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Introduction
Chickpea (Cicer arietinum) is one of the most important 

plant protein resources, and it has been used as food in different 
ways since ancient times. Chickpea is a member of the Fabaceae, 
stands second as for occupiearea (10 million ha) in the area under 
cultivation and third in production (7 million tons) among the 
cultivated pulses [1]. This plant is good source of carbohydrate 
(48.2-67.6%), protein (12.4-31.5%), starch (41-50%), fat (6%) 
and nutritionally important minerals [2]. Chickpea is an important 
grain legume in Indian subcontinent, West Asia, Mediterranean 
region, North and East Africa, Southern Europe and Central 
America and Australia [1]. One of the largest problems in today 
world is poverty of food. Because of high trophic value and wide 
dispersal of chickpea in the world, this crop can be considered in 
the developing countries people’s food program, especially the 
groups with low income and somewhat eliminates the problems 
of poverty of food, moreover different parts of chickpea can be 
used to feed livestock. It is able to drive more than 70% of nitrogen 
symbiotic dinitrogen fixation; which makes it a promising crop 
for “alternative agriculture” that is now attracting considerable 
attention in the industrialized world [1,3]. However, the production  

 
of this crop has remained low because of its susceptibility to biotic 
stresses like Ascochyta blight, fusarium and insect pest (Heliothis), 
also abiotic stresses such as saltiness, drought and cold [4]. Cultivars 
resistant to biotic and abiotic stresses which have better protein 
quality and quantity are needed. Chickpea, similar to other grain 
legumes, have narrow genetic base since they are essentially self-
pollinated (although cross-pollination does take place, it is at very 
low frequency). Thus, there is the need to widen the genetic base 
and incorporate desirable characters [5]. Conventional breeding 
methods for stress resistance are often cost and time consuming, 
limited to lack of proper gen in gen pool and none crossing inter-
species [6]. Modern biotechnology, including tissue culture, genetic 
engineering and genetic transformation techniques, has provided 
new opportunities to enhance the germplasm of crop plants [7]. 
The potential value of cell, organ, anther, microspore and embryo as 
tool for use in the plant breeding has been reported [8-10]. Routine 
transformation protocols are limited in chickpea. The low success 
has been attributed to poor regeneration ability (especially via 
callus) and lack of compatible gene delivery methods [11]. However, 
several researchers have described the in vitro callus induction of C. 
Arientinum [12-17].
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There are two major factors that clearly inhibit efficient 
transformation

1. The shoot regeneration rate is genotype-dependent and 
genotype specificity affects transformation rate.

2. The very low efficiency of transformation indicates that 
gene transfer via Agrobacterium infection into cut or injured 
cotyledon or hypocotyls tissue hardly ever occurs for reasons 
that are not well understood [18].

Material and Methods
This work was conducted in the Lab Plant Tissue Culture, 

Agriculture and Natural Resources Campus, Razi University, 
Kermanshah, Iran. The seeds of chickpea (Bivanij cultivar) were 

obtained from Sararoud Dry Land Research Institute in Kermanshah, 
Iran. This cultivar is known as a high yield and sensitive to Ascochyta 
blight disease. Mature seeds were first screened manually, and 
the damaged seeds were removed. The seeds were washed with 
distilled water several times to clean them from any dust, then 
sterilized with 2% sodium hypochlorite solution for 10-15 minutes 
and rinsed 4-5 times in sterile distilled water and were cultured 
on free hormone MS medium. The seeds germinated after 3-5 days 
and after about 3 weeks when plantlet height was 3-5cm (Figure 
1), nod and hypocotyl explants were removed carefully from stock 
plantlet. But to get cotyledon and embryo explants after sterilizing 
and rinsing, the seeds were transferred into distilled water and 
were soaked in sterile conditions for 24 hours. Then cotyledon and 
embryo were removed from seeds by use of forceps and scalpel.

Figure 1: The sterilized stock plantlets for explant preparation in order to callus induction experiment.

In this study we used basal MS (Murashige and Skoog) medium 
containing 3% sucrose, 0.7 agar and different combinations of plant 
growth regulators and the PH was adjusted to 5.7 before autoclaving. 
All cultures were maintained at 25±1 °C under 16hr photoperiod 
and with light provided by fluorescent lamps. To callus induction 
each explant was cultured on its special medium that have been 
previously reported. After callus induction, the calli could grow for 
3 weeks and after that subcultured once or more (Table 1). After 
5 weeks of callus induction, the obtained calli were transferred to 

special regeneration medium for 5-6 weeks. These mediums were 
the best mediums that have been previously reported too. During at 
this time almost all calli produced green meristemoids. For better 
regeneration some calli were subcultured twice or more. After few 
days of subcultures, some meristeomids were converted to green 
shoots (Table 2). Mean comparison was performed using Duncan’s 
Multiple Range test at 0.05 probability level after ANOVA. Statistical 
analyses were done using Excel 2010, SPSS Ver. 19 and SAS Ver. 9.1 
software (Figures 2-4).

Table 1: Plant growth regulator compositions and concentrations for callus induction indifferent explants.

Explant Type Growth Regulators

Cotyledon
(1mg/l BAP+0.5mg /l NAA) - (1.5mg/l BAP+1mg/l NAA) - ( 3mg/l BAP+3mg/l NAA) - (1mg/l BAP+3mg/l 2,4-D) - (3mg/l 

BAP+2mg/l 2,4-D) - (3mg/l BAP+3mg/l 2,4-D ) - (0.5mg/l 2,4-D+0.1mg /l NAA) - (0.s5mg/l 2,4-D+0.5mg /l NAA) - (0.5mg/l 
BAP+0.1mg /l NAA ) - (0.5mg/l BAP+0.5mg /l NAA)

Hypocotyl (0.5mg/l 2,4-D+0.1mg /l NAA) - (0.5mg/l 2,4-D+0.5mg /l NAA) -(0.5mg/l BAP+0.1mg /l NAA) - (0.5mg/l BAP+0.5mg /l NAA)

Embryo
(1mg/l BAP+1.5mg /l NAA) - (1mg/l BAP+2mg /l NAA) - (1mg/l BAP+1mg /l NAA) - (2mg/l BAP+3mg/l 2,4-D) - (1.5mg/l 

BAP+2.5mg/l 2,4-D) - (0.5mg/l Kin+2.5mg/l 2,4-D ) - (0.5mg/l Kin+1mg/l 2,4-D)  -( 0.5mg/l Kin+0.5mg/l 2,4-D) -( 0.5mg/l 
2,4-D+0.1mg /l NAA) - (0.5mg/l 2,4-D+0.5mg /l NAA) - (0.5mg/l BAP+0.1mg /l NAA) -(0.5mg/l BAP+0.5mg /l NAA)

Nod (0.5mg/l 2,4-D+0.1mg /l NAA) -(0.5mg/l 2,4-D+0.5mg /l NAA) -(0.5mg/l BAP+0.1mg /l NAA) -(0.5mg/l BAP+0.5mg /l NAA)
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Table 2: Plant growth regulator compositions and concentrations for callus induction indifferent explants.

CALLUS TYPE Growth Regulators

Cotyledon (2mg/l BAP+0.5mg /l NAA) - (1mg/l BAP+0.1mg /l NAA) -( 2mg/l BAP+0.05mg /l NAA) -( 0.2mg/l BAP+0.5mg/l Kin )- (2mg/l 
BAP+0.125mg/l IBA) - (1mg/l TDZ) -( 2mg/l TDZ)

Hypocotyl (0.2mg/l BAP+0.5mg/l Kin) - (2mg/l BAP+0.125mg/l IBA) -(1mg/l TDZ) -( 2mg/l TDZ)

Embryo (1mg/l BAP+0.05mg /l NAA) - (2mg/l BAP+0.05mg /l NAA) - (0.2mg/l BAP+0.5mg/l Kin) -( 2mg/l BAP+0.125mg/l IBA) - 
(1mg/l TDZ) -( 2mg/l TDZ)

Nod (0.2mg/l BAP+0.5mg/l Kin) - (2mg/l BAP+0.125mg/l IBA) -( 1mg/l TDZ) - (2mg/l TDZ)

Figure 2: Callus induction in cotyledon explant in chickpea.

Figure 3: Indirect regeneration in nod in the MS medium supplemented with 2mg/l TDZ in chickpea.

Figure 4: Indirect regeneration in embryo in the MS medium supplemented with 2 mg/l TDZin chickpea.
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Results
Obtained results showed that the most PGRs had the highest 

callus induction percentage (about 100%) in embryo explant and 
the 0.1NAAmg/l+0.5mg/lBAP composition produced the lowest 
callus percentage (23.66%) (Figure 5). The 0.5mg/l BAP+0.5 
mg/l NAA had the highest percentage of callus induction (about 
95.33%) in cotyledon explant and the lowest callus produced in 
a concentration of (1mg/l BAP+0.5mg/l NAA) (35.00%) (Figure 

6). The 0.5mg/l BAP+0.5mg/l NAA had the highest percentage of 
callus induction (about 70.00%) in node explant too and the (0.1 
mg/l NAA + 0.5mg/l BAP) composition produced the lowest callus 
percentage (43.66%) (Figure 7). Results showed that the (0.5 mg/l 
NAA + 0.5 mg/l 2,4-D) and (0.5 mg/l BAP + 0.5 mg/l NAA) had 
the highest callus induction (100%) in hypocotyl explant and the 
(0.1mg/l NAA + 0.5mg/l 2,4-D) medium produced lowest callus 
percentage (64%) (Figure 8).

Figure 5: Mean comparison for plant growths regulators effects on the callus induction in embryo explants of chickpea.

Figure 6: Mean comparison for plant growths regulators effects on the callus induction in cotyledon explants of chickpea.

Figure 7: Mean comparison for plant growths regulators effects on the callus induction in node explants of chickpea.
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Figure 8: Mean comparison for plant growths regulators effects on the callus induction in hypocotyl explants of chickpea.

The calli of three explants including cotyledon, embryo and 
nod had the highest regeneration percentage in the medium 
supplemented with 2mg/l TDZ (29.36%, 37% and 29.66% 
respectively) (Figures 9-11)and for hypocotyl calli, the highest 
regeneration percentage was obtained in the medium supplemented 

by 2mg/l BAP+0.125mg/l IBA(16%) (Figure 12). Shoot regeneration 
percentage for calli of cotyledon, nod and hypocotyl in the medium 
with 0.2 mg/l BAP + 0.5 mg/l kin composition was 0% (Figures 
9,11,12), and in the medium supplemented with 1 mg/l BAP + 0.05 
NAA, shoot regeneration for embryo calli was 0% too [10].

Figure 9: Mean comparison for plant growths regulators effects on the shoot regeneration in cotyledon calli of chickpea.

Figure 10: Mean comparison for plant growths regulators effects on the shoot regeneration in embryo calli of chickpea.
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Figure 11: Mean comparison for plant growths regulators effects on the shoot regeneration in node calli of chickpea.

Figure 12: Mean comparison for plant growths regulators effects on the shoot regeneration in hypocotyl calli of chickpea.

Discussion
It seems that not only 2,4-D effects on callus induction 

percentage, but also increasing in NAA concentration leads to 
increasing in callus induction percentage. Anju and Chawla [15] 
reported that the highest callus induction percentage in chickpea 
embryos was achieved in 1mg/l BAP + 1.5mg/l NAA and 1mg/l 
BAP + 0.5 mg/l NAA. According to Zaman et al. [19], 100% callus 
induction was achieved on 1/2MS that supplemented by 0.5 and 
2.0mg/l 2,4-D that is in agreements with our results. Our results 
showed that lower concentrations for 2,4-D and NAA leads to callus 
induction in shorter periods. Huda et al. [20], reported that the 
highest percentage for cotyledon callus induction was 95%. This 
result achieved in (3mg/l 2,4-D + 3mg/l BAP) that is agreement with 
our result. Difference in amount is related to difference in chickpea 
genotype. There is not any report for callus induction in chickpea 
node. This explant has been applied for direct regeneration [21]. 
It seems that hypocotyl callus induction occurs in equal amount of 
auxins and Cytokinin. It may equal amounts of auxin and Cytokinin 
keeps the cell in undifferentiated stage.

Neelam et al. [22], achieved the highest percentage for 
hypocotyl callus induction on B5 medium supplemented by 1mg/l 
BAP + 1mg/l Kin. The highest callus induction from hypocotyl 
was resulted in Kaberi et al. [23], experiment on MS medium 

supplemented with 2 mg/l 2,4-D + 0.5 mg/l NAA. This result is 
similar to our finding.

In general, indirect shoot formation (via callus) in chickpea like 
other legumes is difficult, and our work confirmed this subject.  
Results of this experiment for different explants showed that callus 
induction medium has important effect on indirect regeneration 
(shoot induction). For example, embryo calli that had been 
obtained on callus induction medium supplemented with 0.5mg/l 
NAA + 1mg/l BAP had the maximum shoot regeneration, in the 
regeneration medium. Arora and Chawla [24], reported that the 
inducted embryo calli on the medium with 1.5mg/l NAA + 1mg/l 
BAP composition, had the highest regeneration (17.6%) in the 
regeneration medium with 2 mg/l BAP. Zaman et al. [19] reported 
the highest regeneration for mature embryo of BARI chhola-5 in 
the medium supplemented with 0.5mg/l kin + 0.5 IAA (46.15%). 
Huda et al. [20], reported that the medium containing 0.5mg/l NAA 
+ 2mg/l BAP had the best response (40%) in indirect regeneration 
for cotyledon calli, that is similar to our finding, and difference in 
amount is related to difference in chickpea genotype and culture 
conditions. As aforementioned at above, there is not any report 
for callus induction in chickpea node. It is noticeable that only the 
green calli that produced meristemoid had shoot regeneration, thus 
only these calli have capability of regeneration.
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