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Summary. The response of groundnut cotyledons to the 
presence of various growth regulators in concentrations 
from 0.1 to 5 mg/1 has been studied in detail using 
several genotypes of groundnut on two different media. 
Cotyledons with embryo axis, cultured on Blaydes' 
medium with cytokinins, produced shoots, in the axils 
of which 2-7  flower buds could be seen. The frequency 
of flower bud induction in general increased with in- 
creasing concentrations ofcytokinins, the optimal levels 
being 3 mg/1 of KN or 4 mg/1 of BAP. Cotyledons 
without embryo axis, cultured on Blaydes' medium 
with BAP (0.5 mg/l), produced a cluster of flower buds 
directly, ranging in number from 8-28, without any 
vegetative growth. Excised embryo axes cultured on the 
same medium gave plantlets without flower buds. The 
growth regulators IAA, NAA, GA3 and ABA failed to 
induce flower buds in independent treatments. How- 
ever, lower concentrations of IAA and NAA in com- 
bination with cytokinins exerted a positive influence on 
flowering. The blooming of the flower buds was facili- 
tated on media supplemented with low concentrations 
of cytokinins. Six percent of  the induced flowers re- 
sulted in gynophore development and ultimately 
formed pods when cultured under complete dark con- 
ditions in modified MS medium supplemented with 
kinetin. 
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Introduction 

The phenomenon of flowering, a consequence of a 
change in the activity of  apical meristems from forming 

vegetative structures to forming sex organs has been a 
subject of intensive research (Zeevart 1976). Flowering, 
which ensures the sexual method of reproduction, 
allows recombination of gene controlled characters and 
permits rare favourable mutations to spread in the gene 
population. 

The ability to control the capacity of flower formation is 
also of practical importance in the synchronous development 
of fruit, particularly in groundnut which, being asynchronous, 
often has considerable losses in yield (ICRISAT 1980). The 
earlier studies of invitro floral bud differentiation were restricted 
to stem segments isolated from plants in the reproductive phase 
such as tobacco (Aghion-Prat 1965; Wardell and Skoog 1969), 
Plumbago (Nitsch and Nitsch 1967), Torenia (Tanimoto and 
Harada 1981) and thin layers of Nautilocalyx (Tran Thanh 
Van 1973a) and tobacco (Tran Thanh Van 1973b). The 
existence of a physiological gradient along the main axis of the 
donor plant was reported for tobacco (Tran Thanh Van 1973 b): 
segments of floral region differentiated into floral buds while 
segments from basal region differentiated into vegetative buds. 

The present communication reports on the induc- 
tion of flower buds and flowers directly from cotyle- 
donary explants of groundnut and their further pod 
formation under in vitro conditions. 

Materials and methods 

Seeds of the 'TMV2' groundnut cultivar were surface sterilized 
for 15 min in 0.1% mercuric chloride and washed thoroughly 
with sterile water. The seeds wee then halved into two coty- 
ledons - one containing the embryo axis (embryonated cotyle- 
don) and the other without the embryo axis (de-embryonated 
cotyledon). The cotyledons were cultured in two different 
media, Blaydes' (1966) and Murashige and Skoog's (MS) 
(1962), each containing 3.0% sucrose and gelled with 0.8% 
agar. Embryo axes were separately excised from the seed and 
inoculated onto the media. In all experiments the media were 
supplemented with growth regulators, BAP, KN, IAA, NAA, 
ABA and GA3 in concentrations ranging from 0.1-5.0 mg/1, 
either alone or in combinations. Explants were also inoculated 
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in Blaydes' and MS basal media. Cotyledons of six other 
cultivars namely 'TG- 19B', 'Chico', 'ICG 2875', 'CGC-5', 'ICG 
4367' and 'ICG 313' were inoculated onto the flower bud 
inducing medium, as standardized previously, to study gent- 
typic differences in the capacity for in vitro flowering. All 
cultures were grown under continuous cool white fluorescent 
light of 2,000 lux at 25 _+ 2 ~ 

For pod formation MS medium substituted with Blaydes' 
nitrates and incorporated with 0.5 mg/1 KN was used. Cul- 
tures with elongated gynophores, those penetrating into me- 
dium, were transferred from flower inducing medium to this 
pod forming medium and cultured in a complete dark cham- 
ber. The cultures were examined systematically at intervals of 
15 days for possible embryo growth. 

Results and discussion 

Cotyledons with an embryo axis, cultured on Blaydes' 
basal medium, produced one to two flower buds in the 
axils o f  developing shoots with a 5.2% frequency (Ta- 
ble 1) within 4 -6  weeks of  culture. The same cotyle- 
dons cultured on MS basal medium did not respond. 
Cotyledons without an embryo axis and excised em- 
bryo axes failed to produce flower buds when cultured 
on either Blaydes' or MS basal media. 

Embryonated  cotyledons of  'TMV2', cultured on 
Blaydes' medium supplemented with cytokinins, 
developed 2 -7  flower buds in the axils of  developing 
shoots with a high frequency within 3 weeks o f  culture 
(Fig. 1 a). The percentage of  flower bud induction in- 
creased with increasing concentrations o f  cytokinins, 
the optimal levels being 4 mg/ l  BAP or 3 mg/1 KN 
(Table 1). The other growth regulators IAA, NAA, GA3 
and ABA had no effect on flower bud induction in in- 
dependent treatments. However, flower bud develop- 
ment was not observed on MS medium containing 
either KN or BAP, both o f  which only resulted in the 

Table 1. The effect of varying concentrations of BAP and KN 
on flower bud formation from embryonated cotyledons of 
TMV2 cultivar cultured on Blaydes' medium. An average of 
70-80 cotyledons were cultured per treatment 

Hormone Cultures show- Flower buds/ Flower 
(mg/1) ing flowering cotyledon bloom (%) 

response (%) 

BAP KN BAP KN BAP KN 

0.5 21.0 9.3 2.9 3.2 62.1 68.7 
1.0 25.2 15.2 3.7 4.7 51.3 70.2 
2.0 28.2 33.6 4.1 5.8 39.0 53.4 
3.0 30.0 41.2 4.4 4.6 25.0 36.9 
4.0 37.2 12.2 3.3 3.8 9.1 23.7 
5.0 19.0 6.3 2.8 2.6 - 7.6 
Basal 5.2 1.4 71.4 
medium 

Table 2. Comparative data on the frequency of flower bud for- 
mation from cotyledons of different genotypes of Arachis hy- 
pogaea L. cultured on Blaydes' medium. EC =Embryonated 
cotyledons cultured in 3.0 mg/l KN; DC=De-embryonated 
cotyledons in 0.5mg/1 BAP. An average of 70-80 cotyledons 
were cultured per treatment 

Gent- Cultures showing Flower Flower bloom 
types flowering response buds/ (%) 

(%) cotyledon 

EC DC EC DC EC DC 

TMV2 41.2 20.2 4.6 17.4 36.9 68.7 
TG-19B 43.0 18.6 4.6 14.4 34.7 52.1 
Chico 20.8 16.4 3.2 12.4 40.6 58.1 
ICG 2875 47.8 11.8 2.2 9.8 31.8 54.1 
CGC-5 26.6 0.0 3.0 - 33.3 - 
ICG4367 34.1 9.8 5.2 13.7 38.6 64.1 
ICG313 29.6 12.7 4.8 12.0 42.6 57.6 

browning of  the medium. The response of  seven dif- 
ferent genotypes (Table 2) of  embryonated cotyledons 
cultured in 3 mg/1 KN supplemented Blaydes' medium 
suggested that the frequency of  flower bud induction 
was maximum (47.8%) in ' I C G  2875' while the percent- 
age of  cultures with flower buds were lowest (20.8%) in 
'Chico'. However, the number  o f  flower buds/cotyledon 
was least in ' I C G  2875' and maximum in ' I C G  4367'. 

De-embryonated cotyledons cultured on Blaydes' 
medium with BAP (0.5 mg/1) produced flower buds 
with a 20.2% frequency from the 'TMV2' cultivar. The 
flower bud formation in this case was not accompanied 
by vegetative growth (Fig. 1 c), unlike that o f  the em- 
bryonated cotyledons. In contrast to the fewer number  
of  flower buds (two to seven) emerging from shoot axil 
of  embryonated cotyledons, the number  o f  flower buds 
from de-embryonated cotyledons was as high as 8-28.  
Prior to flower bud formation, the cotyledons became 
considerably swollen and turned extensively green 
within a week of  culture. Cytokinin-induced chloroplast 
development has already been well documented 
(Sugiura 1963; Wozny and Szaweykowska 1975). The 
initiation of  the flower bud was preceeded by an ex- 
tended growth of  a hypocotyl-like structure, occas- 
sionally ending as a blunt root. The cluster o f  flower 
buds formed away from the cotyledonary node on this 
extended growth (Fig. l c). The culture of  de-em- 
bryonated cotyledons in media containing an excess o f  
0 .5mg/ l  BAP in supplemented Blaydes' medium, 
showed the sporadic formation of  flower buds. When 
the level o f  BAP exceeded 2 mg/1, the same cotyledons 
produced vegetative structures without reproductive 
buds. The response of  seven different genotypes o f  de- 
embryonated cotyledons cultured in 0.5 mg/1 BAP 
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supplemented Blaydes' medium suggested that the 
frequencies of flower bud induction (20.2%) and flower 
buds/cotyledon (17.4) were maximum from the de-em- 
bryonated cotyledons of 'TMV2' and minimum in the 
genotype 'CGC-5' (Table 2). 

Excised embryo axes separated from cotyledons and cul- 
tured on Blaydes' medium with cytokinins produced plantlets 
without flower buds. 

The mineral formulation of the medium seems to play an 
important role in the expression of flower bud primordia. In 
Blaydes' medium, the three major inorganic salts, ammonium 
(1,000mg/1), potassium (1,000 mg/l) and calcium (499 rag/l) 
nitrates were present in the proportion of 2:2: 1. Keeping the 
total amount of nitrates present in Blaydes' medium at a con- 
stant level, different combinations were tested by varying 
levels of these three sources of nitrogen using de-embryonated 
cotyledons. When nitrates were supplied only as calcium 
nitrate, the frequency of flower bud induction increased by 
6.8% compared to Blaydes' medium with normal nitrates and 
0.5 mg/l BAP. When calcium and ammonium nitrates were 
supplied in the proportion of 3 : 2, deleting potassium nitrate, 
the frequency of flower bud induction was maximum (32.4%). 
However, the frequency (22.5%) was less than the above two 
combinations when ammonium nitrate was deleted and cal- 
cium and potassium nitrates were present in the proportion of 
3:2. In contrast to Torenia (Tanimoto and Harada 1981), 
where the removal of ammonium nitrate from the medium in- 
creased the number of flower bud primordia, in the present 
case ammonium is found to have a promotive influence. 

The MS medium failed to promote flower buds 
from either of the two cotyledons when supplemented 
with cytokinins. However, upon substitution of the 
nitrates of the MS medium with that of Blaydes' 
resulted in flowering. Embryonated cotyledons of 
'TMV2' cultured in 3m g /1KN supplemented and 
nitrate-modified MS medium produced flower buds 
with a 28% frequency, while de-embryonated cotyledons 
of 'TMV2' cultured on the same medium with 0.5 mg/1 
BAP developed flower buds in 17% of the cultures. 

The role of sucrose (3-12%) on flower bud induc- 
tion was tested using de-embryonated cotyledons. 
Sucrose concentration exceeding 30 g/1 did not result in 
flowering, possibly because of osmotic involvement. 
However, a high concentration of sucrose promoted in 
vitro flowering in Cichorium (Harada 1966) and 
Plumbago (Nitsch and Nitsch 1967). The low frequency 
occurrence (3.8%) of flower buds in Blaydes' medium 
without sucrose suggests that the natural reserve ma- 
terial within the cotyledons could supply the necessary 
organic constituents required for floral morphogenesis. 

Experiments were also made to study the effect of 
segmentation of cotyledons on flower bud induction by 
dividing both cotyledons of the 'TMV2' cultivar into 
three parts horizontally. When these segments of em- 
bryonated and de-embryonated cotyledons were 
cultured on Blaydes' medium with cytokinins, flower 
bud formation was observed from the first-one-third 
segment of embryonated cotyledons with 13.6% fre- 
quency in Blaydes' medium with KN (3 mg/1). Only a 

Fig. 1. a Cotyledon with embryo axis, cultured on Blaydes' 
medium with KN (3 mg/1), showing the growth of a shoot and 
flower buds; b blooming of the flower buds from cotyledons 
with embryo axis in the same medium; e cotyledons without 
embryo axis, cultured on Blaydes' medium with 0.5 mg/l BAP. 
showing direct flower bud formation without any vegetative 
growth; d blooming of the flower buds from cotyledons 
without embryo axis in the same flower bud inducing medium 

few flower buds were induced in de-embryonated seg- 
ments in 5.8% of the cultures on Blaydes' medium with 
0.5 mg/1 of BAP. 

The initiation of flowering may be explained by the 
presence of flower bud initials in the region of embryonic axis 
on the cotyledons (Fortainer 1957). The addition of cytokinins 
might have triggered the mechanism promoting the pro- 
coecious manifestation of their expression. 

The two types of cotyledons, with or without em- 
bryo axis, showed differential cytokinin requirements 
for flower bud induction. Embryonated cotyledons 
require more cytokinins, probably to neutralise the 
greater endogenous auxin or auxin-like substances syn- 
thesised by the growing shoot. On the other hand, the 
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production of  flower buds from de-embryonated coty- 
ledons was completely regulated by exogenous hor- 
mone supplementation and hence required lower levels 
of cytokinins. From each of  the flower bud clusters two 
to five flower buds bloomed (reached anthesis) at a 
time. The frequency of  flower bud bloom was 68% in 
Blaydes' medium with 0.5 mg/1 of KN (Fig. l b, d). 
However, it was marginally high in basal medium. The 
frequency of  flower bloom decreased with increasing 
concentrations of  hormones (Table 1). The blooming of 
the flower buds was facilitated by continuous transfer 
to fresh medium with low BAP (0.2 mg/1) at intervals 
of  10 days. 

Each of the growth regulators, NAA, IAA, GA3 and 
ABA, had no influence on flower induction from both 
cotyledon types when applied alone, although GAs 
promoted considerable growth of the shoot in em- 
bryonated cotyledons. Auxin inhibited flower forma- 
tion in Plumbago (Nitsch and Nitsch 1967), while 
tobacco stem segments required the presence of lower 
levels of  IAA for floral bud differentiation (Wardell and 
Skoog 1969). The interaction of various hormones on 
flower bud induction was tested using de-embryonated 
cotyledons (Table 3). Low concentrations (0.1 mg/1) of 
IAA or NAA in combination with BAP (0.5 mg/l) 
have a promotive influence on flowering. GA3 exerted 
an antagonistic effect on flower bud induction as is 
evident from the low frequency of  flowering response 
in combination with BAP. The culture of  cotyledons in 
ABA along with BAP did not even result in chloroplast 
development. Lower levels of KN or MAP exerted a 
promotive influence on flowering in combination with 
BAP as is evident from the increased frequency of 
flowering response compared to higher concentrations 
of  KN or MAP. 

The fertility of  pollen in induced flowers, as tested 
by acetocarmine staining, was found to be 80-88%. In 
field grown plants, one, or at the most two, flowers of 

Table 3. The effect of various combinations of hormones on 
flowering from de-embryonated cotyledons of TMV2 cultured 
in 0.5 mg/1 BAP containing Blaydes' medium 

Hormone No. of % of Flower Flower 
(mg/1) cotyledons flowerbud buds/ bloom 

cultured formation cotyledon (%) 

BAP 72 20.2 17.4 68.7 
0.1 IAA +BAP 64 22.4 10.2 4.6 
0.1 NAA+BAP 48 37.1 12.8 6.8 
0.5 KN +BAP 52 24.1 5.4 39.4 
1.0 KN +BAP 48 16.2 4.3 33.33 
0.5 MAP+BAP 56 30.2 11.4 27.6 
1.0 MAP+BAP 61 27.8 10.4 16.5 
0.5 GA3 + BAP 49 7.5 5.2 20.8 
1.0GA3 +BAP 56 - - - 

Fig. 2. Pod formation from the gynophore of induced flower 
in modified MS medium containing 0.5 mg/1 KN when cul- 
tured in dark 

an inflorescence reaches anthesis in a given day (Smith 
1950, 1954), while two to five flowers per day were 
typical of in vitro grown cotyledons. Six percent of the 
induced flowers resulted in gynophore development, 
indicating successful in vitro fertilization. 

Pod formation from excised gynophore tips of 
groundnut in chemically defined medium has already 
been reported (Ziv and Zamski 1975). In the present 
communication we report the formation of pods from 
the gynophores of  induced flowers. Cotyledon cultures 
transferred to MS medium substituted with Blaydes' 
nitrates and incorporated with 0.5 mg/1 KN showed 
various stages of growth in pod formation when ob- 
served at intervals of fifteen days. The growth of the 
pod was complete within 60-75 days. However, inter- 
ruption of dark-grown cultures with light leads to 
chlorophyll development in the pod, followed by com- 
plete cessation in the growth of the pod. Twenty-six 
percent of  the gynophore developed cultures trans- 
ferred to dark showed pod formation (Fig. 2). The suc- 
cessful formation of pods under in vitro conditions 
provide a potentially useful system for generating 
variability for this crop. 

The successful induction of in vitro flowering in 
groundnut offers a unique system with which to study 
the molecular basis of flowering and the physiological 
factors controlling meristems from making leaves to 
floral parts. The findings also have an implication for 
possible improvement in the reproductive efficiency of 
groundnut by harmonal manipulation. 

Acknowledgements. This research has been financed by a grant 
(No. FG-In-585; IN-SEA-157) made by the United States 
Department of Agriculture, Office of International Co- 
Operation and Development, authorised by Public Law 480, 



S. B. Narasimhulu and G. M. Reddy: Flowering from cotyledons of groundnut 91 

New Delhi, India. The authors gratefully acknowledge the 
financial assistance. The Senior Research Fellowship awarded 
to SBN by the Council of Scientific and Industrial Research, 
New Delhi, is acknowledged. Thanks are also due to Dr. V. R. 
Rao, Genetic Resources Unit, ICRISAT, Hyderabad, for the 
supply of germplasm. 

References 

Aghion-Prat D (1965) Neoformation de fleurs in vitro chez 
Nicotiana tabacum L. Physiol Veg 3:229-303 

Annonymous (1980) ICRISAT Research Highlights, Hyder- 
abad, India 

Blaydes DF (196~6) i.Interaction of kinetin and various in- 
hibitors in .the growth of soybean tissue. Physiol Plant 
19:748-753 

Harada H (1966) Effects of photoperiod on the formation of 
flower buds by flower stalk sections of Cichorium intybus in 
tissue culture. Bot Mag 79:1 !9-123 

Fortainer EJ (1957) De beinvloeding van de bloei bij Arachis 
hypogaea L. Meded Landbouwhogesch Wageningen 57: 
1-116 

Murashige T, Skoog F (1962) A revised medium for rapid 
growth and bioassays with,tobacco tissue cultures. Physiol 
Plant 15:473-497 

Nitsch C, Nitsch JP (1967) The induction of flowering in vitro 
in stem segments of Plumbago indica II. The production of 
reproductive buds. Planta 72:371-384 

Smith BW (1950) Arachis hypogaea. Aerial flower and sub- 
terranean fruit. Am J Bot 37:802-815 

Smith BW (1954) Arachis hypogaea. Reproductive efficiency. 
Am J Bot 41:607-616 

Sugiura M (1963) Promotion of chlorophyll synthesis by 
kinetin. Bot Mag 76:309-310 

Tanimoto S, Harada H (1981) Effects of IAA, zeatin, am- 
monium nitrate, sucrose on the initiation and development 
of floral buds in Torenia stem segments cultures in vitro. 
Plant Cell Physio122:1553-1560 

Tran Thanh Van T (1973 a) In vitro control of de-novo fower 
bud, root, and callus differentiation from excised epidermal 
tissues. Nature 264:44-45 

Tran Thanh Van M (1973 b) Direct flower neoformation from 
superficial tissue of small explants of Nicotiana tabacum L. 
Planta 115:87-92 

Wardell WL, Skoog F (1969) Flower formation in excised 
tobacco stem segments. 1. Methodology and effects of 
plant hormones. Plant Physio144: 1402-1406 

Wozny A, Szweykowska A (1975) Effect of cytokinins and 
antibiotics on chloroplast development in cotyledons of 
Cucumis sativus. Biochem Physiol Pflanz 168:195-205 

Zeevart JAD (1976) Physiology of flower formation. Annu Rev 
Plant Physio127:321-348 

Ziv M, Zamski E (1975) Geotropic responses and pod devel- 
opment in gynophore explants of peanut (Arachis hypogaea 
L.) cultured in vitro. Ann Bot 39:579-583 


