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ABSTRACT 
A protocol was developed for shoot multiplication and regeneration for chickpea (Cicer arietnum 
L.). Three varieties (Hudas, FLIP03-147C and FLIP05-100C) and two landraces ("Ein -Elbyda" 
and "Baladi") were used in this study. For multiplication experiments, shoots tips of about 2 cm 
length from in vitro establishment seedlings of "Ein-Elbyda" and "Baladi" landraces were used. 
Explants were cultured on Murashige and Skoog (MS) medium supplied with 0.0, 2.2 and4.4 µM 
benzyl adenine (BA), or 0.0, 9.2 and 18.4 µM Kinetin, both cytokinins were combined with 0.0 or 2.7 
µM naphthalene acetic acid (NAA). The highest shoot number (9.7, 6.6) was obtained at media 
supplied only with 2.2 µM BA for both landraces. Lower shoot number (5.3 and 4.5) was obtained at 
media supplied with 9.2 µM kinetin in both "Baladi"  and "Ein-Elbyda" respectively. For 
regeneration experiments, leaf and stem, of all tested varieties and landraces were used. Explants 
were cultured on MS media supplied with different levels of NAA and N-1,2,3-Thiadiazol-5-yl-N-
phenylurea (TDZ). Shoot regeneration from leaf explants was obtained on MS basal medium 
supplemented with TDZ at 1 and 2 µM in both landraces with 50 and 43% shoot regeneration for 
both "Baladi" and "Ein-Elbyda", respectively. Varia tion in regeneration ability among tested 
varieties was clear, the highest shoot percent (66.7%) was obtained at 1 µM TDZ with Hudas 
varietiy, other varieties exhibited lower regeneration percentages. 
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INTRODUCTION 
 
Chickpea (Cicer arietinum L.) is an important 
grain legume cultivated worldwide on more than 
12 million ha (FAOSTAT, 2012). However, the 
productivity of chickpea has not improved 
considerably over the years (Singh and Kataria, 
2012). The production of chickpea is highly 
influenced by biotic and abiotic stresses (Hossain, 
2009; Kiran et al., 2005). Cultivated chickpea has 
limited source of genetic variability, therefore, 
conventional breeding methods for improving 
productivity are limited. Recently, there has been 
a great interest in biotechnological methods 
(Gamborg, 2002; Mallikarjuna and Muehlbauer, 
2011). Modern biotechnology has provided new 
opportunities including tissue culture, genetic 
engineering, and genetic transformation to 
enhance the germplasm of crops (Singh et al., 
2008). Production of transgene and its stable 
expression through plant tissue culture supported 

by several genetic tools is again the most critical 
issue discussed nowadays (Bhatia, 2015). In vitro 
regeneration is an integral part of genetic 
transformation procedures. Many legumes have 
generally proved notoriously recalcitrant due to 
the lack of reliable in vitro regeneration system. 
(Barna and Wakhlu, 1993; Khawar et al., 2004; 
Yadav, 2009). Regeneration in chickpea via direct 
shoot induction and somatic embryogenesis has 
been reported from various explants (Batra et al., 
2002; Richa and Singh, 2002; Kiran et al., 2005; 
Krishna and Sanu, 2008). Indirect buds formation 
was accomplished on MS added with 0.5mg/l 
kinetin via callusing on mature embryos (Kadiri      
et al., 2014). Successful shoot regeneration of 
preconditioned mature embryo and embryonic 
axis explants was achieved with 10 mgl-1 
benzylaminopurine (BA) (Aasim et al., 2011). 
Maximum number of shoots was produced              
with shoot tip and cotyledonary explants. (Sujatha 
et al., 2007; Rekha and Thiruvengadam, 2009; 
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Ugandhar et al., 2012). A combination of BAP 
and 2,4-D or NAA enhanced proliferation 
response. Of different combinations MS+1.0 2,4-
D+0.5 NAA+0.5 BAP mg/l proved exceptionally 
good both for callus induction and proliferation 
(Naz et al., 2008). High shoot induction and 
multiplication from shoot tip of Chickpea was 
produced with MS medium fortified with 
thidiazuron (TDZ) (1.0-7.0 mg/L) (Anwar et al., 
2008; Parveen et al., 2012). 
 
In vitro regeneration of chickpea is difficult and 
there is an urgent need to develop a regeneration 
protocol that can ensure easy multiple and 
qualitative superior shoots that could be rooted 
and yield fertile plants (Aasim et al., 2013). 
Therefore, the aim of this study is to investigate 
the direct effect of various concentrations of TDZ, 
NAA, BA and Kinetin on shoot regeneration of 
different varieties and landraces of chickpea. 
 
MATERIALS AND METHODS 
 
Plant Material 
 
Seeds of three varieties (Hudas, FLIP03-147C and 
FLIP05-100C) and two landraces ("Ein-Elbyda" 
and "Baladi") collected from the International 
Center for Agricultural Research in the Dry Areas 
(ICARDA) were used in these experiments. The 
seeds were surface sterilized using 40% of chlorox 
(sodium hypochlorite) for 15 minutes containing 
0.1% (v/v) tween 20 as wetting agent, then were 
rinsed three time with sterile distilled water each 
for five minutes.  
 
Culture Media 
 
Chickpea seeds were transferred aseptically into 
(Murashige and Skoog, (1962) (MS) medium 
supplemented with 30 mgl-1 sucrose, 0.1 gml-1 

myinistol and solidified with 8 gml-1 agar. The pH 
of the medium was adjusted to 5.6-5.8. The 
solidified medium was sterilized by autoclaving at 
121°C for 21 minutes. After disinfestations, seeds 
of chickpea were planted in test tubes each 
containing 10 ml of MS basal medium with one 
seed per test tubes. The tubes were incubated in a 
growth chamber at 22±1°C for two weeks with 16 
h of photoperiod illumination of 40 µmol m-2s-1 
supplied from cool white fluorescent. 

Shoot Multiplication Experiment 
 
In vitro shoot tips of about 2cm length form both 
landraces (Baladi and Ein-Elbyda) were cut and 
transferred into MS basal media supplemented 
with NAA  0.0, 2.7 µM  combined with different 
levels of either BA (0.0, 2.2 and 4.4 µM) or 
kinetin  at 0.0 ,9.2 and 18.4 µM  (Tables 2 and 3).  
The cultures were incubated in a growth chamber 
at 22±1°C for two weeks with 16 h of photoperiod 
illumination of 40 µmol m-2s-1 supplied from cool 
white fluorescent. After four weeks of incubation, 
the numbers of shoots were recorded. 
 

Regeneration Experiment 
 
In vitro Leaf and stem  explants of about 2 cm 
length from all the varieties  and landraces were 
cultured onto MS media supplement with two 
different hormone levels (NAA at 0.0, 2.7 µM)  
and cytokinin (TDZ) at 0.0, 1, 2 µM) (Table 4). 
Each explants was cut into two pieces of and 
cultured into 9 cm diameter petri dishes                
(4 segments for each plate). All cultured plates 
were incubated under complete dark conditions 
for 3 weeks, then transferred to an incubator at 
22Co±1 and 16 h daylight. After one month each 
plate was tested for the shoot regeneration.  
 
Statistical Methods and Data Analysis 
 
The combinations of the different growth 
regulator levels in multiplication experiments and 
type of explants and growth regulators levels in 
regeneration experiments were considered as 
treatments. Treatments were arranged as factorial 
in a completely randomized design with 4 
replicates in regeneration experiments and 10 
replicates in multiplication experiments. Each 
experiment was repeated twice, the average of the 
two experiments was used for data analysis. 
Collected variable, were summarized and 
analyzed in one way analysis of variance, using 
SAS soft (SAS, 1990), comparative analysis were 
conducted for the significant results using LSD at 
.05 probability. 
 

RESULTS 
 
Seed Plantation 
 
After 2 weeks, seeds of different varieties and 
landraces germinated successfully onto the basal 
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medium, however "Baladi" exhibited the best 
growth onto MS medium comparing with FLIP05-
100C, Ein-Elbyda landrace, FLIP03-147C, and 
"Hudas" (Table 1). All of the seedlings were 
clean, no contamination was observed. There were 
significant differences in seed germination 
percentages among the 5 investigated chickpea 
types. 75% germination was observed at Baladi 
landrace; however, others exhibited 43%, 30%, 
and 30% 25% for Ein-Elbyda landrace, FLIP05-
100C, HUDAS and FLIP03-147C, respectively. 
 
Table 1. Germination % of chickpea seeds on 
MS- media 
 

CV/Landrace Germination % mean ±SE 
FLIP03-147C 25±1.5b* 

Hudas 30±2.7b 
FLIP05-100C 30±1.7b 

Baladi 75±5.5a 
Ein-Elbayda 43±2.6b 

 
*Number followed by the same letter or letters are not 
significantly differ at 5% level according to Least Significant 
Difference (LSD) 
 

Shoot Multiplication Experiment 
 
Effect of different levels of BA and NAA on 
shoot multiplication  
 
The effect of both NAA and BA on the number of 
multiplied shoots of "Baladi" is shown in Table 2. 
The highest shoot number (9.7, 6.6) was obtained 
at media supplied with 2.2 µM BA for both 
landraces (Baladi and Ein-Elbyda) (Fig. 1), when 
NAA was combined with BA, lower shoot number 
was produced in both landraces. In "Baladi" only 
1.3 shoots were produced when NAA was added 
at 2.7 µM only, however, in Ein-Elbyda, the 

lowest shoot number per plant were observed 
without hormone (1.3) with explants cultured into 
media without hormones. It was noted that all of 
shoots produced were axillary shoot. 
 
The effect of Kinetin and NAA on shoot 
multiplication  
 
Data on shoot multiplication on MS medium with 
both NAA and Kin is presented in Table 3. The 
highest shoot number was obtained at media 
supplied with 9.2 µM (5.3 and 4.5) in both 
"Baladi" and "Ein-Elbyda"  respectively, however, 
these numbers were not significantly differ from 
that produced on media supplied with 18.4 Kin 
only and medium supplied with 9.2 and 2.7 µM 
Kin and NAA, respectively. No shoots were 
produced at 2.7 µM NAA only with both 
landraces. 
 
Regeneration Experiment 
 
Landraces 
 
The effect of explants and growth regulators on 
the percentage of regenerated shoots and average 
number of shoot for both Baladi and Ein-Elbyda 
landraces is shown in Table 4. Significant 
interaction among the studied factors (explants 
and hormones) on shoot regeneration was 
observed. Shoot regeneration was obtained only 
with media contained 1 and 2 µM TDZ in both 
landraces, 50 and 43%, respectively. When NAA 
was used at 2.7 µM no regeneration was observed. 
On the other hand, no shoot regeneration was 
achieved using stem explants with all hormone 
combinations. Similar trend was observed with 
shoot number. 

 
Table 2. Effect of different levels of BA and NAA on shoot multiplication of two landraces of 
chickpea 
   

BA level (µM) NAA level (µM) Number of shoots (mean±SE ) 
"Baladi " "Ein-Elbyda" 

0.0 0.0 1.7±0.37b* 1.3±0.15c 
0.0 2.7 1.3±0.26b 2.2±0.19c 
2.2 0.0 9.7±0.97a 6.6±1.6a 
2.2 2.7 1.9±0.59b 1.9±0.35c 
4.4 0.0 6.3±1.17a 5.3± 1.4 ab 
4.4 2.7 1.7±0.35b 3.5±0.45bc 

 
*Number followed by the same letter or letters are not significantly differ at 5% level according to LSD test 
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Fig. 1. Shoot multiplication and regeneration of chickpea varieties: A) Shoot multiplication of            
Ein-Elbyda landrace on MS media, B) Shoot multiplication of Baladi landrace. C) Shoot 
regeneration of FLIP05-100C on 2 µM TDZ 
 

Table 3. Effect of different levels of Kin and NAA on shoot multiplication of two landraces of 
chickpea 
 

Kinetin level (µM) NAA level (µM) Number of shoots (mean±SE) 
"Baladi " "Ein-Elbyda" 

0.0 0.0 1.6±0.05b* 1.3±0.06c 
0.0 2.7 0.0±0.0c 0.0±0.0c 
9.2 0.0 5.3±0.56a 4.5±0.25a 
9.2 2.7 2.3±0.42b 2.8±0.17ab 
18.4 0.0 2.9±0.37ab 3.7±0.35a 
18.4 2.7 2.3±0. 19b 1.7±.09c 

 
*Number followed by the same letter or letters are not significantly differ at 5% level according to LSD test 
 

Table 4. Effect of explants, NAA and TDZ on shoot percent and average number of shoot of Baladi 
and Ein-Elbyda chickpea landraces 
 

Explant NAA 
(µM) 

TDZ (µM) Baladi"" Ein-Elbyda""  
Shoot% 

mean±SE  
Av. shoot no 

mean±SE  
Shoot% 

mean±SE  
Av. shoot No 

mean±SE  
Stem 0.0 0.0 0.0±0.0b* 0.0±0.0 0.0±0.0c 0.0±0.0 

2.7 0.0 0.0±0.0b 0.0±0.0 0.0±0.0c 0.0±0.0 
0.0 1.0 0.0±0.0b 0.0±0.0 0.0±0.0c 0.0±0.0 
2.7 1.0 0.0±0.0b 0.0±0.0 0.0±0.0c 0.0±0.0 
0 2.0 0.0±0.0b 0.0±0.0 0.0±0.0c 0.0±0.0 

2.7 2.0 0.0±0.0b 0.0±0.0 0.0±0.0c 0.0±0.0 
Leaf 0.0 0.0 0.0±0.0b 0.0±0.0 0.0±0.0c 0.0±0.0 

2.7 0.0 0.0±0.0b 0.0±0.0 0.0±0.0c 0.0±0.0 
0.0 1.0 50.0±2.5a 2.5±1.4 43±2.9a 2.0±0.55 
2.7 1.0 0.0±0.0b 0.0±0.0 0.0±0.0c 0.0±0.0 
0.0  2.0 50.0±4.7a 2.0±0.5 29.5±2.5ab 1.3±0.33 
2.7 2.0 0.0±0.0b  0.0±0.0 0.0±0.0 c 0.0±0.0 

Sig interaction   Sig NS Sig NS 
 
*Number followed by the same letter or letters are not significantly differ at 5% level according to LSD test 

C B A 
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Table 5. Effect of explants, NAA and TDZ on shoot percent and average number of shoot of three 
chickpea varieties 
 

Explant NAA 
(µM) 

TDZ 
(µM) 

FLIP05-100C""  FLIP03-147C""  Hudas""  
Shoot% 

mean±SE  
Shoot 

number 
mean±SE  

Shoot% 
mean±SE  

Shoot 
number 

mean±SE 

Shoot% 
mean±SE  

Shoot 
number 

mean±SE  
Stem 0.0 0.0 0.0±0.0b* 0.0±0.0 0.0±0.0c 0.0±0.0 0.0±0.0c 0.0±0.0 

2.7 0.0 0.0±0.0b 0.0±0.0 0.0±0.0c 0.0±0.0 0.0±0.0c 0.0±0.0 
0.0 1.0 0.0±0.0b 0.0±0.0 0.0±0.0c 0.0±0.0 0.0±0.0c 0.0±0.0 
2.7 1.0 0.0±0.0b 0.0±0.0 0.0±0.0c 0.0±0.0 0.0±0.0c 0.0±0.0 
0.0 2.0 0.0±0.0b 0.0±0.0 0.0±0.0c 0.0±0.0 0.0±0.0c 0.0±0.0 
2.7 2.0 0.0±0.0b 0.0±0.0 0.0±0.0c 0.0±0.0 0.0±0.0c 0.0±0.0 

Leaf 0.0 0.0 0.0±0.0b 0.0±0.0 0.0±0.0c 0.0±0.0 0.0±0.0c 0.0±0.0 
2.7 0.0 0.0±0.0b 0.0±0.0 16.7±3.2b 0.3±0.05 20.0±2.9b 2.0±0.33 
0.0 1.0 42.0±2.4a 1.6±0.33 33.3±4.4a 1.2±0.20  66.7±4.7a 3.6±0.58 
2.7 1.0 0.0±0.0b 0.0±0.0  0.0±0.0c  0.0±0.0 25.0±2.7b 1.6±0.33  
0.0 2.0 60.0±3.1a  3.0±0.83 16.7±2.2b 0.2±.01 61.7±4.7a 2.3±0.33 
2.7 2.0 8.3±0.94b  0.3±0.33 0.0±0.0c 0.0±0.0 55.5±3.0a 2.6±0.33 

Sig interaction  Sig NS Sig NS Sig NS 
 
*Number followed by the same letter or letters are not significantly differ at 5% level according to LSD test 

 
Varieties 
 
Significant interaction between explants and 
growth regulators on shoot regeneration was 
exhibited (see above Table 5). Regeneration was 
observed only with leaf explants in all studied 
varieties, the highest shoot number was obtained 
at 1 and 2 µM TDZ with both FLIP05-100C" and 
"Hudas", but without significant difference 
between the two TDZ levels, however, significant 
different was observed with percentage of 
regenerated shoots between 1 and 2 µM of TDZ 
with "FLIP03-147C". The highest percentage of 
shoot formation (66.7, 61.7%) was obtained when 
TDZ was used at 1 and 2 µM with Hudas variety, 
when NAA was combined with TDZ, regeneration 
percentage was reduced.  
 
Percent was obtained with "FLIP03-147C" and 
"Hudas" (16.7 and 20%) respectively. Regarding 
shoot number per regenerated leaf, similar trend 
was observed among the three varieties, however 
without significant different from other 
treatments. 
 
DISCUSSION 
 
In vitro Seed Development 
 
Seed sterilization is an important step, which 
affects growth and regeneration. Sodium 
hypochlorite used as a surface sterilization agent, 

played an important role in germination of seeds 
(Chaudhry et al., 2007). In our study, seeds of all 
chickpea varieties and landraces were treated with 
40% Chlorox, this level prevented contamination, 
however, seed germination percentage was not the 
same in all varieties. FLIP03-147C chickpea 
exhibited low growth after the initiation of 
germination, phenol metabolites was exudates 
from the seeds, this could explain the low 
germination % associated with this variety. 
Oxidized phenol compounds inhibit enzyme 
activity and darken the culture medium, 
subsequently the explants brown or blacken and 
die (Laukkanen et al., 1999; Arnaldos et al., 
2001). Several authors have suggested solutions to 
minimize the lethal browning or blackening of 
explants caused by phenol compounds in plant 
tissue culture. Among these protocols are treating 
explants with antioxidants, such as cysteine, 
ascorbic acid, PVP or silvir nitrate (Lainé and 
David, 1994; Sanyal et al., 2005). Lopez-Amoros 
et al., (2006) reported an increase in 
hydroxybenzonic phenol production during seed 
germination of chickpeas. 
 
Shoot Multiplication 
 
The number of shoots produced in the 
multiplication experiments was not high, plants 
belong to the Fabaceae  are difficult to regenerate 
through in vitro propagation, in particular, 
chickpea is considered a recalcitrant plant        
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(Aasim et al., 2013). Other researcher obtained 
higher multiplication rate using cotyledon as an 
explants (Chakraborti et al., 2006). 
 
Multiple shoot formation via organogenesis could 
occur directly from the explants or indirectly from 
the dedifferentiated callus. Both approaches are 
controlled by plant hormones and other factors 
added to the medium (Tang and Chen, 2011). In 
our study, multiplied shoots were of axillary bud 
origin. The importance of BA in multiple shoot 
formation in chickpea and other legumes is widely 
reported (Barik et al., 2004; Odutayo et al., 2005). 
Similar to the findings of Shagufta et al., (2007), 
the result of present study indicates that BA level 
in the media is an important factor influencing the 
shoot number, when BA was used alone at 2.2 
µM, the shoot number was high, when BA was 
used at 4.4 µM, shoot number was reduced in both 
landraces, therefore, our findings are in agreement 
with that of other investigators (Saleem et al., 
2010; Rehman et al., 2004 and Veraplakorn et al., 
2012), who reported low shoot multiplication rate 
with higher BA levels in the media. Other's results 
disagreed with our findings,  who demonstrate that 
shoots number per explants increases with 
increasing BA level (Sujatha et al., 2007), 
however, during their studies, other varieties were 
used as well as different explants.  
 
In both Baladi and Ein -Elbayda landraces the 
addition of NAA at 2.7 µM reduces shoot 
production; similar finding in chickpea was 
reported by (Aasim et al., 2011). BA was the 
commonly used cytokinin followed by kinetin, in 
our study the shoot number was increased when 
9.2, 18.4 µM Kinetin without NAA were used. In 
many reports, 2 mgl-1 BAP only or in combination 
with auxins was the best growth regulator in shoot 
induction (Shalini et al., 2001), hence it is proved 
that the concentration of BAP can increase up to 
certain limit otherwise, it causes undesirable 
effects. Sawardekar (2007) indicate that BA 
produced limited number of multiple shoots; they 
suggest that BAP can produce shoots more than 
12 but BAP at higher concentration causes 
swelling of explants and shoots become watery.  
 
In our study, stunted shoots were obtained with 
2.2 µM BA experiment in "Baladi" chickpea. The 
occurrence of stunted shoots on unconditioned 

explants cultured on medium containing BA with 
NAA might be due to inhibition of active cell 
division in these explants (Aasim et al., 2009a). 
Abdelwahd et al., (2008) reported high shoot 
induction (26) obtained on shoot elongation 
medium consisting of MS medium supplemented 
with 6 µM 2-ip and 3 µM kin for 10 days. 
 
In our study the highest number of shoots was 
obtained without  NAA in both "Baladi" and Ein-
Elbyda", this finding was in agreement of  Anwar 
et al., (2010) who reported that MS basal medium 
without the addition of plant growth regulators 
resulted in a large number of shoot production in 
chickpea. This could be due to the ability of 
shoots transferred to plant growth regulator free 
medium to synthesize and maintain desired 
endogenous levels of gibberellins and other 
auxins.  
 
Shoot Regeneration 
 
In this study, regeneration was achieved with leaf 
explants only. This result agreed with the findings 
of Hofmann (2004) who reported that leaf 
explants is fairly good source for shoot induction 
through callus in chickpea. On the other hand, 
Aasim et al., (2011) reported successful shoot 
regeneration from mature embryo and embryonic 
axis explants of chickpea. The higher shoot 
regeneration ability from leaf explants compared 
to stem could be due to meristem activity 
(Hinchee et al., 1988). In our study, stem explant 
induced callus formation only, no other 
differentiation was observed. Aasim et al., (2010) 
showed that cotyledon node was more responsive 
when compared to hypocotyl explants.  
 
In our study, shoot regeneration was observed 
when lower levels of TDZ were used, this result 
agreed with the findings of other researchers, who 
reported that TDZ at lower concentration is better 
than BA, Kinetin or 2iP (Saini and Jaiwal, 2002; 
Jayanand et al., 2003; Yoshida, 2002 and Anwar 
et al., 2010). On the other hand, Huda et al., 
(2003) reported that maximum percentage (40%) 
of shoot bud formation was obtained on MS 
medium with 2.0 mgl-1 BAP and 0.5 mgl-1 NAA. 
In our study, shoot vitrification was observed with 
Baladi and Ein-Elbyda landraces, similar                 
finding was reported with (Aasim et al., 2008; 
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Asaim et al., 2009b). Thidiazuron has been 
reported as a potent growth regulator for in vitro 
morphogenesis in many plant species including 
grain legumes (Wang et al., 2008). Thidiazuron 
has been demonstrated as a better induction factor 
for organogenesis and somatic embryogenesis in 
chickpea (Rizvi and Singh, 2000; Parveena et al., 
(2012). Although the exact mechanism of action 
of TDZ is not clear, it is believed to be involved in 
regulating endogenous levels of various growth 
regulators (Malik and Sexena, 1992). The high 
activity of a low concentration of TDZ has not 
been investigated, TDZ interacted with 
endogenous hormones, releasing, synthesizing, 
protecting or even inhibiting auxins in situ in 
combination with other sub culture metabolic 
change (Gill and Saxena, 1992).   
 
In this study stem explants showed no response of 
shoot regeneration in both landraces and varieties, 
callus was only formed, this finding disagree with 
Arochiasamy et al., (2000). Internode explants 
was found to be the best for callus induction on 
medium containing 2 mgl-1 kinetin and 2 mgl-1 

IAA (Huda et al., 2003). Organogenic 
differentiation in cell and tissue culture is due to 
hormonal manipulation of the culture medium, 
morphogenesis of shoot via organogenic is highly 
affected by the plant hormones ((Aloni et al., 2006 
and George et al., 2008). 
 
In our experiment, the media supplied with 1 and 
2µM TDZ, showed variation response among the 
5 genotypes used. The organogenic response 
varied greatly with the genotypes, the significance 
of the genotype in determining cultures response 
was recognized (Cardinale et al., 2007; Banu           
et al., 2011). Our findings agree with other reports 
(Mirkabad et al., 2010; Sayem et al., 2010) who 
reported different shoot regeneration ability 
among different chickpea genotypes. 
 
CONCLUSION 
 
In vitro multiplication and regeneration protocol 
for chickpea was established, two landraces and 
three common varieties were used, high variability 
in in vitro growth and development among the 
varieties was observed. BA at 2.2 µM and without 
auxin was the best for shoot multiplication of 
chickpea landraces, Leaf explant were better than 
stem sections for shoot regeneration. TDZ at 1 and 

2 µM without auxin was the best for shoot 
regeneration from leaf explants. However, more 
investigations are needed to improve the 
multiplication and regeneration chickpea cultivar. 
Ex vitro studies are also needed to evaluate the 
growth and performance of the regenerated plants. 
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