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Northeast India including Assam is one of the richest centers of pepper diversity. Chilli peppers are valued 
commercially owing to their pungency ingredient, capsaicin. Capsicum chinense variety Lota Bhot is an 
extremely pungent chilli pepper indigenous to Assam with tremendous potential for pharmaceutical applications. 
An attempt was made to standardize an efficient micropropagation protocol using silver nitrate (AgNO3) and 
glutamine as the key components alongside other plant hormones. In vitro propagation was carried out with seed 
and shoot tip explants. MS medium supplemented with different combinations of plant growth hormones (BAP, 
GA3, NAA, and IBA), fortified with AgNO3 and glutamine was used for regeneration of Lota Bhot. Addition 
of AgNO3 and glutamine into the culture medium greatly improved proliferation in selected in vitro plantlets. 
A maximum number of multiple shots was recorded in plantlets derived from shoot tips. The process of flower 
induction and fruit formation in vitro were found to be more productive when treated with AgNO3 along with 
GA3. IBA generated better results in the process of root initiation than NAA. The response of shoot tip explants 
towards in vitro processes was better than seed explants. Sterile soil enriched with vermicompost upgraded the 
chances of acclimatization of in vitro raised healthy plantlets.

Key words: Glutamine, In vitro 
propagation, Lota Bhot, and 
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1.	INTRODUCTION

Chilli peppers (Capsicum spp.) are known to be the most important 
spice crop all across the world and India is one of the richest centers 
of pepper diversity. The genus Capsicum of the Solanaceae family 
consists of approximately 25 wild and 5 domesticated species [1]. 
Among the 5 species namely C. annuum L., C. chinense Jacq., C. 
frutescens L., C. baccatum L., and C. pubescens, the first three are 
cultivated extensively in India. The crop although is self-pollinating, 
the rates of out-crossing (7% to 91%) recorded by several investigators 
argue that  Capsicum  should be considered to be facultative cross-
pollinating species in field research [2,3,4,5]. 

The pungency of flavor is one typical attribute for which all pepper 
plants are valued commercially. It is produced by capsaicinoids, the 
alkaloid compounds that are found only in the genus Capsicum [6]. 
Capsaicin is the principle capsaicinoid. Pepper sprays containing 

capsicum oleoresin provide ingredients for a non-lethal deterrent to 
some human and animal behavior and are useful riot control agents 
and self-defense tools [7]. Capsaicin is being used to alleviate pain. 
Its mode of action is thought to be from nerve endings releasing a 
neurotransmitter called substance P [2]. Lota Bhot, a C. chinense 
variety indigenous to Assam, is known for its extreme pungent nature. 
Despite having tremendous commercial value, very little scientific 
progress has been made on it. In addition to that, capsaicin content 
has been deteriorating day by day due to cross-pollination and genetic 
mutation. In this context, it is considered as important as to conserve the 
original germplasm and maintain a constant level of capsaicin through 
biotechnological intervention, more precisely, micropropagation 
technique.

A number of literature is available on in vitro propagation of various 
Capsicum species. Several of these reports suggest a strong influence of 
genotype and media on the regeneration process [8,9,1,10]. The function 
of silver nitrate (AgNO3) in the regeneration of micropropagated 
plantlets has been thoroughly analyzed in several crops including 
Capsicum. Addition of AgNO3 to the culture medium induced 
shoot regeneration in distal cotyledons of cucumber [11], enhanced 
callus development in Brassica [12] and improved embryogenic 
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callus frequency in immature wheat embryos [13], symptoms like 
hyperhydricity and leaf epinasty caused by ethylene disappeared when 
potato cultivars were cultured in medium supplemented with AgNO3 
[14]. It is by far known that AgNO3 is a potent ethylene inhibitor. In C. 
frutescens, the combined effect of AgNO3 and CoCl2 caused extensive 
flower induction and shoot proliferation in in vitro raised plantlets 
[15]. Another vital nutrient source which is widely used in plant tissue 
culture is glutamine. It is supplemented as an organic nitrogen source 
[16]. The inclusion of glutamine in the callus induction medium has 
been shown to promote callusing in rice [16,17,18,19]. However, 
there is no single report till date in Lota Bhot, of a standard in vitro 
regeneration protocol elucidating the role of glutamine. 

Therefore keeping the above points in mind, an experiment was 
designed to optimize a regeneration protocol in the said variety and 
analyze the functions of AgNO3 and glutamine throughout the process 
of in vitro organogenesis. Much emphasis was given on the reproductive 
phase i.e. in vitro flower induction and fruit development. Direct 
regeneration via seeds and shoot tips was followed considering the 
facts that seeds show a high percentage of germination and meristems 
are actively dividing cells with less pathogenic susceptibility.

2.	MATERIALS AND METHODS

2.1. Explant Collection and Disinfection

2.1.1. Seed explants
Healthy seeds of C. chinense variety ‘Lota Bhot’ cultivated in the 
experimental area under the Division of Biotechnology at Defence 
Research Laboratory (DRL), Tezpur, were collected and chosen for 
the said investigation. Seeds were placed and thoroughly washed 
under running tap water for about an hour followed by fungicidal 
treatment with 0.1% Bavistin (w/v) (Biostadt India Limited) for 
another 30 minutes. Thereafter seeds were washed properly with 
distilled water 6-7 times and brought inside the laminar airflow cabinet 
for decontamination by rinsing with 70% ethyl alcohol (3-5 seconds), 
followed by surface sterilization with an aqueous solution of 0.1% 
HgCl2 (w/v) (Himedia, India) for 3 minutes. Surface sterilized seeds 
were rinsed 8-10 times with double distilled water to remove any 
traces of HgCl2.

2.1.2. Shoot tip explants
The young healthy shoot tips (1.5-2 cm) trimmed from 2-year-old 
mother plant (maintained in the experimental area at DRL, Tezpur) 
were collected and washed thoroughly with tap water for an hour. 
Leaves were treated with fungicide 0.1% Bavistin (w/v) for around 15 
minutes and rinsed (6-7 times) with distilled water before they were 
taken to the laminar air flow cabinet. Decontamination was carried 
out in 70% ethanol for 3 seconds which was followed by surface 
sterilization with an aqueous solution of 0.1% HgCl2 (w/v) (Himedia, 
India) for another 2-3 minutes. Subsequently, leaves were rinsed 
thoroughly with double distilled water to remove any traces of HgCl2.

2.2. Explant Preparation, Inoculation and Culture Conditions
Surface sterilized seeds and shoot tips were aseptically inoculated 
onto Murashige and Skoog’s (MS) medium [20] [Plate 1(a), (b)]. The 
medium was supplemented with no plant growth hormones. The basal 
MS medium was augmented with 3% (m/v) sucrose (Himedia, 
Mumbai, India) and solidified by 0.8% (m/v) agar. The pH of 
all the media was maintained at 5.8 and autoclaved at 121°C 

and 15 pounds per square inch pressure for 15 minutes prior 
to inoculation. The cultures were incubated at a temperature of 
25 ± 2°C and 16-hour photoperiod using cool white fluorescent 
tubes.

2.3. Multiple Shoot Proliferation 
To encourage multiple inductions, the in vitro regenerated primary 
shoots from both the explants (seed and meristems) were isolated, 
rinsed with double distilled water and excised into 1-1.5 cm long shoots. 
The shoots were transferred onto fresh MS medium supplemented 
with plant hormones: N6-benzylaminopurine (BAP) (2-4 mg/L), 
1-naphthaleneacetic acid (NAA) (1.5 mg/L) with/without AgNO3 (2.5-
3.5 mg/L) and glutamine (1 mg/L). Healthy shoots were sub-cultured 
thrice onto the medium with the same hormonal composition at an 
interval of 4 weeks. The cultures were kept at a temperature of 25 ± 
2°C and 16-hour photoperiod.

2.4. In Vitro Flower Induction and Fruit Development
For induction of flower under in vitro condition, healthy shoot 
buds were selected from six-week-old cultures and shifted to 
flower induction medium containing MS supplemented with 
BAP (3.5 mg/L), GA3 (2-6 mg/L), glutamine (0.5 mg/L) and 
enriched with/without AgNO3 (3.5-4.5 mg/L). In vitro flowering 
was observed after 35 days of inoculation. Terminal shoots 
with in vitro flowers were carefully transferred to fruit induction 
medium which consists of MS fortified with AgNO3 (3.5-4.5 
mg/L) and with/without glutamine. All cultures were subjected 
to a 16/8 h light/dark cycle for fruit development.

2.5. In Vitro Root Induction and Acclimatization 
In vitro raised shoots were successfully transferred to rooting 
medium containing indole-3-butyric acid (IBA) (0.5-2 mg/L) along 
with BAP (2.5 mg/L), NAA (0.5-2 mg/L), glutamine (1 mg/L) and 
with/without AgNO3 (1.5-3 mg/L). Culture conditions were 
kept same as described in previous section (section 2.4). After 
successful root initiation, plantlets were carefully taken out of 
the medium and washed gently under tap water to remove any 
traces of hormones, agar, and medium. For acclimatization of 
in vitro raised plantlets, plastic cups containing sterile soil and 
vermicompost (1:1) were used and plantlets were carefully 
transferred to plastic cups thereafter taken to polyhouse. The 
cups were covered with polythene bags initially for 10-15 days. 
To maintain high relative humidity, plantlets were watered 
once in three days with sterile distilled water, after which 
humidity was reduced by making small perforations in the 
polythene bags. Twelve-week-old hardened plants were finally 
transferred to the open field. The percentage of plant survival 
was recorded.

2.6. Statistical Analysis
All the experiments were conducted with Complete Randomized 
Block Design (CRD) and repeated thrice with each treatment having 
10 replicates. Significance between treatments was calculated using 
One-Way ANOVA and differences among different treatment means 
were based on Turkey’s Honesty Significant difference (HSD at 
0.05).
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3.	RESULTS AND DISCUSSION

3.1. In Vitro Proliferation and Induction of Multiple Shoots
 Our investigation revealed a linear relationship between multiple 
shoots proliferation from seed explants of C. chinense variety 
Lota Bhot and concentrations of different plant growth promoting 
substances [Table 1]. The highest number of multiple shots (7.5 ± 
0.52) (mean value) was recorded in the treatment where BAP (3 mg/L) 
and NAA (1.5 mg/L) were combined with AgNO3 and glutamine at 
concentrations 3 mg/L and 1 mg/L respectively [Fig. 1(c)] The same 
treatment also generated the longest shoot of about 7.2 cm length. In 
the whole experiment, the concentration of NAA was kept fixed at 
1.5 mg/L. A slight alteration in its concentration drastically affected 
multiple shoot induction. The shoots observed were unhealthy and 
short when cultured on medium containing NAA at a concentration 

higher than 1.5 mg/L. This result contradicts the findings of song et al. 
[21]. According to the authors, NAA at higher concentration exerts a 
positive impact not only on shoot proliferation but also the percentage 
of shoot regeneration. This discrepancy might have occurred owing 
to differences in responsiveness of pepper genotypes. Moreover, 
excessive auxin concentration might have caused an endogenous 
hormonal imbalance which in turn had drastically reduced shoot length 
and proliferation. The treatment comprising of BAP (2 mg/L) and 
NAA (1.5 mg/L) without any incorporation of AgNO3 and glutamine 
generated the lowest number of multiple shoot (2.3 ± 0.21). Data 
presented in Table 1 indicate that the highest regeneration percentage 
(96.8%) from shoot tip explants was recorded in treatment where BAP 
and AgNO3 concentrations were slightly increased to 4 mg/L and 
3.5 mg/L respectively, keeping the other values same as the previous 
treatment. Withdrawal of AgNO3 and glutamine from the medium 
reduced the percentage to 58.9%.

Table 1: Effects of various media composition on in vitro regeneration, multiple shoot induction and shoot length on seed explants of Lota Bhot.

MS basal + plant growth hormones (mg/L) No. Of multiple Shoots/Explant 
Mean ± SE

Shoot Length (cm) 
Mean ± SE Shoot Induction (%)

BAP NAA AgNO3 Glutamine

2 1.5 2.5 1 4.8 ± 0.42a 6.2 ± 0.42a 93.7

3 1.5 3.0 1 7.5 ± 0.52b 7.2 ± 0.55b 94.2

4 1.5 3.5 1 4.2 ± 0.28a 5.3 ± 0.21cd 96.8

2 1.5 2.5 0 2.4 ± 0.16c 3.8 ± 0.31e 90.2

3 1.5 3.0 0 4.8 ± 0.75a 4.7 ± 0.65cd 87.6

4 1.5 3.5 0 2.6 ± 0.43c 4.2 ± 0.78cd 88.1

2 1.5 0 1 2.6 ± 0.61c 4.9 ± 0.34cd 80.5

3 1.5 0 1 3.2 ± 0.84d 4.8 ± 0.32cd 73.8

4 1.5 0 1 3.0 ± 0.52d 6.0 ± 0.82a 71.5

2 1.5 0 0 2.3 ± 0.21c 2.5 ± 0.51f 76.9

3 1.5 0 0 3.1 ± 0.11d 3.4 ± 0.42e 69.8

3 1.5 0 0 2.5 ± 0.13c 2.1 ± 0.63f 58.9

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

Table 2: Effects of various media composition on in vitro regeneration, multiple shoot induction and shoot length on shoot tip explants of Lota Bhot.

MS basal + plant gowth hormones (mg/L) No. Of multiple Shoots/Explant Mean 
± SE

Shoot Length (cm) 
Mean ± SE Shoot Induction (%)

BAP NAA AgNO3 Glutamine

2 1.5 2.5 1 5.6 ± 0.69a 5.9 ± 0.52a 92.9

3 1.5 3.0 1 5.9 ± 0.44a 4.4 ± 0.74b 94.9

4 1.5 3.5 1 8.3 ± 0.72b 7.6 ± 0.62c 98.3

2 1.5 2.5 0 4.2 ± 0.48c 6.3 ± 0.21ab 89.3

3 1.5 3.0 0 5.8 ± 0.23a 5.8 ± 0.42a 81.5

4 1.5 3.5 0 6.4 ± 0.21a 5.4 ± 0.72a 86.9

2 1.5 0 1 4.6 ± 0.31c 5.7 ± 0.62a 70.2

3 1.5 0 1 3.2 ± 0.74d 5.9 ± 0.82a 72.1

4 1.5 0 1 3.2 ± 0.52d 3.1 ± 0.31d 69

2 1.5 0 0 3.7 ± 0.62d 4.4 ± 0.93b 54.8

3 1.5 0 0 3.2 ± 0.82d 3.2 ± 0.79d 50.1

4 1.5 0 0 4.2 ± 0.42c 3.1 ± 0.11d 50.0

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

Data obtained from shoot tip explants slightly differed from the one 
obtained from seed explants [Table 2]. According to our experiment 
MS medium supplemented with BAP (4 mg/L), NAA (1.5 mg/L), 

AgNO3 (3.5 mg/L) and glutamine (1 mg/L) generated a maximum of 
8.3 shots (mean value) per shoot tip and highest percentage of shoot 
regeneration (98.3%). The same treatment also generated the longest 
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shoot of 7.6 cm. On the other hand, the number of multiple shoots got 
reduced to a mean of 3.2 ± 0.52 in the absence of AgNO3. Similarly, 

the regeneration percentage dropped down to 50% when both AgNO3 
and glutamine were taken out of the medium.

Figure 1: In vitro propagation of C. chinense variety Lota Bhot (a) Seed explant (b) Shoot tip explant (c) Multiple shoot induction (d) Flower Induction (e) Fruit 
Formation (f) Root induction (e) Ex vitro acclimatization (Soil + vermicompost in 1:1 ratio).

The only preferred cytokinin used in the entire investigation was BAP. 
However, initially, the experiment was conducted with Thidiazuron 
(TDZ) and the combination of BAP and TDZ. But the results 
obtained were not very convincing. Plantlets cultured on a medium 
supplemented with TDZ (with/without auxin) were produced short 
with thin shoots which would easily fall off. Our observation complies 
with the result obtained by Ostroshy et al. [22]. In their report, authors 
claimed BAP to have the best cytokinin activity at a concentration 
around 2 mg/L when applied without auxin. In the said investigation, 
BAP at a slightly higher dose (3-4 mg/L) generated highest multiple 
shoot induction in plantlets derived from seed and shoot tip explants. 
This marginal difference in BAP concentrations might have occurred 
due to recalcitrant nature of pepper genotypes. On the other hand, the 
positive response of TDZ towards shoot induction and proliferation 
of different Capsicum species has been cited in the experiments 
conducted by Song et al. [21], Santana-Buzzy et al. [23], Kehia et al. 
[24] and Bhutia et al. [25]. 
The principal components for the said investigation that regulated the 
in vitro regeneration processes were AgNO3 and glutamine. Several 
sets of experiments were set up with/without AgNO3. Data presented 

in Table 1 and Table 2 clearly showed the positive response of AgNO3 
towards in vitro shoot proliferation and percentage of shoot induction. 
Considering multiple shoot induction from seed explants [Table 1], the 
highest number of shoots per explant (7.5 ± 0.52) was obtained when 
AgNO3 at 3.0 mg/L was combined with glutamine (1 mg/L) along with 
BAP and NAA at 3 mg/L and 1.5 mg/L respectively. The same set of 
treatment also generated the longest shoot of approximately 7.2 cm. 
However, the percentage of shoot induction was found the maximum 
(96.8%) at a slightly higher concentration (3.5 mg/L) of AgNO3. 
Results obtained from shoot tip explants [Table 2] also followed a 
similar pattern. Shoot tips responded best in terms of multiple shoot 
induction, shoot length and shoot induction percentage in the medium 
supplemented with BAP (4 mg/L), NAA (1.5 mg/L) AgNO3 (3.5 mg/L) 
and glutamine (1 mg/L). In the said treatment approximately a mean of 
8.3 numbers of shoots were produced from a single explant, which is 
quite a satisfactory figure. The shoots attained a length of 7.6 cm with 
a very high percentage (98.3%) of shoot induction. In both the cases 
(seed and shoot tips), withdrawal of AgNO3 from shoot proliferation 
medium, caused a drastic reduction in the number of multiple shoot 
induction and shoot regeneration percentage [Table 1 and Table 2]. 
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AgNO3, an ethylene inhibitor in the plant tissue culture system, is 
found to be an essential component in the induction and elongation 
of shoots in pepper [26,27]. In the absence of AgNO3, the number of 
multiple shoots from seed and shoot tips was reduced to (mean value) 
2.6 ± 0.61 and 3.2 ± 0.52 respectively. Silver ions are known to protect 
the plants from senescence caused by ethylene thus preventing the 
shoots from falling off. A similar trend was observed in the work of 
Sheeja and Mandal [28] in tomato, Anantasaran and Kanchanapoom 
[29] in Zinnia, Sandra and Maira [14] in potato and Ashrafuzzaman at 
al. in Capsicum species [27]. 

Our investigation also examined and focused on the role of glutamine 
in the process of shoot regeneration and multiple shooting. Glutamine 
has proved to be a good source of nitrogen supply in various in vitro 
processes. Glutamine  supports cell growth which has high energy 
demands and synthesizes large amounts of nucleic acids, proteins etc. 
Exogenous supply of glutamine is found beneficial in tissue culture 
as it increases biomass of explants and rate of regeneration of in vitro 
plantlets. Pawar et al. [16] observed very constructive response of 
glutamine towards callus formation and shoot proliferation in rice. 
However, in our study we were not able to see any strong correlation 
between glutamine and shoot proliferation. Exclusion of glutamine did 
affect the regeneration process in seed explants to certain extent but 
failed to generate positive impact on shoot multiplication from shoot 
tips. Therefore, it could be suggested that not all explants show similar 
response but sensitivity towards glutamine varies from explants to 
explant within the same genotype. Another important observation was 
reported by Shahsavari [30] in rice. In the report the author claimed 
that glutamine did support callus induction but could not enhance shoot 
regeneration suggesting that juvenile stage requires more nitrogen 
supply than does the mature stage. Conversely, such observation was 
not recorded in our investigation.

3.2. In Vitro Flower and Fruit Induction
The most crucial period of any in vitro regeneration process is the 
reproductive phase i.e. flower formation and fruit development stage. 
Data shown in Table 3 and Table 4 represented direct correlation 

between growth hormones and induction of flower buds and formation 
of fruits. We replaced NAA with GA3. Concentration of BAP was kept 
constant at 3.5 mg/L throughout the experiment. From the data shown 
in Table 3 highest production of flower per seed explant (8.4 ± 0.53) 
was recorded in the treatment where GA3 at 2 mg/L was supplemented 
along with AgNO3 and glutamine at 3.5 and 0.5 mg/L respectively [Fig. 
1(d)]. However, maximum fruit formation per explant (8.1 ± 0.21) was 
seen in the treatment when doses of AgNO3 and GA3 were slightly 
raised to 4 mg/L each [Fig. 1(e)]. All flowers were off-white which 
remained open for almost two weeks. Poorest results in terms of flower 
induction (2.0 ± 0.72) and fruit formation (2.0 ± 0.94) were obtained 
when AgNO3 was withdrawn from the medium. Exactly similar trend 
was noticed in case of shoot tip explants. Figures shown in Table 4 
represent the status of reproductive stages of C. chinense variety Lota 
Bhot cultured through shoot tips. A mean of 9.5 flowers blossomed 
under in vitro condition from a single shoot tip when cultured onto a 
medium supplemented with 3.5 mg/L and 2 mg/L of AgNO3 and GA3 
respectively whereas a highest of 8.6 fruits (mean value) was obtained 
at moderately higher concentrations of AgNO3 and GA3 (4 mg/L each). 
A sharp reduction in the number of flowers (2.1 ± 0.59) and fruits 
(2.5 ± 0.86) was seen with the removal of AgNO3 from medium. This 
clearly reflected the importance of AgNO3 on reproductive stages. 
AgNO3 has been reported to inhibit ethylene action [15,31]. The exact 
mechanism of AgNO3 mediated ethylene production and its activity 
regulation is unclear but it has been explained by an interference of 
ethylene perception or stress exerted by silver ion [15]. Silver nitrate 
is an ethylene action inhibitor and ethylene inhibits S-adenosyl 
methionine decarboxylase, which in turn promotes polyamine levels, 
which are implicated in flowering [15,32]. There have been reports 
confirming the significance of AgNO3 on in vitro processes in C. 
Annuum [27], C. frutescens [15] and C. chinense [33]. Alongside 
AgNO3, role of glutamine was also analyzed. Glutamine, although was 
found to have played a significant role in vegetative phase, its effect on 
reproductive phase (flowering and fruiting) was not satisfactory in our 
case. It is well known that nitrogen is required for initial growth and 
development of plant. At maturity, its requirement is not very much 
needed. In our study, addition/withdrawal of glutamine did not make 
any significant difference.

Table 3: Effects of various media composition on in vitro flower and fruit formation of seed explants of Lota Bhot.

MS basal + plant growth hormones (mg/L) No of Flowers/Explant 
Mean ± SE

No. Of fruits/Explant 
Mean ± SE 

BAP GA3 AgNO3 Glutamine

3.5 2 3.5 0.5 8.4 ± 0.53a 7.3 ± 0.23a

3.5 4 4.0 0.5 6.3 ± 0.74b 8.1 ± 0.21b

3.5 6 4.5 0.5 4.9 ± 0.63c 6.1 ± 0.42c

3.5 2 0 0.5 3.8 ± 0.21d 2.0 ± 0.94d

3.5 4 0 0.5 3.1 ± 0.24d 2.5 ± 0.52d

3.5 6 0 0.5 2.0 ± 0.72e 4.5 ± 0.86e

3.5 2 3.5 0 7.2 ± 0.66f 5.8 ± 0.43c

3.5 4 4.0 0 6.2 ± 0.53b 3.4 ± 0.63f

3.5 6 4.5 0 3.1 ± 0.23d 3.5 ± 0.84f

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

3.3. In Vitro Root Induction and Acclimatization
In vitro root induction experiment was conducted keeping BAP 
concentration unaltered at 2.5 mg/L. Unlike the previous experiments 
where only one type of auxin was used, multiple root induction was 
achieved in the presence of two auxins; NAA and IBA. Data obtained 

from both seed and shoot tips followed quite a similar pattern of 
regeneration [Fig. 1(f)]. As per figures shown in Table 5 and Table 6, 
maximum in vitro root initiation occurred in medium fortified with 
AgNO3 (2.5 mg/L) and glutamine (1 mg/L). Unlike in shoot multiplication 
and elongation, glutamine failed to show any profound effect on root 
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development. While shoot tips generated 67.3 roots/explants, plantlets 
obtained from seed explants produced 63.3 roots within 14 days after 
being transferred to rooting medium. Percentage of root induction was 
fairly high in both the experiments. Shoot tip explants showed better 
response than seed explants. Regeneration percentage of shoot tips was 
98.6% whereas it was slightly less (96.6%) in plantlets derived from 
seeds. Our study revealed positive impact of AgNO3 on root induction. 
However, our findings were not in accordance with the work done by 
Anantasaran and Kanchanapoom [29] where the authors reported that 
addition of AgNO3 reduced the percentage of rooting in Zinnia cultivars. 

The results obtained from the said investigation complied with that 
of Ebida and Hu [34] where the authors confirmed in their report that 
incorporation of AgNO3 into MS medium enhanced regeneration in 
micropropaged plantlets of C. annuum cv. Early California Wonder. 
Such variations in results might be due to differences in genotypes and 
probably explants. As far the auxins were concerned, both NAA and 
IBA proved to be almost equally considerable for root development. 
While some researchers preferred IBA over NAA and Indole 3-Acetic 
acid (IAA) [1,22,35,36,37,38], others reported to have received better 
response from NAA and IAA [39,40].

Table 4: Effects of various media composition on in vitro flower and fruit formation of shoot tip explants of Lota Bhot. 

MS basal + plant growth hormones (mg/L) No of Flowers/Explant 
Mean ± SE 

No. Of fruits/Explant 
Mean ± SE 

BAP GA3 AgNO3 Glutamine

3.5 2 3.5 0.5 9.5 ± 0.42a 7.3 ± 0.42a

3.5 4 4.0 0.5 8.3 ± 0.53b 8.6 ± 0.54b

3.5 6 4.5 0.5 5.9 ± 0.54c 5.2 ± 0.63c

3.5 2 0 0.5 3.5 ± 0.34d 5.0 ± 0.27c

3.5 4 0 0.5 3.7 ± 0.72d 3.3 ± 0.52d

3.5 6 0 0.5 2.1 ± 0.59e 2.5 ± 0.86e

3.5 2 3.5 0 7.3 ± 0.32f 4.5 ± 0.37f

3.5 4 4.0 0 5.4 ± 0.53c 6.3 ± 0.36g

3.5 6 4.5 0 4.3 ± 0.59g 3.6 ± 0.35d

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

Table 5: Effects of various media composition on the percentage of regenerated roots, in vitro root induction and root length of seed explants of Lota Bhot.

MS basal + plant growth hormones (mg/L) No. Of multiple Roots/explants 
Mean ± SE 

Root Length (cm) 
Mean ± SE

Root Induction (%) 
Mean ± SE

BAP IBA NAA AgNO3 Glutamine

2.5 0.5 0.5 1.5 1 32.7 ± 0.42a 14.5 ± 0.64a 93.7

2.5 1.0 1.0 2.0 1 40.4 ± 0.53b 20.6 ± 0.65b 95.8

2.5 1.5 1.5 2.5 1 63.3 ± 0.34c 24.6 ± 0.35c 96.6

2.5 2.0 2.0 3.0 1 46.7 ± 0.23d 19.8 ± 0.62d 94.6

2.5 0 0.5 1.5 0 35.6 ± 0.48e 19.4 ± 0.64d 90.3

2.5 0 1.0 2.0 0 30.3 ± 0.36f 17.4 ± 0.82e 88.3

2.5 0 1.5 2.5 0 39.5 ± 0.25b 18.2 ± 0.96f 84.7

2.5 0 2.0 3.0 0 36.1 ± 0.52e 16.5 ± 0.34g 87.4

2.5 0 0.5 0 1 29.6 ± 0.53g 13.8 ± 0.63h 80.3

2.5 0 1.0 0 1 27.9 ± 0.35h 14.4 ± 0.34a 78.5

2.5 0 1.5 0 1 24.5 ± 0.41i 15.0 ± 0.47i 73.9

2.5 0 2.0 0 1 21.3 ± 0.46j 11.1 ± 0.56j 76.5

2.5 0.5 0 1.5 0 44.6 ± 0.36k 26.2 ± 0.65k 73.6

2.5 1.0 0 2.0 0 40.5 ± 0.62b 25.2 ± 0.45l 70.6

2.5 1.5 0 2.5 0 41.9 ± 0.76l 27.9 ± 0.47m 73.2

2.5 2.0 0 3.0 0 37.6 ± 0.34m 22.3 ± 0.45n 71.6

2.5 0.5 0 0 1 29.5 ± 0.65g 20.7 ± 0.37b 68.9

2.5 1.0 0 0 1 22.5 ± 0.98n 19.3 ± 0.56d 63.5

2.5 1.5 0 0 1 25.9 ± 0.45o 18.4 ± 0.56f 61.4

2.5 2.0 0 0 1 19.5 ± 0.35p 16.3 ± 0.45g 60.2

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

After successful root induction, in vitro rooted plantlets were 
transferred to the poly house for hardening and acclimatization. 
Substrates containing sterile soil and vermicompost generated best 

results [Fig. 1(g)]. Percentage of plant survival from seed was 78% 
while it was slightly higher (82%) in the case of plantlets derived 
from shoot tips. According to Azad et al. [41], organic farming with 
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the inclusion of biofertilizers in the long-run can be considered an 
important contributor to food security. Ponti et al. [42] further stated 
that the difference in crop yields under organic and conventional 
production systems is 20% depending on the crops and regions. As 
per the reports of Bhat et al. [43], use of good quality compost and 

biofertilizers stimulate the activity of heterotrophic microbes present 
in the rhizosphere region where it mineralizes nutrients, particularly 
nitrogen in the incorporated organic fertilizers, thus making them 
available to the plants. Additionally, it improves soil texture, reduces 
bulk density and increases the available water content. 

Table 6: Effects of various media composition on the percentage of regenerated roots, in vitro root induction and root length of shoot tip explants of Lota Bhot.

MS basal + plant growth hormones (mg/L) No. Of multiple Roots/explants Mean 
± SE 

Root Length (cm) 
Mean ± SE

Root Induction (%) 
Mean ± SE

BAP IBA NAA AgNO3 Glutamine

2.5 0.5 0.5 1.5 1 34.8 ± 0.72a 16.5 ± 0.44a 96.7

2.5 1.0 1.0 2.0 1 42.4 ± 0.73b 25.6 ± 0.68b 96.9

2.5 1.5 1.5 2.5 1 67.3 ± 0.38c 27.6 ± 0.39c 98.6

2.5 2.0 2.0 3.0 1 47.8 ± 0.83d 21.8 ± 0.42d 95.7

2.5 0 0.5 1.5 0 38.6 ± 0.98e 24.4 ± 0.68e 91.2

2.5 0 1.0 2.0 0 33.3 ± 0.36f 21.4 ± 0.82d 89.5

2.5 0 1.5 2.5 0 40.5 ± 0.85g 18.2 ± 0.96f 86.7

2.5 0 2.0 3.0 0 38.1 ± 0.52e 19.5 ± 0.34g 87.4

2.5 0 0.5 0 1 32.6 ± 0.53h 13.8 ± 0.93h 82.3

2.5 0 1.0 0 1 27.9 ± 0.95i 14.3 ± 0.39i 79.6

2.5 0 1.5 0 1 25.5 ± 0.81j 16.0 ± 0.47a 74.3

2.5 0 2.0 0 1 23.3 ± 0.43k 13.1 ± 0.56h 78.5

2.5 0.5 0 1.5 0 45.6 ± 0.66l 27.2 ± 0.65c 75.8

2.5 1.0 0 2.0 0 40.5 ± 0.62g 25.2 ± 0.48b 72.6

2.5 1.5 0 2.5 0 41.3 ± 0.76m 28.9 ± 0.46j 74.5

2.5 2.0 0 3.0 0 37.8 ± 0.84e 25.3 ± 0.45b 73.6

2.5 0.5 0 0 1 28.5 ± 0.65n 21.7 ± 0.37d 67.5

2.5 1.0 0 0 1 25.5 ± 0.98j 19.3 ± 0.51g 65.5

2.5 1.5 0 0 1 21.9 ± 0.45o 18.4 ± 0.58f 63.7

2.5 2.0 0 0 1 17.5 ± 0.35p 17.3 ± 0.44k 63.2

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

Figure 2: Response of explants (seed and shoot tip) of Lota Bhot towards 
various in vitro processes. (a) Shoot induction (b) flower induction, (c) fruit 

induction (d) root induction (e) acclimatization.

In the entire investigation, the results achieved from shoot tip 
explants were better than seed explants [Fig. 2]. Shoot tips, because 
of the presence of actively dividing meristematic zone, were found 
to be highly responsive towards various in vitro processes. Moreover, 
the chances of pathogenic contamination were less in the cultures 
derived from shoot meristems. Although the seed explants used in 
the investigation possessed good germination potential and high 
multiplication rate, the evidence of fungal contamination was most 
prevalent in seed cultures.

4.	CONCLUSIONS

An attempt was made through our investigation to elucidate the 
importance of AgNO3 and glutamine on in vitro regeneration of 
Lota Bhot, an indigenous fiery chilli pepper of Assam. In the entire 
course of micropropagation, effects of AgNO3 were found influential. 
However, the same could not be said in the case of glutamine. Although 
glutamine did improve in vitro shooting, it failed to generate a positive 
influence on flower induction, fruit development and in vitro root 
induction. The response of meristems was found to be better than seed 
explants. Lota Bhot, being one of the hottest chillies, has tremendous 
economic and research potential as food components, medicines, and 
pharmaceuticals. Unfortunately, a tissue culture of this chilli is still 
in its infancy. The present investigation opens a way to get into the 
insights of micropropagation techniques in this particular chilli pepper.
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