
ABSTRACT
Development of effective regeneration protocol is a prerequisite for genetic transformation of pigeonpea owing to 
its recalcitrance behavior in tissue culture conditions. Screening of cultivars is considered to be one important factor 
for investigating the regeneration ability under in vitro conditions. Selected eleven Indian cultivars of pigeonpea 
were studied for multiple shoot bud induction and regeneration using apical meristem explants. The response of 
these cultivars under the influence of variable concentration of three different hormones namely 6-benzyl amino 
purine (BAP), kinetin (KIN) and thiadiazuron (TDZ) was investigated. BAP was found to be better compared to 
kinetin and TDZ for in vitro regeneration of these cultivars. It was observed that higher concentration of BAP was 
effective for multiple shoot bud induction and IPA-242 was promising revealing a maximum of 7 buds per explants 
at 3.0 mgL-1 of BAP. Similarly IPA-204 showed best response under the influence of different concentration of 
TDZ and a maximum of 10 buds per explants was observed at 0.30 mgL-1 of TDZ. The overall response of these 
cultivars under different concentration of kinetin was poor though IPA-2013 was found to be best with 4 buds per 
explants at 3.0 mgL-1 of kinetin. The rooting of the shoots derived from the apical meristem explants was found 
to be better when treated with 1- Naphthalene Acetic Acid (NAA) as compared to Indole-3 Acetic Acid (IAA) and 
Indole-3 Butyric Acid (IBA). Further it was observed that 0.2mgL-1 of NAA worked best for most of the cultivars 
for rooting as evident from number of primary roots. The screening of these cultivars of pigeonepea for in vitro 
regeneration ability exclusively from apical meristem explants has widened the scope of developing efficient 
regeneration and genetic transformation protocols.
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INTRODUCTION

Pigeonpea [Cajanus cajan (L.) Millspaugh]is an important 
protein rich grain legume predominately grown in 
Indian subcontinent, South East-Asia and East Africa, 
the genome of which has been sequenced (Singh et al. 
2012 and Varshney et al. 2012). The crop productivity is 
hindered due to several constraints like limited genetic 
resources, low level of genetic diversity, plethora of biotic 
and abiotic stresses (Bohra et al. 2010). Conventional 
plant breeding, molecular breeding and genomic assisted 
breeding approaches are being used for legume crop 
improvement (Pratap et al. 2018; Bohra et al. 2020).
The identification of genes associated with desirable 
agronomic traits in pigeonpea is comparatively easier 
due to the availability of genome sequence and could 
be used for transgenic production. Still the availability 
of efficient and reproducible in-vitro regeneration 
protocol is lacking in pigeonpea pea and other legumes 
in general as these are considered to be recalcitrant to 
in-vitro regeneration under tissue culture conditions  
(Chandra and Pantel 2003; Pratap et al. 2018).

Substantial efforts have been made to develop efficient 
Agrobacterium-mediated genetic transformation 
and transgenic pigeonpea production (Geetha et al. 
1999, Lawrence and Koundal 2001, Satyavathi et 
al. 2003, Prasad et al. 2004, Surekha et al. 2005; 
Sharma et al.2006; Surekha et al. 2014; Ghosh et al. 
2017; Karmakar et al. 2019). In pigeonpea in-vitro 
regeneration via organogenesis using different explants 
like leaf, cotyledons, cotyledonary nodes, embryonal 
axes, leaf petiole, embryo, embryonal axis attached 
cotyledons, auxillary buds and apical meristem among 
different cultivars has been extensively reviewed  
(Krishna et al. 2010 and Pawar et al. 2014). Leaf tissues 
were predominately used as explants source for in vitro 
regeneration of pigeonpea (Eapen and George 1993, 
Singh et al. 2002, Dayal et al. 2003, Kashyap et al. 2011, 
Asande et al. 2016, Abhijeeta and Rajesh, 2018).

Other explants source like cotyledons and cotyledonary 
nodes (Banala et al. 2016 and Jasani et al. 2017), 
embryonal axes (Raut et al. 2015), leaf petiole  
(Nalluri and Karri 2017), embryonal axis attached 
cotyledons (Karmakar et al. 2019) and auxiliary bud 
(Vijay Kumar et al. 2016; Kumar et al. 2016) have 
also been recently reported for in vitro regeneration 
of pigeonepea with different cultivars. There are only 
few reports of apical meristem as explants source for 
direct organogenesis (Kumar et al. 1984; Cheema and 
Bawa 1991; Franklin et al. 1998 and Parekh et al.2014) 
attempted with cultivars AL 15, ICP 6917, ICP 6974, ICP 
7119, ICP 7263, Vamban, one wild and GT 102 (Karmakar 
et al. 2019).

Genotype dependent varying regeneration responses 
have been reported in pigeonpea using variable explants 
sources, though apical meristem has not been extensively 
studied. The screening of more cultivars for direct 
organogenesis exclusively for apical meristem explants 
needs to be attempted for evaluating the variability in the 
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in vitro regeneration efficiency. Based on the literature 
survey an attempt has been made to evaluate eleven 
selected Indian cultivars of pigeonpea for multiple shoot 
bud induction and regeneration. The effects of variable 
concentration of growth regulators BAP, Kinetin and 
TDZ for multiple shoot bud formation among these 
cultivars were also assessed to reveal genotype dependent 
variability.

MATERIAL AND METHODS

The eleven cultivars of pigeonpea procured from ICAR- 
Indian Institute of Pulses Research, Kanpur were IPA-
2013, IPA-3088, Pusa-9, IPA-34, IPA-204, IPA-242, 
T-7, IPA-61, IPA-337, IPA-341 and IPA-98-3 and were 
used insert in the present study. The seeds prior to 
germination were surface sterilized using 1% cetrimide 
solution, 70% ethanol and 0.2% HgCl2 as reported earlier 
(Kashyap et al. 2011; Kashyap et al. 2014) The apical 
meristem explants of approximately 1.0 cm size were 
excised aseptically from 10 day germinated seedlings. 
The standard MS culture medium (Murashige and Skoog 
1962) with variable concentration of growth hormones 
BAP, Kinetin and TDZ was used for multiple shoot bud 
induction and regeneration studies.

The explants with or without shoot initials were sub 
cultured repeatedly after 15 days. Numbers of shoot 
buds were counted after 30 days of inoculation. For 
each experimental set up 10 explants were used with 
each concentration and experiment was repeated twice. 
After each successive subculture within 15 days, the well-
developed shoots were rooted on MS media with different 
concentration of NAA, IAA and IBA. The explants with 
or without shoot initials were sub cultured repeatedly 
after 15 days. Numbers of shoot buds were counted 
after 30 days of inoculation. For each experimental set 
up 10 explants were used with each concentration and 
experiment was repeated twice. After each successive 
subculture within 15 days, the well-developed shoots 
were rooted on MS media with different concentration 
of NAA, IAA and IBA. The culture conditions of cool 
white fluorescent light at 25±20C with 16 hours light 
and 8 hour dark interval was maintained in plant tissue 
culture lab.

RESULTS AND DISCUSSION

Genetic transformation has immense potential for 
legume crop improvement but due to the lack of 
efficient regeneration methods, limited success has been 
achieved (Pratap et al. 2018).  Plant regeneration through 
organogenesis has been preferred in pigeonpea genetic 
transformation and several efforts have been made to 
investigate the factors influencing in-vitro regeneration 
using different cultivars. In-vitro regeneration by 
organogenesis of pigeonpea has been attempted using 
diverse explants like leaf, cotyledons, cotyledonary 
nodes, embryonal axes, leaf petiole, embryo, epicotyls, 
embryonal axis attached cotyledons, auxiliary buds and 
apical meristem with more than fifty diverse cultivars 
(Krishna et al. 2010, Pawar et al. 2014 and Pratap et al. 
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2018). Several factors like genotype selection, explants 
tissues, media composition, and plant growth regulators 
substantially influence the plantlet regeneration via 
organogenesis in legumes that is amenable to efficient 
genetic transformation (Krishna et al. 2010, Pawar et al. 
2014 and Pratap et al. 2018).

Screening of diverse genotypes or cultivars is 
considered to be the major factor for deciphering the 
inherent regeneration potential via organogenesis  
(Chandra Venkata et al. 2019; Bohra et al. 2020).  
More than fifty pigeonpea genotypes have been studied 
for in vitro regeneration both via organogenesis 
and somatic embryogenesis to reveal the inherent 
regeneration ability (Krishna et al. 2010). In the present 
study selected eleven Indian cultivars of pigeonopea 
were assessed for regeneration via organogenesis using 
apical meristem explants under influence of variable 
concentration of growth regulators namely BAP, Kinetin 
and TDZ as reported with leaf and plumule junction 
explants (Kashyap et al. 2011 and Kashyap et al. 2014).

These selected Indian cultivars of pigeonpea when 
subjected to variable concentration of BAP hormone 
ranging from 0.5-4.0 mgL-1 revealed variability in 
regeneration ability as evident from number of buds 
per explants as shown in Table-1.  The cultivar IPA-242 
showed best response with a maximum of 7 buds per 
explants in the presence of MS media supplemented with 
3.0 mgL-1 BAP.  The response of cultivars IPA-2013, IPA-

2014 and IPA-61 was also comparatively better at higher 
concentration of BAP (Kashyap et al. 2014).

Overall higher concentration of BAP was found to 
be better for direct organogenesis as reported earlier 
irrespective of explants used (Krishna et al. 2010).  
The shoot bud induction for all the eleven cultivars with 
their best responsive concentration of BAP is shown 
in Figure-1(a-k). Mulitple shoot bud induction and 
regeneration exclusively in the presence of BAP has 
earlier been reported for cultivars ICP 6917, ICP6974, 
ICP 7119, ICP 7263 Vamban and one wild species 
(Kumar et al. 1984 and Franklin et al. 1998). A total 
of 12 numbers of maximum shoots has been reported 
from apical meristem explants in the presence of BAP 
(Franklin et al. 1998).

The response of these cultivars was also evaluated in 
the presence of different concentration of TDZ ranging 
from 0.05-0.4 mgL-1 (Table-2). The response of cultivar 
IPA-204 was found to be best with 0.30 mgL-1 of TDZ 
resulting in a maximum of 10 buds per explants. To the 
best of our knowledge there are no reports of in vitro 
multiple shoot bud induction and regeneration from 
apical meristem of pigeonpea in the presence of TDZ 
(Krishna et al. 2010).The concentration of TDZ in the 
range of 0.25-0.30 mgL-1 was found to be effective for 
shoot bud induction for these cultivars of pigeonpea.  
In case of cultivars IPA-242, IPA-337, IPA-341 and 
IPA-98-3 only single bud was observed irrespective of 
different concentration of TDZ used.
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BAP (mgL-1)	 0.5	 1.0	 1.5	 2.0	 2.5	 3.0	 3.5	 4.0
→

Cultivars   ↓
				Number of shoots (Mean + S.D.)

IPA-2013	 1.7+0.4a	 1.7+0.4a	 3.3+0.6b	 2.4+0.4a	 3.1+1.2b	 4.4+0.6ab	 4.4+1.3b	 3.9+1.5b

IPA-3088	 3.5+0.5b	 3.7+1.0b	 4.4+0.4b	 5.9+3.0b	 5.3+0.6b	 3.9+0.9b	 4.3+1.1b	 4.7+2.7b

Pusa-9	 1.9+0.7a	 2.6+1.2a	 1.0+0.0a	 3.3+0.7a	 1.0+0.0a	 1.3+0.4a	 3.5+1.5b	 4.7+0.4ab

IPA-34	 2.7+0.7b	 1.0+0.0a	 2.8+0.9b	 1.0+0.0a	 2.2+0.4a	 3.0+0.0b	 3.8+0.6ab	 3.8+1.8b

IPA-204	 1.0+0.0a	 3.0+0.0b	 4.3+0.4b	 3.5+0.5b	 1.5+0.5a	 4.6+1.9ab	 3.7+0.45b	 1.7+0.8b

IPA-242	 1.0+0.0a	 1.2+0.4a	 1.0+0.0a	 1.9+0.3a	 1.9+1.1a	 6.2+0.6a	 1.4+0.7a	 3.7+0.4a

T-7	 1.0+0.0a	 1.4+0.9a	 1.4+0.8a	 1.6+1.2a	 2.0+0.8a	 2.3+1.1a	 2.6+1.2b	 4.7+1.0ab

IPA-61	 1.0+0.0a	 1.0+0.0a	 5.7+0.9ab	 1.0+0.0a	 3.2+2.0b	 4.6+0.9b	 4.9+1.4b	 3.8+0.6a

IPA-337	 1.0+0.0a	 1.0+0.0a	 3.4+0.6ab	 1.0+0.0a	 3.1+0.3b	 1.0+0.0a	 1.1+0.3a	 1.0+0.0a

IPA-341	 1.0+0.0	 1.0+0.0	 1.0+0.0	 1.0+0.0	 1.0+0.0	 1.0+0.0	 1.0+0.0	 1.0+0.0
IPA-98-3	 1.0+0.0a	 3.5+0.5b	 1.0+0.0a	 1.0+0.0a	 3.3+0.4b	 1.0+0.0a	 3.2+0.4b	 4.1+0.6ab

Table 1. Effect of BAP on multiple shoot bud induction using apical meristem explants (number of shoots 
/ explant) for eleven cultivars of pigeon pea after 4 weeks of culture with an average of 10 replicates 
and means with different letters differ significantly at p=0.05.

Similarly when these cultivars were subjected to different 
concentration of kinetin ranging from 0.5-4.0 mgL-1, 
they showed variability in terms of multiple shoot bud 
induction and cultivar IPA-2013 showed best response 
with a maximum of 5 buds per explants with 3.0 mgL-1 

kinetin. It was also observed that many of the cultivars 
like IPA-204, IPA-242, T7, IPA-61, IPA-337, IPA-341 

and IPA-98-3 showed no response for multiple shoot 
bud induction under different concentration of kinetin.  
In general, higher concentration of kinetin was found 
to be effective for shoot bud induction for most of the 
cultivars. Similar studies has been perfomed with cultivar 
AL-15subjected to different concentration of kinetin 
ranging from 0.1- 9.0 mgL-1. The lower concentration in 
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the range of 0.5-3.0 mgL-1 was found to be better resulting 
in healthy shoots while higher concentration resulted in 
the formation of clustersalong with BAP (Cheema and 
Bawa 1991). Among these three hormones tested, BAP 

was found to be comparatively better as compared to 
kinetin and TDZ for in vitro multiple shoot bud induction 
and regeneration as reported earlier (Kumar et al. 1984, 
Cheema and Bawa 1991 and Franklin et al. 1998).

Figure 1: Multiple shoot bud induction from apical 
meristem explants of different cultivars of pigeonpea 
showing their best response in MS media supplemented 
with variable concentration of BAP (in mgL-1). (a)IPA-
2013 (3.0), (b)IPA-3088 (2.0), (c)Pusa-9 (4.0), (d)IPA-34 
( 3.5), (e)IPA-204(3.0), (f)IPA-242(3.0), (g)T-7 (4.0), (h)
IPA-61(1.5), (i)IPA-337 (1.5), (j)IPA-341 (1.0), (k)IPA-
98-3 (4.0).

TDZ	 0.05	 0.1	 0.15	 0.20	 0.25	 0.30	 0.35	 0.40
(mgL-1) →
Cultivars  ↓				 Number of shoots (Mean+S.D.)
IPA-2013	 2.9+0.3a	 1.0+0.0a	 3.0+0.0a	 3.0+0.0a	 3.0+0.0a	 2.0+0.0b	 2.0+0.0b	 4.0+0.0ab

IPA-3088	 3.0+0.0a	 1.0+0.0a	 3.1+0.3a	 3.2+0.4a	 6.1+0.5a	 4.7+0.4a	 4.6+0.4a	 4.5+0.5a

Pusa-9	 1.0+0.0a	 1.0+0.0a	 1.0+0.0a	 1.0+0.0a	 1.0+0.0a	 2.8+0.4a	 4.5+0.9a	 1.0+0.0a

IPA-34	 1.0+0.0a	 1.0+0.0a	 1.0+0.0a	 1.0+0.0a	 1.0+0.0a	 1.0+0.0a	 1.0+0.0a	 3.6+0.4a

IPA-204	 1.0+0.0a	 1.0+0.0a	 1.0+0.0a	 1.0+0.0a	 1.0+0.0a	 7.4+1.1a	 1.0+0.0a	 1.0+0.0a

IPA-242	 1.0+0.0	 1.0+0.0	 1.0+0.0	 1.0+0.0	 1.0+0.0	 1.0+0.0	 1.0+0.0	 1.0+0.0
T-7	 1.0+0.0a	 1.0+0.0a	 1.0+0.0a	 1.0+0.0a	 1.0+0.0a	 1.0+0.0a	 1.0+0.0a	 3.7+0.4a

IPA-61	 1.0+0.0a	 1.0+0.0a	 1.0+0.0a	 1.0+0.0a	 1.0+0.0a	 1.0+0.0a	 3.1+0.3a	 1.0+0.0a

IPA-337	 1.0+0.0	 1.0+0.0	 1.0+0.0	 1.0+0.0	 1.0+0.0	 1.0+0.0	 1.0+0.0	 1.0+0.0
IPA-341	 1.0+0.0	 1.0+0.0	 1.0+0.0	 1.0+0.0	 1.0+0.0	 1.0+0.0	 1.0+0.0	 1.0+0.0
IPA-98-3	 1.0+0.0	 1.0+0.0	 1.0+0.0	 1.0+0.0	 1.0+0.0	 1.0+0.0	 1.0+0.0	 1.0+0.0
The shoot bud induction for these cultivars with their best responsive concentration of TDZ is shown in 
Figure-2(a-k).

Table 2. Effect of TDZ on multiple shoot bud induction using apical meristem explants (number of shoots 
/ explant) for eleven cultivars   of pigeon pea after 4 weeks of culture with an average of 10 replicates 
and means with different letters differ significantly at p=0.05.

Figure 2: Multiple shoot bud induction from apical 
meristem explants of different cultivars of pigeonpea 
showing their best response in MS media supplemented 
with variable concentration of TDZ (in mgL-1). (a)IPA-2013 
(0.4), (b)IPA-3088 (0.25), (c)Pusa-9 (0.35), (d)IPA-34 
(0.40), (e)IPA-204(0.30), (f)IPA-242(0.15), (g)T-7 (0.40), 
(h)IPA-61(0.35), (i)IPA-337 (0.25), (j)IPA-341 (0.05), (k)
IPA-98-3 (0.15).

Comparative assessment of BAP, Kinetin and TDZ either 
singly or in combination for multiple shoot bud induction 
attempted for a genotype GT-102 also revealed BAP to be 
better hormone (Parekh et al. 2014). Multiple shoot buds 
obtained from apical meristem explants were subjected to 
rooting on full strength MS basal medium supplemented 
with three different hormones viz. NAA, IAA and IBA at 
three different concentrations namely 0.1, 0.2 and 0.3 
mgL-1. The response for rooting was found to be better 

with 0.2mgL-1 of NAA for most of the cultivars resulting 
in a maximum number of primary roots (Franklin et al. 
1998). The overall response to rooting of all the eleven 
cultivars at three different concentrations of NAA is 
shown in Table-3. The response in the presence of three 
different concentration of IAA was also evaluated and 
it was found to be variable for cultivars though IPA-337 
gave the best response at 0.2 mgL-1of IAA. The response 
of rooting was poor with different concentration of 
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eleven pigeonpea cultivars for direct organogenesis 
attempted with apical meristem explants has clearly 
revealed that variability in regeneration potential is 
genotype dependent. Further cultivar IPA-242 seems 
promising for direct organogenesis with apical meristem 
as explants source though substantial standardization 
for enhancing the regeneration efficiency is still needed 
to develop efficient regeneration protocol suitable for 
genetic transformation.

Kashyap et al.,

IBA for most of the cultivars in contrast to what has 
been reported for the cultivar Vamban-1 (Franklin et 
al. 1998).

The percentage acclimatization of multiple shoot buds 
with proper rooting in soil ranged from 25 to 75% 
with cultivar IPA-337, IPA-61 and IPA-204 showed 75, 
70 and 65% acclimatization . The assessment of these 

Cultivars	          NAA 0.1 mg/l	 NAA 0.2 mg/l	 NAA 0.3 mg/l
% of	 Number of	 % of	 Number of	 % of	 Number of 

rooting	 primary roots	 rooting	 primary roots	 rooting	 primary roots
Mean±S.D.		 Mean±S.D		 Mean±S.D

IPA-2013	 100	 5.0±0.7	 100	 4.7±0.5	 70	 1.4±0.9
IPA-3088	 80	 5.7±2.9	 70	 2.9±1.9	 80	 1.6±0.8
Pusa-9	 0	 NR	 90	 4.2±1.5	 80	 1.9±1.0
IPA-34	 100	 4.6±1.4	 50	 1.6±1.9	 0	 NR
IPA-204	 100	 6.1±0.5	 50	 1.8±2.0	 100	 3.8±0.5
IPA-242	 80	 3.2±1.2	 70	 1.4±0.9	 0	 NR
T-7	 100	 2.0±0.0	 100	 6.2±0.4	 0	 NR
IPA-61	 100	 5.0±0.0	 80	 3.1±1.5	 100	 2.0±0.0
IPA-337	 0	 NR	 80	 6.4±3.2	 0	 NR
IPA-341	 0	 NR	 0	 NR	 0	 NR
IPA-98-3	 0	 NR	 0	 NR	 0	 NR

The percentage of rooting varied from 50 to 100% among these cultivars and IPA-337was found 
to be best among others for rooting with NAA (Figure-3).

Table 3. Rooting responses of in- vitro regenerated shoots from apical meristem explants under 
different concentrations of NAA. Date recorded after 4 weeks of culture with 10 replicates for 
each treatment and experiment was repeated twice.

Figure 3: Rooting response of apical meristem derived 
shoots of few cultivars of pigeonpea on MS media 
supplemented with different concentration of NAA (in 
mgL-1) (a) IPA-3088 (0.1), (b) IPA-204 (0.1), (c) T-7 (0.2) 
and (d) IPA-337 (0.2).

CONCLUSION

Several cultivars of pigeonpea like AL 15, ICP 6917, ICP 
6974, ICP 7119, ICP 7263, Vamban and GT 102 have been 
reported for direct organogenesis using apical meristem 
explants earlier. To the best of our information these 

selected cultivars of pigeonpea were not studied for in 
vitro regeneration earlier and hence an attempt has been 
made to decipher the potential of these cultivars for 
direct organogenesis exclusively for apical meristem as 
explants. Among the three growth hormones BAP, TDZ 
and kinetin studied for in vitro regeneration among these 
cultivars, multiple shoot bud induction and regeneration 
was found to be better with higher concentration of 
BAP as reported earlier. Genotype-dependent response 
for organogenesis under the influence of variable 
concentration of growth regulators was observed for these 
cultivars. The best responsive cultivars for multiple shoot 
bud induction and in vitro regeneration under variable 
concentration of BAP, Kinetin and TDZ treatments were 
IPA-242, IPA-2013 and IPA-204 respectively. A maximum 
of 7 buds observed with IPA-242 at higher concentration 
of BAP has immense potential for developing efficient 
regeneration protocol using apical meristem explants 
which could be further tested for its amenability for 
genetic transformation.  
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