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ABSTRACT  

A rapid, simple and efficient protocol for plantlet regeneration was achieved through organogenic callus from 

internode explants of Cicer arietinum. Callus induction and organogenesis were significantly dependent on the 

presence/ absence and type of growth regulators. Internodes showed higher growth potential compared to leaf 

and node for callus induction. Callus induction was obtained after 15 days of inoculation in MS medium 

supplemented with 2,4-D 1mg/l. The highest shoot formation was obtained when BAP 1mg/l was used. The best 

response for rooting was obtained in 2,4-D 0.5 mg/l. Cytological study indicated that the chromosome number 

remain same (2n= 16 chromosomes) in callus and in vivo roots. Callus cytology revealed that callus tissues were 

diploid in nature. Karyotype analysis indicated that the number and type of both primary and secondary 

constrictions remain same in callus and in vivo roots. Thus, this can be an easier protocol for stable plant 

regeneration in Cicer arietinum. Rooted plantlets were successfully hardened under culture conditions and 

subsequently established in the field conditions. The recorded survival rate of the plants was 67.3%. Plants were 

without any detectable phenotypic variations. 
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INTRODUCTION 

Pulse crops, also known as grain legumes, belong to the 

family Fabaceae, the second largest natural order of 

flowering plants. Generally, legumes are of a great 

economic importance as a source of food, fodder as well 

as for the significant role they play in biological fixation 

of atmospheric nitrogen. Of the grain legumes produced 

in the world, chickpeas stand second as for occupied 

area (10 million ha) and third in production (7 million t). 

Chickpea (Cicer arietinum L.) is an important grain 

legume of the Indian subcontinent, West Asia, 

Mediterranean region, North and East Africa, Southern 

Europe and Central America and Australia. Various 

attributes of chickpea made it the most cultivated pulse 

crop and the most appreciated protein source among 

vegetarians all over the world. Chickpea straw has 

forage value comparable to other straws commonly 

used for livestock feed. It is able to drive more than 70% 

of nitrogen from symbiotic di-nitrogen fixation.  

The heavy demand created by the pressure of increasing 

population in the developing world requires a 

tremendous scientific effort to meet the requirements 

of food, fibre, fuel and other necessities of life. Since the 

conventional techniques employed in crop 

improvement may not keep pace with the demands of 

the increasing population and decreasing land 

resources, alternative means can be followed. Though 

Cicer arietinum is normally propagated through seeds, 

in vitro propagation can be of immense value, thereby 

conserving the species. The importance of in vitro 

technologies in crop improvement has great relevance. 

Recent advances made in the field of tissue culture have 

brought about new emerging technologies for crop 

improvement. The in vitro propagated medicinal plants 

furnish a ready source of uniform, sterile, and 
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compatible plant material for mass multiplication and 

germplasm conservation of rare, endangered and 

threatened medicinal plants [1 and 2]. The loss of 

biodiversity and plantations due to deforestation in 

combination with the demand from both domestic and 

export markets have led to the utilization of in vitro 

methods of propagation as compensating tools to meet 

the commercial needs [3]. Furthermore, genetic 

improvement is another approach to augment the drug 

yielding capacity of the plant [4] which depends on the 

establishment of efficient adventitious shoot 

regeneration systems. In vitro techniques can provide 

reliable conservation and propagation of valuable 

germplasm as well as reduce or eliminate the load of 

microorganisms which may cause serious diseases [5 

and 6]. Micropropagation offers the potential to 

produce thousands or even millions of plants per 

annum. Application of tissue culture techniques for 

genetic upgradation of economically important plants 

has been reported [7]. Plant tissue culture offers new 

ways for the improvement of this crop after many years 

of recalcitrance.  

Several researchers have reported on the regeneration 

of Cicer arietinum via organogenesis [8, 9, 10 and 11]. 

Up to date, there is no report on callus regenerates 

stability of Cicer arietinum. Only, a reliable protocol for 

micropropagation in Cicer arietinum from apical bud 

explants was reported [12], which presented the effects 

of several plant growth regulators, including BAP, IAA 

and IBA, in order to obtain high shoot and root 

regeneration rate and also considerale survive. Some 

factors as genotype, explant type and size, media 

composition have significant effect on 

micropropagation success [13]. 

The objective of this study is to introduce an efficient 

and reproducible regeneration protocol from callus 

cultures of this medicinal plant. For that purpose, the 

effect of different explant types like internode, node 

and leaf as well as plant growth regulators on 

organogenic callus induction and plantlet regeneration. 

Cytological study was studied for determination of 

chromosomal stability.  

 

MATERIALS AND METHODS 

Materials: 

Cicer plants were grown and maintained in college 

garden. Plants were authenticated by the experts of 

University of Calcutta. Internodes, node and leaf were 

used for callus induction followed by subsequent 

regeneration (Table 1, Fig 1A). 

Table 1 Different types of explant 

      Type of explant                 Abbreviations 

Node                                     A 

Internode                             B 

Leaf                                       C 
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Figure 1: 1A: In vivo Cicer arietinum plant; 1B: Callus induction; 1C: Shoot regeneration from callus; 1D: Root 

organogenesis.  

 

Establishment of callus culture: 

Explants were washed under running tap water for 

about 25 minutes, then washed with the surfactant 

Tween 20 solution (2-6 drops in 100 ml solution) for 15 

minutes to 20 minutes and finally rinsed with water till 

the surfactant was thoroughly removed. Further 

treatments were carried out inside a laminar air flow 

cabinet. The explants were surface sterilized with 0.1% 

(w/v) aqueous solution of Mercuric Chloride (HgCl2) for 

about 10 minutes to 12 minutes and then thoroughly 

washed with sterile double distilled water for about 10 

minutes [14]. Sterilized explants were cultured on MS 

medium supplemented with 2, 4-D in different 

concentrations (Table 2). 

 

Table 2 Callus induction in Cicer arietinum 

Type of explant      Medium used        Frequency (%)           Callus morphology 

A                              2,4-D 0.5 mg/l          13.00±1.25a               Thick green callus 

                                 2,4-D 1.0 mg/l          30.00±2.50b               Thick compact yellow callus 

                                2,4-D 1.5 mg/l           27.00±1.90c               Thick green callus 

                                2,4-D 2.0 mg/l           25.00±1.80c               Thick green callus 

B                             2,4-D 0.5 mg/l           33.00±1.30b               Thick green callus 

                                2,4-D 1.0 mg/l           85.00±1.50d              Yellowish green soft callus 

                                2,4-D 1.5 mg/l           80.58±1.30e              Yellowish green soft callus 

                                2,4-D 2.0 mg/l           55.00±2.00f              Thick compact yellow callus 

C                             2,4-D 0.5 mg/l           03.00±1.20g              Yellowish green soft callus 

                                 2,4-D 1.0 mg/l          13.00±2.00a              Thick green callus 

                                2,4-D 1.5 mg/l           07.00±1.95h             Thick green callus 

                                2,4-D 2.0 mg/l           05.00±1.85h              Thick compact yellow callus 

LSD                                                               1.44 

*Data expressed as Mean ± S.E. of 3 replicates P ≤ 0.0001. Means followed by different superscript letters in the same 

column present significant difference. P ≤ 0.05. 
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Figure 2: Photographs of metaphase plate, drawing and karyotype analysis from in vivo root (A-C) and callus (D-

F) (Bar= 5µm). 

 

Culture medium: 

Expalnts were placed on MS medium [15] 

supplemented with 2,4-D in different concentrations. 

The pH of the medium was fine adjusted to 5.8 before 

autoclaving. Media contained 3% (w/v) sucrose and 

solidified with gelrite 0.25% (w/v). Molten medium was 

dispensed 20 ml (approximately) into each culture tube 

(25×150mm) and plugged with non-absorbent cotton. 

The medium was autoclaved at 15 lbs/sq inch pressure 

and 121°C for 15 minutes. MS basal medium augmented 

with various plant growth regulators (pH 5.7-5.8) tested 

for callus induction, shoot initiation and root induction 

[16]. 

Culture conditions: 

All the cultures were maintained at 23±2°C temperature 

and 60-70% relative humidity. The photoperiod is 

provided by 16 hours day light and 8 hours dark having 

3000 lux light intensity by cool white fluorescent tubes 

(Phillips India Ltd.).  

Determination of chromosomal stability: 

Chromosome analysis involves somatic chromosome 

analysis of organogenic callus and in vivo root were 

carried out by aceto-orcein techniques [17] and 

compared with the in vivo roots of Cicer (Table 3). 

Karyotype analysis was carried out according to Levan 

et al., 1964 [18]. After determination of chromosomal 

stability, the calli were further cultured for shoot and 

root induction so that we can understand the ploidy 

status of regenerated plants. 

 

 

A B 

C 
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Table 3 Callus cytology showing ploidy level of callus 

No of observation Total no of div cells   No of cells with 2n chr no    No of cells with >2n chr no       No of cells with <2n chr no   

1                                            40                               37                                             2                                                    1 

2                                            47                               46                                             1                                                    0  

3                                            50                               47                                             1                                                    2   

4                                            42                               42                                             0                                                    0  

5                                            54                               53                                             0                                                    1  

 

Table 4 Karyotype analysis in Cicer arietinum 

Type of cell    Chr no    No of chr with sec cons    Type of chr present*            Karyotype formula    Chr size range (µm) 

In vivo root       16          6                                                      A (St,Sm)                   A4B2C2D4E2F2                                 2.0-1.2 
                                                                                                  B (St,m) 
                                                                                                  C (M) 
                                                                                                  D (m) 
                                                                                                  E (Sm) 
                                                                                                  F (St) 
Callus                  16           6                                                     A (St,Sm)                  A4B2C2D4E2F2                                    0.9-1.7 

 B (St,m) 
                                                                                                    C (M) 
                                                                                                    D (m) 

E (Sm) 
                                                                                                    F (St) 

*St= Sub terminal, Sm= submedian, M= Median, m= Median region. (Chr= Chromosome, sec cons= secondary constrictions) 

 

Shoot regeneration from callus: 

Callus tissues were transferred to MS medium 

containing different concentrations of BAP (pH- 5.7) for 

shoot regeneration (Table 5). Culture conditions were 

same as in above. 

Root organogenesis of microshoots: 

Regenerated shoot buds were transferred to MS 

medium containing different concentrations of 2,4-D 

(pH- 5.8) for root development (Table 6). Culture 

conditions were same as in above. 

 

Table 5 Shoot regeneration from internodal callus in Cicer arietinum 

Growth regulators (mg/l)    % of explants showing response                      No. of shoots/ explants*      Average length of shoots* 

BAP 0.25                                              83                                                    1.0± 0.3a                                           4.0± 0.3a 

BAP 0.50                                              87                                                    3.0± 0.5b                                           4.2± 0.5a 

BAP 1.00                                              98                                                    5.0± 0.6c                                           5.3± 0.4b    

BAP 1.50                                              82                                                    4.0±0.5d                                            4.5± 0.6a     

BAP 2.00                                              80                                                    3.0±0.4b                                            4.0±0.2a  

LSD                                                                                                                   0.46                                                0.76 

* Data expressed as Mean ± S.E. of 3 replicates P ≤ 0.0001. Means followed by different superscript letters in the same 

column present significant difference. P ≤ 0.05. 

Table 6 Root organogenesis from callus in Cicer arietinum 

Growth regulators (mg/l)      % of explants showing response       No. of roots / explants*                 Average length of roots * 

2,4-D 0.25                                              85                                                   12.0± 0.6a                                       3.0±0.2a 

2,4-D 0.50                                              90                                                   15.0± 0.5b                                       4.5± 0.6b 

2,4-D 1.00                                              81                                                   11.0± 0.3a                                       3.1± 0.6a 

2,4-D 1.50                                              78                                                   10.0±0.7a                                         3.5±0.4a 

2,4-D 2.00                                              80                                                    07.0±0.3c                                        3.3± 0.4a 

    LSD                                                                                                                                                                       0.76                                                 0.48  
* Data expressed as Mean ± S.E. of 3 replicates P ≤ 0.0001. Means followed by different superscript letters in the same 

column present significant difference. P ≤ 0.05. 
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Acclimatization: 

Rooted plantlets were removed from the culture 

medium followed by washing under running tap water 

to remove gelrite. Then the plantlets were transferred 

to a pot containing pre- soaked vermiculite and 

maintained inside a growth chamber set at 27⁰C and 70-

80% relative humidity. After 25 days they were 

transplanted to poly bags containing mixture of soil + 

sand + manure in 1: 1: 1 ratio and kept under shade 

house for a period of three weeks and subsequently 

established in the field conditions [19]. The survival rate 

of the plants in field conditions was recorded as 67.3%. 

Data and statistical analysis: 

Data were analysed statistically to determine the least 

significant difference (LSD). 3 replications of each set of 

experiment were taken for study and an average was 

calculated. 

 

RESULTS AND DISCUSSION 

This research was undertaken to establish optimal 

chickpea in vitro regeneration from callus. Results 

showed that callus induction, shoot and root 

regeneration are influenced by explant type and culture 

medium including type of hormone [20, 21].  

Callusing started at the cut ends of all the explants after 

15 days of inoculation with varying frequency 

irrespective of the concentration of growth regulators 

used in this experiment (Table 2). Very little callus 

growth was seen in leaf and node explants. The calli 

were green to light yellowish in color with soft 

structures (Table 2, Fig 1B). The induction of 

organogenic callus was usually promoted by an auxin, 

especially 2,4‐D [22, 23 and 24]. The results of our 

experiment showed a simple protocol using only single 

type of hormone for callus induction instead of using 

different hormones, thus this protocol was more cost 

effective than other reports. Using 2,4-D 1mg/l , 85% 

response of callus formation from intermodal explants 

was observed. Callus induction through a perfect 

hormonal concentration has been reported for several 

plants including Astragalus adsurgens [25], lavandin 

(Lavandula × intermedia [26], Valeriana edulis [27], 

Lathyrus sativus [28], Diffenbachia sp. [29] as well as the 

current study which is an auxin (2,4‐D) induced organic 

calli. 

Cytological study showed that calli was stable in respect 

to their chromosome number, types and karyotype 

formula (Table 3, 4). 

The calli derived from internode were subcultured on 

shoot induction media i.e MS medium augmented with 

BAP (0.25–2.0 mg/l) for multiple shoot induction. The 

capacity of shoot bud differentiation and shoot 

proliferation depended on hormonal variation (Table 5, 

Fig 1C). One week after transferring to regeneration 

medium, green spots appeared on the surface and 

green shoot buds started emerging. There was good 

shoot bud induction and proliferation response only in 

the presence of cytokinin and no response in the basal 

medium. Of all the different concentrations of BAP 

tested, 1.0 mg/l BAP was found to be more effective in 

inducing multiple shoots (98% regeneration frequency). 

The same medium supplemented with 1.0 mg/l BAP was 

used for further elongation of shoots. The mean number 

of shoots of 3 and the shoot length of 4.2 cm. BAP (2.0 

mg/l) resulted the number of shoots were reduced 

(Table 5). 

Rooting of shoots is the most critical step in the 

production of complete plants and their subsequent 

survival. The individual elongated healthy shoots were 

isolated and transferred to MS medium fortified with 

2,4-D (0.25–2.0 mg/l). 2,4-D (0.5 mg/l) was found to be 

more effective in the production of long, slender and 

healthy roots (Fig 1D, Table 6). Profuse rhizogenesis was 

observed on 0.5 mg/l 2,4-D, compared to( 0.25 - 2.0 

mg/l) 2,4-D. In MS medium containing (0.5 mg/l) 2,4-D 

root regeneration frequency was 90% of plants 

produced roots with 15 ± 0.5 roots/explants (Table 6).  

Chromosome study from root tips of in vivo plant and 

callus grown in 2,4-D 1mg/l showed stability. Nearly 

97% cells are in same ploidy level (Table 3) indicating 

that there were no somaclonal variations occurred [30]. 

No variation occurred in chromosome number (2n = 16 

chromosomes in both callus and in vivo root tips), 

number of secondary constrictions, types of 

chromosome and karyotype formula, all these clearly 

indicated that the calli remain stable in respect to 

chromosomal parameters (Fig 2 A-D). So the 

regenerated plants were genetically stable. 

Thus, plantlet production was observed from internodal 

callus of the species studied. This type of clonal 

propagation has advantage, by producing true to type 

plants from a single individual in a relatively short time. 

Our result on callus regeneration internode culture 

shows the considerable importance for large scale 

propagation. The present study on callus induction and 

regeneration of Cicer arietinum may help conservation 
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of the species and possibly will lead to the production of 

secondary metabolites and extraction of active 

compounds from callus sources. 

 

CONCLUSION 

From the above study, it was concluded that internodes 

were best explant for callus induction of chickpea. 

Callusing started at the cut ends of the explants after 15 

days of inoculation in MS Basal media with 2,4-D. The 

highest amount of callus developed in 2,4-D 1mg/l 

media. Vigorous growth of calli was obtained after 50 

days of inoculation. Stable plant regeneration was 

established from the organogenic calli has been seen 

here. Chickpea tissue culture morphogenetic response 

depends on plant growth regulators. Mature shoot and 

root development obtained in appropriate medium. The 

stability was determined by cytological analysis. 

Somatic chromosome number remains the same in 

seeds (2n = 16 chromosomes) and callus. The protocol 

described in the present study is reproducible and can 

be used in future for further developments of the crop. 
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