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ABSTRACT

Adventitious shoot regeneration was achieved from epicotyl and internode
explants of invitro 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 devel oped to compl ete plantlets after transferring them
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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
suitablefor root induction. The microplantswere successfully established
in the soil under natural environment with about 75% survival.
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INTRODUCTION

Cajanuscajan (L.) Millsp. belonging tothefamily
Fabaceae and it isthe only species of genus Cajanus.
It has some common names such as pigeonpea,
congobean, redgram, etc. Itisgrownwidely intheen-
tireIndian subcontinent, inthe east and central African
countries. Itisaso grownin someof the Central Amei-
can countries. In recent yearsthe crop has been culti-
vated commercialy inAustralia In Bangladesh, itis
grownal over the country, mostly in Kushtia, Rgjshahi,
Commilla, Jessore, Faridpur, Tangail, Noakhali,
Rangpur and Rangamati®.

Pigeonpeaisawe | known pulseyieding plantsin
our country. Itisamultipurposeplant andal partsare
used in someform or the other. Theimportance of pro-
tein enriched seeds (dhal) occupiesanimportant posi-
tionintropica and sub-tropical regions. Theplant dso

provides needed green vegetabl es, calcium and phos-
phorusin human diets, and fodder for cattleaswell as
fuel inrura society. Pigeonpeamaintainsand restores
soil fertility by fixing atmospheric nitrogen®.

Althoughtherearereportsontissuecultureand plant
regeneration of pigeonpeafrom different countried?d,
but little attempt has been made on tissue culture of
pigeonpeavarieties grown in Bangladesh. Therefore,
present investigation wastaken to devel op thetissue
culturetechniquesfor inducing calus, proliferating shoots
and regenerating compl ete plantsform seedling explant
of pigenonpea, asaprerequisitefor takingany initiative
to theimprovement thisimportant pulsecrop usingin
vitro techniques.

MATERIALSAND METHODS

Theimmature seeds of Cajanus cajan were used
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asexperimental materials. For raising aseptic seedlings
green pods were collected from the mature plants and
washed thoroughly under running tap weter for ten min-
utestoreducetheleve of surface micro-organisms. Sur-
faceseilizationof thematerid wasdonefollowing treat-
ment of podswith 1% Savlon for 10 min with constant
shaking, second washingwith running tapweater tomake
themateria freefrom Savlon-foam and finaly washing
carefully 2-3timeswith distilled water. The podswere
thentakenunder runninglaminer arflow cabing andtrans-
ferredto 250 ml sterilized conical flask. After ringngin
80% ethanol they wereimmersedin 0.1%HgCl, for dif-
ferent duraionof time After washingwithautodaved dis-
tilledwater and sockingin sterilized filter paper theimma:
tureseedsweretaken out from podsandfindly implanted
onthesurface of semisolid MSmedium/*®, Theaseptic
seedlingsthusgrew, attained aheight of 8-10 cm after 8-
10daysof incubation.

Theexplantsconsisting of epicotyl and internode
were prepared from the aseptically grown two-week-
old seedlings. They werethen cultured on agar-gelled
M S medium supplemented with 0.5-2.0 mg/l BA aong
with 0.1-0.5mg/l of either NAA, IBA, 1AA or 2,4-D.
Microcuttings prepared from in vitro grown shoots
wererooted in /2MS and full strength of MS media
fortified with0.1-1.0mg/l of either NAA, IBA or IAA.
All mediawerefortified with 3% sucrose, gelled with
0.8% agar (Hi-media, India), adjustedtopH 5.7+ 0.1
and steam sterilized for 20minat 121°C under 1.2 kg/
cm?pressure. The cultures were grown at 26 + 1°C
under 14-hr photoperiod with light intensity of about
2500 ux.

RESULTS

Epicotyl and internode explantswere cultured on
M S medium supplemented with different concentrations
and combinationsof BA, NAA, IBA, IAA and 2,4-D
for inducing shoot regeneration. Thedataon intensity
of callusgrowth, percentage of shoot formation, num-
ber of total shootsper culture, number of usable shoots
per culture and average length of shoots per culture
form different treetmentswererecorded after 10 weeks
of cultureinitiation. Results obtai ned on morphogenic
responses of the cultured explants are presented in
TABLE 1. BA doneand BA-1AA or BA-2,4-D com-

bination inthe medium failed to produce any adventi-
tious shoot whereasit produce cons derable amount of
non-morphogenic calusonly a higher concentrations.
Out of thenineBA-NAA combinations, themedium
containing 1.0 mg/l BA with0.5mg/l NAA, 0.5 mg/I
BA with0.2mg/l NAA and 1.0 mg/l BA with0.2mg/l
NAA produced calli with shoots 90%, 80% and 76%
from epicotyl explants, respectively (Figure 1A). Fre-
guency of shoot proliferationwasmaximumat 1.0 mg/
BA with 0.5 mg/l NAA and the number of shootswas
10.5+ 0.31 per culture (Figure 1C & 1E). Amongthe
combinationsof BA-IBA maximum frequency of shoot
bud formation was observed in 75% cultures at 1.0
mg/l BA with0.1 mg/l IBA wherethemaximum 7.5 +
0.46 shootsper cultureswasrecorded at the same com-
bination.

TABLE 1: Effectsof different concentrationsand combinations

of cytokinin and auxin on induction of callusand regeneration
of adventitiousshootsfrom epicotyl and inter nodeexplants.

Epicotyl Internode
Growth % of *Intensity No. of total % of *Intensity No.of total
regulators  shoot of callus  shoot per Shoot  of callus  shoot per
(mg/l) formation growth culture formation growth culture

BA

05 - + - - +

10 - + - - +

2.0 - ++ - - +
BA+NAA
05+01 550 + 6.5+024b 55.0 + 45+ 0.55¢c
05+02 80.0 ++ 80+053b 780 ++  75+0.37b
05+05 100 +++ 32+044b 10.0 +++ 25+032c
10+01 70.0 + 56+032b 68.0 + 4.0+0.37c
10+02 76.0 ++ 72+06lb 720 ++ 55+ 0.67c
10+05 90.0 +++ 105+0.3la 90.0 +++ 10.0+ 0.658
20+01 500 ++ 45+062b 50.0 ++ 4.2 +0.42c
20+02 250 +++ 25+047b 20.0 +++ 25+022c
20+05 +++
BA+IBA
05+0.1 55.0 + 55+046b 45.0 + 4.0 £ 0.52c
05+02 350 + 45+051b 300 + 30+012
05+05 - ++ +++
10+01 750 + 75+046b 65.0 + 5.5+ 0.42c
10+02 640 + 6.0+017b 55.0 ++  461052c
10+05 400 ++  44+032b 400 ++ 3.5+052c
20+01 400 ++ 40+012b 35.0 ++ 2.8+ 0.32c
20+02 180 +++ 25+022b 10.0 +++  16+022c
20+05 +++ +++
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TABLE 2: Effectsof different concentrationsof variousauxins

Epicotyl Internode )
Growmth % of *Intensity No.oftotal % of  *Intensity Nooftota 1N ¥2MS and MS media on adventitious root formation from C.
regulators  shoot of callus  shoot per Shoot of callus  shoot per ca;an microcuttings
(mg/l)  formation growth culture formation growth culture
Media  Conc.of % of Noof roots Average  Daysto Callus
BA+IAA : . _
and Types auxins cutting per rooted length of root Formation at
05+0.1 - + - - + ofauxins ~ mg/l rooted cutting  roots(cm) formation thecutting base
05402 - + X i . 01 1000 55+012a 30+052a 7-10
05+05 - —_ i i - YMS+HBA 02 1000 33+046b 26+032a 812 +
10401 - + X i . 05 800 20:022b 224055 1012 ++
10+02 - + . _ . 1.0 - B ; B S
10405 - —_ X i - 01 1000 50+025a 28+025a 7-10 +
20+01 - + i i - YMS+NAA 02 900 25+032b 22:+033%b 912 ++
20+02 _ ++ _ _ T+ 05 650 1.0+048b 15+032c 1015 +++
20+05 o ot 10 - - - - ot
BA+24.D 01 600 25+023b 18+042b 10-12
05+01 - + . . + MSHAA 02 450 18:042b 13:036c 1015
05402 - . . . - 05 200 13+032 10+055 1215 ++
05+05 o ot U - - - ot
10+01 - . . . + 01 90 50:020a 30+010a 810
10402 - - . ) . MSHBA 02 850 30£042b 25:025a 1012 +
10+05 - . . - 05 680 20£015b 20+045h 10-15 ++
20+0.1 - ++ - - ++ 10 - - - R i
20402 - it 01 850 47:033 25+075a 1012 +
20405 — t MStNAA 02 750 23+056b 22+014b 10-15 ++
. . . . E 05 520 10+012b 14+016c 12-18 +++
*Intensity of callusing: (+) dight callusing ; (++) considerable
callusing; (+++) intensive callusing; and (-) no callusing; Values 10 - - - - 4
represent means + standard error of 15 explants per treat- 01 550 22+036b 15+075 10-12
ment. M eans followed by the same letters are not significantly MS+IAA 02 400 15+025b 12+026c 1215
different by Duncan’s multiple Range Test at 0.05% probabil- ’ o e
ity level. 05 200 10+032b 1.0+012c 12-18 +
1.0 - - - - +++

On theother hand, in case of internode explants
among variouscombinationsof BA-NAA, thecultured
explants showed the maximum percentage (90%) of
adventitiousshoot proliferationwith 1.0mg/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:
tionsof 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
0.5mg/l BA with0.5mg/l of NAA or IBA, and 2.0 mg/l
BA with0.5mg/l of NAA or IBA failed to produceany
adventitious shoots however, these combinations pro-
duced largeamountsof non-morphogeniccalus. Inthis
experiment it wasfound that 1.0 mg/l BA ascytokinin
with0.5mg/l NAA asauxinwasthebest mediacombi-
nationsfor proliferation of theadventitiousshootsfrom
both the epicotyl and internodes explants.

(-) 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.

Invitro propagationismeaninglesswithout success-
ful establishment of theproliferated shootsinthe sail. For
thisreason induction of rootstotheinvitro proliferated
shootsis essentia for successful establishment of the
micrashootsintothesoil. Microcuttings(3-4 cm) prepared
fromtheinwitro proliferated shootswererooted on2MS
and M S mediasupplemented with different concentra-
tions(0.1-1.0mg/l) of asngleauxin, namely IBA, NAA
andlAA. Boththe!saMSand MSmediawerefoundto
support root formation in pigeonpeashootsculturedin
vitro (TABLE 2). The maximum percentageof root for-
metion (100%) wasfoundin2MSwith0.1-0.2mg/l IBA,
andin’2MSwith0.1mg/l NAA (Fgure1G).InMSme-
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diumthemaximum 90%root formationwasobsarvedwith
0.1mg/l IBA. Thehighest number of 5.5+ 0.12 roots per
shootswasobservedin /2MS with 0.1 mg/I IBA, and in
MSitwas5.0 £ 0.02with 0.1 mg/l IBA. Themaximum
length of thelongest root per shoot was 3.0 + 0.52cm
foundin’2MSwith0.1 mg/l IBA and 3.0+ 0.10cmin
MSwith0.2mg/l IBA. Whenmicrocuttingwerecultured
ether on2M Sor M Smedium supplemented with 1.0

mg/l IBA, NAA or IAA, they could not produced any
root. Besdes maformationand dow growth of rootswere
asoobserved at thehigh concentrationof NAA and IAA
supplemented media (both in 2aMS and MS). Callus
formed dightly & the base of themicrocuttingsmoreor
lessinboththe!saMSandM Smediawithamog dl auxin
treatments, however, it could not hamper theemergence
of roots.

Figurel: A-H Regeneration of plantletsin vitrofrom epicotyl and inter nodeexplantsof Cajanuscajan. A-B Praliferation of callus
and development of adventitiousshootsat thecut mar ginsof an epicotyl (FigureA) and internode (Figur e B) explantsafter three
weeksof culture. C-F Elongation and multiplication of adventitiousshootson epicotyl and inter node-derived callusafter sxweeks
(FigureC & D) and ten weeks(FigureE & F) of cultureinitiation, respectively. G Rooting of thein vitro prolifer ated shoots. H
Regenerated plantlet on soil after eight weeksof transfer under ex vitro condition.
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DISCUSSION

Theresultsof the present investigation demondirate
that epicotyl and internode explants of C. cajanwere
amenabletoinvitro culture. With proper manipulation
of cytokininand auxin combinationsand concentrations,
it was poss bleto induce calusand subsequently plant-
let regeneration from the two types of explants. Epi-
cotyl explantswere cultured on M'S medium supple-
mented with different concentrationsand combinations
of cytokininand auxinfor inducing calusaswell asshoot
regeneration. Among the different combinationsthe
mediacontaining 1.0 mg/l BA with0.5mg/l NAA pro-
duced calli with shoots from the cut margin of 90%
epi cotylsexplants, theresponseswere better than that
on other combinations. These observationssupport the
classica cytokinin- auxinbaancehypothes sof Skoog
and Millert. Onthe other hand Zeng et al.*% showed
that shootswere regenerated from callus cultures of
epicotyl of Citrusreticulataon MSmediumwith 2.0-
4.0mg/l BA. Cheruavathur et d.*Y also noted that epi-
cotylsexplants of Caesal pina bonduc produce callus
on M S medium supplemented with 4.0 mg/| BA and
1.0mg/l NAA followed by 3.0mg/l BAPand 1.0 mg/l
|AA induced shoots. Results of theaboveinvestiga
tionsarein agreement with the present study wherea
cytokinin-auxin combinationwasfound to bemost suit-
ablefor shoot regeneration from the cultured explant.
Adventitious shootswere produced successfully also
fromtheinternode explant of C. cajan. Theseexplants
were cultured on M S medium supplemented with dif-
ferent concentration and combinationsof cytokininand
auxin. It wasfound that BA aloneor in combination
with IAA or 2,4-D failed to produce any shoot bud.
But they produced different amountsof calus. Intern-
odeexplantshavebeen previoudy shownto bethemost
productive explant sourcefor severa species, includ-
ing Verbena officinalis3, Euphorbiatirucalli®, and
Adenophora triphyllal”. This effect might be partly
attributed to theintense vascul ar nature of thestemtis-
Suesince, in somecases, parenchymacel Issurrounding
thevascular bundle or cambia cellscould beactively
involvedintheinitiation of primordiadevel opment, which
then |eadsto an organogenic process®.

Our dataindicated that cultured explantscertainly
required the presence of auxininadditionto cytokinin

BioTechnology — ammm—

intheculturemediumin order to achieve shoot organo-
genesis, as no shoot devel opment could be obtained
when BA wasused doneor incombinationof IAA. In
thisstudy it wasreveded that 1.0 mg/l BA with0.5mg/l
NAA wasmost suitablefor shoot induction frominter-
node explant of pigeonpeawhich wasfollowed by 1.0
mg/l BA with0.1 mg/l IBA. Similar observationwas
foundin Adenophoratriphyllafor internode culture.
Uchidaet al . reported that adventitious budswere
efficiently induced on LS medium supplemented with
0.02 mg/I thidiazuron. On the other hand Cuenca et
al.l¥ mentioned that Woody Plant medium supple-
mented with 4.5 uM TDZ and 2.9 pM IAA showed
best performancefor shoot induction fromtheintern-
ode explant of Fagussylvatica.

Percentage of root induction and number of roots
per shoot were obvioudy influenced by the concentra:
tions, typesof auxinand basad medium. AmongthelBA
or NAA concentrations tested, rooting response of
microcuttinginIBA containing mediumwasbetter than
that inNAA containing medium, whilelesst rooting re-
sponsewasfound with all IAA concentrationstested.
Thefindingsarein agreement with those observedin
Ricinus communisi*® Arachis hypogaeal*®,
Caesalpinia bonduci*¥ and other plant speciesaswell.
Amongthetwo typesof media, /2MS medium showed
better rooting than MSmedium. Roy et al ¥, Jaiswal
and Aminl*” and Niraulaand Rgjbhandary*? reported
that rootsobtained in %2MS with IBA and NAA either
individually or indifferent combinationswere satisfac-
torily better than that in MS medium fromthe prolifer-
ated shoots of Mitragyna parvifolia, Psidium
guajava and Poncirus trifoliata, respectively.
Cheruvathur et al.l*¥ also observed maximum fre-
guency of culturethat produced rootswas 100% when
the shoots of Caesal pinia bonduc were cultured on
2MS medium with 6.0 mg/l IBA. The regenerated plant-
letsof C. cajan were successfully established under ex
vitro condition (Figure 1H). Theregeneration protocol
devel oped through the present study may be used for
conducting experimentson in vitro mani pualtion of
Cajanus cajan.
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