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In vitro callusogenesis and differential callus growth rate was studied from
hypocotyl, cotyledon and leaf explants of three cultivars of Capsicum annuum L. viz.,
var. X-235, var. PC-1 and var. Pusa Jwala. Callus initiation was genotype dependent
and var. X-235 had best callusogenesis response than var. PC-1 and var. Pusa Jwala.
MS medium supplemented with 2,4-D(1.0mg/l) and BAP(2.0mg/l) was found to be the
best medium for maximum frequency of callus induction recorded from hypocotyl
explants of the 3 genotypes i.e., var. X-235(79%), var. PC-1(68%) and var. Pusa Jwala
(64%). The hypocotyl explants manifested maximum callus fresh weight (1.16g) than
cotyledon and leaf explants. The study revealed that the callus growth rate (fresh
weight) of all the explants showed maximum increase in the first subculture (1st week)
than the lateral subcultures (6th and 9th week). This rapid in vitro callusogenesis
procedure can be used as a source for production of secondary metabolites from chili
peppers.
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INTRODUCTION
Plant tissue culture can potentially revolutionize the
knowledge and application in several fields of the plant
kingdom (Cooking, 1986). Considerable advance has been
reached, especially in certain plant families as Solanaceae
which is one of the best known (Flick et al., 1983) even
though some of the family members, such as Capsicum
remain without an adequate in vitro exploration despite its
commercial value as spice and vegetable throughout the
world (Morrison et al., 1986). In vitro studies of
Capsicum species have been emphasized in the effects of
growth regulators, some of which proved to be ineffective
for the induction of morphogenetic responses but efficient
for callus production (George and Narayanaswamy, 1973;
Gunay and Rao, 1978). Standardized methods for callus
production are an important goal in view of the industrial
interest in some of its secondary metabolites (Williams et
al., 1988) particularly capsaicin (Ochoa-Alejo and
Gomez-Peralta, 1990; Sukrasno and Yeoman, 1990). On
the other hand, a friable and abundant callus is desirable in
order to trigger somatic embryogenesis (Evans et al.,
1981). In recent years several Capsicum explants and their
in vitro callusogenesis potentiality have been explored
with variable degrees of success (Agrawal et al., 1989;
Ashrafuzzaman et al., 2009; Christopher and Rajam,
1994,1996; Gunay and Rao, 1978; Kintzios et al., 1996;
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Marziah et al., 1995; Rodeva and Grozeva, 2003; Rodeva
et al., 2006; Singh and Shukla, 2001; Shao and Caponetti,
1993 and Subhash and Prolaram, 1987). However, little
information on induction and quality properties of callus
from different explants of chili pepper has been provided
in earlier in vitro culture studies (Kaparakis and Alderson,
2003). Despite of many reports, callusogenesis and callus
growth rate in chili peppers is inadequate. Therefore the
present investigation is taken up to study the
callusogenesis and callus growth rate of hypocotyl,
cotyledon and leaf explants of three genotypes of C.
annuum L.

MATERIALS AND METHODS
Seeds of three genotypes of C. annuum L. viz., var. X235, var. PC-1 and var. Pusa Jwala were obtained from
Sutton & Seeds, Calcutta, India. The seeds were surface
sterilized with 0.1% HgCl2 and repeatedly washed in
sterile distilled water. The seeds were then germinated on
MS basal medium (Murashige and Skoog, 1962) for
germination. The hypocotyl, cotyledon and leaf explants
were derived from 14-15 days old in vitro germinated
seedlings cultured on MS medium supplemented
with various concentrations (0.5-1.5mg/l) of auxins
like 2,4-D(2,4.dichlorophenoxyacetic acid), NAA(1Naphthaleneacetic acid)) and cytokinin BAP(6- benzyl
aminopurine) at the concentrations of (1.0-3.0mg/l) either
alone or in combinations and subculture at every three
weeks to the same medium. All media were supplemented
with 3% sucrose and 0.8% agar, the PH of the media was
adjusted to 5.8 with 1N NaOH or 1N HCl prior to
autoclaving. The percentage of callusogenesis was
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recorded after three weeks of culture. The callus induction
frequency was determined as follows:

Callus induction (%) =

No. of explants showing callus
No. of explants inoculated

X 100

For callus growth rate the explants viz., hypocotyl,
cotyledon and leaf were placed on MS medium
supplemented with 2,4-D (1.0mg/l) and BAP(2.0mg/l) and
sub culture at every three weeks interval on the same
medium. For determining the fresh weight, the callus was
blotted on a sterile blotting paper immediately after
removing it from the medium then placed in a preweighed sterile vial and weighed. The increase in fresh
weight was calculated by substracting the initial weight
from the final weight taken at the end of 3, 6 and 9 weeks
of culture (1st, 2nd and 3rd subculture). The differences in
growth rate were expressed in terms of percentage
increase or gain in fresh weight at 3 week interval. All the
cultures were maintained in a tissue culture chamber at
25±20C under 16hr photoperiod. All the experiments were
repeated thrice, each treatment for callus induction from
all the explants consisted of twenty replicates respectively.

RESULTS AND DISCUSSION
The frequency of callus induction and callus growth
rate was studied in different explants of three genotypes of
chili peppers were cultured on MS medium supplemented
with varying concentrations of growth regulators (Table
1&2). Callus induction (callusogenesis) was obtained
from hypocotyl, cotyledon and leaf explants of 3
genotypes of Capsicum annuum L. viz., var. X-235, var.
PC-1 and var. Pusa Jwala were cultured on MS medium
supplemented with 2,4-D(0.5-1.5mg/l), NAA (0.51.5mg/l) and BAP(1.0-3.0mg/l) either alone or in
combinations. Among the auxins tested NAA and 2,4-D
were found to be effective in inducing callus in all the
explants. BAP also induce callusogenesis but rate of
proliferation was low.

However, when higher concentrations of 2,4-D and NAA
above (1.0mg/l) were used, decreased callus induction and
callus browning was observed. Among the various
concentrations and combinations of auxins and cytokinins
tested 2,4-D(1.0mg/l) + BAP(2.0mg/l) was found to be
most effective in inducing callus in hypocotyl, cotyledon
and leaf explants of 3 genotypes of C. annuum L. Higher
frequency of callus induction was recorded from
hypocotyl (79%) cotyledon (72%) and leaf (70%) explants
of genotype var. X-235 than that of cultivars var. PC-1
and var. Pusa Jwala (Table 1). This may be due to growth
regulators to promote the wound reaction, where the cells
at the cut ends undergo mitosis which leads to callus
formation. This may also be due to internal stimuli of the
plant hormones and genotype influence. Nevertheless, our
results agree with those from Agarwal et al., (1989),
Ashrafuzzaman et al., (2009), Christopher and Rajam
(1994,1996), Fari and Czako (1981), Gunay and Rao
(1978), Kintzios et al., (1996), Marziah et al., (1995),
Ochoa–Alejo and Ireta-Moreno (1990), Rodeva and
Grozeva (2003), Rodeva et al., (2006), Singh and Shukla
(2001), Shao and Caponetti (1993), Subhash and Prolaram
(1987) and Szasz et al.,(1995). On the other hand these
results differ from what has been reported by Phillips and
Hubstenberger (1995) who found that MS medium
fortified with 2,4-D ranks as the best callus inductor in
Capsicum. The calli derived from all the explants on MS
medium supplemented with 2,4-D(1.0mg/l) and
BAP(2.0mg/l) from all the explants were subsequently
subcultured at 3, 6 and 9 weeks on the same medium
for callus growth rate . The hypocotyl calli produce
maximum fresh weight (1.16g) than cotyledon and leaf
explants. Among the 3 cultivars the var. X-235
hypocotyl calli showed maximum growth rate i.e.,
0.63(75.0%),0.92(46.0%) and 1.16(26.0%) at 3, 6 and 9
weeks of culture respectively (Table 2). The calli growth
rate from all the explants showed maximum increase in
first (3rd week) subculture than the second (6th week) and

Table 1. Frequency of callus induction (%) from hypocotyl, cotyledon and leaf explants of three genotypes of Capsicum L.
MS + Growth Regulators
(mg/l)

C. annuum L. varieties

2,4. D

NAA

BAP

Hypocotyl

-

-

-

-

0.5

-

-

1.0

-

1.5

-

-

var. X-235
Cotyledon

var. PC-1
Cotyledon

Leaf

var. Pusa Jwala
Hypocotyl
Cotyledon

Leaf

Hypocotyl

-

-

-

-

-

-

-

Leaf
-

49.0

41.0

32.0

36.0

35.0

29.0

30.0

24.0

26.0

-

57.0

45.0

42.0

48.0

40.0

36.0

41.0

37.0

32.0

-

52.0

39.0

40.0

45.0

31.0

25.0

37.0

32.0

23.0

0.5

-

36.0

29.0

28.0

29.0

24.0

20.0

24.0

21.0

15.0

-

1.0

-

55.0

40.0

43.0

50.0

40.0

35.0

44.0

31.0

29.0

-

1.5

-

50.0

38.0

36.0

46.0

35.0

30.0

42.0

27.0

20.0

-

-

1.0

37.0

29.0

29.0

33.0

26.0

25.0

29.0

19.0

18.0

-

-

2.0

48.0

34.0

31.0

45.0

32.0

27.0

38.0

23.0

29.0

-

-

3.0

44.0

30.0

27.0

39.0

25.0

24.0

34.0

22.0

20.0

-

0.5

1.0

63.0

53.0

52.0

55.0

48.0

53.0

52.0

42.0

39.0

-

1.0

2.0

73.0

70.0

68.0

69.0

62.0

60.0

63.0

60.0

54.0

-

1.5

3.0

65.0

62.0

56.0

59.0

54.0

50.0

55.0

52.0

45.0

0.5

-

1.0

56.0

49.0

45.0

60.0

47.0

39.0

54.0

44.0

39.0

1.0

-

2.0

79.0

72.0

70.0

68.0

65.0

63.0

64.0

62.0

58.0

1.5
3.0
61.0
Values of twenty replicates (20X3)

52.0

49.0

59.0

45.0

43.0

51.0

49.0

38.0
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third (9th week) subcultures respectively. This may be due
to less totipotent and reduces mitotic activity as the calli
tissues are getting older. Similar results were recorded
in Capsicum annuum by De Donato et al., (1989) and
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Table 2. Mean fresh weights of hypocotyl, cotyledon and leaf calli of three genotypes
of Capsicum L. at 3, 6 and 9 weeks.
C. annuum L.
varieties

Callus fresh weight (grams)

var. X-235

0.36±0.0012

3rd week
Hypocotyl
0.63±0.0036(75.0%)

0.92±0.0029(46.0%)

1.16±0.0040(26.0%)

var. PC-1

0.23±0.0036

0.40±0.0018(70.0%)

0.56±0.0037(40.0%)

0.69±0.0045(23.0%)

var. Pusa Jwala

0.18±0.0030

0.26±0.0039(44.4%)

0.35±0.0027(34.6%)

0.42±0.0044(20.0%)

var. X-235

0.31±0.0014

Cotyledon
0.53±0.0029(70.9%)

0.75±0.0014(41.5%)

0.91±0.0020(21.0%)

var. PC-1

0.19±0.0022

0.32±0.0024(68.4%)

0.43±0.0024(34.3%)

0.50±0.0014(16.0%)

var. Pusa Jwala

0.15±0.0011

0.21±0.0036(40.0%)

0.25±0.0030(19.0%)

0.28±0.0028(12.0%)

var. X-235

0.37±0.0020

Leaf
0.62±0.0030(67.5%)

0.84±0.0031(35.0%)

0.98±0.0038(16.0%)

var. PC-1

0.24±0.0036

0.39±0.0041(62.5%)

0.50±0.0045(28.2%)

0.56±0.0072(12.0%)

var. Pusa Jwala

0.22±0.0032

0.30±0.0048(36.3%)

0.35±0.0050(16.0%)

0.38±0.0056(8.0%)

Initial

6th week

9th week

Mean of twenty replicates (20X3)
Figures in parenthesis indicate percentage increase/gain in fresh weight

Capsicum annuum var. blue star by Kaparakis and
Alderson (2003). Finally, the study on callus induction
and callus growth rate from different explants i.e.,
(hypocotyl, cotyledon and leaf) of the genotypes
Capsicum annuum L. offers the possibility to further
investigation on pharmaceutical aspects for production of
secondary metabolites.
CONCLUSIONS
Based on our data we can suggest that MS medium
supplemented with 2,4-D(1.0mg/l) and BAP(2.0mg/l) is
the best way to obtain an efficient callusogenesis in
genotypes of C. annuum L. Among the genotypes var.
X-235 responded better than var. PC-1 and
var. Pusa
Jwala. Moreover, it was also found that hypocotyl
explants in chili was the best source for callus formation
and callus growth rate. This protocol will pave way for
future pharmaceutical experiments, to study the secondary
metabolites production from callus cultures.
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