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Effects of Plant Growth Regulatoff's and Explant TYpes on callus
$'ormation in African Yam Bean (sphenostylis stenocarpa

(Ilochst Ex d Rich) Harms)

Sikirat Remi Akande*, Morufat Oloruntoyin Balogun
and Benjamin Adefemi Ogunboded*

ABSTRACT

This study was conducted to investigate the effect of explant types and plant growth regulator
reginnes on callus induction in African yam bean, witir a niew to developing protocols for regeneration
Leaf, stem and root explants ofAfrican yam bean were.cultured in media containing different types and
concentratiors of plant grow& regulators (re$. The explanu were observed for callus formation after
three months. The main effects of variety, explant aad plant growth regulator regimes and their ineraaions
were highly significanr Highest callus formation was recorded in stem explant while the root explint
had the lowest. The accession, SSSWN56 Orown seed) had higher perceffage callus fomration rhan
ssswN7s (grey seed). No callus was fomrcd in honnone-free medinm il1d 1fos media containing inddle
acetic acid flAA). One- hundred-percent callus formation was recorded for both accessions in the mediurn
conlaiaing 1.5 mg/l each of kinetin and Naphthalene acetic acid (NAA1. This medium is recommended
for callus induction using stem explant and it will be useful in perfecting regeneration protocols for
African yarn bean.

Key rrords: African yam bean, callus, plant grorvth regulaton, explants

INTRODUCTION

African. yarn bean (Sphenostylis
stetwcarpatl&hsL (Ex A" Rich) is an indigenous
grain legume in Nigeria. It is a good source of
protein, carbohydmte, viamins and minerals. It
also contains high concentrations of anti-
nutritional factors such as trypsin inhibitor,
phytate, tannin, oxalate and alkaloids (Nwokolo,
1987; Ajibade et al., ZffiS;Fasoyiro a al., 2ffi6).
If is sometimes used to replace cowpea in most

foodpreparations particularly in rural areas where

the crop is still being cultivated. A lectin frorn
Africanyam bean seeds has also been reported to
have insecticidal effects on the cowpea beetle

{Callo s obruclus macalans) andpod-sucking. bug,

{C lavigralla tomentosicollis). The nro insects arq

the major pests of cowpea in Nigeria and o&er
gnican countries (Okeola er aI ,?{I|tZ).

However, constraints to African yam

bean cultivation and utilization include t,he

presence of anti-nuuitional factors, tong cooking
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time {Fasoyirr et a1.,2006) and low seed yield
(Saka eraJ., 2004). The germplasm base available

to breeders for genetic improvement is also namow.

There has not been sufficient effort to collect
Aftican yam han germplasm from the areas where

itis cultivated and so mostof the genetic resouroes

of the crop are in the hands of aged famrers (Saka

et a1.,2004} There is, therefore, a dearth of
infonnation on the genetic improvement of this
crop through conventional and biotechnological
methods. Genetic transformations via tissue
cuiture techniques offer viable crop improvement

options through somaclonal variation wherein
desirable changes ore manifesrcd by plantlets

regenemted from different explants via a callus
phase (Ogunbodede and Novak, 1998). These

cbanges can widea the genetic base and can also
be incorporated into breeding programmes
(Opabode and Adebooyb, 2ffi5). However, one of
the prerequisites for genetic improvementof crop
plaats through genetic transformation is the
availability of a reliable protocol for regwration
fladav and Padmaj4 2003). This is lacking for
African yam bean- Hence, the objrctives of this
stEdy were to iavesrigate the effect of explant types
and plant growth regulator regimes cn callus
induction in African yam bean" with a view to
developing protocols for regeneration-

MATERIAI,S AND MAIEOI}S

Seeds of nvo accessions ofAfrican yam

beaq SSSWN56 (brown seed) SSSWNTS (grey
seed) were collected from germplasm at the
Nigerian Institute of Agricuttural Research ad
Training. The seeds were disinfected in ?0%
me&ylated spirit follow& by 35% connmercial
bleach and rinsed in three changes of' sterile
distilled water. The disinfected soeds were cultured
in Murashige and Skoog (1952) rredium
containiag 30g sucrose, 0.lg myo-inositol and ?g
agar (pr litre) ser ar a pH of 5.7. When ttre seeds
had genninated (three weeks after culturing), the

leaf, stem and the root were cut into portions 1 cm
in leng& and cultured in peui plates'on 16 media

with the same constituents as above but differing
in type and concentration of plant growth
regulators. The cytokinins used were
benzylaminopurine (BAP) and kinetin {KIN),
while naphthalene acetic acid (NAA) and indole
acetic acid (IAA) were the auxins used. The plant
gro*th regulator regimes of the 16 media ars
showninTable 1.

The expriment was a 3 (explants) 4 16

(PGR regimes) x 2 (genotyp€s) factorial in a
mmpletely randomized desiga. There were tfuee
replicates per treatment combination. Three
months after culturing, data were collected on
length and width of callus from which percentage

callus formation was calculated. The longest
distance between one end of the cqltus and the
o&er in the petri plate was taken as the length,
while the shortest distance was taken as &e width
in centimeters. The calluses were also observed

for ftiability. Analysis d variance was carried out

Ihble I Plant grow& regulator rcgimes of the

16 media used for callus induction iu
African yam bean.

Media Plam growth regulator regime .
1

2 1.5 mgA BAP
3 r.5 mgfl BAp;1.5 mgfl rAA
4 1.5 mg/l IAA
5 3.0 mg/l BAP, 1.5 mg/l IAA
6 1.5 mg/l BAP" 3.0 mg/l rAA
7 3.0 mg/l BAP

I 1.5 mgfl NAA
9 1.5 mgfl NAA, 1.5 mgA BA.P ,

10 3.0 mg/l BAP, 1.5 mgn NAA
11 1.5 mg/l BAP, 3.0 mg/l NAA
12 1.5 mg/l Kiaetin
13 3.0 my/l Kinerin
14 1.5 mg/l Kinerin, 1.5 mg/t NAA
15 3.0 mgA Kineria, 3.0 mg/l NAA
16 1.5 mg/l Kinetiq 3.0 mg[ ry4"1

+

IB
ADAN U

NIV
ERSITY

 LI
BRARY



!+:++ KasesartJ. (Nau Sr:i.) 43i3)

using SAS (SAS, 1997) aad mealrs wers selnrared
at F=0.05 using Duncan's multiple range test-

RESTJI]TS ANI} DISCUSSION

The main effects of variety, explaat and
ptant growth regulators (PGR) regimes axl their
iuteraction were highly significant for all the
pafimeters excspt for callus wid& where variety
x explaat x media interaction had no significant
effect {fable 2). Naphthalene acetic acid (NAA)
in combinarion wi& kiaerin (media 14 ard 15)

enhanced callus initiation inAfrican yam beaa as

ail the explants of both.varieties had formed
calluses in these mediaas early astwo weeks after
culture. Aiso, compared with the other explants,
callus initiatioa was faster with stem explantas it
hadformed calluses on all the media exceE media
X, 3, 4 aad 6 at this age. On ayerage, stem explant
formed sipificaatly longer and wider calluses rhen

leaf explant Rmt explant had the lowest mean
values for callus tength and width (0.14 and
0.06cm respectively) Sables 3 and 4). In addirioq
parts of the calluses formed from stern anl tmf
explaats were white-to- cream, soft+extured and
friable (Figure 1), while the catluses formed from
the rmt explant were comprct, brownish aad noa
friable (figure 2). Studies have sugg€sred rbar rhe

organogenic potential is related ts callus stnrctures
(Shimamoto er cI., 1993; Gurel eral., 2001). Gurel

Figur,e 1 Callus induced from stem explaat of
African yam bean (SSSW.N56)

showing friable part (arrcw).

FigErE 2 Non friable compacr callus derived
from root explant of African yam bean
(ssswN56).

er aL (2001) reporred that white and friable callus
cimsisting of large cells was able to produce roots

and shoots in sugarbeet" while green and compact

callus with small cells showed no organogeaic

Table 2 Mean square values of leaf, stem and mot explants of two accessions of African yam treanln
16media

Source of variation kngth Widrh Percentage
Variety

Explant

Varietyx Erplant
Media

Varietyx Media
Explantx Media
Yarietyxkplant xMedia
Error

6.12**
21.94**

3.06**
6.57**
s.65**
1.71**

b.62**
0.03

8-72**

15.47**

2.29**
3.94**

0.87*+

1.70**

0.61ns

0.51

1.00**

5.73"*
0.94**
1.gg**

0.52'**

0.38**
0.32**
0.003

*, **, sigaificel at 0.o5 md 0.01% probabitity levels" i@y.
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Tabte 3 rrngrr of callus formed (cm) by leaf, width and root explanrs of two Africaa yiyn bea+
accessions cuitured in 16 media

IvXedia Leaf Stem Root
Accession Accession Accession

Overall

Mein
Meaa I Mean 1 2 . Mean

0

0

0

0

0.0

0

0

0

0

0

1

2

3

.,I

5

6

1

I

00
i.90 0

00
1.95 1.0

00
1.80 1.4

0

0

0

0

000k
0 0 0.78ef

0

0
o
0

0.40 1.43 i.0 1.22 0 0 0 Q.s4hi0.3000000 0 0.10k

0

0

0.80 0
0.60 0

0k
0k

0 0"30 0.15 t.77 0.60 1.18 0 0 01.90 0 0.95 1.83 L.?3 1.53 0 0 0 0.83e?.20 0.70 1.45 1.?0 zL3 1.92 0.T7 0 0"13 1.17d0.6000.30 1.5300.770000.36j
0.70 0.30 0.s0 t.t1 Ln t.Z2 0 0.67 0.33 0.68fs0 0 0 1.20 A37 0.98 0 0.40 0.20 0.39.i2-1A 0 1.05 1.67 0 0.83 0 0 g ,0.63gh
2.84 2.W) 2.40 1.6i 1.93 1.80 0.67 0.67 0.67 1-62t,2.78 2.i0 2.40 1.50 t.{i7 1.58 0 0.83 0.42 1"41c3.:0 3-70 3.60 1.83 i.9)3 1.88 O.s1 0.0 0.48 l.eea1.24 0.57 o.qlb 0.90 0.1'6 r.lza 0.11 0.16 ;.r; ;;;

i,"49rj

n2

10
11ra
1'l

i3
1.t

15

1A

Mean

*T 
111t1.-:: 

tn same roo,/coLrma@
1 and 2 are accessions SSSWN56 aad SSSWMS, respectivetry.

Table 4 Wid&of calhuformed(cm) byleaf, widthafldrootexplantsof trvoAfricanyambeanaccessions
cultured in 16 media

Media i-eaf Stem Root 0verall
h{ean

Accession Accession Accession
Meal 1 Mean 1 Mean

I

?

3

0e2.0 0 i.0 3.10 1.20 2.t5 0 0c0000000 0 1.05bc

00e400
5 0.50 0
6 0-.1.0 0

3.00. 1.50000.-50rte
0.30 0.?0 0.,17 0.58 0 0
0.2000000

0 0.29de

0 ' 0.07e

0 0.20de
0 0.20 0.10 0.80 0.20 0.50 0 0E 1.4S 0 0.?0 l.X 0.?3 0.98 0 o 0 0.56cde9 1.80 s.50 1.1s 1.23 0.?3 0.98 0.13 0 0.07 . 0"?3bcd

il 0.70 0.!3 0.42 1.0 0.5? 0.?8 0 0.20 0.10 0..13de12 0 0 0 0.50 0.30 0.40 0 0.13 0.0? 0.r6e't3 1.8000.m0.?000.35000.0.4ide
14 2'a 1'3 1'65 a.6'7 i.33 1-0 0-60 0.27 0.43 1.03bc15 1.90 2.1 2.a 0.80 1.67 1.23 0.00 0.10 0.15 1.13bi6 3.70 2.90 3.30 t.Iv 1.5? 1.37 0.30 0 0.15 1.61aMean i.06 0.45 A.75a 0.97 0.55 0.?6a 0.06 0.06 0.06b 0.52

l{ean values rn A" san
1 aad 2 are acccssions SSSWI.[56 and SSSWN?S, respecrively.
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?hble 5 Percentage callus formation by leaf, stem and rmt explants of two African pm bean accessions
cultured in 15 media regime$"

Media Iraf Stem Root Overall

M;Accessioa Accession Accession
Msan I Mean I Mean

II

2

)
,l

0

0
0
0

0.0

r00

0.0

0.0

0.0

100

0.0

0.0

0

100

0

0

0

50

0

0

0
100

0

0

0
0

0

0

0

0

0

0

o os'
0 "50doos
oos
05&
a rc.67t

5 100 0 s0 100 100 100 0 0
61000500.00000

I 100 0 50 100 lm 100
9 100 100 100 100 ioCI 100

-1 s.0 100 50 100 lm 100 0 0 0 sod

101m05010005000
11 100 100

12 0.0" 0
lm 100 100 100

0 100 100 100

000q0d
6.67 0 33.33 n"x&

0 100

0 33.33e

50 83.33b
0 100 50 50di3 100 050100050

14 100 100

i5 100 i00
16 100 100

100 100 100 100
100 100 100 lm 0 i00

00
100 100

0 33.33e

100 . 100a .

50 83.33b1m 100 100 100 100 0 16 83.33blvlean 68.75 3Z.S 53.12b 75 62-5. 68.01a 16.67 ?S . 20.&c 0.4t

Yl1l::i1:T"e '":Y:'y"I and 2 are accessions SSSW}rI56 arld SSSIVN?S, rcspectivety.

capacity. The highest value among &e media for
the length of callus formed by 1eaf, stem and root
explants across varieties was 3-60, l.g2 and
0.57cm respectively- These results showed that
although callus from the stem explant had the
highest mean yalue for length, the longest callus
in this study was recorded ia &e leaf explant
ffable 3)" Godwin et al- (198j) reporred tkat leaf
blades were betterexptrantfor callus inductionand

$rowih than ei16sr petioles or stems in the tropical
legumg Stylosanthes scabra, white Gow<Ia and
Saryan (1988) reported that hypocotyl explans of
cowpea exhibited the highest mean callus
performarce on MS medium containing only 0.01
mg/l kinetin.

Among the differentmedi4 100% callus
formation was recorded for the three explants of
the two African yam bean accessions in the
mediurr gsaraining l-5 mg/l each of kinetin and
NAA (Medium 14) (Table 5) indicating the

positive response of African yam beaa to.NAA.
No callus was forrned in hormone-free meaiurn
orinthe mediacontaining IAA except6nmedia 5
and 6 with 5O% and 16.67% callus formation,
respectively (fables 1 and 5), indicating the
sensitivity of Aftican yam bean to IAA. Gowda
and Satyan (1988) also reported rhat cowpea was
sensitive to 2,4D (anotherauxin): &ey observed
thatas the coacentration of2,4-D increased in the
6gfirrm, there was a gradual reduction in the
quafiity of catlus pnrduction- Saimm eral (2003)
however, observed that a combination of two
arxins at high concentrations $ightly promored
the frequency of callus formation over the cbntiol
Q.?rtqNIZ*D) in soybean

. Of the two accessions, SSS\MN56
(hrown seed) had higher mean yalues for length,
width and percentage callus formation across
media and explants then 555q1*rt (gpey sgsd)
(Figure 3). Percentage callus fofmarion for
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Table 5 PercenBge callus formation by leaf, stem and rmt explants of two African yam bean accessions
culturcd in 16 media regimes.

-

Media Leaf Stem Root Overall

M;Accession Accession Accession
Mean I Mean I Mean

I

2

J

:t

0

0
0
0

0.0

100

0.0

0.0

t).0

100

0.0

0.0

0

100

0

0

0

50

0

0

0
100

0

0

0

0

0

0

0 100 50 50d

0

0

0

0

O Op'

0 "50dooe
oos
0 50d

a rc.67t

0 33.33e

50 83.33b

0 0 33.33e

100 100 . 100a .

5 lCIO 0 s0 100 100 100 0 0
61000s00.00000
'1 0.0 100

81S00

i3 100 050100050
14 100 100 i00 100 100 100 100

50 100 100 100 0 0 0 srld
50 100 100 100 0 0 0 50d9 100 lm 100 100 10CI r00 6.67 0 33.33 fi.?8c101m05010005000

11 100 100 100 100 lm 100 0 10012 0.0" 0 0 100 100 100

16

100 i00 100 100 100 lm 0 100 50 83.33b100 1m 100 100 100 100 100 0 16 83.33bMean 68.75 37.5 53.l2b 75 62.5. 68.01a 16:67 25 " 20.83c 0.48
Mean values on the same rodcol rm"

I and 2 are accessions SSSWN56 and SSSI[N75, rcspecrivety.

capacity. The highest value among the media for
rhe length of callus formed by leaf, stem and 1so1

explaats across varieties was 3-60, 1.92 and
0.67cm respectively- These results showed that
although callus from the stem explan-r had the
highest mean value for length, the longest callus
in this study was recorded in the leaf explant
flable 3). Godrvin et al- {198T reporred thar leaf
blades were better exptrant for callus induction and

$rowth than sithgl petioles or siems in the tropical
legumg Stylosanthes sca.bra, while Gowda and
Satyan (1988) repbrted that hypocotyl explants of
cowpea exhibited the highest mean callus
performarce on MS medium containing only 0.01
mg/l kinetin.

Among the differentneedi4 100% callus
formation was recorded for the three explants of
the two African yam tlean accessions in the
mediun gsataining 1.5 mg/l each of kinetin and
NAA (Medium 14) {Table 5) indicating &e

positive rcspoilse of African yam bean to.NAA.
No callus was formed in hornrone-free meOiurn
orinthe mediacontaining IAA except6nmedia 5
and 6 with 50% and tG.67% callus formation,
respectively (fables 1 and 5), indicating the
sensitivity of African yam beao to IAA, Gowda
and Satyan (1988) also reported that cowpea was
sensitive to 2+D (another auxin): they observed
thatas the concentration of2,4-D increased in the
medium, there was a gradual reduction in flte
quandty of callus production- Saimm eral (2003)
however, observed that a combination of ovo
arxins at high concenrrations qlightty promored
the frequency of callus formaion over the cbntiol
(2.26 pM 2+D) in soybean

. Of the two accessions, SSSWN56
(brown se€d) had higher mean values for lengttr,
width and percentage callus formation across
media and explants rhen SSSWNTS (grey s€ed)
(Figure 3). Percentage callus fofmation for
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Parameters

Figure 3 Irngth, width and percentage callus formation of two African yam beaa accession; in 16
noedia

47

SSSWN56 was 5396, wbile that of SSSWN?S was
,12%. Bo& accessions also respondedequally wi&
i0O% callus fomation ia the medium conaining
1.5 nag/l each of Kinetia and IAA (mdium 14).
Therefore , this m€dirrm fu rcsmm.nd for callus
induction inAfrican yam bean using stem explant
Aithough the brown-seeded African yam bean
accession (SSSWN5O had bertercallus formation
in this studS more genogryes of the crop aeed to,
be studied to ascerh.in the genotypic effect on
callus indrrctiou with the differeat combinarions
of &e gro*thhormones.

trn this study, compared with other
explants, highest cattus formxion was recurded
in stem explasts, while the root explaat had the
Iowest- It was also obseryed that no callus was
formed in harmone-free medirrm or the media
containing indole acetic acid, but 100% callus
formation was recorded for both of the African
yam accessions used in the mdium containing 1.5
mg/i each of kinetin and naphthalene aretic acid.

This medium will be useful in developing an
optimum protocol forregeneration of African yam
bean-
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