
INTRODUCTION

Last few decades many Camellia species have 

been rediscovered or newly found in Southern area 

of Vietnam. But ecological features of each species, 

such as life cycle, propagation method, are not 

known well. Even though some species are already 

facing to the risk of extinction before investigation 

because of deforestation. In order to conserve 

endangered species, it is important to understand the 

habitat features and environmental conditions, 

therefore in this study the situation of three endemic 

Camellia species i.e., C. inusitata, C. dilinhensis 

and C. dalatensis grown in Lamdong Province was 

su rveyed .  Al so  p ropaga t ion  me thods  and 

conservation strategy was proposed. Location of 

habitats for these three Camellia species studied in 

this research was shown in Fig. 1 with reference of 

each species. Four sub-regions of Lam Dong 

Province separated by altitude were shown in Fig. 2. 

Morphological descriptions for these three species 

were presented in Fig. 8 as supplemental data.

MATERIALS AND METHODS

1. Plots setting and habitat observation

Explore natural habitat in order to evaluate the 

distribution of Camellia trees and study the 

environment. At each habitat, establish sample plots, 

record GPS data of each tree for preparing a 

distribution map and collect leaf and flower 

materials for morphological and molecular analysis, 
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The situations of the habitat for three Camellia species, C. dalatensis, C. dilinhensis and C. inusitata were 
surveyed. Based on the plot observation, number of Camellia trees, those size and GPS data were obtained and 
habitat condition was evaluated. C. dalatensis grown in the closed evergreen forest occurred at the altitudes between 
1,400-1,600 m. Distribution area was 35.1 ha. Estimated individual number was 25,974 in which only 1/4 was 
matured tree. Thus concluded as VU. C. dilinhensis grown in the secondary forest invaded by bamboo located at the 
altitude lower than 1,000 m. Habitat was very small as 29.27 ha. Estimated individual number was 2,416, mature 
tree was only 1/4. This habitat was affected by deforestation, thus concluded as EN. C. inusitata grown in the 
subtropical evergreen forest in the mountain at the altitudes of 1,500-2,000 m. Distribution area was big as 171 ha. 
Estimated tree number was more than 186 thousands, but highly shaded thus mature tree was only 6 %. Therefore 
concluded as VU (Ministry of Science and Technology, 2007). For the conservation of these three species, 
propagation methods were investigated. Air layering gave higher rooting ratio and shorter time for rooting compare 
to stem cutting. In situ and ex situ conservations are ongoing.
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collect branches for propagation.

In order to get the permission of the field research, 

discuss with staffs of Bidoup-Nui Ba National Park, 

Lam Vien Forest Management Board and Hoa Bac-

Hoa Nam Forest Management Board. At each 

habitat, two types of sample plots were established 

as follows. Select surveillance line to determine 

distribution areas. Plots were set up in distribution 

areas based on the Modified-Whittaker method 

(Campbell et al. 2002). One of two types of plots, 

the plot level 1 (20 x 50 = 1,000 m2) was used to 

determine the forest type. Component woods bigger 

than 10 cm in diameter were identified their plant 

name. Their tree height and canopy diameter were 

measured. Camellia individuals bigger than 2 m in 

height were considered as adult trees and identified 
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Fig. 1. Map represents where is Lam Dong Province in Vietnam, and indicating three habitats studied in this research.

: Habitat of C. inusitata (Orel G. et.al. 2012).

: Habitat of C. dalatensis (Tran Ninh et.al. 2012). 

: Habitat of C. dilinhensis (Tran Ninh & Luong Van Dung 2013).

Fig. 2. Lam Dong Province is divided into four sub-regions based on the difference of the altitude. Sub-region I is the lowest place the 

altitude is lower than 500 m. Sub-region II is most wide area located in the center of Lam Dong Province, the altitude is higher than 500 m 

but lower than 1,000 m. Sub-region III is an area which altitude is between 1,000 m and 1,500 m. Sub-region IV is the highest place the 

altitude is higher than 1,500 m. Habitats of C. inusitata located in Sub-region IV, those of C. dalatensis and C. dilinhensis were in Sub-region 

III and in Sub-region II respectively.



their plant name. Tree height was measured and 

number of trees in each plot level 1 was counted.

The second type of plots, named the plot level 2 

(1 x 5 = 5 m2) established at the four corners and 

center of the plot level 1. The plot level 2 was used 

to identify tree regeneration by counting tree 

number smaller than 2 m in height. Based on this 

number, total tree number in the plot level 1 (1,000 

m2) was estimated. Observation was done to identify 

how trees were regenerated by seeds or by bud. The 

condition of forest floors (herbs) was observed, 

name of trees, their height and life forms were 

identified. The plots level 1 spaced a minimum of 

100 m.

2. Propagation

In order to establish the propagation method to 

conserve three Camellia species used in this study, 

efficiency of cutting and air layering were 

examined. Air layering was performed at the natural 

habitat during the exploration in June, early rainy 

season. Stem of 1-2 cm in diameter was selected 

from young and healthy plants, especially hard 

branch or oblique above the canopy was used as a 

material. Peat moss and phytohormone (100 mg 

IBA or NAA / 1 kg of moss) were used as materials 

to induce rooting from the branch.

Cutting was performed at the nursery established 

at Dalat University, 8 Ward, Dalat City, Lam Dong 

Province, Vietnam. Plant materials were collected 

during the exploration. Non-woody and healthy 

branches were selected. In order to induce rooting, 

100 ppm of IBA was applied as a phytohormone. 

Clean sand was used and humidity was kept near 

saturated. Temperature during the growth was 23-27 

℃ and light condition was kept at 50-60 % of 

natural sunlight using black nylon to cover.

3. Conservation

In this  project ,  I  t ry to establ ish in s i tu 

conservation methods. Both of in situ and ex situ 

conservation methods aimed to ensure increasing 

the number of individuals and expanding the area of 

habitat  and distr ibution.  General ly ex si tu 

conservation was composed of propagation and 

culture in the nursery. On the other hand, in situ 

conservation was done using propagated young 

trees to transplant to a new place in the nature in 

order to create and expand an original habitat.

In case of C. dalatensis, propagated 60 trees, 30 

by cutting and 30 by air layering, were transplanted 

to zone 169, Lam Vien Forest Management Board. 

In case of C. inusitata, propagated 60 trees, 30 by 

cutting and 30 by air layering, were transplanted to 

zone 91, Bidoup-Nui Ba National Park.

4. Molecular evaluation of each species

In order to evaluate the diversi ty within 

population and between species by using DNA 

markers, we try to establish the DNA extraction 

method. Then applicability of extracted DNAs for 

PCR amplification was examined. SSR markers 

obtained from tea plants were examined their 

applicability for Camellia DNAs.

RESULTS

1. Habitat condition for each Camellia species

1) In this research, three natural habitats were 

investigated. The first one was a habitat for C. 

dalatensis, in Lam Vien Forest Management Board, 

sub-regions III (Fig. 1, 2 and 3). It was evergreen 

broadleaved forest or Mixed broadleaved-coniferous 

forest, located at the altitude of 1,300-1,500 m, main 

tree species were Castanopsis echidrocarpa, 

Quercus langbianensis, Pinus kesiya and so on. 

Pests and farm enlargement caused the habitat 
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collapse.

2) The second one was a habitat for C. dilinhensis, 

in Hoa Bac, Hoa Nam Forest Management Board, 

sub-regions II (Fig. 1, 2 and 4). It was mixed wood-

bamboo forest, located at the altitude of 700-900 m, 

main tree species were Castanopsis pyriformis, 

Knema globularia, Bambusa procea and so on. In 

this habitat, C. dilinhensis was endangered by low 

seed regeneration and habitat collapse.

3) The third one was a habitat for C. inusitata, in 

Hon Giao mountain in Bidoup-Nui Ba National 

Park, sub-regions IV (Fig. 1, 2 and 5). It was 

evergreen broadleaved forest, located at the altitude 

of  1 ,400-1,900 m,  main t ree  species  were 

Calophyllum rugosum, Lithocarpus laotica, Quercus 

poilanei and so on. C. inusitata was also endangered 

because of low seed regeneration.

2. The status of each Camellia populations

Results of field investigation were shown in Table 

1. In case of C. dalatensis and C. inusitata, some 

individuals occurred closely as a group (Fig. 6). On 

the other hand, individuals of C. dilinhensis 

scattered independently (Fig. 6). Details of status 

for each Camellia species were as follows.

1) C. dalatensis distributed in evergreen broadleaved 

forest or mixed broadleaved-coniferous forest. 

Those forests were highly shaded thus low sunlight 

condition and high humidity. Those were suitable 

condition for insects, pests and diseases to develop. 

The habitats were affected by deforestation because 

of expansion of coffee cultivation. There were two 

populations (Fig. 3), estimated mature tree number 
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Fig. 3. The distribution areas of C. dalatensis at LamVien.

 indicating three transplanting sites.

Fig. 4. The distribution areas of C. dilinhensis at Hoa Bac, Hoa Nam.

Fig. 5. The distribution areas of C. 

inusitata at Hon Giao mountain in 

Bidoup - Nui Ba National Park.

 indicating three transplanting sites.



was 6,057 indivuduals (23,32 %), regeneration by 

seeds was a little. Therefore concluded as VU 

(Vietnam Red Data Book 2007) (Table 1).

2) The habitat of C. dilinhensis was affected by 

deforestation, caused by collection of secondary 

forest products such as young bamboo. The number 

of population is only one (Fig. 4), estimated mature 

tree number was 1,838 individuals (76 %), 

regeneration by seeds was very rare. Therefore 

concluded as EN (Vietnam Red Data Book 2007) 

(Table 1).

3) C. inusitata distributed in evergreen broadleaved 

forest. It was highly shaded, thus low sunlight 

condition and high humidity. That was also suitable 

condition for insects, pests and diseases to develop. 

The trunks were twined around. The number of 

population is only one (Fig. 5), estimated mature 

tree number was 11,984 individuals (6,43 %), 

regeneration by seeds is very rare. Therefore 

concluded as VU (Vietnam Red Data Book 2007) 

(Table 1).

3. Comparison of propagation methods

Results of propagation by air layering and cutting 

were shown in Table 2 and 3 respectively. By 

comparison these two methods, air layering showed 

shorter period for rooting, and the ratio of branches 

with root was higher (Fig. 7).

4. Field trials of in situ conservation

Field trials of in situ conservation was carried out 

for C. dalatensis and C. inusitata by transplanting 

20 trees for one species, 10 by air layering and 10 

by cutting, for one place. Finally three places, those 

were distantly located from original habitats, were 

transplanted by propagated young trees for both 

species (Fig. 3 and 5, respectively). But in case of C. 

dilinhensis, propagated trees were still too small for 

transplanting. Next year, C. dilinhensis will be also 

transplanted for the field trial of in situ conservation.
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Fig. 6. Difference shown in distribution pattern of three Camellia species.

C. dalatensis (group) C. dilinhensis (randomly) C. inusitata (group)

 
 
 
 

 
 

 
 
 
 
 
 
 
 
 

 
 

     
 

 C. inusitata C.  dilinhensis C. dalatensis 
Acreage (ha) 171 29.27 35.1 
Density (trees/ha) 1, 090 83.33 740 
Total individuals 186, 390 2,416 25,974 
Young trees (%) 93.57 24.00 76.68 
Mature trees (%) 6.43  76.00 23.32 
Potential population development risk of recession development 
Distributed  group randomly group 
Regeneration by seeds very rare very rare a little 

Table 1. The status of Camellia population in Lamdong



After transplanting, the survival rate and the 

growth of young trees will be monitored. Also we 

will try to observe and record the situation of 

transplanting area to prevent from the ecological 

change. The field trial is considered to be successful 

if regeneration of seedlings from seeds can be 

observed in new place.

5. Molecular analysis

Leaves were collected from 10 individuals of 

each species in order to extract DNAs. Those leaves 

were cut into small pieces and dried by silica gel 

then carried to the Botanical Gardens of Osaka City 

University, Japan. Dried leaves were kept at 4 ℃ 

until use. DNAs were extracted from these leaves, 

according to the method developed by Kobayashi et 

al. (1998). Extracted DNA concentration was high 

as 86.5 to 120 ng/μl for C. dalatensis and C. 

inusitata. On the other hand that of C. dilinhensis 

was low as 32.5 to 52.4 ng/μl. The quality of DNA 

was examined by agarose gel electrophoresis and 

good enough to apply for PCR amplification. Based 

on reports about SSR markers developed for tea 

(Taniguchi et al. 2012, Jian-Qiang Ma et al. 2010, 

Sharma et al. 2009), 15 markers selected from 104 
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Fig. 7. Comparison of newly appeared 

roots in C. dalatensis. 

Left: air layering, Right: cutting.

Table 2. The result of air layering

 
 

 
 
 

 
 

 
 
 
 
 
 

 
 
 

     
 

Species Number of 
branches used

Period required 
for rooting  

(month) 

Ratio of branches 
with root 

(%) 
C. inusitata 100 2.0 90.42 ± 6.05 
C. dilinhensis 50 3.5 85.00 ± 7.99 
C. dalatensis 70 3.5 95.00 ± 3.14 

Table 3. The result of cutting

 
 
 

 
 
 
 

 

 
 
 
 

Species Number 
of 

cutting 

Period 
required 

for 
rooting 
(month)

Ratio of 
cuttings 
with root 

(%) 

Average 
length of 

the longest 
root (cm) 

Average  
root 

number 
per one 
cutting  

Index 
of root
(%) (*)

C. inusitata 500 2.5 
78.33 

±10.73 
1.04 ±0.20

6.96 
±1.23 

5.66 

C. dilinhensis 500 4 
55.00 

±12.96 
0.97 ±0.35

3.05 
±1.01 

1.63 

C. dalatensis 500 4 
60.00  

± 12.76 
1.43 ±0.39

4.69 
±1.33 

4.02 



candidates seemed to be applicable for Camellia 

species. SSR analysis is now ongoing to reveal the 

genetic diversity within populations and between 

species.

DISCUSSION

There was only one population for C. inusitata 

distributed at Zone 88, Bidoup-Nui Ba National 

Park, Lacduong District. The endangered level was 

VU. The percentage to rooting was 90.42 % by air 

layering and 78.33 % by cutting. There was only 

one population for C. dilinhensis distributed at Zone 

690, Hoa Bac-Hoa Nam Forest Management Board, 

Dilinh District. The endangered level was EN. The 

percentage to rooting was 85 % by air layering and 

55 % by cutting. There were two subpopulations for 

C. dalatensis distributed at Zone 171, Lam Vien 

Forest Management Board, Dalat City. The 

endangered level was VU. The percentage to rooting 

was 95 % by air layering and 60 % by cutting. 

These results strongly indicate three Camellia 

species are all facing to danger of extinction, thus 

conservation is urgently needed.

The value chain of conservation for endemic 

Camellia  Species in Lam Dong Province is 

investigation, propagation, field trial of in situ 

conservation and study of utilization. By this 

research, the habitat and population condition for 

three species were already revealed as mentioned 

above. This is basically important in order to make a 

plan for conservation. Important points for the 

conservation are increasing the number of 

individuals and expanding the area of habitat and 

distribution. Thus I proposed a new field trial of in 

situ conservation by transplanting young trees 

propagated by cutting or air layering.

On the other hand, we have to observe very 

carefully what will happen in transplanting area 

after introduction of Camellia species. Because this 

is a trial to establish new habitat for endangered 

Camellia species those are difficult to grow in their 

original habitats, but this trial itself may affect 

surrounding flora and fauna. Therefore very careful 

observation and evaluation should be done 

continuously. Because we are not allowed to make 

other species endangered by this new field trial.
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Fig. 8. Supplemental data of

morphological features of three Camellia

species investigated in this study.

a. C. dalatensis: A-Branches, B-The

upper surface of leaf, C-The lower surface

of leaf, D-Young twig, E-Bud of flower,

F-Sepals and gynoecium, G, H-Flower,

I,K,L-Capsule, M-Empty capsule, N-Seeds.

b. C. dilinhensis: A-Tree, B-Young twig,

C, D- The upper surface of leaf, E-Bud of

flower, F,G,H-Flower, I-Sepals and

gynoecium, K, L-Capsule, M-Seeds.

c. C. inusitata: A-Tree, B-Young twig,

C-The upper surface of leaf, D-The lower

surface of leaf, E-Bud of flower, F, GFlower,

H-Sepals and gynoecium, I,K,LCapsule,

M-Empty capsule, N-Seeds.
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ベトナム・ラムドン省におけるツバキ属固有種の保全

Luong Van Dung1

本研究では 3種のツバキ属植物すなわち，C. dalatensis，C. dilinhensisならびに C. inusitataの自生地の
状況を調査した．プロット調査に基づいて各自生地におけるツバキ属樹木の数，それらのサイズ（樹高
と幹周り），GPSによる位置情報を得て，自生地の状態を評価した．C. dalatensisは標高 1400～ 1600 m
の閉鎖常緑樹林に生育していた．分布域は 35.1 ha，推定個体数は 25974本で，それらのうち成木はわず
か 1／4だった．よって Vulnerable（VU）（絶滅の危険が増大している種）と判断した．C. dilinhensisは
標高 1000 m以下の竹が侵入している二次林に生育していた．自生地は 29.27 haと狭く，推定個体数は
2416本で，成木はわずか 1／4だった．この自生地は森林伐採の影響を受けており，それゆえ Endangered
（EN）（近い将来における野生での絶滅の危険性が高い）と結論した．C. inusitataは標高 1500～ 2000 m
の亜熱帯性の常緑樹林に生育していた．分布域は 171 haと広大で，推定個体数は 18.6万本以上だったが，
高度に被陰されており，それゆえ，成木はわずか 6 %だった．よって Vulnerable（VU）（絶滅の危険が増
大している種）と判断した（Ministry of Science and Technology 2007, Vietnam Red Data Book, Part II. 
Plants）．これらの 3種の保全のために増殖方法を検討した．その結果，挿し木に比べ，取り木で発根率
が高く，また発根までの期間も短かった．増殖方法検討で得られた発根個体を苗木として，生息域内な
らびに生息域外での保全の取り組みが進行中である．（推薦者：植松千代美　訳）
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