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Abstract
The effect of Humates and silver nitrate on
organogenesis of cotyledon and hypocotyl explants
of four sweet pepper (Capsicum annuum L.)
varieties was investigated. The rate of plant
regeneration was found to depend on genotype,
explant type and culture medium. The cotyledons
were more effective as explants for bud induction
and subsequent plant elongation than hypocotyls.
The highest regeneration frequency (2.35 plants per
explant) was achieved in cotyledons from variety
Maritsa on culture medium supplemented with 0.2
-1
-1
mgL AgNO3. The medium containing 5.0 mlL
Humates promoted plant regeneration in hypocotyls.
Differences in morphological characteristics and
pollen fertility between seed-derived and in vitro
regenerated plants grown in greenhouse conditions
were registered.
Keywords: pepper; regeneration; humates; silver
nitrate; genotype.

1. Introduction
Pepper is one of the widely spread vegetable in the
world. This fact is due to the high biological value of
the fruits (high content of dry substance,
polivitamins, mineral substances, essential oils).
Bulgaria is famous as a secondary center of pepper
origin. The specific local genetic diversity is typical,
well-adapted to this region and could be used as a
base for improvement of some breeding
characteristics of interest for the development of
new varieties and F1 hybrids, including by modern
biotechnological methods.
As reported in the most published papers plant
tissue culture and genetic engineering in sweet
pepper is still limited due to difficulties with low
efficient system for plant regeneration and
developing of the shoots to normal plantlets [1-3]. In
cotyledon explants [4] observed developed of leaflike structures and rarely normal shoots. These
authors obtained low number of plants after transfer
onto elongation medium what seems to be a
consequence of teratological developmental
process, frequently associated with fasciated and
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degenerative meristems, rather than a defect in
shoot development from available meristems.
Research experiments for establishment of
optimal conditions for induction of organogenesis
and regeneration prove the influence of the
genotype, explant type and culture medium
composition on these processes [5-7]. Regenerants
have been obtained from cotyledons, hypocotyls,
leaves, shoot-tips and nodal segments from different
Capsicum ssp. and varieties [8-12] in hormone free
or hormone supplemented medium [13-16].
However, all these researches reported low
regeneration efficiencies and genotype specific
reaction in the process of plantlet regeneration in
Capsicum ssp. [17].
The importance role of higher copper (Cu) levels
in the medium for shoot bud differentiation and
elongation was emphasized by [18]. Some authors
proved that silver nitrate (AgNO3) significantly
increased the frequency of shoot induction in
different pepper varieties [19, 20]. Franck-Duchenne
et al. [21] used the plant hormone 24-epibrassinolide to stimulate adventitious bud and shoot
elongation. In the first experiments on in vitro
morphogenesis of Bulgarian pepper varieties [22]
reported for callusogenesis and rhizogenesis but
lack of plantlet regeneration what prove the specific
recalcitrant nature of local pepper germplasm.
This experimental work is aimed to study in vitro
regeneration potential and plant regeneration of
hypocotyl and cotyledon explants of four Bulgarian
sweet pepper varieties on medium supplemented
with AgNO3 and Humates to develop a reliable plant
regeneration protocol.

2. Methods
Plant material and in vitro conditions
Seeds of four Bulgarian pepper varieties (Hebar,
Stryama, Kurtovska kapiya 1619 and Maritsa) were
sterilized by soaked in 5% Calcium hypochlorite for
30 minutes, rinsed three times in sterile distilled
water and germinated on basal medium containing
micro- and macro-salts [23], vitamins [24], 3%
Sucrose and 0.7% Agar (MS0).
2
For shoot induction cotyledon (0.5 cm ) and
hypocotyl (1 cm) segments of 7-9 days old
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seedlings were cultured on MS0 medium, 3%
Sucrose and 0,7% Agar. The next 8 variants were
studied:
-1
6
Control I: 3.0 mgL N -benzyladenine (BA), 0.3
-1
-1
mgL Gibberellic acid (GA3), 5.0 mgL Ascorbic
-1
-1
acid, 0.1 mgL Vitamin B12, 0.1 mgL Glicine;
-1
-1
1. 1.0 mgL BA, 1.0 mgL Indolil-3-acetic acid
-1
-1
(IAA), 0.3 mgL GA3, 5.0 mgL Ascorbic acid, 0.1
-1
-1
-1
mgL Vitamin B12, 0.1 mgL Glicine, 5.0 mlL
Humates;
-1
-1
-1
2. 3.0 mgL BA, 0.3 mgL GA3, 5.0 mgL
-1
-1
Ascorbic acid, 0.1 mgL Vitamin B12, 0.1 mgL
-1
Glicine, 5.0 mlL Humates;
-1
-1
Control II: 3.0 mgL BA, 0.3 mgL IAA, 0.3
-1
mgL GA3;
-1
-1
-1
3. 3.0 mgL BA, 0.3 mgL IAA, 0.3 mgL GA3,
-1
0.2 mgL AgNO3;
-1
-1
-1
4. 3.0 mgL BA, 0.3 mgL IAA, 0.3 mgL GA3,
-1
0.5 mgL AgNO3;
-1
-1
-1
5. 3.0 mgL BA, 0.3 mgL IAA, 0.3 mgL GA3,
-1
1.0 mgL AgNO3;
-1
-1
-1
6. 3.0 mgL BA, 1.0 mgL IAA, 1.0 mgL GA3,
-1
0.2 mgL AgNO3.
A stock solution of AgNO3 (Merck) was stored at
4ºC and added into the autoclaved medium after
filter sterilization.
The explants were incubated in growth chamber
at 25ºC ± 1ºC temperature, a photosynthetic proton
-2
-1
flux density (PPFD) of 200 μmol m s , 16/8 h
photoperiod and subcultured at intervals of two
weeks to the same medium.
Elongated shoots (2-3 cm) were cut and
transferred on rooting medium consisting of half
strength MS0 medium supplemented with 0.1 mg/l
IAA, 2% Sucrose and 0.7% Agar. Planlets higher

than 4-5 cm were planted in pots containing perlite
and after 10-12 days of adaptation in wet chamber
were transferred in 5 l containers with mix of turf and
perlite (3:1) and grown in green house.
Experimental data and statistical analysis
The experiment was repeated two-times in three
replications with 20 explants in each for the different
genotypes, medium variant and explant type. The
callusogenesis, regeneration frequency (% explants
with regeneration) and number of regenerants per
explant were examined for a period of 90 days.
Survival plants (determined 2 weeks after
transference to soil), plant height (cm), fruit weight
(g), and pollen fertility (%) of the regenerants and
seed-derived plants (as controls) were evaluated.
Data were calculated by analysis of variance
(ANOVA) followed by Duncan’s multiple range test.

3. Results
Pepper cotyledon and hypocotyl explants reacted
with callusogenesis in all studied medium variants.
Callus induction was registered in all four tested
genotypes. The induction of white or slight green
callus was observed 10-12 days after incubation in
the wounded explants edges and formation of shoot
buds – about 20 days of cultivation (Fig. 1a, b).
Depending of the genotype and culture medium
variant the callus morphology was different. In
cultivars Hebar and Kurtovska kapiya 1619 callus
was hard and dense without shoot formation but in
Maritsa and Stryama – friable and whitish with leafy
structures and elongated shoots (Fig. 1c, d).

Figure 1. a. Induction of callus formation in cotyledons. b. Induction of callus formation in hypocotyls. c. Callus without
organogenesis. d. Callus with shoots.
ISSN 1860-3122
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The data from Fig. 2 prove that compare to the
control variants the incorporated in the medium
Humates and AgNO3 had positive effect on the
plantlets formation in studied pepper varieties, but
the level of regeneration depends on the genotype
and explant type. The medium variants 1 and 2 with
-1
5.0 mlL Humates stimulate the regeneration in
both type of explants – hypocotyls and cotyledons
while in the control I (without Humates)
organogenesis and shoot formation were sporadic
and abnormal (from 0.0 to 8.7% respectively).
Cotyledon explants were found to be more
responsive than hypocotyls in medium containing
-1
-1
0.2 mgL AgNO3. When 0.5 and 1.0 mgL AgNO3
were used in variants 4 and 5 the inhibition of
organogenesis in the both type of explants was
observed.

Differences in the regeneration potential were
registered in the explants depending on the pepper
genotype and medium variant (Table 1). All four
genotypes displayed significant differences in
regeneration ability from 0.0% to 100%. The highest
regeneration activity was observed in cotyledons
from variety Maritsa in medium variants containing
Humates and AgNO3 (from 23.3% to 100%)
compare to other three studied pepper varieties
(Stryama, Hebar and Kurtovska kapiya 1619) (from
0.0% to 28.3%). In controls these values were
significant lower (from 0.0% to 20.0%). In hypocotyl
explants regeneration was registered in the medium
variants with Humates. Only explants of variety
Stryama reacted with regeneration on the medium
variants with low concentration of AgNO3 (3 and 6).
Regeneration activity was not established in this
type of explants on the control medium variants.

Table 1. Regeneration frequency in cotyledon and hypocotyl explants.

Varieties
Explants
Medium
1
2
Control I

3
4
5
6
Control II

1
2
Control I

3
4
5
6

Hebar
main %
hypocotyl

cotyledon

33.3a
0.0b
0.0b
0.0b
0.0b
0.0b
0.0b
0.0b

0.0b
0.0b
0.0b
25.0a
0.0b
0.0b
0.0b
3.3b

0.33a
0.00b
0.00b
0.00b
0.00b
0.00b
0.00b
0.00b

0.00b
0.00b
0.00b
0.43a
0.00b
0.00b
0.00b
0.03b

Stryama
main %
hypocotyl

cotyledon

Kurtovska kapiya
1619
main %
hypocotyl

Regeneration
0.0c
0.0e
26.7a
0.0c
28.3a
30.0a
0.0c
15.0c
0.0b
10.0a
23.3b
0.0b
0.0c
0.0e
0.0b
0.0c
0.0e
0.0b
3.3b
0.0e
0.0b
1.7bc
5.0d
0.0b
Regenerants per explants
0.00c
0.00e
0.27a
0.00c
0.45a
0.30a
0.00c
0.28c
0.00b
0.10a
0.32b
0.00b
0.00c
0.00e
0.00b
0.00c
0.00e
0.00b
0.03b
0.00e
0.00b
0.01bc
0.05d
0.00b

Control II
note: a,b,c….p≤0.05 Duncan’s Multiple Range Test.

Humates

Maritsa
main %

cotyledon

hypocotyl

cotyledon

0.0c
0.0c
0.0c
13.3a
0.0c
0.0c
10.0b
0.0c

0.0b
16.7a
0.0b
0.0b
0.0b
0.0b
0.0b
0.0b

48.3c
23.3e
20.0e
90.0b
30.0d
30.0d
100a
1.7f

0.00b
0.00b
0.00b
0.13a
0.00b
0.00b
0.13a
0.00b

0.00b
0.17a
0.00b
0.00b
0.00b
0.00b
0.00b
0.00b

0.65c
0.23de
0.20e
1.53b
0.30d
0.30d
2.35a
0.01f

AgNO3

Figure 2. Effect of culture medium on regeneration capacity in pepper.
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Data from two-way factorial analysis of variance
showed statistically significant differences on the
influence of genotype and medium variant on the
regeneration response of the both explant types. In
cotyledon segments the strongest was the influence
of genotype, while in hypocotyls regeneration was
determined by the interaction of both factors
(genotype and culture medium) (Table 2).
The highest number of plantlets/explant was
registered on cotyledons of variety Maritsa on
medium variants 3 and 6 (1.53 and 2.35
-1
respectively) (Fig. 3а). When 0.2 mgL AgNO3 was
used cotyledons from other studied pepper varieties
reacted better (from 0.13 to 0.43 plantlets/explant)
compare to the control (from 0.00 to 0.05
plantlets/explant). In the hypocotyls the number of
developed plantlets in all studied medium variants
was significantly lower (Fig. 3b) (Table 1).
Table 2. Two-way analysis of variance for regeneration
depending on genotype (Factor A) and culture medium
(Factor B).
Source of
Variation
Explant types
Genotype
Medium
AxB
Error

Relative Effect Size
(% of Total Variance)
cotyledon
hypocotyl
46.01***
5.06***
21.07***
36.53***
32.36***
53.99***
0.56
4.60

In order to use tissue culture as a tool for creation of
genetic diversity is important to analyzed survival
rate and some morphology traits of plantregenerants. From all in vitro rooted and grown
plantlets from varieties Stryama and Maritsa 76.0%
survived in the period of adaptation in vivo. The
plant survival index of variety Stryama was higher
(83.3%) compare to variety Maritsa (68.7%). The
plant height of the regenerants from the both
studied varieties was significantly lower, with small
sized leaves and fruits than these of the control
plants (Table 3). The differences in the pollen
fertility between regenerants and seed-derived
plants were registered – in variety Stryama 77.0%
and 87.7% respectively and in variety Maritsa –
54.1% and 82.5% respectively.

a. cotyledon explants

b. hypocotyl explants

Figure 3. In vitro plant regeneration.
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Table 3. Characteristics of plants in greenhouse
conditions.
Traits/Varieties
Survival index (%)
Plant height (cm)
Fruit weight (g)
Pollen fertility (%)

Stryama
in vitro
seed

Maritsa
in vitro
seed

100
45.0
95.0
87.2

100
40.0
82.3
82.5

83.3
16.0
53.4
77.0

68.7
20.0
48.5
54.1

4 Discussion
Capsicum spp. has been categorized as one of the
most recalcitrant plant species to in vitro
manipulation. The major difficulties to sweet pepper
plant regeneration are the lack of elongation of
newly formed buds or producing rosettes of
distorted leaves which do not develop to normal
shoots [1].
The promotory effect of AgNO3 on regeneration
has been repoted in several plant species as:
cucumber [25], Brassica [26] and cassava [27]. In
pepper some authors established that treatment
with AgNO3 is necessary for shoot production and
elongation and is most effective when present in the
regeneration medium but not in the bud induction
medium [10, 20, 28]. Silver nitrate is known as
ethylene inhibitor. Ethylene is a factor suppresses
callus differentiation and regeneration in some plant
species [29]. It is supposed that AgNO3 did not
inhibit ethylene production during in vitro culture, but
protected plantlets from its effect through binding to
+
ethylene receptors of Ag ions within the plants [30,
31]. Joshi and Kothari [18] assumed that shoot bud
induction in Capsicum did not relate to ethylene
action/inhibition. They established the similar effect
of Cu and Ag for shoot buds induction but the both
have altogether opposite effect on ethylene. The
+
high concentration of Ag ions lead to ethiolation,
longer internodes, intense chlorosis of the leaves
and less vigor probably due to the heavy metal
toxicity of this ions [31, 32]. The positive effect of
AgNO3 on pepper regeneration was proved in our
experimental work. The results show that
-1
inhibits
concentration higher of 0.2 mgL
regeneration
process.
However
ability
for
regeneration was genotype dependent. The highest
number of in vitro plants was obtained from variety
Maritsa.
In the literature there is not enough information
about the influence of humic acid on organogenesis.
The results of our previous studies in
micropropagation of pepper showed that low
concentrations of humic acids increased shoot-tip
growth and formation of stronger leaves and roots
[33]. The humic acid are assumed to induce
membrane permeability by interacting with
phospholipids structures of the cell membranes and
reacting as a carrier of nutrients through the
membranes. The presence of amino acids in the
humic acid structures offers the possibility of using
these substances as a source of organic nitrogen.
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These two facts may be considered beneficial for
stimulating regeneration [34]. The positive effect of
humic acid on the regeneration activity that we
observed in pepper hypocotyls probably due to their
ability to combine and inactivate toxic elements
released from tissues.
The process of morphogenesis under in vitro
conditions is determined also by appropriate choice
of the explant types. Some authors found that the
cotyledons are the most responsive explants [35,
36]. Christiansen and Rajam [37] and Venkataiah et
al. [38] reported that leaf explants generated more
shoots than hypocotyls or cotyledons. On the other
hand Dabauza and Pena [39] and Valadez-Bustos
et al. [10] established that the hypocotyl and embryo
explants
develop
morphologically
normal
adventitious shoot buds, while cotyledons formed
rosette shaped, non-elongating shoots. The results
show that 7-9 days cotyledons are more responsive
than hypocotyls in conditions of this study.
Differences observed in regeneration frequency in
the both explant types may be due also to the
influence of endogenous growth regulators, the
position of explant in the plant, culture medium and
the tissue they consist. According to Torelli et al.
[40], the regeneration of tomato hypocotyls is
position-dependent and associated with the
movement and different concentration of hormones
in the tissues.

5 Conclusions

(Capsicum annuum L.). Acta Agron. Hung., 54: 147-149.
[3] Kothari S.L., Joshi A., Kachhwaha S., Ochoa-Alejo N.
(2010) Chilli peppers – A review on tissue culture and
transgenesis. Biotechnology Advances, 28: 35-48.
[4] Mezghani N., Jemmali A., Elloumi N., Gargouri-Bouzid
R., Kintzios S. (2007) Morpho-histological study on
shoot bud regeneration in cotyledon cultures of pepper
(Capsicum annuum). Biologia, Bratislava, 62: 704-710.
[5] Steintz B., Wolf D., Matzevitch-Jousef T., Zelcer A.
(1999) Regeneration in vitro and genetic transformation
of pepper (Capsicum spp.): The current state of art.
Capsicum Eggplant Newslett., 18: 9-15.
[6] Venkataiah P., Subhash K. (2001) Genotype, explant
and medium effects on adventitious shoot bud
formation and plant regeneration of red pepper
(Capsicum annuum L.). J Genet. Breed., 55: 143-149.
[7] Aniel Kumar O., Subba Tata S. (2010) In vitro shoot bud
differentiation from hypocotyl explants of chili pepper
(Capsicum annuum L.). Not. Sci. Biol., 2: 66-69.
[8] Szasz A., Nervo G., Fari M. (1995) Screening for in vitro
shoot-forming capacity of seedling explants in bell
pepper (Capsicum annuum L.) genotypes and efficient
plant regeneration using thidiazurone. Plant Cell Rep.,
14: 666-669.
[9] Ahmad N., Siddique I., Anis M. (2006). Improved plant
regeneration in Capsicum annuum L. from nodal
segments. Biol. Plant., 50: 701-704.
[10] Valadez-Bustos M.G., Aguado-Santacrus G.A.,
Carrillo-Castaneda G., Aguilar-Rincon V.H., EspitiaRangel E., Montes-Hernandez S., Robledo-Raz A.
(2009) In vitro propagation and agronomic performance
of regenerated chilli pepper (Capsicum spp.) plants
from commercially improvement genotypes. In Vitro Cell.
Dev. Biol. Plant., 45: 650-658.

Different factors affected in vitro organogenesis in
pepper were studied. Variety Maritsa displayed the
highest regeneration response with cotyledon
explants on culture medium supplemented with 0.2
[11] Aniel Kumar O., Rupavati T., Subba Tata S. (2011)
-1
mgL AgNO3. Differences were observed in the
Multiple shoot induction and plant regeneration from
plant height, fruit weigh and pollen fertility of seednodal explants of chili peppers (Capsicum annuum L.)
derived and in vitro regenerated plants. These
Asian J. Exp. Biol. Sci., 2: 517-520.
materials could be used as a source for further
investigation and breeding of plants with valuable [12] Otroshy M., Moradi K., Nekouei M.K., Struik P.C. (2011)
Micropropagation of pepper (Capsicum annuum L.)
traits.
through in vitro direct organogenesis. Asian J.
Each experiment with pepper regeneration is a
Biotechnol., 3: 38-45.
contribution to the development of better
methodology for obtaining of more plant- [13] Ezura H., Nishimiya S., Kasumi M. (1993) Efficient
regeneration of plants independent of exogenous growth
regenerants
from
valuable
genotypes
by
regulators in bell pepper (Capsicum annuum L.). Plant
understanding their specific requirements to in vitro
Cell Rep., 12: 676-680.
conditions.

[14] Ramirez-Malagon R., Ochoa-Alejo N. (1995) An
improved and reliable chilli pepper (Capsicum annuum L.)
plant regeneration method. Plant Cell Rep., 16: 226-231.

Acknowledgements

The authors acknowledge the provided equipment
[15] Venkataiah P., Christopher T., Subhash K. (2006) In
by EU-BALKANVEGETABLES project within FP7
vitro shoot multiplication and plant regeneration in four
(grant № 205941).
Capsicum species using thidiazuron. Sci. Horti., 107:
117-122.

References

[16] Ashrafuzzaman M., Hossain M.M., Razi Ismail M.,
Shahidul Haque M., Shahidullah S.M., Shahin-uz-zaman.
(2009) Regeneration potential of seedling explants of
chilli (Capsicum annuum). Afr. J. Biotechnol., 18: 591596.
[2] Mihálka V., Balázs E. (2006) Genetic transformation
and shoot regeneration procedure for pepper

[1] Ochoa-Alejo N., Ramirez-Malagon R. (2001) In vitro
chilli pepper biotechnology. In vitro Cell. Dev. Biol.
Plant., 37: 701-729.

ISSN 1860-3122

- 43 -

eJBio

Electronic Journal of Biology, 2012, Vol. 8(3): 39-44

[17] Borychowski A., Niemirowicz-Szczytt K., Jędraszko M.
(2002) Plant regeneration from sweet pepper (Capsicum
annuum L.) hypocotyl explants. Acta Physiol. Plant., 24:
257-264.
[18] Joshi A., Kothari S.L. (2007) High copper levels in the
medium improves differentiation and elongation from
cultured cotyledons of Capsicum annuum L. Plant Cell
Tiss. Org. Cult., 88: 127-133.
[19] Li D., Zhao K., Xie B., Zhang B., Luo K. (2003)
Establishment of a highly efficient transformation
system for pepper (Capsicum annuum L.). Plant Cell
Rep., 21: 785-788.
[20] Chen Q., Dong Z., Liu W., Deng Z., Tang L. 2005.
Effects of exogenous plant growth regulators on in vitro
regeneration of cotyledonar explants in pepper. Notulac.
Botanicae
Horti.
Agrohotanici,
Cluj-NAPOCA
(Rumenia), pp. 3325-3332.
[21] Franck-Duchenne M., Wang Y., Tahar S.B., Beachy
R.N. (1998) In vitro stem elongation of sweet pepper in
media containing 24-epi-brassinolide. Plant Cell Tiss.
Org. Cult., 53: 79-84.
[22] Pundeva R., Simeonova N. (1992) Preliminary study
on the morphogenetic response of several pepper
varieties. Capsicum Newslett., Special Issue, pp. 238242.
[23] Murashige Т., Skoog F. (1962) A revised medium for
rapid growth and bioassay with tobacco tissue culture.
Physiol. Plant., 15: 473-497.
[24] Gamborg O.L., Miller R.A., Ojima K. (1968) Nutrient
requirements of suspension cultures of soybean root
cells. Exp. Cell Res., 50: 148-151.
[25] Mohiuddin M., Chowdhury M., Abdullah Zaliha C.,
Napis S. (1997) Influence of silver nitrate (ethylene
inhibitor) on cucumber in vitro shoot regeneration. Plant
Cell Tiss. Org. Cult., 51: 75-78.
[26] Takasaki T., Hatakeyama K., Hinata K. (2004) Effect
of silver nitrate on shoot regeneration and
Agrobacterium-mediated transformation of turnip
(Brassica rapa L. var. rapifera). Plant Biotechnol., 21:
225-228.
[27] Zhang P., Phansiri S., Puonti-Kaerlas J. (2001)
Improvement of cassava shoot organogenesis by the
use of silver nitrate in vitro. Plant Cell Tiss. Org. Cult.,
67: 47-54.
[28] Hyde C., Phillips G.C. (1996) Silver nitrate promotes
shoot development and plant regeneration on chile
pepper (Capsicum annuum L.) via organogenesis. In
Vitro Cell Dev. Biol. Plant., 32: 72-80.

[30] Buddendorf-Joosten J., Woltering E.J. (1994)
Components of the gaseous environment and their
effects on plant growth and development in vitro. In
Physiology, growth and development of plants in culture
(Lumsden P.J., Nicholas J.R., Davies W.J.), Kluwer
Academic Poblishers, Dordrecht, The Netherlands, pp.
165-190.
[31] Santana-Buzzy N., Canto-Flick A., Iglesias-Andreu
L.G., Montalvo-Peniche M.C., López-Puc G., BarahonaPérez F. (2006) Improvement of in vitro culturing of
habanero pepper by inhibition of ethylene effects. Hort.
Sci., 41: 405-409.
[32] Zhang P., Fu A.G., Wang A.G. (1997) Role and
possible mechanism of AgNO3 in plant culture in vitro
(in Chinese). Plant Physiol. Commun., 33: 376-379.
[33] Rodeva V., Grozeva S., Kintzios S. (2009)
Micropropagation of sweet pepper (Capsicum annuum
L.) on solid and liquid media. Acta Hortic., 830: 291-295.
[34] Chen Y., Aviad T. (1990) Effect of Humic substances
on plant growth. In Humic substances in soil and crop
sciences: Selected reading, soil science society
(MacCarthy P., Clapp C.E., Malcolm R.L., Bloom P.R.),
America, Madison, WI., pp: 161-187.
[35] Binzel M., Sankhla N., Joshi S., Sankhla D. (1996)
Induction of somatic embryogenesis and plant
regeneration in pepper. Plant Cell Rep., 15: 536-540.
[36] Golegaonkar P.G., Kantharajah A.S. (2006) Highfrequency adventitious shoot buds induction and shoot
elongation of chili pepper (Capsicum annuum L.). In
Vitro Cell. Dev. Biol. Plant., 42: 341-344.
[37] Christopher T., Rajam M. (1996) Effect of genotype,
explant and medium on in vitro regeneration of red
pepper. Plant Cell Tiss. Org. Cult., 46: 245-250.
[38] Venkataiah P., Christopher T., Subhash K. (2003)
Thiadiazuron induced high frequency adventitious shoot
formation and plant regeneration in Capsicum annuum
L. J. Plant. Biotechnol., 5: 245-250.
[39] Dabauza M., Pena L. (2001) High efficiency
organogenesis in sweet pepper (Capsicum annuum L)
tissue from different seedlings explants. Plant Growth
Regul., 33: 221-229.
[40] Torelli A., Borinato M., Soragni E., Bolpagni R., Bottura
C., Branca C. (2004) The delay in hormonal treatment
modulates the expression of LESK1, a gene encoding a
putative serine-threonone kinase, marker of in vitro
caulogenesis in tomato (Lycopersicon esculentum Mill.).
Plant Sci., 167: 607-620.

[29] Vain P., Yean H., Flament P. (1989) Enhancement of .
production and regeneration embryogenic type callus of
Zea mays L. by AgNO3. Plant Cell Tiss. Org. Cult., 18:
143-151.

ISSN 1860-3122

- 44 -

