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Introduction 

Indian spices are one of the major reasons of breathing the country 
which helps in Indian economy as well. Among the various spices 
used in day to day basis, the most prevalent is chilli, or Capsicums. 
Chilli pepper or Capsicum species has been known since the begin-
ning of civilization in the Western Hemisphere. The genus Capsi-
cum is a member of the Solanaceae family that includes tomato, 
potato, tobacco, and petunia. So far, there exist approximately 22 
wild species and five domesticated species of chilli: C. annuum L., 
C. baccatum L., C. chinense Jacq., C. frutescens L., and C. pu-

bescens R. & P. [1,2].  

The one attribute most typical of chillies is pungency and must be 
considered one of its most important traits. The pungent factor lies 
within the seed and to some extent in the placenta nearby. Many 
innovative uses of pungency are being studied so far. Apart from 
having many valuable medicinal properties, it is extensively used as 
a barnacle repellent, to repel mice from all unwanted and hidden 
places and is effectively good to get rid of squirrels from eating its 
seeds. Moreover, to replace mace and tear gas, the pungent factor, 
capsaicin has been used widely as anti-mugger in more than a 
thousand police departments. Besides, the very effective pepper 
spray is to be considered as the first hand defensive tool for the 
protection of mankind especially women from most of the unfriendly 

situations. 

Lota Bhot, a typical of C. chinense Jacq., is basically a green, round 
shaped, small sized, extremely pungent fruit which is heavily infest-
ed by birds in the field during cultivation. Though the crop is endem-
ic to Assam, it is occasionally found and rarely cultivated under 
natural condition and which is why it could be considered as a rare 
type. This highly supports the fact that its extinguishing germplasm 
should be conserved urgently Commensurate with this, intervention 
of biotechnology or to be more precise, plant tissue culture for ac-
celerating clonal multiplication of desired clones and strains of me-
dicinal plants through micropropagation and their conservation 
through establishing Tissue Banks or Gene Banks are warranted in 
the right earnest. Even though there are several reports of In vitro 
regeneration on different domesticated species of Capsicum [1-15], 
there is no such report on indirect organogenesis of C. chinense cv. 
Lota Bhot however. 

Some of the rarely observed phenomena in the genus Capsicum 
are in vitro flower induction and fruit formation [16]. Growth hor-
mone GA3 has several reports of in vitro flower development in 
different crops [17, 18]. GA3 is known to regulate many physiologi-
cal processes in plants like seed germination, shoot development 
and elongation, flower development etc. However for the develop-
ment of in vitro flowers, there are other features too like genetic, 
hormonal and trophic factors [17]. Response of plants towards GA3 
is also dependent on genotype, type of explants used, media com-
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position and culture conditions including temperature and photoperi-
od [17]. Another potent flower inducer is silver nitrate. Silver nitrate 
enhances flower induction by suppressing the action of ethylene 
[11, 19]. It also has a profound effect on multiple shoot induction. 
So far there have been many reports of micropropagation in other 
chilli cultivars. However, this communicatio, brings into focus for the 
first time, the occurrence of in vitro organogenesis in the said chilli 

cultivar, Lota Bhot. 

The present investigation has been designed with the idea of high-
lighting the regeneration potential of Lota Bhot utilizing various plant 
growth hormones and a vital component, AgNO3 in order to obtain 

indirect organogenesis via leaf explants. 

Materials and Methods 

Young healthy leaves of C. chinense cultivar, Lota Bhot (cultivated 
in the experimental area within Defence Research Laboratory), 
were taken for the purpose. Initially, the leaves were treated with 
0.1% Bevistin solution (w/v) and kept for 15-20 minutes for indirect 
organogenesis via callus phase. Green leaves were washed thor-
oughly with doubled distilled water for about 3-4 times, subjected to 
surface sterilization with 70% alcohol (5-10 sec), followed by mixing 
with an aqueous solution of 0.1 (w/v) HgCl2 for 3 min, finally rinsing 
with properly with sterile distilled water for 4-6 times to remove the 
traces of HgCl2. Leaf segments were cut aseptically from all sides in 
square shape [Fig-1a] and inoculated onto Murashige and Skoog 
(MS medium) [20] supplemented with growth hormones, KIN, 2,4-D 
and AgNO3 in different concentrations for induction of callus [Fig-1b] 
[Table-1]. MS medium was fortified with 3% [m/v] sucrose (Himedia, 
Mumbai, India) and 0.8% (m/v) Agar was used as a gelling agent. 

The pH of the medium was set at 5.8 and autoclaved at 1.06 kg cm-

2 and 121°C for 15 min prior to inoculation. The cultures were incu-
bated in dark for 7-10 days for induction of callus [Fig-1b] and sub-
sequently brought to light of 16 h photoperiod using cool white fluo-
rescent tubes at 25±2°C for growth of the callus. Green and friable 
calli were transferred to shoot induction medium supplemented with 
KIN, 2,4-D and AgNO3 for induction of multiple shoots [Fig-1c],[Fig-
1d], [Table-1]. Healthy shoots (1.5-2cm) were aseptically trimmed 
and transferred onto in vitro flower and fruit induction medium forti-
fied with GA3 and AgNO3 [Fig-1f], [Fig-1g], [Table-2] and subse-
quently inoculated onto rooting medium fortified with 2,4-D and BAP 
[Fig-1e], [Table-3]. For acclimatization and hardening of in vitro 
raised seedlings, in vitro rooted plantlets were carefully taken out 
from the rooting medium and washed thoroughly with tap-water to 
remove of the traces of medium. These plantlets were transferred to 
perforated plastic cups containing half strength MS mixed with soil, 
sand, vermicompost and vermiculite (1:1:1:1) and kept in the poly 
house for 30-25 days [Fig-1h]. The top of the cup was covered with 
small perforated polythene bags for initial 10-15 days and plantlets 
were watered regularly to maintain high humid condition. However 
in the later period humidity was reduced by removing the polythene 
bags. Six-week-old hardened plants were finally transferred to the 
main field. Data were collected and the percentage of plant survival 

was recorded. 

All the experiments were conducted with CRD and repeated thrice 
with each treatment having 10 replicates. Significance between 
treatments was calculated through One-Way ANOVA and differ-
ences among treatment means were based on Turkey’s Honesty 

Significant difference (HSD at 0.05). 
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Fig. 1- Micropropagation of Lota Bhot (C. chinense) via indirect organogenesis: a) Leaf explants; b) Callus induction; c) In vitro shoot induction; 

d) Multiple shoot induction; e) In vitro root induction; f) In vitro flower induction; g) In vitro fruit induction; h) Hardening. 
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Results 

For maximum induction of callus and multiple shoots regeneration 
in vitro, the noble combination of Kin, 2,4-D and AgNO3 at 45µML-1, 
3.5µML-1 and 35µML-1 respectively was recorded optimum wherein 
a mean of 43.1 numbers of leaf explants transformed into callus 
[Table-1], [Fig-1b]. A very high number of multiple shoot (8.1± 0.74) 
were induced from each callus at that very combination [Fig-1c], 
[Fig-1d]. But interestingly, maximum shoot length (6.0 ± 0.37) was 
achieved when the concentrations of Kin, 2,4-D and AgNO3 were 

slightly reduced to 40, 3.0 and 30µML-1 correspondingly. 

Flower induction and fruit formation in vitro from leaf explants re-
sponded effectively to the application of GA3 at 30µML-1 [Table-2], 
[Fig-1f],[Fig-1g]. Maximum number of flower bud (14.7±1.31) per 
explant, highest number of flower induction (6.6±1.04) and fruit 
formation (5.8±1.51) in vitro were observed when GA3 (30µML-1) 
single-handedly was supplemented to MS medium. On the other 
hand application of AgNO3 at 32µML-1 without GA3 was quite signifi-
cant in inducing a mean of 5.9 flowers; however only a mean of 3.3 
flowers turned out into fruits finally. Furthermore it is worthwhile to 
mention that the combined effect of GA3 (28µML-1) and AgNO3 

(34µML-1) reduced the number of flower induction and fruit for-

mation to a mean of 5.2 and 4.8 respectively. 

Table 1- Effect of various media composition on in vitro callus in-
duction, multiple shoot induction and shoot length in C. chinense cv. 

Lota Bhot 

Means followed by the same letters are not significantly different at p=0.05 

Table 2- Effect of different concentrations of GA3 and AgNO3 on in 

vitro flower and fruit induction in C. chinense cv. Lota Bhot  

Means followed by the same letters are not significantly different at p=0.05 

Regarding induction of roots in vitro, the extent of root initiation was 
almost found equivalent at two combinations: BAP (4.0µML-1) and 
2,4-D (5.5µML-1); BAP (3.5µML-1) and 2,4-D (4.5µML-1) respective-
ly. The first combination yielded maximum number of roots 
(54.3±7.57) and the second one generated next best possible result 
(54.0±7.43) [Table-3], [Fig-1e]. The first combination could also 

successfully generate maximum root length of 13.63 cm. Healthy 
rooted plantlets were best hardened in the substrates consisting of 
half strength MS with soil, sand, vermicompost and vermiculite 
(1:1:1:1), and 78.56% of total hardened plants could be successfully 

raised in the mail field. 

Table 3- Effect of different concentrations of BAP and 2,4-D on in 
vitro root induction and root length in C. chinense cv. Lota Bhot 

Means followed by the same letters are not significantly different at p=0.05 

Discussion 

Almost all the species of the genus Capsicum are reluctant to mi-
cropropagation. The appropriate amount of media and source of 
nutrients are the pre-requisites for the establishment of a stable 
regeneration protocol. Plants of Lota Bhot obtained from DRL, 
Tezpur had a good potential for callusogenesis when cultured onto 
full strength MS basal medium. Callus induction medium was stand-
ardized with different concentrations of Kin and 2,4-D along with an 
additional component, AgNO3. Presence of AgNO3 enhances the 
chances of multiple shoots induction (8.1± 0.74). However, a drastic 
negative change in the growth curve was observed both in terms of 
shoot bud formation and shoot length upon altering the concentra-
tions of these components. The present investigation reports for the 
first time the combined effect of Kin, 2,4-D and AgNO3 in the in vitro 
multiple shoots induction in C. chinense cv. Lota Bhot although so 
far there have been several regeneration protocols standardized in 

different species of Capsicum. 

In the genus Capsicum, in vitro flower and fruit inductions are rarely 
observed. Earlier reports suggest the occurrence of in vitro flower-
ing and fruiting in C. frutescens when shoot tips were cultured in a 
polycarbonate container coupled to an automated plant tissue cul-
ture system [16]. Effects of AgNO3 and CoCl2 on in vitro flowering in 
C.frutescens were broadly elucidated [11]. Reproductive processes 
like flower induction and fruit development were primarily controlled 
by GA3 and to some extent AGNO3 as evident from the said investi-
gation. Addition of GA3 to flower and fruit induction media signifi-
cantly increases the number of flower bud formation and fruit devel-
opment [Table-2]. GA3 is a potent regulator of flower and fruit induc-
tion both in vitro and in vivo. Induction of floral bud in response to 
the application of GA3 has been recently reported in C. annuum 
[21]. Effect of GA3 was investigated in Lota Bhot. It was able to in-
duce a mean of 14.7 flower bud/explants, 6.6 flowers per explant 
and 5. Fruits when applied alone at 30µML-1. AgNO3 (32µML-1) 
when applied without GA3 could effectively initiate flower formation 
(5.9 ± 1.24) however was not effective enough to generate a good 
amount of fruits in vitro. AgNO3 is a potent flower inducer in C. fru-
tescens [11, 22]. Off white flowers (with 5 sepals and 5 petals) re-
mained healthy and in open condition for almost 15 days. A very 
high dose (above 34 µM) not only reduced the number of flower but 
also the size of the leaf. Concentration that was lower than 30µM/L, 

International Journal of Agriculture Sciences 
ISSN: 0975-3710 & E-ISSN: 0975-9107, Volume 6, Issue 1, 2014 

Bora G., Gogoi H.K. and Handique P.J. 

S. No. 
Treatments MS+ 
Kin+2,4-D+ Ag-

NO3 (µM/L) 

No. of Leaves 
Forming Callus 

(Mean±SE) 

No. of Multiple 
Shoots/Callus 

(Mean±SE) 

Shoot Length 
(cm) (Mean±SE) 

1 20.0+1.0+10.0 12.0±2.32a 2.6± 0.63a 1.4± 0.52a 

2 25.0+1.5+15.0 18.2±2.67b 3.5 ± 0.55a 3.4 ± 0.26b 

3 30.0+2.0+20.0 21.3±2.2c 4.2 ± 0.63b 4.4 ± 0.54c 

4 35.0+2.5+25.0 30.7±4.13d 5.6 ± 0.43c 5.5 ± 0.39d 

5 40.0+3.0+30.0 37.4 ± 1.59e 6.9 ± 0.67d 6.0 ± 0.37d 

6 45.0+3.5+35.0 43.1 ± 1.21f 8.1 ± 0.74d 5.0 ± 0.42e 

7 50.0+4.0+40.0 37.9 ± 2.76e 7.4 ± 1.40d 4.8± 0.37c 

8 55.0+4.5+45.0 35.6 ± 3.23g 5.3 ± 1.60c 4.0 ± 0.83f 

9 60.0+5.0+50.0 30.8± 4.02d 4.0 ± 1.35b 3.1 ± 0.49b 

10 65.0+5.5+55.0 22.5 ± 4.33c 4.0 ± 0.86b 2.3 ± 0.60g 

    SE(Means) = 1.2 SE(Means) = 1.33 SE(Means) = 0.59 

S. No. 
Treatments 

MS+GA3 + AgNO3 

(µM/L) 

No. of Flower 
Buds/Explant 

(Mean±SE) 

No. of Flowers 
per explant 
(Mean±SE) 

No. of Fruits per 
explant 

(Mean±SE) 

1 26 + 0 7.4±1.27a 4.1 ± 0.96a 2.7 ± 0.95a 

2 28 + 34 11.6±1.11b 5.2 ± 0.97b 4.8 ± 0.73b 

3 30 + 0 14.7±1.31c 6.6 ± 1.04c 5.8 ± 1.51c 

4 0 + 32 12.5±1.73d 5.9 ± 1.24d 3.3 ± 1.78d 

5 0 + 30 8.8 ± 1.03a 2.5 ± 1.01e 2.5 ± 0.61a 

    SE(Means) = 0.44 SE(Means) = 0.25 SE(Means) = 0.43 

S. No. 
Treatments 

MS+BAP+2,4-D 
(µM/L) 

No. of Roots per Re-
generated Shoot 

(Mean±SE) 

Root Length (cm) 
(Mean±SE) 

1 2.0+1.5 25.3±4.43a 3.1 ± 1.77a 

2 2.5+2.5 30.4±6.60b 5.6 ± 0.86b 

3 3.0+3.5 46.3±4.18c 7.5 ± 1.66c 

4 3.5+4.5 54.0±7.43d 12.6 ± 3.38d 

5 4.0+5.5 54.3 ± 7.57d 13.63 ± 2.48e 

6 4.5+6.5 43.3 ±3.72e 11.54± 2.80f 

    SE(Means) = 3.05 SE(Means) = 0.58 
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did not produce any flower at all. As far the fruit is concerned, the 
fully matured fruit attained a diameter of approximately 4 cm and 
girth of about 4.5 cm and remain healthy for almost 8-10 d before it 
started deteriorating. AgNO3 is considered as a powerful ethylene 
inhibitor [11]. Ethylene is known to inhibit the action of an enzyme 
called S-adenosyl methionine decarboxylase which is responsible 
for production of polyamines that promotes flower induction. Thus 
the application of silver nitrate promotes in vitro flowering by inhibit-

ing ethylene production. 

The combination of BAP (4.0µML-1) and 2,4-D (5.5µML-1) generat-
ed highest number of roots (54.3 ± 7.57) from a single regenerated 
shoot. Healthy, elongated and branched type of roots were ob-
served in the said investigation.. However, higher doses of BAP 
generated short and thin roots whereas doses lower than 2µML-1 
did produce very fewer roots. Several reports confirms the effective-
ness of IBA in promoting in vitro rooting in Chilli has been reported 
earlier [4,9,21] however there are few reports suggesting the signifi-
cance of IAA on in vitro rooting in Capsicum [7]. These two rooting 
hormones were also tried in the experiment but the result obtained 
with BAP was found to be far more conducive. This may be due to 

the difference in genotype of the cultivar used in the investigation. 

The in vitro rooted Lota Bhot plantlets were transferred to poly 
house for hardening and acclimatization. Inclusion of bio fertilizer 
(vermicompost), vermiculite along with sand not only improved the 
status of the soil but also the health of the plant and increased the 
percentage of survival (78.56%). Technique of micropropagation is 
quite a new concept for Lota Bhot, a very rare cultivar of C. 
chinense, endemic to Assam. Hence, this communication could be 
effective enough in opening a way out to explore more about it in 

the near future. 

Conclusion 

The present investigation provides a firsthand report of an efficient 
in vitro regeneration protocol via leaf explants in C. chinense 
cv.Lota Bhot. Significance of plant growth hormones and AgNO3 in 
several aspects of in vitro organogenesis including in vitro shoot 
regeneration, flower and fruit induction has been elaborately de-
scribed. Lota Bhot being one of the pungent chillies has remarkable 
potential in the field of food, medicines and pharmaceuticals. Con-
cept of tissue culture in Lota Bhot is quite a new topic so far. The 
present investigation therefore, brings into light, an innovative ap-
proach for exploring more about the crop through micropropagation 

technique. 
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