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Abstract

Sorghum bicolor is one of the most difficult plant species to manipulate for tissue culture and genetic transformartion; on the other
hand Sorghum crop improvement through biotechnology requires efficient plant tissue culture protocols. In the present study a protocol
has been optimized for Sorghum callus induction and regeneration from leaf tissue by optimizing the suitable explant, photoperiod and
media composition. In Sorghum generally inflorescence tissue was used as explants for initiating callus cultures. Conversely, Sorghum
flowering occurs only once in its life time and for few days only, thereby providing a small window of opportunity to provide source
material or explant to initiate callus. Hence it is essential to identify a suitable explant, which can be available at any season. In the present
study efficient callus induction was achieved on media supplemented in combination with 2 mgl" 2,4,5-T plus 1 mgl' NAA and 0.5
mgl! ZN. Among the different combinations and concentrations of plant growth regulators tried for regeneration, 2.5 mgl' TDZ plus
1.0 mgl"BAP and 0.5 mgl'TAA showed better shoot regeneration frequency with 62.2+4.6 shoots per explant after 4 weeks of culture.
Similarly, root induction was obtained from shoots with 1.0 mgl' NAA followed by their transfer to half strength MS medium which
produced an average of two roots per shoot. Among the six genotypes tested, genotype I1S3566’ displayed superior results. Because of
the reproducibility and the easy of accessibility of leaf tissue, the plant regeneration from leaf tissue provides a foundation for genetic
transformation of Sorghum; this is of significant importance for improving important traits such as biomass, protein and sucrose

content.
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Abbreviations: 2,4,5-T: trichlorophenoxy acetic acid; 2,4-D: 2,4-dichlorophenoxyacetic acid; IAA: indole-3-acetic acid; NAA:
a-naphthalencacetic acid; TDZ: thidiazuron; ZN: zeatin; BAP: benzylaminopurine; KN: kinetin

Introduction

Sorghum (Sorghum bicolor) is an important cereal crop
grown in the semi-arid tropics of Africa and Asia due to its
drought tolerance capability. It is well adapted to a wide
range of soil types and environmental conditions. Sor-
ghum grain is used as a staple food in many countries and it
contains reasonable amounts of protein and carbohydrate
(Samia ez al., 2005). Sorghum has a great potential both on
the domestic and international markets due to its increas-
ing demand for the production of food and feed products,
alcoholic and non-alcoholic beverages (FAO, 2010). The
nutrient composition of Sorghum is comparable to rice and
wheat. Mineral matter, crude fibre, calcium, phosphorous
and protein content are specifically higher in Sorghum
than in rice (Indra and Krishnaveni, 2009). Consequently,
the intention of improvement of the functional properties
of Sorghum is essential (Mohamed ez 4/, 2010).

Genetic engineering of Sorghum has emerged as an al-
ternative tool for conventional breeding for the introduc-
tion of desirable traits into elite varieties. The routine use
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of plant tissue cultures for Sorghum transformation neces-
sitates optimization of protocols for culture initiation and
maintenance. However, Arun ez 4/. (2010) and Indra and
Krishnaveni (2009) reported that, Sorghum has been cat-
egorized as one of the most difficult plant species to ma-
nipulate for tissue culture and transformation.

Although, tissue culture from Sorghum was reported
previously (Indra and Krishnaveni 2009; Nguyen e# al.,
2007; Pola et al., 2007; 2008; 2009). In many Sorghum
tissue culture studies, inflorescence tissue was used as ex-
plants for initiating embryogenic cultures (Gupta ez al.,
2006; Jogeswar et al., 2007; Mani and Pola, 2003). Con-
versely, Sorghum flowering occurs only once in its life time
and for few days only, thereby providing a small window of
opportunity to initiate embryogenic cultures. This makes
it essential to identify the correct developmental stage of
explants to optimize Sorghum tissue culture.

In this direction, objectives of this study were to estab-
lish a simple and efficient plant regeneration system from
leaf tissue, which can be used as source material for i vitro
culture of Sorghum in any season.
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Materials and methods

Source material for in vitro culture

Sorghum  bicolor genotypes, ‘1S3566, ‘SPV475),
‘CSV13, ‘CSV15), ‘CSV112 and ‘IS348” were obtained
from NRCS, and ICRISAT, Hyderabad, India. Leaf discs
from in-vitro raised seedlings were used as source mate-
rial/explant. For getting leaf explants, mature seeds were
surface sterilized with 5% sodium hypochlorite for 4 to 5
minutes (field collected seeds contains many fungal spores,
to remove this, we have to use high concentrated sodium
hypochlorite for 4 to 5 minutes), rinsed three times with
sterile distilled water, and inoculated on Petri dishes / test
tubes containing 30 ml of MS (Murashige and Skoog,
1962) medium. Each Petri dish was inoculated with five
seeds. Seedlings were allowed to grow under a daily sched-
ule of 16 h light and 8 h dark. After germination of the
plantlets leaf discs were collected and transferred to test
tubes (150 mm x 25 mm) containing 10 ml of the culture
medium as described below. Light was provided by fluo-
rescent lamps (Philips, TL40W/54) at an irradiance of
5.27 Wm2 and temperature maintained at 25+2°C and
23+42°C during light and dark phase, respectively (Pola
and Mani, 2006).

Experimental design

Data represents the mean of 3 independent experi-
ments, each consisting of 25 explants. For each genotype
a completely randomized design with 3 replications (25
explants per replication) was constructed to collect data
on the frequency of embryogenic callus, callus fresh, dry
weights, number of shoots, shoot length, roots obtained
and other parameters.

Media composition

The basal medium formulation was MS medium sup-
plemented with 300 mgl” proline, glutamine, asparagine,
30 gl sucrose, 9 gl bacteriological grade agar. The callus
induction medium was the basal MS medium supplement-
ed with 1.0, 1.5, 2.0, 2.5 mgl" concentrations of auxins as
well as low concentrations of zeatin and kinetin. The dif-
ferentiation/regeneration medium was the basal medium
supplemented with 0.5, 1.0, 1.5, 2.0, and 2.5 mgl" BAP,
KN, TDZ, ZN. The rooting medium was half strength
basal MS medium supplemented with 20 gl' sucrose,
0.8% bacteriological grade agar. All media were adjusted
to pH 5.8, and then autoclaved at 121°C for 20 min. Filter
sterilized plant growth regulators were added to the media
after autoclaving.

Callusing and regeneration

From the 6 day old seedlings, 25 leaf discs were asep-
tically collected from the leaf. The leaf discs were placed
on MS medium for callus formation with upper surface
in contact with the callus induction medium. Inoculated
sterile Petri dishes were incubated for one week at 25+2°C
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in continuous darkness, until the beginning of the embryo-
genesis, tissue remained on callus initiation medium, when
embryogenic tissue found, and the calli were transferred to
a callus maintenance and/or maturation medium. Subse-
quently the somatic embryos produced were transferred to
regeneration medium.

Frequency of embryogenic calli

After 14 days of culture, frequency of embryogenic calli
was calculated as the number of segments bearing regions
of embryogenic callus and is expressed as percentage of
the total number of explants inoculated. All cultures were
transferred to fresh medium every 20 days except where
changes were found necessary due to repeated release of
phenolics or medium contamination. When embryogenic
tissue found, the calli were transferred to a callus mainte-
nance and/or maturation medium. Subsequently the so-
matic embryos were transferred to regeneration medium.

Rooting

Elongated, well developed individual regenerated
shoots after attaining 3-6 cm length and each with two
to four leaves were separated from the medium and used
for root induction. The media used for root induction
was half strength MS media supplemented with 1.0 mgl"
NAA. Culturing for rooting was also carried out in glass
vessels under the same conditions as for shoot elongation.
Well rooted shoots (ten plants for each genotype) were
transferred into soil and kept in the greenhouse to check
for normal development.

Acclimatization of plantlets

The plantlets, regenerated through various in vitro
techniques in this study, were taken out from the culture
medium and washed gently with double distilled water for
removing all traces of medium from the roots. The washed
plantlets were then transferred to small plastic cups con-
taining sterile soil. The plastic cups were covered with
sealed plastic vinyl bags to keep full humidity at 25+2°C
in light conditions (photon flux density at 25 p mol m?
S-1, 16 h). The plantlets were moistened with water. As the
plants grew vigorous, the bags were poked with chopsticks
to allow air into the bags until the plants self supported.
The polythene bags were removed after fifteen to twenty
days. The plantlets were later transferred to larger pots
containing sterile sand and soil (1:1 ratio) and kept un-
der shade in the green house for another two weeks before
transferring to field. Fully established regenerants were

later established in the field for further growth.
Results and discussion

Explant sources, medium composition and genotypes
are frequently used to be crucial factors in efficient callus

induction as well as in plant regeneration (Rakshit ez 4/,
2010).
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Fig. 1. In vitro plant regeneration from leaf explants of Sorghum bicolor

A. Leaf disc explants of Sorghum on callus induction medium; B. Developed callus on callus induction medium ; C. Development
of somatic embryos on regeneration medium.; D. Shoot development in IS3566’; E. Shoot regeneration on MS + TDZ + BAP +
IAA medium; F. Spontaneous development of shoots in genotype of IS3566’; G. Proliferation of multiple shoots on MS + TDZ +
BAP + IAA medium; H. Well developed plantlet in regeneration medium; I. Root initiation on MS + 1 mgl* NAA; J. Regenerated
shoots in the genotype of ‘CSV15;, ‘IS348;, ‘CSV 13, ‘SPV475’
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Leaf explants as a sources material for tissue culture

It is universal that, immature embryos and meristemat-
ic tissues, having undifferentiated cells, are suitable for
callus induction and plant regeneration than mature tis-
sues (Morrish ez al., 1987). In Sorghum also, immature
embryos and immature inflorescence have been frequently
used as explant sources for tissue culture and transforma-
tion (Gurel ez al,, 2009; Jogeswar ez al., 2007). On the
other hand, in Sorghum such explants are available only
in a restricted period of the growth cycle and the explant
availability is season dependent. This is in contrast to the
ready availability of leaf explants because of abundant ac-
cessibility, ease of explant preparation, and short duration
of callus induction, leaf explants were the most preferred
source tissue/explant for tissue culture of Sorghum to op-
timize plant regeneration. Hence in the present study leaf
explants were used as a sources material for tissue culture
to conquer all the above problems.

Tab. 1. Effect of different plant growth regulators on callusing
ability*™*

Set. Plant growth regulators and Callusing
no. its concentration in mgl" ability

1 1.0 mgl' NAA -

2 1.5 mgl' NAA ++

3 2.0 mgl' NAA ++

4 25 mgl' NAA --

5 1.0 mgl" 2,4-D --

6 1.5 mgl" 2,4-D +

7 20 mgl! 24D +

8 25mgl'2,4-D +

9 1.0 mgl'2,45-T +

10 1.5 mgl'2,45-T +

11 2.0mgl"! 2,45 T 4+
12 25mgl' 245 T ++
13 1.0mgl" 2,45-T + 0.5 mgl' NAA + 0.5 mgl”' ZN ++
14 15mgl" 2,45-T + 0.5 mgl' NAA + 0.5 mgl" ZN ++
15 2.0mgl"2,45-T +0.5 mgl' NAA + 0.5 mgl' ZN 4+
16 2.5mgl"2,45-T + 0.5 mgl! NAA + 0.5 mgl' ZN ++
17 1.0mgl"245-T +1.0 mgl' NAA + 0.5 mgl' ZN e+
18 1.5mgl"245-T + 1.0 mgl" NAA + 0.5 mgl"' ZN Ht+
19 20mgl'245T+1.0mgl' NAA +05mgl' ZN  +++++
20 2.0mgl! 2,45-T + 0.5 mgl' NAA + 0.5 mgl* KN ++
21 2.0mgl" 2,45T + 1.0 mgl" NAA + 0.5 mgl! KN ++
22 2.0mgl"2,45T + 1.5 mgl" NAA + 0.5 mgl! KN ++++
23 20mgl'2,45-T +2.0 mgl" NAA + 0.5 mgl' KN 4+

24 20mgl'245-T + 2.5 mgl'NAA + 0.5 mgl' KN -

**25 explants per treatment, each treatment repeated thrice; + very slow callus

growth; ++ slow callus growth; +++ moderate callus growth; ++++ fast
callus growth; -- None; — callus became brown within 14 d

Callus initiation

Callus commencement is one of the noteworthy steps
for selecting the suitability of genotype for tissue culture
based research and for plant improvement program, pre-
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dominantly for genetic transformation. In the present
study, various concentrations of auxin in combination
with cytokinins were used. Among these, medium forti-
fied with 2 mgl* 2,4,5-T plus 1 mgl' NAA and 0.5 mgl"
ZN was found to be promising to initiate callus.

Leaf disc explants (Fig. 1A) when cultured on callus
induction medium resulted in two types of calli, namely, a
non-embryogenic callus, usually friable, mucilage produc-
ing type which did not exhibit any differentiation, and the
other a white, compact and nodular, embryogenic callus,
which represents a source of a regenerable culture (Fig.
1C).

Both types of calli could be found to co-exist in a single
explant, even though embryogenic portions bounded by
or mixed with vacuolated, elongated, nonembryogenic
callus clumps. The clumps were manually removed and
embryogenic portions were subcultured (Fig. 1B) onto
MS medium every three weeks. At each subculture, soft
and non-embryogenic portions were removed and only
embryogenic parts were screened for further cultures. Af-
ter repeated selection and subculturing for two to three
months, compact embryogenic calli were obtained from
the primary callus. These calluses were used for further re-
generation studies.

Effect of media composition on cultures

The role of plant growth regulators or hormones in ce-
real tissue culture is very important. In the present study,
on plant growth regulator free medium the explants did
not showed any morphological response up to three week.
In contrast, explants cultured on 0.5, 1.0, 1.5, 2.0 and
2.5mgl"! hormone concentrations in the medium exhib-
ited callus formation in almost all cultures, however, some
plant growth regulators promoted the callus induction and
somatic embryo formation better than the others. Among
the different auxins used in this experiment only 2.0 mgl"
2,4,5-T and 2.0 mgl' NAA were able to produce high fre-
quency of somatic embryos. However 2,4-D produced cal-
lus but the frequency was inadequate. In callus induction
medium, when single auxin used in the medium, only re-
stricted response was observed (Tab. 1), but combination
of 2.0 mgl” 2,4,5-T with zeatin and kinetin at a concentra-
tions of 0.5 mgl” enhanced callus induction frequency. In
my previous study with immature embryo explants (Pola
et al., 2008), I have used different combinations and con-
centration of hormones, in that study single auxin used in
the medium only 72% response was observed, but com-
bination of 2,4,5-T with zeatin or kinetin, resulted the
callus induction frequency increased upto 100%, hence
in this study I continued the 2,4,5-T and ZN combina-
tion. Despite the fact that, zeatin and kinetin are cytoki-
nins, they also encourage callus initiation when these used
in combination with 2,4,5-T and NAA. Previous reports
in Sorghum also suggested 2,4-D to initiate callus; Indra
and Krishnaveni (2009) obtained efficient callus response
with 2 mgl" 2,4-D in combination with 0.5 mgl" kinetin.
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Tab. 2. Effect of various growth regulators in shoot
multiplication from leaf explants of Sorghum bicolor*

Concentration of PGR in mgl* Shoot Roo .
number number

TDZ BAP ZN KN IAA - -
0.5 0.5 0.5 - -
1.0 0.5 0.5 4.86+0.4 8.9+0.2
1.5 05 0.5 9.84+0.1 18.6+1.1
20 0.5 0.5 9.84+0.2 12.7+2.6
25 0.5 0.5 14+0.6 26.3+1.6
3.0 0.5 0.5 1242404 289+3.4
0.5 0.5 0.5
1.0 0.5 0.5 - -
1.5 0.5 0.5 4.8+0.8 65.76+1.2
20 0.5 0.5 6.4+0.8 79.4314.8
25 0.5 0.5 8.26+0.2 3623162
3.0 0.5 0.5
0.5 05 05 - -
1.0 05 05 12.2+1.1 26,8+2.2
15 05 05 142+1.4 32.6+4.1
2.0 05 05 18.2+0.8 41.6£2.8
25 05 05 262319 56.2+8.8
3.0 05 05 2422:16 54.2+6.4
0.5 1.0 05  28.4+21 58.28+2.8
1.0 1.0 0.5 38.2+1.8 62.94+8.6
15 1.0 0.5 462+2.6 96.71+14.2
2.0 1.0 0.5 56.8+4.2 118.0£12.2
25 1.0 05 622+46 126.46+14.8
3.0 1.0 0.5 48.2+8.8 106.67+16.2
0.5 1.0 0.5  32.54+1.8 66.98+2.8
1.0 1.0 0.5 30.4+1.6 62.2+6.4
1.5 1.0 05  36.12+2.1 724+.8.8
2.0 1.0 05  35.54+4.2 70.82+2.6
25 1.0 05  37.21£22 76.83+4.8
3.0 1.0 05  37.15+0.6 83.84+12.2
0.5 1.0 05  37.25+62 89.4+8.4
1.0 1.0 05  30.14+4.8 66.84+12.6
1.5 1.0 05 30.4+2.6 62.9+82
2.0 1.0 05 2645+18 53.2+6.4
25 1.0 05  2314+08 679482
3.0 1.0 05  3464+22 86.0+12.8
0.5 0.5 05 05 05 - -
1.0 1.0 1.0 1.0 05 38.6+1.1 86.0+14.8
LS 1.5 15 15 05 52.4+2.8 108.9+8.6
20 2.0 20 20 05  2467+22 48.3+6.8
25 25 25 25 05 5862464 122.82+8.2
3.0 3.0 30 30 05  2050+2.8 40.762.8
1.5 1.0 1.0 1.0 05 48.6+4.4 79.43+12.8
2.0 1.0 1.0 1.0 05 5610+6.6 96.23+6.8
25 10 1.0 10 05 542484 118954122

*Each value represents the mean + SE of three repeated experiments

cach with 25 explants. “Rooting media: 1 mgl* NAA

Zhang ez al. (2010) also used this concentration to initiate
callus from Sorghum. Studies in other poaceae plants also

observed significant results with 2,4-D. Joshi ez al. (2010)
reported efficient callus in Zea mays with 5 mgl" 2,4-D
and 2 mgl' NAA + 1 mgl" BAP. Jason e al. (2009) used
S mgl" 2,4-D for callus initiation in Panicum virgatum.
Misuk ez al. (2008) reported efhicient callus induction in
Panicum maximum with 4.0 mgl” 2,4-D.

Regeneration

After the embryogenic callus clumps were transferred
to the shoot development medium (Fig. 1D), green shoots
developed from somatic embryos (Fig. 1E). Spontancous
development of shoots (Fig. 1F) and plantlets from em-
bryogenic callus was observed on cytokine medium only.
Media free of BAP and TDZ or supplemented only with
auxins were not effective for improved differentiation of
shoots. For regeneration different concentrations (0.5, 1.0,
1.5 and 2.0) and combination of BAP, TDZ, ZN, KN and
IAA were used in the regeneration medium.

When medium fortified BAP or TDZ only, the plant-
lets ranged from 3-14 in a single culture, but combination
of BAP, TDZ and IAA with addition of 1000 mgl* L-
proline and L-asparagine produced additional number of
shoots (up to 62 shoots per culture ). Addition of BAP
and TDZ with IAA at 0.5mgl" enhances multiple shoot
formation. Here the combination of TDZ and BAP con-
siderably stimulated the multiple shoot initiation in the
presence of IAA (Fig. 1G). The number of shoots formed
per each explant or the production efficiency of multiple
shoots varied with the genotypes as well as different con-
centrations of cytokinins. Maximum number of multiple
shoots were observed at 2.5 mgl-1 TDZ plus with 1.0
mgl! BAP 0.5 mgl" of IAA (62.2 per culture in IS 3566)
(Tab. 2). Shoot number was increased by means of steady
increase of TDZ concentration from 0.5 to 2.5 mgl" con-
centration in the regeneration medium, after 2.5 mgl” the
shoot number was decreased. The mean number of mul-
tiple shoots regenerated from leaf explants is given in the
Tab. 2. Presence of TDZ, BAP and IAA in the regenera-
tion medium has encouraging influence on plant regenera-
tion. In embryogenesis, these combinations stimulate the
production of axillary buds from the embryogenic callus
that lead to the formation of multiple shoots (Fig. 1H).
Combination of cytokinins with auxins also proved to be
effective for multiple shoot formation in Sorghum. Previ-
ous studies by Sairam ez al. (1999) reported 8 shoots per
explant from mesophyll derived protoplasts of Sorghum
using 0.2 mgl’ KN + 2 mgl' BAP. Harshavardan ez al.
(2002) reported 35-40 shoot buds from the isolated shoot
apices using MS+ S uM of TDZ + 17.72 uM BAP + 1.074
uM NAA. Nirwan and Kothari (2004) reported multiple
shoot induction, using 2 mgl! BAP + 0.5 mgl’ IAA.
Baskaran ez a/. (2006) reported multiple shoot induction
in Sorghum using 13.3 uM BAP + 2,4-D 2.3uM. Kishore
et al. (2006) reported multiple shoots by manipulation
of 2.0 mgl" BAP, 0.5 mgl' 2.4-D and 0.5 mgl! TDZ.
Misuk ez al. (2008) reported regeneration with 1.0 mgl’
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kinetin in Panicum maximum. Shyamkumar obtained ef-
ficient regeneration with MS media supplemented with
0.4 uM 2,4-D and 2.2 uM BAP in centipede grass. Jason
et al. (2009) reported efficient regeneration in Panicum
virgatum with SuM BAP alone in the medium. Joshi ez a/.
(2010) reported efficient regeneration with 2mgl' BAP.
Xu et al. (2009) 0.5 mg 1" BA and 1.0 mgl” kinetin.
Efficient plant regeneration has been known as a major
bottleneck on the successful application of genetic trans-
formation of valuable genes into Sorghum genome. Previ-
ous studies in Sorghum by Visarada ez al. (2003) reported
18.7 multiple shoots per explant, when shoot apex was
cultured on 4.0 mgl! BAP. Mishra and Khurana (2003)
reported multiple shoot induction; they obtained 30

Tab. 3. GCI‘IOtyPiC response of shoot regencration"*

Genotype Average number of shoots per culture
1S3566' 62.2+4.6
‘SPV475 60.1£3.2
‘CSV13 58.6+2.1
‘CSV112 36.64+2.4
‘CSV1S 152+1.6
‘1S348° 11.2+1.1

*Each value represents the mean + SE of three repeated
experiments each with 25 explants.

plantlets from a single explant in the genotype 296 B, with
0.1 mgl! BAP. Nirwan and Kothari (2004) reported 39
shoots per explant from mature embryo cultures and 48
shoots per explant from immature embryo cultures. Anju
and Anandakumar (2005) reported 8.64 multiple shoots
with 2 mgl' BAP from shoot apex as a source explant.
Baskaran ez al. (2006) reported 35 shoots per callus in
Sorghum. Whereas, in the present study 20-62 multiple
shoots were obtained per single explant.

In monocotyledons species, several authors reported
that TDZ induces multiple shoot formation. Shan ez /.
(2000) demonstrated that TDZ is capable of promoting
callus regeneration and it has potential for enhancing the
regeneration of cereal and grass species. Gupta and Conger
(1998) observed in vitro differentiation of multiple shoot
clumps from intact seedlings in switch grass when TDZ
was used together with 2,4-D. Aparna and Rashid (2004)
reported multiple shoots, with 10 pgl' TDZ. In the pres-
ent study also TDZ has been shown to induce multiple
shoot formation from embryogenic callus. By means of
these reports, use of TDZ and the level of cytokinins and
combination with auxins used for plant regeneration ap-
peared to be critical in producing multiple shoots in Sor-
ghum. In the present study also, combination of 2.5 mgl"
of TDZ 1mg/I BAP, with 0.5 mgl" IAA bestow enhanced
multiple shoot production.

Among the six genotypes studied in this study, leaf
explants of ‘I1S3566’ and ‘SPV475’ showed comparatively

privileged culture response. The regeneration response of
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genotype ‘1S3566’ is 62.2+4.6 shoots per culture, genotype
‘SPV475’ is 60.1+3.2, and genotype ‘CSV13’is 58.6+2.1.
Whereas, ‘IS348” and ‘CSV15’ showed underprivileged
response (Tab. 3).

Mirakabad ez al. (2010) reported shoot regeneration
rate is genotype dependent and genotype specificity af-
fects regeneration and plant transformation rate; they also
observed significant genotypic difference between callus
wet and dry weights. Rakshit ez 2/ (2010) observed geno-
types play an important role in callusing and regeneration
response in various crop plants. Lee ez a/. (2010) reported
genotypic variation in callus induction, regeneration and
transformation of ryegrass.

Consequently, identification of high quality callus with
regard to its appearance, such as good-looking, healthy/no
browning and actively growing, which is supposed to be
embryogenic calli induced by some Sorghum genotypes,
is one of the most essential factors for efficient plant re-
generation. Jha ez al. (2009) reported that, genotype had
significant influence on callus induction frequency as well
as regeneration; they also suggested that, development of
high-frequency in vitro shoot organogenesis can help to
overcome genotypic barriers.

In the present study also, Sorghum genotypes display a
wide range in callus induction and regeneration capacity
depending on their genetic background and their interac-
tion with the culture media.

Effect of photoperiod on cultures

In the present study, results have revealed that dark/
light environmentare also effective for callus induction and
shoot regeneration. Darkness was normally observed to
encourage more somatic embryogenesis than light condi-
tions when auxin is presented in callus induction medium.
Trials on the effect of 16/8 h (light/dark) photoperiod on
calli induction and consequent shoot differentiation were
undertaken in the present study. Results indicated that the
quality of calli was enhanced, the frequencies of callus in-
duction and subsequent differentiation were higher when
callus was induced in total darkness rather than ina 16/ 8
h photoperiod (Fig. 2). Phenolic secretions were observed,
when callus cultures incubated under light.

In regeneration studies, this condition is absolutely
upturned. In total darkness the regeneration frequency
was deprived. When cultures incubated in 16/ 8 h (light/
dark) photoperiod 100% shoot regeneration response was
observed. Bi ¢z al. (2007) reported that many external fac-
tors affect plant growth and development but among them
light is the most important because it regulates the whole
process of growth and development.

Nhut ez al. (2000) reported that, in organogenesis the
sequence of dark or light affects the rate of differentiation
into shoots, and is dependent on the length of exposure of
callus culture to the dark. Light inhibited somatic embryo-
genic formation in plants such as barley (Kott and Kasha,
1984). The effect of light can be interpreted as acting on
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Fig. 2. Effect of photoperiod on cultures

metabolism and sugar uptake. Furthermore, light may act
on energy dependent sugar uptake and metabolism (Nhut
et al., 2000). Maheswari ez al. (2006) reported that main-
taining the cultures in the dark was also absolutely essen-
tial for retardation of shoot growth in the callus induction
phase.

The present results are also agreed with these reports.
In our ecarlier studies (Pola ez al, 2007) with Sorghum
immature embryo explants also exhibited this type of re-
sponse. As a result, dark/light environment are significant
factors for callus induction and regeneration response in
Sorghum leaf explant culture.

Rooting

As soon as the plantlets attained 3cm hight, they were
transferred to the rooting medium containing 1.0 mgl’
NAA (Fig. 1I). For rooting, initially I have tested with
different auxins (2,4-D, IAA, IBA and NAA) at different
concentrations but I observed most excellent performance
with 1.0 mgl" NAA only. In addition low level of sucrose
in the medium and % strength MS medium was found to
favourable for rooting.Shoots after transferring onto the
rooting medium, root initiation started within 6 to 9 days
and it was depended on shoot number.

A maximum of 126 roots were observed in IS 3566
(Tab. 2). Our previous reports in leaf culture (Pola ez al,
2009) also supported NAA for rooting; other reports in
Sorghum by Kishore et al. (2006), Maheswari ez al. (2006)
also supported that 1 mgl' NAA is outstanding for root-

ng.

Acclimatization of regenerants in the green house\

As soon as the regenerated plantlets accomplish well
developed root system, were taken out from the culture
medium and washed gently with double distil water for
removing all traces of medium from the roots and acclima-
tized as mentioned in the materials and methods. After ac-
climatization, the plantlets were later transferred to larger
plastic pots containing sterile soil and kept under shade in
the green house for another two weeks before transferring

to the field. Fully established regenerants were later estab-
lished in the field for further growth.

Conclusions

In general, genetic improvements are believed to be dif-
ficult in graminaceous species due to their recalcitrance to
in vitro manipulations (Alagarsamy ez 4/, 2009, Ahmada-
badi et i, 2007). Arun Kumar ez al. (2010), Zhao et 4l.
(2010), Indra and Krishnaveni (2009) have been catego-
rized Sorghum, as one of the most difficult plant species
to manipulate for tissue culture and transformation. How-
ever, a routine and efficient tissue culture procedure s
a pre requisite for generating transgenic plants and other
genetic engineering experiments ( Indra and Krishnaveni
2009; Jha e al. 2009). Aiming this, in the present study
an efficient plant regeneration system was developed in
Sorghum bicolor. Thus, enhanced shoot regeneration in
Sorghum, achieved by optimising suitable explant, media
components and photoperiod.
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