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	 The inherent regeneration ability among selected varieties of pigeonpea using 
decapitated embryonal axis and stem-node explants in the presence of different growth regulators 
were assessed for multiple shoot bud induction. Among three different hormones namely BAP, 
Kinetin and TDZ tested for in vitro regeneration at different concentration for decapitated 
embryonal axis explants, BAP was found to be comparatively better as evident from number of 
buds per explants.  IPA-242 variety was found to be the best for direct organogenesis resulting 
in the formation of 10 buds when subjected to MS Medium supplemented with 2.0 mgL-1 of BAP. 
Under treatment with different concentration of TDZ, Pusa-9 revealed 10 shoot buds with 0.15 
mgL-1 of TDZ. The overall response of these varieties at different concentration of kinetin was 
very poor. With stem-node explants under variable concentration of BAP, IPA-3088 performed best 
showing 17 buds per explants. Similarly Pusa-9 and IPA 3088 revealed maximum regeneration 
ability forming 10 and 8 buds under TDZ and kinetin respectively. NAA was found to be effective 
growth regulator for rooting of shoots regenerated both from decapitated embryonal axis and 
stem-node explants. 

Keywords: Pigeonpea (Cajanus cajan L. Millsp.), decapitated embryonal axis,
stem-node, explant, regeneration, multiple shoot bud induction.

	 Pigeonpea (Cajanu scajan L) an 
economically and nutritionally important legume 
of tropical and subtropical regions serving as a 
major source of proteins1,2 (Saxena et al., 2010; 
Sekhon et al., 2017). Sequencing of pigeonpea 
genome3,4(Singh et al., 2012; Varshney et al., 

2012) has provided an opportunity for developing 
appropriate strategies for overcoming the limitations 
of enhancing crop productivity owing to its narrow 
genetic base and adverse effect of biotic and abiotic 
stresses. Conventional plant breeding, molecular 
breeding, genomics assisted breeding and tissue 
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culture based technologies together could be 
used to enhance the productivity of pigeonpea5-8 
(Pazhamala et al., 2015; ChandaVenkata et al., 
2018; Pratap et al., 2018;  Bohra et al., 2020).
	 Transgenic technologies have immense 
potential for legume improvement but limited 
successes have been reported owing to the fact that 
highly efficient regeneration protocols are lacking 
9,7 (Chandra and Pental 2003; Pratap et al., 2018). 
Studies on developing regeneration methods and 
genetic transformation using different genotypes 
of pigeonpea are recently reviewed10 (Krishna et 
al., 2010).
	 In pigeonpea, direct organogenesis 
has been preferred over somatic embryogenesis 
as method of in-vitro regeneration and is often 
genotype-specific.  Efforts have been made to use 
diverse explants for direct organogenesis using 
different genotypes. Leaf explants have been 
reported for organogenesis11-18 (Eapen and George 
1993; Kumar et al., 1983; George and Eapen 1994; 
Eapen et al., 1998; Tyagi et al., 2001; Yadav and 
Padmaja, 2003; Villiers et al., 2008; Kashyap et 
al., 2011). Cotyledonary nodes have been preferred 
as explants with several genotypes of pigeonpea 
for direct organogenesis19-23 (Franklin et al., 1998; 
Geetha et al., 1998; Singh et al., 2003; Shiva 
Prakash et al., 1994; Nalluri and Karri, 2019).
	 Direct organogenesis using different 
explants like cotyledons24-26,13,27,20,28 (Mehta and 
Mohan Ram, 1980; Kumar et al., 1984; Sarangi and 
Gleba, 1991; George and Eapen 1994; Naidu et al., 
1995; Geetha et al., 1998; Chandra et al., 2003), 
hypocotyls29,30,20 (Shama Rao and Narayanaswamy, 
1975;Cheema and Bawa, 1991; Geetha et al., 
1998;), epicotyls25,13,27,20 (Kumar et al., 1984; 
George and Eapen 1994;  Naidu et al., 1995; Geetha 
et al., 1998), apical meristem30,19,31 (Cheema and 
Bawa, 1991; Franklin et al., 1998; Parekh et al., 
2014), leaf petiole32,23 (Srinivasan et al., 2004; 
Nalluri and Karri, 2019), distal cotyledonary 
segments33 (Mohan and Krishnamurthy, 1998), 
root13,15 (George and Eapen 1994; Tyagi et al., 2001) 
and seed29,13,20 (Shama Rao and Narayanaswamy, 
1975; George and Eapen 1994; Naidu et al., 1995) 
have also been reported. 
	 Expanding the range of genotypes 
amenable to the requisite tissue culture processes for 
complete plant regeneration provides opportunity 

for developing efficient genetic transformation 
systems for transgenic production. In order to 
achieve this goal, in vitro process development, 
including refinement of the existing regeneration 
processes, is a task of primarily importance. The 
existing regeneration protocols are optimized 
for few selected varieties. Therefore, screening 
of different varieties could reveal the variability 
in the inherent regeneration ability, which could 
be further targeted for developing appropriate 
regeneration and transformation protocols.  Thus, 
the present study was an attempt to investigate the 
variability in regeneration ability of selected eleven 
varieties of pigeonpea exclusively for decapitated 
embryonal axis and stem node explants for direct 
organogenesis.    

Materials and methods

Seeds of pigeonpea varieties  
	 The pigeonpea varieties IPA-2013, IPA-
3088, Pusa-9, IPA-34, IPA-204, IPA-242, T-7, 
IPA-61, IPA-337, IPA-341 and IPA-98-3  of  ICAR-
Indian Institute of Pulses Research, Kanpur, India 
was used in the present study as reported earlier18,34 
(Kashyap et al., 2011; Kashyap et al., 2014). 
Preparation of explants
	 Prior to culture, the pigeonpea seeds were 
sterilized using 1% cetrimide solution, 70% ethanol 
and 0.2% HgCl2 as reported earlier18,34 (Kashyap 
et al., 2011; Kashyap et al., 2014). Murashige and 
Skoog (MS) medium35 (Murashige and Skoog 1962) 
was used for culture and temperature of 25±20C 
with 16 hours light and 8 hour dark interval was 
maintained in tissue culture lab. For preparation of 
stem-node explants, 10 days germinated seedlings 
was used while for decapitated embryonal axis 
explants 2 days sprouted seed were used and 
after removing seed coat, epicotyl and hypocotyls 
regions were dissected carefully and about 2mm in 
length was taken as explants. The MS media with 
different concentration of three growth regulators 
i.e. BAP, kinetin and TDZ were used for multiple 
shoot bud induction while for rooting NAA, IAA 
and IBA were used. A total of 10 explants were used 
for each type of treatment for all the varieties. The 
statistical analyses was carried out by ANOVA test 
and treatment means were compared.



431Kashyap et al., Biosci., Biotech. Res. Asia,  Vol. 17(3), 429-441 (2020)

Fig. 1a. Multiple shoot bud induction from decapitated embryonal axis explants of eleven cultivars of pigeon pea 
(Cajanuscajan (L) Millsp.)on MS media supplemented with different concentration of BAP

Fig. 1b. Multiple shoot bud induction from decapitated embryonal axis explants of eleven cultivars of pigeon pea 
(Cajanuscajan (L) Millsp.)on MS media supplemented with different concentration of kinetin

Results and discussion

	 More than 50 genotypes of pigeonpea 
have been used for developing regeneration 
protocols, some of which were used for genetic 

transformation and production of transgenics10 
(Krishna et al., 2010). Important factors which 
influence organogenesis includes selection of 
genotypes/cultivars, explants tissue, media 
composition and growth regulators. In an attempt 
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Fig. 1c. Multiple shoot bud induction from decapitated embryonal axis explants of eleven cultivars of pigeon pea 
(Cajanuscajan (L) Millsp.)on MS media supplemented with different concentration of TDZ

Fig. 2. Pictorial representation for the response of different growth regulators (a) BAP (b) kinetin (c) TDZ individually 
and (d) comparative effect of growth regulators on multiple shoot induction from decapitated embryonal axis explants
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Fig. 3. Rooting response of in-vitro regenerated shootlets derived from decapitated embryonal axis explants of 
selected cultivars of pigeon pea viz. IPA-2013, IPA-3088, Pusa-9 and IPA-242 on MS media supplemented with 
different concentration of NAA

to develop reliable in-vitro regeneration protocol 
by direct organogenesis amenable to genetic 
transformation, selected eleven Indian varieties 
of pigeonpea were studied using embryonal axis 
and stem node tissue explants under variable 
concentration of common growth regulators.     
Regeneration using decapitated embryonal axis 
explants 
	 The direct organogenesis using decapitated 
embryonal axis with different concentration of BAP 
ranging from  0.5-4.0 mgL-1 revealed variability 
resulting from 3 to 10 shoot buds among different 
varieties. The variety IPA-242 with 10 buds was 
found to be most amenable for in-vitro regeneration 
via direct organogenesis when cultured on MS 
media with BAP at 2.0 mgL-1. The variability in 
the formation of shoot buds among these varieties 
with growth regulator BAP is shown in Table-1 
and Figure-1a.
	 Direct organogenesis using mature and 
immature embryo axes using BAP growth regulator 
either individually or in combination with NAA 
and kinetin has been reported earlier for different 
genotypes like BDN-2, CO5, ICPL 161, ICPL 87N-
290-21, PT 22, SA1, T-21,T-Visakha-1, VBN1 and 
VBN226,14,27,19 (Sarangi and Gleba, 1991; George 
and Eapen, 1994; Naidu et al., 1995; Franklin et 
al., 2000).
	 The response of kinetin was comparatively 
poor than BAP for inducing multiple shoot bud 

formation with a maximum of only 3 shoot buds. 
The varieties IPA-337, IPA-2013 and IPA-204 
showed better regeneration ability with 0.5, 1.5 and 
3.5 mgL-1 kinetin. The best response of variable 
concentration of kinetin among these varieties for 
multiple shoot bud formation is shown in Figure-
1b. Shoot buds ranging from 2 to 10 were observed 
with TDZ at concentration from 0.05 to 0.40 mgL-1. 
Pusa-9 and IPA-61 varieties revealed 10 and 7 shoot 
buds respectively at 0.15 mgL-1 of TDZ.  In case of 
other varieties namely IPA-204, IPA-242 and T-7 
4-6 shoot buds were observed at 0.1 mgL-1 of TDZ 
growth regulator. The most suitable concentration 
of TDZ for direct organogenesis among these 
varieties is shown in Figure-1c. Comparative 
assessment of these varieties for multiple shoot 
buds formation at variable concentration of BAP, 
kinetin and TDZ is depicted in Figure-2.
	 Overall, BAP seems to be promising 
as compared to kinetin and TDZ for direct 
organogenesis. Plantlet regenerated from 
decapitated embryonal axes under BAP and IAA 
has been reported36 (Rathore and Chand, 1999). 
Similarly genotype response of two cultivars 
namely UPAS-120 and Bahar under the influence of 
different growth regulators has also been reported37 
(Yadav and Chand, 2001). A reliable regeneration 
protocol from decapitated mature embryo axes 
using genotype T-15-15 has been reported using 
combination of BAP and IAA growth regulators38 
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Fig. 4a. Multiple shoot bud induction from stem-node explants of eleven cultivars of pigeon pea (Cajanuscajan (L) 
Millsp.) on MS media supplemented with different concentration of BAP

Fig. 4b. Multiple shoot bud induction from stem-node explants of eleven cultivars of pigeon pea (Cajanuscajan (L) 
Millsp.) on MS media supplemented with different concentration of kinetin

(Mohan and Krishnamurthy, 2003).  Similar study 
of organogenesis with pigeopea variety JKR105 
revealed greater regeneration of shoot buds in the 
presence of BAP39 (Krishna et al., 2011). Recently, 
efficient shoot regeneration of pigeonpea genotype 
Durga NTL-30 has been reported using embryonic 
axis using combination of zeatin and kinetin growth 

regulators along with silver nitrate40 (Raut et al., 
2015).
Rooting response in decapitated embryonal axis 
derived plantlets 
	 The rooting of shoot buds from decapitated 
embryonal axis was attempted  with full strength 
MS basal medium along with NAA, IAA and 
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Fig. 4c. Multiple shoot bud induction from stem-node explants of eleven cultivars of pigeon pea (Cajanuscajan (L) 
Millsp.) on MS media supplemented with different concentration of TDZ

IBA growth regulator at 0.1, 0.2 and 0.3 mgL-1 as 
reported earlier18,34 (Kashyap et al., 2011; Kashyap 
et al., 2014). In most of the cases 0.1 mgL-1 of NAA 
was found to be effective resulting in 80-100% 
rooting (Table-2).  
	 The number of primary roots formed was 
highest in IPA-242 subjected to 0.2 mg/l of NAA, 
though the percentage of rooting was only 80%, 
while 0.1 mgL-1 of NAA resulted in 100% rooting 
with more or less similar number of primary roots 
formed. The root formation observed with shoot 
buds of IPA-2013, IPA- 3088, Pusa-9 and IPA-242 
is shown in Figure-3. 
	 The rooting response in the presence 
of IAA was comparatively poor than NAA with 
overall 60-100% rooting in only few varieties. 
It was also observed that 0.3 mg L-1 of IAA was 
comparatively better for rooting. The percentage 
of root formation and number of primary roots 
was found to be best for IPA-34. Only few of the 
varieties responded to rooting in the presence of 
IBA, though overall 50-100% rooting frequency 
was attained. Pusa-9 with 100% rooting and with 
a maximum number of primary roots was achieved 
with 0.2 mgL-1 of IBA, while in case of other 
varieties IBA at 0.1 mgL-1 showed better response. 
In-vitro regeneration using stem-node explants 
	 An in vitro grown plant of 10 day old 
was used for stem node explants preparation. For 

each treatment 10 explants were used with all 
varieties and explants were vertically inoculated in 
respective media for multiple shoot bud formation. 
Effect of BAP, kinetin and TDZ growth regulators 
at different concentration for direct organogenesis 
among these varieties were assessed. Variability 
in regeneration ability among different varieties 
was observed with BAP at variable concentration 
ranging from 0.5 to 4.0 mgL-1 and shoot buds 
formed were recorded as shown in Table-3. IPA-
3088 revealed 17 shoot buds while in case of IPA-
341 a minimum of 5 buds were observed. Further, it 
was also observed that BAP at 4 mgL-1 gave better 
regeneration ability for IPA-3088 revealing the fact 
that higher concentration of BAP is comparatively 
better for direct organogenesis as reported earlier10 
(Krishna et al., 2010)  (Figure-4a).
	 With variable concentration of kinetin, 
IPA 3088 formed 8 shoot buds and was found to 
be best among these varieties. In general, lower 
concentration of kinetin showed better resposnse 
for direct organogenesis, though IPA-2013 and 
IPA-34 were exceptions revealing better response 
at higher concentration of kinetin.  As compared 
to BAP, lower percentage of multiple shooting 
was observed with kinetin. Mulitple shoot bud 
formation among these varieties under the best 
responsive concentration of kinetin is shown in 
Figure-4b. Similary genotype based variability 
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Table 1. Number of Shoots formed per explants among eleven cultivars of pigeonpea under the influence of 
different concentration of BAP (0.5-4.0 mgL-1) during in vitro multiple shoot bud induction and regeneration by 

decapitated embryonal axis explants. Data recorded after 4 weeks of culture with an average of 10 replicates. 
Means followed by the same letter are not significantly different by ANOVA test while different letters denoted as 

a,b,c differ significantly at p=0.05. 

Conc. of BAP	 0.5	 1.0	 1.5	 2.0	 2.5	 3.0	 3.5	 4.0
(mgL-1)
Cultivars	                                                     Number of shoots (Mean±S.D.)

IPA-2013	 1.0±0.0a	 3.1±0.3b	 3.2±0.5b	 3.2±0.4b	 3.4±0.4b	 3.4±0.4b	 3.9±0.7ab	 1.5±0.3a

IPA-3088	 5.0±0.0 ab	 3.9±0.5a	 2.8±0.4a	 2.0±0.0	 1.0±0.0	 1.0±0.0	 4.2±0.7b	 1.0±0.0
Pusa-9	 2.7±0.4ab	 1.0±0.0a	 0.0±0.0a	 0.0±0.0a	 0.0±0.0a	 2.1±0.3b	 0.0±0.0a	 0.0±0.0a

IPA-34	 1.1±1.0b	 0.0±0.0a	 0.4±0.5b	 1.2±1.1b	 0.0±0.0a	 1.8±0.9ab	 0.9±1.1b	 0.0±0.0a

IPA-204	 3.3±0.7b	 4.1±1.3b	 2.7±1.1b	 4.5±1.4b	 1.0±0.8a	 5.6±2.5ab	 1.1±1.1a	 3.1±1.7b

IPA-242	 3.7±1.2b	 4.1±1.3b	 5.6±3.9b	 6.3±3.1b	 1.9±0.7b	 3.9±1.4b	 1.8±0.6b	 3.8±2.3b

T-7	 3.0±0.0a	 2.8±1.0b	 4.7±1.0ab	 2.0±0.6b	 0.8±0.0a	 1.0±0.5a	 1.3±0.9a	 1.5±1.3a

IPA-61	 1.6±0.4b	 2.6±1.2ab	 1.9±0.7b	 1.4±0.4b	 1.0±0.0b	 0.5±0.3a	 0.5±0.3a	 1.0±0.0b

IPA-337	 1.3±0.4a	 1.3±0.4a	 1.9±0.8a	 1.8±0.7a	 2.0±0.0a	 2.3±0.6a	 2.5±0.5c	 4.3±1.1ac

IPA-341	 2.7±0.6b	 2.7±1.0b	 4.1±0.9b	 4.3±2.1b	 2.8±1.0b	 2.5±1.0b	 2.4±1.1b	 1.6±0.6b

IPA-98-3	 1.0±0.0	 2.1±0.7b	 2.1±0.7b	 2.6±0.4b	 3.0±0.0ab	 2.1±1.5b	 2.1±1.8b	 1.4±0.4a

Table 2. Rooting responses of in- vitro regenerated shoots from decapitated embryonal axis explants under 
different concentrations of NAA. Data was recorded after 4 weeks of culture with 10 replicates for each 

treatment and experiment was repeated twice

Cultivars	                 NAA (0.1 mgL-1)	                      NAA (0.2 mgL-1)	                          NAA0.3 (mgL-1)
	 % of 	 Number 	 % of 	 Number 	 % of 	 Number 
	 rooting	 of primary 	 rooting	 of primary 	 rooting	 of primary 
		  roots 		  roots 		  roots 
		  Mean±S.D.		  Mean±S.D		  Mean±S.D

IPA-2013	 100	 6.2±0.4	 100	 2.0±0.0	 70	 1.4±0.9
IPA-3088	 80	 6.4±3.2	 50	 1.4±0.4	 50	 1.6±1.9
Pusa-9	 80	 7.2±2.2	 50	 4.0±1.8	 70	 3.6±3.2
IPA-34	 100	 2.8±1.2	 40	 1.4±0.4	 80	 1.4±0.48
IPA-204	 100	 3.0±0.8	 60	 2.0±0.8	 40	 NR
IPA-242	 100	 11.4±1.7	 80	 11.8±1.5	 80	 2.4±0.4
T-7	 80	 3.2±0.97	 40	 2.8±1.6	 40	 4.4±1.9
IPA-61	 80	 3.2±1.6	 40	 5.2±1.6	 100	 4.4±1.0
IPA-337	 80	 6.2±1.4	 60	 2.0±0.8	 40	 1.2±0.4
IPA-341	 80	 5.4±0.6	 50	 2.6±1.8	 40	 2.0±0.9
IPA-98-3	 90	 6.0±1.1	 60	 1.8±0.7	 50	 1.0±0.0

among these varieties for in vitro regneration was 
also observed under the influence of different 
concentration of TDZ growth regulator. Pusa-9 was 
found to be most suitable for direct organogenesis 
among these varieties with 10 shoot buds when 
treated with TDZ (0.25 mgL-1).  It was also 
observed that TDZ in the range of 0.25 to 0.30 mgL-

1 revealed better response for direct organogenesis 
from stem-node explants in most of the varieties.  

The lower concentration of TDZ was exceptionally 
better for IPA-3088 and IPA-61 while TDZ at 0.40 
mgL-1 was found to be most effective for shoot bud 
induction in IPA-242 and IPA-337 (Figure-4c). 
	 Comparative assessment of growth 
regulators revealed BAP to be most promising 
compared to TDZ and kinetin. Substantial 
variability in regeneration potential for direct 
organogenesis with different concentration of these 
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Fig. 5. Pictorial representation for the response of different growth regulators (a) BAP (b) kinetin (c) TDZ individually 
and (d) comparative effect of growth regulators on multiple shoot induction from stem-node explants

growth regulators was observed with pigeopea 
varieties as shown in Figure 5.  
Rooting response in stem-node derived plantlets 
	 As attempted for root formation from 
shoot buds derived with leaf and plumule junction 
explants18, 34 (Kashyap et al., 2011; Kashyap et al., 
2014) of these varieties, growth regulators namely  
NAA, IAA and IBA at 0.1, 0.2 and 0.3 mg/l was 
also used with stem-node explants.  The root 
formation was found to be better with 0.1 mgL-1 
NAA resulting with a maximum number of primary 
roots as shown in Figure-6. The root formation in 
terms of percentage ranged from 50 to 80% and 
comparative response of these varieties for root 
formation from shoots derived from stem-node 
explants is shown in Table-4. IPA-2013 was found 
to be the best variety for root formation though the 
best variety showing direct organogenesis with 
stem-node explants IPA-3088 also revealed good 
root formation when treated with 0.1 mgL-1 of 
NAA.

	 Similarly variable response was observed 
for the plantlets derived from stem-node explants 
of these varieties for rooting under the influence of 
different concentration of IAA namely 0.1, 0.2 and 
0.3 mgL-1. The concentration of IAA at 0.1 mgL-1 
revealed 50-70% rooting with IPA-2013 being 
most responsive for root formation. As compared 
to NAA and IAA, the response of rooting was 
poor with IBA. In most of the cultivars there were 
no response to variable concentration of IBA for 
rooting. 
	 There are only few reports of multiple 
shoot bud induction using stem node explants.  
30Cheema and Bawa, 1991 has reported multiple 
shoot bud induction using stem node along with 
the apical meristem in the MS media supplemented 
with kinetin ranging from 0.1 to 9.0 mgL-1. The 
lower concentration in the range of 0.5 to 3.0 mgL-1 
revealed healthy shoots while higher concentration 
resulted in the formation of clusters. 
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Fig. 6. Rooting response of in-vitro regenerated shootlets derived from stem-node explants of selected cultivars of 
pigeon pea in MS media supplemented with 0.1 mgL-1 NAA

Table 3. Number of Shoots formed per explants among eleven cultivars of pigeonpea under the influence of 
different concentration of BAP (0.5-4.0 mgL-1) during in vitro multiple shoot bud induction and regeneration by 

stem-node explants. Data recorded after 4 weeks of culture with an average of 10 replicates. Means followed 
by the same letter are not significantly different by ANOVA test while different letters denoted as a,b,c differ 

significantly at p=0.05. 

Con. of BAP 	 0.5	 1.0	 1.5	 2.0	 2.5	 3.0	 3.5	 4.0
(mgL-1)
Cultivars				   Number of Shoots (Mean±S.D.)

IPA-2013	 2.9±0.7a 	 6.0±1.1ab	 5.5±1.1b	 5.2±1.2b	 5.0±0.8b	 5.0±1.5b	 5.7±0.7b	 5.4±0.4b

IPA-3088	 5.8±0.8a	 5.0±2.1c	 9.3±1.6b	 9.7±2.7b	 7.9±1.3b	 8.6±2.3b	 11.3±3.1b	 11.4±3.1abc

Pusa-9	 7.2±0.9ab	 3.4±0.4b	 5.4±0.6a	 3.6±1.1a	 4.8±0.4a	 2.6±0.4a	 4.4±0.4a	 2.2±0.4a

IPA-34	 4.0±0.6ab	 2.5±0.5a	 4.0±0.7a	 2.4±0.4a	 3.4±0.4b	 3.4±0.9b	 3.9±0.8b	 3.0±0.0b

IPA-204	 3.6±0.4a	 3.6±0.8a	 4.7±0.4a	 5.2±0.6a	 5.1±0.3a	 5.2±0.4a	 4.6±0.6a	 6.6±0.4a

IPA-242	 3.1±0.3b	 2.2±0.4a	 3.5±0.6b	 2.3±0.4b	 4.0±1.1ab	 3.6±0.4b	 3.1±0.53b	 2.5±0.5b

T-7	 2.0±0.0a	 3.1±0.3c	 4.2±0.8b	 3.5±0.5a	 4.5±0.6b	 3.7±0.9b	 5.1±0.3abc	 4.0±0.6a

IPA-61	 2.2±0.4a	 3.0±0.6a	 3.9±0.7a	 4.4±0.4b	 3.7±0.4a	 3.4±0.4a	 3.3±0.4a	 5.4±0.6ab

IPA-337	 2.0±0.0a	 2.0±0.0a	 2.0±0.0a	 2.0±0.0a	 2.9±0.3a	 2.4±0.0b	 3.6±0.4b	 4.4±1.6ab

IPA-341	 1.9±0.4a	 2.0±0.0a	 2.0±0.0a	 3.6±0.9ab	 3.5±0.8b	 3.3±0.4b	 3.2±0.4b	 3.0±0.0b

IPA-98-3	 2.0±0.0a	 4.1±1.0ab	 3.8±0.6b	 2.9±0.5b	 3.3±0.7b	 3.4±0.6b	 3.4±0.8b	 3.0±0.0b

	 Comprehensive analysis of more than 
50 cultivars/genotypes of pigeonpea for in vitro 
regeneration with diverse explants revealed 
variability both for organogenesis and somatic 
embryogenesis10 (Krishna et al., 2010) and hence 
there is great potential for screening of genotypes 
to develop efficient regeneration protocols for 
transgenic development. 

Hardening and acclimatization of plantlets 
derived from decapitated embryonal axis and 
stem-node explants 
	 Genotype dependent variability was 
also observed during acclimatization of plantlets 
derived from both decapitated embryonal axis 
and stem-node explant sources.  The percentage 
acclimatization of multiple shoot buds derived 
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Table 4. Rooting responses of in- vitro regenerated shoots; stem-node explants under different 
concentrations of NAA. Data was recorded after 4 weeks of culture with 10 replicates for each 

treatment and experiment was repeated twice.

Cultivars        	               NAA 0.1 mgL-1	                        NAA 0.2 mgL-1	                      NAA0.3 mgL-1

	 % of 	 Number 	 % of 	 Number 	 % of 	 Number 
	 rooting	 of primary 	 rooting	 of primary 	 rooting	 of primary 
		  roots 		  roots 		  roots 
		  Mean±S.D.		  Mean±S.D		  Mean±S.D

IPA-2013	 80	 9.5±4.8	 80	 8.1±4.0	 70	 3.4±2.2
IPA-3088	 80	 8.2±4.1	 50	 1.0±1.0	 50	 1.0±1.0
Pusa-9	 80	 5.4±0.9	 50	 2.8±2.5	 NR	 NR
IPA-34	 50	 6.6±6.6	 50	 0.8±0.9	 NR	 NR
IPA-204	 NR	 NR	 NR	 NR	 NR	 NR
IPA-242	 50	 0.5±0.5	 80	 3.2±1.6	 50	 1.5±1.5
T-7	 NR	 NR	 80	 1.6±0.8	 NR	 NR
IPA-61	 50	 2.1±2.1	 80	 3.3±1.7	 60	 1.8±1.5
IPA-337	 NR	 NR	 80	 4.1±2.1	 NR	 NR
IPA-341	 50	 1.0±1.0	 80	 3.2±1.6	 NR	 NR
IPA-98-3	 NR	 NR	 80	 2.8±1.6	 NR	 NR

Table 5. Percentage acclimatization of well rooted 
plantlets derived from embryonal axis and stem-

node explants of different pigeonpea varieties

Pigeonpea  	 Decapitated 	 Stem-node 
varieties	 embryonal axis 	 explants (%)
	 explants (%)

IPA-2013	 60	 70
IPA-3088	 75	 65
Pusa-9	 65	 25
IPA-34	 60	 25
IPA-204	 75	 20
IPA-242	 80	 20
T-7	 60	 25
IPA-61	 75	 65
IPA-337	 60	 50
IPA-341	 55	 55
IPA-98-3	 60	 25

from decapitated embryonal axis explants with 
proper rooting in soil ranged from 55 to 80% with 
cultivar IPA-242 showing maximum percentage 
of acclimatization while cultivars IPA-3088, IPA-
204 and IPA-61 showed 75% acclimatization. In 
case of stem-node explants derived plantlets, the 
percentage acclimatization of multiple shoot buds 
with proper rooting in soil ranged from 25 to 70% 
with cultivar IPA-2013, IPA-3088 and IPA-61 
showing 70 and 65% acclimatization. The overall 
percentage of acclimatization during hardening 

observed among these varieties derived from 
different explants is shown in Table-5.

Conclusion

	 Plantlet regeneration via organogenesis 
has been preferred over somatic embryogenesis 
for developing appropriate regeneration 
protocols amenable for genetic transformation 
in pigeonpea. Among several factors considered 
for developing suitable regeneration protocol 

by direct organogenesis, selection of genotypes/
cultivars has been considered as the major factor 
and hence genotype-dependent response needs 
to be investigated. Other factors influencing 
regeneration are explants tissue, media composition 
and growth regulators. Varied concentration of 
growth regulators namely cytokinins, auxins, 
gibberellins and abscisic acid either individually or 
in combination has been studied for organogenesis-
mediated regeneration in different pigeonpea 
genotypes. The selected Indian pigeonpea varieties 
in the present study revealed genotype dependent 
response for direct in vitro organogenesis in 
the presence of varied concentration of growth 
regulators exclusively for decapitated embryonal 
axes and stem-node explants. The varieties IPA-
242 and IPA-3088 showed best response for in 
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vitro regeneration using decapitated embryonal 
axes and stem-node explants respectively. The 
growth regulator BAP was found to be effective 
as compared to kinetin and TDZ for direct 
organogenesis irrespective of explant sources. 
Further, comparatively higher concentration of 
BAP (0.5-4.0 mgL-1), lower concentration of 
kinetin (0.5-4.0 mgL-1) and medium concentration 
of TDZ (0.05-0.40 mgL-1) was found to be 
effective for multiple shoot bud induction. The 
rooting response of plantlets derived from these 
explants source among these varieties was found to 
be better with growth regulator NAA as compared 
to IAA and IBA and effective rooting was observed 
with 0.1 mgL-1 of NAA.
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