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ABSTRACT

The effect of Thidiazuron (TDZ) was investigated on in vitro shoot proliferation from shoot tip explants of Black
gram (Vigna mungo.L). Murashige and Skoog (MS) medium containing TDZ (1.0-8.0 mg/L) was effective in
inducing shoot buds and maintaining high rates of shoot multiplication on hormone free medium. The highest
shoot regeneration frequency (78%) and mean number (06.0 £ 0.43) of shoots per explants were achieved from
shoot tip explants segments cultured on MS medium supplemented with (6.0mg/L mg/L) TDZ for 4 weeks prior to
transfer to MS medium without TDZ for 8 weeks. The elongated shoots were transferred to Indole Butyric Acid
(IBA) (1.0mg/L-5.0 mg/L) for root induction. Rooting was observed within two weeks of culture. The regenerated
shoots rooted best on MS medium containing (3.0 mg/L) indole-3-butyric acid (IBA). Rooted plantlets were
successfully hardened under culture conditions and subsequently established in the field conditions.

KEYWODS: In Vitro Micropropagation, Shoot Tip Explants, Black Gram (Vigna mungo.L).

INTRODUCTION

Legumes, broadly defined by their unusual flower
structure, podded fruit, and the ability of 88% of the
species examined to date to form nodules with rhizobia
(De Faria et al., 1989), are second only to the Poaceae in
their importance to humans. The 670 to 750 genera and
18,000 to 19,000 species of legumes include important
grain, pasture. Legumes should be planted in light soils,
not so much for their own crops as for the good they do
to subsequent crops. Leguminous plants are quite
different to regenerate in vitro. Grain legumes represent
one of the most valuable sources of proteins for human
and animal nutrition and are also responsible for nitrogen
enrichment of soil through symbiosis with Rhizobium.
Legumes are largely cultivated in the Mediterranean
basin, Middle East, Asia and South America and to date,
they have been qualitatively and quantitatively improved
by conventional breeding. However, the lack of
resistance to several pest diseases still remains the major
cause of significant loss of edible product. Recent
advances in genetic engineering have clearly
demonstrated the possibility of incorporating foreign
genes for desired agronomic traits while preserving the
existing characteristics of improved genotypes.

Blackgram (Vigna mungo L. Hepper) is an important
grain legume, reported to have originated in India (Dhuri
et .al., 1986). In India, the protein requirement of the
vegetarian population and those who cannot afford meat
is met through legumes. Vigna mungo is also used as
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nutritive fodder for cattle or as a green manure. India is
the largest producer accounting for more than two-thirds
of the world’s total production of black gram (Jeswani
and Baldev 1990). The crop is also widely grown in
other Asian countries, Africa, and Australia.

In India, the total area under black gram cultivation is
3.01 million ha with a production of 1.2 metric tons but
the vyield per hectare is stagnant though there is an
increase in land under cultivation. The production
constraints are susceptibility to yellow mosaic virus
(VMYMCV) (Sahoo et .al.,, 2002), fungal pathogens
(powdery mildew, Cercospora leaf spot), bruchids
(Sahoo et .al., 2002), and pod borer (Rao and Chand
2006; Sarma and Borah 2004; Satyanarayana et .al.,
1990). Blackgram has been found to be recalcitrant to in
vitro regeneration (Sahoo et .al., 2002) and efficiency of
the multiple shoot formation and regeneration has been
found to be dependent on various parameters, viz.
explant size, age, type and genotype, and media
composition (Saini and Jaiwal 2002). Moreover, the
above protocols are restricted to a few cultivars and none
of these systems were found to be suitable for routine
genetic transformation of blackgram.

The most critical events affecting cotyledonary
nodebased, Agrobacterium-mediated transformation are
induction of shoots from the wounded site and the high
frequency of multiple shoots per explant. Genetic
transformation of blackgram has been reported using
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cotyledonary nodes (Bhomkar et .al., 2008; Saini et .al.,
2003) and shoots tips (Saini and Jaiwal 2005). However,
in using cotyledonary node explants, only 21 (Saini and
Jaiwal 2003) to 40% (Bhomkar et .al., 2008) of the
recovered shoots carried the gene of interest, whereas for
shoot tip explants only 19% (Saini and Jaiwal 2005) of
the total shoots recovered were transformed with the
transgene. Moreover, the frequency of transgene
transmission to the next generation was also poor when
compared with other legumes (Popelka et .al., 2006;
Sarmah et .al., 2004). The major factor affecting
blackgram transformation is the non-availability of a
suitable regeneration and transformation system in
blackgram.

In the above-published protocols, in vitro regeneration of
blackgram was achieved by using the cytokinin group of
growth hormones, BAP, or Kinetin. Amongst the
cytokinins, thiadiazuron (TDZ) was also found most
effective for shoot proliferation in tissue culture
(Huetteman and Preece 1993) and was also found to be
superior than other cytokinins (Thomas 2003; Thomas
and Puthur 2004) for induction of multiple shoot buds.

Though some micro propagation studies have been
conducted so far, this paper deals with the efficient plant
regeneration system with large number of shoots within a
short period from shoot tip explants of Black gram (V.
mungo.L).

Materials and Methods: Plant material for in vitro
regeneration: Seeds of V. mungo cultivars Co-5 were
obtained from ICRISAT Hyderabad Telangana Seeds
were also collected from the local market and included in
the present investigation. Seeds were stored in plastic
containers after application of fungicides (Bavisthin) at
the rate of 2.0 g per kg seeds.

Surface sterilization of seeds of V. mungo: The seeds
were washed thoroughly in tap water 3-5 times and
placed in 1% (v/v) Teepol solution (Reckitt Benckiser,
India) which was kept under running tap water for 15
min. Then the seeds were disinfected with 0.1% (w/v)
Mercuric chloride (HgCl,) for 5 min. Finally the seeds
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were rinsed 3-4 times in sterile distilled water and
inoculated on moist cotton in sterile test tubes. To assure
uniform and rapid germination of seeds, test tubes were
placed in dark at 28°C for 24—-48 h. Then the germinated
seeds were transferred to light intensity (15 umol/s2/s),
16 h light per day photoperiod for another 4—7 days and
maintained at 25 + 2°C and 55-60% relative humidity.

Selection of explants: Shoot tip with one or two leaf
primordia, of 15-d old in vitro raised seedlings was
selected as explants for direct shoot multiplication. The
shoot tip, segments of 5-8 mm in length was excised
aseptically.

Culture media and culture conditions

MS media containing 3.0% sucrose and supplemented
with various concentrations cytokinin such as TDZ (1.0 —
8.0 mg/L) were used. The initial pH of the culture media
was adjusted to 5.8 before addition of 0.8% (w/v) agar-
agar. The medium was dispensed into culture tubes (25
+150 mm) each containing 15 ml of the culture medium
capable with non-absorbent cotton and was autoclaved at
121° C for 15 minutes. In each cultures tube one shoot
tip explants was implanted. The cultures were
maintained under 16h light provided with white
fluorescent tubes (40 p mol m-2s-2) at 25 + 2° C.

RESULTS AND DISCUSSION

Data on multiple shoot induction from shoot tip explants
cultured on MS medium fortified with different
concentrations of TDZ alone is presented in (Table-1).
The important part of the present study was the
preparation of contamination free explants. This was
achieved by using in vitro germinated seedlings as an
explant source. Sterilization of seeds required 0.1% (w/v)
HgCl, 5 min treatment for maximum germination (98%)
and minimum contamination (Narashimhulu and Reddy,
1983). A similar observation was also reported in Vigna
aconitifolia, confirming the view that the pretreatment of
seeds with specific surface sterilizing agents would
predetermine the regenerating behavior of explant tissues
(Godbole, et al., 1984). The use of direct and large sized
explants had higher survival and growth rates than the
smaller ones (Hu Wang, 1983).

Table. 1: Effect of Cytokinin (TDZ) on plantlet regeneration of Black gram ( Vigna mungo.L) from Shoot tip

explants.

Hormone cone % of cultures Average number of Shoot length
(mg/L) responding shoots/ explants (S.E)* Mean + SD

1.0 42 2.0+0.23 1.4 +0.35

2.0 48 3.2+0.45 1.3+0.24

3.0 55 4.0+0.34 1.2+0.34

4.0 60 4.3+0.25 1.4+0.32

5.0 62 5.0+0.35 2.6+0.24

6.0 72 6.0 +0.43 2.1+0.35

7.0 78 4.0+042 2.7+0.43

8.0 60 3.0+£0.42 1.7+£0.42

9.0 50 2.8+0.43 1.5+0.23

10.0 45 1.7+0.42 1.2+0.42

* Mean + Standard error.
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Table. 2: Rooting ability of regenerated shoots from Shoot tip explants of Black gram ( Vigna mungo.L)

cultured on MS medium supplemented with IBA.

Hormone cone % of cultures responding Shoot no. Shoot length
(mg/L) Mean + SD Mean + SD
1.0 70 1.0 £0.53 0.6 £0.04
1.5 75 2.5 +0.56 0.8 +0.42
2.0 80 2.6 +0.35 2.0 £0.35
2.5 86 3.2 +0.53 2.6 +0.32
3.0 90 4.0+0.24 3.0+0.32
3.5 58 3.8 +0.56 3.2 +0.56
4.0 50 4.2 £0.46 2.6 +0.42
45 47 3.2 +0.56 1.5 +0.56
5.0 40 2.0+0.23 0.5 +0.35

*Mean + Standard Error.

Effect of TDZ: The meristem containing explants shoot
tip were excised from the surface sterilized, in vitro
grown, 30-d old seedlings and cultured on MS medium
augmented with TDZ (1.0-8.0 mg/L) for multiple shoot
induction of all the different concentrations of TDZ
tested, (2.0 mg/L) TDZ was found to be more effective
in inducing (3.2 £ 0.45 shoot buds/explants) (Fig -1). But
at high concentration of TDZ (6.0 mg/L) considerably
the number of shoot induction was found to be reduced.
As the concentration of TDZ was increased up to
2.0mg/L the multiple shoots number was increased but as
the concentration of TDZ (4.0mg/L) to (8.0 mg/L) TDZ
resulted the number of shoots were reduced. (Fig c).

The mode of action of TDZ on plant tissue during in
vitro regeneration is not yet understood but there is a
suggestion that TDZ increases the biosynthesis as well as
accumulation of endogenous purine and cytokinin
leading to shoot differentiation (Thomas and Katterman
1986). Since 1988, TDZ has been reported to induce
adventitious shoot buds in a number of plant species
(Briggs et .al., 1998; Henny and Fooshee 1990).
However, it was observed that mean number of multiple
shoots per explant decreased with the increase (up to 3

uM) in TDZ concentration and longer duration of
exposure of the explants to TDZ. Similar disadvantages,
including stunted shoots, abnormal leaf morphology,
etc., were reported when TDZ was used in the medium
for longer duration (Jayanand et .al., 2003). Therefore,
explants of blackgram were exposed to TDZ for only one
sub-culturing cycle comprised of 14 days. Amongst the
various concentration of TDZ, 2 uM of TDZ in
combination with BAP (2 uM), KIN (2 uM), and NAA
(0.5 uM) was found best for induction of multiple shoots.

Rooting of Micro-shoots: The shoots raised in vitro (2-3
cm long) were cultured on MS medium supplemented
with various concentration of IBA (1.0 — 5.0 mg/L) for
the induction of roots (Table-2). High percentage of
rooting ability with several roots was observed at (2.0
and 3.0 mg/L) IBA, longer roots were also observed at
(3.0 mg/L) IBA. The percentage of response was
increased gradually from (1.0 to 3.0 mg/L) IBA.
Maximum numbers of roots were induced at (3.0 mg/L)
IBA. The number of roots increased from (1.0 — 3.0
mg/L) IBA roots number was decreased from (3.0 to 5.0
mg/L) IBA. (Fig-1).
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Figure. 1: In Vitro Micropropagation of Black gram through Shoot tip explants

d
a )In Vitro Plantlets on

MS+(6.0 mg/L)) TDZ b) Multiple shoots on MS+(5.0 mg/L) TDZ c) In Vitro rooting from Micro shoots on
MS+3.0 (mg/L) IBA after six week e) Hardening of plantlets.

Hardening of well-rooted plantlets

The elongated shoots were transferred to MS medium
augmented with IBA (1.0-5.0mg/L) for root induction.
Rooting was observed within two weeks of culture.
Well-rooted plantlets were isolated and washed in
running tap water. Later they were transplanted into
plastic cups containing sterile sand and soil mixture (3:1)
for hardening purposes. The well-grown plants were
transferred to larger pots containing soil mixture and
maintained in the field conditions. Plants grown in the
field were further observed for growth and survival.

The result of present investigation show that the shoot tip
explants from mature plants of V. mungo cultivars Co-5
could be induced to produce multiple shoots in vitro
maximum number of shoots was induced on MS medium
fortified with various concentrations of TDZ. In recent
years, shoot tip explants have been preferred to produce
large number of genetically identical clones (Bajaj
Dhanju, 1979). Multiple shoot formation from shoot
apices was obtained on MS medium supplemented with
20uM BA, 0.1uM NAA in pea (Griga et al., 1986). MS-
solid medium fortified with TDZ and Kn alone and in
combination increased the regeneration potential of shoot
apical meristems of soybean, cowpea, peanut, chickpea
and bean (Kartha et al., 1981). It was reported that BAP
was proved to be an ideal hormone for shoot
multiplication of shoot tip culture in grain legumes
(Sounder Raj et al., 1989).These results are also in
agreement with those on Tectona grandis (Gupta et al.,
:1980) Abizzia lebbeck (Gharyl and Maheshwari 1982)
multiple shoot induction was also observed in Ziziphus
manritiana (Sudharshan et al., 2000) and Vanilla
plantifolia (Geetha et al., 2000) shoot tips cultured on
MS zcytokinin alone as it was observed in the present
studies. Nasir et al., (1997) has studied the shoot
meristem culture in 16 cultures of cotton using several
media formation. They observed the best shoot
developmentation MS media containing TDZ alone
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compared to other media with NAA / 1AA in
combination with TDZ. These results are to the present
observation in V. mungo cultivars Co-5 which contain
with cytokinins showed the increased number of shoots/
explants have also observed the similar results when they
have cultured the shoot tips of F1 hybrids of Paulownia.

The capacity of shoot bud differentiation and shoot
proliferation from shoot tip explants of V. mungo
cultivars Co-5 depended on hormonal variation. There
was good shoot bud induction and proliferation response
only in the presence of cytokinin and no response in the
basal medium. Similar results are well documented in
several medicinal plants (Pattnaik and Chand 1996),
Emblila officinale (Verma and Kant: 1996) and Withania
somnifera (Deka et al., 1999). From our study it was
clear that (2.0 mg/L) BAP and Kn were significantly
more effective for inducing shoot organogenesis. Well-
developed shoot lets from our experimental data, it is
evident that TDZ are the best suited for inducing
multiple shoots In conclusion, this communication
describes an efficient rapid propagation system of V.
mungo cultivars Co-5.

REFERENCES

1. Bajaj YPS and Dhanju MS. Regeneration of plants
from apical meristem tips of some legumes Curr.
Sci., 1979; 48: 906- 907.

2. Bhomkar P, Upadhyay CP, Saxena M, Muthusamy
A, Shiva Prakash N, Sarin NB. Salt stress alleviation
in transgenic Vigna mungo L. Hepper (Blackgram)
by overex pression of the glyoxalase | gene using a
novel Cestrum yellow leaf curling virus (CmYLCV)
promoter. Mol. Breed., 2008; 22: 169-181.

3. Briggs BA, McCulloch SM, Edick LA.
Micropropagation of azaleas using thidiazuron. Acta
Hortic, 1998; 226: 205-208.

291




Thallapally.

10.

11.

12.

13.

14.

15.

16.

17.

De Faria SM, Lewis GP, Sprent JI, Sutherland JM
Occurrence of nodulation in the leguminosae. New
Phytol, 1989; 111: 607-619.

Deka AC, Kalita MC and Baruah A., Micro
propagation of a potent herbal Medicinal Plant,
Withania somnifera. Environ. Ecology, 1999; 17(3):
594-596.

Dhuri AV, Singh KM, Singh RN. Effects of
intercropping on population dynamics of insect pests
of blackgram Vigna mungo (L.) Hepper. Ind. J.
Entomol, 1986; 48: 329-338.

Geetha N, Venkatachalam P and Lakshmisita G.,
Agrobacterium mediated genetic transformation of
pigeonpea (Cajanus cajan L.) and development of
transgenic plants via direct organogenesis. Plant
Biotechnology, 1999; 16: 213-218.

Gharyl PK and Maheswari SC, In vitro
differentiation pant lets, from tissues culture of
Albizzia lebbeck L. Plant cell tissue org.cult. 1982;
2: 49-53.

Godbole DA, Kunachi MN, Potder UA,
Krishnamurthy KVand Mascarenhas MF, Studies on
a drought resistant legume: The moth bean, Vigna
aconitifolia (Jacq) Marechal. [1l. Morphogenetic
studies. Plant Cell Reports, 1984; 3: 75-78.

Griga M, Kubala Kovaj M and Tejk lovie E.,
Somaticembryogenesis in Vicia fablel L. Plant Cell
Tissue and Organ Culture, 1986; 3: 319-324.

Gupta PK, Nadgir AL, Mascarenhas AF and
Jagannathan V., Tissue culture ‘of Forests, trees,
clonal multiplication of Tectona grandis L (Teak) by
tissue culture. Plant Science Lett., 1980; 17:
259-268.

Henny RJ, Fooshee WC. Thidiazuron stimulates
basal bud and shoot formation in Alocasia x
chantrier André. Hort. Science, 1990; 25: 124.

Hu CY and Wang PJ., Meristem, shoot tip and bud
cultures. In Hand book of plant cell culture, Vol.3,
crop species (eds. P.V. Ammirato, D.A., Evans
W.R., Sharp and Y.Yamada). MeMillan Publishing
Co., New York, 1983; 65-90.

Huetteman CA, Preece JH. Thidiazuron: A potent
cytokinin for woody plant tissue culture. Plant Cell
Tiss. Org. Cult. 1993; 33: 105-119.

Jayanand B, Sudarsana G, Sharma KK., An efficient
protocol for the regeneration of whole plants of
chickpea (Cicer arietinum L.) by using axillary
meristem explants derived from in vitro -germinated
seedlings. In Vitro Cell Dev. Biol., 2003; 39:
171-179.

Jeswani LM, Baldev B. (1990.) Advances in Pulse
Production Technology, eds, Publication and
Information Division, Indian Council of Agricultural
Research, New Delhi.

Kartha KK, Pahl K, Leung NL and Mroginski LA.,
Plant regeneration from meristem of grain legumes
soybean cow pea nut chick pea and Bean” Can. J.
Bot., 1981; 19: 1671-1679.

www.ejbps.com

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

European Journal of Biomedical and Pharmaceutical Sciences

Murashige T, Skoog F. A revised medium for rapid
growth and bioassays with tobacco tissue cultures.
Physiol. Plant, 1962; 15: 473-497.

Nasir A Saeed, Yusuf Zafer and Kauser A Malik,
Simple procedures of Gossypium meristem shoot tip
culture. Plant Cell Tissue Org. Cult., 1997; 51:
201- 207.

Pattnaik SK and Chand PL, In vitro propagation of
medicinal herb Ocimum mericanim L. syn Ocimum.
canumsims (holy absil) and Ocimum santum L.
(holy basil). Plant cell Rep., 1996; 15: 846-850.
Sounderaj V, Telavathi DH and Nijalingappa BHM.
Shoot tip culture in Dolichos biflorus L. Current
Science, 1959; 58: 1385-1388.

Popelka CJ, Gollasch S, Moore A, Molvig L,
Higgins TJV. Genetic transformation of cowpea
(Vigna unguiculata L.) and stable transmission of
the transgenes to progeny. Plant Cell Rep., 2006; 25:
304-312.

Rao CR, Chand P. Impact of different mating
approaches in generating variability in blackgram
[Vigna mungo (L.) Hepper]. Legume Res., 2006; 24:
174-177.

Sahoo L, Sugla T, Jaiwal PK. In vitro regeneration
and genetic transformation of Vigna species. In PK
Jaiwal, RP Singh, eds, Biotechnology for the
Improvement of Legumes, Kluwer, Dordrecht, 2002;
1-48.

Saini R, Jaiwal PK. Age, position in mother
seedling, orientation, and polarity of the epicotyl
segments of blackgram (Vigna mungo L. Hepper)
determines its morphogenic response. Plant Sci.,
2002; 163: 101-1009.

Saini R, Jaiwal PK. Transformation of a recalcitrant
grain legume, Vigna mungo L. Hepper, using
Agrobacterium tumefaciens-mediated gene transfer
to shoot apical meristem cultures. Plant Cell Rep.,
2005; 24: 164-171.

Saini R, Jaiwal S, Jaiwal PK. Stable genetic
transformation of Vigna mungo L. Hepper via
Agrobacterium tumefaciens. Plant Cell Rep., 2003;
21: 851-859.

Sarma KK, Borah BK. Record of parasitoids of
legume pod borer Maruca testulalis (Geyer) in
Assam. Insect Environ, 2004; 10: 77-78.

Sarmah BK, Moore A, Tate W, Molvig L, Morton
RL, Rees DP, Chiaiese P, Chrispeels MJ, Tabe LM,
Higgins TJV. Transgenic chickpea seeds expressing
high levels of a bean a-amylase inhibitor. Mol.
Breed., 2004; 14: 73-82.

Satyanarayna A, Tirumala RK, Venugopal RN,
Abbaiah K. Yield losses due to pest and diseases of
blackgram (Vigna mungo) in Andhra Pradesh. Ind.
J. Plant Prot., 1990; 18: 287-289.

Sudhershan L, Aboel MN and Hussian J., In vitro
propagation of Ziziphus mauritiana cultivar umrdn
by shoots tip and nodal multiplication. Curr. Sci.,
2000; 80(2): 290- 292.

292



Thallapally. European Journal of Biomedical and Pharmaceutical Sciences

31. Thomas JC, Katterman FR. Cytokinin activity
induced by thidiazuron. Plant Physiol. 1986; 81:
681-683.

32. Thomas TD, Puthur JT. Thidiazuron induced high
frequency shoot organogenesis in callus from
Kigelia pinnata L. Bot. Bull. Acad. Sin., 2004; 45:
307-313.

33. Thomas TD. Thidiazuron induced multiple shoot
induction and plant regeneration from cotyledonary
explants of mulberry. Biol. Plant, 2003; 46:
529-533.

34. Verma B and Kant U. Micropropagation of Embilica
officinale Gaertz through Mature nodel ex plant. J.
Playtol. Res., 1996; 9(2): 107-109.

www.ejbps.com 203



