
* Tel.: +84 4 37520578; E-mail address: thang.hoang@sri.org.vn.

SDI Paper Template Version 1.6 Date 11.10.20121

Tea oil camellia plantation, an enormous2

potentiality for poverty reduction3

4
Hoang Van Thang1*, Tran Van Do1,2, Tamotsu Sato2

, Nguyen Quang5

Khai16
1Silviculture Research Institute, Vietnamese Academy of Forest Sciences, Hanoi, Vietnam7

2Department of Forest Vegetation, Forestry and Forest Products Research Institute,8
Tsukuba, Japan9

1011
.12
ABSTRACT13

14
Aims: Apply different silvicultural approaches to improve oil productivity and quality from
abandoned stands and analyze benefit-cost of developing tea oil camellias.
Study design: Three experiments were conducted as (1) Changing canopy of 36-year-old
plantation by grafting, (2) Using Bortrac fertilizer for promoting fruiting by spraying to canopy,
and (3) Stem/branch thinning and fertilizing.
Place: North Central, Vietnam at 19016’N and 105023’E.
Methodology: Shoots of 4 – 6 mm in diameter and 3 -5 cm long from improved cultivar were
used to graft to 36-year-old trees. Bortrac fertilizer was used to spray to canopy of 15-year-
old plantation when trees bloomed. While three treatments of stem/branch thinning and
fertilizing at different intensities were applied to 29-year-old plantation of 830 trees ha-1.
Results: The results showed that old stand, which has low seed productivity, could be
replaced by a new canopy through grafting with improved cultivars. Meanwhile, fertilizing
through spraying on canopy at early blooming peak with Bortrac fertilizer increased
productivity by 28%. In addition, applying 0.5 kg NPK and 5 kg organic manure per tree
coupled with thinning under crown-old branches and diseased branches may increase up to
60% productivity and improve oil ratio and quality.
Conclusion: There is a potentiality in growing tea oil camellia as the high net income of
2,426 US$ ha-1 year-1 for 29-year-old plantation, much higher than other agricultural and
forestry activities.

15
Keywords: Cost-benefit analysis; market instability; productivity; silvicultural approaches; tea16
oil camellia.17

18
1. INTRODUCTION19

20
Camellia sasanqua Thunb., tea oil camellia, naturally distributes from Southwestern Japan21
[1] to Korea, Nepal, and Southeast Asian regions [2]. In Vietnam, this species was found in22
northern provinces from 170 – 23021’N on elevation zone under 1,780m [3]. The camellia tea23
oil has been widely used in China for cooking oil, ink, lubricant and cosmetic [4], and some24
local areas in Vietnam for cooking oil [5]. After extracting oil the residual, seedcake, can be25
used for animal feed, fertilizer or bio-pesticides [6]. Because of high values of oil and26
residual, tea oil camellia has been planted in Southeastern United States since 2001 and27
shown promising for large-scaled plantation [6, 7].28

29
Despite the long history of extensive planting and use of tea oil camellias, its productivity and30
quality remain low [8, 9, 10], leading to low income of growers who are classified as poor or31
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very poor households in Vietnam. Technical supports toward intensive planting tea oil32
camellias are required for income improvement and poverty reduction. Currently, there are33
around 6,000 ha of tea oil camellia, which are low oil productivity of under 500 kg ha-1 year-134
[8]. Meanwhile, oil productivity of intensive tea oil camellia plantation in China is quite high,35
up to 1,000 kg ha-1 year-1 [11]. In addition, the demand for camellia tea oil in the world has36
been increasing in recent years due to its high quality [6] and antioxidant capacity [12].37
Therefore, besides enlarging areas by using improved cultivars, intensive silvicultural38
approaches should be considered and applied to current available planted areas for39
enhancing productivity and income of growers. This paper addressed silvicultural40
approaches in terms of (1) changing canopy of 36-year-old plantation by grafting, (2) using41
Bortrac fertilizer for promoting fruiting by spraying to canopy, (3) stem/ branch thinning and42
fertilizing for improving oil productivity and quality, and (4) cost-benefit analysis for applied43
silvicultural approaches in tea oil camellia plantation in north Central of Vietnam.44

45
2. MATERIAL AND METHODS46

47
2.1 Study Site48

49
Tea oil camellia has been widely planted in north Vietnam, however it is much focused in50
north Central at 19016’N and 105023’E (Nghia Dan District, Nghe An Province), where this51
study was carried out. The study site was located in hilly areas in elevation zone under 10052
m above sea level. Monsoon climate dominates in this area with four distinct seasons. The53
rainy season is from August to October and dry season is between April and June with54
annual precipitation of 2,055 mm. There is annual mean temperature of 25.10C, maximum of55
41.60C, and minimum of -0,20C [13]. Feralitic is a dominant soil type, characterized as loam56
and sandy loam, depth of up to 1.2 m, pH of 3.5-4.0, and organic matter of 2.5-3.0%. In57
general, such conditions are suitable for growing tea oil camellia [8]. There are approximate58
1,100 ha tea oil camellia plantations in study site, which range from 4 to 45 years old.59

60
2.2 Experiments61

62
2.2.1 Changing canopy of 36-year-old plantation by grafting63

64
A 36-year-old plantation of a household including 230 trees of C. sasanqua were selected.65
All trees were cut at 0.8-1.0 m above ground. After six months shooting, only two or three66
best shoots from a cut stump were selected for grafting, others were removed. Grafted67
shoots were collected from clone NA15, which was tested for high oil productivity and quality68
in the same study site [14]. Grafting was carried out in November, 2006. Shoots from stumps69
were cut at 8-10 cm. Grafted shoots with at least two buds taken from improved cultivar –70
NA15, having the same diameter (4-6 mm) with shoots from cut stumps, were selected for71
grafting. Grafted shoots were cut to 3-5 cm long, removed all leaves, then were grafted to72
shoots of cut stumps. Finally, conjunction between two shoots was covered by nylon. When73
buds from grafted shoots appeared, the nylon was removed.74

75
The data were collected regularly at 9, 18, 24, 30, 36, 48, 72 months after grafting, including76
survival, Do (diameter of grafted shoots at 8 – 10 cm from grafting point), shoot length (L),77
and Dc (crown diameter of grafted shoots). Observation of flowering and fruiting, and number78
and weight of fruits in each grafted shoot were also carried out.79

80
2.2.2 Using Bortrac fertilizer for promoting fruiting by spraying to canopy81

82
Basing on manual for using Bortrac fertilizer, 20 ml was mixed with eight litter of ordinary83
water, then the mixture was sprayed to canopy of 15-year-old plantation when blooming was84
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at early peak in November, 2006. Ripened fruits were collected in November, 2007 from85
sprayed plots and control plots (no spraying) for comparison.86

87
2.2.3 Stem/ branch thinning and fertilizing (BTF)88

89
This experiment was carried out in 29-year-old plantation of 830 stumps/ ha. There were90
three treatments as following: BTF1 – fertilizing 0.5 kg NPK (Nitrogen : Phosphor : Potash/91
5:10:3) per stump and thinning stems [in general, many stems (up to 12 stems) grow from a92
stump in C. sasanqua tree]; BTF2 – fertilizing 1 kg NPK per stump and thinning branches;93
BTF3 – fertilizing 0.5 kg NPK and 5 kg organic manure per stump, and thinning branches;94
and Control (no thinning and fertilizing).95

96
For each stump, 25% of stems were thinned in BTF1. Meanwhile, in BTF2 and BTF3 old97
branches at low crown position and diseased branches were thinned to improve light98
penetrating to remained branches. Branch and stem thinning was carried out in 1998, while99
fertilizing was applied in three consecutive years of 1998-2000 one per year in February -100
March when flower buds are initiated for the following year fruiting [13]. Fruit productivity was101
collected in five year duration between 1998 and 2002. Seeds were separated from collected102
fruits and dried in room conditions for dry mass. Samples of dry seeds were used to estimate103
kernel ratio and then oil/ kernel ratio by traditional extracting method as air-dry for 4-5 days104
(direct to sunshine), steaming, and squeezing for oil. Oil chemicals including protein,105
C.S.Iod, and potassium hydroxide were also indentified by Soxhlet method.106

107
2.3 Cost-benefit Analysis (CBA)108

109
CBA was applied for stem/ branch thinning and fertilizing treatment. Costs covered for110
fertilizer and labor of thinning, fertilizing, and seed collecting. Benefit covered income from111
selling dry seed, seedcake (residual after extracting oil) and oil, which was extracted by112
traditional method. Other benefits such as fuel, recreation, environment service etc. were not113
included since there were no prices tagged.114

115
Since the data about price of dry seed, oil, seedcake, NPK, and organic manure before 2002116
were not available, then price in 2012 was used for CBA. One kg NPK (5:10:3) cost 0.25117
US$, organic manure cost 0.033 US$ kg-1, dry seed cost 0.6 US$ kg-1, oil cost 2.9 US$ litter-118
1, a labor day cost 6 US$, and one ton seedcake cost 500 US$. All prices were based on119
local markets. The interest rate (IR) of 3% was used for calculation. Then present values120
(PV) of costs or benefits were calculated following equation 1.121

122
where, Vi is past values of cost or benefit and t is number of years from year i (from 1998) to123
present (2002). We calculated for five year duration as period of experiment of stem/ branch124
thinning and fertilizing (1998-2002).125

126
3. RESULTS127

128
3.1 Changing canopy of 36-year-old plantation by grafting129

130
Survival rate was 63% after two months grafting, then it decreased to 54% after 4 years as a131
result of clear cutting crown of all trees in plots leading to water inefficiency, and death of132
some cut stumps. After four years, mortality was nearly zero as result of robust grafted133
shoots, which were later affected by harsh environment.134
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135
Diameter (Do) grew quite slowly in the first 18 months, then facilitated to reach 2.6 cm at 30136
months and upto 4.9 cm at 72 months. Meanwhile, growth patterns of shoot length (L) and137
shoot crown diameter (Dc) were much more smoother in the first 72 months (Fig. 1). The138
shoot length and Dc reached to 3.4 and 2.6 m at 72 months, respectively.139

140

141
142

Fig 1: Growth of grafted shoots143
144

After grafting 3 years, 92% grafted shoots bloomed. In which 86% fruited, then increased to145
89% in the fourth year. In the sixth year, each grafted shoots owned approximately 0.5 kg146
fruits in average. In general, there were not much differences of fruit and seed parameters147
between grafted shoots and mother trees by t-test at 5% confidence (Table 1). This may148
indicate that grafted stumps are still good enough to support grafted shoots in water and149
nutrient uptake.150

151
Table 1: Comparison of fruit and seed parameters between grafted shoots and mother trees152

153
Fruit Seed Mean

seeds/
fruit

Seed/
fruit ratio

(%)Diameter Length Diameter Length

Grafted shoots 2.9 3.0 1.6 2.0 3.4 58.7
Mother trees1 2.7 2.7 1.5 1.9 3.3 59.5

1trees used to get shoots for grafting, improved cultivar NA15.154
155

3.2 Using Bortrac fertilizer for promoting fruiting by spraying to canopy156
157

It clearly showed that using Bortrac fertilizer to spray on canopy at early blooming peak158
significantly (t-test at 5% confidence) increased productivity of 15-year-old C. sasanqua159
plantation to 427 kg ha-1 compared to 333 kg ha-1 of control (Fig. 2), equal to productivity160
increase of 28%.161

162
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163
164

Fig 2: Effect of fertilizer spraying on fruit productivity165
166

3.3 Stem/ branch thinning and fertilizing167
168

BTF3 resulted in highest dry seed productivity as 3,071 kg ha-1 at year 2002, following were169
BTF2 (2,822 kg ha-1) and BTF1 (2,324 kg ha-1). The productivity increased gradually after170
treatment (Fig. 3a). Five years after treatment, productivity increased 85, 62, and 40% for171
BTF3, BTF2, and BTF1 compared to that before treated treatment (year 1998), respectively.172
Comparing to productivity of control at the same observation year, that of other three173
treatments were much higher. The highest differences happened in year 2001 at 75, 50, and174
35% for BTF3, BTF2 and BTF1, respectively, then the same order but decreasing in year175
2002 (Fig. 3b).176

177

Fig 3: Effects of stem/ branch thinning and fertilizing on dry seed productivity of C.
sasanqua plantation. (BTF1 – fertilizing 0.5 kg NPK (5:10:3) per stump and thinning stems;
BTF2 – fertilizing 1 kg NPK per stump and thinning branches; BTF3 – fertilizing 0.5 kg NPK

and 5 kg organic manure per stump, and thinning branches; Control (no thinning and
fertilizing)

178
Kernel ratio in three treatments was significantly higher than that in control (Table 2),179
meanwhile oil/ kernel ratio was higher in BTF3 and BTF2 compared to that in BTF1 and180
control. Others parameters such as protein, C.S Iod, and potassium hydroxide were181
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generally higher in treatments than in control but not significant (Table 2). Oil density was not182
affected by treatments.183

184
Table 2: Effect of treatments on characteristics of seed and oil185

186
Treatment Seed

cover
(%)

Kernel
(%)

Oil/
kernel

(%)

Protein
(%)

C.S Iod
(gI2/100

g oil)

Potassium
hydroxide

(mg/1 g oil)

Density
(kg/L)

BTF1 34.6 65.4a 48.9b 6.4a 82.1 190.0 0.92
BTF2 34.7 65.3a 50.0a 6.0a 82.3 189.5 0.92
BTF3 34.4 65.6a 50.5a 4.1b 80.1 188.0 0.92

Control 35.2 64.6b 48.6b 5.9a 80.1 189.0 0.92
Different letters in a column indicate significant difference between treatments by t-test at 5%187
confidence.188

189
3.4 Cost-benefit analysis190

191
Most families sold dry seeds as final product. The annual net income of 29-year-old tea oil192
camellia plantation decreased in order of BTF2, BTF3, BTF1, and control as 549, 530, 517,193
and 502 US$ ha-1, respectively (Table 3). Some families with large-planted areas extracted194
oil as final product for selling in local market, leading to annual net income of 1,791 US$ ha-1195
year-1 for growers not applying silvicultural techniques. By applying treatment as stem/196
branch thinning and fertilizing, annual net income increased to 2,082 US$ ha-1 using197
treatment BTF1, to 2,374 US$ ha-1 in treatment BTF2, and to 2,426 US$-1 ha in treatment198
BTF3 (Table 3). There was not much difference of annual net income, only 3%, between199
BTF3 and BTF2. While, it was much different between BTF2 and BTF1 (16% net income;200
Table 3).201

202
Table 3: Cost and annual net income (US$ ha-1 year-1) from five-year-stem/ branch thinning203

and fertilizing treatment204
205

BTF3 BTF2 BTF1 Control

Present value of five year cost for fertilizer1 713 518 259
Present value of five year cost for labor2 1,754 1,717 1,528 1,119

O
il 

as
 fi

na
l

pr
od

uc
t

Present value of five year benefit for oil3 12,489 12,031 10,336 8,520
Present value of five year benefit for

seedcake4 2,111 2,076 1,860 1,554

Annual net income 2,426 2,374 2,082 1,791
Annual income including labor cost 2,777 2,718 2,387 2,015

Increase compared to control (%) 37.8 34.9 18.5

D
ry

 s
ee

ds
 a

s
fin

al
 p

ro
du

ct
5 Present value of five year benefit for dry

seeds 5,117 4,980 4,370 3,627

Annual net income 530 549 517 502

Annual income including labor cost 881 892 822 725

Increase compared to control (%) 21.4 23.0 13.3
10.25 US$ kg-1 NPK (5:10:3) and 0.033 US$ kg-1 organic manure; 26 US$ labor day-1; 32.9 US$ litter-1206
oil; 40.5 US$ kg-1 seedcake; 50.6 US$ kg-1 dry seed.207
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4. DISCUSSION208
209

4.1 Silvicultural approach210
211

Clone NA15, which was used in grafting treatment, is the best clone selected in the study212
site. This 40-year-old tree had productivity of 11.8 kg dry seed year-1 (56.2% higher than213
mean of stand; [14]). In addition, C. sasanqua plantation established from seedlings is214
generally getting stability of productivity at 12-15-year old [8]. It is predicted that grafted215
stand may get stability of productivity of 9,794 kg dry seed ha-1 year-1 after 7 years grafting216
[13].217

218
Effects of fertilizer application and timing have been widely studied for fruit trees like apple219
[15], pecan [16, 17], and red raspberry [18]. In this study, doses applied were much focused220
than timing. It indicated that increasing dose, generally, increased productivity, the same221
conclusion for C. oleifera plantation in China [19-21]. Meanwhile, type of fertilizers had also222
much affected. Organic manure showed better than inorganic fertilizer (NPK). This may223
result from the fact that tea oil camellia could not uptake all applied NPK in short time, then224
much was lost from uptake by other plants or leaching. While, organic manure decomposed225
gradually to release nutrient for C. sasanqua tree uptake in longtime. Fertilizer was applied226
in February - March every year to initiate flower buds for the following year, such researches227
were also carried out for deciduous fruit trees like nectarine and apple [22, 23]. However, tea228
oil camellia C. sasanqua is an evergreen tree, which may grow throughout the year.229
Therefore, other researches on application timing may be necessary, for example230
immediately after blooming, fruiting, or a month before ripening to increase oil ratio and231
quality.232

233
Bortrac fertilizer showed promising in enhancing fruiting of C. sasanqua plantation (Fig. 2),234
however timing of application may also be important and need to be confirmed in the235
following researches [23]. If two treatments as using Bortrac fertilizer and BTF3 (fertilizing236
0.5 kg NPK and 5 kg organic manure per stump, and thinning braches; Fig. 3) are combined,237
the dry seed productivity may increase to 3,930 kg ha-1 year-1 (Fig. 2, 3), doubling238
productivity of no treatment (control). However, when productivity increases, more fertilizing239
may be required to support blooming and fruiting, and to keep characteristics of fruits and240
seeds stable (Table 2).241

242
4.2 Cost-benefit analysis243

244
For residents living in local areas, generally their income always includes the cost of their245
own labor. Therefore, income from tea oil camellia plantation may increase up to 2,777 US$246
ha-1 year-1 if they apply treatment BTF3 and use traditional techniques for extracting oil247
(Table 3). While, it decreases to very low as 892 ha-1 year-1 for applying treatment BTF2 and248
selling final product as dry seeds (Table 3). All growers can extract oil themselves, however249
most families sell dry seeds other than oil, because of instability of local market. If they all250
extract and sell oil as final product, then price may fall down since there are not so many251
consumers. Even high annual net income (2,426 US$ ha-1 year-1) from old plantation of C.252
sasanqua (Table 3), large areas of tea oil camellia plantation have been abandoned in253
Vietnam, because of uncertainty in oil quality as extracted by traditional methods leading to254
instability of market. In addition, tea oil camellia had been planted in the past solely based on255
individual grower’s decision other than a development program managed by Government,256
leading to small-scaled areas of less than 0.4-0.5 ha per family. Therefore, new technology257
in oil extracting has not been applied other than traditional one, which requires low cost for258
extracting equipment and simple techniques for application by all growers.259

260
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Market for camellia oil is only focusing on local citizens, where trees have been growing. The261
product has never been found in super market, because quality control and bottling have not262
yet been done. Such stories had been recognized by tea oil camellia growers, then “A263
National Program on Development of Oil Plants” was launched in 2004 [24]. However, since264
then not much attention has been given to tea oil camellias other than peanut, soybean,265
coconut. Traditionally, Vietnamese consumers prefer using peanut, soybean, and coconut oil266
other than tea oil, even prize of tea oil is much lower [5] because of less information267
availability on camellia tea oil. It is obvious that mountainous land areas suitable for planting268
tea oil camellias are abundant, while land areas for planting other plant oils as peanut,269
soybean, and coconut are limited. Therefore, developing tea oil camellias in mountainous270
areas is probably the best choice to help farmers improving income and reducing poverty.271

272
It is clear that, even being able for high benefit, tea oil camellias will never become important273
oil tree in reducing poverty, if there is no urgent actions from Government such as advanced274
technology in oil extracting and quality control and high productivity cultivar selection.275

276
5. CONCLUSION AND RECOMMENDATION277

278
Three silvicultural applications have shown promising in improving productivity of tea oil279
camellia plantation in north Central of Vietnam. In which, changing canopy by grafting280
improved cultivar will result in a much better plantation after 6-7 years as it increased seed281
productivity relative to that of improved cultivar. Bortrac fertilizer application through spraying282
on canopy at early blooming peak showed 28% productivity higher than no spraying.283
Thinning under crown, old, and diseased branches with fertilizing 0.5 kg NPK (5:10:3) and 5284
kg organic manure per stump resulted in highest productivity as 3.070 kg dry seeds ha -1285
year-1, equal to net income of 2,426 US$ ha-1 year-1.286

287
Small-scaled planted areas and instability of market are two biggest issues in developing tea288
oil camellia in Vietnam. The problems can only be solved by actions of Government other289
than growers themselves. Therefore, a national program on development of tea oil camellias290
focusing on above-mentioned issues should be soon considered and put into action. To291
ensure the success of program, a more intensive study on tea oil plantation should be292
conducted in soon future. In addition, initial financial and technical supports from293
Government for establishing tea oil camellias plantation are required for growers.294

295
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