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PRESENTATION
2014 Pontevedra International Camellia Congress
The city of Pontevedra, an important camellia producer, will host this world-renowned
event organized by the Deputación de Pontevedra (Provincial Government of Pontevedra) through the Rías Baixas Tourist Board and the Estación Fitopatolóxica de Areeiro.
The Congress is also supported by the Xunta de Galicia (Regional Government of Galicia),
the University of Santiago de Compostela, the National Research Council and the Juana
de Vega Foundation.
The Congress will be an important forum for the discussion and presentation of works
on the different fields related to the camellia plant; touristic, artistic, plastic and botanic,
and its uses and applications, combining scientific sessions and visits to the historic gardens in Pontevedra province.
The aim of this congress will be to exchange and transfer the results of the camellia
research and its products among the participating countries so as to develop and enjoy
our natural resources. This event will be pioneer since it is the first time that a camellia
congress is held in Spain.
The Rías Baixas in the Pontevedra province are a camellia garden that brings colour and
light to our autumns, winters and springs in streets, squares, gardens, castles and monasteries. In this region, the camellias are magnificent trees of amazing beauty.
Every public or private garden in the Pontevedra towns and cities has a camellia specimen. In some manor houses and historical gardens the camellias thrive since the 17th
century.
Pontevedra and its surroundings constitute an incomparable setting for this congress,
and moreover this province is an important camellia producer and has some of the most
beautiful historical gardens in Spain, with plenty of Camellia specimens included in the
Galician Monumental Tree Catalogue.
The heritage that Galicia and Portugal have in many of the camellias growing in their
gardens will be transmitted by the congress attendants to any camellia enthusiast, nurserymen, or anybody interested in the genus in their countries of origin.
Rafael Louzán Abal
President
The Deputación de Pontevedra
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ICS PRESIDENT’S MESSAGE ON THE OCCASION OF THE INTERNATIONAL CAMELLIA
CONGRESS, PONTEVEDRA, SPAIN, 2014

After nearly a decade during which dreams turned into reality, the 2014 Congress in
Pontevedra is now beginning. There is a huge amount of work involved in organising and
planning such a Congress. Organisers must address a diverse range of topics including:
* The choicest gardens to be visited
* An appealing array of cultural and scenic offerings
* An appetising menu of the location’s finest foods, in comfortable hotels
Doing all that for one person, a couple, or perhaps a small group is fairly easily done.
Doing it for 200 people is another order of magnitude.
On top of that, Congress organisers must ensure they offer to camellia enthusiasts, researchers, and historians the opportunity to present the latest news and developments
from the world of camellias.
This book of proceedings encompasses nearly 30 presentations, in five different sessions: camellia history; gardens and tourism; identification and characterisation techniques; pests and diseases; and the uses of camellias. In the last session, researchers
explore in some depth the uses we already know and appreciate, from Camellia sinensis
– our morning or afternoon tea – to camellia oils, which are suitable for a variety of consumer applications.
In addition to the presentations, there are another 26 posters that cover these subjects.
There is a special section of posters showcasing the many fine camellia parks and estate
gardens featuring camellias – one of which, Castelo de Soutomaior, is an ICS Garden of
Excellence, and another of which, Pazo de Rubianes, is a candidate for this recognition.
Congratulations to all our organisers and presenters on this program, which I am sure
will be a notable success!
Patricia L. Short
President
The International Camellia Society
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Camellias: diversity and globalization processes
Prof. J. Izco
Department of Botany, University of Santiago de Compostela.
E-15782 Santiago de Compostela (Spain). E-mail: jesus.izco@usc.es
Abstract. Globalization processes have been linked to natural and anthropological reasons (cultural and commercial). These processes are reflected in the camellias, understood in the wide
sense and as species of the genus Camellia. Since the first contacts with the Eastern countries
the camellias have travelled first to Europe and then they have spread all over the world, linked
to cultural, economic, ornamental or sociologic processes. Examples of these processes are the
International Camellia Society, the national societies and their meetings.
Keywords. Invasive plants, ornamental flora, history of science, inculturation, gardening, McLuhan, transculturation, socializing culture

Introduction
Globalization processes are linked to nature, since living beings tend to move
pressured by the changing environmental conditions. Human beings have also contributed to globalization with their travels and fusion among different cultures.
Within this framework the camellias are a clear example of globalization, both in
the biological sense and as a result of their incorporation to the scientific, cultural and
sensory universe of men.
Camellia distribution
The camellias, broadly speaking, as all lineages of Botany inside the Theaceae
family, occupy a broad stripe around the globe. The surface of this land depends on the
concept of the group. The more restricted family concept, established on the basis of
molecular criteria (Stevens, 2008), draws an equatorial stripe, with these plants growing
in areas that go beyond the tropics in Southeastern Asia and in the whole American continent. The absolute limits of the family are related to species of the tribe Gordonieae,
between the parallel 40 ° N, in northern Japan, and the parallel 18 º S, in the Brazilian
coast.
Camellia globalization
Journey to the West. When the trade routes with the East started, different companies
in charge of importing goods or new products that could bring great benefits to the European countries were created, also at risk of having substantial losses due to the hazards
of these trips. The different Indian companies built a bridge between Asia and Europe to
commercialize the valuable spices (cinnamon, cloves were shiped to Europe regularly).
Spain tried to establish a trade route with the East in the reverse direction, across
the Atlantic Ocean, with a stop in its lands of Central America. From there, they navigated the Pacific Ocean to reach the Philippines. That connection was possible when they
discovered the chance of traveling back and forth between Mexico and the Philippines,
taking advantage of the ocean currents in the North Pacific. The new route between the
Asian and Mexican coast was known as Manila Galleon, Acapulco Galleon, silk vessel or
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Nao de la China route, depending on the port, the most important commodity or the
origin of the goods. Back in Mexico, the route continued inland to other ports in the Caribbean Sea towards the main towns and cities.
Undoubtedly, the interest of Spain in these distant lands was twofold. On the one
hand, it was commercial in nature, and on the other hand, their presence was linked to
evangelization; and was also motivated by scientific and cultural aims. As part of this
religious mission, the Spanish and Portuguese missionaries contributed to the fusion of
the cultural and religious devotion by means of symbols already established in the West
but ineffective in the East. They contributed to turn the camellia into a religious symbol
in Japan; C. Hiruki (2005, 2006) discusses how the traditional identification of the Virgin
Mary with the rose itself in the Catholicism, was done in the East with an apparently
similar native flower, the camellia, under realistic or idealized forms, which was also
accepted as a spiritual symbol. On the other hand, the religious orders brought back to
Europe new ideas, traditions, art objects, plants or plant drawings, which included tea
and probably the ornamental camellia.
The first camellias in Europe. Everyday new and previous alternatives to the traditional
dates of arrival of camellias to Europe are emerging. Gil de Seabra (2005) transcribed
part of the dowry of Catherine of Braganza, daughter of King Pedro IV of Portugal, for her
marriage to King Charles II of England in 1652: “uma arca de chá [tea] ...” (a box of tea)
when the Camellia sinensis beverage was completely unknown in the British Isles and
the Netherlands. On the other hand, the Camellia symbol probably traveled to Europe,
as suggested by Salinero & Mansilla (2008), on the basis of the holy water fonts of stone
found in the Church of Santa Maria sopra Minerva in Rome (Italy), a work of Octavio Lazzeri, who sculpted them in 1588.
The camellias were also introduced in Europe as reproductions of art objects
- also in Mexico - associated to namban art. They were often boxes, lecterns, folding
screens, fans, jewelry, Eastern writing desks of this particular art style, having some
Western influence, with camellia flowers in their drawings. These objects have been
studied for some time (xxx) and the fact that camellias were found in their ornaments
has been recently mentioned (Sainz & Izco, 2013; Sainz et al 2014). Dating from the sixteenth and seventeenth centuries, the presence of these objects in private collections,
museums and royal Spanish and Portuguese monasteries are proof of the arrival in Europe of camellia representations earlier than the accepted dates. .
It was considered that the first description of camellias known in Europe was
done by John Petiver, and the first images also belong to the same author, in his Gazophylacii Naturae et Artis (1702) and to Engelbert Kaempfer, in his work: Amoenitatum
exoticarum Politico-physico-medicarum, Libri V (1712). According to Luc Dhaezel (2007)
the first camellia descriptions are prior to that date. The first description corresponded
to the Dutch botanist Jacob Bontius in his Naturalis et medicae Nistoriae Indiae orientalis, Libri VI (1642). As regards camellia representations, the oldest image is associated
to the same work of Bontius published by Willem Piso – the Latinized name of Wilhelm
Pies – in his De Indiae utriusque re naturali et media, in 1658, which includes a drawing
of the plant.
On the other hand, George Kamel is another figure in the controversy of the first
camellia representations that were introduced in Europe. It has been said that the Jesuit
pharmacist has never seen camellias, since he did not leave the Philippines where they
are not native, but this reasoning does not have an absolute character. According to recent findings (Dhaezel, 2007; Dhaezel & Herdt, 2008), G. Kamel is the author of a picture
2014 International Camellia Society Congress

Pontevedra (Spain) 11- 15 March

10

of a camellia, designated as “Tschia”, with distinctive characters such as lanceolate finely
toothed leaves, and a rounded fruit with three carpels. This drawing, as well as other
writings by the same author, is found in the Maurits Sabbe Library of the Catholic University of Louvain (Belgium). They are though to date back before 1706, when G. Kamel
died, but the route and date of arrival these documents have not been determined yet.
The presence of camellia plants in the gardens of Robert James, 8th Lord Petre,
in Thorndon Hall (Essex, England), in 1739, is the first reference of camellias grown in
Europe. It is well documented and repeated in dozens of scientific books and articles. It
is an anticipation of the widespread presence of camellias in the world.
Richness and diversity of the group
The genus and the species. The genus Camellia was described by Linnaeus in his Systema Naturae, in 1735. The species were described later. In his Species Plantarum (1753),
Thea sinensis is included in Class XIII (Monadelphia. Monogynia), volume 1, page 515;
Camellia japonica and Stewartia malacodendron were described in class XVI (Monadelphia. Polyandria), volume 2, page 698.
Since the first camellias and related species were described by C. Linnaeus in the
mid eighteenth century, many other botanists have dealt with this group of plants on the
basis of new discoveries, which have not finished yet. Reasonably, within the Theaceae
family from 8 to 12 genus have been accepted today, although a hundred have been
proposed.
A summary of the proposals made in the last fifty years is an example that shows
the differences in the size and variety of the Theaceae family and its contents. Among
the various proposals, the comprehensive molecular analysis of the components of the
Theaceae (Prince & Parks, 2001; Prince, 2007) has established 3 tribes and 9 genus in
total. This classification is followed by the Angiosperm Phylogenetic Group (APG), of a
filogenetic character, on the basis of the cladistic analysis of DNA sequences of 3 genes
per sample, two of them chloroplastic and one ribosomal. In the latest version of APG,
the Theaceae family is part of the asteroids clade, Ericales order (Stevens, 2014).
The internal organization of the genus Camellia is no less complicated than that
of the Theaceae family, with numerous proposals of infrageneric ranks. Other suggestions classify the genus in Sections, such as that of Sealy (1958) or the most recent works
of Chang, Ming or Jiyin et al. (2005) (Table 1), in which there are significant differences in
the number of sections and their limits.
Table 1. Clasifications of the genus Camellia. Number of sections and total number of species according
to different authors

Jiyin et al.
(2005)

Chang

Ming

Subgenera

4

2

Sections

22

13

19

Species

c. 280

c. 280

150-290

In addition, it is not possible to determine the exact number of species of the
genus Camellia, with a total number ranging from 100 to 280. The Plant List includes
1,071 names of species of the family Theaceae, of which 45% are synonyms (www.theplantlist).
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The world map of cultivars. There are thousands and thousands of cultivars, with their
names, which are part of the diversity of plants, although they were originated by men.
In the genus Camellia more than 30,000 cultivars are described, turning this genus into
one of the genus with the largest number of cultivars. Only the genus Rosa has a similar
number. The monumental task of gathering all camellia cultivars in a single catalog has
been one of the most complex and difficult challenges of the International Camellia Society (ICS), but it was a success. Savige (1993), the author of the work, gathered information of all these cultivars in two large volumes, with a total of 2,209 pages; this work was
followed by a supplement in 1998 with 386 pages of additions and amendments. Today,
this information is available on the Internet by the ICS under the direction of Gianmario
Motta (ICS. The online register of camellias).
The analysis of the names given to these cultivars showed some diversity among
those created in the Eastern and Western worlds, which is a reflection of the cultural
diversity. Among the names of the cultivars in the Eastern countries, such as China and
Japan, many of them refer to geographic features, place and people names. It is worth
to mention the sentimental names, of poetic inspiration used by these distant cultures,
which are only appreciated after translation (Savige, 1999) (Table 2).
Table 2. Names of old (<1945) and modern (≥1945) cultivars of Camelia japonica and C. sasanqua, taken
from data of Savige (1999)
C. japonica (<1945)

C. sasanqua (<1945)

“Gosho-nishiki” (Royal Brocade). 1945
“Kaeshitamazusa” (Returned Love Letter). 1630
“Kagura-jishi” (Sacred Lion Dance). 1859
“Ôniji” (Great Rainbow). 1929

“Chiyozurn” (Long Lived Crane) 1898
“Mado-no-tsuki” (Moon at the Window). 1885
“Omigoromo” (Beatiful Kimono). 1898
“Shimdai” (Heights of Purple Cloud). 1898

C. japonica (≥1945)

C. sasanqua (≥1945)

“Ai-no-tomoshibi” (Light of Love). 1997
“Aki-komachi” (Quiet Beauty). 1971
“Asahigawa” (Sunrise on the River). 1960
“Ikume-chó” (Ikume Butterfly). 1982
“Kakusei” (Crane’s Call). 1983
“Shizuka” (Quietude). 1975
“”Tanikaze” (Wind in the Valley). 1960
“Tennyo” (Celestian Maiden). 1986
“Wedatsumi” (The Sea God). 1967

“Agaromo” (Robe of Feathers). 1980
“Asagasumi” (Morning Mist). 1989
“Fuji-no-yuqui” (Snow on Fuji). 1957
“Misome” (Desiré Possession). 1960
“Ryûkô” (Dragon Light). 1970
“Sahohime” (Goddess of Spring). 1982

On the other hand, in the Western countries cultivar designations refer to locations, landforms, animals, etc.., and lack of the poetic and spiritual sense, more common
in the East. There are pently of names dedicated to emperors, kings and queens, as well
as to other members of the nobility, which are not so often proposed by the Eastern
botanists.
Author’s name. The analysis of the names of the authors shows a division between the
West and the East. The former belong to the European powers that had colonies and
trading ports in the East: Britain, Germany, France, Holland, Sweden, Portugal, Spain,
United States and other countries that do not entirely fit into the model.
The dates of the first descriptions coincide with the times when the corresponding cities were characterized by their economic strength and their botanic studies in the
colonies until the World War II, in the mid-twentieth century. In this context John Robert
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Sealy (1907-2000) is an exception, since he is a link between the Western tradition and
the arrival on the scene of Eastern botanists.
There aren’t any Eastern authors of new camellia taxa before the last third of
the nineteenth century. At the end of this century the Japanese botanists took over the
description of new taxa, coinciding with the almost disappearance of the Western botanists. The Japanese contribution fell sharply since World War II, although Siro Kitamura,
Tuyama Takasi and Genkei Masamuna were the authors of new proposals from that time
until the late twentieth century.
These last Japanese botanists are a transition to Chinese botanists, which were the
new authors of the descriptions of the latest camellias, following the steps of the oldest
Chinese botanist, Sung Su Chien, dating from the late nineteenth century. The other Chinese authors were born in the first quarter of the twentieth century and most of them
are still alive. Unfortunately for many Chinese botanists it has not been possible to find
information about their dates of birth and death, but it is assumed that they fit the model
and are part of the new generation of authors who continue to describe new camellias.
Particularly important are the contributions of Ming Tien Lu and Chang Hung Ta.
Globalization of camellia culture
Tea cultivation. The native area of tea (Camellia sinensis) is well-known. It is found in
the mountainous regions between China and India, enjoying a tropical or subtropical
climate. Tea cultivation was started in this area, and from there it disseminated to the
rest of the world. Today the area of cultivation of C. sinensis covers more than 2.5 million hectares in five continents, and a production over 4.1 million tons in 2010 (FAO).
Nowadays tea is also grown in some countries in the East and West of Africa, and in both
American sub-continents, from Mexico to Argentina, where it is cultivated in the regions
located further from the equator, at latitude 28 º South.
Apart from the interest of the leaves of this plant, producing an infusion consumed worldwide, it is also cultivated in botanical and public gardens that incorporated
this species to their collections, for educational or ornamental aims.
Ornamental camelias. The cultivation of camellias and other alike plants for ornamental
purposes has been done as far as the natural conditions have made it possible; sometimes even further, since they were also grown in greenhouses. In the European gardens
several Theaceae species are cultivated: Camellia (15), Franklinia (1), Gordonia (4), Schima (1) and Stewartia (9), together with other genus do not subordinated to the family in
a strict sense (Whitefoord, 1995; Sponberg, 1995) (Table 3).
Table 3. Genus and species of the Theaceae family (s.s.) cultivated in Europe (Whitefoord, 1995; Sponberg,
1995)

Camellia: C. caudata, C. crampueliana, C. cuspidata, C. fraterna, C. granthamiana, C. hongkongensis, C. japonica, C. kissii, C. oleifera, C. rosiiflora, C. salicifolia, C. saluenensis, C. sasanqua, C.
tallensis, C. tsai.
Franklinia alatamaha
Gordonia: G. axillaris, G. chrysandra, G. lasianthus, G. sinensis
Schima wallichii
Stewartia: S. malocodendron, S monadelphia, S. ovata, S. pseudocamellia, S. pteropetiolata, S.
rostrata, S. serrate, S. sinensis, S. x henryae.

2014 International Camellia Society Congress

Pontevedra (Spain) 11- 15 March

13

The European figures are low if they are compared to the data of the number of
Theaceae species cultivated in Spain, published shortly after. The excellent project Spanish Ornamental Flora lists a large number of cultivated species of the Theaceae family:
Camellia (30), Stewartia (7), Franklinia alatamaha, Gordonia axilaris, Schima wallichii,
and other species that were part of the family according to the classifications (Table 4)
(Argimón de Vilardaga, 2000)
Table 4. Genus and species of the Theacea family cultivated in Spain (Argimón de Vilardaga, 2000)

Camellia: C. brevistila, C. caudata, C. chrysantha, C. crapnelliana, C. cuspidata, C. fraterna, C.
granthamiana, C. grijsii, C. honkongensis, C. irrawadensis, C. japónica, C. kissii, C. lutchuensis; C.
luteoflora, C. maliflora, C. miyagii, C. oleifera, C. pitardii, C. reticulata, C. rosiflora, C. saluenensis,
C. sasanqua, C. sinensis, C. taliensis, C. transgarisenensis, C. transnokoensis, C. tsai, C. uraku, C.
vernalis, C. williansii.
Franklinia: F. alatamaha
Gordonia: G. axilaris.
Schima: S. wallichii
Stewartia: S. malacodendron, S. monadelfa, S. ovata, S. pseudocamellia, S. rostrata, S. serrata,
S. sinensis.
Tutcheria: T. spectabilis

The information available in the Global Biological Information Facility bank (GBIF),
including 3,728 geo-referenced registers, provides a map of the Camellia registers in the
World, both living plants or herbarium specimens, and sometimes growing in conditions
not adequate for their proper development in nature.
Camellia: a potential invasive plant?
Different species of Camellia have naturalized outside their native lands, especially in the areas where their cultivation is more common (NARO, 2007 Ciccuza & Kokotos, 2007, Wittenberg & Cock, 2001). Thus, Camellia japonica is grown in the wild in
Europe and in the Southeastern states of U.S. (Florida, Georgia, North Carolina, South
Carolina, Alabama) (USDA, 2014). Due to its extensive cultivation in many areas of the
world, C. sinensis covers a larger area as a naturalized species, being grown in Europe,
in the already mentioned states in Southwestern U.S., in continental Africa (Tanzania,
Uganda, Algeria), in the African islands of the Indian Ocean (Mauritius, Reunion), Australia, New Zealand and the Pacific Islands (Hawaii), in the Indian state of Himachal Pradesh,
in Argentina, etc. To these two species, but in a lower number and smaller area, Camellia
sasanqua (Australia, U.S. SO) and C. reticulata (Australia) have also naturalized in foreign
lands.
Camellia japonica is a naturalized species in Galicia, although it is not listed in
the catalog of Romero (2007), or in the Fagúndez monography (2007). The study by
Rodríguez-Dacal & Izco (1993) on the germination of tree species grown in the Galician
pazos describes the frequent spontaneous development of numerous species including
Camellia japonica, always within the garden limits, without being present in natural or
semi-natural environments.
The global village of macluhan
In his sociological concept, the idea of globalization has become a cliché. Globalization or mundialization is determined by the recent developments of humanity, given
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the new possibilities arising from information technologies and telecommunications and
to the fluid transportation of materials, people and capital. In some cases the integration or cultural diffusion processes are also included in globalization. This concept was
born in the mid-twentieth century; in 1967 the Canadian sociologist Marshall McLuhan
coined the phrase “global village” to signify the idea of physical, emotional or economic
proximity, on the basis of the close relations among the inhabitants of a small town,
which had their lives interconnected and with information flowing quickly.
The International Camellia Society. The ICS itself is an example of globalization and its
members are part of this new global village, with representatives in five continents, from
all around the world, from New Zealand to its European antipodes (Portugal and Spain),
from the United States to Great Britain, China and Japan, drawing a circle around the
globe.
A similar thing happens with the about thirty Gardens of Excellence of the ICS.
These spaces stand out for the width, diversity and management of camellia collections.
These gardens are highly appreciated worldwide, and we find 9 in Asia, 12 in Europe, one
in America, one in Africa and 5 in Australasia.
International Camellia Congress (Pontevedra (Spain)). This Congress is another great
example of how culture is part of globalization; you come from very different places on
Earth and have been invited to an activity that has as an element, one which is in many
cases outside their own native environment, an element, the camellia, of a deep cultural
character, although not only cultural. Not having closed the registration period of the
congress, there are over 200 specialists who have confirmed their attendance.
Of a total of 15 participating countries, stand out, for the number of participants
provided to the event, Australia, United Kingdom and the United States of America with
20 participants each. We should also mention distant countries such as Panama, with a
lower number of participants, with only two representatives.
Conclusion
Centuries ago camellias travelled from the East to the West and settled down in
the regions that are participating in the 2014 International Camellia Congress (Pontevedra, Spain). Today, the camellia is dressed in new clothes, speaks new languages, awakening feelings in new minds, and decorating new gardens; the camellia is the symbol of
foreign lands, far from home, and worldwide appreciated for its beauty and its spiritual
significance.
So as to value the presence and consideration of the camellia in Galicia, it is
enough to quote the words of the great writer Álvaro Cunqueiro (1981), which designates this plant as the “Virxe pelerine das froles” (pilgrim Virgin of flowers) for its long
journey from the East to the West, and considered it “a maís fermosa vistante que teñamos recibido endemáis no noso país...” (the most beautiful visitor that we have ever
welcomed in our country). The same Cunqueiro highlights the identity of the “Rose from
the East” in Galicia and in what way the people feel it as its own to the extent that: “Tanto é dos nosos hortos e xardíns como dos do emperador do Xapón” (it belongs to our
orchards and gardens in the same way to these of the emperor of Japan).
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Abstract. In Galicia (NW Spain) and Portugal grow ancient camellias, both in public and private gardens.
The first camellias planted in Galicia were brought from the East as seeds and they were planted in isolated
in gardens. Later, people started to have a better knowledge of the camellia culture outdoors, of the size
of the trees and of the distance that had to be left among trees when planting. Then, they started to be
propagated and planted as groups of specimens. Afterwards, a selection was made from the seeds of the
oldest plants so as to obtain floriferous specimens, with reddish, largest and brightest flowers. Specimens
with semi double, peony and anemone flowers started to be seen in these gardens. In the 17th and 18th
centuries the trade routes between Europe and the East were frequent. In these travels live camellia
plants were brought to the West and then planted in greenhouses, especially specimens of large and double flowers. But Spain and Portugal had started the route to the East in the 16th century.
The Pazo de Santa Cruz de Rivadulla (Vedra, Galicia, NW Spain) has the best documented collection of old
camellias in Galicia. The evolution of the camellia collection in this garden can be determined by observing
the garden layout. In the late 16th century and early 17th centuries a main walk starting in the west façade
of the building was created. There we find four old camellia trees with red single flowers, planted in line
and 3 meters apart. The fact that they were planted in rows and bordering the path suggests that in the
early 17th century, the camellia was already a known plant.
Key words: Camellia japonica, manor houses, Pazo de Santa Cruz de Rivadulla

Introduction
In Galicia (NW Spain) and Portugal grow many old camellias, some of them more
than 150 years old, that can be found both in public and private gardens. In the 19th century these camellias were planted outside, so at that time people knew that they could
be cultivated in the open without any risk, contrary to what was expected from an exotic
plant introduced from Eastern unknown lands.
The camellias attracted the attention of the travelers to China or Japan -their places of origin- due to their shrub appearance, their evergreen and bright leaves and especially because they bloom in winter, such as it happened centuries ago with the orange
trees and their fruits. They were known as “Chinese roses” (Edwards, 1747, Samartin &
Pérez, 1988).
The first camellias were introduced as seeds in the West, because that was the
easiest way to transport them, since it was difficult to water and care for living plants in
pots during long journeys.
The oldest camellias in Galicia have single red flowers. The first specimens were
planted isolated in gardens, since their behavior outside was unknown. As soon as people knew the size that this shrub could reach, either because they cultivated the plant
or they had information provided by the people that saw these plants in the East, the
plantation spacing was determined. From then on, the camellias started to be planted
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in groups. They were planted in rows, bordering paths, proof of the good knowledge of
the camellia behaviour.
The first documented living camellias were exhibited in England in 1739, in the
greenhouses of the gardens of Robert James, 8º Lord Petre, in Thorndon Hall (Essex). Of
these plants, probably brought from China by Jesuit missionaries (Samartín, 1988) or by
English traders and sailors (Short, 2005), only two paintings are preserved, but not the
living plants.
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Figure 2. Detail of the flowers of the camellia plants in: A (left), Campobello (Portugal), B, Caserta (Italy)
and C (right), Pillnitz (Germany)

The three oldest living camellias in Europe grow in Caserta (Italy), Pillnitz (Germany) and Campobello (Portugal) (Figure 1), and all of them were probably planted on
the same date, at the end of the 18th century. The three plants have single red flowers
(Figure 2). The molecular analysis performed at the Estación Fitopatolóxica de Areeiro
Figure 1: Ancient plants of Camellia in Campobello (Portugal)

(Pontevedra, Spain) showed that the three plants were identical for the microsatellite
regions analyzed (Vela et al., 2009).
The origin of these plants is unknown and controversial. They could belong to Kew
Gardens (England), where they were introduced imported from Japan, and then from
there they were disseminated in Europe. The mother plant could also be the ancient
camellia planted in Campobello, which was introduced in Porto (Portugal) where it was
propagated, and then from here they were disseminated to other regions in Europe. Although there is not written documentation that proves that camellias arrived in Portugal
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before the 1800s, the Portuguese sailors arrived in China and Japan in the first half of the
16th century, and it is likely that among the plants they brought, there were some camellias (Salinero & González, 2006). This fact, and the existence of plants that are more than
200 years old, may conclude that the camellias could have arrived in Portugal before
than in England (Gil de Seabra, 2005).
Galician Monumental Camellias (NW Spain)
The book Árboles monumentales en el Patrimonio Cultural de Galicia (Monumental
Trees in the Galician Cultural Heritage) (Rodríguez-Dacal e Izco, 2003) published in 2013,
mentions eight municipalities or Pazos with ancient camellias. These are the Pazo de Mariñán, Pazo de Lens, Pazo de Santa Cruz de Rivadulla, Pazo de Oca, Soutomaior Castle, Pazo
Torres de Agrelo and Pazo Quiñones de León (Castrelos). They are located in A Coruña and
Pontevedra provinces. These gardens are distributed along the coast forming a parallel line
and between the municipalities of A Coruña and Vigo (figure 3).
The perimeters and height of these monumental specimens are proof of their age.
Some of the trees are 15 metres tall and
have trunk perimeters of around 2 metres (figure 4).
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Figure 3. Location of Galician Monumental Camellias

Figure 4. Monumental camellia at the Pazo
de Santa Cruz de Rivadulla

How do the first camellias were introduced in Spain and Portugal?
Establishment of trade between the Iberian Peninsula and the East in the 16th century
In 1494 the Treaty of Tordesillas is signed by Spain and Portugal. Both countries agreed
to divide the newly discovered lands outside Europe between Portugal and Spain along
a meridian 370 leagues west of the Cape Verde Islands. The lands to the east would
belong to Portugal and the lands to the west to Spain (Lanzaco, 2011).
In 1497-99 Vasco de Gama bordered Africa and arrived in Calicut in the India. In
1509 Diego Lopes de Sequeira arrived in Malacca (Malaysia). Then in 1511 the Portuguese reached the Maluku Islands. In 1513 Jorge Álvares first explored Southern China
and in 1514 Portugal started the first travels to China with commercial aims. They arrived
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in China to sell the species from Molucca and returned to Portugal. In 1517 the first Portuguese commercial vessel reached Guangzhou (China).
In 1557 the city of Macao turned into the centre of Portuguese trade with China.
Silk, teas, chinaware, lacquer and other goods coveted by the Europeans started to be
introduced in Europe. The silks introduced from China to Japan were also traded in by
the Portuguese. Portuguese had the monopoly of silk trade with Japan until 1571 (Lanzaco, 2011).
However, it was not until 1519 with the travel of Ferdinand Magellan when the
West was also conquered. He departed from Sanlúcar de Barrameda with five vessels,
bordering the coast of South America looking for the Maluku Islands to the West. They
reached the Maktan Islands in 1521 where Magellan died. These islands would be designated with the name Philippines to honour the Spanish King. Juan Sebastián Elcano,
who took over command of the Nao Victoria, after Magellan’s death, bordered Africa,
and completed the first circumnavigation in 1522. The Nao Victoria arrived in Sevilla with
plenty of spices as a proof of the great feat.
Spanish were able to reach the Phillipine Islands, from America but they did not
know how to come back to America from Philliipines until 1565, when Andrés de Urdaneta discovered the return voyage. In 1571 the city of Manila belonged to Spain and so
from there departed the route to America, called tornaviaje, return voyage or Route of
the Manilla Galleon which lasted from four to five months.
In 1580 Philip II of Spain became the King of Portugal, thus these two reigns were
joined until 1640 when Philip IV was King. This circumstance brought about an increasing
trade between Spain and Portugal. However, the agreements of the Treaty of Tordesillas
were maintained. In fact, during the 16th century the Pacific Ocean was known as “the
Spanish Lake”.
In 1582 the first Japanese embassy arrived in the Iberian Peninsula; following
the Portuguese route reached Lisbon in August 1584. In September of the same year
arrived in Spain and were welcomed by the Pope Gregory XIII. They returned to Spain,
said goodbye to Phillip II, and returned to Japan in 1590.
In October 1613 another embassy left Japan to Spain. The Japanese embassy, accompanied by the Spanish, reached Acapulco through the Pacific route. In June 1614 left
Veracruz (Mexico) to Spain, and after a stop in Seville, Córdoba and Toledo, they arrived
in Madrid in December 1614. In January they were welcomed by the King Philip II. They
visited Rome in October 1615, and they were also received by the Pope in November. In
1616 they returned to Mexico, and finally to Japan in 1620 after having stopped in Manila in 1618. Trade relations with Manila were broken in 1624.
The “Iberian century of Japan” took place from 1543 to 1639 as well as trade with
China, Japan, Philippines and Nueva España (Lanzaco, 2011).
Introduction of the first camellias in Galicia and Portugal
The introduction of the first camellias in Portugal and Galicia could start from
1514 to 1517 when the Portuguese arrived in Canton, although with the establishment
of the Macao base in 1557, the trade routes consolidated. Since the 17th century the
relations with Japan greatly deteriorated. However, China’s trade with the Philippines
and from these islands to Spain continued along the centuries until the late 19th century.
Although there is not written evidence on the arrival of camellias to the West in
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that period, at that time the name Camellia was not used to designate this genus, because it was not named until 1735. In 1735 Carl Linnaeus published his System Naturae
establishing the system of classification of living beings and created the genus Camellia,
to honour Kamel, author of the first descriptions of the native East plants. This makes
it difficult to find a reference to these plants in written documentation, as well as the
difficulties found with the paleography of the time. But it is very likely that among the
goods brought from China and Japan there were plant seeds, and some of them could be
camellia seeds. This fact, together with the knowledge of certain aspects of their culture,
that can be seen in the plantation system of some of the camellias grown in the Pazo de
Santa Cruz de Rivadulla, which we refer later, makes us think that they were grown in the
northwest of the Iberian Peninsula before the 18th century.
The history of camellias in the West has been documented since the late 17th century.
Georg Joseph Kamel (1661-1706) traveled from Spain to the Philippines in 1687. He established relations with James and John Ray Petiver from London since 1697 and he sent
them his works and drawings. These documents were published from 1699 to 1712, but
most drawings of plants and animals remain unpublished. Although the tea was not considered a Camellia at that time, Kamel knew and drew this plant (Figure 5).
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Figure 5. Drawing of the leaves and fruits of the ‘Tchia’ plant in a Georg Joseph Kamel manuscript, which
is part of the Jesuit Book Collection of the Catholic University of Leuven (Belgium)

The camellias at Santa Cruz de Rivadulla
In 1959 Alfonso Armada, son of the former owner of Pazo de Santa Cruz de Rivadulla
(Vedra, Galicia, NW Spain), wrote an article in the American Camellia Yearbook, which was
a theory about the first introduction of camellias to Galicia directly from the East (Armada,
1959).
Since the 16th century the layout of the gardens of the Pazo is known, therefore the
evolution of the camellia collection of the garden can be determined.
In the late 16th or early 17th century a main road starting in the west façade of the
Pazo and heading south towards the stream running along the bottom of the garden was
created. On both sides of this path ornamental species were planted. On the left side there
are four ancient single red flower camellias planted in row and spaced about three metres
apart. Now they reach about 10 meters (Figures 6, 7 and 8).
The location of these plants in one of the main paths of the garden is indicative of
the importance that was given to the camellias at the time of plantation, and the fact that
they were planted in rows and at three metres apart, makes us think that their behaviour
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was already known, i.e. that the cultivation of camellias in the northwest of the Iberian
peninsula was not new.
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Figures 6, 7 and 8. Old Camellia japonica specimens of red single flowers planted in row and 3 metres
apart at the Pazo de Santa Cruz de Rivadulla

In the last quarter of the 17th century (around 1674) the main building of the Pazo
was enlarged, duplicating the size of the façade. The old main road was since then in the
middle of the extended façade.
In the southwest corner of the new façade, another path was created and later in
the left side more camellias in row were planted, but these had double flowers and were
more separated. One of the specimens was very similar to ‘Oranda-ko’ (Figure 9). This
plantation was performed in the 18th century.
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From handwritten notes dating from the 19th century (Figure 10) we knew that at
the “bottom of the meadow” more camellias were planted, usually double and ancient
varieties such as cultivars of C. japonica ‘Alba Plena’, ‘Incarnata’ or ‘Fimbriata’ (Gimson
, 1986).
After the last half of the 19th century more camellias were planted in this walk,
together with other camellias designated as “old camellias”. The camellias whose name
was already known when planted, were varieties obtained between 1792 and 1894.
All these varieties came from known nurserymen from Belgium, France, Italy, Portugal
and the United Kingdom as well as those brought directly from China or Japan.
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Figure 9. Specimen of the variety similar to
Camellia japonica ‘Oranda-ko’ at the garden
of the Pazo

Figure 10. Manuscript from the late 19th century
listing the camellia varieties planted in the garden

In the late 19th century, camellias and rhododendrons were also planted in another
path, known as “Bride’s Walk”. These new camellia specimens, younger and also carefully
listed in that manuscript comprisedc cultivars created from 1806 to 1897 (Figure 11).
Many more camellias were planted during the 19th century of which we do not
have full information on planting dates. These are the camellias planted around the big
pond, near the mill, in the camellia nursery, etc.
Different varieties of camellias were planted in the garden of Santa Cruz de Rivadulla
until the late 19th century. They were up to 300 according to the handwritten notes
(Gimson, 1986).
During the 20th century more than one hundred new cultivars were planted, so
now the collection of camellias comprises about 300 different varieties, some of them
are new plants replacing those lost during the last century.
There is a large number of single C. japonica plants, with red or white flowers,
which are scattered around different areas of the garden, some born naturally or by
means of an animal vector, thus creating a natural camellia forest unique in Europe.
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The Pazo has a nursery where, besides the new cultivars planted in the 20th century, the most ancient specimens of the garden are propagated.

Madame Ambroise Verschaffelt

Alba Delecta

La Sonnambula

Zebulon

Fuccario Zuccari

Scipione l’Africano

24

Jeronymo da Costa

Luis de Mello Breyner

Doutor Balthazar de Mello

Figure 11. Photographs of some Camellia japonica specimens planted at the end of the 19th century in the
“Bride’s Walk” and listed in the 19th century manuscript
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Remarkable, monumental and singular camellias of Galicia

Carlos Rodríguez Dacal (*) and María Rodríguez García-Garabal
(*) Xunta de Galicia (crdacal@edu.xunta.es)
Abstract. The rise of the camellia culture in Galicia is evident by the number of events held (exhibits, shows, exhibitions, seminars, tours, visits and courses) and publications edited (books,
journals, brochures and posters) in the last years. These documents have helped in the promotion and the knowledge of the historic botanic plantations, such as the private plantations of the
Galician manor houses, popularly known as pazos. These camellias, which are from East, were
introduced in these historic gardens and constitute a quintessential plant collection, a botanic
treasure that gathers all specimens listed in the catalogues of remarkable, monumental and
singular trees in Galicia (A Coruña and Pontevedra), with merits and qualities as regards their
history, nature and life.
Key words. Camellia culture, dendrology, pazo, Galicia

Galician dendrological catalogues
The location and environmental conditions of Galicia, adequate for the development of plant species, the importance that these historic gardens have had in this region
for centuries, and the cult and veneration given by the Galician people to these plants,
are the main reasons for having gathered such an important dendrological collection
with plants mainly growing along the Galician western coast. It was not until the last
quarter of the 20th century, when botanical science (landscape, gardening and flora)
reached its peak, and the first catalogue Inventario de Árboles Sobresalientes (Inventory
of remarkable trees) was published. In the beginning of the 21st century, the catalogues
Inventario de Árboles Monumentales (Monumental Tree Inventory) and the Catálogo
de Árbores e Formacións Senlleiras (Catalogue of Singular Trees and Formations) were
published. The three catalogues are part of a project initiated by the Xunta de Galicia
(Galician Regional Government), with the aim to obtain a better knowledge of the plant
heritage of the Galician region, to preserve it in good condition, so as they do not disappear due to ignorance or neglect, and so as to promote and value them.
These catalogues have been elaborated using selective and restrictive criteria, on
the basis of the own qualities of the plant such as physiognomy and biometry (dendrometry or age), singularity or preservation, and contextual attributes (historical, cultural,
scientific, literary, or geographic, among others).
The unpublished Inventario de Árboles Sobresalientes de Galicia (Xunta de Galicia, 1985) was performed by the company Projari located in Madrid, under the framework of a project of the Natural Environment Service of the Galician Council of Agriculture, Fishing and Food. It lists 260 specimens belonging to 69 species. This inventory
does not list many significant and valuable specimens, but this may be due to a lack of
knowledge of the Galician dendrology and some difficulties found during field work.
However, some camellia specimens, located in Pazo de Torre de Lama in Mañón and in
the Pazo Torres de Agrelo in Redondela are mentioned in this work. The scarce number
of camellias included in this study, may be due to the fact that this genus did not have
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the significance it has nowadays.
The Council of Culture of the Xunta de Galicia and the Plant Biology Laboratory
of the University of Santiago de Compostela signed two collaboration agreements that
resulted in the work Árboles Monumentales en el Patrimonio Cultural de Galicia (Monumental Trees in the Galician Cultural Heritage) (Rodríguez Dacal & Izco, 2003).
The content of the catalogue is in perfect harmony with the words written by
Álvaro Cunqueiro (1981) in his book Laude da Camellia in which the camellia is quoted as the “plant and flower of the Rías Baixas and Galicia”, since in this catalogue the
camellia plays an important role both quantitatively and qualitatively. Of the 345 plant
specimens included in the list that correspond to 117 species, 9 belong to the Camellia
genus. All of these camellias are growing in Galician pazos (manor houses) in the province of Pontevedra with the largest number of specimens, and in A Coruña.
Under a collaboration agreement between the Council of Environment and Sustainable Development of the Galician Government and the Department of Plant Production of the University of Santiago de Compostela, the Catalogue of Galician Singular Trees, regulated by Decree (Galician Official Journal, 2007) and included in the
book Árbores e Formacións Senlleiras de Galicia (Galician Singular Trees and Groups of
Trees) (Rigueiro Rodríguez et al., 2009) was published. Of the 127 initial records (106
trees and 21 groups of trees) belonging to 66 species included in 2007, the list was subsequently enlarged (Galician Official Journal, 2011) and now comprises 178 records
(147 trees and 31 formations), belonging to 78 species. This catalogue of Galician Singular Trees has half a dozen camellia entries.
Remarkable, monumental and singular camellias
After reviewing the Galician dendrological catalogues, we can conclude that the
Camellia genus, as shown in Table 1, has ten remarkable, monumental and singular records, all growing along the Galician western coast and in Galician pazos.
Table 1. Remarkable (re), monumental (mo) and singular (si) camellias of Galicia, with their name and
council.

Camellia at the Pazo de Torre de Lama
Camellias “8 + 1” at the Pazo de Mariñán
Camellia “Pantalones” at the Pazo de Lens
Camellia at the Pazo de Santa Cruz de Ribadulla
Bicolor Camellia at the Pazo de Oca
Camellia reticulata at the Pazo de Oca
Camellias at Soutomaior Castle
Camellias at the Pazo de Torres-Agrelo
Camellia Sasanqua at the Pazo de Torres- Agrelo
Camellia “Methuselah” at the Pazo de Castrelos

Mañón
Bergondo
Ames
Vedra
A Estrada
A Estrada
Soutomaior
Redondela
Redondela
Vigo

re
mo
mo
mo
mo
mo
mo
re mo
re mo
mo

si
si
si
si
si
si

The pazo, geographical setting
The pazos, which are Galician manor houses located in a rural environment, date
back to the Middle Ages, as towers or fortified buildings, that evolved in their construction and function with the pass of time, enjoying a period of splendor from the 17th to
the 18th century, when they became agricultural and leisure residences with garden
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projects including both native and exotic species. As regards the plant diversity of these
pazos, among the most important ornamental plants, we should mention the box, until
the introduction of the camellia during the 19th century, which was an important turning
point.
Of the information available on camellias growing the Galician pazos, there is a
doctoral thesis by Rodríguez Dacal (1990), Flora Leñosa Ornamental Pacega de Galicia
Occidental (Ornamental woody plants growing in the pazos in western Galicia).

Figure 1. Pazos with camellia specimens

After reading this document, we can conclude that the camellia has been indebted to these manor houses, for the role they have played in the culture, knowledge and
dissemination of this plant. All the pazos selected in Pontevedra and A Coruña (75) have
camellias in their gardens, both isolated or forming groups, being them also part of the
inventory of monumental specimens and groups.

Figure 2. Pazo de Torre de Lama			

Figure 3. Camellia walk

These are pazos with remarkable, monumental or singular camellias -figure 1:
Torre de Lama in Mañón, Mariñán in Bergondo, Lens in Ames, Santa Cruz de Ribadulla in
Vedra, Oca in A Estrada, Soutomaior in Soutomaior, Torres-Agrelo in Redondela and Castrelos in Vigo. All were private properties but nowadays some of them belong to public
institutions such as provincial governments (Pazo de Mariñán/Bergondo and Soutomatior Castle/Soutomaior) or city councils (Pazo de Castrelos in Vigo).
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Camellias at the Pazo de Torre de Lama
Torre de Lama– in the Valley of the Sor River, between the provinces of A Coruña
and Lugo– there is a significant place for the camellia culture both in Galicia and beyond
frontiers. The love to these trees and mainly to the camellias, by several generations of
proprietors, love which starts in the middle of the 19th century, has led to the creation
of one of the largest and best collections of ornamental plants that came from the East.
Antonio Odriozola (1986), a Galician writer and a camellia erudite, states that this is
the park or natural reserve with the largest camellia collection: “about 11000 specimens
are thriving in this garden, among old plants and established cuttings, descending from
those taken by Vicente Pardo and that his son-in-law Federico Maciñeira (who introduced eucalyptus in Galicia) looked after them with love, in the same way his son José
does”. Surprisingly, in spite of the number of specimens of high quality growing there,
Torre de Lama was not recognized in the catalogues of monumental and singular trees,
and was only included in the dendrological inventory of remarkable trees (Xunta de
Galicia, 1985), selecting a couple of specimens of Camellia japonica (9 m x 1.23 m/ 9 m
x 1.70 m) of unknown location in the garden and that are several centuries old. We hope
that these words would reach to Scientifics and to the society in general, with the aim to
promote and value the excellence of this collection.
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Figure 4. Pazo de Mariñán

Figure 5. Camellias “8+1”

Camellias “8+1” at the Pazo de Mariñán
Located at the bottom of the Betanzos estuary, the Pazo de Mariñán is one of
the most important pazos in Galicia. It dates back to ancient times, as a military tower
built at the end of the Middle Ages. In the second half of the Age of Enlightenment it
was turned into a manor house, when the first ornamental garden project was initiated,
creating the Geometric Garden that will be completed later, during the 19th century.
The camellias were introduced in the last third of the 19th century and were planted
geometrically in groups, but the author of this arrangement is unknown.
Of the large number of plants growing in the garden areas, it is worth to mention
the camellias planted at the courtyard and placed symmetrically in the garden spaces
at both sides of the central walk, leading from the main square to the southwestern
monumental façade of the palace. This group of plants was named “camellias 8+1” by
the botanist Rodríguez Dacal, during the field work carried out for his doctoral thesis, to
designate the originality of these formations, as a single unit. Although in the main garden there are other groups with similar characteristics, this is the most valuable group,
arranged forming a circumference (8.40 m/6.75 m), prevailing over the tree height (7
m/5 m), with eight trunks and one in the centre. Some of these specimens have been
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identified at the Estación Fitopatolóxica de Areeiro as Camellia japonica ‘Rubra simplex’,
forming all of them a single crown.

Camellia “Pantalones” at the Pazo de Lens
The Pazo de Lens is a walled manor house located in the traditional Valley of A
Mahía, in the area of Santiago, in the Ames municipality. In the orchard, now turned
into a garden, and close to a brook that ensures water needs, there is a remarkable
camellia, that was unknown until its inclusion in the catalogue of the plants growing in
the Galician pazos included in the thesis of Rodríguez Dacal (1990) and in the Galician
catalogues of monumental (Rodríguez Dacal & Izco, 2003) and singular trees (Rigueiro
Rodríguez et al., 2009) as well as in papers about this specimen included in the Spanish
Camellia Journal (Badía Varela, 2003; Rodríguez Dacal, 2003, Samartín Cornes, 2003).

Figure 6. Pazo de Lens

Figure 7. Camellia “Pantalones”

Although the exact date of plantation is unknown, it has more than hundred years
old. We believe it could date from the second and third quarter of the 19th century, although Badía Varela (2003 & 2008) states that it may date back to the last quarter 18th
century. Under perfect environmental conditions, this plant has an impressive architectonic physiognomy, with an ovate-globe shaped, a magnificent tree crown, a dense
leafiness and remarkable measures (12.5 m/height, 12 m x 11 m/crown diameter, two
trunks/1.80 m in circumference, each one, and a common base/3.25 m in perimeter).
In addition, this plant is in good condition. Therefore, this is one of the most important
specimens of this genus in Galicia, Spain and Europe. It has to be noted the devotion
of its former proprietor Gustavo Varela Gutiérrez de Caviedes, that contributed to the
knowledge and dissemination of this plant, accepting the proposal of the botanist Rodríguez Dacal to designate this plant as “Pantalones”. When he passed away, Rodríguez
Dacal (2003) dedicated a poem to him:
You grow at the Pazo de Lens, Monumental Camellia “pantalones”
and reigns in Galicia, the green native land of the exotic flora in the world.
Without Gustavo Varela, our most beloved brother, a deep sorrow is inflicted
to our lives, which are deprived of his love, care and attention.
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Camellia at the Pazo de Santa Cruz de Ribadulla
Pazo de Santa Cruz, is a property of about five hundred years and the main Pazo
in Galicia. In this land grow plenty of plant species (horticultural plants, fruit trees,
meadows, vineyards, nursery plants and forestry species), which are part of an incredible landscape. In this botanic world, -where gardening and ornamental plants are the
main protagonists-, it deserves the appellative of the garden of the paradise, due to its
exuberance and diversity. However, nothing will be the same, in this privileged setting,
without the presence of the camellias that are seen as an important part of the garden.

Figure 8. Pazo de Santa Cruz de Ribadulla 		

Figure 9. Monumental camellia

According to the existing historical records, the oldest camellia in the garden is
growing in the Walk of Magnolias and Camellias, an important walk that starts in the
back of the palace and ends in the box walk next to the cascade. Of the lined group of
trees, that comprises several specimens of similar aspect and biometry, one of them
is regarded as the most important, due to its remarkable value, and included in the
dendrological, monumental and singular catalogs, due to its large trunk perimeter (2
metres), branching at one metre from the ground in three strong trunks (1.20 m/1.15
m/0.95 m in perimeter, in each case), and is 9 metres tall, whereas tree crown diameters
are 8.5 m x 7.5 m, respectively. Although there is not enough evidence (documentation,
written and oral references) -it may be the oldest tree of this species, being listed in the
“Tío Iván” notebook as “old camellia”, as it was 7 metres tall in the last quarter of the
19th century (Armada Comyn, 1986; Armada Díez de Rivera, 1986)-, we must be cautious when establishing the age of a tree, however, in our view it may range from the
second and third quarter of the 19th century, although some authors (Salinero Corral
& González García, 2006) affirm that it may date back to the 18th century (1780-1820).

Camellia reticulata at the Pazo de Oca
Pazo de Oca is an extraordinary union between Art and Nature, in accordance
with its incredible architecture, represented by several constructions, facilities and invaluable elements, and also by an amazing botanic world, with the wealth and diversity
of its landscape, gardens and plants. These attractions turn this pazo into the most popular, visited and renowned in Galicia. This land can be defined as “the garden of the gardens”, since every garden plot enjoys this condition and functionality. The Geometrical
Garden is located next to the façade of the palace, a space with a formal character –with
several plots among walks, resembling a stair–, being the trees growing in these plots
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the most important elements, such as the Camellia reticulata.
This camellia tree is famous worldwide, and was described in several written
references and photographs. It belongs to the cultivar ‘Captain Rawes’, it is planted behind the Chapel of San Antonio, too close to a wall and to other neighboring camellias,
thus reducing its tree crown, and losing trunks and branches. It is 12 m tall and has a
perimeter of 1.65 m, which are the most valuable measures. It is a specimen being several centuries old, introduced in the last half of the 19th century, probably in the third
quarter, catching the attention of the world of learning, and being first in the ranking
of Galician reticulate camellias, as well as in the top of both national and international
dendrological lists.
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Figure 10. Pazo de Oca

Figure 11. Camellia reticulata

Camellia bicolor at the Pazo de Oca
The Pazo de Oca is one of the most important manor houses in Galicia, dating
from the end of the Middle Ages. In the beginning it was a fortress, but in the 18th
century became a residence for leisure and recreational aims. After reading the article
by Juan Manuel Albendea (2007), included in the Spanish Camellia Journal, the reader
may obtain a gratifying knowledge of this property. After walking by the hallway, and
crossing the public square, we reach the courtyard, an enclosed and arched gallery at
the back façade of the palace, which has inspired a popular song: “Cando no Pazo de Oca
/ a tardiña o sol fachea / parece un navío d’ouro / que ó pé da costa fondea”. (When in
the evening / the sun fades away / Pazo de Oca seems to be a Golden vessel anchoring
right on the coast).
This courtyard is an obligatory stop and a place that can be enjoyed by all visitors,
that surely will be amazed by this view.
Around the 18th century fountain, with a trilobed basin, decorated by the boxwood, we find different garden plots, also bordered by box plants and populated by
abundant ornamental plants. The most important element is the camellia bicolour (Camellia japonica ‘Pompone’), listed in the monumental tree catalogue (Rodríguez Dacal & Izco, 2003), with full white and pink flowers. Besides the colorfulness of the winter-spring blooming period, every season of the year is perfect to contemplate this plant,
due to its beautiful appearance, well-preserved, due to its size (8 m), with several trunks
of different diameters, growing from a base (3 m), and a ovate-globe shaped tree crown
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with a dense canopy. This perfect setting, undoubtedly, is one of the elements that give
value to this tree.

Figure 12. Pazo de Oca			

Figure 13. Camellia bicolour

Camellia at Soutomaior Castle
Soutomaior –one of the most remarkable and better preserved fortresses in Galicia, that has belonged for decades to the Diputación de Pontevedra (Provincial Government of Pontevedra), and that has been recently designated as International Camellia
Garden of Excellence at the International Camellia Congress held in Chuxiong, China in
February 2012–, is a true example of the Galician camellia culture. This recognition was
possible thanks to the role played by this provincial government, through the Estación
Fitopatolóxica de Areeiro, that has contributed to the creation of an important camellia
collection, with a large and a valuable number of varieties. The specimens belonging to
old plantations are also part of this collection, and one of them is listed in the catalogue
of monumental trees (Rodríguez Dacal & Izco, 2003), dating back to the creation of the
park, in 1870.

Figure 14. Soutomaior Castle 			

Figure 15. Camellia at the park

This remarkable camellia specimen, has characteristics in common with the
“Methuselah” of the camellias growing at the Pazo de Castrelos in Vigo, both have an
umbelliferous appearance and several trunks (twelve trunks, being the widest 1 m in
perimeter) arising from a base (4.8 m at ground level), measures (12 m/height, 18 m x
15 m/tree crown diameters) and age (several centuries old). In addition, both trees are
growing in a garden of a renowned manor house. However, the field of vision and the
popularity of both trees is not the same. In the case of the camellia growing in Soutomaior Castle this tree is surrounded by a large number of trees, and is less famous than
the tree planted at the Pazo de Castrelos. However, this tree is a suitable candidate to be
part of the Singular Dendrological Tree Catalogue.
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Camellia sasanqua at the Pazo de Torres-Agrelo
Redondela has several charms and attractions, due to the presence of manor
houses in its municipality, such as the Pazo de Torrecedeira, the Pazo del Pousadouro
and Pazo Torres de Agrelo, residence of the most renowned and magnificent Camellia
sasanqua in Galicia. This pazo formed by terraces, created by modifications in the land
to build agricultural and garden spaces, has in the entrance, in the Garden of the Viewpoint, next to the singular trellis leading to the pazo, a remarkable specimen, being 9.5
metres tall, and 1.55 in perimeter, highly branched almost from the ground, and with
a large tree crown (12 m and 10.5 metres in diameter) and is leafy, ovate and globe
shaped.

Figure 16. Pazo de Torres-Agrelo		

Figure 17. Camelia Sasanqua

Apart from the perfect setting where this tree grows, it is easy to identify this
plant due to its small leaves and its pink and fragrant flowers, belonging to the cultivar
‘Barão de Soutelinho’. According to Rodríguez Dacal & Izco (2003) this is “one of the
many plant treasures that this manor house offers their visitors, being this the most important specimen due to the efforts made, since its beginnings, by several generations of
proprietors that have talked about their excellences”. In fact, it was included in the three
dendrological tree catalogues (remarkable, monumental and singular).

Camellias at the Pazo de Torres-Agrelo
Located in the outskirts of the town of Redondela, but not being a historic manor
house due to the time of construction, at the end of the 19th century, Torres-Agrelo has
all the elements of the Galician pazos (palace, chapel, dovecot, greenhouse, grotto, pond
and a model of the house). It has a pretentious garden project, in terraces with several
descending stairs, due to the steep slope of the land, that gathers an important camellia
collection, with two specimens included in the three Galician catalogues (remarkable,
monumental and singular), belonging to two species: Camellia sasanqua Thunb. and
Camellia japonica L. This extraordinary setting has undoubtedly been a conclusive argument for the prestige acquired by both camellias.
At the Fountain Terrace, facing the main façade of the building, in both sides and
planted in line, and in spite of struggling for light and space, there are two beautiful and
vigorous specimens of Camellia japonica, of a great size (12 m and 11 m), with many
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tangled trunks arising almost at the ground, open upwards, and strongly branched in all
directions. One of the specimens has numerous trunks, with a base of 4.20 m. The other
tree has 5 trunks (the widest, being 1.70 m in perimeter), with a base of 3.30 m. Both
plants have a large, ovate and globe-shaped tree crown (13 m x 13 m and 15 m x 15 m in
diameter).These camellias were introduced planted at the time the garden project was
started, in the second half of the 19th century.
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Figure 18. Camellia at the Fountain Terrace

Figure 19. Camellia at the Fountain Terrace

“Methuselah” of the camellias at the Pazo de Castrelos
Hubert Owens, professor at the University of Georgia in the United States of
America, designated this specimen with the name “Methuselah of the camellias”. Half
a century after, he was not aware of the significance that this designation would have
along the years, when it became the most famous camellia specimen in Galicia. He was
really impressed by the contemplation of this plant and its estimated age, about 200
years old –it isn’t so old according to Rodríguez Dacal & Izco (1994 y 2003) being in
introduced in the second half of the 19th century–, these were concluding reasons to
express with words a deep admiration. This designation was a turning point in the existence and being of this tree and led to subsequent research work, included in books and
journals. In the historic point of view, it has to be noted the erroneous identification of
the cultivar as ‘Oranda-Kô’, by the Japanese botanist Takashi Tsuyama, in his visit to Galicia. The studies performed at the Estación Fitopatolóxica do Areeiro (molecular biology)
have shown that this was a ‘Pompone’ cultivar.
Pazo de Castrelos, or Pazo de Quiñones de León, has attained along the history,
such a degree of perfection and excellence, partly due to the work of its former private
owners Fernando Quiñones de León and Francisco-Martín, Marqués de Alcedo, and the
Council of the City of Vigo, current owner of this pazo.
In the Geometric Garden, with a terraced garden created in front of the back
façade of the palace, lives this important specimen, a jewel of the Galician camellia culture, being 8 m tall, with 5 large trunks (the widest being 1.40 m in diameter) arising
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from a base (4 m at ground level), creating an umbelliferous tree crown (16 m x 15 m/
diameters).
In the last visit to this pazo (January 2014), one of these trunks was partially
broken by the New Year’s Day thunderstorm, when the branches fell to the ground and
also affected the boxwood. Some measures have been undertaken (cultural treatments,
support elements…) to repair the trunk and recover the general appearance of the plant.

Figure 20. Pazo de Castrelos

Figure 21. “Methuselah” of the Camellias

Final comments
On the basis of plant, geographic, biometric (dendrometry and age), cultural, and
legislative parameters, some comments can be made. These registers belong to Camellia
japonica L., Camellia reticulata Lindl. and Camellia sasanqua Thunb., being the most important species Camellia japonica (8), because of its wide use and earliest introduction.
These camellias are located in western Galicia in the setting of the manor houses. As
regards their dendrometry, the camellias growing at Soutomaior garden, the camellia
“Pantalones” at the Pazo de Lens and the “Methuselah” of the camellia growing at the
Pazo de Castrelos are in the top ranking. The age -which is always estimated, due to a
lack of documentation and written and oral references- turn them into a hundred year
old specimen but none of them are more than two hundred years old. It is thought
that the camellia planted at the Pazo de Santa Cruz de Ribadulla is the oldest specimen.
Although all of these are well renowned specimens, and deserve this recognition, the
“Methuselah” of the camellias planted in the Pazo de Castrelos is one of the most popular trees, together with the camellia growing at the Pazo de Ribadulla, the Camellia
reticulata of the Pazo de Oca and the Camellia sasanqua growing at the Pazo Torres de
Agrelo, whereas as a camellia group, the best example are the camellias “8+1” growing
at the Pazo de Mariñán. All these specimens are protected by legislation, namely under
Law 8/1995 of the Galician Cultural Heritage (Xunta de Galicia, 1995) and under Law
9/2001 of Nature Conservation (Xunta de Galicia, 2002).
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Abstract. This work is about Portuguese camellias in the 19th century and the major sources of
information about their inventory and origins. According to José Marques Loureiro (1830-1898),
the “father of horticulture” in Portugal, the first camellias imported to Porto arrived in 18081810. However, they are often represented in decorative arts from the 16th and 17th centuries,
such as tiles, carved wood, pottery and Namban Art. The first list of camellias obtained in Porto
dates from 1844 and is published in Jornal Portuense, the first horticultural journal in Portugal.
Marques Loureiro owned a nursery of international reputation and published his first catalogue
of plants in 1865. This year became a landmark in the history of 19th century Portuguese camellias defining two periods: before and after Loureiro’s first catalogue. In this catalogue, he makes
a clear distinction between Portuguese and foreign camellias. Besides, Marques Loureiro lists
245 camellias he imported from France. Loureiro’s catalogue no.9, 1872-1873, is another major
source of information continuing the division between Portuguese and foreign camellias, listed
in alphabetical order together with a description of each cultivar. This catalogue reflects the
growing popularity of camellias. Another major source of information is the publication Jornal
de Horticultura Pratica, with many articles and news about camellias between 1870 and 1892.
Keywords: Porto, José Marques Loureiro, Jornal de Horticultura Pratica, Jardim Portuense

Introduction
The aim of this paper is to talk about Porto and Portuguese camellias in the 19th
century. Camellias are often represented in decorative arts from the 16th and 17th centuries, such as tiles (Figures 1 and 2), carved wood, pottery and Namban Art.

Figures 1 and 2. Portuguese camellia pattern tiles and jar from the 17th century.
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There are references to “Rosas do Japão” in Portuguese books from 1709, a proof
that the Portuguese already knew camellias. The camellia of Campo Bello (Figure 3) is
well-known, and probably from the end of the 18th century. (Vela et al., 2009). Some
other truly monumental camellia trees also make us think that they are very, very old.
According to José Marques Loureiro «The first camellias imported to
Porto arrived in 1808-1810, ordered by Mr. Van Zeller and other distinguished
enthusiasts…». (Loureiro, 1882).

Figure 3. The old camellia from Campo Bello.

Figure 4. Camellia trunk sent for age evaluation.

This statement was recently confirmed by a study of the age of a camellia trunk
from Quinta de Sto. Inácio de Fiães (Figure 4). The report says that the camellia is from
1805 (Andresen-Guedes et al. 2012) therefore 209 years old. Very close to it there is a
camellia japonica ‘Variegata’, possibly also from 1805 and the oldest ‘Variegata’ alive in
Europe, according to Herbert Short. The trunk of a camellia japonica ‘Paeoniflora Rosea’
at Quinta da Aveleda has a perimeter of 2,45 meters (see ICS Journal, 2002, p.44).

Material and methods
During the research work for the updating and correction of Portuguese camellias in the International Camellia Register, unknown material was found. I came across
a mention of Loureiro’s first catalogue in a beautiful book about trees in Porto (Araujo
et al., 2004). Later on I noticed that it was also mentioned in Veiga Ferreira’s book “O
Mundo da Camélia”. I wonder why until then no one in the camellia world thought it
was important!!! This crucial discovery was followed by an exhaustive search of plant
or nursery catalogues including camellias from the 19th century. Many were found, as
well as the original manuscript camellia list from Companhia Horticola, previoulsy called
Estabelecimento de Horticultura de José Marques Loureiro. The reference number in the
manuscript list corresponds to the references in the catalogues and this avoided many
mistakes.
Together with Jornal de Horticultura Pratica and Jardim Portuense there was finally enough information about camellias and horticulture from Porto in the 19th century.
When Tom Savige wrote The International Camellia Register he was not acquainted with Loureiro’s first catalogue. In 2009, together with Prof. Armando Oliveira,
we helped Neville Haydon in the updating of Portuguese camellias in the Register. We
added many camellias not included before, withdrew some that were not Portuguese
and corrected many names of Portuguese camellias which were wrong, most of them
2014 International Camellia Society Congress

Pontevedra (Spain) 11- 15 March

39

written as if they were Spanish. These names were given to Tom Savige by Antonio Odriozola and Robert Gimson, probably based on a list of camellias from Escuela de la Caeira,
1881. These two gentlemen were certainly acquainted with Loureiro’s catalogue no.9
from 1872-73, (or perhaps even “Libreta del tío Ivan”) and it is a pity that they did not
write the names according to Loureiro’s catalogue. This originated many errors in the nomenclature of these camellias. Many were corrected, such as ‘Conde da Torre’ (‘Conde
de la Torre’), ‘Emilia das Neves’ (‘Emilia de las Nevas’) but there are a few cases such as
‘Dama do Paço’ (Dama del Pazo) that are still accepted in the Register as “spanish translation”.

Figure 5. Jardim Portuense, 1844.

Figure 6. Loureiro’s Catalogue no.1, 1865

When making the List of Portuguese Camellias together with ICS member Prof.
Armando Oliveira I came to the conclusion that Portuguese varieties from the 19th century can be divided in two periods: before and after 1865, the year of Loureiro’s first
catalogue (Figure 6).
The first list of 38 camellias obtained in Porto is from 1844, included in Jornal
Portuense, the first horticultural journal in Portugal (Figure 5). After the first decade of
the 19th century, new camellias were obtained in Portugal, not only by amateurs like the
Van Zellers in their Quinta de Fiães, Viscount of Villar d’Allen and the Pinto Basto from
Quinta da Macieirinha, but also by horticulturists such as João José Gomes, who «in his
horticultural establishment in Rua Formosa, devoted himself passionately to camellias,
obtaining new varieties mentioned … in Jardim Portuense» (Viterbo, 1908), abbot Manoel Silvestre and others. Many of these camellias can still be seen in Fiães, Villar d’Allen,
the Botanical Garden, Casa Tait, Campo Bello and many other places. The introduction
to the list of camellias in Jardim Portuense states that Camellia japonica is commonly
known as “Roseira do Japão” (Rose from Japan) and that the soil and climate of Porto
are so adequate for these plants that new and beautiful varieties are obtained every
year, either spontaneously or lovingly created by amateurs and horticulturists, and that
they are sought for in and out of Portugal (Silva, 1844). Until 1844 camellias from Porto
had no name or were known by absurd expressions. The nomenclature created in this
list represents a step ahead in the naming of camellias, but descriptions, though quite
charming, are rather vague. They were not yet acquainted with Berlèse’s method.
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After the reference to several camellias presented at the Porto Agricultural
Exhibition in 1856, the first clue we have about camellias is Catalogue No.1 from José
Marques Loureiro, 1865. Loureiro started working at Horto das Virtudes in Porto when
he was 15, and later on became the owner of that establishment.
This catalogue, using the method of abbot Berlèse, is crucial because Loureiro
makes a clear distinction between the 169 Portuguese varieties and foreign camellias.
Besides, he makes a list of 245 «Camellias arrived from France last year, which will be
on sale in 1868 – and whose illustrations are available in this Establishment.». (Loureiro,
1865). I wonder what is the name of the French nursery from where he ordered these
245 camellias in 1864 …
The Crystal Palace of Porto (Figures 7 and 8) was inaugurated in June 1865, with
the Universal Exhibition, and became an incentive for flower shows and other events.
There was a committee elected for the organization of the show in which the Viscount of
Villar d’Allen (Figures 9 and 10) and Roberto van Zeller played an important role.
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Figure 7. Inside the Crystal Palace
during the 1865 Universal Exhibition.

Figure 9. The Viscount of Villar d’Allen.

Figure 8. Façade of the Crystal Palace.

Figure 10. Roberto van Zeller.
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Since camellias were not blooming any longer, Marques Loureiro exhibited a genealogical tree with wax camellias, most of them obtained by him and named after 18
members of the Constitutional Dynasty of Braganza, such as “Imperador e Rei Dom Pedro IV”, “Dom Pedro V, Rei de Portugal”, “Dona Stephania” and others. King Fernando II
and his two elder sons Pedro and Luís visited the establishment of Verschaffelt in Belgium and other places during a European tour in the 1850’s. They were keen horticulture enthusiasts and followed with great interest the several stages for the preparation
of the Universal Exhibition.
Whenever the royal family came to Porto, they always visited the establishment
of Loureiro. King Fernando II once said: «He (Loureiro) is a benefactor. Portugal owes him
a lot.». (Oliveira Jr., Duarte. 1880). This monarch ordered many camellias for his Parque
da Pena in Sintra.
Then there is Loureiro’s Catalogue no.9, 1872-1873, in which he also makes a distinction between Portuguese and foreign camellias, listed in alphabetical order together
with a description of each cultivar. This distinction is made only until catalogue no.25,
1883. Here are some of the oldest Portuguese camellias (Figures 11, 12, 13 and 14).
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Figures 11, 12, 13 and 14. Clockwise: camellias japonica ‘Minima’, ‘Amyntas’, ‘Picturata Plena
Portuensis’ and ‘Perdix’.

The original camellia list from Loureiro’s establishment (Figure 15) is also a valuable source for the classification of Portuguese camellias.

2014 International Camellia Society Congress

Pontevedra (Spain) 11- 15 March

Figure 15. A page from the original
list of Loureiro’s Establishment

Figure 16. Cover of Volume IX, 1878,
of .Jornal de Horticultura Pratica.

Loureiro (Fig. 19) decided to publish Jornal de Horticultura Pratica in 1870 (Figure 16) with the help of his close friend Duarte de Oliveira as editor (Figure 20), Camilo
Aureliano and other collaborators from abroad such as Emile Rodigas, A. Verschaffelt,
Van Houte and E. de Conninck. This outstanding journal existed for 23 years, until 1892.
Its monthy Chronicles, written mostly by Duarte de Oliveira, are an excellent, witty and
ironical portrait of Portugal in the second half of the 19th century. In this period Porto
reached a very high cultural and economic level, many people made the grand tour and
brought home exotic things and ordered new plants. Some of the most famous artists
came to Porto theaters and concert halls, and the first Portuguese museum dates from
1833 - in Porto.
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Figures 17 and 18. Camelia plates from Jornal de Horticultura Pratica. From left to right: camellia japonica
‘Duarte de Oliveira’ and camellia japonica ‘Princeza Real’.

Figure 19. José Marques Loureiro.
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In 1880 Joaquim de Mello e Faro wrote: «The Belgians say that Gand is the city of
flowers; and we, Portuguese, can say the Porto is the city of Camellias» (Faro, 1880). Camellias are a reflection of romanticism in Porto. During the civil war between the liberal
king Pedro IV and his absolutist brother Miguel, Porto stood by king Pedro IV and liberalism associated with the romantic ideals. Some camellias are named after heroes of this
war, such as Duque da Terceira and Duque de Palmela, said to be king Pedro IV’s sword
and intelligence. Many other camellias are named by Marques Loureiro after friends,
writers, actors, politicians and the social elite of Porto.
In this second period camellias become more and more popular. They are often
mentioned in Jornal de Horticultura Pratica, not only when they are shown during Camellia Exhibitions at the Crystal Palace, but also in articles dedicated to a specific variety,
such as ‘Bella Portuense’, ‘Princeza Real’, ‘Duarte de Oliveira’, etc.
Quinta de Fiães (presently known as Quinta de Santo Inácio) is one of the main
references for camelliaculture in the 19th century and undoubtedly a historical camellia
park and garden. Its owners, Roberto and Christiano van Zeller did a lot for horticulture
in Portugal. In the last issue of Jornal de Horticultura Pratica, 1892, there is an article
called “Fiaes, Eden das Camellias” with a list of 39 camellias obtained there. Here are
some camellias from Fiães (Figures 21, 22, 23 and 24).
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Figures 21, 22, 23 and 24. Clockwise: camellias japonica from Fiães: ‘Pomona’, ‘Bella de Fiaes’,
‘Quatro de Abril’ and ‘Endymião’.

This Quinta still remains a surprise for camellia enthusiasts and researchers, and
lately a different variety of single camellias was discovered (Figures 27, 28, 29 and 30).
They have many stamens and look like Higo camellias. Are they a subspecies of
camellia japonica?
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Figure 25. Ref. 34.18.

Figure 27. Ref. 116.25.

Figure 26. Ref. 34.25.

Figure 28. Ref. 91.25.
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Results and discussion
Porto in the second half of the 19th century was a prosperous industrial and artistic city, with an independent spirit and open to new ideas. We cannot forget the influence of foreign businessmen involved in port wine and other activities. In the beginning
of the century Portugal was ravaged by the French invasions, followed by the civil war.
Then from 1851 to 1865 the “Regeneration” years brought back economical stability.
In this peaceful period people could afford to embellish their gardens. Many camellias
were imported, but many were also obtained in Porto and northern Portugal. Camellia
names can tell us a lot about the interests and ideals of this period in Porto, as mentioned above.
Our knowledge about Portuguese camellias is well supported by a diversity of
written sources and through the many surviving camellias in our gardens, not to mention
their enduring symbolic dimension among people.

Conclusion
Camellias are no doubt the flowers of Porto. You can see them everywhere peeping from garden walls, in public squares and gardens. We have a legacy of more
than 350 camellias from the 19th century, and rich historical facts associated with them.
According to Duarte de Oliveira, «José Marques Loureiro was more than a businessman, he dedicated himself to horticulture with passion rather than a petty ambition for
profit…» (Oliveira, 1898).
I hope that this spirit and dedication will influence younger generations to cherish, appreciate and preserve this natural heritage.
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Old Camellias, new ways
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Abstract. Mata do Bussaco is a cultural landscape in Central Portugal listed for its rich botanic,
architectural and historic heritage. A particularly interesting component of its arboretum is a 19th
century camellia collection, whose origin can be traced back to a donation, in 1884, from one of
the country’s most distinguished horticulture enthusiasts, the Viscount of Villar d’Allen. A main
target of the recently established Mata do Bussaco Foundation is environmental education and
tourism. An educational tourism programme based on a survey of the site’s camellia heritage is
being developed through collaborative work with the Foundation.
Keywords: Cultural tourism, Mata do Bussaco, Portuguese camellia database.

Introduction
Tourism is the world’s biggest industry and the World Tourism Organization predicts an increasingly higher annual growth (Tourism Economics, 2012; World Tourism
Organization, 2013; Khovanova-Rubicondo, 2011). The UNESCO promotes responsible
tourism, recommending ‘a new approach based on dialogue and stakeholder cooperation where planning for tourism and heritage management is integrated at a destination
level, the natural and cultural assets are valued and protected, and appropriate tourism
developed’ (UNESCO, 2011). More and more people are defining recreation as an educational opportunity (Gottlieb Duttweiler Institute, 2006).
This modern concept of cultural tourism constitutes the framework for a project
currently being developed in Mata do Bussaco, based on its outstanding camellia collection. The project aims at developing tourist experiences that promote science education,
environment awareness and heritage conservation. The expectation is that it will also
help the camellia cultivar identification work underway in Bussaco, intended as a pilot
study for a nation-wide historic camellia survey.

The site: Mata do Bussaco
Mata do Bussaco is a cultural landscape in Central Portugal, spread over a slope
between 190 and 548 m of altitude, located at the transition between the Mediterranean and Atlantic bioclimates.
The woodland was given by the Bishop of Coimbra to the Carmelites in 1628.
They settled there, built a small monastery and transformed the landscape in agreement
with their contemplative life by building shady walks, staircases, chapels and fountains.
2014 International Camellia Society Congress

Pontevedra (Spain) 11- 15 March

47

They planted many new trees, but left untouched parts of the native forest rich in oak
and laurel. The monks went to extreme lengths to protect the forest, constructing a
2.5m-high wall to enclose its 90 ha and obtaining a bull from Pope Urban VIII threatening
with major excommunication anyone found felling a tree without permission. The site,
later enlarged to 105 hectares, is unique for housing botanic collections continuously
protected and enriched over 3 centuries (Lopes, 2012; Matos, 2012; Simões, 2013).
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Figure 1. The major assets of Mata do Bussaco are its historical heritage and rich biodiversity. A Detail
of a mosaic representing the coat of arms of the Carmelites; B Entrance to the Carmelite Monastery; C
The endemic lizard, Lacerta schreibersi; D Fern Valley with the tree fern Dicksonia Antarctica; E Forest
Staircase with Cascade; F Monumental Sequoia sempervirens; G Flyer on handcraft activities; H Guided
tour in the Arboretum; I TV broadcast musical event.

By the end of the 19th century, King Luís I planned to build a royal residence in Bussaco. However, due to strong controversy around the project, it was reconfigured in the shape
of the luxurious Bussaco Palace Hotel, a magnificent limestone building in neo-Manueline
style, completed in 1906.
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The rich heritage of the area is the motto for year-round tourism which explores many
different facets (Figure 1. G-I) – but plants are the most important from the point of view of
the project on ornamental camellias. The botanical, historic and aesthetic value of the 19th
century camellia collection can greatly contribute to enrich garden visiting experiences.
The planting of camellias probably started in 1884, when the Viscount of Villar
d’Allen offered an important camellia collection from his Quinta in Porto, where he had
developed one of the largest Portuguese camellia collections of the 19th century. The offer
is documented in detail; it comprised thirty of the most highly prized cultivars of the time,
27 of them of foreign origin (Cordeiro et al., 2014).
In 1810, Bussaco was the site of a major battle of the Napoleonic Wars. The monastery served as Wellington’s headquarters. Shortly after (1834), the religious orders were
abolished in Portugal. The site became a national property, but was virtually abandoned until
1856. Restoration works started then, under the national forestry authority, and important
developments took place then, with the introduction of numerous species from Australia,
the Far East, Africa and America (Paiva, 2004).

New ways for old Camellias
The camellia collection at Bussaco is relatively large: 180 specimens have been
mapped. It is reasonable to believe that many are part of the lot brought in 1884 from Quinta
of Villar d’Allen in Porto (Cordeiro et al., 2014). Of the thirty different cultivars offered, several
have been identified, from the better known C. japonica ‘Matothiana Rubra’ (Spae, 1847) to
the delicate C. japonica ‘Fimbriata’ (Loddiges & Sons, 1827).
In addition to promoting the enjoyment of the general public visiting Bussaco, the
project aims at attracting camellia lovers, especially those interested in training on cultivar
identification. Training will involve a set of workshops on (i) camellia history and nomenclature, (ii) camellia morphology, (iii) the characters and character states used in the forms the
volunteers will be filling in for each specimen, (iv) the use of an interactive identification key
for the camellia cultivars. These will be complemented by walks through the woodland to
better understand camellia morphology and diversity.
It is hoped that this will promote voluntary contributions to the Portuguese Camellia Database (PORTELLIA), as these enthusiasts will be invited to survey historic camellia
specimens and fill in forms (one per specimen) to be returned to the project. The forms
are to be filled in with information on the location and morphology of each specimen. Both
flower and vegetative morphological characters will be considered. Some will be selected
from the literature (e.g. Savige, 1993; Remotti, 2002; Li et al., 2008; Vela et al., 2009) but
others will be new, especially the vegetative characters, crucial for identification during
the long seasonal period with no flowers. In the interactive identification key for camellia
cultivars, all possible choices (variants or character states) are present for each character. Identification in done by elimination of the cultivars with features not present in the
specimen (Figure 2). The identification key is already being developed by the project and
is using the same morphological characters and character states selected for the forms.
These tools will soon be made available through the web-site of the Herbarium of Coimbra
University (http://www.uc.pt/herbario_digital). After validation, the collected information
will be entered into the Portuguese Camellia Database.
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Figure 2. Interactive identification key for camellia cultivars as it is shown on the computer screen. Fields
in the key (A & C: Features; B & D: Cultivars). A Features available for choice; B Entities remaining, i.e.
cultivars with the selected features; C Features chosen, i.e. features observed in the specimen (as they are
selected); D Entities discarded, i.e. cultivars without the features previously selected.

The scope of this project is long term and at national level; the identification and
mapping of the Bussaco camellia collection is intended as a pilot study for a complete
survey of historic camellias in Portugal.
In the short term, this study can help add a new dimension to tourism in Bussaco, by allowing the development of guided and interactive self-learning walks, quizzes,
games and outdoor talks around the camellia theme, taking place in spectacular romantic surroundings. These activities are in line with the idea that cultural heritage tourism
should encapsulate the genius loci of the site and promote activities that authentically
represent its history and that of the people who contributed to its development.
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Camellia X hortensis T. Tanaka and the Introduction of Chinese Species to
Japan in Olden Times
Takayuki Tanaka
The School of Agriculture, Tokai University, Minami-aso-mura, Aso-gun, Kumamoto 869-1404,
Japan
Abstract. The morphological segregation of seedlings of cultivated camellia species suggests that
they are of hybrid origin, and are not merely a result of the intra-specific mutation of Camellia
japonica. There is no longer any doubt that one of the parent species of cultivated camellias is
C. japonica, not just because of the morphological similarities but also the existence of small
brown spots on the abaxial surface of the leaves of most camellia cultivars, a character observed
exclusively on leaves of C. japonica within the genus Camellia. From not only the morphological
characteristics but also pictures in scrolls and books painted in the Edo period, I strongly believe
that the other parent must be several species introduced from China to Japan, such as C. x
reticulata, before 1615. Therefore, I rename these camellia cultivars developed in Japan Camellia
x hortensis T. Tanaka from C. japonica. They are complicated species of hybrid origin between
Camellia japonica and several Chinese species of the genus Camellia. C. x hortensis and C.
japonica are distinguished by their flower form, i.e. C. x hortensis blooms flat form flower, while
C. japonica blooms trumpet form flower. Moreover, the typical C. x hortensis shows large or
double gorgeous flowers. Though C. x hortensis and C. japonica are difficult to be distinguished
by their leaves, some cultivars of C. x hortensis have elliptic, caudate and/or prominently or
regularly serrulate leaves.

Introductuion
Seedlings of the cultivated camellia segregate morphologically, suggesting that they have
a hybrid origin, and are not merely a result of the intra-specific mutation of Camellia japonica.
However, there is no longer any doubt that one of the parent species of many cultivated camellias
is C. japonica, not only because of the morphological similarities, the place of their birth, Japan
but also because of the existence of small brown spots (tanniferous cork warts) on the abaxial
surface of the leaves of most camellia cultivars, a character observed exclusively on the leaf of
C. japonica within the genus Camellia. Almost all camellia cultivars have the small brown spots
on the leaf.
Based on these findings, I named the cultivars of camellia as Camellia x hortensis T. Tanaka
distinguished from C. japonica L. in the book, “The Concept of Cultivar” (2012, in Japanese), the
denotation ‘x’ indicating that the species is hybrid origin.
I have been trying to find the other parent species of the C. x hortensis for a long time.
It seems that they must be species of the section Camellia in the genus Camellia as e.g. C. x
reticulata, being introduced from China to Japan in olden times such. Consequently, I surveyed
many books, picture scrolls, folding screens, encyclopedias, and catalogues about camellia that
were created in Japan during the Edo period (1603 ~ 1868) and on which we can find many
Chinese camellia species.
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List of picture scrolls and books of camellias used for this study
Hyaku-chin-syu（百椿集） 1630
Hyaku-chin-zu（百椿図） 1633
Edozu-byobu ( 江戸図屏風 ) ~1700
Momoiro-tsubaki ( 百色椿 ) ~1700
Koshikishi-tsubaki-e ( 小色紙椿絵 ) ~1700
Chinka-zuhu ( 椿花図譜 ) ~1700
Chinka-hariawase-byobu（椿花貼合屏風） ~1700
Zoho-chikinsyo（増補地錦抄） 1710
Hyakka-tsubaki-nayose-irotsuki（百花椿名よせ色付）1722
Chinkahu-emaki（椿花譜・絵巻）1750
Zoho-kadan-taizen（増補花壇大全） 1813
Honzo-zufu（本草図譜） 1829
Kokon-yoranko（古今要覧稿）1836
Baien-tsubaki-kafu（梅園海石榴花譜）1844-1846
Chinka-hyakusyu（椿花百種） 1881
Chinka-issoku（椿花一束）1800-1900
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Tsubaki-fu（椿譜） 1800-1900
(and some others)

Figure 1: “Momoiro-tsubaki 百色椿” ~1700
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Hyaku-chinshu
“Hyaku-chin-shu (One Hundred Camellia Collection)” is a camellia book written in ca.1630
by Sakuden Anrakuan. There he stated that before 1615, the number of camellia cultivars had
been very limited such as ‘Shiratama-tsubaki’ (white flower) and after the end of 1615, many
new beautiful camellia cultivars were released.

Hyaku-chin-zu
“Hyaku-chin-zu (One Hundred Camellia Pictures)” is one of the oldest and most beautiful
camellia picture scroll. Tadakuni Matsudaira (1597-1659), one of the Tokugawa Shogun family,
ordered the famous artist Sanraku Kano (1559-1635) in 1633 to draw the pictures of his camellia
collection on a scroll. The combination of flowers, treasures and poems were amazing. I
imagined that 1) he showed it to the people in high society proudly and asked them to decorate
the camellias by writing their original poems, 2) by doing so, fifty-one poems of the one hundred
cultivars were attached praising the beauty of these flowers and 3) then some of them were
enthralled by camellia and this gave rise to a first camellia boom.
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Figure 2: Beni-chiri-tsubaki 紅散椿’ in Hyakuchinzu百椿図，1633

C. changii Ye in the Edo period
The ‘Tenzen’ in the book, ‘Hyakuchinzu’ (1633) was very much similar to Azalea camellia,
i.e. C. changii. If the ‘Tenzen’ is Azalea camellia, it must have been introduced to Japan already in
the early 17th century. Azalea camellia in the section Lucidissima was found in 1985 in China. As
it has cute red flowers with narrow petals and blooms all year round, Gao et al. (2008) used it as
a breeding parent for the perpetual camellia. Though the rounded leaves of the Azalea camellia
look somewhat different from those of ‘Tenzen’, they usually did not draw leaves precisely in
the Edo period. The ‘Tenzen’ is extinct, however, from the morphological points of view such
as narrow leaves and petals, the old cultivars, ‘Yuri-tsubaki’ in the “Koshikishi-tsubaki-e” in 17th
century and ‘Kujaku-tsubaki’, might be the offspring of the C. changii.

C. chekiangoleosa Hu. in the Edo period
‘Chosen Tsubaki’ in the books, “Hyakka-tsubaki-nayose-irozuke” published in
ca.1722, “Zoho-kadan-taizen” in 1813 and “Chinka-hyakushu” in 1881 was very similar to C.
chekiangoleosa. As the name Chosen means Korea and C. chekiangoleosa does not grow wild in
Korea, the cultivar might be introduced into Japan via Korea from China.
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Figure 3: ‘Tenzen’ てんぜん’ in Hyakuchinzu百椿図，1633, Camellia changii and ‘Yuri-tsubaki(ゆり椿)’ in ‘
Momoiro-tsubaki (百色椿)’, ~1700

C. pitardii in the Edo period
In the last ICS congress, I (2012c ) reported that the origin of C. x wabiske is hybrid origin
between C. japonica and C. pitardii and the primary hybrid between the two species must be
‘Tarōkaja’. The first record of C. x wabiske was ‘Kochō-wabisuke’ in the Japanese book ‘KadanChikinsho’ published in 1695 and that of ‘Tarōkaja’ was in 1739 in the book ‘Honzo-Hanamaki-e’.
However, ‘Tarōkaja’ could be looked back even before 1549 if ‘Usuiro-tsubaki’ was the synonym
of ‘Tarōkaja’ from the record of the Japanese tea ceremony.
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Figure 4: Chinka-hyakushu 椿花百種, 1881 and C.
chekiangoleosa

C. reticulata in the Edo period
There are several old trees of C. reticulata in Japan as well as in China. Some of them
are estimated ca. 300 years old and are considered to be ‘Satsuma-kurenai’ which is a synonym
of ‘Captain Rowes’. The elliptic, caudate and prominently and regularly serrulate leaves of
‘Kumagai’ and some other cultivars are very different from those of C. japonica but somewhat
similar to C. reticulata. Many cultivars similar to C. reticulata can be found in many books and
picture scrolls written in the Edo period. They can easily be distinguished not only by their
morphological characteristics but also by their names, ‘To- (Chinese)’, ‘Nanban- (Portuguese and
Spanish)’ or ‘Holland-’.
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Figure 5: ‘Wabisuke わびすけ’ in Baien-tsubaki-kafu 梅園海石榴花譜, 1844-1846,
C. pitardii and ‘Tarōkaja太郎冠者’

Perfect double flower
The famous perfect double flower, ‘Otome’ appeared at latest in the book “Honzozufu” (1829). While other perfect double cultivar named ‘Suminokura’ appeared in the book
“Hyakuchinshu” (1630) and ‘Yoichi’ in the two picture scroll, “Hyakuchinzu” (1633), “Momoirotsubaki” (ca. 1680) and others. Though the cultivar ‘Yoichi’ does not exist anymore, it looks
like the white or red ‘Suminokura’. The name, Yoichi (1571 - 1632) is son’s name of Ryōi (1554
- 1614) Suminokura.

Miscellaneous flower forms in the Edo period
There are some other exceptionally flower types found in the Edo period such as ‘Sizuka’
shown in “Kokon-yoranko” (1836). Some of them might be wild species from China or from
other places.

Figure 6: ‘Kara-tsubaki唐椿’ in Honzo-zufu 本草図譜,
1829 and ‘Kara-nishiki唐錦’ in Kokon-yoranko古今要
覧稿, 1836

Flower color
In the old scroll “Hyakuchinzu” in 1630s, almost all of the flower color types of the cultivated
camellia such as not only red, pink, white but also striped, spotted, red- or white-edged and
others appeared as well as flower form diversity. Moreover, the still very rare flower colors,
blue and yellow, were also found in the Edo period already. In a folding screen painted in early
17th century, both yellow and blue camellias were shown growing in the flower garden of the
Shogun’s Edo castle. The cultivar ‘Ki-tsubaki’, which means ‘Yellow camellia’, was illustrated
in ‘Kokon-yoranko’ (1836). Moreover, about 30 years ago, a Buddhist monk in Kumamoto
prefecture, Japan, taught me that there had been a yellow camellia in the garden of his temple.
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Figure 7: ‘Otome乙女’ in Honzo-zufu 本草図譜, 1829

Triploid barrier
Most of the species in the genus Camellia were diploid (2n=2x=30) or hexaploid
(2n=6x=90) with some exception such as the tetraploid C. granthamiana (2n=4x=60). Triploid
(2n=3x=45) plants do not appear in the seedlings from diploid parent so often but appear by
the crossing between tetraploid and diploid parents. One of the reason why I did not consider
the possibility of C. reticulata (6x) being one of the parent for C. × hortensis (mostly 2x) for a
long time was this triploid barrier. Generally speaking, triploid individuals show very strong
sterility. In the introgression of hexaploid species into the diploid cultivar group by the recurrant
backcrosses of diploid C. japonica, the intermediate step of triploid plants is required. Fifteen of
50 cultivars of Higo-camellia were triploid (2n = 3x = 45) and triploid ‘Kumagai’ and/or triploid
‘Higo-Kumagai’ set fruits occasionally, suggesting the possibility of introgression from hexaploid
species into C. x hortensis.

57

Figure 8: Blue camellia in Hyakuchinzu百椿図，1633
and ‘Yellow camellia 黄つばき’in ‘Kokon-yoranko(古今
要覧稿)’, 1836

Role of the Suminokura Family
In the beginning (~1639) of the Edo period (1603 ~1868), Japan was politically not
isolated yet. We can easily assume that few Japanese people at that time were able and willing
to introduce species of the genus Camellia from China. The Suminokura family was famous then
for having made a fortune by overseas trading in southern China and Vietnam, both countries
being the center of the genus Camellia. The year when a number of beautiful cultivars of camellia
were released explosively was after 1615 according to the book written by Anrakuan Sakuden.
Therefore, the Chinese parent of the camellia cultivars must have been introduced to Japan
already before 1615. This is the time when the Suminokura family was trading with the southern
part of China. These three facts, i.e. the cultivar name, ‘Suminokura ( or Yoichi)’, the time period
of overseas trading by the Suminokura family and the “break-through year” of camellia cultivars
explosion, give me the story that the Suminokura family introduced Camellia species from China
and made an important role in originating camellia cultivars, C. x hortensis.
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Beautiful camellia cultivars from Japan to China and Europe
On the list of items exporting from Japan to China in 1711, there were camellias and
peonies. Thus, the beautiful camellias were bred and then exported from Japan to China.
During the Edo period, Japanese developed camellia cultivars as well as many other
plants ; azaleas, cherry blossoms, Japanese irises, morning glories, chrysanthemums and so
many variegated leaf cultivars. Especially, camellia was a leading plant which started the boom
of horticulture in the Edo period, because the first camellia boom started from the early Edo
period (1615).
In his “The Book of Tea”, Kakuzo Okakura wrote ;
He (the average Westerner) was wont to regard Japan as barbarous while she
(Japanese) indulged in the gentle arts of peace: he calls her civilized since she began to
commit wholesale slaughter on Manchurian battlefields. …… Fain would we remain
barbarians, if our claim to civilization were to be based on the gruesome glory of war.
Fain would we await the time when due respect shall be paid to our art and ideals.
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Figure 9: ‘Yoichi 与市’

in Hyakuchinzu百椿図, 1633 and Momoiro-tsubaki百色椿, ~1700

In Pontevedra, Galicia, Spain (International Camellia Congress 2014), we found very many
camellias planted there. There it seems that the region experienced three booms of camellias,
the first in 1860, the second in 1960 and the third contemporary, from the age of trees and their
history. The first boom was started in 1854 when Japan opened its country for the rest of the
world. European people realized Japanese upside down but excellent culture, Japonism. Robert
Fortune (1812- 1880), an English plant hunter, compared in his book “Yedo and Peking” (1863)
the difference of not only the horticulture but also the other cultures between Japan and China,
i.e. the cultures of Japan were quite different from those of China. He also wrote the following
paragraph ;
A remarkable feature in the Japanese character is, that, even to the lowest classes, all
have an inherent love for flowers, ……. If this be one of the tests of a high state of
civilization amongst a people, the lower orders amongst the Japanese come out in a most
favorable light when contrasted with the same classes amongst ourselves (English).
In the 19th century, England was the strongest world power and also was considered
to have the highest culture all over the world. Though the term, Japonism, is used particularly
to refer to Japanese influence of the Japanese art, culture, and aesthetics on European art, I
reconfirmed the influence of Japanese horticulture in European countries by the age of the
camellia trees in Pontevedra.
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Conclusion
I did not agree that most cultivated camellias belong to the same species of the wild
camellia, Camellia japonica, alone since I started working on the genus Camellia about 40 years
ago. Therefore, I name most of the cultivated camellia developed in japan as Camellia x hortensis
T. Tanaka distinguished from C. japonica L. C. x hortensis and C. japonica are distinguished by
their flower form, i.e. C. x hortensis blooms flat form flower, while C. japonica blooms trumpet
form flower. Moreover, the typical C. x hortensis shows large or double gorgeous flowers. Though
C. x hortensis and C. japonica are difficult to be distinguished by their leaves, some cultivars of
C. x hortensis have elliptic, caudate and/or prominently or regularly serrulate leaves. They are
complicated species of hybrid origin between Camellia japonica and several Chinese species of
the genus Camellia, many being developed in the Edo period. However, we have to pay attention
to the following two notes ;
(Note 1) C. x hortensis do not include all of the cultivars or cultivar groups of camellia of
hybrid origin, such as C. x wabiske (between C. japonica and C. pitardii), C. x williamsii (between
C. x hortensis and C. saluenensis ), C. x vernalis (between C. japonica and C. sasanqua) .
(Note 2) C. japonica L. is still a species of not only wild camellia growing in Japan and in
a part of Korea, but also wild type camellia cultivars which show only intra-specific variations of
the species.
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Successful recover for the exhausted ancient camellia tree in
Wenzhou China
Wang Jiayun1, Li Jiyuan2
Wenzhou Yunfeng Camellia Research Institute, Wenzhou 325000, Zhejiang, China;
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Abstract. The ancient camellia tree in Mt. Daluoshan Wenzhou was being exhausted recent
years due to inappropriate measures for recovering in the past ten years. Majority of its trunk
above ground and three fifths of its root have been decomposed because of being covered with
concrete for a number of years. A program to save it was launched by local forest department.
From June to July 2011, some emergent measures were taken, for instance, pruning some
branches and shoots, carefully removing all recovered concrete, cleaning all rotten bark, wood
and root materials and replacing all wet soil with fresh culture medium, injecting nutrient liquid
to healthy trunk. Last year, combining grafting in the healthy trunk side was carried out for several
times during spring season before root-root grafting in March 2013. After careful operations, the
tree was getting better and better and a new shoot was sprouted from the healthy trunk side at
height of 80cm above ground in August 2012. This year, it is very vigorous even suffering from
‘one hundred year drought’ in the summer season in eastern China.
Key words: ancient camellia; recover; grafting; preservation
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Introduction
According to survey in 2001, this ancient camellia tree was measured with 111cm of
trunk diameter at ground, and 35.5 cm of diameter at breast height (You 2010). Almost
half of trunk was heavily decomposed due to artificial factors, but no any protection
measures have been taken until 2004. The concrete was used to cover the decomposed
side of the trunk and resulted in ancient camellia exhausted eventually. Mr. Wang
jiayun, the director of Wenzhou camellia society and village doctor, set up an institute
of camellia plants and specially focus on recovering ancient camellias using traditional
Chinese medicine (TCM) theory in his town district. He began to recover this camellia
tree after 2011 under support of local government (Li and Wang 2012).

	
  
Figure
2. The ancient camellia tree is
protected with the steel net

	
  
Figure
3. Red single flower of the
camellia

	
  

Figure 1. The ancient camellia tree, with
concrete cover, is grown in a rocky cave
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Principles for recovering this ancient camellia
Reducing requirements of water and nutrition by the camellia
It is important to prune some big shoots from upper canopy of the camellia and
reduce absorption of water and nutrition by its root system, and evaporation of water
from leave surface because majority of trunk and root system have been damaged.
As we know, there is a very high compatibility rate between scions and root stocks
originated from relative species. We used an air layering on big shoots at diameter from
3-8cm during winter season and carefully grow them in nurseries. We will use them
as approach grafting scion stocks after they produce well-deceloped root systems. We
illustrate the procedures by figure 4.
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Figure 4. A-damaged tree with full canopy; B-air layering; C-grown in a nursery; D-pruned canopy
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Repairing the damaged trunk
It’s a great challenge to repair the damaged trunk because majority of it was
heavily decomposed and exposed for long time. In order to do this, we are planning to
use different grafting methods. One of which is the approach grafting. We illustrate the
procedure of approach grafting using the air-layered stocks in figure 5.
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C	
  

D	
  

Figure 5. A-exposed wound trunk side; B-healthy stocks used for approach grafting; C-approach grafting
to healthy trunk with healthy scion stocks; D-cutting scion stocks after healing

Practices taken
Air-layering
During the winter season in 2011 and 2012, we began to do air-layering on 20 big
shoots at the upper canopy. We investigated in the winter of 2013 and found that 16
shoots have produced good root systems. Next year, we will cut them and transplant in
a nursery for use of repairing trunk cover by approach grafting.
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  Figure 6. air layering in winter of 2012

Increasing supply of water and nutrition
It’s very difficult to supply enough water and nutrition
by its injured own root system and trunk, especially
in summer season. We believe that health stocks will
helpful. We then used approach grafting in early summers
of 2012 and 2013, and received 90% survival one year
late. The scion stocks were propagated from this camellia
tree by root cutting more than 10 years ago. These scion
stocks were nearly placed to main trunk, on the steel
pipes at upper canopy, and we will cut the upper parts
of the scion stocks once they have been well healed one
year late (figure 7).
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Figure 7. approach grafting nearly
main trunk in summer season by
Mr. Wang Jiayun

Figure 8. well developed root system of

	
  approach grafting stocks

Careful cultivation

Figure
9. well healed after approach grafting
	
  

We suffered from a very hot summer and autumn in 2013 and maximum
temperature has recorded up to 43C. It’s very bad when the small spring was dry in
mid July 2013. It’s great challenge to water the tree at the mid hill in the summer. Mr.
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Wang had to bring water with a plastic bucket from a water reserve at foot of the hill, by
himself in very early morning every day from Mid July. I had to climb the hill 3-4 times
and carry enough water for the tree every day. I also sheltered the camellia tree with
dark net.

	
  Figure 10. Mr. Wang is watering in early mornings
during the very hot summer

Healthy status of thiscamellia tree

It’ great! A new shoot was sprouted from low part of
the trunk in the summer. It was measured to about 20cm
long at end of this year.
This is a good signal to know that this camellia tree is
getting better and better even it suffered from a very
dry and hot summer and autumn season of this year. We
further analyze some important physiological indexes
of this tree, compared with young plants propagated by
cutting root 10 year ago (Table 1). The results indicated
that there are almost same for these important diagnose
indexes between the ancient camellia and one of young
camellia tree at ten years old.

64

	
  Figure 11. A new shoot sprouting
at lower part of trunk in this spring
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Table 1. Comparison of healthy indexes between the ancient and young camellia tree

Leaves in ancient
camellia

Leaves in a young
camellia

Sugar content(%)

0.508

0.510

Protein content(mg/g FW）

40.798

49.752

Chlorophyll a(mg/L FW)

5.8341

6.1396

Chlorophyll b(mg/L FW)
Chlorophyll content(mg/L FW)

2.1192
2.2482

1.9735
2.0928

Total Nitrogen(g/kg)
Phosphorus (g/kg)
Potassium (g/kg)

5.72
0.310
2.83

4.51
0.232
2.19

Calcium (g/kg)

5.64

8.85

Magnesium(g/kg)

1.09

0.522

Copper(mg/kg)

3.75

2.37

8.89
0.0836
342

9.52
0.0754
254

Index

Zinc(mg/kg)
Ferric (g/kg)
Manganese(mg/kg)

Further practices for recovering and protection
There is a long road to well repair the
decomposed trunk of the ancient camellia. It’s
important to survive in the first step for fully
recovering. We spent a very hard and difficult
summer and autumn 2013, with this ancient
camellia tree.
We will continue to air layering and grow
more camellia stocks for approach grafting
around side of healthy trunk late.
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Figure 12. A video camera in the steel frame
in 2013
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Abstract: Camellia reticulata (Theaceae) is a world-famous ornamental flowering species.
Being an important landscape ornamental flower it could also be used for edible and medicinal
purposes. This species, mostly distributed in Yunnan Province of China, was cultivated or semicultivated as early as the Sui and Tang dynasties (1500 years ago). This species was hardly covered
by any breeding programs, but there are rich diversity in cultivars and hybrids. Some people
highly praised that one of the biggest contributions and achievements by the ancient Yunnan
ancestors was to breed Camellia reticulata. The plant has been known as “Ten excellent flowers”
in the country. However, for hundreds of years, the relationships between diversification of
Camellia reticulata and traditional cultures have been ignored. According to our surveys, most
of the ancient camellia trees were preserved or saved in the courtyards of old buildings and
cultural or religious sites. This research addressed that the influence of traditional culture played
an important role in stimulating the introduction and domestication of wild species, breeding or
selection of different varieties, and their propagation and dissemination.
Keywords: Camellia reticulata, Yunnan camellia, traditional culture, biodiversity

Introduction
Camellia reticulata belongs to the tea family (Theaceae) and the genus Camellia,
which was named in 1827 by the British botanist J. Lindley. There are 120 species in the
genus Camellia. China is regarded as the original place and the distribution center of
Camellia with 98 species, in which 85 species are endemic to the country. In China, chahua refers to the ornamental trees of Camellia. They can be divided into five categories.
Yunnan camellia (Camellia reticulata) is one of them, called Dian-shan-cha. It is a tree
from and native to Yunnan and its more than 500 cultivars have been recognized. With it’s
beautiful appearance--leaves dark green and shiny, bright colorful flower-shaped, it has
been a custom and a pleasant activity for the sightseers to enjoy camellias on holidays.
Being an important landscape ornamental flower it could also be used for edible and
medicinal purposes. This species, mostly distributed in Yunnan Province of China, was
cultivated or semicultivated as early as the Sui and Tang dynasties (1500 years ago).
In many parts of Yunnan, especially in central Yunnan (Figure 1), camellias are
widely cultivated in ancient temples, scenic, public and private gardens (Figure 2, Figure
3). In addition, camellias grow in the Western Hills, the Golden Temple Park, the Black
Dragon Pool Park, the Green Lake Park, and the Grand View Park in Kunming. They also
grow in the Baohong Temple and Jin’anshao Temple in Yiliang County, as well as in Zixi
Mountain in Chuxiong Prefecture. Furthermore, camellias have been grown in Dali and
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Figure 1. Distribution of Camellia reticulata in China
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Figure 2. Camellia reticulata of Ming
Dynasty in Heilongtan Park, Kunming

Figure 3. Camellia reticulata in gold temple
park, Kunming

Lijiang in west Yunnan. Among the above-mentioned places, there have been 200300 years old camellia trees. Having been chosen as the most precious flower in many
gardens in Yunnan, camellia has become spiritual ballast of the Yunnan people. It can be
said that when the climate is congenial, a garden will be inferior without the flowering
camellias. And its relationship with the locals has created a special Camellia culture in
Yunnan.
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Hypothesis
Camellia reticulata was cultivated in China as early as the Sui Dynasty, over 1500 years
ago. It is cultivated or semi-cultivated in West Yunnan, mainly distributed in Kunming,
Chuxiong, Tengchong, Dali, Lijiang. The ancient selected forms, particularly with large,
double or semi-double flowers, have been propagated for hundreds of years as garden
plants. Some extant cultivars dated back to at least the Ming Dynasty (1368–1644). We
are curious that why does Camellia reticulata endure mystery?
According our survey and analysis, we proposed a hypothesis that traditional cultures
are the main factors influencing the diversity of Camellia reticulata for the following
reasons.
Firstly, the geographical distribution of Camellia reticulata and ethnic groups in Yunnan:
Dali, Chuxiong, Lijiang, Tengchong and Kunming, together with different cultures of Bai,
Yi, Naxi, Han and other nationalities, is overlapped. Secondly, cha-hua was appearing
in many poems, inscriptions and other literaries for a long history. They were also
mentioned in ancient folklores, religion, and culture. Thirdly, as mentioned above, it has
a long history of cultivation.
Based on the analysis of the above, the relationship between Camellia reticulata and
the locals has resulted in the unique traditional culture in Yunnan, such as camelliabased ethnobotany, plant culture and traditional knowledge. Therefore, we proposed
the hypothesis that traditional cultures are probably the main factors influencing the
diversity of Camellia reticulata.

Material and methods
Methods of ethnobotany, cultural anthropology, semi-structured interview, key
informant interview and participatory rural appraisal were applied in the investigation.
We conducted the field work in January and February 2014. Five places with old Camellia
trees or large distribution areas were selected for intensive investigations (Table 1).

Results
1. Geographical environment
Yunnan is the richest province of environmental and biophysical diversity in the
country. It provides Camellia reticulata with ideal habitats for its formation, evolution
and dispersal.
2. Rich ethnic cultural diversity
Yunnan is the largest province with diversified cultures in China. There are 25 ethnic
minorities native to the province, occupying 45% of the nation’s ethnic groups. Every
group, and the Han Chinese have developed their own culture, which make different
cultures colorful (Figure 4, Figure 5).
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Table 1. Camellia reticulata distribution sites and sampling numbers

Population
Group

G1: Ancient and
famous trees

G2: Wild

G3: Cultivated

Total

8
4
1
1
11
25

0
5
0
0
20
25

53
36
25
3
13
130

61
45
26
4
44
180

Kunming
Chuxiong
Dali
Lijiang
Tengchong
Total

69

Figure 4. Camellia reticulata in Tuzhu Temple.

Figure 5. Worshiphs in budhism temple with
Camellia reticulata.

3. Southern Land Silk Road
The famous Southern Land Silk Road lies across the province, which promoted the
development of agriculture, economy and culture, including domestication of plants and
crop exchanges between cultures. The ornamental plants such as Camellia reticulata
became treasures of business exchange and cultural communication.
4. Religion and worships
Camellia reticulata has always been a good fortune, while chastity flowers in people’s
mind is closely related to religion. Fragrant or colorful flowers became many groups’
sacrifices for worships especially in the Buddha rituals. According to ancient records,
after the Yuan Dynasty Camellia reticulata became the Buddha flower. Its unique
temperament and flower culture could meet the demands of Buddhist doctrine, and
naturally became the best tree for Buddha. Many ancient trees are mostly maintained in
old temples (Table 2).
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Table 2. Native religious believes in five distribution sites
Administrative
Nationality
name

Chuxiong

Dali

Lijiang

Tradition culture
Religion

Primitive
religion

Yi

Bai

Naxi

Behavior
Animism:
nature
worship and
ancestor
worship

Holy
mountain,
Worship holy tree,
of patron holy forest
god

Dongba
religion

Animism,
Equality of
man and
nature

Holy
mountain,
holy tree,
holy forest
Holy
mountain,
holy tree,
holy forest

Religious
plant

Tengchong

Sacrifice,
ancient
legends

Patron god
monastery,
sacrifice

Sacred
site: nature
worship of Protection
holy forest mode:
forbidden
lop. Nature
sacred site.
Holy forest
Holy
mountain

Multiple
national
mixed
residence

Practice

Ornamental

Do not use local
herbal treatments
residents
(to promote
dissemination and
exchange of plant
genetic diversity)

Seasonal picking
Pick big stay small
Garden cultivation

Multi-cultural coexistence

Summary
The process of Camellia reticulata from introduction and domestication to popular
cultivation reflected ancestors’ wisdom and diligence of different ethnic groups. They
developed colorful culture of Yunnan Camellia.
The traditional believes and attitudes to ornamental plants have made great
contributions to the conservation and development of plant diversity in Yunnan. They
were recorded in a great number of historical documents. The ancient Camellia trees
protected in the yards of old temples and other historical sites indicated such believes.
With the development of socio-economy and culture, cha-hua culture has been
developing rapidly, and penetrating into every corner of social lives and ethnic
communities. Yunnan people are proud of its valuable wealth of Camellia reticulata.
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Abstract. Shipping routes discovered by Portuguese and Spanish sailors, in the 15th and 16th
centuries, favored freight traffic between East and West. The first traders and missionaries
who came to Japan in the first half of the sixteenth century realized the beauty and quality
of lacquer ware and began to acquire them, especially those made with the lacquer urushi,
obtained from the sap of Toxicodendron vernicifluum. Soon, objects and furniture made with
oriental techniques began to be sued in Spain and Portugal. Imported centuries ago, there are
many objects and furniture made with European characteristics, but with oriental techniques,
that are still preserved nowadays. They are part of the so called nanban art, a cultural and artistic
manifestation that emerged in Japan with the arrival of Portuguese and Spaniards and lasted for
almost 100 years (1543-1630s). Nanban objects have a dense decoration of plants and flowers
of oriental origin, camellias being one of the main ornamental patterns in many of them, as
some kept at churches, monasteries, museums and private owners in Spain. Therefore, the first
representations of camellias reached Europe, linked to nanban art, long before the first camellia
drawings could be seen on paper.
Keywords: urushi, nanban chests, nanban art, camellias in Europe

Arrival of camellias in Europe

The exact date of the arrival of camellias in Europe is not known. Based on the
limited written information kept, it is usually accepted that it happened in the eighteenth
century. The first written document that confirms the arrival of live camellia plants to the
European continent and their cultivation as ornamentals is a letter, dated 1740, in which
Peter Collinson, cloth merchant and collector of rare plants, wrote to Sir Hans Sloane, a
physician in London and president of the Royal Society, that, on a visit to the garden of
Robert James Petre, 8th Lord Petre, at Thorndon Hall (near London), he had seen two
plants from China, with glossy evergreen leaves.
Camellias were, however, known to physicians and botanists in Europe prior to 1740.
The first drawing and description of a camellia appeared in the book entitled Gazophylacii
Naturae & Artis, by the English pharmacist John Petiver, published in 1702. This information
was disseminated mainly through its publication in the journal Philosophical Transactions
of the Royal Society of London a year later (1703). Petiver based his drawing on a herbarium
specimen of flowering camellia sent to him by James Cunninghame, a physician in the
service of the Honourable East India Company at the island of Zhushan (Chushan), opposite
the city of Ningpo (China).

Representations of camellias in Europe can be however dated back to about 150 years
before Petiver´s drawing, soon after Spanish and Portuguese navigators and missionaries
arrived in China and Japan.
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Portuguese and Spanish trade in exotic goods with China and Japan in the
16th century

Shipping routes discovered by Portuguese and Spanish navigators, at the time of the
great geographical discoveries (16th and 17th centuries) favored freight traffic between
East and West. Interested in the spice trade, like the Spaniards, the Portuguese started
their voyages of exploration in the Atlantic coasts of Africa, looking for viable shipping
routes to the East (Cervera, 2001). The discovery of the Cape of Good Hope by Bartolomeu
Dias, in 1487, was key for Portuguese to start a period of expeditions beyond Africa,
to the East. In 1498, Portuguese navigator Vasco da Gama reached the coast of India,
after rounding the Cape of Good Hope, and discovered a direct route between Europe
and Asia. In this way, the Portuguese explored China since 1516 and Japan since 1543
(Martín-Merás, 2000).
Because of the unexpected discovery of America, the Spaniards arrived in the East
just two decades after the Portuguese, with the expedition of Fernando de Magallanes
and Juan Sebastián Elcano (1519-1522) that allowed the opening of a route to the Orient
(Cervera, 2001).
The Iberian expeditions in Asia had not only a trade mission but also religious. Since
the arrival of the Portuguese, the Church played an important role in the interaction
between Western and Asian civilizations, especially through the Compañía de Jesús. In
the first Portuguese expedition that arrived in Japan, in 1543, travelled Fernão Mendes
Pinto and Captain Jorge Alvarez, who, passing through Malacca on their way back to
Portugal, reported the existence of Japan to San Francisco Javier (Cattaneo, 2013). A few
years later, in 1549, San Francisco Javier and two fellow Jesuits, coming from Malacca
with Portuguese navigators, arrived at the port of Kagoshima in Kyushu (south western
Japan), starting mainly the evangelizing mission, and to a lesser extent commercial, of
the Jesuits in Japan.
The Spaniards followed a route across the Pacific for their relations with Eastern
countries, conditioned by membership of the ports located in the African route to
Portuguese, English or Dutch. The route across the Pacific was based on the discovery
made by Andrés de Urdaneta in 1565. This Augustinian friar took the current that travels
north from the Philippines to the American continent, allowing a pathway for trade
between Asia and Mexico. This new route was known as Manila Galleon or Nao de China
(which means the Ship of China) reflecting the port the ship was sailing from.
It is known that silk, porcelain and other goods produced in the East were exported
through Manila. Silk fans, drawers, cabinets, lacquered chests and jewelry boxes, folding
screens, writing desks and porcelain were brought from China, Cochinchina and especially
Japan. From the port of Manila, boats laden with goods transported them to the port of
Acapulco, partly for consumption in Mexico and part to carry overland, across the whole
country then known as New Spain, to the city of Veracruz on the Atlantic coast, from
where they were sent to Spanish ports (Fernández Martín, 2006), including Lisbon that
belonged to the crown of Philip II since 1580.

The nanban art

Some of the objects and furniture imported centuries ago, many of them made
with oriental techniques but with European models, still remain. The set of objects of
Oriental origin and manufacturing techniques, but with features that satisfied European
tastes of the time, are part of the nanban art, a cultural and artistic expression that
emerged in Japan with the arrival of Portuguese and Spaniards and lasted for almost 100
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years (1543-1630s).
The term nanban derives from the Japanese expression nanban-jin, meaning
“southern barbarians”. It was initially used to refer to the Portuguese and became
extensive to the Spaniards or any foreigner (Fernández Martín, 2006).
The early traders and missionaries who arrived in Japan in the first half of the
sixteenth century realized the beauty and quality of lacquer ware and began to acquire
them, especially those made with urushi, an ancient art of lacquer in the Far East
(Kawamura, 2003). The urushi is a resinous sap obtained by making incisions in the bark
of the tree Toxicodendron vernicifluum. The sap is white but, when exposed to air, turns
black and hardens. While other resins harden when the solvent applied evaporates,
urushi resin is hardened by a polymerization process under conditions of high relative
humidity, resulting in a very hard and waterproof smooth polymer, resistant to acids,
bases, solvents and scratches.
The most commonly used lacquer technique was to apply 20 to 30 very thin layers
of urushi resin on a wooden stand, leaving each layer consolidate in a humid chamber.
When dry, the lacquer layer was polished with charcoal, thus obtaining a very bright
surface. Finally the surface of the last layer was decorated with different motifs in gold
and other colors, applying powder gold, silver or pigments on the wet surface. This
technique of “dotted” gold or silver on a layer of wet lacquer is called maki-e.
The first Japanese lacquer objects brought to Spain and Portugal greatly attracted
attention for being made with an unknown art in Europe and for their luster and fine
texture, to the point that European objects, but made with urushi and the maki-e
technique, began to be sued mainly by the Jesuits (Kawamura, 2006). Japanese craftsmen
then produced religious pieces, as lecterns, portable shrines, Sacrament boxes and
reliquaries, and other pieces for civilian use, such as folding screens, fans, cabinets,
writing desks, chests, etc., with ornamental motifs or styles that met the taste of the
buyers but were totally unknown to them. In this way, a hybrid art between the Asian
and the European cultures was created, the nanban art, whose time of peak coincided
with the Momoyama period, between 1573 and 1615 (Kawamura, 2001). At this time all
the territories of Japan were reunited, after numerous civil wars, and art achieved great
refinement, splendor and wealth, lacquer ware notably developing.
The European influence in nanban objects can be noticed not only in the type of
object but in its ornamentation. While Japanese lacquer ware were characterized by
landscape scenes on the black background of the lacquer, Europeans preferred a very
ornate decoration, in keeping with the horror vacui, i.e. the obsession to fill the surface
with varying representations. The nanban objects had a dense decoration of plants and
flowers, sometimes accompanied by birds or other animals, although using motifs of
undoubted oriental character, including camellias, with cherry blossoms, wisteria, maple,
chrysanthemum, Chinese bells, and vine leaves, the latter related to Persian influence
pathways through China (Fernández Martín, 2006). This excessive decor was far from the
Japanese art, more stylized and ethereal.
To highlight the decoration of flowers and plants, as required by the Europeans,
Japanese made nanban objects with mother-of-pearl inlaid in the intermediate layers
of lacquer (Fernández Martín, 2006). This technique of incorporating mother-of-earl
together with urushi is called maki-e-raden.
Another typical feature of nanban objects, which did not exist in Japanese lacquer
ware before the arrival of Europeans, is the presence of geometric motifs bordering
decorative scenes (Fernández Martín, 2006; Kawamura, 2006).
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Nanban objects were exotic and beautiful, of varying dimensions, but rarely large,
and spread in the higher strata of society. Writing desks, cabinets, reliquaries, etc.,
acquired by the nobility and the Church in the Spanish court not only satisfied the taste
for possession and collecting precious objects, but gave their owners the prestige of
owning valuable pieces difficult to obtain (Aguiló Alonso, 2005). The Portuguese kings,
and members of the House of Austria in the Spanish monarchy in the sixteenth and
seventeenth centuries, showed great interest and collected lacquer objects (Kawamura,
2006), encouraging and further spreading the taste for them in European courts, as used
as diplomatic gifts to strengthen relations between the members of the various ruling
houses (Fernández Martín, 2006).

Namban chests decorated with camellias in Spain

Many nanban objects were produced. Those remaining are worldwide spread
in museum, religious and private collections. There is a majestic nanban art collection
at the Museum of Kobe (Japan). There are also numerous nanban objects in Mexico,
particularly in the collection of Rodrigo Rivero Lake (Solange, 2005), as well as in Spain
and Portugal. In Portugal the collection of the Museu Nacional de Arte Antiga in Lisbon
is outstanding. In Spain there are about 70 nanban objects in museums, churches,
monasteries and private homes.
Domed coffers and chests were among the most manufactured objects during
the nanban period, while for civil, not religious use (Kawamura, 2006). However, in
Spain, several nanban domed coffers and chests are preserved whose use ended up
being religious, because, given its luxurious and exotic appearance, they were used as
reliquaries. This applies, among others, to the chests kept in the two Royal Monasteries
of Madrid (Convento de las Descalzas Reales, Monasterio de la Encarnación), in the
convent of Corpus Christi in the city of Murcia, in the collegiate church of San Antonio
de Medina del Campo in the province of Valladolid, in the Monasterio de Santa Maria de
Jesus in the city of Seville and in the Reliquaries Chapel of the Monasterio de Guadalupe
in the province of Cáceres (Kawamura, 2003). All of them were initially for civilian use and
belonged to the nobility and royalty, who donated them to the convents in the second
half of the sixteenth century, a time of great rise of the cult of relics in Spain promoted
by the Council of Trent (Kawamura, 2006).
Several of these chests have camellias as decorative motifs, showing in all cases
simple flowers, with few petals, made by inlaid mother of pearl.
A nanban domed coffer (chest) 34 cm high, 51.2 cm wide and 26.4 long is shown at
the Museo de Arte Sacro of the church of Vilanova de Lourenzá (province of Lugo, in the
North West) (Figure 1), which is believed to have been made in the first quarter of the
seventeenth century (Kawamura, 2000). It is treated with urushi both outside and inside.
On the body front and right side and on the front half of the lid, camellia flowers (made
of mother-of-pearl) and leaves are depicted. It has two brass handles made in Japan and
silver corners and front latch added in Spain (Kawamura, 2000).
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Figure 1. Nanban chest at the Museo de Arte Sacro of the church of Vilanova de Lourenzá (province of
Lugo, in the North West). First quarter of the 17th century.

In the Monasterio de Guadalupe (in Cáceres), there are four nanban chests made
of lacquered wood with mother-of pearl inlay, all with brass hinges, corners and lock
(Kawamura, 2006). Three of them have similar dimensions (25 cm high, 50-55-60 cm
wide), two being decorated with camellia branches and flowers. The fourth nanban
chest is larger (38 cm high, 68 cm wide) and most of its vegetal decoration also consists
of camellia branches and flowers.
In the Monasterio de Santa Maria de Jesús (in Seville), a nanban chest with metal
hinges and silver corners, and decoration with camellia branches with leaves and flowers,
cherry blossoms, Chinese bells and vine leaves, is kept (Fernández Martín, 2006). It is 26
cm high, 42.5 cm wide and 18 cm long. Interestingly this chest is decorated with a strip of
calligraphic curvilinear motifs similar to the one depicted in the chest kept at the church
of Vilanova de Lourenzá (Fernández Martín, 2006).
Another nanban chest showing branches with flowers and leaves of camellia,
dated back to late 16th – early 17th century, is kept in the private collection of the House
of Alba Foundation in Madrid (Figure 2). It is 32 cm high, 43.5 cm wide and 25 cm long,
and presents silver corners, which were probably arranged in Mexico, which is rich in
natural deposits of the metal and has a great silversmith tradition.

Figure 2. Nanban chest at the private collection of the House of Alba Foundation in Madrid. Late 16th –
early 17th century.
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Conclusions

The first representations of camellias arrived in Europe, in Portugal and Spain,
shortly after the arrival of Portuguese and Spaniards in Japan, linked to nanban art, long
before (about a century and a half) the first camellia drawings on paper were included in
Petiver’s book Gazophylacii Naturae & Artis in 1702.
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Abstract. Camellias were introduced in the gardens of the highest social classes of Galicia (NW
Spain) in the nineteenth century, being unavailable for the rest of the social strata. However,
since the mid-twentieth century, camellias became popular in all the gardens and streets. In this
work, a botanical survey was carried out in public and private gardens of Galicia to catalogue the
camellias and specimens of other species with botanic, historical and cultural interest, in order
to develop a tourist route of winter gardens, the Camellia route, making camellias a symbol of
cultural identity within the tourism brand Galicia. Results showed that twelve gardens presented
valuable camellia trees of Camellia japonica, C. reticulata and C. sasanqua, and also monumental
specimens of other plant species that increase their attractiveness: Pazo Museo Quiñones de
León, Parque del Castro, Soutomaior Castle, Pazo de Lourizán, La Saleta, Pazo de Quinteiro da
Cruz, Pazo de Rubianes, House-Museum of Rosalía de Castro, Pazo de Oca, Pazo de Santa Cruz de
Ribadulla, Pazo de Mariñán, and Alameda de Santiago de Compostela. These gardens have been
included in the Camellia route of Galicia.
Keywords: ancient camellias, Camellia japonica, Camellia reticulata, Camellia sasanqua, tourism
brand.

Introduction
Currently, there is a homogenization of tourist destinations in Spain and even in Europe,
so that public administrations are seeking tourist differentiating elements to compete in the
market, offering exclusive products. In Spain, old camellia specimens and a high diversity of
camellia cultivars can be found only in Galicia (NW Spain), thus making camellias a key resource
for the promotion of tourism and the creation of the tourism brand Galicia.
The origin of the first camellia plants that were introduced in Galicia is still unknown, mainly
because of the lack of written documents supporting their origin and time of planting. However,
it is known that some camellia specimens were introduced by the Galician nobility in the 19th
century, and today some of them still grow healthy in the gardens of stately homes and manor
houses. Some of these plants might have been provided by nurseries from different European
countries like France, Belgium and Italy. Ancient camellia specimens of Galicia have very large
sizes, much larger than in their home areas, so they look like real trees. Some are considered
monumental trees and/or unique trees, and are subject to legal protection (Rodríguez-Dacal and
Izco, 2003; Decree 67/2007, of 22 March, of Xunta de Galicia).
In Galicia, until early twentieth century, the cultivation of camellias was exclusive to the
nobility and the bourgeoisie and unavailable for other social strata, but it began to generalize to
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the mid-twentieth century, becoming popular since then in every garden and in streets (Salinero
and González, 2006).
Camellias comprehend emotional and symbolic values of the hidden language of Galician
gardens. The image of camellias includes the perception the tourist has and expects from the
destination Galicia: an image of evocation, mystery, and legend.
Camellias also have the added value that can favour the deseasonalisation and
diversification of the tourism offer. The gardens with camellias are more impressive from autumn
to late spring, a time when there are fewer visits to Galicia by residents of Spain (Figure 1).

Figure 1. Number of visits to Galicia per month by residents of Spain in 2010 and 2011 (IET, 2012).

From the late 1980s until 2011, the Estación Fitopatolóxica do Areeiro (at Pontevedra, one
of the provinces of Galicia) conducted several surveys of important public and private gardens of
Galicia to know the diversity of the genus Camellia. In 2006, a collaboration of this center with
Turgalicia and the Spanish Camellia Society was initiated in order to design a route through the
gardens of Galicia with the common bond of camellias. In the present work, the results of the
surveys made in the Galician gardens from the late 1980s until 2011 to catalogue camellias and
specimens of other species of botanical, historical and/or cultural interest, are presented.

Material and methods
Public and private gardens of Galicia, from which any written reference was available, were
visited to select and evaluate specimens of camellias and other species of botanical, historical
and/or cultural interes. Identification of the species of each specimen (based on the morphobotanical characteristics) was made. Information about the plants of interest was obtained from
the owners (mostly oral information and in some cases private documents) and, where possible,
from literature or public documents (in museums, provincial governments, municipalities, etc.).
In each garden, specimens of most relevant camellias and other plant species, considering
the age, growth habit, location and history of the plant, were selected and taxonomically
identified. Where possible, data on the origin and date of planting were collected. Data on the
garden history, buildings, products offered and activities related to camellias were also recorded.
In each garden, a map placing camellias and unique specimens of other species was made, with
a recommended itinerary of visit. Camellias and other plant specimens were spatially placed
by GPS. Finally, a Winter Garden Route of Galicia, with the common bond of camellias, was
designed.

Results and discussion
Data collected from the gardens of Pazo Museo Quiñones de León, Parque del Castro,
Soutomaior Castle, Pazo de Lourizán, La Saleta, Pazo de Quinteiro da Cruz, Pazo de Rubiáns,
House-Museum of Rosalía de Castro, Pazo de Oca, Pazo de Santa Cruz de Ribadulla, Pazo de
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Mariñán, and Alameda de Santiago de Compostela, located in the Galician provinces of A Coruña
and Pontevedra, allowed the design of a route based on camellias (Figure 2). All these gardens
have in common the presence of camellias and specimens of interest of other plant species,
together with water sources and stone buildings (Pazos, churches, etc.).

Figure 2. Itinerary proposed for visiting the gardens of the camellia route of Galicia (NW Spain).

The route is complemented with tourism products based on camellias, such as camellia
oil and soap, camellia paintings by local artists, crafts and wine, which are offered in many of the
gardens, being planned to extend to other products such as tea made from camellias of each
garden. The route is reinforced throughout the time of camellia flowering with more than 15
flower shows organized during the weekends.
The route proposed can be an enriching element for attracting and increasing satisfaction
of tourists in Galicia. It adapts optimally to profile visitors: in the last destiny survey, the majority
indicated that their first reason for visiting Galicia was to meet the natural environment and
landscape, and that they traveled with family (40.5%) and used the car as transportation not only
for access (44.3%) but also to move (84.3%) (Xunta de Galicia, 2012). The average length of stay
was 13.21 days, which most of the tourists used to travel on their own (45.4%).
The main features of the twelve gardens of the route are presented below.

1.- Pazo Museo Quiñones de León
The Pazo Museo Quiñones de León, also known as Pazo de Castrelos, is an institution that
belongs to the city council of Vigo (province of Pontevedra). The garden was created in the 19th
century and it is documented that the first camellias were brought in 1860 from the Marques
Loureiro nursery in Portugal.
The garden comprises three levels. The upper one, “the rose garden”, starts from an arbor
covered with a metal pergola, which was formerly a greenhouse. The intermediate level is the
French garden, having a path of impressive box hedges that form a maze. At the lowest level
there is the English garden, also called “tea meadow”, surrounded by two paths.
Among the specimens of camellia planted in the garden, it is worth to mention the
Camellia japonica known as the Methuselah of the Camellias and an impressive hedge formed
by the Camellia japonica cultivars ‘Alba Plena’, ‘Bella Romana’, ‘Federichi’, ‘Hagaromo’, ‘Herzilia
II’, ‘Incarnata’, ‘Kellingtonia’ and ‘Pomponia Portuensis’.
This garden also gathers a great variety of exotic species, as well as specimens of
Eucalyptus globulus, Fagus sylvatica and Liriodendron tulipifera, which, together with the
camellia Methuselah, are included in the Galician Catalog of Singular Trees (Xunta de Galicia,
Decree 67/2007, 22 of March).
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2.- Castro Park
The Castro Park is a botanic garden located in the heart of the city of Vigo and is one of
the most beautiful urban parks in Galicia. It has a great number of exotic species, of a large size
and with an important ornamental value. There is an important camellia collection, distributed
in several garden areas, mostly cultivars of Camellia japonica of Portuguese origin, such as ‘Jane
Andresen’, ‘Angelina Vieira’ and ‘Pomponia Portuensis striata’, among others. This collection is
being enlarged with specimens donated by the provincial government and distributed along the
route of the proposed visit.
The park also has a specimen of Pinus radiata included in the Galician Catalogue of
Monumental Trees (Rodríguez Dacal and Izco, 2003). Other specimens of interest are trees of
Catalpa bignonioides, Melaleuca armillaris, Liquidambar styraciflua, Betula pendula, Liriodendron
tulipifera and Phoenix canariensis.

3.- Botanic Park of Soutomaior Castle
In Soutomaior (province of Pontevedra), in the Valley of the Verdugo River, in the Vigo
estuary, we find a medieval castle perfectly preserved. In 1982 the property was acquired by the
Pontevedra provincial government that carried out the rehabilitation of the medieval castle to
devote it to cultural purposes.
Around the castle there is an area of 35 hectares dedicated to vineyards, native forest,
fruit trees and a botanical park, considered the most important in Galicia, and gathering over a
hundred varieties of camellias and ancient chestnut trees from the five continents.
At the botanical park, there are about 500 camellia plants of 25 species and many hybrids.
It is worth to mention the 19 specimens of Camellia japonica that were already planted in
Soutomaior Castle when the castle was acquired by the Pontevedra provincial government,
some of them dating back to the 19th century. One of these specimens, which presents 18 trunks
that grow from the base of the tree, has the largest trunk girth of Galician camellias and a crown
diameter of 17 meters.
There are also plenty of exotic species, specimens of some of them included in the
Galician Catalogue of Singular Trees. These are Araucaria araucana, Chamaecyparis lawsoniana,
Cryptomeria japonica and Sequoia sempervirens.
During the International Camellia Congress, held in China in February 2012, the Botanic
Park of Soutomaior Castle was designated as Camellia Garden of Excellence by the International
Camellia Society.

4.- Pazo de Lourizán
The Pazo de Lourizán is on the north side of the massif Morrazo at the bottom of the
estuary, between the towns of Pontevedra and Marin. The Pontevedra provincial government
acquired the property in the early ‘40s and created what is now the Forest Research Centre of
Lourizán.
The Pazo has 54 hectares of garden, farm and grove. It has a large botanical garden with
exotic and native species, created in 1949 under the name of Arboretum, which includes those
species planted from the 19th century to the present. The oldest camellia specimens date from
the 19th century and were supposedly obtained from the Establecimiento Horticola nurseries of
Jose Marques Loureiro in Porto (Portugal) and the School of Agriculture in A Caeira (Pontevedra,
Spain). Along the path and in the garden area, there are more than 600 specimens of different
cultivars of Camellia japonica: ‘Alba Plena’, ‘Alba Simplex’, ‘Angelina Vieira’, ‘Antonio Bernardo
Ferreira’, ‘Bella Romana’, ‘Cidade de Vigo’, ‘Coraline’, ‘Covina’, ‘Dona de Freitas Magalhães
Herzilia’, ‘ Incarnata ‘ ‘Dom Pedro V, Rei de Portugal’ and ‘Pompone’. The ‘Alba Plena’ plants are
particularly impressive.
In the garden, there are trees of other species included in the Galician Catalogue of
Singular Trees, such as the specimens of Araucaria heterophylla, Arecastrum romanzoffianum,
Cedrus libani, Metasequoia glyptostroboides and Ulmus x hollandica, and the groups of Castanea
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crenata and Castanea mollissima. Other specimens that can be seen are the avenue of magnolias
and the trees of Abies pinsapo, Buxus sempervirens, Callitris oblonga, Callitris rhomboidea,
clones of several species of Castanea, Corylus avellana, Dicksonia antarctica, Fagus sylvatica,
Larix x eurolepis, Magnolia grandiflora, Phoenix canariensis, Pinus canariensis, Pinus halepensis,
Quercus ilex subsp. ilex, Sequoia sempervirens, Sophora japonica ‘Pendula’, Tetraclinis articulata
and Ulmus minor.

5.- La Saleta
La Saleta is located in the municipality of Meis (Pontevedra, Spain). The garden covers an
area of 5 hectares. It is an English style garden designed by the landscape architect Brenda Colvin,
including the part devoted to the forest, where oaks, eucalyptus and cork oaks are planted. In the
garden there are also eastern species such as rhododendrons and azaleas, Australian myrtaceous
and proteaceous plants, and South American ericaceous, all properly classified and labeled.
In addition to specimens of Camellia lutchuensis Camellia vernalis and Camellia nitidissima,
there also many cultivars of other Camellia species and hybrids: Camellia japonica ´Debutante´,
´Dr. Tinsley´, ´Lavinia Maggi´ and ´Mathotiana Alba´, Camellia sasanqua ´Jean May´ and
´Narumigata´, Camellia reticulata ‘Mandalay Queen’, ‘Royalty’ and ‘Valentine Day’, Camellia x
williamsii ´Debbie´, ´George Blandford´, ´JC Williams´, ´Philippa Forward´ and ´St. Ewe´, Camellia
hibrida ‘Interval’, Camellia hiemalis ´Kanjiro´, and Camellia rusticana x Camellia lutchuensis
´Fragrant Pink´.
There also specimens of interest of Acacia elata, Acer capillipes, Acer palmatum var. virilis,
Arbutus unedo, Cedrus libani, Cinnamomum camphora, Cotinus coggygria, Cupressocyparis
leilandii, Liquidambar styraciflua, Magnolia grandiflora, Magnolia soulangeana, Magnolia
stellata, Magnolia tripetala, Pinus pinaster, Quercus pyrenaica, Quercus robur, Quercus rubra
and Quercus suber.

6.- Pazo de Quinteiro da Cruz
The Pazo Quinteiro da Cruz is situated in the valley of Salnés, in the municipality of
Ribadumia (Pontevedra, Spain). The gardens have an area designed in the late 19th century
by the French gardener and landscaper Dorgambide and an area recently created (years 19751980) by Victoriano Acosta Piñeiro, who restored the flora according to the historical tradition
and added the magnificent collection of camellias and other plants imported from different
countries around the world.
In the gardens, surrounded by ‘Albariño’ vineyards and an indigenous forest, grow
hundreds of species (some native and plenty of tropical and exotic species), but the major
attraction is the Camellia garden. Around 5,000 specimens of over 1,500 varieties of different
species are blooming in the garden, among which are Camellia assimilis, Camellia caudata,
Camellia cuspidata, Camellia fluviatilis, Camellia nitidissima, Camellia granthamiana, Camellia
sasanqua and Camellia sinensis. Especially impressive are specimens of Camellia japonica,
Camellia reticulata and Camellia Higo.
Among the most remarkable cultivars are Camellia japonica ‘Angelina Vieira’, `Augusto
Leal de Gouveia Pinto’, ‘Grace Albritton’, ‘Happy Higo’, ‘Mathotiana Alba’, ‘Nuccio’s Gem’ and
‘Tama-no-ura’, Camellia reticulata ‘Captain Rawes’ and ‘Miss Tulare’, Camellia reticulata hybrid
‘Interval’, Camellia x williamsii ‘Rendezvous’ and Camellia reticulata x Camellia japonica ‘Dr.
Clifford Parks’.
Tree specimens of interest, such as those of Aesculus hippocastanum, Araucaria brasiliensis,
Buxus sp., Cedrus atlantica, Cupressus sempervirens, Erythrina crista-galli, Lagerstroemia indica,
Liquidambar styraciflua, Magnolia grandiflora, Phoenix dactilifera, Pinus pinea and Robinia
pseudoacaciak, can also be seen.

7.- Pazo de Rubianes
Located in the Arousa estuary in Pontevedra (NW Spain), there is one of the three lordships
officially recognized in Spain, the Pazo de Rubianes. The origin of the house of Rubianes dates
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from the Middle Ages, in the 12th century. Together with the manor house, in perfect condition,
the Pazo de Rubianes has 40 hectares that include a garden with about 100 plant species, a
unique woodland belt and an ‘Albariño’ vineyard of 21 hectares. There is written evidence that
the first camellias, donated by the Duke of Caminha (Portugal), and the evergreen magnolias
were planted in 1850.
In 1930, Dolores Urcola, Dowager Marchioness of Aranda, with the help of her daughters,
designed and created the current geometric garden with a labyrinth layout. She was especially
devoted to camellias that she planted profusely. Nowadays in the garden grow beautiful specimens
of Camellia japonica ‘Alba Plena’, ‘Bella Romana’, ‘Elegans’, ‘Grace Albritton’, ‘Hagoromo’, ‘Lavinia
Maggi’, ‘Pomponia Alba’, ‘Pomponia Luctea’ and ‘Variegata’, Camellia reticulata ‘Arch of Triumph’,
‘Dr. Clifford Parks’, ‘Francie L.’ and ‘Rosalia de Castro’, Camellia hiemalis ‘Showa Supreme’, and
Camellia Wabisuke ‘Tarôkaja’.
It is a garden with monumental and singular trees, such as the specimens of Araucaria
heterophylla, Calocedrus decurrens, Cinnamomum camphora, Cryptomeria japonica, Eucalyptus
globulus, Eucalyptus piperita, Fraxinus angustifolia, Magnolia grandiflora, Picea abies and
Quercus rubra. Other tree species of interest are Bauhinia variegata, Buxus sempervirens,
Fraxinus excelsior, Phoenix dactylifera, Picea pungens ‘Glauca’, Pinus strobus, Podocarpus totara,
Quercus suber and Taxodium distichum.
During the International Camellia Congress, held in Pontevedra in March 2014, the garden
of Pazo de Rubianes was designated as Camellia Garden of Excellence by the International
Camellia Society.

8.- House-Museum of Rosalía de Castro
The House-Museum of Rosalía de Castro is in the city of Padrón (province of A Coruña, NW
Spain). Rosalía de Castro, a reknown writer, lived there until her death in 1885.
The house is surrounded by a green space that, in times of Rosalía, was an orchard. Today
it is a recreation of a garden at that time (late 19th century). The camellias now growing in the
garden were planted after the death of the writer. Specimens of Camellia reticulata ‘Rosalia de
Castro’ and of three Portuguese cultivars of Camellia japonica, namely ‘Mary Irene’, ‘Magnolia
Rosea’ and ‘Pomponia Portuensis’, are among those of greatest interest. There are also plants of
Camellia japonica ‘Alba Plena ‘, ‘Incarnata’, ‘Peonia Superba’, ‘Sophia’ and ‘Thelma Dale’.
In the garden one specimen of Ficus carica included in the Galician Catalogue of Singular
Trees and several monumental trees of Ficus carica, Erythrina crista -galli, Phytolacca dioica and
Laurus nobilis can be admired. Also of interest are a tree of Castanea sativa and one Quercus
robur, descendant of the oak of Guernica.

9.- Pazo de Oca
In the municipality of A Estrada (province of Pontevedra, NW Spain), close to the banks
of the Ulla river, is the Pazo de Oca, the most visited Pazo of Galicia. It has two gardens: one
horticultural and one geometric. The horticultural garden, with plots of various crops, is crossed
diagonally by the ensemble of wash-house, river and mill, and in turn the latter is bordered by a
line of ancient boxwood hedges and citrus trees.
The geometric garden comprises seven groups of exceptional flora: the most outstanding
tree is a specimen of Camellia reticulata ‘Captain Rawes’, undoubtedly the oldest and largest
camellia in Europe, together with other magnificent specimens of Cryptomeria japonica
‘Elegans’, Taxus baccata, evergreen magnolias, Lagerstroemia indica, Sequioa sempervirens, Acer
pseudoplatanus, Prunus laurocerasus and a high number of ancient trees of Camellia japonica
that shelter walking paths. The Carreira do Conde (Count`s walk), a tree-lined path, borders the
other side of the garden, which is an English garden with a meadow, a path of Tilia platyphyllos
trees, and an ornamental forest, in which there are splendid specimens of Liriodendron tulipifera.
The garden has been enriched in recent years with more than 1,000 plants of different
cultivars of Camellia species and hybrids. Particularly impressive is a hedge in the shape of a
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labyrinth comprising different cultivars of Camellia japonica and a hedge 250 m long of more
than 300 plants of Camellia japonica ‘Montblanc’. Other outstanding camellias in the geometric
garden are specimens of Camellia wabisuke ‘Uraku’ and Camellia japonica ‘Alfredo Allen’,
‘Anemone Alba’, ‘Luíz Van-Zeller’, ‘Pompone’, ‘Pomponia Estriata Portuensis’ and ‘Pomponia
Portuensis’.
Trees of Tilia platyphyllos (path of lime trees) and the specimens of Cryptomeria japonica
‘Elegans’ and Buxus sempervirens are included in the Galician Catalogue of Singular Trees.
Considered monumental trees are specimens of Quercus suber, Buxus sempervirens and Camellia
japonica ‘Bicolor’.

10.- Pazo de Santa Cruz de Ribadulla
In the municipality of Vedra (province of A Coruña, NW Spain), on the bank of the Ulla
river, is the Pazo de Santa Cruz de Ribadulla.
The garden was created from 1600 to 1700 and is for many the most fascinating ornamental
botanical space in Galicia, due to its floristic content and landscape value. Boxwood was one of
the species initially planted, covering almost the entire garden. In the mid-18th century, the oldest
box trees were over 1.5 m in circumference and several of them were cut down for shipbuilding
in England.
In the second half of the nineteenth century, Iván Armada (known as Uncle Iván), an
ancestor of the current owner, inherited the property, finding a garden already structured.
He greatly increased the collection of plants, especially camellias. Around 1885, he planted
camellias obtained from France (Vilmorin seed producer), Portugal, Belgium and England near
other camellias already existing in the garden of over 7 m high. This is written in his notebook
still preserved and means that the first camellias in the garden could have been planted in the
second half of the eighteenth century. Camellias rapidly replaced the boxwood in the garden,
as yearly seeds produced many new plants, forming a natural camellieto, that indicates their
excellent acclimation to soil and weather conditions of Galicia.
In the garden grow many monumental and singular specimens of Camellia japonica, Olea
europea (hundreds of trees over 700 years old), Buxus sempervirens, Magnolia grandiflora,
Dicksonia antarctica, Cryptomeria japonica, Liriodendron tulipifera, Phytolacca dioica, Quercus
robur var. stricta, Washingtonia robusta, and Citrus aurantium.
There are outstanding specimens of Camellia japonica ‘Adolpho F. Möller’, ‘Alba Delecta’,
‘Alba Plena’, ‘Anemoniflora’, ‘Fimbriata’, ‘Jeronymo da Costa’, ‘Lavinia Maggi’, ‘Mazzuchelli’,
‘Madame Louis van Houtte’ and ‘Vergine di Collebeato’, Camellia sinensis and Camellia wabisuke
‘Tarôkaja’.

11.- Pazo de Mariñán
The Pazo de Mariñán is situated in a large area known as As Mariñas de Betanzos (province
of A Coruña, NW Spain). The property occupies 17 hectares located on one side of the Mandeo
River in a place known as Mariñán, in the municipality of Bergondo.
The garden is divided into two parts that extend to both sides of a monumental geometric
parterre of Buxus sempervirens, consisting of a network of perpendicular internal drives. This
unique network of boxwood is a masterpiece of gardening; it has a geometric desing that
comprises sixteen rectangles in four plots, with boxwood trimmed into stars, flowers, crosses,
rings and shields. This part of the garden, of French style, also includes the entrance avenue,
the path of Buxus sempervirens and Platanus x hispanica, the guard house, the courtyard of the
chapel and the pier landscaped with flower beds.
At one side of the monumental boxwood parterre, the garden exhibits monumental old
specimens of Taxus baccata, Arbutus unedo and Myrtus communis, most included in the Galician
Catalogue of Singular Trees. Also noteworthy are the redbeed and several monumental and
singular specimens of Camellia japonica, particularly those arranged in clusters of 8+1, Platanus
acerifolia, which can reach 50 m in height, Eucalyptus globulus, Populus nigra, Fraxinus ornus,
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Carya illinoensis and Phoenix dactylifera. At the other side of the parterre, there are beautiful
azalea, Japanese laurel, ivy and rose sets, and also ancient yews.
There are also specimens of Camellia japonica ‘Alba Plena’, ‘Bella Romana’, ‘Dom Pedro
V, Rei de Portugal’, ‘Prince Eugene Napoleon’, ‘Rubra simplex’, ‘Sangre de Pichón’ and ‘Scipione
l`Africano’.

12.- Alameda of Santiago de Compostela
The Alameda Park is the oldest public garden and the main green lung of the city of
Santiago de Compostela (province of A Coruña, NW Spain).
The park design was done in the early nineteenth century and covered 8.5 hectares. It is
divided in three distinct areas that gather a magnificent architectural and botanical heritage: the
Carballeira de Santa Susana (Oak wood of Saint Susan), the Campo da Estrela (Field of the Star)
and the Paseo da Ferradura (Walking path of the Horseshoe). The Carballeira de Santa Susana,
located in the center of the park, consists of a set of more than 300 specimens of Quercus robur,
some of them ancient, which surround the church of the same name.
Although the design does not satisfy any of the usual types of garden, it has elements of
the French garden, such as symmetrical parterres and hedges, and of the English garden, as the
Carballeira de Santa Susana.
There are 66 specimens of Camellia japonica, some of them over a hundred years old,
which could be planted during the Agricultural, Industrial and Artistic Exhibition held in the city
of Santiago de Compostela in 1858. Among the identified cultivars are ‘Angela Cocchi’, ‘Bella
Romana’, ‘Covina’, ‘Dom Pedro II’, ‘Federici’, ‘Incarnata’, ‘Magnolia Rubra’, ‘Montironi’, ‘Pomponia
Alba Monstruosa’, ‘Pomponia Estriata Portuense’, ‘Pomponia Portuensis’, ‘Sangre de Pichón’ and
‘Vilar D’Allen’.
In the park, there are also specimens included in the Galician Catalogue of Singular Trees:
some magnificent trees of Eucalyptus globulus, one tree of Abies nordmanniana planted to
commemorate the visit of Eva Duarte de Perón in June 1947, and the trees of Tilia tomentosa
growing in the Campo da Estrela. Other outstanding specimens, recognized as monumental
by Dacal and Izco (2003), are the oaks of Santa Susana and trees of Erythrina crista-galli,
Chamaecyparis lawsoniana, Populus nigra, Robinia pseudoacacia and Sophora japonica.

Conclusions
There is a rich heritage of gardens with camellias in Galicia, which also possess monumental
specimens of other plant species that enhance their appeal. The present research has enabled
the creation of a touristic route of winter gardens in NW Spain, the Camellia Route of Galicia,
making camellias a symbol of cultural identity within the tourism brand Galicia. The twelve
gardens included in the Route are romantic gardens that have in common camellias, stone and
water, and must be seen to live them. Every garden has, however, an identity that makes it
unique. It is a unique circuit of great tourist, cultural, historical and artistic interest.
Camellias can contribute to promote tourism within the tourism brand Galicia for its
uniqueness (in Spain, they are found almost exclusively in Galicia), beauty, the high diversity of
cultivars with different sizes and colors of flowers and flowering period, and the monumentality
of the oldest specimens. They constitute also a product that can promote the deseasonalisation
of tourism, as the best time for their contemplation is during flowering, which, in gardens with
different species and cultivars, can cover the months of autumn, winter and early spring.
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THE ROUTE OF THE CAMELLIA AND THE
GALICIA TOURIST BRAND
Castiñeiras J.R.
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Abstract. Tourism industry has undergone a dramatic change during the last years. The increasing emergence of new destinations in the market, the wide range of tourist experiences that a
traveller can feel and the homogeneity of the destinations are important major factors that impede a destination to be visible in this competitive world. As a result, the need for countries to
create a unique identity to differentiate themselves from their competitors is more critical than
ever. In this context, Galicia has created 10 new tourist products, called head of brand, with the
firm intention to stand out the Galician Tourist offer among the rest of its competitors.
One of these products The Route of the Camellia, a tourist experience unique in Europe, will be
part of the Galician brand strategy, since this amazing experience, which lets the visitor know the
history of Galicia through beautiful gardens and ancient manors, keeps an emotional appeal that
will contribute to enhance the tourist image of the destination.
Key words: gardens, destination,
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INTRODUCTION
Tourism industry has undergone a dramatic change during the last years. The
increasing appearance of new destinations in the market, the wide range of “tourist ex2014 International Camellia Society Congress
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periences” that a traveller can feel and the “homogeneity” of the destination’s tourist
offer – the most problematic situation – are important factors that impede a destination
to be visible in this competitive world. Most destinations have superb five-stars resorts
and attractions. Every country claims a unique culture, landscape, heritage, each place
describes itself as having the friendliest people, and high standards of customer service
and facilities are now expected. As a result the need for countries to create a unique
identity to differentiate themselves from their competitors is more critical than ever.
In this context, branding is perhaps the most powerful marketing weapon available to contemporary destination marketers confronted by tourists who are increasingly
seeking lifestyle fulfilment and experience rather that recognizing differentiation in the
more tangible elements of the destination product such as accommodations and attractions. So, brand strategy applied to the tourist destinations, will be the key element that
will help them to stand out in the market.

DESTINATIONS BRANDING STRATEGY
Activities related to the creation of a brand image are focused on conveying the
essence or the spirit of a destination and this is often communicated by means of key
attributes or associations. This strategy is based largely on emotional attraction. In fact,
marketing managers are starting to focus in more on the differentiation resulting from
the happiness and emotional attraction that brands possess rather than the consequences of the tangible and intangible benefits
But, is it possible for a tourist destination to bring about the high levels of emotional bonding between the product and the consumer required for the success of a
brand?
The answer is yes: The potential that tourist destinations have in terms of creating a relationship based on emotion is even greater than in the cases of services and
popular consumer goods. Destinations have strong associations that remain etched in
tourists’ minds which can, if handled skilfully, provide the basis for the creation of a
brand image.

HOW CAN BRANDS FOR TOURIST DESTINATIONS BE CREATED?
The first stage of this process focuses on establishing the assets that are the essence of the destination and its brand image. These assets should be durable, relevant
and capable of being transmitted.
Once these core assets have been established, they should form the basis for all
marketing activities for the brand so that the brand’s assets are transmitted in a consistent and unitary manner.
Smart managers discover what significance their tourist destinations have as
products for their potential consumers: they exploit that significance in order to create
added value. Communication should reflect this added value.

GALICIA’S TOURISM BRAND
Galicia’s image as a tourist destination is based on the following dimensions:
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Basic components serving as support for the Galicia’s brand image:
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Once Galicia’s core brand assets have been defined, the next step is to be creative and transmit consistency in the messages.
In regard to marketing, the goal is to increase the volume and value of the tourism. Nevertheless, the medium-term priority is to enhance the perception of Galicia by
developing a promotional strategy through the creation of a strong brand image.
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HEAD BRAND PRODUCTS
Keeping in mind the considerations exposed above, Galicia has created 10 new
tourist products, called “head of brand”, with the firm intention to stand out the Galicia
Tourist offer among the rest of its competitors. These products are:

} The Way of Saint James
} Strolling through Vineyards
} Galician springs
} Marine Tourism
} The Route of the Camellia
} Hidden heritage
} Magical Shrines
} Lighthouses and wild beaches
} Galician woodlands
} Top ten (10 unrivalled destinations)
One of these products “The Route of the Camellia”, is going to play a very important role in the Galician brand strategy, since this amazing “experience”, that let the
visitor know the Galician history through beautiful gardens and ancient manors, keeps
a deep emotional appeal that will contribute to enhance the tourist image of the destination.

brand?

What makes “The Route of the Camellia” so important in the Galicia tourist

•It is a unique experience in Europe.
•It is a tourist product wrapped in a Romantic and magic atmosphere, very representative
of the Galicia tourist image
•It evokes sense of nostalgia, one of the Galician’s emotional values.
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•It is a tourist experience in a natural environment.
•It belongs to the Galician cultural heritage: ancient manors, castles, public and
private gardens are part of this route.
•It is linked with other head brand product: “Strolling among vineyards”, because
part of the route is in the South of Galicia, birth of the Rías Baixas wine. Some
private properties have beautiful gardens and vineyards. Camellias and wine, a
perfect blend.

Authenticity and originality are very important factors for building a destination
tourist brand. For theses reasons The “Route of The Camellia” is one of the 10 “head
brand products” that will support the Galician tourist strategy during the next years.
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The camellias as part of the composition of the gardens of the city
of Porto
Ferreira, R. & Andresen, T.
DGAOT, Faculdade de Ciências da Universidade do Porto, Rua do Campo Alegre s/n, 4169-007 Porto,
Portugal. E-mail: arenatacdpf@gmail.com

Abstract. In 2012 the definition and identification of the various typologies of planting camellias
were analyzed in twenty four parks and gardens that are part of the existing green structure
of the city of Porto. The selected parks and gardens, among the many green spaces in the city
of Porto, are considered to be those that best represent the presence and long history of the
camellias in the evolution and history of the city, allowing thus to achieve an accurate analysis
and evaluation of the fact that Porto is considered the “City of camellias”. The selected parks and
gardens were part of an extensive study, which pretended to approach different questions in the
historical evolution, its functions and its current condition. In view of the fact that the camellias
assume an extreme and vital importance in the selected parks and gardens, they were subjected
to extensive cartographic and photographic records. Several conclusions were drawn about the
various typologies of planting, different uses, as well as the real importance of these elements
in the parks and gardens of the city while considered as cultural and natural heritage in the city
of Porto.
Keywords: typologies of planting, different uses.

Introduction
Our main goal is to present a study of camellias as an element of the parks and
gardens of Porto city, conducted within the trainship masters in landscape architecture
in the University of Porto (UP). It was selected a set of parks and gardens grouped into
six categories (gardens of the university of Porto; private gardens; private gardens open
to the public; public gardens; public gardens and nursery for which typologies of planting were defined (Copse, Grove, Border, Isolated, Border of periphery, Clipped hedges e
Hedges), and of distribution of camellias with the goal of interpret their role in the form
of the gardens of Porto city.
Porto is a city with a significant heritage of gardens and historical farms with a
specific history and identity in which the camellia appears as a striking element either by
its presence either by the symbolism that achieved. The gardens assume themselves as
a part of the history and of the image of the city, as well as of its inhabitants, as the city
was getting more modern, was developing and was organizing administrative, financial
and culturally. Over time a great number of private and public gardens were built which
occupied a wide space of the city. Some of them disappeared with time but we still
find others which attract us either by its structure either by its diversity. Many of these
gardens were designed by landscapes architects or landscape gardeners, famous Portuguese and foreigners
From mid -XIX century a great number of public and private gardens appear which
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meet the trends of Europe, particularly in Great-Britain and Europe, where «landscapes
forms of naturalistic feature» were developing (Araújo, 1979: 382).
It was in the first half of the XIX century that in the city of Porto people felt an
obsession for searching varieties of camellias that could compete in floral exhibition.
This passion appears in a time when the knowledge and the taste for floriculture, spread
among rich families and owners of many gardens and farms that existed in Porto city in
XIX century. These families dedicated themselves to the planting, acclimatization and
sale, meeting the passion and the search of the beauty and of the exotic, Thus, « the
horticulture and the art of the gardens, in the XIX century became areas of knowledge
and of performance completely interdependent. The gardens are artistically designed to
receive several species, several collections organized in arboretums, ornamental forests,
groves, florists gardens, rosebushes, naturalistic lakes or rock gardens.» (Marques, 2012:
41).
Following a growing trend for the taste of floriculture and more specifically for the
camellia, it began then to appear in the city of Porto the first horticultural shops. Thus,
it was around the 30s of the XIX century that the first gardener of the city hall, João José
Gomes, opened in Formosa Street in the city of Porto, his first horticultural shop, and
thus he dedicated himself to obtain new varieties of camellias which were later on mentioned in Jardim Portuense (Viterbo, 1909).
Nevertheless the apogee of the disclosure of the camellia in the city of Porto happened when «José Marques Loureiro went to work in the shop opened in 1849 by Pedro Marques Rodrigues; he became his partner and later on the owner of the shop»
(Guedes, 2012: 37) – o Horto das Virtudes. This great horticulturist from Porto took the
camellias to its magnificence, as his garden was internationally Known by its variety and
quantity produced, He ordered hundreds of foreign varieties and reproduced them in
his garden. «He collected and systematized the national variety, giving them the names
by which they became known (Araújo et al., 2004), and promoted them through the
catalogs of his horticultural shop. The Nº1 catalog of 1865, has already got a great list of
more than 750 varieties, from which 164 are Portuguese» (Guedes, 2012: p37).
«Following Marques Loureiro, other horticultural shops opened in the city,… in

1870 the one of Zeferino Matos, and after of his son Jacinto de Matos, and in 1895
the one of Alfredo Moreira da Silva, student and former employee of Marques Loureiro
(Araújo et al., 2004: 104), who plants in that year « most of the huge camellias» (Guedes,
2012: 37), which still exist in the Flower Garden of Porto.

The most recent rising of the taste for camellias, dates from 1984 when the mayor
of Porto city, Engineer Paulo Vallada, chose the camellia as the flower of election of the
city of Porto organizing the first Exhibition of Camellias of Porto city (Guedes and Oliveira, 2010). Already in 1890 when the writer Georges de Saint-Victor visited the city called
it « the homeland of Camellias… even in the cemetery we find them». Today we still find
a great number of camellias in the cemeteries of Agramonte and of Prado de Repouso.
We should highlight the big tradition in the planting of camellias that the city of
Porto has got, since today we still can find camellias in many gardens of the city peeking
over the walls, in romantic gardens, here and there in plats, among other situations,
showing thus one admiration that still exists for camellias.
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Material and methods
The city of Porto, as mentioned above, has got a big quantity of public and private
green spaces where the camellia is inserted, but as it is not practicable to conduct the
study about all these spaces, we made a selection of parks and gardens where there is
a bigger expression of the camellia. The selection of the twenty four parks and gardens
for this study took as a starting point «The itinerary for a day» (CMP, 2012) where it is
highlighted twenty nine parks and gardens. From this itinerary twenty parks and gardens
were selected considering its location in the city of Porto, its historical importance to the
population and to the city of Porto as well as the quantity and quality of the camellias
existing in each one of the, The other four parks and gardens that we added to the project followed the same criterion.
After the selection of the parks and gardens, we made an extensive bibliographic
revision and we analyze the historical references related with the subject, we made the
historical framework of all parks and gardens, using iconography, mapping, topography,
drawings, digital information and photographic record.
The parks and gardens were distributed by the six categories above mentioned:
The gardens of UP; the private gardens; the private gardens open to the public; the public garden; the public parks and the nursery.
In the category of UP gardens we have those which are patrimony of the UP and
as such are administrated and preserved by this university. These are Casa Burmester
garden, Casa Primo Madeira garden, and Flower Garden of Porto city.
In the category of private gardens we have: CCDR-N garden, Fundação Instituto
Arquiteto José Marques da Silva garden and the gardens of Quinta de Vilar D’Allen.
The private gardens open to the public are: Fundação de Serralves garden, the
garden of the Museu Nacional Soares dos Reis and the garden of the Fundação Eng.º
António de Almeida.
The public gardens are: the garden of the Casa Tait, São Lázaro garden, the garden
of Quinta da Macieirinha, the garden of Rotunda da Boavista, the garden of Marquês,
the garden of Quinta da Bonjóia and the garden of Barão de Nova Sintra (SMAS).
Considering the category of public parks we have: the garden of Núcleo Rural do
Parque of the city of Porto, the park of Quinta do Covelo, the park of São Roque da Lameira, the park of Virtudes, the park of Palácio de Cristal, the cemetery of Agramonte and
the cemetery of Prado do Repouso.
Since the characteristics of the greenhouse of the city of Porto makes this very
different from the other parks and gardens, this cannot be included in none of the categories over mentioned; so it is isolated in a specific category, in the category of greenhouses.
After the identification of the parks and gardens it was necessary to do a survey
of the distribution of the camellias and so it was defined that each camellia would be
systematized according to its size ant he type of the inserting of the stem in the soil, as
criterions to the recognition of the distribution of the camellias that exist by strata
After that Paulo Farinha Marques (Farinha-Marques, 2008), made the classification; he considered the camellias as strata sub arboreal (bushes of big size) when a size
is presented, it goes from the high of the head of an human adult to five times his high.
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The camellias classified as a bush are those whose size is between the waist and one
meter above the head of an human adult. In both strata, it was distinguished the arboreal or shrubby behavior of the camellias, since the way they present themselves in a
park or garden is very important to the perception of its role. Even during the stage of
recognition we made the distinction between camellias that presented themselves as
unistem or multistem.
In order to summarize all the collected information in a practical and easy way, it
was important to set a terminology that included the different typologies of planting
found in the different parks and gardens throughout the entire procedure. The typologies of planting identified were: Copse, Grove, Border, Isolated, Border of periphery,
Clipped hedges e Hedges; afterwards a detailed definition of each type was made.
The typology of planting Copse (picture 2) was applied to the cores and aggregation of camellias with an arboreal size, consisting, in a way, in a very small forest.

Picture 2 – Camellias classified in the typology Copse, in the gardens of Quinta de Vilar D’Allen (Ferreira,
2012).

In the typology of planting Grove (picture 3) are only considered the camellias that
are planted in a row in the both sides of a way, staircase or alleyway.

Picture 3 – Camellias classified in the typology Grove, in the gardens of the cemetery of Prado do Repouso
(Ferreira, 2012).

As far as the typology of planting Border is concerned (picture 4) are considered
the camellias while elements of formal form of the gardens where they are planted in
the border (limit) of the landscaped flowerbeds

Picture 4 – Camellias classified in the typology Border, in the gardens of the park of São Roque da Lameira
(Ferreira, 2012).
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In the typology Isolated (picture 5), the camellias which are thus classified were
those which in the parks and in the gardens are without any other around them and/or
are in the garden with a lot of space.

Picture 5 – Camellias classified in the typology Isolated, in the gardens of Barão de Nova Sintra (SMAS)
(Ferreira, 2012).

In the typology Border of periphery (picture 6) were classified all the camellias
that are in the limits of the parks and gardens, near the walls or gratings, and that can be
seen from outside due to their great size.

Picture 6 – Camellias classified in the typology Border of periphery, in the gardens of Jardim Botânico do
Porto (Ferreira, 2012).

In the typology, Hedges (picture 7) and Clipped hedges (picture 8),were included
all the camellias planted in a row, that had the role of separate, close or protect the garden or its landscaped spaces. With the survey and observation of the camellias, it has
become very important to distinguish certain specimen by its driving coppice or not, for
though both have the same role there is clearly a visual difference and one statement of
straightness in the camellias planted in a row which presented themselves with a coppice cutting.

Picture 7 – Camellias classified in the typology Hedges, in the gardens of Quinta da Bonjóia (Ferreira,
2012).
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Picture 8 – Camellias classified in the typology Clipped hedges, in the gardens of Jardim Botânico do Porto
(Ferreira, 2012).

Results and discussion
•

The presentation of the results was made according to:

•

Quantitative distribution of the camellias.

•

Distribution of the camellias by typologies of planting.

•

Distribution of the typologies of planting camellias by the categories of the
parks and gardens.

Quantitative distribution of the camellias
After the stage of the survey of the distribution of the camellias in the parks and
gardens it was done the chart 1 where are gathered the collected data, where we can
see that in a set of 24 parks and gardens a total of 4017 camellias were recorded.
According to the adopted classification and distinguishing sub-arboreal stratum
and shrub stratum, we can see that there is a majority of camellias in sub-arboreal stratum with a total of 3112 camellias (77,5%) while the shrub stratum represents only 905
camellias (22,5%).
About ¾ (75%) of the total number camellias recorded we find in ten of the twenty
four parks and gardens, all with more than 140 camellias.
Distribution of camellias by typologies of planting
Concerning the quantity of camellias distributed by different typologies of planting
found in the parks and gardens, the typology of planting camellias in Border is the one
that is in majority, representing 984 camellias (24,5%) followed by the planting camellias in Hedges which represents 905 camellias (23,1%), in Clipped hedges which represent 903 camellias (22,48%), in Copse which represent 570 camellias(14,1%), in Isolated
which represent 237 camellias (4,96%),in Border of periphery which represents 222 camellias (5,53%) and in Grove which represents 196 camellias (4,88%) (chart 2).
Distribution of the typologies of planting camellias by the categories of parks and
gardens.
Analyzing the data of chart 3 and comparing to the number of times that the typologies of camellias planting appear represented in the twenty four parks and gardens,
the typologies of planting camellias Isolated and Border are the ones that appear more,
since they are in twenty one of the twenty four parks and gardens. After these, we have
the typologies of planting Hedges, which are presented in nineteen of the twenty four
parks and gardens, and Copse presented in eighteen of the twenty four parks and gardens. The typology of planting Border of periphery exist in twelve of the twenty four
parks and gardens, At last, the typology of planting less represented are Clipped hedges,
exist in eight of the twenty four parks and gardens, and Groves, exist in seven of the
twenty four parks and gardens.
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However, when analyzing the data presented, with regard to the dominant typology of planting camellias, (D - dominant typology of planting camellias) in each selected
park and garden, the results are not the same as described before. In this case, the
typology of planting camellias with the largest representation in the selected parks and
gardens is the Border, as it is the dominant typology of planting camellias in seven of the
twenty-four parks and gardens. The following is the typology of planting Copse who is
as dominant type of planting in six of twenty-four parks and gardens. The typologies of
planting Hedges and Clipped hedges are dominant in only four of the twenty-four parks
and gardens and the typology Grove, dominant in three of the twenty-four parks and
gardens. In contrast, the typologies of planting Isolated and Border of periphery, does
not appear as dominant typologies in any of the twenty-four parks and gardens.
Considering the totality of the set of parks and gardens studied and after analyzing the results, we can state that the typology of planting camellias that prevails in the
parks and gardens selected is the Border. The small size of half of the parks and gardens
induces the partitioning through the use of landscaped plats in which the camellias are
planted, sometimes in a symmetric shape, while elements of the formal composition
distributed in the limits of the plats.
In terms of preferred time to the plant camellias, we point the XIX century, «…
the horticulture and the art of gardens in the XIX century became areas of knowledge
and performance deeply interdependent. The gardens are artistically designed to receive
several species, several collections organized in arboretums, ornamental forests, groves,
florists gardens, rosebushes, naturalistic lakes or rock gardens.» (Marques, 2012: 41).
In a general perspective, the results indicate that the camellias are and were used
in different and several ways, with different and several purposes, giving unique features
to the parks and cities of the city of Porto, both in limiting the spaces, through the shaping of shrubs or trees that create a barrier against the crossing, in the creation of visual
axis , in the shaping of small groups that imitate in a certain way, a small forest, in the
design of romantic gardens, or as a vegetable element of hoarding and exoticism. For all
this variety of presentation, we should highlight the fact that the Fundação Engenheiro
António de Almeida is the only garden of the twenty four parks and gardens selected
that presents all the typologies planting of camellias studied.
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Chart 1 – Summary table of the stratum behavior and the number of camellias in parks and gardens (Ferreira, 2012).
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Chart 2 – Summary table of different typologies of planting in parks and gardens (Ferreira, 2012).
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Chart 3 – Distribution of the typologies of planting camellia in each park and garden (Ferreira, 2012).
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Conclusion
Camellias arrived in the XIX century to the city of Porto and since then they are
a constant in the parks and gardens that exist today in the city of Porto, they easily acclimatize themselves in the green spaces of a city that gave them fine conditions to his
growing and development.
In a time when horticulture and the art of gardens get mixed and when people
live an obsession for the search of knowledge and for the taste for horticulture, with a
peculiar fascination for exotic plants. «The camellias in Porto count as a whole and also
by the character that lend to the city; growing slowly, they have the size of true trees,
with short twisted trunks, having on the top the silky green of their rounded top trees.”
(Araújo et al., 2004: 106).
In the city of Porto, we can find camellias planted in squares, in public and private
gardens, in parks and in cemeteries. In most cases they are connected to gardens, parks
and historical farms with a specific identity and making part of the history of the city of
Porto.
Camellias give typicality and identity to the public and private gardens of the city
of Porto, not only because they exist in big quantities but also for their integration in
the surrounding landscape and in the memories of the population for decades, as small
trees or as bushes, with their green leaves and their flowers while mirror of all their
splendor with different colors, shapes and fragrance from autumn to spring, for their
endurance and adaptation to the climate and to the geology of Porto city and with habits
of growing already known.
Thanks to the features of camellias, their planting assumes six typologies quite
different, which were defined here and systematized. They are while subject important
elements to the design of a garden, with their own different features. On the other hand
the typologies of planting are also different and versatile contributing to a rich and varied composition as well as they play different roles in the gardens and parks of the city.
“… we, portuguese people, we can say that Porto city is the camellias city.”  (Faro,
1880: 102).
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Abstract. The first Portuguese sailors reached the Azores in 1427. The economy of the settlers was based
on subsistence farming and some products for the export market. From a geo-strategic point of view, the
islands were an excellent distributor between American and European markets. From the late eighteenth
century the British presence and the establishment of an entrepreneurial spirit, based on reason and
science, on appreciation for nature and the ‘agrarista’ thoughts, produced a generation of gentleman
farmers that dictated the development of agriculture and pulled off the construction of magnificent exotic
gardens, especially in São Miguel Island.
It is not known exactly when the first camellias arrived to the Azores. All we know is that, since the beginning of the eighteen hundreds, the presence of these exotic plants on estates and private gardens has
been documented in travel accounts, namely by Peter Wallace in 1845: “camellias have long been the
favourite plant (...) gentlemen have purchased plants of all the named varieties in the English and French
nurseries”, and by Roxana Dabney in 1859: “The Viscount of Praia as more than 500 varieties of camellias”.
Currently there is still a considerable number of ancient camellias growing in gardens, manor estates and
parks. It is the goal of this work to point out the historic gardens of São Miguel and their camellia collection
as an important attraction for recreation and education within a garden tourism concept.
Key words: old camellias, historic gardens, garden tourism
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Sete Cidades Lake – S. Miguel

At a panel like this on the uses of gardens and tourism it behooves us to consider
the concept of garden tourism as part of a strategy to differentiate tourist destinations
by offering quality theme areas. In this perspective the historical gardens of São Miguel
are a cultural resource that should be seen as complementary to core products that target on nature heritage and on the idea that the Azores offer Nature as destination.
First, we should distinguish the focus on management and enhancement of historic gardens as a cultural resource from their use as a tourism product. We put ourselves
clearly on the side of cultural managers, who have the task of studying, conserving,
adding value and promoting this cultural resource, and who strive to present it well for
the enjoyment of all; we gather scientifically validated information, prepare itineraries,
visits and other activities that foster the sharing of experiences of social, emotional and
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aesthetic nature. Accurate grounding of the places to be visited in terms of historic and
creative authenticity should be common practice. How should this be handled?
First things first; as they are called ‘Historic Gardens’, a story is to be told!
And indeed these places are stocked up with memories linked to names, experiences, events and narratives that have withstood time and physical, biological and
human conditioning without totally losing their proper character. As envisaged by the
Charter of Florence (1982) historical gardens are architectural and vegetation compositions that from a historical point of view are of public interest and ‘as such are considered monuments’. They are part of our remarkable heritage, the heritage that we want
to preserve for generations to come, and it is up to us to bear witness to them and to
ensure their continuity.
So here are the historic gardens of the island of São Miguel that we selected for
display here: the Terra Nostra Garden, the José do Canto Garden, the Santana Garden,
the António Borges Garden, the Pico Park, the Dona Beatriz do Canto Park, the Picturesque Garden, the José do Canto Woodland-Gardens, the University´s Garden and the
Pinhal da Paz Woodland Gardens.
All these gardens, one way or another, owe their existence to the cultivation of
one plant: the orange tree. Not in the traditional sense in which the orange was seen in
European gardens, as an ornamental plant, sheltered from the harsh winter inside the
elegant ‘orangeries’. In the Azores, the orange had become a produce of great economic
importance; its export, especially to the English market, represented the main source of
wealth of Sao Miguel from about 1780 to 1860 (Dias, 2002:9-19).
The ‘Orange cycle’ - as it is sometimes called - generated business opportunities for large landowners, attracted business men who eventually formed a small Anglo-American resident colony, particularly on Faial and São Miguel, and in overall, the archipelago benefit from a significant opening to the outside world. Because of the orange
trade, São Miguel’s elite obtains direct access to a range of consumer goods, technical
and human resources they had never dreamt of.
Gardens were being designed following European fashions and plotted by English, French or Belgian gardeners and landscapers; the taste for botanical collections
definitely settled, and camellias are awarded a special treatment. Fertile and slightly acid
soils, derived from materials that resulted from the ubiquitous volcanic activity across
the landscape, coupled to the characteristics of a mild subtropical climate and influenced
by the sea current of the Gulf of Mexico, all contributed to the existence of favourable
conditions for the growing of the flowers we love best: the ‘Japan Rose’.
The available documents do not allow us to be certain as to the exact date of the
introduction of the camellia in the Azores, but thanks to travel literature we know that
they existed in the gardens and cloisters of monasteries since the first quarter of the XIX
century. The English captain Edward Boid, who visited the Azores in 1832, tells us that
the collection of camellias of the American Consul John Dabney, on Faial island, reached
the size of forest trees: “The camellia japonica rises up with the height and strength of a
forest tree” (Boid, 1834:35).
In his notes, the British physician Joseph Bullar referred in 1839: “In the gardens
of the rich, fuchsias, roses, carnations, citrus, banana, palm, tobacco and camellias were
seen. The houses of the poor bore, rose bushes, aromatic herbs and carnations in flower
beds “(Bullar, 1949). Another witness, the American, Roxana Dabney, during a trip she
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made to São Miguel in 1859, states that in the garden of the Viscount of Praia, there
were about 500 varieties of camellias (Dabney, 2005 (2): 452), which is an impressive
number for the time.
But the most complete testimony on the subject comes from a Scottish gardener
who worked for several years in São Miguel, Peter Wallace. He wrote in 1857: “Camellias
have long been the favourite plants of the local people. The cloisters of the convents and
monasteries all have some noble specimens; when they were introduced from English
greenhouses they suffered with the wind and grew very slowly, but they became acclimatised in a few years and bloomed luxuriantly (...) “(Wallace, 1857:243).
George Brown, an English gardener who had come recommended by the famous
London nursery Whitley & Osborne, in order to monitor the construction of parks and
gardens in São Miguel since 1845, later becomes a nurseryman. In his catalogue of ornamental plants of 1858, he includes 113 varieties of camellias (Brown, 1858). Local garden
owners had been converted to collecting camellias. Of all the old collections, the only
one that is still known in depth was once owned by Jose Jacome Correia (1815-1886) in
the garden of Santana, which is currently the official residence of the President of the
Regional Government of the Azores. Once construction of the palace and the front garden had been completed, the Belgian François Joseph Dewander Gabriel (1835-1897)
continued with the work of the farm, which was bounded by a circular lane, where, until
1862, 281 varieties of camellias were planted, all duly numbered and identified in a small
handwritten notebook (Albergaria, 2000: 139).
Cultivars were mainly of Italian, English and French production as well as some
of Portuguese cultivation. Almost all of the original plants have disappeared but luckily
they were scattered to other gardens of the island, in particular in Woodland-Garden
José Canto, in Furnas, as we shall see in the next presentation.
The José do Canto Garden dates back from 1845, when the young owner returned from Coimbra to settle in his homeland. Ambitious and undertaking as he was, he
immediately made plans to build a vast botanical park for which he turned to an English
architect, David Mocatta (1808-1882), for the design of a mansion (which he does not
come to build) as well as an extensive garden; to monitor this project he called, one after
another, upon several head gardeners, most of them Englishmen: George Brown (18131881), Peter Wallace (1820 -?), Alexander Reith (c. 1800-1874), among others. Lifelong
he gathers an impressive collection of over 3,000 different plant species in his garden in
Ponta Delgada and in the Woodland-Garden located on the banks of Furnas Lake; these
species were published in catalogues so as to foster the exchange with other similar institutions (Jardin des Plantes in Paris, Royal Botanic Gardens in Kew, Botanic Gardens of
Sydney, Rio de Janeiro or St. Petersburg).
In one such catalogue, from 1856, 257 varieties of camellias were mentioned for
exchange.
By the hand of our greatest landscape architect, Antonio Borges (1812-1879),
Furnas Valley saw the growth of Pico Park and Beatriz do Canto Park. In Ponta Delgada,
close to his residence, he created what is today’s City Park; on the way to Picturesque
Garden at Seven Cities, he developed the Garden of the Cedars. At all these sites we can
see examples of ancient camellias, plantations of which were done in the second quarter
of the XIX century. Yet, it is at Picturesque Garden, on the shore of Seven Cities Lake, that
we find the largest collection, especially along the lanes and paths, forming completely
enclosed malls.
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José do Canto Garden (entrance)

Here remains one of the best sets of ancient camellias; standing out among them
are several old Italian cultivars such as ‘Francesco Ferruccio’, the ‘Contessa Lavinia Maggi’, the ‘Mutabilis Trasversii‘, the ‘Garofolo’, the ‘Ignea’ or the ‘Zwethii Vera’; others are
white flower bearing ones: the ‘Mathotiana Alba’ and the ‘Alba Lucina’, or even the rare
Japanese cultivar ‘Moshio’.
However, the largest collection of camellias currently is found in the Terra Nostra
Garden, located in Furnas Valley. The facility covers four contiguous areas where specimens of hybrids, Japonicas, Sasanquas and Reticulatas can be observed. The tally there
stands at over 650 for the different species and cultivars of camellias; they make up one
of the major attractions from November to the end of winter.
It is also the oldest of São Miguel’s grand historic gardens; in fact, it goes back
to the end of the eighteenth century when the American merchant Thomas Hickling
(1745-1834) settles on the island of São Miguel where, seduced by the beauties of ‘Vale
Formoso’ (Dazzling/Wonderful Dale or Valley) decides to build a villa there which later
on became known as ‘Yankee Hall’.
The approximately two hectares of land would later be extended and modified
by Viscount of Praia, Duarte Borges da Câmara Medeiros (1799-1872); where the old
villa stood, he builds the current Park House and planted a ring of Norfolk Island Pines
around the pond which still exist. His son, the Marquis of Praia e Monforte (1829-1903)
entrusted the technical and artistic direction to several Portuguese and English gardeners. Under his administration, romantic lakes and grottoes as well as decorative pieces of
classical taste came to enhance the grounds.
From 1936 on, the Park becomes a possession of Bensaúde family and sees a
new phase of progress and expansion. Vasco Bensaude employs the Scottish gardener,
John McInroy, in order to recover the estate; he converts the pond in a thermal pool with
ferrous water and packs the groves with camellias, azaleas and rhododendrons. Since
1990, a team of British experts led by horticulturist David Sayers and arborist Richard
Green, lays hands on the important task of recovering the arboreal stratum of the park
and proceeds to planting more than 3,000 new shrub species.
The continuous improvement of the Park has been taken over with renewed enthusiasm by the younger generation, particularly Patricia Fernandes and Joaquim Bensaúde. There are some admirable collections of ferns, cycads and zingiberacea or gingers, especially of the genera Alpinia and Hedychium. The big news is the presence of
the aquatic plant Victoria cruziana, also known as Water Lily of Santa Cruz, this being
the only garden in Europe which cultivates it in the open (www.parqueterranostra.com).
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Furnas Valley

In the garden of the University and especially in Pinhal da Paz Woodland Gardens,
camellias are queens. They were planted in the mid-twentieth century with pines, eucalyptus and cryptomeria that mingled among the acacias, the fir-the-ground and Pittosporum; long paths and foot trails are lined with flower shrubs, with special emphasis on
the varieties of azaleas and camellias that cram the forest with colours and brightness.
Among these stand out some rarer ones such as ‘Fimbriata Alba’, the ‘Oranda Kô’, the
‘Virginia Franco’ or ‘Latifolia’; the Italian ‘Montironi’ and ‘Madonna’; the English ‘Clara
Maria Pope’ and ‘Spectabilis Loddiges’; the exotic ‘Monstrous’, owing its name not to the
size of its flowers but to their red brick colour ; several Pomponias as the ‘Nobilissima’,
the ‘Pomponia Rubra’, plus many others, from the simplest to the folded ones.
The correct identification of specimens of ancient camellias in the historic gardens of São Miguel is the main task to be undertaken. A number of flowers had been assigned some common names but most of them were still to be identified. The work began around 1999 when a delegation of the International Society visited Sao Miguel and
were happy to enjoy the exhibition of camellias promoted by the Academy of Arts. Since

Terra nostra garden, the casa do parque and the termal pond

then, some fruitful work has been brought about this romantic flower. Few years further
and with the support of Dr. Guido Cattolica, the Azores were to present about 300 flowers at the sixteenth Exhibit of Old Camellias held in S. Andrea di Compito in 2005.
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The event welcomed the participants of the Congress of the International Society
2005 - Locarno and we had the opportunity to meet the late President, Gregory Davis,
who willingly scheduled for the year 2007 the II International Meeting of Ancient Camellias in S. Miguel. In 2010, the III International Meeting took place on the same island.
At the request of the Italian and Swiss Societies of Camellias, the Association of
Floriculturists of the Azores organized the IV International Meeting in 2013 receiving 68
participants.
The journey we have been on since 2000 has produced remarkable advances in
both knowledge and dissemination of existing collections as well as an increase in the
cultivation of the Camellia genus on the Azorean islands. It is intended to save the national collections as botanical and cultural heritage and thus the European cultivars that
are marketed by British, Belgian and French nurseries (and it is to be said that many of
them are produced in Italy) can easily be found in the Azores. Hence, the cultivar ‘ Sophia
‘, which was originally created in Belgium and dedicated to the German princess Sophia
Frederica Matilda of Württemberg, and which had almost disappeared from both botanical and private gardens, was multiplied by the local nurseryman, Carlos Afonso and sent
to the Botanical Garden in Stuttgart. In the same line, the Forest Service of São Miguel
is involved in the important work of reproduction of old cultivars at their nurseries in
Furnas. The cooperation with the laboratory of the Areeiro Estación Fitopatolóxica at
Ponte Vedra (Spain) has been a valuable contribution for the achievement of our goals.
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XVI Exhibit of Antique Camellias in S. Andrea di Compito –Italy. The azorean section

II International Meeting and IV show of Antique Camellias, Furnas, 2007
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As long as the minimum conditions for holding these events are met, the Association of Floriculturists of the Azores will always be available to assist and support their
taking place via: www.camellias-azores.com
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Abstract. In a notebook belonging to José Jácome Correia, dated 1870, there are listed about 300 camellias varieties planted in the ‘rua da quinta’ in the gardens of the Palace of Santana (São Miguel island, the
Azores, Portugal). This nineteenth-century collection has now almost disappeared. Interestingly, most of
the varieties survived in the nearby beautiful José do Canto woodland gardens, situated in Furnas, thanks
to the constant work of Maria Josefa Gabriela Jácome Correia Hintze Ribeiro (1920-1983), the owner of
the two estates in the mid XX century. Among the varieties known to have come from the Santana garden
we can find cultivars of Camellia japonica from different European and American origins such as `Contessa
Lavinia Maggi´, `Chandleri Elegans´, `Il Garofolo´, `Honneur d’ Amerique´, `Mathotiana Rubra´, `Mutabilis Traversii´, `Princepessa Aldobrandini´, `Isabelle´, `Rubina´, `Spectabillis de Loddiges´, `Pensylvanica´,
`Zwethii Vera´ or the Portuguese `Pomponia Bracarense´ and `Augusto Leal Gouveia Pinto´. On the extensive woodland owned by José do Canto, the plantation of camellias took place between 1858 and 1885.
Some of the existing camellias date back from the first years, as showed by documentation. The correct
identification of more than 150 old varieties is a challenge that has interested international experts and
local scholars. The present owners Henrique and Margarida Oliveira Rodrigues are working on the layout
of a camelieto with about 200 specimens of different species and varieties of old Portuguese, European,
Japanese, Australian and American cultivars.This work aims to publicize the existing collection and the
work involved in their correct identification as well as to explain the plan designed for the new camelieto
in José do Canto Woodland Gardens.
Key words: old camellias, camellia cultivars; camelieto

José do Canto Woodland gardens – Furnas Valley

Situated on the south bank of Furnas Lake, the Jose do Canto Woodland-Garden
covers a vast area of around 120 hectares and comprises a landscaped area next to the
Lake. It is the remnant of an ancient estate of over 600 hectares which was founded in
the mid-nineteenth century by José do Canto (1820-1898), a wealthy owner from São
Miguel, amateur botanist and creator of gardens. Today it belongs to his great-great
granddaughter, Margarida Jácome Oliveira Rodrigues and her husband Henrique Aguiar
Oliveira Rodrigues.
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José do Canto (1820 -1898)
Path with Camellias in the Woodland Gardens

The narrow strip that borders the lake encloses some of the best scenery of São
Miguel romanticism: long and narrow alleys of camellias, winding paths under a canopy
of palms and fern trees, the svelte Romanesque-Gothic Chapel of Our Lady of Victories
projecting its shadow in the calm waters of the lake, the lodge (Lake House) and the boathouse in its Elizabethan English cottage shape and now converted into a rural tourism
unit. The vegetation of the park is extremely miscellaneous, mainly arboreal. There are
araucaria, redwoods, paperbarks, oaks, chestnuts, palm trees, walnut-trees, linden, eucalyptus, cypresses, podocarpus, rhododendrons and many others.Planting began around
1858 under the principles of the picturesque whereas prestigious French and English architects were responsible for the buildings. The landscape plan was designed in France by
Barilett Deschamps (1824-75) a renowned landscape architect who had been an intern
at the Jardin des Plantes since 1860 and assumed the position of head gardener of Paris,
under the general direction of Jean - Charles - Adolphe Alphand (Jellicoe, 1986: 304). The
project dating from 1861 , is later continued and expanded by his partner George Aumont,
who is also the author of the chalet ( the lake house ) (UACSD; FBS – AJC, doc F01). The
design of paths and beds that flat strip along the border of the lake exactly meets the plant
designed by the French landscape architect, according to an operative technique known as
‘decorative horticulture’ which considers the layout of streets unfolding in broad curves,
ellipses and circles in the flat areas and densification of the vegetation on the slopes. Inside
the grass circles isolated clumps of trees or prominent individuals are scattered, as shown
in the drawings and as evidenced by documentation. In the written instructions sent by
José Canto to his gardener in Furnas plantations, Mariano Furtado, he explains, at a given
instant, how one should proceed with the plantations at Pico do Fogo “distributing plants
in groups and not in long lines and avoiding angles “(UACSD, FBS-AJC, F06). This informal outline is overlapped by open corridors in straight lines radiating from key points and
which are intended to demarcate leisure areas and visual axes to the landscape.
Whatever the case, John Claudius Loudon (1793-1843) was the principal mentor
and most decisive influence on the aesthetic identity of José do Canto. Nearly all his published works are listed in the Azorean owner’s library and is therefore not surprising to
identify the chosen design for the Boat House as picture number XLII in the Cottage, Farm
and Villa Architecture by Loudon (Borges 2007:487).
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The plan of José do Canto woodland gardens by George Aumont 1867

It must be said that José do Canto was not particularly fond of Camellias. Admittedly, they could be found in the Woodland-Garden as is evidenced by the instructions sent
to his head gardener for him finish planting the ‘lane of Japan rosebushes’ (UACSD, FBS-JC,
F06). Also around the Great Orchard, José Canto reports the existence of “very beautiful
Camellias” (UACSD, ABS-AJC, 13448). But their number and varieties were never recorded,
very different from what was meticulously done in relation to all the other plants (Hostel,
2000:226-7).
Today there are over 1,400 plants of camellias at the Furnas Woodland-Garden,
which is an impressive number, unparalleled by any other of São Miguel’s historic gardens.
Where from and when did these plants get to Furnas?
The explanation is rather simple. Minus those that existed originally (and we cannot clearly identify how many they were) the vast majority was introduced by the hand
of Maria Josefa Gabriela Jacome Correia (1921-1984), from the late 1930s onwards. As
granddaughter of Pedro Jacome Correia, Maria Josefa Gabriela inherited the Sant’Ana
estate, and after her marriage with Ernesto Hintze Ribeiro in 1939, who in turn was the
great-grandson of José do Canto, she became simultaneously co-owner of the Furnas Lake
estate. Accustomed as she was to the rich collection of camellias at Sant’Ana as well as
great lover of that flower, Maria Josefa Gabriela began to reintroduce part of the collection
that had been gathered by her great-uncle José Jácome Correia, thereby allowing that old
varieties were preserved in a second nucleus, and which is currently the most representative of the original collection.

The hand notebook by José Jácome Correia (1815-1886) in which there is 281 varieties of Camellias planted in St.Ana
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Almost all cultivars are English, French and Italian, or with names adopted by European horticulturists from oriental varieties that at time used to reach Europe in large
numbers, and the overwhelming majority of them got represented in botanical illustrations edited by two chief publishers : the abbot Lorenzo Berlese (1784-1863) , author of
Iconographie du Genre Camellia, published in three volumes in the city of Paris between
1841-1843, and Ambroise Verschaffelt (1825-1886), a Belgian horticulturist who published
in 1848 in Ghent the Nouvelle Iconographie des Camellias. Acquisitions - we know it with
certainty - were made by José do Canto at Jacob-Makoy in Liège; at J. Linden in Brussels;
at Ambroise Verschaffelt & fils in Ghent; at Vilmorin-Andrieux & Cie or Thibault & Keteleer,
both gardeners in Paris, as well as at shops in London: at Whitley & Osborne, at Veitch &
Son, at Peter Lawson, at C. Loddiges and at Clapton Nursery (Hostel, 2013:22 ).

‘Ochroleuca’, 1843;

‘Princepessa Aldobrandini’, 1858;

‘Madona’, 1850; 		

‘Rubina’, 1841

It is, therefore, a European collection common to many others which were then
being formed in the main gardens of the European aristocracy and bourgeoisie. Thanks
to the effort of several European experts and particularly to Dr. Guido Cattolica already
93 old varieties in Woodland-Gardens have been identified. Of these, 31 cultivars are
listed on José Correia Jácome’s records and 28 are represented in the two most celebrated works of camellia iconography. The method that is being used is an ongoing
process of data-cross checking between the ancient and modern drawn up lists and in
comparison with the survey of the iconography of camellias prepared by Guido Cattolica,
and to whom we are admittedly grateful. Among them are the Alba Plena - one of the
most ancient existing on the market - and its variant ‘Fimbriata Alba’ provided by Colvil
of Chelsea in 1816 and which locally acquired the name ‘Pena de Pato’ which stands for
‘Duck Feather’; the Italian ‘Bela Romana’, the ‘Princess Aldobrandini’, the ‘Brunellesca’,
the ‘Il Garofolo’, the ‘Isabelle’, the ‘Ninfa del Tebro’ and the ‘Zwethii Vera’ ; the ‘Ochroleuca’ , the ‘Virginia Franco’, the ‘Cup of Beauty’ ( translated as ‘Taça de Formusura’ ) and
its variants the ‘Cup of Beauty Dark Pink’ and the ‘Madame de Cannart D’Hamale’ or the
English ‘Spectabilis de Loddiges’ and the ‘Chandlers Elegans’, the ‘Sophia’, which got the
local name of ‘Azores Autonomy’.
Some others that cannot be recognized from the original list of José Jácome Correia are e.g. the very old cultivar ‘Oranda Kô’, the Japonese ‘Otome’, which has been
identified by some as ‘Camelia das Furnas’ (Furnas Camellia); the ‘Masayoshi’ referred to
as ‘Donkelarii’ in Belgium in 1834; the ‘Calypso’ which is very common in Azorean gardens and is now known as ‘Espanhola’ (‘Spanish); the Italian ‘Granduquesa de Etruria’;
or the Portuguese ‘Augusto Leal Gouveia Pinto’, the ‘Pomponia Portuense Estriada’ and
the ‘Pomponia Bracarense’.
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In the catalogue of the plants that were offered by the Experimental Garden of
George Brown, in 1858, a list of 113 varieties of camellias was published, including the
‘Azorean’, a folded flower of white coloured spiral petals which currently is supposed to
be lost. It probably used as support the ‘Myrtifolia Alba’. Among other old cultivars in the
Woodland-Garden is the ‘Mathotiana Rubra’, which got the local name of ‘American Giant’; we think that due to having been mistaken with another variety which is effectively
called ‘Gigantea d’Amérique’ in the list of George Brown, it must have been lost.
The ambition of the newly formed ‘Lombo do Mosquito Society’ (2012) is to prepare the Woodland - Garden in order to apply to obtain International Camellia Garden
of Excellence recognition. Preparations are underway for the permanent opening of the
garden to the public. This involves a redevelopment project that includes the phytosanitary treatment of the various tree species in the Woods, the reinstatement of some
botanical species that meanwhile have gone missing and recovering paths and lanes.
Particular attention will be given to the collection of camellias. It is intended to complete
the classification of the existing cultivars, to obtain its exact location by GPS coordinates
– a task that relies on the collaboration of technicians of the Regional Board of Forestry
- as well as the creation of a new “camelieto” with 200 species and varieties of camellias
especially dedicated to the collection of old Portuguese cultivars, whose scientific and
technical guidance lies with Dr. Guido Cattolica and Engineer Joao Sampaio. The design
of the “camelieto” is already underway with plans for planting, up to the end of this year,
120 plants that have been ordered from one of the most prestigious Portuguese nurserymen António Assunção.
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Topographic scheme for the new Camelieto
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Pazo de Rubianes a project in search of sustainability
Hermo Gómez G.
Pazo de Rubianes, Rúa do Pazo 7 Rubianes, Vilagarcía de Arousa, 36619 Pontevedra, Spain.
E-mail: guillermo@pazoderubianes.com

Aims of this presentation
The three main aims of the presentation are:
-

Let people know about Galicia´s great botanical, architectural, historical and cultural heritage to be found in pazos

-

To convey the need to find activities that will ensure their sustainability and guarantee their future.

-

To highlight the fact that Pazos are a great tourist attraction all-year-round differentiating tourist attraction. Tourist activity should be one the main resources to guarantee their sustainability.
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What tourist activity provides for Galician Pazos
-

Broadcasting and promotion of an important Galician heritage.

-

Promotion of Galician Botanical and Architectural Culture.

-

Increase of environmental awareness and respect for nature.

-

A totally compatible activity with this heritage.
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What tourist activity provides for Galician Pazos
-

Broadcasting and promotion of an important Galician heritage.

-

Promotion of Galician Botanical and Architectural Culture.

-

Increase of environmental awareness and respect for nature.

-

A totally compatible activity with this heritage.

What pazos offer their visitors
-

History of Galicia.

-

The amazing world of botany, in many cases with the camellia at the forefront.

-

Architecture and Galcian Art.

-

Natural environments of outstanding beauty and great environmental value.
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The camellia is the differentiating element of a Galician tourist product which is unique
both in Spain and Europe: The Route of the Galician Camellia and Gardens.

Pazo de Rubianes, the founders of Villa de García - Villagarcía.(D. García

Caamaño, Señor de Rubianes 1.431).
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Pazo de Rubianes and sustainability
-

Economic sustainability.

-

Environmental sustainability

-

Historical, cultural and social sustainability.

Creation of tourist product: Pazo de Rubianes
-

The route of the camellia.
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-

The route of Rías Baixas wine.

The route of the camellia and historical gardens of Galicia
-

It is one of the best defined routes in Galicia.

-

Great potential and tourist attraction for a visitor of mid to high level.

-

It is perfectly complemented with other products and is the perfect match for the
Route of Rías Baixas Wine.

-

Behind the Route there is very important work carried out: Diputación de Pontevedra, Xunta de Galicia, Garden owners, camellia fans and lovers and the professional
tourist sector.
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The basis of our action in the tourist sector
-

Hard work.

-

Involvement and commitment.

-

Coordination and cooperation.

-

Encourage botanical culture in galicia and spain.

The guided tour
Live the Pazo de Rubianes experience.
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“Walk among camellias and vineyards”
Why the guided tour?
-

We accompany our visitors in order to make them a part of our project and share a
passion with us.

-

The best way to convey the essence of the project.

-

Continuous interaction with the group.

-

Knowledge of what visitors expects, key to reach full satisfaction.

What Pazo de Rubianes offers our visitors
-

Today:

-

Galician history y architecture.

-

Route of the camellia and the historical gardens of galicia.
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-

Botanical park.

-

Wine tourism. Route of rías baixas wine.

-

Golf course

-

In the near future:

-

Club house with restaurant and beautiful views.

-

Trekking routes.

-

Padel court and swimming pool.

-

MTB

-

Etc…

The products of Pazo de Rubianes
Wine bottles, handmade jewelery and camellia oil from Pazo de Rubianes

120

The camellia shows

Botanical park of Pazo de Rubianes.
Candidate to garden of international camellia excellence. Galicia 2014.
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The vineyards and the Pazo de Rubianes wines, the perfect match with the camellia.
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Bussaco and Villar d’Allen: a story of the camellia mania in Portugal
Cordeiro, L. *, Paz, E. * & Sales, F. *, **
*Centre for Functional Ecology, CEF, Department of Life Sciences
University of Coimbra, 3001-401 Coimbra, Portugal
** Royal Botanic Garden Edinburgh, EH3 5LR, UK
E-mail: cordeiro.lmc@gmail.com
Abstract. Species of the genus Camellia have played an important role as ornamental plants for
centuries. In Portugal, the fascination for camellias reached its climax in the 19th century, mainly in
the Northwest of the country (Porto and surrounding region) and in Sintra, near Lisbon, where conditions are particularly favourable for their cultivation. Camellias became collector’s items for the
aristocratic families. Mata do Bussaco, an arboretum in the central part of the country, also holds
a notable, but virtually unknown, camellia collection dating from this period. Thirty cultivars were
offered in 1884 by Alfredo Allen, Viscount of Villar d’Allen. A document found at Villar d’Allen, in
Porto, lists the plants sent to Bussaco. Most of them are of foreign origin. There is every indication
that this was a first class selection of his own Villar d’Allen specimens. Historical data reveals this
was a time of major exotic planting and enrichment of ornamental species in Bussaco.
Keywords: Historic camellias, Mata do Bussaco, Quinta Villar d’Allen.

Introduction
The 19th century camellia collections in Portugal resulted from a restricted network of wealthy garden owners and horticulturalists exchanging foreign and Portuguese
cultivars (Oliveira Junior, 1871). The perfect combination of climate and soil allowed the
development of great collections, particularly in the North-western part of the country, the
islands of Açores and Madeira and the mountains of Sintra (near Lisbon) and Monchique
(Algarve).

Quinta of Villar d’Allen
The Quinta of Villar d’Allen is a perfect example of the keen interest for horticulture
developed by Porto’s aristocratic families of the 19th century and their particular passion
for camellias. In 1839, the Port wine merchant João Allen (1781-1848) acquired a property
in Campanhã, then a rural area, for the purpose of establishing a family summer retreat
(Andersen and Marques, 2001). The formal garden of this property, then known as Quinta
of Arcaria, already displayed camellias, including the rare C. japonica ‘Orandakô’. João Allen
added a new garden in an early Romantic style with rich botanical displays, including some
of the earliest Portuguese camellia cultivars. His son Alfredo (1828-1907), first Viscount of
Villar d’Allen, provided the main impulse to the Quinta’s stunning camellia collection. His
frequent travelling through Europe helped enrich his collection with Italian, Belgian and
English cultivars. A keen plantsman, he also created numerous new C. japonica cultivars
himself, such as ‘Alfredo Allen’, ‘Alberto Allen’, ‘Viscondessa de Villar d’Allen’, ‘Pérola de
Villar d’Allen’, ‘Madame Jules Mechlynch’ and ‘Luiz de Mello Breyner’.
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The Allen family has now reached its tenth generation in Portugal. Alfredo Allen’s great-grandson José Alberto and his wife Isaura are the zealous guardians of this
precious horticultural heritage – one of the most magnificent 19th century camellia collections in Portugal.

Mata do Bussaco
Bussaco is a 105 ha woodland along a soft slope with altitude between 190 and
547 m. It is located in central Portugal, north of Coimbra and 40 km from the sea. There
are subtle climatic nuances between the northern slope, more temperate, and the
southern, more Mediterranean.
The woodland had belonged to the Carmelites since 1628. Over the years, the
monks replaced some of the native vegetation and had built an arboretum, paths, staircases, fountains and cascades (Figure 1). The splendid Palace Hotel built in 1888-1907
partially incorporated the Carmelite convent.
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Figure 1. Bussaco: A Aerial view with palace and woodland; B Monumental staircase with waterfall; C, D, E,
F Camellias in special locations that make justice to their beauty; C Formal garden adjacent to the palace;
D, E Raised parterre by the formal garden; F View of the parterre from the formal garden.

In 1810, Bussaco was the stage of one of the most hard-fought battles of the Napoleonic Wars. The resulting destruction set in with the extinction of the religious orders
in Portugal in 1834 and serious restoration started only in 1856 (Proença, 1944), promoted
by the national forestry authorities (Administração Geral das Matas do Reino). Important
developments took place then, with the introduction of numerous species from Australia,
the Far East, Africa and America (Paiva, 2004). A handwritten document from the archives
of Quinta de Villar d´Allen (Figure 2) reveals that the Viscount of Villar d’Allen contributed to the enrichment of ornamental species in Bussaco by offering in 1884 an important
camellia collection. Today, the woodland displays a remarkable collection of exotic plants,
with c. 270 species (Lopes, 2012).
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Figure 2. Excerpt from the Lista das Camellias que foram para o Bussaco [List of the Camellias that went to
Bussaco] with a note “Ofereci à matta do Bussaco em 1884” [“I oﬀered to the Bussaco woodland in 1884”],
handwritten by Alfredo Allen (Archives of Quinta of Villar d’Allen - Heirs of Alfredo Ayres de Gouveia).

Camellias in Bussaco offered by Alfredo Allen
The cultivars offered by Alfredo Allen (see Table 1) were among the most sought
after then, 90% originated in foreign nurseries. They were also referred to in the catalogue of the Belgian King Leopold II (Peer, 1965), and regarded as the best of the time
(Fish, 1872; Whaterhouse, 1953).
The three Portuguese cultivars in the list are C. japonica ‘Viscondessa de Villar
d’Allen’, ‘Rainha D. Maria Pia’ and ‘Luiz de Mello Breyner’.
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Table 1- Distribution of camellia cultivars offered to Mata do Bussaco in 1884

Country of origin
Italy
Belgium
China
Portugal
England
France
Japan
Total

Number of cultivars
12
6
4
3
3
2
1
30

Around 180 camellia plants can be found in Bussaco today, most of them in privileged locations on the raised parterre near the Palace and along the lakes at the Fern
valley. This project, which started in autumn 2013, aims at identifying the surviving specimens of the Alfredo Allen list. By the end of February 2014, several cultivars had been
named, six of which are illustrated in Figure 3.
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Figure 3. Some of the historic C. japonica cultivars of the Alfredo Allen list identified so far in Bussaco: A ‘Doncklaeri’ (Berlese, 1841); B ‘Fimbriata’ (Loddiges & Sons, 1827); C ‘Lavinia Maggi’ (van Houtte, 1858); D ‘Matothiana Alba’ (Verschaffelt,
1854); E ‘Princesse Baciocchi’ (Lemaire, 1846); F ‘Tricolor Imbricata Plena’ (van Houtte, 1862-65).
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The University of Santiago de Compostela Botanic Garden Project
(Spain): camellias as the central focus of living collections
Ortiz, J.*, Aira, M.J., Ramil, P.
Xardín Botánico da Universidade de Santiago. Vicerrectorado de Investigación. Universidad de
Santiago de Compostela. Edificio CACTUS.
15782. Santiago de Compostela. Spain. E-mail: juan.ortiz@usc.es
Abstract. University of Santiago de Compostela Garden in Galicia (NW Spain) exists since 1845. The garden
was successively located at “Plaza de Galicia”, “Pazo de Fonseca” and the “Residencia de Estudiantes”.
Only a small part of two latest gardens is still preserved in landscaped spaces of Compostela campus.
The new Botanic Garden of the University of Santiago de Compostela (BGUSC) is being built. Among its
objectives are to promote the conservation of the genus Camellia.
Keywords: botanic garden, Santiago de Compostela.

Introduction
The Universidad de Santiago de Compostela (USC) first opened a Botanic Garden
in 1845. The garden was located on land belonging to the Pazo de Fonseca, a former
education facility which is today the USC administrative centre in the historic centre of
the city. The core activities at the garden were teaching, research and the production of
medicinal plants to supply the pharmacy of the Hospital Real nearby, which later became
a hotel. The garden kept its facilities and university activity until the mid-20th Century.
Today it is a small leisure area.
Following a proposal made by Prof. Dr. Jesús Izco, the USC promoted the creation
of a new botanic garden with functions and services fit to meet the USC and society’s
current needs. Based on these aims, the Consorcio de Santiago de Compostela, made
up of members of the central government, the autonomous regional government and
the City Council, acquired new land next to the USC, by the river Sarela, in Santiago de
Compostela. This land was ceded to the USC to build the botanic garden.
The land is over 40.000 m2 and features remnants of natural vegetation: remains
of oak groves (Quercus robur), pastures and scrublands, riverside forest areas and aquatic
communities, and is close to the Pharmacy and Biology faculty buildings.

The USC Botanic Garden Project
The aims of the USC Botanic Gardens are in line with the program proposed by
the Asociación Ibero-Macaronésica de Jardines Botánicos (http://www.jbotanicos.org)
[Botanic Gardens Association], oriented to biodiversity conservation, the development of
scientific and technical knowledge and innovation, the promotion of regional culture and
heritage, training and education at all levels and ages, economic and social development
and social integration around a project located in an urban area (Table 1). Besides the
aforementioned area, the Botanic Garden has a herbarium (Herbario SANT), with almost
100,000 sheets of vascular plants, bryophytes, lichens and algae (www.usc.es/herbario/)
associated with the Global Biodiversity Information Facility (GBIF) and a gene bank with
hundreds of samples of endangered wild flora.
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Table 1. Botanic gardens areas of action (A.I.M.J.B. 2004)

Biodiversity, conservation and sustainability
Knowledge and innovation
Culture and heritage
Education and recreation
Economic and social development
Social integration and urbanism

The new project, formerly directed by Prof. Dr. Jesús Aboal and currently under
the direction of the first undersigned on this poster, is focused on camellias, the core
of its main activities and objectives, as approved by the USC Governing Board. Other
objectives are the conservation of the regional endemic and endangered flora and
the use of the existing vegetation in the area for educational, research, cultural and
recreational purposes. The use of this particular botanic group is based on the general
possibilities it offers when it comes to achieving the objectives inherent to a Botanic
Garden, on the fact that it is directly linked to the traditional and current presence of
camellias in the Galician culture and on the advantage it possesses in terms of contents
specificity in the Western European context.
The planned camellia collection covers the whole Theaceae family as well as
similar genera which are currently subordinated to other families. In this context, we are
focused on collecting the family genera, particularly the Camellia genus. These materials
are suitable to achieve the objectives inherent to any modern Botanic Garden, namely
the pursuit of knowledge through education, conservation, development, innovation
and collaboration with local organizations and associations of a similar nature and
with common interests. Table 2 summarizes these objectives, which are integrated in a
dynamic process (Figure 1).
Table 2. Camelia garden: objectives

Identification of the botanic garden with a specific camellia collection
Promotion of new hybrids and cultivars
Characterization of the taxa present in the collection
Phenological and structural studies, response to pruning
Analysis of potential ornamental uses and links to the producing sector
Technological development
Promotion of the camellia culture and conservation of old cultivars
Promotion and study of the traditional galician camellia growing and use
Promotion of links with national camellia associations and the ics
Use of camellias in teaching and cultural programs
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Figure 1. Dynamic system of integrated action

The USC already has a camellia collection which is the nucleus of the future
collection. These plants were received courtesy of Marc De Coninck (International
Camellia Society. Benelux Region), Guy Van Rysseghem (Lochristi, Belgium), Andrea
Corneo (President of the Italian Camellia Society), Floricoltura Ratti (Italy) and Dra.
Carmen Salinero, Director of the Sección de Fruticultura y Ornamentales [Fruit Culture
and Ornamental Plants Department] of Estación Fitopatológica de Areeiro, Pontevedra
(Spain). Table 3 summarizes the camellias forming the initial collection.
Table 3. Cultivars by species and by country of the initial collection at the Botanic Garden

Country

C.japonica C. x williamsii C. reticulata C. sasanqua Others

Belgium

27

-

-

-

-

Italy

16

-

-

-

8

Spain

7

-

-

-

4

Australia

2

1

-

-

1

England

2

4

-

-

-

Portugal

15

-

-

2

3

France

9

-

-

-

-

United States

15

1

3

-

4

New Zealand

1

7

-

-

2

Total

94

13

3

2

22

The plants in the initial collection have been the object of a planting project
designed by Prof. Isabel Iglesias (USC).
We look forward to future contributions from established Botanic Gardens and
from all those who might be able to help develop the USC Botanic Gardens. Thanks in
advance.
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A Preliminary Study on Genetic Characteristics of Inter-specific Hybrids of
Camellia amplexicaulis
Liu Xinkai, Zhong Naisheng, Feng Guimei Yan Danfeng and Gao Jiyin
The Department of Plant Resources Research and Development, Palm Landscape
Architecture Co., Ltd., Guangdong 510627, China. E-mail: y25006@163.com.
Abstract: Nine cross-combinations between C. amplexicaulis and other camellias were done in
2006 and 2007 and 18 bloomed hybrid plants were selected from 125 hybrid plants we got for
the study of genetic characteristics. The photographs of the hybrid flowers were shown in the
paper. The results showed that the flowers of the inter-specific hybrids of C. amplexicaulis were
beautiful and of ornamental. Except for individual exception, the hybrids’ flower characteristics
in flower bud density, color, pedicel length and blooming period tended to C. amplexicaulis,
but in flower form, size and petal quantity tended to their other cross-parents. The hybrids’
leaf characteristics in color, shape, size and thickness tended to C. amplexicaulis, but in petiole
length tended to other cross-parents. Their growth habit was very strong which is like what C.
amplexicaulis did. Their resistances to hot and cold climate were greatly raised, comparing with
their cross-parents. Also，the application prospects of the hybrids were discussed further in the
paper.
Key words: Camellia amplexicaulis, Inter-specific hybrid, Genetic characteristics

Introduction
Camellia amplexicaulis is distributed in the contiguous areas north Viet Nam and Hekou
County, Yunnan Province, China (Chang,1981). The local people have used the species
as cut flowers or planted it in temples as ornamental plants since it was discovered in
1916 (Ming, 2000). Even though so, the unique species has not been paid attention on
its development and utilization in the Camellia World until now.
The flowers of C. amplexicaulis are purplish red, single and crabapple flower-shaped,
small to medium, petals 7-11, fleshy, broadly ovate with rounded tips and concave,
stamens numerous, filaments fused at the base, style glabrous, 3 freely un-fused,
anthers yellow. Pedicels longer. Leaves large, long-elliptic in shape, upper surface with
venation slightly impressed, petioles short and hold by the base of their leaves. Plants
upright, growth vigorous and big trees can be grown, but it is not cold-hardy (below
-3℃). Blooming season: autumn to next spring or year-round .(Gao, 2005). From above,
we can see that this species is very special on its characteristics and will have a great
potential as an ornamental plant to be used in the future.
With the development of camellias around the world, the species is started to be
paid attention by camellia people. A photograph and description of C. amplexicaulis was
published on the cover of No.133 of 1999’ ‘New Zealand Camellia Bulletin’ by Mr. Neville
Haydon (Haydon, 1999). A detailed introduction for this species was reported by Mr. Gao
Jiyin in 2002 (Gao, 2002). Molecular and morphological comparisons of C. amplexicaulis
with its different sources and some interspecies hybrids were made by Dr. George Orel
et al in 2010 and 2012 respectively (Orel et al, 2010 and Orel et al, 2012). A significant
research result recent years is that Yellow hybrids can be gotten from cross-combination
between C. japonica cultivar and C. amplexicaulis (Liu et al, 2012).
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Anyway, C. amplexicaulis also is an important breeding material in the Genus Camellia
for creating more unique hybrids to be used for gardening. There are, however, nearly
not any reporting on hybridization of C. amplexicaulis in the Camellia World.
Based on above, we have used C. amplexicaulis as a parent and crossed with other
camellia cultivars since 2006 and some new hybrids of it have been gotten. Here we
would like to share our preliminary research results of this species to the world’s camellia
people.

Materials and methods
Basic situation
The hybridizations were done at the Camellia Breeding Base, Gaoyao City, Guangdong
Province, China in 2006 and 2007. C. amplexicaulis was selected as a main cross-parent
and other camellia species or cultivars were selected as another cross-parent in a crosscombination. The cross-pollinations were artificially controlled in outside from autumn
to next spring. More than 200 flowers were pollinated for each cross-combination. The
mature capsules which they have been pollinated were collected in the autumn and the
hybrid seeds were gotten from the capsules. The seeds were sown in pots and the hybrid
seedlings were cultivated for growing up. One hundred twenty individual plants of this
kind of hybrids started to bloom from 2010. Sixteen plants we think them typical were
selected for the study in the Camellia Breeding Base.
Cross-combinations
C. amplexicaulis was as a main cross-parent and crossed with other camellia cultivars
or species. Nine cross-combinations were done. They are as the table 1.
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Table 1. Inter-specific cross-combinations of C. amplexicaulis
Number of crosscombination

Female parent and
its photograph

Male-parent and its
photograph

Quantity of
hybrid seedlings
bloomed

Distinct
hybrid plants
selected

BH1

C. amplexicauli

‘Scented Treasure’ (A
cultivar of C. japonica)

10

BH1-1

BH2

C. amplexicauli

‘Blood of China’ (A
cultivar of C. japonica)

15

BH2-1

BH3

C. amplexicauli

‘Grand Slam Var’.(A
cultivar of C. japonica)

11

BH3-1
BH3-2
BH3-3
BH3-4

BH4

C. amplexicauli

‘Aka-seobo’ (A cultivar
of C. japonica)

6

BH4-1

BH5

C. amplexicauli

‘Lucky Star’ (A hybrid
between C. saluenensis
and C. japonica)

14

BH5-1
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BH6

C. azalea

C. amplexicaulis

18

BH6-1
BH6-2
BH6-3
BH6-4

BH7

C. chekiangoleosa

C. amplexicaulis

25

BH7-1
BH7-2

BH8

Tama Beauty’
(A cultivar of C.
japonica)

C. amplexicaulis

12

BH8-1
BH8-2
BH8-3

BH9

‘Ville de Nantes’
(A cultivar of C.
japonica)

C. amplexicaulis

Total:

14

BH9-1

125

18

Observation, measure and statistics
a) With the development of flower buds, over 5 flower buds selected from each tested
plant were observed, measured and photographed during blooming period of the
hybrids. The flower characteristics, included color, size, form, petals, and stamens, were
measured when the flowers were fully opening.
b) For comparing the differences between hybrids and their parents in plant morphology
and growth habits, leaf characteristics, such as, leaf color, leaf length and width, leaf
thickness etc., were determined in the spring.
C) For estimating growth vigor, 10 new shoots were measured from each hybrid plant
when growing stopped in winter.
D) The data gotten from above determinations were statistically done with Microsoft
Office Excel 2007. According to results of statistical analysis, genetic expressions of the
hybrids were evaluated.

Results and Discussion
Flower showing of the hybrids
Eighteen distinct plants were selected from 125 individual hybrid plants which they
bloomed. Two photos were taken from a normal flower of each hybrid during the
blooming season. The flowers of the hybrids are listed in table 2.
Table 2. Flowers of Inter-specific hybrids of C. amplexicaulis
Number of crosscombination

Number
of
hybrids

Flower photograph of the hybrids
Positive Face
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BH1

BH1-1

BH2

BH2-1

BH3

BH3-1

BH3-2

133

BH3-3

BH3-4
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BH4

BH4-1

BH5

BH5-1

BH6

BH6-1

134

BH6-2

BH6-3

BH6-4
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BH7

BH7-1

BH7-2

BH8

BH8-1

BH8-2
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BH8-3

BH9

BH9-1
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From above, the general outlines of the flowers of C. amplexicaulis’ hybrids can be
clearly seen. It seems that most of the hybrid’s flowers in the 9 cross-combinations are
beautiful and they all are of certainly ornamental value.
Flower characteristics of the hybrids
Let’s firstly see flower characteristics of the hybrids and their relationship to crossparents. See table 3 below:
Table 3 Flower characteristics of the hybrids
Cross-parents
and crosscombination

Flower
bud
density※

Color

Form

Size(cm)

Petal
quantity

Pedicel
length

Blooming
period

C.
amplexicaulis

2.9

Pink

Single

5.0-7.0

6-9

1.5±0.5

Autumn to
next spring

Other
camellias

0.7

Red

Sing-

8.0-11.0

0ver 9

0.5±0.3

Winter to
next spring

8.0-10.0

16-18

1.3±0.3

Summer to
next spring

8.5-10.6

19-23

1.2±0,3

Autumn to
next spring

8..2-10.4

16-19

1.3±0,2

Autumn to
next spring

(cm)

le–semidouble

BH1

2.6

Pink

Rosedouble

BH2

BH3

3.4

2.9

Deeppink

Semi-

Light
pink to
pink

Semi-

double

double

BH4

3.5

Light
pink

Single

5.0-6.3

6-7

1.2±0,1

Spring

BH5

3.0

Deeppink

Rose

9.0-11.5

25-36

0.8±0,2

Autumn to
next spring

double to
double

BH6

2.9

Pink
with
purple
tone

Single

6.5-8.7

7-9

1.4±0,5

Summer to
next spring

BH7

3.3

Light
pink

Single

8.6-9.4

7-9

1.7±0,4

Autumn to
next spring

BH8

3.1

Yellow
or red

Single to
semi-

8.7-10.5

9-25

0.5±0,1

Autumn to
next spring

5.3-8.6

8-10

1.0±0,2

Autumn to
next spring

double
BH9

3.0

Pink

Single

Flower bud density was calculated with the formula, ( Total quantity of the flower buds from first leaf axil
at the tip of a shoot to third leaf axil of the shoot) ÷3
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From above, we can see that in flower bud density, hybrids are more similar to C.
amplexiecaulis which flower buds are very dense. In flower color, most of the hybrids are
light pink to deep-pink, which is like to C. amplexicaulis, but one exception is that yellow
to pink flowers appeared in the 3 hybrids within cross-combination HB8. This case,
perhaps, is because of gene recombination during hybridization between C; japonica’s
cultivar, ’Tama Beauty’ and C. amplexicaulis. In flower form, most of the hybrids, in a
great degree, tend to another cross-parent within a cross-combination. In flower size,
all of the hybrids are larger than C. amplexicaulis and tend to another cross-parent too.
We also can see that petal quantity in most of the hybrids are increased, which tends to
their another cross-parent. In pedicel length, it very obvious that the hybrids become
longer which tends to C. amplexicaulis. In blooming period, most of the hybrids tend to
C. amplexicaulis. and only a few of the hybrids tends to their another cross-parent.
In conclusion, the genetic characteristics of C. amplexicaulis’ hybrids in flower
buds, flower color, pedicel length and blooming period are more like C. amplexicaulis
and in flower form and petal quantity are more like their another cross-parent in a crosscombination.Leaf characteristics of the hybrids
The leaf characteristics of the hybrids mainly depend on C. amplexicaulis, even
though there are some differences in a few of cross-combinations. See table 4.
Table 4. Comparisons on leaf characteristics of the hybrids with their cross-parents
Cross-parents and
cross-combination

Leaf color

C. amplexicaulis

Green

Other camellias

Dark-green

BH1

Leaf length

Leaf width

(cm)

(cm)

Length /
width

Leaf
thickness

Petiole
length

(cm)

(mm)

(cm)

26.5±1.6

10.4±0.7

2.6

0.91

0.6

8.5±0.6

4.2±0.3

2.0

0.38

1.2

Green

21.2±1.1

8.4±0.5

2.5

0.98

1.2

BH2

Green

17.7±1.4

7.3±0.4

2.5

0.94

1.3

BH3

Green

18.9±1.5

8.2±0.5

2.3

0.93

1.1

BH4

Green

16.6±1.0

6.9±0.3

2,4

0.89

1.4

BH5

Green

17.8±1.2

7.7±0.4

2.3

0.91

1,5

BH6

Dark-green

19.3±1.5

7.2±0.3

2.6

0.96

1.0

BH7

Light-green

20.6±1.0

9.8±0.4

2.1

0.97

1.4

BH8

Light-green

17.4±1.4

8.1±0.4

2.2

0.95

1.1

BH9

Green

16.9±1.3

8.5±0.6

2.0

0.93

1.4

From the table, we can know that The hybrids’ leaves mainly are light-green to
green, which is inclined to C. amplexicaulis, the leaf length and width of the hybrids are
significantly similar to C. amplexicaulis and smaller to their other cross-parents, however,
the data of Length / width are about 2.0, which shows that the leaves of both cross-parents
and hybrids all are elliptic in shape and also, hybrids’ leaves become thicker, which tends to
C. amplexicaulis, but hybrids’ petiole length is similar to their other cross-parents.
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The above results have shown that the genetic expressions of the hybrids on leaf
characteristics obviously tend to C. amplexicaulis, except for petiole length. The larger
leaves of the Hybrids are of ornamental value in gardening.
Plant characteristics of the hybrids
The hybrids all grow upright, very strongly and quickly. From Fig. 1, we can see
that both new shoot growth and 3-years plant growth in the hybrids are significantly
higher than C. amplexicaulis, but greatly than what in their other cross-parents. The new
shoot growth of the hybrids is about 2 times of C. amplexicaulis and is about 5 times
of their other cross-parents. The hybrids have expressed a obviously heterotic vigor in
growing. Owing to C. amplexicaulis has the habit of quickly growing, its hybrids’ genetic
expression has confirmed that the hybrids have gotten some quickly growing genes from
the species. This habit of hybrids will be very useful for rapidly to cultivate big camellia
trees for gardening.
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Fig. 1. Growth comparisons of the hybrids with their cross-parents

Resistance of the hybrids
It has been shown that C. amplexicaulis is not cold hardy but can grow well in hot
climate (Gao, 2002 and Gao, 2005). The other cross-parents used in our study belong to
C. japonica or C. chekiangoeosa which they are very cold hardy. From table 5, we can
see that the resistances of the hybrids to extreme temperatures have greatly increased
in southern China and eastern China. This shows that owing to cold resistant genes
were gotten from other cross-parents, the hybrids have overcomed the defect which
C. amplexicaulis can not be cold hardy and owing to hot resistant genes were gotten
from C. amplexicaulis, the hybrids have inherited the advantages which C. amplexicaulis
can be resistant to hot temperature. It is very important that the hybrids’ adaptability
has obviously raised and it could be expected that the hybrids will be widely used for
gardening in subtropical and tropical areas.
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Table 5. Resistant comparisons of the hybrids with their parents on leaf and plant under extreme
temperature in southern and eastern China
Region

Extreme
temperature
(℃)

C. amplexicaulis

Other cross-parents

Hybrid

Southern China
in summer

35

Normal

Normal

Normal

38

Normal

Normal

Normal

Normal

Normal

Normal

39
40 or over

Normal

5

Normal

Normal

Normal

0

No good in plant
growing

Normal

Normal

-5

Leaves cold injured
or fall off

Normal

Normal

Below -5

Die and dry

Some leaves injured

Leaves injured

Eastern China in
winter

Some leaves burnt

Normal

Conclusion
Through the crosses between C. amplexicaulis and other camellias from 2006, a
series of inter-specific hybrids of C. amplexicaulis had been obtained. After observation
and determination to flowers, leaves, growth and resistance, we confirmed that the
hybrids have many special and unique characteristics. Flowers of the hybrids in flower bud
density, color, pedicel length and blooming period all mainly tended to C. amplexicaulis
and in flower form, size and petal quantity tended to their other cross-parents. Leaves of
the hybrids in color, shape, size and thickness all tended to C. amplexicaulis, but in petiole
length tended to other cross-parents. Plant growth of the hybrids was very strong and
had a obvious heterotic vigor. The resistances of the hybrids to hot and cold temperatures
were greatly raised, comparing with their cross-parents. It could be expected that not
only the characteristics of the hybrids would be useful for gardening in the future, but
also a reference could be provided for the breeding to use C. amplexicaulis as a major
cross-parent further.
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A Showing of New Generation Camellia Hybrids
Gao Jiyin, Liu Xinkai, Zhong Naisheng and Yan Danfeng
Palm Landscape Architecture Co. Ltd., China.
E-mail: y25006@163.com and liuxinkai@palm-la.com

Introduccion
In order to create new camellia hybrids that they can bloom year-round, we have
done a lot of crosses between Camellia azalea and other camellia species or cultivars in
the Camellia Breeding Base of Palm Landscape Architecture Co. Ltd., China, since 2006.
There have been many hybrids that we obtained. The hybrids are fully different from
those existed in the world. They are a revolutionary innovation and supplement to ordinary camellias. The time of the camellias that bloom year-round is coming to us now!

1. Achievements have been gotten by our camellia breeding team since
2006
- Cross-combinations: more than 150.
- Involved in species: 40.
- Involved in cultivars: over100.
- Flowers pollinated: over 150,000.
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- Hybrid seedlings obtained: over 4,500.
- Bloomed F1 hybrids: over 350.
- F2 seedlings: over 150.
- Selected valuable chance seedlings: over 80.
- The hybrid plants propagated: more than 60,000.

This is our camellia breeding team
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Many big hybrid plants propagated

A large quantity of the hybrid plants

2. Most of the hybrids we got are really true
Based on the results in molecular identification and morphology, it has been
shown that the inter-specific camellia hybrids all are true.
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Result of molecular marker determination for 5 hybrids

The leaves of hybrids are different from their cross-parents

The leaves of the hybrids are
dense

3. Over 150 hybrids that bloom year-round were gotten. Their Common
characteristics are as the following:
-

The hybrids all can fully bloom from summer to autumn and then can last to bloom
through the wither to next spring.

-

The hybrids are more beautiful than Camellia azalea in flower color, forms and sizes.
Their flowers are very dense.

-

Their leaves are more dark-green and denser than Camellia azalea.

-

The plants of the hybrids all are vigorous in growing, under full sun-light (shade is not
needed).

-

They have stronger resistances to both hot weather and cold weather. Usually, they
can grow well under over 38℃ in summer and under -5℃, even under -11 ℃ in winter. We have not yet found any flower blight disease on the hybrids.

Some of the hybrids are shown as below:
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A) Flower colors are rich and beautiful in these hybrids.

Dark red

Deep red

Red

Deep pink

Pink

White
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Edged white

Blotched white

White spots on petals

Edged very narrow white

B) Flower sizes are diverse in these hybrids. Flowers with Large, medium, small and
miniature sizes can be found in different hybrids.
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Very large in size

Large in size

Medium in size

Medium in size

Medium in size

Medium in size

Small in size

Small in size

Miniature in size
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C) Flower forms are different in these hybrids. The six forms of ordinary camellias are
nearly involved in the hybrids.

Single form

Semi-double form

Anemone form

145

Peony form

Rose-double form

Fully double form

D) Some of the hybrids are very fragrant in their flowers.

Four hybrids that bloom year-round with fragrance during their blooming
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E) Most of the hybrids bloom densely.
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Dense flowers on the plants of four hybrids
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4. One hundred twenty five hybrids of Camellia amplexicaulis were obtained and of them, 18 hybrids have bloomed. Their Common characteristics are as the follows:
- Flower color in most of the hybrids is pink to red, but only a few of them is yellowish.
- Flowers are very dense.
- Plants are upright and growth is very quick. They are suitable for gardening.
- They are cold hardy, -5℃.
- Blooming period of the hybrids is late-autumn to next spring.
Some better hybrids of of C. amplexicaulis are shown as below:
A) Flowers
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Long petals, large, rose double form

Medium in size and semi-double

Yellowish in color and semi-double

Purple-red, large, peony form

2014 International Camellia Society Congress

Pontevedra (Spain) 11- 15 March

B) Plants: Growing is upright and vigorous and leaves are very large. See the photos
bellow:
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5. Other camellia hybrids and beautiful cultivars selected from chance
seedlings or mutations. We got more than 80 ones. See the following:

The two hybrids are very fragrant

Pink, very large, semi-double, vigorous

Pink with white edges, single, but beautiful, cold
hardy
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Dark-red, very large, peony form, cold hardy, vigorous
in growth

Red with white, medium, fully double, vigorous

‘Red-leaf Bella’, red to dark red flowers, dark-red leaves

You are welcome to visit our Camellia Breeding Base and to cooperate with us to
develop our new generation camellia hybrids and other new camellia cultivars.
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Genus Camellia: A review of extant taxonomic systems using the latest
morphological and molecular data
Orel G.*, Curry A.S.
Royal Botanic Gardens, Mrs Macquaries Road, Sydney, NSW 2000, Australia
e-mail: george.orel@rbgsyd.nsw.gov.au

Abstract. Comparisons were made between the taxonomic systems of Sealy, Chang &
Bartholomew, Ming & Bartholomew and of the synopses of Gao et al and Ho. The vegetative and
reproductive characters of the member species were considered, although in some cases these
vary from author to author. The problems of duplication and the publication of new Camellia
species, where the descriptors exhibit extreme paucity of morphological data, are also discussed.
In this work the latest molecular data was utilised and analyses of sectional and specific divisions
were made. Our research indicated important and sometimes irreconcilable differences between
the five existing taxonomies. Differences between morphology based and molecular based data
were also in evidence. The possibility of the creation of a unified taxonomic system for genus
Camellia is discussed.
Key words: New species, origin, phylogeny, Viet Nam.

Introduction
Comparisons between the taxonomic systems of Sealy (1958), Chang &
Bartholomew (1984), Ming & Bartholomew (2007) and of the synopses of Ho (1991)
and Gao et al (2005) indicate the existence of diametrical differences in approaches to
the taxonomy of genus Camellia, thus producing differing taxonomic systems. Sealy’s
taxonomic system divided Camellia into some 12 sections which comprised 106 species,
24 of which were considered to be doubtful (Sealy 1958). Chang & Bartholomew after
revising their taxonomic system are best known for their 1984 publication (Chang &
Bartholomew 1984). In this work they divided genus Camellia into 4 subgenera and
22 sections with some 280 Camellia species. Ming & Bartholomew (2007) reduced the
number of Camellia species to 119 and divided them into 2 subgenera and 14 sections.
The above mentioned authors derived their respective data from observation of
the species morphological characters. It should be noted that, in some instances, the
authors worked with herbarium specimens only, some of which were not complete, i.e.
the specimens lacked flowers and/or seed capsules. Indications are that some of the
herbarium specimens used may have been misidentified and were not always referred
to the type specimens (Sealy 1958, Ho 1991, Gao et al 2005, Ming & Bartholomew 2007).
Standard works which describe the morphology of the members of genus Camellia
often exhibit a relative paucity of morphological data. As a rule the descriptors are
relatively short and record only some of the morphological characters, whilst omitting
characters that at the time of the description were not available or not considered.
Only the basic morphology is described and many of the secondary details are not
incorporated.
The fact that the results of a number of molecular studies often differ from the
studies based on morphological data further complicates the endeavour to create a
unified taxonomic system for genus Camellia. There can be no doubt that the molecular
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studies are of great help in resolving some of the problems in Camellia phylogeny.
However, a system based entirely on molecular data would give us a very different
perspective re the interspecific relationships in the genus. Thus a hybrid system may
have to be considered.
In this work the analyses of some 47 Camellia species (52 accessions) were
performed to highlight the incompatibility of the existing taxonomies.

Materials and Methods
Morphological and molecular characters of some 47 Camellia species (52
accessions) were analysed to indicate the interspecific status of known Camellia species
and also of the nine newly discovered Camellia taxa from Viet Nam. All materials were
collected by the authors of this work and the exact provenance details for each were
withheld for conservation reasons.
Most of the 30 multiple state characters were gained from in situ observations.
The assessments of herbarium materials were performed under laboratory conditions.
A morphological matrix, where the absence of a character was denoted 0 and the
presence 1, 2, 3, 4, 5 and 6, was constructed. Phylip 3.69, a computational program
for inferring evolutionary phylogenies was used to generate the taxonomic trees. The
general provenance, the morphological and population data for all Camellia species
used are presented in Tables 1. and 2.
Genomic DNA was extracted from fresh or freeze-dried leaves, using a method
similar to that of Dellaporta et al. (1983, as described by Wilkie, 1997), with the additional
modification of including 1% PVP (polyvinyl pyrrolidone) in the extraction buffer (following
Singh et al 1999, who report methods for DNA fingerprinting of commercially prepared
tea). Further purification was effected by a diatomaceous earth binding procedure,
adapted from the technique described by Gilmore et al. (1993).
Table 1. General provenance and population data for 47 Camellia species (52 accessions)
from Viet Nam and China that were used in this paper
______________________________________________________________________________

Provenance

Taxon*		

Population notes

C. dongnaiensis*		 Viet Nam

Less than 20 individual plants collected

C. luteocerata			

Viet Nam

Small scattered population

			

Viet Nam

Small relatively protected population

		

Viet Nam

Relatively large population

C. sp. 698**

Viet Nam

Small scattered population

C. sp. OCa**

Viet Nam

Population size unknown

C. sp. OCb**			

Viet Nam

Population size unknown

C. sp. OCc** 		

Viet Nam

Population size unknown

C. sp. CT5**

Viet Nam

Population size unknown

C. impressinervis		

Viet Nam

Population size unknown

C. rubriflora			

Viet Nam

Population size unknown

C. vidalii			

Viet Nam

Population size small

C. gilbertii

Viet Nam

Recently discovered new population

C. petelotii

Viet Nam

Population large (Tam Dao N. P.)

C. inusitata
C. oconoriana
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C. petelotii

Viet Nam

Cultivated specimen

C. petelotii

P.R. China

Cultivated specimen

C. limonia			
C. flava

Viet Nam

Population relatively large

Viet Nam

C. rosmannii

Viet Nam

C. oleifera

Population size small

Viet Nam

Small population, some in cultivation
Cultivated specimen

C. aurea		

P.R. China

Population size unknown

C. nitidissima

P.R. China

Cultivated specimen

C. nitidissima var. microcarpa

P.R. China

Taxonomic status uncertain

C. nitidissima var. nitidissima		
C. luteoflora

P.R. China
P.R. China

Population size not known

Population size not known

C. tunhingensis

P.R. China

Population size not known

C. pingguoensis		

P.R. China

Population size not known

C. pingguoensis		

P.R. China

Cultivated specimen

C. salicifolia			

P.R. China

Cultivated specimen

C. pitardii var. alba		

P.R. China

Cultivated specimen

C. sp. (Halong Bay)		

Viet Nam

Population size unknown

C. sp. (unidentified yellow sp.1.)

Viet Nam

Population size unknown

C. sp (unidentified yellow sp. 2.)

Viet Nam

Population size unknown

C. edithae

P.R. China

Population size unknown

C. grijsii

P.R. China

Cultivated specimen

C. obtusifolia

P.R. China

Population size not known

C. yunnanensis

P.R. China

C. crassissima

P.R. China

C. reticulata

P.R. China

C. rubrimuricata

P.R. China

Cultivated specimen
Population size not known
Population size not known
Taxonomic status uncertain

C. henryana

P.R. China

Cultivated specimen

C. cordifolia

P.R. China

Cultivated specimen

C. odorata

P.R. China

Cultivated specimen

C. rhytidocarpa

P.R. China

Cultivated specimen

C. jimpinensis

P.R. China

Taxonomic status uncertain

C. japonica

Viet Nam

C. mairei

P.R. China

Cultivated specimen
Population size not known

______________________________________________________________________________

*

Bold print denotes newly discovered Camellia species

**

Species in the process of publication, accession Nos. only

Selected morphological data derived from observations of the nine newly discovered
Camellia species from Viet Nam are presented in Table 2.
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Table 2. Selected morphological data for the nine, newly discovered, yellow flowering Camellia species
from Viet Nam

Taxon

Flower colour

Morphology, notes

C. dongnaiensis

yellow-apricot, pink margins

large, up to 60.0 cm long leaves

C. luteocerata

intensely yellow

flowers laterally oblongoid

C. inusitata

light yellow

lacks secondary branching

C. sp. 0720

light to mid yellow, pink-lilac margins

oblate fruit, 5.5 cm diam.

C. sp. 698

dark yellow

petals in spiral arrangement

C. sp. CT5

pale yellow

inflorescence of 12-14 flower buds

C. sp. OCa

dark yellow

crinkly, zig-zag like styles

C. sp. OCb

light yellow with pink blush

C. sp. OCc

light yellow

filaments thickened at their base
outer filaments thin, inner wide,
strap like

Species in the process of publication, accession Nos. only
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Discussion
The present taxonomic arrangement of genus Camellia is provisional and
unsatisfactory (Chapman & Wang 2002). The existence of three valid but rather dissimilar
morphology based taxonomic systems, i.e. those of Sealy (1958), Chang & Bartholomew
(1984) and Ming & Bartholomew (2007) and of at least two extensive synopses,
Ho (1991) and Gao et al (2005), resulted in the taxonomy of the genus being almost
unworkable. The input of molecular data, not always being in agreement with accepted
morphological data, renders this situation even more challenging. It appears that the
creation of a satisfactory and clearly defined classificatory system for genus Camellia is
simply unattainable.
To indicate the nature of some of the issues the multiplicity of taxonomic systems
presents, the authors of this paper would like to make the following comments. The
majority of our studies (2003-2013) affirm the long known fact, namely the morphological
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closeness of already described Camellia species, yellow or otherwise (Orel et al, 2003; Orel
& Marchant 2006). Figs. 1. and 2. demonstrate and interpret the existence of a number
of unique morphological character dissimilarities possessed by some of the recently
discovered, south Vietnamese, yellow flowering, Camellia taxa (Orel 2006; Orel & Wilson
2010b; Orel & Wilson 2012). The new yellow flowering species are morphologically
so different to each other and to the known yellow flowering Camellia species (Orel
et al, 2012a) that they render the existence of sect. Chrysantha Chang untenable. A
substantial number of morphological and molecular characters possessed by the newly
discovered yellow Camellia species do not conform to the specific parameters on which
sect. Chrysantha (sensu Chang & Bartholomew) is based (Chang & Bartholomew 1984).
The establishment of sect. Chrysantha Chang on the basis of petal colour and the notion
of ‘systematic development routes of organ morphology’ (Chang & Ye 1994) cannot be
sustained.
The above mentioned findings (Fig. 1.) and the data presented in Fig. 2. profoundly
influences the taxonomy of the yellow flowering Camellia species. The new data also
influences the taxonomy of genus Camellia in general terms. The inclusion in the system
of the newly discovered yellow and non-yellow flowering Camellia species (Orel &
Wilson, 2010b; Orel & Wilson, 2012, Orel & Wilson, 2012b; Orel et al 2012) necessitates
the widening of the terms of taxonomic reference, re genus Camellia. To achieve this,
the establishment of new Camellia sections, which enabled the accommodation of the
newly discovered species and their unique morphological characters, was undertaken
(Orel 2006; Orel & Wilson 2010b; Orel & Wilson 2012, Orel et al, 2012a).
It should be noted that available scientific data shows that some Camellia taxa
found on the Da Lat Plateau and the adjoining Lang Biang Massiff, had been subject
to particular local environmental conditions, and thus are morphologically dissimilar to
Camellia species of North Viet Nam and China. A divergent evolutionary process, aided
by the processes of natural selection, is thus implied (Orel, G. & Marchant, A. D. 2006).
Recently obtained morphological and molecular data recommends the necessity
for the retention of a number of long established Camellia species. Good examples of
this are C. nitidissima, C. tunghinensis (Figure 1.) and C. yunnanensis and C. henryana
(Figures. 4. & 5.). Further, the recent morphological and molecular data (Figures 1. and
3.), show clear differences between C. petelotii, C. nitidissima and C. nitidissima var.
microcarpa.
Problems with reliable identification of Camellia species are well demonstrated in
Figure 3. Multiple accessions of C. petelotii and C. pingguoensis obtained from different
provenances, show considerable molecular dissimilarities. The authors of this work are
aware of the fact that no two individual conspecific accessions are exactly the same.
Calculations of genetic distances (not presented in this work), in this case, indicate
dissimilarities akin to different Camellia species.
Further difficulties present themselves as the descriptions of Camellia species and
the sections these are placed in vary from author to author. A good example of this is the
taxonomic treatment of sect. Heterogena Sealy.
Morphological descriptors for section Heterogena, as established by Sealy (1958)
were modified by Ming & Bartholomew (2007). Although similar, they are not identical.
For example: Sealy (1958) - flowers…at the end of the branches, Ming & Bartholomew
(2007) – flowers axillary or sub-terminal; Sealy (1958) – flowers solitary or geminate,
Ming & Bartholomew (2007) – flowers solitary; Sealy (1958) – perules forming involucre,
Ming & Bartholomew (2007) – …bracteoles and sepals…, no involucre is mentioned.
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It should also be pointed out that the number of species and the identity of
species placed within individual sections also varies from author to author. Sealy’s sect.
Heterogena (1958) contains some 10 Camellia species, with C. henryana Coh. Stuart
being the type species. Sect. Heterogena as re-interpreted and modified by Ming &
Bartholomew (2007) contains 14 Camellia species, with the type species, C. henryana,
being subsumed into C.yunnanensis var. yunnanensis.
A number of other examples may be cited, however the constraints limiting the
size of this work prevent us from doing so.
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Abstract. Flower form is one of important ornamental characteristics in DUS tests for camellias
and attracted by camellia breeders. The human selection on the aesthetic flowers in camellias
dates back to 210 B.C in China. The collections of varieties with diverse floral morphologies provide an excellent system to study the genetic regulation of flower forms of perennial woody
species. The excessive petals of double flowers in cultivated camellias tend to be derived from
conversions of floral organs, but modification of floral determinacy is po tentially involved in
some varieties regarding extremely greater number of petals. The classic ABC model provides
an excellent molecular explanation to predict the formation of double flower from single flower
by modification of gene functions. This model proposes a group of genes, categorized into A, B,
and C classes, regulating master switch of floral organ identities. Here we have isolated several MADS-box genes in Camellia japonica corresponding to different ABC functions. We characterized the gene function through gene expression profiling and transgene in model systems.
Moreover, we also investigated the functional divergence of key regulators between wild and
cultivated camellias. We propose a genetic engineering approach to overcome the breeding bottleneck in camellias.
Keywords: camellia; flower form; ABC model; molecular biology; domestication

Introduction
Camellia is one of top ten traditional ornamental flowers and has been growing
for nearly 1800 years in China (Zhang 221). Flower form was chosen as one of important
characteristics for DUS test of new camellia varieties (Li 2013).The collection of varieties with diverse floral morphologies provides an excellent system to study the genetic
regulation of floral patterning of perennial woody species. The breeding studies have
enriched many varieties with distinct traits of floral color, stress resistance and flowering
time. Double-flower is one of the most important ornamental traits attracted by breeders over centuries. Numerous flower forms of camellia varieties are classified based on
number, arrangement, and shape of petals, and degree of petaloid stamens (Figure 1)
(Gao 2005; Sealy 1958). The standard single camellia flower has 5 to 7 irregular, overlapping petals (less than eight) in a single row, and a more or less columnar stamen cluster
and normal pistil; the standard semi-double flower has two or three rows of imbricated
petals and usually intact stamens and normal pistils. The anemone form has one or more
outer rows of large petals, while the stamens have become almost totally petaloidy and
form a convex mass in the centre of the flower; the peony form is characterized by wavy
and irregular petals becoming smaller to the center and petaloid stamens and separated stamens are frequently found; the rose form has multiple rows of imbricated petals
opening through a bud-shaped centre to show some stamens in a concave centre; the
formal double flower form has many rows of regular, overlapping petals and has no stamens and pistil (Figure 1) (Chen 1985; Gao 2005; Savige 1993; Sealy 1958).
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Figure 1. A top-view of wild and cultivated Camellia flowers. In the middle is wild Camellia japonica
(collected from Zhejiang Province, China). Cultivars from right to left (clock-wise) are : Velvet, Songzi, Hongluzhen, Jinpanguizhi and Shibaxueshi

Intensive studies of homeotic mutants of floral development in Arabidopsis and
Antirrhinum have set up the ABC model of floral organ identity specification (Bowman
et al., 1991; Coen and Meyerowitz, 1991). This model proposes a group of genes, catergreted into A, B, and C, regulating master switch of floral organ identities. The ABC model
has been successfully demonstrated to a wide range of angiosperm and gymnosperm
species (Ng and Yanofsky, 2001; Becker and Theissen, 2003). Nevertheless, studies in
some species have also shown variation in expression and function in many instances,
which implicates evolutionary alterations have been involved in formation of unique floral phenotypes (Cseke and Podila, 2004). The classic ABC model provides an excellent genetic model to predict the formation of double flower by modification of gene functions.
Indeed, studies in several ornamental species suggest C class genes play central roles in
formation of double flowers. In rose, contractions of C class gene expression domains
have contributed to generate multiple petals in two independent domesticated varieties
(Dubois et al. 2010). In the ranunculid Thalictrum thalictroides, a mutation of AG ortholog (ThtAG1) in double flower variety was identified which abolished its interaction with
E class gene (Galimba et al. 2012). How ABC genes are re-orchestrated to direct the development of double flower in camellias remains largely unknown.
Gene cloning and expression analysis: To isolate MADS-box like homologs in C. japonica, we designed degenerate primers based on sequence similarity of MADS conserved
domain (Malcomber and Kellogg 2004). After sequencing of multiple PCR fragments we
identified two partial sequences which displayed very high similarities with AP1 family
genes. To obtain the full-length coding sequences, we performed 5’ and 3’ RACE experi2014 International Camellia Society Congress
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ments by designing gene specific primers accordingly. To access the phylogenetic placements, we performed phylogenic analysis by grouping 59 MADS genes of Arabidopsis
(acquired from PLAZA version 2.0) (Proost et al. 2009; Van Bel et al. 2012) with these two
together (Figure 1 A). It showed CjAPL1 and CiAPL2 were nested within the A function
clade of MADS family. CjAPL2 and AP1 share75.61 % amino acid identity, while CjAPL1
and FUL share 64.04% amino acid identity. Then we selected several AP1/FUL family
members from monocot and closely related eudicot species to construct a phylogenic
tree, and showed CjAPL2 and CjAPL1 were classified into AP1 and FUL clades respectively (Figure 1 B).

163
Functional analysis of CjAPL1/2 in A. thaliana: Due to gene duplication, AP1-like and FULlike genes displayed distinct functional divergences across species. To address whether
CjAPL1/2 have similar functions in floral patterning to other species and what differences
they have, we generated transgenic A. thaliana plants in which CjAPL1 and CjAPL2 were
over-expressed respectively. Two constructs for ectopic expression of CjAPL1/2 were
driven by the cauliflower mosaic virus (CaMV) 35S promoter. The positive T1 transgenic
lines were screened and identified by selectable maker tests and PCR analysis with construct specific primers. Potential single insertion T2 lines were identified by genetic segregation analysis, and three lines of each transgenic were selected for southern blotting
analysis which confirmed the single insertions of target constructs. qRT-PCR using gene
specific primers were performed to detect the expression levels in transgenic lines, and
ectopic expression levels of target genes were evident.
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Figure 2. Ectopic expression of CjAPL1 and CjAPL2 in Arabidopsis. A, wild type flower; B, typical flower of
CjAPL1 overexpression with greater number of stamens; C, typical flower of CjAPL2 overexpression with
greater number of stamens and carpels. D-F, Overexpression of CjAPL1 produce less rosette leaves (D) and
terminal flowers (D, E). A flower of CjAPL1 overexpression with greater number of stamens and carpels
is shown (F). G-I, Overexpression of CjAPL2 produces terminal flowers (G), and flowers with more petals,
stamens and carpels (H, I). A-C, bar=1mm; D, G, bar=1cm; E-F, bar=1mm; H, I, bar=1mm.

Phenotypes of 35S:CjAPL1 transgenic plants included early flowering, formation of terminal flowers, and flowers with greater number of stamens and carpels. To depict the
dramatically early flowering phenotype, we counted the number of rosette leaves. Early
flowering occurred while there were 7 rosette leaves in average (Figure 2 D, G), and in
some cases only 4 rosette leaves were observed (not shown). In long day condition,
the wild type A. thaliana plants produced 12 rosette leaves in average . The terminal
flowers were found in transgenic plants (Figure 2 D, E), and inflorescence branches were
replaced by solitary flowers (Figure 2 D, E). Typical flowers of 35S:CjAPL1 had increased
number of stamens and pistils (Figure 2 F), while the petal number was not affected.
Phenotypes of 35S:CjAPL2 transgenic plants were similar to 35S:CjAPL1 which displayed
early flowering, formation of terminal flowers and increased number of stamens and
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carpels (Figure 2 G, H). However, in 35S CjAPL2 transgenic plants, a high frequency of
greater number of petals were observed (Figure 2 I).
Gene expression analysis in double flowers of C. japonica varieties: C. japonica is a famous ornamental plant species which has a long history of domestication. As a result of
artificial selection of aesthetic traits, varieties with increased number of petals (double
flower) and other showy aspects were retained (Figure 3 A). We selected four varieties
containing one semi-double variety ‘Velvet’) and three double-flower variety (‘Hongluzhen’, ‘Songzi’, ’Shibaxueshi’) which displayed different degrees of increased number of
petals (Figure 3 B). In semi-double and double flower varieties, petals were roughly divided into Inner and Outer based on distinctive shape and size. In ‘Songzi’ and ‘Hongluzhen’, some stamenoid petals were observed in the inner area which were also counted
as Inner petals (Figure 3 B). To address whether CjAPL1/2 were related to the formation
of double flower, we compared the expression levels of CjAPL1/2 among three different
developmental stages of floral bud as small (less than 3cm), medium (3-8cm) and large
(8-11cm). We showed the expression levels of CjAPL1/2 were both remarkably induced
in double flower varieties (Figure 3 C, D), although in ‘Songzi’ and ‘Shibaxueshi’ the numbers of stamens were significantly reduced (Figure 3 B). This data suggested the transcriptional alteration of CjAPL1/2 were generally required for double flower formation.
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Figure 3. Increased expression levels of CjAPL1/2 genes in double flower varieties of C. japonica. A, Overview of wild C. japonica and four different double-flower varieties. B, Floral number counting of single and
double-flower varieties. a, inner petals of ‘Velvet’ were similar to outer petals in shape; b, inner petals
of ‘Hongluzhen’ were smaller and different from outer petals; c, multiple rows of petals in ‘Songzi’ were
counted as outer petals due to its irregular arrangement; d, in ‘Shibaxueshi’, petals were gradually getting
small in size; e, pistils with fused structures or deformed shapes were frequently found. C-D, relative expression of CjAPL1/2 in floral buds of the single and different varieties. A, bar=1cm.
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we isolated the CjAPL1 and CjAPL2 from C. japonica which belong to euAP1 and
euFUL clades respectively. We showed CjAPL1 and CjAPL2 contributed differently to the
floral development by gene expression profiling and ectopic expression in Arabidopsis.
Overexpression of CjAPL1/2 displayed similar phenotypes in Arabidopsis including early
flowering, formation of terminal flowers, and increase in stamen and pistil numbers, but
only in overexpression plants of CjAPL2 the petal number was increased. Moreover, we
also discovered the expression levels of both CjAPL1 and CjAPL2 were generally induced
in double flower varieties. In conclusion, our work for the first time characterized the
functions of AP1/FUL family genes in Theaceae, and indicated that the alteration of gene
expression was a critical point of double flower domestication (Sun et al 2013).
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The computer and the camellia: what computer can do for conservation,
knowledge and research of camellias
Gianmario Motta*, Giovanni Miceli,
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Abstract In 2008 we put the Camellia Register on the web. At that time, we gathered a lot of
objections and doubts. Nevertheless the web register works well and is reaching 1 million hits.
In the last 4 years the advances of Information and Communication Technology (ICT) disclose
charming opportunities to the camellia lovers. A first obvious one is to put the Register (with
pictures and additional descriptions) on the smart phone. Moreover, by a simple software, each
Garden of Excellence could link his catalogue to Register. Therefore, a visitor can have a complete information before and during the visit of the garden. Furthermore, all information can
easily be geo-referenced. So, the visitor could know how to get to the garden and where historic
varieties are located. Also, it is easy to define some kind of forum on the gardens and varieties.
Finally, an application can support the classification of a new variety, by displaying the properties to be defined and directly loading pictures. These services can be implemented on social
networks such as Facebook or as an App, and we prefer the latter solution. The app could be
downloaded from the ICS website. Why all this is important? New generations surf on the web,
and a club or society must be there, if it wants to survive in the era of Internet.
Keywords: Web, Register, Camellia.

Introduction
One of the toughest task for the camellia lover is to identify varieties - what camellia is that? - as stated in the famous Macboy’s book [1]. The same happens with
species, that are described in the recent Gao’s book, that displays pictures but does not
contain one-to-one scale drawings [2 ]. But the real issue is a complete nomenclature of
the genus camellia and of all its species and varieties. As it is well known, some camellia species tend to proliferate varieties, because their high variability and instability. So,
identification and description of varieties become the core issue. A partial response to
that issue are the register of camellia varieties.
In 1942, the first edition of the “Camellia Nomenclature” was published by
the Southern California Camellia Society, that in 2014 edition lists some 3.000 varieties
[3]. In 1990, Tom Savige, after a titanic 10 years work, with the help of experts of the
whole world, published the International Camellia Register. A supplement 1 followed
in 1998. This work was continued with Supplement 2, compiled by Neville Haydon. The
Register lists almost 30.000 camellia names , both existing and extinct [4].
It should be stressed that the Camellia Register contains names, as the term
“register” suggests, and cannot be considered an Encyclopedia or a guide for camellia
identification. The content of the printed Camellia Register has been transferred to the
web by a team of the University of Pavia, led by Gianmario Motta, with the guidance of
a world committee (G. Motta, P. Short, Z. Wang) and the very substantial help of Nev2014 International Camellia Society Congress
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ille Haydon, who provided the digital input, as Word files. The resulting Web Camellia
Register (WCR) was first presented at Dali (China) in February 2008 and then to the 2008
International Camellia Congress held at Falmouth, Cornwallis; it is reaching 1 million hits
in March 2014 [5].
The WCR can be accessed from the ICS website http://www.internationalcamellia.org. It provides two main functions, namely the download of the full register text (pdf
files) and a search engine, that navigates the database of camellia names, where the
user can search a camellia variety by its name or any string of its description. ICS website
provides further material on camellias, such as articles and news.
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Figure 1 The home page of the Web Camellia Register (WCR)

WCR & ICS website are not an encyclopedia of camellia. An ideal encyclopedia in
our Internet era should be close to Wikipedia. Therefore, it should be (i) free (ii) complete
(iii) on line. From this viewpoint, WCR and ICS website suffer several limits, namely (a) information islands, (b) incomplete information, (c) no mobile access and, last, not least (d)
no totally free information. Let us comment each point.
a. The information is fragmented among several resources. You cannot navigate from
WCR to related articles, pictures, nor to the gardens, where a given camellia is listed. So you lose links with external information (e.g. Wikipedia) but, more important, with internal information e.g. on historic camellias [6] [7] [8] [9] [10][11] [ 12]
[13 ], because it locked within printed books or in the ICS journals or published in
the ICS website, but not linked to the WCR. So, horizontal issues as conservation
and identification [14 ] [15 ] [16] [17][18] or propagation of a specific species or
variety [20] should be navigated by cross references and quotations.
b. The information is incomplete. The WCR only provides a textual description, and
not a systematic or selective illustration.
c. The access is not mobile: neither passionate nor experts can walk in a garden supported by a smart phone
d. Information is not open nor totally free: the access to ICS articles is restricted while even IEEE opens all papers.
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Converging technologies

Most limits can be overcome by the current technology. Today IT can dramatically
enhance the support to conservation, knowledge and research on camellias by:
a. Smartphones for ubiquitous access and collection of information (voice, photo,
text) [21]
b. Computer maps, that can map information on gardens, varieties, individual
plants (geo-referencing) [22]
c. Web Services, a software engineering technique that interconnects multiple information domains, enabling a navigation from web register to articles, pictures,
garden descriptions etc. [22]
d. Sensors (e.g. RFID tags on trees) that dialogue through internet with servers and
smart phones, enabling new knowledge on plant position, condition etc. , thus
creating the so called Internet of Things [24].
These technologies can overcome the limits we have discussed in Introduction, as we show in
the table here below.
Table 1 Technologies and information limits

Limits

Technologies
Smartphone

Information Islands

Computer maps Web Services
X
X

Incomplete information
No mobile access
No open information

X

Field Sensor
X

X
It is a political decision
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An enhanced Camellia Register
The WCR data base (running from 2008) can be easily enhanced by linking additional
information:
a. Google pictures (of course these pictures are not controlled, but also mistakes
can give information)
b. Certified pictures , posted by ICS ad hoc taskforce or equivalent body, coming
from ICS registration files when available or from controlled sources
c. Drawings as Veschaffelt’s [25], Berlese’s [ 26] and the like (incidentally such work
has been already done in some essays on historic camellias [6, 8]
d. Other illustrative material, as vignettes
e. Wikipedia link
The user will get all of this within the WCR (“one stop shopping”) i.e. without
needing to exit from the computer session.

Figure 2 The add-ons to the current WCR page (on the left): Pictures, Drawings, Vignette
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A potential Garden Register
The ICS website already provides an entry point to the gardens of excellence.
Such access information can be integrated with further data available in the garden’s
website and web register e.g.:
a. Information on the garden (articles and detailed garden website)
f.

Google map or alike that shows where the garden is located

g. Garden interactive map that shows where individual plants are located
h. Access to the enhanced web register that provides information on the varieties
in the garden
Technically it is mainly a series of hyperlinks among websites . A possible navigation
is illustrated in figure Figure 3, that we read left to right. The user selects on the ICS website a given garden (e.g. Villa Anelli), triggers its position on the map (and can locate also
his/her position) and, finally, accesses an interactive map of the garden where to click
the individual plants, thus recalling the descriptions from the WCR.
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Figure 3 Elements of the potential garden register

A mobile guide for visitors
Mobile phone is a powerful guide to visitors of gardens. Visitors, by using their
smart phone, can:
a. Access information on garden from ICS down to the local website
b. Set a garden itinerary with waypoints according to their interests and time
c. Identify a specific tree in a garden
d. Access the web register information and pictures
e. Feed their comments with or without pictures (a similar application for Pavia city
management feeds is being developed by our Lab [27])
This also will help garden management to find out individual trees and simulate visits;
and it can support on demand cross – gardens itineraries as Galicia’s Route of Camellias
A potential support for gardeners and gardens
Computers can also support (and in some cases already do) the operation of a
garden, by a set of garden administration functions. An administration function can support garden management (Figure 4) in several activities:
a. Positioning plants in the garden map (see the figure on left)
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b. Maintain plant inventory records (see on right of the figure)
c. Integrate RFID / sensor data in plant record (it could store the history of each
individual plant as a UPR does for human beings) – see figure on left

Figure 4 Garden administration functions

Navigation flow on the smart phone for a garden visitor
Most functions that we have illustrated can be incorporated in a downloadable
APP for a garden visitor. The related navigation is in Figure 5. The user selects, among
the garden of excellences, one garden (Villa Motta). He/ she can see the map, click the
camellias he/she is interested in , or browse the list of varieties in the garden. Finally, in
front of a given plant, the visitor can find out the corresponding description on the web,
thanks to a communication WIFI or NFC from the plant to the smart phone.

Figure 5 The navigation flow on a smart phone

Conclusions

We have surveyed feasible computer technology for the knowledge an conservation
of camellias. Generally, the services we have addressed puts knowledge on your fingers;
specifically:
a. Ubiquitous and complete information on camellias in terms of description, images, location., history of individual plants
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b. Overall map of historic camellias : where they are, what they are
c. Garden itineraries/ tourism
d. Accurate management of gardens of excellence (and conservation gardens)
Such software services can be deployed on social networks e.g. Facebook or as an
App (the latter being preferred), to be downloaded from the ICS website. Why all this is
important? New generations surf on the web, and a club or society must be there, if it
wants to survive in the era of Internet.
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Abstract. This paper describes a collaborative platform for camellia cultivar identification
harnessing the capabilities of modern information and communication technologies, currently
being developed in the context of the first author’s Computers and Telematics MEng dissertation.
The strategy proposed is based on a crowdsourcing camellia specimen information system. The
entries on this system originate in cultivar identification requests submitted online. The system
is equipped with a register of cultivar names. Through cultivar identification quizzes presented
online, it gradually collects responses to the requests. Simultaneously, based on their quiz
performance, the system applies metrics to establish the reputation of the respondents and
weigh their answers accordingly. User requests can be answered with a quantifiable degree
of certainty according to the number of answers, their agreement and the reputation of each
respondent.
Keywords: specimen database, cultivar register, identification quiz, reputation.

Introduction

The breeding and naming of new camellia varieties has been going on for centuries.
The efforts put into camellia cultivar identification stem from the natural curiosity of
owners and aficionados about the origin of different specimens. Cultivar identification
can also add economic value, because there is growing interest in plants with historical
provenance and, as pointed out in [1] with regard to Cornwall (where tourism is the single
most lucrative industry), garden visitors are prepared to pay a premium for complete,
reliable information about them. The same paper also deplores the fact that camellias
are often propagated and sold unidentified or – even worse – wrongly identified. The
importance attributed to this subject is reflected in the criteria set by the ICS for Gardens
of Excellence (GOE). A camellia GOE must have a minimum collection of 200 cultivars or
species, all with identifying labels, and maintain a register of every specimen and their
location [2]. Obviously, the GOE accolade itself is a valuable visitor attraction factor.
However, even without considering variations due to growing conditions (e.g. soil,
climate) and sporting, camellia cultivar identification is a very demanding challenge. The
first obstacle is the huge number of cultivars developed and recorded over the centuries.
The ICS’s International Camellia Register (ICR), a result of 50 years of painstaking data
collection [3], publicly available online since 2008 as the Web Camellia Register [4] lists
over 20,000 entries. But the main difficulty is the lack of complete, systematic information
about those registered cultivars. The temporal span covered by the ICR is enormous;
its entries are essentially text descriptions taken from catalogues which, barring
occasional references to paintings or photographs, are normally rather incomplete, with
disparate levels of detail. With no formal structure support for this information, there
is no systematic way of searching for matches based on given specimen characteristics,
making identification, even tentative, virtually impossible.
A crucial step in the massive task of filling in the missing information is to establish
standard specimens of the cultivars. This is another tricky problem; recent research
case-studies using DNA testing have found specimens deemed to be of the same cultivar,
producing seemingly identical flowers, that actually belonged to different camellia
varieties [5]. Many ICR entries, especially the older ones, may be affected by this problem.
Countless identification studies have been reported in the literature; examples can
be easily found in recent issues of the Int. Camellia Journal (ICJ), such as [1], [6] and [7],
to name only a few. The difficulty of the subject is invariably confirmed. Also, camelliarelated websites tend to be poorly maintained and offer very disparate and incomplete
identification data. Creating an efficient, easy-to-use and reliable cultivar identification
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system is the aim of this project. Considering all the difficulties summarised above and
previous projects addressing this problem, it is clear that:
1) It cannot be achieved through disjointed individual efforts. It must be able
to draw contributions from the whole camellia community, integrating the
collected pieces of information in a single repository shared at global level.
2) It must be acknowledged as a long-term aim, because it can only be implemented
gradually.
3) Information and communication technology (ICT) is a key tool for this purpose.
ICT is sometimes regarded as a panacea for all sorts of problems, but the strategy
proposed here, although it does involve an information system of camellia specimens
fed online, is by no means based on that misconception. Cultivar identification relies on
the collaborative work of camellia aficionados and, essential as they may be, computers
and Internet communication are just tools to promote and assist that collective effort.
The key concept here is crowdsourcing.

Crowdsourcing

The term crowdsourcing, used by the first time in 2006 by the journalist Jeff
Howe [8], refers to the practice of obtaining services, ideas or data content through
the contribution of a large number of people, especially in online communities. The
most remarkable and well-known example is undoubtedly the Wikipedia, the online
encyclopedia whose content can be created, reviewed and improved by anyone. The
success of this revolutionary concept is the best demonstration that information and
communication technologies have the power to involve communities in tasks that would
otherwise be extremely hard or even impossible to accomplish.
Crowdsourcing is proving useful in increasingly diverse areas of application. An
interesting example along similar lines to those proposed here is the Treezilla project
[9], based on the OpenTreeMap engine [10], whose purpose is to identify and map
every tree in the UK, in an effort to raise awareness on the benefits of trees to the local
environment.

System structure and basic operation

The proposed solution is based on an online information system serving a
community of registered users, built around and providing support to the following key
elements:
•A specimen database;
•Cultivar identification requests;
•Cultivar identification quizzes;
•Cultivar register based on the ICR.
The specimen database is fed primarily by identification requests submitted by
users. The community will be challenged to try and answer those requests through
cultivar identification quizzes generated automatically. Respondents must choose from
the system’s cultivar register. To avoid loading the entire ICR beforehand, the register
may be dynamic, allowing respondents to add new cultivar names, which will only
become permanent after approval by system moderators.
The quizzes are presented as identification expertise tests for entertainment,
displaying flower photos and allowing access to additional information from the database
entries under scrutiny – see example in Figure 1.
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Figure 1. Cultivar identification quiz.

Statistical analysis of the answered quizzes will provide educated cultivar
identification guesses. Metrics will be established to rate both the probability of correct
cultivar identification and the identification expertise (reputation) of respondents (see
section 6). As new answered quizzes are taken into account, the system will be able to
update these two ratings dynamically and also automatically notify the users concerned
(id. requesters or quiz respondents) of any changes deemed significant. The expectation
is that, as information becomes increasingly reliable, this will generate a ‘virtuous cycle’
of contributions to the system. Figure 2 provides a graphical illustration of the operation
principles just described. The main use cases are shown in Figure 3, which is fairly selfexplanatory.

Figure 2. Simplified sequence diagram
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The system database may be empty to begin with, as it will be gradually fed
by the identification requests; these can only be submitted by registered users. Quiz
respondents must also be registered users, so that the system can keep track of their
performance and update their rating accordingly.
To encourage participation, users may be rewarded based on number and completeness of identification forms submitted and/or performance as quiz respondents.
Since the philosophy of the system is to promote collaboration at global level, it
will be designed to support multilingual user interface.
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Figure 3. Basic system use case diagram.

Specimen database
The specimen database, whose structure is illustrated in Figure 4 and Figure 5 by
partial class diagram views, comprises fields for:
•Location of the garden (address and GPS coordinates);
•Location within the garden (identifying label or map-based pointer);
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•Owner;
•Documented historic data (e.g. planting date, origin);
•Photographic documentation;
•Cultivar identification and associated probability (normally, dynamic fields
worked out by the system);
•Characteristics according to UPOV guidelines (details below).
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Figure 4. Partial view of the class diagram (main specimen data fields).

A set of 50 characteristics (49 morphological features and time of flowering)
are considered, in accordance with the guidelines recently issued by the International
Union for the Protection of New Varieties of Plants (UPOV) for conducting distinctness,
uniformity and stability tests in the specific case of ornamental camellia varieties [11],
based on work by Jiyuan Li et al. [12]. The morphological features (Figure 5) regard the
plant as a whole (growth habit), its branches, foliage, vegetative buds, shoots, leaves,
petioles, sepals, flower buds, flowers, petals, stamens, style, stigma and ovary.
Although the database is designed to allow storage of very complete and detailed
specimen information, the identification request form will be kept simple and intuitive,
with a minimum number of mandatory fields – possibly just the precise location of the
specimen and a photo of a flower meeting certain minimum technical criteria in terms of
colour, resolution and format, so it can be included in quizzes. The remaining fields will
be optional, and users will be allowed to update in their identification requests at any
point, so as not to discourage submission.
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Figure 5. Partial view of the class diagram (morphological features).

Standard specimens

If the cultivar represented by a specimen is known with absolute certainty, a
moderator user (or group of moderator users) with permission to do so can give that
specimen the status of standard specimen; its characteristics then become automatically
associated to the corresponding entry in the cultivar register. The answer to quizzes using standard specimens is objective; so long as there are enough of them in the system,
reputation metrics can rely solely on objective data. Since the contribution of each response to an identification request is weighed according to the reputation of the respondent, this makes the system more reliable. In other words, if an effort is made to insert,
as early as possible, a large number of specimens whose cultivar is known with absolute
certainty, the operation of the system can be improved, with identifications converging
more rapidly to the right answer. Moreover, for identification requests with
at least some characteristics filled-in, and so long as the characteristics of the standard
specimens are fully specified, the system can automatically assist the identification process by narrowing down the range of possible answers and detecting perfect matches,
should they occur (in which case the specimen in question would be an obvious candidate to standard specimen).

Reputation and cultivar probability metrics

The reputation of the respondents is a figure of merit based on their quiz performance. Basing it only on questions referring to standard specimens, it can be computed
very simply as the percentage of right answers. It is fair to assume that a user with higher
reputation is more likely to correctly identify any given specimen. Therefore, in working
out cultivar probability, i.e. the probability of a specimen belonging to a certain cultivar,
the respondent’s reputation is the weighing factor applied to her response.
These two figures are not static, in the sense that they are recalculated whenever
new quizzes are considered. Alternative, more complex reputation metrics can be envis2014 International Camellia Society Congress
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aged to avoid reliance on standard specimens.

Future work

The system is currently being implemented according to the design and requirements described before. Reputation metrics based on all quiz answers (not only those
referring to standard specimens) are being analysed. The following step will be a smallscale functional test with dummy data, the main goal being to validate and compare the
statistical metrics applied. Upon successful completion of this test, the system will be
fed with real data. We intend to establish collaboration with top camellia gardens (e.g.
Botanic gardens, GOEs) preferably equipped with computer-aided specimen management, to try and import a core of reliable data, including as many standard specimens as
possible (especially of Portuguese origin). Simultaneously, to ignite the process, we plan
to organise fieldwork in small, private camellia gardens to fill-in identification requests
as completely as possible with the help of volunteer Botany students, and publicise the
system to attract quiz respondents.
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Differentiation of camellia specimens with morphological similarities
using morphobotanic descriptors and SSR
Vela P., Couselo J.L., Salinero C., Paz C.
Estación Fitopatolóxica de Areeiro, Deputación de Pontevedra, Subida á Carballeira, s/n, 36153
Pontevedra, Spain. E-mail: pilar.vela@depo.es
Abstract. The first documented camellias arrived in England from China. One of the most popular of these cultivars is Camellia japonica ‘Pompone’ that was introduced in Kew Gardens (UK)
in 1810 from China and was disseminated in Europe. In Galicia, there are several camellia specimens that may belong to this cultivar, since its flowers match the description included in the
International Camellia Register.
Morphobotanic descriptors showed to be efficient in differentiating among C. japonica cultivars. In highly similar cultivars these descriptors need to be complemented with microsatellite
molecular markers. In four Galician gardens, 30 plants morphologically similar to the cultivar
‘Pompone’ were selected and characterized using 29 morphobotanic descriptors of the plant,
leaf, flower and fruit and eight SSR markers. Using the morphobotanic descriptors eight groups
of plants with common features were differentiated, whereas molecular markers were able to
characterize 12 groups.
Key words: Camellia japonica, Pompone, microsatellites

181

Introduction
The genus Camellia is native to Eastern Asia, where its species have been widely cultivated for centuries. The exact date of arrival of the first live plants of this genus in Europe
is unknown and, although they might have arrived before the 18th century, there is not
written documentation that proves this hypothesis. The first documented living camellia
plants were exhibited in Essex, England, in 1739, and some nurseries in London already
had camellias on sale in their catalogues in the last quarter of the 18th century.
The first camellia plants designated with a name, namely ‘Alba Plena’ and ‘Variegata’, arrived in the United Kingdom from China in 1792. In subsequent years many
Camellia japonica cultivars arrived in Kew, London.
The cultivar ‘Pompone’ was introduced in Kew Gardens in 1810 (Savige, 1993)
and rapidly disseminated in Europe. The International Camellia Register (ICR) describes
this cultivar as having varied flowers , large, with two petal rows and a central bunch of
white petaloids, sometimes pink, and sometimes variegated in white and pink, sometimes even growing in the same branch. It was designated with other names, such as
‘Mutabilis’, ‘Pomponia’ or ‘Variabilis’ (Savige, 1993).
In historic gardens and in the Galician pazos there are several camellia plants,
some of them several centuries old, that may belong to this cultivar, since their flowers
match the description of the ICR (figures 1 and 2). However, the lack of documentation
on these plants hinders their correct identification.
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Figure 1. Hundred year-old plant at the Pazo Quiñones de León (Vigo, Spain), indentified as Camelia japonica
´Pompone´

Figure 2. Flowers of a Camellia japonica specimen identified as ‘Pompone’

The characterization of the plant material has been traditionally based on the
study of different morphological characteristics of the flower and the leaf, plant habit,
cold hardiness and disease susceptibility, among others. For many plant species, both
wild and cultivated, the use of morphobotanic descriptors has been efficient for the
management and preservation of these collections. Given the largest diversity of cultivars and their difficult characterization, especially in the case of old cultivars, it is crucial
to establish specific descriptors that enable the characterization of this Camellia japonica germplasm. These descriptors were described and used in previous works (Vela et al,
2009; Salinero et al, 2012).
Some Camellia cultivars have highly variable morphobotanic characteristics,
found even in the flowers of the same plant, thus the use of these descriptors is not
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enough for camellia cultivar differentiation.
Molecular techniques based on DNA analysis have proven useful for the characterization of plant material in a number of wild and cultivated species (Mohan et al.,
1997; Ouborg et al., 1999). As regards Camellia, most molecular studies have been focused on C. sinensis, the tea plant, because this is the camellia species with the highest
economical value.
Among the molecular markers, microsatellites proved to be the most useful and
reliable for cultivar identification in many wild and cultivated species, among them ornamentals (Esselink et al., 2003; Caser et al., 2010). Microsatellite markers are codominant, polymorphic, highly reproducible, independent form the environment and provide
information on the genetic material of the plant that remains unchanged and identical
in each cultivar (Mohan et al., 1997; Esselink et al., 2003).
Over 50 microsatellite loci in the genomic DNA of Camellia sinensis have been
described and successfully used for the study of tea plant material (Kaundun and Matsumoto, 2002, 2004; Freeman et al., 2004; Hung et al., 2008; Zhao et al., 2008). Microsatellite loci useful for the identification of Camellia japonica cultivars have also been found
(Ueno et al., 1999; Abe et al., 2006). Some microsatellites described for C. sinensis are
also present in the genomic DNA of other Camellia species such as C. japonica subsp.
rusticana, C. japonica and C. sasanqua (Ueno et al., 1999), or C. taliensis, C. tachangensis
and C. gymnogyna (Zhao et al., 2008), thus they could be effective for the study of the
genetic diversity of Camellia japonica as an additional tool to the classical identification
based on morphological characters.
The aim of the present work was to characterize, by using morphobotanic descriptors and molecular markers, old specimens of Camellia japonica similar to the cultivar ‘Pompone’ growing in historical gardens in Galicia.

Material and methods
Plant material of 30 Camellia japonica specimens growing in 5 historic gardens
in Galicia (NW Spain) was collected. The specimens were collected on the basis of the
similarities found with the description of the ICR for the ‘Pompone’ cultivar. The table 1
shows the code and location of these plants.
Table 1. Codes and name of the garden of the 30 camellia plants selected

Plant code

Garden

Location

PL-12, PL-23, P L-35, PL-54, PL-55, PL-58

Pazo de Lourizán

Pontevedra

O-02, O-04, O-13, O-15, O-16, O-20, O-22,
O-23, O-25, O-40, O-41, O-43, O-47, O-51,
O-52, O-53, O-54, O60, O-61, O-64

Pazo de Oca

A Estrada

PQL-01

Pazo Quiñones de León

Vigo

SCR-02, SCR-19, SCR-21

Pazo de Santa Cruz de Rivadulla

Vedra

From 2010 to 2013, samples of leaf and flower of the 30 plants were collected.
10 adult leaves and 10 well-formed flowers were collected. Of the plants with flowers of
different colours, 10 flowers of each colour were taken per plant. For the morphobotanic
characterization of this material, 29 descriptors of plant, leaf and flower described for
C. japonica by Vela et al. (2009) and Salinero et al. (2012) were used. The descriptors
applied were:
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Plant: growth habit and foliage; initial and length of the blooming period, and
flower drop (completely or loose petals).
Leaf: length and width, blade shape, apex, margin and base form.
Flower: shape, diameter and depth. Number of petals, shape of internal and external petals, margin, colour and colour pattern; amount, arrangement, colour and colour pattern of petaloids; amount, arrangement and filament colour of stamens; and
presence or absence of style and division.
For the genotyping, in each plant, DNA was isolated from 100 mg of leaves with
NucleoSpin® Plant II DNA Kit according to the manufacturer protocol (Macherey-Nagel). A set of eight polymorphic DNA microsatellites sequences developed in C. japonica (Ueno et al., 1999; Abe et al., 2006) and C. sinensis (Freeman et al., 2004; Zhao et
al., 2008) was tested (Figure 3). DNA fragments were amplified using the tailed primer
method (Schuelke, 2000). The reactions were performed in 25 µL total volume containing 50 ng of genomic DNA. PCR parameters were as follows: 5 min at 95ºC, 35 cycles for
1min at 95ºC, 45s of annealing with corresponding Tm (Table 2), 1 min at 72ºC and a final
step of 15min at 72ºC.
Table 2. Characteristics of the 8 microsatellite loci of Camellia japonica and C. sinensis, showing the repeat
motif, sequences of each primer, annealing temperature, annealing cycle time, and expected allele size.
Micro
satellites

Repeat
motif

MSCjaF25

(CA)8(AAAAAT)4

MSCjaF37

Tm
(oC)

Cycle
time

Size
expected (pb)

F:GGGAAGGTGCATAAAATACT
R:TGCGACCTAAGATTACTAAA

58

1 min

213-245

(AG)13(GAA)7

F:CGCTCGACGTAATGCCACACT
R:CGAGCCTTCCTTTTCCCATTC

58

1 min

344-370

MSCjaH38

(GA)14

F:CCTATTGCCTACGACCATTTC
R:GCTGAGCTTGGAGATTTTGTT

55

1 min

343-362

MSCjaH46

(GA)16

F:AGGGAGCATTATGAGTCGTCT
R:CATCGTCCTAATCCACTTCAC

55

1 min

443-461

(CT)8...(CT)11

F:AAGGGTGATGCAAAAGTGAGA
R: TTCTTTGGGTTGTGTTCCAA

55

1 min

219-248

CamsinM5

(GT)15(GA)8

F:AAACTTCAACAACCAGCTCTGGTA
R:AATTATAGGATGCAAACAGGCATGA

60

1 min

206-224

CamsinM11

(CA)12

F:GCATCATTCCACCACTCACC
R:GTCATCAAACCAGTGGCTCA

55

1 min

173-182

Z496

(AG)11

F:GAAAGTGCGAAACCAAAC
R:CTGCGAACCCTCTTGACC

55

1 min

102-122

MSCjaR02

Primer sequences
(5’→3’)
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The fluorescent dye labels used were 6-FAM, NED, PET and VIC (Applied Biosystems). A volume of 1 µL of amplification products were added to 15 µL of formamide
and 0.3 µL of Genescan 500 LIZ size standard. Mixed solution was denatured at 95ºC for
3 min. The samples were run on ABI PRISM 310 Genetic Analyzer (Applied Biosystems).
Allele scoring was performed using the Genemapper 4.0 software (Applied Biosystems).

Results and discussion
The morphobotanic descriptors of the plant (growth habit, foliage) and blooming
period (begining, lenght and flower fall) were identical for all cultivars (data not shown).
All plants showed highly similar characteristics of the leaf, although the length
and width of the blade were different among plants (figure 5). No differences were observed on the base shape that was acute in all of them. Most plants showed a elliptic
leaf, or from elliptic to ovate, except one of them, PL-54, whose blade was lanceolated.
As regards its margin, PQL-01 was the only one with a serrate margin, as compared to
the rest, having a denticulate or finely dentate margin. The apex ranged from pointed to
acuminate in different plants and also in the leaves of a single plant (table 3).
As regards the flowers, the main difference were observed in petal color and
color pattern. Some plants had flowers with one, two and three colours, and even there
was a specimen with flowers of four colours in the Pazo de Oca (O-15). Colours ranged
from uniform pink to uniform white to white with pink dots and stripes, pink with White
spots and/or pink with a white margin (table 4).
The shape of the flower, as well as its diameter and depth was different in the
flowers of a same plant and of the same color (table 4).
Although the number of petaloids and stamens was highly different among flowers, even in the same plant, no important differences were observed in the qualitative
characteristics of petaloids, stamens and style. Petaloids were split and stamens were
dispersed in all cultivars. The colour and distribution of petaloids ranged from white to
pink, and homogenous or streaked; and only a single plant (SCR-21) had the filaments
of the stamens in a reddish colour, whereas the rest were white or yellowish white. This
characteristic was enough to consider this specimen as a different cultivar. The style was
deformed in all plants, except in PQL-1, with a rudimentary style, thus it was regarded as
a different cultivar (table 5).
The specimens were grouped according to their morphobotanical features in 8
groups or cultivars, with nine, six, five, four, two, two, one and one plants, respectively in
each of them (table 6).
The results obtained with the morphological analysis differed from those of the
molecular analysis with ISSR. In the latter, 11 groups were obtained according to their allelic profiles (table 7). Each of these groups corresponded to a single cultivar. The first cultivar comprises 16 specimens, the second 4, a third 2, and the remaining 8 cultivars, one
specimen each.
The differences observed in the results obtained in both analysis showed that morphobotanic descriptors need to be complemented with molecular markers to differentiate
among cultivars.
In addition, it is necessary to determine which of these specimens is the real ‘Pompone’ and establish it as a specimen of reference of this cultivar. Then it could be compared
to the rest of the specimens with similar characteristics so as to prove if they are identical.
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Table 3. Results of the leaf descriptors used for the Camellia japonica specimens identified as ‘Pompone’

Plant
code

long (cm)

PQL-01

7.5-8.5

width
(cm)

form

blade
shape

apex

base

margin

3.0-3.7

elliptical

pointed/acuminate

acute

SCR-19
SCR-21
O-02
O-04
O-13

8.0-9.5
8.8-9.8
7.3-8.7
7.1-9.0
7.8-8.5

elliptical
4.2-4.9
4.5-5.2
3.5-4.5
3.0-4.5
4.2-4.9

O-15

6.2-8.2

3.0-4.0

elliptical

O-16
O-20
O-22

7.5-8.5
6.6-8
7.3-8.9

3.6-4.4
3.3-4.2
3.9-4.6

O-23

10.9

7.0-5.5

O-25
O-40
O-41
O-43
O-47
O-51
O-52
O-53
O-54
O-60
O-61
O-64

7.2-9.1
8.0
7.2-10.0
6.5-9.8
9.0-10.0
10.0-11.0
7.4-9.2
7.5-9.4
8.5-10.0
7.0-9.3
7.0-9.8
8.6

3.6-4.7
3.9-4.0
3.9-5.3
3.0-4.8
4.0-5.2
5.3-6.3
3.8-5.0
3.6-4.8
3.4-5.4
3.6-4.8
3.8-5.0
4.1-5.1

PL-12

7.9-8.9

4.6-5.5

PL-23

7.3-8.8

3.1-3.9

PL-35

8.0-9.0

4.3-4.7

PL-54

7.3-9.0

3.0-3.8

elliptical
elliptical
elliptical
elliptical/
ovated
elliptical
elliptical
elliptical
elliptical
elliptical
elliptical
elliptical
elliptical
elliptical
elliptical
elliptical
elliptical
elliptical/
ovated
elliptical/lanceolate
elliptical
lanceolate

PL-55

6.9-9.0

3.5-4.6

elliptical

PL- 58

7.9-9.5

3.3-3.9

lanceolate/elliptical

SCR-02

7.5-10.7

4.0-5.4

acuminate
elliptical
elliptical
elliptical
elliptical
elliptical

acute

acuminate
acuminate
acuminate
acuminate
acuminate
acuminate/pointed
acuminate
pointed
acuminate

finely dentate
serrate

acute
acute
acute
acute
acute

dentate
dentate
dentate
dentate
dentate

acute

dentate

acute
acute
acute

dentate
dentate
dentate

pointed/acuminated

acute

dentate

acuminate
pointed
acuminate
acuminate
pointed
acuminate
pointed
pointed
pointed
pointed
pointed
pointed

acute
acute
acute
acute
acute
acute
acute
acute
acute
acute
acute
acute

dentate
dentate
finely dentate
dentate
dentate
dentate
dentate
dentate
dentate
dentate
dentate
dentate

pointed/acuminate

acute

dentate

pointed/acuminate

acute

finely dentate

acute

finely dentate

acute

finely dentate

acute

dentate

acute

finely dentate

acuminate
pointed/acuminate
pointed/acuminate
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Table 4. Results of the flower descriptors (diameter, depth, shape and color) used in the Camellia japonica specimens identified as ‘Pompone’
Plant code Form

PQL- 01

SCR-02

typical anemone

full peony

Diameter
(cm)

(cm)

8.5-10.0

4.0

pink

8.5-10.0

4.0

white

7.8-9.5

4.1-5.0

pink

7.5-9.5
7.2-8.5
7.0-8.2

4.0-5.0

white - pink
pink
pink - white

4.5-5

atypical anemone

SCR-21

full peony

7.7-9.5

atypical anemone/

7.0-8.5

open peony

7.2-8.5

O-04

O-13

O-15

atypical anemone/

6.5-7.5
6,5-7.4

open peony

8.5-10.5

atypical anemone/

7.0-8.5
6.2-7.5

open peony

7.2-8.8

atypical anemone

6.5-8.3
6.5
6.1-7.6
6.0-8.3

O-16
O-20
O-22
O-23
O-25

atypical anemone/
open peony
atypical anemone
atypical anemone/
open peony
atypical anemone
atypical anemone/

O-40
O-41

open peony
atypical anemone
atypical anemone

O-43

atypical anemone

O-47

atypical anemone

O-51

atypical anemone

O-52
O-53
O-54

atypical anemone
atypical anemone
atypical anemone

Color
color

SCR-19

O-02

Depth

4.3-5.2

4.2-5.1
4.2-5.1
4.3-4.9
4.5-5.0
4.3-5.2
4.5-4.7
4.5-5.2
4.5-5.1
4.3-4.8
4.5-5.0
4.1-5.2

distribution in petals
homogeneous /
diffuse towards the
base
homogeneous
homogeneous /

white - pink

diffuse towards the
base
streaked
homogeneous
emarginated
homogeneous / spotted
streaked / spotted

pink

homogeneous

white - pink
pink

streaked / spotted
homogeneous

white

homogeneous

white
white - pink
white - pink
pink
pink - white

homogeneous
streaked
homogeneous /
streaked
streaked / spotted
homogeneous
emarginated

white

homogeneous

pink

pink

7.0-8.8

4.7-5.4

white - pink 58D

streaked / spotted

6.8-8.6
7.9-9.6

4.6-5.3
4.9-5.5

white - pink
white - pink 65A

streaked / spotted
streaked / spotted

7.8-9.3

4.8-5.4

pink

homogeneous

7.5-10

4.5-5.2

pink

homogeneous

7.2-9.3

4.2-5.0

white - pink

homogeneous /
streaked

7.0-8.5
8.5-10.5
6.8-10.0
5.5-8.5
7.5-8.0
8.5-9.0
7.9-9.6
8.0-9.5
6.5-8.0
7.5-8.2
7.4-8.0

4.1-5.2
4.2-5.1
4.3-4.9
4.2-5.0
4.2-5.1
4.1-5.0
4.3-5.2
4.1-4.9
4.5-5.2
4.1-5.0
4.2-5.3

white - pink
white
white - pink
pink
white - pink
pink
white
pink
white - pink
white - pink
white - pink

streaked / spotted
homogeneous
streaked / spotted
homogeneous
streaked / spotted
homogeneous
homogeneous
homogeneous
streaked / spotted
streaked / spotted
streaked / spotted
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O-60
O-61
O-64
PL-12
PL-23

PL-35
PL-54
PL-55
PL- 58

atypical anemone
atypical anemone
atypical anemone
atypical anemone
atypical anemone/
full peony
atypical anemone

6.5-8.5
8.2-9.0
6.0-9.0
7.1-8.7
5.5-6.9
8.1-8.4
6.8-8.4
9.1-9.9

4.3-5.4
4.1-5.3
4.0-5.5
4.2-5
3.8-4.2
4.5-5.1
4.5-4.8
4.1-4.9

white - pink
white - pink
white - pink
white
white
pink - white
pink – white
white

8.6-10.3

4.6-4.8

pink - white

7.4-8

4.4-4.9

pink

homogeneous

8.4-10.2

4.6-4.9

white

streaked pink

8.1-8.9

4.7-5.3

pink

diffuse towards the
base

atypical anemone/
open peony
atypical anemone
atypical anemone/
open peony

streaked / spotted
streaked / spotted
streaked / spotted
homogeneous
streaked pink
emarginated white
dotted
streaked pink
emarginated white /
diffuse towards the
base pink

Table 5. Results of the flower, petaloid, stamens, and style descriptors applied in the Camellia japonica
specimens identified as ‘Pompone’
Plant
code
PQL-01
SCR-02

amount
45-120
84-127
74-138
59-116

Petaloids
arrangecolor
ment
disordered
disordered

SCR-19

82-194

disordered

SCR-21

41-86

disordered

O-02
O-04

130-140
70-90
95-132

disordered
disordered

O-13

65-92

disordered

88-231
52-146
O-15

58-151
77-129

disordered

42-113
O-16

66-140

disordered

O-20

80-140

disordered

O-22
O-23

74-116
90-130

disordered
disordered

O-25

88-162

disordered

O-40

80-220

disordered

O-41

60-70

disordered

Stammens
color
arrangecolor of
distribution amount
ment
filaments
2-3
pink homogeneous/
streaked
dispersed
yellow
8-10
white homogeneous
p i n k / homogeneous/ 22-49
white
streaked
dispersed
yellow
white/
3-68
streaked
pink
pink/ homogeneous/ 12-46 dispersed
white
white
streaked
pink/
8-53
streaked
dispersed
reddish
white
5-10
white
streaked
dispersed
white
30-50 dispersed
white
streaked
white
white homogeneous 13-14
white/
19-31 dispersed
streaked
pink
white
pink/ homogeneous/ 0-40
white
streaked
white/
spotted /
0-56
pink
streaked
80
pink
homogeneous
white-yeldispersed low
pink/
4-18
emarginated
white
3-95
white homogeneous
white/
spotted /
16-53 dispersed
white
pink
streaked
white/
streaked /
0-6
dispersed
white
pink
pointed
4-35
white homogeneous
dispersed
white
0-8
pink
homogeneous
dispersed
white
0-21
white homogeneous/
dispersed
white
streaked
white/
streaked /
3-6
dispersed white-yelpink
pointed
low
white-yelwhite homogeneous 60-70 dispersed
low
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presence
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deformed
deformed
deformed
deformed
deformed
deformed

deformed

deformed
deformed
deformed
deformed
deformed
deformed
deformed
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O-51

60-134

disordered

O-52

100-165

disordered

O-53

95-165

disordered

O-54

90-140

disordered

O-60

120-150

disordered

O-61

70-155

disordered

O-64

140-195

disordered

white/
pink
pink/
white
white/
pink
pink/
white
white
pink/
white
white/
pink
white/
pink
white/
pink
white/
pink
white/
pink
white/
pink

PL-12

79-176

disordered

white

homogeneous

52-161

white

homogeneous

12-18

white

streaked

16-29

O-43

O-47

40-57
41-55
94-150
95-140

disordered

disordered

66-104
PL-23

50-89

disordered

PL-54
PL-55

54-62
125-199
127-162
86-106
76-112

disordered
disordered

pink
white
white
pink
white

PL- 58

73-125

disordered

pink

PL-35

disordered

homogeneous/
streaked
homogeneous/
streaked
streaked / spotted

0-35

homogeneous

0-50

0-10
0-9

dispersed

yellow

deformed

dispersed

white-yellow

deformed

white

deformed

white-yellow

deformed

white

deformed

white

deformed

white

deformed

white

deformed

white

deformed

dispersed

white-yellow

deformed

dispersed

white

deformed

white-yellow

deformed

white
white

deformed
deformed

white

deformed

homogeneous 15-100
homogeneous/ 10-95 dispersed
streaked
streaked /
0-15
dispersed
pointed
streaked /
0-15
dispersed
pointed
streaked /
1-5
dispersed
pointed
streaked /
0-3
dispersed
pointed
streaked /
0-5
dispersed
pointed
streaked /
0-18
dispersed
pointed

22-33
streaked
homogeneous 102-119
split
17-84
streaked
13-31 dispersed
streaked
37-106 dispersed
streaked
homogeneous/ 13-32 dispersed
streaked

Table 6. Groups obtained after applying the morphobotanic descriptors of leaf, plant and flower in the
specimens of Camellia japonica identified as ‘Pompone’ (8 groups/cultivars were obtained).

G1
O-20
O-40
O-52
O-53
O-54
O-60
O-61
O-64
PL-54

G2
O-02
O-04
O-13
O-15
O-22
O-25

G3
SCR-02
O-16
O-43
O-47
O-51

G4
G5
SCR-19 O-23
PL-23 PL-58
PL-35
PL-55

G6
O-41
PL-12
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Table 7. Groups obtained after applying the molecular markers (ISSR) in the Camellia japonica specimens
identified as ‘Pompone’ (11 groups/cultivars were obtained)

G1
SCR-2 O-40
O-04 O-43
O-13 O-52
O-15

O-53

O-16
O-20
O-22
O-25

O-54
O-60
O-61
O-64

G2
G3
G4
PL-23 PL-35 SCR-19
PL-54 PL-55
PL-58
PQL01

G5
G 6 G 7 G 8 G 9 G 10
SCR-21 O-02 O-41 O-23 O-47 O-51

G 11
PL-12
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Could be considered some Camellia collections as Botanical Gardens?
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Área de Ecología, Facultad de Biología, Universidad de Santiago de Compostela, 15782
Santiago de Compostela, Spain. E-mail: jesusramon.aboal@usc.es
2
Estación Fitopatolóxica do Areeiro, Deputación de Pontevedra, Subida a la Robleda s/n, 36153
Pontevedra, Spain. E-mail: carmen.salinero@depo.es
1

Abstract. According to the BCGI, Botanical Gardens are institutions holding documented
collections of living plants for the purposes of scientific research, conservation, display and
education. This organization also lists some criteria that may be met in part or whole by any
institution to be considered Botanic Garden. Other regional institutions (e.g. Ibero-Macaronesian
Association of Botanical Gardens) have their own criteria, which are similar to those of BCGI.
In this study, it was examined whether Camellia collections could be recognized as Botanical
Gardens. These collections fulfil usually some of the proposed criteria, like: i) a reasonable
degree of permanence; ii) an underlying scientific basis for the collections; iii) registering of
proper documentation of the collections; iii) monitoring of the plants in the collections; iv)
adequate labelling of the plants; and v) be open to the public. The possible consideration as
Botanical Garden of the Camellia collection of the Pontevedra Deputation was also shown.

INTRODUCTION
Nowadays there are ca. 3200 botanical gardens around the world according the
Botanic Garden Conservation international (BGCI) (figure 1). There are botanic gardens
and arboreta in 148 countries worldwide and they maintain more than 4 million living
plant collections. Amongst their collections are representatives of more than 100,000
species, almost one third of the known vascular plant species of the world. Over 500
botanic gardens occur in Western Europe, more than 350 in North America and over 200
in East and Southeast Asia, of which the majority are in China. Most of the southern Asian
botanic gardens are to be found in India (http://www.bgci.org/). In the International
Agenda for Botanic Gardens in Conservation the definition of a botanic garden is as
follows: “institutions holding documented collections of living plants for the purposes
of scientific research, conservation, display and education”. The BCGI lists some criteria
that may be met in part or whole by any institution to be considered Botanic Garden.
According with BGCI meeting of these criteria makes a botanic garden different from a
public park or pleasure gardens. Other regional institutions (e.g. Ibero-Macaronesian
Association of Botanical Gardens) have their own criteria, which are similar to those of
BCGI. In this study, it was examined whether Camellia collections could be recognized as
Botanical Gardens.
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Figure 1.Number and map distribution of Botanic Gardens around the world grouped in biogeographical
areas

MATERIAL AND METHODS
As an example case, it has been examined if the criteria listed by BGCI are met
by the Camellia collection of the Pontevedra Deputation for it possible consideration
as Botanical Garden. This list can not be considered as a comprehensive summary of
the activities undertaken by botanic gardens. Also it has been examined if the criteria
listed by the corresponding regional institution (i.e. Ibero-Macaronesian Association of
Botanical Gardens) are met. These criteria are listed in the results section.
The Camellia collection of the Pontevedra Deputation is divided in three separated
areas. The first of them is the Soutomaior Castle Park (figure 2), a castle dating back to
the 12th century. The botanic park, created in the 19th century, has an area of 6 hectares.
Since 2012 it is included as a Garden of Excellence by the International Camellia Society.
The second location correspond to the Gardens of a research centre called “Estación
Fitopatolóxica do Areeiro with an area of 5 hectares. The last area correspond to the
small gardens of the local govern palace (Salinero, et al., 2004).
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Figure 2. Castle of Soutomaior, part of the Camellia collection of the Pontevedra Deputation

RESULTS
Nowadays, twelve of the 30 gardens considered as Gardens of Excellence by the
International Camellia Society are included as botanic gardens in the BCGI directory
(Figure 1). Those are: all from USA (Descanso Gardens, Huntington Botanic Gardens,
Magnolia Gardens, Massee Lane Garden, Norfolk Botanical Gardens), two from China
(Kunming Botanic Garden, Nanshan Botanical Garden) and New Zealand (Auckland
Botanic Garden, Dunedin Botanic Garden), and each one from UK (Antony Woodland
Garden), Germany (Flora Cologne Botanic Garden) and Australia (Royal Botanic Gardens,
Melbourne).
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Figure 3. Number of Castle of Soutomaior, part of the Camellia collection of the Pontevedra Deputation
and number of those included as botanic gardens in the BCGI directory corresponding at each country

In this section we will examine the degree of fulfillment of the BCGI criteria (in
bold letters) meet by Camellia collection of the Pontevedra Deputation.
1.- A reasonable degree of permanence. The botanic park of the Soutomaior
Castle was created in the 19th century, and the “Finca do Areeiro” belongs to the
Depotation since 1963. Due to these dates it is possible to affirm that this criterion is
fulfilled.
2.- An underlying scientific basis for the collections. In the Soutomaior Castle the
collection has more than 442 Camellia plants belonging to 25 different species, including
317 cultivars of C. japonica, 21 of C. reticulata, 23 of C. sasanqua and 29 of C x hybrid
(http://www.internationalcamellia.org/). In the “Finca do Areeiro” there are represented
more than 15 species and growing 160 cultivars, including 90 of C. japonica, 12 of C.
reticulata, 27 of C. sasanqua (Salinero, 2004). Also, in the Soutomaior Castle Park, there
are more than 175 shrubs and tree species, but there is not any underlying scientific
basis for these, and could be considered as an arboretum (figure 4). Incorporate to this
collection other plants belonging to Theaceae and other related (i.e. Pentaphylacaceae)
could be a good idea to enlarge the collection. As actually there is only a collection, this
criterion could be considered partially fulfilled.

2014 International Camellia Society Congress

Pontevedra (Spain) 11- 15 March

194

Figure 4. Map showing the location of plants in the Soutomaior castle Park

3.- Proper documentation of the collections, including wild origin. The collection
has been documented the origin of both wild plants and cultivars. This criterion is fulfilled.
4.- Monitoring of the plants in the collections. All the plants are dendrometrically
characterized. There are subjected to phytopathological (each 7 or 15 days depending
on the season) and cultural control. Also the phenology of each plant is recorded (each
7 or 15 days depending on the season). This criterion is fulfilled.
5.- Adequate labelling of the plants. All the plants (both Camellia collection and
shrubs and trees of the arboretum) are adequate labeled. This criterion is fulfilled (figure 5).

Figure 5. A Camellia plant lableled in the Soutomaior Castle Park
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6.- Open to the public. The visit is free. Opening times is available in the web site.
This criterion is fulfilled (figure 6).

196

	
  

Figure 6. Opening times and visit recommendation from de ISC webpage

7.- Communication of information to other gardens, institutions and the public.
There are several publication about these gardens which belongs to the collection (see
as example: Salinero et al., 2004). This criterion is fulfilled.
8.- Exchange of seed or other materials with other botanic gardens, arboreta
or research institutions. There is exchange of plants with other Camellia gardens. The
exchange of seeds is usually too reduced for Camellia plants. Nevertheless, it would be
a good practice to collect seeds and publishing an “index seminum” each years, as it is
usually in botanic gardens. This criterion could be considered partially fulfilled
9.- Undertaking of scientific or technical research on plants in the collections.
There is a Research Center in the “Finca do Areeiro”. The researches are investigating
about the adaptation, phenology and molecular characterization of Camellia plants.
These researches have a high scientific production of high quality. This criterion is fulfilled.
10.- Maintanence of research programs in plant taxonomy in associated
herbaria. There is not any research programs in plant taxonomy in associated herbaria.
This criteria is not fulfilled.
With the exception of criterion 10 which is not fulfilled, 9 of the criteria are
fulfilled (i.e. 7) or partially fulfilled (i.e. 2). To be considered a botanic garden part or
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whole of the criteria must be met. Then, we can conclude that it would be possible
to include the Camellia collection of the Pontevedra Deputation as a botanic garden
member of the BGCI.
On the other hand, in 1985 was created the Ibero-Macaronesian Association of
Botanic Gardens for increasing the collaboration among the botanic gardens located
in continental and islands territories belonging to Portugal and Spain. This association
defines a Botanic Garden (3th article of its statutes) like a public o private garden that:
i) conserve plant collections right organized for consulting and visiting; ii) manage their
collection on the basis of scientific, conservation, cultural or educational objectives; and
iii) maintain a interchange of plant material for scientific objectives. Those gardens must
have own legal personality (e.g. companies, institutions, consortiums, etc.) or could
depend on universities, investigation institutes o regional or local governments. The
Camellia collection of the Pontevedra Deputation is a set of public gardens that, as we can
read above fulfill these 3 criteria and depend of a local government. Then, it is possible
to propose the Camellia collection of the Pontevedra Deputation for consideration as a
member of the Ibero-Macaronesian Association of Botanic Gardens.

FINAL REMARKS
On our opinion the Camellia collection of the Pontevedra Deputation met most
(i.e. 90%) of the criteria proposed by the BGCI. This allow us to affirme that it would
be included in the BGCI directory as a Botanic Garden. Nowadays, 12 gardens of the
30 gardens considered as Gardens of Excellence by the International Camellia Society
are considered also botanic gardens. Moreover, the criteria of the Ibero-Macaronesian
Association of Botanic Gardens were fulfilled, and the proposal for consideration could
be send.
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Presence of Camellia species and cultivars in Botanical Gardens
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Abstract. In this work, the representation of Camellia species and cultivars in Botanical Gardens
worldwide was studied by using the PlantSearch database of the Botanical Gardens Conservation
International (BCGI) organization, which includes the list of living collections submitted to BCGI
by Botanic Gardens around the world and the Web Camellia Register. There are 96 Camellia
species and subspecies and more than 4770 cultivars included in the PlantSearch database. Most
cultivars are present in only one botanical garden. Camellia japonica ’Debutante‘, C. x williamsii
‘Donation’, C. japonica ‘Elegans’, C. sasanqua ‘Setsugekka’, C. japonica ‘Blood of China’, C.
sasanqua ‘Yuletide’, and C. x williamsii ‘Debbie’ were the most common cultivars, each of them
growing in more than 15 botanical gardens. Due to the high number of registers, five letters (a,
d, I, j, x) were randomly selected to study the correspondence between both databases. The
results showed that only 12% of the species and cultivars included in the Web Camellia Register
are included in some Botanical Gardens.

Introduction
Nowadays there are ca. 3200 botanical gardens around the world according the
Botanic Garden Conservation international (BGCI) (http://www.bgci.org/). In the botanic
gardens, usually, the attention is paid to the wild plants, because conservation ex-situ is one of
their most important objectives. Although almost all the botanic gardens include ornamental
plants, the attention paid to these plants is reduced. Nevertheless there are examples of
projects developed by botanic gardens centered in ornamental plants. As example, the
Botanical Garden of Oslo has been involved in a project coordinated by the Norwegian
Genetic Resource Centre. This project was centered in the conservation of Paeonia species
and cultivars (Borgen and Guldahl, 2011). In the same way, there are a few number of Seeds
Banks specialized in ornamental plants (e.g. Ornamental Plant Germoplasm Center belonging
to the Ohio State University). Actually, there is no much knowledge of the contribution of
botanic garden to the conservation of cultivars of ornamental plants.
It is clear that during the last centuries we have lost a lot of cultivars of the most
common ornamental plants. Looking at the Dutch, Flemish and Southern Europe Still Life
paintings from the seventeenth century which display flowers, we can observe that most of
the showed cultivars are disappeared. The cultivars painted by Jan Brueghel the Elder, Daniel
Seghers, Mario Nuzzi, Pedro de Camprobín Passano, and others did not exist nowadays.
Nowadays, Camellia species have an incredible number of cultivars. Our interest is to
know how many of these tens of thousand of Camellia cultivars are included in worldwide
botanic gardens, and how many are the efforts of these institutions to preserve and conserve
the ornamental plants diversity. For this reason we compare the BGCI plant database with
the Camellia Register to know which is the percentage of Camellia cultivars included in the
worldwide botanic gardens.
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Material and Methods
We used as information source two databases: i) the “PlantSearch” from the
BGCI; and ii) the International Camellia Register (“Web Camellia Register”) from the
International Camellia Society.
The “Plant Searh” is an online database permit to locate plant species in
cultivation in botanic gardens around the world. “Plant Search” is compiled from list of
living collections submitted to BGCI by world’s botanic gardens. Nowadays this database
includes over one million records. On September 2013, we make a search filling out
“Camellia” in the Genus form. We obtained 4867 records. Most of them correspond to
synonyms. At the same time, due to the high number of cultivars included in the “Web
Camellia Register”, due to the high number of registers, five letters (a, d, I, j, x) which are
corresponding to the name of the cultivar or specific name of the taxon were randomly
selected. After this we study the correspondence between both databases.

Results
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Number of cultivars

There are 96 Camellia species and subspecies and more than 4770 cultivars
included in the PlantSearch database. Most of the species and subspecies correspond
to wild plants, while there are cultivars of 13 species. In the Figure 1 it is showed the
number of cultivars growing in botanic garden corresponding at each species. The most
cultivars belong to C.japonica (3251 cultivars) followed decreasing a order of magnitude
by C.sasanqua (450 cultivars), Hybrids of Camellia (382) and C.reticulata (232). The other
9 species do not reach more than 30 cultivars.

Figure 1. Number of cultivars growing in botanic garden corresponding at each species. The graph inset
shows the enlargement of the graph which includes species with less than 30 cultivars.

As it is showed in Figure 2, most cultivars or taxons (i.e. 3467) are present in only
one botanical garden. Taxons corresponding to wild plants (or at least not included as
cultivars) are the most represented plants. Few of them grow in more than 100 botanic
gardens (C. japonica and C. sinensis), and some of them in more than 20 botanic gardens
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(C. oleifera, C. sasanqua, C. cuspidate, C. reticulate, C. chrysantha, C. grijsii, C. fraterna,
C. lutchuensis, C. crapnelliana, C. saluenensis, C. tsaii, C. japonica subsp. rusticana).
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Among the cultivars, C. japonica ’Debutante‘, C. x williamsii ‘Donation’, C. japonica
‘Elegans’, C. sasanqua ‘Setsugekka’, C. japonica ‘Blood of China’, C. sasanqua ‘Yuletide’,
and C. x williamsii ‘Debbie’ were the most common, each of them growing in more than
15 botanical gardens (Figure 2). Some of them correspond to hybrids plants, which
present a wider physiological range that allows it to grow in different environmental
conditions.

Number of BG

Figure 2. Number of botanic gardens in which grow each taxon/cultivar around the world. The graph inset
shows the enlargement of the graph which includes species which grow in more than 20 botanic gardens.
Table 1. Number of botanic gardens (Nº BG) in which grow the most common cultivars. The upper image
corresponds to C. japonica ‘Debutante, and the lower to Camellia x williamsii ‘Debbie’.

Cultivar name
Camellia japonica ‘Debutante’
Camellia x williamsii ‘Donation’
Camellia japonica ‘Elegans’
Camellia sasanqua ‘Setsugekka’
Camellia japonica ‘BloodofChina’
Camellia sasanqua ‘Yuletide’
Camellia x williamsii ‘Debbie’

Nº BG
32
25
24
21
18
17
17

The results of the study of the correspondence between both databases showed
that only 12% (ranged between 1 and 15%) of the species and cultivars included in the
Web Camellia Register are included in some Botanical Gardens.
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Figure 3. Number of species and cultivars included in the Web Camellia Register (ICS) that are included in
some Botanical Gardens (BCGI).

Final Remarks
The botanic gardens around the world pay more attention to the wild Camellia
plants than the cultivars. The percentage of cultivars and taxons growing in botanic
garden is too reduced (ca. 12%). The consideration of some Camellia gardens as Botanic
Gardens could increase this percentage.
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In vitro culture techniques applied to the propagation of Camellia
reticulata Lindley
San José M.C., Corredoira E.
Instituto de Investigaciones Agrobiológicas de Galicia, CSIC, Apartado 122, 15701 Santiago de
Compostela, Spain. E-mail: sanjose@iiag.csic.es
Abstract. Micropropagation can be successfully applied to rapid clonal propagation of Camellia.
This would have several advantages over conventional methods: clonal propagation would allow
rapid multiplication of selected mother plants and it is independent of season; in vitro culture of
very small meristems or shoot tips would hopefully rid several high prized existing clones of the
viruses with which they are naturally infected; and in the future it would be possible to approach
the genetic improvement of existing clones to produce new types of camellia. The improvement
of plant quality would make the camellia more generally popular, and the possibility of all-yearround production would make it easier for growers to respond to increased demand. Camellia
has been regenerated in vitro by three methods: development of axillary buds from shoot tips
and nodal explants, induction of adventitious buds, and somatic embryogenesis.
Keywords: adventitious buds, axillary shoots, cold storage, micropropagation, somatic embryogenesis.

Introduction
The genus Camellia includes shrubs and trees belonging to the family Theaceae
and is native to eastern Asia. In his article, Mondal (2011) gives a reference of the origin
and geographic distribution of these plants. The genus was named by Linnaeus in the
honor of Jesuit missionary G.J. Kamel, who first recommended to grow the Japanese
rose in Europe. In his systema Naturae of 1735, Linnaeus gave the name Camellia tsubaki to the plant found in Japan as the tsubaki and it only acquired its present systematic
name, Camellia japonica in his species Plantarum.
The center of origin of the genus Camellia is in South and southwestern China,
centering the provinces of Yunnan, Guangxi and Guangdong straddling the Tropic of Cancer, the area bounded by longitude 85º W and 150º E and latitudes 37ºN and 10ºS, but
its distribution within this area is not uniform. Apparently 90% of Camellia species, viz.
C. japonica and C. lanceolata originated in Japan and Philippines as well as Indonesia,
respectively.
In the East, different species of Camellia were spread from country to country by
Buddhist monks. Their introduction in Europe began some 300 years ago, when the first
attempt was to cultivate ornamental Camellia plant brought by sea from the East. Those
camellias flourished all over the Europe from England to France, Belgium, and Italy and
from Portugal to Spain in their acid soil and temperate humid climate. Camellia was
introduced to the USA at the beginning of the eighteenth century. From England, ornamental Camellia was introduced to Australia during the nineteenth century.
The economic importance of the genus Camellia is largely due to C. sinensis,
whose young leaves are used to prepare tea. This single species is the economic back2014 International Camellia Society Congress
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bone of several South Asian countries including India, China, Japan, Korea, Sri Lanka,
Indonesia, erstwhile USSR, and African countries such as Malawi, Kenya, etc. Amidst
the wild species, economic value of C. japonica ranks the highest due to its beautiful
ornamental flowers so much so that more than 3,000 cultivars are available now worldwide. Other wild species with ornamental values are C. reticulata, C. sasanqua, and C.
saluensis. A few wild species such as C. oleifera, C. semiserrata, and C. chekiangolomy
are used to produce oil from their seeds, which is used in Chinese cookery and has pharmaceutical value. Finally, Camellia leaves contain a number of substances used in the
pharmaceutical industry, including xanthine, teophiline, teabromine, adenine, tearine,
and oleic acid (Mondal, 2011)
Since the propagation of some species of Camellia by conventional methods is
inefficient, other methods have been sought. Since the early 1990s, attention has turned
to the possibility offered by biotechnology, specifically in vitro or tissue cultures. In vitro
tools can provide additional backup collections and provided alternative propagation
and conservation of species (Reed et al., 2011). In vitro propagation protocols have been
established for several thousand plant species, including numerous rare and endangered
plants (Engelmann, 2011). Bennett (1977, 1978) was among the first to suggest to use
in vitro tissue culture for rapid clonal propagation of Camellia species of economic importance. Three micropropagation methods have been used for in vitro regeneration of
camellia: development of axillary buds from shoot tips and nodal explants, induction of
adventitious buds, and somatic embryogenesis.
We focus this article on the propagation of C. reticulata (Table 1). This species
has cultivars of great ornamental beauty, notably ‘Captain Rawes’, which has large,
semi-double flowers varying in colour from pink to red (Figure 1A, B). Owing to the fact
that many cultivars lack seeds, and that the rooting of cuttings of this species is difficult,
it is propagated commercially by comparatively slow and expensive grafting methods
(Gimson, 1986; Laborey, 1986; Samartín and Pérez, 1988). This cultivar was first brought
to England for Palmer by the merchant Captain Rawes, after whom it is named, and
shortly afterwards appeared in other European countries, but the other variety of C.
reticulata ‘Rober Fortune’, seems to have died out in England soon after its introduction,
and to have met with the same fate throughout the rest of Europe except Portugal; C.
reticulata was recorded in China as early as the first T’ang emperor in the 9th century B.C.
(Vieitez et al., 1992).

Figure 1. A, Camellia reticulata tree showing the typical habit growth. B, Flower of C. reticulata ‘Captain
Rawes’.
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Table 1. Studies on micropropagation of Camellia reticulata.
Explant type

Origin

Shoot tips and
nodes

MT

Shoot tips and
nodes

MT

In vitro leaf

MT

Media (mg/l)
WPM, BA (2), Z (2), 2ip (2), IBA (0.01)

Growth response

Reference

Shoot multiplication

San José and Vieitez,
1990

1/2WPM, Dipping in IBA (1g/l) for 30 Rooting
min
WPM, BA (2), Z (2), 2ip (2), IBA (0.01)

Shoot multiplication

1/2WPM, Sucrose (6%)

Rooting

WPM, BA (2), IBA (1)

Adventitious shoots

1/2WPM, Sucrose (6%)

Rooting

San José et al., 1991
San José and Vieitez,
1992

In vitro leaf

S

WPM, BA (8)+IBA (0.5) or BA(2) Adventitious shoots
+NAA(0.5)
Rooting
1/2MS, Dipping in IBA (1g/l) for 30 min

San José and Vieitez,
1993

Mature cotyledon

ZE

MS, BA (1), NAA (0.2)

Zhuang and Liang,
1985

Mature and
immature cotyledons

ZE

Immature zygotic embryos

ZE

Somatic embryos

B5 or liquid MS, BA (0.1-0.2), IAA (0.1- Plant regeneration
0.5)
MS, IBA(0.5-1)

Somatic embryos

MS, GA3 (3-5), IAA (1-2)

Plant regeneration

MS, BA (0.5), IBA (0.1)

Secondary embryos

Plata
1990

and

Vieitez,

Plata et al., 1991

Anatomical study

ZE: zygotic embryos; MT: mature trees; S: seedlings. Abbreviations: BA: 6-benzyladenine; IAA: indole-acetic acid; IBA: indole-3-butyric acid; 2ip:N6-isopentenyl-adenine; MS: Murashige and Skoog’s medium; NAA:
naphthalenacetic acid; WPM: Woody Plant Medium; Z: zeatin.

Micropropagation from shoot tips and nodal explants
In the late 1970s, the use of in vitro culture methods was suggested as a means
to solve the constraints in propagation mainly due to shy rooting in vegetative cuttings
(Mondal, 2011). Several reviews on micropropagation of Camellia including tea and related species have been published (Vieitez et al., 1992; Mondal et al., 1998; Das, 2001;
Mondal, 2011). Camellia reticulata cultivar ‘Captain Rawes’ had been established and
multiplied in vitro starting from material taken from the crown of a 90-year-old tree.
Multiplication rates depended on the kind of explant used for multiplying subcultures,
which was applied every 8 weeks and for which the most suitable macronutrients were
those of Woody Plant Medium (Lloyd and McCown, 1980). In both initiation and multiplication stages, the combination of growth regulators employed was 2 mg/l 6-benzyladenine, 2 mg/l zeatin, 2 mg/l N6-isopentenyl-adenine and 0.01 mg/l indole-3-butyric acid
(Figure 2A). Culturing shoots in a horizontal position increased multiplication rates and it
was possible for mother shoots to be re-cultured on fresh medium several times. Rooting rates of 33% were achieved among shoots excised from the second crop horizontally
cultured mother-shoots, that had been kept in the dark for 10 days, by dipping their
basal ends in 1 g/l indole-3-butyric acid solution for 30 minutes and keeping them in the
dark for a further 18 days in Woody Plant Medium with half-strength macronutrients
and no growth regulators (Figure 2B) (San José and Vieitez, 1990). In a further article, the
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effects of various factors were studied in order to improve the multiplication and rooting
of this cultivar. Multiplication rates were increased by repeated harvesting of cultures
in which shoots were subcultured in a horizontal rather than a vertical position. Best
rooting responses were obtained with 175.3 mM sucrose in the rooting medium using 8
week old shoots cultured in 500 ml glass jars, these shoots contained more anthocyanin
than those from the test-tubes cultures. The orientation and repeated harvesting of the
mother shoots had no effect on rooting response (San José et al., 1991).
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Figure 2. Micropropagation of Camellia reticulata. A, Shoot cultures of 8-week-old obtained from
the culture of axillary shoots of C. reticulata ‘Captain Rawes’. B, Acclimatization of C. reticulata
plantlets cultured and rooted in vitro. C, Adventitious shoots regenerated from the callus formed in
leaves segments. D, Somatic embryos developed in cotyledon sections of C. reticulata ‘Mouchang’.

Micropropagation by neoformation of adventitious buds
In ornamental species, crop improvement has traditionally been achieved by
time-consuming conventional breeding techniques involving sexual recombination and
selection of progeny. It is now possible to transform many higher plants by recombinant
DNA methods; genetic engineering offers exciting possibilities of fast transfer of individual genes controlling traits such as disease resistance and pest resistance, and will no
doubt prove extremely useful for breeding woody species (Rai and Shekhawat, 2014).
However, for this technology to be of practical value whole plants must be regenerated
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from somatic tissues such as leaf discs, hypocotyls or cotyledons. In particular, the abundance of leaf tissue in efficient micropropagation systems makes it an ideal source of
somatic cells for all kinds of genetic manipulation work (somaclonal variation, transformation via Agrobacterium spp., in vitro mutagenesis, induction of ploidy changes, etc.).
There has been little research on organogenesis in Camellia. Most efforts in the
neoformation of adventitious buds have been made using C. sinensis (Wu, 1976; Wu et
al., 1981; Kato, 1985). In our laboratory, experiments were conducted with C. reticulata
‘Captain Rawes’ and ‘Mouchang’ in order to develop an adventitious regeneration system. In ‘Captain Rawes’, the leaves were taken from axillary shoot proliferation cultures
derived from a tree about 90 years old. Woody Plant Medium was used and supplemented with different combinations of cytokinins and auxins. The best response was induced with 2 mg/l 6-benzyladenine and 1 mg/l indole-3- butyric acid (Figure 2C). Shoots
were multiplied normally but the percentages of rooting were poor in comparison with
those of axillary origin under the same culture conditions (San José and Vieitez, 1992). In
‘Mouchang’, leaf explants were obtained from stock axillary shoot cultures established
from 8-week-old seedlings (San José and Vieitez, 1993). The best rate were achieved on
media containing 8 mg/l 6-benzyladenine plus 0.5 mg/l indole-3-butyric acid, and 2 mg/l
6-benzyladenine and 0.5 mg/l naphtaleneacetic acid; unlike the adventitious shoots
from ‘Captain Rawes’, buds did not differ in rooting rate, but did differ significantly in
root length and in the number of roots formed per shoot.

Micropropagation by somatic embryogenesis
Somatic embryogenesis is considered to be the most efficient regeneration system of Camellia. However, the efficacy of such a system for plant production depends
on the multiplication and conversion rate of somatic embryo. The recent biotechnology
advances, including gene cloning and gene transfer, offer great promise for rapid improvement of genotypes for desirable traits and integrate well with the technique of
somatic embryogenesis. Although somatic embryogenesis has been fully exploited in
herbaceous species, there remain difficulties with woody species like Camellia. However, it has a tremendous potential in clonal propagation and most importantly in genetic transformation (Mondal, 2011). Immature cotyledons and zygotic embryos, roots,
stems, and leaves have been used for the induction of somatic embryogenesis (Zhuang
and Liang, 1985; Plata and Vieitez, 1990; Vieitez and Barciela, 1990; Pedroso and Pais,
1993; Plata, 1993).
Zhuang and Liang (1985) reported the formation of somatic embryos directly
from the surface of C. reticulata cotyledon segments on Murashige and Skoog’s medium
(1962) containing 2 mg/l 6-benzyladenine and 0.2 mg/l naphtalenacetic acid, the average embryogenesis rate was 43% in all the four cultivars studied.
Plata and Vieitez (1990) achieved similar direct embryogenesis results with cotyledon sections and embryonic axes from C. reticulata ‘Mouchang’ seeds. The embryogenic rate was 31% on Murashige and Skoog’s medium without growth regulators, and
reached a maximum of 51% with 0.5 mg/l indole-3-butyric acid (Figure 2D).
Plata et al. (1991) studied the anatomical sequence of events, which led to the
differentiation of secondary embryogenesis in C. reticulata cv. ‘Mouchang’. They found
that embryogenesis occurred mainly on the hypocotyl region of primary embryos. Histological monitoring revealed that secondary embryos apparently had a multicellular
origin from embryogenic areas originating in both epidermal and subepidermal layers of
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hypocotyl region. This morphogenic competence was related to the presence of relatively undifferentiated cells in superficial layers of the hypocotyl of the primary embryo.

Cold storage
In vitro culture offers a technique for the propagation and conservation of different species. However, in vitro techniques require periodic transfers of cultures to fresh
medium and the inclusion of plant growth regulators and organics, and inorganics components of the culture medium. These requirements increase the cost of conservation,
and the risk of occurrence of somaclonal variation (Ozden-Tokatli et al., 2010). These
risks can be decreased by using other unconventional conservation techniques like slow
storage (Reed et al., 2011). Using this technique we had successfully preserved shoot
cultures and somatic embryos from C. reticulata, which could be maintained at 2-4ºC for
18 months (Janeiro, 1996; Ballester et al., 1997).

Conclusion
This study provides a review of the different micropropagation techniques that
can be used for the propagation and conservation of Camellia reticulata. The availability
of this technology as an alternative system of clonal propagation, paves the way also for
induction of somaclonal variation with a view to produce novelties within this species
and could be a suitable regeneration system to produce transgenic plants.
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Flower Development and Gibberellic Acid Application on Flowering of
Camellia rosthoniana ‘Tianshanfen’
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Abstract: To make Camellia rosthoniana ‘Tianshanfen’ blossom in New Year’s Day, researches on flower
development and gibberellic acid (GA3) application to ‘Tianshanfen’ were tested. The results indicated
that flower buds of ‘Tianshanfen’ morphological differentiation finished during late October and early
November. Earlier treatment period resulted in flower buds falling off and discontinuous flowering. When
treated 4 times (once a week) from October 27th by spraying with 800 mg L-1 of GA3, 82.2% of the shoots
began to blossom at late December and early January. In conclusion, it is feasible to promote ‘Tianshanfen’
flowering around New Year’s Day by using the method of spraying the flower buds with 800 mg L-1 of GA3
four times from late October to early November.
Keywords: Camellia rosthoniana ‘Tianshanfen’; flowering ; Gibberellic Acid
Abbreviations: GA3 - Gibberellic Acid; PSB - Percentage of shoots that blossomed at late December to early
January

INTRODUCTION
Camellia rosthorniana Hand.-Mazz., which originated from China, is an evergreen
shrub with many excellent characteristics, such as compact plant type, small and elegant
leaves and fragrance. We introduced and domesticated a variety of wild plants of the C.
rosthorniana from Jiangxia District, Wuhan City, Hubei Province in 1999. Some natural
varieties could be used as landscape plants for their excellent characteristics, such
as pink flowers and red new leaves. Based on its pink, floribunda, fragrance, elegant
round tree shape and high resistance for diseases, the ornamental variety ‘Tianshanfen’
was selected from domesticated wild plants of C. rosthorniana by the use of seedling
selection.
China has an ancient custom of purchasing potted flowers during Chinese Spring
Festival which comes from January to February, and is also called Chinese New Year.
The color of flowers in New Year is usually red or purple, indicating happiness and good
luck. ‘Tianshanfen’ is one of the potential flower species for Chinese New Year. However,
‘Tianshanfen’ blossoms naturally from late February to late March, thus missing the New
Year’s Day and Chinese Spring Festival.
The effects of gibberellic acid (GA3) on flower forcing have been proved for many
years(Hoad, 1984). The flower forcing technology using GA3 has been used in some
species, such as Paeonia lactiflora(Su et al., 2012), Helleborus(Christiaens et al., 2012) and
peach(An et al., 2009). We have reported the flowering effect of GA3 on C. rothorniana,
and obtained the method of using a concentration of 800 mg/L GA3 for spraying the
flowers(Xu et al., 2013). In order to obtain the right flowering date, further researches
on flower development and GA3 applying period to ‘Tianshanfen’ were tested here. At
present, there are some reports about flower forcing technology in C. Japonica(Racoff,
1964), which could provide references for this research. There are no other reports
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about flower forcing yet on C. rosthoniana except for our previous report on its pollens
and floral biology(Xu et al., 2010; Xu et al., 2011).

MATERIALS AND METHODS
Plant Material
The experiments were carried out in 2009 and 2010 using C. rosthoniana plantlets
propagated by cuttings of 35 - cm height and 40 - cm crown for 3 - 4 years, grown in
producing area of Forestry and Fruit Trees Sciences Institute, located in east of Wuhan
city, Hubei Province, China, which was 67 m in altitude, N 30°30′60″，E 114°27′05″,
annual mean temperature of 16.2 - 16.7 ℃, annual precipitation of 1140 - 1265 mm and
annual mean frostless season of 237 - 271 d.
Potted plants used in this research were kept outdoors. The new shoots sprouted from
leaf axils after flowers withering in March and April. Subsequently, flower buds initiated
at leaf axils of tender shoots in May, lasting for 9 - 10 months, and flowering in March of
the next year.
Methods
Flower development
After peeling off the outer hard bracts，flower buds samples were taken for histology
from June 6th to December 8th, 2009. Three tree samples were selected randomly for
investigation and the 2nd- or 3rd- top five flower buds were collected from strong shoots
around outer crown of each tree every week. The length and width of the tested flower
buds were measured, and morphological characteristic were recorded.
Starting date of treatment with GA3
To observe the effect of exogenous GA3 application, starting date and treatment
times were tested using the method of spraying the plants with 800 mg L-1 of GA3 once a
week in 2010. Spraying with distilled water was used as control. Three starting date was
set based on the various flower bud developing status, and more treatment times was
adopted with earlier starting date (Table 1). In each starting date, three replicates were
set up and each replicate contained five trees. Treatment times were practiced in the
same tree to minimize any flower bud developing phase influence as much as possible.
One to two strong shoots with more flower buds on one tree were sprayed with GA3 for
each treatment time.
The length and width of ten tested flower buds were measured and morphological
characteristics recorded. The percentage of buds in bloom was determined weekly. Any
of the plants was considered to be flowering if at least 10% of the buds were open.
The temperature outdoors was recorded every day for analysis in relation to flower
development.
Data for each experiment were analyzed by ANOVA and means were separated
with Duncan’s multiple-range test (p < 0.05) using SAS statistical software Version 8.01.
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Table1. Influences on flowering date of different GA3 treatment starting date and times

Starting
date
September
8th

Flower bud size
/cm
Length Width
0.57±0.01
0.21±0.01

Characteristic
of flower buds

Treating
times

Initial open
date

PSB %

Green buds

1~2

-

-

0.0 ±0.0
d
0.0 ±0.0
2
Late February
d
0.69±0.01
September
13.3±7.7
Green buds
4
Early January
0.26±0.01
22nd
c
0.0±0.0
Middle
6
November
d
0.0±0.0
6
Late January
d
0.0 ±0.0
0
Early March
d
Green buds
0.85±0.01
43.3±3.3
October
turning to red
2
Early January
th
0.34±0.01
b
27
buds
Late
82.2±3.4
4
December
a
Note: PSB represented the Percentage of shoots that blossomed at late December
to early January; “-” represented those flower buds that fell off after being treated for
1-2 times.
0

Early March

RESULTS
Flower Initiation and Development
Floral morphology of C. rosthoniana ‘Tianshanfen’
There are 4 - 5 hardy bracts and 5 hairy sepals in each flower. These bracts and
sepals become bigger, softer, sharper tips and less hairy from outside to inside. About 30
stamens with base-joint filaments attached at the base of each of the 5 - 7 petals. There
is a pistil with stigma of three cracks at the top.
Flower initiation and development
Flower buds of C. rosthoniana differentiated along from shoot top to bottom
sequentially. The ‘Tianshanfen’ flowers initiation occurred after new 5 - 7 leaves
completely expanded in middle to late May. In June 4th, the slides observations clearly
showed that axillary buds had already evolved into flowers when 7 - 9 new leaves had
begun unfolding. During this time, the protuberant growth cone developed into semispherical rapidly (Fig. 1A), and then broadened gradually. Three weeks later (June 25th),
with sepal primordium development, petal primordium began to form at inner base of
the sepals (Fig.1B), and after three to four weeks eventually developed into 5 - 7 petals in
mid-to late-July. In middle July，raised stamen primordia began to form at the inner base
of the petals, and preceding centric pistil primordium differentiation for about 10 days
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(Fig. 1 C and D). Subsequently, both stamens and pistil primordia elongated into stamens
group and trilobate style until mid-October (Fig. 1 E, F and G). The differentiation of the
main flower organs finished. In the end of stamens and pistil elongation, sexual cells
began to differentiate last for the whole winter (Fig.1 H, I, J and K).

212

Figure 1. Flower bud differentiation process of Camellia rosthorniana ‘Tianshanfen’. A. Differentiation in
the preliminary stage; B. Petal differentiation phase; C~G. Stamen and pistil differentiation phase; H~K.
Sexual cells differentiation phase（Magnification: A~H, × 40; I~K, × 400）.AN: anther; EM: embryo; I-IN:
inner integument; O-IN: outer integument; OV: ovule; PE: petal; PI: pistil; PO: pollen; SE: sepal; ST: stamen;
STI: stigma; TA: tapetum; V: vegetation cone.

The optimum starting date and times of treatment with GA3
A large number of flower buds fell off after spraying with 800 mg L-1 of GA3 from
September 8th for 1-2 times (Table 1), which could be an effort of the plant self-protection
mechanism, i.e. plants response to external damage by the mode of falling off flower buds.
When treated with GA3 from September 22nd, flowers opened ahead of the natural flowering
date regardless of treatment times. However, the discontinuous flowering at the same plant was
discovered generally. Flowers opened earlier when treatment times were increased. After being
treated for 2 times from September 22nd, the flowers opened on late February, ten days ahead
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of the natural flowering date; treated for 4 times, 13.3% shoots opened in early January;

and for 6 times, some of the larger flower buds on the outer crown began to blossom
in middle November, ahead of about 100 days. Some flowered in late January. When
treated 2 times from October 27th, there were 43.3% shoots which blossomed at early
January. When treated 4 times, 82.2% of the shoots began to blossom at late December
and early January, thus it almost doubled.

DISCUSSIONS
The C. rosthorniana blossoms near the New Year’s Day and the spring festival. The
forcing of culture to make C. rosthorniana ‘Tianshanfen’ flower in holidays plays important
roles in developing vigorously the national flower industry and achieving good economic
benefits. Understanding the relationships among flower organs differentiation processes,
obvious morphological characteristics and corresponding date will pave the way for forcing
culture research and production practices of C. rosthorniana.
The flower bud differentiation can be divided into three stages, namely physiological,
morphological and sexual cell forming. For ‘Tianshanfen’, it takes a long time from flower
bud morphological differentiation to flower organs and sexual cells maturing in the following
year. The morphological differentiation stage is the process of flower organ primordial
development, including bracts, sepals, petals, stamens and pistil differentiating stages.
At this time, the flower buds are full and compact appearing red or purple. The flower
buds normally turns into semi-dormancy stage, and the inter pistils and stamens or sexual
cells still develop slowly. In nature, low temperatures can break the semi-dormancy and
promote the development of flower buds. Application of GA3 can break dormancy instead
of low temperatures and make flower bud develop into the next stage and eventually
promote flowering in advance [1].
In this study, observation and description of morphological characteristics in flower
bud development was performed and the processes of inter flower organ differentiation
were studied further coupled with paraffin sections simultaneously (Table 2). The results
showed that the flower bud of ‘Tianshanfen’ belongs to the species of differentiation in
summer - autumn and flowering in following spring. Based on the outer morphological
characteristics, the whole process of bud differentiation was divided into 5 stages; green
bud stage，red bud stage，coloring stage，unfold petal stage and flowering stage. Main
flower organs differentiate at the early flower bud differentiation stage (i.e. green bud
stage) mostly. On the basis of flower bud differentiation processes and outer morphological
characteristics, it is determined theoretically that it is possible to conduct forcing culture
by use of GA3 treatment at the near time of flower buds of ‘Tianshanfen’ differentiation
finishing during late October and early November. In middle November, the temperatures
in Wuhan decreases and resulted in the most of flower buds enter into red bud stage.
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Table 2. Relationships among flower buds morphology, differentiation process and date

Date
Late May - middle and
late July
Early and middle July early August
Early and middle
August - middle and late
October
Early and middle
December

Flower bud
morphology

Flower bud differentiation process

Transition period
from green bud to
red bud

Bract primordium, calyx
primordium and petal primordium
Stamen and pistil primordial
differentiation
Further differentiation of flower
organs and beginning of sexual cells
differentiation

Red bud stage

Sexual cells differentiation

Green bud stage
Green bud stage

In this study, the results of forcing flowers at 3 starting treatment dates were
in accordance with the above theoretical hypothesis. A great amount of flower buds
subjected to treatment fell off in September 8th. The possible reason for this was
that flower bud differentiation uncompleted in early September with the low ability
to accept the external stimuli. Therefore, early September was not the right time for
artificial application of the GA3 treatment to ‘Tianshanfen’. Treatment from September
22nd, the defect of discontinuous flowering was discovered generally. The flower buds
differentiated from the top to bottom of the branch and each flower bud was in various
physiological statuses, and produced different morphological responses thus answering
to the stimulation of GA3. On October 27th, flower buds completed morphological
differentiation thoroughly and came into semi-dormancy. On one hand, the flower
bud has increased ability to resist stresses and application of GA3 will do no harm to
plants, on the other hand, the flower buds could accept the stimulation of GA3 and thus
breaking the dormancy. Flower buds treatment develops ahead of time and come into
full flowering around January.
It is feasible to promote flowering in advance when flower buds of ‘Tianshanfen’
complete the morphological differentiation In conclusion, ‘Tianshanfen’ plants could
bloom on around New Year’s Day when the flower buds are sprayed with 800 mg L-1 of
GA3 once weekly continually for 4 times from late October to early November.
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Sanitary status of camellias growing at the urban parks and gardens from
the Pazos in Galicia (NW Spain)
Mansilla, J.P., Pérez-Otero, R., Aguín, O., Pintos, C., Rial, C., Chaves, M. and Salinero,
C.Estación Fitopatolóxica do Areeiro, Deputación de Pontevedra, Subida a la Robleda s/n,
36153 Pontevedra, Spain. E-mail: pedro.mansilla@depo.es

Abstract. The aim of the present work is to know the sanitary status of the Camellia species,
and their hybrids and cultivars, which are widely distributed in parks and historic gardens of
Galician Pazos (NW Spain). In a continuing survey in 2013, six Galician Pazos and five urban public
parks were sampled. A total of 170 samples were collected from Camellia plants. Samples of soil
and branches with leaves of the canopy were taken and translated to the diagnostic laboratory.
Pure cultures of the fungi isolates were obtained and identified by morphological features in
culture media. The identity of the fungal species isolated was confirmed by DNA sequences
analysis. Insect species determination was carried out using microscopic preparations. Soil fungi
including Phytophthora spp. and Armillaria spp. and several aerial fungi including species of
Botryosphaeriaceae family, among others, have been isolated. Different species of arthropod
pests, including aphids, Coccoidea species (especially Chloropulvinaria floccifera and Diaspididae)
and mites have also been identified. The results of this study indicate that although the number
of genera and species of fungi and arthropods identified is high these have only been isolated
in a few specimens of Camellia sampled. So we can to conclude that the health status of the
camellias in Galicia is good.
Keywords: arthropod pests, fungus, identification.

Introduction
Camellia species, and their hybrids and cultivars, are widely disseminated in the
Galicia region (NW Spain). Ornamental camellias, mainly Camellia japonica and to a lesser
extent C. reticulata and C. sasanqua, were introduced in Galicia in the 18th century. They
are actually being propagated in several ornamental nurseries, and can also be found
in public parks and historical gardens (Pazos) in Galicia. However, at present there are
several diseases and different species of arthropod pests that are damaging these plants.
Several fungi have been reported to cause Camellia root rot including Armillaria
mellea, Phytophthora species (Mansilla et al., 1991, 1998, 2001a, b) and Rosellinia
necatrix (Aguín et al., 2002). Camellia species are also affected by a number of aerial
fungal diseases namely Botrytis cinerea, Ciborinia camelliae, Glomerella cingulata,
Meliola camelliae, Pestalotia guepinii, Phomopsis camelliae-japonicae and Phytophthora
ramorum (Mansilla et al., 2001a, b). Of these, Ciborinia camelliae (Mansilla et al., 1999)
and Phytophthora ramorum (Pintos et al., 2003) are included in the European Plant
Protection Organization (EPPO) Pest lists (EPPO A2 list) and they were detected, for
the first time in Spain, in Galicia. There are also several references of trunk diseases
found on Camellia spp. of which Camellia dieback and canker caused by Glomerella
cingulata is the most cited as wood disease. Some species of Botryosphaeriaceae have
already been reported for Camellia, but it is not until 2012 when Neofusicoccum species
(Neofussicocum luteum and N. parvum, Botryosphaeriaceae family) are identified on
2014 International Camellia Society Congress

Pontevedra (Spain) 11- 15 March

216

Camellia in Spain (Pintos et al., 2012). Finally, several species of insects and mites are
listed in the bibliography by country (Johnson & Lyon, 1991; Ferrari et al., 1999). Most are
sucking insects (scales, aphids), Coleoptera, Lepidoptera and Eriophyioidea mites. Up to
now, in Galicia it has been found representatives of all these groups, except Lepidoptera
(Mansilla et al., 2003a).

Material and methods
In a continuing survey during 2013, six historic gardens from Galician Pazos and
five urban public parks were sampled. A total of 170 samples (60 soils and 110 aerial
Camellia parts: branches, shoots and leaves) were collected from Camellia plants. The
selected pazos were: Pazo Gandarón (Pontevedra), Pazo Lourizán (Pontevedra), Pazo
Oca (A Estrada, Pontevedra), Pazo Quiñones León (Vigo, Pontevedra), Pazo Rubianes
(Villagarcia, Pontevedra), Soutomaior Castle, and five urban gardens in the cities of Vigo
and Pontevedra.

Identification of fungal aerial diseases
Plants affected showing canker, dieback and leaf spots, were kept in controlled
chamber (20- 25°C, 16-8h day-night, 75-80 % humidity). Fungi observed were isolated,
transferred onto Potato dextrose agar (PDA) and incubated at 25°C in darkness. Pure
cultures of the fungi isolates were obtained and identified by cultural, physiological
and morphological characteristics and confirmed by molecular analysis. Fungal DNA
was directly extracted from mycelia growing on plates, using the commercial kit EZNA™
Fungal DNA Miniprep Kit (Omega Bio-tek) following the short protocol. PCR reactions
were carried out with primers ITS1 and ITS4 (White et al., 1990). Amplified products
were sequenced and the sequences obtained were analyzed with the BLAST alignment
program of the NCBI and compared with deposited into GenBank database.

Isolation and Characterization of Phytophthora species from Rhizosphere soil
A survey on the occurrence of Phytophthora species from sixty camellia rhizosphere
soils samples were conducted in the six selected Pazos, but not in the urban parks.
Rhizosphere soils were tested by flooded with distilled water and baited with
young leaflets of avocado (Persea americana) and petals of Dianthus sp. (Jung et al.,
1996, 2000). After incubation 48-96 h, leaflets were examined using a light microscope
for determinate the presence of Phytophthora sporangia. Leaflets with sporangia were
blotted on filter paper, to remove excess water, and placed onto selective V8 agar.
Petri® dishes were incubated at 22 °C in the dark. Colonies growing from the baits were
examined. Phytophthora isolates were identified using morphological and physiological
characters and DNA sequences.
The morphological identification was based on the colony morphology, cardinal
growth temperatures, and production, morphology and dimensions of sporangia,
antheridia and oogonia. The presence of hyphal swellings or chlamydospores was also
examined (Erwin and Ribeiro, 1996). Colony patterns and grown characteristics were
described from 10 days old culture grown at 23 °C in the dark onto V8. Formation of
sporangia was induced by flooding agar discs, cut from the growing edge of 7 day-old
culture grown on V8 agar, with non-sterile soil extract water and incubated at room
temperature for 48-72 h in the dark (Jung et al., 1996). After incubation the dimensions,
shape, papilla, and caducity of sporangia were recorded for each isolate. Gametangia
were measured from colonies on V8, kept for ten or more days, as described by Brasier et
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al., (2004). Dimensions and characteristics features of oogonia, oospores and antheridia
were recorded.
In order to confirm the identification derived from the morphological studies a
subset of isolates of each species was selected for DNA sequence analysis. DNA fungal
extraction was performed with the commercial kit EZNA™ Fungal DNA Miniprep Kit
(Omega Bio-tek) following the short protocol. DNA amplification and sequencing was
carried out according to protocols proposed by Kroon et al. (2004) and Cooke et al.
(2000), analyzing a DNA fragment corresponding to the elongation factor and a fragment
of the ribosomal DNA ITS region, respectively. The sequences obtained were compared
with sequences available in GenBank database using BLAST program.

Isolation of Armillaria spp. from Rhizosphere soil
A survey on the occurrence of Armillaria species from rhizosphere soils where
Camellia plants growing were conducted in the Pazos. Sixty soil samples were collected
in the six selected Pazos.
DNA extraction was performed by using the PowerSoil® DNA Isolation Kit (MoBio
Laboratories, Inc.). Each fungal sample was needed to obtain 2-10 ng of DNA.
DNA amplification was performed by Nested-PCR with Ready-to-Go PCR Beads
(Amersham Biosciences). Two PCR reactions were realized .The first PCR reaction was
carried out with primers (ITS1/ITS4) and the second with (AR1/AR2) primers. Amplification
was performed under the conditions proposed by Lochman et al. (2004). PCR products
were digested with two restriction enzymes, namely Mbo I and Hinf I. The digested DNA
fragments were separated by electrophoresis. The identification of Armillaria species
was based on the size of digested fragments as compared to those reported by Lochman
et al. (2004).

Identification of arthropod pests
Samples were examined in laboratory using a binocular magnifier to find arthropods.
When mites, aphids or thrips were found, they were separated from vegetable support
using an entomological needle and placed each specimen in a recipient with lactic acid
(70%) for its clarification on a hotplate. Then, they were mounted on microscope slides
with Hoyer. The procedure for samples with scales was different: first, the females were
placed in glass capsules with 10% NaOH; subsequently they were washed using a mixture
of acetic acid (25%), water (50%) and 70% alcohol (25%) and they were transferred to a
recipient with 70% alcohol for at least 15 minutes. Then they were dyed using chlorazol
black for a few seconds and put again in 70% alcohol and later in acid fuchsin (at least
during 24 hours). Next step was the alcohol dehydration: first using 70% alcohol (15
minutes), then 96% (15 minutes) and 100% alcohol (15 minutes). Finally specimens were
put in Euparal essence for 15 minutes and then they were mounted on microscope slides
using Euparal.

Results and discussion
Identification of fungal aerial disease
In this survey, some of the main aerial diseases which affect camellias and that
had already been recorded in Galicia (Mansilla et al., 1991, 1998, 2001a, b) also been
found. Among those fungi that affect the aerial part of the plant we can mention Botrytis
cinerea, Colletotrichum gloeosporoides, Meliola camelliae, Pestalotia guepinii and
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Phomopsis camelliae (Figure 1). Although we have also been identified in this survey
others aerial fungi that had more recently appeared on Camellia plants in Galicia as
could be, Neofusicoccum parvum and Neofusicoccum luteum (Pintos et al., 2012) or
Botryosphaeria dothidea and Diplodia mutila.
Botryosphaeriaceae fungi caused leaf spots (Figure 2), cankered branches and
dieback. Neofusicoccum and Botryosphaeria are genus that comprises many species,
they have a cosmopolitan distribution and could be caused dieback and canker diseases
of woody hosts (Denman et al., 2000). Neofusicoccum parvum, Neofusicoccum luteum,
Botryosphaeria dothidea and Diplodia mutila are polyphagous fungi detected in multiple
hosts.
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Phytophthora species isolated from Rhizosphere soil
In this survey three Phytophthora species: P. cinnamomi, P. citricola, and P. cryptogea
(Figure 3), were identified using morphological and physiological characters. Identity
was confirmed by DNA sequences analysis. Comparison of the sequences obtained
showed 100% homology with sequences available in GenBank database for this three
Phytophthora species.
P. cinnamomi form abundantly terminal or intercalary chlamydospores in the
mycelium. Characteristics hyphal swellings are also produced (Figure 3A). P. cinnamomi
is a heterothallic species. Sex bodies are formed from intra-specific crossing in colonies
paired on V8 using an A1 and A2 reference isolates of P. cinnamomi. Antheridia are
amphigynous (Figure 3C). The sporangia in water are noncaducous and nonpapillate
with shapes varying from spherical to ellipsoid (Figure 3B). Optimum temperature for
growth in V8 is 24-27°C.
P. citricola is a homothallic species. Oospores are mostly plerotic and antheridia are
paragynous (Figure 3F). Shapes of sporangia are highly variable and ranged from ovoid
to ovo-pyriform (Figure 3E). Sporangia with double papillae and distorted shapes are
common. Optimum is 26-28° C.
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P. cryptogea is a heterothallic species. Sex bodies (Fig. 3I) are formed from interspecific crossing using A1 and A2 reference isolates of P. cinnamomi. Hyphal swellings
formed in chains or clusters are abundant in aqueous cultures (Fig. 3G). Sporangia are
nonpapillate and persistent. Both, external and internal proliferations occur. Optimum
temperature for growth in V8 is 25 °C. The morphological characteristics observed in our
isolates were in a good agreement with Phytophthora species descriptions reported in
literature (e.g. Erwin and Ribeiro, 1996; Brasier et al., 2004; Gallegly and Hong, 2008).

220

In this survey, P. cinnamomi was isolated in three rhizosphere soils (5%) belonging to
two pazos (Pazo Lourizán and Pazo Rubianes). P. citricola was isolated in two rhizosphere
soils (3,3%) belonging to Pazo Lourizán and Pazo Oca and P. cryptogea was isolated in
one soil (1, 7%) belonging to Pazo Quiñones de León (Table 1).
Only P. cinnamomi had previously been detected in Camellia roots and soils in
Galicia (Mansilla et al., 2001a, b). Up to date, P. cryptogea and P. citricola have only been
reported in other ornamental host in Spain as Viburnum tinus, Rhododendron spp. or
Buxus sempervirens (Moralejo et al., 2009). To our knowledge, this is the first report of P.
cryptogea and P. citricola from rhizosphere Camellia soils in Galicia.
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Armillaria species isolated from Rhizosphere soil
The identification of Armillaria species was based on the size of digested fragments
as compared to those reported by Lochman et al. (2004). The restriction enzyme MboI
discriminate A. mellea generating a pattern of bands 235, 215, 149 and 125 bp as shown
in the figure 4A, but the restriction endonuclease MboI was not able to discriminate
between the species A. cepistipes and A. gallica and then in these cases the enzyme HinfI
is used for differentiate this species obtaining fragments of 294, 227 69/63 and 43 bp for
A. gallica (figure 4B).
Armillaria mellea (Figure 5) was isolated in a total of five rhizosphere soils belonging
to three pazos and Armillaria gallica (Figure 6) was isolated in a total of eight rhizosphere
soils belonging to three pazos, from a total of sixty soils analyzed (Table 1). Armillaria
species are fungi that destroy the root system, resulting in progressive decay, leaf fall and
reduction of growth (Mansilla et al., 1991, 1998, 2001a, b).
Table 1. Number of isolates of Armillaria spp. and Phytophthora spp. obtained in the 60 soils from 6 Pazos
selected.

Armillaria Armillaria
gallica
mellea

Phytophthora Phytophthora Phytophthora Phytophthora
cinnamomi
citricola
cryptogea
sp.

Pazo
Lourizán

4

x

1

1

x

x

Pazo
Gandarón

x

1

x

x

x

2

Soutomaior
Castle

x

1

x

x

x

x

Pazo de Oca

1

3

x

1

x

2

Pazo
Quiñones
de León

3

x

x

x

1

2

Pazo de
Rubianes

x

x

2

x

x

x
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Figure 5. Fructification bodies of A. mellea

Figure 6. Mycelia of Armillaria gallica

Arthropod pests detected in samples

Populations of insects, mites or their symptoms were detected in all samples.
However, none of them was causing significant damage to compromise the viability of
the plants. They only could affect its vigour and mainly its aesthetic value.

There was a greater diversity of insects than mite species. However, most of
the specimens of the class Insecta belong to some order of sucking insects. The main
group of insects identified has been the Homoptera, namely the superorder Coccoidea
(5 species) and Aphidoidea (1 species), although it has been also detected populations
of Thysanoptera and damages caused by Coleoptera Curculionidae. Regarding to mites,
Eriophyoidea was in number higher than any other superfamily.
222

Figure 7. Cosetacus camelliae in sepal (SEM, 300 x) and symptoms of its attack

Only one pest was detected in all the survey points: Cosetacus camelliae Keifer
(Prostigmata: Eriophyidae: Cecidophyinae). The “camellia bud mite” lives under foliar
and floral scales. This species affects the edges of scales since just the beginning of its
development, causing its necrosis. With high populations, floral buds dry out and remain
initially on the plant and then, they fall to the ground; at low infestation densities,
flowers fall at the moment of its outbreak. In the survey, it was detected in 57% of all
samples. The number of mites varied among the different samples: the highest value
was 500 mites /sepal, and the minimum, 10 mites /sepal. With these data, plants with
the highest population rates showed a high proportion of dried floral buds, while the
lowest population rates showed marginal necrosis over the scales.
The other two species of mites detected in the survey were the tetranychid
Panonychus ulmi Koch (14% of all samples) and the Eriophyidae Acaphylla steinwedeni
Keifer. The last one only was detected in the 5% of all samples, where no symptoms were
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observed. However, the leaves of plants affected with P. ulmi showed a peculiar tanned
coloration. The eriophyioid mite Calacarus carinatus Green and the tarsonemid mite
Polyphagotarsonemus latus Banks, previously detected in Galicia (Mansilla et al., 2003b;
Pérez-Otero et al., 2007), were not found in samples collected in this survey.
The second species in occurrence was the aphid Toxoptera aurantii Boyer de
Fonscolombe. It was detected in 45% of all samples. It is the most frequent aphid in
camellia in Galicia, and the only detected in these surveys, where its colonies were not
very abundant. By this reason only 15 samples showed symptoms: curled and wrinkled
leaves and sooty mold over the honeydew Toxoptera secretes. None of the plants showed
signs of lack of vigour.
The occurrence of these three Coccoidea species was also important:
Chloropulvinaria floccifera Westwood and Coccus hesperidium Linnaeus from the
family Coccidae, and Hemiberlesia rapax Comstock from the family Diaspididae.
Chloropulvinaria floccifera has been detected in 21% of all samples. Usually, only females
with its ovisac or their rests were observed and only in 14 samples rests of fumagine
associated with honeydew were found. Coccus hesperidium has been found at 16%
of all samples. Generally very few individuals, the order of 2-4, formed the colonies.
Therefore, they did not cause symptoms. In addition, in nearly half the positive samples
it was found some individual with an emergence hole of some parasitoid. Hemiberlesia
rapax was the next scale species in order of abundance: it was detected in 27% of
collected samples. This result was somewhat surprising, since in surveys carried out in
the area a few years ago it was not a very abundant kind, which probably indicates that it
is increasing its population. It was found on the leaves, petioles and in the scales of floral
buds, although previously it was only located on leaves. However it was not found any
symptoms associated with their presence, as the colonies were always small in number.
The other species of scale insects found in surveys had a more timely presence:
Planococcus citri Risso (Coccoidea: Pseudococcidae), only in 5% of all samples, and
Parlatoria camelliae Comstock (Coccoidea: Diaspididae) wich was found only in one
sample. Samples associated with P. citri did not show any symptom; nevertheless, the
sample with P. camelliae showed leaves with important chlorotic lesions around scales
of the females.
Also it was found an occasional presence of the thrips Heliothrips haemorrhoidalis
Bouché, in 6% of all samples and always on leaves, not in flowers. Symptoms of its
outbreak are discoloration of silver or leaden colour at the underside of leaves, where
populations are normally found. Nevertheless, this symptom was not observed in all
samples collected.
Finally, hardly any damage was detected in samples due to attack of Curculionidae,
whose presence in camellia is usual.

Conclusion
The results of this study indicate that although the number of genera and species of
fungi and arthropods identified is high these have only been isolated in a few specimens
of Camellia sampled. So we can to conclude that the health status of the camellias in
Galicia is good. In the coming years new surveys will be required for checking if the
phytosanitary status of Galician camellias continued stable.
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Occurrence of Botryosphaeriaceae species associated with Camellia
dieback in Galicia (NW Spain)
Mansilla, J.P., Pintos, C., Chaves, M., Rial, C., Aguín, O. and Salinero, C.
Estación Fitopatolóxica do Areeiro, Deputación de Pontevedra, Subida a la Robleda s/n, 36153
Pontevedra, Spain. E-mail: pedro.mansilla@depo.es

Abstract. Camellia species, and their hybrids and cultivars, can be found in public parks and
historical gardens in Galicia (NW Spain). Several species in the Botryosphaeriaceae family are
common plant pathogens associated with dieback and cankers of woody plants. The possible
influence of these pathogens on sanitary status of Camellia has great interest in Galicia. In
2013 samples of declined Camellia spp. plants were received in the laboratory of the Estación
Fitopatológica do Areeiro. Affected plants showed leaf spots, cankered branches and dieback.
Symptomatic samples of leaves and wood tissue from stems and branches were processed
and four Botryosphaeriaceae species were isolated: Neofusicoccum parvum, Neofusicoccum
luteum, Botryosphaeria dothidea and Diplodia mutila. Isolates were identified by morphological
characteristics and identity was confirmed by DNA sequences analysis of ITS regions. Pathogenicity
tests were conducted by inoculating detached leaves and stems of Camellia japonica and C.
sasanqua with one representative isolate of each Botryosphaeriaceae species identified. Plants
were incubated at 25 ± 2°C in moist chamber (70-80%) humidity. Seventeen days after foliar
inoculation the discoloration that developed was measured. Botryosphaeriaceae species were
consistently recovered from symptomatic tissues of inoculated leaves but not from the controls.
Four months after stem–wound inoculation Camellia plants have not yet shown symptoms.
Keywords: Neofusicoccum, leaf spot, pathogenicity.

Introduction
Among the disease causal agents in woody plants, the fungi appear to present
the greatest potential threat. One of the most widely distributed and economically
important group of pathogenic ascomycetes belongs to the family Botryosphaeriaceae.
They have a cosmopolitan distribution and wide host range including gymnosperms and
angiosperms (Denman et al., 2000). These fungi are common endophytes and latent
opportunistic pathogens, causing principally diseases under unfavorable environmental
conditions. Botryosphaeria spp. are associated with various diseases symptoms, but are
best known as canker and die-back pathogens on woody plants. In Spain several species
of Botryosphaeria have been detected in multiple hosts such as oak, grapevine, olive,
avocado, eucalyptus, pistachio, rhododendron and this list continues to expand (Luque
and Girbal, 1989; Sanchez et al., 2003; Armengol et al., 2001; Pintos et al., 2011a; Romero
et al., 2005; Moral et al., 2010; Zea-Bonilla et al., 2007; Armengol et al., 2008; Pintos et
al., 2011b). Some Botryosphaeriaceae species have also been reported worldwide for
Camellia spp. Plants affected show canker dieback and leaf spots (Figure 1) (Duke, 1983;
Buckley and Gould, 2000; Cunnington et al., 2007; Bush, 2009). Currently, Neofusicoccum
luteum and Neofusicoccum parvum have been identified on Camellia japonica for the
first time in Spain (Pintos et al., 2012).
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So that, in this paper we summarize the Botryosphaeriaceae species identified
from Camellia spp. during 2013 in Galicia and the results of the experiments that
evaluated the pathogenicity of all them.
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Material and methods
Samples of Camellia japonica and Camellia sasanqua plants showing canker,
dieback and leaf spots were received and analyzed in the laboratory of Estación
Fitopatolóxica do Areeiro. Camellia plants were collected periodically during 2013 and
also came from by individual customers.

Isolation and identification
Samples of branches, shoots and leaves were collected from camellia plants
infected. Wood and leaf samples were surface disinfested for 3 min in a 0.5 % sodium
hypochlorite solution and washed twice with sterile distilled water. Small pieces of
necrotic tissue were cut from the margin and plated onto malt agar (MA) amended with
streptomycin sulphate (25 μg ml-1). Plates were incubated for ten days at 23°C in the
dark. Representative fungal isolates displaying morphological characteristics associated
with Botryosphaeriaceae species were subcultured onto 1% water agar (AA) containing
autoclaved Pinus spp. needles and then incubated at 25°C under light (16 h / day) for 1-2
weeks to encourage pycnidium production (Crous et al., 2006). Single-spores cultures were
prepared taking a conidiomata and crushing it in a drop of sterile water. One ml of water
was spread over a PDA plate and germinating single conidia were transferred to a new
PDA plate after 24 hours. The isolates were incubated on PDA for 24 hours at different
temperatures and radial growth was measured on four pre-marked radii at right angles.
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Botryosphaeriaceae species were identified by cultural, physiological and
morphological characteristics and confirmed by molecular analysis. Fungal DNA
was directly extracted from mycelia growning on plates, using a commercial kit. PCR
reactions were carried out with primers ITS1F and BOT2r (García et al., 2004) to amplify
the ITS region. Products from PCR reactions were electrophoresed on a 2% agarose gel,
then stained with GelRed, and visualized with a UV transilluminator. The size of PCR
products was estimated by comparison with a 100 bp standard ladder (Marker XIV,
Roche Diagnostics). Amplified products were sequenced with the same primers used for
PCR reactions and analyzed in an ABI Prism 3130 Genetic Analyzer sequencer (Applied
Biosystems). The Sequences obtained were Blasted in GenBank.

Pathogenicity test
Artificial inoculations on leaves
Pathogenicity of the four Botryosphaeriaceae species isolated from camellia was
tested by inoculating twenty C. japonica and C. sasanqua healthy detached leaves. One
representative isolate for each Botryosphaeriaceae species isolated was selected. The
isolates were grown on PDA at 25 ºC for 7 days prior to inoculation. Four detached C.
japonica and C. sasanqua leaves per each Botryosphaeriaceae species and four controls
were inoculated (Figure 2). A horizontal cut was made at the petiole base of each leaf.
The leaves were introduced in eppendorf® tubes contained 1, 5 ml of sterile PDA medium
and a fungal colonized 6-mm-diameter agar plug removed from the margin of an actively
growing colony (Figure 2). Four detached leaves controls received only sterile PDA agar
plug. Plants were labeled and maintained in a chamber under controlled temperature
(25 ± 2°C) and humidity (70-80) .The lesions were observed weekly. Aggressiveness of
the isolates was determined after seventeenth days. Surface sterilized leaves pieces
taken from necrotic tissues were plated on PDA to complete Koch´s postulate.

	
  

	
  

Figure	
  2.	
  Artificial	
  Botryosphaeriaceae	
  inoculation	
  of	
  C.	
  japonica	
  and	
  C.	
  sasanqua	
  
leaves.	
  

Artificial inoculations on stems

Artificial inoculations were conducted in November 2013. Pathogenicity was tested
on twenty-five 2 years-old Camellia japonica and C. sasanqua seedlings growing in pots.
One representative isolate for each Botryosphaeriaceae species (B. dothidea, D. mutila,
N. parvum, N. luteum) was selected. One shallow cut was made in the stem of each plant.
A colonized agar plug, from the margin of a growing colony of each Botryosphaeriaceae
Isolated, was inserted in every wound and was sealed with parafilm®. The controls Camellia
seedlings received only sterile PDA agar plugs. Plants were labeled and maintained in a
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chamber under controlled temperature (25 ± 2°C) and humidity (70-80%).

	
  

Figure	
  3.	
  Artificial	
  inoculations	
  of	
  Camellia	
  sasanqua	
  
stems.	
  

Results and discussion
	
  

Isolation and identification

Single-spores isolates produced four distinct types of colonies on potato dextrose
agar (PDA) at 22°C.
The isolates type I (Figure 4.2) produced abundant white aerial mycelium, which
gradually becoming grey to dark grey. The reverse side of the colonies is initially white
becoming dark green to olive green from the centre. This coloration gradually spreads to
the edge and becomes darker from the centre until the entire underside of the colony turn
black. Growth ranged from 4 to 40°C with an optimum at 28°C. Conidia were hyaline, single
or double cell, ellipsoid, with a subobtuse apex and a truncate base, thin walled, averaged
23.03 (18.58 to 28.23) x 5.05 (3.96 to 6.63) µm with a ratio L/W of 4.62 ± 0.66 (n= 100)
(Figure 4.1.C). Isolated type I were identified as Botryosphaeria dothidea (Pennycook et al.
1985, Phillips et al. 2002, Crous et al. 2006).
The isolates type II (Figure 4.2) initially produced dense white mycelia. The pigment
becoming dark olive-brown. The reverse side of the colonies has the same color. Growth
occurs from 4 to 38°C with an optimum at 28°C. Conidia were hyaline, aseptate, eguttulate
or sometimes with a large central guttule, contents granular, smooth, thick-walled, oblong
to cylindrical, straight, both ends broadly rounded, rarely becoming brown and septate
with age. Averaged 27.38 (23.92 to 34.44) x 13.27 (10.76 to 15.81) µm with a ratio L/W of
2.07 ± 0.17 (n=100) (Figure 4.1.E). Isolated type II were identified as Diplodia mutila (Luque
and Girbal, 1989; Alves et al., 2004).
The isolates type III (Figure 4.2) produced a sparse aerial mycelium and a
characteristic yellow pigment which is more intense after 3 days, thereafter becoming pinkviolaceous and gradually obscuring to dark grey. Growth ranged from 4 to 38°C with and
optimum at 28°C. Conidia were hyaline, fusiform, aseptate, thin-walled, averaged 18.99
(12.75 to 23.25) x 6.39 (4.91 to 8.24) µm. Ratio L/W of 3.00 ± 0.44 (n=100) (Figure 4.1).
Isolated were identified as Neofusicoccum luteum (Figure 4.1.D). (Pennycook et al., 1985;
Phillips et al., 2002; Crous et al., 2006).
The isolates type IV (Figure 4.2) were initially white, growing rapidly and forming
a dense aerial mycelium, that became dark gray. The reverse side of the colonies acquires
yellow pigmentation that eventually becoming an olive color, and finally passes to dark
gray. The isolates presented a marked diurnal zonation. Growth ranged from 4 to 38°C with
and optimum at 28°C. Conidia were hyaline, elliptical, aseptate, thin-walled, averaged 19.1
(15.26 to 22.84) x 5.73 (4.66 to 7.19) µm. Ratio L/W of 3.35 ± 0.34 (n=100)
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(Figure 4.1.A,B). Isolated were identified as Neofusicoccum parvum (Pennycook
et al., 1985; Crous et al., 2006).
B. dothidea and N. luteum were isolated from twigs; on the other hand, D. mutila
and N. parvum were isolated only in symptomatic leaves of Camellia spp.
Identity of species were confirmed by DNA sequence analysis of the ITS regions.
BLAST searches of I, II, III and type IV sequences showed 96-99% homology and 100%
coverage with B. dothidea, D. mutila, N. luteum and N. parvum sequences obtained from
GenBank Database.

Pathogenicity test
Artificial inoculations on leaves
Symptoms developed by 2 days after inoculation and consisted in necrotic leaves
lesions developed from the petiole base for the main vein towards the tip of the leaf. The
most aggressive species was N. parvum. After two days necrotic lesions were already
developed in C. sasanqua leaves inoculated with N. parvum and after four days in C.
japonica inoculated leaves. The last leaves in to show symptoms were those inoculated
with B. dothidea on C. sasanqua (6 days) and N. luteum on C. japonica (9 days).
The two camellia species tested differed in their susceptibility to infecction by
Botryosphaeria dothidea, Diplodia mutila and Neofusicoccum species. C. japonica leaves
showed more tolerant at fungal inoculation per Botryosphaeriaceae family fungus than
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C. sasanqua inoculated leaves (Figure 5). After ten days C. sasanqua leaves were already
necrotic and after 17 days the C. japonica leaves. All Botryosphaeriaceae species were
reisolated from detached inoculated leaves but not from the controls confirming Koch’s
postulates.
	
  
Type	
  
I	
  

Type	
  II	
  
	
  

Type	
  III	
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Type	
  IV	
  
	
  

Figure	
  4.2	
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  I	
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  dothidea),	
  Type	
  II	
  (Diplodia	
  mutila),	
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  III	
  (Neofusicoccum	
  luteum)	
  and	
  Type	
  IV	
  (Neofusicoccum	
  parvum)	
  colonies	
  after	
  2,	
  4,	
  7	
  and	
  
10	
  days	
  at	
  22°C	
  on	
  PDA	
  

	
  
Artificial
inoculations on stems

Three months after inoculations, the plants have not yet shown symptoms. We
wait six months to determine if any symptomatology is appreciated, If not we will repeat
the test to corroborate this fact.

Conclusion
This study represents an attempt to characterize the Botryosphaeriaceae species
associated with foliar necroses and dieback of Camellia in Galicia integrating by cultural,
physiological and morphological characteristics and confirmed by molecular analysis. In
the present work, four Botryosphaeriaceae species were identified from a combination
of all this characters: Botryosphaeria dothidea, Diplodia mutila, Neofusicoccum luteum
and Neofusicoccum parvum; of which only Neofusicoccum species have previously been
associated with Camellia in Galicia (Pintos, et al 2012). In this way this study represents
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Figure	
  5.	
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  of	
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  and	
  C.	
  japonica	
  (F-‐J)	
  after	
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  days.	
  

	
   first record of Diplodia mutila and Botryosphaeria dothidea causing Camellia dieback
the
in Galicia. Also, the results show that the four Botryosphaeriaceae species isolated are
important pathogens of Camellia and caused severe symptoms in artificial inoculations.
This approach will hopefully also facilitate a better understanding of this cosmopolitan
fungal family associated with Camellia dieback and therefore these results will be useful in
future epidemiological studies and disease management of Botryosphaeriaceae species
from Camellia. Therefore this fungal also be taken into account in the development of
the disease control measures in Camellia.
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Abstract. Ciborinia camelliae is a fungus widespread in many temperate regions including Italy.
The aim of this work was to evaluate the efficiency of a commercial product based on Trichoderma spp (a wettable powder formulation containing spores of Trichoderma asperellum and T.
gamsii) against the sclerotia of C. camelliae. The influence of temperature and humidity on the
production of apothecia and the course of the disease was also assessed. Finally, studies on the
persistence of the product in the soil and on the biological control were carried out. An in vitro
study showed that as a result of the Trichoderma inoculation all sclerotia were parasitized and
no longer viable, indicating that the commercial product works well under laboratory conditions.
Data on temperature, humidity, flowering and sclerotia forming apothecia were collected in Villa
Anelli and Parco delle Camelie. The results showed the formation of peaks of disease in conjunction with an increase of humidity in air. These peaks were preceded by maximum peaks in the
production of apothecia in the soil, which, in turn, were produced because of the reduction in
the air humidity.
Regarding the persistence in the soil and the biological control of the commercial product in the
field, two different sites were studied. Boxes containing 100 sclerotia of C. Camelliae inoculated
with the commercial product were arranged in order to investigate the efficiency of the product
in the biological control in the field. This study is still in progress. In conclusion, this work contributes to a better understanding of the biological cycle of C. camelliae and Trichoderma spp. as
a biological control agent.

Introduction
Ciborinia camelliae Kohn is a fungus belonging to the Helotiales order (Ascomycota). The fungus is a high specificity pathogenic species. Up to now it has been observed
only on plants belonging to the Camelliae genus (Rampinini, 2001).
This pathogen is native to Japan, where it was identified in 1919 for the first time
(Hara, 1919). In 1940 it was found in California (Hansen & Thomas, 1940) and is currently
spread throughout North America, including Canada. In 1993, it was also observed in
New Zealand where it has spread widely in the last few years (Stewart & Neilson, 1993).
During 1999, this fungus was identified in some EU countries such as the United Kingdom, Germany, Spain, and also Italy.
At the beginning of spring the propagules (ascospore) of C. camelliae reach the
petals of the camellia and germinate quickly producing a brownish mycelium able to
colonize the entire petal (Camellia flower blight). The purpose of the fungus is to reach
the base of the petals and aggregate to form structures called sclerotia. The sclerotia
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are black, single or aggregated, have a variable shape, and often embed residues of the
flowers. The flowers become brown and fall to the ground prematurely, taking a leathery
texture prior to decompose. The sclerotia, on the contrary, remain in the soil in a latent
form throughout the year until they find the ideal conditions to germinate at the beginning of the new year (Kohn & Nagasawa, 1984). These structures hidden in the litter box
at the base of the plants produce fruiting bodies, called apothecia, easily recognizable
by the thin and long stipe and a cup-shaped hymenium (Gianetti et al., 2002). The hymenium contains the asci, cylindrical structures having eight ovoid ascospores (Kohn &
Nagasawa, 1984). The spores are the structures of sexual spread of the fungus and can
be carried by the wind from a few meters to hundreds of miles away. Moreover, when
the mycelium of C. camelliae colonizes the flower, it generates the spermodochia, structures of asexual reproduction, which produce microconidia from phialidic cells that are
able to spread over a short distance (Baxter & Epps, 1979).
The Camellia Flower Blight can be easily confused with cold-caused damages or
other fungal infections, such as Pestaliotia spp., Botrytis cinerea and Sclerotinia sclerotiorum. Sclerotinia and Ciborinia are closely related genera (Jones & Stewart, 1995).
The Sclerotinia genus is primarily known as a basal rot agent of many vegetable plants.
However, the C. camelliae infections are characterized by a different location from the
one which generally distinguishes Sclerotinia spp. Furthermore, only the sclerotia of
the Ciborinia genus encompass the host tissue, and the original cellular structure of the
petal can still be detected under an optical microscope (Gianetti et al., 2002). However,
only the presence of spermodochia makes it possible to ascertain the diagnosis.
Currently there is no satisfactory method to control C. camelliae. Nonetheless,
a few measures to partially control the disease were elaborated. These include the destruction of infected flowers, the application of a black plastic sheet on the ground under
the Camellias plants (Baxter & Epps, 1979), and the use of fungicides in the soil and on
the flowers (Haasis & Nelson, 1953 Holcomb, 1980b). In the last few years, in order to
avoid the use of the abovementioned polluting and expensive chemical and mechanical
treatments, biocontrol agents have been investigated. This new strategies are still poorly
studied and at the moment there are no indications concerning the development of a
procedure aimed at controlling this disease in a satisfactory way (CH Taylor PG & Long
2000).
The aim of this work was to evaluate the efficiency of a commercial product
based on Trichoderma spp (a wettable powder formulation containing spores of Trichoderma asperellum and T. gamsii) against the sclerotia of C. camelliae. Moreover, the
influence of temperature and humidity on the production of apothecia and the course
of the disease was also assessed. In addition, a method for the isolation, the sterilization
and the germination of the sclerotia in vitro was performed.

Materials and Methods
The sclerotia were collected at “Parco delle Camelie” in Locarno and “Villa Anelli”
in Oggebbio in June 2013. The material was coarsely cleaned and preserved at 4°C.
All reagents used for the experiments (with the exception of the commercial
product based on Trichoderma spp.), were purchased at Sigma Aldrich.
The isolation and germination of the sclerotia were carried out on Potato Dextrose Agar (PDA)+ ab (antibiotics): PDA, 39g; H2O, 1l. The substrate was sterilized in au2014 International Camellia Society Congress
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toclave for 15’ at 121°C. Streptomycin (0.005g /l) and chloramphenicol (0.005g /l) were
added by cold filtration (0.2 µm).
The germination of C. camelliae was evaluated by macroscopic observation of the
colony (appearance, colour, texture, velocity of growth, exudates, diffusible pigments).
In addition, microscopic analysis in stereomicroscopy (Olympus SZX7e Leica 205M) and
optical microscopy (Olympus BX63 ) were performed.
The following sterilization protocol was used:
1) Coarse cleaning of the sclerotia in distilled water;
2) Preparation of the surface sterilization solution: (50/50) of NaOCl, 11%; ethanol, 99%;
3) Immersion of the sclerotia in sterilizing solution for 3 min;
4) Rinse in 5% Tween80 for 3 min;
5) Rinse with sterile distilled water for 3 min and repeat this step 3 times;
6) Rinse the sclerotia with sterile distilled water.
For the isolation of C. camelliae, each sclerotia was cut into 4 pieces (using a sterile blade). The four pieces were inoculated into Petri dishes with PDA+ ab, incubated in
the dark at 24°C and daily monitored for 40 days. Macroscopic and microscopic analyses
were carried out to evaluate the development of C. camelliae. Finally, the mycelium of
C. camelliae was isolated in pure culture. The presence of contaminants was quantified
and some of them were isolated in pure culture for future analysis.
Regarding the test of biological control, the first step was to assess the ability of
the commercial product based on Trichoderma spp to grow on PDA culture medium. 5g
of product were taken from a new sealed package and diluted in 50ml of H2O. Chloramphenicol (0.005g /l) and streptomycin (0.005g /l) were added in the solution in order to
inhibit the bacterial growth. One ml of solution was inoculated on PDA and the plates
were incubated at 23° C in the dark and daily monitored for 7 days.
The “experiment of biological control” was conducted using 200 previously sterilized sclerotia (surface sterilization). The sclerotia were placed at the centre of the plates
containing PDA+ ab and 100 µl of commercial product solution were inoculated on each
sclerotium. The plates were incubated at 24° C, in the dark, for 30 days. In addition, the
experiment included different controls:
- “t0 control”: sterilize the surface of the sclerotia, cut into 4 pieces and inoculate on
culture media in order to assess the vitality of the sclerotia at the beginning
of the experiment;
- “vitality control”: sterilize the surface of the sclerotia and preserve the sclerotia in
sterile conditions and in the same conditions as the sclerotia used for the experiment of biological control during the whole experiment in order to assess
the vitality of the sclerotia at the end of the experiment;
- “Trichoderma control”: inoculate one ml of commercial product solution on PDA in
order to assess the development of Trichoderma spp.
The draft of the experiment is shown in table 1:
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Table 1: Draft of the experiment

Category

(PDA+ab)

“Experiment of
biological control”

+

“t0 control”

+

“ vitality control”
“ Trichoderma
control”

Treatment
Whole
Cut Inoculum
sclerotia Scle- of Trirotia choderma
+

+
+

40
+

Tot. plates

200
20

+
+

N° Plates

20
280

The plates were monitored every three days and all results were evaluated at
day 30. In more detail, as regards the “Experiment of biological control”, the number of
the sclerotia colonized by Trichoderma spp was rated together with the consistency of
the sclerotia after the process of colonization. In addition, optical and scanning electron
microscopy analyses were performed on the colonized sclerotia.
Two different tests were carried out to assess the parasitisation efficiency:
- Micro-chemical test: Preparation of slides for optical microscopy and staining of
the sclerotia tissues with a Trypan blue solution as follows: Trypan blue, 0.4%;
sodium chloride, 0.81%; potassium phosphate dibasic, 0.06 %. This solution
makes it possible to discriminate live cells from dead cells considering the ability of the dye to permeate into the dead cells more readily.
- penetrometer test: the test allows for the evaluation of the vitality of the sclerotia by calculating their resistance to breakage by compression. For this test
30 healthy sclerotia and 23 “Experiment of biological control” sclerotia were
evaluated. This test was conducted using the Quasar 2,5- Galbadini penetrometer.
Regarding the assessment of the influence of temperature and humidity on the
production of apothecia and the course of the disease, data from a previously work
carried out in spring 2013 (05.03.2013 and 15.05.2013) in “Villa Anelli” and “Parco delle
Camelie” were used (data not published). This data were collected with the “Davis Vantage Vue” wheather station.

Results and Discussion
All sclerotia collected at “Parco delle Camelie” and “Villa Anelli”, stored at 4°C,
remained alive for the entire period of the experiments. The storage at low temperature
is a good method to keep the sclerotia alive for a long period of time.
The PDA represented an excellent culture medium for all experiments because
it allows for a rapid development of C. camelliae, which assumes colors that provide a
good visual discrimination of the species. In addition, the use of antibiotics such as chlor2014 International Camellia Society Congress
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amphenicol and streptomycin did not affect the development of C. camelliae.
Isolation of C. camelliae: C. camelliae produces blackish, hard, single or aggregated sclerotia at the base of the flowers of the Camellia.
On PDA, the incubation of the sclerotia at 24°C allows for their germination after
36 hours; at 48 hours a whitish, felt-like mycelium is visible around the sclerotia. The mycelium reaches a 4 cm diameter in 15 days. At 8 days, the colony becomes dematiaceous,
producing from brownish-orange to black hyphae. In addition, the texture of the colony,
soft at first, becomes crusty. After 20 days the mycelium produces a black exudate (mucilage) starting from the center of the colony. This exudate protects the asexual reproductive structures (spermodochia) that appear after 25-30 days. Microscopically the shape
of spermodochia ranges from obovoid to elliptical, they look brownish and with a 100300 (700) µm size. They consist of branching clusters of hyphae ending in barel-shaped,
smooth, 6-10 x 2-2.5 µm phialides having a collarette from which uninucleate microconidia emerge. These microconidia, born in chains, are smooth and brownish, have a
shape ranging from globose to obovate, and an often truncate base consisting of two 2.5
(4) µm x 2.2 (2.5) µm fringes. No formation of sclerotia and ascocarps in culture was observed. The velocity of growth, the features of the colony and the microscopic measures
of the isolated strains are slightly different from the data in the literature (Cook, 2003).
Probably there is a substantial genetic variability among isolates in different geographic
areas.
The results showed that 100% of sclerotia survives after 2 sterilization processes.
Only 5% of fungal contaminants survive after two sterilization processes. 40% of bacterial contaminants survives at the first sterilization process but only 5% also resists to the
second sterilization cycle. This protocol is very quick, easy and represents a good method
for the isolation of C. Camelliae (Figure 1).

a
Figure 1. Processes of sterilization: Number of sterilized sclerotia, fungal and bacterial
contaminant and dead sclerotia.

Experiment of biological control: The liquid solution of the commercial product based on Trichoderma allows for a rapid development of Trichoderma spp. on PDA. Mycelial development begins after 12 hours and after 24 hours a radial white felt-like mycelium can already be observed
around the inoculum.
The results of the experiment showed that 100% of the sclerotia was colonized by
Trichoderma spp. after 7 days. At 40 days, the most important changes were the following: the
growth of the Trichoderma mycelium on the whole surface of the sclerotium (Figure 2), the loss
of hardness of the sclerotia which become soft during the compression and the browning of
the sclerotia inner tissue.
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Figure 2. Trichoderma colonize the surface of the sclerotium (1), producing asexual reproductive structures (2, 3)
and conidia (4).

The microscopic analysis showed the presence of hyphae and conidia of Trichoderma
spp. within the tissues of the colonized sclerotia. The analysis with scanning electron microscope (Figure 3) showed collapsed internal tissues in the colonized sclerotia, where it was no
longer possible to distinguish the hyphal bundles. These results are in agreement with those of
other authors and demonstrate that Trichoderma - in vitro - is a fungus capable of competing
with other organisms for space and nutrients.
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Figure 3. Scanning electron microscopy: 1, 2- Sclerotium with healthy internal tissues; 3, sclerotium parasitized by
hyphae and conidia of Trichoderma spp.; 4, Sclerotium with collapsed internal tissues.

Regarding the different controls of the experiment, 95% of the “t0 control” sclerotia
germinated in pure culture after 7 days, indicating their viability at the beginning of the experiment; 100% of the “vitality control” sclerotia germinated in culture medium after 7 days, indicating that the sclerotia remain alive after the incubation at 24°C for 40 days; all plates inoculated only with the commercial product (“Trichoderma control”) developed the typical mycelium
of Trichoderma after 4 days. These results validate the experiment of biological control.
The micro-chemical tests showed that all sclerotia colonized by Trichoderma are dead.
The Trypan blue reagent permeates easily in the hyphae of the dead sclerotia, whereas it does
not penetrate in the hyphae of healthy sclerotia (Figure 4). Therefore, it
is possible to say that these sclerotia were parasitized by Trichoderma spp.
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Figure 4. Micro-chemical test: The reagent permeates easily in the hyphae of the dead sclerotia while it
does not penetrate in the hyphae of healthy sclerotia

Finally, the physical test carried out by using the penetrometer showed that the
healthy sclerotia have a tensile breakage strength greater than 100N/cm2, on the contrary the parasitized sclerotia have a tensile breakage strength of about 8-10N/cm2
(Figure 5).
The results showed that these two tests represent quick, easy and replicable
methods to assess the vitality of sclerotia of C. camellia after the process of colonization.

Figure 5. Penetrometer test: In black, tensile breakage strength of healthy sclerotia (average ± 2 standard
deviation); in red, tensile breakage strength of healthy sclerotia (average ± 2 standard deviation).

Environmental monitoring: At “Parco delle Camelie” in Locarno, flowering began on
12/03 and exponentially increased until 04/04. At a later stage it increased more gradually until reaching a maximum peak between the 16/04 and 19/04. The trend of the
average temperature was always below 20°C throughout the period of data collection
(from 04/04 to 14/05 ); for the entire period it was uniform with the exception of two
peaks of low temperature that were recorded on 07/04 and 20/04. The humidity of the
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area was very variable with an average of 80%, two peaks of high humidity (90%, 20/04
and 27-30/04) and three peaks of low humidity (60-65%, 14/04, 25-04 and 05-05). The
fruiting of the sclerotia was very variable: the maximum peaks of fruiting were recorded on 09-04 and 16-04 (80% - fruiting sclerotia). Regarding the course of the disease, it
started on 23-03 and reached a first maximum peak between 10/04 and 12/04 and a
second maximum peak on 19-04 (Figure 6).
At “Oggebbio” in Villa Anelli, the course of flowering was comparable to that recorded in
Locarno. The average temperature was always below 20°C and there were three peaks
of low temperature on 05/04, 20/04 and 01/05. The humidity of the area was very variable and comparable to that found in Locarno. The fruiting of the sclerotia was variable
and the maximum peak of fruiting was recorded on 22-04. Finally, the course of the disease started on 22-03 and reached a maximum peak on 14/04 (Fig. 7).
The comparison between the results in Locarno and Oggebbio showed the following:
- the peaks of fruiting sclerotia were recorded 4-6 days before the maximum flowering of the Camellias;
- all peaks of fruiting were recorded in conjunction with a rapid reduction of the air
humidity. Therefore, the low humidity can probably promote the fruiting of sclerotia.
- the maximum peaks of disease were recorded 2-4 days after the maximum peaks of
fruiting of sclerotia
242

Figure 6: Locarno (Parco delle Camelie) - Environmental monitoring: Trend of humidity, temperature, fruiting of the sclerotia, flowering and disease on flower, recorded in spring 2012 between 07-03-2013 and
15-05-2013
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Figure 7: Oggebbio (Villa Anelli) - Environmental monitoring: Trend of humidity, temperature, fruiting of the
sclerotia, flowering and disease on flower, recorded in spring 2012 between 07-03-2013 and 15-05-2013

Conclusion
This study increases the knowledge about the pathogen Ciborinia camelliae, its
life cycle and the methods to study this fungus in the laboratory. In particular, the work
demonstrates the ability of the commercial product based on Trichoderma spp. as an
agent of in vitro biological control. Future studies will be needed to understand the effectiveness of this commercial product in the field, its correct formulation and the best
mode of inoculum in the field.
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japonica caused by Ciborinia camelliae in Goto, Japan
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Abstract：Flower bright of yabu-tsubaki (Camellia japonica) in the Goto islands is believed to
be endemic for many years and a possible cause of the irregularity of seed production. To establish a technical base to stabilize the production of camellia seed for the utilization of camellia
oil, yabu-tsubaki selections from a gene bank and street trees of yabu-tsubaki were examined
for evaluating seed productivity under field conditions where all trees were exposed to natural
infection with Ciborinia camelliae. Only one tree yielded fruits more than 50 percent of flower
formed among 10 best selections of yabu-tsubakis from the gene bank. In 2012 ten each street
trees were selected from five different areas in Goto City. The results obtained showed disease
resistance of different degrees. There was only one tree which produced fruits more than 50
percent of flowers among 50 street camellia plants examined and ‘Tama-no-ura’ was highly susceptible to flower bright and produced least fruits.
Key words: resistance, flower bright, yabu-tsubaki

Introduction
The Goto islands are surrounded by ocean in the western most location in Japan
which means the nearest in many areas in Southeast Asia and blessed with very mild
climate due to the Tsushima warm current. The whole area is covered with naturally
grown yabu-tsubaki (Camellia japonica) and plantaions estimated to be about 10 million
camellia tree stands. For this reason the Goto islands have been designated a special
economic district for the development of camellia industry for the first time by the Japanese Government. Historically speaking, camellia trees in the Goto islands have been
used as wind breaks to protect agricultural crops not only from violent storms in summer
but also from cold northern winds in winter. At the same time camellia seeds have been
an important source of high quality vegetable oil in food industry. Furthermore, a new
possibility has emerged in cosmetic industry in advent of new technology by a major
commercial company in Japan.
Thus, it is very important to maintain the constant supply of camellia oil for the
sustained development of a new industry. The purpose of this research is to find possible
reasons for the irregularity of seed production in yabu-tsubaki in the Goto islands which
has been revealed by recent statistic records and to establish a technical basis to stabilize the production of camellia seed for the utilization of camellia oil.

Occurrence of flower blight in the Goto Islands and maintenance of street
yabu-tsubakis
Flower blight of yabu-tsubaki in the Goto islands is believed to be endemic for
many years. However, the accurate estimates of the damage are not available due to the
lack of systematic disease surveys.
The fungal pathogen (Ciborinia camelliae) specifically infects the petal of camellia
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following the dissemination of ascospores from apothecia formed from the previous
years’ sclerotia in the soil. Normally prevailing infection in the field is known to occur
from January to March. However, natural occurrence in the field as early as in November
has been observed in a certain area in the Goto islands. The life-cycle of C. camelliae
under natural field conditions of the Goto islands is shown in Figure 1.
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Fig.1. The life-cycle of Ciborinia camelliae in the Goto islands.

Yabu-tubaki has been in use as a symbol of Goto City for many years and more
than 400 yabu-tubakis are planted in both sides of city voulvards (Figure 2).

Fig. 2. A street scene of Goto City with
camellias as street trees.

Fig. 3. Deep watering through pipes
for healthy camellia growth.

The trees are regularly pruned in a bonsai style. Therefore, the average number
of floral bud per tree is limited to a range of 300-400, though potentially at least 1,000
floral buds could be produced.
Recently a new method has been introduced for water supply to maintain the
healthy growth of streeet camellia trees (Figure 3). This improvement has resulted in
the increased production of flowers by providing deep watering around root system of
the street camellia trees in the voulvards which was not available in the past (Figure 10).
It is important to point out that the increase in the occurrence of flower blight coincided
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with the increase of flowers in the absence of effective disease control measures in the
recent years.

Fruit productivity of the selections of productive yabu-tsubakis in the Goto
islands
During the three-year period between 1981 and 1983, extensive surveys for highly productive yabu-tsubaki trees were conducted throughout the entire Goto islands.
The surveys resulted in the selection of 50 best trees and they were planted in the Ondake Botanic Garden (now a part of the Goto Camellia Forest Park) as a gene bank for
the future use (Figure 4).

246
Fig. 4. Best camellia selections of yabu- tsubaki for camellia oil maintained inthe Goto Camellia Forest Park.

In 2012 , ten yabu-tsubaki trees were used out of these selections for evaluating
seed production under field conditions where all trees were exposed equally to natural
infections by C. camelliae.
Abundant formation of apothecia and frequent release of the ascospores under
the camellia trees in the experimental plots were confirmed (Figures 5 and 6). Flowers
were examined for flower blight infection and the number of flowers was recorded for
each
tree.

Fig. 5. Abundant formation of apothecia of Ciborin- Fig.6. A fallen yabu-tsubaki flower showing flower blight infection and young apothecia of Ciboria camelliae
nia camelliae on the ground.
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The results in Table 1 shows that the degree of disease resistance is variable among
the examined yabu-tsubaki trees. Only one tree yielded fruits more than 50 percent out
of flowers formed, All other trees produced fruits less than 50 percent of flowers.
Table1. The percentage of camellia fruits to flowers from the 1981-83 selections of yabu-tsubaki (Camellia japonica ).
Tree
Flower no.*
Fluit no. **

1
2
258
185
31
68
12
37
Ｐｅｒ
ｃｅｎｔ
ａｇｅ
* Counting date: February 18, 2013
** Counting date: August 16, 2013

3
94
58
62

4
172
34
20

5
78
20
26

6
65
30
46

7
127
42
33

8
87
34
39

9
106
52
49

10
118
13
11

Fruit productivity of street yabu-tubakis from different areas in Goto City
In 2012, ten each street trees were selected from five different areas (A-E) in Goto
City and the evaluation of fruit production was conducted in the same way stated previously (Tables 2-6). The results obtained from different areas showed disease resistance
of different degrees. The most obvious result was that ‘ Tama-no-ura’ was highly susceptible to flower blight and produced least fruits among camellia trees from five areas tested (Table 2). though all ‘Tama-no-ura’ produced profusely attractive flowers as the result
of the recent improvement in the supply of water for the street camellia trees (Figure 8).
Table 2. The percentage of camellia fruits to flowers from 'Tama-no-ura' (Camellia japonica ) in Area A.
Tree
Flower no.*
Fruit no. **

1
2
3
250
182
305
18
4
9
Percentage
7
2
3
* Counting date: February 19, 2013
** Counting date: August 17, 2013

4
380
11
3

Fig.7 Flower bright of ‘Tama-no-ura’

5
458
72
16

6
328
1
0

7
302
16
5

8
282
0
0

9
350
18
5

10
482
54
11

Fig.8. Abundant flowering of ‘Tama-no-ura’ as
the result of watering improvement.

Yabu-tsubakis from Area B contained one plant which produced fruits more than
50 percent of flowers (Table 3). However, the other trees from the remaining areas produced fruits less than 50 percent with different degrees of disease resistance (Tables
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4-6).

Fig.9.Prevalent occurrence of fire bright of yabu-tsubaki Fig. 10. The increased production of flowers
yabu-tsubaki by providing deep watering
in the street in Goto City

of

Disease resistance to flower blight in yabu-tsubaki in the Goto-islands
While the floral tissue of ‘Tama-no-ura’ follows a typical process of camellia flower blight from the initial development of black to brown petal lesions and blight to pemature flower fall (Figures 7, 11 and 12), certain yabu-tsubaki treesproduced normal fruits
in spite of petal infection.

Fig.11. Initial stage of flower blight infection

Fig.12. Rapid spread of petal infection

of ‘Tama-no-ura’.

of ‘Tama-no-ura’.

It was observed in such plants that the enlargement of petal lesions formed after
initial infection was limited in a small area and the pistil and obule remained healthy. In
contrast, susceptible yabu-tsubaki was infected rapidly and the final death of the ovary
tissue occurred through its affected pistil.

Discussion
C. camelliae is the causal agent of the disease known as camellia flower blight
which results in devastating damage not only in ornamental cultivars of camellia but
also several species of camellia including yabu-tubaki (Hara,1919; Hansen & Thomas,
1940; Taylor & Long, 1998; Taylor, 2004; Hiruki, 2014). Most commercial cultivars are
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highly susceptible. Some disease resistance in certain commercial cultivars and species
of camellia has been reported (Taylor, 2004; Vingnanasingam et al. 2001; Denton-Giles
et al., 2013). However, the concrete basis of disease resistance is yet to be established.
All yabu-tsubaki selelections that have been preserved in the Ondake Botanic
Garden are from field originated from heterogeneous seeds. Therefore, it is not surprising to find a selection resistant to flower blight among them. Likewise, street yabu-tsubaki in Goto City is also grown originally from seeds of different origins. The fact that these
yabu-tsubaki trees are genetically heterogeneous means that it may be possible to find
a yabu-tsubaki tree that is a possible career of resistant gene(s) to flower blight as the
result of natural selection under the continued exporsure to infection by C. camelliae.
Apparent disease resistance to camellia flower blight appears to be based on the
fact that in the flowers from an apparent resistant yabu-tsubaki tree, solid local lesions
are formed after initial infection and the spread of diseaesed area is limited due to the
necrotic tissues. Thus, the infected flowers are only partially affected, keeping the pistil
and obule relatively intact and free from destructive invasion by the fungus. Therefore,
in spite of infection by C. camelliae, the formation of fruits can be continued normally.
The creation of resistant interspecific hybrids between the Camellia species of
Theopsis section (Sealy, 1958) and susceptible Camellia section has been accomplished
previously (Ackerman, 1973). It has been shown recently that species of Theopsis have
the highest level of incompatibility which make them the preferable candidates for future resistance breeding strategies in camellia flower blight research (Denton-Giles et
al., 2013). In the future, such interspecific breeding programs should be established for
the development of resistant cultivars of yabu-tubakis for the production of seeds for
camellia oil industry.
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For your reference:
Please use the following titles, if you encounter any problems in connecting each page.
Fig. 1. The life-cycle of Ciborinia camelliae in the Goto islands.
Fig. 2. A street scene of Goto City with camellias as street trees.
Fig. 3. Deep watering through pipes for healthy growth.
Fig. 4. Best camellia selections of yabu-tsubaki for camellia oil maintained in the Goto Camellia
Forest Park.
Fig. 5. Abundant formation of apotethecia of Cibornia camelliae.
Fig. 6. A fallen yabu-tsubaki flower showing flower bright infection and young apothecia of Ciborinia camelliae on the ground.
Fig. 7. Flower bright of ‘Tama-no-ura’.
Fig. 8. Abundant flowering of ‘Tama-no-ura’ as the result of watering improvement.
Fig. 9. Prevalent occurrence of fire bright of yabu-tsubaki in the street of Goto City.
Fig. 10. The increased production of flowers of yabu-tsubaki by providing deep watering.
Fig. 11. Initial stage of flower bright infection of ‘Tama-no-ura’.
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Fig. 12. Rapid spread of petal infection of ‘Tama-no-ura’.
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Abstract. The ascomycota fungi Ciborinia camelliae is the causal agent of the disease known
as “camellia flower blight” (CFB) that affects the flowers of the genus Camellia. It is regarded
as the main phytosanitary problem affecting the camellia flowers and up to date, none of the
strategies aimed to control this disease has been effective. During the last two decades, some
species and hybrids of the genus Camellia seemed to show resistance to CFB. The aim of this
work was to determine the susceptibility of the flowers from several Camellia species to CFB. In
addition, the ability that this fungus has to complete its life cycle in the flowers of these species
until sclerotia development has been also studied. Therefore, flowers were artificially infected
by spraying them with ascospore suspensions, and naturally infected flowers were also collected
in the field for further study. Important differences among the flowers of the different Camellia
species were observed in the susceptibility and ability of C. camelliae to complete its life cycle
on them. However, C. camelliae was capable to initiate an infection in the flowers of all the
species studied. All the flowers showed brown spots, from which the fungus was isolated in
vitro and grown in PDA medium. The flowers of C. lutchuensis, C. longicarpa, C. transnokoensis
and C. yuhsienensis showed smaller brown spots and the fungus was not capable to complete
its life cycle on them. These results justify the need to study the genetic and molecular bases
that make C. camellia unable to complete its life cycle in these species. Results obtained would
determine the viability of using these less susceptible species in breeding programs aimed to
obtain ornamental Camellia cultivars resistant to the disease.
Key words: camellia flower blight, diseases

Introduction
Ciborinia camelliae is the causal agent of the disease known as “camellia flower
blight” (CFB) or “camellia petal blight” and it is regarded as the main phytosanitary
problem affecting the camellia flowers. Although only the ascospores (a type of spores
formed in a structure known as asci) are able to infect camellia flowers, none of the
strategies aimed to control this disease has been effective.
The genus Camellia contains about 200 species, with some controversy on their
exact number (Jiyin et al. 2005). Some species such as C. japonica and C. reticulata
have been bred over centuries because of their ornamental value. Today, thousands
of varietes can be found (Savige 1993-2010). Species such as C. lutchuensis (with
small fragrant flowers) have been used to obtain hybrids with aromatic and mediumsize flowers. However, resistance to Ciborinia has not been a desirable trait so far. C.
camelliae is currently spread almost worldwide, so resistant varieties would be desirable.
The existence of certain degree of resistance in camellia species/hybrids has been
suggested over recent years (Taylor 2004, Denton-Giles 2013). The aim of this work was
to determine the susceptibility degree of 31 Camellia species and hybrids.
Susceptibility was determined in relation to the incidence of the fungus (naturally
and in the laboratory) and the incubation period (time from inoculation until the onset
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of symptoms; hpi). The ability of C. camelliae to complete its life cycle through the
formation of sclerotia was also studied.

Methodology

We have studied the susceptibility to CFB using symptomatic field-collected
camellia flowers (naturally inoculated) and also asymptomatic flowers that were
inoculated with ascospores at the laboratory. Field-collected apothecia were placed
in sterile Falcon tubes for 24/48 h to collect the spores and perform inoculations. The
concentration of spore suspension was adjusted to 5·105 spores/mL with purified water.
The inoculations were performed by surface spraying and the time to onset of symptoms
(hours post inoculation; hpi) was registered (20°C and 70% RH).

C. lutchuensis

C. grijsii

Sweet Jane

Spring Mist

252
High Fragrance

Fragrant Pink

A

B

Figure 2. A, field-collected flowers with petal blight symptoms to establish presence/absence of C.
camelliae. B, Collecting spores from apothecia. Asymptomatic flowers inoculated by surface spraying (0
hpi).

Some naturally and artificially inoculated flowers were used to determine
sclerotia formation (Figure 3).

C. cuspidata

Scentuous

C. japonica

C. fraterna

C. euryoides

Figure 3. Sclerotia development in Camellia sp. flowers
inoculated with C. camelliae ascospores.

Similarly, other flowers were used to
determine the causal agent of damages. For this
purpose, we cut the damaged pieces of petals.
Pieces were then washed with purified water
supplemented with Tween 20 and surface-sterilized
with NaClO. Then, they were placed on a PDA plate.
Plates were incubated at 25°C in darkness. Isolates
were subsequently identified by morphological
characteristics and by sequencing ITS region and
β-tubulin gene (Figure 4, 5).
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Figure 4. From symptomatic petal to C. camellia isolate. A, cutting damaged pieces of petals. B, surface
sterilization. C, sterilized pieces placed on PDA plate. D, incubation at 25°C. E, C. camelliae isolates.

500 pb
β-tubulin

A

B

C

D

Figure 5. A, fungal DNA extraction. B, followed by ITS/ β-tubulin amplification. The amplicon is the
template of the sequencing reaction. C, Genetic Analyzer provides bidirectional sequence data. D, ITS/
β-tubulin sequence is finally identified using Nucleotaide BLAST (Basic Local Alignment Search Tool) from
NCBI (National Center for Biotechnology Information, http://www.ncbi.nlm.nih.gov/).

A total of 31 camellia species and hybrids were evaluated: Camellia grijsii,
C. lutchuensis, C. transnokoensis, C. longicarpa, C. yuhsienensis, C. yunnanensis, C.
granthamania, C. rosiflora, C. changii, C. transarisanensis, C. saluenensis, C. fraterna, C.
euryoides, C. sasanqua, C. japonica, C. reticulata and C. cuspidata. Nine C. lutchuensis
hybrids (‘Fragrant Pink’, ‘Quintessence’, ‘Scentous’, ‘Cinnamon scentsation’, ‘High
Fragrance’, ‘Spring Mist’, ‘Minato-no-akebono’, ‘Minato-no-haru’ and ‘Koto-no-Kaori’);
one C. transnokoensis hybrid (‘Sweet Jane’); one C. yuhsienensis hybrid (‘C. hiemalis’);
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one C. fraterna hybrid (‘Crimson candles’) and two C. cuspidata hybrids (‘Spring Festival’
and ‘EV1’) (Figure 6).

C. grijsii

C. granthamiana

C. transnokoensis

C. changii

C. rosaeflora

C. euryoides

A

B

C. lutchuensis

C. sasanqua

C. longicarpa

C. yuhsienensis

C. yunnanensis

C. transarisanensis

C. saluenensis

C. fraterna

C. japonica

C. reticulata

C. cuspidata

Fragrant Pink

Quintessence

Scentuous

Cinnamon
scentsation

High fragrance

Spring mist

Minato-no-akebono

Minato-no-haru

Koto-no-Kaori

Sweet Jane

Yume

Crimson Candles

Spring festival
Spring Festival

C.Japonica x
C. cuspidata

Figure 6. Flowers of the species (A) and hybrids (B) evaluated.

The degree of susceptibility was assigned based on i) natural incidence, ii)
the incidence after inoculation in the laboratory with ascospores (the incidence was
measured as the percentage of C. camelliae isolates achieved from damaged pieces of
petals), iii) hours post inoculation (hpi) to the appearance of symptoms iv) development/
absence of sclerotia. Statistical analysis of incidence was performed by Pearson’s chisquared test (χ2; p-value<0.05) using the statistical software SPSS 15.0.

Results

C. camelliae was isolated in all evaluated camellia species and hybrids, both in
naturally infected flowers (field-collected) and in the flowers inoculated in the laboratory.
However, the incubation period and the incidence were different depending on the
species/hybrid (Table 1, 2).
Six susceptibility clusters of species can be differentiated (Table 1). C. reticulata,
C. yunnanensis, C. saluenensis, C. granthamiana, C. sasanqua, C. cuspidata, C. changii,
C. transarisanensis are clustered with C. japonica in a very susceptible group. C. grijsii
is a special susceptible species, since it does not develop sclerotia. C. euryoides and C.
rosaeflora are clustered together. Both species have a moderate susceptibility although
symptoms appear later in C. rosaeflora than in C. euryoides (48 hpi vs. 72 hpi). C.
fraterna is a low-susceptible species in which sclerotia are formed. C. longicarpa and C.
transnokoensis show a low susceptibility to C. camelliae and sclerotia are not formed.
The less susceptible species are C. lutchuensis and C. yuhsienensis, although
symptoms appear later in C. yuhsienensis than in C. lutchuensis (72 vs 96 hpi hpi).
Four susceptibility clusters of hybrids can be differentiated (Table 2). C. cuspidata hybrids
are highly susceptible to C. camelliae. C. lutchuensis hybrids show three degrees of
susceptibility (Table 2). While ‘Scentuous’, ‘Cinnamon Scentsation’, ‘Spring Mist’, ‘High
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Fragrance’ and ‘Fragrant Pink’ are quite susceptible hybrids, the hybrid ‘Quintessence’
is only moderately susceptible and hybrids ‘Minato-no-akebono’, ‘Minato-no-haru’
and ‘Koto no Kaori’ are little susceptible. Hybrids of C.transnokoensis, C.fraterna and
C.yuhsienensis are clustered together as quite susceptible to the disease. An inverse
relationship between susceptibility and flower size has been observed in hybrids but not
in species.
The incubation period (hpi) was longer in the hybrids than in the most susceptible
progenitor (C. japonica, C. reticulata, C. cuspidata and C. hiemalis).
C. camelliae may form sclerotia in most species of the genus except C.
transarisanensis, C. grijsii, C. longicarpa, C. transnokoensis, C. lutchuensis and C.
yuhsienensis. However, sclerotia were formed in all hybrids from these species (Table
2). The incidence in hybrids was lower or equal to that recorded in the most susceptible
progenitor (C. japonica, C. reticulata, C. cuspidata and C. hiemalis). However, the
incidence was consistently higher in the hybrids than in the least susceptible progenitor
(C. lutchuensis, C. transnokoensis, C. yuhsienenesis, C. fraterna) (Table 1).
In all cases, incidence signficantly increased when spores were sprayed on the flowers in
the laboratory. In addition, there is a clear correlation between natural and laboratory
incidence.
Table 1. Susceptibility clusters of Camellia species (the species shaded with the same color did not differ
significantly; p-value 0.05).
Natural
Laboratory
Flower
Symptoms
Sclerotia
incidence
incidence
size
(hpi)
development
(%)
(%)
(ø cm)
Camellia japonica
90 (n=100)
24
100 (n=100)
Y
10
‘Compacta Alba’
Camellia
reticulata
91 (n=100)
24
100 (n=100)
Y
15
‘Captain Rawes’
Camellia yunnanensis
90 (n=100)
48
100 (n=100)
Y
8
Camellia saluenensis
87 (n=30)
48
100 (n=30)
Y
7
Camellia granthamiana
84 (n=30)
48
100 (n=30)
Y
10
Camellia
sasanqua
84 (n=30)
48
100 (n=30)
Y
8
‘Narumigata’
Camellia cuspidata
86 (n=50)
48
100 (n=50)
Y
5
Camellia changii
90 (n=30)
48
100 (n=30)
Y
8
Camellia transarisanensis
88 (n=100)
48
91 (n=100)
N
2
Camellia grijsii
70 (n=100)
48
87 (n=100)
N
5
Camellia euryoides
42 (n=100)
48
75 (n=100)
Y
5
Camellia rosaeflora
40 (n=100)
72
72 (n=100)
Y
4
Camellia fraterna
32 (n=100)
72
59 (n=100)
Y
4
Camellia longicarpa
21 (n=100)
72
40 (n=100)
N
4
Camellia transnokoensis
18 (n=100)
72
35 (n=100)
N
3
Camellia lutchuensis
14 (n=100)
72
29 (n=100)
N
3
Camellia yuhsienensis
12 (n=100)
96
32 (n=100)
N
7
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Table 2. Susceptibility clusters of Camellia hybrids (the hybrids shaded with the same color did not differ
significantly; p-value 0.05).
Flower
% Natural Symptoms % Laboratory
Sclerotia
size (ø
incidence
(hpi)
incidence
development
cm)
Camellia cuspidata
hybrid ‘Spring Festival’

87 (n=50)

48

97 (n=50)

Y

7

85 (n=50)

48

100 (n=50)

Y

7

Camellia lutchuensis
hybrid ‘Scentuous’

73 (n=100) 72

98 (n=100)

Y

7

Camellia lutchuensis
hybrid ‘Cinnamon Scentsation’

68 (n=100) 72

94 (n=100)

Y

7

Camellia lutchuensis
hybrid ‘Spring Mist’

70 (n=100) 72

93 (n=100)

Y

7

Camellia transnokoensis
hybrid ‘Sweet Jane’

74 (n=50)

90 (n=50)

Y

7

Camellia lutchuensis
hybrid ‘High Fragrance’

75 (n=100) 72

91 (n=100)

Y

7

Camellia fraterna
hybrid ‘Crimson Candles’

72 (n=30)

94 (n=30)

Y

6

Camellia lutchuensis
hybrid ‘Fragrant Pink’

77 (n=100) 72

89 (n=100)

Y

6

Camellia yuhsienensis
hybrid ‘Yume’

67 (n=15)

72

81 (n=15)

Y

7

Camellia lutchuensis
hybrid ‘Quintessence’

52(n=20)

72

78 (n=20)

Y

5

34 (n=100) 72

66 (n=100)

Y

5

Camellia lutchuensis
hybrid ‘Minato-no-haru’

30 (n=100) 72

70 (n=100)

Y

5

Camellia lutchuensis
hybrid ‘Koto no Kaori’

29 (n=100) 72

63 (n=100)

Y

4

Camellia cuspidata hybrid ‘Ev1’
(C.japonica x C.cuspidata)

(C.japonica ‘Tiffany’ x C.lutchuensis)

(C.japonica ‘Ken’yôtai’ x C.lutchuensis)

(C.japonica ‘Snow Bell’ x C. lutchuensis)

(C.japonica ‘Edith Linton’ x C. transnokoensis)

(‘Scentuous’ x ‘Salab’)

(C.fraterna x C. reticulata)

(C.japonica ‘Yoshida’ x C. lutchuensis)

(C.yuhsienensis x C.hiemalis ‘Kan-tsubaki’)

(C. japonica x C. lutchuensis)

Camellia lutchuensis
hybrid, ‘Minato-no-akebono’
(C. lutchuensis
tsukimiguruma’)

x

C.

japonica

‘Kantô-

(C.japonica ‘Konwabisuke’ x C. lutchuensis)

(C.japonica ‘Tôkai’ x C. lutchuensis)
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Discussion

A plant is considered “susceptible” when it serves as a host to a pathogen. The
pathogen is able to penetrate it and cause the characteristic symptoms of the disease.
Different degrees of susceptibility can be defined depending on the difficulty of the
pathogen to cause disease. The term “resistance” is the opposite of susceptibility. It is
the property of a plant to resist penetration and therefore infection, and no symptoms
appear. “Tolerance” is an intermediate quality between resistance and susceptibility.
It defines plants that exhibit little or no damage despite substantial pathogen levels
with mild to non-existent symptoms. These three concepts are directly related to the
genetic variability of the pathogen, to the genetic variability of the host plant and to
the environmental conditions. Thus, different strains of the same pathogen can cause
various degrees of susceptibility in a single plant, different varieties of the plant may have
diverse susceptibilities to the same pathogen and variation in environmental conditions
can vary the susceptibility of a plant.
Only C. camelliae ascospores are capable to trigger CFB. Ascospores are
derived from sexual reproduction, thus showing a high genetic variability. However,
up to date no methodology is available to determine potential differences in spore
pathogenicity. Therefore, only the resistence/susceptibility/tolerance on the basis of the
genetic variabilty of camellia plants (different species and hybrids) subjected to similar
environmental conditions can be assesed.
C. camelliae could be isolated in all species, both in naturally infected flowers and in
flowers inoculated in the laboratory, so we could not find resistance (sensu stricto) in
any of the studied species of the genus Camellia. However, we could establish degrees of
susceptibility. The same happens with all the hybrids studied. Hybridization of susceptible
camellias (C. japonica, C. reticulata, …) with less susceptible species (C. lutchuensis, C.
transnokoensis, C. fraterna, C. yuhsienensis) allows to produce varieties showing an
intermediate susceptibility. The susceptibility degree of hybrids seems to decrease with
the size of the flower. Without parental resistance (sensu stricto), it seems difficult to
obtain CFB-resistant hybrids of ornamental value.
As regards the incubation period, in the species it is closely related to the incidence
of the pathogen. However, it is not the same for hybrids. The hybrid ‘Scentuous’ starts
to show symptoms 72 hpi and presented a 98% incidence in the laboratory, whereas in
hybrid ‘Koto no Kaori’ symptoms were apparent 72 hpi but the incidence in the laboratory
was significantly lower (63%). This suggests that this factor should not be considered in
isolation to establish the degree of susceptibility of the camellias, especially for hybrids.
The development or absence of sclerotia in the flowers is an indicador of the
ability of the fungus to complete its life cycle. Sclerotia were neither formed in any of
the four species less susceptible (C. longicarpa, C. transnokoensis, C. lutchuensis and
C. yuhsienensis) nor in two susceptible species C. transarisanensis and C. grijsii. These
results show that is not posible to determine the importance of sclerotia formation in
the degree of susceptibility of a camellia species. The fact that sclerotia are not formed
in some species of the genus Camellia may be related both to the size of the flower and
to the degree of susceptibility.
The existence of different levels of susceptibility will be useful to determine the
molecular mechanisms and the genetic basis of the disease (CFB). This information may
be used for molecular breeding of genus Camellia.
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Abstract. The host-specific fungal pathogen Ciborinia camelliae (Kohn) is a significant pest of
ornamental Camellia and is the causal agent of ‘camellia flower blight’. Recent research suggests that natural resistance to Ciborinia camelliae exists within Camellia species of section
Theopsis. This study aimed to determine whether resistance to Ciborinia camelliae is conserved
within interspecific Camellia hybrids that contain a species from section Theopsis within their
parentage. A total of 18 hybrids, containing either C. lutchuensis, C. transnokoensis, C. fraterna,
C. forrestii or C. grijsii within their parentage, were selected for resistance screening. Petals
were harvested and infected with field-collected fungal ascospores via a spray-inoculation technique. The majority of hybrids developed flower blight, although the speed and intensity of
disease development varied. Hybrids containing high genetic dosages of C. lutchuensis within
their parentage were the most effective at resisting Ciborinia camelliae infection. These results
suggest that crossing desirable ornamental hybrids to C. lutchuensis would be a suitable strategy for increasing natural resistance to Ciborinia camelliae.
Keywords: camellia flower blight, Camellia lutchuensis

Introduction
Ornamental Camellia shrubs are grown worldwide and are particularly renowned for their
large, colourful winter blooms. However, the blooms of many ornamental Camellia hybrids are
susceptible to infection by the fungal pathogen Ciborinia camelliae (Kohn). This pathogen exclusively infects the floral tissue of plants of the Camellia genus and is the most significant pest of
ornamental Camellia plants (Kohn & Nagasawa, 1984). A successful infection leads to the rapid
development of brown petal lesions and premature flower fall. Commonly referred to as ‘camellia flower blight’, this disease has been reported throughout the world, including the temperate
regions of Japan, North America, New Zealand and Europe (Hara, 1919; Hansen & Thomas 1940;
Taylor & Long, 2000).
Since the detection of Ciborinia camelliae in the USA in 1939 (Hansen & Thomas, 1940)
concerted attempts have been made to control this pathogen. Previous methods have included the collection and destruction of infected blooms (Anzalone, 1959), the application of soil
drenches, contact fungicides and systemic fungicides (Taylor & Long, 2000), as well as the inoculation of biological control agents (van Toor et al., 2005). Although several of these methods have
shown promise in reducing the incidence of ‘camellia flower blight’, none have been able to stop
the annual re-incursion of this disease into treated areas.
The recent discovery of natural resistance to C. camelliae in several species of the Camellia
genus has revealed an opportunity to control this pathogen using conventional resistance breeding techniques (Taylor, 2004; Denton-Giles et al., 2013). Resistance appears to be prominent in
Camellia species of section Theopsis, including C. lutchuensis, C. transnokoensis and C. fraterna.
In the present work we aimed to determine whether resistance to Ciborinia camelliae is conserved within interspecific Camellia hybrids of section Theopsis origin.
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Materials and methods
A total of 19 interspecific Camellia hybrids and 1 species were collected from Daniel Charvet’s population of Camellia hybrids (Table 1). Isolates of Ciborinia camelliae were collected from
Heartwood Nursery, Fort Bragg, CA (coordinates 39° 25’ 48” N and 123° 47’ 8” W). Freshly collected fungal apothecia were inverted in 50 ml falcon tubes, and kept at room temperature
to release their ascospores over a two day period. Ascospores were suspended in sterile H2O,
quantified using a haemocytometer and diluted to a concentration of 8x105 spores/ml prior to
petal inoculation.
The ascospore solution was sprayed onto the adaxial surface of detached Camellia petals using a 15 ml atomizer, with an estimated coverage of 500 to 1000 ascospores/cm2. Sterile
H2O was used for all mock inoculations. Trays of inoculated and mock-inoculated petals were
placed into plastic boxes and incubated in a growth cabinet at 21°C under a 12h/12h light/dark
photoperiod at a photosyntheic photon flux density of 90 µmol m-2 s-1. Petals were removed for
analysis at pre-determined time-points.
Images used for lesion analysis were taken using a Fujifilm FinePix Z digital camera. A
total of 3 biological replicates were used to profile lesion development unless otherwise stated.
ImageJ software (NIH, USA, http://rsb.info.nih.gov/ij/) was used to quantify lesion area at 16,
24, 48 hours post inoculation (hpi) using the ‘Colour Threshold’ tool. In addition, petals were
assessed at 96 hpi for the presence of brown lesions.
An Olympus CH30 light microscope equipped with a Dinolite digital camera was used for
microscopic analysis and image capture. For dual 3,3’-diaminobenzidine (DAB) (Sigma-Aldrich)
and Trypan blue (Sigma-Aldrich) staining, 10 mm diameter discs of petal tissue were excised
from live tissue two hours before their pre-determined assessment time-point, vacuum infiltrated with a solution of 1 mg/ml DAB pH 5.0 and dark incubated. At the time of assessment, discs
were fixed and cleared in 3:1 ethanol: acetic acid and stained with 0.1% Trypan blue. For Trypan
blue staining, discs were submerged in a solution of 0.1% (w/v) Trypan blue in lactophenol for
2 to 3 hours, washed twice in MilliQ H2O and stored in 30% (v/v) glycerol until required. Microscopic analysis was performed for each genotype by assessing 50 germinated ascospores at 24
hpi. Ascospores were considered to have germinated if their oval shape had become polarized
or if primary hyphae were visible. Papilla formation was quantified by counting the number of
interactions that produced a DAB-stained halo at the point of penetration. Lengthened primary
hyphae were quantified by counting the number of interactions that produced a primary hypha
with a length greater than its associated ascospore. Subcuticular hyphae were quantified by
counting the number of interactions that gave rise to hyphae below the petal cuticle and, in
turn, grew as far as the epidermal intercellular space. Subepidermal hyphae were quantified by
counting the number of interactions that successfully gave rise to hyphae that were visible at a
subepidermal focal plane.
The heat-map was generated from mean percentage values for each microscopic parameter using MeV software (Institute for Genomic Research, Rockville, MD; http://www.tm4.org/
mev/). Papilla formation data were converted to papilla absence (inverse measurement of papilla formation) in order to conform to the high-to-low trend of the other heat-map data. The combined resistance score was calculated by ranking each Camellia genotype from 1 to 21 for each
resistance parameter (i.e. A to E, Figure 3) and then calculating the sum of the combined ranking
values. Mock inoculated controls were assessed for lesion development at 48 hpi. The software
package R (R Foundation for Statistical Computing, Vienna, Austria; http:// www.r-project.org/)
was used for statistical analyses of the data. To compare significance between quantified microscopic resistance parameters, raw data from the Camellia ‘Nicky Crisp’ control was compared
with other Camellia genotypes using multiple two-tailed Student’s t tests. P values were adjusted for multiple testing using a false discovery rate correction (Benjamini et al., 1995).
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Table 1. Descriptions of the interspecific hybrids and species of Camellia used in this study.
No. Parentage

Cultivar names

Mean bloom
diameter
(mm)

1.

(C. reticulata x C. japonica) x [C. reticulata x (C. saluenensis x C.
transnokoensis)

Heartwood ‘0216’

70

2.

C. pitardii var. pitardii x C. japonica (Control)

Camellia ‘Nicky
Crisp’

63

3.

C. pitardii var. yunnanica x (C. reticulata x [C. reticulata x C. fraterna])A

Heartwood ‘9619’

63

4.

(C. pitardii var. yunnanica x C. reticulata) x (C. japonica x C. transnokoensis)

Heartwood ‘1113’

42

5.

(C. reticulata x C. japonica) x (C. reticulata x [C. reticulata x C. fraterna])

Heartwood ‘0333’

65

6.

(C. pitardii var. yunnanica x C. reticulata) x (C. saluenensis x C.
transnokoensis)

Heartwood ‘201’

90C

7.

(C. pitardii var. yunnanica x C. reticulata) x [(C. pitardii var. yunnanica x C. reticulata) x (C. japonica x C. fraterna)]

Camellia ‘Avalon
Sunrise’

68

8.

C. pitardii var. yunnanica x (C. reticulata x [C. reticulata x C. fraterna])A

Heartwood ‘9612’

72

9.

C. pitardii var. yunnanica x (C. pitardii var. yunnanica x C. fraterna)

Camellia ‘Nabb’

47

10.

(C. pitardii var. yunnanica x C. yunnanensis) x (C. japonica x C.
lutchuensis)

Heartwood ‘1155’

68

11.

(C. pitardii var. yunnanica x C. yunnanensis) x [(C. pitardii var. yunnanica x C. yunnanensis) x (C. japonica x C. lutchuensis)]

Heartwood ‘1135’

73

12.

[(C. pitardii var. yunnanica x C. reticulata) x (C. japonica x C. fraterna)] x (C. pitardii var. yunnanica x C. japonica)

Heartwood ‘0376’

57

13.

(C. pitardii var. yunnanica x C. reticulata) x (C. japonica x C. fraterna)

Heartwood ‘77D’

45

14.

(C. pitardii var. yunnanica x C. reticulata) x C. grijsii

Heartwood ‘9860’

60C

15.

([C. pitardii var. yunnanica x C. reticulata] x C. forrestii) x C. japonica.

Heartwood ‘0990’

82

16.

(C. pitardii var. yunnanica x C. yunnanensis) x (C. japonica x C.
lutchuensis)

Heartwood ‘1139’

78

17.

C. saluenensis x C. lutchuensis

Camellia ‘Salute’

38

18.

C. japonica x C. lutchuensis

Camellia ‘Scentuous’

52

19.

C. japonica x C. transnokoensis

Camellia ‘Sweet
Jane’

50

20.

C. lutchuensis (Control)B

Camellia lutchuensis

27

21.

C. lutchuensis (Control)

Camellia lutchuensis

23

B

A

Morphologically diverse offspring from the same original cross.

B

C. lutchuensis individuals from two different localities.

C

Data based on two biological replicates.

Results and discussion
Camellia ‘Nicky Crisp’ and C. lutchuensis petals were tested for their ability to promote
and resist Ciborinia camelliae infection respectively. Disease-associated lesions were first visible
on Camellia ‘Nicky Crisp’ tissue from 24 hours post inoculation (hpi) and had almost completely
covered the petals by 48 hours (Figure 1A). In contrast, C. lutchuensis petals failed to develop
disease-associated lesions, although petals had become partially dehydrated by 48 hours (Figure
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1A’). Microscopic examination of inoculated C. ‘Nicky Crisp’ petal tissue showed fungal hyphae
migrating from the ascospore to the intercellular space (Figure 1B). Hypha development on C.
lutchuensis tissue was perturbed by the formation of plant papillae which are often associated
with a localized burst of H2O2 (Figure 1B’). Papillae act to inhibit penetration of the plant cuticle
by fungal hyphae and are characteristic of an induced-resistance response (Fan and Doerner,
2012).
Despite the major difference in locality, these results are consistent with what has been
previously reported for Ciborinia camelliae-C. ‘Nicky Crisp’ and Ciborinia camelliae-C. lutchuensis
interactions in New Zealand (Denton-Giles et al., 2013). The similarity in results between the two
studies suggests that the fungal isolates used were not considerably different in their virulence.
DNA sequencing showed that the fungal isolates from New Zealand and California used in these
two studies were 99.8% identical in DNA composition across 2000 base pairs (data not shown).
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Figure 1. Visual examples of factors associated with disease development and plant resistance on susceptible Camellia ‘Nicky Crisp’ and resistant C. lutchuensis petals. Disease-associated lesions develop from 24
hours to 48 hours on C. ‘Nicky Crisp’ petals (A) but fail to develop on C. lutchuensis (A’). An ascospore germinates to produce an invasive subcuticular hyphae in C. ‘Nicky Crisp’ (B). Penetration of the petal cuticle
is hampered by the formation of a papilla in C. lutchuensis petal tissue (B’). Symbols: a = ascospore; ph =
primary hypha; pa = papilla. Magnification of image B and B’ is 400x.

A total of 18 interspecific Camellia hybrids were chosen for resistance screening (Table
1). Each hybrid had one of the section Theopsis species C. lutchuensis, C. transnokoensis, C. fraterna, C. grijsii or C. forrestii as a contributing parent, although the total number of individual
parents contributing to each hybrid varied from 2 to 6. To test the ability of these interspecific
Camellia hybrids to resist Ciborinia camelliae, we quantified infection parameters associated
with disease resistance (Figure 2).
Papillae were absent from the majority of the tested interactions (Figure 2, column A).
Interestingly, the genotypes that scored low on the ‘papillae absence’ parameter all had C.
lutchuensis within their parentage. Papillae production in C. lutchuensis has been previously reported and is thought to be a contributing factor to ‘camellia flower blight’ resistance (Taylor
2004, Denton-Giles et al., 2013).
Resistance was also assessed in respect to the development of the fungus. Inhibition of
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fungal growth was measured by assessing the number of lengthened primary hyphae, the number of subcuticular hyphae and the number of subepidermal hyphae (Figure 2, columns B, C and
D). Overall, fungal development was relatively unhindered in the tested interspecific hybrids,
except for hybrid No. 19 (C. japonica x C. transnokoensis). The frequency of subepidermal hyphae was less than 2% for hybrid No. 19 (C. japonica x C. transnokoensis) and hybrid No. 16 (C.
pitardii var. yunnanica x C. yunnanensis) x (C. japonica x C. lutchuensis) at 24 hpi, indicating that
these two hybrids somehow slowed the development of the fungus during its establishment in
the petal mesophyll tissue. The mechanism that inhibits hyphal growth in these genotypes is
unknown. We speculate that plant antimicrobial secondary metabolites may contribute to the
observed phenotype as the focal accumulation of antimicrobial compounds to infection sites has
been previously reported as a hallmark of plant resistance (Underwood and Somerville, 2008).
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Figure 2. A graphical comparison of the Ciborinia camelliae resistance screening data across 19 interspecific hybrids and 1 species of Camellia (n=2). Column A= papillae absence, B = lengthened primary hyphae,
C = subcuticular hyphal growth, D = subepidermal hyphae at 24 hours post inoculation (hpi), E = percent
lesion area at 48 hpi, F = combined resistance score, and G = lesion development in mock-inoculated
controls by 96 hpi (Y = yes, N = no). Tile colour coding represents mean percentage data of three biological replicates (unless specified), ranging from highly susceptible phenotypes (light gray) to comparatively
resistant phenotypes (black). The displayed order of the Camellia genotypes is replicated in Table 1 and
is based on the combined resistance score (F). Multiple two-tailed Student’s t tests were applied to raw
data for each independent column, comparing each genotype with the susceptible Camellia ‘Nicky Crisp’
(hybrid No. 2) genotype; * indicate values significantly less than Camellia ‘Nicky Crisp’ values at P ≤ 0.1.
The absence of asterisks represents no significant difference. Camellia species names are abbreviated as
C. jap (C. japonica), C. pit var. pit, (C. pitardii var. pitardii), C. sal (C. saluenensis), C. pit var. yun (C. pitardii
var. yunnanica), C. ret (C. reticulata), C. fra (C. fraterna), C. tra (C. transnokoensis), C. gri (C. grijsii), C. for
(C. forrestii), C. lut (C. lutchuensis), C. yun (C. yunnanensis). All section Theopsis species are underlined.
Superscript A: morphologically diverse offspring from the same original cross. Superscript B: C. lutchuensis
individuals from two different localities. Superscript C: data based on two biological replicates.
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Only 9 of the 21 genotypes had a mean lesion area average of less than 10% by 48 hpi
(Figure 2, column E). C. lutchuensis petals also had a considerable degree (6 to 18%) of browning
by this time, although it was difficult to determine whether this was due to the development of
disease, due to a hypersensitive plant resistance response, or due to dehydration. Only hybrids
No. 18 (C. japonica x C. lutchuensis) and No. 16 (C. pitardii var. yunnanica x C. yunnanensis) x (C.
japonica x C. lutchuensis) failed to develop all enveloping disease-associated lesions by 96 hpi.
Surprisingly, the mock-inoculated control of hybrid No. 18 (C. japonica x C. lutchuensis) did develop brown lesions, but it is unclear whether this was due to Ciborinia camelliae, or as a result
of infection from an unidentified Camellia pathogen. Despite efforts to select uninfected blooms
for resistance screening, it is plausible that many of the blooms were exposed to C. camelliae
ascospores prior to sampling.
Hybrids were ranked based on their resistance score (Figure 2, column F). Interspecific
hybrids with large resistance scores tended to have C. lutchuensis as their contributing Theopsis
parent, with the exception of hybrid No. 19 (C. japonica x C. transnokoensis). Furthermore, the
highest scoring C. lutchuensis hybrids had higher dosages of C. lutchuensis within their parentage and were often derived from only two parents. Hybrids that had C. lutchuensis within their
parentage but also had several other contributing parents tended to be more susceptible, with
the exception of hybrid No. 16 (C. pitardii var. yunnanica x C. yunnanensis) x (C. japonica x C.
lutchuensis), which was the only interspecific Camellia hybrid that failed to develop disease.
Images of the more resistant C. lutchuensis hybrids are shown in Figure 3, together with some of
the more susceptible interspecific hybrids.
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Figure 3. Examples of blooms from interspecific Camellia hybrids that are highly susceptible to (A to C),
and are resisting (D to F) Ciborinia camelliae infection. Image A = No. 1 (C. reticulata x C. japonica) x [C.
reticulata x (C. saluenensis x C. transnokoensis), B = No. 3 C. pitardii var. yunnanica x (C. reticulata x [C.
reticulata x C. fraterna]), C = No. 4 (C. pitardii var. yunnanica x C. reticulata) x (C. japonica x C. transnokoensis), D = No. 16 (C. pitardii var. yunnanica x C. yunnanensis) x (C. japonica x C. lutchuensis), E = No. 17 C.
saluenensis x C. lutchuensis, F = No. 18 C. japonica x C. lutchuensis.

Interestingly, hybrids with identical or similar parentage did not respond in the same way
to Ciborinia camelliae infection. The strong resistance phenotype demonstrated by hybrid No.
16 (C. pitardii var. yunnanica x C. yunnanensis) x (C. japonica x C. lutchuensis) was not conserved
in hybrid No. 10 (C. pitardii var. yunnanica x C. yunnanensis) x (C. japonica x C. lutchuensis). Furthermore, hybrids that were derived from exactly the same parent plants (i.e. hybrid Nos. 3 and
8) also scored differently, although they were both ultimately susceptible to Ciborinia camelliae.
These results suggest that although parentage is relatively conserved in these hybrids, each interspecific hybridization event is unique and ultimately determines the genetic outcome of the
offspring. In addition to recombination, complex genetic rearrangement can occur during interspecific hybridization that can lead to changes in gene expression (Johnson, 2008). These changes
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could conceivably influence disease resistance as this trait is under genetic control.
The majority of the interspecific Camellia hybrids tested were susceptible to Ciborinia
camelliae. However, observations of lesion development at 16, 24, 48 hpi indicated that the rate
at which disease developed varied between hybrids. Furthermore, several hybrids that exhibited
a low incidence of lesion development at 48 hpi went on to develop lesions by 96 hpi, including hybrid No. 15 ([C. pitardii var. yunnanica x C. reticulata] x C. forrestii) x C. japonica, hybrid
No. 17 (C. saluenensis x C. lutchuensis) and hybrid No. 19 (C. japonica x C. transnokoensis). This
‘delayed susceptibility’ phenotype offers an alternative strategy for reducing ‘camellia flower
blight’ symptoms on plants. If this trait was to be selected for in hybrids that have short-lived
blooms, disease could potentially be abscised from the plant before it had a chance to negatively
affect the aesthetic value of the bloom. However, this strategy may not reduce the incidence of
Ciborinia camelliae in the wild, as it can persist on abscised blooms (Kohn & Nagasawa, 1984).

Conclusion
The data presented here demonstrate that Camellia lutchuensis derived hybrids were the
most resistant to infection by Ciborinia camelliae, with the exception of one C. transnokoensis-based hybrid. However, for all but one interspecific Camellia hybrid (hybrid No. 16), the levels
of natural resistance were not sufficient to prevent the development of ‘camellia flower blight’.
These data support the use of C. lutchuensis in future breeding strategies that promote Ciborinia
camelliae resistance in ornamental Camellia hybrids. We propose crossing current C .lutchuensis
hybrids back to C. lutchuensis in order to increase the C. lutchuensis genetic dosage within interspecific Camellia hybrids.
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Limiting factors for the biological and chemical control of
camellia flower blight
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Spain
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Abstract. The fungus Ciborinia camelliae (Sclerotiniaceae, Ascomycota) camellia flower blight
(CFB) is a disease that results in browning and premature drop of of the flowers of Camellia
species.s. It is considered the most important phytosanitary problem affecting camellias. The
control of CFB by using chemicals and biological control agents (BCAs) on sclerotia and flowers
so far has not proved to be effective. However, in past studies specific tests on their effect on the
mycelium and spores of C. camelliae were not performed. In the present work different strategies
for the control of the disease have been developed, with the aim to interrupt, at some stage,
the life cycle of C. camelliae. Therefore, chemicals (pyraclostrobin, trifloxystrobin, tebuconazole,
carbendazim, ciproconazole, cymoxanil, copper calcium sulphate, captan, azoxystrobin,
boscalid, cyprodinil, fludioxonil) and BCAs (Phanerochaete chrysosporium, Bacillus mojavensis,
Coniothyrium minitans and Trichoderma atroviride) were used. Different in vitro tests have been
carried out to evaluate the effect of these chemicals and BCAs on spore germination, mycelium
growth and viability of fungal sclerotia. At the same time, their effect was also observed in ex
vitro conditions. Although most fungicides and BCAs were able to control the fungus in vitro,
there are some factors such as the mobility/persistence of fungicides or the difficulties found by
BCAs on the colonization of plant/soil that influence totally or partially their use for an effective
control of the disease.
Key words: pathogens, diseases, Ciborinia camelliae, biological control agents, fungicide
chemicals

Introduction
Ciborinia camelliae is the causal agent of “Camellia Flower Blight” (CFB), a disease
that affects flowers of Camellia genus. It is regarded as the main phytosanitary problem
affecting camellia flowers. Infection is initiated only by the ascospores (a type of spores
formed in a structure known as asci). These spores are formed in the apothecia, which
are structures with mushroom appearance that are developed from the sclerotia found
in the soil. Each apothecium produces several millions of spores that are spread in the
environment until they reach the surface of the camellia petals where the infection is
initiated, leading to flower blight. The infection often develops through the petal inside
until they reach the base where sclerotia are formed (the sclerotia are the structures
of fungal resistance). When the flowers fall to the ground the sclerotia also fall. These
resistance structures of the fungus stay dormant until the next blooming period when
they activate again. Then new apothecia are developed from sclerotia and the fungus
cycle continues causing new infections (Mansilla et al. 1999) (Figure 1). Control of CFB
by using chemicals and biological control agents (BCAs) on sclerotia and flowers so far
has not proved to be effective. However, only a few specific tests on their effect on
mycelium, sclerotia and ascospores of C. camelliae have been performed. In the present
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work different strategies for disease control have been developed in order to interrupt,
at some stage, the life cycle of C. camelliae (Figure 1). Different in vitro tests have been
carried out to evaluate the effect of several chemicals and BCAs (Table 1) on spore
germination, mycelium growth and viability of fungal sclerotia. At the same time, their
effect was also tested in ex vitro conditions A brief review of the tests carried out at
Estación Fitopatolóxica do Areeiro (EFA) over 24 months aimed to assess the efficacy of
different control strategies of CFB is presented.
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Figure 1. Life cycle of C. camelliae, causal agent of CFB.

Materials and Methods
1. IN VITRO TESTS
Test 1: Effect of chemical fungicides on spore germination and mycelium growth
We evaluated the in vitro effect of three different chemical fungicides (Table
1) on C. camelliae spore germination and mycelium growth. The test was carried out
using PDA plates amended with growing amounts of fungicide (0, 10, 100 and 1000
ppm). Ascopores were recovered from field collected apothecia. Mycelium was obtained
from monosporic cultures maintained in PDA. Ten different strains of C. camelliae were
used with each tested fungicide. PDA plates were then incubated at 20°C in the dark
for 4 weeks. After this period spore germination rates as well as mycelium growth were
determined in each treatment.
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Test 2: Bacillus mojavensis effect on mycelium growth
B. mojavensis ability to control growth of C. camelliae mycelium was tested in
vitro using strain ATCC 51516. Bacteria were spread on PDA medium together with C.
camelliae. Fungal mycelia from 10 different monosporic cultures were used. The coculture was incubated in the dark at 20°C. Fungal mycelium growth was recordered
weekly throughout 8 weeks.
Test 3: Phanerochaete chrysosporium against sclerotia
P. chrysosporium ability to degrade the protective outer coating of sclerotia was
evaluated. P. chrysosporium (CECT2777) was grown in a sterile mixture made of pine
sawdust amended rye flour (3:1 w/w). Then sclerotia of C. camelliae were added to the
mixture. Degradation of the sclerotia outer shell was estimated by a penetration test
after 4, 8 and 12 weeks (van Toor 2002).
2. EX VITRO TESTS
2.1. Tests conducted under controlled environmental conditions (climatic chambers)
Tests 4, 5 and 6 were carried out in climatic chambers at 20°C and 85% RH.
Photoperiod consisted of light/dark cycles of 12:12 at constant PAR (300 µmol/m-2s-1)
using 58 W lamps model SYLVANIA GRO-LUX®.
Test 4: Intensive application of chemical fungicides by pulverization
The control of CFB by intensive application of chemical fungicides was studied.
Five C. japonica cultivars were evaluated using 10 plants of each cultivar per treatment,
each plant containing from 5 to 8 flowers. Chemical fungicides (Table 1) were applied once
a week during 12 weeks (maximum recommended dose). 24 hours after each application
a C. camelliae ascospore suspension was sprayed on the camellia plants. Ascospore
suspension concentration was 5·105 spores/mL. Fungal incidence was determined
during the test. At the end of the test, the number, size and weight of sclerotia were
also determined. Statistical data analysis was performed by two-way ANOVA (fungicide
treatment and camellia cultivar) for p <0.05 using the statistical software SPSS 15.0.
Test 5: Translocation of several fungicides and their ability to protect the flower against CFB
The mobility of chemical fungicides (Table 1) through the plant and their ability
to protect the flower against CFB was investigated. Cut flowers (30-35 cm in lenght)
from five cultivars of C. japonica were used, selecting at least 10 flowers per cultivar and
treatment. As a marker of petal transpiration different food dyes were used, all of them
harmless for plants. Cut flowers were placed in solutions containing different chemical
fungicides (at the maximum concentration recommended by the manufacturer). 24/48
h hours later, flowers were sprayed with a C. camelliae ascospore suspension (5·105
spores/mL). Fungal incidence was determined during the assay. At the end of the test,
the number, size and weight of sclerotia were also determined. Statistical data analysis
was performed by two-way ANOVA (fungicide treatment and camellia cultivar) for p<0.05
using the statistical software SPSS 15.0.
Test 6: Effectivity of Phanerochaete chrysosporium and Trichoderma asperellum +
Trichoderma gamsii against sclerotia germination
Non-sterile substrates were sowed with C. camelliae sclerotia to assess the
effectivity of P. chrysosporium (CECT2777) and Remedier® against sclerotia germination.
Remedier® was applied at a dose of 2.5 kg/ha. P. chrysosporium was applied as activated
2014 International Camellia Society Congress

Pontevedra (Spain) 11- 15 March

268

substrate at a dose of 2500 and 10000 kg/ha. P. chrysosporium activated substrate was
obtained by culturing the fungus in a sterile mixture of pine sawdust amended with
rye flour (3:1 w/w) for 8 weeks at 22 °C in darkness. This was added to the non-sterile
substrate used in test 6. Number of germinated sclerotia was recorded for each treatment.
Statistical analysis of data was performed by one-way ANOVA (BCA treatment) for p
<0.05 using the statistical software SPSS 15.0.
2.2.

Field trials

Test 7: Effect of different fungicides on the inhibition of sclerotia formation in fallen
camellia flowers infected by C. camelliae
The effect of chemical fungicides and BCAs (Table 1) against sclerotia formation
on fallen camellia flowers was evaluated. Flowers from 10 different cultivars were used
in the trial, with a total of 40 to 50 flowers per treatment and cultivar. These flowers
showed symptoms of infection with C. camelliae but no sclerotia. Flowers were placed in
a shaded area with 65-97% RH. Chemical fungicides and BCAs were applied once a week
by spraying. Manufacturer´s maximum recommended dose was used. Effect on number,
size and weight of sclerotia was determined after 18 weeks. Statistical analysis of data
was performed by two-way ANOVA (fungicide/BCA treatment and camellia cultivar) for
p <0.05 using SPSS 15.0 statistical software.
Tests 8 and 9: Plant endotherapy
37 camellia shrubs aged from 20 to 30, with a trunk diameter between 7 and 18 cm
and belonging to 17 cultivars were selected for tests 8 and 9. Chemical fungicides (Table
1) or the BCA B. mojavensis ATCC 51516 (2·106 CFU/mL) were injected into 31 shrubs.
The injections were performed three times (May, September and November) with the
trunk injection system Quick-Jet Pro Kit ArborJet. A weekly monitoring of the incidence
of the disease throughout the blooming period was performed. In each camellia shrub
two separate branches, at 180° (North and South oriented), each containing from 20 to
40 completely closed buds, were labeled. Branches were covered with a mesh of 1x1
cm square grid. Daily monitoring was conducted to collect the fallen flowers from the
meshes. Flowers were removed from the mesh and stored in a closed chamber (at 20 °
C and 80% RH). 18 weeks after the collection, number, size and weight of sclerotia was
determined. Statistical analysis of data was performed by two-way ANOVA (fungicide/
BCA treatment and camellia cultivar) for p <0.05 using SPSS 15.0 statistical software.
Test 10: Effectivity of BCAs (P. chrysosporium and T. asperellum + T. gamsii) against
sclerotia germination
The aim of test 10 was to assess the effectivity of P. chrysosporium and T. gamsii
+ T. asperellum (Remedier ®) against sclerotia germination under field conditions.
Thus, in autumn, nine experimental plots (0.5 m2) were sowed with sclerotia. In each
experimental plot the corresponding BCA was added (except controls). P. chrysosporium
was applied as an activated substrate at a rate of 10000 kg/ha. Remedier® was applied
following manufacturer’s specifications at a rate of 2.5 kg/ha. The number of apothecia
per plot was weekly determined during winter and spring. Statistical analysis of data
was performed using one-way ANOVA (BCA treatment) for p <0.05 using the statistical
software SPSS 15.0.
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Table 1. Chemical fungicides/BCAs used in different tests against C. camelliae (ascospores / mycelial
growth / sclerotia). Superscripts indicate the test in which each product was used.
Active ingredient / concentration;
dosage

B r a n d
name

Cyprodinil + fludioxonil 1,4,5,7,8
1000-100-10-1-0 ppm
1 g/L

Switch®

Boscalid 1,4,5,7,8
1000-100-10-0 ppm
1 g/L

Cantus®

Mode of action
Cyprodinil is a fungicide that inhibits the biosynthesis
of aminoacids and interferes in the processes
of transportation of the plasma membrane.
Fludioxonil blocks a protein kinase that catalyses the
phosphorylation of a regulatory enzyme of glycerol
synthesis. The combination of both ingredients
inhibits spore germination, the growth of germ
tubes, and the penetration of the fungus inside the
plant and the growth of internal mycelium.
Fungicide that blocks the respiratory chain complex
II, thus inhibiting spore germination, elongation of
germ tube, mycelium growth and sporulation.

Azoxystrobin 1,4,5,7,8
1000-100-10-0 ppm
1 mL/L

Ortiva®

Fungicide that binds to the Complex III of the
mitochondrial electron transport chain, interrupting
metabolism and avoiding germination of spores and
the early stages of development of several fungi.

Captan 1,4
1000-100-10-0 ppm
4 g/L

Captan
Massó 50®

Broad-spectrum fungicide that interferes on the
respiration process thus inhibiting spore germination
and hindering mycelium growth and development.

Boscalid+Piroclastrobin 1,4,5,7,8
1000-100-10-0 ppm
1.8 g/L

Signum®

Azoxystrobin +
Cyproconazole 1,4,5,7,8
1000-100-10-0 ppm
1 mL/L + 2,5 g/L

Quadris®+
Caddy 10
Pétite®

Carbendazima 1,4,5,7,8
1000-100-10-0 ppm
5 g/L

Cima
Flow®

Tebuconazole 1,4,5,7,8
1000-1000-10-0 ppm
1g/L

Folicur®

50

Flint®
+
Folicur®

Sulphur 1
1000-100-10-0 ppm

Thiovit Jet®
Curzate
Azul®

It interferes in the biosynthesis and DNA translation.
Impedes development of germ tube, appressoria
formation and mycelium development.
It alters the biosynthesis process of sterol, inhibiting
the mycelium growth.

Trifloxystrobin +
Tebuconazole 1,4,5,7,8
1000-100-10-0 ppm
0,25 g/L + 1 g/L

Cymoxanil+Cuprocalcium
sulphate 1
1000-100-10-0 ppm

Both active ingredients block cell respiration although
in different stages. They inhibit spore germination,
elongation of germ tube, mycelium growth and
sporulation.
Azoxystrobin affects cell respiration, interrupting
the metabolism, avoiding spore germination and
early stages of development of several fungi.
Cyproconazole alters the biosynthesis process of
sterol, thus inhibiting mycelium growth.

C

Trifloxystrobin affects cell respiration, interrupting
metabolism and altering spore germination and
early development of mycelium. Tebuconazole
alters biosynthesis process of sterol and also inhibits
mycelium growth.
It causes toxicity on several microorganisms, by
poorly known mechanisms.
Cymoxanil affects RNA synthesis, inhibits spore
germination and mycelium growth. Copper
substitutes other essential metals for the life of
microorganisms in infinitesimal quantities, inhibiting
their development. It hinders spore germination.
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Fosetyl-Al 1
1000-100-10-0 ppm
Coniothyrium minitans
(CON/M/91-08) 7
4 kg/ha
Trichoderma atroviride (MUCL
45632) 7
4 kg/ha
Trichoderma asperellum (ICC
012) + Trichoderma gamsii (ICC
080) 6,10
2.5 Kg/Ha
Phanerochaete chrysosporium
(CECT2777) 3,6,10
2500, 10000 Kg/Ha

Aliette®

Inside the plant this fungicide is transformed into a
phosphorous acid that is toxic for some fungi and
triggers biochemical reactions of natural defense
inside the plant (formation of phytoalexins and other
phenolic compounds).

Contans®

C. minitans is a microparasite of some fungi
developing sclerotia such as Sclerotinia sclerotiorum.

Condor®

T. atroviride is an antagonistic fungus of some
pathogenic fungi (Fusarium spp., Rhizoctonia spp.,
Verticillium spp., Armillaria spp., Phyrochaeta spp.,
Phytophtora spp., Botrytis spp. etc.).

Remedier®

T. asperellum and T. gamsii are antagonistic of some
pathogenic fungi (Fusarium spp., Rhizoctonia spp.,
Verticillium spp., Armillaria spp., Phyrochaeta spp.,
Phytophtora spp., Botrytis spp. etc.).

-

Bacillus mojavensis (ATCC 51516)
2,9

OD600nm=0.3 (10-30 mL per plant)

-

P. chrysosporium is able to produce and secrete
several peroxidases. These peroxidases are able to
mediate in chemical degradation of a wide variety of
organic compounds such as those present in outer
coating of sclerotia.
B. mojavensis is an endophytic bacterium antagonistic
to some fungi. It has the ability to produce speciﬁc
lipopeptide biosurfactants. Some of these substances
such as surfactin A, are inhibitors to fungi, some
bacteria, mycoplasmas, and viruses.

Results and discussion
1. IN VITRO TESTS
Test 1: Activity of chemical fungicides against spore germination and mycelium growth
Fungicides are considered effective when they are able to inhibit in vitro
development of target fungi at a concentration less to or equal to 10 ppm. All chemical
fungicides used (Table 1) inhibited spore germination and fungal mycelia growth at a
concentration of 10 ppm except Thiovit Jet ®, Curzate C Blue ® and Aliette ®. Signum ®
completely inhibited spore germination at 10 ppm but it required a concentration equal
to or greater than 100 ppm to inhibit mycelial growth. Fungicides which inhibit spore
germination could be applied by surface spraying to prevent the onset of infection on
camellia flowers. Test 4 was performed to assess their effectiveness on camellia flowers.
Effective fungicides against fungal mycelium could be used to control infections already
established in flowers. Tests 5, 7 and 8 were performed to test their effectiveness.
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A

B
Figure 2. A, Switch® inhibiting spore germination. Growth of fungal colonies after 120 hours in PDA. A
large number of white colonies (arrows) was observed in control plates, whereas none was observed in
the PDA amended with fungicides. B, fungicides inhibiting mycelium growth.

Test 2: Bacillus mojavensis against mycelium growth
B. mojavensis is an endophytic Gram positive bacterium that has proven effective
in controlling many fungal plant pathogens (Bacon and Hinton 2002, 2007). The use of
endophytic bacteria to control plant diseases has been the subject of numerous studies
in recent years (Backman and Sikora 2008). Nowadays, there are commercial fungicides
like Serenade Max® (Bayer) based on the properties of endophytic bacteria like Bacillus
subtilis QST 713. In test 2 the presence of B. mojavensis ATCC 51516 in PDA medium
completely inhibited the mycelial growth of all C. camelliae strains (Figure 3). This
bacterial strain has shown great ability to colonize in vivo intercellular compartments
of different plant tissues (Bacon and Hinton 2001) although it has never been used in
camellia. To test its colonization ability in camellia as well as its in vivo effectiveness
against C. camelliae test 9 was performed.

Figure 3. B. mojavensis inhibiting mycellium growth of C. camelliae after 72 h of coculture in PDA (Right) and control (Left).
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Test 3: Phanerochaete chrysosporium against sclerotia
P. chrysosporium is a white rot fungus that produces and releases enzymes into
the substrate that can degrade recalcitrant molecules such as lignin or melanin. The
main limitation destroying the sclerotia of C. camelliae is the protective outer coating
rich in melanin (Butler and Day 1998). Degradation of the protective outer coating is
accompanied by loss of viability (van Toor 2002). In test 3 ability of P. chrysosporium to
degrade the protective outer coating of sclerotia of C. camelliae was studied.
After 4 to 8 weeks no significant differences were observed in the resistance of
the protective outer coating between controls and P. chrysosporium-exposed sclerotia.
Significant differences in resistance were recorded after 12 weeks. At that time, sclerotia
surface was completely colonized by P. chrysosporium (Figure 4). 87% of sclerotia with
weakened protective outer coating compared to 39% in controls were recorded. The
effect of P. chrysosporium on sclerotia protective outer coating was very obvious after 3
months in the absence of other microorganisms. However, in field conditions this would
only happen if the fungus develops easily on the sclerotia containing substrate. It has
been reported that use of wood rotting fungi and pine mulches increased sclerotial
mortality in vitro (van Toor et al. 2005) but this was not tested in field conditions. To
study the ex vitro effect of P. chrysosporium tests 6 and 10 were performed.
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Figure 4. C. camelliae sclerotia colonized by P. chrysosporium after 12 weeks (white mycelia on the surface
of the sclerotia). As a result, the protective outer coating of sclerotia is partly degraded and it loses viability.

2. EX VITRO TESTS
2.1. Tests conducted under controlled environmental conditions (climatic
chambers)
Test 4: Intensive application of chemical fungicides by pulverization
Weekly application of chemical fungicides on bloomed plants reduced the
incidence of CFB from 20 to 30%. However, neither the number of sclerotia produced
per flower nor their average size/weight was reduced. A reduction in incidence can
be explained by the ability of chemical fungicides used in controlling ascospores and
mycelium of C. camelliae development (Test 1). However due to the gradual opening of
camellia flowers is impossible to achieve 100% coverage of the petals with fungicides.
This would require daily treatments in each flower, which is unfeasible. Sclerotia results
suggest that absorption and mobility of fungicides in camellia flowers are very limited
and therefore also their actual effectiveness. Test 5 and 8 were performed to check this.
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A
Figure 5. A, general view of the intensive application of chemical fungicides by pulverization. B, camellia
flower (treated with Folicur®) showing symptoms of CFB one week after flower bud opening.

Test 5: Translocation of several fungicides and their ability to protect the flower against
CFB
This assay was performed to determine the acropetal translocation of several
fungicides and their ability to protect the flower against CFB. Transpiration causes
dyes to be apparent on the petals after only two hours. After 24 hours flowers were
completely stained. However 24/48h after treatment none of the fungicides used (Table
1) proved to be capable of protecting camellia flowers against C. camelliae infection.
Fungal incidence, as well as number, size and weight of sclerotia was equal in flowers
treated with fungicides than in controls.. To study long-term effect of fungicides applied
directly to the vascular system test 8 was performed.

A

B

24 h

C

24 hpi

Figure 6. A, cut flowers were placed in beakers containing solutions of fungicides and different dyes used
as markers for plant transpiration. B, 24 hours later, the stained flowers were sprayed with a C. camelliae
spore suspension (5·105 spores/mL). C, brown spots caused by C. camelliae 24 hours post inoculation. The
effect on the number and weight of sclerotia was determined after 18 weeks.

2014 International Camellia Society Congress

Pontevedra (Spain) 11- 15 March

274

Test 6: Effectivity of Phanerochaete chrysosporium and Trichoderma asperellum +
Trichoderma gamsii against sclerotia germination
P. chrysosporium and several fungi of the genus Trichoderma have been shown
to be capable of reducing the viability of C. camelliae sclerotia when in vitro tests
were performed (test 3, Montenegro et al. 2010). In test 6 the effectiveness of these
BCAs in ex vitro conditions and in a controlled environment were evaluated. Apothecia
developed from week 17 to 27 after sowing of sclerotia. No significant differences in the
number of developed apothecia between BCAs-substrates and controls were detected.
Despite the great amount of P. chrysosporium in the initial inoculum, after two weeks
it was found that the fungus was replaced by other microorganisms present in the
non-sterile substrate. However, in test 3 (in vitro) at least 12 weeks were necessary for
effective sclerotium protective outer coating degradation. In test 6 this does not happen
because P. chrysosporium is less competitive than other microorganisms, explaining
the lack of effectiveness of P. chrysosporium. On the other hand T. asperellum and T.
gamsii (Remedier ®) by themselves are not able to damage the sclerotia protective outer
coating and have not been effective parasitizing the stipe of C. camelliae apothecium (in
the onset of apothecia germination). To evaluate the effectiveness of both BCAs in field
conditions, test 10 was performed.
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A

B

Figure 7. Non-sterile substrate sowed with sclerotia to assess the effectivity of P. chrysosporium and T.
asperellum + T. gamsii (Remedier®) against sclerotia germination. A, immature apothecia from substrate
inoculated with P. chrysosporium after 17 weeks. B, immature apothecia from substrate inoculated with T.
asperellum + T. gamsii after 18 weeks.

2.2. Field trials
Test 7: Effect of different fungicides and BCAs on the inhibition of sclerotia formation in
fallen camellia flowers infected by C. camelliae
Prior to the formation of sclerotia, a grayish-white mycelium at the base of the
petals (Figure 8B, 8C, 8D) can be observed. The test attempted to determine whether
sclerotia formation could be interrupted by spraying fungicides and BCAs (Trichoderma
and Coniothyrium) on fallen flowers. Chemical fungicides proved capable of inhibiting
in vitro mycelial growth of C. camelliae (Test 1, Table 1). However, none prevented the
formation of sclerotia in the flowers. BCAs also failed in preventing the formation of
sclerotia. The number, size and weight of sclerotia did not differ significantly between
treated and control flowers. These results suggest that applying fungicides or BCAs to
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the mycelial ring is not an effective strategy to control the disease since the fungus is
able to complete its life cycle.

Figure 8. A, application of chemical fungicides and BCAs on camellia flowers before the sclerotia
development. Those flowers presenting sclerotia were not included in the assay. B, C, D, grayish-white
mycelium at the base of the petals.

Tests 8 and 9: Plant endotherapy
Plant endotherapy consists of injecting into the trunk the phytosanitary products
that are distributed throughout the vascular system of the plant. The system provides an
alternative for the treatment of trees as substances go directly to the tree being more
efficient and not polluting the environment. In test 5, the fungicides failed in preventing
petal blight when they were applied for a short period of time. To determine the efficacy
in a long-term treatment the test 8 was performed. Different fungicides were injected into
camellia shrubs (Table 1). From 9 to 11 months later, no treatment significantly reduced
the incidence of CFB nor the number, weight and size of sclerotia compared to controls.
The fungicides used in test 8 are described as systemic. We previously established the
fungal growth inhibition by these fungicides (Test 1). Systemic fungicides are theoretically
taken up and redistributed through the xylem. However, they do not effectively reach
the camellia flowers. Endotherapy has proven effective against some fungal diseases as
apple scab (Venturia inaequalis; Percival and Boyle 2005) or Phytopthora (Guest et al.
1995) but it does not seem an effective technique for controlling CFB.
B. mojavensis has proved capable of inhibiting the growth of C. camelliae in vitro
(Test 2). However, spraying the camellia leaves and flowers with a bacterial suspension
(2·106 CFU/mL) was not effective in controlling the disease (data not shown). In test 9,
bacteria were inoculated by trunk injection to evaluate its effectiveness in controlling
CFB. From 9 to 11 months later, B. mojavensis did not significantly reduce the incidence
of CFB nor the number, weight and size of sclerotia compared to controls. Furthermore
the bacteria could not be reisolated from the camellia flowers. This suggests that the
internal colonization of the camellia plants has not been successful (at least after 8 to 10
months).
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Figure 9. Plant endotherapy. Trunk injection (Quick-Jet Pro Kit ArborJet) with chemical fungicides or with
the endophyte bacterium B. mojavensis. During the flowering season (mid-winter to mid-spring), some
branches were covered with a mesh of 1x1 cm square grid. Daily monitoring was conducted to collect
fallen flowers.

Test 10: Effectivity of BCAs (P. chrysosporium and T. asperellum + T. gamsii) against sclerotia
germination
As in the test 6, no significant differences were recorded in the number of germinated
apothecia between the BCAs-treated and the control plots. In field conditions P. chrysosporium
does not seem to be competitive against other soil microorganisms. T. asperellum and T.
gamsii (Remedier®) are not effective for sclerotia/apothecia control. The usefulness of
P. chrysosporium depends on the development of substrates capable of promoting its
growth over soil microorganisms. van Toor et al. (2005) found that wood rotting fungi as
Phanerochaete cordylines or Pycnoporus coccineus and pine mulches enhance parasitism
of C. camelliae sclerotia in vitro. However, as with P. chrysosporium and Remedier®, their
effectiveness for the control of CFB under field conditions has not been demonstrated.
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Figure 10. A, B, experimental plots (0.5 m2) sowed with sclerotia to assess the effectivity of BCAs (P.
chrysosporium and Remedier®) against sclerotia germination. C, 4 months later, a suitable colonization
of the BCA was not observed in soil (15 cm deep pit). D, E, F, G, an average of 23 apothecia per plot was
recorded. No significant differences between BCAs-treated and control plots were recorded.
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Conclusions

The results of the tests indicate that it is difficult to develop a truly effective
strategy to control CFB. Tests show that there are in vitro methods to break the cycle of
the fungus (inhibiting the germination of ascospores, the growth of mycellium or reducing
the viability of sclerotia). However, all ex vitro tests failed in controlling the disease. The
camellia flower opens slow and gradually, so the effectiveness of the fungicide spraying
is limited. In addition we found that the mobility of fungicides is very limited in shrubs
and camellia flowers.
The thickness of the protective outer coating limits the action of BCAs. Although P.
chrysosporium can degrade it, a long period of exposure is required for its effectiveness.
However, under field conditions, the P. chrysossporium growth rate is not competitive as
compared to other soil microorganisms. As a result, the fungus does not have enough
time to degrade the protective outer coating of a significant number of sclerotia. BCAs
as Trichoderma sp. have not proven effective against any stage of the life cycle of C.
camelliae. On the other hand, the usefullness of endophytic bacteria as B. mojavensis
is limited by its ability to colonize intercellular compartments of the camellia flower
tissues. In view of these limitations, it seems that the genetic improvement of camellias
may be the only way to control CFB.
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Yield evaluation of tea (Camellia sinensis) clones grown in Pontevedra
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Abstract. Tea yield was evaluated in an experimental plantation of tea (Camellia sinensis) established in Pontevedra (NW Spain) in 2009. The plantation consisted in 48 clones produced from
seeds in a four-year nursery period. In 2013, new shoots were harvested once a week from early
February to early November. For each tea clone, shoots were counted and weighed. Data were
used to calculate the annual mean shoot weight, and monthly and annual tea production. The
annual mean shoot weight was between 0.31 g (clone EFA-99) and 0.60 g (clone EFA-10), and
the number of shoots per plant between 229 (clone EFA-90) and 2386 (clone EFA-3). The annual
tea production ranged from near 109 g/plant (clone EFA-90) to 1194 g/plant (clone EFA-10). The
production of tea was over 600 g for 29 of the 48 clones under study, being higher than 1,100 g
in three of them.
Keywords: tea plant, new shoot, sprouting

Introduction
Camellia sinensis is the species most widely cultivated of the genus Camellia, and
the most important economically, since the tea beverage is obtained from its shoots. It
is an evergreen shrub with bright green leaves, and blooms in autumn (figure 1). It has
been cultivated in Asia for more than 3,000 years, where it was used for medicinal purposes. However, it became popular and a widely consumed beverage (Jiyin et al, 2005).
Nowadays, it is the second beverage more consumed in the world, after water (Hicks,
2009).
Around 89% of the cultivated tea surface in the world is located in southeastern Asia
(FAO, 2002). The main tea producers are China, with 1,499,900 ha, yielding more than
1,620,000 t a year, and India with 600,000 ha with 966,000 t (FAOSTAT, 2011). Other important tea producers are Kenya, Sri Lanka and Indonesia. In Europe there are some tea
plantations in Azores (Portugal), and for consumption it is mainly imported from India
(FAOSTAT, 2011).
Depending on the degree of fermentation of the shoots, once they are collected
and dried, the tea is classified in three groups: green tea (without fermentation), oolong
(semi-fermented) and black (fermented) (Hicks, 2009). Although in Europe the fermented tea is the most consumed, in Eastern countries the green and semi-fermented
tea are the most popular, depending on the areas.
Camellia sinensis grows at sea level and up 2,200 m high (De Costa et al., 2007)
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and it develops better in acid soils, with a pH ranging from 4.5 to 6.5 (Zhen et al., 2002).
Its development is favoured by abundant rainfall and mild temperatures, ranging from
18 to 25°C (De Costa et al., 2007). Temperatures lower than 13 °C and higher than 30 °C
reduce shoot growth (Carr, 1972; Watson, 1986; Carr & Stephens, 1992).

Figure 1. Camellia sinensis plant

Figure 2. Camellia sinensis plantation in Pontevedra (Spain)

In Galicia (NW Spain), camellias have been cultivated as ornamentals for more
than 200 years and presently are plants growing in public and private parks, being mostly
Camellia japonica cultivars. In this region there aren’t any commercial plantations of C.
sinensis, but isolated plants cultivated as ornamentals in some gardens.
The soil and climate Galician conditions, with acid and well-drained soils and 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 (Samartín & Pérez-Samartín, 1988; Salinero &
Vela, 2004), thus tea commercial production may be an alternative for the cultivation of
this species in this region of Spain.
In the camellia research centre Estación Fitopatolóxica de Areeiro located in Pontevedra, Spain there is a small experimental plantation of C. sinensis (Figure 2).
The aim of this work was to assess the potential of tea production in an experimental plantation of C. sinensis clones in Pontevedra province and select those with a
higher yield so as to establish further commercial plantations in Galicia.

Material and methods
A plantation of 48 clones of Camellia sinensis in a 250 m2plot located in the
Estación Fitopatolóxica de Areeiro (Pontevedra, NW Spain)was studied. The plot was
bordered to the east and to the north with a kiwifruit plantation (Actinidia deliciosa),
and with another plantation of ornamental camellias (cultivars of C. japonica and C. reticulata) to the west. The main characteristics of the soil were: pH 5.7, O.M. 5.0 %, NaHCO3-extractable P 59 mg/g, and assimilable K content 140 mg/g.
Tea plants were grown from seeds in pots, with a mixture of sand and peat, in
a nursery under natural light and temperature conditions. In 2009, healthy plants of
four years old (one of each clone) were planted 2 m apart within the plants, and 1.9 m
between rows. The plantation was covered with a mesh and 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.
In September 2012, a shape pruning was carried out in all plants. The potential of
shoot production of each clone was estimated during 2013. Thus, the first week of Feb2014 International Camellia Society Congress
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ruary shoot collection was initiated, when the first shoots were observed in some clones
and it ended at the beginning of November. During harvest, all new shoots were collected by hand on a weekly basis. The number of shoots obtained per plant was counted and
the fresh weigh of the total number of shoots of each clone was measured in order to
establish the weekly production of shoots. In addition, for each clone the average weight
of the shoots and the annual shoot production was determined.

Results and discussion
Only 5 clones started to develop the first shoots in the first week of February
2013 and this production continued every week until the first week of November. Most
clones developed shoots since the first week of April until the middle of November, but
the number of shoots produced per clone varied among weeks (figure 3).
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Figure 3. Number of tender shoots collected per month in every Camellia sinensis clon cultivated in Pontevedra
(Spain)

The fresh weight of shoots produced per clone weekly varied greatly among collection periods. Four periods of maximum yield were established for all clones: the first
in May, the second in the first half of July and the third in the month of August, and the
last one in the second half of September, being July the month with the largest production (figure 4). These results were similar to others performed in Galicia on the shoot
development of C. japonica cultivars. The number of shoots produced reached a peak in
spring and summer (Vela et al., 2013).
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Differences were observed in the quantity and in the fresh weight of shoots produced per clon (figures 5 and 6). Three clones (EFA-7, EFA-9, EFA-90) yielded less than
250 shoots that weighed less than 140 g. Six clones (EFA-3, EFA-10, EFA-108, EFA-109,
EFA-111, EFA-119) developed more than 1,750 shoots, and three of them (EFA-10, EFA108, EFA-119) recorded a higher fresh weight (1,100-1,200 g). Most clones developed
750-1,250 shoots a year, weighing from 400 to 700 g.

283

Figure 4. Fresh weight (g) of shoots collected per week from the 48 C. sinensis clones in 2013. The black
lines of the graph correspond to the three plants with an annual tender shoot production of more than
100 g (EFA-10, EFA-108 and EFA-119)

The six clones with a large production developed in the experimental plot next
to a kiwifruit orchard fertilized every week, from the middle of May to September, alternating calcium nitrate and manganese with potassium nitrate. Probably the differences
observed among clones could be related to the application of nitrogen fertilizers in the
kiwifruit plantation, since the soil of the tea plantation was rich in P and K. It has been estimated that the production of 1 kg of tea leaves requires 45-65 kg N (Bonheure, 1991).
Therefore further research is needed to determine the production potential of all the
tea clones studied, so as to establish a homogeneous fertilization system in all plantation
rows.
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Figure 5. Accumulated number of shoots per year and per month collected from each Camellia sinensis
clone cultivated in Pontevedra (Spain)

2014 International Camellia Society Congress

Pontevedra (Spain) 11- 15 March

284

Conclusion
Camellia sinensis plants cultivated in Pontevedra (NW Spain) develop shoots for
tea production, mainly from April to November, yielding shoots mainly from April to November, with a maximum of production in July. The most productive clones were EFA-10,
EFA-108 and EFA-119, yielding 1100-1200 g of fresh weight per plant. The nitrogen fertilization applied in the nearby kiwifruit orchard next to the C. sinensis plantation could
favour clone production.
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Variation in oil content in Camellia japonica seeds
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Abstract. The seeds of Camellia species can be pressed to obtain high quality oils, some of
which have been used for years in Asian cultures. Galicia (NW Spain) has a strong and increasing
presence in Camellia markets. Today, the bulk of the industry exports are as young plants for
flowering and gardening purposes, but this is gradually increasing to provide a more diverse
and value added portfolio, and in this context the production of Camellia oil appears as a new
opportunity. In the present work 61 seed samples of C. japonica plants, from several genotypes,
growing in different locations, were analysed to evaluate their oil content and density. The results
showed differences among genotypes and locations in the seed oil content, ranging form 7.1% to
28.3%, with an average of 20.8 %. The seed oil content was not correlated with the seed weight,
but there was negatively correlated in a subsample of genotypes with high values of total oil
content. These results are relevant to improve the oil production of C. japonica considering the
genotype, the location and the seed characteristics.
Keywords: Camellia, environmental effects, no-gardening uses, oil crops.

Introduction
The genus Camellia is one of 30 included in the family Theaceae and comprises
284 species (Chang and Bartholomew, 1984), two of which have outperformed other
until a few years ago: C.sinensis, whose leaves tea is obtained, and C. japonica, of great
interest as an ornamental plant (Samartín and Pérez, 1984). Today they are becoming
important species like C. grijsii, C. longicarpa, C. maliflora, C. oleifera, C. salicifolia, C.
taliensis, C. yuhsienensis and C. yunnanensis, some used in Asia for centuries for the
production of oils used in both food and cosmetics.
There are very few data available on the date of the introduction of the first
camellias in Europe. The first living camellias documented were exhibited in England in
1739, in the greenhouses of the gardens of Robert James, 8th Lord Petre, at Thorndon
Hall (Essex), and were probably brought from China by Jesuit missionaries (Samartín
and Pérez, 1988) or by English merchants and sailors (Short, 2005). Of these plants are
preserved two paintings: one depicting a red flower and the other a white flower.
The genus Camellia was introduced in Galicia (NW Spain) in the XIX century
(Salinero and Vela, 2003). At first it was mainly cultivated in “Pazos”- palaces - belonging
to the Galician nobility, where he found suitable growing conditions: weather and fertile
soil. Currently different species of the genus Camellia (mainly C. japonica) are present in
all gardens in the North and Northwest Spain adapting to a wide range of uses, although
it is more common to see it as an isolated tree or in groups where various species and
cultivars of mixed flowers, giving colour during long periods of time (September to May)
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the garden. Many experts are surprised to see that in Galicia camellias grow splendidly
though periods remain abandoned for long time, while in other regions of Spain or
Europe require constant care, requiring even the protection of a greenhouse. In general,
it is accepted that the cold weather and even rain damage winter bloom of Camellia
species, however both factors benefit the growing, and interestingly in several countries,
even those less favourable for Camellia cultivation it is common use to form hedges and
protective barriers to the edges of gardens, orchards and flower beds.
In recent years, the number of pests and diseases detected in Camellia
has increased considerably. This may be related to the widespread and increasing
international trade and the exchange of plant material that has contributed to the spread
of pathogens. In addition, the wide environmental conditions in which it develops can
also affect the occurrence of pests and diseases (Varela et al., 2003).
Camellia oil is considered one of the best cooking oils in the world (Huang et
al., 2013). Camellia oil, extracted from different species has long been processed as an
industrial oil, used in the production of cosmetics, soaps, hair oil, medicines and now
it is generating interest also as a biofuel source (Lin and Fan, 2011). However, today
these plants are grown on a large scale in China and to a lesser extent Japan. Outside
Asia, the uses and development process of this camellia oil is unknown. Camellia oil
is extracted by pressing the seeds. Its composition is very similar to olive oil, both of
which are very beneficial to health. As far the camellia oil has a higher concentration
of monounsaturated fatty acids, beneficial to health because they reduce levels of bad
cholesterol. The camellia oil can also be used cosmetically in the preparation of shampoos,
soaps, creams, etc. The objective of the present work was to analyze the variation in oil
content in Camellia japonica seeds from plants growing in different locations of Galicia
(NW Spain).

Material and methods
Seeds of 61 C. japonica plants from different genotypes growing in different
locations were analyzed (Table 1). The traits studied were: seed weight (g), number of
seeds/100 g, seed oil content (%, g) and oil density (g/ml).
Table 1. C. Japonica cultivars and locations of the seed sampling.

Genotype

Location

jap-Brava 1

Areeiro (Pontevedra, Spain)

6

jap-Brava 2

Areeiro (Pontevedra, Spain)

6

71 - Furo-An

Areeiro- z10 (Pontevedra, Spain)

6

71 - Furo-An

Areeiro- z7 (Pontevedra, Spain)

5

91 - Yosemite

Areeiro-4b (Pontevedra, Spain)

3

108 - Shirobotan

Areeiro-I (Pontevedra, Spain)

3

91 - Yosemite

Areeiro-III (Pontevedra, Spain)

3

Plant 1

Lourizán (Pontevedra, Spain)

6

Plant 2

Lourizán (Pontevedra, Spain)

6

Plant 1

Rubiáns (Vilagarcía de Arousa, Spain)

6

Plant 2

Rubiáns (Vilagarcía de Arousa, Spain)

6

Plant 1

San Cibrán (Vedra, Spain)

5
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Figure 1. Sampling locations. 1: Areeiro, 2: Lourizán, 3: Rubiáns, 4: San Cibrán

Samples of fruits of were collected in autumn from healthy plants in the different
sampling locations. The harvest was carried out when fruits began to split open and the
seeds were visible, a phenological stage of fruit development that corresponds to the
BBCH stage 88 described for C. japonica (Vela et al., 2013). For each plant, a seed sample
of 1 kg was taken and divided into five 200 g subsamples. Oil extraction was performed
for each subsample.

Figure 2. Pressing the seeds
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Figure 3. Filtering the oil

Results and discussion
The table 2 displays the results of the traits studied in the 61 C. japonica plants
from several genotypes studied in different locations. The seed oil content averaged 20.8
%, with a range of variation from a minimum of 5.5 % in 91-Yosemite at Areeiro-b4 to
a maximum of 29.6 % in a plant at Lourizán, which confirms the environmental effects
in oil content described in C. reticulata by Huang et al. (2013). This variability in the oil
content reflects phenotypic diversity that could be the basis for a selection program to
improve the oil content in the C. japonica seeds. The table 3 summarized the oil content
by genotype and location, to support that hypothesis.
The correlation between seed weight and oil content was not significant for the
complete set of plants, but in the subsample of those plants (31) more rich in total oil
content (>0.200 g/seed), the correlation coefficient of -0.428 was highly significant, what
means that in the rich-oil seeds, the seed size has a negative effect in the total oil content.
Table 2. Results of the traits studied in the 61 C. japonica plants analyzed.

Genotype

Location

jap-Brava 1
jap-Brava 1
jap-Brava 1
jap-Brava 1
jap-Brava 1
jap-Brava 1
jap-Brava 2
jap-Brava 2
jap-Brava 2
jap-Brava 2
jap-Brava 2
jap-Brava 2
71 - Furo-An
71 - Furo-An
71 - Furo-An
71 - Furo-An

Areeiro
Areeiro
Areeiro
Areeiro
Areeiro
Areeiro
Areeiro
Areeiro
Areeiro
Areeiro
Areeiro
Areeiro
Areeiro- z10
Areeiro- z10
Areeiro- z10
Areeiro- z10

Seed
weight
(g)
0.589
0.578
0.473
0.579
0.716
0.646
1.195
1.149
1.248
1.280
1.238
1.155
1.257
1.001
1.169
1.291
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Number of
seeds/100 g
169.8
173.0
211.6
172.7
139.7
154.8
83.7
87.1
80.1
78.1
80.8
86.6
79.6
99.9
85.6
77.5

Seed oil
content
(%)
23.7
25.8
24.5
24.2
24.1
23.2
26.9
27.3
25.9
24.1
25.1
28.1
20.0
21.6
21.1
22.6

Seed oil
Oli
content density
(g) (g/ml)
0.139
0.879
0.149
0.871
0.116
0.912
0.140
0.899
0.173
0.908
0.150
0.914
0.321
0.912
0.313
0.909
0.324
0.914
0.309
0.923
0.311
0.905
0.324
0.891
0.252
0.913
0.216
0.912
0.246
0.904
0.291
0.905
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Genotype

Location

71 - Furo-An
71 - Furo-An
71 - Furo-An
71 - Furo-An
71 - Furo-An
71 - Furo-An
71 - Furo-An
91 - Yosemite
91 - Yosemite
91 - Yosemite
108 - Shirobotan
108 - Shirobotan
108 - Shirobotan
91 - Yosemite
91 - Yosemite
91 - Yosemite
plant 1
plant 1
plant 1
plant 1
plant 1
plant 1
plant 2
plant 2
plant 2
plant 2
plant 2
plant 2
plant 1
plant 1
plant 1
plant 1
plant 1
plant 1
plant 2
plant 2
plant 2
plant 2
plant 2
plant 2
plant 1
plant 1
plant 1
plant 1
plant 1

Areeiro- z10
Areeiro- z10
Areeiro- z7
Areeiro- z7
Areeiro- z7
Areeiro- z7
Areeiro- z7
Areeiro-4b
Areeiro-4b
Areeiro-4b
Areeiro-I
Areeiro-I
Areeiro-I
Areeiro-III
Areeiro-III
Areeiro-III
Lourizán
Lourizán
Lourizán
Lourizán
Lourizán
Lourizán
Lourizán
Lourizán
Lourizán
Lourizán
Lourizán
Lourizán
Rubiáns
Rubiáns
Rubiáns
Rubiáns
Rubiáns
Rubiáns
Rubiáns
Rubiáns
Rubiáns
Rubiáns
Rubiáns
Rubiáns
San Cibrán
San Cibrán
San Cibrán
San Cibrán
San Cibrán

Seed
weight
(g)
0.969
1.096
1.459
1.161
1.060
1.272
1.318
0.906
0.890
0.821
1.122
1.120
1.041
0.965
0.747
0.745
0.823
0.862
0.752
0.731
0.921
0.822
0.739
0.640
0.705
0.558
0.750
0.760
0.697
0.810
0.443
0.622
0.545
0.704
0.811
0.934
0.587
0.915
0.619
1.127
1.201
0.836
0.890
0.915
0.898
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Number of
seeds/100 g
103.2
91.2
64.1
86.1
94.4
78.6
75.9
110.4
112.3
121.8
89.1
89.3
96.0
103.6
133.9
134.3
121.6
116.0
133.1
136.9
108.6
121.6
135.3
156.3
141.8
179.1
133.4
131.6
143.5
123.4
225.9
160.7
183.4
142.1
123.2
107.1
170.4
109.3
161.7
88.8
83.3
119.7
112.4
109.3
111.3

Seed oil
content
(%)
21.3
21.1
22.2
22.9
23.6
24.2
22.0
5.8
5.5
5.7
13.4
13.3
13.1
7.5
9.1
8.8
28.3
28.8
28.2
29.6
26.4
28.0
26.2
28.9
27.4
29.0
29.4
29.6
20.3
21.6
20.2
21.6
20.3
23.4
24.5
23.0
23.5
23.1
22.8
23.5
23.6
23.0
20.7
22.8
22.7

Seed oil
Oli
content density
(g) (g/ml)
0.206
0.900
0.231
0.906
0.346
0.896
0.266
0.896
0.250
0.896
0.307
0.906
0.290
0.903
0.052
0.864
0.049
0.839
0.046
0.834
0.150
0.879
0.149
0.857
0.137
0.869
0.072
0.836
0.068
0.847
0.066
0.835
0.233
0.898
0.248
0.891
0.212
0.889
0.217
0.884
0.243
0.890
0.230
0.884
0.194
0.882
0.185
0.856
0.193
0.875
0.162
0.863
0.221
0.876
0.225
0.870
0.141
0.890
0.175
0.906
0.089
0.906
0.135
0.904
0.111
0.897
0.165
0.909
0.199
0.901
0.215
0.909
0.138
0.900
0.211
0.902
0.141
0.905
0.265
0.899
0.283
0.916
0.192
0.904
0.184
0.908
0.209
0.912
0.204
0.916
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Table 3. Oil content by genotype and location in the 61 C. japonica plants analyzed.

Genotype

Location

Seed oil content (%)

Seed oil content (g)

jap-Brava 1

Areeiro

24.2

0.144

jap-Brava 2

Areeiro

26.2

0.316

71 - Furo-An

Areeiro

22.0

0.264

91 - Yosemite

Areeiro

7.1

0.059

108 - Shirobotan

Areeiro

13.3

0.145

Pool of plants

Lourizán

28.3

0.213

Pool of plants

Rubiáns

22.3

0.165

Pool of plants

San Cibrán

22.6

0.214

20.8

0.190

Average

Conclusion
According with these results it is concluded that C. japonica seed oil production
displays wide diversity and could be optimized by plant or genotype selection, based
in seed traits, and that election of an appropriate environment could bring further
improvements in the seed oil content.
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Camellia Oil Quality Indices from seeds harvested in Pontevedra
(NW Spain)
Vela P., García-Sartal C., Salinero C., González-García M.
Estación Fitopatológica de Areeiro, Diputación de Pontevedra, Subida a la Robleda s/n, 36153
Pontevedra, Spain. pilar.vela@depo.es
Abstract. The quality of oils obtained from seeds of different Camellia species and Camellia japonica cultivars grown in Galicia (NW Spain) was studied. Fruits were collected as soon as the
capsules began to split open, and allowed to dry. The oil was extracted from seeds by coldpressed extraction. Standard methods for moisture, density and acid and iodine values were
used to analyse the stability of the fresh oils. Peroxide values, which measure primary oxidation
processes, were obtained photometrically. Great differences among oil recovery percentages
were recorded for the different Camellia species and C. japonica cultivars (2.4-30.4% calculated
on a dry weight basis). Results on the physico-chemical parameters showed that all oils had high
oxidative stability.
Keywords: Camellia oil, quality indices, iodine value, peroxide value, acid value

Introduction
Camellia seed oil has been used in many oriental countries as edible oil since ancient times. Currently, its annual production is estimated at 260 000 tons (Li et al., 2012),
with China, India, Sri Lanka, Indonesia and Japan being the world’s largest seed oil producing countries and Camellia japonica, C. sasanqua and C. oleifera being the major crop
species (Sahari, Ataii and Hamedi , 2004). Figure 1 shows the fruit and seed of Camellia
sasanqua.

Figure 1: Camellia sasanqua fruit and seed

Camellia oil has been recognized as a source of vitamins A, B and E, essential fatty acids, primarily as oleic acid, and also polyunsaturated fatty acids such as omega-6
linoleic acid (Li et al., 2012). In a previous work, Salinero et al. have characterized the
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triglyceride composition of oil from C. reticulata and C. japonica harvested in Galicia
(North Western Spain) by nuclear magnetic resonance (NMR). The results confirmed
that oleic acid (approximately 75%) was the main fatty acid found, in both C. reticulata
and C. japonica, followed by linoleic, linolenic and saturated fatty acids (Salinero et al.,
2011). Furthermore, other functional components, such as camellia saponins, squalene
or polyphenolic compounds have been found in camellia oil. All these compounds confer anti-tumor effects, blood lipid reduction, protection of liver and heart, antisepsis and
anti-inflammation effects, atherosclerosis delaying, anti-oxidation activities and immune
function regulation on the population (He et al., 2011).
However, camellia oil stability, as other vegetable oils, is limited by the number
of double bonds in their composition, being the compounds with higher level of unsaturation more susceptible to oxidation. Free radicals can be formed after abstraction
of the hydrogen in the carbon-carbon double bond position, and react with oxygen to
form a peroxy radical. The peroxy radical could form a hydroperoxide after removing a
hydrogen atom adjacent to a double bond from another lipid molecule, and so on (Fox
and Stachowiak, 2007). For this reason, studies into the composition of camellia oil are
required to obtain quality information of the oil in terms of stability. Different analytical
methods, including iodine value (IV), acid value (AV) and peroxide value (PV), are used
to assess the oil stability. The IV determination gives information about the unsaturation
level of a lipidic material (Zhang Wei-guo, 2011). The AV is a measure of the free fatty
acids content. It indicates the amount of free fatty acids released by the hydrolysis and
oxidation (Armenta et al., 2007). The PV assesses the hydroperoxide content (primary
oxidation products) (Zhang Wei-guo, 2011, Armenta et al., 2007). Hydroperoxide compounds could decompose and form alcohols, aldehydes, free fatty acids and ketones,
leading to rancid smells and tastes of the oil (Yu et al., 2007).
This work studies and establish for the first time, the quality indices of Galician
camellia oils from 30 different Camellia japonica cultivars, two C. hybrid cultivars, one C.
sasanqua cultivar and one C. grijsii. The aim of this work was to establish differences and
similarities between Camellia cultivars with respect to their quality indices (iodine value,
acid value and peroxide value), and to assess the edibility of the oils.

Materials and Methods
All the chemicals and solvents used were of analytical grade.
Camellia seed oils
Seeds from 34 different camellia specimens, 30 Camellia japonica cultivars, 2 C.
hybrids, 1 C. sasanqua cultivar and 1 C. grijsii, were harvested in the Galician region
(North-western Spain). Table 1 shows the code of each sample, as well as the camellia
specie and the location to which the samples belong.
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Table 1: Sample and Camellia specie and cultivar names

Sample
name
RT
1-O
5-G
5-O
6-L
15-G
16-A
33-G
42-G
62-R
71-A
71-R
19-S
198-A
224-A
284-A
503-R
510-R
511-R
513-R
514-R
516-R
525-R
527-R
528-R
530-R
531-R
537-R
538-R
539-R
604-R
605-R
606-R
607-R

Specie

Location

C. japonica
C. japonica
C. japonica
C. japonica
C. japonica
C. japonica
C. japonica
C. japonica
C. japonica
C. hybrid
C. japonica
C. hybrid
C. japonica
C. sasanqua
C. grijsii
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. japonica
C. japonica
C. japonica
C. japonica
C. japonica
C. japonica
C. japonica

Río Tollo Nursery, Tomiño
Pazo de Oca, A Estrada
Pazo de Gandarón, Pontevedra
Pazo de Oca, A Estrada
Pazo de Lourizán, Pontevedra
Pazo de Gandarón, Pontevedra
EFAreeiro, Pontevedra
Pazo de Gandarón, Pontevedra
Pazo de Gandarón, Pontevedra
Pazo de Rubianes, Vilagarcía
EFAreeiro, Pontevedra
Pazo de Rubianes, Vilagarcía
Soutomaior Castle, Soutomaior
EFAreeiro, Pontevedra
EFAreeiro, Pontevedra
EFAreeiro, Pontevedra
Pazo de Rubianes, Vilagarcía
Pazo de Rubianes, Vilagarcía
Pazo de Rubianes, Vilagarcía
Pazo de Rubianes, Vilagarcía
Pazo de Rubianes, Vilagarcía
Pazo de Rubianes, Vilagarcía
Pazo de Rubianes, Vilagarcía
Pazo de Rubianes, Vilagarcía
Pazo de Rubianes, Vilagarcía
Pazo de Rubianes, Vilagarcía
Pazo de Rubianes, Vilagarcía
Pazo de Rubianes, Vilagarcía
Pazo de Rubianes, Vilagarcía
Pazo de Rubianes, Vilagarcía
Pazo de Rubianes, Vilagarcía
Pazo de Rubianes, Vilagarcía
Pazo de Rubianes, Vilagarcía
Pazo de Rubianes, Vilagarcía

The seeds were cleaned by hand to remove the foreign materials and then washed
with tap water. Cleaned seeds were dried at room temperature. After these treatments,
the seeds were ground in a mill. Camellia japonica seeds obtained after fruit removing
are shown in figure 2
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Figure 2: Camellia japonica seeds used for oil extraction

Camellia oil samples were obtained by cold-pressed extraction. About 200 g of
crushed seeds are loaded into a hydraulic press and then, they are pressed by mechanical means to extract the oil. The oil portions belonging to a given camellia specimen
were blended and refined by settling followed by filtration. Filtration was performed
through filter modules which were comprised of activated carbon and cellulose fibers.
Finally, refined oils were taken in clean, dry, amber coloured glass bottles and kept at 15
°C until further analysis. From left to right, figure 3 shows the camellia oil obtained after
settling and after filtration.

Figure 3: Camellia oil obtained after settling (test tube at the left) and after filtration (test tube at the
right)
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Chemical and physical methods
Moisture and volatile matter determination
Moisture and volatile matter was determined gravimetrically according to the
UNE-EN ISO 662-1998 standard method (ISO 662-1998, 2001) as the mass loss suffered
by five millilitres of oil sample after heating in an oven at 103 ±2 °C. Determinations were
performed in duplicate. Results were expressed as mass percentage.
Density determination
The density of the samples, expressed as the average value of six replicates, was
determined as the measure of the oil mass per unit volume at 25 °C.
Acid value
The acid value (AV) was determined by a standard titration procedure according to
the UNE-EN ISO 660:2009 (ISO 660:2010, 2010). An amount of 10 g of camellia oil was
dissolved in a 50:50 mixture of ethanol (purity 96%) and diethyl ether (purity 99.9%).
Finally, the acids in solution were titrated with 0.1 M KOH prepared in ethanol solution.
Results were expressed as grams of oleic acid per 100 g of oil. These determinations
were carried out in triplicate.
Iodine value
The iodine value (IV) was calculated according to the standard method UNE-EN ISO
3961:2009 (ISO 3961:2009, 2012). Data were obtained from the analysis of each sample oils prepared in triplicate. About 0.20 g of sample oil was dissolved in a mixture of
cyclohexane and glacial acetic acid (50:50). Finally, the excess of iodine generated after
adding Wijs solution, potassium iodide and deionized water, was titrated with sodium
thiosulphate. Results were expressed as grams of iodine per 100 grams of oil.
Peroxide value
To determine the peroxide value (PV), a portable HANNA instruments® photometer HI 83730 (Guipúzcoa, Spain) equipped with a commercially available kit of reactive
was used. Results, expressed as milliequivalents of oxygen per kilogram of oil, were calculated as the average value of three replicates of the same sample.
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Results and discussion
Experiments were developed to assess and establish the quality parameters and
oxidation stability of the Camellia oil obtained from 34 different specimens.
Physical analysis of camellia seed oil
Oil extraction from camellia seeds was performed by cold-pressing at room temperature as it has been described above. Table 2 shows the mean recovery percentage
value, calculated as the ratio of the mass of extracted oil to the mass of seed material
for each extraction step of the same sample, and multiplied by 100. As it can be seen,
recovery percentages ranged from 4.2% to 30.4%. Yield data clearly show that sample
labelled as 198-A (C. sasanqua) contains greater amounts of oil.
Table 2 also shows the density and moisture percentage data obtained after subjecting the samples to the analytical methods described elsewhere. Density values were
found between 0.886 and 0.910 g mL-1. Minimal density differences between samples
were found, being the average value close to 0.900 g mL-1. Furthermore, the density
data obtained were below the water density (1.000 g mL-1). Density is a parameter which
gives us information about the sample nature, the density value being inversely proportional to molecular weight, and directly proportional to the level of unsaturation of the
analysed samples (Akbar et al., 2009).
Low moisture percentages ranging from 0.00% to 0.49% (see Table 2) were found
in the oil samples analysed. High water content could affect the ability of the sample
to be filtered. Moreover, an excess of water could be a danger for the conservation of
the samples, leading to oil rancidity and to a strange taste or smell (Robards et al., 1988,
Nykter et al., 2006).
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Table 2: Physical oil parameters (recovery percentage, density and moisture percentage)

Sample
name
RT
1-O
5-G
5-O
6-L
15-G
16-A
33-G
42-G
62-R
71-A
71-R
19-S
198-A
224-A
284-A
503-R
510-R
511-R
513-R
514-R
516-R
525-R
527-R
528-R
530-R
531-R
537-R
538-R
539-R
604-R
605-R
606-R
607-R

Recovery ± SDa
(%)b
26.1 ± 2.6
25.4 ± 2.9
26.1 ± 1.7
26.8 ± 3.6
23.6 ± 3.7
28.5 ± 0.2
27.3 ± 1.9
24.1 ± 1.7
22.1 ± 1.2
10.3
15.4 ± 2.3
4.2 ± 1.2
19.8
30.4
5.9
15.5 ± 0.3
23.3 ± 3.1
25.8 ± 2.2
18.3 ± 2.6
16.1 ± 1.8
21.4 ± 3.6
23.4 ± 0.6
20.3 ± 0.2
18.9 ± 1.8
18.9 ± 1.1
11.9
17.4 ± 2.8
16.4 ± 3.0
11.2 ± 1.3
16.1 ± 2.0
16.0 ± 2.5
22.8 ± 0.9
20.9 ± 0.9
14.9 ± 2.6
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Density ± SDa
(g/mL)
0.902 ± 0.002
0.891 ± 0.001
0.886 ± 0.002
0.904 ± 0.001
0.907 ± 0.001
0.903 ± 0.002
0.902 ± 0.002
0.910 ± 0.002
0.899 ± 0.001
0.904 ± 0.004
0.900 ± 0.002
0.894 ± 0.003
0.910 ± 0.002
0.901 ± 0.002
0.903 ± 0.002
0.904 ± 0.003
0.903 ± 0.003
0.901 ± 0.001
0.901 ± 0.002
0.892 ± 0.001
0.908 ± 0.004
0.908 ± 0.002
0.886 ± 0.005
0.894 ± 0.002
0.905 ± 0.002
0.907 ± 0.004
0.901 ± 0.002
0.905 ± 0.001
0.905 ± 0.002
0.900 ± 0.0005
0.907 ± 0.004
0.903 ± 0.001
0.905 ± 0.002
0.902 ± 0.002

Moisture ± SDa
(%)
0.29 ± 0.005
0.39 ± 0.007
0.29 ± 0.002
0.05 ± 0.001
0.48 ± 0.001
0.00 ± 0.00
0.14 ± 0.006
0.13 ± 0.001
0.49 ± 0.001
NDc
0.09 ± 0.0003
NDc
0.10 ± 0.001
0.10 ± 0.001
NDc
0.43 ± 0.006
0.10 ± 0.001
0.11 ± 0.01
0.30 ± 0.001
0.20 ± 0.001
0.098 ± 0.001
0.24 ± 0.007
0.080 ± 4.5*10-5
0.094 ± 0.001
0.05 ± 0.001
NDc
0.079 ± 0.001
0.35 ± 0.001
0.39 ± 0.001
0.14 ± 0.05
0.097 ± 0.003
0.12 ± 6.78*10-5
0.0 ± 0.0
0.18 ± 0.023
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Chemical analysis of camellia seed oil
Chemical quality indices such as AV, IV and PV provide quality and stability information about oils. Chemical data, obtained after subjecting the camellia oil samples to
the analytical methodology previously described, are reported in Table 3.
Acid values (see Table 3) were found below 0.50 g oleic acid/100 g oil for most of
the samples analysed. These data are consistent with the Codex Alimentarius specifications for extra virgin olive oil (less than 0.80 g oleic acid/100 g oil) (Codex Alimentarius,
1981). Seven out of the 28 studied samples showed much higher acid values (between
1.04-2.23 g oleic acid/100 g oil). This fact could be attributed to higher polyunsaturated
fatty acids content in those oils, since acid value is positively correlated.
Comparable iodine values ranged from 75 to 88 g I2/100 g oil, were found for the
analysed samples (Table 3). The data obtained matched with that previously published
for Camellia serniserrata Chi. oil (82.1 g I2/100 g oil) (Zhang Wei-guo, 2011). Furthermore,
iodine values close to 80 g I2/100 g oil were found in olive oil samples (Vigli et al., 2003).
This is owing to camellia oil as much as olive oil are characterized by similar amounts of
oleic acid and polyunsaturated fatty acids in its composition (Vigli et al., 2003).
Oils become rancid when the peroxide value is higher than 20 meq O2/kg oil. Therefore, considering that the peroxide values were within 0.0-8.5 meq O2/kg oil (Table 3);
the samples analysed in this work can be regarded as oil with good quality. Differences
in the peroxide values between the camellia oil samples could be attributed to their content in antioxidant compounds. Antioxidants are compounds that delay the autoxidation
in samples by inhibiting or interrupting the formation of free radicals (Brewer, 2011).
It should be noted that low acid values (0.29-0.66 g oleic acid/100 g oil), high iodine values (84-86 g I2/100 g oil) and low peroxide values (0.0-2.0 meq O2/kg oil) were
found in those samples with the highest oil recovery percentages (sample 16-A, sample
198-A and sample RT). However, iodine and peroxide values are positively correlated;
this enables us to conjecture that these above mentioned samples could be the richest
in antioxidant compounds. From the productivity and quality point of view, samples 16A, 198-A and RT are the most appropriate for cultivation.
Table 3: Chemical oil parameters (acid value, iodine value and peroxide value)

Sample
name
RT
1-O
5-G
5-O
6-L
15-G
16-A
33-G
42-G
62-R
71-A

Acid Value ± SDb

Iodine Value ± SDb

Peroxide Value ± SDb

(g oleic acid/100 g oil)
0.66 ± 0.0073
1.56 ± 0.001
0.36 ± 0.0081
1.47 ± 0.0014
0.93 ± 0.0016
1.43 ± 0.0030
0.29 ± 0.0078
2.23 ± 0.0021
0.35 ± 0.0083
ND a
ND a

(g I2/100 g oil)
84 ± 0.0033
82 ± 0.96
75 ± 0.93
80 ± 0.60
81 ± 1.37
83 ± 1.93
84 ± 0.60
83 ± 0.80
84 ± 0.15
84 ± 1.30
83 ± 1.31

(meqc O2/ kg oil)
0.5± 0.0
2.5 ± 0.0
1.0 ± 0.0
0.0 ± 0.0
0.0 ± 0.0
0.0 ± 0.0
0.0 ± 0.0
3.0 ± 0.0
3.0 ± 0.0
0.5 ± 0.0
0.0 ± 0.0
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71-R
19-S
198-A
224-A
284-A
503-R
510-R
511-R
513-R
514-R
516-R
525-R
527-R
528-R
530-R
531-R
537-R
538-R
539-R
604-R
605-R
606-R
607-R
a

81 ± 0.57
81 ± 0.16
86 ± 0.45
80 ± 0.83
80 ± 1.24
80 ± 1.93
80 ± 1.04
85 ± 0.00
80 ± 0.59
80 ± 1.19
81 ± 1.42
81 ± 1.17
81 ± 1.12
80 ± 0.74
76 ± 0.17
79 ± 1.15
81 ± 0.52
78 ± 0.91
82 ± 0.23
82 ± 0.53
82 ± 0.97
80 ± 0.80
80 ± 0.16

1.0 ± 0.0
0.0 ± 0.0
2.0 ± 0.0
ND a
0.0 ± 0.0
1.0 ± 0.0
2.0± 0.0
0.5 ± 0.0
0.5 ± 0.0
0.0 ± 0.0
1.0 ± 0.0
0.0 ± 0.0
8.5 ± 0.0
0.0 ± 0.0
0.0 ± 0.0
4.0 ± 0.0
0.0 ± 0.0
0.5 ± 0.0
1.5 ± 0.0
1.5 ± 0.0
0.5 ± 0.0
0.0 ± 0.0
1.0 ± 0.0

ND: Not data is given

b
c

ND a
ND a
0.47 ± 0.024
ND a
1.04 ± 0.0057
1.76 ± 0.041
0.38 ± 0.00062
0.46 ± 0.017
0.17 ± 0.0081
0.32± 0.00046
0.36 ± 0.00050
0.36 ± 0.00063
0.49 ± 0.0082
0.30 ± 0.015
ND a
0.36 ± 0.0078
0.44 ± 0.016
0.30 ± 0.007
0.46 ± 0.016
0.38 ± 2.7*10-5
0.48 ± 0.016
0.35 ± 0.015
1.46 ± 0.00010

SD: Standard deviation of three replicates

meq: Milliequivalents

Conclusions
This study provides information about the physico-chemical properties of different
camellia oil obtained in Galicia after cold-pressed extraction of the seeds. The highest oil
extraction yield was found for the sample labeled as 198-A (30.4%) (C. sasanqua). Furthermore, all camellia oil analyzed showed similar density values, close to 0.900 g mL-1,
and low moisture percentages (0.00-0.45%). Chemical oil parameters indicated a good
quality of the camellia oils, with low acid values for most samples (< 0.50 g oleic acid/100
g oil), iodine values ranging from 75 to 88 g I2/100 g oil, and low peroxide values (< 9 meq
O2/ kg oil), being the freshness of the oils guaranteed. Physico-chemical parameters
showed that samples 16-A, 198-A and RT were the most suitable for oil production.
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Variability in seed storage components (protein, oil and fatty acids) in a
Camellia germplasm collection
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Abstract. Although Camellia is known worldwide for the production of tea, Camellia tea seeds
have been utilized in China for more than a thousand years as oil source. Camellia japonica oil
has a long history of use as a cosmetic product that is said to be the ancient beauty secret of
the geishas. The aim of this work was to study the chemical composition of seeds from camellias grown in a live Camellia germplasm collection maintained at the Estacion Fitopatoloxica do
Areeiro, in NW Spain, and to characterize the fatty acid composition of cold-pressed oil samples
from Camellia spp. accessions produced at E.F. do Areeiro. Seeds from each of 23 varieties of
Camellia spp. were analyzed for protein content, oil content and fatty acid composition of the
oil. A wide range of variation for all the characters analyzed was found. The protein content
ranged from 8.71 to 14.88%, with an average content of 12.01% for C. japonica and 11.26% for
C. sasanqua. The oil content ranged from 38.76% to 71.69%, with an average content of 61.44%
for C. japonica and 57.31% for C. sasanqua. The average fatty acid composition of seeds from the
Camellia germplasm analyzed was: 9.19% of palmitic acid (C16:0), 2.21% of stearic acid (C18:0),
81.87% of oleic acid (C18:1), 6.48% of linoleic acid (C18:2), and 0.53% of others. The fatty acid
composition of Camellia cold-pressed oil samples is similar to that of Camellia seed samples. A
significant positive correlation between oil content and oleic acid content was found, and no
correlation between oil and protein content. Results indicate that it is possible to exploit some
varieties of Camellia spp. as oilseed crop in NW Spain by selecting genotypes with high oil and
high oleic acid content in their seeds.
Key words: Camellia japonica, Camellia sasanqua, oil content, fatty acid composition.

Introduction
The genus Camellia is native to East Asia and includes a very large number (>200)
of species. Notable among them are C. japonica, C. sinensis, C. sasanqua, C. reticulata
and C. oleifera. The Japanese Camellia tree (C. japonica) is native to Southern Japan
where it is called Rose of winter. Camellia sasanqua (Christmas Camellia) is a Camellia species native to China and Japan. Although Camellia is known worldwide for the
production of tea, there is a growing industry that uses the oil derived from Camellia
seeds. Camellia oil, extracted from a number of different species including C. japonica,
C. reticulata, C. sinensis and C. oleifera, has long been processed as industrial oil, for the
production of medicines, cosmetics, soaps, and recently it is generating interest as a biofuel source (Lin and Fan, 2011). Camellia tea seeds have been utilized in China for more
than a thousand years as oil source. Tea oil is the main cooking oil in China’s Southern
provinces and Southeast Asia. Camellia oil is considered a high quality cooking oil, with
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high amounts of unsaturated fatty acids, mainly oleic and linoleic acids. This oil, called
the ‘‘Eastern olive oil’’ by Long and Wang (2008) because it contains abundant oleic acid
like olive oil, is considered a high quality cooking oil, that can be well stored at room
temperature. In addition to this, Camellia oil is reputed to aid cholesterol loss and resistance to stress (Fu & Zhou, 2003) and to protect against lipid peroxidation by elevating
the expression of antioxidant enzymes (Lee et al. 2007). Camellia japonica oil has a long
history of use as a cosmetic product to keep skin and hair healthy, with antibacterial activity and with anti-inflammatory properties (Kim et al. 2001, Kim et al. 2012). Also the
antioxidant and antimicrobial features of virgin C. oleifera, C. reticulata and C. sasanqua
oils have recently been demonstrated (Feas et al. 2013).
The high oil content, (>30%) of Camellia seeds can vary depending on genetic
and environmental factors (species, cultivars, temperature, rainfall, etc). Furthermore,
fruit traits such as seed size and dry weight have been associated to the oil production in
Camellia species (Li et al., 1992; Yanru and Zhangju, 2010, Huang et al. 2013).
Galicia (NW Spain) is one of the most important Camellia producing-regions in
Europe. Although Camellias in Galicia are produced mainly as houseplants and for gardening purposes, recently interest has arisen in relation to the production of Camellia oil
as a new market opportunity.
The aims of this work was: a) to study the chemical composition of seeds from
different Camellias species grown in a live Camellia germplasm collection maintained at
the Estacion Fitopatoloxica do Areeiro, in NW Spain, and b) to characterize the fatty acid
composition of cold-pressed oil samples from different Camellia species produced at the
E.F. do Areeiro.

Material and methods
Plant material
The Camellia materials of the study were part of a live Camellia germplasm collection maintained at the Estacion Fitopatoloxica do Areeiro (Pontevedra, NW Spain).
In 2004, seed samples from different accessions belonging to this Camellias germplasm
bank were sent to the Plant Breeding Department of the Institute for Sustainable Agriculture (IAS, CSIC, Córdoba, SW Spain) to be analyzed for seed quality components.
These materials consisted of 22 accessions of Camellia japonica, 2 accessions of C. sasanqua, 1 accession of C. reticulata x C. japonica, and 1 accession of C. sinensis.
In 2013, seed oil samples of Camellia (obtained by cold-pressed method) of different accessions from the germplasm collection above cited were sent to the Plant
Breeding Department of the IAS-CSIC to be analyzed for fatty acid composition. This selection consisted of 23 seed oil samples of C. japonica, 5 seed oil samples of C. sasanqua,
1 seed oil sample of C. reticulata, and 1 seed oil sample of C. hibrida.

Methods
Analysis of Camellia germplasm (seed samples): Five to ten seeds were randomly
selected from each of the accessions received and individually analysed for the following
seed quality components: protein content (% of dry matter), oil content (% of dry matter) and fatty acid composition (% of oil), according with the following standard methods
for oilseeds: Kjeldahl method for protein content (N x 6.25), Nuclear Magnetic Resonance and Soxhlet method for oil content, and gas-liquid chromatography for fatty acid
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composition. The analytical data obtained from all the single seeds of each accession
were combined to obtain the average content of the seed quality components for each
accession.
Analysis of Camellia seed oil: Two different samples of seed oil from each of the
accessions received were analysed for fatty acid composition by gas-liquid chromatography (GLC) of fatty acid methyl esters.
Analysis of fatty acid composition: Fatty acid methyl esters from seeds samples
and from oil samples were obtained as described by Garces and Mancha (1993) and analysed on a Perkin-Elmer Autosystem gas–liquid chromatograph (Perkin-Elmer Corporation, Norwalk, CT, USA) equipped with a flame ionization detector (FID) and split injector.
The chromatograph was equipped with a capillary column (25m × 0.25mm, i.d. 0.25 μm
film) with acidified polyethylene glycol as the stationary phase. Oven temperature was
programmed from 195 to 225 ◦C at a rate of 2 ◦C min−1. The temperature of the detector
and injector were 275 and 250 ◦C, respectively. Nitrogen was used as carrier gas. Fatty
acids were identified by comparing the retention times of the Camellia methyl esters
with those of known mixtures of standard fatty acids (Sigma) run on the same column
under the same conditions.

Results and discussion
Quality components of Camellia seed samples
Fatty acids identities based on gas-liquid chromatography of Camellia germplasm
are in Table 1.
Table 1. Nomenclature of Common Fatty Acids identified in seeds and oil of Camellia species
Trivial name

IUPAC (*) name

Formula

304

Abbreviation

Saturated
Palmitic acid

Hexadecanoic acid

CH3(CH2)14COOH

C16:0

Stearic acid

Octadecanoic acid

CH3(CH22)16COOH

C18:0

Oleic acid

9-Octadecenoic acid

CH3(CH2)7CH=CH(CH2)
COOH
7

C18:1 w9

Linoleic acid

9-12-Octadecadienoic
acid

CH3–(CH2)4–CH=CH–
CH2–CH=CH–(CH2)
COOH
7

C18:2 w6

Unsaturated

(*) International Union of Pure and Applied Chemistry

Data on protein content, oil content and fatty acid composition for the different
species of Camellia accessions are summarized in Table 2.
Table 2. Protein content (% dry weight), Oil content (% dry weight) and Fatty acid composition (% of oil)
of the seed samples from different Camellia species.
(a,b)*

C. japonica

(150,
18)

Protein

Oil

C16:0

C18.0

C18:1

C18:2

others

min

8.71

52.58

7.29

0.86

80.55

2.87

0.26

mean

12.01

61.44

8.59

2.29

84.05

4.82

0.37

max

14.88

71.69

11.57

4.55

86.64

7.29

0.57

2014 International Camellia Society Congress

Pontevedra (Spain) 11- 15 March

C. sasanqua

(20,2)

min

11.06

55.86

7.81

1.68

82.34

5.48

0.59

mean

11.26

57.31

8.74

1.80

82.72

5.99

0.75

max

11.47

58.75

9.66

1.92

83.11

6.49

0.91

C. reticulata x
C. japonica

(5,1)

-

58.02

7.21

2.11

86.69

3.59

0.41

C. saluenensis

(10,1)

9.00

62.28

7.68

2.00

86.21

3.69

0.43

C. sinensis

(9,1)

12.29

38.76

14.15

2.74

64.50

18.13

0.48

(*) a=number of seed analyzed belonging to “b” different accessions

The seed protein content of Camellia japonica accessions ranged from 8.71 to
14.88 %, with an average content of 12.01 %. The range of variation for the seed protein
content found in the other species Camellia germplasm is more limited than that found
in C. japonica, possibly due to the smaller number of accessions analyzed.
The seed oil content of Camellia japonica accessions ranged from 52.58 to 71.69
%, with an average content of 61.44 %.
The protein and oil content of C. saluenensis seems to be similar to that of C. japonica. On the contrary the accession of C. sinensis is characterized for having higher
seed protein content and lower seed oil content than that of C. japonica.
The lowest oil content has been found in all the individual seeds of the C. sinensis
accession (mean oil content=38.76%). Nevertheless this oil content is higher than that
found in Turkish germplasm by Yazicioglu and Karaali (1983).
The seed oil content and the seed protein content of all the accessions studied
from the different Camellia species are shown in Fig. 1.

Fig. 1. Oil and Protein content in seeds of accessions from different Camellia species
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Most of the accessions of C. japonica exhibited oil contents above 60%, highlighting the accession br5b (Brava 5 white flower) with the highest mean seed oil content
(71.69 %). The individual seed with the highest oil content (75%) was also found in the
same accession br5b.
The oil contents of C. sasanqua accessions are lower than that of C. japonica but
higher than that of C. sinensis. More accessions of C. sasanqua and C. sinensis should be
analyzed to confirm these preliminary results.
The fatty acids composition of the seed oil from the accessions belonging to C.
japonica, C. saluenensis, C. sasanqua and (C. reticulata x C. japonica) exhibit a similar
pattern (see Table 1): about 8% in palmitic acid, about 2% in stearic acid, about 84% in
oleic acid and about 5% in linoleic acid. On the contrary all the seeds from the C. sinensis
accession studied show a different fatty acid pattern characterized by higher palmitic
acid (about 14%), lower oleic acid (about 64%) and higher linoleic acid (18%) in relation
with that of C. japonica accessions. The C. sasanqua samples of our study are higher in
oleic acid content and lower in palmitic acid content than those from Vietnam samples
described by Ucciani (1995), and similar to some C. oleifera germplasm analyzed by Tang
et al. (1993). These differences in fatty acid composition are evident in the ratios saturated/unsaturated fatty acids, that range from 10.32% in C. reticulata x C. japonica to
20.44% in C. sinensis.
The fatty acid composition of all the accessions studied from the different Camellia
species are shown in Fig. 2.
306

Fig. 2. Fatty acid composition of the accessions from different Camellia species

Many accessions of C. japonica exhibited oleic acid content above 85%, with the
accession br5b among them. The individual seed with the highest oleic acid content
(89.39%) was found in the accession 16. The individual seed with the lowest oleic acid
content (56.81%) and the highest linoleic acid content (26.81%) was found in the C. sinensis accession 143.
There is no correlation between the oil and the protein content of the accessions
studied (Table 3). On the contrary, we have found positive correlation between oil con2014 International Camellia Society Congress
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tent and oleic acid content (0.81), and negative correlation between oil and linoleic acid
content (-0.78). Oleic acid content is negatively correlated both with palmitic acid content (-0.96) and with linoleic acid content (-0.98). According to these data, the selection
of accessions having seeds with high oil content would allow us to improve the oil quality
by simultaneously increasing the oleic acid content and decreasing the saturated palmitic acid content.
Table 3. Correlation coefficients between seed quality components
Protein
Oil

Oil

C16:0

C18:0

C18:1

C18:2

-0.19

C16:0

0.11

-0.72

C18:0

0.43

-0.43

0.24

C18:1

-0.10

0.80

-0.95

-0.26

C18:2

0.04

-0.78

0.91

0.12

-0.98

Others

-0.17

-0.30

0.11

-0.25

-0.24

0.28

Fatty acid composition of Camellia oil samples
The fatty acid composition of the oil for the different samples and species of Camellia accessions is summarized in Table 4.
Table 4. Fatty acid composition (% of oil) of the cold-pressed oil samples from different Camellia species.

(a,b)*
C. japonica

C. sasanqua

(46, 23)

(10,5)

C16:0

C18.0

C18:1

C18:2

others

min
mean

8.57
10.16

1.39
2.10

78.30
80.59

3.83
6.25

0.44
0.52

max

11.67

2.98

84.22

9.06

0.63

min
mean

9.56
10.37

1.51
1.93

73.83
78.75

5.93
7.59

0.75
0.83

max

11.23

2.24

81.66

11.43

0.92

C. reticulata

(2,1)

11.01

2.12

79.00

6.96

0.53

C. hibrida

(2,1)

10.64

3.74

78.85

5.64

0.64

(*) a=number of oil samples analyzed belonging to “b” different accessions

Oil samples of C. japonica accessions have higher mean contents in palmitic acid
(10.16%) and linoleic acid (6.25%), and lower mean content in oleic acid (80.59%) than
those of the seed samples of the same species (mean contents of 8.59% for palmitic
acid, 4.82% for linoleic acid, and 84.05% for oleic acid). The same occurs with the fatty acids content of C. sasanqua oil samples in relation with those of C. sasanqua seed
samples. The fatty acid composition of the Camellia oil samples in our study meets the
results obtained by Haiyan et al. (2007) by analyzing commercial samples of both refined
Camellia oil and cold-pressed Camellia oil. The fatty acid composition of the C. japonica
oil samples in our study match with that obtained by Salinero et al. (2012) with samples
from the same germplasm collection.
Similarly to the fatty acid composition of seed samples, oil samples of C. sasanqua
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accessions have slightly lower content in oleic acid and higher content in linoleic acid
than those of C. japonica accessions. The fatty acid pattern of C. reticulata accession is
similar to that of C. japonica accessions, although more accessions should be studied to
confirm this trend.
The fatty acid composition of the oil for all the accessions studied from the different Camellia species are shown in Fig. 3
120
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Fig. 3. Fatty acid composition of the cold-pressed oil samples from different Camellia species.

Oil samples from C. japonica accession 095-13 (Mision Biológica de Galicia) stand
out as that with the highest linoleic acid content in this species (mean content = 9.06%).
The highest content in oleic acid (84.22%) was found in the oil samples of the accession
108-13 from E.F. Areeiro.
Oil samples from C. sasanqua accession 118-13 (Areeiro) exhibits the lowest oleic
acid content (73.83%) and the highest linoleic acid content (11.43%) of all the species
analyzed.
The highest stearic acid content (3.74%) has been found in the oil of the unique C.
hibrida accession (148-13 Rubians 71) analyzed.
The correlation coefficients between fatty acids of the different oil samples studied
follow the same pattern as those obtained for the fatty acids of seed samples. We have
found a negative correlation between oleic acid content and palmitic acid content (-0.72)
and also an important negative correlation between oleic acid content and linoleic acid
content (-0.82).
These facts confirm the importance of exerting selection pressure on increasing
the oleic acid content of Camellia seeds as the most suitable way for obtaining Camellia
varieties able to produce high quality “olive” oil.

Conclusions
A wide range of variation for all the characters analyzed was found, making possible to select accessions with both high oil and high oleic acid content, and fatty acid composition similar to that of high quality olive oil, specially within C. japonica accessions.
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All Camellia seed oils analyzed, regardless of the species involved, had high
amounts of total unsaturated fatty acids (mainly oleic acid), and therefore are suitable
for edible cooking or salad oils and for manufacture of margarine.
Results of the present work indicate that it is possible to exploit some varieties of
Camellia spp. as oilseed crop in NW Spain by selecting genotypes with high oil and high
oleic acid content in their seeds.
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Abstract. The concentration of polyphenols and antimicrobial and antioxidant properties of
oils obtained from seeds of Camellia japonica, Camellia sasanqua and Camellia grijsii, grown in
Pontevedra (NW Spain), were studied. Oils were obtained by cold-pressed extraction. Standard
methods for moisture, density and acid and iodine values were used to analyse the stability
of the fresh oils. Strains of Klebsiella pneumonia, Salmonella sp., Staphylococcus epidermidis
and Cryptococcus neoformans, all infectious pathogens in humans, were used to assess the
antimicrobial properties of the oils.
The concentration of polyphenols ranged from 0.02± 0.006 to 0.04 ± 0.001 mg of gallic acid per g
in oils from C. japonica and C. grijsii, respectively. Concerning the antioxidant activity, determined
using the DPPH• scavenging activity and the β-carotene bleaching assay. The highest value was
found in C. grijsii and the lowest in C. japonica.
All the oils showed antimicrobial activity, and exhibited different selectivity and Minimum
Inhibitory Concentrations (MIC) for each microorganism under study. The most sensitive was K.
pneumonia, followed by Salmonella sp., S. epidermidis and C. neoformans, the highest MIC value
being found for C. neoformans. For all the microorganisms, the higher antimicrobial activity was
obtained from the oil of C. grijsii, followed by C. sasanqua and C. japonica.
Since the highest biological properties were found in the oil containing the highest concentration
of polyphenols, it can be hypothesised that these bioactive compounds might play a role in those
properties.
Keywords: antimicrobial activity, antioxidant activity, phenolic compounds.

Introduction
Camellia oil has been traditionally used for cooking and as a protective cosmetic
to maintain the health of skin and hair in Asian cultures (Jung et al., 2007). Moreover,
camellia oil is often the target for adulteration or mislabelling because it is a high priced
product with high nutritional and medical values (Wang et al., 2006).
Camellia oil has been recognized as a source of vitamins A, B and E, essential
fatty acids, primarily as oleic acid, and also polyunsaturated fatty acids such as omega-6
linoleic acid (Li et al., 2012). In a previous work, Salinero et al. (Salinero et al., 2011)
have characterized the triglyceride composition of oil from C. reticulata and C. japonica
harvested in Galicia (North Western Spain) by nuclear magnetic resonance (NMR).
Furthermore, other functional components, such as camellia saponins, squalene or
polyphenolic compounds have been found in camellia oil. All these compounds appear
to be very promising for possible pharmaceutical exploitation since they confer antitumor effects, blood lipid reduction, protection of liver and heart, antisepsis and antiinflammation effects, atherosclerosis delaying, anti-oxidation activities and immune
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function regulation on the population (He et al., 2011).
Even though Camellia spp. have been used in ethnomedicine, there is relatively
little information regarding the biological activity of Camellia species’ oils, except for tea
oil (Feás et al., 2013).
This work investigates and establish for the first time, the physicochemical
characterization, bioactive compounds, antimicrobial and antioxidant properties of
Galician camellia oils from 8 different Camellia japonica cultivars, 1 C. sasanqua cultivar
and 1 C. grijsii.

Materials and Methods
All the chemicals and solvents used were of analytical grade.

Camellia seed oils
Seeds from 10 different camellia specimens, 8 Camellia japonica cultivars, 1 C.
sasanqua cultivar and 1 C. grijsii, were harvested in the Galician region (North-western
Spain). Table 1 shows the label, camellia specie and origin of the samples under study.
Table 1. Sample name, camellia specie and location of the samples under study

Sample name
1-L
1-O
16-A
19-S
33-G
71-S
198-A
224-A
284-A
531-R

Specie

Location

C. japonica
Pazo de Lourizán, Pontevedra
C. japonica
Pazo de Oca, A Estrada
C. japonica
EFAreeiro, Pontevedra
C. japonica Soutomaior Castle, Soutomaior
C. japonica Pazo de Gandarón, Pontevedra
C. japonica Soutomaior Castle, Soutomaior
C. sasanqua
EFAreeiro, Pontevedra
C. grijsii
EFAreeiro, Pontevedra
C. japonica
EFAreeiro, Pontevedra
C. japonica
Pazo de Rubiáns, Vilagarcía

The seeds were cleaned by hand to remove the foreign materials and then washed
with tap water. Cleaned seeds were dried at room temperature. After these treatments,
the seeds were ground in a mill. Camellia oil samples were obtained by cold-pressed
extraction. About 200 g of crushed seeds are loaded into a hydraulic press and then, they
are pressed by mechanical means to extract the oil. The crude oil portions belonging to
a given camellia cultivar were blended and decanted and filtered. Finally, the oils were
stored in amber coloured glass bottles and kept at 15 °C until further analysis.

Chemical and physical methods
Moisture and volatile matter determination
Moisture and volatile matter was determined gravimetrically according to the
UNE-EN ISO 662-1998 standard method (ISO 662-1998, 2001) as the mass loss suffered
by five millilitres of oil sample after heating in an oven at 103 ± 2 °C. Determinations
were performed in duplicate. Results were expressed as mass percentage.
Density determination
The density of the samples, expressed as the average value of six replicates, was
determined as the measure of the oil mass per unit volume at 25 °C.
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Acid value
The acid value (AV) was determined by a standard titration procedure according
to the UNE-EN ISO 660:2009 (ISO 660:2010, 2010). An amount of 10 g of camellia oil was
dissolved in a 50:50 mixture of ethanol (purity 96%) and diethyl ether (purity 99.9%).
Finally, the acids in solution were titrated with 0.1 M KOH prepared in ethanol solution.
Results were expressed as grams of oleic acid per 100 g of oil. These determinations
were carried out in triplicate.
Iodine value
The iodine value (IV) was calculated according to the standard method UNE-EN
ISO 3961:2009 (ISO 3961:2009, 2012). Data were obtained from the analysis of each
sample oils prepared in triplicate. About 0.20 g of sample oil was dissolved in a mixture
of cyclohexane and glacial acetic acid (50:50). Finally, the excess of iodine generated after
adding Wijs solution, potassium iodide and deionized water, was titrated with sodium
thiosulphate. Results were expressed as grams of iodine per 100 grams of oil.
Peroxide value
To determine the peroxide value (PV), a portable HANNA instruments®
photometer HI 83730 (Guipúzcoa, Spain) equipped with a commercially available kit of
reactive was used. Results, expressed as milliequivalents of oxygen per kilogram of oil,
were calculated as the average value of three replicates of the same sample.
Spectrophotometric determination of polyphenols
The determination of the polyphenols was carried out according to Capannesi et
al. (2000). Galic acid standard solutions using methanol were used for constructing the
calibration curve (y = 0.3442x + 0.0062; R2 = 0.9977).
It was prepared a 50 mL solution containing: 1 ml of a standard solution of gallic
acid, 6 ml of methanol, 2.5 mL of the Folin±Ciocalteau reagent and 5 ml of 7.5% Na2CO3.
The solutions were stored overnight and the spectrophotometric analysis was performed
at λ=765 nm.
The determination was carried out by diluting 2.5 g of camelia oil in 2.5 mL of
n-hexane. Then, the mixture was extracted three times by 5 min centrifugation (5000
rpm) with CH3OH:H2O (80:20 v/v). The extract was added to 2.5 mL Folin±Ciocalteau
reagent, 5 mL of Na2CO3 (7.5%), in a 50 mL volumetric flask to which purified water was
added. The samples were stored overnight, and the spectrophotometric analysis was
performed at λ=765 nm.
DPPH Scavenging Activity
Various concentrations of oil extract (300 μL) were mixed with 2.7 mL of MeOH
solution containing DPPH•, at a concentration of 6 × 10−5 mol/L. The mixtures were
shaken vigorously and left 60 min in the dark, until stable absorption values were
obtained. The reduction of the DPPH• was measured by continuous monitoring the
decrease of absorption at 517 nm. The radical-scavenging activity (RSA) was calculated
as a percentage of DPPH discoloration using the equation: %RSA = [(ADPPH − AS)/ADPPH]
× 100, being AS the absorbance of the solution when the extract oil was added at a
particular level and ADPPH the absorbance of the DPPH solution (Morais et al., 2011).
β-Carotene Bleaching (BCB) Assay
This assay has been previously described by Feás et al. (2013). In brief, 2 ml of
β-carotene solution (2 mg β-carotene/10 mL chloroform) were added to 40 mg of linoleic
acid and 400 mg of Tween 20. The mixture was shaken and portions of 4.8 mL were
transferred into different test tubes containing different oil concentrations (200 μL).
After that, these mixtures were incubated in a water bath at 50 °C for 60 min. As soon as
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the emulsion was added to each tube, the zero time absorbance was measured at 470
nm. Absorbance readings were then recorded at 20-min intervals until it was observed
changes in the colour of the control sample. A blank, in the absence of β-carotene, was
prepared for background subtraction. Lipid peroxidation inhibition (LPO) was calculated
using the equation: LPO = (β-carotene content after 2 h of assay/initial β-carotene
content) × 100.
Microbial Strains
In the present study it was used microorganisms isolated from biological fluids,
collected in the Northeast Hospital Centre (Bragança, Portugal) and identified in the
Microbiology Laboratory of Escola Superior Agrária de Bragança, using molecular biology
techniques.
The isolates were stored in Muller-Hinton medium with 20% glycerol at -70ºC.
The inoculum for the assays were prepared by diluting cell mass in 0.85% NaCl solution
adjusted to 0.5 MacFarland scale confirmed spectrophotometricaly at 580 nm for
bacteria and 640 nm for yeasts. Cell suspensions were finally diluted to 104 CFU/mL.
Determination of the antimicrobial activity
Antimicrobial activity was carried out according to Morais et al. (2011), using
Nutrient Broth (NB) or Yeasts Peptone Dextrose (YPD) on microplate (96 wells).
The extracts were diluted in dimethylsulfoxide (DMSO) and transferred into the
first well and serial dilutions were performed. The inoculum was added to all wells and
the plates were incubated at 37ºC. Fluconazol and gentamicine were used as controls.
It was used a positive control (inoculated medium), a negative control (medium) and
a DMSO control (DMSO with inoculated medium). Antimicrobial activity was detected
by adding 20 µL of 0.5% TTC solution. The Minimum Inhibitory Concentration (MIC)
was considered to be the lowest concentration of the tested sample able to inhibit the
growth of bacteria after 24 h and fungi after 48 h, as indicated by the TCC staining (dead
cells are not stained by TTC). All the tests were performed in triplicate (n = 3) and the
results are expressed as mg/mL.

Fig. 1Determination of the antimicrobial activity
Statistical analysis
Results are shown as mean values ± standard deviation. In each parameter the
differences between the samples were analysed using one-way analysis of variance
(ANOVA) followed by Tukey’s HSD Post-hoc test, in which p≤0.05 were considered
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significant.

Results and Discussion
The percentage of extraction of the Camellia grijsii (7.93±1.48%) was significantly
lower than the obtained for the other species. The density of the three types of oils was
equal to 0.90g/mL. The percentage of moisture of the Camellia japonica’s oil (0.23±0.13%)
differed significantly from the determined for the oil of Camellia sasanqua (0.03±0.02%)
and Camellia grijsii (0.04±0.03%). Significant differences were also obtained regarding
the iodine index, which ranged from 80.06±0.59 (C. grijsii) to 85.66±0.26 g/100g (C.
sasanqua). Concerning the acidity and peroxide index, no significant differences were
obtained between the three types of oil under study. As it can be seen, Table 2 shows the
physical characteristics of the oils.
Table 2. Physical characteristics of the oils. For a given physical parameter, mean values with the same
letters (a or b) were similar and no statistically significant differences were observed between samples
(p<0.05)

Physical parameters
Extraction (%)
Density (g/mL)
Moisture (%)
Iodine Index (g/100g)
Acidity Index (g/100g)
Peroxide Index
(meqO2/kg)

Camellia japonica
22.35±3.85 b
0.90±0.01 a
0.23±0.13 b
81.39±1.88 a
0.92±0.72 a

Camellia sasanqua
24.28±5.06 b
0.90±0.03 a
0.03±0.02 a
85.66±0.26 b
0.49±0.04 a

Camellia grijsii
7.93±1.48 a
0.90±0.02 a
0.04±0.03 a
80.06±0.59 a
0.03±0.03 a

1.16±0.84 a

0.63±0.73 a

0.38±0.33 a

Regarding the antimicrobial activity, all the oils efficiently inhibited the microorganisms
under study. The most sensitive specie was Klebsiella ESA53, especially when Camellia
grijsii oil was used, being the minimum inhibitory concentration equal to 5.11±2.05
mg/mL. The minimum inhibitory concentration of the three oils against Salmonella
varied between 10.84±4.06 mg/mL (C. grijsii) and 12.91±4.18 (C. japonica). Regarding
S. epidermides the most efficient oil was, again, the obtained from Camellia grijsii and
the least efficient was the extracted from C. sasanqua. Cryptococcus neoformans was
the most resistant microorganism and the three minimum inhibitory concentrations did
not differ significantly (p><0.05). Table 3 shows the antimicrobial activity of the three
types of oil under study
Table 3. Antimicrobial activity of the three types of Camellia spp. oil. For a given specie, mean values with
the same letters (a or b) were similar and no statistically significant differences were observed between
samples (p<0.05)

Camellia japonica

6.36±1.49 b

12.91±4.18 a

S.epidermides
ESA143 (mg/
mL)
13.67±5.52 a

Camellia sasanqua

5.76±1.98 b

12.19±4.72 a

13.12±6.03 a

24.34±8.89 a

Camellia grijsii

5.11±2.05 a

10.84±4.06 a

11.21±5.06 a

22.32±8.95 a

Specie

Klebsiella
Salmonella
ESA53(mg/mL) ESA26(mg/mL)

C. neoformans
ESA125 (mg/mL)
25.53±7.39 a

Concerning the phenolic compounds the concentrations were between
0.02±0.001 and 0.04±0.00, for Camellia japonica and for both C. sasanqua and C. grijsii,
respectively. Antioxidant activity was higher in C. grijsii, independently of the used
methodology. Results are shown in Table 4. Significant differences were observed for the
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bioactive compounds and antioxidant activity between the oils. In addition, the species
with higher concentration of polyphenols were the most efficient in the neutralization
of free radicals.
Table 4. Polyphenolic compounds and antioxidant activities of the Camellia spp. oils. For a given assay,
mean values with the same letters (a or b) were similar and no statistically significant differences were
observed between samples (p<0.05)

Camellia japonica

Polyphenols
(mg gallic acid/g)
0.02±0.01 a

DPPH scavenging (mg/
mL)
58.03±7.07 b

LPO inhibition (mg/
mL)
0.85±0.07 b

Camellia sasanqua

0.04±0.00 b

48.31±3.61 ab

0.77±0.01 ab

Camellia grijsii

0.04±0.00 b

39.06±4.64 a

0.69±0.03 a

Specie

Conclusions
The obtained results demonstrate the antioxidant and antimicrobial activities of
the three Camellia spp. oils, being Klebsiella the most sensitive to the inhibitory effect.
The finding hereby reported open new possibilities for future therapeutic
applications of the Camellia oils, even though further studies are needed to analyse the
potentialities of the in vivo use.
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Cold processed soap made with Galician camellia oil
Sister Paula Téllez González
A Armenteira Monastery
jabones@monasteriodearmenteira.org

Our community of Armenteira has been producing hand-made natural soap for
ten years. We have two different lines of production: the transparent glycerine soap of
vegetal origin and the vegetable oil soap. As regards the glycerine soap we make different types such as the eucalyptus, lavender or rosemary soaps, among others; and in
relation to vegetable oils, we obtain aloe vera, shea butter, chestnut, honey and lemon
soaps.
We have been collaborating with the Estación Fitopatolóxica de Areeiro in Pontevedra (Spain) for four years, introducing a new line of soaps made of camellia oil, obtained from Camellia japonica trees growing in the Pazos and gardens in Galicia. Both
institutions have signed an agreement to produce an oil with a 100% of purity that is
used to enrich both the glycerine and the vegetable oil soaps.
The glycerine soap is specially indicated for oily skins. The glycerine that we use
is of certified vegetable origin, enriched with camellia oil that provides moisture to the
skin. The elaboration of this type of oils is easy, but several laboratory assays were necessary to determine the adequate dosage of camellia oil.
As regards the elaboration of soap using vegetable oils, indicated for dry skin,
the process is more complex. We use the “cold process”, in which temperatures range
between 37 ºC-47 ºC, so as to preserve the properties of the oils and nutrients, but this
process requires a long drying period. The “hot process” needs temperatures of 90 ºC,
but the active ingredients of the nutrients are destroyed, on the other hand as an advantage soaps can be used in two days.
The saponification is the chemical reaction of a fat or oil with a base, so as to obtain the oil. The base most commonly used is sodium hydroxide (NaOH) dissolved in water known as caustic soda; to obtain liquid soap we use a blend of saturated and unsaturated vegetable oils, so as the properties of the soap are more complete and balanced
as regards hardness, cleaning ability, foam production and foam balance. Therefore, we
combine oils of palm, coconut, castor and jojoba together with camellia oil.
The camellia oil is technically known as “an oil overgreaser”, since the amount of
sodium hydroxide that would correspond to this oil is not measured, being the amount
of oil higher than that of NaOH, thus obtaining a highly moisturizing oil.
The camellia oil has a low concentration of saturated fatty acids and it is rich in
unsaturated oils such as oleic acid (monounsaturated) and also, although in a lower rate,
in linoleic and arachidonic acids, both polyunsaturated. The advantage of using camellia
oil is that it is moisturizing and provides the soap with unique nutrients for skin care. The
unsaturated fatty acids are highly susceptible, since they oxidize and take roots earlier
than the saturated oils and their saponification takes longer.
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Apart from the oils and the caustic soda, the soap needs a pleasant fragrance
and an attractive colour. We use the food colouring officially approved by the EU, thus
the color range is not wide, but they provide a natural care to the skin. We also produce
camellia soap without colorants for people with important skin conditions.
As regards the fragrance, synthetic perfumes or aromas are not used, but only
the natural essential oils that preserve the active ingredients of the plants. The camellia
soap has been made with a citric scent, since lemon, orange or mandarin trees grow
beside camellias in the Galician gardens and pazos.
The cold process of soap making requires a long drying period that includes saponification. It means that in this way the soap will be softer. The therapeutic effects the
camellia oil in the skin are guaranteed: a supply of vitamins A, B and E; antioxidants; it
restores the elasticity and softness of the skin; it hardens the nails and the hair.
When we work with our own hands when making the handmade natural camellia oil we are in line with the monastic wisdom, a universal wisdom for the integral and
natural healing of the people. Our routine day perfectly balances work and pray (“ora et
labora”), following the monastic way of life founded by Saint Benedict, in Italy in the 6th
century. With our therapeutic soap we feel part of the tradition of the Benedictine Christian monasteries in Europe, since they were welfare centres, with their hospitals and
well-known pharmacies. In some way we are contributing to the healing of the people,
in the same way Jesus of Nazareth did.
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Assesment of the chemical composition of four varieties of tea
Camellia sinensis
Lema M.J., Rodríguez P., Salinero C., Vela P.
Estación Fitopatolóxica de Areeiro, Deputación de Pontevedra, Subida á Carballeira s/n, 36153
Pontevedra, Spain. E-mail: mHYPERLINK “mailto:mariajose.lema@depo.es”ariajose.lema@
depo.es
Abstract. The analysis of the composition of five tea brands: a local tea produce, as well as tea
brands from Azores, Japan and Turkey, reveals that it is a material rich in nitrogen and phosphorus but lacking in calcium. Besides, the tea from Japan differs notably from the Atlantic ones in
the levels of accumulated manganese, copper and zinc. A detailed study of four local varieties of
C. sinensis reflects that tender leaves accumulate some macro nutrients (nitrogen, phosphorus
and potassium) as well as copper and zinc, whereas the levels of calcium and manganese are
notably lower than those of the corresponding mature leaf. The differential accumulation of
nutrients in the various parts of the tea plant has been observed also in Camellia japonica for
some elements, like manganese, but not in Camellia sasanqua. As a result, a simple analysis of
the sample can allow us to determine the possible geographical origin and the standard quality
of a commercial tea, as well as the content of minerals which are essential in the human diet.
Keywords: elemental fingerprint, macronutrients, micronutrients, tea flushes, tea quality.
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Introduction
The tea plant, Camellia sinensis, is grown as a bush of 60-100 cm in height in order to produce tender leaves for the most popular beverage in the world: tea. This plant
is known to accumulate trace metals and, therefore the accurate determination of the
metal content is very important for assessing the standard quality of tea. The chemical
composition of tea and tea leaves has been the subject of broad studies as there are
important differences in the content of elements among the different cultivars.
The elemental content of teas depends on several factors, including soil characteristics such as acidity and environmental conditions (temperature and humidity),
as well as on the heterogeneity induced by the tea plant (cultivar or biological status).
These variations in the elemental composition of tea cultivars have been broadly used
to determine the geographic origin of teas (Fernández-Cáceres, 2001; Yemane, 2008;
Yingxu, 2009).
The quality of tea is highly influenced by organic and inorganic elements of young
shoots and tender leaves (Lima, 2009). In particular, its quality is closely related to the
nitrogen content of young leaves of the tea plant (Morita, 2002). Elemental composition
depends on the physiological maturity of leaves. As a consequence, tea flushes are classified in different standards according to the number and size of leaves. The flushes of
higher quality were the apical buds with two tender leaves partially expanded.
There are neither reports nor studies on the metal contents of tea plants grown
in Galicia. The aim of this study is to assess the levels of essential nutrients and metals
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in tea plants and provide useful information for further studies on the agronomy and
physiology of tea plants grown in our soil and environmental conditions.

Material and Methods
The concentration of macronutrients (nitrogen, phosphorus, potassium, calcium
and magnesium), and five micronutrients (iron, manganese, copper, zinc and boron) was
determined in five samples of tea of different origins: a Local- Galician tea, one from the
Azores Islands, two from Japan (common tea and green tea*) and a Turkish brand; the
Galician and Azorean teas were representative of the Atlantic Area.
In addition, vegetative samples from five-year old plants belonging to four tea
varieties grown at the Estación Fitopatolóxica Areeiro (EFA) located in Pontevedra-Galicia were collected. Samples were taken in the first week of July, 2013, at the end of the
budbreak period. For subsequent analysis of the ten elements, the bud with two developing leaves (flush) was separated from tender leaves of weekly developed shoots and
from the young petioles of the same bud. Furthermore, the first four mature leaves of 10
branches were collected in each plant – being representative of the nutritional condition
of the culture.
Finally, vegetative buds and adult leaves of five Camellia species planted in the
EFA were collected so as to determine their elemental composition. To this end, samples
of Camellia japonica ‘Ciudad de Vigo’, Camellia sasanqua var. 221, Camellia transarisa
var. 416 (herbal infusion) and Camellia longicarpa var. 324 (herbal infusion), as well as
the already mentioned Camellia sinensis were harvested.
Total-N was analyzed by the Kjeldahl method. Additionally, a mineralization of
the sample at 480ºC was carried out in a muffle furnace, for later determination of P and
B by colorimetry and of the remaining elements: K, Ca, Mg, Fe, Mn, Cu and Zn using an
atomic absorption flame emission spectrophotometer.

Results and discussion
Elemental content of tea brands
The results of the total contents of the studied nutrients and toxic metals in the
five tea brands show that there are clear differences among the commercial teas in relation to their geographical origin (table 1). The local tea is comparatively rich in N, P, K,
Cu, Fe and Zn; whereas the level of Mn is significantly lower than the results obtained for
the Japanese or Turkish tea (figure 1). It can be deduced from the levels of all the metals
that the concentration of the micronutrients of the Local tea and the Azorean brand are
similar, being both particularly rich in Fe and Zn.
Table 1. Element concentration of five tea brands, presented on a dry weight basis.
N

P

K

Ca

Mg

Fe

Macronutrients (%)

Tea origin

Mn

Cu

Zn

B

Micronutrients (ppm)

Galician tea

4.44

0.45

1.90

0.41

0.24

61

199

18

31

26

Azorean tea

3.61

0.38

1.73

0.50

0.22

58

257

18

32

23

Japanese tea

3.86

0.31

1.63

0.52

0.23

63

479

9

17

21

Japan. green tea

3.90

0.30

1.62

0.51

0.23

61

449

9

17

27

Turkish tea

3.55

0.24

1.51

0.48

0.16

96

535

9

15

13
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Figure 1. Elemental composition of five commercial teas from different geographical origin.

The higher levels of macronutrients such as N, P and K might be explained by
the actual physiological age of the respective samples, since according to Mengel (1987)
these elements are highly mobile in the plant tissue and are translocated from old to
young leaves. Many authors reported high levels of Mn in tea plants of Asian origin
(Fernández-Cáceres, 2001; Yemane, 2008; Yingxu, 2009), ranging from 800 to 1,000 mg/
kg which are similar to those obtained in our study. Al-Oud (2003) suggested that the
ability of the tea plant to accumulate heavy metals, such as Mn, Fe and Zn, improved as
the age of tea plantations increased.

Nutrient accumulation by tea plants
The concentrations of 10 elements in different parts of four tea varieties grown in
Pontevedra are shown in table 2. In general, results show that mature leaves are highly
enriched in Ca, Fe and Mn, whereas tea flushes accumulate higher levels of macronutrients (N, P, K) and Zn. N accumulation follows the pattern young leaves > apical buds >
young petioles, with levels of 4.93, 4.22 and 3.3% N, respectively (figure 2). It is interesting to note that the level of Mn (998 mg/kg) reached by mature leaves is similar to those
reported for Eastern teas.
Table 2. Average element contents of different parts of tea plants, presented on a dry weight basis. Mean
concentration values of four analyzed samples
N

P

K

Ca

Mg

Fe

Macronutrients (%)

Plant part (1)

Mn

Cu

Zn

B

Micronutrients (ppm)

Apical buds

4.22

0.40

1.82

0.48

0.26

63

246

18

26

30

Tender leaves

4.93

0.49

1.89

0.35

0.24

63

157

18

36

23

Mature leaves

2.32

0.22

0.92

1.46

0.23

173

998

14

14

31

Young petioles

3.34

0.29

1.89

0.44

0.33

43

180

19

39

15

Tea flushes

4.57

0.44

1.85

0.42

0.25

63

201

18

31

26
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Different parts of tea plant were categorized as explained in Material and Methods.
6,00
tender leaves;
4,93
apical buds;
4,22

5,00
4,00

tea flushes;
4,57

young petioles;
3,34

3,00

mature leaves;
2,32

2,00
1,00
Nitrogen content (%)
0,00

selected plant part

0,42

0,48

63

63

0,35
63

Calcium
0,44

1,46

Iron
43

173

322
201

246

Manganese

Zinc

180

14
36

998

apical buds

26

31
157

39

tender leaves

young petioles

mature leaves

tea flushes

apical buds

tender leaves

young petioles

mature leaves

tea flushes

Figure 2. Average element content of different parts of tea plants.

The quality of green tea is closely related to the nitrogen (N) content of young
leaves of tea plants. Morita (2002) reported a differential accumulation of N in various
parts of tea plants, being the highest in the first flush, as well as a progressive decrease
along the vegetative growing season. Our results suggest that a suitable selection of the
vegetative tissue can improve tea quality with regard to this characteristic. Secondly, it
was observed that C. sinensis plants have not been quite efficient in translocating the
absorbed Mn to the young shoots, in our experimental conditions. The strong accumulation of this nutrient reported in other studies, it was also observed in our study in
mature leaves but manganese has not reached the harvested sample of the tea plant. In
any case, it remains to be seen if the higher accumulation of some nutrients in the first
flushes may concern equally to Mn.
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Variations among tea cultivars
The values of the elements in the leaves of the four selected varieties are presented in table 3 and figure 3. Apart from the observed differences among the concentration of nutrients in young and mature leaves, only the latter showed significant variations among cultivars, and for N, K, Ca Fe and Mn elements. In the present study the four
varieties were grown in the same site, and were subjected to the same conditions of soil
and environment. Therefore, the differences in the content of the elements found in the
tea leaves could be mainly attributed to cultivar variations.
Table 3. Element concentration in young and mature leaves of four cultivars growing in the same site.
Type of leaf

N

P

K

Ca

Mg

Fe

Mn

Cu

Zn

B

14 young leaves

4.74

0.48

1.86

0.35

0.23

63

136

19

35

20

Mature leaves

1.98

0.18

0.84

1.08

0.18

144

596

13

12

22

2 young leaves

4.99

0.49

1.94

0.34

0.25

66

173

18

36

24

Mature leaves

2.45

0.21

0.91

1.61

0.28

226

1230

14

14

30

13 young leaves

4.90

0.50

1.86

0.38

0.25

61

156

19

37

25

Mature leaves

2.61

0.25

1.04

1.57

0.24

186

1020

16

16

39

12 young leaves

5.08

0.51

1.89

0.34

0.24

62

162

19

37

23

Mature leaves

2.25

0.26

0.87

1.57

0.22

136

1145

14

15

33

323
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Figure 3. Element concentration in tender (t) and mature (m) leaves of four cultivars (c).

2014 International Camellia Society Congress

Pontevedra (Spain) 11- 15 March

The chemometric procedures have been reported as a useful tool for the differentiation of tea varieties (C. sinensis) in relation to their metal content (Fernández-Cáceres,
2001; Yingxu, 2009). In our study, mature leaves have shown to be more suitable for this
purpose. On the other hand, they are a more suitable sample for the diagnostic of the
nutritional status in plants than those younger or without fully developed leaves (Bergman, 1992). In consequence, so as to establish the elemental fingerprint of different
cultivars, as well as for diagnostic purposes, mature leaves and not tender leaves remain
as the “representative sample”.

Comparison of species
The results of the total content of nutrients in the five species grown at the same
location and soil conditions show the greater ability that C. sinensis has to accumulate
N, P, K, Mg and Zn in young shoots (table 4), whereas the higher levels of N, Ca (figure 4)
and Mn are reached in mature leaves of both recognized acidic plants C. japonica and C.
sinensis. It is remarkable that the two species of herbal infusions show higher concentrations of calcium and manganese in young leaves (flushes) than the tea plant.
Table 4. Total-N, macronutrient (%) and micronutrient (ppm) contents of five species of Camellia planted
at EFA in Pontevedra. The first line of each column shows values for tender shoots and the second for
mature leaves of the same plants. Data are expressed on a dry weight basis.

C. specie

N

P

K

Ca

Mg

Fe

Mn

Cu

Zn

B

Camellia
japonica

1.28
1.24

0.12
0.12

1.19
1.17

0.63
2.37

0.2
0.17

29
57

220
860

15
6

16
22

17
31

Camellia
sasanqua

1.21
1.60

0.19
0.32

1.37
1.37

0.50
1.56

0.18
0.22

29
52

131
275

9
11

13
19

24
41

Camellia
transarisa

1.11
1.32

0.11
0.09

0.94
0.89

0.72
1.19

0.15
0.31

37
52

191
357

14
8

15
11

44
41

Camellia
longicarpa

0.97
1.49

0.09
0.13

1.09
1.19

0.59
1.17

0.17
0.33

30
54

189
281

9
7

12
13

21
42

Camellia
sinensis

4.13
2.32

0.39
0.22

1.89
0.92

0.39
1.46

0.29
0.23

53
173

168
998

19
14

37
14

19
31
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Figure 4. Macro and micronutrient contents of five species of Camellia grown at EFA (Pontevedra).

As it was reported before, it is necessary to analyze not only the marketable parts
of the plant, but also mature leaves in order to compare the nutrient accumulation pattern of different Camellia species. It is well documented that Camellia sinensis prefers
acid soils and Camellia japonica has been reported as being tolerant to aluminium, as
its growth is stimulated by the presence of this element in acid soils. In our study, the
behaviour of both species in relation to some nutrients, e.g. Ca and Mg, has shown similarities, standing out the high absorption but low efficiency of translocation of Mn to the
apical bud and tender leaves.

Conclusions
This study showed that among the tested tea brands, the Eastern teas have the
highest contents of Mn whereas Atlantic teas are significantly rich in Cu and Zn, being
the Galician tea the richest in N, P and K. The pattern of distribution of nutrients in
the different parts of tea plants shows that mature leaves reach high concentrations
of Ca, Fe and Mn, whereas macronutrients and Zn are accumulated in young shoots;
it is remarkable the low efficiency of translocation of Mn to the younger parts of tea
plants. The greatest variations among tea varieties were observed on mature leaves; in
consequence, for the differentiation of tea cultivars on the basis of the metal contents
this representative sample should be collected instead of the tea flushes. Among the
five tested species, C. japonica and C. sinensis showed a similar trend in relation to the
studied nutrients except for N, Fe and Zn, whose levels were higher in tea plants.
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1

Abstract. Oil from Camellia species, mainly C. oleifera, is used in cooking and cosmetics in Asia.
In western countries, camellias are grown as ornamentals. In NW Spain there are important
nurseries producing mostly C. japonica cultivars for gardening, but the obtention of camellia oil
might add value to the existing production. The relative composition of the fatty acid components of the triglycerides of oil obtained from seeds of C. reticulata, C. japonica, C. reticulata and
C. oleifera grown in NW Spain was studied by 1H-NMR. All oils presented very high levels of oleic
acid, ranging from 80.7% in C. japonica oil to 84.5% in C. reticulata oil, indicating they all have a
low risk of oxidation. The percentages of saturated fatty acids were low, the highest value being
found for C. japonica oil (12.39%) and the lowest one for C. oleifera oil (8.0%).
Key words: Camellia japonica, C. reticulata, C. reticulata, C. oleifera

Introduction
The genus Camellia (Theaceae) is native to East Asia and comprises more than
200 woody evergreen species. Some species possess great economic value, particularly
C. sinensis (the tea plant) which is grown commercially mainly in tropical and subtropical
regions. Other species such as C. japonica, C. reticulata and C. sasanqua are cultivated
in temperate regions worldwide as ornamentals. The seeds of Camellia species can be
pressed to obtain high quality oils, some of which have been used for years in Asian
cultures. The oil from C. oleifera (widely known as tea seed oil or tea oil) is used extensively in the Hunan Province in China for cooking, and C. japonica oil has a long history
of traditional cosmetic usage in Japan as a protectant to maintain the health of skin
and hair. Camellia spp. have been used also in Oriental ethnomedicine and appear to
be very promising leads for possible pharmaceutical exploitation since modern science
has made it possible to specify their potential medical significance with antimicrobial, antioxidant, anti-allergic, antiviral and skin healing properties [1]. However, there is
relatively little information on the biological activity of the oils from Camellia species,
except for tea oil. The unsaturated fatty acid content in tea oil can reach as much as
90%, which is the highest amount so far reported for unsaturated fatty acids in edible
oils. Furthermore, tea oil is rich in catechin, polyphenols, saponin and squalene, which
have good whitening and antioxidation, anti-permeability, anti-inflammatory, analgesic
and anticancer properties. Moreover, Camellia oil is often the target for adulteration or
mislabeling because it is a high priced product with high nutritional and medical values
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[2-5]. Seeds of several species belonging to the Oleifera, Paracamellia, Camellia, and
Furfuracea sections are used to extract high quality edible oil. With a unique flavor and
taste, good storage stability and claimed health benefits, Camellia oil, mainly obtained
from wild plants of the species C. oleifera, C. semiserrata, and C. chekiangolomy, is often
a target for adulteration or mislabeling in China because it is a high priced product with
high nutritional and medicinal values. Surprisingly, data on Camellia oil in the referred
literature is scarce, and mainly focused on C. oleifera oil (tea seed oil), since in central
and south China it is used extensively as a cooking oil. Although Galicia is one of the most
important Camellia producing-regions in Europe, there is no information available on
the composition of Camellia oil from this region. This lack of knowledge commonly leads
to the waste of this quite easily obtained product. Thus, most of the Galician producers
are not able to maximize their profits. In this context, the characterization and standardization of Camellia oil would allow for the increase of its use in industries, and as
a consequence, the economic value of this natural resource. All of this would stimulate
its production. At the same time, it is necessary to measure elemental composition in
order to provide correct denominations that can establish the minimum marketing level
of the product and provide adequate consumer protection. In the present work virgin
Camellia oils produced in Galicia from seeds of C. oleifera, C. reticulate, C. japonica and
C. sasanqua were studied for their triacylglyceride composition by 1H-nuclear magnetic
resonance (1H-NMR) analysis. The information obtained from the present study can be
used to evaluate the potential use of Camellia oil as food product for improving human
health and nutrition, and in several industrial applications.

Material and methods
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Oil Obtention
The extraction of Camellia oil essentially involved preconditioning of camellia
fruits, mechanical pressing of seeds and filtering to remove oil impurities. Mature Camellia fruits were obtained from healthy plants grown in the live germplasm camellia
bank at the Estación Fitopatolóxica do Areeiro (Pontevedra, Galicia, Spain). The fruits are
large apple-shaped woody capsules that can contain several seeds, which are dropped
on to the ground in late summer. For the study, ripe fruits were collected as soon as the
capsules began to split open, and allowed to dry at room temperature for a week. Then
seeds were removed from capsules. After crushing, seeds were cold-pressed for oil. The
oil often had suspended particles in it which had to be filtered out. Finally, the CJ oil obtained was stored in amber glass bottles at ambient temperature.

H-NMR Analysis

1

H-NMR analyses were performed on Varian Inova 750 (750 MHz for 1H) instruments
(Agilent Technologies®, Palo Alto, CA, USA), equipped with a 5 mm probe. Each oil sample,
weighing 0.2 g, was dissolved in 400 μL of deuterated chloroform CDCl3, (Sigma-Aldrich®, Madrid, Spain) shaken in a vortex mixer, and the resulting mixture was placed into a 5-mm diameter ultra-precision NMR sample tubes (Norell®, Landisville, PA, USA). The temperature of the
sample in the probe was 30 °C. The chemical shifts are reported in ppm, using the solvent proton
signal as standard. The area of the signals was determined by using the equipment software, and
the integrations were carried out three times to obtain average values.
1

Results and discussion
Edible oils are mainly made up of triacylglycerols (TAG) which comprise more
than 95 to 99% of the total lipids present. In TAG the hydroxyl groups of the glycerol are
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esterified with the fatty acid (FA). Because there are a large number of individual FAs,
with different chain lengths, and degrees of unsaturation and position on the glycerol
molecules, defining the TAG composition of an oil is a very challenging task. In fact, each
type of oil has a different TAG profile which determines the nature of its physicochemical and nutritional properties, and also provides information on the quality of the oil. In
recent years, both industry and consumers have shown an increased interest in the latter
[5-6]. The structure of the major TAGs present in Camellia oil highlight the most singular
kinds of hydrogen from the NMR point of view, and is represented in Figure 1. Vinylic
hydrogens (Hv) have a characteristic chemical shift, and could be used to determine the
ratio of saturated to unsaturated esters. Bisallylic hydrogens (Hd, Ht) could be used to
differentiate the nature of the unsaturated components. Finally, the tertiary hydrogen in
the glycerin moiety (Hg) could be used to quantify the ratio of saturated to unsaturated
esters since there is only one hydrogen atom for each TAG molecule.
Ha
O

O

Hv

Hv

n

Ha Ha

Ha

monoinsaturated
(oleic)

n

A

R
O O

O
R

O
Hg

R

R

Hv Hv

Hv

n
Ha

Ha Hd

n
Ha

Hd Ha

Hv Hv

Hv

Ha Ht
n

Hv

diinsaturated (linoleic)
Ha

HvHv

Ht Ht

B

n
Hv

Ht Ha

Ha

n

triinsaturated (linolenic)

C
D

saturated

Figure 1. Chemical structure of the main triacylglycerols in oils.

H-NMR has become one of the most promising methods to determine organic structures in complex matrices since do not depend on the efficiency of the sample
treatment processes [7]. Furthermore, offers many advantages over alternative analytical
methods to study edible oils because it allows the rapid, simultaneous, noninvasive, and
nondestructive study of oil composition, and also provides information about the acyl position and distribution of TAGs. The use of a 750 MHz spectrometer to analyze the samples
rendered high resolution spectra that allowed the separated integration of the signal
from the tertiary glycerin H, and the vinylic ones. Levels in percentage of C18 unsaturated [oleic acid (OA, C18:1n9c+t), linoleic acid (LA, C18:2n6c) and linolenic acid (LNA,
C18:3n3)], total saturated FA (SFA), monounsaturated FA (MUFA), polyunsaturated FA
(PUFA), total unsaturated FA (TUFA=∑MUFA +∑PUFA) and the ratios PUFA/SFA, TUFA/
SFA, and ω-3/ω-6, ω-3/ω-9, obtained for the virgin CO, CR and CS oil samples are shown
in Table 1. The principal fatty acid found was oleic acid, ranging between 82.30% and
84.47%. It was followed by linoleic (5.69% to 7.78%) and linolenic (0.26 to 0.41). SFA and
MUFA are synthesized endogenously in humans; however, PUFA needs to be supplied
exogenously. The LA and LNA are key compounds for cell membranes and are associated
to brain function and neurotransmission. These FA also play an important role in the
transference of the O2 to blood plasma, in the synthesis of hemoglobin and in cellular
division. Moreover, FA from ω-6 series are biogenetic precursors of some physiologically
important thromboxanes, leukotrienes and prostaglandins hormones, which are related
to the inflammatory response. The nutritional value of essential ω-3 and ω-6 FA is also
widely known for its health beneficial effects [8]. All the analyzed samples showed PUFA/
1
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SFA ratios above 0.58 and n-6/n-3 fatty acids of 0.05 (Table 1). PUFA/SFA are used to calculate the risk factor of foods, since it is known that SFA increases the plasma cholesterol
levels, while PUFA decreases them. For comparative purposes, typical levels (in %) of C18
unsaturated FA, total saturated FA and ratios in common oils are shown in Table 1.
Table 1. Levels (%) of fatty acid composition obtained for Camellia oils investigated.
Oil

C18:1n9c+t

C18:2n6c

C18:3n3

∑SFA

∑MUFA

∑PUFA

∑TUFA

ω3/ω6

(ω3/
ω9).103

PUFA/
SFA

TUFA/SFA

Ref.

Virgin C.
oleifera*

83.77

7.78

0.41

8.04

83.77

8.19

91.96

0.05

4.9

1.02

11.44

PW

Virgin C.
reticulate*

84.47

5.69

0.26

9.58

84.47

5.95

90.42

0.05

3.1

0.62

9.44

PW

Virgin
C. sasanqua*

82.30

6.20

0.30

11.2

82.30

6.5

88.80

0.05

3.6

0.58

7.93

PW

Virgin C.
japonica*

80.67

6.65

0.29

12.39

80.67

6.94

87.61

0.04

3.6

0.56

7.07

PW

Olive

77.5

7.4

0.7

14.4

77.50

8.10

85.60

0.09

9.0

0.56

5.94

[9]

Hazelnut

81

10.7

nd

8.3

81.00

10.70

91.70

0.00

0.0

1.29

11.05

[9]

Corn

33

51

0.7

15.3

33.00

51.70

84.70

0.01

21

3.38

5.54

[9]

Sunflower

29.2

58.8

nd

12

29.20

58.80

88.00

0.00

0.0

4.90

7.33

[9]

Linseed

20

17.1

54.2

8.7

20.00

71.30

91.30

3.17

2710

8.20

10.49

[9]

Avocado

65

10

1

20

65.00

11.00

76.00

0.10

15

0.55

3.80

[10]

Tea seed

80

10

<1

10

80.00

-

-

-

<13

-

-

[10]

Pumpkin

40.0

40.0

<1

10.0

40.00

-

-

-

<25

-

-

[10]

Soybean

25.0

50.0

7.0

15.0

25.00

57.00

82.00

0.14

280

3.80

5.47

[10]

Canola

60.0

20.0

10.0

7.0

60.00

30.00

90.00

0.50

167

4.29

12.86

[10]

*Present work. Oleic acid (C18:1n9c+t); Linoleic acid (C18:2n6c); α-Linolenic acid (C18:3n3). SFA: Saturated fatty acids (C10:0 +
C16:0 + C20:0); MUFA: Monounsaturated fatty acids (C18:1n9c+t + C20:1c); PUFA: Polyunsaturated fatty acids (C18:2n6 + C18:3n3);
TUFA: Total unsaturated fatty acids (∑MUFA +∑PUFA).

Conclusions
In summary, 750 MHz 1H-NMR spectroscopy has proven to be a useful tool
for the direct analysis of the triacylglyceride composition of cold-pressed oil from the
Camellia. All oils presented very high levels of oleic acid, ranging from 80.7% in C. japonica oil to 84.5% in C. reticulata oil, indicating they all have a low risk of oxidation.
The percentages of saturated fatty acids were low, the highest value being found for C.
sasanqua oil (11.2%) and the lowest one for C. oleifera oil (8.8%).
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CONCLUSIONS OF THE SCIENTIFIC SESSIONS
There have been five plenary sessions with the following topics:
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Session A: History and ancient camellias
Session B: Gardens and tourism
Session C: Identification and characterization techniques
Session D: Pests and diseases
Session E: Uses of camellia products

Summary Session A: History and ancient camellias
Chairperson: Beatrice Robson
There were six papers, all of which demonstrated careful preparation, both of the content and also
the visual presentations. In the first two papers we learnt about the history of the introduction of
camellias to Galicia and heard about some of these remarkable trees in greater detail. We then
were given a beautifully illustrated talk on the old camellias of Portugal and, following that, a
delightful presentation describing a new project integrating camellias with tourism in Portugal.
We learnt about the research that is being conducted into Camellia X hortensis in Japan and
finally heard the wonderful story of the rescue of an ancient camellia in China, and the huge
physical effort involved in carrying buckets of water up many steps during the recent drought.
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Summary Session B: Gardens and tourism
Chairperson: Zhong Lang Wang
This is the first time that a special session has been set up especially for Gardens and Tourism in
an International Camellia Congress. From 6 excellent oral presentations and 3 wonderful posters
from Portugal and Spain, we got to know that beautiful camellias have been leading features in
many gardens, streets and squares in Porto and Galicia as well as in Sao Miguel Island of the Azores.
After systematic botanical surveys and cultural research on the outstanding camellia collections
and ancient camellia trees, much first-hand information and data has been obtained and a set
of interpretation tools, like Sitemaps, Guidebooks, Labels, Posters and even 2D barcodes for
mobiles, etc., have been developed which make gardens much more understandable for visitors.
In the past few years before the 2014 Pontevedra International Camellia Society Congress, some
special and interesting camellia routes for tourists have been successfully developed. In Galicia,
for example, the camellia route has become a unique tourist brand in Europe. These camellia
routes should greatly promote tourism and increase the international influence of Porto and
the Azores in Portugal as well as the Galician region in Spain with beautiful camellia gardens and
remarkable ancient manors, and enhance the tourist image of these destinations.

Summary Session C: Identification and characterization techniques
Chairperson: Antonio M. de Ron
Three main conclusions can be drawn from the session:
Camellia hybrids could have a relevant role in the improvement and release of new cultivars with
new flower types and fragrance.
The taxonomy of the genus Camellia is under discussion. The molecular data about different
species helps taxonomists but they are not definitive at all, since there is not a consistent
agreement with the taxonomy based upon morphological data. More research in molecular
markers is needed.
The new technologies are arising inside the Camellia germplasm management and conservation.
Software tools are needed to process the increasing amount of information about the genus
Camellia to make this information available to experts and the general public, especially to the
new generations.

Summary Session D: Pests and diseases
Chairperson: Maria J. Sainz
There were six oral communications and one poster in this session. At least in NW Spain, the
incidence of pests and most fungal diseases in camellias is low, although attention should be paid
to the mite Cosetacus camelliae, which infects the sepals of flower buds which prevents the flower
opening or causes premature flower drop, and several species in the family Botriosphaeriaceae
that may be important fungal pathogens for Camellia species.
However, most of the presentations were concerned with camellia flower blight, a widespread
disease in camellia growing areas, caused by Ciborinia camelliae. The common goal of all the
research teams is to get control of the disease, which is being addressed mainly through two
approaches: by using biological control methods and by producing plant material resistant to
attack by the fungus. Although some good results have been obtained in vitro with the use
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of antagonistic fungi, some researchers suggest that the disease could be possibly controlled
especially by using Camellia species less susceptible to the pathogen, as Camellia lutchuensis,
Camellia longicarpa, Camellia transnokoensis and Camellia yuhsienensis, in breeding programs.
Nevertheless this is a difficult task since the resistance to the pathogen is a plant polygenic trait.

Summary Session E: Uses of camellia products
Chairperson: George Orel
The papers presented in this session highlight the importance and value of food producing
Camellia species, varieties and cultivars which are mostly used for the production of the ‘tea of
commerce’ and of Camellia oil.
Studies of the C. sinensis clones used for the yield evaluation of tea (Vela P., Paz C., Mansilla P.,
Salinero C.) indicated the variability of yields and identified the most valuable of the clones.
The study which evaluated the variations in oil contents in C. japonica seeds (De Ron A.M.,
Salinero C., Vela P.) has shown the differences that were determined by the geographical location
of the crops. The seed oil contents were not correlated to the seed weight, however it was
negatively correlated to the subsample of varieties with lower values of oil content.
The freshness of Camellia oil was confirmed by the evaluation of Camellia oil quality indices from
seeds harvested in Pontevedra (NW Spain) (Vela P., García-Sartal C., Salinero C., González-García M.).
The variability in seed storage components (protein, oil and fatty acids) in the Camellia germplasm
collection was assessed by De Haro A., Obregón S., del Río M., Font R., Mansilla P. and Salinero C.
Here a significant positive correlation between the oil content and oleic acid content was found
but no correlation between oil and protein content was established.
Bioactive compounds and biological properties of oils from three Camellia species, namely those
of C. japonica, C. sasanqua and C. grijsii were studied and evaluated (Salinero C., García-Sartal C.,
Tolentino G. and Estevinho L.M.). All the oils showed antimicrobial activity. The highest levels of
biological activity were found in oils containing the highest concentration of polyphenols. It can
be hypothesised that these bioactive compounds might play an important role.
The fact that locally grown Camellia is also used for the manufacture of handmade soap which
contains vitamins A, B and E as well as antioxidants was discussed by Téllez P. The soap has
therapeutic effects on the skin as it improves its softness and elasticity.
Four varieties of C. sinensis were assessed by Lema M.J., Salinero C., Rodríguez P. and Vela P. The
results of this study indicated that the origins of C. japonica plants, but not of C. sasanqua, may
be established on the basis of chemical analysis.
AnNMR analysis of the triglyceride composition of cold pressed oil from some Camelliaspecies,
namely of C. reticulata, C. japonica and C. oleifera was performed (Seijas J.A., Feás X., Salinero
C., Vela P., Mansilla J.P., Sainz M.J. and Vázquez-Tato M.P.). The results indicated that all oils
presented had very high levels of oleic acid and that all had a low risk of oxidation.
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2016 International Camellia Society Congress
February 2016, Dali, China
In February 2016, the International Camellia Society is hosting its biennial Congress in
Dali, China. The Dali Bai Autonomous Prefecture is located at Southwestern China. Dali Prefecture covers a total area of 29,459 square kilometers with a total population of 3,560,000. The
capital of the Prefecture, Dali City is 360 kilometers from Kunming, the capital of Yunnan Province. The city is located at the center of Dali Bai Autonomous Prefecture, surrounded by beautiful
mountains and crystal-clear lakes.
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  Figure 1: Dali region, China

Within and around the city, there are many relics and places of historical interest. It is
the political, economic and cultural center Dali region for over 1000 years. The climate is pleasantly spring-like all the year round. The beautiful scenery, varied traditions and the culture of
minority nationalities make Dali a well-known tourist destination. Every year, there are around
22 million tourists from home and abroad visit Dali. Camellias and Dali are closely associated
with each other. Dali’s camellia cultivation goes back to the 8th century. Over centuries, Dali has
cultivated a great number of rare camellia cultivars, many of whom are highly reputed among
camellia enthusiasts in the world.

	
  Figure 2: City of Dali
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2016 Dali International Camellia Congress is a huge event for the people of Dali Prefecture, and the prefectural government has specifically established a preparing committee and a
functioning department to engage actively in the preparations for the congress.

	
  Figure 3. Names of people in the delegation of Dali, China. From the left to the right: Guan Kaiyun, Vice
President of ICS & Professor of Kunming Institute of Botany, Chinese Academy of Science; Li Zhidong,
Director, Committee for Tourism & Holiday of Dali; Li Yuexing, Director, Bureau of Agriculture of Dali Prefecture; He Hua, Prefecture-Governor, People’s Government of Dali Prefecture; Li Fu-an, Mayor, People’s
Government of Dali City and Duan Zhihong, Director, Foreign Affairs Office of Dali Prefecture.

Pre Congress 18 –20 Feb. 2016
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The Pre-Congress tour will start out in Foshan, Guangdong Province, in southern China,
site of one of the new ICS Gardens of Excellence. Foshan is a famous cultural city with a long
history. It is a city well-known for its martial art, folk art, ceramics and cuisine. Our visit shall
enable us to enjoy the city’s unique culture, architecture and delicious food including the visit of
the Flower World of Chencun Village and the Camellia Garden of the Forestry Institute of Foshan
City and others.
Congress 21—26 Feb. 2016
Apart from the normal programs of the congress, some special visits will be arranged
during the congress, including the visit to the thousand-year-old Three Pagodas of Chongsheng
Monastery, the Ancient Town of Dali, the Butterfly Fountain, the gardens of rurality, the Taoist
mountain of Weibao, the Nanzhao Ancient City of Weishan, as well as century-old camellias, Bai
houses, and camellia gardens. During the congress, the National Camellia shows of China will be
held in Dali and all participants to the ICS Congress will be invited to visit. Another worthy visit
will be to the Forest Park of Mount Baotai in Southern Dali, where tens of thousands of hectares
of wild camellias and rhododendrons will be seen.
From Feb. 27 Post Congress
Route A: Cangshan Mt.--Xizhou Ancient Town--Lake Erhai--Jizu Mt. in Bingchuan County,
Hot Springs in Eryuan County, Shibao Mt. and Shaxi Ancient Town in Jianchuan County and Xinhua Village in Heqing County--Lijiang--Kunming--Departure.
Route B: Cangshan Mt.--Xizhou Ancient Town--Lake Erhai-- Jizu Mt. in Bingchuan County--Xishuangbanna (the wild elephant valley, the forest park, Tropical Botanical Garden, the
mountain village of the Jinuo people)--Kunming--Departure.
Route C: Cangshan Mt.--Xizhou Ancient Town--Lake Erhai--Jizu Mt. in Bingchuan County--Kunming (Stone Forest, Golden Temple Park, Kunming Botanical Garden)--Departure.
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