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Abstract: Rooting and transplantation of chickpea is  now no more hurdle for chickpea transformation.

Healthy and s trong rooting was  achieved by expos in g  cut ends  of the in vitro raised shoots  (3-5 cm)

to 5-10 sec pulse treatment with 100 ì moles /ml IBA followed by their tran s fe r t o  liquid MS basal

medium. Potting-mixture with good aeration and lesser capacity to retain water wa s  mo s t suitable for

success ful es tablishment of plantlets . Garden soil mixed with sand and bio-manure in equal proportion

was  mos t suitable for achieving cen t percent transplantation success . Cent percent of plantlets

acclimatized in pots  and showed normal g ro wt h , d e velopment, flowering, pods  and seeds  setting. In

this  communication, we have shown that shoot length, pulse treatment of cut ends  of shoots  with 100

ì moles /ml IBA (1  report) and aeration o f potting mixture are key factors  for rapid micro-propagationst

and success ful es tablishment of in vitro  raised chickpea plantlets .
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INTRODUCTION

Chickpea is  the world’s  third mos t important pulse crop and Ind ia  a c c o u nts  for 75% of the world’s

production.

Chickpea is  good as  a sourc e  o f carbohydrate (48.2-67.6%), protein (12.4-31.5%), fat (6%) and

nutritionally important minerals . Among the legumes  chickpea is  the bes t hypocholes teremic agent, followed

b y  black gram and green gram. Direct shoot organogenes is  and es tablishment of plantlets  from diffe re n t

explants  of chickpea was  reported earlier (Polisetty et al . 1996, 1997; Paul et al. 2000; Rizvi and Singh 2000;

Chauh a n  e t  a l .  2003; Jayanand et al. 2003; Chakraborti et al. 2006; Anwar 2007). Plantlets  were developed

through direct somatic embryogenes is  and t h ro u g h  callus  from different explants  of chickpea (Barna and

W akulu, 1993; Sagare et al. 1993; Suhas ini et al., 1994;  Ku ma r et al. 1994, 1995; Rizvi and Singh 2000;

Chauhan and Singh 2002; Kar et al. 1996, 1997; Kiran et al. 2005). 

Inspite of several reports  of success ful regeneration, chickpea is  widely cons idered to be highly recalcitrant

(Shri and Da vis  1992; Vani and Reddy 1996; Rizvi and Singh 2000; Polowick et al. 2004). Surpris ingly,

majority of published/reported chickpea regeneration protocols  oft e n  a re either not repeatable or work only in

certain research laboratories , making researchers  to believe that chickpea  re g e neration is  highly recalcitrant.

Two major hurdles  that limit in vitro  regeneration of chickpea are (i) induction and development of s trong root

sys tem; and (ii) es tablishme n t of in vitro  raised plantlets  in pots . In order to escape from these hurdles ,

researchers  have preferred to go fo r g ra ft in g  (Krishnamurthy et al. 2000; Sarmah et al. 2004; Senthil et al.

2004; Tewari-Singh et al. 2004; Sanyal et al. 2005). In general, grafting is  tedious  and t ime consuming

requiring special skills . Moreover, grafting bes ides  requiring additional seed lot, also might promote emergence

of shoots /branches  from axillary buds  that are often retained in the axils  of coty le d o n s  and the later might

dominate over the grafted shoots .

Therefore, present inves tigations  we re  c a rried to fine-tune the protocol for achieving s trong root sys tem

and success ful es tablis h me n t  of the in vitro  raised plantlets . In this  communication we have been success ful

in furnishing a perfect protocol for in vitro  production of plantlets  with s trong root sys tem and their success ful

es tablishment.
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MATERIAL AND METHODS

Rooting:

Two bas ic approaches  were used for rooting elongated shoots  varying in length  fro m 3 to 8 cm in length

based on several preliminary experiments . In the firs t approach, 3 to 8 cm long shoo t s  we re  t ra nsferred to

e it h e r s e mi-solid or onto W hatman filter paper bridges in liquid MS medium supplemented with 5 n mole s / ml

(5 ìM) IBA. In  t h e  s e cond approach, the cut end of shoots  were exposed to 10 sec pulse treatment with 100

ì moles /ml (100 mM) IBA and we re  t ra n sferred onto W hatman filter paper bridges  in liquid MS basal medium

(Figure 1). 

All the cultures  were maintained at 25±2 C with a ligh t / d a rk c y c le of 16/8 h. W hite fluorescent light with0

an intens ity of 120 ì mol m  s was  used for illumination. -2 -1  

Transplantation:

The plantlets  were carefully taken out fro m tubes, roots  were thoroughly washed with tap water and

transferred t o small earthen pots  (~8 cm diameter and 10 cm height) filled with potting mixture cons is ting of

garden soil : sand : bio-manure (Khadi and Villa g e  Commiss ion, Govt. of India) :: 1:1:1 (Figure 2 and 3).

Each pot with plantlet was  initially co v e re d  wit h  transparent polythene bag for 6 d (Figure 2). However, after

3 d the corners  of the polythene bags  were cut. Subsequently, the polythene bags  were removed.  After

allowing the plants  to grow further for another 6 d (Figure 3), the pla n t s  were carefully transferred to large

e a rthen pots  (30 cm diameter × 37.5 cm height) having garden soil, sand and bi-manure in equal proportion

(Figure 4). Cent percent of plants  got acclima t ize d , s u rv ived in the pots  and showed normal growth,

development, flowering followed by pod and seed setting. Harves ting of seeds  was  done after pods  were fully

dried (Figure 5-7).

RESULTS AND DISCUSSIONS

Development of Perfect and Strong Root System:

One of the major h u rd le s  that limit in vitro  regeneration of chickpea is  the induction and development of

s trong root sys tem. This  compelled several researchers  to adopt to grafting (Krishnamurthy et al. 2000; Sarmah

et al. 2004; Senthil et al. 2004; Sanyal et al. 2005; Chakraborti et al. 2006). However, grafting is  time

consuming, requires  special skills  and the success  rates  vary s ignificantly.  Roots  induced from cut ends  of

shoots  of chickpea were shorter in length in semisolid medium as  compare d  to liquid medium, s imilar to the

e a rlie r reports  (Jackson et al. 1991; Cournac et al. 1991; Ebrahim and Ibrahim 2000; Hazarika 2006). T h e

retardation in root length in the semisolid medium may be attributed to the relatively lower aeration in agar-

gelled medium as  indicated by earlier researchers  (Hazarika 2006; Pati et al. 2006; Rout et al. 2006). 

Kat et al. (1996, 1997) rooted chickpea shoots  in rooting medium cons is t in g  of MS salts , MS vitamins

and 0.05 mg/l IBA and subsequently transferred the  p lantlets  to half-s trength MS medium containing 20 g/l

sucrose. Polowick et al. (2004) used rooting medium cons is t in g  o f B5 basal salts  and vitamins  supplemented

with 1 μM NAA for rooting chickpea shoots  and subsequently shoots  with short roots  were transferred t o

M a g e n t a  v e ssels  containing B5 salts  and vitamins  and 0.7% agar until root sys tem well es tablished in 1-3

weeks  while those with roots  longer than 3 cm were transferred directly to s oil. However, frequency of rooting

was  only 10-60% (Polowick et a l .  2004). Although, Jayanand et al. (2003) reported high frequency rooting

and transplantation s u c c ess , the protocol adopted by them is  time consuming involving three specific phases

3viz. i) rooting of shoots  on liquid MS medium with 9.4 mM KNO , 2 % sucrose and 5 ìM IBA for 2 weeks

on filter paper bridge, ii) pulse t re a t me n t  o f u n -rooted shoots  with 100 ìM IBA and culturing on filter paper

bridges  in liquid MS for 2 weeks , and iii) transfer to hyp otonic sys tem containing 1/4  Arnon solution withth

3 ìM IBA for 2-3 wee ks . Even during present inves tigations , shoots  could be rooted in MS medium with 5

ìM IBA, but the roots  developed were relatively weaker and required 15-20 d. However, 10 sec pulse

treatment of cut ends  of shoots  o f c h ic kp e a with 100 mM (i.e. 100 ìmoles /ml)  IBA lead to root induction

wit h in 4 d and subsequently resulted in the development of s trong root sys tem within 6, 10 and 14 d in liquid

MS basal medium (Figure 1).

Cent Percent Successful Establishment of in Vitro Raised Plantlets:

Anoth e r ma jo r hurdle limiting chickpea regeneration is  the es tablishment of in vitro  raised plantlets  in

pots /field. This  is  another major reason behind preference fo r g ra fting. The plantlets  with shorter length have

higher potential to withs tand transplantation shock and es tablish better in pots . It has  been reported earlier that
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the root to shoot ratio has  an important role in the success ful es tablishment of in vitro  raised plantlets  (Subhan

et al. 1998). Unders tandably, sho rt e r shoot area will reduce excess ive loss  of water leading to rapid loss  in

turgidity of the plantlets  (Munns  2002). Durin g present inves tigations  plantlets  with shoot length of 3 to 5 cm

survived better than the plantlets  with longer shoot length. Many of the plantlets  with longer shoot length failed

es tablish even if the shoots  were s touter, as  they tend to collapse/lodge and die within few d a y s  a ft e r

transplantation to pots .

For transplantation of plantlets  various  potting mixtures  were used. These include autoclaved/s terile

(Indurke r e t  al. 2007) and non-autoclaved/non-s terile soil, soilrite, manure, vermiculite, soilrite + garden soil

(in the ratio of 1:1), s o ilrite + garden soil + manure (in the ratio of 1:1:1), commercial soil mixture (Sunshine

No. 4, Sun Gro Horticulture, Bellevue) (Polowic k e t  a l .  2004). In all these cases  the success ful es tablishment

rate was  very low. W e account failure in these particular cases  to excess  mois ture , high degree of water

holding capacity of potting mixture. During our inves tigations , potting mixture co n s is ting of the garden soil

mixe d  wit h sand (gravel) and bio-manure (Khadi and Village Commiss ion, Govt. of India) in the ratio o f 1:1:1

is  mo s t  s u itable for achieving cent percent transplantation success . Chickpea is  well known to be susceptible

to flooding and excess  mois ture (Yadav et al .  2006). Under high mois ture condition chickpea is  prone to

fungus  and wilt diseases  (Yadav et al., 2006). Du rin g  the present inves tigations , we did not find autoclaved

soil mixture in any way to be an essential requirement fo r t h e  e s t a blishment of in vitro raised plantlets  of

chickpea. Ins tead we realized that improving aeration/poros ity of potting mixture by mixing sand is  highly

beneficial. Chickpea grows bes t on fertile sandy, loam soils  with good internal d ra in a g e  (Ya d a v et al., 2006).

Good drainage is  necessary because even short period of flooding, water logging soil, mois ture reduces  growth

and increases  susceptibility to root and s tem rots  and heavy rainfall season shows reduced yields  due to disease

outbreaks  and s tem lodging problem from excess ive vegetative growth (Yadav et al., 2006). Some of the s tages

involved in transp la n t ation of in vitro  raised plantlets  and their success ful es tablishment in smaller and larger

earthen pots  is  shown in Figure 2-4.

A n o t h e r important factor that often limits  regeneration and success ful es tablishment of in vitro  rais e d

plantlets  of chickpea is  the season (i.e. month of the year) when these are attempted. Bes t  a n d  c e n t  p e rc e nt

es tablishment success  followed by good seed set is  achieved when the in vitro  raised plantlets  of chickpea are

transplanted during October and November months  (i.e . b e ginning of winter). Over all vegetative growth

including number branches  followed b y  flowering, pod setting and seed production was  superior in the plants

obtained from the plantlets  transferred to pots  during October and November.

W e h a v e  d e v e loped a s imple and perfect protocol for success ful rooting of shoots  and es tablishment of

in vitro raised plantlets  of chickpea. Success ful es ta b lis hment of in vitro  raised well rooted plantlets  depends

upon two bas ic factors  viz., (i) shoot length of the plantlets  and root to shoot ratio; and (ii) potting-mixture

with good aeration and lesser capacity to retain water. During our inves tigations , ce n t  percent of the plantlets

with shoot length  o f 3 to 5 cm well rooted and potted in garden soil mixed with sand (gravel) and bio manure

in equal proportion, es tablished perfectly and flowering, pod and seed set (Figure 6-7).

Fig. 1: Sh o o t s  e xposed to 10 sec 100 mM IBA pulse treatment, on liquid MS medium after 6, 10 and 14 days .
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Fig. 2: Sand and Potting mixture used for planting in vitro raised plantlets , respectively. Plantlets  t ra n sferred

to small earthen pots  with a mixture of garden soil, sand and bio-man u re  in equal proportion. Freshly

transferred plantlets  covered with polythene bags .

Fig. 3: Acclimatized plantlets .

Fig. 4: Plants  of chickpea es tablished in large e a rt h e n  p o t s  with a mixture of garden soil, sand and

bio-manure in equal proportion.

Fig. 5: Different developmental s tage of chickpea.
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Fig. 6: Plants  showing Flowers  pods  and seed setting.

Fig. 7: Harves ting  s tage of seeds  after drying of pods  and plants
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