
Comparisons of the C.lutchuensis transcriptome with other published Camellia
transcriptomes shed light on the similarities that exist among them. Each species’
transcriptome contains around 100,000 transcripts but less than half of these are annotated
(see the aforementioned publications about Camellia species). The percentage of sequences
that we were able to annotate in the C.lutchuensis transcriptome is broadly consistent with
major trends in NGS transcriptomics of non-model plant species. For example, only 37% of the
Coffea arabica transcriptome is annotated (Ivamoto et al. 2017). Other published research
estimates that 54% (Baba et al. 2015) or 58.4% (Jain et al. 2016) of the Crocus sativus
transcriptome is annotated, whereas for the dinoflagellate alga, Karenia brevis, 40% of the
transcriptome is functionally described (Ryan, Pepper, and Campbell 2014).
The annotation output that we achieved here may be due to the biased nature of our
public databases as the majority of information they contain is focused on a select number of
model organisms (such as Arabidopsis thaliana in the case of plants). For this reason, our
ability to annotate Camellia genes is limited by the annotations which already exist for such
model organisms. The comparatively high number of transcripts found in Camellia
transcriptomes can be explained by the relatively large size of Camellia plant genomes, as well
as the tendency of de novo assemblers to produce non-existing transcripts, overestimate the
number of transcript isoforms and also produce chimeric sequences – therefore making it
difficult to study heterozygous and polyploid organisms (Chang et al 2015).
One of the most important implications of our transcriptomic database is the ability to
search for genes of interest within it and to design primer sequences for further analysis. Using
our database, we found homologs of known disease resistance-associated genes that may also
be active in the resistance of C.lutchuensis to petal blight. We amplified short regions of these
genes with primers designed from our database and obtained PCR products of the expected
sizes. This shows that the library RNA sequences were assembled correctly. Crucially, we found
that WRKY40 transcription factor primers can be used to amplify homologous genes from other
Camellia species; the WRKY40f primer designed for C.lutchuensis was identical to the same
region of the C. sinensis homolog gene. The WRKY40r primer, however, showed two
mismatched nucleotides as compared to the matching C.sinensis sequence region.
Nevertheless, these mismatches are unlikely to considerably affect the outcome of a PCR
reaction using C.sinensis Cdna, as the primers are still likely to bind with high affinity, and the
mismatches are not located on a 3’ end.
Analysis of caffeine synthases and the MADS-box transcription factors demonstrated
that the application of the C.lutchuensis RNA library can be expanded to analyze multiple
Camellia sequences. Even if this suggested approach may fail due to variations in individual
gene sequences across species and hybrids, the RNA sequence library may still be used to
successfully create primers for target genes. For designing primers for genes from other
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camellia species using our transcriptome, we would recommend using sequence regions that
are conserved across several Camellia species, of course depending on the availability of such
sequenced data. Alternatively, several primers may be designed for different regions of the
target sequences to determine which primers effectively amplify the target sequence.
Please, don't hesitate to contact us if you would like to receive the C.lutchuensis
transcriptome file via email for use in your own research. Email: N.Kondratev@massey.ac.nz
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Pleurodirus carinula Olivier, 1808 (Col. Curculionidae):
a new threat to Camellia spp.
Pérez-Otero R., Crespo-Pardo D., Mansilla-Vázquez P.
Estación Fitopatolóxica Areeiro. Deputación de Pontevedra; www.efa@depo.es

Abstract
Insect pests that can attack Camellia genus are highly diverse. Some of them are
sucking insects (e.g. aphids and scale insects), other xylophagous (e.g. scolytids) or
defoliators (e.g. chrysomelids and weevils or snout beetles). Among defoliators,
weevils can cause considerable damage in spring. Some of these species are relatively
common and cosmopolitan (e.g. the black vine weevil Otiorhynchus sulcatus Fabricius),
whereas other weevil species are important only on a local or regional scale (e.g. the
camellia weevil Curculio chinensis Chevrolat, the strawberry root weevil Otiorrhynchus
ovatus Linnaeus, the tea weevil Myllocerinus aurolineatus Voss and Cneorrhinus dispar
Graells). However, a new threat to camellia plants, the curculionid beetle Pleurodirus
carinula, has been recently detected. This weevil is mainly found in the Iberian
Peninsula and rarely in France. It was detected on Camellia japonica plants in a private
garden in Galicia, Northwestern Spain, which showed serious leaf damage associated
with the presence of this insect. This is to our knowledge the first report of P.carinula
on camellia.
Keywords: pest, leaf damage, Iberian Peninsula, weevil

Introduction
Many biotic agents can attack Camellia genus, and among these pests the most
important are fungi and arthropods. Fungi can affect flowers (e.g. Ciborinia camelliae
Kohn causes serious damage worldwide), leaves (e.g. Pestalotia spp. or Colletotrichum
spp.) and the root system (e.g. Phytophthora cinnamomi Rands or Armillaria mellea
(Vahl) Kummer). Important arthropod pests are mites (especially Eriophyidae and
Tetranychidae), sucking species (e.g. Coccoidea, Aphididae and Thripidae) and
curculionids.
The Curculionidae family (Coleoptera) comprises phytophagous insects feeding
on different plant species. Indeed, some Curculionidae species have been widely
studied by pest researchers due to their economic importance. For instance, the
eucalyptus snout beetle Gonipterus platensis (Marelli, 1926) causes severe economic
damage by defoliating young and tender leaves, buds and shoots of eucalyptus
(Mansilla, 1992). The red palm weevil Rhynchophorus ferrugineus (Olivier, 1790) is
another paradigmatic example of the Curculionidae importance. It is lethal for 17 palm
species distributed worldwide, causing significant economic losses (Faleiro, 2006).
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Although curculionids species are not considered important pests for camellia,
two species – Otiorhynchus sulcatus Fabricius and Cneorrhinus dispar Graells – can
attack the leaves (Masaki et al., 1984) and roots of nursery plants. The former is an 810 mm long weevil with a black dorsal and a ventral grey body and strongly punctatestriated oblong elytra, covered by white or brown setae. The latter, C.dispar, is bigger
(females are 10-12 mm long) and it has a globe-shaped black body covered by oval
grey or white scales. As regards males, O. sulcatus males are very rare (reproduction is
almost exclusively parthenogenetic), whereas C. dispar ones are frequent but smaller
than females (7-9 mm long) (Mansilla et al., 2003).
Pleurodirus carinula is a European curculionid mainly distributed in the
northern half of the Iberian Peninsula. It has recently been reported in Galicia,
Northwestern Spain (Natural Park of Las Illas Cíes, Novoa et al, 1999; Natural Park
Fragas do Eume, Baselga et al, 2004; and Natural Park Serra da Enciña da Lastra, Novoa
et al, 2014). It is also considered rare in France (Hoffmann, 1950). This polyphagous
species usually feeds on Fagaceae (particularly Quercus spp.) and Fabaceae (Genista
spp.). It was detected on Asteraceae, Ericaceae, Lamiaceae, Pinaceae and Cistaceae
(Sanz Benito et al, 1996 and references therein).
This curculionid is quite small (3-4.5 mm long) and slightly oblong and its
tegument is reddish-brown. The dorsal part of the body is covered by dispersed small
grey-copper setae, sometimes more dense and golden at the base of the elytra suture;
its abdomen is pubescent and its legs and antennae are red or dark. As for the
rostrum, it is parallel and flat, smoothly and densely punctured. The protorax is longer
than wider, regularly side-arched, strongly and densely punctured with oblong and
sub-confluent dots. Elytra are oblong, with inter-striae wider than striae, and slightly
sharp on the upper part (males) or dull (females). The original description can be found
in Hoffmann, 1950.
We have recently detected P.carinula and associated serious damage on
Camellia japonica leaves. It was first detected in 2014 in a private garden surrounded
by an oak grove (Quercus robur L.), located in the province of Pontevedra, in Galicia.
During the last few years, symptoms of its attack have been observed in plants of
different ages. Attacks occur after blooming, when the new buds start to develop, and
they mainly affect buds or young leaves. Adults are able to penetrate into the young
twisted leaves to feed, creating holes of different shapes. These holes typically adopt a
characteristic dent form when the leaves are fully developed and open. It can also
cause necrosis in the inner leaves.
These attacks cause a decrease in the growth rate and affect the plant aesthetic
value. Larvae have not been observed so far, but it is assumed that they will have the
general traits of the other cited Curculionidae, i.e. a creamy-white apodous body, and
a crescent-shaped and brown head. Along the same line, it is assumed that they will
develop under the soil, feeding on Camellia roots.
Although the camellia plantation was surrounded by a Quercus forest, one of
the P.carinula hosts, the damage was restricted to camellia plants. This is, to our
knowledge, the first report of P.carinula on camellia.
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International trade and increasing human mobility contribute to the spread of
pests worldwide. For this reason, although the development of integrated pest
management strategies is key to deal with already established pathogens, the early
detection of new harmful organisms is fundamental in order to prevent their spread
and subsequent outbreaks. Thus, the aim of this work is to present P. carinula as a
threat to camellias and to encourage nurseries to consider this threat before any
commercial trade in camellia.
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Abstract: Extreme high temperatures and drought in summer 2017 had a serious effect on
ornamental plants and landscape gardens in Zhejiang Province. We conducted field
investigation on heat damage of 153 camellia species at Jinhua International Camellia
Species Garden, and then evaluated their heat-tolerance capacity using R program cluster
analysis. The results indicated that tolerance could be classified into four scales among 153
camellia species. Grade I, which included 80 species, showed strong capacity of heat
tolerance. Grade II showed relatively strong tolerance, including 39 species. Grade III had
medium capacity for tolerance, and included 23 species. The last group, Grade IV, has poor
tolerance for heat, and included 11 species.
Key words: Camellia, heat-tolerance capacity, cluster analysis.
Introduction
All of the species Camellia japonica L., C.sasanqua, C.sinensis Kuntze, C.var.assamica,
and C.oleifera Abel belong to genus Camellia, and recently they have been highly praised
for their great ornamental and economic value (Chang, 1998). Camellia species are
evergreen broadleaved plants which grow naturally in the subtropical regions of China, and
they are usually grown as small trees or shrubs that are more suitable for warm humid
climate because of relatively weak resistance to hardness and high temperature (Min, 2000).
A few researchers have reported about the heat tolerance of camellias already, on
the basis of physiological determination. Li et al (2006) developed some physiological
indexes to evaluate heat tolerance of 15 camellia varieties using relative conductance,
concentration of malondialdehyde (MDA), production rate of superoxide anion and
superoxide dismutase (SOD). Li et al (2006) also evaluated the heat tolerance of 130
camellia species grown in a normal summer season, looking at similar physiological results.
Furthermore, Xu et al (2007) categorized heat tolerance of 53 C.sasanqua species
into five ranks. Recently, Wang et al (2015) assessed the potential of drought resistance for
24 species of Sect. Theopsis, based on field investigation and four relevant physiological
indexes. However, few reports have evaluated heat tolerance for the majority of Camellia
species on the basis of direct field investigation in extremely hot summers.
Above-average temperatures and little precipitation occurred in Zhejiang Province
from late June to early August in 2017, which seriously affected ornamental plants and
landscape through the province. The averages for the year show the picture:
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The average temperature was up to 30.2C [nearly 90F], 1.8 degrees C [roughly 2
degrees F] greater than the annual average over 30 years of summers
The summer’s precipitation was 83.9 mm [3.3 inches], which was approximately
40 mm [1.6 inches] less than the average value over 30 years
The average sunshine time of 268.1 hours was 44.6 hours more than average
(Gao, 2017).

Therefore, field investigation was planned and carried out in an effort to evaluate heat
damage on the 153 camellia species. The results were expected to be helpful to further
explore germplasm resources of heat-tolerance camellia species.
1 Materials and methods
1.1 Materials
All 153 camellia species were investigated in the field according to established
methodology (Wang et al., 2015; Hua Yang et al., 2007) at Jinhua International Camellia
Species Garden (longitude 119°35′ E, latitude 29°08′ N) on mid-August, 2017. These
camellia species were planted at the park, in Jinhua City, in Zhejiang Province, in 2003, and
suffered from the extremely hot summer with heat and drought stress for about 90 days.
Their geographical location information was listed in Table 1.
1.2 Methods
1.2.1 Ranking classification of heat damage on camellia species
The grades of heat damage on camellia species were classified into five scales and
respectively assigned a value as follow:
*Grade I (0): normal leaf color and shape, with no chlorosis, shriveling, or leaf curl.
*Grade II (1): chlorosis on leaf apex and leaf margin, or chlorotic leaves, or even a
few brown spots on leaves.
*Grade III (2): mahogany areas on leaf margin or the top of leaves, accounting for
less than 1/3 of whole leaf square, curl leaf margin.
*Grade IV (3): mahogany areas on leaf margin or the top of leaves, accounting for
from 1/3 to 2/3 of whole leaf square, shriveled leaf margin.
*Grade V (4): mahogany areas on leaf margin or the top of leaves, accounting for
above 2/3 of whole leaf square, shriveled leaf margin or even whole leaf.
1.2.2 Field investigation on heat damage
Four different branches containing some twigs respectively in four vertical directions
were selected from an adult camellia tree grown under full sunlight. Thirty pieces of leaves
were chosen from the apical buds of the chosen twigs for the field survey.
*heat damage rate (HDR)/%= number of injured leaves/ total number of harvested
leaves × 100
*Heat damage index (HDI) =∑ (Grade value × corresponding number of injured
leaves)/ (Grade V value × total number of harvest leaves)
*Heat tolerance index (HTI) =1-∑ (Grade value × corresponding number of injured
leaves)/ (Grade V value × total number of harvest leaves)
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1.3 Data analysis
Experiment statistics were primarily analyzed with Excel 2003 software. The
correlation analysis between the geographical location and heat damage indexes was
conducted through SPSS 19.0 software, and cluster analysis on heat damage was carried out
by running R program.
2 Results and analysis
2.1 Heat damage on camellia species
It is shown on Table 1 that 153 camellia species have differing capacities of heat
tolerance.
The HDR among Sect. Camellia (L.) Dyer varied from 0.00% to 75.44% with the
average of HDR of 19.27%. On the other hand, the HTI among Sect. Camellia (L.) Dyer
ranged from 0.58 to 1.00 with the average of HTI of 0.91. C.magniflora Chang and
C.polydonta How ex Hu were found to be most resistant to heat stress in Sect. Camellia (L.)
Dyer, while C.pentapetala Chang and C.subintegra Huang showed the least heat tolerance.
The HDR among Sect. Theopsis Coh. St. differed from 0 to 46.00% with the average
of HDR of 17.96%. The HTI among Sect. Theopsis Coh. St. ranged from 0.82 to 1.00 coupled
with an average of 0.93, in which the HTI of C.macrosepala Chang and C.acutissima Chang
were the most tolerant, while the HTI of C.lancicalyx Chang and C.synaptica Sealy were
relatively the least resistant to heat stress in Sect. Theopsis.
In Sect. Thea (L.) Dyer, the HDR scaled from 0 to 87.50% with an average of HDR of
45.75%, while the HTI varied from 0.58 to 1.00, and the average of HTI was 0.80. Both
C.makuanica Chang et Wang and C.jingyunshannica et J. H. Xiong had the strongest capacity
for heat tolerance among Sect. Thea (L.) Dyer, while C.kwangsiensis Chang and C.tetracocca
Chang performed weakest.
The HDR among Sect. Oleifera Chang varied from 0 to 88.89%, with an average of
HDR remained 57.91%; and the HTI scaled from 0.69 to 1.00, the average of the HTI was
0.79. For instance, C.sasanqua Thunb was found to have the strongest tolerance for heat
among Sect. Oleifera, while C.lanceoleosa Chang had the least tolerance.
To sum up, the average HTI among these 153 camellia species were ranked as follow:
Sect. Tuberculata Chang HTI was greater that of Sect. Theopsis Coh. St., which was greater
than Sect. Camellia (L.) Dyer, which was greater than Sect. Paracamellia Sealy, which was
greater than Sect. Oleifera Chang, which had a higher HTI than Sect. Furfuracea Chang.
2.2 The correlation analysis between heat tolerance and geographical location of original
habitat (GIOH)
The correlation analysis is listed in Table 2. There was an extremely significant
positive correlation between HDR and the latitude of original habitat (LOH), meaning, the
higher latitude at which a camellia species originally grows, the higher the HDR of the
species; conversely, there was a significant negative correlation between HTC and latitude
of original habitat. Therefore, a camellia species growing naturally at lower latitudes shows
stronger tolerance for heat than a species growing naturally at higher altitudes.
90

International Camellia Congress 26-27-28 march 2018 Nantes France

Meanwhile, the capacity of heat tolerance correlated significantly with altitude. That
means a camellia species grows at low altitude has stronger tolerance to heat than a species
grows at high altitude. There seemed no significant correlation, however, between the
capacity of heat tolerance and longitude.
Table 2 Correlation analysis between GIOH and HDI of 153 camellia species
Altitude

Longitude

Latitude

HTI

HDR

0.130

-0.055

0.243**

-0.960**

HTI

-0.183*

0.079

-0.254**

Note: * Indicates significant difference (P＜0.05), **Indicates extremely significant difference(P＜0.01).

2.3 Classification of heat tolerance capacity among 153 camellia species
According to the field investigation results, the heat-tolerance capacity among 153
camellia species was categorized into four grades using inter-correlation and systematic
cluster analysis (Fig. 1).
*Grade I showed strong capacity of heat tolerance, including 80 species such as
C.oligophlebia Chang, C.salicifolia Champion, and C.tuberculata Chien, which accounted for
52.29%.
*Grade II showed relatively strong capacity of resistance to heat including 39 species,
like C.lungshenensis Chang, C.fangchengensis Liang, and C.lancicalyx Chang, which
accounted for 25.49%.
*Grade III showed medium-leveled capacity of heat tolerance including 23 species
such as C.oblata Chang, C.odorata Xie et Zhang, and C.subintegra Huang, which accounted
for 15.03% of the checks.
*Grade IV showed weak capacity of heat tolerance, and includes 11 species such as
C.granthamiana Sealy, C.furfuracea Cohen Stuart, and C.gymnogyna Chang, which
accounted for 7.19%.
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Fig. 1 Cluster analysis on heat tolerance index of 153 camellia species

3 Conclusion and discussion
According to the above analysis, there were significant differences for heat-resistant
potential among 153 camellia species, of which 119 – 78% of the total number of species –
performed well for heat-tolerance capacity.
Among the 153 species, the shrubby camellia species were found to have stronger
heat resistance, including C.oligophlebia Chang, C.salicifolia Champion, C.tuberculata Chien,
C.macrosepala Chang and C.maliflora Lindl. Meanwhile, the potential of heat tolerance in
C.granthamiana Sealy, C.furfuracea Cohen Stuart and C.kwangtungensis Chang were
weakest.
The difference for heat tolerance of camellia species may be related to its
morphological structure, original habitat, altitude, light intensity and the associated
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vegetation, etc. Those species like C.oligophlebia Chang and C.tuberculata Chien were
naturally distributed in sparse mountainous forests of 800-2,500 meters above sea level
under great light intensity with no upper storey associated plants. The plants are tall, top
buds are covered with tomentum, slightly insulated, and leaves leathery, lanceolate or
narrowly oblong (Gao et al., 2005), reducing the loss of water; leaves shine slightly to reduce
the absorption of radiant heat, showing stronger adaptability to adversity.
The distribution of these species such as C.furfuracea Cohen Stuart and
C.kwangtungensis Chang are shaded under upper storey tall trees. The humidity in the
original habitat is relatively greater. Therefore, these kinds of camellia species are so
sensitive to heat and drought stress that they easily suffer from heat damage with injured
symptoms showing on the leaf blades, and their adaptability to the adverse circumstances
performed poorly.
The heat-tolerance potential varied significantly among the camellia species groups.
The heat tolerance could be ranked in descending order as follow:
Sect. Tuberculata Chang equals Sect. Theopsis Coh. St.
Sect. Camellia (L.) Dyer equals Sect. Paracamellia Sealy
Sect. Furfuracea Chang
However, the results in our study slightly differed from the conclusions, respectively,
by Xinlei Li et al (2006) and Wang et al (2015), where the natural environment, especially
the extremely high summer temperature, might have the most effect. It is known that the
enzyme protection system absolutely plays an important role when a plant is exposed to
some kind of stress from high temperature or drought in the field. But this kind of system
cannot protect the plant from heat injury or drought damage if the external stress becomes
extremely intense.
Consequently, even though a plant might perform well in adverse stress, at some
stage the plant would show the impact of severe heat injury or drought damage after its
internal protecting system has been destroyed.
The absolute maximum Celsius temperature in 2006, 2013 and 2017 were recorded,
respectively, at 38 [100 F], 42.7 [106], and 41.3 [104.5]. Thus, Wang et al (2016) concluded
that Sect. Theopsis Coh. St. had the strongest heat tolerance, but we classified the heat
tolerance capacity of Sect. Theopsis into the “moderate” rank because the camellia species
among Sect. Theopsis demonstrated much more heat damage than they did in 2006.
On the other hand, we thought C.campanisepala Chang and C.lipoensis Chang et Xu
had the highest heat-resistance among Sect. Theopsis, in contrast to the different results
reported by Wang et al (2016). The differences for heat tolerance of same species in
various years may be caused by extreme temperature pattern in 2013 than in 2017.
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Table 1 Geographical distribution and heat damage of major camellia species
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Sect.

No.

Species

Provenance

Altitude/m

Longitude

Latitude

HDT/%

HTI

Sect. Camellia (L.) Dyer

1

C. longicaudata Chang

Guangdong

700

112°32′43″

23°10′18″

35.00

0.86

2

C. apolyodonta Chang

Hunan

500

109°53′58″

26°26′40″

38.35

0.80

3

C. subintegra Huang

Jiangxi

1000

114°16′50″

27°34′59″

62.40

0.66

4

C. pentapetala Chang

Sichuan

1500

101°51′14″

26°41′02″

63.11

0.58

5

C. uraku (Mak.) Kitamura

Zhejiang

50

120°06′59″

30°15′06″

40.16

0.74

6

C. bailinshanica Chang

Sichuan

1800

101°32′05″

27°01′32″

26.27

0.91

7

C. albosericea Chang

Sichuan

1200

101°37′49″

26°32′46″

55.81

0.69

8

C. bambusifolia Chang

Sichuan

1700

101°32′05″

27°01′32″

18.55

0.94

9

C. lungshenensis Chang

Guangxi

700

109°54′52″

25°37′57″

46.15

0.81

10

C. phellocapsa Chang

Hunan

500

113°44′57″

26°46′09″

73.55

0.72

11

C. brevipetiolata Chang

Sichuan

1200

101°30′15″

27°11′05″

30.63

0.87

12

C. trichosperma Chang

Jiangxi

600

115°38′21″

24°58′19″

75.44

0.80

13

C. jinshajiangica Chang

Sichuan

1150

101°46′40″

26°20′15″

57.33

0.73

14

C. lapidea Wu

Guangxi

1000

110°11′19″

24°08′20″

14.52

0.93

15

C. oviformis Chang

Guangxi

1400

110°33′51″

24°29′11″

23.89

0.91

16

C. brevigyna Chang

Sichuan

1300

101°32′09″

27°01′32″

31.58

0.84

17

C. mairei (Levl.) Melchior

Yunnan

1100

103°58′08″

28°35′39″

39.36

0.74

18

C. concina Y. K. Li

Guizhou

800

105°56′20″

28°28′53″

32.18

0.83

19

C. borealiyunnanica Chang

Yunnan

1150

100°05′55″

26°20′14″

39.64

0.80

20

C. hilisciflora Y. K. Li

Guizhou

800

105°27′04″

27°03′19″

23.81

0.91

21

C. paucipetala Chang

Guizhou

1150

104°36′00″

26°06′29″

23.15

0.83

22

C. edithae Hance

Fujian

450

118°11′11″

25°03′27″

27.94

0.80

23

C. chekiangoleosa Hu

Zhejiang

600

119°22′05″

27°50′53″

17.11

0.93

24

C. oligophlebia Chang

Guizhou

1300

104°36′00″

26°06′29″

0.00

1.00

25

C. pitardii Coh. St .

Sichuan

1200

103°36′22″

28°54′15″

0.00

1.00

26

C. brevicolumna Chang

Sichuan

2000

101°51′14″

26°41′02″

0.00

1.00

27

C. magniflora Chang

Hunan

600

110°33′40″

27°43′33″

0.00

1.00

28

C. compressa Chang

Hunan

1100

109°22′50″

28°41′44″

0.00

1.00

29

C. omeiensis Chang

Sichuan

1000

103°13′38″

29°45′29″

0.00

1.00

30

C. polydonta How ex Hu

Guangxi

700

110°01′43″

25°53′42″

0.00

1.00

31

C. lanosituba Chang

Sichuan

2250

101°51′14″

26°41′02″

0.00

1.00

32

C. longgigyna Chang

Guizhou

1300

108°09′56″

26°07′59″

0.00

1.00

33

C. phelloderma Chang

Sichuan

1000

101°27′14″

27°05′06″

0.00

1.00

34

C. cryptoneura Chang

Guizhou

800

106°39′02″

28°23′27″

0.00

1.00

35

C. tunganica Chang

Hunan

750

111°06′09″

26°23′40″

0.00

1.00

36

C. villosa Chang

Guangxi

850

110°00′41″

25°47′59″

0.00

1.00

37

C. hongkongensis Seem

Hongkong

200

114°09′56″

22°16′37″

0.00

1.00

38

C. pitardii Coh. var. yunnanica Sealy

Guizhou

800

106°44′23″

27°02′33″

0.00

1.00

39

C. glabriperulata Chang

Guizhou

1100

104°28′18″

25°42′40″

0.00

1.00

40

C. xifongensis Y. K. Li ex X. C. Cheng
et F. A. Zeng

Guizhou

1200

106°37′53″

27°07′25″

0.00

1.00

41

C. hunanica Chang et Qi ex Chang

Hunan

550

110°44′23″

26°37′13″

0.00

1.00
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Sect. Theopsis Coh. St.

Sect. Furfuracea Chang

42

C. delicata Y. K. Li

Guizhou

800

105°36′47″

27°08′37″

0.00

1.00

43

C. hezhangensis Y. K. Li

Guizhou

700

104°43′39″

27°07′28″

0.00

1.00

44

C. glabsipetala Chang

Hubei

450

109°57′41″

30°00′56″

0.00

1.00

45

C. tenuivalvis Chang

Sichuan

2300

102°10′54″

26°48′08″

0.00

1.00

46

C. lienshanensis Chang

Guangdong

700

112°10′04″

24°50′53″

0.00

1.00

47

C. crassifolia Chang et Shi

Guizhou

600

106°05′26″

28°33′02″

0.00

1.00

48

C. semiserrata Chi

Guangdong

300

111°30′14″

22°28′33″

10.40

0.95

49

C. reticulata Lindley

Yunnan

1000

98°29′20″

25°09′22″

0.00

1.00

50

C. japonica Sealy

Zhejiang

50

122°21′04″

29°56′59″

34.92

0.87

51

C. pitardii Co h. St . var. alba

Hunan

900

110°09′28″

29°23′49″

22.05

0.89

52

C. semiserrata Chi var. albiflora Hu et
Huang ex Hu

Guangdong

450

111°30′39″

23°25′52″

22.95

0.89

53

C. crassifolia Chang

Guizhou

1000

106°05′26″

28°33′02″

34.81

0.85

54

C. cuspidate (Kochs) Wright

Hunan

700

110°28′44″

29°07′09″

29.55

0.88

55

C. minutiflora Chang

Hongkong

300

114°09′56″

22°16′37″

35.29

0.85

56

C. parvicuspidata Chang

Guangdong

200

116°35′20″

23°51′07″

15.38

0.94

57

C. subacutissima Chang

Guangxi

700

110°11′19″

24°08′19″

27.94

0.89

58

C. handelii Sealy

Hunan

100

112°56′19″

28°10′57″

21.13

0.92

59

C. synaptica Sealy

Hunan

800

109°23′41″

28°40′57″

46.00

0.84

60

C. rosthorniana Hand–Mazz

Hubei

500

110°44′48″

31°20′58″

39.86

0.88

61

C. euryoides Lindley

Fujian

450

116°48′36″

25°07′27″

23.70

0.88

62

C. fraterna Hance

Zhejiang

600

119°26′53″

30°18′49″

19.08

0.88

63

C. septempetala Chang et L. L. Qi

Hunan

800

111°06′09″

26°23′40″

30.28

0.90

64

C. elongata Rehd

Sichuan

900

103°26′29″

29°34′46″

17.44

0.94

65

C. lancicalyx Chang

Guangxi

700

108°20′10″

23°31′36″

45.77

0.82

66

C. parvicaudata Chang

Guangxi

600

106°13′45″

23°34′07″

31.01

0.87

67

C. tsofui Chien

Chongqing

950

107°10′35″

29°02′30″

30.72

0.87

68

C. macrosepala Chang

Guangdong

750

113°16′34″

24°46′39″

0.00

1.00

69

C. cuspidata (Kochs) Wright var.
grandiflora Sealy

Hunan

650

110°38′00″

26°38′59″

0.00

1.00

70

C. forrestii (Diels) Co h. St

Yunnan

1550

103°47′07″

23°23′55″

0.00

1.00

71

C. lipoensis Chang et Xu

Guizhou

800

105°56′25″

28°21′55″

0.00

1.00

72

C. buxifolia Chang

Sichuan

1000

103°26′29″

29°34′46″

0.00

1.00

73

C. acutissima Chang

Guangdong

550

113°03′54″

24°43′12″

0.00

1.00

74

C. costei Levl

Guizhou

800

105°42′15″

28°35′08″

0.00

1.00

75

C. campanisepala Chang

Guangdong

650

113°55′18″

25°19′56″

0.00

1.00

76

C. parvi-ovata Chang

Sichuan

800

103°26′29″

29°34′46″

0.00

1.00

77

C. pubifurfuracea Zhong

Guangxi

600

110°00′58″

23°52′10″

71.65

0.58

78

C. latipetiolata Chang

Guangdong

300

110°58′01″

22°37′47″

96.18

0.61

79

C. crapnelliana Tutcher

Guangdong

200

111°54′34″

23°27′50″

22.40

0.93

80

C. multibrateata Chang et Mo

Guangxi

200

108°17′35″

22°43′42″

65.69

0.76

81

C. furfuracea Co hen Stuart

Guangdong

500

114°02′01″

23°17′32″

94.35

0.53

82

C. oblata Chang

Guangxi

900

107°12′00″

22°49′00″

74.81

0.65

83

C. gaudichaudii Sealy

Guangxi

150

108°06′54″

21°43′02″

67.14

0.77
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95

Sect. Paracamellia Sealy

Sect. Tuberculata Chang

Sect. Thea (L.) Dyer

96

84

C. parafurfuracea Liang

Guangxi

200

105°47′11″

23°17′39″

69.60

0.72

85

C. connatistyla Chang

Guangxi

1000

107°57′02″

21°57′34″

81.15

0.71

86

C. gigantocarpa Hu

Guangxi

400

109°40′51″

22°03′43″

32.35

0.89

87

C. octopetala Hu

Zhejiang

50

119°57′22″

30°03′35″

17.74

0.95

88

C. puniceiflora Chang

Zhejiang

600

119°08′30″

28°04′32″

18.85

0.95

89

C. shensiensis Chang

Shanxi

200

109°10′39″

32°31′46″

20.66

0.92

90

C. tenii Sealy

Yunnan

800

101°20′12″

25°43′52″

31.45

0.88

91

C. obtusifolia Chang

Fujian

93

119°22′45″

25°43′22″

37.12

0.87

92

C. hiemalis Nakai

Zhejiang

200

120°06′59″

30°15′06″

90.23

0.71

93

C. odorata Xie et Zhang

Guizhou

1500

105°56′45″

28°28′26″

69.84

0.66

94

C. phaeoclada Chang

Yunnan

1200

101°38′31″

24°41′25″

15.32

0.95

95

C. brevistyla Co hen Stuart

Fujian

500

119°07′52″

26°09′55″

79.13

0.58

96

C. fluviatilis Chang

Guangxi

500

107°59′40″

21°59′15″

68.80

0.81

97

C. maliflora Lindl

Japan

200

136°55′00″

35°10′00″

0.00

1.00

98

C. miyagii (Koidz.) Makino et Nemoto

Japan

200

127°50′00″

26°20′00″

0.00

1.00

99

C. weiningensis Li ex Chang

Guizhou

1800

103°52′52″

27°16′23″

0.00

1.00

100

C. kissi Wallich

Yunnan

2000

98°28′13″

25°03′22″

0.00

1.00

101

C. confusa Craib

Guizhou

900

105°36′35″

27°08′42″

0.00

1.00

102

C. yuhsienensis Hu

Hunan

250

113°23′50″

27°01′01″

12.50

0.97

103

C. leyeensis Chang

Guangxi

1000

106°23′01″

24°51′10″

72.32

0.63

104

C. acuticalyx Chang

Guangxi

150

108°16′39″

22°43′27″

20.00

0.89

105

C. neriifolia Chang

Guizhou

1100

105°41′51″

28°35′33″

21.43

0.90

106

C. hupehensis Chang

Hubei

700

109°08′05″

29°40′03″

36.50

0.80

107

C. parvimuricata Chang

Hubei

700

108°55′53″

30°17′38″

0.00

1.00

108

C. atuberculata Chang

Guizhou

1200

105°44′36″

28°31′00″

0.00

1.00

109

C. acuti perulata Chang

Guangxi

1000

104°54′02″

24°40′02″

0.00

1.00

110

C. anlungensis Chang

Guizhou

800

105°24′53″

25°14′18″

0.00

1.00

111

C. lipingensis Chang

Guizhou

1000

109°08′14″

26°13′58″

0.00

1.00

112

C. tuberculata Chien

Guizhou

800

105°58′01″

28°20′50″

0.00

1.00

113

C. rhytidocarpa Chang

Guizhou

850

105°58′01″

28°20′50″

0.00

1.00

114

C. pyxidiacea Xu, Chen et Deng

Yunnan

600

104°18′31″

24°53′10″

0.00

1.00

115

C. obovatifolia Chang

Yunnan

700

104°37′17″

23°27′18″

0.00

1.00

116

C. zengii Chang

Guizhou

1200

109°16′37″

26°20′30″

0.00

1.00

117

C. parvisepala Chang

Guangxi

700

106°23′01″

24°51′10″

68.33

0.71

118

C. longtousanica Chang

Guizhou

1200

105°28′30″

25°22′03″

41.07

0.83

119

C. sinensis (L.) O. Kuntze

Zhejiang

50

120°05′13″

30°12′14″

39.84

0.86

120

C. kwangsiensis Chang

Guangxi

1450

106°23′16″

24°23′26″

87.50

0.58

121

C. tachangensis Zhang

Guizhou

1200

104°13′10″

24°39′49″

78.23

0.61

122

C. tetracocca Chang

Guizhou

650

105°01′14″

25°27′55″

86.32

0.61

123

C. taliensis (W. W. Sm. ) Melch

Yunnan

1900

100°14′45″

25°36′19″

76.61

0.68

124

C. leptophylla S . Y . Liang

Guangxi

900

106°51′45″

22°01′21″

70.54

0.66

125

C. ptilophylla Chang

Guangdong

400

113°54′32″

23°37′25″

62.70

0.72

126

C. pubescens Chang et Ye

Hunan

250

113°42′07″

25°26′51″

75.44

0.72

127

C. fangchengensis Liang

Guangxi

250

108°11′17″

21°46′56″

43.55

0.82
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128

C. assamica (Mast. ) Chang

Yunnan

1200

104°52′56″

24°16′43″

47.58

0.82

129

C. gymnogyna Chang

Guangxi

950

111°12′10″

22°01′27″

0.00

1.00

130

C. makuanica Chang et Tang

Yunnan

1700

103°57′49″

22°48′34″

0.00

1.00

131

C. atrothea Chang et Wang

Yunnan

1900

103°39′27

22°56′59″

0.00

1.00

132

C. angustifolia Chang

Guangdong

950

110°11′19″

24°08′18″

0.00

1.00

133

C. jingyunshanica et J. H. Xiong

Chongqing

900

106°23′49″

29°50′18″

0.00

1.00

134

C. gauchowensis Chang

Guangdong

400

110°48′43″

21°59′09″

76.87

0.73

135

C. lanceoleosa Chang

Jiangxi

200

115°48′43″

28°43′22″

88.89

0.69

136

C. oleifera Abel

Hunan

200

112°52′54″

26°08′35″

74.82

0.73

137

C. vietnamensis Huang ex Hu

Guangxi

200

106°51′45″

22°01′21″

48.97

0.79

138

C. sasanque Thunb

Japan

200

133°38′25″

33°44′59″

0.00

1.00

139

C. granthamiana Sealy

Hongkong

250

114°08′25″

22°25′23″

57.24

0.62

140

C. albogiggas Hu

Guangdong

300

111°49′57″

23°25′43″

60.26

0.75

Sect. Stereocarpus (Pierre) Sealy

141

C. yunnanensis Chang

Sichuan

1600

101°46′40″

26°20′12″

17.89

0.94

Sect. Pseudocamellia Sealy

142

C. chungkingensis Chang

Chongqing

1000

106°23′49″

29°50′18″

69.06

0.72

143

C. trichocarpa Chang

Yunnan

1200

100°05′55″

26°20′14″

27.34

0.91

Sect. Corallina Sealy

144

C. pentamera Chang

Yunnan

800

103°55′09″

24°02′46″

23.77

0.87

Sect. Longipedicellata Chang

145

C. longipetiolata ( Hu) Chang

Guangxi

250

109°07′15″

24°28′13″

33.33

0.83

146

C. indochinensis Merr.

Guangxi

350

110°04′02″

23°53′51″

0.00

1.00

Sect. Longissima Chang

147

C. longissima Chang et Liang

Yunnan

400

106°45′21″

22°38′10″

0.00

1.00

Sect. Glaberrima Chang

148

C. kwangtungensis Chang

Guangdong

1100

112°33′01″

24°15′50″

85.50

0.56

149

C. danzaiensis K. M. Lan

Guizhou

850

107°47′50″

26°11′60″

39.57

0.85

Sect. Luteoflora Chang

150

C. luteoflora Li ex Chang

Guizhou

1200

105°57′55″

28°27′59″

52.10

0.81

Sect. Eriandria Coh. St.

151

C. salicifolia Champion

Fujian

600

118°11′04″

25°02′27″

0.00

1.00

152

C. cordifolia (Metc.) Nakai

Guangdong

550

113°17′14″

25°01′02″

0.00

1.00

153

C. lawii Sealy

Chongqing

900

106°23′49″

29°50′18″

0.00

1.00

Sect. Oleifera Chang

Sect. Archecamellia Sealy
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Abstract: pH and electrical conductivity (EC) are important soil factors influencing the growth
of camellias, which limits the scope of cultivation and application. In Shanghai, the saline
soil is generally considered to be one of the main limiting factors for landscaping.
Considering this key limiting factor, Shanghai Botanical Garden pays more attention to the
hybridization and selection of saline-soil tolerant camellias. Five cluster-flowering camellias
with high ornamental values were bred and selected during these years’ study. The
morphology and physiology of cluster-flowering camellias growing in different salt
concentration was analysed, including growth states, salt injury rate and index, cell
membrane permeability, photosynthetic and chlorophyll fluorescence characteristic.
Key words: cluster-flowering camellias,salt tolerance,photosynthetic,chlorophyll fluorescence

INTRODUCTION
Camellias have high value for ornamental and landscape applications. The camellia is a
famous flower all over the world, and it is also one of the top 10 traditional flowers in China.
Nowadays, though, the world is facing the problem of soil salinization. Saline-alkali land
is large and widely distributed in China (Yang and Wang, 2014; Yoshida et al.,2016).
However, the camellia usually favor acid soils, which limit its cultivation and application. At
present, researchers pay a lot of attention to the physical and chemical properties of the soil
for tea cultivation and their resultant influence on the quality of tea (Wang et al,2011; Tian et
al, 2000; Hu et al, 2009).
However, little research has focused on the soil for camellias in garden applications,
especially for the growth conditions in alkaline soil. The physiochemical characteristics of
planting soil and growth evaluation of camellia cultivars were studied by morphological and
agrological methods in Shanghai. Results indicated that pH and electrical conductivity (EC)
were important soil factors influencing growth of camellia. In preliminary tests, the
cluster-flowering camellia cultivar ‘Xiao Fenyu’ shows high tolerance to weak alkaline soil
(pH≤8.2), providing a camellia resource for the future planting in alkaline soil (Zhang et
al.,2014), but salt tolerance of cluster-flowering camellias remains to be further studied.
Currently, there are three major camellia cultivar group applicated in the Shanghai
Botanical Garden: Camellia japonica, C.reticulata, and C.sasanqua. In addition, there are
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cultivars originated from C.saluenensis , C.azalea (C.changii), Camellia Sect. Theopsis, and the
variety of interspecific hybridization(Li et al.,2006).
In the 1990s, Mr Fei Jian-guo used C.parviovata as a pollen parent and C.japonica
‘Kuro-tsubaki’ as a seed parent, and gained seedlings in Shanghai BG. Now our team
selected five of them for plant patent registration from the State Forestry Administration of
P.R. China, and one has a plant patent in the U.S.A. They are the first hybrids from Camellia
Sect. Theopsis in China. These new cluster-flowering camellias are floriferous and have
astonishingly long-lasting blooming period (2 to 3 months). Moreover, their leaf color is
prominent: most varieties’ leaves change from green to red in winter which can last for 2 to 3
months, then new leaves in spring sprout bright red, staying red for a month before going
green for the summer. In addition they have good adaptability and strong resistance
characteristics, which means these cluster-flowering camellias have a broad application
prospect.
In Shanghai, the saline soil is generally considered to be one of the main limiting factors
for landscaping. Hence a series of observations were made on the salt tolerance of
cluster-flowering camellia cultivars in Shanghai BG, in order to further reveal their
salt-tolerance mechanism and provide a theoretical basis for screening salt-tolerant varieties,
aimed at expanding the scope of the cultivation and application of camellia.
1. Primary research into salt tolerance of cluster-flowering cultivar ‘Mei Yu’
Seedlings of two-year-old cluster-flowering camellia plants of cultivar ‘Mei Yu’ were
used as the plant material to test their salt tolerance with different salt concentrations [0(CK),
50(T1), 100(T2), 200(T3), 400(T4) mmol·L-1NaCl]. Related parameter were measured, such
as the growth, salt injury and photosynthetic characteristics.
1.1

Effect of NaCl stress on growth of ‘Mei Yu’

Plant response and adaptation to salt stress is a complex physiological process, a series
of physical and chemical reactions in plants (Jin H et al., 2007). Many physiological
metabolic processes inside plants become disordered under salt stress, significantly
inhibiting the growth and differentiation of tissues and organs (Wang and Zhao, 2005; Sui,
2006). With the increase of NaCl concentration, growth of plant height (Figure 1) and new
shoots and thickness of stem were subdued. The degree of inhibition increased with the
increasing of salt concentration; this result was consistent with the results of research work
with Iris lacteal (Zhang et al, 2011), rice varieties Zhou et al., 2012), Glycyrrhiza uralensis
(Yang et al, 2006）and Malus robusta（Guo et al, 2011).
Significant differences were found in relative growth between 50 mmol·L-1 NaCl
treatment and other three treatments (P<0.05). The salt injury rate and salt injury index
(Figure 2) increased with an increasing salt concentration: the seedlings grew well under
the treatment of 50 mmol·L-1 NaCl for 28 days, then adapted to a low salt concentration
environment slowly, in which the relative growth increment and injury index were 65% and
22.2%, respectively. We can see that the higher the salt concentration, the faster ‘Mei Yu’
suffered a degree of aggravation. In summary the ‘Mei Yu’ could grow normally in an
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environment with low salt concentration (less than 50 mmol ·L-1) and pH of less than 7.54.

Figure 1 Changes in plant height of different salt treatments in different periods
Figure 2 The salt injury index of different salt treatments in different periods

1.2 Effect of NaCl stress on photosynthetic characteristics of ‘Mei Yu’
To provide energy for plant growth, photosynthesis is the basis of plant growth and
development (Zhu and Zhang, 1999; Cui, 2011). Plant photosynthetic capacity under salt
stress can reflect the different ability levels of plants to salt tolerance (Lu et al, 2012), which
is also necessary to clarify the salt injury mechanism of plants and improve the ability of a
plant living in saline soil. Numerous studies have shown that net photosynthetic rate (Figure
3), transpiration rate (Figure 4), and stomatal conductance (Figure 5) decreased, intercellular
CO2 concentration (Figure 6) of leave all increased under salt stress（Lu et al，2010；Lu et al，
2012）
，which is similar to our experimental results.
Under salt stress conditions, leaf chlorophyll content of ‘Mei Yu’ declined with the
increase of NaCl concentration, which causes water loss and stomatal closure, resulting in a
decline of stomatal conductance and thus reduce photosynthesis rate. The net
photosynthetic rate decreased under NaCl treatment was influenced by factors of stomatal
limitation and the non-stomatal limitation (Zhu and Zhang, 1999; Farquhar and Sharkey,
1982). Net photosynthetic rate and stomatal conductance were significantly reduced
compared with CK under the treatment of 100, 200, and 400 mmol·L-1NaCl, while
intercellular CO2 concentration was on the rise. This shows that the behavior of stomatal
closure limits the CO2 supply. At the same time the toxicity of NaCl stress on plants was
intensifying under the high salt concentration; with lower water potential and carbon
consumption, water absorption was difficult and even led to the death of plants at last.
So we can conclude that when under higher NaCl stress (100, 200, and 400
mmol·L-1NaCl), the factors of stomatal limitation and the non-stomatal limitation work
together. Photosynthetic rate and stomatal conductance reduce slowly and steadily under
the treatment of 50 mmol·L-1 NaCl, and intercellular CO2 concentration did not rise
significantly. This shows clearly that when some stomates have closed under low salt
concentration, the CO2 supply from outside is reduced and intercellular CO2 consumption
was greater than the supply. At this time the main factor of net photosynthetic rate
decreased was stomatal limitation: ‘Mei Yu’ grew normally with a few sporadic salt injury
under the treatment of 50 mmol·L-1 NaCl.
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Figure 3 Changes in net photosynthetic rate of different salt treatments in different periods
Figure 4 Changes in transpiration rate of different salt treatments in different periods

Figure 5 Changes in stomata conductance of different salt treatments in different periods
Figure 6 Changes in intercellular CO2 concentration of different salt treatments in different periods

In summary, ‘Mei Yu’ could grow normally in an environment with low salt
concentration (less than 50 mmol ·L-1) and pH of less than 7.54 according to our test.
Stomatal limitation played a leading role in 50 mmol·L-1NaCl stress. When under higher NaCl
stress, the factors of stomatal limitation and the non-stomatal limitation worked together.
2. Comparison of salt-tolerance for cluster-flowering camellia cultivar ‘Meigui Chun’ and
C.sasanqua cultivar ‘Xiao Meigui’
Lin Tian’s research found that C.sasanqua has good soil adaptability(Lin et al.,2012). So in
this study, C.hybrid cultivar ‘Meigui Chun’ and C.sasanqua cultivar ‘Xiao Meigui’ were used
as experimental materials, all experiments being conducted in Hoagland hydroponic solution.
Treated by five salt concentrations (0, 20, 40, 80, and 120 mmol·L-1 NaCl), cell membrane
permeability, salt injury, and chlorophyll fluorescence characteristic responses of the
cultivars under different salt stress were compared and analyzed.
2.1 Effect of NaCl stress on growth of ‘Meigui Chun’
Among effects noted: membranes destroyed, accompanied by many physiological
metabolism disorders under salt stress conditions which cause water loss of leaves and
growth inhibition (Hamed et al, 2008; Munns and Tester, 2008; Kronzucker and Britto, 2011).
From the perspective on cell membrane permeability, cell membrane of two camellia
cultivars damage is aggravated with the increasing of salt concentration and stress
time(Figure 7), which is the same as the results of Yuan (Yuan et al, 2005) and Yu (Yu et
al.,2016).
At the same time, salt injury rate and index of the two camellia cultivars increase. Salt
injury degree of ‘Meigui Chun’ was less than that of ‘Xiao Meigui’ under higher salt
concentration (80, 120 mmol·L-1 NaCl); that is opppsite from the effects at low salt
concentration stress (20 and 40mmol·L-1). Above all, ‘Meigui Chun’ and ‘Xiao Meigui’ could
grow normally in an environment with low salt concentration (less than 40 mmol ·L-1)
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Figure 7 Effects of NaCl stress on cell membrane permeability

2.2 Effect of NaCl stress on chlorophyll fluorescence characteristics of ‘Meigui Chun’
As a quick and non-intrusive probe in the studies of plant photoinhibition, chlorophyll
fluorescence kinetics techniques have unique advantages in the determination of optical
system for light energy absorption, transfer, dissipation and distribution, which react with
intrinsic characteristics (Genty et al, 1989). Salt stress affects plant photosynthetic electron
transport and carbon assimilation (Zhu and Zhang, 1999), hence the chlorophyll fluorescence
parameters can be used as plant salt resistance index (Yang et al., 2010).
The value of Fv/Fm and Fv/Fo represent the maximal photochemical efficiency and
potential photochemical efficiency of PS II. The change of Fv/Fm was small and Fv/Fm was
not affected by species and growing conditions under abiotic stress, but it will be reduced
under stress conditions (Xu et al, 1992). In this study, Fv/Fm and Fv/Fo of two cultivars
decreased as NaCl stress time increases, and the higher salt concentration, the more obvious
reduction of amplitude (Figure 8).
In addition, light conversion efficiency and photochemical activities of ‘Meigui Chun’
was higher than ‘Xiao Meigui’ under the stress of high salt concentration over a long time.
Non-photochemical quenching (qN) reflects the light energy of PS II, which is absorbed by
natural pigments not used for photochemistry electron transfer but in the form of heat
dissipation (Yan et al, 2016). High salt stress over a short term caused temporary damage
of the two camellia varieties’ photosynthetic organs. ‘Meigui Chun’ has a certain
adaptability in high salt concentration over a long time, while ‘Xiao Meigui’ showed a
decrease in the share of photochemistry electron transfer, in order to avoid damage to
optical system through the dissipation of excess light energy (Takahashi and Badger, 2011).
Actual photochemical efficiency of PS II (ФPS II）and photosynthetic electron transport
rate (ETR) of ‘Xiao Meigui’ are better than ‘Meigui Chun’ when there is no salt stress. Thus
the self-protection ability of ‘Meigui Chun’ for photosynthetic mechanism was better than
that of ‘Xiao Meigui’. The photochemical efficiency and electron transfer rate of ‘Meigui
Chun’ helps the plant in formation of ATP and NADPH, which contribute to accumulating
more energy and reducing power for carbon assimilation (Hong et al, 2011).
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Figure 8 Effects of NaCl stress on maximal photochemical efficiency of PS II(Fv/Fm)

Overall, the two camellia varieties could grow normally under low salinity stress (≤
40mmol·L-1) according to our test. Photochemical efficiency of ‘Xiao Meigui’ can be better
than that of ‘Meigui Chun’ when there is no salt stress. Salt tolerance of ‘Xiao Meigui’ was
better than the ‘Meigui Chun’ under low concentration salt stress. However, ‘Meigui Chun’
can better adapt to the high salt stress environment than ‘Xiao Meigui’, having a potential
capability for salt tolerance.
Application of cluster-flowering camellia in the landscape and the resistance of soil salt
content has to be further studied. In addition, our team will continue to monitor the other
physiological and biochemical index of cluster-flowering camellias under saline and alkaline
stress, to more accurately determine the scope of resistant to salt-alkali and salt-alkali
tolerance mechanism, which can provide reference to the promotion and application in
saline-alkali land for cluster-flowering camellia.
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Abstract
Extreme hot weather in East China last year lasted from July to August, with 41 days at
average maximum temperature of 35C (95F) or more. Camellias were affected to various
degrees in the hot summer. In order to evaluate heat-resistance, we investigated the heat
injury of leaves in the field. There were 350 camellia cultivars used for the field
investigation, including 240 cultivars of C.japonica, 43 C.reticulata, 5 C.sasanqua, 37 hybrids,
and 25 other unidentified cultivars. The results showed that 350 cultivars could be classified
into 5 categories based on the heat resistance index (HRI): the first category with very strong
heat-resistance, the second category with strong heat-resistance, the third category with
medium heat-resistance, the fourth category with weak heat-resistance, and the fifth
category with very weak heat-resistance. Camellia cultivars were ranked from strongest
resistance to heat to the weakest as follows: C.sasanqua group > C.reticulata group > hybrids
group > C.japonica group. These results provide valuable references for introduction,
cultivation and landscape application in hot-summer areas.
Key words: Camellia cultivars, field heat-resistance, field evaluation, heat resistance index
Introduction
Hundreds of camellias have been collected for the national camellia germplasm bank in
the Institute of Subtropical Forestry located at 119°96 E and 30°06 N in Hangzhou, Zhejiang,
in Eastern China. Extreme hot weather in this area lasted during July to August in 2017.
There were 41 very hot days, with temperatures of at least 35C (95F). Camellia cultivars in
the outdoor garden were injured to different degrees. In order to evaluate the heatresistance of different camellia cultivars, we investigated heat injury of them in the field.

Materials and Methods

Plant Materials
Some 350 camellia cultivars, grafted or rooted seedlings, from the ages of 5 to 15 years
old, with no shading, were used as experimental materials at the end of August, after the
extremely high temperatures had abated. The 350 camellia cultivars including 240 cultivars
of C.japonica, 43 C.reticulata, 5 C.sasanqua, 37 hybrids, and 25 unknown cultivars.

Methods

Field Investigation of Heat Injury
We selected one branch at random on a camellias tree from each vertical direction
(north, south, west, east). We observed the colour and shape of 30 leaves on branches,
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respectively; and then recorded the number of leaves at each heat injured grade according
to the scoring standard in the Table 1 (Wang et al, 2015).
Table1. The Scoring Standard of Heat Injury Grade
Heat Injury
Injury Symptom
Grade
0

Normal leaf colour and normal leaf shape
Chlorosis at leaf apex, margin or vein;
or a few brown spots at mesophyll
Brown patches < 1/3 of leaf area;
or curled leaf margin
1/3 of leaf area ≤ Brown patches < 2/3 of leaf
area or crinkled leaf margin
Brown patches ≥ 2/3 of leaf area,
or completely shriveled leaf

Score
Value
1
2
3
4
5

Field evaluation of heat resistance
We used the Heat Resistance Index (HRI) to evaluate field heat-resistance of each
camellia cultivar. We chose one to three plants of every cultivar to investigate and calculate
an HRI average. The Computational formula of HRI is as follows (Wang et al, 2015, Yang et
al, 2010).
Heat Resistance Index (HRI) =1-∑(corresponding score value × the number of
leaves at each heat-injury grade) / (the maximum score value × the sum number
of investigated leaves)

Results

All the camellia cultivars were divided into five groups based on the frequency
distribution histogram for HRI in Figure 1. It is well known that heat resistance is positively
correlated with the HRI: the higher the HRI, the stronger the heat resistance.
It was shown that heat resistance of 350 cultivars could be classified into the following
five categories
1) the first category with very strong heat resistance included 62 cultivars
2) the second category with strong heat resistance included 121 cultivars
3) the third category with medium heat resistance included 77 cultivars
4) the fourth category with weak heat resistance included 53 cultivars
5) the fifth category with very weak heat resistance included 38 cultivars (Table 2)
Only some representative cultivars at each category are listed in Table 2. The names of
cultivars were referred to monographs (Gao et al 2007, Shen 2009, Guan et al 2014, Savige
1993).
Differences were found in camellia cultivar groups (Table3). The average HRI of the
C.sasanqua cultivar group was the highest, reaching up to 0.95. The second-highest average
HRI was C.reticulata cultivar group at 0.91. The average HRI of the C.japonica cultivar group
and that of the camellia hybrids was equal to 0.89, which was the lowest rank. However,
there were more hybrids in the “very strong” heat-resistance category than there were
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C.japonica cultivars. Therefore, these data indicated difference of heat resistance from
strongest to weakest: C.sasanqua cultivar group, C.reticulata cultivar group, Hybrids,
C.japonica cultivar group.
There were obvious differences in heat resistance among intra-group individual plants.
For example, in spite of the lowest average HRI, 14.17% C.japonica cultivars were in the
“very strong” heat resistance category, and 35.00% japonicas were in the “strong” category.
Intra-group individuals were in all kind of heat resistance categories, from “strongest” to
“weakest”.

Table2 The heat resistance categories of 350 camellia cultivars
Heat resistance
Category
very strong

[0.96~1.00]

No of
Cultivars
62

strong

[0.91~0.95]

121

medium

[0.86~0.90]

77

weak

[0.81~085]

52

very weak

(0.55~0.80]

38

HRI

Representative Cultivars
‘Damanao’, ‘My Bonnie Lassie’, ‘Mathotiana Supreme
Var.’, ‘Glenn's Orbit’, ‘Salicifolia’
‘Elegans’, ‘Elizabeth Weaver’, ‘Berenice Boddy’,
‘Martha Norwood’, ‘Flowerwood’
‘Moonlight Sonata’, ‘Tomorrow's Dawn’, ‘Bert Jones’,
‘Queen Diana’, ‘Mary Agnes Patin Var.’
‘Ruffian’, ‘Marie Mackall’, ‘Seventh Heaven’, ‘Scented
Treasure’, ‘Ed Combatalade’
‘Tiptoe’, ‘Lady Macon Var.’, ‘Martha Norwood’,
‘Annette Gehry’ , ‘Otto Hopfer’

Table3 Differences of camellias cultivar groups
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Cultivar
Group

Total
of cultivars

Average
HRI

C.japonica
C.reticulata
C.sasanqua
C.hybrids

240
43
5
37

0.89±0.07
0.91±0.07
0.95±0.06
0.89±0.09

Percentage of cultivars at
each heat resistance category (%)
very strong Strong
medium
14.17
35.00
23.33
23.26
39.53
11.63
60.00
20.00
0
27.03
27.03
16.22

weak
15.42
18.60
20.00
13.51

very weak
12.08
6.98
0
16.22
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Conclusions and Discussion
The results of our research indicate that there are differences in field heat resistance of
camellia cultivars. Overall, according to the HRI averages, cultivars for heat resistance were
ranked from strongest to weakest as follows: C.sasanquas, C.reticulatas, camellia hybrids,
C.japonicas.
We should not ignore that there are obvious differences of heat resistance among intragroup individuals, which could be due to genetic diversity. About 75% cultivars in the field
investigation are ranked at the “medium heat resistance” category, which exhibit stronger
tolerance against hot and drought-marked summers with an average maximum temperature
above 35C (95F). These results provide useful references for introduction, cultivation and
landscape application in hot summer areas.
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Abstract
Camellia x hortensis T.Tanaka is considered to be a hybrid, originally bred in the Edo
period in Japan, between Japanese camellia species Camellia japonica L. and a Chinese
camellia species such as hexaploid C. x reticulata T.Tanaka or diploid C.chekiangoleosa Hu.
Most cultivars of C. x hortensis are diploid. This paper reports on a big diversity found in
the relative DNA contents (4,188-11,569) among the cultivars of C. x hortensis, indicating
that of the two chromosomes, the large one was two times bigger than the small one on
average. The relative DNA content of triploid cultivars with low relative DNA contents
(11,181) was more than those of diploid cultivars with large relative DNA contents (11,569).
The basic number of the chromosomes of the genus Camellia is X = 15, and no aneuploid
has been found in species of lower polyploid than tetraploid. Therefore, it is considered
that the cause of large intraspecific or inter-cultivar difference in the DNA size is attributable
to the difference in the DNA size of the parent species, suggesting that C. x hortensis is of
interspecific hybrid origin.
The geographical distribution theory of Darwin does not explain the cause of cross
incompatibilities of sympatric species. Many pair species closely related were found growing
together in the wild, suggesting that they must have very strong cross incompatibilities. A
new concept was created for “Tetradiploid”, in which the diploid is doubled in volume
without an increase of the chromosome number.
Key Words: Flow cytometric analysis, Tetradiploid, Evolution, Reproductive isolation,
Sympatric species, Incompatibility
Materials and Methods
In the present study, 114 cultivars of the genus Camellia used for flow cytometric
analysis were from Oita Agricultural Park and from Kodama House, Oita Prefecture; Kyoto
Botanical Garden, Kyoto; Tokai University, Kumamoto; and Jinhua International Camellia
Species Garden, China. The relative DNA contents were determined by using a flow
cytometer, Guava easyCyte.
The petals of young flowers were cut by razor in the 1,200μL chopping buffer and
Propidium Iodide (PI) solution with 0.146mg PI/cm2 in total. The roots were pretreated with
8-hydroxyquinoline for five hours, and subjected to warm (60C) hydrochloric acid to
macerate for 15 minutes, then to Schiff reagent (Feulgen stain) supplementally and
restained with Giemsa solution on the slide glass. After the preparations were made by
squash method, the chromosome numbers were counted by microscope.
Results

The basic number of the chromosome of the genus Camellia is X = 15, and no
aneuploid has been found in the species lower than tetraploid. Of the 35 diploid cultivars
of C. x hortensis confirmed by the microscope counting, the smallest peak of the relative
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DNA contents was 4,188 for 'Tama-no-ura', and the largest was 11, 569 for >Tanchozuru'
(Table 1). The rest of the cultivars whose chromosomes were not counted, and whose
DNA contents were distributed around 10,000, were considered to be diploid.
On the other hand, among the 10 triploid cultivars confirmed by the chromosome
number, the smallest relative DNA content was 11,181 for 'Nanban Ko' and the largest one
was 16,432 for 'Kamo-hon-ami'. Thus the distributions of relative DNA contents among
both diploid and triploid had big diversity: the relative DNA contents of diploid
>Tanchozuru' was larger than that of the triploid 'Nanban Ko'.
The relative DNA contents of the tetraploid 'Yobukodori', a cultivar of C. x vernalis
T.Tanaka et al was 13,689, and that of 'Popcorn', a natural seedling of C. fraterna, was
21,470. The relative DNA contents of 'Yobukodori' was smaller than those of three triploid
cultivars, 'Minato-no-haru', >Taiheiraku' and >Kamo-hon-ami'. Thus the relative DNA
contents were distributed continuously among diploid, triploid and tetraploid cultivars.
Typical hexaploid C.reticulata (2n = 6  = 90) blooms are large peony-type flowers,
and the leaf is leathery, and prominently and regularly serrulate. Among the camellia
cultivars surveyed, there were cultivars somewhat similar to C.x reticulata, such as
'Iwaneshibori', 'Fukiageshibori' and 'Momotaro', similar in leaf type, and 'Nanban-Ko',
'Isetaihaku', 'Hikaru-Genji' and 'Shiro-botan', similar in flower type.
'Oka', 'Kodama', 'Takeda' and 'Katagase' (the names are tentative) were newly found
surrounding an old C.x reticulata tree, >Satsuma Ko= at Mr. Kodama=s private garden in
Takeda City, Oita pref. At first they were considered to be the offspring of the C.reticulata
because 'Oka' and others were somewhat similar to the C.reticulata. But no tetraploid
trees (putative F1 hybrid) were found there. Among the offspring, 'Iwaneshibori',
'Fukiageshibori', 'Momotaro', 'Isetaihaku', 'Kodama', 'Takeda' and 'Katagase' were diploid
(2n = 2  = 30), while 'Oka' and 'Nanban-Ko' were triploid (2n = 3 = 45). Though these
cultivars were almost completely C.japonica rather than typical C.x reticulata, they still gave
us the impression of C.x reticulata, suggesting that even other cultivars of C.x hortensis were
a recurrent backcross generation with C.japonica. The relative DNA contents of these
diploids was distributed from 4,250 to 12,000, suggesting that they were a segregating
generation derived from the two different genome DNA- sized parents.
For the other species level, only one line each was analyzed (Table 2). Table 2
pinpoints the relative DNA contents of a variety of species: C.quephongensis 4,144,
C.chekiangoleosa 7,610, C.impresinervis 6,960, C.amplexicaulis 9,003, C.nitidissima 8,792,
C.grijsii 9,616, C.rosaeflora 11,866, C.x reticulata 'Satsuma Ko' 19,067, C.hiemalis
>Showanosakae= 13,508, C.yuhsienensis 31,390, C.sasanqua x C.x reticulata 'Flower Girl'
32,269, and so on.
C.x hortensis is considered to be a hybrid cross between Japanese camellia
C.japonica and a Chinese species of the section Camellia such as C. x reticulata or
C.chekiangoleosa. Compared with a diploid C.japonica as the standard 10,000, the diploid
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C.chekiangoleosa was not that different from C.japonica, while the hexaploid C.x reticulata
was much less than three times but, rather, about two times.
In C.x wabiske (Kitam.) T.Tanaka et al (2001), the five cultivars were diploids with the
relative DNA contents ranging from 7,841 of 'Shiro-wabisuke' to 11,356 of 'Sukiya', while the
figure for triploid 'Tosa-uraku' was 15,605. The origin of C.x wabiske was also considered
to be a hybrid cross between both diploid C.japonica and C.pitardii (2n = 2  = 30).
1) 'Tarkaja' is considered to be a F1 hybrid between C.pitardii and C.japonica,
2) the other cultivars of wabisuke camellia are considered to be the same origin,
the back-cross generation of 'Tarkaja' with C.japonica,
3) 'Miyo-no-sakae' and 'Tosa-uraku' are considered to be spontaneous triploids,
which occasionally appear from intersectional diploid hybrids.
Therefore, the relative DNA contents of the cultivars used in this study were not so different
except the triploid 'Tosa-uraku'.
From the fact that the relative DNA contents of C.x hortensis showed a big
intraspecific diversity among cultivars, its putative parent species were estimated to have
different genome sizes from each other. Actually, the genome size of C.x reticulata was
not a multiple of that of C.japonica, suggesting that the cultivars of C.x hortensis were the
segregating generation of their hybrid.
Discussion
The famous Camellia researcher, breeder and taxonomist, Clifford R. Parks, had
been working on the Arcto-Tertiary Geoflora as an origin of the >species pair= between the
East coast of the U.S.A. and East Asia. We had been collaborating for a long time. The
>Arctic= is the area around the North Pole and the >Tertiary= period is an interval of geological
time from 65 million to about 2.5 million years ago. It is very curious that the >species pair=
showed not only their morphological similarities but also occasionally cross-compatibilities
even after they were isolated for such a long time.
It can be reasonably explained by the three hypotheses:
1) In the Tertiary period, most of the genus or the species in Angiosperm evolved
and the common ancestor species once covered the Northern Hemisphere;
2) Two groups of a species did not change much even in the long geological time
after the geographical isolation such as the continental drift;
3) To keep the species, reproductive barriers were not needed. It suggests that
isolation does not always accelerate the origin of species.
By these hypotheses, it is considered reasonable that even allopatric (distant place) species
can be crossed with each other under sympatric (same place) condition. But it still had
been curious as to why sympatric species have to have strong cross incompatibilities.
In AThe Origin of Species@ in 1859, Charles Darwin wrote of the importance of
Ageographical distribution@ on the emergence of a new species, or the evolution by
preventing inbreeding through isolation. At that time, geographical isolation had been
thought to be one of the most important elements among several types of isolations leading
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to the formation of new species. But many similar or closely related pair species of the
same genus can be found growing together in the wild condition from fern species to orchid
species. As they prefer the same habitat and are not isolated geographically, they must
have very strong cross incompatibilities.
That led to the development of a new concept or a new word – >Tetradiploid= -created in my book, AThe Concept of Cultivars@ (2012, in Japanese). The word means that
each chromosome features a doubled volume without an increase of the chromosome
number. In in vitro culture using pollen grains at pollen tetrad stage, doubled haploids
sometimes occur spontaneously without treatment such as colchicine, suggesting that
chromosome doubling occurs in nature. Furthermore, the chromosome size and the
relative DNA contents of lettuce, L.sativa L., were very different from those of a wild lettuce,
L.saligna. Even though they are both diploid species (2n = 2x =18), they could be
distinguished by the size of each nine pair homologous chromosomes (not published). In
this paper, the existence of the different DNA contents or genome was also found in the
genus Camellia, supporting the hypothesis of the >Tetradiploid=.
It can be reasonably considered that this kind of mutation B DNA doubled in volume
but not in chromosome number B occurs widely in the plant kingdom. Then the mutation
tends to coexist in the same population because they prefer the same ecological habitat.
By this hypothesis, the difficulty of the crossing of sympatric species can be reasonably
explained:
1) As it is a genome-size-doubled mutation in good balance, but not a sterile
aneuploid of a small but fatal mutation not in good balance, it must be partially or
fully fertile.
2) On the other hand, there must occur a strong cross incompatibility between both
the fertile original plant and the mutation as well as by the triploid barrier between
both fertile diploid and tetraploid plants. Then the >Tetradiploid= mutation changes
or evolves independently by random drift even if it grows alongside the original
plant.
Thus it is considered that the emergence of new species more likely occurred not because
of geographical isolation but by reproductive isolation, as suggested by my hypothesis.
This is the first paper in English of the hypothesis of the >Tetradiploid=.
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Table 1. Relative DNA contents and somatic chromosome numbers
of the cultivars of Camellia japonica
Cultivar

2C value

Relative

Chromosome Sourcey

Name

(pg)

DNA contents

number

Tama-no-ura
Myōjō
Tenmoku
Akatsuru-no-minato
Fuku-tsuzumi
Koiso
Mikawa-unryu
Shutendōji
Daisenhaku
Hana-kotoba
Tanima-no-tsuru
Amagashita
Kasenzan
Shiro-sakasa-fuji
Tama-gasumi
Hōgetsu
Hatsu-arashi
Shibori-hatsuarasi

2.76
2.97
3.14
3.17
3.69
4.01
4.45
4.55
4.84
5.56
5.57
5.64
6.03
6.12
6.36
6.98
7.40
8.46

y

(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(

4,188
4,496
4,767
4,808
5,592
6,085
6,755
6,899
7,341
8,424
8,452
8,553
9,151
9,279
9,642
10,584
11,227
12,835

)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)

30

Oita
Oita
Oita
Oita
Oita
Oita
Oita
Oita
Oita
Oita
Oita
Oita
Oita
Oita
Oita
Oita
Oita
Oita

30

30

30
30
30

: Oita (Agricultural Park)

Table 1-2. Relative DNA contents and somatic chromosome numbers
of the cultivars of Camellia x hortensis
2C value

Relative

Chromosome

Cultivar

(pg)

DNA contents

number

Chikuden
Katagase
Takirentarō
Kodama
Miura-otome
Shikibu
Arajishi
Genji-guruma

2.84
3.23
3.33
3.42
4.28
4.60
4.61
4.76

(
(
(
(
(
(
(
(

4,303
4,891
5,050
5,186
6,491
6,978
6,995
7,215

)
)
)
)
)
)
)
)

30
30
30
30
30
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Sourcey
Kodama
Kodama
Kodama
Kodama
Oita
Oita
Oita
Oita
115

Shibori-rōgetsu
Kouhi-chigen
Iyo-nokoba
Yuri-shibori
Miyakodori
Kujaku-tsubaki
Uzu
Kasen-sunago
Oka
Jikkō
Usa-tsubaki
Hakuro-nishiki
Hikarugenji
Trōan-nishiki
Kishū-tsukasa
Shisyōka
Hijirimen
Asuka
Iwane-shibori
Hagoromo
Jōren-no-haru
Fukiageshibori
Ise-taihaku
Haku-botan
Momotarō

4.91
5.01
5.03
5.11
5.24
5.35
5.39
5.42
5.42
5.56
5.75
5.78
5.83
5.89
5.91
5.97
6.06
6.10
6.26
6.31
6.46
6.50
6.52
6.53
6.61

(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(

7,452
7,604
7,620
7,755
7,943
8,119
8,167
8,220
8,221
8,437
8,724
8,760
8,840
8,936
8,965
9,046
9,190
9,256
9,489
9,564
9,801
9,858
9,883
9,903
10,029

)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)

Sōshiarai
Shiro-suminokura
Gakkō
Nanbankō
Haru-urara
Akebono
Tanchōzuru
Beppu
Ayanishiki
Kamo-hon-nami

6.78
7.20
7.35
7.37
7.39
7.60
7.63
8.02
8.68
10.84

(
(
(
(
(
(
(
(
(
(

10,284
10,915
11,142
11,181
11,199
11,527
11,569
12,168
13,168
16,432

)
)
)
)
)
)
)
)
)
)

y
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30
30

30

45
30
30
30
30

30
30
30
30
30
30
45
45
30
45
45

: China (Jinhua International Camellia Species Garden)
Kodama (House)
Oita (Agricultural Park)
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Oita
Oita
Oita
Oita
Oita
Oita
Oita
Oita
Kodama
Oita
Oita
Oita
Oita
Oita
Oita
Oita
Oita
Oita
Oita
Oita
Oita
Oita
Oita
Oita
Oita
Oita
Oita
Oita
Oita
Oita
Oita
Oita
Oita
Oita
Oita

Table 2. Relative DNA contents and somatic chromosome numbers of Camellia species
Name
Species

Section ('cultivar')

C.quephongensis
C.semiserrata
C.bambusifolia
C.apolyodonta
C.pitardii
C.imperssinervis
C.chekiangoleosa
C. x williamsii
C.nitidissima
C.amplexicaulis
C.grijsii
C.rosaeflora
C. x vernalis
C.reticulata
C.compressa
C.magniflora
C.yuhsienensis
z
y

Camellia
Camellia
Camellia
Camellia
Chrysantha
Camellia
‘Tulip Time’
Chrysantha
Paracamellia
Metacamellia
‘Yobukodori’
Camellia
Camellia
Camellia
Paracamellia

2C
value
(pg)
2.73
3.09
3.68
3.72
4.21
4.59
5.02
5.75
5.80
5.94
6.34
7.83
9.03
12.57
16.01
18.88
20.70

(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(

Relative

Chromosome Sourcey

DNA contents

number

4,144
4,678
5,574
5,648
6,390
6,960
7,610
8,715
8,792
9,003
9,616
11,866
13,689
19,067
24,280
28,632
31,390

)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)

30
30z
30z
30z
30z
30z
z

30z
60z
60
90
120z
45, 90z

Oita
China
China
China
China
China
China
Oita
China
Oita
China
China
Oita
Kodama
China
China
China

: Huang et al (2013)
: China (Jinhua International Camellia Species Garden)
Kodama (House)
Oita (Agricultural Park)
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Table 2-2. Relative DNA contents and somatic chromosome numbers of the cultivars of
Camellia hybrids
2C
value

Name

Chromosome Sourcey

5.01
5.33

DNA
contents
( 7,600
( 8,084

)
)

Oita
Oita

Nukada-hime

5.82

( 8,827

)

Oita

Hime-no-kō

6.22

( 9,429

)

Oita

Koganeyuri

7.21

( 10,931

) 30

Oita

Fragrant Pink

7.66

( 11,621

) 30

Oita

Minato-no-haru

8.88

( 13,461

) 45

Oita

Lois Shinault
Pop Corn

10.34 ( 15,685
14.16 ( 21,470

) 75
) 60

Oita
Oita

Valentine Day

14.18 ( 21,496

)

Oita

Yume

16.71 ( 25,339

)

Oita

Flower Girl

21.28 ( 32,269

)

Oita

Species

Cultivar

(pg)

‘Tokai’ x C.lutchuensis
C.nitidissima x C.hybrid ‘Kihō'
C.rusticana ‘Kazahana’ x
C.lutchuensis
C.japonica ‘Komomiji’ x
C.lutchuensis
C.chrysantha x C.x williamsii
'Barbara Clark'
C.rusticana x C.lutchuensis
C.x wabiske ‘Konwabi’ x
C.lutchuensis
C.reticulata × C.granthamiana
C.fraterna seedling
C.reticulata ‘Crimson Robe’ x
C.japonica ‘Tiffany’
C.hiemalis x C.yuhsienensis
C.sasanqua ‘Narumi-Gata’ ×
Creticulata ‘Lion Head’

Koto-no-kaori
Ki-no-senritsu

y

Relative

number

: Oita ( Agricultural Park )

Table 3. Relative DNA contents and somatic chromosome numbers
of the cultivars of Camellia x wabisuke

2C
value

Name
Species
Shiro-wabisuke
Kingyoba-shiro-wabisuke
Kantō-sukiya
Fukurin-wabisuke
Seiōbo
Sukiya
Tosauraku
y
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Cultivar
白侘助
金魚葉白侘助
関東数寄屋
覆輪侘助
西王母
数寄屋
土佐有楽

Relative

(pg)
7,841

5.17
5.85
5.87
6.42
6.66
7.49
10.29

(
(
(
(
(
(
(

DNA
contents
7,841
8,871
8,899
9,733
10,105
11,356
15,605

Chromosome Sourcey
number
)
)
)
)
)
)
)

30
30
30
45

: Oita ( Agricultural Park )
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Abstract
Catechins are compounds that arise as a result of the secondary metabolism of
plants. Numerous studies have confirmed the presence of these compounds and their
derivatives in the leaves made into tea from plants of C.sinensis, and the ability of
these compounds to combat certain diseases, especially those related to the
circulatory system.
The problem is that the amount of catechins can vary considerably from some
plants to others within the same species, and even within the same plant. This
variation may be due to multiple factors such as the age of the plant, its physical
condition, the soil conditions or sun exposure among others. The aim of this work was
to analyze plant material from thirteen clones of Camellia sinensis obtained at Estación
Fitopatolóxica Areeiro (Pontevedra, Spain) to identify and quantify catechins which
may be present in plants. The eight types of catechins (caffeine, catechin, epicatechin,
gallocatechin, epigallocatechin-3-gallate, gallocatechin-3-gallate, epicatechin-3-gallate
and catechin-3-gallate) obtained from leaf extracts were identified and total catechins
quantification was done. Significant differences between catechins levels present in
young and adult leaves were founded.
Keywords: tea, HPLC, caffeine

INTRODUCTION
Recently, tea has attracted attention for its health benefits, particularly with
respect to its potential for preventing and treating cancer and cardiovascular diseases.
Increasing scientific and consumer interest in the health benefits of tea has led to the
inclusion of tea extracts in oral nutritional supplements, and in topical preparations,
whose potential for decreasing the risk of skin cancer is under investigation. While tea
contains a number of bioactive chemicals, it is particularly rich in flavonoids, including
catechins and their derivatives. These polyphenolic compounds, the most abundant of
which is epigallocatechin gallate (EGCG), are thought to contribute to the beneficial
effects ascribed to tea. Moreover, abundant evidence suggests that catechins and their
derivatives are effective antioxidants (Hollman et al., 1999; Katiyar and Elmets, 2001;
Proniuk et al., 2002; Wiseman et al., 1997).
Catechins are colorless, astringent, water soluble compounds. They are readily
oxidizable, although their oxidation potentials vary. This property has been exploited
through their use as food antioxidants. They retard rancidity in fats and oils by
quenching free-radical peroxide activity brought about by aerobic oxidation.
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In biological systems, oxygen is an important acceptor of electrons, leading to the
formation of active oxygen and hydroxyl free radicals responsible for cellular oxidation.
Polyphenols of green tea extracts have a scavenging effects stronger than ascorbic acid
(vitamin C) and tocopherol (vitamin E) with respect to some active oxygen radicals but
less so with hydroxyl free radicals. Effects depend on the particular free radical system
under investigation. Particularly, the gallocatechins and the catechin gallates exhibit
the strongest radical quenching properties (Graham, 1992) (figure 1).
Figure 1. The major green tea catechins.

The enormous genetic diversity of catechins and the composition of total
catechins (TC) in some natural products have been studied by several authors over the
last ten years. Gulati et al (2009) proposed using this biochemical characterization of
catechins and their proportions as a useful tool in the selection of quality tea clones.
Chen and Zhou (2011) noted the great variation in TC content in 596 accessions of
C.sinensis, cultivated in different locations, which are housed in the National
Germplasm Bank of China.
However, in this study, the catechin content differences between locations
were much greater than the variation among cultivars. This entails an environmental
factor, especially of the climate, which has a significant effect on the biosynthesis of
catechins. The same authors describe a clear correlation between catechin content
and chlorophyll synthesis. Furthermore, they noted how the increase in chlorophyll
content during the development of young leaves coincides with the increase of (-)-
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epicatechin, (-)-epigallocatechin and the decrease of (+)-catechin, which suggests that
chlorophyll plays a vital role in regulating the process.
In other research, Gulati et al (2009) talked about the use of catechin
proportions to determine genetic diversity as a useful technique to establish tea
accession affinities to the main taxonomic categories and identify genotypes for their
future use in tea reproduction programs.
These influence factors must be considered when C.sinensis clones are selected
for a tea production programme, especially if the aim is to use them to produce
catechins that will be extracted for use as an active compound (tables 1 and 2).
Furthermore, it is also interesting to study if the use of surplus plant material from
formation pruning is adequate or if, in contrast, only young newly formed material is
useful.
The soil and climate conditions of Galicia in northwestern Spain, with acid and
well-drained soils rich in organic matter, mild temperatures and high relative humidity,
are perfect for the cultivation of the species of the genus Camellia that grow almost
neglected, reaching sizes higher than those in their places of origin. Thus commercial
production of tea represents an incentive for the cultivation of these species in this
region of Spain.
This situation led to the establishment, in 2009, of the Estación Fitopatolóxica
Areeiro, (EFAreeiro) Pontevedra (South Galicia), with a first experimental plantation.
This plantation contained 48 four-year-old C.sinensis plants obtained from seeds
collected from various plantations located in different countries all over the world
(Japan, Vietnam, Indonesia and China). Its aim was to begin to study the possible
profitability of tea production and the selection of ideal clones for our climate and soil
conditions. The plantation was covered with a mesh in order to avoid any water stress
in plants, sprinkler irrigation was applied every year at the end of spring and during the
summer. Due to the good fertility of the soil, the plot received no fertilizer. The first
harvest was in 2011 and after that, the plantation was expanded and modified
(replacing unproductive clones with new ones for study) (figure 2).
During 2012 and 2013 the chemical composition of the leaves was studied,
showing that among the tested tea clones, the Eastern teas have the highest contents
of manganese whereas Atlantic teas are significantly richer in copper and zinc, and the
Galician tea the richest in nitrogen, phosphorus, and potassium. The pattern of
distribution of nutrients in the different parts of tea plants shows that mature leaves
reach high concentrations of calcium, iron, and manganese, whereas macronutrients
and zinc are accumulated in young shoots; the low efficiency of translocation of
manganese to the younger parts of tea plants is remarkable. The greatest variations
among tea varieties were observed on mature leaves. Therefore, for the
differentiation of tea cultivars on the basis of the metal contents, a representative
sample should be collected instead of the tea flushes (Lema et al., 2014).
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Since this first experimental plantation, interest in cultivating tea has slowly
increased over the last few years and some plantations are being established in several
locations in Galicia, to produce quality Galician tea for sale in gourmet shops. Several
clones, selected for their great productivity at EFAreeiro, are being used on these
plantations. But now the study of the catechin content and characterization of the
different clones is being considered, to decide which are the most interesting from the
viewpoint of producing active compounds that have great health benefits.

Figure 2: Camellia sinensis experimental plantation in Pontevedra (Spain).

The objective of this work is to establish a method to determine and quantify eight
catechins (gallocatechin, caffeine, catechin, epicatechin, epigallocatechin-3-gallate,
gallocatechin-3-gallate, epicatechin-3-gallate and catechin-3-gallate) from young and
adult tea leaves at an experimental plantation of C.sinensis clones in the province of
Pontevedra, and select those that present a higher yield to use them in future
plantations all over Galicia.
MATERIALS AND METHODS
Plant Material: Adult and young leaves were collected in March-April (before new
sprouting began) and in May 2016, respectively, in 20 Camellia sinensis clones selected
based on their high production during the 2011 to 2013 harvests.
Ten adult leaves and/or 10 tender shoots with 3 leaves per shoot were
collected from each clone (30-50 g/fresh weight). The leaves were oven-dried at 30 C
to eliminate surface humidity and avoid fermentation or degradation of the
compounds of interest. The plant material was frozen at -80 °C and was lyophilized
(Cryodos 50, Telstar) until the analyses were performed.
All the material corresponding to the same clone was ground into a powder,
using a KRUPS® Burr Grinder GVX2, always preventing the material from becoming
damp.
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Figure 3: Adult and young leaves used in this study.

Different catechin extraction methodologies were tested, as well as several
quantities of starting material, to obtain maximum recovery of all compounds of
interest. The difficulty lies in obtaining one single HPLC extraction and quantification
method that permits separating and identifying eight compounds of interest at the
same time, and establishing a single working protocol. Fifteen different HPLC methods
were tested. The resulting, most optimized method to quantify catechins based on
plant material (leaves, stalks, etc.) lyophilized from C.sinensis is described below.
Chemicals and reagents: All the reagents used were HPLC grade. Methanol and
acetonitrile were purchased from J T BAKER and Milli-Q water was obtained using a
Milli-Q system (Millipore). Standards of catechins were obtained from Sigma-Aldrich
(Reference G-016) containing: gallocatechin, caffeine, catechin, epicatechin,
epigallocatechin-3-gallate, gallocatechin-3-gallate, epicatechin-3-gallate and catechin3-gallate. Cellulose syringe filters (13 mm, 0.45 µM pore size) from Teknokroma® were
used to filter standard solutions and samples.
Extraction: The optimized protocol corresponds to an extraction of 100 mg
crushed lyophilized material with 10 ml methanol at 70% (v/v). Then the extract was
passed through a vortex to homogenize it, and three 20-second ultrasound cycles were
applied at an amplitude of 50% (Sonifier SFW 550, Branson). It was centrifuged to
eliminate all plant remains and the supernatant, and then placed on an evaporation
plate. For improved extraction of compounds, the pellet was extracted again with 70%
methanol and combined with the supernatant obtained in the previous step. Then, it
was dried, dissolved in 1 mL of methanol and passed through a cellulose 0.45 µm filter.
Different extraction solvents were tested in addition to the liquid-liquid extraction,
resulting in lower recoveries than those of the method described herein.
HPLC: An Alliance HT 2795 chromatograph with a refrigerated autosampler and
a UV detector (2996, Waters) was used for catechin analysis with a Spherisorb® 5 μm
(25 cm × 4.6 mm) column (Waters). The correct separation and identification of the
compounds of interest were carried out in isocratic mode, with a mobile phase
comprised of 80% solvent A (0.1% formic acid (v/v)) and 20% solvent B (acetonitrile).
The work flow was 0.5 mL/min for 30 minutes and the injection volume was 20 µL. The
compounds were detected at 280 nm and they were properly identified using the
retention time and concordance of their spectrum at 280 nm with that of commercial
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standards. All samples were analyzed in duplicate obtaining low standard deviation
values in all cases.
Calibration line: To determine the concentration of the compounds of interest,
a calibration line was carried out with a standard mix of Sigma-Aldrich (Reference G016) that specifically contained: gallocatechin, caffeine, catechin, epicatechin,
epigallocatechin-3-gallate, gallocatechin-3-gallate, epicatechin-3-gallate and catechin3-gallate. For the working standard solutions, the standard catechin mix was diluted
with methanol to obtain five standard solutions with concentrations in the range of 8400 µg/g.
The calibration line used to quantify total catechin content of the samples
studied, was obtained by adding the areas of the chromatographic peaks of all
standards (figure 4).

Total catechin content
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12000000
9000000

A = 34013C + 753723
R² = 0.9979

6000000
3000000
0

0

100

200

300

400

500
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Figure 4: The calibration line used to quantify total catechin content.

RESULTS
All the samples studied presented a high catechin content. By way of example, the
HPLC-UV chromatogram (280 nm) of clones EFA 117 and EFA 3 is illustrated in figure 5,
identifying a total of seven peaks corresponding to seven different types of catechin.
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Figure 5. HPLC-UV (280 nm) chromatograms of clones EFA3 and EFA117.

All the samples of adult leaves analyzed contained a lower quantity of total catechins
than the samples of tender shoots. The total catechins obtained varied between 31
mg/g in adult leaves of EFA3 and 208 mg/g of tender shoots from the same clone.
Significant differences were observed between the different clone studies and
between the two types of samples analyzed.

Figure 6: Catechin content in adult leaves.

Figure 7: Catechin content in young leaves

Figures 6 and 7 contain charts with the total catechin content results obtained
in the 20 clones studied. A clear differentiation is observed between the two types of
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samples, as the tender shoots present significantly higher quantities than the adult leaf
samples. In some cases, the values obtained were three times higher.
The total catechin values from 10 clones cultivated in EFAreeiro are presented in
table 1, together with those obtained in studies performed by Kang et al. (2011). It can
be observed that the data from the Chinese study are not higher, in any case, than 120
mg/g while all the samples from EFAreeiro present values of over 150 mg/g. These
results indicate the good characteristics of the selected clones as well as the
appropriateness of the cultivation conditions used. Hence, it can be deduced that the
climate of Galicia can be adequate to produce tea with a high quantity of catechins.
Table 1: Mean and standard deviation of catechins of 10 cultivars in EFAreeiro (Pontevedra,
Spain) and 10 China locations (averaged over cultivars). Data from Kang et al 2011.

Location /cultivar

Total Catechin (mg/g)

EFA 117
EFA 6
EFA 127
EFA 108
EFA 113
EFA 12
EFA 124
EFA 116
EFA 5
EFA 3
Yongchuan*
Nanning*
Zhaoping*
Guilin*
Enshi*
Wuhan*
Yingshan*
Dawu*
Hangzhou*
Wuyi*

156.1 ± 5.7
161.3 ± 1.9
164.8 ± 18.8
167.9 ± 1.7
173.0 ± 12.4
181.1 ± 15.5
187.6 ± 15.7
195.3 ± 3.3
201.8 ± 3.1
208.6 ± 10.7
92.1 ± 10.8
97.0 ± 8.2
118.5 ± 16.8
110.7 ± 10.0
98.0 ± 10.0
104.2 ± 9.3
116.1 ± 13.6
103.5 ± 24.0
110.4 ± 12.9
119.2 ± 19.7

* Kang et al 2011

CONCLUSIONS
It has been possible to establish an efficient extraction and analysis method by
means of HPLC-UV to determine and quantify eight catechins (gallocatechin, caffeine,
catechin, epicatechin, epigallocatechin-3-gallate, gallocatechin-3-gallate, epicatechin3-gallate and catechin-3-gallate) in plant extracts from C.sinensis leaves cultivated in
Galicia, Spain.
The method developed has permitted the determination of the total catechin
content present in the plant material of C.sinensis cultivated at the Estación
Fitopatolóxica Areeiro, observing that the catechin profile of the different clones is
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very similar. All clones studied presented very high total catechin values, even higher
than in some studies published on total catechins performed with samples from China.
The results obtained showed that the ideal plant material to produce catechins are
young shoots from newly formed leaves, as there are significant differences in catechin
levels with respect to adult leaves.
Interesting differences have been observed from studying different compared
clones, opening the door to continued analysis, and to selecting the most suitable
clones to be used as a possible natural source of catechins.
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Introduction of 10 New Backcross Hybrids from C. azalea F1
and a Discussion of Their Characteristic Expressions
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Abstract: Ten new backcross hybrids obtained from C.azalea as female parent and C.azalea
F1 hybrids as male parents were briefly presented for the first time. And then, 252
backcross plants which contain eight backcross combinations were investigated, compared
and summed up on flower color, flower form and blooming period. It was noted that the
flower color and form characteristics of the plants from C.azalea F1 backcrosses were mainly
depended upon the characteristics of C.azalea F1 hybrids. The plants from the backcrosses
were more similar to C.azalea on blooming period. Compared with both normal camellias
and the F1, not only the blooming season of the plants from C.azalea F1 backcrosses were
much earlier, but also the total blooming period and full-blooming period of the backcross
plants had been extended accordingly.
Keyword: Backcross of Camellia azalea F1, Characteristic expression, Blooming period

Introduction
In order to create new camellia hybrids that can bloom year-round, the Palm Eco-town
Development Co. Ltd. has been breeding camellias through the hybridizations between
C.azalea and spring-blooming camellias, and has obtained 217 F1 hybrids[1] since 2006. These
new hybrids have formed a new camellia group[2].
The cultivars of the group can not only bloom throughout the year, but also have the
characteristics of dark green leaves, vigorous growth, resistance to heat and sun, and to a
certain degree, resistance to cold[3]. Without question, the new hybrids are a great
supplement to spring-blooming camellias – but they are also a challenge to spring-blooming
camellias. Now, we can say that the dream of camellias with traits of year-long blooming is
true.
Nevertheless, it should be seen that not all the C.azalea F1 hybrids are perfect, and they
have the possibility to be further improved in flower color, flower form and blooming period.
One of the important ways to improve them is to use the C.azalea F1 hybrids to
backcross with C.azalea, which increases the C.azalea genes in the backcross hybrids to 75%
from the 50% of the F1. In theory, the characteristics of the backcross offsprings should be
closer to C.azalea. Except for the seven backcrossed combinations of which 16 backcrossed
plants were named as varieties before 2016[1], we have obtained 36 new backcross hybrids
selected from 252 backcross plants now.
1. Materials and methods
Starting from 2010, the backcross breeding using C.azalea as a female parent and eight F1
hybrids between C.azalea and spring-blooming camellias as male parents were carried out,
creating eight backcross combinations. The eight F1 hybrids which were as male parent were
better and distinct from each other on their characteristics. Into 2017, 252 backcross plants
were obtained, all of which have bloomed. According to the characteristics, 36 backcross
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plants were confirmed as new backcross varieties and 10 new ones are introduced here.
The 252 backcross plants obtained were investigated, compared and summarized in details
on flower color, flower form and blooming period, in an attempt to find the tendency of
characteristic expression in the new backcross varieties, to provide some guidance to
breeding year-long blooming camellias in the future.
2. Introduction of ten backcross hybrids obtained from C.azalea F1 hybrids
See the table below:
Back-cross

Backcross

plant

combination

Main characteristics
Photograph

number
No.1

C.azalea X ‘Xiari
Fendai’ No.64
(C.azalea X nonreticulata
‘Yupan Jinhua’
No.1 )

No.2

Flowers pink to deep
pink, single, large, very
dense; leaves dense;
plants compact and
growth vigorous;
blooming from March to
January of following year.

C.azalea X ‘Xiari

Flowers red with white

Fendai’ No.67

stripes, single, medium,

(C.azalea X non-

dense; leaves dense;

reticulata

plants compact and

‘Yupan Jinhua’

growth vigorous; blooming

No.1)

from May to January of
following year.

No.3

C.azalea X ‘Xiari

Flowers pink to deep pink,

Guangchang‘

semi-double, medium and

No.16 (C.azalea

dense; leaves dark-green,

X reticulata ‘Dr

margin smooth; plants

Clifford Parks’

compact and growth very

No.16)

strong; blooming from
April to January of
following year.
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No.4

C.azalea X ‘Xiari

Flowers bright red with

Guangchang‘

some white stripes, semi-

No.20 (C.azalea

double to peony, medium

X reticulata ‘Dr

to large and dense; leaves

Clifford Parks’

dark-green and thick;

No.16)

plants compact and
growth very strong;
blooming from April to
January of following year.

No.5

C.azalea X ‘Guili

Flowers dark red with

Yingxia‘ No.16

waxy luster, single, large

(C.azalea X

and dense; leaves dark-

C.japonica ‘Bob

green and dense; plants

Hope’ No.4)

compact and growth
vigorous; blooming from
April to January of
following year.

No.6

C.azalea X ‘Guili

Flowers deep red with

Yingxia‘ No.1

waxy luster and some

(C.azalea X

white spots, semi-double,

C.japonica ‘Bob

medium to large and

Hope’ No.4)

dense; leaves dark-green
and dense; plants compact
and growth vigorous;
Blooming from April to
February of following year.

No.7

C.azalea X

Flowers red to deep red,

‘Xiayong

rose-double to full-double,

Guose‘ No.4

medium and dense; leaves

(C.azalea X

dark-green and small;

C.japonica

plants compact and

‘Daikagura’

growth vigorous; blooming

No.4)

from March to February of
following year.
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No.8

C.azalea X

Flowers peach red to light

‘Xiayong

red with white patches,

Guose‘ No.6

semi-double to rose-

(C.azalea X

double, large to very large

C.japonica

and dense; leaves dark-

‘Daikagura’

green and margin smooth;

No.4)

plants bush and compact;
blooming from March to
February of following year.

No.9

C.azalea X ‘Xiari

Flowers red to bright red

Taige‘ No.10

with white patches and

(C.azalea X

stripes, semi-double to

reticulata ‘Dr

rose-double, medium to

Clifford Parks’

large and dense; leaves

No.12 )

dark-green and margin
smooth; plants compact;
blooming from March to
January of following year.

No.10

C.azalea X ‘Xiari

Flowers red, rose-double

Taige‘ No.19

to full-double, medium

(C.azalea X

and dense; leaves dark-

reticulata ‘Dr

green, shining and margin

Clifford Parks’

smooth; plants upright;

No.12 )

blooming from March to
January of following year.

3. A discussion on characteristic expressions of the backcross plants of C.azalea F1
3.1 Flower color expressions of the plants obtained from the backcrosses
From table 1, we can see that flower colors of the plants obtained from the backcrosses
tend to the flower colors of the C.azalea F1 hybrids used in the backcrosses. There are four
main aspects in their expressions as below:
A． Using C.azalea F1 hybrids whose flowers are pink to backcross with C.azalea, such as
backcross combinations 1 and 3, 85.7-87.9% of the resulting cultivars show pink flowers
and 12.1-14.3% of the backcrossed cultivars show red flowers. Thus, it can be seen that
the pink color expression of the F1 is very strong on the backcross hybrids.
B． Using C.azalea F1 hybrids whose flowers are red to backcross with C.azalea, such as
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backcross combinations 4, 6 and 7, most of the plants obtained from backcrosses open
with red flowers: 73.4-78.6% resulting plants open with red flowers, 13.3-14.6% with
pink flowers, and 7.1-13.3% with dark red flowers.
C． Using C.azalea F1 hybrids whose flowers are dark red to backcross with C.azalea,
such as backcross combinations 2 and 8, no resulting plant can be found that has pink
flowers, and most of the cultivars resulting from the backcrosses have red or dark red
flowers. Of these, 60.0-73.7% plants have red flowers and 26.3-40.0% plants have dark
red flowers.
D．Using C.azalea F1 hybrids whose flowers are dark red to backcross with C.azalea, such as
backcross combination 5, most of the plants obtained had red flowers, accounting for 78.3%
of the plants; plants that had dark red flowers accounted for 15.2% of the cultivars; and
only a few – 6.5% -- had pink flowers. This, perhaps, is related to the heterozygosity of the
C.azalea F1 hybrids. The higher the heterozygosity of the F1, the more flower colors of the
backcross offspring[4].
Table 1．Flower color expressions of the hybrid plants from eight backcrosses
Flower color of the backcross hybrids
Number

Backcross

Flower

Number of

of

Combination

color of

backcross

Parents

plants

backcross

Light pink to pink

Red

Plant

Percent

Plant

Percent

Plant

Percent

quantity

(%)

quantity

(%)

quantity

(%)

91

80

87.9

11

12.1

0

0

5

0

0

3

60.0

2

40.0

14

12

85.7

2

14.3

0

0

48

7

14.6

37

77.1

4

8.3

46

3

6.5

36

78.3

7

15.2

15

2

13.3

11

73.4

2

13.3

14

2

14.3

11

78.6

1

7.1

obtained

1
2

C.azalea X

Red X

‘Xiari Fendai’

Pink

C.azalea X

Red X

‘Xiari

dark red

Deep red to dark red

Honrong’

3
4
5
6

C.azalea X

Red X

‘Xiari Fenli’

Pink

C.azalea X

Red X

‘Xiari Taige‘

red

C.azalea X

Red X

‘Xiari

red to

Guangchang’

dark-red

C.azalea X

Red X

‘Xiayong

red

Guose’
C.azalea X
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Red X
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7

‘Xiameg

red

Hualin’

8

C.azalea X

Red X

‘Guili Yingxia’

Dark red

Total

19

0

0

14

73.7

5

26.3

252

From the above, we know that the flower colors of the plants from C.azalea’s F1 hybrids
backcrossed with C.azalea, depend, in a great degree, upon the flower color of the F1. The
deeper the flower color of F1, the deeper the flower color of the plants obtained from the
backcrosses. Therefore, to get backcross plants with deeper flower color, the breeder should
select the F1 with deeper flower color as the cross-parent to backcross with C.azalea.
3.2 Flower form expressions of the plants obtained from the backcrosses
From table 2, we can see that flower forms of the plants obtained from the backcrosses
tend to mirror the flower forms of the C.azalea F1 hybrids used in the backcrosses. There are
three main aspects to this expression as below:
A. Using C.azalea F1 hybrids whose flower form is single to backcross with C.azalea, such
as in backcross combinations 1 and 2, all the plants obtained have open single flowers.
A. Using C.azalea F1 hybrids whose flower forms are semi-double to peony to backcross
with C.azalea, such as in backcross combinations 3 and 8, in the plants obtained, 21.426.3% of the plants have single form blooms, 47.4-50.0% are semi-double and 26.328.6% are peony form, but no plants with fully double flowers were found.
B. Using C. azalea F1 hybrids with peony-form flowers to backcross with C.azalea, such as
in backcross combinations 4, 5, 6, and 7, in the plants obtained, only 10.4-14.3% of the
plants had single form blooms; most of the plants – 64.3-67.4% -- featured semidouble flowers, of which 13.0-16.7% were peony form and only 6.2-7.1% were rosedouble or fully double.
From the table, it can be seen that the flower forms of the backcross hybrids from C.azalea X
C.azalea F1 hybrids, to a great degree, depend upon the flower forms of the C. azalea F1
hybrids. If the flower forms of the C.azalea’s F1 hybrids are single, the backcross hybrids all
are single.

If the flower forms are semi-double to peony, the backcross hybrids mainly are

semi-double, although some plants with single flower form or peony form will occur. If
flower forms of C.azalea’s F1 hybrids are peony, most of the backcross hybrids are semidouble and peony, although a few of plants obtained from the backcrosses are single, roseform or fully double. To obtain backcross plants with more petals, the C.azalea F1 hybrids
to be chosen as the male parent should have more petals in their flowers.
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Table 2. Flower form expressions of the hybrid plants from eight backcrosses
Flower forms of the backcross hybrids
Number

Backcross

Flower

Number

of

combi-

form of

of back-

backcross

nation

parents

cross

Plant

Percent

Plant

Percent

Plant

Percent

Plant

Per-

hybrids

quan-

(%)

quan-

(%)

quan-

(%)

quan-

cen

tity

(%)

Single

Semi-double

1

‘Xiari

Single X

Rose-double
or full double

tity
C.azalea X

Peony

tity

tity

91

91

100.0

0

0

0

0

0

0

5

5

100.0

0

0

0

0

0

0

14

3

21.4

7

50.0

4

28.6

0

0

48

5

10.4

32

66.7

8

16.7

3

6.2

46

6

13.0

31

67.4

6

13.0

3

6.5

15

2

13.3

10

66.7

2

13.3

1

6.7

14

2

14.3

9

64.3

2

14.3

1

7.1

19

5

26.3

9

47.4

5

26.3

0

0

Single

Fendai’

2

C.azalea X

Single X

‘Xiari

single

Honrong’

3

C.azalea X

Single X

‘Xiari

Semi-

Fenli’

double to
peony

4

C.azalea X

Single X

‘Xiari

peony

Taige‘

5

C.azalea X

Single X

‘Xiari

peony

Guangchang’

6

C.azalea X

Single X

‘Xiayong

peony

Guose

7

C.azalea X

Single X

‘Xiameng

peony

Hualin’

8

C.azalea X

Single X

‘Guili

semi-

Yingxia

double to
peony

Total

134

252
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3.3 Blooming period expressions of the plants obtained from the backcrosses
From table 3, we can see that the cultivars obtained from C. azalea backcrosses are nearly
as same as C. azalea in their whole blooming period which can reach 11 months. That is
more than four months more than normal winter-blooming camellias, and more than two
months longer than the C.azalea F1 hybrids themselves.
Moreover, the plants from the backcrosses tend to have a full blooming season lasting up
to seven months -- shorter by just one one month than C.azalea and one month longer than
the peak blooming season of C.azalea F1 hybrids.
The cultivars obtained from the backcrosses tent to start blooming about one month later
than C. azalea, but three months earlier than C.azalea F1 hybrids and seven to eight months
earlier than regular winter-blooming camellias. In other words, when the blooming of normal
camellias is just ended, the plants from the backcrosses are just starting to bloom.
There is only one month in which no flowers can be seen for the plants from the
backcrosses. Winter-blooming camellias tend to have five months with no flowering, and
the C.azalea’s F1 plants have three months without blooming.
Table 3. Blooming period comparisons

3

5

C.azalea

11

8

1

C.azalea F1

9

6

3

Backcross

11

7

1

Dec.

7

Normal

Nov.

(months)

Oct.

(months)

Month

Sep.

period

Aug.

period

Jul.

(months)

Jun.

Blooming

May

Blooming

Apr.

period

Mar

Non-

Feb.

Peak

Jan.

Blooming

Camellias

hybrid from
F1

The months of Full-blooming period.
The months of started blooming period.
零

The months of sparsely blooming period.
The months of no flower period.
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Thus, it can be seen that the blooming period of plants obtained from the backcrosses is
closer to that of C.azalea. And compared with the season of winter-blooming camellias and
the F1 hybrids, the blooming season of the backcross plants not only is much earlier, but also
the blooming period is lengthened. The C.azalea gene frequencies in the plants from the
backcrosses are higher than those of the F1 hybrids.
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Abstract
An efficient regeneration system by callus-mediated organogenesis has been
successfully established for Camellia azalea. Callus formation occurred on aseptic tender
leaf fragments of C.azalea cultured in vitro. The subsequent rooting experiment was
performed with elongated and well-developed shoots of 3-4 cm in length by being
immersed into 500mg·L-1 indole-3-butyric acid (IBA) for 60 minutes and then being
transferred into liquid MV nutrient medium with 20g·L-1 sucrose under the low intensity of
illumination. The frequency of the adventitious root was nearly 50%.
Keywords: Camellia azalea, leaf, callus formation, regeneration, rooting

INTRODUCTION
Camellia azalea (also known as Camellia changii) – a perennial and evergreen shrub
or small tree growing up to four meters high – is endemic to Guangdong Province of
southern China. This species is only naturally found at Ehuangzhang Nature Reserve
southwest of Yangchun City, Guangdong (Chang and Ren, 1998). Due to its very restricted
original habitat and a continuing decline in the vigor and number of mature individuals,
C.azalea has been listed as Critically Endangered in the IUCN Red List of Threatened Species
(Rivers and Wheeler, 2015).
A wide range of biotechnology for C.azalea has been developed in recent years,
discussed by some articles reporting on conventional propagation such as cutting and
grafting (Ni et al, 2008) and callus induction (Liu, 2011; Shi, 2012). Now, some regenerated
plants were obtained through callus formation from immature cotyledons of C.azalea (Li et
al, 2014), by which we successfully solved some key problems in promoting callus
differentiation from immature cotyledon and its rooting of C.azalea. Genetic modification is
considered to be a swift and effective approach to cultivate new varieties of C.azalea, but a
protocol for clonal proliferation in vitro should be established first. Thus, the aim of this
work was to develop a regeneration system for C.azalea by using its leaves.

MATERIALS AND METHODS
STAGE 1: Micropropagation of aseptic shoot-tips
1.1 Mother plant selection and preparation
In mid-May, the explants were collected from tender terminal buds and nodal stem
segments (both 3.0-5.0 cm in length) from the first four or five nodes of actively growing
1
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shoots from graft-grown plants of C.azalea at the Research Institute of Subtropical Forestry,
Hangzhou, Zhejiang, China. The explants with leaves removed were disinfected with 75%
(v/v) ethanol for 30 seconds, and then were immersed, respectively, in 0.1% (w/v) HgCl2 and
10% (v/v) NaClO within minutes followed by being repeatedly washed with sterile distilled
water five to six times to free the explants of disinfectants.
1.2 Establishment of an aseptic culture
The sterilized explants with two or three nodes (about 1.0-1.5 cm in length) were
aseptically sectioned and inoculated on an initiation medium consisted of basic salts of
Murashige & Skoog (1962), 30 g·L -1 sucrose, 6.5 g·L -1 agar, 0.05% PVP, 50 mL·L -1 coconut
water (CW), 0.2 mg·L -1 NAA and 5 mg·L -1 6-BA. Each experiment (incorporating four
different sterilizing times) consisted of 10 replicates (two segments of shoots per jar) and
results were confirmed after repeating three times. The contamination rate and the survival
rate were both evaluated on the basis of natural response after 15 days.
The disinfected axillary buds (about 3.0 cm in length) that arose from the explants
were then transferred to a proliferation medium containing MS basal salts, 40 g·L -1 sucrose,
6.5 g·L -1 agar, 50 mL·L -1 CW, 0.2 mg·L -1 NAA, 2.0 mg·L -1 6-BA, and 2.0 mg·L -1 2-ip.
STAGE 2: Callus-mediated organogenesis from C.azalea leaves
2.1 Callus induction and subculture
Tender C.azalea leaves obtained from aseptic shoots during multiplication were
exploited as the explants to induce callus formation. The tender leaf was cut into pieces and
then inoculated, respectively, on four different callus induction media (CIM) augmented
with various plant growth regulators (PGRs). The CIM comprising MS basal salts
supplemented with 30 g·L -1 sucrose, 6.5 g·L -1 agar, 50 mL·L -1 CW plus different PGRs. Each
experiment (each incorporating four different PGR combinations) consisted of 25 replicates
(five slices of callus per jar) and results were confirmed after repeating three times. The
induction rate was evaluated on the basis of response frequency after 35 days.
Following six to eight weeks of culture, yellow-green callus derived from the leaf
pieces was transferred to a subculture medium containing MS basal salts, 30 g·L -1 sucrose,
6.5 g·L -1 agar, 100 mL·L -1 CW, and 0.5 mg·L -1 TDZ.
2.2 Differentiation of adventitious buds from callus
Green callus, after two to three times of subculture, was transferred on five kinds of
adventitious buds’ differentiation medium (BDM), which contained respectively five
different combinations of PGRs. All were composed of MS basal salts, 30 g·L-1 sucrose, 6.5
g·L-1 agar, 100 mL·L-1 CW, 0.5 g·L-1 proline, and 0.1 g·L-1 glutamine. Each experiment
(incorporating five different PGRs combinations) consisted of 30 replicates (five slices of
callus per jar) and results were confirmed after repeating three times. The differentiation
rate was evaluated on the basis of response frequency after 60 days.

2
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STAGE 3: Rooting of regenerated shoots
The cut ends of the regenerated shoots (about 4.0-5.0 cm in length) were uprightly
dipped in 0.5 g·L -1 IBA solution for 60 minutes, then transferred to a solidified rooting
medium that consists of modified white medium, 20 g·L -1 sucrose, and 6.5 g·L -1 agar. The
experiment consisted of 30 replicates and results were confirmed after repeating three
times. The rooting rate was evaluated on the basis of response frequency after 50 days.
Cultural conditions
Unless otherwise stated, the final pH before autoclaving was adjusted to pH 5.8 with
1 mol/L NaOH and 1 mol/L HCl as required, and then autoclaved at 121C under 103 kPa
pressure for 16 minutes. All explants and aseptic materials were placed in culture jars under
Philips fluorescent within a 16-hour photoperiod. The light intensity ranges from 2500-3000
µmol·m -2·s -1. Meanwhile, the regenerated shoots in rooting medium were cultured under
low light stress (100-200 µmol·m -2·s -1). All cultures were maintained at 25±2C.

RESULTS
STAGE 1
Different disinfectants influenced variously the attainment of tissue culture materials
free from contamination. To an extent, the longer the sterilizing time, the lower the rate of
contamination. However, the explants died when the sterilization went over the time limit.
Figure 1 demonstrates clearly that the contamination rate fell significantly from 82% to 8%
using 0.1% HgCl2, while the survival rate saw an upward trend from 16.7% peaking at 63.3%
after immersion for eight minutes, but then plummeted to 20%.

On the other hand, the contamination rate fell markedly too from 85% to 15% using
10% NaClO, and the survival rate arose from 10% to 50% after soaking for 30 minutes, but
then dropped to 13.3% (Figure 2). Therefore, the optimum sterilizing technique was being
disinfected with 75% ethanol for 30 seconds, and then being immersed in 0.1% HgCl2 for
eight minutes, and finished by repeatedly being washed with sterilized water five to six
times to remove disinfectant residues.
When the shoots were around 3.0 cm long, 50 days after inoculation, they were resegmented into 1.0-1.5 cm-long stems containing 1-2 nodes with leaves removed and
proliferated on a multiplication medium. Numerous shoots (about 3.0-4.0 cm in length)
developed from axillary buds 70 days after proliferation culture. Consequently, subdivision
could be performed 70 days per time.
STAGE 2
Even though all explants of C.azalea were induced into callus from juvenile leaf
pieces on CIM containing, respectively, these four different PGR combinations, and whitish

3
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callus formation was obviously observed about 15 days after inoculated on CIM, the plant
growth regulators had a significant effect on callus induction.
According to the induction time when obvious callus was seen, the rate of callus
induction (Table 1) plus the growth status of callus, initiation of callus growth was best
obtained on CIM along with 0.5 mg·L -1 2,4-D only. It started within 16 to 17 days of
inoculation, and there were glossy and yellow-green calluses formed (Figure 3-A).
Table 1 Callus Induction of C. azalea
PGRs Combinations/ mg·L-1

Initiation Time/ days

Induction Rate/ %

2,4-D 0.5

BLANK

16

78.7

2,4-D 0.5

6-BA 2.0

15

70.7

2,4-D 0.5

TDZ 2.0

18

18.0

TDZ 0.5

BLANK

25

28.0

Several callus strains differing in color and morphology arose from the same callus
45 to 50 days after subculture. In addition, only shiny green and compact callus with a tinyparticle texture had morphogenetic capacity. This type of callus was often produced after
two to three times of being proliferated on subculture medium.
These calluses maintained through subculture were transferred on five different
BDM, where they differentiated into adventitious buds. Callus changed morphologically
further into non-morphogenic callus and embryogenic callus. After 35-40 days of
differentiation culture, green and tiny adventitious buds were seen on the callus surface
when cultured on BDM; and 60 days later, plenty of the buds, or even a cluster of
adventitious shoots developed (Fig. 3-B). The differentiation rate reached the highest point
at 39.3% when callus was cultured on BDM supplemented with 0.125 mg·L -1 NAA and 10.0
mg·L -1 6-BA (Table 2).
Table 2 Differentiation of Adventitious Buds
PGRs Combinations/ mg·L-1

Differentiation Rate / %

NAA 0.05

6-BA 10.0

5.1

NAA 0.05

TDZ 1.0

4.0

NAA 0.125

6-BA 10.0

39.3

NAA 0.125

TDZ 2.0

16.0

BLANK

TDZ 0.5

0
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Fig. 3 Callus induction and adventitious buds’ differentiation from leaf of C.azalea
A: Glossy and yellow-green callus formed on the surface of C.azalea leaf.
B: A cluster of adventitious buds developed from embryogenic callus.

STAGE 3
Rooting of the regenerated shoots (about 4.0-5.0 cm in length) started within 17
days (Figure 4-A), and it took approximately 33 days to elongate adventitious roots at 2 cm
(Figure 4-B). Profuse growth of a root system was developed after 60 days of rooting
cultured on rooting medium without PGRs (Figure 4-C).

Figure 4 Rooting Process of C.azalea
A: Regenerated shoots started rooting 17 days after being cultured on rooting medium.
B: Approximately 33 days later, the adventitious roots are elongated to 2cm in length.
C: Efficient root system was developed 60 days after being cultured on rooting medium.
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DISCUSSION
A protocol for plant regeneration from immature cotyledon of C. azalea has earlier been
established in our research group (Li et al, 2014), and now the regenerated plants were
attained from leaves of C.azalea through callus formation. It is more likely that conducting
genic transformation experiments of C.azalea could be a possibility in the near future.
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Fig. 1 Effect of sterilization time using HgCl2 on explants of C. azalea
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Fig. 2 Effect of sterilization time using NaClO on explants of C. azalea
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The latest advances of Cluster-flower camellia breeding in Shanghai Botanical
Garden
Ya-li Zhang, Xiang-peng Li, Shu-cheng Feng
Shanghai Botanical Garden

Abstract
China is one of the best places for camellia breeding, such as yellow camellias, seasonal
camellias, cluster-flowering camellias and so on. In Shanghai Botanical Garden, we focus on
cluster-flowering camellias according to our germplasm collection, research history and
environmental conditions. Interspecific hybrids are studied not only for fragrance or
beautiful flowers, but also for alkaline soil resistant new camellias. In this paper, the origin
of cluster-flowering camellias hybridization, the germplasm of species of Sect Theopsis in
camellia family and the latest research advances of cluster-flowering camellias in Shanghai
Botanical Garden are detailed. Among them, the ‘Shangzhi’ series of new cluster-flowering
camellias will be first introduced, including ‘Song of Joy’, ‘Moonlight Tune’, and other new
cluster-flowering camellia seedlings.
Key words: cluster-flowering camellias, Camellia Sect. Theopsis Cohen Stuart, hybridization
INTRODUCTION
William L. Ackerman said: ‘The term “cluster flowering” is used to describe masses of
delicate blooms with corresponding small leaves typical of this class of camellias.’ (Ackerman,
2007). In our study, we focus on cluster flowering hybrids that use species in Camellia Sect.
Theopsis Cohen Stuart and Sect. Eriandria Cohen Stuart as parents for crossbreeding.
During the past few years, Shanghai Botanical Garden (SHBG) is conducting research on
cluster flowering camellias, because of the garden’s hot summers and alkaline soil
environment (Zhang et al, 2016). It has created a series of cluster flowering camellias
(Zhang et al., 2015) with more or less resistance to high temperature, alkaline soil (Guo et al,
2014; Zhang et al, 2014) or Ciborinia camelliae Kohn. With the deepening of our research, we
go forward for our researches based on the matters of science, and at the same time, we go
back to learn more of the history on cluster flowering hybrids all over the world.
1. A brief review of Cluster-flowering camellia breeding in the world
Cluster flowering camellia breeding are not as popular as that of yellow camellias,
reblooming camellia or hardy camellias. But the fragrance, abundant flowers and other
amazing characteristics are worth exploring. Many countries and breeders attempt to work
with cluster flowering camellias and breed more cultivars, although crosses are difficult to
some extent (Ackerman, 1980).
1.1 Cluster flowering camellias in the 20th century
According to the International Camellia register or published information (collected from
Haydon N., Wang Z. L., and the related camellia websites), more than 200 cluster flowering
144
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camellias were reported in the 20th Century. In this paper, 208 cluster flowering camellias
with comprehensive information were used for further analysis.
Before 1939, C.cuspidata and C.saluenensis were used for breeding and ‘Winton’ came into
birth. This may the first report of cluster flowering camellia hybrid (Trehane J., 2007). From
then on, more and more clustering flowering camellias were bred and reported. The
numbers of reported cultivars every 10 year are shown in Figure 1. Before 1950, about
three cluster flowering camellias were reported, while, in the next 50 years, cluster flowering
camellia breeding developed rapidly, especially during the last decade, when about 168
cultivars were reported.
100
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camellias
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19
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10
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8

0

Fig 1 Cluster flowering camellia breeding in the 20th century
Note: The first report of each cultivar was used for statistical analysis

The first cluster flowering camellia ‘Winton’ was bred in the United Kingdom, and then
John Charles Williams bred ‘Cornish Snow’ and ‘Cornish Cream’ from the crossbreeding of
C.cuspidata and C.saluenensis, which both gained the Royal Horticultural Society’s Award of
Merit in 1948.
From Figure 2, we can see that although cluster flowering camellia breeding originated
in Britain, it flourished In Japan, America, Australia, and New Zealand in the 20th Century.
There are about 68 cultivars were bred in Japan and 57 cultivars in America, among them
‘Spring festival’, ‘Fragrant Pink’ and ‘Crimson Candles’, which were recognized with the
‘Award of Merit’. Some of these cultivars are still popular in the world gardening.
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Figure 2 Cluster flowering camellias breeding in different countries

According to Chang’s classification system (Chang, 1981), there are about 49 species in
Camellia Sect. Theopsis Cohen Stuart, but few of those species were used for breeding in the
20th Century. C.cuspidata was the first used species in Camellia Sect. Theopsis Cohen
Stuart for cluster flowering camellia breeding, and 31 cultivars were bred. C.fraterna and
C.luthcuensis are the next two species that have been used, from which were bred 74 and 81
cultivars respectively. C.rosaeflora, C.transnokoensis and C.tsaii were seldom used. This
may have some relationship with their abortion in crossbreeding or the rarity of the material
outside China.
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Figure 3 Cluster flowering camellias breeding in Camellia Sect. Theopsis Cohen Stuart
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In 2000, Begoña Franco Paz used C.assimilis as a seed parent and bred ‘Juncal’, which first
flowered in 2007. This may the latest report about species in Camellia Sect. Eriandria Cohen
Stuart being used in cluster flowering camellia breeding. We are still organizing the details of
cultivars originated from this section.
1.2 Cluster flowering camellias in the beginning of 21th Century
The 21th Century is just beginning and there are already more than 50 cultivars that
have been reported during the past 17 years. Most are from America, China, New Zealand,
and other countries. The breeding team from Heartwood Nursery in America and Shanghai
Botanical Garden in China may be two of the typical representatives.
Heartwood Nursery has bred many cultivars with more completed cross or backcross.
For example, ‘North Baby’: its seed parent is C.pitardii var yunnanica x C.reticulata x
C.japonica ‘Forty-Niner’，the pollen parent is C.pitardii var yunnanica x [(‘Purple Gown’ x
‘Crimson Robe’) x (‘Crimson Robe’ x C.fraterna)]. Meanwhile, they pay more attention to
research on Ciborinia camelliae of these cultivars (Denton-Giles et al.).
Shanghai Botanical Garden pays more attention to the application of species in Sect.
Theopsis Cohen Stuart on cluster flowering camellia breeding, including C.handelii,
C.subacutissima, C.minutiflora, C.elongata, C.costei and so on. Meanwhile, the new cultivars
with their resistance ability, propagation, abortion mechanism and so on are launched
according to the phenomena and problems we found during our studies (Zhang et al, 2016).
2. Germplasm collection for Cluster-flowering camellia breeding in SHGB
In Shanghai Botanical Garden, the team focuses its cluster flowering camellia breeding on
species in Camellia Sect. Theopsis Cohen Stuart and Sect. Eriandria Cohen Stuart; these two
sections are the key collection in SHBG.
Table 1 Part of the Camellia collections in SHBG
Number
1
2
3
4
5
6
7
8
9
10
11
12
13
14

Latin name
C.fraterna
C.minutiflora
C.handelii
C.rosaeflora
C.parviovata
C.elongata
C.euryoides
C.costei
C.lutchuensis
C.buxifolia
C.parvicuspidata
C.acutissima
C.tsaii
C.trichoclada

section
Camellia Sect. Theopsis Coh.St.
Camellia Sect. Theopsis Coh.St.
Camellia Sect. Theopsis Coh.St.
Camellia Sect. Theopsis Coh.St.
Camellia Sect. Theopsis Coh.St.
Camellia Sect. Theopsis Coh.St.
Camellia Sect. Theopsis Coh.St.
Camellia Sect. Theopsis Coh.St.
Camellia Sect. Theopsis Coh.St.
Camellia Sect. Theopsis Coh.St.
Camellia Sect. Theopsis Coh.St.
Camellia Sect. Theopsis Coh.St.
Camellia Sect. Theopsis Coh.St.
Camellia Sect. Theopsis Coh.St.

collection
plant and pollen
plant and pollen
plant and pollen
plant
plant
plant and pollen
plant
plant and pollen
plant and pollen
plant and pollen
plant
plant
plant
plant
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15
16
17
18

C.cordifolia
C.melliana
C.salicifolia
C.renshanxiangiae

Camellia Sect. Eriandria Coh.St.
Camellia Sect. Eriandria Coh.St.
Camellia Sect. Eriandria Coh.St.
Camellia Sect. Eriandria Coh.St.

plant
plant
plant
Plant

Among these collections, the flower type, fragrance, color of tender leaves, resistance to
temperature, sunlight or soil are comprehensively considered when they are used as parents.
Additionally, their fertility as seed parents is highly important, as this has really been a
problem in our research when using them as seed parents during these years of
crossbreeding (Hu, et al, 2014).
3. Latest new cluster flowering camellias in SHBG
Except for the five cluster flowering camellias already reported (Zhang et al, 2015), our
new seedlings which were crossbred during these 10 years have gradually begun blooming.
Three of them were named as Shangzhi (the Chinese abbreviate of Shanghai Botanical
Garden) series, and gained plant protection from the State Forestry Administration of P. R.
China in 2017. Their details are as follows.
3.1 ‘Shangzhi Huazhang’ ‘Shangzhi Wonders’）
A seedling of C.japonica ‘Mo Yulin’ x C.subacutissima originated by Dr Yali Zhang in 2009, first
flowered in 2015, selected and released by Shucheng Feng, Yali Zhang, Xiangpeng Li, Jianbin
Mo, Yao Song and Yongyuna Zhou in 2016.

Figure 4 ‘Shangzhi Huazhang’

A shrub, plant growth is dense, open, and rapid with dark green leaves 2-10 cm long x 3-5 cm
wide, lanceolate with long tail tip. Flowers of pink (58B-D), semi-double or peony form with
15-20 petals, 5-7 cm across x 3-4 cm deep. Yellow anthers and cream filaments. Blooms from
March to April in Shanghai, blooms open facing down when the twigs are long.
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3.2. ‘Shangzhi Huanlesong’

(‘Shangzhi Song of Joy’)

Figure 5 ‘Shangzhi Huanlesong’
A seedling of C.japonica ‘HakuhanKujaku’ x C.handelii originated by Dr Yali Zhang in 2011,
first flowered in 2015, selected and released by Shucheng Feng, Yali Zhang, Xiangpeng Li,
Weizhen Guo, Yao Song, Jianbin Mo and Yongyuna Zhou in 2016. A shrub, plant growth is
upright and rapid with dark green leaves 6-8 cm long x 1.5-3.5 cm wide. Flowers are deep
red (63A-B), glossy, single of 5-8 petals, 3-5 cm across x 3-4 cm deep. Yellow anthers and
cream filaments, blooms from February to April in Shanghai.
3.3. ‘Shangzhi Yueguangqu’

(‘Shangzhi Moonlight Tune’)

Figure 6 ‘Shangzhi Yueguangqu’
A seedling of C.japonica ‘Hakuhan Kujaku’ x C.handelii originated by Dr Yali Zhang in 2011,
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first flowered in 2015, selected and released by Shucheng Feng, Yali Zhang, Xiangpeng Li,
Weizhen Guo, Yao Song, Jianbin Mo and Yongyuna Zhou in 2016. A shrub, plant growth is
dense, open, and rapid with dark green leaves 6-8 cm long x 2-3 cm wide, lanceolate with
long tail tip. Flowers are soft pink (69A-D), shading darker pink (68D) on petal edge, single of
5-8 petals, 4-6 cm across x 3-4 cm deep. Yellow anthers and cream filaments. Blooms from
March to April in Shanghai, blooms open facing down when the twigs are long.
Cluster flowering camellias are a promising part of applied research and basic research in
camellia breeding. Meanwhile, there is still much work to be explored on the application of
species of in Camellia Sect. Theopsis Cohen Stuart and Sect. Eriandria Cohen Stuart for
cluster flowering camellias, the abortion mechanism, the ornamental characteristics
development, the resistance ability and other researches.
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Abstract
We selected Sichuan camellia cultivar ‘Zhaojunchusai’ as the female parent and
camellia hybrid ‘Xizixianghe’ as the male parent. Some hybrid seeds were successfully
obtained through artificial pollination. F1 hybrid seeds were sown by conventional sowing
methods. After six years of cultivation, a new Sichuan camellia variety with fragrant
flowers has been selected. The new variety has similar flavor and petal color as its male
parent, while its leaf size, flower diameter, and petal texture are closer to its maternal traits.
The new variety fills in the gap in which no fragrant varieties have been bred from the
Sichuan camellia group.
Keywords: cross breeding, Sichuan camellia, fragrant flowers, new variety
Introduction
Sichuan camellia belongs to the red camellia group. It is one of the typical
representative groups, with the most traditional regional characteristics and status of a
variety’s adaptation. It is thought to originate in the Qinghai Tibet Plateau and is
distributed through the Yangtze River valley.
The cultivation in Sichuan and the Chongqing area has been going on for over 1,300
years, with about 160 cultivars currently recorded. The Sichuan camellia tree is tall and
strong, as well as having good shade tolerance. The flower type is abundant, and a long
flowering phase lasts from the end of October to the next April or May. It has adapted well
to the ecology of the Yangtze River valley, because of resistance to air pollution and ease of
cultivation, and thus has great ornamental and utilization value.
Small progress on breeding of Sichuan camellia has been made in Chongqing, and
commercial cultivation has not developed all that well compared with Yunnan, Zhejiang, and
other camellia-growing areas. Thus this ancient camellia group is rarely known in the
outside world. In recent years, a few new varieties have been created by intraspecific
hybridization, such as ‘Gemingqi’, ‘Shuaiqi’, ‘Xingrongcha’, and so on. Sichuan camellia
usually has no fragrance and has long been enjoyed only by its visual gifts, while it fails to
touch off a human’s olfactory enjoyment.
Inspired by Mr. Wang Dazhuang's strategy on breeding fragrant hybrid camellias, our
research team began to think about a fragrant Sichuan camellia hybrid, six years ago. The
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researchers used Sichuan camellia cultivar ‘Zhaojunchusai’ as the female parent and the
hybrid camellia ‘Xizixianghe’ as the male parent in the hybridization. Through artificial
pollination, hybrid seeds were obtained. Observing the growth for six years, the research
team succeeded in selecting a desirable Sichuan camellia variety (currently named ZX – 03)
which has fragrance and high ornamental value.

1 Materials and methods
1.1 materials
1.1.1 female parent
Sichuan camellia ‘Zhaojunchusai’ was planted in
Chongqing Nanshan Botanical Garden 15 years
(Fig.1). Leaves green, shiny, oval, flat leaf, leaf
blade margin slightly revolute, apex acute, base
cuneate, veins obvious, slightly convex,
serrated shallow, leaf length 7-9 cm, width 4-5
Flowers light red, bright color, green calyx
white tomentose, 12 pieces. Petals oval to
round shaped, suborbicular, spoon-shaped,
thick texture, flat vein clear, about 20 petals;
stamens arranged loosely, some petaloid
stamens occasionally with white stripe. Fruit
easily. Semi-double flowers, diameter
8-10cm, medium floriferousness, florescence in
February - April, peak bloom period in March
(Zhou, 2016).

ago

cm.

sets

Fig.1 Female parent C.japonica ‘Zhaojunchusai’

1.1.2 Male parent
Hybrid camellia ‘Xizixianghe was planted in Chongqing Nanshan Botanical Garden 10
years ago (Fig.2). Leaf green, glossy, elliptical, leaf surface flat, apex acuminate, base
cuneate, serrated, leaf length 10-11cm, width 4.5-5cm. Pink flower, 10 calyx green, white
tomentose; petals elliptic, margin with irregular edges, concave, about 45 in neat rows. Part
of the stamen petalized. No fruit seen. Semi-double flower diameter 8 to 10 cm; moderate
amount of flowers, flowering from February to April, with peak blooming in March.
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Fig.3 Pollenized flowers covered with a bag
Fig.2 Male parent ‘Xizixianghe’

1.2 Methods
1.2.1 artificial pollination
In February-March, at the early flowering stage, we selected fully open flowers from the
upper part of the mother plant, removing stamens before spreading its pollen. We
collected the male parent’s fresh pollen, and conducted artificial cross pollination, and
covered flowers with bags (Liang, 2007)
(Fig. 3).

1.2.2 Raising hybrid seedlings
Seeds (Fig.4) were sown immediately after they were harvested. The seedlings were
fertilized regularly and treated with conventional management practices. The morphological
characteristics of parents and hybrid seedlings were observed and recorded in detail (Fig. 5).

Fig. 4 hybrid seeds

Fig. 5 Junior seedlings
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2. Results
In autumn 2010, 190 hybrid seeds were obtained. After sowing, 125 seedlings were grown in
spring 2011. In January-March 2017, five plants first began flowering, among which ZX-03
had fragrant-smelling flowers (Fig. 6).
Characteristics of ZX-03 compared with the parents were summarized below (Table 1).
Table 1 Characteristics of parents and hybrids

Traits

Leaf Type

Parents and Hybrids
‘Zhaojun‘Xizixianghe’
chusai’
(male
(female
parent)
parent)
Oval
Oval,
leaves,
Leaf apex
apex acute acuminate,
Base
base
cuneate,
cuneate
margin
slightly
curled

ZX-02

ZX-03

ZX-04

ZX-05

Oval, Leaf
apex
acuminate,
base
broadly
uneate,
veins
slightly
concave,
margin
reflexed

Oval,
Leaf apex
acuminate,
base
broadly
cuneate

Oval,
Leaf apex
acuminate,
base
broadly
cuneate

Oval,
Blade
apex
acute,
base
nearly
round,
smooth
and thick

Oval, Leaf
apex
acuminate,
base
cuneate

8.5-9.0/

Leaf (L/W)
(cm)

7-9/4-5

10-11/4.5-5

7.5-8/4-4.5

8-8.5/3.5-4

7.5-8/3.5-4

Flower

Semi-

Semi-double

Single

Semi-

Semi-

Semi-

Semi-

type
Flower
diameter
(cm)

double

double

double

double

double

9.0

8-9

7-7.5

6.5-7.0

8-10

8-10

Oval,
Petal

pointed,

Nearly

concave,

round

thick

Flower
color
Fragrance
Flowering
time
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ZX-01

6.5-7.0

Nearly
round,
thick

Outer
petals
smooth,
nearly
round,
slightly
reflexed,
inner
petals
erect,
wrinkled,
thick

Nearly
round,
thick

5.0-5.5

Nearly
round,
apex
short
concave,
thick
stiff, with
two
irregular
arrangement

7.5-8/4-4.5

Oval nearly
round,
edge
wrinkles

Light red

Pink

Light Pink

Light Pink

Pink

Dark red

Red

N

Y

N

N

Y

N

N

Feb.-Apr.

Feb.-Apr.

Jan.-Feb.

Feb

Feb.-Mar.

Jan.-Feb.

Mar.-Apr.
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Leaf shape

Flower

Table 1 showed that ZX-03 was more similar to paternal characteristics for flower color,
petal shape, leaf shape and leaf tip. It also inherited the paternal plant’s scent of flowers. On
the other hand, its leaf size, flower diameter, and petal texture are closer to the
characteristics of maternal traits.
The major characters of hybrid ZX-03 were described as follows: Flowering stage from
February to March, pink flower, 7 green calyx with white tomentose, petals nearly orbicular,
apex absent without concave, margin slightly curled. The outer 2 round petal surface
smooth, the inner petal folds, 15 petals imbricate and loosely arranged. Semi-double flower,
diameter 8-9cm. Fifty stamens in 2 bundles, base connate 1/3, filaments yellow-white,
fragrant. Four pistils, stigma free. Leaves green, glossy, ovate, apex acuminate, slightly
twisted, base broadly cuneate, leaf surface flat, leaf teeth deeper, leaf length 7.5-8cm, width
3.5-4cm.

ZX-01

ZX-02

ZX-03
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Fig. 6

ZX-04

Five young hybrid seedlings

ZX-05

3 Conclusions
By crossing Sichuan camellia cultivar ‘Zhaojunchusai’ with hybrid camellia ‘Xizixianghe’,
a new variety ZX-03 with fragrance was successfully obtained for the first time. The research
team has established a Sichuan camellia hybrid breeding system in Chongqing Nanshan
Botanical Garden. In view of the fact that ZX-03 is still in a junior growth period, and only
started to bloom for the first time in 2017, the flower color, flower size and leaf size might
change along with plant growth year by year. Further observations are needed.
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A Study on the Utilization of Wild Camellias in Hunan Province
WANG Xiangnan1

，2

CHEN Yongzhong1

，2

ZhANG Zhen1

，2

WANG Rui1

，2

PENG Shaofeng1

，2

CHEN Longsheng1 2 MA Li1 2 XU Yanming1 2 TANG Wei1 2
(1Hunan Academy of Forestry, Changsha 410004, Hunan; 2 National Oil-tea Camellia
Engineering &Technology Research Center, Changsha 410004, Hunan)
，

，

，

，

Abstract: Camellia in Hunan is rich in species. Eight sections of about 47 species have been
found here (including varieties and variants). Since the 1960s, we have been engaged in
collecting Camellia germplasm resources and conducting studies on its utilization, which
resulted in the establishment of a genetic pool of Camellia breeding resources of three types
according to different usages: for oil, for ornamentation, and for both. We have successively
collected and preserved more than 200 genetic germplasms of wild Camellia. With the
knowledge of variation characteristics of Camellia chekiangoleosa Hu, Camellia reticulata
Lindley and the like, we cultivated some new breeds, such as C.chekiangoleosa ‘Xiangshui
Fencai’, C.reticulata ‘Suyan’, C.chekiangoleosa ‘Nanxiangfen’, and C.chekiangoleosa
‘Nanxianghong’, through crossbreeding with natural pollination or controlled pollination,
enriching Camellia variety resources in China and the rest of the world.
Key Words: Camellia; Germplasm Resources; New Breeds
Introduction
Hunan Province, located in the middle and lower reaches of China’s Yangtze River north
of the Nanling Mountains, is situated between 108° 47'–114° 16' east longitude and 24°
37'–30° 08' north latitude. Hunan is bordered to the east by Jiangxi Province, to the west
by Chongqing and Guizhou Provinces, to the south by Guangdong and Guangxi Provinces,
and to the north by Hubei Province. Located in the middle reaches of the Yangtze watershed
in South Central China, the Hunan name means “south of the Lake Dongting”, and is short
for Xiang, after the Xiang River, which runs from south to north through Hunan and forms
part of the largest drainage system for the province. Its capital city is Changsha.
There are 280 species of Camellia in the world, of which 238 species are in China.
Camellia is a genus with quite a few species and a relatively primitive system in the family
Theaceae. China is the center for its distribution. There are 57 species of Section Camellia,
and most are native to China[1]. Natural pollination exists widely[2]. Hunan’s Theaceae
includes 11 genera, 80 species, 18 varieties and 1 variation, among which Camellia is the
most important in its economic value[3].
Camellia in Hunan is rich in germplasm resources, with a large number of species and
wide distribution[4-5]. Based on the review of previous studies and field surveys, I have found
that there are about eight sections, with a total of about 47 species (including varieties and
variants) distributed in Hunan. Some species or varieties have aroused great controversies
among different taxonomists, and we shall mainly refer to Chang Hongda’s classification
system.
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According to Chang, there are altogether 57 species in Section Camellia, among them
55 species in China, of which there are 13 species and 1 variety in Hunan, Six of those
species are endemic. The number of species of Section Camellia in Hunan accounts for
about 23.6% of the total number in China, ranking the Province second only to Sichuan
Province in the country. Geographical distribution shows that the Nanling and Wuling
Mountains in China are the centers for Section Camellia in Hunan. In terms of vertical
distribution, 11 species of them are at high or medium altitudes, with only C.apolyodonta
and C.phellocapsa distributed below the altitude of 600m[5].
Starting in the 1960s, Hunan Academy of Forestry has collected and studied Camellia
oleifera Abel as well as its relative resources. At present, a National Collection and
Conservation Bank of Camellia oleifera Abel Germplasm Resources in Hunan Province is
established with an area just opver 33 hectares. It has collected more than 1,500 germplasm
resources of C.oleifera Abel and its relative, which include over 50 species of Camellia and
over 1,000 camellia germplasm resources.
The conservation bank is a core breeding base for National C. oleifera Abel Engineering
Research Center, which combines C. oleifera Abel and camellia breeding resources. Currently,
the Bank has kept about 50,000 plants, among which are 30,000 seedlings categorized
according to their sizes. More than 100 trees are over 50 years and over 30cm in branch
diameter. This paper describes some of its studies on resource utilization.
1)

Collection and Conservation of Resources and Breeding Classification
According to different breeding objectives, we have established three major types of
germplasm resource groups: oil-based C.oleifera Abel，oil-and-ornamental-based Camellia,
and ornamental-based Camellia japonica. Subsequently, we have carried out corresponding
studies on resource utilization. We have collected species of C.oleifera Abel which has the
largest planting areas in Hunan; of endemic Camellia such as Camellia yuhsienensis Hu. and
C.brevistyla Coh.St.; and of widely production-applied Camellia such as Camellia
gauchowensis Chang and Camellia gigantocarpa Hu et T. C. Huang. And we then we set up
germplasm resource groups for each species.
We are focused on collecting different types of variant resources, adopting two
different ways of pollination natural or artificial according to their sizes in order to preserve
genetic germplasm resources, rich in species and clear in source. We have also developed
medium- and long-term breeding objectives to preserve resources and carry out breeding
research.
2) Studies on Oil-Based Resources Utilization
2.1) Camellia oleifera Abel
We have conducted breeding studies with wild and natural forests in Hunan Province
for more than 40 years, cultivating 65 fine breeds, such as “Xianglin 1” of the “Xianglin”
series, and over 30 excellent breeding resources[6 . We have also nurtured the first batch of
nationally authorized new cultivars – “Zhaoxia”, “Chixia”, “Qiuxia”, and “Wanxia” – as well as
four new cultivars of of C.oleifera Abel which have already passed national investigation, such
as “Guoyou 12”. In Hunan Province, some 26 orchards for elite C.oleifera Abel cultivars
mainly from the “Xianglin” series have been established to provide the seedlings supply
chain for promotion of the new series.
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Hunan is the province with the largest C.oleifera Abel acreage and output: the planting
area is over 1.4 million hectares, which accounts for 35% of China’s total oleifera planting
area; and the oil output is 23 million tons, which accounts for 45% of the country’s total. The
elite breeds of the “Xianglin” series are planted in a total of 14 provinces, autonomous
regions, and municipalities in China. They have also been introduced to Thailand and other
countries. C.oleifera Abel is suitable to plant in over 1,100 counties of China’s southern
provinces.
Our goals are to cultivate elite breeds with broad geographical distributions and
differences, wide adaptability, high yield and resistance. We need to continue the work on
cultivating elite resources, promoting the application of elite breeds and innovating on elite
breeds and elite methods.
2.2) Camellia yuhsienensis Hu
Camellia yuhsienensis Hu. is an endemic species found in Youxian, Hunan Province. It is
characterized by flower fragrance, high yields of high quality oil, and high resistance. We
have selected 10 elite breeds of C.yuhsienensis Hu from natural forests with the area of over
13 hectares in Youxian, as well as from its natural seedlings in many other places. They have
such characteristics as fragrance, early flowering, large fruit, high yield of oil, and early
maturity. There are two cultivars with fragrance, one that is early flowering, one with great
fruit and high yield, and four that show early maturity. Taking advantage of these
characteristics, and with financial and technical support, we can take measures to protect the
resources on site, to recover and expand the planting area in its places of origin, to carry out
continuous cultivars selection, and to conduct studies on resources utilization through
artificial pollination.
2.3 Camellia brevistyla Coh.St
Camellia brevistyla Coh.St is a species with small fruits and flowers but high yield and
good oil quality. We have undertaken a long-term observation through the collection of
about 260 plants of elite germplasm resources. At present, we have selected 10 superior
breeds with bright fruit color, high yield, dwarfness and pink flowers, which can be used for
oil and for other applications such as hedges, bonsai or rootstock. C.brevistyla Coh.St. is rich
in genetic resources.
2.4 Camellia gauchowensis Chang
Camellia gauchowensis Chang is fragrant when in blossom, tall in height, with fairly
large leaves, flowers and fruits. Also, its leaves are evergreen and it grows at a fast rate with
great resistance. There are great prospects to take advantage of its characteristics to cultivate
landscaping resources and high-yield oil resources, and it is also a very good raw material for
rootstock. We have introduced more than 100 plants of C.gauchowensis Chang from
Guangdong and Guangxi and set up population resources.
Currently, we have nurtured four elite breeds with strong fragrance, high yield and high
adaptability thanks to long-term observation and research. The superior single branch with
high yield can produce about 40 kg of fruits per plant. The fragrant ones are used as
materials for parental crossbreeding in the garden. We may collect elite breeds and cultivate
its superior seedlings through natural pollination between it and other species.
2.5 Camellia gigantocarpa Hu et T. C. Huang
Camellia gigantocarpa Hu et T. C. Huang is a species that grows as big straight trees,
with fine fragrance, and large flowers and fruits, which is the best source for oil and garden
cultivars. Now we have established population resources of about 60 plants after collecting
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seeds from its place of origin or from the nursery. The branch diameter of the biggest single
plant is more than 40cm, from a plant of up to 30 years of age. We have selected three
cultivars, characterized by large seeds and fruits, high yield, strong fragrance, and fast growth.
Due to its fast growth and adaptability, it can be used for interspecific rootstocks.
2.6 Camellia octopetala Hu
Camellia octopetala Hu bears many fruits, grows at relatively fast rate, and has great
resistance. We selected two breeds with fairly high yield after observation, and then
nurtured their real seedlings after large amounts of analyses and inspections. Now we have
established genetic population resources to prepare for further utilization.
3.Studies on Oil-and-Ornamental-Based Resources Utilization
Oil-and-ornamental-based camellias refers to those species with good yield, high oil
content, and red blossoms for ornamentation. They mainly belongs to Section Camellia, and
a small number to Camellia sasanqua Thunb.
3.1 Resources of Section Camellia
3.1.1 Camellia magniflora Chang
Originated from Xupuxian, Hunan Province, Camellia magniflora Chang has large
flowers in red or pink, large fruits and high-oil-content seeds. Therefore it is quite suitable
for oil and for landscape gardening. Currently, we have established population resources of
about 800 plants; the branch diameter of the biggest single plant, about 30 years old, is
more than 20cm. Meanwhile, we have selected 10 breeds, characterized by large fruits, high
yield, and bright-colored flowers with fine forms. Now we have established genetic
population resources to prepare for further utilization. We will continue to collect its
seedlings to add to the population resources and conduct selective observations. Following
up, we will use them as innerspecies and interspecies parents for new breeds through
crossbreeding.
3.1.2 Camellia hunanica Chang
The origins of Camellia hunanica Chang are Dongan, Changde, and other places in
Hunan Province. This species is an excellent aromatic breeding material, with white flowers
which have strong fragrance, and high yield. We have used it as parent material and nurtured
quite a few new cultivars, such as “Shenghongxiang” and “Guirongxiang” from Hunan. At
present, we have collected about 30 plants and set up a National Reserve to protect the wild
resources in its birth place. We have selected three breeds, which are characterized by strong
fragrance and white or light pink flowers. Following up, we will continue to collect resources,
conduct studies and employ this species as innerspecies and interspecies parents for new
breeds through crossbreeding.
3.1.3 Camellia polyodonta How
Wild resources of Camellia polyodonta How are widely distributed in the southwest of
Hunan. This species features abundant fruits and brightly colored flowers. Currently, we
have established population resources of about 200 plants, most of which are of full bearing
maturity. We have selected 10 superior breeds after years of observations that are
characterized by high yield, high oil content, thin skin, early maturity, and brightly colored
flowers. Following up, we will continue to observe and select elite breeds to make good use
of elite seeds for oil and landscaping.
3.1.4 Camellia C. apolyodonta Chang
Distributed in the southwest of Hunan, Camellia apolyodonta Chang has purple flowers
and young leaves as well as big, broad and strong branches. Therefore it can be nurtured as
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a gardening resource for flower or leaf ornamentation. We have gathered over 10 wild plants
from its place of origin and will continue to collect resources and conduct further breeding
selection.
3.1.5 Camellia chekiangoleosa Hu
Camellia chekiangoleosa Hu is distributed in the south of Hunan, growing at a fairly
high altitude. High in oil content and rich in blossoms, it is a fine oil-and-ornamental-based
resource bearing great amount of fruits, as well as having certain resistance to cold weather.
Currently, we have established population resources of about 3,000 plants in total, of which
about 100 are of full bearing maturity. After long-term observation and selection, I have
identified and published three new breeds: “Xiangshui Fencai”, “Nanxiangfen”, and
“Nanxianghong”. Their flowers range from semi-double to rose form. Their petals range from
medium to giant size, with flowers in red, light red, and pink respectively. The three new
cultivars are rare among wild single-petal Camellia chekiangoleosa Hu.
Meanwhile, we have selected 10 superior breeds with different flowering periods and
colors, characterized in high yield, high oil content and thin skin. Now we have different types,
such as advanced initial flowering, red to pink colors with white stripes, long flowering
periods, that are rich in blossoms and abundant in fruits. In the future we will carry on
selecting elite breeds and promoting them.
3.1.6 Camellia reticulata Lindley
Camellia reticulata Lindley is the general designation for the oil-based resources group
distributed in Yunnan Province. These red-flowered camellias grow at altitudes more than
1000m high. C.reticulata L. is a fine species for oil and ornamentation because of its rose to
pink or light pink flowers, abundant fruits and high oil content. The flowers vary in color so
reticulatas are used as parent materials to hybridize with C.japonica. We collected about 50
plants from its habitats such as Tengchong, Yunnan; thereafter we have nurtured and
published a new breed, called “Suyan”. It is a cultivar with white and light pink flowers and
semi-double petal form. In addition, we have found three elite cultivars from the collected
resources and observed them continuously.
3.1.7 Camellia magnocarpa
Camellia magnocarpa originates from Guangxi and Guangdong. This species has large,
red fruits and brightly colored flowers, with fast growth rate and high yield. Currently, we
have collected population resources of about 200 plants in total, and cultivated them for high
oil production and landscape gardening. Given its characteristics, such as fast growth, great
adaptability, abundant blossoms and brightly colored fruits, we have selected elite breeds
both for oil and landscape gardening. Three of our selections are under further observation.
3.1.8 Camellia phellocapsa Chang
Camellia phellocapsa Chang, from Chaling, Hunan, is now rare in the wild. This species
has relatively large amounts of fruits, high oil content, and large brightly colored flowers, so
it can be used both for oil and landscape gardening. We have collected population resources
of about 50 plants in total, and will continue to collect resources and conduct further
breeding selection as well as utilization.
3.2 Studies on Resources Utilization of Camellia sasanqua Thunb
Camellia sasanqua Thunb covers a large amounts of resources. These resources bear
large amounts of fruits with full blossoms, strong or slight fragrance, and bright green leaves;
the plants can be used for oil and in landscape gardening. We have collected population
resources of about 1,000 plants, among which 400 plants of its real seedlings have entered
the flowering period through seed cultivation. We have found 12 excellent varieties, the
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flowers of which vary in color from white to light pink and on through pink, rose and purple.
The forms vary from single to semi-double, peony, anemone and rose; the shapes vary from
dwarf to large, with fast growth; and the genetic modes vary as well.
We will continue to observe and conduct breeding selection to nurture new breeds
which are applicable to different landscapes. Moreover, we have also found some single
branches bearing many more fruits than the ordinary ones, therefore they can be used to
cultivate high-yielding breeds. These can also be used as parent materials to expand the
scope of resources utilization.
4.Studies on Purely-Ornamental-Based Resources Utilization
Camellia japonica has various cultivars and quite a few bear large amounts of fruits, so
it can be used as parent material. We have collected about 1,000 cultivars of camellia and
C.japonica. Such resources are mainly for ornamentation, followed by the use of parent
material to obtain new resources through crossbreeding. After introducing seeds, as well as
observing adaptability and growth, we know their biological characteristics, growth rhythm,
adaptability, and reproductive features, which enable us to promote them properly in
different regions, as well as to guide enterprises and farmers to cultivate C.japonica. We may
also develop other ways to fully exploit their added values, for example as cut flowers, flower
products, food and cosmetics and to maximize the benefits.
5. Development and Utilization of Tree Resources
Hunan Province has a long history of C.oleifera Abel cultivation, and is rich in the
species’ resources with camellia trees growing everywhere in most of the mountains. But
some trees are often dug up following the development in many mountainous areas. We
have collected about 100 plants with branch diameters of 30-60cm. Some precious trees of
C.oleifera Abel and other camellia species have been collected and stored permanently with
off-site protection, for us to study and utilize. We conduct transplantation and maintenance
for C.oleifera Abel trees, estimating their age and conducting research on their anti-aging
mechanism. We take technological exploration such as to promote root rejuvenation and to
conduct damage repair for trees which have difficulties in root growth. We may combine
C.oleifera Abel with other camellias to achieve mutual development if we could solve the
problems of C.oleifera Abel such as root growth and transplantation, and make full use of the
grafting technique.
6.Breeding Objectives and Future Development Planning
Making use of the wealth of species – both collected and to be collected – we can fully
exploit the genetic diversity and take advantage of the resources to make long-term
development plans and objectives for breeding.
Oil-based resources should head in the direction of large fruit, thin skin, high oil
content, high yield, resistance, and eco-type combination.
Ornamental-based resources should head in the direction of large flowers, bright color,
fragrance, blossom abundance, and flower or leaf ornamentation in order to cultivate breeds
of elegant form and color, which can be grown and enjoyed by people of different walks of
life, age, and appreciation levels. We should nurture finely shaped and colored high-quality
camellias, enabling people not only to appreciate the beauty of flowers, leaves and branches,
but also to enjoy the shape of trees and bonsai.
For oil-and-ornamental-based resources, we can make full use of their own advantages
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and combine them to achieve a balanced development between oil and ornamentation
usages, suitable for the mode of ecological agriculture plus eco-tourism.
At present, to cultivate highly resistant breeds, such as sunburn resistance, drought
resistance, pest resistance, high temperature resistance, and cold resistance, needs great
efforts. It is also an extension of resources, so that more people in the world can cultivate
and enjoy their beauty. Then we still have a key focus on breeding technique. We have
carried out abundant studies and made a series of achievements in terms of tissue culture
propagation, seedling cutting, seed grafting, crown grafting and so on. However, every
section or every species in one section differs in reproductive characteristics due to its
diversity.
We should first master the technique of preserving reproductive resources before
collecting and storing large amounts of them. Therefore, reproductive technology is the key
for resource conservation and cultivation innovation. Each year we need to do a lot of
reproductive work, using different breeding techniques to reproduce about 100,000 plants.
That will enable us to continually expand the amount of collected and newly collected
resources, including new cultivars and new germplasm resources. Innovation in reproduction
technology is indispensable, and is also an eternal subject for resources utilization.
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Attachments: Some of the photos are as follows
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2）C. yuhsienensis Hu.

3）C. brevistyla Coh.St.
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4）C. gauchowensis Chang

5）C. gigantocarpa Hu et T. C. Huang
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6）C. octopetala Hu

7）C. magniflora Chang

8）C. hunanica chang
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9）C. polyodonta How

10）C. apolyodonta Chang
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11）C. chekiangoleosa Hu.

12）C. reticulata lindley

13）C. magnocarpa
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14）C. sasanqua Thunb

15）C. japonica
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Abstract
The Camellia liberofilamenta Hung T. Chang & C. H. Yang is incorporated into Camellia
huana T. L. Ming & W. J. Zhang in the FOC English Flora of China. By studying the
morphology of these two yellow camellias – C.liberofilamenta and C.huana – the
morphological features of leaf, flower and fruit have obvious differences, and this paper
argues that the two should be independent species.
Keywords: China; Camellia; Camellia liberofilamenta; Camellia huana
Introduction
Sect. Chrysantha Chang is a section in the genus of Camellia Linn, which was
established by Chang Hongda in 1981 (Chang Hongda,1981). Many species have been found
since the late 1990s. According to “Flora Republicae Popularis Sinicae” Tomus 49(3) (Chang
Hongda, 1998), there are 18 species in the section distributed in China and Vietnam, of
which 16 species were recorded in China, distributed in Yunnan, Guangdong and Guangxi.
In the Yellow Camellia of Liang Shengye (1993), there were recorded 24 species and
five varieties. There are 21 species and five varieties in China, mainly distributed from south
of the Tropic of Cancer and north to Pingguo and Tiandong in Guangxi; south to Fangcheng
in Guangxi and Tinh Hoa Binh in Vietnam; west to Longzhou in Guangxi, Hekou in Yunnan
and Tinh Lang Son and Tinh Hoa Binh in Vietnam; and east to Yongning in Guangxi. The main
distribution is in Fangcheng, Yongning, Longzhou, Ningming, Fuyuan, Chongzuo, Pingxiang,
and similar locations in Guangxi. The geographical position for the east is longitude 104°108°56, and for the north is latitude 20°52 -23°30, distributed from about 50-900m.
But there is no distribution in Guizhou Province. In 1993, Camellia huana was found in
Guizhou Province for the first time (Ming Tianlu & Zhang Wenju, 1993). During the process
of searching again for this species, another species was found, named Camellia
liberofilamenta (Chang Hongda, Yang Chenghua, et al 1997).
The two species discovered in Guizhou Province did not merely add a new yellow
camellia to the distribution of yellow camellias in China. It also moved the distribution of
Sect. Chrysantha Chang to 25°N, which runs from south of the Red River to the Pearl River to
the north. In “The Main Original Color Atlas of the Genus Camellia” (Gao Jiying, Clifford
R.Parks et al. 2005), according to Professor Chang Hongda’s classification system, there are
33 species and two varieties in Sect. Chrysantha Chang. It records Camellia liberofilamenta
and Camellia huana.
Regrettably, those two species were not recorded in “Flora Republicae Popularis
Sinicae" Tomus 49(3). And “Flora of China” merged C.liberofilamenta into C.huana (Ming
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Tianlu& Bruce Bartholomew. 2007).
Field investigation relevant to these two kinds of yellow camellia has been completed
(Yang Chenghua & Zhang Tingzhong, 1998). Yang Chenghua and Zhang Tingzhong studied
propagation, particularly cutting propagation, of these two kinds of yellow camellia (1996).
Yang Chenghua, Deng Chao and colleagues have also studied the spermatophyte content of
these two kinds of yellow camellia. But in all references available both at home and abroad,
no studies have been made of the merging or independence of these two kinds of yellow
camellia.
Methods
Since the discovery of C.liberofilamenta and C.huana, about 10 field surveys over 20
years have observed and recorded the morphology and phenology of the wild plants,
especially the morphological characteristics of flowers and fruits. Meanwhile, collection of
seeds was begun by the Forestry Academy of Guizhou Province, starting in 1995. Plants
resulting from the seed collections have blossomed for 15 years. The plants of asexual
propagation are blossoming and bearing fruits. As well, the morphological and phenological
characteristics of these introduced plants were recorded and observed for many years.
Results and Analysis
1.Leaf comprehensive characteristics
Comparison of the characteristics of C.liberofilamenta and C.huana is shown in
Table 1. The obvious difference is that the former has yellow branches, leaves thickly
leathery, short with sharply mucronate leaf apex and broadly wedged base. By contrast, the
latter has fuchsia-colored branches, thin leathery leaves, blunt point or acuminate leaf apex
and wedge-shape base. We found that the leaves of the former have deep-set leaf vein (See
Figures 1, 2, 3, and 4). The surface of the former’s leaves has more obvious embossing than
the latter. And the former’s leaves are black green, so that the plant can be recognized easily
even when it has no flowers or fruits.
Table1 Comparison of Leaf Morphological Characters
between C.liberofilamenta and C.huana
Character
Annual branch color
Texture
Length cm
Width cm
Apex
Base
Veining

C.liberofilamenta
Yellow
Thickly leathery
6-13
3.5-5.5
Sharply mucronate
Broad wedge
5-6 pairs

C.huana
Fuchsia
Thinly leathery
8.5-11.5
3.5-5.5
Blunt or acuminate
Wedge shape
6-7pairs
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2. Flowers’ comprehensive characteristics
The comparison of floral characteristics of C.liberofilamenta and C.huana is shown in
Table 2. The obvious difference is that flowering phase of the former is in October and
November no matter the conditions of field or introduction. The flowers are golden yellow
and petals are a little bigger. Stamens are a little longer and most of them are separate, and
the styles are a little longer. The flowering phase of the latter differs depending upon the
conditions of field or introduction. The flowers are white or light yellow, and petals are a
little smaller. Stamens are a little shorter and most of them are concrescent; styles are a
little shorter (See Figures 5, 6, 7, and 8). We found that the flower color of the former is
stable and the flowers are bigger. The flower color of the latter is mostly white, and flowers
are a little smaller. It also can be recognized easily.
Table 2 Comparison of Flower Morphological Characters
between C. liberofilamenta and C. huana
Character
Anthesis
Color
Setting form
Quantity of
petals
Length and
width of petals
Stamens

Styles

C. liberofilamenta
Blooming season Oct. and Nov.
Introduction Oct. and Nov.
Golden yellow
1-3 Apical or axillary
7-8

C. huana
Blooming season Oct. and Nov.
Introduction Mar. and Apr.
White or canary yellow
1-2 Apical or axillary
7-9

Length 1-3 cm; width 1.3-1.8 cm
United at the base about 3-4 mm
Polystemonous; length 1.5-2.0 cm;
Adnate to base of outer filament
base and petals at 4-5mm; other
separation
3, separation length 18-22 mm

Length 1-1.7cm, width 1-1.3 cm
Slightly united at the base
Polystemonous; length 1.3-1.7 cm;
1/3 adnation
3, separation length 14-18 mm

3. Fruit comprehensive characteristics
A comparison of the characteristics of C.liberofilamenta and C.huana is shown in
Table 3. The obvious difference is that fruit of the former is oblate spheroidal and a little
bigger, while the peel is a little thicker. But fruits of the latter are a flattened triangular
spheroid and a little smaller, with a thinner peel. (See Figures 9, 10, 11, and 12). We also
found that the figure of the former’s fruits is not obvious and the sunny side is a little
blacker. Umbilici of seeds are obviously raised. The figure of the latter’s fruits is obvious
and the sunny side is a light black. Umbilici of seeds have no obviously raised parts.
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Character
Shape
Size cm

Table 3 Comparison of Fruit Morphological Characters
between C. liberofilamenta and C. huana
C.liberofilamenta
C.huana
Flattened spheroid without a
Flattened triangle spheroid with
significant outline
significant outline
Axial direction 2.5-4.1
Axial direction 1.5-2.4 (average1.9);
(average 3.5);
radial direction 1.9-4.1 (average3.2)
radial direction 3.5-6.5
(average 4.6)
2-10
1.2-2

Pericarp
thickness mm
Shape and size Near-spheroid, brown filament
of seed cm
clothing hair; axial direction
1.4-2.1 (average 1.7); radial
direction 1.0-2.1 (average 1.5)

Flattened near-spheroid, brown
filament clothing hair; axial direction
1.0-1.9 (average 1.5); radial direction
1.0-2.0 (average 1.4)

Conclusions and Discussions
Having carefully observed the morphological characters of live cultivated plants of
Camellia liberofilamenta and Camellia huana for 20 years, the differences between
morphological characters are obvious, even though distribution areas of the plants have
been less than 100 km apart. They are two independent species.
The main features as follows: C.liberofilamenta has yellow branches, deep-set leaf
veins, big golden-yellow flowers, separate stamens, oblate spheroidal fruit with thick peels.
In contrast, C.huana has fuchsia-colored branches, no deep-set leaf veins, small white or
canary-yellow flowers, partial separation of stamens, and small fruits of flat triangular
spheroidal shape with thin peels.
In the study, the wild plants of C.huana – less than 30 plants, and less than 2000 sq m of
distribution area, distributed around narrow valleys of farmland – are extremely
endangered. The wild plants of C.huana were distributed in 5km2 at the initial investigation,
and the number of them was about 1,500. Now, due to the economic interests of the local
people, most of the wild C.huana have been transplanted to near local villages, And
although the number of plants has increased, the protection of native area is unfavorable.
It is suggested that local forestry departments should set up protection points and
implement effective protection. Meanwhile, protection organizations in the world should
help to carry out relevant research and protection.
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Study of the Morphology of Two Yellow Camellias in Guizhou Province
Figures 1-12

Figure 1 (left) Annual growth of C.liberofilamenta
Figure 2 (right) Annual growth of C.huana

International Camellia Congress 26-27-28 march 2018 Nantes France

175

Figure 3 Leaves of C.liberofilamenta

Figure 4 Leaves of C.huana

Figure 5 Petals of C.liberofilamenta
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Figure 6 Stamens of C.liberofilamenta

Figure 7 (left) Flowers of C.huana
Figure 8 (right) Flowers of C.huana in spring
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Figure 9 (left) Fruit of C.liberofilamenta
Figure 10 (right) Pericarp thickness and seed of C.liberofilamenta

Figure 11 (left) Fruit of C.huana
Figure 3 (right) Pericarp thickness and seed of C.huana
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Abstract
Camellia changii (also called Camellia azalea) is a species which blooms single bright red
flowers throughout most or all of the growing season. The cup-shaped, waxy flowers of
C.nitidissima are light to canary yellow and semi-double. They both originate from tropical
and subtropical regions in South of China. New camellia hybrids between C.changii and
C.nitidissima have been expected for a long time, but this sort of hybridization still fails to
get any results because of the early abortion of hybrid embryos. In the present study, an
efficient plant regeneration system was developed using immature embryos from
hybridization between C.changii × C.nitidissima. The hybrids combined the two parents'
genes. This study could provide a novel and vital technical solution to breed new camellia
varieties in the future.
Key words: Camellia, hybridization, somatic embryos, regeneration, SRAP
Introduction
Camellia nitidissima C. W. Chi was discovered in Guangxi, China, in 1948 (Zhang and Ye,
1991), and has been honored as the “giant panda of the plant kingdom”. Camellia changii
Ye originated in Guangdong, China (Ye et al, 2009). Both are species unique to China and
appear on the China’s national list of conservation plants. C.changii possesses the
characteristic of perpetual bloom, while C.nitidissima has golden yellow flowers. People
often expect to obtain new varieties of camellia through the hybridization of these two
species, but this has not yet been successful, due to the easily occurring abortion of their
hybrid embryo (Gao et al, 2016).
In this research study, an immature embryo was obtained through the hybridization
between C.changii × C.nitidissima, and cultivation was implemented to establish an effective
embryo rescue system and obtain the regenerated plantlet. This is the first time that hybrid
progeny of C.changii × C.nitidissima have been obtained through embryo rescue, and the
results will provide powerful technical support for the cultivation of new varieties of camellia
in the future.
1. Materials and Methods
1.1 Hybrid pollination
In March 2016, hybrid artificial pollination between C.changii and C.nitidissima was
implemented in the germplasm resource nursery of the Research Institute of Environmental
Horticulture, Guangdong Academy of Agricultural Sciences.
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1.2

Immature embryo culture
The expanded fruits were obtained on the 40th day after pollination. The seeds were
peeled and the immature embryos were removed and placed on a clean bench after surface
sterilization with 70% ethanol. The immature embryos were inoculated into a 1/2 MS
medium containing 30 g/L sugar, then the cotyledon expansion and somatic embryo
formation status were observed. Conditions: culture temperature 25±1℃, illumination 54
µmol m-2 s-1, and daily light for 12 hours.

1.3 Plant regeneration
The somatic embryos obtained through immature embryo culture were transferred to
1/4 MS medium containing 15 g/L sugar added, respectively, with 0, 0.05, 0.1, 0.2 and 0.3
mg/L TDZ, then the plant regeneration and representative characteristics were observed.
The culture temperature and light conditions were the same as above.
1.4 Reliability identification of hybrid progeny
One crossbred plant was randomly selected for the purpose of hybrid reliability
identification. The DNA was extracted from the leaves according to the method described by
Saghai-Maroof et al (1984). An SRAP molecular marker was used for the reliability
identification of hybrid progeny. The primers were 5’-TGAGTCCAAACCGGTCA-3’ and
5’-GACTGCGTACGAATTACG-3’. PCR amplifications were performed with an initial
denaturation of 94C for 4 minutes, followed by 40 cycles at 94C for 30 seconds, 49C for 30
seconds, 72C for 1 minute, and final extension at 72C for 5 minutes. The PCR products were
separated by electrophoresis on a 1.0 % (w/v) agarose gel.
2 Results and Analysis
2.1 Collection of immature embryos
The fruit obviously expanded 40 days after cross-pollination, and the expansion rate was
80%. Some 146 seeds with shells and 25 immature embryos were obtained in the fruit
harvesting at this time. The immature embryos were milk white, and the cotyledon was
not developed (Figures 1A, 1B).
2.2 Immature embryo culture and somatic embryo induction
Immature embryos were inoculated into the 1/2 MS medium containing 30 g/L sugar.
After four weeks, the cotyledon enlarged significantly, turned green, and germinated sturdy
radicles which were milk white in color with root hairs developed on the surface (Figure 1C).
After 6-10 weeks, a somatic embryo, light green in color, had formed on the expanded
cotyledon surface (Figure 1D).
2.3 Influence of TDZ concentration on the plant regeneration
The somatic embryos were transferred to the 1/4 MS medium containing 15 g/L sugar
and different concentrations of TDZ, then, after 16-20 weeks, a small number of somatic
embryos formed complete plantlets (Figure 1E). When the TDZ concentration was 0.1 mg/L,
the plantlet regeneration rate reached the highest value, 6.0% (Table 1).
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Table 1 Influence of TDZ concentration on plant regeneration
Number of
Plantlet regeneration rate
Number of regenerated
TDZ concentration
somatic
(%)
plantlets
(mg/L)
embryos
0
50
0
0
0.05
50
1
2
0.1
50
3
6
0.2
50
2
4
0.3
50
0
0
2.4 Morphological observation of hybrid progeny plantlets
We took hybrid plantlet leaves to compare morphology with the leaves of the in vitro
C.nitidissima (father) and C.changii (mother). The phenotype identification shows that the
leaves of hybrid progeny plantlets had obvious leaf dents, a paternal characteristic (the
female parent, C.changii, does not have leaf dents) (Figure 1F).

Fig. 1 Rescue of immature embryos of hybrids between C.changii and C.nitidissima
A and B: immature embryo isolation. C: swollen cotyledon. D: somatic embryo formation. E: plantlet
regeneration. F: leaf morphology comparison. 1: C.nitidissima. 2: C.changii× C.nitidissima. 3: C.changii.

2.5 Hybrid reliability analysis
The SRAP molecular marker primer was used to realize the PCR amplification of the
samples, and the results are shown in Fig. 2. A total of two bands (750 bp and 450 bp) were
amplified by the hybrid progenies, in which the 450 bp band was the band shared by both
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hybrid progenies and the male parent, while the 750 bp band was the band shared by both
the hybrid progenies and the female parent. The results showed that the hybrid progenies
have the same characteristic bands as the band, respectively, from father and mother
parents, and that they are the offspring resulting from hybridization.

Figures 2 SRAP molecular marker analysis on the hybrid progenies. M: DNA maker. 1: C.nitidissima. 2: C.changii
× C.nitidissima. 3: C.changii.

3

Discussion
There have been no successful reports on the hybridization of C. changii × C.nitidissima.
The main manifestation of hybridization failure is that fruit is expanded, but has empty seeds
(Gao et al, 2016). In this research study, a large number of empty seeds were found on the
40th day after hybrid pollination, but embryos failing to thrive were also found in a small
number of the shells.
Embryo rescue is an effective method by which to overcome the barrier of wide
hybridization in plants (Liu et al, 2015; Shang et al, 2014; Zhang et al, 2012; Xiong et al, 2011;
Li and Chen, 2004). At present, an embryo rescue technique has been applied to plants such
as lily, chrysanthemum, and so on, in order to obtain distant hybridization progenies. There
are also application samples of camellia, which were used to directly obtain the plantlet from
the culture of immature embryos (Luo, 1986). The difference in this study is that the somatic
embryos were obtained by immature embryo culture, then the regenerated plantlets were
obtained.
At present, most of the known camellia plants, including C.nitidissima, have leaf dents,
but C.changii has none. In this research study, C.changii × C.nitidissima is shown to have
hybrid progenies and obvious paternal characteristics, thus the hybrid reliability can be
morphologically estimated. Molecular marker techniques, such as SRAP, have been applied
in the hybrid reliability identification of many plant-wide hybridizations (Liu et al, 2017; Gao
et al, 2012; Zhang et al, 2012; Yang et al, 2011; Zhao et al, 2008). In this research, the SRAP
molecular marker analysis results showed that the hybrid progenies possess the
characteristic bands of the parents, which further verifies the hybrid reliability at the
molecular biological level.
In this study, C.changii × C.nitidissima hybrid progenies were obtained for the first time,
so as to lay a foundation for creation of new varieties of camellia in the future.
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Abstract
Camellia nitidissima Chi is an endemic and endangered species of Camellia which is
famous for its yellow flower. To determine the color source of yellow camellia,
anthocyanin and its glucosides, flavones, proanthocyanins, and catechins were analyzed by
the UPLC-QTOF-MSE method in the petals and stamens of Camellia nitidissima Chi, Camellia
chuangtsoensis S.Y.Liang et L.D Huang, and Camellia impressinervis H.T.Chang et S.Y.Liang.
Compared with the standards and data in the literature, cyanidin and 7 different
anthocyanins, 18 flavones, 3 catechins, 3 proanthocyanins dimer and 3 proanthocyanins
thirmer were identified. Cyanidin and quercetin were identified in the petal and stamens of
Camellia chuangtsoensis and Camellia impressinervis, but not in Camellia nitidissima Chi. The
contents of the major components were quantified. In all the samples, the content of total
flavones is more than that of anthocyanins.
Key words: yellow petal, Flower pigments, Flavones, Anthocyanin, UPLC-QTOF-MSE
INTRODUCTION
Camellia nitidissima Chi, a rare plant with a high ornamental value for cultivation of
Camellia, is distributed in a narrow region of South China and North Vietnam (Liang Shengye,
1993). As the common camellia is white, pink and red, Camellia nitidssima. has become an
important parent in the breeding of yellow camellias.
Pigment is the main reason for the color of a colorful plant. Anthocyanins, flavones,
and carotenoids are the major classes of plant pigments (Tanaka Y, 2008). Anthocyanins
with a basic structure of C6–C3–C6 are one of the many compound classes that fall under
the flavonoid group. They are plentiful in nature and can be found in leaves, flowers, fruit
and vegetables. Common types of anthocyanin are cyanidin, pelargonidin and delphinium.
The study of Li (Li J B; 2013) investigated the pigments of pink and red camellias, which
are made from cyanidin and delphinium. In existing studies, quercetin-7-glucoside and
carotenoids had been regarded as the main pigments of C.nitidssima, as established by HPLC
analysis (Miyajima I, 1985). UPLC-DAD-MSn has become widespread in plant source
screening and has also been used in the analysis of pigments widely. The objective of this
study is to characterize the chemical composition in the petals and stamens of C.nitidissima
C.chuangtsoensis S.Y.Liang et L.D Huang and C.impressinervis H.T.Chang et S.Y.Liang.
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1. Materials and methods
1.1 Samples
Fresh petals of C.nitidissima, C.chuangtsoensis, and C.impressinervis, and stamens of
C.nitidssima and C.chuangtsoensis were collected at the experimental farm of Subtropical
Forestry Research Institute of Chinese Academy of Forestry, Fuyang, Hangzhou, in 2016 from
January to February. The number of each sample in our research is shown in Table 1. All
the samples were frozen and triturated by liquid-nitrogen immediately after collection from
the farm, then stored in the -80C freezer.
Table 1. The number of each sample in this research.
No.

Species

Floral organ

Period

1-1

Camellia nitidissima

petal

florescence

1-2

C. nitidissima

stamen

florescence

2-1

C. chuangtsoensis

petal

florescence

2-1

C. chuangtsoensis

stamen

florescence

3-1

C. impressinervis

petal

florescence

1.2 Color determination
Fresh petals were measured immediately after collection. The petal color L *, hue a *
and b *, strength C * and hue h were measured by a spectrophotometer (NF333,
spectrophotometer, Nippon Denshoku Industries Co. Ltd.) according to the CIE L * a * b *
color system developed by the International Commission on Illumination to achieve the
digital color measurement. To determine the location of the upper part of the upper
petals, the determination of light source for the C / 2 °. The germplasm parameters of the
five flowers were measured for each germplasm, and the mean values were taken (Uddin et
al, 2004; Byamukama et al, 2006).
1.3 Chemicals
Acetonitrile and methanol were obtained from Merck (Darmstadt, Germany). Formic
acid and leucine enkephaline were purchased from Sigma-Aldrich (St Louis, MO, USA).
Ultrapure water was obtained via a Milli-Q water purification system (Millipore Corporation,
Bedford, MA, USA). (+)-Catechin, (-)-epicatechin, and cyanidin 3-O-glucoside standard were
purchased from Anpel (Shanghai, China). Cyanidin, quercetin3-O-rutinoside, kaempferol3-Oglucoside, narirutin, quercetin, and kaempferol standards were purchased from the National
Institute of Pharmaceutical and Biological Products (Beijing). The standards quercetin7-Oglucoside, pelargonidin3-O-glucoside chloride were purchased from Sigma-Aldrich (St Louis,
MO, USA). The standards were dissolved in methanol and stored at 4C.
1.4 Sample preparation and analysis
The frozen petals (about 0.6g) were immersed in 2ml methanol: water: formic acid:
tetrahydrofuran (TFA)=70：27：2：1 for 24 hours. The extract was centrifuged with
4000r/minutes three times, and the extract filtered by 0.22μm filter (Hashimoto F; 2002).
Dry petals (about 0.06g) were treated in the same way as the frozen petals. The extracting
solution was preserved in a refrigerator at -20C.
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Since the standards of compositions were not provided, they were both quantified by
reference to epicatechin for compositions 1,2,4,6,7,12,18; cyanidin for compositions
8,16,17,20,21,33; and quercetin3-O-glucoside for compositions 10,11,13,22-32,34, and 35.
Therefore, quantification of the major components – catechincyanidin3-O-glucoside,
epicatechin, cyanidin, quercetin3-O-rutinoside, kaempferol3-O-glucoside, quercetin, and
quercetin7-O-glucoside – was carried out using external standard methods. All calibration
curves were linear over the concentration ranges tested with good correlations (Table 2).
Table 2. Regression equation correlation coefficient and linear range of determination of main camellia
chemical composition.
No.

Compound

Regression equation

R2

Linear range (μg∙mL-1)

3

Catechin

y=13588.8x+101.611

0.9635

0.001-50

5

Cyanidin 3-O- glucoside

y=29434.5x-0.375946

0.9831

0.0002-10

9

Epicatechin

y=16379.2x+77.544

0.9838

0.001-50

14

Cyanidin

y=164456x-126.993

0.9907

0.0004-20

15

Quercetin 3-O-rutinoside

y=45456.4x+116.378

0.9919

0.001-50

19

Quercetin7-O- glucoside

y=19209.2x+51.1424

0.9936

0.001-50

29

Kaempferol 3-O- glucoside

y=21177.9x+53.6848

0.9885

0.0002-10

35

Quercetin

y=137494x+117.657

0.9785

0.0002-10

Note: Peak numbers and retention time corresponding to Fig. 3.

1.5 UPLC-DAD-ESI-MS/MS analysis
LC conditions
LC separation was performed on an ACQUITY UPLC system (Waters Corporation,
Milford, MA, USA) with an ACQUITY UPLC BEH C18 column (100mm × 2.1mm, 1.7μm). The
column temperature was set at 40C, and the flow rate 0.4mL/minute. Mobile phases A and
B consisted of water with 0.1% formic acid and acetonitrile, respectively. The UPLC elution
conditions were optimized as follows: initialed at 5%B (0-1.5 minute), linear gradient from
5% to 40% B (1.5–11 minutes), 40% to 95% B (11–14 minutes), maintained at 95%B (14–16.5
minutes), 95% to 5% A (16.5–16.8 minutes), and rebalanced to 20 minutes. The injection
volume was 2μL.
MS conditions
MS detection was performed on a Xevo G2-XS QTof System (Waters Corporation), with
the data acquisition mode set to MSE and the ionization mode set for positive electrospray
(ESI+). The source temperature was 120C, the desolvation temperature was 450C, and the
desolvation gas flow was 600L/h. The lock mass compound used was leucine encephalin,
the capillary and cone voltages were 1,000V and 40V, respectively, and the cone gas was
50L/h. The collision energies were 6 eV for low-energy scans and 20–45eV for high-energy
scans. The LC–MS data acquisition was controlled by Mass Lynx 4.1 Mass Spectrometry
Software (Waters Corporation). The identification of flavonoid and anthocyanin in camellia
was performed by UNIFI software (Waters Corporation).
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2. Results
2.1 color analysis of Camellia species samples

1-1

2-1

3-1

Figure 1. The flowers of three Camellia species. 1-1 is C.nitidissima. 2-1, with the most golden color flower, is
C.chuangtsoensis. 3-1 is C.impressinervis.

Figure 2. Distribution of flower colors from three Camellia species.

We can see the difference between the three camellia species’ flowers clearly with the
naked eye in Figure 1. The colors of the three flowers are quantified in Figure 2, where the
difference among the three species is obvious. Hue a * presents the color from green to red.
Hue b * means color from blue to yellow. While, hue L * presents the different brightness of
samples.
2.2 Determination of chemical compositions of Camellia samples
We performed UPLC-QTOF-MSE analysis of different Camellia samples to identify the
chemical compositions. The HPLC retention time, UV absorption, m/z of their quasimoluecular- ions, and MS2 fragmentation patterns were compared with those of the
standards and the literature data (Zhu and X.L., 2004). We identified 35 chemical
compositions which were categorized into four different types: anthocyanin and its
glucoside, flavone and its glucoside, proanthocyanins, and catechins. The peaks of all the
chemical compositions are presented in Figure 3, while Table 3 shows the retention time,
MS and MS2 spectral data and the identification results for the peaks numbered in the
chromatogram.
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Figure 3. Total ions chromatography of the extract of Camellia, using UPLC-QTOF-MSE in positive scan mode.
The 35 substances identified have been marked in the order of retention time from about 3 minutes to 10
minutes.
Table 3.

35 kinds of chemical compositions of the three species samples determined by UPLC-QTOF-MS.

Note: Peak numbers and retention time corresponding to Fig. 3.
**

The compound was identified by the standard.

Peaks 2, 3, 5, 9, 14, 15, 19, 29, 30, 33, and 35 were identified as (+)-gallocatechin, (+)catechin, cyanidin 3-O-glucoside, (-)-epicatechin, cyanidin, quercetin3-O-rutinoside,
quercetin7-O-glucoside, kaempferol3-O-glucoside, narirutin, quercetin and Kaempferol,
respectively, by comparing the retention time and mass spectra with those of reference
compounds (Table 3).
Because of the lack of corresponding reference compounds, the remaining peaks were
tentatively characterized by comparing MS and MS2 spectra with those of the literature
data. Peaks 1, 4, 7 were tentatively identified as procyanidin dimer with [M–H] ion at m/z
579 and MS2 ions at m/z 409, 287, 163. Peaks 6, 12, 19 were identified as procyanidin trimer
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with [M–H] ion at 867 and MS2 ions at m/z 577, 451, 407, 313, 169 by comparison with the
paper of Malien-Aubert (Malien-Aubert et al 2002). Comparing data with the study of
Daise, we found peak 8 had a [M–H] ion at m/z 661, and MS2 ions at m/z 449,287 which was
identical to Cyanidin3,5-O-diglucoside (Daise Lopes-Lutz, 2010). [M–H] ion at m/z
4331.1121, and MS2 ions at m/z 289,283,271 were identified in our study as the same as in
earlier research (F. H E., 2010). Accordingly, we identified peak 16 as pelargonidin3-Oglucoside.

Figure 4. MS2 spectra on [M–H] ion of luteolin.

Peak 22, which has the same [M–H] ion at m/z 287 and MS2 ions at m/z 153 as Khasanov
(Khasanov et al, 2016; Wang Dan, 2016), in Fig 4, was appraised as luteolin. Similar
comparisons led us to identify peak 31 as quercetin4’-O-glucoside – MS/MS spectra
demonstrated an ion at m/z 303 [M + H - 162] + which corresponds to the loss of a glycosyl
group (Lee J and Mitchell A E, 2011; Riggi E, 2013).
2.3 Quantification of chemical composition of Camellia
As described above, 35 different compositions were identified by UPLC-DAD-ESI-MS/MS. We
obtained three standards – epicatechin, cyanidin, and quercetin3-O-glucoside – to construct
standard curves for quantifying each composition. The total content of samples is showed
in Figure 5a. And we can see that 2-1 is higher than the others. The absolute content of 2-2 is
3 times that of 1-2.
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Figure 5 a: Total content of chemical composition in each sample. Results are means ± SD of five parallel
measurements.
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Figure 5 b:

The percentage of various ingredients in three species of C.nitidissima. samples.

In Figure 5b, the substance contained in each sample was divided into four categories.
Anthocyanin is the slightest compound among four categories. Anthocyanin in 1-1 is higher
than in 2-1 and 3-1. Its content in the petals and stamens of C.nitidssima (1-1,1-2) is similar.
The content of anthocyanin in C.chuangtsoensis (2-1,2-2) is also similar. It is only present in
trace quantities in 3-1, however.
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Flavones, the yellow bar, whose color is yellow is found in all the samples with a high
percentage. Sample 2-1 has the highest percentage than that in other samples. However, it’s
similar in 1-1 and 1-2. And 3-1 had the highest content of procyanidins. In this study, we
find that catechins in stamens is higher than that in petals.
Anthocyanin are considered the reason for the red, pink, and dark for flowers of
C.japonica (Li JB, 2013). Figure 6 details the content of 8 anthocyanin compounds in every
sample.

Figure 6. The content of 8 anthocyanin compounds in three species samples. Results are means ± SD of five
parallel measurements.

In this figure, there are 8 compounds in sample 2-1 and 3-1, but sample 1-1 just has 6
compounds. Cyanidin and cyanidin 3-O-glucoside were found in trace in sample 2-1,2-2 and
3-1, but little in sample 1-1,1-2. And there are also 4 anthocyanins which have a low
concentration of cyanidin in all the samples.
In C.nitidissima samples, pelargonidin 3-O-glucoside/isomer, detected for the first time,
is the main content; the other compounds have been very low. However, its concentration
in sample 2-2 is higher than that in sample 2-1. We can also see that malvidin 3-O-(6”-acetylglucoside) has a high concentration in C.chuangtsoensis samples, but only a little in others.
Prodelphinidin dimer B3 exists in all samples, higher in petals than in stamens.
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Figure 7. The content of flavonoids in three species samples. Results are means ± SD of five parallel
measurements.

As a group of light yellow chemical compounds, flavones showed in Figure 7 also were
identified in our study. There are 16 flavones that were identified. 2-1 and 2-2 whose
chemical composition is more abundant than other samples have all the 16 flavones.
However, there are 14 in the sample 3-1 and 12 in the samples 1-1, 1-2. As we can see in
Figure 7, quercetin 7-glucoside is the highest content in 1-1 and 1-2. But 2-1 holds the
highest concentration of quercetin 7-glucoside -- up to 1.5 times than others.
800
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Figure 8. The content of total catechins and procyanidins in three species samples. Results are means ± SD of
five parallel measurements.

Total catechins and procyanidins are shown in Figure 8. Total catechins in
C.chuangtsoensis samples (2-1, 2-2) are higher than that in C.nitidissima Chi samples (1-1,
1-2). 3-1 has the lowest among all the samples. Procyanidins in 2-2 is significantly higher
than others.

192

International Camellia Congress 26-27-28 march 2018 Nantes France

3. Discussion
Figure 2 showed the color data of three species in our study. Hue b * values in the
positive direction indicates the degree of yellow color. When the a * value is low (a * <30),
the b * value is greater, and the color tends to yellow (Jie zhang, 2011). The value b* of
sample 1-1’s petals is highest of the three samples; it follows that petals of C.nitidissima are
more golden than others. The percentage of flavonoids of C.nitidissima is lower than that
in C.chuangtsoensis. This shows that the golden color is not completely related to the
content of flavones. C.impressinervis, which has the highest L * than others, is the brightest
sample.
Among all anthocyanins, pelargonidin 3-O-glucoside/isomer is the main compound in
C.nitidissima’s samples (1-1, 1-2). Pelargonidin 3-O-glucoside is considered as the ingredient
whose color is orange. To make sure that the compound we detected is pelargonidin 3-Oglucoside itself, we plan further experiments.
In our research, we found flavonoids to be the main component whose content and
type are both higher than others in these three species of Sect. Chrysantha Chang in genus
Camellia. And flavonoids in C.chuangtsoensis are the highest in both content and type than
other species. Quercetin 7-gulocoside is the highest content in C.nitidissima’s samples
(1-1,1-2). This result tallies with Miyajima’s research (Miyajima; 1985).
Catechins and procyanidins have excellent antioxidant properties which have been used
in the field of medicine and food preservation (Yen G C and Chen H Y,1995; Teissedre, 2015).
In this experiment, we found many catechins and procyanidins in all the samples. This
provides us with the reason why petals of the three species brown so fast.
4 Conclusions
In this study, an UPLC-DAD-ESI-MS/MS method was applied for analyzing petals and
stamens of C.nitidissima, C.chuangtsoensis, and C.impressinervis, mainly for beauty in the
garden and for making flower tea in China. Some 35 components were identified, based on
reference standards and previous studies. It is the first time that cyanidin was found in
C.chuangtsoensis and C.impressinervis. Pelargonidin 3-O-glucoside is also, for the first time,
found in C.nitidissima. Eight anthocyanidins and 13 flavones are not commonly present in
C. sect. Chrysantha and have been reported to possess attractive biological activities.
Flavones, which are the main compounds in three species varieties of C.nitidissima, is far
higher than anthocyanidin. But cyanidin and quercetin were not found in C.nitidissima’s
samples. Among all the samples, C.chuangtsoensis has more flavonoids than the other
samples do. C.nitidissima has the highest content of anthocyanidins. All the samples have
high levels of catechins and procyanidins.
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Abstract
The C function gene in the classic “ABC” model is the important factor that determines
stamen and pistil organs identities, and regulates the termination of differentiation
flowering meristem. A 901 bp cDNA sequence of C function gene was cloned from flower
bud of Camellia japonica, named CjPLE. It contains an opening reading frame of 780 bp.
The “Genome Walking” experiment showed that it contained two introns. Through
phylogenetic analysis, we found that it formed a PLE subclass with TAG1 of Solanum
lycopersicum and PLE of Antirrhinum majus. The results of real-time PCR showed that:
(1) in different floral organs of wild Camellia japonica the highest expression was in the
carpel; (2) in peony-form double flower varieties, the highest expression was in stamens of
‘Hongluzhen’ and ‘Zhuangyuanhong’, and in the inner petals and stamens of ‘Rongqiu’. The
above results indicate that CjPLE is a homolog of the C function gene in C.japonica, and may
play a role in regulating the development of floral organs in Camellia.
Keywords: Camellia japonica, CjPLE gene, real-time PCR, Genome Walking, phylogenetic
analysis
1 Introduction
Camellia japonica L., one of the top ten traditional famous flowers in China, belongs to
Section Theaceae in the genus Camellia. Double flowers, characterized by excessive
development of petals, is one of the most important traits of ornamental plants. And most
double-flower varieties are domesticated from wild C.japonica. The formation of double
flowers is influenced by various of factors, and it is also a comprehensive result of multiple
pathways, but the key is the MADS-box gene family; these genes are involved in controlling
all major aspects of development (Alvare et al, 2000; Becker & Theissen, 2003; Kaufmann et
al, 2005; Hemming & Trevaskis, 2011).
The “ABC” model was proposed by Coen in the early 20th Century, which stated that
typical floral organs – sepal, petal, stamen, and carpel – were coordinately regulated by an
A, B, C-function gene (Carpenter & Coen, 1990; Bowman et al, 1991; Coen & Meyerowitz,
1991). It was enriched to “ABCD” model by Colombo in 1955, and extended to “ABCDE”
model in the early 21th Century.
Generally speaking, an A, B, C- function gene regulates the developments of sepals,
petals and stamens, respectively. In addition, the coordination exists as follows: A and B
gene could co-regulate the development of petals, B and C gene co-regulate the
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development of stamens, D-function gene could singly control the development of ovules,
and an E-function gene plays a role in the development of petals, stamens, carpels and
ovules (Colombo et al, 1995; Theissen & Saedler, 2001; Ferrario et al, 2004).
The MADS-box gene is a very important transcription regular factor. In angiosperms,
the C-function gene AGAMOUS (AG) is the major branch of MADS-box. And it has been
confirmed that there are two core branches – euAG and PLENA (PLE) – in
Antirrhinum and Arabidopsis (Fourquin, 2012). The research on the A function gene CjAPL1
and CjAPL2 showed that there is a correlation between the expression level of A gene and
the degree of doubleness of flowers, but the Arabidopsis, which was overexpressed, did not
have the double phenotype (Sun et al, 2013).
And the study on C function gene CjAG indicates that there are two irreversible ways of
the expression of C function genes in the formation of double flower:
(1) The expression of C function genes was completely lost in the formal double
C.japonica “Shibaxueshi”; it was consistent with other species.
(2) The expression of C function genes increased in the anemone form C.japonica
“Jinpanlizhi”, and the ectopic expression was detected in inner petals (Sun et al., 2014).
Focusing on the PLE branch of C function genes, we carried out cloning and analyzing
experiment and here we discuss the effect of CjPLE in the development of flowers and
formation of double flowers.
2 Materials and methods
2.1 Plant material
Plants of Camellia japonica were grown in the greenhouse of the Research Institute of
Subtropical Forestry (119°57′N, 30°04′E; Fuyang, Zhejiang, China). Flower buds were
collected, frozen in liquid nitrogen, and stored at -80C for subsequent use.
2.2 RNA extraction and cDNA synthesis
Total RNA was extracted according to EASYspin Plus Plant RNA Kit (Aidlab, Beijing), and
reverse transcribed to synthesize cDNA (Fevmentas, Canada). Through the local BLAST
comparison, the cDNA sequence of the homologous PLE was found in the database of
camellia granulates. And the primers, P-1 and P-2, were designed to amplify target gene
(Table 1).
Table 1. Primer sequence of cloning and expression of CjPLE gene in C.japonica

Primer name
P-1
P-2
GSP3
GSP4
PLE-Fa
PLE-Ra
GAPDH-F
GAPDH-R
196

Primer sequences (5' - 3')
TTGTGACCATCCCTTTTCCT
TCAGGGGCAGATACAGAACA
CCAAGTCACTTTTTGTAAGCGCCGCAA
GCTGAGAGCTTCTCCCAAAATGTGCCT
ACTGTTGTTGGCGTACTCGTAAAG
CGAAGTCGCCCTTATCGTCTT
GGGAATCCTTGGTTACACTGAG
ACCCCATTCGTTGTCATACC

Function
Specific PCR
amplification
Genome Walking
qRT-RCR
Primers of the
reference gene
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2.3 Homology comparison and evolutionary tree analysis
The comparation of CjPLE gene homologous sequences was carried out by online BLAST
in NCBI (https://blast.ncbi.nlm.nih.gov/Blast.cgi). The cDNA sequence alignment and amino
acid sequence alignment was carried out by BioEdit (version 7.2.5). We used MEGA7.0 to
build an evolutionary tree.
2.4 Genome Walking experiment
To determine the structure of CjPLE, the Genome Walking experiment was carried out.
Total DNA was extracted by CTAB Kit (Aidlab). About 2.5 μg genomic DNA was individually
digested with restriction endonuclease DraI, EcoRV, PvuII, StuI (MBI Fermentas, Canada) at
37C for 16 hours, and detected on a 0.6% agarose gel. Purification of DNA was carried out by
NucleoSpin Gel and PCR Clean-Up kit. Universal GenomeWalker™ 2.0 Kit (Takara, Dalian) and
the Primers GSP3, GSP4 (Table 1) were used in touchdown PCR amplification of CjPLE gene.
2.5 qRT-PCR
Total RNA was extracted as described, and was reverse-transcribed by PrimeScript RT
reagent Kit (Takara, Dalian). The real-time PCR method refers to Sun (Sun et al, 2013).
3 Results
3.1 Homology-based cloning of CjPLE
A homology gene, numbered c56140.graph_c0, was found in the transcriptome
database of Camellia flower buds. According to this sequence, a 901bp sequence was
cloned, named CjPLE (GenBank accession number MF278983). The ORF length of the gene is
780 bp, 5' non-coding area 60 bp, 3' non-coding region 61 bp.
Through CD-Search in NCBI, we found the protein coded by CjPLE contains the highly
conservative domain of MADS box (E-value: 9.42e-46) and K box (E-value: 9.74e-31) (Figure
1).

Figure 1. Conserved domains of coded protein from CjPLE gene.

3.2 Phylogenetic analysis
To compare the evolutionary relationship between CjPLE and other species, we chose
18 protein sequences and constructed a phylogenetic tree (Alice et al, 2009). This showed
that CjPLE had the closest relationship with TAG1, and formed a branch of PLE with AmPLE
(Figure 2).
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SHP1/AGL1
SHP2/AGL5
PpPLE
MdAG
RrD1
ple
Vitis MADS1
TAG1
CjPLE
AmPLE
PpFAR462
Md15
Rr BAA90745
FaAG
AG
AmFAR
TAGL1
STK/AGL11
Md10
PpSTK

ag

Figure 2. Phylogenetic analysis of coded protein from CjPLE gene and other plant species.
Note: The proteins in this phylogenetic tree and their accession numbers:
*Apple (Malus × domestica) ‘MdAG’AF401637, ‘Md15’CAC80858, ‘Md10’CAA04324
*Arabidopsis (Arabidopsis) ‘SHP/AGL1’NP_191437, ‘SHP2/AGL5’NP_850377, ‘AG’NP_567569,
‘STK/AGL11’NP_001078364
*Tomato (Solanum lycopersicum) ‘TAGL1’AAM33099, ‘TAG1’AAM33101
*Peach (Amygdalus persica) ‘PpPLE’FJ88413, ‘PpFAR462’FJ184275, ‘PpSTK’ABQ85556
*Rose (Rosa rugosa) ‘RrD1’AB025643
*Snapdragon (Antirrhinum majus) ‘AmPLE’AAB25101
*Strawberry (Fragaria × ananassa) ‘FaAG’AAD45814
The outside strays are showed in black (Alice et al, 2009).

3.3 The structure of CjPLE gene
To determine the structure of CjPLE, we designed two pairs of primers for our Genome
Walking experiment. This gene was successfully amplified by one of the primer pairs, GSP3
and GSP4 (Table 1). We found that it was 1195 bp in length and contained two small
introns, for 33 bp and 118 bp, respectively (Figure 3).

Figure 3. The structure chart of CjPLE gene.

3.4 Expression of CjPLE in different floral organs
The expression level of CjPLE was significant in the carpels of C.japonica, in the stamens
of ‘Hongluzhen’ and ‘Zhuangyuanhong’, and in the petals and stamens of ‘Rongqiu’ (Figures
4 and 5).
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Figure 4. Relative expression level of CjPLE gene in different floral organs of Camellia japonica.
Note: YL: Young leaf; LB: Leaf bud; FB: Flower bud; SE: Sepal; PE: Petal; STA: Stamen; SA: Semet; SF: Filament;
CA: Carpel.

Figure 5. Relative expression level of CjPLE gene in different floral organs of ‘Hongluzhen’, ‘Rongqiu’ and
‘Zhuangyuanhong’.
Note: H-SE: Sepals of ‘Hongluzhen’; H-OUTP: Outer petals of ‘Hongluzhen’; H-INP: Inner petals of ‘Hongluzhen’;
H-STA: Stamens of ‘Hongluzhen’; Z-SE: Sepals of ‘Zhuangyuanhong’; Z-OUTP: Outer petals of ‘Zhuangyuanhong’;
Z-INP: Inner petals of ‘Zhuangyuanhong’; Z-STA: Stamens of ‘Zhuangyuanhong’; R-SE: Sepals of ‘Rongqiu’;
R-OUTP: Outer petals of ‘Rongqiu’; R-INP: Inner petals of ‘Rongqiu’; R-STA: Stamens of ‘Rongqiu’.

4 Discussion
Research into genes of ABCDE has been carried out in Camellia. The genes that have
been cloned contained CjAPL1 and CjAPL2 of A function (Sun et al, 2013); CjDEF, CjGLO1,
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CjGLO2 and CjTM6 of B function (Viaene et al, 2009), CjAG of C function (Sun et al, 2014).
Phylogeny analysis indicates that CjPLE belongs to the PLE clade and is different in the gene
structures of Arabidopsis and Antirrhinum majus. The analysis of the MADS-box family in
Ziziphus zizyphus shows that there were 1 to about 12 variations of introns (Zhang et al,
2017). It illustrates that function disproportionation may exist in CjPLE gene. The
expression level of C-function gene CjAGL6 is most significant in the styles, and lowest in the
sepals (Sun et al, 2013). The expression pattern of CjPLE is the same as CjAGL6: they are
both most significant in inner whorl floral organs and least significant in the outer. The
study illustrates that CjPLE is a C-function gene and may play an important role in regulating
floral development of double-flowers.
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Abstract
Tourism, one of the world's fastest growing sectors, is key to the Portuguese economy.
The Azores offer ideal conditions to explore garden tourism. This paper discusses a
government-funded project, “Green Gardens – Azores”, intended to promote it.
Gardens form a very special niche of cultural heritage. The project involves a network
of ten gardens in São Miguel Island. The research and conservation of their
outstanding 19th Century camellia collections takes centre stage in this project, whose
methodology and development prospects are discussed.
Keywords: São Miguel Island; garden tourism; garden history; survey; camellia
cultivars
1. Introduction
Tourism is a key sector of the Portuguese economy. In 2016, it accounted for 7.1%
of its gross added value and is growing at a tremendous rate. According to the report
“Estatísticas do Turismo 2016”, published by the Portuguese Institute of Statistics (INE,
2017), travel and tourism revenues increased that year by 10.7%, to a total of €12.7
billion, with an growth of 0.5% relative to 2015. The vast majority (69.3%) of foreign
visits to Portugal are motivated by leisure, recreation or holidays; these kinds of trips
have increased by a remarkable 9.3% vis-à-vis 2015.
Azores is a nine-island archipelago at the heart of the North Atlantic. In recent
years, it has become the fastest growing tourism region in Portugal, with overnight
stays up by a record 28.5% in 2016. The average stay currently stands at 3.85 nights.
These figures are expected to increase even further as a result of newly established
direct air links from the USA. The Azores have been promoted by the regional tourism
authorities as an unspoilt paradise of ‘lush green volcanic islands’ to ‘explore, relax and
enjoy’ (Pocket Guide, 2017:1) and have won many “best destination” accolades. In
2014/2015, the Global Sustainable Tourism Review granted the Quality Coast Platinum
award, as the world’s most sustainable tourism destination. UNESCO has designated
four Biosphere Reserves in the Azores – the island of Flores in 2009; the fajãs of São
Jorge in 2016; and Graciosa and Corvo in 2017.
The Azores tend to be regarded and promoted almost exclusively as a Nature
tourism destination. This narrow view is perfectly epitomised in Sebastian Modak’s
1
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entry on the ‘Eighteen Best Places to Travel in 2018’ report published in December
2017 (Condé Nast Traveler, 2017):
“It's the best-kept secret since Iceland: a volcanic Eden in the middle of the
Atlantic Ocean that's still unseen by most travelers. […] home to rolling hills so
green they're practically luminescent, jagged cliffs, black-sand beaches, and
waterfalls running into other waterfalls: it’s basically an outdoor
playground. Rappel down rock faces, hike through dense forest, mountain bike
around the crater of a volcano, or get up close and personal with the islands’
27 species of resident whales and dolphins.”
From these words alone, one might be excused for thinking the Azores are
uninhabited. Yet, almost 600 years after the initial settlements (the islands were
discovered between 1427 and 1452) the Azorean people have a fascinating history to
tell and have accumulated tremendous cultural heritage. Possibly the best indication
of this is provided by UNESCO: with only 3% of the country’s area, the Azores hold two
of Portugal’s fourteen cultural sites listed as World Heritage: the “Central zone of the
town of Angra do Heroísmo” (1983) and the “Landscape of the Pico island vineyard
culture” (2004). It is urgent to acknowledge and promote the potential for cultural
tourism in the Azores.
The focus of this paper is on garden tourism. Gardens and parks form a particularly
neglected niche of cultural heritage. Because their fabric is primarily vegetal – living
plants – they are often mistaken as natural heritage. However, inasmuch as they result
from human design, they are works of art and should therefore be considered and
enjoyed also for their historic, social, horticultural and aesthetic value. Given the
direct affinity between gardens and Nature, there is obvious synergy between garden
tourism and Nature tourism. The Azores present unique conditions to explore this
synergy.
2. Historic garden heritage in the Azores
Numerous great gardens in the Azores remain largely unknown to visitors – true
“hidden treasures” to be discovered. Most of them are in São Miguel, the largest and
wealthiest island. Known as the “green island”, its garden history is inextricably linked
to the wealth generated in the 19th Century by the trade of oranges (mostly with
England, where they were known as St. Michael’s oranges).
Prosperous men like José do Canto, Ernesto do Canto, José Jácome Correia, António
Borges and the viscount of Praia were able to hire renowned garden designers and
head gardeners, often from abroad (notably England and France) and introduce exotic
plants by their thousands, from nurseries and gardens all over the world. The taste for
horticulture, plant collecting and garden design was at its height then; the climate and
soil conditions proved ideal for the acclimation of all sorts of exotic plants. José do
Canto alone was responsible for the introduction of more than 3000 new species.
2
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Three examples suffice to show the tremendous impact of this period on the
landscape and economy of the island (see Figure 1):
• Japanese red-cedar (Cryptomeria japonica), introduced by José do Canto,
became the predominant tree species, occupying today 60% of the forest
production area.
• Pineapple (Ananas comosus), originally introduced as an ornamental plant, is
now intensively farmed in greenhouses and turned into the flagship export
product.
• Tea (Camellia sinensis) plantations, along with local-brand factories, have been
running since late 19th century; tea remains one of the most important
products of São Miguel Island.

(a)

(b)

(c)

Figure 1 – (a) Japanese red-cedar trees; (b) Pineapple greenhouse (c) Tea plantation

The trends of this period were also clearly reflected in garden design. Romanticstyle parks and gardens were created with lavish exotic plant collections. Foreign
travellers have celebrated these gardens ever since, not only for the diversity of plants,
but also for their beautiful appearance and remarkable sizes. Arguably the most
notable of those 19th century gems are:
• José do Canto and António Borges gardens in Ponta Delgada;
• Jácome Correia’s Sant’Ana gardens, also in Ponta Delgada;
• António Borges’s Pitoresco garden in Sete Cidades;
• José do Canto woodland gardens and Beatriz do Canto park in Furnas;
• Terra Nostra park, also in Furnas.
There have been increasing signs of interest and promotion initiatives on this garden
heritage; for example:
•

•

•

In 2012, “The Azorean Garden” entered by the Azores promotion Agency
(Turismo dos Açores) at the RHS Hampton Court Palace Flower Show, in
London, was awarded a silver gilt medal.
In 2014, Terra Nostra garden was recognised as a Camellia Garden of
Excellence by the International Camellia Society, and selected as one of the 270
great gardens worldwide by Phaidon Gardener's Garden.
Five editions (in 2006, 2007, 2009, 2013 and 2015) of an International
Symposium on Historic Camellias have been organised in S. Miguel.
3
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Building on these positive signs to promote the Azores historic gardens as a tourism
product associated to Nature, culture and well-being is the central goal of the project
discussed in the following section.
3. Promoting garden tourism: “Green Gardens – Azores”
Careful marketing and promotion is vital to make Azorean gardens reach a wider
audience. The three-year project “Green Gardens – Azores”, managed by the Azores
Tourism Observatory (OTA) in partnership with the University of the Azores and the
Gaspar Frutuoso Foundation, is supported by the European Regional Development
Fund under the Açores 2020 Operational Program. Acknowledging the relevance and
novelty of this project, the Portuguese Tourism Authority (Turismo de Portugal), has
inscribed it in the 2014-2020 Plan of Action for the Development of Tourism in
Portugal. The general objectives are:
•
•
•

To research, understand and promote the “Azores Gardens” as a cultural
tourism niche;
To protect, conserve and value the landscape heritage, with a focus on historic
gardens;
To enhance, enrich and evaluate the garden visitor experience.

The starting point is a network of ten outstanding gardens and nurseries of São Miguel,
boasting the finest plant collections in the island and comprising both privately owned
and public sites:
•
•
•
•
•
•
•
•
•
•

Jardim Botânico José do Canto (private)
Jardim do Palácio de Sant´Ana (public)
Jardim António Borges (public)
Jardim da Universidade dos Açores (public)
Reserva Florestal de Recreio do Pinhal da Paz (public)
Mata-jardim José do Canto (private)
SDA – Viveiros da Lagoa Seca (public)
RFR – Viveiros das Furnas (public)
Parque Beatriz do Canto (private)
Parque Terra Nostra (private)

A multidisciplinary scientific research team (biology, conservation, architecture and
engineering) are working together towards:
•
•

•

Creating scientifically sound contents, based on historic documentation.
Designing and creating guiding materials to help visitors interpret the gardens;
innovative solutions are envisaged, resorting to digital interactive storytelling
(e.g. through smartphone apps) for a more engaging and enjoyable experience.
Designing and testing marketing strategies tailored to various user profiles; a
new brand is envisaged to help support a viable management model.

4
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•

Promoting knowledge transfer between researchers, managers, caretakers,
owners and potential users of the gardens, in order to support strategic
decisions concerning conservation.

4. The camellia collections
For more than 200 years, foreign visitors to the gardens and quintas (estates) of the
Azores have been stunned by their perfectly acclimatised exotic plant collections. A
classic example is given by William Boid in his 1834 description of a quinta in the island
of Faial:
“at one coup-d’oeil [the quinta] exhibits in the surrounding garden the most
striking and magnificent combination of beautiful shrubs and flowers peculiar
to all climates and countries that can be imagined. With all the rare
productions that now constitute the pride of our European gardens, may be
seen tastefully mingled the ornamental trees and plants of the tropics…”
Invariably, ornamental camellia trees and shrubs play a predominant role:
“[…] and the camellia japonica rises up with the height and strength of a
forest tree.”
William Boid (1834) ‘Western Islands’
Camellia collections are, in fact, a distinctive element of 19th Century
Portuguese gardens, but particularly so in the island of São Miguel. In addition to the
economic role of tea plantations (Camellia sinensis), camellias were extensively used
for ornamental purposes (mainly C.japonica, but also C.sasanqua, C.reticulata and
C.oleifera and other species) and remain central features in many gardens, as is the
case of eight of the ten selected to start this project (see Figure 1).

Figure 2 – (a) Jardim Botânico José do Canto; (b) Jardim do Palácio de Sant´Ana; (c) Jardim António
Borges; (d) Reserva Florestal de Recreio do Pinhal da Paz; (e) Mata-jardim José do Canto; (f) Viveiros das
Furnas Parque; (g) Beatriz do Canto; (h) Parque Terra Nostra

5
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A third, very interesting usage of camellias, peculiar to São Miguel, should be
mentioned: oranges groves used to be enclosed by tall hedges for protection against
the winds; in many farming estates, still visible today, ornamental camellias were used
to form those hedges.
With their much extended flowering period (roughly from September to May
for the most traditional range of species), camellias lend vibrant colouring and interest
to the gardens through wintertime. A focus on camellias could therefore be beneficial
to the effort of attracting visitors during the low season, especially relevant for the
Azorean tourism.
The scientific study of these collections of high historic, horticultural and
genetic interest, in addition to contributing to the history of gardens in Portugal, would
benefit the study of the genus Camellia at an international level. There are strong
indications that some historic cultivars already lost to cultivation in their countries of
origin still survive in Azorean gardens.
5. Research methodology
“Only when we fully understand a garden, its past history and present state, and how
each part relates to the whole, can we begin to evaluate its significance and make
recommendations for its conservation” (Fretwell, 2001:63)
Collecting garden historic documentation is especially important in the Azorean
case, as the research efforts so far, while promising, show that it is highly fragmented.
Elements of all sorts (maps, paintings, photographs, nursery catalogues, invoices and
receipts, planting records, gardener diaries, visitor descriptions, …) must be drawn
together to recreate as accurately as possible the history of the garden development
and the people involved in their creation – the owners, gardeners, designers. The
results can reveal planting chronology and design overlays.
Collection of documentary evidence should be followed by a detailed in situ
survey recording features of the garden (plant collections; buildings, constructions and
ornaments; irrigation system and water features,…) along with an analysis of their
design (Lambert et al, 1995; John Watkins et al, 2008 ) and conservation condition.
These provide valuable baseline information for monitoring future changes and
develop an overview of the whole garden and its historic context and conservation.
A survey is underway for the selected group of gardens. Regarding camellias,
this will lead to complete geo-referenced records of tree and shrub specimens. The
data collection is based on the forms and guidelines issued by the ICS Committee for
Historic Camellia Conservation and the International Union for the Protection of New
Varieties of Plants (UPOV). It will be used to feed a camellia identification database for
Portuguese gardens (Ventura, 2014) hosted on the website of the Portuguese Camellia
Association. One of the main concerns is to establish exact identification (species/
cultivar) whenever possible, especially for the older, most endangered, specimens and
label them accordingly. This systematic information model will enable the
6
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development of the visitor guiding applications envisaged in this project, involving
smartphone tagging and interactive audio-visual storytelling.
Conservation of camellia collections is paramount in this project. A propagation
program will be established for the most vulnerable specimens. The sourcing of
unfashionable camellias can be difficult; for this reason, one of the nurseries involved
in the project will take on the mission of propagating rare or endangered cultivars.
6. Future development prospects
This project is expected to bring about a whole new strategy for garden tourism
in the selected sites, highlighting cultural heritage (camellia collections being of
particular importance here) and establishing a visitor-centred interpretation model,
based on scientific research and making appropriate use of information
communications technology. This is will no doubt attract many more visitors,
specialists and amateurs alike.
The network of gardens involved will benefit from cooperative promotion
under a common marketing brand. A leaflet will be designed to provide details on the
ten gardens. An annual calendar of events will be created including, among others,
horticultural exhibitions, flower shows, specialist garden holidays, plant sales,
workshops (grafting, pest control, pruning, …) and educational activities.
The project will develop a smartphone application to guide visitors around the
gardens and augment the experience by providing detailed information according to
the location and preferences of the visitor. This will enable more in-depth exploration
of the sites (history, people, planting, …) and unlock the secrets of its most remarkable
features.
The network can, and hopefully will, be expanded to other currently less known
gardens in both São Miguel and the rest of the Azores.
We believe this project will also contribute to promote local interest in
gardening and garden visiting, and, in the longer run, revive the long-lost garden
design traditions of the Azores, leading to the creation of 21st century outstanding
gardens.
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Camellias in Brazil?
Yes, there are, but where?
Waldemar Max Hansen

I had already heard about camellias growing in Brazil, but despite all efforts, I could not
find any contacts amongst camellia friends, nor could I locate any camellia growers in
Brazil. After Frieda Delvaux and I went to Buenos Aires, Argentina, in 2015, we were
particularly eager to meet camellia enthusiasts in Brazil.
Then in February 2017, at the Historic Camellias workshop in Baton Rouge, LA,
workshop organizer Florence Crowder mentioned to Frieda Delvaux that she knew
someone in Brazil who was looking for camellia friends.
This person was Davir Zwirtes Maffasioli from Carlos Barbosa, Province Rio Grande do Sul,
about 100km north of Porto Alegre. Frieda contacted Davir and asked whether we could visit
Carlos Barbosa to see the camellias growing there. This was immediately agreed with the
recommendation to come in July. In this month, a cheese festival (something comparable
with
the October Beer Festival in Munich) is organized every weekend and it would be a good
opportunity to combine one of these weekends with a Camellia Exhibition. Both parties agreed
to select the weekend of 21st, 22nd and 23rd of July.
So, on July 18th, we left from Brussels and, passing over Frankfurt, the flight went to Sao
Paulo and further to Porto Alegre.

Figure 1 Hotel San Carlos

At 08.30h the next morning, we arrived and Davir
was already waiting for us at the airport, with a taxi
driver. Then our journey started. At first we drove
through a rather flat landscape, with all kinds of
buildings and houses at the side of the road. Then
the landscape became more hilly and we could see
woods. Here and there we noticed some camellias.
On the way we made a stop at a fruit-and-vegetable
market where we tasted a sugar-cane drink. A bit
further on, we stopped at a petrol station, where we
had a coffee break.

Around noon, we arrived in Carlos Barbosa where we checked in at the Hotel San Carlos. Here
we got some time to refresh but I could not wait to go for a walk in town. I was surprised to
see a variety of trees and shrubs in the streets: most of them were jacaranda, callistemon and
a tibouchina that I had never seen before. The tibouchina was in full bloom and had a mixture
of white and blue flowers. I also saw camellias and other plants that had suffered from frost
two nights before. Davir said they now had a new colour of camellia – chocolate.
At 2pm we were again picked up by Davir who drove us through the town. Carlos Barbosa is a
town with about 30.000 habitants. The homeware shopping centre Tramontina dominates the
town. We stopped at each camellia tree or bush we saw. We had the opportunity to look at the
1
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flowers and to take pictures. I have never seen so many old camellia plants in the streets before.
We ended our first day at Davir’s home. A few
hundred meters before we arrived, we saw at the
side of the road, a long row of camellias. In Davir’s
garden there was a collection of about 700
camellias. Here some plants had also suffered
from the frost and the blossoms of several plants
were damaged.

Max and Frieda collecting a few specimens

Following the European time schedule, we went to
bed around 00.30h. The next morning, at 8.00 am
local time, we were picked up by Renato José
Schommer, owner of a nursery in Linka Francesa
Baixas Barao Rs. This municipality is located south
of Carlos Barbosa and about 80km north of Porto
Alegre. So we got the opportunity to see a
different area.

In Renato’s nursery citrus trees and plants were cultivated, but camellia cuttings also got their
space. Our tour went into an area where, in the middle of the 19th century, many colonists
emigrated from Europe, in particular from Italy and Germany. They came there with great
expectations. The big plots of land were split up by mutual agreement so everyone got his own
property. What remained was land for agricultural purposes, which often had steep sides. The
soil is dark red-brown loam. The gardens are widely spread in a very nice landscape, which
reminded me of the Black Forest and the Swabian Alps, in Germany. The sixth generation of
inhabitants still speak a dialect from the original region that they came from. The ancestors of
many people we met came from Trier, Alzey and Eisenach, in Germany.
In a small museum in Linka Francesa a lot of
memories of the homeland were collected, such as
hymnbooks, first reading books, schoolbooks and
housekeeping materials. I also found a prayer book
from Kefersheim, Saarland. Beside the church,
Frieda and I, together with Renato and a local
habitant, planted camellias. We also visited the
gardens of some migrants. They were happy to
share the stories about the needs and problems
their ancestors had to face when they came to
Brazil. For example, because of the remote location,
Renato and Frieda planting camellias by the church in
no priest could visit them. Baptisms could only take
Linka Francesa Baixas Bargo Rs
place once a year and so some families had two or
three children baptized at the same time, who were
then considered to be twins or triplets. Even today, some small villages still do not have paved
roads, only stone chippings. The Italians brought lots of camellias from their homeland to Brazil.
We noticed several plants that were used to decorate the cemeteries or at the private
properties and public locations. All these beautiful camellias were at least 100 years old.
2
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Waldomiro, whose ancestors were also migrants,
took us to a well-maintained churchyard. On the old
gravestones we noticed the names and pictures of
the first migrants. Most of them had German names.
Waldomiro works hard to keep all in a perfect
condition. Unfortunately, the younger generation
shows little interest in the past.
The mayor of the Baraõ district wanted to know why
two Europeans were interested in visiting his area

Old gravestones of the first immigrants

and so we had a short appointment to introduce ourselves. We also visited the local radio
station and the editorial office of the local newspaper. At the same time Renato explained
about the forthcoming Camellia Exhibition and asked if he could give some publicity for the
event. Early that evening Renato brought us back to the hotel. We were very satisfied after
another interesting day.
The next day, we met Davir in the flower shop of Mrs. Marinice Gusso Baldano. Several friends
and neighbours brought camellia flowers to decorate the exhibition, which was to open at 6pm
on the same day. While efforts were made to get everything in place, we used the time to look
around the town. Often we had to walk uphill and downhill and everywhere we saw different
kinds of advertisements, referring to the cheese event and colourful statues of painted cows
and calves were placed at several strategic spots in the town.
In people’s gardens we saw many old and big camellias
and flourishing tibouchina. We were looking for
pictures of the town and its surroundings, but could not
find any. Instead I bought a map of the area. We had a
look inside the church, which looked blue in the evening
light. We found a nice place for lunch and after that we
returned to the hotel. In early afternoon, Davir
continued to show us around, starting with a visit to
Tramontina where we could see good quality objects
from a company founded in 1911 as a small knifeGaily painted cows and calves advertising the
Cheese Festival
grinder shop and now has more than 7,000 employees
all over the country. The main products are good quality
barbecues and grilling tools, but also household appliances, gardening machinery and tools.
They have subsidiaries in many locations in the world.
At 18.30h the opening ceremony of the First Camellia Exhibition took place in Marinice’s
flower shop. Many more people than expected had come and many had to remain outside.
Davir had prepared a nice opening speech and the mayor of Carlos Barbosa told everyone that
he was very proud and thankful to Davir for getting this event organised. Frieda and I
entertained the public with a slide show of the different locations in the world where
camellias grow. We closed the day by joining Davir at the cheese festival. When handing over
the entry tickets, we all received a wineglass and a cheese pick. The big hall was surrounded
by booths for tasting cheese, ham and sausages, together with wine and
3
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champagne tasting stands. The different cheese and
wine producers were offering their best products.
You had to make the tour of the hall and stop at each
stand to taste the excellent variety of products.
Also pizza and sweet pastry were offered. Some ate
more than they normally do, but it was all so nice.
On Saturday morning it was again beautiful weather,
the same as the previous days. The sky was blue and
no clouds at all. With Davir we went for a drive
through a beautiful landscape. I am convinced
Davir knows every single place in the area

l-to-r Max, Evandro Zibetti, Mayor of Carlos Barbosa,
and Davir Zwirtes Maffasioli at the Camellia Exhibition

where a camellia is growing.
This time we also stopped at a cactus nursery,
which a guest at the cheese festival had
recommended us to visit. The place is known as
the biggest cactus nursery in the world. It was
really astonishing. We continued enjoying the
beautiful landscape with not only camellias, but
also with lots of orchids blooming in trees and
telegraph poles along the street. It had become
rather late for lunch, but we were still able to get
some food in a restaurant.
The biggest cactus nursery in the world

The style of serving dinner was not at all what I was
used to. There was no menu and the waiter first
brought us something to drink and some soup. Then
different waiters came to the table, one offering
pasta, another one grilled meat, a next one had
potatoes and then one followed with rice.
Different vegetables were provided. They kept on
walking around the different tables and nearly every
two minutes there was someone again offering
something, even a dessert at the end of the meal.
You could eat as much as you like and all for a total
price of 11.50 euro.

Orchids along the street

On Sunday morning we drove through a neighboring village and from one camellia tree to
another. This time we were in the area where immigrants with Italian roots were living. They all
came together for lunch, to celebrate Saint Anna and we joined them to have lunch at the long
tables, sitting between the locals. Later we returned to Davir’s home, a nice picturesque place
where we could relax and talk. It was a pity though that so many beautiful and precious flowers
had suffered from the recent frost. It made me feel a bit sad.
4
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Monday morning at 8.00am, we had packed our suitcase and paid the bill of the hotel. On the
last day we had a good breakfast and while we were still enjoying an excellent cup of
Brazilian coffee, Davir came in and asked us to join
him right away. We had completely forgotten that we
were expected at the town hall, to meet the mayor
and to plant a camellia beside the town hall. First, in
a meeting room, the mayor explained the ongoing
events in Carlos Barbosa and also talked about the
difficulties they have in arranging a good education
for the youngsters.
We plant a camellia at the town hall at Carlos
Barbosa

They only have
one school for 389 students. There is no more space
and not enough money to expand. The mayor tries to
use a part of the city allowance, but as he can only stay
in office for a term of four years, it is hard to get
anything finalized. There is always the risk that the
next mayor has different priorities and will not proceed
with ongoing projects. He was very grateful to us for
visiting his town and, as a memory, we all joined in
planting a camellia, C.J. ‘Princess Clothilde’, next to the
town hall. After the planting and having pictures taken, Davir brought us back to the hotel, to
get our suitcases and leave for the Porto Alegre airport. It was sad to say goodbye because in
the meantime we had become good friends.
One thing I can guarantee: in Brazil you can certainly find a lot of beautiful and very old
camellias. Our journeys show that Argentina and Brazil no longer remain blank spots in the ICS
register.

5

International Camellia Congress 26-27-28 march 2018 Nantes France

217

The New Georgia (USA) Camellia Trail
Cindy Eidson, Director of Tourism Product Development
Georgia Department of Economic Development
75 Fifth Street, NW, Atlanta, Georgia 30308
Ceidson@georgia.org
Chronology
The idea for recognizing and marketing Georgia’s significant collection of camellia
gardens was born in January 2015 on a group tour in southern Georgia that was a part of the
American Camellia Society’s Annual Convention being held in Tallahassee, Florida. The
excursion tour included two cities that have a long history of camellia culture, Valdosta and
Quitman, Georgia.
Earlier in 2010, the Georgia Tourism Product Development Office had conducted a
community assessment in Quitman as a part of an experimental program utilizing a team of
professionals to bring expertise in economic and community development to rural communities
and towns in the state. While in Quitman, the team heard the story of Elsbeth Pankoke (born
1878, Germany – d. 1976, U.S.), also known as Betty Sheffield, who lived most of her life in
Quitman after immigrating from Germany in 1896. Around 1917 through a series of events, she
came to Quitman from Milwaukee, Wisconsin and eventually met her husband-to-be, a local
fellow, Albert Sheffield. In her lifetime, she became quite well known nationally for her prolific
work with camellias.
In the 2010 report to the community, the Tourism Product Development Resource Team
recommended that Quitman should capitalize on Betty’s story and promote itself as the
Camellia City that it claimed to be (Photo 1).
From 2011 to 2013, the local community advanced with plans to erect a bronze statue
honoring Betty Sheffield and her work with camellias in the community over the last century.
Donations were made by local citizens and organizations and the statue was erected in the
garden of the Quitman Brooks County Museum in downtown (Photo 2).
By 2014, the community sensed that there was more that could be done and so, in
collaboration with the Tourism Division of Georgia Department of Economic Development,
plans were made to host the first Camellia and Garden Symposium honoring Betty Sheffield.
The two-day event was held in February in Quitman with a stellar list of speakers from Georgia,
Florida and South Carolina. People attended from four states. Carole Selph, a local camellia
grower and enthusiast, gave an informative program about the story and history of Betty
Sheffield’s life in Quitman. She revealed that by coincidence an African American lady, Louraine
Campbell, who was a close-by neighbor, is believed to have introduced Betty to the culture of
camellias.
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In the 1930s that African American lady had a camellia named for her that she developed
from a seedling. It was named Camellia japonica ‘Rena Campbell’. And, what makes the story
so compelling is that according to local legend, another seedling that came from Loraine
Campbell ultimately became registered in 1949 by ACS as the Camellia japonica, ‘Betty
Sheffield’.
And as many camellia enthusiasts know, the ‘Betty Sheffield’ camellia has produced a
descendant legacy of over 40 camellia varieties that have been named and registered. One of
these was the sport Camellia japonica, ‘Betty Sheffield Supreme’ –the only camellia ever
featured on a U.S. postal stamp (Photo 3) and produced as a Boehm porcelain (Photo 4).
It was at that 2014 symposium that an announcement was made by one of the delegates,
Randolph Maphis, of the upcoming 2015 American Camellia Society Annual Convention in
Tallahassee, Florida; and much was discussed about hosting a garden tour for the delegates in
Quitman and Valdosta.
As mentioned earlier, it was in January 2015 during the ACS visit to the Sara Oliver Camellia
Garden in Valdosta that a conversation started about how great it would be to be able to
experience a tour featuring Georgia’s best public camellia gardens. It was at that moment, that
the then Tourism Product Development Director, Bruce Green, made the comment that, “… it
doesn’t exist” and as it has been said the rest is history (Photo 5).
Starting in mid-2015, there were a series of communications between folks that had
expressed an interest in developing a brochure to feature Georgia’s public camellia gardens. In
2016, the state tourism office again stepped forward and offered to support the development
of the camellia trail and to produce the brochure. A consultant was hired to work with all the
known gardens and to collect a data base that would be used to validate the aspects of each
garden and its ability to attract and inform visitors about the genus Camellia.
After several months, the information was compiled and edited and then GDEcD staff
created the design and layout of the publication. Plans were made to launch the Camellia Trail
at the Camellia Festival event in February 2017 at the ACS headquarters at Massee Lane
Gardens in Fort Valley, Georgia. Outreach was made to Georgia’s First Lady Sandra Deal, who
had recently had a camellia named for her. She agreed to attend and speak at the launch and
ribbon cutting of the new Georgia Camellia Trail (Photo 6).
The Camellia Trail includes over 30 gardens from Atlanta to the coast stretching across
middle and southern Georgia. The Trail is featured in the new colorful brochure designed in an
easy to follow and informative format that is now available at the state’s twelve Visitor Centers
and at the gardens and local and regional visitor centers as well. Additionally, the Camellia Trail
is featured on the state’s official tourism website ExploreGeorgia (Photo 7).
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Developments and Outcomes
On May 2nd, 2017, First Lady Sandra Deal hosted a ribbon-cutting ceremony honoring
the state’s former First Ladies who have camellias named for them – Rosalynn Carter and Betty
Foy Sanders – at the Georgia Governor’s Mansion (Photos 8, 9, 10). Mrs. Deal had a special
garden created for the First Lady Camellias and in addition she planted a number of cold-hardy
specimens that could endure the sometimes frigid Atlanta winter weather. She is subsequently
working to have a number of other camellias named for all of the former First Ladies who
occupied the current Governor’s Mansion, built in 1966. Additionally she has graciously agreed
to be a spokesperson for Georgia’s Camellia Trail.
In the summer of 2017, the Georgia Tourism Product Development Office again
provided funding for the creation of Camellia Trail signs that were given to the 30-plus gardens
to be placed nearby to assist visitors in locating the garden. The signs were part of a
collaboration with the Georgia Correctional Industries, who makes most of the highway signs
for the State of Georgia. The signs are color and design coordinated to match the Trail
brochure (Photo 11).
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Photo 1. Cultural Tourism Recommendation Page in Quitman Report

Photo 2. Bronze statue of Betty Sheffield in Quitman, Georgia
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Photo 3. U. S. postal stamp

Photo 4. Betty Sheffield Supreme camellia

Photo 5. Dedication ceremony at the Sara Oliver Garden, Valdosta, Georgia, ACS Convention 2015
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Photo 6. Georgia’s First Lady Sandra Deal admiring camellias at ACS headquarters

Photo 7. Cover of Camellia Trail brochure
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Photo 8. Poster of First Lady Rosalynn Carter’s namesake blossom. May 2, 2017

Photo 9. First Lady of Georgia Sandra Deal; Former First Lady of Georgia and the United States Rosalynn Carter;
and daughter of Former First Lady of Georgia Betty Foy Sanders, Betty Sanders Botts. May 2,2017
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Photo 10. Former First Lady Rosalynn Carter, Governor Deal and Deputy Commissioner of Tourism Kevin Langston
May 2, 2017

Photo 11. Installation of the new Georgia Camellia Trail signs
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Photo sources:
Photo 1. Quitman Tourism Report – Source: Georgia Department of Economic Development
Photo 2. Bronze Statue of Betty Sheffield – Source: Stephanie Smith
Photo 3. Betty Sheffield Supreme stamp – Source: https://arago.si.edu/category_2038261.html
Photo 4. Betty Sheffield blossom – Source: American Camellia Society Library
Photo 5. Dedication of Sara Oliver Garden Valdosta – Source: Christ Church Vineyard newsletter
Photo 6. Georgia’s First Lady, Sandra Deal – Source: Macon Telegraph, February 2017
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Photo 11. Camellia sign installation – Source: Susan Bodine
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The garden of the Pazo de La Saleta (Galicia, Northwest Spain)
Vela P.1, Barros A. 1, Salinero C. 1, Rodríguez S. 2
1

Estación Fitopatolóxica Areeiro, Deputación de Pontevedra, Spain. pilar.vela@depo.es
2
Pazo de La Saleta, Pontevedra, Spain

Abstract
The Pazo de la Saleta, located in San Vicente de Meis, Pontevedra (in
northwestern Spain), belonged to a British couple, Margaret and Robert Gimson, who
created a botanical garden when next to native trees they planted species from around
the world, and especially camellias. All plants were identified and labelled, and many
of these labels are still preserved. When Robert Gimson passed away, the property
was divided into four parts of different sizes. In 1996, the land of the old house with
an area of 2 hectares was sold to the family Rodriguez Coladas, who restored the pazo
of the 18th Century, the chapel of the 19th Century, and the garden. They also
introduced new specimens. The garden now has about 2,000 specimens belonging to
220 species of plants. The camellia is a very representative genus, with more than 300
specimens of more than 200 cultivars. The garden is open to the public and has been
part of the Camellia Route since its creation in 2005. The garden has applied to obtain
recognition as an International Camellia Garden of Excellence.
Key words: botanical garden, camellia, Camellia Route.
La Saleta
The property, dating back to 1721, is located in the parish of San Vicente de
Nogueira (Meis), in the province of Pontevedra, in northwestern Spain. This 5-ha piece
of land was used for farming until it was acquired by Robert and Margaret Gimson, a
British couple who were very keen on gardening. It included several partly ruined
buildings that they restored, some pieces of land arranged in terraces, with grapevines
trained on arbours, and a wood of pines, oaks and some fruit trees. The estate also
included a spring connected to a water pipe, which would provide water to the land
(del Castillo, 2003).
The Gimsons hired the landscape architect Brenda Colving to design the
project: converting the place into an English garden, where Robert could develop his
fondness for gardening and collecting plants (del Castillo, 2003). During the first years,
they tried to acclimatize plants from all over the world, mixing indigenous trees and
other exotic varieties coming from Australia, New Zealand, South Africa, South
America, and also from the eastern countries, thus creating a real botanic garden
which made them very popular in this field (George and Correcher, 1993). All these
plants were identified and classified with the name of the genus, species, and cultivar.
In 1983, the garden was visited by a group of botanists, who suggested the creation of
a botanic garden outside Madrid and considered La Saleta would be the perfect place.
However, the project did not succeed due to the lack of funds (Gimson, 2008).
At first, the owners created a grove of rhododendrons and camellias. However,
despite being more interested in the former, Robert soon discovered that camellias
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grew very easily, and he became more interested in this plant. He planted different
camellia species and varieties, some of them grown for the first time in Spain. He also
introduced a large number of species and Williamsii hybrids, as well as many cultivars
of C.reticulata (Gimson, 2008).
Acid soils rich in organic matter and the rainy and temperate climate in Galicia
represent the perfect conditions for the development of these species, which grow as
if they were native to this place. Moreover, they have here an extended blooming
period compared with other countries, where the blooming season is often restricted
to 2-3 months (Salinero and Vela, 2004; Vela et al, 2013).
When Robert Gimson passed away, the estate was divided into 4 parts of
different sizes to be sold. The largest part, having an area of 2 ha which included the
old house, was purchased by the family Rodríguez Coladas. The family restored the
run-down pazo, or manor house, and the 18th Century chapel, which was also in a
terrible condition. At that time, the garden was also in a very bad condition and the
new owners set about to restore its beauty. They cared for the plants that were still
alive and also introduced new specimens, following the Gimsons’ tradition. Some years
later, they opened the garden to the public.
When the garden was originally sold, it included about 400 plant species.
Nowadays, this number is doubled to more than 800, not counting the more than 200
camellias growing there.
In the garden, there is a
real wood crossed by
paths, with several
outstanding areas: the
African garden, having
species of the genera
Protea, Leucospermum and
Leptospermum, among
others; the indigenous
Figure 1. Image of a flower of Protea and blossom of Rhododendron
species in the garden of La Saleta.
forest of Quercus, Pinus
and Castanea; the cacti
area; the meadow or the
camellia plantation, mainly
divided into four different
parts: the C.sasanqua and
Rhododendron area, the
area of Camellia species,
the C.reticulata area, and
that of C. x williamsii
(figures 1 and 2).
Figure 2. The Camellia reticulata area.
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In the wood, oaks, eucalyptus, and cork trees grow around the octagonal
dovecote, while in the garden, there are eastern species, including rhododendrons,
azaleas and camellias; Protaceae and Mystaceae, Ericaceae from South America and a
large number of plant
specimens introduced
from New Zealand and
Australia, thanks to
Robert Grimson’s
relationship with the
managers of the botanic
gardens in different
parts of the world
(Quest-Ritson, 1992). All
these plants have been
Figure 3. Leaves and flowers from Acacia cardiophylla with the
perfectly classified and
corresponding label placed by Robert Gimson.
labelled by the owners
(figure 3).
In the entrance of the estate,
there is a chapel devoted to Our Lady of
La Salette, after which the property was
named. It was built between 1863 and
1870 by Colonel Severo Pérez Cardecid,
from Cambados, in Galicia’s Pontevedra
Province. (figure 4). Inside the chapel,
there is an altarpiece from 1870 and a
polychrome vault with the coat of arms
of the family. The procession in honour
of the Virgin is still held every year on
Pentecost Sunday (del Castillo, 2003).
Figure 4. View of the bell tower of the chapel.

Apart from the chapel,
the farmhouse, the hórreo (a
typical Galician raised
granary) and the dovecote
have also been restored
(figure 5).
Today, the garden is
open to the public by
appointment only. A member
of the family who owns the
property is in charge of the
guided tours of the botanic
garden and the chapel
available for individuals or

Figure 5. The dovecot perfectly preserved and transformed
today into a small wine cellar.
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small groups. Apart from the tours, the garden also hosts small events connected with
the camellia flowers.
Since 2014, the Pazo de La Saleta has been the permanent residence of the
owners, which has added a fresh impetus to the property and the garden, since before

Figure 6. Some places of the garden are perfect for relaxing and enjoying nature.

that date, it was only a place to visit. Now it is a space to be enjoyed and cared for
every day. Also in 2014, the dovecot – perfectly preserved and housing today a small
wine cellar – was open to the public. Thus, a basic element of the manor houses in
Galicia is made visible, revealing old traditions of our region. The garden has now
changed into a more familiar and well-maintained place, full of wonderful and perfect
spots for relaxing and getting away from it all (figure 6).
Camellias in the garden of La Saleta
The Camellia is a representative genus in the garden, having more than 300
specimens of 30 different species: more than 120 cultivars of C.japonica; around 34 of
C. hybrid, including 20 williamsii hybrids; 23 cultivars of C.reticulata, and a great
number of Camellia sasanqua specimens (see table 1). Many of them were originated
from the seeds of the oldest specimens. Gimson’s passion for camellias had led him
to participate in the International Camellia Show, held in Galicia since 1965, where he
was twice awarded the Gold Camellia, the highest honour of the event, for his
collection.
After Gimson’s death, the garden was abandoned until it was sold. Hence the
large number of new camellias that grew wild and neglected for years. This is the
reason why small woods of camellia are scattered all through the garden.
There are some cultivars which stand out, namely ‘Jean May’, ‘Narumigata’,
‘Peach Blossom’, ‘Sparkling Burgundy’ or ‘Rosea’ among the sasanqua camellias;
‘Captain Rawes’, ‘Arbutus Gum’, ‘Otto Hopfer’, ‘Lila Naff’ or ‘Miss Tulare’ among the
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C.reticulata; and ‘Brigadoon’, ‘Caerhays’, ‘Donation’, ‘J.C Williams’ and ‘Rosemary
Williams’ among the williamsii hybrids.
In addition, it is worth mentioning the collection of species, as many of them
had just been discovered by plant hunters when they were planted in La Saleta during
the 1970s (Gimson, 2008). This small collection was added to gradually and, today,
apart from the most popular species as C.japonica, C.sasanqua, and C.reticulata, it also
includes specimens of C.brevistyla, C.caudata, C.irrawadiensis, C.nitidissima, and
C.azalea (C.changii), among others (figure 7).

C. ‘Shiro wabisuke’

C. wabisuke ‘Tarôkaja’

C. japonica ‘Lavinia Maggi’ C. japonica ‘Vespuzzio’

C. nitidissima

C. reticulata ‘Francie L.’

C. japonica ‘Debutante’

C. x williamsii ‘Hiraethlyn’

Figure 7. Pictures of some flowers of camellias located at the garden of La Saleta.

This collection of camellias is still growing as new specimens and cultivars are
being added, such the ones of Galician origin which are planted in the area of the
indigenous wood. They include, among others, ‘Albear’, ‘Bo Nadal’, ‘Cereixa de Tollo’
and ‘Filla de Tollo’ as cultivars of C.japonica, and the C.reticulata ‘Manuel Magariños’.
The collection of camellias is completely mapped and all the specimens are registered
in a database containing the identification code, the species, the cultivar and the
location (see figure 8).
Camellias are an essential part of this garden, which is today part of the
Camellia Route created in 2005. Here, ranges of white, pink, red and purple petals
bloom to say goodbye to the winter and welcome the spring every year.
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Figure 8. Map of La Saleta, including location of camellias and other plant species.
Table 1- Camellia species and cultivars identified at La Saleta
Nº Cultivar
1
2
3
4
5
6
7
8
9
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specie

Adolphe Audusson Var.
Akashigata
Alba Simplex
Albertii
Althaeiflora
Anemoniflora
Apollo
Apple Blossom
Arajishi

C. japonica
C. japonica
C. japonica
C. japonica
C. japonica
C. japonica
C. japonica
C. japonica
C. japonica subsp.rusticana

Nº Cultivar
103
104
105
106
107
108
109
110
111

Mrs. D.W. Davis
Narumigata
Nobilissima
Otto Hopfer
Peach Blosson
Phillippa Forward
Fenhua (Pink Flower)
R.L.Wheeler

specie
C. japonica
C. sasanqua
C. nitidissima
C. japonica
C. reticulata hybrid
C. sasanqua
C. x williamsii
C. japonica
C. japonica
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10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

Arbutus Gum
Arch of Triumph
Augusto L. de Gouveia Pinto
Bella Romana
Benidaikagura
Betty Sheffield
Betty Sheffield Supreme
Joshua E. Youtz
Black Lace
Blood of China
Bob´s Tinsie
Bokuhan

C. reticulata hybrid
C. reticulata
C. japonica
C. japonica
C. japonica
C. japonica
C. japonica
C. japonica
C. reticulata hybrid
C. japonica
C. japonica
C. japonica
C. brevistyla
Brigadoon
C. x williamsii
Buddha
C. reticulata hybrid
Butterfly Wings
C. reticulata
C.M. Hovey
C. japonica
Caerhays
C. x williamsii
Campbellii
C. japonica
Captain Rawes
C. reticulata
C. caudata
Roger Hall
C. japonica
Citation
C. x williamsii
Conspicua
C. japonica
Cornish Snow
C. hybrid
William Hertrich
C. reticulata
C. cuspidata
Daintiness
C. x williamsii
Debbie
C. x williamsii
Dewatairin
C. Higo
D. Herzilia de Fr. Magalhaes C. japonica
Donation
C. x williamsii
Donckelaeri
C. japonica
Dr Tinsley
C. japonica
Dr. Clifford Parks
C. reticulata hybrid
Dr Louis Polizzi
C. reticulata hybrid
E.G. Waterhouse
C. x williamsii
Elegans
C. japonica
Elizabeth de Rothschild
C. x williamsii
Eugenia de Montijo
C. japonica
Fascination
C. japonica
Fimbriata
C. japonica
Fragant Pink
C. hybrid
Francie L.
C. reticulata hybrid
Francis Hanger
C. x williamsii
Gauntlettii
C. japonica
George Blandford
C. x williamsii
Gigantea
C. japonica
Ginryû
C. x vernalis
Glenn´s Orbit
C. x williamsii
Goshoguruma
C. japonica

112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162

Red Rogue
Reg Ragland
Rogetsu
Rose Court
Rosea
Rosemary Williams
Royalty
Rubescens Major
Sabina

61
62
63
64
65
66
67
68
69

Grand Jury

163
164
165
166
167
168
169
170
171

Aka-sodekakushi
Dahlonega
Eugene Lizé
Pomponia Estriata
Portuensis Yellow
Brushfield's
Night rider
unknown
unknown
Adolphe Audusson

Nº Cultivar

Guilio Nuccio
Hagoromo
Hanatachibana
Harold L. Paige
Henri Favre
High Hat
Hiraethlyn

specie

C. reticulata hybrid
C. grijsii
C. japonica
C. japonica
C. japonica
C. reticulata hybrid
C. japonica
C. japonica
C. x williamsii

C.japonica
C.japonica
C.japonica
C. x williamsii
C. sasanqua
C. x williamsii
C. reticulata hybrid
C. japonica
C. japonica
C. saluenensis
Saudade de M.Branco
C. japonica
Shiragiku
C. japonica
Shiro-Wabisuke
C. wabisuke
Shot Silk
C. reticulata
Shôwa-no-Sakae
C. hiemalis
Showa-wabisuke
C. wabisuke
unknown
C. japonica
C. sinensis
Single Pink
C. japonica
Snow Bell
C. japonica
Snowflake
C. japonica
Sparkling Burgundy
C. hiemalis
St. Ewe
C. x williamsii
C. taliensis
Tarôkaja
C. wabisuke
C. tenuiflora
Thelma Dale
C. japonica
Tomorrow
C. japonica
Torre de Lama
C. japonica
Trewithen Pink
C. reticulata
Trewithen Red
C. saluenensis
Tricolor
C. japonica
Valentine Day
C. reticulata hybrid
Vespuzio
C. japonica
Virginia Franco
C. japonica
unknown
C. japonica
White Swan
C. japonica
William Hertrich
C. reticulata
Subijin (Blushing Maiden C. japonica
)
Yukimiguruma
C. japonica
Baronesa de Soutelinho C. sasanqua
Forty-Niner
C. reticulata hybrid
Millarenga
C. japonica
Madame Henri
C. japonica
Cormerais
C. vernalis
Do Pozo
C. japonica
Debutante
C. japonica
C. transnokoensis
Kenkyô
C. sasanqua
Madame Henri Cormerais C. japonica
Joshua E. Youtz
C. japonica

Nº Cultivar

specie

C. japonica
C. japonica
C. japonica
C. japonica
C. x williamsii
C. hybrid
C. japonica
C. japonica
C. japonica
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70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102

Hiryu
Narumigata
Imbricata
Inspiration
J.C. Williams
J. J. Whitfield
Jean May
Julia Hamiter
Kanjiro
Kimberley
Kumasaka
Lady Campbell
Lady de Saumarez
Latifolia
Lavinia Maggi
Leonard Messel
Letitia Schrader
Lila Naff
C. lutchuensis
Magnólia
Magnólia Rosa
Maliflora
Mandaly Queen
Mary Christian
Mathotiana
Mercury
Mikenjaku
Milo Rowell
Mai Tai
Miss Tulare
Mouchang
Mrs William. Thompson

C. x vernalis
C. sasanqua
C. japonica
C. reticulata hybrid
C. irrawadiensis
C. x williamsii
C. japonica
C. sasanqua
C. x williamsii
C. x vernalis
C. japonica
C. japonica
C. japonica
C. japonica
C. japonica
C. japonica
C. reticulata hybrid
C. japonica
C. reticulata hybrid
C. lutchuensis
C. japonica
C. japonica
C. maliflora
C. reticulata
C. x williamsii
C. japonica
C. japonica
C. japonica
C. reticulata hybrid
C. reticulata hybrid
C. reticulata
C. reticulata
C. japonica

172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204

Montironi
Montironi Rosea
Usu-otome
Albear
Laura Walker
unknown
Carmen Samartin
Tsuki no-wa
Ou no sâto
Minato-no-haru
(Primavera del puerto)
Reigyoku
Bo Nadal
Kagirohi
Takumi
Kogane Yuri
Shikibu
Bob Hope
Berenice Boddy
Ai-no-izumi
Donnan's Dream
Merry Christmas
Hakuhan-kujaku
Manuel Magariños
Jitsugetsu
Cereixa de Tollo
Filla de Tollo
Buttermint
Peter Pan
Rosa de Ortel
Candy Apple
unknown

C. japonica
C. japonica
C. japonica
C. japonica
C. japonica
C. nitidissima
C. amplexicaulis
C. hybrid
C. japonica
C. japonica
C. hybrid
C. japonica subsp rusticana
C. japonica
C. transarisanensis
C. hybrid
C. japonica
C. hybrid
C. japonica
C. japonica
C. japonica
C.japonica subsp. rusticana
C. japonica
C. japonica
C. japonica
C. japonica
C. japonica
C. japonica
C. japonica
C. hybrid
C. japonica
C. japonica
C. japonica
C. japonica

Activities related to the camellia in La Saleta
A large number of cultural events and activities connected with the camellia are
held all through the year. Among them, Valentine’s Day celebration and the Annual
Poetry Contest “Our muse, the camellia” stand out. Furthermore, these camellias have
been used as a source of inspiration for the creation of jewels and fashion collections.
Celebration of Saint Valentine’s Day with our camellia ‘Valentine’s Day’
Since 2015, every 14th of February, La Saleta organise a special event linked to
the camellia of Saint Valentine’s Day. In the first year, a series of activities, such as a
route to find the most beautiful camellia flowers in the garden, a concert by an Irish
artist and a feast were organized to celebrate our passionate love to this flower. The
name of the event was Days of Love and Camellias. A year later, in 2016, all the
couples who participated in the guided tour were given a red heart-shaped soap bar
made with camellia oil. In 2017, to celebrate the camellia blooming season, all visitors
were offered a cup of the Albariño white wine Xovial, whose label has a beautiful
camellia flower similar to the variety ‘Valentine’s Day’.
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Annual Poetry Contest “Our muse, the camellia”
Every year the Pazo of La Saleta hosts a poetry event which brings together the
love for camellias and the love for poetry. In fact, this will be the fifth year of the
annual national poetry contest “Our muse, the camellia”. Camellia enthusiasts from
different parts of Spain participate in this contest, which promotes the camellia,
unfortunately not well-known in areas such as Andalusia, the Canary Islands or the
Mediterranean region that are not suitable for camellia cultivation. Judges are
renowned poets and readers of poetry. The number of participants has increased over
the years, and now it has become a traditional event held before Christmas. The
winners are announced at an awards ceremony, in early December, which is always an
exciting and moving moment. Literarte, a Basque publisher in northeastern Spain, is
interested in publishing a collection of the poems that have been awarded over the
years.
An exhibition of jewelry and other pieces inspired by the camellia
The jewels, brooches and headdresses and other objects that are sold in our
store were displayed at several exhibitions held in the garden. The jewels were created
by Isidoro Hernández, a jeweller from Madrid, who was awarded several prizes by
Vogue magazine on different occasions. He was inspired by the camellias of this garden
to create a unique collection. Now, a new line of clothing with the camellia as the
main motif is being created for the fashion designer Amai Rodriguez (2009 Ego Madrid
Fashion Week Award). In addition, a mug collection with her fantastic illustrations of
this amazing flower is now available in their store.
All these activities are linked to the camellias, which can be admired in La
Saleta, strolling along the wonderful paths that cross the garden. Flowers can be
admired from August to May.
The efforts to improve, care for and preserve all the specimens made during
the last few years have been combined with the tourist promotion of the garden, with
the aim of increasing the public knowledge of its botanic value and of the regional
history. As a result of all the works carried out, the garden hopes to be recognized as
an International Camellia Garden of Excellence.
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Outstanding camellias in Galicia, Northwest Spain
Salinero C., Vela P., Regueira N., Barros A.

Estación Fitopatolóxica Areeiro, Deputación de Pontevedra, Spain.
carmen.salinero@depo.es

Abstract: The region of Galicia, in northwestern Spain, with rich and acid soils and a
mild and humid climate, enjoys perfect conditions for camellia growth. Because of
their exotic origin, the first camellias introduced in Galicia were only planted in the
gardens of the Galician pazos (manor houses). However, over the years, camellia
cultivation became popular and now they can be seen growing in almost every garden,
even along streets and avenues of cities and towns. Many of these ancient camellias
are still found in the Galician pazos. However, there are no documents available about
the date when the first Camellia plants arrived in Galicia, probably before the 19th
Century. Most of these plants are 200 years old and they are considered authentic
plant monuments that have been catalogued and are protected by special
preservation orders. The aim of this work was to locate and study the most ancient
camellia specimens and tree formations in Galicia and create a list so authorities will
be aware of the importance of the camellia for the Galician cultural and historic
heritage, thus ensuring its preservation.
Key words: camellia specimen, plant formation, plant monument.
INTRODUCTION
The origin of the first camellias introduced in Galicia and that are still growing in our
gardens is unknown, mainly due to the lack of documentation about their origin and
date of plantation (Salinero et al., 2012). There are plenty of references about the
history of the families and noble houses, but in these documents the gardens are not
mentioned.
The first written evidence on the introduction of the camellia in Europe is found in
the notes by English and Dutch navigators (Salinero and González, 2006). Although
there are several documents dating from the late 17th Century to the early 18th
Century which describe and illustrate camellia plants, it was not until 1739 that the
first camellia with single red flowers was documented, in the greenhouse of the
gardens owned by Robert James (Salinero and Vela, 2004).
Several years later, in 1760, the camellia planted in Caserta bloomed for the first
time. This old tree may be of the same age as those planted in Pillnitz (Germany) and
Campobello (Portugal). At that time, European nurseries started to include camellias
in their catalogues, and people showed an increasing interest in these plants. Some of
the Galician camellias might have been originated in nurseries from different countries
in Europe, such as France, Belgium, or Italy, or they could have been introduced by
plant peddlers who, following the northern coast, arrived in Galicia with many old
varieties for sale (Savige, 1981). Plant sellers and nurseries offered the latest plants
and, in some cases, this was the only way the owners of the pazos, or manor houses,
could obtain new plants for their gardens.
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These ancient camellias are found only in pazos because they were expensive plants
because of their exotic origin. The pazo de San Lorenzo still keeps a plant catalogue
dating from 1850 issued by a French nursery, and although the purchase of camellias
by the owners of this pazo is not documented, it is thought that some of the camellias
growing there came from that nursery. Such might be the case of other camellias
growing in other pazos, such as Torre de Lama or Santa Cruz de Rivadulla, among
others.
As in other European countries, from the late 19th Century to the middle of the
20th Century, there was an increasing interest in Galicia in botany and gardening,
which led to the creation of many nurseries where many camellia varieties, among
other species, where grown and sold.
At that time, Marques Loureiro was one of the most important nurseries, which
sold camellias to many gardens throughout Galicia, such as the pazo de Quiñones de
León in Vigo, the Casino de Pontevedra, the pazo de Rubianes, the pazo de Lourizán,
the pazo de Gandarón, the gardens surrounding the Palacio Provincial in Pontevedra,
the pazo de Torres Agrelo or the pazo de Santa Cruz de Rivadulla, among others.
Many of these camellias continue growing and thriving today in the gardens of the
manor houses that are still preserved, thanks to the environmental and soil conditions
of the Galician region. The camellias in Galicia are excellent specimens of great size. In
fact, they are true living monuments. The dendrometric parameters and the
morphobotanic characteristics of 100-year old selected specimens were studied with
the aim to raise public awareness of the importance of preserving these plants. In
addition, the origin and history of each of these specimens were also studied. The
objective of this work was to locate and select specimens more than 100 years old in
Galicia and to study their history and origin, as well as to record the dendrometric and
morphobotanical characteristics of each one in order to value their importance as
living plant monuments and to continue preserving them.
MATERIAL AND METHODS
Seventeen single plants and ten groups of camellias of more than 100 years of age
growing in 21 gardens of Galicia were selected (see table 1). All possible information
on the origin of the specimens was collected, and the plants were measured to
establish their size and development over time. The plant height, the number of
trunks, the crown diameter, and the trunk perimeter at the base of the trees were
measured. The growth habit was also observed and classified as spreading, semispreading, upright and weeping.
In addition, the morphology of the specimens was studied by collecting 10 leaves
per specimen. They were analyzed using the following morphobotanic descriptors:
length, width, leaf index, shape of the apex, shape of the base, blade and leaf margin.
With the sets of 10 datapoints obtained, the arithmetic mean was calculated. Data on
the morphology of the flowers could not be registered, since many of them were not in
bloom when the measurements were made.
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TTable 1: Specimens of single camellias and groups, selected for this work, with their location.
Code Specie
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21

C. japonica
C. japonica
C. japonica
C. japonica
C. japonica
C. japonica
C. japonica
C. japonica
C. japonica
C. japonica
C. japonica
C. japonica
C.sasanqua and C. japonica
C. japonica
C. japonica and C. reticulata
C. japonica
C. japonica
C. japonica
C. japonica
C. japonica
C. japonica

single / group

Location

Council, Province

single
single
single
single
single
single
single
single / group
single
single / group
single / group
single / group
single / group
single
single / single
group
group
group
group
single
group

Casa Grande de Lens
Pazo Quiñones de León
Caldelas de Tui
Casino de Pontevedra
Finca Galea
Pazo da Escola (or Pazo de Mendoza)
Pazo Gandarón
Pazo de Lourizán
Pazo Quintáns
Pazo Rubianes
Pazo de Mariñán
Pazo Vista Real
Pazo Torres de Agrelo
Castillo de Soutomaior
Pazo de Oca
Palacio de Barreiro
Pazo da Golpelleira
Palacio Provincial
Pazo Cibrán
Pazo de Vista Alegre
Santa Cruz de Rivadulla

Ames, A Coruña
Vigo, Pontevedra
Tui, Pontevedra
Pontevedra, Pontevedra
Alfoz, Lugo
Gondomar, Pontevedra
Pontevedra, Pontevedra
Pontevedra, Pontevedra
Sanxenxo, Pontevedra
Vilagarcía de Arousa, Pontevedra
Bergondo, A Coruña
Vilanova de Arousa, Pontevedra
Redondela, Pontevedra
Soutomaior, Pontevedra
A Estrada, Pontevedra
Crecente, Pontevedra
Vilagarcía de Arousa, Pontevedra
Pontevedra, Pontevedra
Vedra, A Coruña
Vedra, A Coruña
Vedra, A Coruña

RESULTS
The results of data registered in plants and leaves are presented in table 2.
1. The Camellia japonica at the Casa Grande de Lens: The date of plantation of the
tree is unknown. However, according to Nicolás Badía Varela, the tree could have
been planted in the 18th Century (Badía, 1993). On the other hand, the current
owner of the estate, nephew and heir of Gustavo Varela, affirms that the camellia is
150 years old, and is of the same age as the two camellias growing next to the pazo.
Those two camellias, according to the existing documentation, were brought from
Ponte de Lima in 1860. This 13-metre-tall specimen presents a spreading and
majestic growth and is one of the largest camellia specimens in Galicia. Its trunk is
divided into two from almost its base which has made it known as the camellia
'Pantalones' (pants).
2. The Camellia japonica at the pazo de Quiñones de León: The garden of the pazo de
Quiñones de León (Castrelos) was created in 1860 (Rodríguez-Dacal and Izco, 2003)
at the time of the first Marquis of Alcedo. This specimen may have been introduced
in that same year, from the Marques Loureiro Nursery in Porto, according to written
documentation on the introduction of the specimen in the garden. Over the years,
this specimen has become a significant element in the garden. Now it is 8 metres
tall and has a crown size of 15 x 13 metres. Its large size and dimensions make it
named as the “Methuselah” of the camellias. The flower is of the anemone or
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peony type of three different colors, which does not correspond to any registered
cultivar.
3. The Camellia japonica in Caldelas de Tui: This specimen of C. japonica ‘Variegata’
was introduced from Portugal together with other camellia plants in the first half of
the 18th Century by Juan Manuel Ferreira, who came back to his homeland in the
last years of his life (Salinero et al., 2016). This tree is 4.95 metres tall and has a
large round crown. Its flower is incomplete double of intense pink color, mixed with
white spots.

1S

2S

3S

4. The Camellia japonica at the Casino de Pontevedra: The Practical School of
Agriculture, an institution devoted to gardening and garden design, was established
in Pontevedra in 1872. Its plant catalogue Catálogo de Plantas y Arbustos, which
was issued between 1880 and 1882, included nearly 130 Camellia varieties, most of
them originated in Portugal. The specimen planted in the garden, now 9 metres tall,
came from the Jose Marques Loureiro Nursery and presents a semi-spreading
growth (Barbazán et al., 2009). Its flower is a complete double, of intense pink
color with very marked venation.
5. The Camelia japonica at the Finca Galea: In this estate, owned by the Galea family
until 35 years ago, there is a camellia specimen about 100 years old. Although there
is no written evidence to determine the age of the tree, it can be estimated by its
size and growth habit. A smaller Camellia japonica specimen of about the same age
is growing next to it. The oldest camellia is 6.4 metres tall and has 8 thick trunks and
three thinner ones. Its flower is of double type complete with petals of very clear
pink color that blur towards the apex arriving to reach an almost white tonality in
the edge.
6. The Camellia japonica at pazo da Escola (pazo de Mendoza): The pazo was built by
Policarpo de Mendoza in the middle of the 18th Century. In the garden there is an
8.5m-tall camellia specimen growing. The trunk is thick at the base, which branches
into 12 stems at 1.3 metres above ground level. According to the information
obtained, the specimen may be more than 150 years old. Its flower is an intense
red peony. So far the cultivar has not been identified.
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4S
5S
6S
7. The Camellia japonica ‘Dama do pazo’ at the pazo Gandarón: The original
layout of the garden, which is still preserved nowadays, and the garden itself were
created by Jerónimo Malvar Taboada during the late 19th Century (González et al.,
2011). Among the large number of plant species that can be admired in the garden,
there is a collection of camellias dating from the same century. The specimen
selected, identified as ‘Dama do pazo’, is one of the oldest camellias in the garden
and it is included in the Catalogue of the Agricultural School of A Caeira, issued in
1882. It is 5 metres tall and presents a semi-spreading growth. Its flower is
anincomplete double of two different colors.
8. The group of Camellia japonica trees and the Camellia japonica at the pazo de
Lourizán: The camellia specimens growing in Lourizán could have been originated in
the nurseries of the Agricultural School of A Caeira, given the close proximity of
both centres. The purchase of several camellia plants is documented in an invoice
dating from 1876 (Salinero et al., 2011). In this case, the camellia specimen
selected is an ‘Alba Plena’ variety, now 8m tall and with a spreading growth. A
group of camellias that flank the old entrance to the pazo was also selected. ‘Pedro
V Rei de Portugal’, ‘Angelina Vieira’, and or ‘Antonio Bernardo Ferreira’ are among
the most remarkable specimens.

9. The Camellia japonica at the pazo de Quintáns: This manor house, owned by the
noble family Padín, dates back to the 17th Century. In the main garden of the
entrance, there is a camellia that, compared to the rest of the specimens selected in
the study (about 100 years old), is not very old. However, this specimen is
particularly noteworthy because it shows flowers all year long. Its growth habit is
spreading and the tree is 7m tall. It’s been identified as ‘Marguerite Gouillon’ and its
flower is an anemone of different colors.
10. The Camellia japonica ‘Variegata’ and the group of Camellia japonica trees at
pazo de Rubianes: According to the existing documentation, camellias have been
growing in the pazo since 1850. However, the camellias selected may have been
planted between the late 19th Century and the early 20th Century (Rey, 2008). The
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camellia ‘Variegata’ has a semi-spreading growth and is 5 metres tall. The camellias
that are part of the group are not significantly tall but they are wide and multitrunked. In fact, some of the specimens have 24 trunks.

9S

10S

10G

11. The group of camellias (8+1) and the Camellia japonica ‘Rubra simplex’ at the
pazo de Mariñán: Although there is no written evidence to establish the age of
these specimens, the single camellia and the plants that are part of this group may
have been planted in the second half of the 19th Century, so they may be about 100
years old (Salinero et al., 2006). This group comprises 9 Camellia japonica
specimens that are 7m tall. Eight of these plants are arranged forming a circle with
one placed in the centre. Flowers of the group and single specimen have been
identified as ‘Rubra Simplex’.

11S

11G

12. The Camellia japonica and the group of camellias at the pazo Vista Real: There
is scarce information about the history of the pazo and its garden, but according to
the oral information and given the large size of the specimens, these camellia trees
may be around 100 years old (Bermúdez, 2012). All of them – the Camellia japonica
planted in the entrance and the specimens included in the group – present a semispreading growth and are from 6 to 8 metres tall. Particularly striking is the number
of trunks they have (10-11).

12S

12G
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13. The Camellia sasanqua and the group of Camellia japonica specimens at Torres
Agrelo: The Camellia sasanqua specimen ‘Barão de Soutelinho’ is about 150 years
old, and although the exact date of plantation is unknown, the camellia may have
been planted when the garden was created, in the second half of the 19th Century.
Being 9 metres tall, this plant is one of the oldest C.sasanqua specimens in Europe
(Rodriguez-Dacal and Izco, 2003). As regards the group of camellias, all of them are
Camellia japonicas, with some reaching heights of 12m. They are particularly
noteworthy for their growth habit and unique arrangement, thus creating a
beautiful space.
14. The Camellia japonica at the Castle of Soutomaior: The garden was originated in
1870, when the Marquises de la Vega de Armijo transformed the castle and
established there their summer residence. The first camellias, including the
specimen selected for this work, were also planted at that time (Salinero and Vela,
2004). Today, the tree is 10.5 metres tall, it branches into 18 trunks and its crown
size is 13.3 x 15.7 metres. Their flowers are double or rose shape, white with pink
stripes or totally pink.

13S

13G

14S

15. The Camellia japonica and Camellia reticulata del pazo de Oca: According to the
documentation kept in the pazo, most camellias were planted in the middle of the
19th Century when the garden was restored (Albendea, 2007). The Camellia
japonica is particularly notable for its bicoloured flowers. On the other hand, the
Camellia reticulata ‘Captain Rawes’ stands out for its large size; it is probably one of
oldest in Europe (Salinero and Vela, 2004).
16. The group of Camellia japonica specimens at the palacio de Barreiro: The pazo
was built around the 18th Century on the grounds of a former fortress dating back to
the 13th century. Although there are no documents to determine the age of
camellias planted in the garden, they may be about 100 years old because of the
great size of their crowns and their growth habit.
17. The group of Camellia japonica specimens at the pazo da Golpelleira: In this
estate, owned by the López-Ballesteros family, there is a group of large camellia
trees. They are 7m-tall, multi-trunked trees; some of them have up to 31 trunks.
Nearby, there is a less numerous group of C. japonica specimens but they are from
the same period as the camellias selected.

242

International Camellia Congress 26-27-28 march 2018 Nantes France

15S

15S

16G

17G

18. The group of Camellia japonica specimens at the Palacio Provincial de
Pontevedra: The camellias may have been planted between 1891 and 1903,
according to an invoice from the period of the restoration of the gardens
surrounding the building (Salinero and Vela, 2004). However, the origin of the
camellias planted in this garden is unknown. They might have been introduced
from the nursery Real Companhia Horticola-Agrícola Portuense (Portugal). They are
from 4m to 8m tall and have a spreading and semi-spreading growth. Among them
there are specimens of ‘Francesco Ferrucio’ and ‘Orandako’; other trees are still
unidentified.
19. The group of Camellia japonica specimens at the pazo Cibrán: The 30 specimens
of the group date from the 18th Century. The average height is 10m, but their
crowns are small if they are compared to those of other specimens. This fact may
be related to the climatic and soil conditions and the zone in which they are
planted, namely a patio behind the house very close to the cluster, which has
limited the growth of the group.
20. The Camellia japonica at the pazo de Vista Alegre: The building dates from the
18th Century and was owned by the Gasset y Neyra family. The exact age of the
camellia is unknown, but according to the information provided orally, and given
the height of the cultivar (8.5m) and its crown diameter (9.5m x 10.4m) it may be
100 years old.
21. The group of Camellia japonica specimens at the pazo de Santa Cruz de
Rivadulla: This pazo reached its greatest splendor from the 18th Century, when Ivan
Armada y Fernandez was in charge of increasing the botanical collection of the
garden, paying special attention to the camellias. According to the annotations that
appear in their notebooks, it is estimated that most of them were planted between
the years 1780 and 1820 (Rodriguez-Dacal 2014), next to others that already grew
on the property. These oldest plants are 11.5 min height and have a semi-spreading
growth.

18G

19G

20S

21G
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With this cataloging of the oldest and most important specimens of Galicia, we start
a project to register the main characteristics of these vegetal monuments in order
to value, preserve and protect them.
References
Albendea J. M. 2007. El Pazo de Oca. Camelia 10: 16.
Badía C. 1993. El Viejo Camelio de Lens. Camelia 2: 10- 11.
Barbazán A., González M., Salinero C., Valle J. C. 2009. La camelia en los catálogos del
establecimiento de agricultura de Caeira (1873-1886) Pontevedra (España). Camelia 14: 1322.
Bermúdez A. 2012.El Jardín de Vista Real. Camelia 21: 15-22.
González M., Malvar R. A., Ordás A., Salinero C., Vela P. 2011. El pazo de Gandarón. Camelia
17: 16-22.
Rey P. 2008. Pazo de Rubiáns. Camelia 12: 17.
Rodríguez-Dacal C. 2003. Camelias Monumentales de Galicia. Camelia 3: 3-6.
Rodríguez-Dacal C. 2014. Pazo de Santa Cruz: patrimonio verde de Galicia. Ed. Concello de
Vedra, Deputación de A Coruña, Spain.
Rodríguez-Dacal C., Izco J. 2003. Árboles monumentales en el patrimonio cultural de Galicia.
Ed. Consellería de Cultura, Comunicación Social y Turismo. Xunta de Galicia.
Salinero C., González M. 2006. La camelia en Galicia. Camelia 19: 5-14.
Salinero C., González M., Neves A. 2006. Pazo de Mariñán. Camelia 8: 17-23.
Salinero C., Montes J.C., montes A., Da Costa-Valije F. 2016. Ejemplar de Camelia japonica
‘Variegata’ de Caldelas (Tui, Pontevedra): identificación morfológica y molecular. Camelia
29: 39-40.
Salinero C., Toval G., González M., Neves A. 2011. El pazo de Lourizán. Camelia 19:14-23.
Salinero C., Vela P. 2004. La camelia en la coleccion de la Diputacion Provincial de Pontevedra.
Ed. Diputación Provincial de Pontevedra.
Salinero C., Vela P., González M., Castiñeiras J.R., Sainz M. J. 2012. El patrimonio natural de
camelias antiguas en los jardines de Galicia: catalogación para la promoción del turismo a
través de la creación de la ruta de la camelia. First Internacional Conference on Destination
Branding, Heritage and Authenticity. Universidad de Santiago de Compostela, Santiago de
Compostela, Spain.
Savige T. J. 1981. Camellias in Galicia. International Camellia Journal, 13: 72-75.

See following page for Table 2

244

International Camellia Congress 26-27-28 march 2018 Nantes France

Table 2: results for morphobotanic descriptors in plants and leaves of camellia plants analyzed in this work. S: single plant; G: group of camellias.
Plant/ tree

Leaf

CODE
S/G

Growth habit

Height (m)

Base perim (m)

Nº Trunks

Casa Grande Lens

1S

Semi-spreading

13

3,55

2

C. japonica

Pazo Quiñones de León

2S

Semi-spreading

8,5

0,46

5

C. japonica 'Variegata'

Caldelas de Tui

3S

Semi-spreading

4,95

1,53

3

C. japonica

Casino de Pontevedra

4S

Spreading

9

1,36

3

7x 7

C. japonica

Finca Galea

5S

Semi-spreading

6,4

2,6

11

C. japonica

Pazo Escola

6S

Upright

8,5

2,2

12

C. japonica ' Dama do Pazo'

Pazo Gandarón

7S

Semi-spreading

5

1,36

3

C. japonica

Pazo Lourizán

8S

Spreading

8

1,3

C. japonica

Pazo Lourizán

8G

Semi-spreading

7,63

1,18

C. japonica

Pazo Quintáns

9S

Spreading

7

1,18

C. japonica 'Variegata'

Pazo Rubianes

10 S

Semi-spreading

5

1,95

C. japonica

Pazo Rubianes

10 G

Semi-spreading

5,2

2,34

C. japonica 'Rubra simplex'

Pazo Mariñán

11 S

Semi-spreading

6,5

C. japonica 'Rubra simplex'

Pazo Mariñán

11 G

Semi-spreading

7

C. japonica

Pazo Vista Real

12 S

Semi-spreading

C. japonica

Pazo Vista Real

12 G

Semi-spreading

C. sasanqua

Pazo Torres de Agrelo

13 S

C. japonica

Pazo Torres de Agrelo

13 G

C. japonica

Castillo de Soutomaior

14 S

C. japonica

Pazo de Oca

15 S

C. reticulata

Pazo de Oca

C. japonica
C. japonica

Specie / cv.

Location

C. japonica

Crown diametre (m) Length (cm)

Width (cm)

Index (*)

Blade

Apex shape

Base shape

Margin

6,2

3,7

1,7

Eliptical

Acuminate

Acute

Dentate

15 x 13,3

7,9

3,4

2,3

Eliptical

Acute

Dentate

9,20 x 9,10

10,2

5,8

1,8

Eliptical

9,4

4,8

2

Eliptical

12,2 x 10,1

8,1

4,4

1,8

6,8 x 6,1

8,39

3,8

2,2

5,2 x 4

8,18

4,2

2

Eliptical

3

10,3 x 6

7,1

4,5

1,6

Eliptical

1-7

5,6 x 4,3

8

4,3

1,9

ElipticalLanceolate

5

6,4 x 6,1

8,6

4,9

1,8

Eliptical

4

4,9 x 4,5

9,2

5,5

1,7

Eliptical

Acuminate

Acute

Dentate

4-31

6,7 x 4,3

7,7

3,8

2

ElipticalLanceolate

PointedAcuminate

Acute-Obtuse

Dentate-Serrate

1,75

1

7,5 x 6,1

7,8

4,4

1,8

Eliptical

Pointed

Obtuse

Finely dentate

1,3

2-6

5,4 x 4,4

7,8

4,4

1,8

Eliptical

Pointed

Obtuse

Finely dentate

6

3,64

10

7,4 x 7,1

6,84

3,52

1,9

Eliptical

Acuminate

Acute

Dentate

7,5

2,26

10-11

7,8 x 6,1

7,32

4,05

1,8

ElipticalLanceolate

PointedAcuminate

Acute-Obtuse

Finely dentateDentate

Spreading

9

1,94

12

9,5 x 9,4

5,4

2,4

2,3

Lanceolate

Acuminate

Acute

Dentate

Semi-spreading

12

1,38

2-15

5,7 x 5,5

7,2

3,3

2,2

ElipticalLanceolate

Acuminate

Acute-Obtuse

Finely dentateDentate

Spreading

10,5

2,15

18

15,7 x 13,3

8,5

5

1,7

Eliptical

Pointed

Acute

Dentate

Spreading

6

1,6

23

9,3 x 7,7

8,02

4,1

1,97

Eliptical

Pointed

Acute

Serrate

15 S

Semi-spreading

9

1,7

4

7,8 x 5,5

8,58

4,4

1,98

Eliptical

Pointed

Acute

Dentate

Palacio de Barreiro

16 G

Semi-spreading

10,5

1,78

1-7

13,2 x 9

8,2

3,9

2,1

Pazo da Golpelleira

17 G

Semi-spreading

7

1,74

1-21

7,3 x 7,2

8,3

4,1

2

C. japonica

Palacio Provincial

18 G

Spreading

6,74

1,48

2-18

8,43 x 6,1

7,44

4,6

1,74

C. japonica

Pazo Cibrán

19 G

Semi-spreading

11,7

1,36

1-4

4 x 2,9

8

3,6

2,2

C. japonica

Pazo Vista Alegre

20 S

Semi-spreading

8,5

1,23

1

10,4 x 9,5

7,35

3,68

2

Eliptical

C. japonica

Pazo Santa Cruz Rivadulla

21 G

Semi-spreading

11,5

2,1

5

9,4 X 6,4

8,2

4,3

1,9

Eliptical

11,5 x 12,8

PointedAcuminate
PointedAcuminate

Acute

Serrate

Acuminate

Acute

Finely dentate

Eliptical

Acuminate

Acute

Dentate

Lanceolate

Acuminate

Acute

Serrate

Acute

Finely dentate

ElipticalLanceolate
ElipticalLanceolate
ElipticalLanceolateOvobate
ElipticalLanceolate

PointedAcuminate
PointedAcuminate
PointedAcuminate
PointedAcuminate

Obtuse

Dentate

Acute-Obtuse

Dentate-SerrateFinely dentate

Acute

Finely dentate

Finely dentateDentate
Finely dentateDentate

Acuminate

Acute

PointedAcuminate

Acute-Obtuse

PointedAcuminate

Acute-Obtuse

PointedAcuminate

Acute

Dentate

Acuminate

Acute
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The Route of the Camellia in Galicia, NW Spain, 10 years later
Castiñeiras J.R.,1 Otero M.,1 Vela P.,2 Salinero C.2, 3
AXENCIA TURISMO DE GALICIA. Ctra. Santiago-Noia Km. 3 (A Barcia). 15897 - Santiago de Compostela
(A Coruña). jose.castineiras.sobrido@xunta.gal
2
Estación Fitopatolóxica Areeiro, Deputación de Pontevedra, Spain. carmen.salinero@depo.es
3
Spanish Camellia Society
1

In February 2006, the Spanish Camellia Society (SEC), in collaboration with the Areeiro
Phytopathological Station (EFA), which comes under the Pontevedra Provincial Council,
presented a proposal to the Xunta de Galicia, the regional government, to establish the
camellia as the flower of Galicia and register the names ‘Camelia Galicia’ and ‘Camelia
flor de Galicia’.
Turgalicia – Turismo de Galicia, the tourism arm of the Galician government – took
charge of designing a tourism product centred on the camellia. The result was “The
Route of the Camellia in Galicia”, created in late 2006.
This route originally included eight gardens. Brochures and books were published with
information about the location and history of the gardens, their most important plants
and camellias, places of interest, visiting hours and prices. In 2009 and 2012, it was
expanded to 10 and 12 gardens, respectively.
In 2015, the Xunta de Galicia installed signs for the gardens. It is the first garden tour
with road signs in Spain.
Throughout this period, Turgalicia has conducted various ongoing promotional and
information campaigns. It has also promoted the route in different areas of Spain, as
well as outside the country, in such places as the U.S.A., France and England.
Additionally, it has given presentations on the route to European press and tour
operators. All of these promotional activities and campaigns have given the route a
prominent position among local tourism offerings.
Today, gardens that had previously received few visits, many of which had been closed
to the public, have seen their visitor traffic increase by thousands. The gardens that
form part of this route are now companies engaged in sustainable tourism.
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What the recognition as ICGoE has brought to a small island
― a report from Oshima 2 years later―
Yoshihiro Akagi
Former Director of Oshima Branch Office
Mamiko Akagi
Director of Team Camellia Oshima International
The news that three Japanese gardens
received certification as International
Camellia Gardens of Excellence (ICGoE)
from Dr. Guan, the ICS president, was
told
immediately to Oshima on Feb. 26th,
2015. A celebration ceremony was held
at
that night in the island. Many residents
and
visitors celebrated the recognition
together.
After we returned from China, we
gave a short briefing about the
recognition in Oshima Town Assembly.
We
also held a briefing session for the residents. We explained about all the process from
preparation to receiving the certificates and three members who had made presentations in
Dali made the same presentations in Japanese. I’m sure that many people in Oshima felt
something new and brilliant was happening to their island.
Oshima is a small island with a population of only 8,000. But it is really worthy of the
name, “the camellia island” not only because there are many camellias on it but because it
has the tradition and culture of camellia based on the lives with camellia that the residents
have led through their history.
There are about 1,500 kinds of camellia species and cultivars in the garden and around 3
million Camellia japonica trees growing wild. Camellia oil, the important product of this
island, is made by five major makers in cooperation with the residents who pick and bring
the seeds for them. Wooden craft, dyeing, jam, pottery and many other products are made
utilizing camellias. This island surely has a high potential to attract and contribute to camellia
enthusiasts all around the world. That means people in the island can expect the brilliant
future that their island thrives with its own camellias and camellia lovers all around the
world.
Now, two years have passed. The recognition as Gardens of Excellence was doubtlessly
the first step for their desirable future. That brought many favorable effects to this camellia
island. However, there is no plain and straight way without obstacles for us to reach the
desirable future. We have many problems to conquer, many weak points to improve and
many jobs to do.
We will report what have been done and what have not been done yet in these two years
as well as what to be done for the future concerning with camellias on this island. We believe
that will make a small contribution to the scheme of ICGoE.

1
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1 Favorable changes the recognition brought to Oshima
The first remarkable change occurred in Oshima High School. When they received the
certification for ICGoE, there were only seven pupils in three grades of the agriculture and
forestry program. But in April, about one month later, eight pupils entered the program. We
should not say that it was just because the interest for camellias rose among the residents of
Oshima. It is not easy to make them have a new interest in camellias since they take it for
granted to have many camellias around them.
However, we might well say that the unfavorable images that they had had about the
agriculture and forestry program were improved to some degree. Many people hadn’t been
willing to let their children study in the agriculture and forestry program because it had been
regarded as the program for the students who couldn’t keep up with the other students in
general program. But, after the recognition, more people became aware of the importance
of the ‘camellia class’ of Oshima High School than before. At least, the number of parents
who oppose their children studying in the agriculture and forestry program has decreased.
The effect of the recognition on the high school students wasn’t limited to their number.
On the contrary, they themselves have changed remarkably through the experience to
enable camellia garden to be recognized as ICGoE. Originally, they had been practicing
several activities concerned with camellias such as making oil and giving lectures for the
residents. That taught them the value of the camellia for local prosperity.
The process to get the recognition, however, made them realize the international
importance of their local property. That increased the sense of self-confidence and
responsibility in the mind of each student. Moreover, several awards given to the students
promoted their changes. Besides the special award in Eco-1 Grand Prix, which Reimei
Hamada reported two years ago, they won the first prize of Japan Forest Society’s Student
Poster Award. And Reimei Hamada received the Excellent Student Award of Tokyo
Metropolitan Education Committee.
The students widened their territory of activities to contribute to the Oshima Island
through camellias. Their challenges are going on still now.
The 62nd Camellia
Festival 2017 of
Oshima Island was
held from Jan. 29th
to March 26th, 2017.
The festival was six
days longer than the
year before. To invite
more visitors to the
festival, Tokai-Kisen
Ship Company and
Oshima Town
Government ran a
campaign featuring
the recognition as International Camellia garden of Excellence. Tokai-Kisen increased the ship
service to Oshima during the festival, too.
2
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As a result, the number of the visitors to the island increased remarkably. About 34%
(20% per day) more people visited Oshima during the festival than 2016. As for the Gardens
of Excellence, Oshima Park had about 40% (24% per day) more visitors. Tsubaki-hana
Garden had 77% more visitors in February and March. We don’t have the data about the
number of the visitors to Oshima High School as they have no counter for the visitors. But
it is sure that only a few visitors came before the recognition; in contrast, in 2017,
mentioning bus tours only, they had 603 visitors of 28 bus tours. In addition, the sales of
Tokai-kisen from January to March 2017 on all their passenger service was 13% greater than
the former year. The sales of Oshima Onsen Hotel, run by them, was about 14% greater. That
of Oshima Bus Company was up about 19%.
We are not sure what proportion of increased visitors was directly due to the recognition
of the International Camellia Gardens of Excellence. Many other factors such as the
increased ship service, price setting, promotional campaigns or even weather could influence
this effect. However, at the very least, we might well say the recognition was an
indispensable factor in the complex of reasons. In the other words, without the recognition,
the other factors couldn’t have achieved such result.
The population of Oshima is 8,000 and 15,167 more visitors came to Oshima than the
year before – almost twice as many as the population. Without doubt, the increase of visitors
brought an economical effect to the island though we cannot estimate how much with clear
proof. We have data that the visitors to Oshima spend 20,780 yen in average (Tokyo
Metropolitan Islands Promotion Public Corporation, 2010). If we assume this, we can
estimate that 15,167 more visitors brought about 315 million yen (about US $2.8 million, or €
2.4 million) more income to the island.
2 New challenge of Tsubaki-hana Garden
Takashi Yamashita, the curator of Tsubaki-hana Garden, was deeply moved by the
recognition of his garden as an International Camellia Garden of Excellence, as he created it
and has been managing it all by himself for almost 40 years. The rising interests of people
and high estimation by camellia lovers all over the world for his garden encouraged him. He
had once thought of his own retirement and even promised his wife that he would retire
“soon”, before his garden got the certification. Now he thanks profoundly all the camellia
lovers in the world, completely confident of his job, with a sense of strong responsibility to
contribute to global camellia culture.
He thought of a question that he
has been pondering for a long time.
He began a new experiment, which
will give him the correct answer for
his question and can contribute to
the camellia cultivators all around the
world if he succeeds.
His question is simple: What is
the best environment of soil for
camellias? His hypothesis is that the
soil in the forest is the best. He has
been trying to determine the most
3
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suitable fertilizer for camellias. He tried various kinds of fertilizers and checked the
conditions of the roots of camellia trees repeatedly. One day he happened to find a root in
especially good condition. He wondered what made it so as he hadn’t given any fertilizer
around that root. Then he noticed that the tree was near the compost area where he had
thrown the fallen leaves, pruned branches or cut weeds. It might be the ideal soil condition
that the leaves, branches and plants accumulated and fermented naturally, like soil in the
forest. He pondered this idea. He also had a conviction that it would benefit the camellia
cultivators all around the world if he could prove this hypothesis. He regarded it as his duty
now that his garden has received the certification as a Garden of Excellence.
He dug holes here and there among his camellia trees and put thick branches on the edges
of the holes to harden them. Then he threw in the hole the fallen leaves, pruned branches,
cut weeds and other botanical wastes. He theorizes that the good roots will grow towards
the holes from the camellia trees around. If he succeeds, he shall fill the holes with soil and
make new holes at different places in the same way. Moving the holes must make the
camellia trees have good roots that spread various directions in balance. As a result, his
camellias will become more healthy, strong, and beautiful.
He is looking forward to reporting the good results of this experiment to you.
3 The widened field of the activities of the high school students
Though their knowledge and
experience are by no means inferior to
those of Takashi Yamashita, the
students of Oshima High School share
an awareness and a sense of
responsibility with him. They have
tried many activities to revitalize the
island utilizing their camellias. Their
fields are conservation, utilization and
promotion.
As for conservation, they have
been participating in the conservation of a gigantic old tree, “Senju-Tsubaki Camellia”. It is an
old tree about 10m high, which is supposed to be 400 years old. Now, standing in front of
this old tree with no sound around, everyone feels something solemn and spiritual. But it
had been abandoned in the coppice for a long time. Mr. Shoju Shirai, the retired chairman of
Oshima Town Assembly and Mr. Shojiro Watanabe, a craftsman, started to cultivate the
coppice so that anyone can come and see this dignified camellia tree. Mr. Shirai showed it to
some influential people of the island. All the men who saw this tree said, “Just wonderful!”
As Mr. Watanabe became ill and weak, Mr. Shirai had to do everything by himself. Then
he was told by Oshima High School that the students were willing to help him. Cutting
down the coppiced trees, leveling the ground and making an approach path, they made the
whole statue of “Senju-Tsubaki Camellia” easily seen.
Doing these jobs, Mr. Shirai hopes “Senju-Tsubaki Camellia” will bring two good effects to
the island. One will offer visitors to the island a new spectacle. The other will grow pride and
patriotism in the hearts of younger generation. The students are still working at weeding,
cutting down the obstructive trees, and improving the environment. They participate in the
4
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group for the conservation of the tree and discuss with adult members how to promote or
utilize this tree.
On September 6th, an important man for camellias in Oshima died. Mr. Takeo Ogawa was
an excellent breeder, cultivator and promoter of the camellia. His life and works were
introduced in his last book “Japoneira”. He had left numerous camellias of precious cultivars.
Oshima High School is now conserving many of his collections and planning to plant them in
the new park that the Town Government is now constructing. This is also their activity for the
conservation.
As for the utilization, an important project is that of camellia charcoal. There are two
reasons why the commodification of the charcoal is important. One reason is, of course, it
can become an important industry of the island. Moreover, it makes the maintenance of
the camellia forest an industry.
In cooperation with Tokyo
Institute of Technology, they
started an experiment. After they
made their own charcoal, they
checked the quality. The quality of
the
charcoal made of camellia
branches or trunks is high enough
to
be used, actually. But they also
found some weak points of their
charcoal: it would flame up from
time to time or it was too fragile. Now they are trying to make the charcoal of higher quality.
As well, they are trying to find a good market for the charcoal. Baking pizza using this
charcoal is one of the experiments for this purpose. Currently, most of the oven-baked
pizza restaurants use firewood. The students believe their charcoal is superior to firewood
as a fuel since it can keep high temperature for a longer time and is easy to ignite. They think
it the first hopeful market for them. Their challenge has just started. But they set a very high
goal: They are always thinking about the industrial use of camellia charcoal made from
their 3 million camellia trees.
For promotion, their precious camellia garden plays the leading role. The students act as
“camellia guides” for visitors every day during the Camellia Festival (except the period for the
entrance examinations.) They explain about the features of camellia flowers, the points to
see when visitors appreciate camellias, the stories related to each cultivar and sometimes
the method of camellia cultivation. At the maximum, they guide more than 40 visitors at a
time.
Actually, not every student can play the role of “camellia guide” well. Their lectures are
sometimes not eloquent enough or are rather faltering. However, the visitors appreciate
their camellia guiding so much. Their sincerity, enthusiasm and confidence in the value of
camellias always make a good impression on the visitors. They are studying while explaining.
They play “camellia guides” not only in their school but sometimes in the camellia garden of
Oshima Park, the main venue of the Camellia Festival. There, they guide more visitors than at
their school.
On the other hand, there is no other camellia garden in which high school students
make lectures about camellias constantly. To say more, no other gardens can make high
school students play the role of “camellia guides” even if they try. This is the unique feature
5
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of camellia gardens in Oshima. The people of the younger generation, like the students of
Oshima High School, are concerned with camellias every day in no other place in Japan, and
may be in the world. They may be unconscious about that but they are making Oshima a
unique place in the world.
4 The unrealized plans
As we reported two years ago, even the process for recognition as ICGoE had good effects
on the island. The tight cooperation between industry, education and government for the
project was one of the most important ones. The interest in the camellia and Oshima,
especially for Oshima High School, by the media, the Japan Camellia Society, and many other
people in Japan apparently rose. The discussion about the camellia policy of the local
government was to start.
If these movements kept constantly advancing, we could establish a strong alliance to
promote the policies for camellias in Oshima. In fact, there was a very good opportunity.
When we were preparing for the recognition, there was a minister in charge of “Local
Creation” policy in Japan. All the local governments were required to submit their “Tactics for
Local Creation” in order to distribute the special budget for the policy. If Oshima town
government could establish their “Tactics” of local development by conserving, utilizing and
promoting camellias, they would have got strong financial background for this policy.
However, they could not establish it before the deadline. Moreover, they even seem to have
given up on it.
The reason why they could not do it is rather simple: No one in town government had
enough ideas to establish the “Tactics”, integrating many problems they had and many
factors related to camellias and making it clear where to aim. That is really a simple reason.
However, considering it is a government of a small island with only 8,000 populations, no one
can expect it to always have enough human resources.
There is another governmental office in Oshima — Tokyo Metropolitan Government
(TMG) Oshima Branch Office. For the Office, most of its members are dispatched from the
mainland for a two or three years’ term. As a result, almost all the members managing
Oshima Park could be different persons from those of two years earlier, when the park
received the certification as ICGoE. This situation makes Oshima Branch Office unable to
gather enough information for establishing a policy and to realize the policy continuously and
flexibly.
It is important for a small island like Oshima to have good leadership of the government
and good public and private partnership. That is quite difficult in the present situation.
Cooperation, coordination and co-working are indispensable.
5 The revealed problems
The recognition doubtlessly brought us many good effects in this small island. On the
other hand, a little ironically, it made us realize that we have some kinds of “sustainability”
problems. One of the problems is “sustainability” of camellia culture. No doubt we can keep
the three gardens in good condition and make visitors from all around the world satisfied
with beautiful and various camellia flowers. However, when we remember the value of these
three gardens owed to the existence of “camellia culture” of Oshima Island to some degree,
6
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we have to say there is a problem of “lack of successors”.
I remember it was a few days after the briefing session for the residents that Mr.
Okayama, the vice chairman of Oshima Society of Industry and Commerce, told us that he
had a private camellia garden which had been abandoned for years. His parents had been
camellia enthusiasts and collected many kinds of camellias
in their garden. Though the garden was bequeathed to him,
he had no interest in camellia. He had been ignoring the
garden and taken no care of it. He had almost forgotten
about the garden.
When he knew about the recognition as ICGoE of the
three gardens, he remembered that he had heard from his
parents that some of the cultivars in the garden are very
rare and precious. He asked us to look around his garden
and to take any cultivar we liked if we found it precious and
possible to use for the island. We were interested in his
story but too busy to go and check there at that time.
We managed to visit his abandoned garden recently.
There are two gardens and three greenhouses in the vast
estate. The number of the cultivars may be around 150
though we cannot know exactly. There is a tree of C.nitidissima (C.chrysantha) in the
collection. Some more precious species or cultivars may be included as well. Some
residents are trying to conserve the collection by volunteering but that is far from sufficient.
Abandoned for five years, it is now changing into bamboo bush.
We’d like to introduce one more person, a camellia
enthusiast, in Oshima. Mr. Naito is now the head secretary
of Oshima Camellia Society. He cultivates numerous kinds of
camellias in his farms. He has produced some new cultivars,
such as “Saika-Unryu” which has been introduced in the
camellia encyclopedia of Japan, although so far he hasn’t
registered most of them. He has been the leader of the
project restoring camellia forests and of the camellia show
held on the top of Mt. Mihara during the camellia festival.
He said, after the ICGoE recognition, that he had long been
“thinking that I can die peacefully if my three dreams come
true.” The first dream was realized amazingly easily. The
second one was to see the yellow flower of camellia. It was
realized thanks to Oshima Park.
“The last one, which I have been thinking the most difficult, is to see the certification as
International Camellia Gardens of Excellence for the gardens in this island. Now my three
dreams have come true perfectly. I’m now 75 years old and don’t know how long I can be
alive in the future. I have a lot of camellias in my garden, which no one will take care of if I
die. Some of them are very precious. I’d like to give any one of my collection if someone
wants and tries to take care of it,” he offers. Fortunately, he is still vigorous and trying to
make each resident of Oshima plant one of his cultivars in their garden so that the
community makes the entire town a camellia garden.
These problems may not be particular to Oshima. The passion for camellias is not
7
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always handed down from generation to generation. That may be the same anywhere in the
world. The phenomenon that the camellia garden is abandoned after the death of its
cultivator is rather typical. However, now that Oshima tries to survive as a camellia island
and to thrive with camellias in the future, we must keep from wasting the precious
resources. Promoting the younger generation to be interested in camellias is urgently
needed. Of course, the education in Oshima High School is a very important factor. But it
takes a long time, for years. At the present, it is the very important duty for the three
Gardens of Excellence to conserve the camellia and its culture that could otherwise be lost
and to hand them over to the next generation.
Remembering that the three gardens in Oshima were recognized as International
Camellia Gardens of Excellence, I suppose I should have reported about the new challenge of
Oshima Park especially in this aspect as it is a “public” camellia garden. However, I do not
have anything to say but to assure you that the camellia garden of Oshima Park has been
well maintained as before. There is no problem in the maintenance and management of the
park. But, I may have to say they do not have such strong passion as before.
This problem is quite simple. Oshima Park is administrated by TMG Oshima Branch
Office. The fact that it is administrated by TMG with 12 million population instead of Oshima
town with only 8,000 surely enabled care for the large collection of camellia varieties in this
park. Always supplied with new managers, Oshima Park can expect the consistent
maintenance.
However, because TMG is changing the managers frequently, Oshima Park cannot sustain
the strong passion. Everything goes through in the “public” way or “governmental” way.
Moreover, frequent change of the managers make it difficult to keep onnections with the
people. Ms. Jennifer Trehane came to Oshima in October 2015 for the inspection for the
recognition as ICGoE. After that, most of the managers knew her. But, when she came
again in September 2017, only a few managers knew her. It is difficult for them to keep the
friendship and communication with ICS and many camellia lovers abroad. The garden which
has a mission to make the camellia culture in Oshima sustainable has the problem of
sustainability itself.
6 The challenge of “Team Camellia Oshima International”
As we reported in the last congress, Oshima has had many problems for a long time such
as the decrease of the population, especially in younger generation, the depression of the
local economy, the decline in local industries and so on. No one knows the magic to solve
these problems in one night and to change Oshima into a young and prosperous island.
Nevertheless, the good effects of the recognition tell us that there are hopes in camellias and
international exchanges about camellias.
It is certain that many people in Japan came to be interested in Oshima at the news of
the recognition of the three gardens as ICGoE. They visited Oshima during the Camellia
Festival 2017. When they thought of coming to Oshima, what made them do so might be
curiosity rather than real interest to the camellias. And the very low price that Tokai-Kisen
Ship Company had set might have helped them come to the island without worrying about
the cost. However, we should welcome that. Camellia is too common in Japan to be newly
interested in. The news that camellias in this small island are highly esteemed in the world
must stimulate Japanese people and be a good chance for them to reconfirm the value of
8
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camellias. No doubt that will bring Oshima good effects again.
We believe many members of ICS have already showed strong interest in Oshima Island
and the camellias there. The international exchanges are becoming, little by little, more
frequent than before. Though the foreign visitors who come to Oshima for watching
camellias are not so many now, we believe more and more people in abroad will think of
visiting Oshima if only they know more about this island. It will be ideal for us if we can make
a good cycle in which the estimation from abroad and the interest of Japanese people
promote each other.
That is the reason why we have established a new incorporative association, or simply, a
new company. “Team Camellia Oshima International” was established on Oct. 2, 2017. The
representative of the company is Mr. Takashi Yamashita, the curator of Tsubaki-hana Garden.
The promoters of the company besides him are Oshima-Tsubaki Corporation, the traditional
oil maker that has 90 years’ history, and Corporation Tsubaki, a new oil maker, which made
the first chance for the recognition. All the process for the recognition as ICGoE started when
Mr. Hihara, the president of Corp. Tsubaki, met Jennifer Trehane. The mission of the
company is promoting the international exchange about camellias between Oshima and
camellia lovers all around the world. At the time I was writing this paper (Nov. 2017), it has
just begun operations. We are planning to do the jobs shown in the following one by one:
1. Dispatching information about Oshima and its camellias. Especially, making a highquality promotional film in English.
2. Bilingualizing the signs or explanations about camellias in the island.
3. Promoting the products made from camellia, with – if possible – an on line shop in the
future.
4. Helping foreign visitors to travel in Oshima so that they can travel efficiently and have
enough time to enjoy camellias.
5. Helping the conservation and utilization of camellias.
We hope to be a continuous connecter
between Oshima and camellia enthusiasts all
around the world. We hope to make good
suggestions for the camellia policy of the local
government from a global point of view. We
hope to contribute to educating and
enlightening the next generation. Though we
have many more hopes, we are not sure how
many jobs we can do at the present.
Nevertheless, we HOPE to be able to report to
you about what we achieved in the next
congress in Japan in 2020.
7 Conclusion
During the post tour of the 2020 Goto Congress, we will welcome the members of ICS in
Oshima.
We are so much looking forward to introducing you to our excellent gardens, wild forests
of Camellia japonica, camellia oil factories, camellia products, Oshima Island and its many
9
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people living with camellias. You may be astonished finding camellia trees everywhere in the
island.
On the other hand, we worry that we could make you feel uncomfortable and
inconvenient since Oshima is an isolated and small island. Especially the lack and aging of
accommodations is a serious problem. We shall do our best. No one knows the magic to
solve all the problems and to make Oshima a modern and prosperous island in one night. We
must keep on doing our efforts to improve the situation. However, I wonder if the camellia
may know the magic. We shall do as much as possible and expect that the camellia will show
us the magical power someday.

10
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Abstract
From 1800 to 1860, nurseries across Italy – in Naples, Rome, Florence, and Lombardy released thousands of varieties of Camellia japonica. Many of such varieties reflect the Italian taste
for convolutional shapes (i.e. cross-correlated, intricate, forms), with imbricated or deeply striped
flowers. In this paper, we illustrate three varieties. ‘Vergine di Collebeato’ is an imbricated flower, pure
white, with seven spirals. Believed to be extinct, it was re-discovered in Villa Anelli (ICGoE) and, thanks
to its beauty, is gaining a new popularity. ‘Bella Romana’ fully deserves its name - "beautiful Roman
lady" - with a double striped flower. ‘General Coletti’ is an anemone, with a variable mix of red and
white, with all possible intermediate combinations. In this paper, we describe the context of each
variety, the flower, and the gardens where the varieties can be seen.
Keywords: Camellia history, Antique Italian Camellias, Vergine di Collebeato, General Coletti,
Bella Romana

Introduction
After the Napoleonic period, camellias became popular in Italy thanks to the mild climate,
which allowed, and still allows, outdoor planting (alike in all Mediterranean countries) and to a
fashion which identified camellias as a status symbol, just as in Portugal, Spain, France, and Belgium.
With a target market of an upper class, who looked for sophisticated, possible unique, flower forms as
a wearable ornament (do you remember Dumas’s “La dame aux camellias”?) and as an ornamental
tree for their aristocratic gardens, a generation of nurseries and passionate collector-breeders thrived
throughout Italy, from the northern regions (Piedmont, Lombardy, etc.) to the central ones (Tuscany,
Rome).
In Milan, Luigi Sacco (1769-1836), a doctor, who founded a hospital named after him,
cultivated 12,000 camellias in his garden, right in the city center. His garden did not survive, but
‘Duchesse d’Orléans’ (originally ‘Nobilissima’), ‘Sacco Vera’ and other ‘Sacco’ cultivars perpetuate his
memory. Count Onofrio Maggi (1809-1869) belonged to a family of Brescia, whose members include
Count Aymo Maggi, the creator of the “Mille Miglia” (one-thousand miles), a famous race, after which
many sport cars have been named. Onofrio is credited to have created in 1850 ‘Lavinia Maggi’, named
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after his daughter Lavinia: with a double striped flower, it is an easy plant, and originated popular
sports, namely the white ‘Lavinia Maggi Alba’, the spotted ‘ Lavinia Maggi Nuova’, and the red
“Contessa Lavinia Maggi Rossa”. In these same years, Abbey Lorenzo Berlese (1784-1864) published
his masterpiece iconography, the “Monographie du Genre Camellia' (1840-1845).
Many varieties that were created during these years are double or imbricated and striped. On
one side, such shape reflected the ladies’ fashion of that period, with complicated skirts and laces,
and, to some extent, multiple colors; on the other side, it reflected the typical Italian taste in
geometric forms.
To illustrate such Nineteenth Century taste, we have selected three ancient Italian varieties,
each representing a typical flower form, namely double striped, imbricated, and anemone variegated.
In commenting on each variety, we quote similar flowers. Our discussion is based on our direct
observations in some Italian and Swiss gardens, namely two public gardens, Camellietum of Compito
and Camellietum of Locarno, and two private gardens, Villa Anelli and Villa Motta. These gardens are,
except for Villa Motta, International Camellia Gardens of Excellence.
The perfect imbrication: “Vergine di Colle Beato”
Imbricated flowers are a characteristic of Camellia japonica. ‘Vergine di Collebeato’ exhibits a
sophisticated imbricated flower with its seven spirals. It is named after Collebeato (Holy Hill) where,
according to the legend, the Virgin Mary appeared around 1700-1750 AD. In a print of 1850, the
Virgin of Collebeato is represented with a camellia branch with white flowers; however, the first
formal description is in the Van Houtte catalogue “Flores de Serre”, vol 12, plate 1245, which
underlines the seven spirals that make this camellia unique.
However, it is as tough as it is wonderful. Hard to propagate, it tends to become chlorotic, and,
last but not least, only a few flowers display the seven spirals. But once you see it, you will be
enchanted by that miracle of pure candid white. Planted in Nineteenth Century aristocratic gardens, it
was believed to be extinct until Antonio Sevesi, founder of the Italian Camellia Society and a coauthor of the International Camellia Register, discovered one plant in Villa Anelli.
Driven by the enthusiasm generated by that discovery, the flower became the symbol of the
Italian Camellia Society, and reintroduced in various gardens. Other old plants are in Villa San Remigio
(Pallanza, Italy), in Naples, and in old gardens on Lake Maggiore, in Northern Italy, and, surprisingly, in
the botanic garden of Batumi, Georgia. A very accurate description is in “Camelie dell’Ottocento nel
Verbano” (Corneo, 2000, p. 236) and “Antiche camelie del Lago Maggiore” (Hillebrand 2003 p. 361).
The ‘Vergine’ is not the only perfectly imbricated flower. The best flowers of ‘Incarnata’, also
known as “Maiden’s Blush” and “Lady Hume’ Blush”, named after its pale pink incarnate shade,
exhibit an imbricated hexagon. Alas, because of its difficulty in propagation, ‘Incarnata’ is endangered.
In ideal conditions, it is a magnificent tree.
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Figure 1 ‘Vergine di Collebeato’: flower (photo by G. Motta) and tree (photo by A. Corneo) in Villa Anelli

Figure 2 ‘Incarnata’: flower in Isola Madre (Pallanza, Italy) and tree in Villa San Remigio, Pallanza (photos by G. Motta)

The fancy stripes: “Bella Romana”
‘Bella Romana’ certainly deserves its appellation - "beautiful roman lady". It was released by
the Del Grande nursery (Rome), which also released another magnificent striped variety, named
‘Roma Risorta’. ‘Bella Romana’ was released in an unknown year, before 1856, when it was
mentioned by Van Houtte’s Catalogue, on “L’Illustration Horticole”, 1862, vol.10, p 349. Lemaire
(1862) describes it as “… obtained from seed in Italy, large flowers, formed by wide petals, mostly
imbricated in concentric circles. The prevailing back color is [light] pink with numerous crimson
variegations and with thin patches of the same [crimson] color on petal margins”. Lemaire also
provides a nice illustration. ‘Bella Romana’ is also quoted in Mercatelli’s catalogue in 1881. Additional
modern descriptions, based on Italian plants, are in “Camelie dell’Ottocento in Italia” (Cattolica 1992,
p. 43), in “Antiche camelie del Lago Maggiore” (p. 100), and in “Camelie dell’Ottocento nel Verbano”
(p.66); the camellia is also described in “The illustrated encyclopedia of camellias” (Macoboy 1998, p.
67) thus witnessing its popularity.
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Figure 3 ‘Bella Romana’ (right) versus ‘Traverso’ (left); ‘Bella Romana’ in full bloom in Villa Motta (photos by G. Motta)

‘Bella Romana’ features a showy blossom, and a dense foliage with bottom recurved leaves. It
is an easy, hardy tree. Many striped cultivars may look similar. The Italian cultivar ‘Giuseppe Traverso’
has a more semi-double irregular shape, is fuller of crimson and sports much more, and it is closer to
the famous Japanese ‘Tricolor’, also known as ‘Ezo Nishiki’ (prominent stamens and undulate leaves)
and the Italian ‘Tricolor Fiorentina’ (straight leaves). It is quite frequent and raised by some nurseries.

Figure 4 Left to right: ‘Tricolor Fiorentina’, ‘Ezo Nishiki’, ‘Eleanor’ (photos by G. Motta)

The patriot: General Coletti
‘General Coletti’, of almost unknown origin, Italian or Belgian, was released before 1840,
according to Hillebrand in “Antiche camelie del Lago Maggiore” (p.193). The name too is rather
controversial, because it is variously spelled as Coletti, Colletti or Colletta. The last one is the name of
general Colletta (originally named Colletti), who fought for the constitution and freedom, and died in
exile in Tuscany in 1831. His celebrated “Storia del Reame di Napoli” (History of the Kingdom of
Naples) was published in 1834. The coincidence of dates and lack of historic records on any “General
Coletti” might legitimate the hypothesis that this magnificent camellia was named after him.
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According to Corneo in “Camelie dell’Ottocento nel Verbano” (p. 122), the first mention of
‘General Coletti’ is in Makov’s catalogue (Lieges, 1838), who claimed, as was usual in that century,
that it was a seedling. The camellia is described by Berlese (1841), Van Houtte (1841) and others. A
low-growing tree, it is still popular in Northern Italy, despite its difficult reproduction by cuttings,
thanks to its striking beauty.

Figure 5 ‘General Coletti’ red and mixed in Villa Anelli (photos by Andrea Corneo)

Figure 6 ‘General Coletti’ half-white and in full bloom at Villa Motta and Villa Natta (photos by G. Motta)

A series of Italian varieties, around 1840-1870, were named after the heroes of Italian
independence. Indeed, striped camellias reflect the colors of the Italian flag (green, white, red): the
red and white of the flower and the green of the leaves. Among the many cultivars mentioned in a
paper on the camellias in the Italian independence fight camellias (“Le Camelie e il Risorgimento”,
Corneo 2011), is ‘Massimo d’Azeglio’, a striped flower, surviving in few plants on Lake Maggiore.
Massimo Taparelli, marquis d'Azeglio (1798–1866), was a moderate constitutionalist. Count
Bernardino Lechi (1775-1869) released several varieties, which are named after the heroes of that
period, and created several popular cultivars, as ‘Abate Bianchi’; ‘Conte di Gomer’; Faustino Lechi’;
‘Ferdinando Murara’; Frà Arnaldo da Brescia’; ‘Maddalena’; ‘Montironi’; ‘Nassiniana’, ‘Ugoni’.
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Figure 7 Massimo d’Azeglio and the camellia named after him, in Parco Eden, Verbania (photo by A. Corneo)

Where to find the 3 jewels in Italy
Flower

Cultivar
‘Bella Romana’
‘Generale Coletti’
‘Vergine di Collebeato’
‘Incarnata’

Semi-double / double
striped
Anemone variegated
Imbricated white
Imbricated incarnate/ very
pale pink

Villa Villa
Camellietum
Anelli Motta of Compito

Camellietum
of Locarno

Y

Y

Y

N

Y
Y
Y

Y
Y
N

N
Y
N

N
Y
N
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Taranaki, N.Z.’s Place in Camellia History.
Tony Barnes
(Taranaki, New Zealand)
Dominated by the 8,260-ft high volcanic cone of Mt Egmont, the Taranaki region on
the west coast of New Zealand’s North Island has long been regarded as the garden
province of the country. With its rich volcanic soil, plentiful (60 – 90inches) [150-230 cm]
rainfall spread fairly evenly throughout the year, and the mild temperate climate seldom
dropping below 10 C [50 F] in winter or above 25 C [80 F] in summer ensuring a very long
growing season, the first English settlers were quick to recognise it as a near perfect growing
area when they arrived as part of a planned colonisation programme in 1841.
These settlers, most of them working class and from rural areas, brought with them
a love of gardens and growing things, and soon began to bring to their new country plants
they knew and loved. With no restrictions, private individuals with enough finances could
import plants directly from overseas, either England, or, more easily, Australia.

Taranaki Province of New Zealand

Mt Taranaki/Egmont 2,860m

Camellias came quickly to NZ, and by 1865 a keen plantsman in Wellington, Alfred
Ludlam, had over 50 varieties in his garden, many from Camden Park, William Macarthur’s
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property near Sydney, Australia, well known for its camellia collection. In 1876 the
catalogue of Robert Thompson, Dunedin, listed 59 varieties, and other nurseries around the
country must have obtained, exchanged, and imported varieties themselves.
James Mitchinson established his Caledonian Nursery near the old Te Henui
Cemetery, New Plymouth, in the late 1860s, and J.W. Morsehead, trading as South Road
Nursery, was also operating in New Plymouth during the 1880s and 1890s. Unfortunately
no known catalogues of these two early Taranaki nurseries are known to exist, but I have
discovered a plant of C.j. ‘Variegata’ on the site of Mitchinson’s old nursery. One of only
three known in NZ, this tree is 4.4m high and about 7m across and must be well over 100
years old. There is also a C.j. ‘Amabilis’ of similar age nearby.
In the Te Henui Cemetery, there are 17 old camellias planted on graves dated
between 1876 and 1893. While I have not managed to positively identify all of these, their
mere presence would indicate that a reasonable range of camellia varieties were being
offered in the area.

1876 Camellia Te Henui Cemetery

1888 Camellia Te Henui Cemetery

Pukekura Park, in the heart of New Plymouth City, was established in 1876, and
contains several very old camellias, as well as many newer varieties. The largest of the old
varieties has been identified as C.j. ‘Welbankiana’, and grows in a small sheltered gully near
the Hatchery Lawn. It was measured by the park’s curator, George Fuller, in 2001 and
recorded as 13.5m high with a canopy spread of 19.95m. Other old varieties include
‘Triumphans’, ‘Madame de Strekaloff’, ‘ Dido’, and ‘Great Eastern’.
Brooklands Park was originally the farm property of Captain Henry King, who
established a large garden around his home. It has two noteworthy old camellias, a huge
C.sinensis, and a massively spreading specimen of C.j. ‘Great Eastern’, (syn ‘Emperor of
Russia Variegated’), both planted in 1898.
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C.sinensis 1898 Brooklands Park N.P.

‘Great Eastern’ 1898 Brooklands

For well over 50 years gardening was the most popular hobby/leisure time activity in
NZ. The South Taranaki Branch of the NZ Camellia Society, based in Hawera, only an hour’s
drive from New Plymouth, was formed in 1959, while the North Taranaki Branch began in
1961. There was considerable interaction between branches, with members actively
promoting interest in and knowledge of camellias.
During the 1950s and 1960s Jack Goodwin was Curator of Pukekura Park, and
Superintendent of Parks and Reserves in New Plymouth. A very knowledgeable plantsman,
and member of the Camellia Society, he was very impressed by how well camellias grew in
Taranaki, and how suitable they were for street planting. He promoted them hugely, and in
1957 began a programme of street plantings, and by 1961 eight streets had been planted
with camellias, which included C.saluenensis, ‘Wabisuke’, ‘Hiryu’ and ‘Plantation Pink’,
among older varieties.

1959 camellia street planting, Tokomaru Street, New Plymouth
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On Arbour Day in 1961, Camellia Society members helped plant several hundred
camellias in Pukekura Park and Te Henui Valley in New Plymouth. These mature plantings
still exist. During 1972 and 1976, our branch donated plants of newer varieties and planted
them at the Te Henui Cemetery, augmenting other extensive camellia plantings by the New
Plymouth District Council. Sadly, and without our knowledge or any consultation, many of
these mature trees were removed entirely by the council a few years ago. Even so, most of
the plantings undertaken by the Council around the parks and walkways of New Plymouth
during this time, and more in Pukekura Park in the 1990s, still thrive, comprising a
wonderful collection of around 500 varieties.
The Jury brothers, Les and Felix, both from Taranaki, are recognised worldwide for
their camellia breeding, and the first group of six new non-reticulata varieties were
registered by Les in 1962, among them ‘Elegant Beauty’, ‘Anticipation’, and ‘Elsie Jury’. Felix
released ‘South Seas’ and ‘Waterlily’ in 1966. And there were many more Jury hybrids to
follow over the next 20 years, including ‘Debbie’, ‘Jury’s Yellow’, ‘Rendezvous’, ‘Softly’,
‘Dreamboat’, and ‘Mona Jury’.

Felix Jury and son Mark

C. hybrid ‘Dreamboat’

When Les Jury died in 1982, approximately 600 of his remaining seedlings were
taken over by Duncan and Davies Nursery to evaluate, and several more were named and
released, including ‘Les Jury’, ‘Avalanche’ and ‘Sir Victor Davies’.
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C.j. ‘Sir Victor Davies’

C.hybrid ‘Elegant Beauty’

Mark Jury, Felix’s son, continues to breed plants, although in recent years he has
focused on magnolias. Two of his best known and best performing varieties are ‘Fairy
Blush’, a lutchuensis X pitardii hybrid, and his showy japonica seedling ‘Volunteer’.

C.j. ‘Volunteer’

C. hybrid ‘Fairy Blush’

Many members of the Camellia Society in Taranaki named and registered varieties,
although most of these were named for family and friends, and never produced in
commercial quantities. Alf and Ella Gamlin registered several varieties, the most noteworthy
being C.reticulata ‘Alfons’, and the aptly named white japonica ‘Kate Sheppard’, which
commemorates NZ’s best known radical feminist suffragette. James Taylor of South
Taranaki produced a winner with his hybrid ‘Mary Phoebe Taylor’, which, while no longer
being commercially grown in NZ, appears to have become a popular variety in Europe.
Others who registered varieties are P & H Austin, H. Burwell, Richard Clere, Cleland, O.
Honnor, B. Rayner, G. Swan, Ramsey, A & F Upson, and Wilson.
Of the 469 camellia varieties registered in New Zealand to the end of 2015, 131 of
them, or 28%, originated in Taranaki.
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Duncan and Davies Nursery, established in 1899 in New Plymouth, became one of
the biggest nurseries in the Southern Hemisphere, and began exporting plants around the
world in the early 1920s. They always grew a good range of camellias, their 1927 catalogue
listing 38 varieties, including sasanquas and species, but the list was fairly static through the
1930s, 40’s and 50s.
After World War 2, large quantities of field grown camellias, fruit trees, maples, and
magnolias were exported, 90% to Australia. But when the Australian government
prohibited this in 1959, export was stopped completely, and not resumed until 1965. As
camellias became more popular, and serious interspecific hybridising began, D & D began
obtaining, marketing and offering these new hybrids, so that by 1965 they listed 109
japonicas, 23 sasanquas, 10 Yunnan reticulatas, and 6 hybrids, including hybrids ‘Brian’,
‘Barbara Clark’, and ‘Phyl Doak’, some of the world’s first reticulata X saluenensis hybrids
bred in NZ by Dr Brian Doak. At this time, D & D’s camellia production for the NZ market
was about 60,000 per year.
In the late 1960s and early 1970s the hybrids raised by Les and Felix Jury were
gaining popularity, and D & D became the agent for Les, marketing and promoting his new
hybrids both in NZ and worldwide, exporting tens of thousands of camellias yearly. In 1978
a subsidiary nursery, “DDUK”, was set up in Guernsey, Channel Islands, mostly to receive
exported stock and distribute it to English and European customers. Greater emphasis was
placed on exporting, while still retaining approximately 25% of the domestic market as well.
The NZ nursery trade was very buoyant at this time: 1983 saw 160 varieties of camellia
grown for wholesale in NZ, about 70,000 annually, many of them new or recently released
hybrids.

Camellia propagation house

Camellia plants for export 1990

The USA market preferred recent introductions and the Jury hybrids were promoted
heavily. The UK market demanded older varieties that were hardier and later season
flowerers. The 1985/86 UK catalogues listed 40 camellias especially selected for hardiness,
and included among the ten Jury hybrids listed were ‘Jubilation’, ‘Mona Jury’, ‘Dreamboat’,

268

International Camellia Congress 26-27-28 march 2018 Nantes France

‘Rendezvous’ and ‘Ballet Queen’. Export plants were offered as one-year liners – 7 cm pot;
18 month – 2 litre pot; 2 year – 5 litre pot; or 3 – 4 yr field grown grade.
When I joined Duncan and Davies in 1980 the nursery was in its heyday, producing
1.5million plants annually from 300acres of nursery, with 30 acres of mother beds to
provide propagation material. Most of my job revolved around the care of 150,000
camellias grown for export each year, potting them, trimming them to branching
specifications and uniform size, and keeping them absolutely pest and disease free so they
passed the strict, regular Ministry of Agriculture inspections. Then came packing and
despatching the plants by either sea freight refrigerated container (4 weeks at 2 C to get
there) which had to fit 12,500 plants per container to be economic, or eventually
despatching plants by air freight to ensure they caught the English spring growing flush. The
4-yr field grown plants had to have all the soil removed from their roots before despatch –
quite an undertaking, but proof of the hardiness of camellias. In the UK they were grown
and quarantined simultaneously for a year, then sold to other nurseries, or department
stores such as Marks & Spencers, fetching a premium price.
So over the years Taranaki, NZ, has grown and distributed hundreds of thousands of
camellias to brighten parks and gardens around the world. Imagine my delight, when
visiting gardens on the Camellia Route in Portugal and Spain during the ICS Congress in
2014, to see many varieties happily growing that I had cared for and loved 20 – 30 years
previously, on the other side of the world!

Camellias at Soutomaior Castle, Spain, propagated in Taranaki, New Zealand.
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Diversity of Camellia and its species at
Batumi Botanical Garden, Georgia
Ms. Bulbuli Bolkvadze – Curator of Camellias collection
Ms. Lana Kodanovi – Curator of Australian and New Zealand plant collections
Batumi Botanical Garden, Exotic Plants Department
E-mail: bolqvadze1961@mail.ru

Batumi Botanical Garden is situated along the Ajara Black Sea coastline, at the distance of
9 km from the center of Batumi. The total area comprises 108.7 hectares. The garden is
situated at the height of 0 - 220m above sea level and consists of all the elements that are
characteristic to the front slopes of the Ajara shoreline directed towards the sea. The soil is
alluvia and red. The larger part of the garden is directed towards the sea. (Figure 1)

Figure 1 Seaside of Batumi Botanical Garden

The high degree of precipitation (2,400-2,700 mm annually) at Batumi Botanical Garden is
mainly due to the strong condensation resulting from the interaction between the damp air
flow coming from the Black Sea and the mountains relief of the coastline. The average air
temperature fluctuates between 13.8-14.4C: an average monthly temperature in January is
4-6C whereas in August it is 22-23C. The absolute maximum temperature reaches 38-40C,
while an absolute minimum temperature can fall to -10C.
Batumi Botanical Garden occupies one of the most significant places among the world’s
botanic gardens. It was founded in 1912 and since the day of its foundation, intensive
activities have been conducted to create a live collection of plants. Species and varieties of
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plants from Georgia as well as other regions of the world have been introduced, and now
thrive in the Garden.
Since its foundation, the Garden has acquired a rich collection of foreign plants, which have
been planted in relevant phyto-geographical departments according to their origin. Areas of
the garden have been selected for each department to ensure proper micro-climatic
conditions. At present the Garden is home to nine phyto-geographical departments in the
Garden – East Asian, North American, Mediterranean, Transcaucasia Humid Subtropics,
Himalayan, Australian, South American, Mexican and New Zealand – planted in three parks –
Lower park, Upper park and Seaside park. There are also collections of roses, citrus and
fruit.
Since 1998, the garden has been a member of Botanic Gardens Conservation International
(BGSI) and is actively involved in the accomplishment of global strategic action plans
elaborated by the organization. The main priorities of the garden include plant introduction
and conservation of species diversity.
According to 2009-2012 data, the woody plants collection of the Garden comprises 1,457
taxa, 284 families and 532 genera.
Formation of the first collection of Camellia at Batumi Botanical Garden is connected with
French traveler Michael D’Alfons. From 1881 D’Alfons bought land on the coast of Batumi.
This beautiful place on the Black Sea is covered in green both during the winter and the
summer seasons, and due to this fact, this place was called “Green Cape”. On the cape,
D’Alfons cultivated a park in the French-regular style. Among the rare decorative plants that
were sent from South France was Camelia japonica, thereby started planting of camellias in
the garden-parks of the Ajara Black Sea coast. From 1912, this territory formed the Lower
park of Batumi Botanical Garden, called the “Small Riviera”. The park is distinguished by
historic camellias, which create a charming view with flowers of different forms and colors in
winter.
Two species – Camellia japonica L. and Camellia sasanqua Thunb – and 54 varieties of
Camellia japonica had been introduced to the Garden territory long before its foundation.
And after the foundation of the Botanic Garden in 1912, growth of the camellia collection
continued.
In 1937, the Batumi Botanical Garden received two varieties of Camellia japonica L. and
seven varieties of Camellia sasanqua Thunb. from Japan, and in 1959 the collection was
enriched with two specimens of Camellia reticulata Lindl. and Camellia oleifera Abel., grown
from seeds sent from China. Later, between 1961 and 1968, over 30 varieties of japonicas
were brought to the Garden, collected from the old parks along the Black Sea coast.
Camellias are located throughout the Garden territory – in the floristic sections as well as the
parks. In addition, special collection plots have been created for Camellias.
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During the past few years, works in the Batumi Botanical Garden were undertaken in two
directions: a study of diversity of Camellia’s kinds and species, and creation of new varieties
of Camellia through sexual hybridization.
Study of biological and species diversity of Japanese camellias at Batumi Botanical Garden
was initiated from 1961 by an employee of the Garden, Mr. N. Jincharadze, who for the first
time described species diversity of Japanese camellia spread along the Black Seaside and
studied its bio-ecological peculiarities. In 1974, the monograph “Camellias on the Black
seaside” was published.
Currently, the genus Camellia is represented by four species and their cultivars at Batumi
Botanical Garden: Camellia japonica L., Camellia sasanqua Thunb., Camellia oleifera Abel.,
and Camellia reticulata Lindl.
Among them, japonicas are represented with the richest assortment, with 78 different
varieties: ‘Elisabeth’, ‘Duchesse de Berry’, ‘Fanny Bolis’, ‘Elegans’, ‘Frau Minna Seidel’,
‘Eleonor Franchetti’, ‘Goffredo Odero’, ‘Grandiflora alba’, ‘Grandiflora rosea’, ‘Landretti’,
‘H.A. Downing’, ‘Haku-Ho’, ‘Il Cygno’, ’Jersey Rose’, ‘Madonna’, ‘Virgine di Colle beato’,
‘Takayama’, ‘Mrs Bell’, ‘Miyako-Dori’, ‘Madam Haas’, ‘Mathotiana Alba’, ‘Tricolor’,
‘Mathotiana’, ‘L’Avenire’, ‘Magnoliiflora’, ‘Margaret Walker’, ‘Kiku-Toji’, ‘Maria Morren’,
among others.

C.j. ‘Alba plena'

C.j. ‘Maria Morren'
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C.j. ‘H.A. Downing'

C.j. ‘Madonna'
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Under the conditions of the Batumi Botanical Garden, camellias begin blooming from
November-December until the end of May or the first half of June. Of course, these times
often vary, according to the changes in weather conditions.
In the collection of the Garden’s vegetation, Camellia sasanqua occupies a leading position,
representing an average size of trees, blooming in late autumn, being often related with
maturing period of the previous season’s fruit. At the end of the blooming period, growth of
new sprouts begins. Eighteen magnificent types of cultivars are found in the garden: ‘AsaGasumi’, ‘Gyobi- goromo’, ‘Lavender pink’, ‘Negishi-ko’, ‘Rosea’, ‘Versicolor’, ‘White Queen’
among others.

C.sasanqua ’Versicolor’

C.sasanqua ‘Asa Gasumi'

C.sasanqua ‘Beni-zuru’

C.sasanqua ‘Lavender pink’

The work on the selection of camellias has been conducted at Batumi Botanical Garden for
at least 50 years. Since 1961, many high-dignity hybrids have been cultivated in the Garden,
with about 20 exceptional ones. (Figure 2)
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Figure 2 Batumi’s Camellia japonica hybrids

With the purpose of popularizing the varieties of Japanese camellia and introducing them to
the interested public, exhibitions of camellia first were organized at Batumi Botanical Garden
in 2015. The exhibitions displayed 75 varieties of Japanese camellia and 20 hybrids, which
evoked great interest among the visitors. (Figure 3). This has now become an annual event.
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Figure 3 Camellia exhibitions at Batumi Botanical Garden

At present the camellia collection is being studied, propagated, preserved, cultivated and
featured in “green” construction projects.
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Foreword
The word “tea” used in the present article refers to any plant of the genus Camellia
used for the aromatic features of its young leaves, mainly represented by the species
sinensis.

Figure 1: Madeleine-Françoise Basseporte (1701-1780), water colour on vellum “Thea bohea L, Chine”,
Thea Bohea L. was the name attributed at that time to Camellia sinensis. Source: Muséum national d'histoire
naturelle (Paris) - Direction des bibliothèques et de la documentation
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Introduction
Tea is a unique crop, as its cultivation, plucking and processing cannot be compared
to any other classical crop, such as cereals, vegetables or fruits. It also provides one of the
most common drinks consumed all over the world: 400 giga-litres [400 x 109, or 400 billion in
U.S. usage] of tea can be brewed from the nearly 4 million metric tons of dried tea [Chen
2012] produced annually! Furthermore, it represents a considerable economic activity, not
only in the regions where it is cultivated, but also in regions where it is marketed, distributed
and consumed.
We present here a status of the cultivation of tea in Europe, what could be a possible
business model, and then the approach proposed by the young association “Tea grown in
Europe” (EuT) to promote and foster such activity.
History outline
Although the precise native land of Camellia sinensis is still debated, we can assume
that it originates from an area located at the southeast of the Tibetan plateau, covering the
southwestern part of China, the northern parts of Myanmar and Thailand, and the
northeastern part of India. Wild plants were originally used by indigenous people mainly for
curative purposes, traced back as early as 2737 B.C. in ancient China (Yamanishi 1995). Then,
tea has been cultivated in China, reaching a significant level during the Tang Dynasty (618907 A.D.); at the same time, cultural aspects of tea cultivation, processing and consumption
have also started to thrive, as testified by the famous “Classical of Tea” (Cha Jing) published
by Lu Yu (Despeux 2015). It is mainly during that period that Chinese tea was gradually
introduced to other Far East countries, Korea and Japan. Much later, in the early 17th
century, it was introduced to Western Europe by Dutch merchants.
It is worth noting that Korea and Japan started cultivation at a rather early stage2,
and have developed, on the basis of the Chinese background, specific methods to brew and
consume tea becoming an important aspect of the Japanese and Korean culture, such as the
tea ceremony in Japan; regarding tea leaves processing, some innovative methods and
products, such as the powder tea (“matcha”), have been developed. Similarly to China, the
fabrication and consumption of tea in Japan and Korea remains largely focused on green tea.
We remind here that green tea has to be processed rapidly after the plucking in order
to avoid oxidation. Its aromas are very close to those of fresh leaves, but is appears rather
fugacious, if not suitably preserved: most of the aromas are lost or modified after 2-3
months. “Black tea”, which is oxidised, exhibits very different aromas that appear more
persistent over time.

2

In Korea, tea cultivation was already well advanced during the Goryeo Dynasty (918-1392).
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Europe followed a radically different scheme. Although the first tea plants reached
Europe together with other exotic plants during the 18th century3, it seems that there have
been rather limited initiatives to acclimate Camellia sinensis in Europe at that time. Instead,
from around 1830, large-scale plantations were initiated in the colonies, mostly from seeds
collected in China, first by the Dutch in Java and Sumatra, then by the British in India. Later,
the British further expanded tea cultivation to Ceylon and to different colonies in Africa,
including Kenya and Uganda, among others.
The development of tea cultivation in India was rather tumultuous: after 40 years of
vicissitudes and doubts, it met an extraordinary success, triggering a revolution of the tea
market. Indian tea captured most of the European market, causing a serious economic crisis
in the Chinese tea-producing regions. This success relied also on the development of new
machines for processing large quantities of leaves. Last but not least, new standards were
set, from the methods and tools used for tasting, to the vocabulary used, often originating
from Asian languages.
An important consequence of this production “off-shoring” to colonies was that black
tea (i.e. oxidised tea) appeared as the “standard” product available in Europe. The subtle
aromas of green tea (i.e. non-oxidised tea) initially shipped from China certainly degraded on
its way to Europe; we can even assume that, after a sea shipping of more than 3 months4,
part of it being subject to tropical temperatures, the green tea coming from China was
partially oxidised when reaching Europe. Logically, therefore, the tea produced in India for
the European and American markets was mainly black tea. Later, the Indian model was
transferred to other colonies; other attempts in North and South America, as well as in
Australia, were recorded at the end of 19th century or beginning of 20th century.
Regarding Europe, it is mainly at its surroundings, in the Azores islands (part of
Portugal), Georgia, Azerbaijan, Russia and Turkey, that tea cultivation and production started
at the end of the 19th century. Most of these plantations are still in operation; these areas
are represented as red dots in the map of Figure 2.
Tea plantations in the Azores were initiated in 1874 under the expertise of a Chinese
native from Macau. Fourteen tea gardens were in operation in the north of the Island of São
Miguel at the beginning of the 19th Century. Two have survived – Gorreana and Porto
Formoso, representing altogether around 40 hectares, constituting important local touristic
spots.
In Georgia, at that time “Russian Transcaucasia”, it seems that the production started
in 1893 (Ukers 1935) on the eastern shore of the Black Sea, near Batumi, where 150 hectares
The first introduction recorded was in Sweden, where the distinguished botanist Carl von Linné, who first
classified tea in 1737, mentioned the successful cultivation of Camellia sinensis Uppsala in 1763 (Ukers 1935).
4
Even if the competition between “clippers” in the mid 19th Century contributed to shorten the shipping time,
it took generally more than 100 days.
3
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of tea where planted, using seeds from China, India and Sri Lanka. Fifteen Chinese labourers
were also hired to run the plantation. In 1900, an experimental station was set up by the
Russian Ministry of Agriculture in Chakvi, providing a local land-owner with seedlings free of
charge, triggering a fast increase of the production. In 1913, the tea plantations covered 960
hectares, and were expanded to other regions, such as Guria and Martvili. Just after the
world wide war and Russian revolution, tea production dropped dramatically. Then, from
1923, when Georgia became part of the USSR and following the government decision to
become autonomous in terms of tea consumption, the land dedicated to tea increased
dramatically, reaching 34,000 hectares in 1933. Some tea plantations are still active.
It seems that the plantations of Sochi in Russia and Rize in Turkey were developed
mostly using the material and expertise of Georgia. We know little about the tea plantations
of Azerbaijan, initiated at the beginning of the 20th century and developed under the Soviet
Union; geographically speaking, the Lenkeran-Astara region is very close to the Iranian
region of Lahijan, where most of the Iranian tea is grown.
Legend
Old plantations (> 100 Years)

Recent plantations

Scotland

Wales
Cornwall
Brittany
Galicia

North
Brabant

North RhineWestphalia

Ticino
Tuscany

Minho

Azores

Sochi

Chakvi, Guria,
Martvili

Rize
Lenkeran, Astara

Figure 2: Tea plantations in Europe and its surroundings

More recently, around 10 years ago, several individual initiatives have been launched
in various European countries, namely France, Germany, Italy, Holland, Portugal, Spain,
Switzerland and United Kingdom (highlighted with green dots in the map of Figure 2); in
some cases, the experimental stage has been passed successfully and “pilot production” is
ongoing, with high quality products and interesting growth perspectives.
It is worth noting that similar initiatives have been launched in parallel in the USA,
Australia and New Zealand, showing an emerging interest in developing tea production in
countries where such cultivation is not traditional.
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What business model for Europe?
Growing tea in Europe does not refer to any existing business model. Such an idea
has been considered as romantic at best and nonsense as worst! We are however convinced,
and try to prove it here, that growing and manufacturing tea in Europe may generate a
sustainable and profitable economic activity over the future years and may bring social
benefits to Europe in terms of employment, environment and public health-care.
Currently, the main model for marketing and distributing tea in western countries
consists on supplying tea from low-wage countries, at prices ranging from around 2 €/kg for
the CTC (“crush-tear-curl”) used in tea bags, up to around 50 €/kg for high grade whole
leaves. The consumer price after transformation is multiplied by a factor of 10 to 50.
Transformation may include sorting, blending and packaging; as an example, the consumer
price of tea bags currently amounts to around 25 €/kg compared to 2 €/kg of the CTC.
Our Association proposes a radically different model, focused on high-grade products
coming from chemical-free, organic, non-intensive plantations, where most of the added
value would remain at the producers’ level. This is by and large similar to the model
currently followed by the production of high-grade green tea in Japan or Korea. However,
Europe being still at a pioneering phase, such comparison appears not fully relevant.
A SWOT analysis of strengths, weaknesses, opportunities, and threats, summarising
the positive and negative aspects of growing and manufacturing tea in Europe is presented
in Figure 3. This analysis shows that European players have already developed very strong
competencies in the cultivation and propagation of Camellia, but this strength is balanced by
the very weak knowledge on how to manage the plantation for tea production and how to
process the leaves. Furthermore, although Europe is experienced in producing high-grade
food products, such as wine and chocolates, we cannot take for granted that consumers will
accept tea grown in Europe as a high-grade product. Indeed, efforts will be needed to
overcome conservatism of both customers and tea distributors.
Last but not least, most of the world tea production currently relies on low-cost
labour. In Europe, advanced technologies will have to be deployed to address such issue.
We consider that robotics and photonics technologies are enablers to perform automated
plucking and processing of tea leaves.
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Weaknesses

Strengths
✓ Adequate soil and climate in many regions
✓ Availability of land, possibility of non-intensive
production with positive environmental impact
✓ Strong know-how in the growth / propagation
of Camellias
✓ Strong know-how in the marketing of food
products
✓ High level of motivation of the actors
pioneering tea cultivation in Europe

✓ Weak know-how in Europe regarding tea
cultivation and processing
✓ High labour cost in Europe
✓ Long lead-time needed from the initial plants
to the tea production (> 5 years)
✓ Sector and related professions not
recognised among the farming activities,
neither at national nor at European level

Opportunities

✓ Possible leading position of European
producers in the field of high grade organic,
traceable, pesticide-free tea
✓ Possible development of high-tech robots for
tea plucking and processing, relying on the
strong position of the European industry
✓ Compatibility with the increasing share of
direct sales and e-commerce of farm products
✓ Possible contribution to the diversification of
farm products

Threats
✓ Possible conservatism of the tea distributors,
sticking their current business model
✓ Possible issues of consumer acceptance for
tea coming from “non-exotic” regions

Figure 3: SWOT analysis: growing and manufacturing tea in Europe

From a quantitative point of view, these new European tea plantations cumulatively
represent at present only a few hectares. However, it is undergoing a fast increase, nearly
doubling each year. Moreover, taking into account that recently planted tea will reach
maturity after 7-8 years, it appears that, combining the two effects, the quantity of tea
produced in Europe will grow exponentially over the following 15 years. A typical business
model that should be applicable to the European plantations is shown in figure 4.
In this model, we consider a doubling of the number of plants every year, up to
512,000 plants in year 2025. Even without new additional plants beyond 2025, the quantity
of dry tea produced would continue its fast increase, due to the fact that more plants will
reach maturity, reaching an average quantity of dry tea produced by plants of around 40
grams/plant in 2030. Considering a density of 10,000 plants/hectare, it corresponds to a
yield of 400 kg/hectare, much lower than the world average, estimated to around 1,110
kg/hectare (Chen 2012). The yield of 400 kg/hectares presented here is a plausible
assumption for the production high grade tea.
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Figure 4: Production model

Role of the EuT association
As a matter of fact, tea is grown around the world under extremely diverse
geographic and climatic conditions, thus, it seems that growing tea is feasible in many
regions of Europe. Recent experiences in France, Italy, Portugal, Switzerland and Germany
have proven so.

Figure 5: The Tschanara tea garden in Odenthal (Germany).
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However, the emergence of a significant economic activity would require the
development of a specific know-how, not only for cultivation, but also for harvesting and
processing techniques. As mentioned above, growing tea in Europe is not a straightforward
and simple path; it involves several weaknesses and threats, but also strengths and
opportunities. The Association “Tea Grown in Europe” (EuT)5 created in December 2016
under the French status of non-profit Association, aims at developing efficiently such knowhow, relying on a cooperation of the different players in Europe. Its object is to promote in
Europe an economic activity domain based on the cultivation of tea plants on the European
territory. This domain encompasses the whole value chain, from cultivation to
transformation in marketable products.
To meet its object, the Association will endeavours to promote the domain in Europe,
set up links between the players of the domain, represent the Members of the Association
towards institutions, establish multi-annual roadmaps, and support the submission of grants
or public funding to the benefit of its Members.

Figure 6: A Camellia sinensis grown in Languidic and the green tea produced (right).

The association will also foster:
-

-

5

The acquisition of knowledge and know-how by the European players of the
domain, especially on the following aspects:
✓ species and genotypes cultivated in the world and their adaptation to the
various soils and climates across Europe;
✓ techniques used worldwide for cultivation, plucking and processing and their
adaptation to the European environment;
The deployment of best practices for environment friendly cultivation, harvest
and processing;
The development of innovating technologies for cultivation, harvest and
processing;

EuT website: http://tea-grown-in-europe.eu/
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-

The development of environment friendly tourism on the sites where tea is
cultivated;
The obtaining of National or European labels (such as the French “AOC” or the
European “PDO”);
The protection of botanic species considered by the Members as relevant to tea
production in Europe.

Figure 7: The Chá Camélia tea garden in the Minho region (Portugal): an example of mixed cultivation of tea
and fruit trees.

Conclusion and perspectives:
Growing and manufacturing tea in Europe is indeed a challenging and ambitious task;
we believe that, if reasonably conducted, it should bring various social and environmental
benefits to Europe. It is also highly innovative in terms of business model and techniques.
We believe that, to be successful on a large scale, it should be supported by a set of practical
innovations adapted to the European environment such as:
-

Agro-forestry techniques involving tea and local trees;
Use of tea plantations to the benefit of the environment (e.g. reducing carbon
footprint, limiting erosion etc.);
Robotised plucking.

The EuT association will foster these key innovations in close cooperation with the
different stakeholders, including European farmers, tea distributors, European industry
players and public authorities, offering to worldwide consumers the quintessence of the
various European terroirs in the healthiest stimulating beverage.
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ABSTRACT
Cotton fibres are mainly composed of cellulose. It confers desirable properties, related with
comfort to garments made of cotton. However, sun protection concern is increasing and this
property is not inherent to cotton fibres and some finishing treatments should be applied.
Finishing treatments from tea extracts can improve the sun protection reaching good values,
according to standard tests. The aim of this work is based on determining whether UPF
effect can be reached only from leaves or twigs and stems can also confer those properties.
The study is focused on determining the influence of the preparation treatment of Camellia
sinensis on the UV protection properties obtained. Some cotton pieces have been dyed, with
different extracts. The strength and difference of colour obtained are measured by reflection
spectrophotometer, and UPF values will be determined by spectrophotometric techniques,
comparing the levels obtained by each one of the different samples. This study will allow us
to determine if differences in UPF are due to the preparation process of tea or if it can be
obtained not only from the leaf but any other part of the plant.
1. INTRODUCTION
In recent years concern about ultraviolet radiation (UVR) has increased exponentially.
UVR is one of the types of radiation emitted by the sun that is not completely absorbed by
the atmosphere and reaches the earth and the people who lives in it (Narayanan, 2010). The
range of ultraviolet radiation is also subdivided into UVA (400-315nm), UVB (315-280nm)
and UVC (<280nm). The most dangerous radiation for the humans is UVB followed by UVA
(Tenkate, 1998; Ghazi, 2010). One of the problems that nowadays faces the human
population is the decrease in the thickness of the ozone layer, because it is allows an
increase of the amount of UVB radiation that reaches the Earth's surface.
Textiles have been considered a primary tool in shielding UVR. However some
studies have provided information regarding the characteristics that textiles must have in
order to offer UV protection (Kursun, 2010; Wilson, 2008). Light fabrics whose structural
parameters have low densities or weight are most used in spring and summer seasons, when
the radiation on Earth’s surface is more intense. These types of fabric don’t fully protect
against radiation; therefore light fabrics have to be treat with selected finishing products,
such as titanium dioxide and zinc oxide, to get high a ultraviolet protection factor (UPV).
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Recently there has been increasing interest in the use of natural dyes in the textile
industry, and it has been demonstrated that some of these natural dyes, such as tea, provide
high UV protection for fabric (Kim, 2006; Bonet, 2016). Different kinds of tea have already
been tested and the properties regarding UPF differ considerably. However, previous
research was conducted from commercial samples which included red, green, and black tea
from commercial samples.
The aim of this work is to determine the influence of the preparation treatment of
the tea on the UV protection properties obtained. It would be evaluated from Camellia
sinensis samples from Pazo Quinteiro da Cruz, in Pontevedra, Spain. The influence of
withering, and rolling, and which part of the plant is more effective – leaves, flowers, seeds
or even the twigs and stems – have been studied.
To carry out the study some pieces of cotton fabric have been dyed with different
extracts. The UPF values will be determined by spectrophotometric techniques, comparing
the levels obtained by each of the different samples. In order to study the relationship
between the colour that the sample shows after the treatment and the UPF obtained, the
colour measurement of each sample was analysed using the reflection spectrophotometer
comparing the streght of colour by K/S value and CIELAB colour differences values of the
dyed cotton fabrics.
2. EXPERIMENTAL
2.1. Materials
Commercially bleached cotton fabrics of 210 g/m2 weight, cut into rectangular pieces
weighing 5 g each, were used in dyeing. Medium molecular weight chitosan, which was
used as a mordant, was purchased from the Aldrich Chemical Company. Different types of
C.sinensis samples from Pazo Quinteiro da Cruz with different treatments were used as a dye
in this study. In table 1 the information about each type of tea used is shown.
Table 1: Treatments carried out on C.sinensis
Treatment on C.sinensis
Sample 1 (S1)

Green tea

Sample 2 (S2)

Green tea partially dried

Sample 3 (S3)

Leaves, twigs and stems

Sample 4 (S4)

Leaves, twigs and stems from potted plant

Sample 5 (S5)

Dried flowers

International Camellia Congress 26-27-28 march 2018 Nantes France

287

2.2 Dye extraction
Aqueous extract was prepared by adding 2 g of each sample of C.sinensis to 200 ml of
ethanol. The mixture was kept at room temperature for 48 hours, then filtered. The filtrate
was used for dyeing.
2.3 Cotton pretreatment with chitosan and dyeing
A 5 g/L solution of chitosan was prepared; 3 g/L of acetic acid was needed to dissolve the
chitosan. Cotton fabric was treated by padding (80-85% pick-up). After this time the treated
fabrics were dried at 80 C and then cured at 120 C for 3 minutes.
Dyeing experiments were performed using a material-to-liquor ratio of 1:40 by
anexhaustion system using 50% dye concentration and 50% water. Dye baths temperatures
were raised to 90-95C for 1 hour.
2.4 Methods
Dyed samples were prepared for colour measurement, performed by following a
standard procedure. Colour values were evaluated by means of K/S and CIELAB colourdifference values (illuminant D65/10° observer) on a Minolta CM-3600d UV-visible
spectrophotometer.
The relative colour strength (in terms of K/S value) of different natural dyed cotton
fabrics was measured by the light reflectance technique using the Kubelka–Munk equation
(Vankar, 2008): K/S= (1 - R)2/2R, where K is the coefficient of absorption; S is the coefficient
of scattering and R is the reflectance.
The method to evaluate the UPF was composed of an UV lamp, a digital detector of
UV radiation and an opaque box (Campos, 2013). The UV lamp irradiates at 312 and 365 nm,
the range of UVB and UVA radiation. The detector of ultraviolet rays is found perpendicular
to the UV lamp and the fabric is above it. The system is in an opaque box to avoid lighting
interferences.
3. RESULTS
To investigate colour quality in a systematic way, it is necessary to measure the
colour of the dyed samples. The CIELab values (L,a,b) and the colour difference values
(∆E*ab) of the undyed and dyed samples with different types of tea are given in table 2.
Table 2: Colour values and CIELAB colour difference values of each sample.

Undyed sample
Sample 1 (S1)
Sample 2 (S2)
Sample 3 (S3)
Sample 4 (S4)
Sample 5 (S5)

D65/10°
L*
93,387
66,338
60,683
64,846
66,881
87,087

a*
-0,177
0,103
-0,216
1,694
0,656
1,051

b*
2,020
24,491
29,162
24,398
24,852
9,132

∆E*ab
35,167
42,500
36,316
34,994
9,580

L* represents lightness value (the higher the lightness value, the lower the colour
yield); a* and b* represent the tone of the colour (positive values of a* and b* represent
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redder and yellower tones respectively while negative values indicate greener and bluer
tones). It was observed that the lightness – the L value – of the samples decreases when
the fabric is dyed, while the a* and b* values are higher for undyed samples. The tone
showed in most of the dyed samples is yellower, indicated by the data show that the b*
value is greater than the a* value. ∆E*AB represents the difference in colour between
samples, against the undyed sample as a reference.
To compare the colour differences obtained between dyed samples using different
treatments of C.sinensis as a natural dye, the ΔΕab value is calculated using the undyed
sample as a reference. Cotton fabric dyed with dried flowers (S5) shows the lowest
difference of colour. Fabric dyed with partially dried green tea (S2) shows the largest
difference of colour, and this sample presents the highest b* value too. It should be noted
that the difference between the values obtained using different types of parts and
treatments of the C.sinensis, except the flowers, show a significant difference what implies
febrics have absorbed colour and substances from the extracts.
Figure 1 shows the value of colour strength K/S, and it is clear that partially dried
green tea used as a dye has a considerable effect on the dyeability of cotton fabrics. It is
observed that using leaves, twigs, and stems of C.sinensis, the colour strength of the fabric is
greater, whereas the samples dyed with dried flowers of C.sinensis show the lowest strength
of colour and is nearly negligible, obtaining results between 34 and 42.

7
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Figure 1: The colour strength (K/S) of undyed and dyed cotton fabrics using different types of C.sinensis

The results of the UV protection – the UPF – for each sample are shown in table 3.
It can be observed that all treatments made on cotton fabric in this study caused an
improvement in UV protection of the cotton fabric.
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Table 3: UPF values of each dyed sample

Undyed sample
Sample 1 (S1)
Sample 2 (S2)
Sample 3 (S3)
Sample 4 (S4)
Sample 5 (S5)

UVA
0,115
0,001
0,000
0,001
0,001
0,130

UVB
0,249
0,000
0,000
0,000
0,000
0,014

UPF
0,72
33001,25
71502,71
23834,23
15322,00
11,97

It can be observed in table 3 that with the exception of the sample dyed with dried
flowers (S5), dyeing the cotton fabric with any type of the sample tea extracts improve the
UPF value. The UPF value indicates that the UVR protection is considerable, so all the tea
extracts offer an significant improvement of the UPF. All tea extracts noticeably improve the
undyed fabric, exceeding the UPF value of 50, which means that the protection achieved is
classified as "Excellent" according to the European standard EN 13758-2.
Furthermore it is appreciated that the samples dyed with partially dried green tea
(S2), which is the sample that show highest strength of colour, offers higher UPF value than
the other samples dyed with different types of C.sinensis. However, all samples give an
exceptional ultraviolet protection factor, exceeding a UPF value of 9.000 while the undyed
sample has a value of 1, showing no UV protection.
4. CONCLUSIONS
In this study, different parts and treatments of C.sinensis have been used as a natural
dye to treat cotton fabric in order to offer higher level of ultraviolet protection.
It was observed that there is an influence from C.sinensis used to dye cotton fabric,
obtaining good results by K/S and ΔΕab value when leaves, twigs and stems of the plant are
used. In contrast, when the flowers are used as a dye, the dyed fabric does not show
significant differences of colour. The highest strength colour obtained was for sample 2,
dyed with partially dried green tea. This sample also offers the highest UPF, obtaining a
result much higher than the other samples. However, all samples dyed using leaves, twigs,
and stems of C.sinensis, regardless of the process performed for its treatment, obtain
excellent UV protection.
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OLFACTORY ASPECTS OF CAMELLIA PERFUME
Camellia sasanqua

Mr Roland Jancel was the former Head of Parks and Gardens for the City of Nantes. A few years
ago, he wrote this about the autumnal fragrance of camellias: "As the French courtesan Marie
Duplessis suffered with tuberculosis and a bad chest, the slightest whiff of perfume would send
her into painful and interminable paroxysms of coughing; as a result, she was careful to avoid
anything that gave off even the slightest fragrance. Legend has it that this is why she took to
wearing a camellia flower in her lapel, as these were reputed to be odourless. Many flower fans
consider this absence of perfume to be a flaw rather than a quality, which explains why the quest
for a fragranced camellia has become almost an obsession amongst cultivators. Whilst camellias
are reputed to be odourless, this is because more often than not the species in question is the
Japonica and its cultivars; but delving deeper reveals that olfactory characteristics are not entirely
unheard of in this genus of flower. Certain botanical camellias are delicately perfumed for a start."
Mr Jancel highlighted the misconception that camellias are odourless. As with other species of
flowers, such as the rose family, around 20% of camellias are scented.
In Europe, the camellia became hugely popular during the first half of the 19th century, as
reflected in the novel by Alexandre Dumas the younger entitled 'La Dame aux Camélias'. It was he
who introduced the French spelling Camélia, dropping the second 'l' from the genus Camellia. For
perfumers, the camellia evokes the emblem of the House of Chanel that introduced the trend for
wearing camellia buttonholes in the early 20th century.
Hybridisation was initially developed for roses in the early 19th century by the gardeners serving
Joséphine de Bauharnais (the wife of Napoleon I) at the Château de la Malmaison near Paris.
There are also camellias in the château's garden. The very first camellia hybridisations date from
the early 20th century, with one of the aims being to improve the perfume of the various autumn
and spring camellias.
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Olfactory palette

This palette shows the various terms used by perfumers to describe scents.
It comprises sixteen petals. Starting from the top of the palette, the first family named Citrus
includes all the zesty fruits such as lemon, orange, yuzu, lime, kumquat and bergamot. The second
Herbaceous Aromatic Camphoraceous family includes all herbs such as tea, verbena, camomile,
eucalyptus, mint and lemongrass. The third Green family comprises green notes such as
nasturtium, coriander leaves and cut herbs. The fourth Floral family consists of rose, jasmine,
violet, iris, broom, orange blossom, magnolia and camellia. The fifth Spicy family includes pepper,
clove, cinnamon and ginger.
The sixth Fruity family includes fruits such as apple, mango, papaya, plum, blackcurrant, passion
fruit and coconut. The seventh Gourmand family includes cereals, milky notes, sweet notes and
nuts, not forgetting chocolate. The eighth Balsamic family includes frankincense, incense, myrrh,
balms, benzoin and vanilla. The ninth Amber family includes scents reminiscent of wine cellars, the
past and white Alba truffles from Italy. The tenth Musky family includes the typical pleasant scent
naturally given off by the body.
The eleventh Animal family includes natural animal scents that are often considered to be
unpleasant [e.g., civet, ambergris]. The twelfth Smoky family includes the scent of woodsmoke,
gunpowder and leather. The thirteenth Powdery family is reminiscent of make-up powder, babies'
skin and beauty products in general. The fourteenth Woody family contains sandalwood, oak,
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vetiver and patchouli. The fifteenth Moss/Earthy family contains the scents of soil and
mushrooms, reminiscent of the forest. Finally, the Marine/Watery family is reminiscent of the sea,
seaweed, oysters and crustaceans.
It is important to point out that the first families in the palette contain very volatile notes that
disappear within the first hour. The later families contain the most lingering products that can
remain present on the skin and fabrics for several weeks or even months.
A natural perfume or blend created by a perfumer always represents an accord known as the
middle note of the perfume, along with top notes and base notes that develop around the middle
note in a gradual, harmonious and balanced way.
The more volatile top note is the one that we smell first, already accompanied by a characteristic
middle note. The middle note is the central accord that is always present in the scent, from the
moment the flower blossoms until it drops its final petal, or from the moment a bottle of perfume
is opened until the scent disappears from the skin, for example. The more long-lasting base note is
the one we can smell last, still accompanied by the middle note. When a camellia is very highly
fragranced, this scent carries for very long distances depending on the direction of the wind. This
is not always the case with certain flowers.
In general, the camellia's scent is focussed on the four first petals of the palette, namely Citrus,
Herbaceous Aromatic, Green and Floral. These petals on the palette describe the main notes
exuded by camellias. As the green floral note dominates in most cases (hyacinth and gardenia are
also green, floral notes), it is supported by nuances that may be spicy, woody or earthy, especially
if the camellia is grown in a small pot. Note that the scent of the leaves has a predominantly green
olfactory nature (orange blossom leaves are mostly citrus).
The Camellia sinensis variety provides a green tea perfume by processing its leaves rather than its
flowers. The other camellias also give off the scent of tea which is mainly herbaceous aromatic,
with a decidedly green and floral feel.
The city of Nantes boasts a garden with many varieties of camellias, enabling perfumers to assess
the nuances of the various aforementioned scents all at the same time. But each and every variety
features the green, aromatic and floral aspect that sums up the olfactory nature of camellias in
just three words.
By breathing in the scent of the different varieties, the perfumers sometimes come across scents
that accompany the dominant floral green herbaceous aromatic note, such as mandarin, citrus
lemon, citrus orange or green notes that conjure up a botanic feel. The floral part has jasmine,
rose and lilac elements. There are also sometimes earthy and woody scents reminiscent of
patchouli. Very, very rarely, perfumers may detect a fruity, amber or even animal or smoky aspect.
Nature draws on endless olfactory variations to give each family of flowers its own characteristic
scent. For the camellia, the floral note is mostly accompanied by a green, aromatic note that can
be found in the scent of green tea.
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Abstract
Camellia seed oil is widely used in the cosmetics and culinary industries, mainly in Asia. High
quality oils are obtained from camellia seeds by mild cold-pressed extraction. While the
unsaturated fatty acid content can reach values close to 90%, the percentage of saturated
fatty acids is usually low, around 10%, with small variations between the different camellia
species. In this study, we analyze and identify, by gas chromatography-mass spectrometry
(GC-MS), the content of fatty acids of cold extracted virgin camellia seed oil from several
species (C.japonica, C.sasanqua and C.reticulata) harvested in northwest Spain and compare
the profile with camellia oils from other origins.
Keywords: Camellia sasanqua oil, Camellia reticulata oil, Camellia japonica oil, free and total
fatty acid composition, unsaturated fatty acid, saturated fatty acid, GC-MS.

Introduction
Camellia is a tree native to East Asia, and encompasses more than 200 woody
evergreen species. The most famous species for its great impact on economic value is
C.sinensis, from which the tea beverage is produced, and which is mostly grown in tropical
and subtropical regions.
Other species are used for oil production, and have long had a presence in highquality cosmetics and haute cuisine. China is the largest producer and consumer of camellia
oil. At present, 260,000 tons per year of this oil are produced worldwide and the forecast for
the year 2020 is more than 2.5 million tons, which would imply approximately 25% of the
consumption of edible oil in the Chinese market. (Li et al., 2012)
Species such as C.sasanqua, C.reticulata and C. japonica are cultivated in temperate
regions worldwide as ornamental plants. Galicia is located in the northwest of Spain and has
a strong and increasing presence in camellia markets, mainly supplying young plants for
flowering and gardening purposes. The presence of camellias in gardens and streets dates to
the late 19th century but it is only during the last decade when the first camellia seed oils
from typical varieties of this region began to appear on the market. (Figures 1 and 2). In
Estación Fitopatolóxica Areeiro (Pontevedra), investigators have been studying the
production and analysis of virgin camellia seed oil obtained as high quality oils by mild coldpressed extraction (Salinero et al., 2012).
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Figure 1. Photographs of fruits of C.japonica, C.sasanqua and C.reticulata from Galicia.

The knowledge of the composition of fatty acids of the oil has always been a subject
of great interest because of its importance in the description and detection of possible
adulteratants. Fatty acids are the main part of oils that may be found free or, more
commonly, bound to other compounds as glycerol form esters such as triacylglycerol. Free
fatty acids determine the acidity index of oils, one of the most important quality parameter
for oils, but the free fatty acids composition are minor in oils. It is essential to enhance the
determination of the total fatty acids of oils to complete characterization of fatty acid
profile.
Figure 2. Photograph of fruits and seeds of C.japonica harvested in Galicia.

The fatty acid composition of camellia oils has been associated with changes in
human health. Camellia seed oils contains approximately 90% of unsaturated fatty acids.
Moreover, the content of monounsaturated fatty acids in camellia oil is greater than in olive
oil. (Feás et al., 2013)
The fatty acids present in camellia seed oils rarely contains branched-chain fatty acids
or fatty acids with less than 16 or more than 20 carbon atoms. The typical unsaturated fatty
acids present in camellia seed oil are: palmitoleic acid (C16:1, ω-7), cis-10-heptadecenoic
acid (C17:1, ω-7), linoleic acid (C18:2, ω-6,9), oleic acid (C18:1, ω-9), and paullinic acid
(C20:1, ω-7); and the saturated fatty acids: myristic acid (C14:0), palmitic acid (C16:0),
margaric acid (C17:0), stearic acid (C18:0), and arachidic acid (C20:0).
Recent research has shown interest in the characterization of the fatty acid profile of
camellia seed oils from different approaches such as the determination based on the 1Hnuclear magnetic resonance (1H-NMR), However, this methodology requires instrumental
equipment not available in most laboratories because of its high cost. (Guillén & Ruiz, 2001).
Gas chromatography-mass spectrometry (GC-MS), is simpler and cheaper than 1H-NMR and
also allows detection of very low amounts of fatty acids in oils (Haiyan, Bedgood, Bishop,
Prenzler, & Robards, 2007).
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The aim of this work was to study the free and total fatty acid composition of three
typical species of camellia seed oil obtained from northwestern Spain and to compare the
compositions with those of three commercial oils from Japan and an olive oil from Spain.
The free and total fatty acid content of the oils were carried out using GC-MS as the
analytical technique. The results obtained will show analogies and differences between the
fatty acid profiles of the camellia oils studied.

Materials and methods
2.1 Samples
C.japonica, C.sasanqua and C.reticulata seed oils from seeds harvested in
Pontevedra, Meis, and Cuntis (provinces of Pontevedra) were obtained in the Estación
Fitopatolóxica Areeiro by mild cold-pressed extraction. Camellia seed oil samples from Japan
were obtained from C.japonica seeds: samples 1 and 2 are from Oshima and sample 3 is
from Tokyo; they all were purchased in Japanese local markets. The olive oil sample,
obtained by cold-pressed extraction of Arbequina olives, was bought directly from the
producer press from Huelva (Andalusia).
2.2 Reagents
Methanol HPLC grade (99.99%), n-heptane HPLC grade (99%) and potassium
hydroxide (85.0%) were purchased from Fischer Chemical. Reagents n-Hexane (96%),
anhydrous sodium sulfate, and sulfuric acid (95%) were bought from Sigma-Aldrich, Panreac
Applichem and Prolabo, respectively.
2.3 GC-MS instrument
The fatty acid methyl esters were processed by gas chromatography (GC) using an Agilent
7890B GC-MS equipped with a HP-5MS capillary column of length 30 m, internal diameter
0.25 mm and film thickness 0.25 µm. Mass selective detector Agilent 5977 was used.
MassHunter Software was utilized to control and process the obtained data. Identification
of compounds was achieved by comparing the retention index with the spectral data
obtained from the library of the U.S. National Institute of Standards and Technology.
2.4 Fatty Acid Composition
2.4.1 Free fatty acids composition: fatty acid methyl esters of extracted oils were
prepared using a fatty acid methylation method with slight modifications (Chen et al., 2017).
Preparation of sample for free fatty acids: In the derivatization process,
approximately 0.2 g of the oil was weighed in a screw-top test tube, followed by the addition
of 5 mL of sulfuric acid-methanol (5:95, V/V). The solution was placed at 60 °C for 40 min.
The mixture was cooled to ambient temperature and 3 mL of n-hexane was added. The
solution was mixed vigorously and allowed to settle until the two layers were separated. The
organic layer, the clear supernatant, was collected and anhydrous sodium sulfate was used
to remove moisture. The resulting solution was filtered by PDVF 0.45 µm and was analyzed
by GC-MS.
GC‐MS method for free fatty acids. Helium was used as a carrier gas at a constant
flow of 1 mL/min. The injector temperature was set at 250 °C. The injection volume of 1 𝜇𝜇L
and a split ratio of 50:1 were used as part of the GC-MS analysis method. A ramp method
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was used to separate all the components in the sample mixture. The initial oven
temperature was held at 150 C for 2 minutes after the sample injection. The oven
temperature was then ramped from 150 to 310 C at a rate of 8 C/minute. The oven
temperature was held at 310 C for 5 minutes to remove any remaining traces of the sample.
The total run time for each sample was approximately 27 minutes. The mass spectrometer
operated in the electron impact ionization (70 eV) in full scan mode (m/z 40–850) with the
source temperature fixed at 230 C.
2.4.2 Total fatty acids composition: Free and bound fatty acids of the triacylglycerols
were prepared by a fast and simple method based on a basic hydrolysis according to the
method (Internacional, 2015) with slight modifications.
Preparation of sample for total fatty acids: Approximately 0.1 g of the oil was
weighed in a screw-top test tube, followed by the addition of 2 mL of heptane and mixed
vigorously for 30 seconds by vortex. Subsequently, 0.2 mL of potassium hydroxide 2 M in
methanol were added and mixed for 30 seconds more. The solution was allowed to settle
until the two layers were separated. The organic layer, the clear supernatant, was collected
and anhydrous sodium sulfate was to remove moisture. The resulting solution was filtered
by PDVF 0.45 µm and was analyzed by GC-MS.
GC‐MS method for total fatty acids. Helium was used as a carrier gas at a constant
flow of 1 mL/min. The injector temperature was set at 250 C. The injection volume of 1 𝜇𝜇L
and a split ratio of 100:1 were used a part of the GC-MS analysis method. A ramp method
was used to separate all the components in the sample mixture. The initial oven
temperature was held at 165 C for 8 minutes after the sample injection. The oven
temperature was then ramped from 165 to 310 C at a rate of 8 C/min. The oven
temperature was held at 310 C for 2 minutes to remove any remaining traces of the sample.
The total run time for each sample was approximately 44 min. The mass spectrometer
operated in the electron impact ionization (70 eV) in full scan mode (m/z 40–850) with the
source temperature fixed at 230 C.
2.5. Statistical analyses
Statistical tests were performed using the SPSS® computer program, version 24 (SPSS
Statistical Software, Inc., Chicago, IL, USA). One-way analysis of variance was carried out.
Differences between pairs of means were assessed on the basis of confidence intervals using
the Tukey test. The level of significance was p ≤ 0.05.

Results and discussion
The fatty acids composition of camellia seed oils is the most important parameter of
quality. Other authors have investigated the quality of the oils reporting the composition of
triacylglycerides in camellia seed oil, and oleic, linoleic, palmitic and stearic acids were the
major fatty acids. (Tokue C., Kataoka, E., 1989)
The determination of the free fatty acid composition of seven different virgin
camellia and olive oil samples by GC-MS was carried out. Signal assignation was
accomplished by using the experimental data and the NIST library. Table 1 shows the
composition of free fatty acid camellia seed oils and olive oil as percentages of saturated and
unsaturated fatty acids detected, and the respective sums of saturated fatty acids (ƩSFA),
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monounsaturated fatty acids unsaturated (ƩMUFA), polyunsaturated fatty acids (ƩPUFA),
and unsaturated fatty acids (ƩUFA). Table 2 shows the composition of total fatty acids in the
same format.
Results showed, as expected, the most abundant free fatty acid in oil has been oleic
acid (C18:1 ω-9), with values ranging from 78-85% in camellia seed oils, values higher than
reached in olive oil (71%). Oleic acid levels were followed by those of palmitic acid (C16:0,
8.9-12,1%), linoleic acid (C18:2, 2.5-9.2%), and stearic acid (C18:0, 2.0-3.9%). However, in
Japanese camellia oils, five fatty acids were detected at lower levels than Galician samples:
paullinic acid (C20:1, 0.45-0.53%), cis-10-heptadecenoic acid (C17:1, 0.19-0.12%), palmitoleic
acid (C16:1, 0.11-0.14%), margaric acid (C17:0, 0.09-0.12%) and myristic acid (C14:0, 0.030.04%).
All camellia seed oil samples contained higher levels of unsaturated fatty acids (84.488.7%) than olive oil (81.3%), and the monounsaturated fatty acids also show the same
trend. On the other hand, saturated fatty acids values in camellia oils are lower than in the
olive oil sample, with values ranging 11.2-15.1% and 18.7%, respectively.
Table 1. Free fatty acid composition of crude camellia seed oil.
Fatty acid

Samples from NW Spain
C. japonica

Samples from Japan

C. sasanqua C. reticulata

Olive

Japan 1

Japan 2

Japan 3

0.034 ± 0.001 b

0.043 ± 0.003 a

ND

ND

C14:0

ND

ND

ND

C16:0

9.32 ± 0.15 e

9.95 ± 0.09 d

12.14 ± 0.14 b

8.89 ± 0.05 f

11.52 ± 0.12 c

8.60 ± 0.13 f

16.66 ± 0.23 a

C16:1 ω-7

ND

ND

ND

0.118 ± 0.002 c

0.135 ± 0.005 c

0.43 ± 0.04 b

1.63 ± 0.02 a

C17:0

ND

ND

ND

ND

0.116 ± 0.005 a

0.09 ± 0.01 b

ND

C17:1 ω-7

ND

ND

ND

ND

0.123 ± 0.007 a

0.09 ± 0.01 b

ND

2.061 ± 0.023 de

2.199 ± 0.012 cd

2.93 ± 0.04 a

2.322 ± 0.019 bc

2.46 ± 0.11 b

2.93 ± 0.08 a

2.00 ± 0.23 e

C18:1 ω-9

83.9 ± 0.3 b

78.7 ± 0.5 cd

78.14 ± 0.18 d

85.23 ± 0.06 a

79.39 ± 0.23 c

84.9 ± 0.3 ab

71.4 ± 0.7 e

C18:2 ω-6,-9

4.68 ± 0.13 e

9.2 ± 0.6 a

6.79 ± 0.17 c

2.88 ± 0.09 f

5.78 ± 0.15 d

2.46 ± 0.11 f

8.4 ± 0.3 b

ND

ND

ND

0.529 ± 0.006 a

0.45 ± 0.02 b

0.476 ± 0.013 b

ND

11.38 ± 0.16 e

12.15 ± 0.09 d

15.06 ± 0.16 b

11.25 ± 0.04 e

14.13 ± 0.22 c

11.61 ± 0.20 de

18.7 ± 0.3 a

ƩMUFA

83.9 ± 0.3 b

78.7 ± 0.5 d

78.1 ± 0.3 d

85.87 ± 0.07 a

80.09 ± 0.22 c

85.9 ± 0.3 a

73.0 ± 0.6 e

ƩPUFA

4.68 ± 0.13 e

9.2 ± 0.6 a

6.79 ± 0.17 c

2.88 ± 0.09 f

5.77 ± 0.15 d

2.46 ± 0.11 f

8.4 ± 0.3 b

ƩUFA

88.62 ± 0.16 a

87.85 ± 0.09 b

84.94 ± 0.16 d

88.75 ± 0.04 a

85.87 ± 0.22 c

88.39 ± 0.20 ab

81.3 ± 0.3 e

C18:0

C20:1 ω-7
ƩSFA

ƩSFA: Saturated fatty acids, ƩMUFA: Monounsaturated fatty acids, ƩPUFA: Polyunsaturated fatty acids, ƩUFA: Unsaturated
fatty acids. Results are expressed as mean ± standard deviation (n=3) in percentage. ND: No data. The different letters (a-f)
in the same row indicate statistically significant differences between the samples (p < 0.05).

The results demonstrate that the contents of free fatty acids in camellia seed oils and
olive oil are different, but also that camellias from Japan and Galicia could be differentiated.
Moreover, C.japonica and C.sasanqua from Galicia show similar content of palmitic and
stearic acids but their content of oleic and linoleic acid is significantly different. A
comparison between C.japonica and C.reticulata show that the content of all free fatty acids
is different, so that the oils of these two samples can be distinguished based on their free
fatty acid profile. C.sasanqua and C.reticulata have similar values of oleic acid but their
percentages are significantly different.

International Camellia Congress 26-27-28 march 2018 Nantes France

299

The total fatty acid composition of camellia and olive oils is shown in table 2. The
major components of total fatty acids have values similar to free fatty acids. The most
abundant fatty acid was oleic acid (C18:1 ω-9), with values ranging from 80-86% in camellia
seed oils, compared with 72% in olive oil. In addition, the camellia seed oils studied contain
palmitic acid (C16:0, 7.9-10.8%), linoleic acid (C18:2, 2.5-4.8%) and stearic acid (C18:0, 2.53.8%).
The total fatty acid content of unsaturated fatty acids in camellia seed oil samples are
similar to those of the free fatty acids, with values between 84.8-89.3%, higher than olive oil
(80.8%). The saturated fatty acids shown values range from 10.6-15.2% for camellia oil
versus 19.2% in olive oil.
Table 2. Total fatty acid composition of crude camellia seed oil.
Fatty acid

Samples from NW Spain

Samples from Japan

Olive

C. japonica

C. sasanqua

C. reticulata

Japan 1

Japan 2

Japan 3

C14:0

0.020 ± 0.001 c

0.030 ± 0.002 ab

0.027 ± 0.000 ab

0.024 ± 0.000 bc

0.032 ± 0.001 a

ND

0.010 ± 0.000 d

C16:0

8.34 ± 0.13 f

9.328 ± 0.014 d

11.27 ± 0.04 b

7.89 ± 0.05 g

10.80 ± 0.04 c

8.75 ± 0.06 e

15.94 ± 0.03 a

C16:1 ω-7

0.077 ± 0.007 cd

0.020 ± 0.003 e

0.060 ± 0.001 d

0.080 ± 0.002 c

0.090 ± 0.002 c

0.344 ± 0.012 b

1.367 ± 0.008 a

C17:0

0.078 ± 0.002 c

0.075 ± 0.003 c

0.085 ± 0.002 b

0.102 ± 0.001 a

0.100 ± 0.001 a

ND

0.068 ± 0.001 d

C17:1 ω-7

0.077 ± 0.004 c

0.044 ± 0.003 d

0.050 ± 0.002 d

0.080 ± 0.002 bc

0.090 ± 0.002 b

ND

0.123 ± 0.003 a

C18:0

2.51 ± 0.04 f

2.69 ± 0.03 d

3.740 ± 0.007 a

2.600 ± 0.017 e

2.907 ± 0.010 c

3.240 ± 0.014 b

2.632 ± 0.006 de

C18:1 ω-9

85.5 ± 0.5 ab

82.8 ± 0.4 c

79.8 ± 0.6 e

86.21 ± 0.19 a

80.84 ± 0.06 d

85.11 ± 0.04 b

71.8 ± 0.3 f

3.1 ± 0.4 c

4.5 ± 0.4 b

4.6 ± 0.6 b

2.52 ± 0.21 c

4.770 ± 0.016 b

2.550 ± 0.008 c

7.30 ± 0.23 a

C20:0

0.027 ± 0.003 c

0.027 ± 0.003 c

0.040 ± 0.001 b

0.042 ± 0.003 b

0.033 ± 0.003 bc

ND

0.410 ± 0.003 a

C20:1 ω-7

0.293 ± 0.010 d

0.494 ± 0.008 a

0.311 ± 0.007 d

0.450 ± 0.019 b

0.353 ± 0.011 c

ND

0.220 ± 0.008 e

C22:0

ND

ND

ND

ND

ND

ND

0.107 ± 0.004 a

ƩSFA

10.97 ± 0.17 e

12.15 ± 0.04 d

15.16 ± 0.04 b

10.66 ± 0.05 f

13.87 ± 0.03 c

11.99 ± 0.04 d

19.17 ± 0.03 a

ƩMUFA

86.0 ± 0.5 ab

83.4 ± 0.4 c

80.2 ± 0.6 e

86.82 ± 0.20 a

81.38 ± 0.07 d

85.46 ± 0.03 b

73.5 ± 0.3 f

ƩPUFA

3.1 ± 0.4 c

4.5 ± 0.4 b

4.6 ± 0.6 b

2.52 ± 0.21 c

4.770 ± 0.016 b

2.550 ± 0.008 c

7.30 ± 0.23 a

89.03 ± 0.17 b

87.85 ± 0.04 c

84.84 ± 0.04 e

89.34 ± 0.05 a

86.15 ± 0.05 d

88.01 ± 0.04 c

80.83 ± 0.03 f

C18:2 ω-6,9

ƩUFA

ƩSFA: Saturated fatty acids, ƩMUFA: Monounsaturated fatty acids, ƩPUFA: Polyunsaturated fatty acids, ƩUFA: Unsaturated
fatty acids. Results are expressed as mean ± standard deviation (n=3) in percentage. ND: Not data. The different letters (ag) in the same row indicate statistically significant differences between the samples (p < 0.05).

New fatty acids were identified in the seed oil from C.japonica, C.sasanqua and
C.reticulata from Galicia in total fatty acids analyses: myristic acid (C14:0), palmitoleic acid
(C16:1 ω-7), margaric acid (C17:0), cis-10-heptadecenoic acid (C17:1 ω-7), arachidic acid
(C20:0) and paullinic acid (C20:1 ω-7), all of them with percentages lower than 0.5%.
Behenic acid (C22:0) was detected only in the olive oil sample at 0.11%; no evidence of this
compound was found in camellia seed oil samples. It is important to note that palmitic acid
is significantly different for all samples, and could be used as a vector to classify them.
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Conclusions
Free and total fatty acid composition of virgin camellia seed oil was successfully
determined by GC-MS through previous conversion to their respective methyl esters by acid
or basic hydrolysis. Virgin camellia seed oil from three different species harvested in NW
Spain were studied and compared with commercial samples from Japan and olive oil from
Spain. Results showed significant differences of free fatty acid content between C.japonica
and C.reticulata but not in their total fatty acid composition, while only three minor fatty
acids of C.sasanqua exhibit a relevant variance. All camellia oil samples shown high levels of
unsaturated fatty acids and lower saturated fatty acids than olive oil, showing desirable
health properties.
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Abstract
To optimize the processing technique for fixing fresh leaves of Camellia nitidissima, we
compared and analyzed three processing treatments – blanching, steaming and microwaving
– on the basis of the major active reserved contents of chlorophyll, tea polyphenols, and
flavonoids. Results showed: (1) blanching seriously decreased polyphenols and chlorophyll,
which was harmful to preserve active ingredients in fresh leaves; (2) Compared with the
other two processing treatments, steaming had an important impact on the content of
flavonoids; (3) all active ingredients showed highest values by microwaving processing; (4)
the optimal technology was obtained for drying fresh leaves by microwaving at 528w for 90 s,
which maintained chlorophyll of 0.88 mg/g, tea polyphenols of 6.9% and flavonoids of 7.12%.
This study provided technology to fix fresh leaves, to explore further utilization of yellow
camellias.
Key words: Camellia nitidissima, Fresh Leaf, Fixing, Active Ingredient
Introduction
Camellia nitidissima Chi is an evergreen shrub or small tree of the genus Camellia L.,
with golden and shining flowers. In China, it is listed as a plant subject to national protection,
and as a unique rare plant in the world.
This species is enjoying great reputation as the “Giant Panda of Plant Kingdom” and
“Queen of the Camellia Family” (Fu,1992). Camellia enthusiasts regard it as a fantastic
yellow camellia due to unique color and ornamental value.
In recent years, C.nitidissima had been found to possess great potential for utilization of
a variety of natural active substances in the leaves. Jiang (2006) determined the contents of
major nutrients and trace elements for dry leaves of camellia species, for the first time.
Guangxi University of Traditional Chinese Medicine (1980) conducted research on extraction
and medical function of its leaves. The clinical trial results have shown that leaves of the
yellow camellia have activities regulating blood lipids, blood sugar, lowering cholesterol and
blood pressure, inhibiting tumor growth, anti-aging, preventing from atherosclerosis,
cardiovascular and cerebrovascular problems, activating the enzymes in human body, and
improving body immunity.
Therefore, the yellow camellia is also known as “Shencha (Magic Tea)” by the public (Su,
1994, Huang, 1999, Wang et al, 1988, Hong et al,1994, Gomes et al.,1995, Huang, 1994).
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Currently, the yellow camellia is planted on a large scale in southern China and processed
into a variety of health care products to market (Liang et al,1999).
In this study, fresh leaves of C.nitidissima were used as raw material to develop a kind of
green tea by using a similar treatment to the green tea from C.sinensis. More attention
should be paid to the key step for processing green tea, namely properly fixing fresh leaves.
Appropriate treatment of fixing leaves not only improves flavor and taste of tea, but also
slightly decreases the active ingredient, and maintains a high quality of commercial tea as
much as possible. At present, there are few reports on processing fresh leaves of
C.nitidissima at home or abroad.
Three different methods of fixing – blanching, steaming, and microwave – were used to
treat fresh leaves of C.nitidissima, and contents of chlorophyll, tea polyphenols and
flavonoids in the leaves were measured and analyzed. The effect of different fixing
techniques on the active ingredients was compared and analyzed with a view to optimized
fixing treatments and processing conditions. The technique will provide great support on the
development of green tea from yellow camellias.
1. Materials and methods
1.1 Experimental materials
Mature leaves of C.nitidissima were collected from the camellia resource garden of
Ningbo Botanical Garden, in Zhejiang, in May 2017. Whole mature leaves free of insects
and diseases and produced last year were harvested on a cloudy morning, and stored in a
sealed plastic bag in the lab.
1.2 Major instruments and reagents
Centrifuge: L600, Hunan Xiangyi Laboratory Instrument Development Co., Ltd.;
spectrophotometer: TU-1810, Beijing Puxi General Equipment Co. Ltd.; high-speed grinding
instrument: LD-Y200A, Shanghai Dingzhong electrical appliances Co.; blast oven chamber:
PHG type Intelligent electric hot air dryer; Microwave: G5 Foshan Galanz Electric Co., Ltd.
Reagents: acetone, anhydrous ethanol, aluminum nitrate, sodium hydroxide, ferrous
tartrate, sodium nitrite, etc.; Rutin standard sample: Beijing Solaibao Co., Ltd.; gallic acid:
Shanghai Aladdin Biochemical Technology Co., Ltd.
1.3 Experimental methods
1.3.1 Pretreatment
C.nitidissima leaves were cleaned with distilled water, then spread on clean blotting
paper in a cool room for 3 hours under natural air-blowing in an effort to speed heat
radiation, and stirred every hour to make the moisture and soft texture almost the same.
Fixing treatments were then carried out immediately. The treated leaves were stored in a
freezer at -18C.
1.3.2 Methods of fixing treatment
Fixing green leaves by blanching (boiling green leaves): putting the treated cool leaves
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into boiling water for 1, 2, 3, 4, 5 minutes respectively. Leaf volume in a pot is thought to
be appropriate when leaves were not seriously overlapped and were not stuck to each other.
Fixing green leaves by steaming (to steaming green leaves): the treated cool leaves on a
porous pot stand were steamed for 5, 6, 7, 8, 9 minutes respectively (usually 7 minutes for
steaming normal green tea).
Fixing green leaves by microwave (microwaving green leaves): Setting medium heat at
528W for 30 seconds, 60 seconds, 90 seconds, 120 seconds, 150 seconds respectively. The
leaf volume is appropriate when leaves are not overlapped in a microwave oven plate.
1.4 Determination of chlorophyll
Determination of chlorophyll was conducted with three experiment replications by the
spectrophotometer SL88-2012.
1.5 Determination of tea polyphenols
1.5.1 Drawing of gallic acid standard curve
According to Luo (2011) and Huang (2006), accurately weighing 10 mg gallic acid in a
100 ml volumetric flask, with distilled water volume to the scale. Then taking 0, 0.2, 0.4, 0.6,
0.8, 1.0 ml of gallic acid standard solution in a 10 ml test tube respectively, adding 6 ml
distilled water with 0.5 ml l.0 mol/L phenolic phenol reagent, fully mixed; storing for 2-3
minutes in a dark chamber; adding 1.5 ml 20% sodium carbonate solution, storing for 2 hours
in a dark chamber under normal room temperature. Absorbance value was measured at 765
nm. The regression equation was established as Y = 1.518X-0.0156 (R2=0.998) between
concentration (X) and the absorbance (Y) (Fig.1).
Fig.1 standard curve of gallic acid

1.5.2 Preparation of tested sample solution
Weighing 1g tested sample, adding 5 ml of 75% ethanol and grinding in a mortar,
transferring the thick fluid to a centrifuge tube, extracting for 1 hour in the ultrasonic, and
then separating for 15 minutes in a centrifuge at 12,000 rpm and 4C. Then transferring the
supernatant to a volumetric flask. The residual was washed with 75% ethanol and
centrifuged again as above, and finally collecting all supernatant to a required volume.
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1.4.2.3 Determination of content of tested samples
Taking 1.0 ml extracted solution in a 10 ml tube, adding 6 ml distilled water, 0.5 mL
l0mol / L forintin, shaking and storing for 2-3 minutes in a dark chamber. Next adding 1.5 ml
of 20% sodium carbonate solution, mixing and storing for 2 hours at normal room
temperature. Absorbance value was finally measured at 765nm. The experiment was
conducted in three replications.
1.6 Determination of total flavonoids
1.6.1 Preparation of reference solution
Taking accurate weight of 20.0 mg rutin powder as the reference substance, dissolving
in a 100 ml volume flask with 70% ethanol 70 ml in a water bath at lower temperature, then
cooling for a while at room temperature. 0.2 mg/ml reference solution was obtained by
adding water up to 100 ml volume scale.
1.4.3.2 Drawing of standard curves
According to Li (2006) and Sun (2012), taking reference solutions of 0.0, 1.0, 2.0, 4.0, 6.0,
8.0 ml in 25 ml volumetric flasks respectively, adding 50% ethanol up to 10 ml scale, further
adding 1 ml of 5% sodium nitrite solution and mixing well, then storing for 6 minutes; adding
1ml of 10% aluminum nitrate solution and storing for 6 minutes; adding 10ml of 4% sodium
hydroxide solution and shaking, storing for 15 minutes, measuring absorbance value at 510
nm. The standard curve was made as C = 0.0894 A -0.0004 (R2= 0.9994) (Figure 2).

Fig.2 standard curve of Rutin as reference

1.6.3 Preparation of test sample solution
Carefully weighing 1 g dry C.nitidissima into a 100 ml flask, adding ethanol solution at a
certain volume fraction, extracting for 2 hours at a certain temperature, then cooling for 30
minutes, filtering and transferring the filtrate into 100 ml volumetric flask, adding distilled
water to the scale and shaking.
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1.6.4 Determination of tested samples
Precisely taking the filtered test solution 0.0 and 1.0 ml in 25 ml volumetric flask
respectively, adding 50% ethanol solution up to 10 ml, adding 1ml of 5% sodium nitrite
solution, mixing and storing for 6 minutes; adding 1ml of 10% aluminum nitrate solution and
storing for 6 minutes; adding 10 ml of 4% sodium hydroxide solution, adding 50% ethanol up
to 25 ml scale and storing for 15 minutes. Finally, using 0.0 ml tested solution as a control
solution, measuring absorbance value at 510 nm. The experiment was replicated three times.
2. Results and analysis
2.1 Comparison of chlorophyll content in leaves with different fixation treatments
Chlorophyll is a major compound that influences the color of green tea. The higher the
content, the better the quality of tea (Jin et al., 2003).
It can be seen that total chlorophyll content decreased sharply with the extension of
blanching treatment time (Fig. 3) among the three treatments, but for the steaming process,
decrease only happened in the first 5 minutes and remained stable after that. However, the
microwaving treatment made chlorophyll increase in the first 90 seconds, but then decrease
rapidly after 120 seconds.
The chlorophyll content after the blanching process was linearly associated to the time
length of the fixing treatment, and the peak of 0.48 mg/g occurred in the treatment of 1
minute. During the steaming process, penetration of hot steam into leaves was stronger
than that of boiling water, and caused great damage to the chlorophyll. Thus the
chlorophyll content reached the highest value of 0.33 mg/g at the treatment of 5 minutes.
The microwave fixation may cause the waxy protective layer on the surface of leaves to
gradually melt, along with an increase of treatment temperature before microwaving for 90
seconds. The total chlorophyll content increased along with the time length of fixing during
this treatment, and then dropped continuously due to decomposition of chlorophyll at the
greater temperatures. The greatest value of total chlorophyll content of 0.88 mg/g was
obtained by the treatment of microwave, medium heat 528 W for 90 seconds.
The results also indicated that the three kinds of fixing treatment played an important
role on the chlorophyll content of yellow camellia’s leaves, especially the boiling process,
which caused serious damage to the chlorophyll. Compared to the other two treatments,
microwaving caused a relatively lower damage due to the short length of treatment time.

Fig. 3 Comparison of total chlorophyll content

2.2 Comparison of tea polyphenols contents with different fixation treatments
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Polyphenols are thought to be one kind of major active ingredient in tea. The contents
level is an important factor in evaluating the quality of tea.

Fig. 4 Comparison of camellia polyphenol content with different fixation methods.

The results show in Figure 4 that the content of tea polyphenols increased during the
early stages and then decreased along with extension of fixing time for all treatments. The
highest content of 5.1% occurred at the process of boiling process for 4 minutes, and 5.2%
during the steaming process for 8 minutes and 6.9% at microwave fixing for 90 seconds.
The results showed that the microwave process caused less damage on tea polyphenols.
This is because this treatment lasted only a short time and thus reduced oxidative
decomposition at higher temperature (Luo and Cao, 1996). The amount of tea polyphenols
conserved at relatively low level under steaming process indicated that the hot and humid
condition of steam fixation accelerated the oxidative decomposition of tea polyphenols.
2.3 Comparison of flavonoids with different fixing treatments
Flavonoids are another key active ingredient in leaves of C.nitidissima. Compared with
petals, its leaves maintain fewer flavonoids.
Figure 5 indicates that both the boiling and steaming processes caused flavonoids to
gradually decrease along with the extension of processing time, but it went up during the
initial stage and then dropped along with the processing. In the treatment of the boiling
process, the content of total flavonoids reached its highest value of 6.3% at fixing for 1
minute and then gradually decreased. In the steaming treatment, heat penetration was
stronger and then reduced gradually. The majority of flavonoids were separated out and
gradually oxidized. Under microwave processing, flavonoids of 7.62% were collected at a
treatment of 90 seconds, furthermore it could be conserved.

Fig.5 Comparison of the content of total flavonoids

This indicated that microwave fixation favors the retention of flavonoids in leaves of
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C.nitidissima among the three fixing methods.
3. Conclusions and discussion
3.1 Effects of fixing processing time length on chlorophyll content
It was reported that during the process of fixing, if the temperature of treatment was
lower, it would take more time to cause higher temperature in the leaves, resulting in a
phenomenon of "red shoots and red leaves" and causing irregular and scattered dark spots
on leaves. On the contrary, if temperature was too high, it would cause more damage to
chlorophyll and lead to yellowish leaves or even burnt margins of leaves (Ni and Chen, 2000).
During the fixing treatment, chlorophyll content had a linear relationship with time length of
boiling. High steam temperature caused serious damage to the chlorophyll in leaves, and
the wet surface was harmful for the late process stage, harming the color of the tea product
and color of tea liquor.
During the microwave fixation process, matured leaves were drying out rather than
burning after fixing. Fresh leaves were very soft and sticky, but the surface was less shiny,
with a slightly sweaty fragrance. Therefore, under appropriate microwave process
conditions, this type of treatment could improve retention of total chlorophyll in leaves.
3.2 Effects of fixing time length on content of tea polyphenols
The critical temperature of thermal inactivation of polyphenol oxidase was estimated up
to 60C. To prevent a decrease of tea polyphenols because of enzymatic oxidation, it was
necessary to rapidly raise the temperature of leaves up to about 80C and maintain this for
1 minute. When the cell structure in leaves was completely destroyed, and the polyphenol
oxidase was completely inactivated, tea polyphenol content reached its highest value. Tea
polyphenols were gradually oxidized and decomposed along with the extension of fixing time
and continuous increase of temperature (Ni and Chen, 2000).
The results showed that tea polyphenols were completely extracted when undergoing
fixing for 4 minutes, and for 8 minutes in the steaming treatment. When microwaved, the
enzyme activity went higher and helped tea polyphenols to decompose. The highest value
of tea polyphenols happened at 90 seconds. It was found that the content of tea polyphenols
in tea leaves usually exist at about 5.15% under various fixing treatments, and only a small
proportion of tea polyphenols could be dissolved into water or oxidative decomposition by
an increase of temperature.
3.3 Effects of fixing time length on total flavonoids
The experimental results indicated that the amount of flavonoids released from leaves
increased along with extension of fixing time up to a point, and then decreased as processing
time was extended. This also indicated that the length of fixing time influenced greatly the
tea ingredients. In the early stages of processing, fixing is beneficial to the retention of tea
compounds, but it could cause these compounds to decompose or transform if subjected to
longer treatment (Jayashnkar et al, 2014). In our experiments, the content of total
flavonoids reached the highest at 528W for 90 seconds with the microwave treatment.
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In summary, the microwave treatment not only caused less damage of total chlorophyll,
but also help to extract tea polyphenols and flavonoids, compared with the other two kinds
of treatments. In particular, all major active ingredients maintained higher level while
drying at 528W for 90 seconds. It was suggested that the microwave method could be the
best treatment to fix leaves of C.nitidissima and retain more active ingredients in leaves.
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ABSTRACT
Pazo Quintero da Cruz and Eirado da Leña have come together to develop the innovative
‘Feel the Camellia’ project. This project was born in 2008 in the gardens of Quinteiro da
Cruz, with the camellia as a common thread: gastronomy, vineyards and camellias merge,
generating a vivid experience, permitting the visitor to enjoy the camellia with the five
senses through botany, gastronomy, technology, and wellness therapies. Quintero da Cruz
has both the facilities for and experience in organising different events, together with lines
of products created from the vineyards and camellias, vital pillars in the sustainability of
the estate. Each year, especially went the camellias are in full bloom, people from all over
the world visit its gardens. Iñaki Bretal, the Proprietor and Chef of O Eirado, in the NOVE
Group, and Collaborator with the Centro Superior de Hostelería de Galicia, a restaurateur of
renown in innovative Galician cuisine, is the person who developed the dishes
incorporating the camellias. On the 24th and 25th of March 2017, the 1st International
Camellia Workshop took place, in which the five aspects of the Feel the Camellia project
were presented through information, gastronomy, experientially, the destination, and in
show cooking, with the slogan “Come and Eat the Camelia” with Iñaki Bretal directing the
kitchens of Quintero da Cruz.

INTRODUCTION
Pazo Quintero da Cruz and Eirado da Leña have come together to develop a new
experience, an innovative project that merges the Camellia Route of Galicia, the wine
route and gastronomy through the gardens and vineyards of Quinteiro da Cruz with the
experience, the good taste and know-how that make Iñaki Bretal a self-taught and culinary
architect of Galician cuisine.
A project that first saw the light in 2016 and that uses the camellia as a common
thread to feel and enjoy nature with all the senses. When you walk through the garden
with the awareness of enjoying every moment, every path, silence, and the sounds of
nature it may be that the camellias whisper to you and waken your most sensitive and
tender side, evoking a world of fantasy, magic and mystery, a world unknown for many
and one which we can help them to discover.
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Many thinkers and writers throughout history highlight the importance that nature
has in our lives. Albert Einstein said, “Look profoundly into nature and then you will
understand everything better”. Kant said that our senses and our reason are like coloured
glasses through which we perceive the world.” And Nélida Piñon, the Brazilian writer and
a great friend of the Piñeiro Lago family, writes in November 2017, “The Camellia of the
Mortals” [A Camélia dos Mortais]:
The camellia is beautiful, it is the flower par excellence of Galicia before it belongs to
the world. Fragile in its poetic perfection, it is easy to fall in love with its aesthetic
conceived perhaps by the gods. Nothing in its nature is adverse or deserves
retouching. Each petal is the daughter of human utopia. And this flower altogether
awakens in the mortal tears and astonishment.
When we understand nature as an expression of life, seeing it as Humboldt "with
the head and heart" and experiencing it as Goethe "via emotions" we will be able to grasp
its true essence and understand the importance of the trees and of nature in general to
our lives. "Man can act upon nature and seize its forces to use them only if he understands
its laws." Humboldt was the first to explain the fundamental functions of the forest in the
ecosystem and climate, the ability of trees to store water and to enrich the atmosphere
with moisture. I had the opportunity to discover him through Andrea Wulf in her book
"The Invention of Nature".
In his book "The Secret Life of Trees", Colin Tudge brings the Greeks and their
conception of life consisting of fire (sun), earth and water to mind, and endorses their
theory by affirming that trees connect these fundamental forces. He explains that the
leaves of the trees absorb photons from the sun and use their energy to decompose the
water molecules, release the oxygen that we breathe, and with hydrogen and carbon
dioxide from the atmosphere produce sugars, which together with nitrogen generate
proteins or in modified compositions, lipids, in the process of photosynthesis. In “The
Secret Life of Plants”, Tompkins & Bird compile a series of achievements and discoveries
related to the plant world made by different researchers, exposing the different physical,
emotional and spiritual relationships that occur between plants and man. They suggest
that the most transcendental revolution, one that could save or destroy the planet, can
come from our garden.

The Project: The participants
Quinteiro da Cruz is located in northwestern Spain, in Galicia, in the province of
Pontevedra, in the Rías Baixas, in the municipality of Ribadumia, heart of the region of
Salnés, in the Botanical Garden of the Pazo Quinteiro da Cruz. It is framed by Galicia’s
Route of the Camellia, on the Wine Route of the coastal Rías Baixas region, and is on the
pilgrims’ road from Portugal that goes to Santiago.
The Pazo Quinteiro da Cruz is owned of the Piñeiro Lago family, with an area of 7
hectares, of which 2 hectares are dedicated to the vineyard plantings of the albariño grape.
The house dates from the 18th Century, and is an example of Galician neoclassical noble
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architecture, with romantic elements like stone fountains, gazebos, a dovecote, an oldstyle laundry, statues and sundials. There are two crosses, two stone granaries from the
18th Century, and another granary of mixed stone and wood from the 19th Century, located
on a pond that is accessed by a double stone staircase of the era, with a portico with stone
pillars, inside which is an ancient fireplace, wine cellar and farm implements, all listed in
the historical European wine heritage and historical-artistic heritage of Galicia.
The gardens, which are surrounded by the vineyards and native forest, are of great
botanical and ornamental interest. In 2014 the garden was awarded with the 2014
Botanic Prize by the Society of Friends of the Royal Botanic Garden of Madrid and has
been included in a list of the best Spanish gardens.
The garden has an area designed at the end of the 19th Century by Dorgambide, a
gardener and landscaper of French origin. Another area is of more recent creation, from
1975-1980, by Victoriano Piñeiro Acosta, who was in charge of restoring the existing flora
in accordance with historical tradition, and who was able to bring out the best of the
magnificent collection of camellias and other plants imported from various parts of the
world.
Quinteiro da Cruz has the soul of a museum, providing a home for over 600 species
of trees and shrubs from the five continents. However, the true protagonists of the garden
are the camellias – we think of the garden as “the paradise of the camellia”. In one of the
largest collections of camellias in Europe, year after year roughly 5,000 exemplars bloom –
representing about 2,000 varieties from 70 different species, including C.assimilis,
C.caudata, C.cuspidata, C.fluviatilis, C.nitidissima, C.granthamiana, C.sasanqua, and
C.sinensis. Highlights are the various cultivars of C.japonica, C.reticulata, and C.higo, with
which it has obtained the Gold Camellia award at the Camellia International Exhibition in
Galicia, on several occasions.
The Quinteiro da Cruz collection of camellias has 20 specimens dating from the end
of the 19th Century, located in flower beds around the house accompanied by other species
of trees and shrubs, in an area designed by the landscaper Dorgambide.

In the garden, you can enjoy the camellia flowers all year round, thanks to the great
variety of camellia species. The collection is also the first focused on camellias to feature
augmented reality (AR), a project generating experiences and providing knowledge about
the world of the camellia, of botany and nature with evocative language, magic and
mystery: an interactive classroom where nature itself teaches you. Thanks to AR and to the
great variety of species, in the botanical garden of the Pazo Quinteiro da Cruz you can enjoy
the camellia flower all year round.
Quinteiro da Cruz is the first Galician producer of green tea. It also features its
albariño wine, with the fruity and floral touches characteristic of this grape. There are
different product lines: Albariño wine from D.O. Rías Baixas, aguardiente liqueur, honey,
camellia oil, green tea, natural cosmetics made with camellia and wine, and camellia
jewellery. Every year the wine and the camellias – especially in the peak bloom period
from February to April – draw people from all over the world to visit the gardens.
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Pazo Quintero da Cruz has a long experience in organizing of visits to the gardens,
vineyards and wineries, guided wine tastings, courses taught by industry professionals,
varied workshops, conferences, events, a great diversity of experiences to enjoy when you
visit Quinteiro da Cruz.
Eirado da Leña
Iñaki Bretal, from Eirado da Leña, has won many plaudits as a chef, with his various
restaurants winning awards from the top ratings guides.
He is a teacher at the Centro Superior de Hostelería de Galicia, and has taught
cooking courses in Madrid, Barcelona and San Sebastian. He has also appeared at
different events for Turgalicia and Xacobeo, the tourist offices for Galicia and the Basque
Region, around the world. With that experience, he was the right person to co-develop
the innovative “Feel the Camellia 5 Experiences” project.
"Feel the Camellia 5 Experiences"
This project features the camellia as the hub of the experience, where gastronomy,
vineyards and camellias merge, a route where the visitor can enjoy all the senses, giving
rise to new experiences,
We have developed a tasting menu with the camellia, with the goal of “feeling it
with the 5 senses”, an experiential tour-de-force through botany, technology and
gastronomy, visiting the collection of camellias from the botanical garden of Pazo
Quinteiro da Cruz and tasting its flower, its leaf, and its tea.
Our “Gastronomic Experience: tasting Menu“ features an aperitif, two
starters/appetizers, a main course, a dessert, and petit-fours with tea from the Pazo
Quinteiro da Cruz. All of our dishes include ingredients from some part of the camellia,
either in the making of the dish or the garnishing. Our menu evolves throughout the year,
the rhythm of nature marking the availability of different camellia flowers, as – depending
on the species or variety – the camellias bloom at different times of year. We also
organise cookery workshops at Quintero da Cruz, in which you can taste the dishes
produced throughout the day.
A conference about the world of the camellias was held on the 25 th and 26th of
March 2017 with the slogan, “Come and Eat the Camellia”, with Iñaki Bretal directing the
Quintero da Cruz kitchens. The event was held on these dates to coincide with the period
of greatest flowering of the camellias. Here is how the weekend went:
Saturday 25th of March 2017
The Camellia as an experience of knowledge: 10:30-11:30
Moderator: Pedro Piñeiro Lago. “the Camellia through the ages”
Javier silva Pando: “Taxonomy of the Camellia”.
Pilar Vela : “The historic Camellias of Galicia”.
Carmen Salinero: “Current lines of investigation into the Camellia”
Eusebio López Redondo: “Propagation of the genus Camellia”
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Coffee & Tea: 11:30-12:00
The Camellia as a Gastronomic experience: 12:00-13:00
Moderator: Iñaki Bretal Romay. “innovation, the culinary essence of Galicia”
Ana Martínez Lorente: “the pleasure of the senses”
Mónica Novas: “gastrosexology and the eroticism of the Camellia”
Manuel Hermo Piñeiro: “motivation for change”
Guided tour of the Botanic Garden of the Pazo Quinteiro da Cruz: 13:00-14:30
Food and cocktails: 14:30-16:30
“The experience of eating the Camellia” guided by Iñaki Bretal
The Camellia as a multisensorial experience: 16:30-17:30
Moderator: Beatriz Piñeiro Lago. “The Connection with Nature”
Beatriz Becerro de Bengoa Vallejo: “The garden of the emotions”
Iñigo Arrán Roa: “Feel the silence”
Sissi Freire Franco: “See with different eyes”
Verónica Quirel de José: “See with Augmented reality”
Wellness Therapies 17:30-20:00
Demonstration of painting and calligraphy in Chinese ink with Yang Yu Guang and
Wang Quan
Sensory workshop with Sissi Freire
Silence workshop with Iñigo Arrán
Demonstration of energy therapies with Sandra Tobío Salazar and Wanthana
Rodchanthong.
Dinner: 20:00-23:00. “The experience of eating the Camellia in a tasting menu” from
the hand of Iñaki Bretal.
Sunday 26th of March 2017
The Camellia as an experience of destiny: 10:00-11:00
Moderator: Alicia Huidobro Vence. “time of experience”
Carlos Sánchez-Montaña López: “Galicia, the force of destiny”
José Ramón Castiñeiras: “The Camellia as an icon of destiny”
Silvia Junco Martínez: “The essence of my destiny”
Coffee & Tea: 11:00-11:30
The Camellia as an experience in Show Cooking: 11:30-12:30 Under the direction of
Iñaki Bretal Romay
Know Tea, Taste Tea: 12:30-13:30
Journey around the tea-producing countries with a tasting session.
Closing: 13:30
Complementary Activities: First Photographic Competition of the Ribadumia Council
First Childrens Art Competition of the Ribadumia Council, Theme: “Camellia”
Saturday 25th of March 11:00-13:00. Chinese Painting and Calligraphy workshop for
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children from 6 years of age. Given by Yang Yu Guang and Wang Quan
Organised by Pazo Quinteiro da Cruz and the Ribadumia Council. Location: Casa de
Cultura in Lois. Ribadumia.
Sunday 26th of March 19:00. Municipal Auditorium of Ribadumia. Presentation of the
prizes for the Photographic and Childrens Art Competitions, Ribadumia Council and
Madialeva Concerto. Free entry.
Who is Who:
The Camellia as an experience of knowledge:
• Pedro Piñeiro Lago: “the Camellia through the ages”
Biologist and Co-proprietor of the Pazo Quinteiro da Cruz. Head Botanist of the Botanic
Garden of the Pazo Quinteiro da Cruz.
• Javier silva Pando: “Taxonomy of the Camellia”. Botanist. Lourizán Forestal
Research Centre.
• Pilar Vela : “The historic Camellias of Galicia”. Biologist. Areeiro Phytopathological
Station.
• Carmen Salinero: “Current lines of investigation into the Camellia”.
Biologist. Areeiro Phytopathological Station. President of the Spanish Camellia Society.
• Eusebio López Redondo: “Propagation of the genus Camellia”. Agricultural
Technical Engineer. Specialist in horticulture and gardens.
The Camellia as a Gastronomic Experience:
• Iñaki Bretal Romay. “innovation, the culinary essence of Galicia”
Chef and proprietor of the O Eirado gastronomic restaurant, of the Loaira restaurant and
of the Eirado da Leña catering and events company. Chef for the NOVE group. Teacher
in the Centro Superior de Hostelería de Galicia.
• Ana Martínez Lorente: “the pleasure of the senses” Doctor, specialist in nutrition.
Promotion of health.
• Mónica Novas: “gastrosexology and the eroticism of the Camellia”
Clinical Psychologist and Gastrosexologist.
• Manuel Hermo Piñeiro: “motivation for change” Director of the Carlos Oroza
Hostelry School in Pontevedra.
The Camellia as a multisensorial experience
• Beatriz Piñeiro Lago: “The Connection with Nature”
Doctor, life coach, Co-Proprietor of the Pazo Quinteiro da Cruz and Head of Innovation
and Events Organizer for the Pazo Quinteiro da Cruz.
• Beatriz Becerro de Bengoa Vallejo: “The garden of the emotions”
Psychologist. Director of Psychology Centre (Madrid), Founding Partner of PrebecHealth
S.L and of the 5D Consultancy firm.
• Iñigo Arrán Roa: “Feel the silence”
Modern History Graduate. Doctor of Theology. Teacher in the Compañía de María
School (Santiago). Teacher of the ITC, Santiago. Member of Friends of the Desert.
•

Sissi Freire Franco: “See with different eyes”
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Work Sciences Graduate, Social Teacher, Coach.
• Verónica Quirel de José: “See with augmented reality”
Industrial Engineer, electronics. Innovation Technician and projects in the Campo de
Gibraltar Chamber of Commerce | 3D Artist - Campo de Gibraltar Chamber of
Commerce.
The Camellia as an experience of destiny
• Alicia Huidobro Vence: “time of experience” Journalist. Director of QUINTAGAMA
COMUNICACIÓN; Management of Communications both on and off-line, and of relations
with the communication media of Tourism, Viticulture and Gourmet Companies.

• Carlos Sánchez-Montaña López: “Galicia, the force of destiny” Architect,
specialist in Ancient Architecture. Director of Secrets of Galicia
• José Ramón Castiñeiras: “The Camellia as an icon of destiny”
Area Head of Image and Management of Brands in the Galician Tourist Agency.
• Silvia Junco Martínez: “The essence of my destiny”
Technician of companies and touristic activities. Expert in sustainable social tourism.

Wellness Therapies
• Yang Yu Guang: traditional Chinese painting artist. Gold Medal in Traditional
Chinese painting, Hokkaido 2015.
• Wang Quan: Philologist, head of Chinese students in the USC University of Santiago
de Compostela.
• Sandra Tobío Salazar: Biologist, Reiki Teacher, expert in wellness therapies.
• Wanthana Rodchanthong: Thai massage teacher, expert in energetic massages
and other wellness therapies.
Our Menu for the First International Conference of the Camellia Pazo Quinteiro da Cruz:
COCKTAIL: *Smoked salmon with camellia leaves, buds and petals. *Cheese platter with
camellia sinensis jelly. *Varied camellias pies. *Mussels in camellia petal foam marinade.
*Mashed scallops in pu-erh tea, cherry and sweetcorn. *Puffed rice with white tea, tuna
marinated in soya sauce and camellias, petals and pickles. *Galician beef tataki in camellia
juice, mustard mayonnaise and black tea. *Octopus with potato foam paprika dressing and
camellia oil. *Turnip fajita with vegetable couscous and sweet and sour camellia sauce.
*Mashed chestnuts with wakame and camellia mayonnaise. *Courgette noodles, mussels
and petals in syrup. *Chocolates with camellias.
TASTING MENU: *Scallop nigiri with popping candy and camellia. *Warm ceviche with
camellia petals, prawns, tobiko and coriander. *Cod cocochas, green tea fish stew, curry,
coconut and apple. *Galician hake with camellia sauce. Iberian pork stew with camellias,
wheat and port gravy. *Creamy white chocolate pudding with pu-erh tea, toasted green tea
meringue, with a ground hazelnut and tonka bean base.
COFFEE & TEA: Green tea from the Botanical Garden of Quinteiro da Cruz. *2 or 3 varieties
of biscuit with camellias.

316

International Camellia Congress 26-27-28 march 2018 Nantes France

ACKNOWLEDGEMENTS

This project was made possible thanks to the help and co-financing of the FEADER
European Agricultural Development Fund within the framework of PDR Galicia 2014- 2020,
managed by the Turismo de Galicia agency.
To Pedro Piñeiro Lago for his commitment in the workshops, in the Ribadumia council, in
the Carlos Oroza Hostelry School and the Maestre Mateo School.

www.sientelacamelia.es

International Camellia Congress 26-27-28 march 2018 Nantes France

317

318

International Camellia Congress 26-27-28 march 2018 Nantes France

Come and eat
the camellia
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