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This study was designed to evaluate the effect of  phytohormones on plant regeneration from 
epicotyl and hypocotyl explants of  two groundnut (ArachL~ hypogaea) cultivars. Explants cul- 
tured on media with auxins and in combination with cytokinin produced high frequency of 
callus. After four weeks, callus from these cultures was transferred to medium with cytokinin 
and reduced auxin, shoot buds regenerated from the cultures. A high rate of shoot bud re- 
generation was observed on medium supplemented with 2.0 mg/L BAP and 0.5 mg/L NAA. 
Among the different auxins tested, ~ A A  was found to be most effective, producing the highest 
frequency of shoot buds per responding cultures. Of the two explants tested, epicotyl was 
found to be best for high frequency shoot bud regeneration. Multiple shoots arose on MS 
medium supplemented with BAP or kinetin (1.0.5.0 mg/L) plus IBA (1.0 mg/L), with max- 
imum production occurring at 5.0 mg/L. The elongated shoots developed roots in vitro upon 
transfer to MS medium supplemented with NAA or IBA (0.5-2.0 mg/L) and kinetin (0.5 rag/L) 
for 15 days. In vitro produced plantlets, were transferred to soil and placed in a glasshouse de- 
veloped successfully, matured, and set seeds. 
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Groundnut (Arachis hypogaea, L.), an important oil- 
seed crop, is susceptible to pes~, diseases, salinity and 
aridity and hence yield levels are low (Vajranabhaiah 
et al., 1993). The lack of an efficient regeneration 
system for groundnut has slowed the improvement 
of this species via tissue culture selection and genetic 
transformation (Eapen and George, 1994). The cul- 
tivated groundnut is known to be relatively recalcit- 
rant in tissue culture (Cheng et aL, 1992; Heatly and 
Smith, 1996). Although some successful plantlet re- 
generation has been reported either by organogenesis 
or somatic embryogenesis, it was necessary to stand- 
ardize this technique for the cultivated groundnuts for 
experiments on transformation (Eapen and George, 
1994). The most widely used explant of cultivated 
groundnut for shoot bud regeneration is the immature 
leaflet i~lated from very young ~edlings (Eapen and 
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George, 1993). Mroginski et al. (1981) studied shoot 
regeneration from primary callus of immature leaves 
on MS medium supplemented with BAP (1.0 mg/L) 
and NAA (1.0 mg/L), but no report was given of 
whole plant re-establishment. Pittman et al. (1983), 
Narasimhulu and Reddy (1983), Sei tzet  al. (1987) 
and Eapen and George (1993) extended this study to 
several genotypes of the Arachis genus using the same 
explants. Shoots were recovered from 0% to 20% of 
the explants. Atreya et aL (1984), McKently et al. 
(1990), Dunbar and Pittman (1992), Cheng et al. 
(1992) and Venkatachalam et al. (1994), evaluated 
plant development via organogenesis from different 
explants of groundnut. Excised segments of the ep- 
ic~tyl, mesocotyl, cotyledon and petiole from in vi- 
tro grown seedlings have been cultured on different 
media composition. Buds developed from the ori- 
ginal meristem of epicotyl segments. Limited bud de- 
velopment was observed from mesocotyl segments. 
Only callus formed from excised cotyledons and pe- 
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tiole segments. Direct shoot bud regeneration also 
was observed (Daimon and Mii, 1991). 

Recently, there has been a great deal of interest in 
in vitro regeneration of peanut plants via somatic em- 
bryogenesis (Hazra et al., 1989; Ozias-Akins et aL, 
1992; Baker and Wetzstein, 1992; Ramdev Reddy 
and Reddy, 1993; Chengalrayan et al., 1994). These 
studies provided some information on the regeneration 
potential of young leaflets and limited information 
on the regeneration capacity of other seedling 
explants in commercial genotypes, therefore it was 
essential to have a system from which plants may be 
regenerated with high reproducibility. Moreover, the 
process of regeneration in these studies was slow 
and produced generally low frequencies of shoot 
bud regeneration. 

There are no reports on efficient plant regeneration 
from hypocotyl and epicotyl explants of Arachis hy- 
pogaea (Heatly and Smith, 1996). Commercially a- 
vailable auxins and cytokinins differ in their stability, 
effectiveness and influence on organogenesis (Eapen 
and George, 1993). Generally NAA or IAA have 
been used in the reported regeneration media, whereas 
2,4-D has been shown to decrease the shoot forma- 
tion (Nielsen et al., 1991). Thus the IAA or NAA 
conjugating system which is induced by the expo- 
sure of pea tissues to auxin (Sudi, 1966) will keep 
the endogenous IAA concentration below a level 
where shoot induction/ development is not suppress- 
ed, provided the added auxin itself is metabolized. 
We report the influence of auxins (IAA, NAA, IBA 
and 2,4-D) and cytokinins (BAP and kinetin) on or- 
ganogenesis from cultured epicotyls and hypocotyls 
of groundnut. 

M A T E R I A L S  AND M E T H O D S  

Plant Material and Preparation of Explants 

Seeds of 2 cultivars (VRI-2 and TMV-7) of Ara- 
chis hypogaea were obtained from the Tamil Nadu 
Agriculture University, Coimbatore, India. Seeds were 
surface sterilized and germinated as previously des- 
cribed by Venkatachalam et al. (1994). After 7 days 
of culture, the seedlings were used as sources of ex- 
plants. From each seedling one disc of hypocotyl 2. 
5-5.0 mm thick was cut from just below the cotyle- 
donary nodes and the hypocotyls were planted on the 
medium. Epicotyl explant (5.1) mm long) was cut 
from just above the cotyledonary node of the same 
explant and cultured on the medium. 

Culture Medium and Conditions 

All the experiments were conducted using MS me- 
dium. The medium containing MS salts (Murashige 
and Skex~g, 1962) B5 vitamins (Gamborg et at., 1968), 
3.0% (W/V) sucro~ and 0.7% (W/V) agar. Routinely, 
15 mL of the molten medium containing all the con- 
stitutents was poured into 150 mm x 25 mm rimless 
Borosil tubes for initial experiments. For shoot bud 
differentiation and multiple shoot regeneration, 50-75 
mL of the medium was poured into 250 mL Erlen- 
mayer conical flasks. The tubes and flasks were 
plugged with non-absorbant cotton wrapped in one 
layer of cheese cloth, and sterilized by autoclaving 
at 1.06 kg cm 2 pressure and 121~ temperature for 
15 rain. The pH of the medium was adjusted to 5.8 
prior to autoclaving. All cultures were maintained at 
25_-t-2"C under 16h light of 80 klE m2s ~ irradiance 
provided by white fluorescent lamps (TIA0W/54 
cool day light). 

Growth Regulators 

To assess the influence of various concentrations 
of IAA, NAA, IBA, 2,4-D, BAP and kinetin on callus 
initiation, shoot bud differentiation, multiple shoot re- 
generation and root formation, the hypocotyl and ep- 
icotyl explants were excised from 7-day-old seedlings 
and cultured on MS medium supplmented with IAA, 
NAA, IBA, 2,4-D, BAP and kinetin (0.5-2.0 mg/L). 
The shoot multiplication response of BAP (1.0-5.0 
mg/L) was also compared with kinetin along with 
IBA at 1.0 mg/L. 

Rooting of Regenerated Plants and Establishment 

The larger shoot buds (>3 cm in length) were ex- 
cised and rooted on MS medium supplemented with 
NAA or [BA (0.5-2.0 mg/L) in combination with 
kinetin (0.5 mg/L). Smaller shoot buds were subcul- 
tured on medium supplemented with BAP (1.0 mg/L) 
for further shoot growth and were later transferred to 
rooting medium. Plantlets with well developed roots 
were removed from culture tubes, and after washing 
roots in running tap water, plants were grown in red 
soil, sand and manure in 1:1:1 ratio in the plastic 
cups for 15 days and then transferred to the field as 
previously described by Vcnkatachalam et al. (1994). 

Observations of Cultures and Presentation of Re- 
suits 
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A minimum of 20-25 cultures was used per treat- 
ment and all the experiments were repeated at least 
thrice. The cultures were examined peridically and the 
morphological changes were recorded on the basis 
of visual observations. Wherever possible, the effects 
of different treatments were quantified on the basis 
of percent cultures showing the response per culture 
after 4 weeks. The experimental design was random 
and factorial with auxin and cytokinin as indepen- 
dent variables. The data pertaining to frequencies of 
callus induction, shoot bud differentiation, multiple 
shoot regeneration and rooting were subjected to 
analysis of variance (ANOVA) test. Mean separation 
was by using New Duncan's Multiple Range test. 

itiation. The epicotyl explants began to enlarge on 
medium within a week of culture initiation callus de- 
veloped from the cut end of the explant and became 
green in color. Among the different auxins con- 
centrations and combinations tested, NAA (2.(I mg/L) 
and kinetin ((I.5 rag/L) combination was found to be 
best for highest frequency of callus initiation (90.4%) 
lbllowed by IAA, IBA and 2.4-D with kinetin com- 
binatkms. The percentage of callusing was found to 
be high (90.4%) in VRI-2 cultivar and it was 89.3% 
in TMV-7 cultivar (Table 1). The callus was non-fri- 
able and did not regenerate plants on the same medi- 
um. The percentage of explants forming callus var- 

R E S U L T S  

Culture of Epicotyl Explants 

Epicotyl explants from both the cultivars were sub- 
jected to medium containing different concentrations 
of IAA, NAA, IBA and 2,4-D (0.5-2.0 mg/L) trod in 
combination with 0.5 mg/L kinetin for callas in- 

Table 1. Comparative ettect of various concentrations of 
NAA, IAA. IBA. 2,4-D and in combination with (.I.5 nag/ 
L kinetin on callus induction frequency of two groundnut 
cultivars 

Growth Calls initiation (Percentage#mean_+_SD) 

regulators VRI-2 TMV-7 

(Conc.mg/L) Hypocotyl Epicotyl Hypocotyl Epicotyl 

IAA 
0.5 61.2~.3.4g 58.5_+2.9h 57r3_+..3.1gh 53.8_+4.2g 
1.0 70.4__5.6e 68.3__+4.5f 68.9_+4.91" 64.9_+5.1d 
1.5 77.3-e5.3d 74.8___4.6d 75.8+5.1d 70.5_+6.0c 
2.0 85.5+_6.1b 81.3__5.8c 81.5_+5.7c 78.2___4.3b 

NAA 
0.5 65.9__4.5f 60.5• 61.4+4.3g 57.4!4.9ef 
1.0 79.8+6.1c 73.8=_+-5.7d 74.7-3-4.9d 69.3+_4.5c 
1.5 87.7__+5.713 86.3+_4.2b 85.3_+5.3b 79.9• 
2.0 95.4+__7.1a 90.4__6.9a 91.5__5.8a 89.3_+5.1a 
IBA 
0.5 52.3_+3.1j 50.1+_3.3j 48.3+2.9k 45.4+3.2tl 
1.(1 59.3..+_3.9h 57.3.+_3.1hi 56.6• 54.6_+.3.5g 
1.5 65.2__4.1f 64.5__3.7fg 62.2• 59.3• 
2.[) 76.8• 73.3• 72.7.+_6.1de 68.8__4.(k: 

2,4-D 
0.5 49.5• 46.3• 45.34-3.61 42.3_3.1i 
1.0 56.6___3.5i 51.7• 53.8+_4.1j 54.7__+3.5g 
1.5 62.6__4.9g 58.8_+4.2h 59.1..+.4.7gh 60.2_5.3e 
2.0 69.8• 66.6• 67.2_4.9f 66.9• 

Values within column with the same letter are not sig- 
nificantly different at the 1% probability level according 
to the Duncan's New Multiple Range Test 

Figs. 1-5. Plantlct regeneration from epicotyl and hypocot- 
yl explanls of groundnut (Arachis hypogaea L.). 1. Re- 
generation of shoot buds from epicotyls cultured on MS+ 
BAP (2.(I mg/L)+NAA (0.5 mg/L). 2. Shoot buds develop- 
ing from the epicotyl derived callus. 3. Epicotyl derived 
callus showing multiple shoot bud regeneration on MS+ 
BAP (5.0 mg/L)+IBA (1.0 mg/L). 4. A groundnut shoot (4 
week old) showing root formation on a medium with 2.0 
mg/L IBA+0.5 mg/L kinetin after 2 weeks of culture. 5. A 
regenerated plantlet acclimatized in plastic cup containing 
soil. 
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ied with different auxins concentrations. 
After 4 weeks, the calli obtained from 2.0 mg/L 

NAA and 0.5 mg/L kinetin combination were transf- 
erred to shoot bud regeneration medium which was 
augmented with different concentrations of BAP (0.5- 
2.0 mg/L) along with 0.5 mg/L of different auxins 
(IAA, NAA, IBA and 2,4-D). Proliferation of shoot- 
initials from the callus within 2 weeks of culture in- 
itiation, which developed further multiple shoot-in- 
itials with little callusing (Fig. 1). Within 4 weeks of 
culture initiation, shoot buds formed from the epicot- 
yl derived calli (Fig. 2). The best frequency of shoot 
bud formation was obtained using 2.0 mg/L BAP 
and 0.5 mg/L NAA combination. The VRI-2 cultivar 

was found to be best for highest frequency of shoot- 
ing (96.7%) and the shoot bud differentiation fre- 
quency was 89.8% in TMV-7 cultivar (Table 2). The 
percentage of shooting from epicotyl derived calli var- 
icd with different concentrations of BAP along with 
various auxins combination. After shoot bud dif- 
ferentiation, they were cultured on multiple shoot in- 
duction medium which was supplemented with dif- 
ferent concentrations of BAP (1.0-5.0 mg/L) and in 
combination with 1.0 mg/L IBA (Fig. 3). The high- 
est number of multiple shoots (33.2) was observed 
in VRI-2 cultivar and it was 30.5 in TMV-7 cultivar 
('Fable 3). Multiple shooting was best in the pres- 
ence of 5.0 mg/L BAP or kinetin along with 1.0 mg/ 
L IBA combination. Elongated shoots (3-5 cm long) 
were excised and cultured on a medium supplement- 
ed with different concentrations of IBA or NAA (0.5- 
2.0 rag/L) in combination with 0.5 mg/L kinetin for 
rooting (Fig. 4). Roots emerged from the cut end of 
the shoots in 80% of the cultures within 15 days of 
culture. Of the two auxins tested, IBA and kinetin 
combination was found to be efficient for higher fre- 

Figs. 6-10. Plantlet regeneration from epicotyl and hypo- 
cotyl explants of groundnut (Arachis hypogaea L.). 6. Hy- 
pocotyl explant producing calli with shoot bud re- 
generation on MS+BAP (2.0 mg/L)+NAA (0.5 mg/L). 7. 
Shoot bud development from hypocotyl derived callus. 8. 
Multiple shoot bud production from hypocotyl derived 
callus cultured on MS+BAP (5.0 mg/L)+IBA (l.0 mg/L). 
9. Regenerated shoot rooted on MS+IBA (2.(I mg/L)+kine- 
tin (0.5 mg/L). 10. Well developed groundnut plantlet es- 
tablished in plastic cup containing soil. 

Table 2. Effect of different concentrations of BAP in 
combination with IAA, NAA, IBA, and 2,4-D (0.5 rag/L) 
~m shoot bud differentiation in two groundnut cultivars 

Shoot bud regeneration 
G r o w t h  (Percentage#mean +__ SD) 

regulators 
(Conc.mg/L) VRI-2 TMV-7 

Hypocotyl Epicotyl Hypocotyl Epicotyl 
BAP IAA 
0.5 0.5 53.7• 56.5_3.6g 51.6_4.1h 53.3_3.3g 
l.(I 0.5 64.7.• 67.4+4.7e 62.7+4.7f 64.7+_5.7e 
1.50.5 74.7• 77.9+4.5c 70.5+5.2d 72.5_5.0d 
2.{) 0.5 8(l.5+_6.5b 85.2• 77.3+65.b 80.5• 
BAP NAA 
0.5 0.5 55.5_4.4e 60.7_+_4.3f 52.6• 56.3• 
1.0 (I.5 67.4+56.cd 74.7• 66.9• 71.8_5.7d 
1.5 (I .5 79.8.+5.5"b 83.2___5.9b 75.4• 79.2• 
2.00.5 91.3• 96.7• 88.4• 89.8___6.6a 
BAP IBA 
0.5 (I .5 49.3• 52.3_3.7h 46.3• 51.2_3.0gh 
1.0 (I .5 58.6• 61.7_5.5f 56.5_4.2g 60.2• 
1.5 [I .5 71.3%6.2e 78.3• 69.3• 74.7_+_5.1cd 
2.(.1(I.5 82.7~5.8b 84.4• 79.4• 81.5• 
BAP 2,4-D 
(1.5 0.5 46.7• 50.7+4.2h 45.4• 49.8_2.5h 
1.00.5 59.4• 61.2• 57.3• 60.1+4.6f 
1.5 0.5 65.3• 72.3+5.5d 64.8• 70.4• 
200.5 74.5• 78.8_6.5c 72.5+4.7d 76.3• 
Values within column with the same letter are not sig- 
nificantly different at the 1% probability level according 
to the Duncan's New Multiple Range Test 
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Table 3. Mean number of shoots recovered per culture 
after 3-4 weeks on MS medium supplemented with dif- 
ferent concentrations of BAP and kinetin in combination 
with 1.0 mg/L of IBA in two groundnut cultivars 

Growth Mean number of shoots/culture_-_+SD 

regulators VRI-2 TMV-7 

(Conc.mg/L) Hypocotyl Epicotyl Hypocotyl Epicotyl 

BAP IAA 
1.0 1.0 7.4___1.1h 9.4~ 1.3h 6.5-_*: 1.5f 7.9_+ 1.2g 
2.0 1.0 12.7__+1.7f 15.7_+_1.6f 11.2..+_1.3e I2.5+_1.6e 
3.0 1.0 16.7_2.4d 21.2~.:3.1d 14.5:,:.I.7d 18.5+_2.2c 
4.0 1.0 24.7_+2.9b 29.8:2.7b 22.4:.-.2.4b 24.7+_2.Nb 
5.0 1.0 30.4_+3.3a 33.2~ 3.6a 27.4-~:3.2a 30.5-+3.0a 
kinetin IBA 
l.O 1.0 6.2.+_ 1.2i 8.2+ 1.4h 5.7-+0.9g 6.9-+ l.Og 
2.0 1 . ( I  9.5-+1.4g 13.2-+2.0g 8.5~.1.1f 9.8.+_1.2f 
3.1) 1 . ( I  14.3_2.1e 17.5_+2.6e 12.2_+..1.6e 15.5-+1.7d 
4.0 1.0 19.2+1.9c 24.7~2.3c 18.4~:1.5c 19.4_+2.6c 
5.0 1.0 25.5+2.5b 28.5_~.2.7b 21.55.2.(1b 23.2__2.2b 
Values within column with the same letter arc not sig- 
nificantly different at the 1% probability level according 
to the Duncan's New Multiple Range Test 

quency of rooting than NAA and kinetin combina- 
tion. The percentage of rooting was high (79.8%) in 
VRI-2 cultivar (Table 4) whereas it was 73.7% in 
TMV-7 cultivar. Rooted plantlets have been transferr- 
ed to plastic cups initially (Fig. 5), later established 
in field and grown to maturity, producing viable se- 
eds under field conditions. 

Culture of Hypocotyl Explants 

Hytx~cotyl explants derived from 7-day-old seedlings 
cultured on MS medium supplemented with different 
concentrations of IAA, NAA, IBA and 2,4-D (0.5-2.0 
rag/L) in combination with kinetin (0.5 mg/L) for 
callus initiation. The explants enlarged to their ori- 
ginal size and also formed greenish callus from the 
cut end where the shoot bud primordia did not occur. 
These calluses did not differentiate into shoot bud 
primordia after one month of culture in the same 
medium, but 95.4% of the explants induced calli in 
this medium in the first month of culture. Callus 
growth was best in the presence of 2.0 mg/L NAA 
followed by IAA, IBA and 2,4-D. The highest fre- 
quency of callus induction (95.4%) was observed on 
MS medium containing 2.0 mg/L NAA and 0.5 nag/ 
L kinetin combination (Table 1). Callus initiation 
from hypocotyl explant varied from 49.5 to 95.4% 
in VRI-2 cultivar whereas it was 45.3 to 91.5% in 
TMV-7 cultivar (Table 1). The callus was non-friable, 
greenish and did not regenerate plants on subculture 

Table 4. Percentage of root formation on MS medium 
supplemented with different concentrations of NAA/IBA 
and in combination with 0.5 mg/L of kinetin for two 
groundnut cultivars 

Growth Root induction (Percentage#/mean___SD 

regulators VRI-2 TMV-7 

(Conc.mg/L) Hypocotyl Epicotyl Hypocotyl Epicotyl 

NAA kinctin 
0.5 0.5 
1.0 0.5 
1.5 0.5 
2.0 0.5 
IBA kinetin 
0.5 O.5 
1.11 0.5 
1.5 0.5 
2.0 0.5 

45.4_+_2.6e 43.5_2.8c 35.4_2.7c 34.9_2.4f 
56.7__+4.4d55.3• 42.5+_3.6c 41.5__+3.6e 
64.5_4.8c 66.4+4.6b 58.3-+-3.7ab 55.7• 
72.75.3b 70.8• 69.7__+4.5a 66.2_+5.6b 

47.5_+3.4e 45.4+_3.5e 40.2_+3.1c 38.4_2.6e 
65.4_+.4.5c 62.7_+5.2bc 54.8__+2.9b 50.5"+3.5d 
74.3_+5.2b 71.3_+5.9b 68.5__+5.2a 64.5_4.7b 
81.5_+6.0a 79.8_+63a 76.2+_5.6a 73.7___4.9a 

Values within column with the same letter are not sig- 
nificantly different at the I% probability level according 
to the Duncan's New Multiple Range Test 

despite several attempts. In both cultivars callus was 
formed at high frequency. 

The calli obtained from 2.0 mg/L NAA and 0.5 
mg/L kinetin combination were transferred to shoot 
bud regcneration medium containing different con- 
centrations of BAP (0.5-2.0 mg/L) and in combina- 
tion with various auxins individually (0.5 mg/L) for 
shoot bud differentiation (Fig. 6). Addition of BAP 
suppresscd callus formation and induced shoot bud 
differentiation (Fig. 7). In both cultivars, shoots were 
formed at high frequency from the hypocotyi derived 
callus. Ninety percent of the calli produced shoot 
bud primordia and these shoot buds developed into 
normal shoots after 4 weeks of culture. The highest 
frequency of shoot bud regeneration (91.3%) was ob- 
served on MS medium containing BAP (2.0 mg/L) 
and NAA (0.5 rag/L) combination in VRI-2 cultivar 
while it was 88,4% in TMV-7 cultivar (Table 2). 
These shoot buds were cultured on shoot bud multi- 
plication medium containing different concentrations 
of BAP or kinetin (1.0-5.0 mg/L) and in combina- 
tion with IBA (1.0 nag/L) (Fig. 8). The highest mean 
number of shoots (30.4) observed in VRI-2 cultivar 
and it was 27.4 in TMV-7 cultivar (Table 3). Well- 
developed shoots (3-5 cm long) were isolated from 
the culture tubes and subcultured on rooting medium 
supplemented with different concentrations of NAA 
or IBA (0.5-2.0 mg/L) in combination with kinetin 
(0.5 mg/I,) for root formation (Fig. 9). The highest 
frequency of rooting (81.5%) was observed on medi- 
um containing 2.0 mg/L IBA and 0.5 mg/L kinetin 
combination in VRI-2 cultivar whereas it was 76.2% 
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in TMV-7 cultivar (Table 4). The regenerated plantlets 
were transferred to plastic cups (Fig. 10) and subse- 
quently established in the field. 

D I S C U S S I O N  

The classical findings of Skoog and Miller (1957) 
that organogenesis in tissue cultures is governed by 
the balance of auxin and cytokinin in the medium 
can not be demonstrated universally due to the explant 
sensitivity or the original content of endogenous growth 
regulators (Sharma et aL, 1990). Methods have been 
developed for reproducible plant regeneration from 
cultured hypocotyl and epicotyls of groundnut. For 
callus induction it was essential to have both auxins 
and cytokinins. NAA in combination with kinetin 
produced the best results in both the cultivars. The 
callus induction response of the explants was de- 
pendent on the type of auxins used in combination 
with kinetin. NAA and kinetin combination induced 
profuse callus growth followed by IAA, IBA and 2, 
4-D with kinetin combinations. Hossain et aL (1994) 
reported that the MS medium was supplemented with 
different concentrations of IAA and NAA, the ex- 
plants produced callus but the growth of callus was 
very poor and the frequency of callusing was low. 
Therefore, a low concentration of kinetin was added 
to increase the frequency of callusing. NAA was found 
to be more effecient than other auxins for callus in- 
itiation. Similar results were also observed and report- 
ed by Mroginski et al. (1981), Pittman et al. (1983), 
Narasimhulu and Reddy (1983), McKently et al. (1990, 
1991), Daimon and Mii (1991), Cheng et al. (1992), 
Dunbar and Pittman (1992), and Eapen and George 
(1993) in groundnut, Hossain et al. (1994) in Aegle  
marmelos ,  Mendoza and Futsuhara (1990) in mung- 
bean, Pandey and Bansal (1992) in soybean and Bar- 
na and Wakhlu (1994) in chickpea. Addition of cy- 
tokinins (either kinetin or BAP) was observed to sig- 
nificantly improve the response of auxins for effici- 
ent callus induction (Barna and Wakhlu, 1994). The 
observation confirms the persistance of NAA and ap- 
parently supports the assumption that added auxin 
has to be metabolizable to allow callus formation. In 
the present study, a large number of shoot buds could 
be regenerated from both hypocotyl as well as epi- 
cotyi derived calli by using BAP and NAA com- 
bination. The cytokinins (BAP and kinetin) enhanc- 
ed shoot bud formation in cultured callus of Arach is  
hypogaea  is in accordance with previous reports on 
groundnut (Mrogniski et al., 1981; Banerjee et al., 
1988; McKently et al., 1990; Cheng et al., 1992; 

Eapen and George, 1993). The mean number of shoots 
was increa~d with increase in the concentration of cy- 
tokinins (Venkatachalam, 1996). 

One of the strategies tbr obtaining regeneration from 
undifferentiated callus was to maintain the callus on 
basal medium with a low concentration of auxin to- 
gether with various concentrations of BAP. Thus, the 
concentration of auxin was fixed at 0.5 mg/L which 
by itself was capable of sustaining a good rate of 
growth of callus. Under appropriate conditions of auxin 
and cytokinin, calli showed the differentiation of shoot 
buds in compact masses. The combinations of aux- 
ins and cytokinins at definite proportions are very 
critical and found to be essential for the induction of 
shoot bud and root in groundnut (Mroginski et al., 
1981; Narasimhulu and Reddy. 1983; Banerjee et aL, 
1988; McKently et aL, 1990; Cheng et aL, 1992; 
Eapen and George, 1993; Venkatachalam et al., 1994). 
The superior effect of BAP over other cytokinins for 
shoot bud induction has been attributed to the a- 
bilities of plant tissues to metabolize the natural hor- 
mone more readily than other synthetic growth regu- 
lators or to the ability of BAP to induce endogenous 
production of zeatin (Bama and Wakhlu, 1994). 

Both cxplant types produced multiple shoots at 
five levels of BAP tested. The epicotyl produced the 
highest number of shoot bud primordia (at 5.0 mg/ 
L). In earlier studies, McKently et al. (1990) recover- 
ed a maximum of 12 shoots per exphmt using cv. 
Florigiant cultured on 25 mg/L BAP, while Cheng 
et al. (1992) obtained an average of 1.6 shoots per 
explant on a medium containing 25 mg/L BAP. A- 
mong the several hormonal concentrations and com- 
binations tested for culturing the explants, of groun- 
dnut IBA in combination with BAP was most ef- 
fcctivc where multiple shoot formation was specta- 
cular. So. the attxin:cytokinin ratio was critical for 
multiple ,;hoot regenereation in groundnut (Banerjee 
et al., 1988). In the present study, though shoot bud 
differentiation from hypocotyl and epoicotyl explants 
was observed on media with BAP, the response was 
more pronounced on media which contained both 
auxins (IAA, NAA, IBA and 2,4-D) and cytokinins 
(BAP and kinetin). Mathews (1987) reported max- 
imum response (80%) of explants for shoot bud dif- 
ferentiation in MS+BAP and IBA, but the worker 
has not reported the number of shoots regenerated 
per explant. Shoot multiplication was enhanced by the 
additional application of an auxin (Gulati and Jaiwal, 
199(I; Venkatachalam, 1996). 

On transfer to media supplemented with either IBA 
or NAA in combination with kinetin, the growth of 
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each isolated plantlets was enhanced with simul- 
taneous rooting from the basal part. The percentage 
of rooting was increased with increase the concentra- 
tion of auxins. The highest root production was re- 
corded on medium containing IBA and kinetin com- 
bination, where 80% of shoots formed roots within 2 
weeks. NAA and kinetin combination was also effec- 
tive for root formation, the root system, however, 
was qualitatively poorer than that grown in IBA 
medium. This agrees with a previous report by Ono 
et al. (1994). The differentiated shoot buds required 
NAA or IBA for rooting (Ganapathi and Nataraja, 
1993; Banerjee et al., 1988; Eapen and George, 1993; 
Bama and Wakhlu, 1994; Venkatachalam, 1996). How- 
ever, we have used lower concentration of kinetin 
for enhance the frequency of rooting and profuse 
growth of shoots. The plants, thus raised, could be 
successfully transferred to field and produced viable 
seeds. 

C O N C L U S I O N  

In conclusion, wc describe a method for rapid and 
high frequency of in vitro regeneration of groundnut 
plants that results in rapid multiple shoot regenera- 
tion on a simple culture medium. This regeneration 
system may be useful in gene transfer research to de- 
velop transgenic peanut plants. In a previous report 
on transformation of groundnut using Agrobacterium 
tumefaciens (Lacorte et al., 1991), only tumors were 
obtained. Transgenic plants were not produced from 
callus cultures initiated from such tumors. In the pre- 
sent investigation, a successful attempt has been made 
to regenerate complete plantlets from both the cx- 
plants of groundnut via organogenesis. This protocol 
could be useful for production of high frequency of 
transformants in groundnut using recombinant DNA 
technology in the near future. 
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