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Abstract  An in vitro protocol was developed to induce somatic embryos using mature cotyledons obtained from open 
pollinated flowers of cultivated Camellia species. Impact of abscisic acid (ABA) alone and its combination with osmotica 
was also evaluated on somatic embryogenesis. Various concentrations of osmoticum viz., polyethylene glycol (PEG) or 
mannitol or glycine betaine were tested where ABA 5 mg L-1 and PEG 3% increased the number of somatic embryo for-
mation compared to the other osmoticum coupled with ABA. Results suggested that the use of osmoticum along with ABA 
was quite effective to induce somatic embryos in tea. But germination of embryos required a new combination of nutrient 
medium. Inclusion of 6-benzylaminopurine (BAP) and gibberellic acid (GA3) in the nutrient medium enhanced percent 
germination and its growth. 
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1. Introduction 
Tea is an important socio-economic crop and the highest 

consumed non-alcoholic beverage in the world. It is proven 
that bio-molecules like flavonoids and antioxidants in tea 
possess medicinal properties[1]. Reports on tea tissue culture 
including somatic embryogenesis are available[2-8]. However, 
rapid multiplication is very poor as the plant is relatively 
recalcitrant. Moreover, vegetative propagation technology is 
fine tuned and cost effective as well. On the other hand, 
somatic embryogenesis is attempted till date in order to 
refine a trait specific accession(s) or accelerate the research 
on in vitro breeding. Tea clones are characterized as toler-
ant/susceptible to stress; but they have not been effectively 
exploited under in vitro breeding programmes to refine the 
existing genetic make up. 

In earlier tea tissue culture studies, either ABA or osmo-
ticum was not reported with particular reference to somatic 
embryogenesis or resistance induction[9]. Generally osmo-
ticum has the capacity to induce water stress which in turn 
responsible for somatic embryo formation and to induce 
stress tolerance. PEG is a non-plosmolysing osmoticum 
which enhances the somatic embryo maturation by increas-
ing osmolality of the culture medium[10]. ABA is one of the 
five classical plant growth regulating substances which in-
volved in the somatic embryo induction. It has already been  
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established that combination of ABA and osmoticum on 
somatic embryogenesis of many crop plants[11]. On the above 
grounds, as a first step in in vitro breeding for refinement of 
trait specific cultivar an attempt has been made. The present 
study was also deals with elucidation of impact of ABA and 
its combination with various osmotica on somatic embryo 
induction and maturation besides somatic embryo germina-
tion in tea. 

2. Materials and Methods 
2.1. Plant Material and Explant Preparation 

Mature fruits obtained through open pollination repre-
senting “China” hybrids, UPASI-9, UPASI-10 & ATK-1 and 
“Cambod” variety UPASI-17 were collected from UPASI 
Experimental Farm and used as explants. Seeds were sepa-
rated from the field collected fruits and were kept under 
running tap water to remove the floaters. Seeds were thor-
oughly washed with Teepol for 3 minutes followed by 3 
rinses with sterile distilled water. Subsequently seeds were 
surface sterilized with 0.1% mercuric chloride for 20 min-
utes followed by 3 rinses with sterile distilled water for 5 min, 
under aseptic conditions. At the time of culturing, seed coat 
was removed mechanically, zygotic embryo detached from 
its axis and mature cotyledons without embryo cut into 
pieces were used as explants in the present study. 

2.2. Culture Medium and Conditions 

Excised cotyledons were cultured on basal MS medium[12] 
containing 200 mg/L of L-glutamine as an additional organic 
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nitrogen source[13]. After 3-4 weeks of culturing, globular 
shape, tiny, somatic embryos were emerged from the surface 
of the cotyledons. While sub-culturing, they were transferred 
on medium containing various concentrations of ABA 
(0.5-6.0mg/L) to document the impact of ABA on somatic 
embryogenesis. On somatic embryo maturation, globular 
shaped somatic embryos were cultured on MS medium 
supplemented with ABA (5mg/L) and different concentra-
tions of osmoticum, (i) PEG (5.0-50g/L) or (ii) mannitol 
(5.0-50g/L) or (iii) glycine betaine (100-1000mg/L). Since, 
prolonged culture on ABA containing medium did not fa-
vour germination, after 4 weeks, physiologically uniform 
matured somatic embryos were transferred on to germination 
medium containing 5.0mg/L GA3 and 2mg/L 6- ben-
zylaminopurine (BAP). For shoot elongation, these cultures 
were transferred onto MS medium supplemented with 
3.0mg/L GA3. Extended period of incubation on shoot in-
duction and elongation media did not accelerate the root 
growth where the radical become enlarged and its growth 
was stunted. On elongation, shoots were transferred onto MS 
medium containing 5.0 mg L-1 indole-3-butyric acid (IBA) 
for rapid root growth. In all the cases, pH of the culture 
media was adjusted to 5.7-5.8 prior to addition of agar (0.7 g 
L-1) and sterilized at 121°C for 20 minutes. 

All cultures were incubated under light (16:8 h photope-
riod) at 24 ± 2ºC for somatic embryogenesis. Cultures were 
sub-cultured at 4 week interval on the same medium con-
centration, unless otherwise specified. 

2.3. Statistical Analysis 

Each experiment was repeated three times with 25 repli-
cates (or cultures). Periodical observations were recorded on 
somatic embryo formation and maturation. Data generated 
were subjected to analysis of variance (ANOVA). 

3. Results and Discussion 
3.1. Impact of ABA on Direct Somatic Embryogenesis 

Considering the clones, except UPASI-17, all other three 
belongs to “China” hybrids which highly resist soil moisture 
stress. On the other hand, UPASI-17 represent broad leaved 
“Cambod” variety fairly thrives against stress. In south In-
dian tea plantations, UPASI-9 and UPASI-17 were pre-
dominantly used as planting material in replanting pro-
gramme. In the present study, among the clones selected 
UPASI-9 and UPASI-10 highly responded under culture 
conditions where the MS basal medium augmented with 
ABA followed by UPASI-17 (Table 1). However, response 
of ATK-1 was on bar with UPASI-17 under culture condi-
tions irrespective of the ABA concentrations. Value of 
co-efficient of variation was >15% which may be attributed 
to the clonal variation and other factors like explant sampling 
time. 

Heart shaped somatic embryos was observed during 
maturation stage on MS medium containing ABA (5.0 mg 

L-1) (Figure 1b.). When the ABA concentration increases 
from 0.5 to 5.0 mg L-1, there was a linear increase in somatic 
embryo induction. ABA beyond 5.5 mg L-1 reduces the 
number of somatic embryos per culture. There had been a 
quadratic relationship existed between ABA concentration 
and number of somatic embryos fitting the exponential 
model (y = a + bx + cx2) where the correlation co-efficient 
value was highly significant at 1% level (r2 = 0.951). On the 
basis of numbers of somatic embryos produced, medium 
containing 5.0 mg L-1 of ABA was taken up for further 
studies (Table 1). 

Even though, ABA alone found to induce somatic em-
bryos and their multiplication, as it impart dormancy, no 
shoot growth was noticed from the somatic embryos. Even 
after transferring the matured somatic embryos from ABA 
containing medium to shoot induction medium, it took more 
than 2 months for shoot induction. It is quite obvious that the 
residual effect of incorporation of ABA in the medium sup-
pressed the shoot induction. However, root induction was 
evident from somatic embryos when cultured on ABA con-
taining medium for longer duration (Figure1c.). These cul-
tures were maintained over a period of 5 months by frequent 
sub-culturing but no shoot induction was observed. ABA 
alone shows no induction stimulus in explants, rather than its 
inhibitory action. Shoot induction response was enhanced 
only when ABA was supplemented with stress factor be-
taine[14]. Due to the inhibitory action of ABA, in many plants 
ABA was used along with osmotica or in combination with 
other hormones. In neem, ABA was used along with thidi-
azuron for induction of somatic embryos[15]. 

3.2. Effect of PEG Along with ABA on Direct Somatic 
Embryogenesis 

ABA and PEG combination were frequently used for 
somatic embryo maturation in many plant species like Horse 
chestnet[16], conifer[17], Medicago[18], Panax ginseng[19], 
Hevea brasiliensis[20] and in white spruce[21]. On the other 
hand, effect of PEG along with ABA on somatic embryo-
genesis has not been reported in tea before. As mentioned 
earlier, globular shaped somatic embryos formed on gluta-
mine containing medium were transferred onto various 
concentrations of osmoticum along with ABA to monitor the 
effect of somatic embryo maturation and plant development. 
Somatic embryo maturation varied when MS medium aug-
mented with 0.5-5.0 g L-1 PEG along with constant concen-
tration of ABA (5.0 mg L-1). But clones did not exhibit any 
variation in terms of somatic embryo formation and matura-
tion (Table 2). In certain cases, interaction between clones 
and osmoticum + ABA concentration was found significant. 
There was a quadratic relationship existed between ABA + 
PEG concentration and induction of number of somatic 
embryos. The correlation co-efficient value is highly sig-
nificant at 1% level (r2 = 0.850). Number of somatic embryos 
produced on PEG (30 g L-1) containing medium was as high 
as 20 (Figure 1d.) and higher concentration of PEG along 
with ABA inhibited the somatic embryo production. Thirty 
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days after culture, about 50% of somatic embryos germi-
nated on shoot induction medium where the BAP nullified 
the residual effect of ABA. Germination of somatic embryos 
may also be attributed to the synthesis of storage protein and 
its effect on precocious germination as it was observed in 
white spruce[22]. 

3.3. Efficacy of Mannitol and Glycine Betaine on Direct 
Somatic Embryogenesis 

There was no significant variation in somatic embryo 
formation among the clones, irrespective of ABA and man-
nitol concentration. Considering the ABA and mannitol 
concentration individually, somatic embryo induction was 
higher when the cotyledons cultured on the medium con-
taining ABA 5.0 mg L-1 + mannitol 25 g L-1 (Table 3). Unlike 
the effect of PEG and mannitol, increasing level of glycine 
betaine did not show identical trend in terms of somatic 
embryo production and maturation (Table 4). Among the 
clones studied, UPASI-17 exhibited poor response in in-
ducing number of somatic embryos on glycine betaine con-
taining medium. Compared to PEG, the mean number of 
somatic embryos obtained on MS medium augmented with 
mannitol (0.5-5.0g/L) or glycine betaine (100-1000 mg L-1) 
was low (Tables 2-4). 

3.4. Plant Development 

Within 4-6 weeks of culturing on shoot induction medium, 
germination of somatic embryos was observed (Figure 1e.). 
Since the plants obtained were tiny with rosette nodes, these 
were transferred onto shoot elongation medium. As men-
tioned earlier, radical was swollen and thick on shoot in-
duction and elongation media. In order to accelerate the rapid 
growth of the root initial, these cultures were transferred on 
to medium containing 5.0 mg L-1 IBA where proliferation of 
roots was observed in all cultures. 

Irrespective of the somatic embryo derived from the ABA 
+ various concentrations of osmotica and cultivar types, they 
were cultured on germination medium. Per cent germination 
of somatic embryo varied between 11 and 51, irrespective of 
the clones (Table 5). Residual effect of higher concentration 
of osmotica was observed in terms of per cent germination of 
somatic embryos where the higher concentration of osmo-
ticum may be responsible for low germination potential. A 
similar low plant conversion through somatic embryogenesis 
was reported in vitis latifolia[23]. 

Results suggest that ABA, when used alone inhibit ger-
mination potential of somatic embryos but in combination 
with osmoticum accelerated multiplication and maturation of 
the same. 

 
Figure 1a-e.  Different stages of direct somatic embryogenesis in tea:(a) Globular shaped somatic embryos directly regenerated from the cotyledons, (b) 
Heart-shaped somatic embryos, (c) Root development when treated with ABA alone without any shoot induction, (d) Effect of 3 g L-1 PEG and 5 mg L-1 
ABA on multiplication of somatic embryos (arrows indicate globular embryo), (e) Different developmental stages of somatic embryo germination 
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Table 1.  Clonal Variation and Impact of ABA Concentration on Somatic Embryo Induction in Tea 

 Cultivar  
ABA (mg/L) UPASI-9 UPASI-10 UPASI-17 ATK-1 Mean Concentration 

0.5 2.7 3.0 3.0 2.0 2.7 
1.0 2.7 4.7 4.7 3.0 3.8 
2.0 4.7 5.0 5.0 2.7 4.3 
2.5 7.0 9.3 6.0 10.3 8.2 
3.0 16.3 12.3 9.0 9.0 11.7 
4.0 19.0 15.0 11.0 11.0 14.0 
4.5 17.3 16.3 12.7 11.0 14.3 
5.0 19.3 17.3 16.3 18.3 17.8 
5.5 16.3 19.7 13.0 9.0 14.5 
6.0 17.0 19.0 12.7 10.7 14.8 

Mean Cultivar 12.2 12.2 9.3 8.7  
Statistical significance at P = 0.05: 

 SE* C.D. C.V. (%) 
PGR Conc (T) 0.74 1.45 17.1 
Cultivar (C) 0.47 0.92  

Interaction (T x C) 1.48 2.91  
SE*: standard error mean; C.D.: critical difference at 5% probability and C.V.(%): co-efficient of variation 

Table 2.  Interaction Between PEG and ABA on Somatic Embryogenesis in Tea 

ABA (5mg/L) + Cultivar  
PEG (g/L) UPASI-9 UPASI-10 UPASI-17 ATK-1 Mean Concentration 

5 7.0 8.0 5.3 7.3 6.9 
10 8.0 10.3 6.0 8.0 8.1 
15 8.3 8.3 7.0 8.0 7.9 
20 10.3 12.3 12.0 10.3 11.3 
25 14.7 18.3 17.0 17.0 16.8 
30 20.3 17.7 21.3 20.3 19.9 
35 14.0 13.0 15.7 14.3 14.3 
40 9.3 10.0 7.3 8.3 8.8 
45 4.0 5.7 2.7 4.3 4.2 
50 3.7 2.7 3.0 2.3 2.9 

Mean (Cultivar) 10.0 10.6 9.7 10.0  
Statistical significance at P = 0.05: 

 SE* C.D. C.V. (%) 
PGR Conc (T) 0.73 1.44 17.8 
Cultivar (C) 0.46 0.91  

Interaction (T x C) 1.47 2.88  
SE*: standard error mean; C.D.: critical difference at 5% probability and C.V.(%): co-efficient of variation 

Table 3.  Impact of Mannitol in Combination with ABA on Somatic Embryogenesis in Tea 

ABA (5mg/L) + Cultivar  
Mannitol (g/L) UPASI-9 UPASI-10 UPASI-17 ATK-1 Mean Concentration 

5 1.3 3.7 2.7 3.3 2.8 
10 1.3 5.3 3.7 4.3 3.7 
15 7.3 7.3 10.3 7.7 8.2 
20 8.0 9.3 11.7 8.3 9.3 
25 9.3 11.0 12.7 11.3 11.1 
30 7.7 6.0 9.3 7.7 7.7 
35 9.3 12.0 7.7 9.3 9.6 
40 7.7 8.7 3.7 6.3 6.6 
45 8.7 9.3 8.0 8.0 8.5 
50 4.0 6.0 7.3 6.0 5.8 

Mean (Cultivar) 6.5 7.9 7.7 7.2  
Statistical significance at P = 0.05: 

 SE* C.D. C.V. (%) 
PGR Conc (T) 0.92 1.80 13.7 
Cultivar (C) 0.58 1.14  

Interaction (T x C) 1.84 3.60  
SE*: standard error mean; C.D.: critical difference at 5% probability and C.V.(%): co-efficient of variation 
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Table 4.  Effect of Various Concentrations of Glycine betaine and ABA on Somatic Embryogenesis in Tea 

ABA (5mg/L ) + Cultivar  
Glycine betaine (mg/L) UPASI-9 UPASI-10 UPASI-17 ATK-1 Mean Concentration 

100 10.7 7.3 4.3 6.3 7.2 
200 8.0 4.3 6.3 6.3 6.3 
300 9.3 6.3 5.7 6.7 7.0 
400 17.3 14.0 10.7 13.7 13.9 
500 11.0 10.3 6.3 8.3 8.9 
600 15.7 8.0 6.3 10.3 10.1 
700 15.0 4.3 5.3 9.3 8.5 
800 14.7 21.3 8.0 14.7 14.7 
900 12.0 16.3 2.3 15.0 11.4 

1000 10.3 11.7 3.7 10.0 8.9 
Mean (Cultivar) 12.4 10.4 5.9 10.0  

Statistical significance at P = 0.05: 
 SE* C.D. C.V. (%) 

PGR Conc (T) 0.78 1.53 9.7 
Cultivar (C) 0.49 0.97  

Interaction (T x C) 1.56 3.05  
SE*: standard error mean; C.D.: critical difference at 5% probability and C.V.(%): co-efficient of variation 

Table 5.  Germination Response of Different Osmotica Treated Somatic Embryos 

PEG  
(g/L) Germination (%) Mannitol  

(g/L) Germination (%) Glycine betaine  
(g/L) Germination (%) 

5 11.1 5 30 100 14.2 
10 18.7 10 23 200 16.6 
15 25.8 15 29 300 17.8 
20 37.7 20 18.9 400 18.8 
25 24.2 25 38.6 500 20 
30 51.2 30 26.6 600 20 
35 41 35 21 700 33.3 
40 29.4 40 11.5 800 42 
45 23.5 45 11.7 900 40.8 
50 30 50 11.1 1000 37.5 

 

4. Conclusions 
In nut shell, a new, simple and repeatable methodology 

was standardized for direct somatic embryogenesis in tea. 
PEG and ABA induced considerably higher number of so-
matic embryos. This protocol can be adopted for in vitro 
plant improvement programmes using trait specific cultivars 
and its further improvement. In recent years, somatic em-
bryos are being frequently used in genetic transformation 
studies, results obtained in the present study will also serve 
as a rapid source of explant. 
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