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ABSTRACT
Adventitious shoot regeneration was achieved from epicotyl and internode
explants of in vitro grown seedlings of Cajanus cajan. Maximum number
of multiple shoot formation was obtained by culturing the above explants
on MS medium containing 1.0 mg/l BA and 0.5 mg/l NAA. The
microcuttings were developed to complete plantlets after transferring them
to the rooting media supplementation with auxins namely, IBA, NAA or
IAA. Nevertheless, 0.1-0.2 mg/l IBA and NAA was found to be most
suitable for root induction. The microplants were successfully established
in the soil under natural environment with about 75% survival.
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INTRODUCTION

Cajanus cajan (L.) Millsp. belonging to the family
Fabaceae and it is the only species of genus Cajanus.
It has some common names such as pigeonpea,
congobean, redgram, etc. It is grown widely in the en-
tire Indian subcontinent, in the east and central African
countries. It is also grown in some of the Central Ameri-
can countries. In recent years the crop has been culti-
vated commercially in Australia. In Bangladesh, it is
grown all over the country, mostly in Kushtia, Rajshahi,
Commilla, Jessore, Faridpur, Tangail, Noakhali,
Rangpur and Rangamati[5].

Pigeonpea is a well known pulse yielding plants in
our country. It is a multipurpose plant and all parts are
used in some form or the other. The importance of pro-
tein enriched seeds (dhal) occupies an important posi-
tion in tropical and sub-tropical regions. The plant also

provides needed green vegetables, calcium and phos-
phorus in human diets, and fodder for cattle as well as
fuel in rural society. Pigeonpea maintains and restores
soil fertility by fixing atmospheric nitrogen[14].

Although there are reports on tissue culture and plant
regeneration of pigeonpea from different countries[1,8],
but little attempt has been made on tissue culture of
pigeonpea varieties grown in Bangladesh. Therefore,
present investigation was taken to develop the tissue
culture techniques for inducing callus, proliferating shoots
and regenerating complete plants form seedling explant
of pigenonpea, as a prerequisite for taking any initiative
to the improvement this important pulse crop using in
vitro techniques.

MATERIALS AND METHODS

The immature seeds of Cajanus cajan were used
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as experimental materials. For raising aseptic seedlings
green pods were collected from the mature plants and
washed thoroughly under running tap water for ten min-
utes to reduce the level of surface micro-organisms. Sur-
face sterilization of the material was done following treat-
ment of pods with 1% Savlon for 10 min with constant
shaking, second washing with running tap water to make
the material free from Savlon-foam and finally washing
carefully 2-3 times with distilled water. The pods were
then taken under running laminar airflow cabinet and trans-
ferred to 250 ml sterilized conical flask. After rinsing in
80% ethanol they were immersed in 0.1 % HgCl

2
 for dif-

ferent duration of time. After washing with autoclaved dis-
tilled water and socking in sterilized filter paper the imma-
ture seeds were taken out from pods and finally implanted
on the surface of semisolid MS medium[16]. The aseptic
seedlings thus grew, attained a height of 8-10 cm after 8-
10 days of incubation.

The explants consisting of epicotyl and internode
were prepared from the aseptically grown two-week-
old seedlings. They were then cultured on agar-gelled
MS medium supplemented with 0.5-2.0 mg/l BA along
with 0.1-0.5 mg/l of either NAA, IBA, IAA or 2,4-D.
Microcuttings prepared from in vitro grown shoots
were rooted in ½MS and full strength of MS media

fortified with 0.1-1.0 mg/l of either NAA, IBA or IAA.
All media were fortified with 3% sucrose, gelled with
0.8% agar (Hi-media, India), adjusted to pH 5.7 ± 0.1

and steam sterilized for 20 min at 121C under 1.2 kg/
cm2 pressure. The cultures were grown at 26 ± 1C
under 14-hr photoperiod with light intensity of about
2500 lux.

RESULTS

Epicotyl and internode explants were cultured on
MS medium supplemented with different concentrations
and combinations of BA, NAA, IBA, IAA and 2,4-D
for inducing shoot regeneration. The data on intensity
of callus growth, percentage of shoot formation, num-
ber of total shoots per culture, number of usable shoots
per culture and average length of shoots per culture
form different treatments were recorded after 10 weeks
of culture initiation. Results obtained on morphogenic
responses of the cultured explants are presented in
TABLE 1. BA alone and BA-IAA or BA-2,4-D com-

bination in the medium failed to produce any adventi-
tious shoot whereas it produce considerable amount of
non-morphogenic callus only at higher concentrations.
Out of the nine BA-NAA combinations, the medium
containing 1.0 mg/l BA with 0.5 mg/l NAA, 0.5 mg/l
BA with 0.2 mg/l NAA and 1.0 mg/l BA with 0.2 mg/l
NAA produced calli with shoots 90%, 80% and 76%
from epicotyl explants, respectively (Figure 1A). Fre-
quency of shoot proliferation was maximum at 1.0 mg/
BA with 0.5 mg/l NAA and the number of shoots was
10.5 ± 0.31 per culture (Figure 1C & 1E). Among the
combinations of BA-IBA maximum frequency of shoot
bud formation was observed in 75% cultures at 1.0
mg/l BA with 0.1 mg/l IBA where the maximum 7.5 ±
0.46 shoots per cultures was recorded at the same com-
bination.

Epicotyl Internode 

Growth 
regulators 

(mg/l) 

% of 
shoot 

formation 

*Intensity 
of callus 
growth 

No. of total 
shoot per 
culture 

% of 
Shoot 

formation 

*Intensity 
of callus 
growth 

No.of total 
shoot per 
culture 

BA       

0.5 - + - - + - 

1.0 - + - - + - 

2.0 - ++ - - + - 

BA+NAA       

0.5 + 0.1 55.0 + 6.5 ± 0.24b 55.0 + 4.5 ± 0.55c 

0.5 + 0.2 80.0 ++ 8.0 ± 0.53b 78.0 ++ 7.5 ± 0.37b 

0.5 + 0.5 10.0 +++ 3.2 ± 0.44b 10.0 +++ 2.5 ± 0.32c 

1.0 + 0.1 70.0 + 5.6 ± 0.32b 68.0 + 4.0 ± 0.37c 

1.0 + 0.2 76.0 ++ 7.2 ± 0.61b 72.0 ++ 5.5 ± 0.67c 

1.0 + 0.5 90.0 +++ 10.5 ± 0.31a 90.0 +++ 10.0 ± 0.65a

2.0 + 0.1 50.0 ++ 4.5 ± 0.62b 50.0 ++ 4.2 ± 0.42c 

2.0 + 0.2 25.0 +++ 2.5 ± 0.47b 20.0 +++ 2.5 ± 0.22c 

2.0 + 0.5 - - - - +++ - 

BA+IBA       

0.5 + 0.1 55.0 + 5.5 ± 0.46b 45.0 + 4.0 ± 0.52c 

0.5 + 0.2 35.0 + 4.5 ± 0.51b 30.0 + 3.0 ± 0.12 

0.5 + 0.5 - ++ -- - +++ - 

1.0 + 0.1 75.0 + 7.5 ± 0.46b 65.0 + 5.5 ± 0.42c 

1.0 + 0.2 64.0 + 6.0 ± 0.17b 55.0 ++ 4.6 ± 0.52c 

1.0 + 0.5 40.0 ++ 4.4 ± 0.32b 40.0 ++ 3.5 ± 0.52c 

2.0 + 0.1 40.0 ++ 4.0 ± 0.12b 35.0 ++ 2.8 ± 0.32c 

2.0 + 0.2 18.0 +++ 2.5 ± 0.22b 10.0 +++ 1.6 ± 0.22c 

2.0 + 0.5 - +++ - - +++ - 

TABLE 1 : Effects of different concentrations and combinations
of cytokinin and auxin on induction of callus and regeneration
of adventitious shoots from epicotyl and internode explants.
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On the other hand, in case of internode explants
among various combinations of BA-NAA, the cultured
explants showed the maximum percentage (90%) of
adventitious shoot proliferation with 1.0 mg/l BA + 0.5
mg/l NAA (Figure 1B). Maximum number of 10.0 ±
0.65 shoots per culture was observed on the same
medium (Figure 1D & 1F). Among different combina-
tions of BA-IBA, maximum frequency of shoot forma-
tion was 65%; and the highest number of shoots per
cultured explant was 5.5 ± 0.42. The combinations of
0.5 mg/l BA with 0.5 mg/l of NAA or IBA, and 2.0 mg/l
BA with 0.5 mg/l of NAA or IBA failed to produce any
adventitious shoots however, these combinations pro-
duced large amounts of non-morphogenic callus. In this
experiment it was found that 1.0 mg/l BA as cytokinin
with 0.5 mg/l NAA as auxin was the best media combi-
nations for proliferation of the adventitious shoots from
both the epicotyl and internodes explants.

In vitro propagation is meaningless without success-
ful establishment of the proliferated shoots in the soil. For
this reason induction of roots to the in vitro proliferated
shoots is essential for successful establishment of the
microshoots into the soil. Microcuttings (3-4 cm) prepared
from the in vitro proliferated shoots were rooted on ½MS
and MS media supplemented with different concentra-
tions (0.1-1.0 mg/l) of a single auxin, namely IBA, NAA
and IAA. Both the ½MS and MS media were found to
support root formation in pigeonpea shoots cultured in
vitro (TABLE 2). The maximum percentage of root for-
mation (100%) was found in ½MS with 0.1-0.2 mg/l IBA,
and in ½MS with 0.1 mg/l NAA (Figure 1G). In MS me-

Epicotyl Internode 
Growth 

regulators 
(mg/l) 

% of 
shoot 

formation 

*Intensity 
of callus 
growth 

No. of total 
shoot per 
culture 

% of 
Shoot 

formation 

*Intensity 
of callus 
growth 

No.of total 
shoot per 
culture 

BA+IAA       

0.5 + 0.1 - + - - + - 

0.5 + 0.2 - + - - + - 

0.5 + 0.5 - ++ - - ++ - 

1.0 + 0.1 - + - - + - 

1.0 + 0.2 - + - - + - 

1.0 + 0.5 - ++ - - ++ - 

2.0 + 0.1 - + - - ++ - 

2.0 + 0.2 - ++ - - ++ - 

2.0 + 0.5 - +++ - - +++ - 

BA+2,4-D       

0.5 + 0.1 - + - - + - 

0.5 + 0.2 - ++ - - ++ - 

0.5 + 0.5 - +++ - - +++ - 

1.0 + 0.1 - ++ - - + - 

1.0 + 0.2 - ++ - - + - 

1.0 + 0.5 - +++ - - ++ - 

2.0 + 0.1 - ++ - - ++ - 

2.0 + 0.2 - +++ - - +++ - 

2.0 + 0.5 - +++ - - +++ - 

*Intensity of callusing: (+) slight callusing ; (++) considerable
callusing; (+++) intensive callusing; and (-) no callusing; Values
represent means ± standard error of 15 explants per treat-

ment. Means followed by the same letters are not significantly
different by Duncan�s multiple Range Test at 0.05% probabil-

ity level.

Media 
and Types 
of auxins 

Conc.of 
auxins 
mg/l 

% of 
cutting 
rooted 

No of roots 
per rooted 

cutting 

Average 
length of 

roots (cm) 

Days to 
root 

formation 

Callus 
Formation at 

the cutting base 

 0.1 100.0 5.5 ± 0.12a 3.0 ± 0.52a 7-10 - 

½MS+IBA 0.2 100.0 3.3 ± 0.46b 2.6 ± 0.32a 8-12 + 

 0.5 80.0 2.0 ± 0.22b 2.2 ± 0.55b 10.12 ++ 

 1.0 - - - - +++ 

 0.1 100.0 5.0 ± 0.25a 2.8 ± 0.25a 7-10 + 

½MS+NAA 0.2 90.0 2.5 ± 0.32b 2.2 ± 0.33b 9-12 ++ 

 0.5 65.0 1.0 ± 0.48b 1.5 ± 0.32c 10-15 +++ 

 1.0 - - - - +++ 

 0.1 60.0 2.5 ± 0.23b 1.8 ± 0.42b 10-12 - 

½MS+IAA 0.2 45.0 1.8 ± 0.42b 1.3 ± 0.36c 10-15 - 

 0.5 20.0 1.3 ± 0.32 1.0 ± 0.55c 12-15 ++ 

 1.0 - - - - +++ 

 0.1 90.0 5.0 ± 0.20a 3.0 ± 0.10a 8-10 - 

MS+IBA 0.2 85.0 3.0 ± 0.42b 2.5 ± 0.25a 10-12 + 

 0.5 68.0 2.0 ± 0.15b 2.0 ± 0.45b 10-15 ++ 

 1.0 - - - - +++ 

 0.1 85.0 4.7 ± 0.33a 2.5 ± 0.75a 10-12 + 

MS+NAA 0.2 75.0 2.3 ± 0.56b 2.2 ± 0.14b 10-15 ++ 

 0.5 52.0 1.0 ± 0.12b 1.4 ± 0.16c 12-18 +++ 

 1.0 - - - - +++ 

 0.1 55.0 2.2 ± 0.36b 1.5 ± 0.75c 10-12 - 

MS + IAA 0.2 40.0 1.5 ± 0.25b 1.2 ± 0.26c 12-15 - 

 0.5 20.0 1.0 ± 0.32b 1.0 ± 0.12c 12-18 + 

 1.0 - - - - +++ 

TABLE 2 : Effects of different concentrations of various auxins
in ½MS and MS media on adventitious root formation from C.
cajan microcuttings.

(-) indicate no response; (+) slight callusing; (++) considerable
callusing and (+++) profuse callusing; Values represent means
± standard error of 20 explants per treatment. Means followed

by the same letters are not significantly different by Duncan�s
multiple Range Test at 0.05% probability level.
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dium the maximum 90% root formation was observed with
0.1 mg/l IBA. The highest number of 5.5 ± 0.12 roots per
shoots was observed in ½MS with 0.1 mg/l IBA, and in

MS it was 5.0 ± 0.02 with 0.1 mg/l IBA. The maximum
length of the longest root per shoot was 3.0 ± 0.52 cm
found in ½MS with 0.1 mg/l IBA and 3.0 ± 0.10 cm in
MS with 0.1 mg/l IBA. When microcutting were cultured
either on ½MS or MS medium supplemented with 1.0

mg/l IBA, NAA or IAA, they could not produced any
root. Besides, malformation and slow growth of roots were
also observed at the high concentration of NAA and IAA
supplemented media (both in ½MS and MS). Callus
formed slightly at the base of the microcuttings more or
less in both the ½MS and MS media with almost all auxin
treatments, however, it could not hamper the emergence
of roots.

Figure 1 : A-H Regeneration of plantlets in vitro from epicotyl and internode explants of Cajanus cajan. A-B Proliferation of callus
and development of adventitious shoots at the cut margins of an epicotyl (Figure A) and internode (Figure B) explants after three
weeks of culture. C-F Elongation and multiplication of adventitious shoots on epicotyl and internode-derived callus after six weeks
(Figure C & D) and ten weeks (Figure E & F) of culture initiation, respectively. G Rooting of the in vitro proliferated shoots. H
Regenerated plantlet on soil after eight weeks of transfer under ex vitro condition.
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DISCUSSION

The results of the present investigation demonstrate
that epicotyl and internode explants of C. cajan were
amenable to in vitro culture. With proper manipulation
of cytokinin and auxin combinations and concentrations,
it was possible to induce callus and subsequently plant-
let regeneration from the two types of explants. Epi-
cotyl explants were cultured on MS medium supple-
mented with different concentrations and combinations
of cytokinin and auxin for inducing callus as well as shoot
regeneration. Among the different combinations the
media containing 1.0 mg/l BA with 0.5 mg/l NAA pro-
duced calli with shoots from the cut margin of 90%
epicotyls explants, the responses were better than that
on other combinations. These observations support the
classical cytokinin - auxin balance hypothesis of Skoog
and Miller[7]. On the other hand Zeng et al.[10] showed
that shoots were regenerated from callus cultures of
epicotyl of Citrus reticulata on MS medium with 2.0-
4.0 mg/l BA. Cheruavathur et al.[11] also noted that epi-
cotyls explants of Caesalpina bonduc produce callus
on MS medium supplemented with 4.0 mg/l BA and
1.0 mg/l NAA followed by 3.0 mg/l BAP and 1.0 mg/l
IAA induced shoots. Results of the above investiga-
tions are in agreement with the present study where a
cytokinin-auxin combination was found to be most suit-
able for shoot regeneration from the cultured explant.
Adventitious shoots were produced successfully also
from the internode explant of C. cajan. These explants
were cultured on MS medium supplemented with dif-
ferent concentration and combinations of cytokinin and
auxin. It was found that BA alone or in combination
with IAA or 2,4-D failed to produce any shoot bud.
But they produced different amounts of callus. Intern-
ode explants have been previously shown to be the most
productive explant source for several species, includ-
ing Verbena officinalis[2], Euphorbia tirucalli[9], and
Adenophora triphylla[7]. This effect might be partly
attributed to the intense vascular nature of the stem tis-
sue since, in some cases, parenchyma cells surrounding
the vascular bundle or cambial cells could be actively
involved in the initiation of primordia development, which
then leads to an organogenic process[6].

Our data indicated that cultured explants certainly
required the presence of auxin in addition to cytokinin

in the culture medium in order to achieve shoot organo-
genesis, as no shoot development could be obtained
when BA was used alone or in combination of IAA. In
this study it was revealed that 1.0 mg/l BA with 0.5 mg/l
NAA was most suitable for shoot induction from inter-
node explant of pigeonpea which was followed by 1.0
mg/l BA with 0.1 mg/l IBA. Similar observation was
found in Adenophora triphylla for internode culture[4].
Uchida et al.[9] reported that adventitious buds were
efficiently induced on LS medium supplemented with
0.02 mg/l thidiazuron. On the other hand Cuenca et
al.[3] mentioned that Woody Plant medium supple-
mented with 4.5 µM TDZ and 2.9 µM IAA showed

best performance for shoot induction from the intern-
ode explant of Fagus sylvatica.

Percentage of root induction and number of roots
per shoot were obviously influenced by the concentra-
tions, types of auxin and basal medium. Among the IBA
or NAA concentrations tested, rooting response of
microcutting in IBA containing medium was better than
that in NAA containing medium, while least rooting re-
sponse was found with all IAA concentrations tested.
The findings are in agreement with those observed in
Ricinus communis [18], Arachis hypogaea [15],
Caesalpinia bonduc[11] and other plant species as well.
Among the two types of media, ½MS medium showed

better rooting than MS medium. Roy et al.[13], Jaiswal
and Amin[17] and Niraula and Rajbhandary[12] reported
that roots obtained in ½MS with IBA and NAA either

individually or in different combinations were satisfac-
torily better than that in MS medium from the prolifer-
ated shoots of Mitragyna parvifolia, Psidium
guajava and Poncirus trifoliata, respectively.
Cheruvathur et al.[11] also observed maximum fre-
quency of culture that produced roots was 100% when
the shoots of Caesalpinia bonduc were cultured on
½MS medium with 6.0 mg/l IBA. The regenerated plant-

lets of C. cajan were successfully established under ex
vitro condition (Figure 1H). The regeneration protocol
developed through the present study may be used for
conducting experiments on in vitro manipualtion of
Cajanus cajan.
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