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Tissue Culture and Prospects for Improvement of Arachis hypogaea
and Other Oil Seed Crops

D. C. Sastri, M. S. Nelin/ snd J, P, Moss

Groundnut Cytogenetics, ICRISAT Patancheru P.0., 502 324, A. P, India
ABSTRACT

Advences in tissue culture technology heve improved our knowledge sbout the regeneration of plants from culturss of a wide range of cells,
tissue and organs in a grest diversity of plants, and have now provided a novel approach to crop improvement. The progress made in tissue cultures of
major ol seed crops is reviewed. in Arachis hypogess, tissue and orgen cultures have been attempted in the pest but with very limited success. The
contraints to improving yiekds in A. hypogses and the approaches mede to overcome them using tissue culture techniques are discussed in detail.

INTRODUCTION

The science of crop improvement uses many breeding
methods and te ues which are modified as necessary
to suit particular crops or the aims of improved pests and
disease resistance, yield, quality or adaptation to environ-
ment. The changes brought sbout range from single gene
changes by induced mutation to crestion of new species
such as Triticale. Of late tissue culture technology has been
proposed and recognised as a new tool for crop improve-
ment (Vasil, 1976; Scowcroft, 1977; Reinert & Bajaj,
1977, Sneep & Hendriksen, 1979). This paper reviews
briefly the progress made with tissue culture of oil crops
and its possible applications to improvement of these crops.

PRODUCTION AND YIELD OF OIL SEEDS

The area under cultivation, yiela and total production
of some important oil seed crops are shown for 1979 in
tables 1 & 2 (adapted from FAO, 1980). Developed coun-
tries produced most of the soybean, sunfliower, olive, and
rapeseed. Developing countries produced considerable
smount of soybean and were major contributors to world
production of groundnut and cotton. For some crops,
yield per hectare in the developing countries is comparable
to that in developed countries, but most crops yield far less
in the developing countries. There are many reasons for
this, and one of them is lack of suitable cultivars developed
specially to suit local conditions in the developing countries.

For most crops, the areas grown, the yields, and there-
fore the total production have increased in the last decade
(Table 2). This is particularly true for soybean. Total world
area of castor has decreased slightly, but yield has increased
in the developing world where most castor is grown, so
total production has increasad. In the case of linseeds, how-
ever, increases in yield have not been sufficient to offset the
decrease in total area grown, and production has decreased.
In groundnut, the increase in yield has more than offset
the decrease in area, and production has increased slightly.
There have also been reduction in yield in rapeseed in
developed countries and in sesame in developing countries.
Most of the area under oil seed crops is in the developing
countries and in most cases yields are lower than those
obtained in developed countries. Also, progress in improving
yields in the developing countries has been slower than in
the developed countries. This could be to a certain extent
due to lack of inputs into plant breeding, or to lack of

genetic varisbility in the crop, or to constraint on utilizing
plant variability. These contraints and the means to over-
come them will be elaborated for groundnut.

Area of crop grown depends on the farmer whose choice
of crop is influenced by many factors. The plant breeder
may increase yields of oilseed crops only to find that areas
under cultivation have not increased; perhaps solely becsuse
of farmers’ preference for cereals or pulses!

PROGRESS IN TISSUE CULTURES OF
MAJOR OIL SEED CROPS

The Perspectives

Call and tissue cultures are now established for in vitro
regeneration of a large number of plant species. It is not

Table 1. Production of Oilseed in Developed and Developing
Countries, 1979* — Production in 1000 MT.
Figures in parentheses are yields in kg/a,,
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Tabis 2. Ares, Yield and Producton of Ol Crops in :

and 1979 .  .id, Developingand . - ped Countries®

Area (1000 ha) Yield {Kg/he) Production (1000 MT}

Total World D'ping™* D'ped*” Total World D'ping D'ped Total World D'pirg D'ped

1970 1978 1971 1978 1971 1979 1971 1979 1971 1978 1871 1979 1971 1978 1871 1979 1971 1979
Castor 1434 1420' 1204 1212 230 208 589 856 621 714 420 31§ 844 831 748 866 866  6f
Coconut 3838 4412 3838 4412 [/} 0
Cormon 22488 26396 13897 14577 8490 11819
Groundnut 19747 18906 18677 12734 1070 922 926 1000 881 931 1720 2352 18283 18807 18453 16740 1840 2168
Linseed 6760 £228 29079 3 &8 3790 E 614 504 420 430 488 681 34817 J136 1251 1457 2230 1679
Ohive 7651 8085 1798 1976 5852 6100
Rapessed 8486 126586 6860 7963 26 4603 780 885 536 806 1323 1278 6617 10824 3142 4828 3475 5996
Sattlower Data Not Available
Sesame 6241 6967 6218 6960 22 7 22 0 322 300 358 369 2012 2091 2004 2088 8 3
Soybean 35222 56816 16963 26497 18259 30318 1327 1660 857 1143 1764 2111 48747 94288 146539 30286 32208 64 001
Sunflower 8412 12027 2016 2714 6396 8313 1173 1253 789 970 1295 1335 9871 15068 1591 2633 8281 1243
* Source FAQ, 1980, °°D'ping. D g, D'ped. D e

1 Figures double underhined are reductions over 1971 data

surprising that this tissue culture technique has now emerged
as a powerful and promising tool for crop improvement, as
is evidenced by the recent interest of plant geneticists and
breeders. Serious application of this technology, while
fairly recent, has already found rewarding application in
Citrus (Button & Kochba, 1977; Spiegel-Roy & Kochba,
1977), coffee (Monaco et a/., 1977), maize (Green, 1978),
sugarcane (Heinz et al., 1977), rye and potato (Wenzel et
ol., 1979; Wenzel, 1880) and Brassica (Keller & Armstrong,
1979; Hoffmen, 1980; Wenzel, 1980). Considering the
delay in application to crop improvement, the number of
crops listed above reflects a significant achievement, but the
status of technology with other crops is yet to show promise.

However, it is a fervent hope that tissue culture tech-
nique will have a great role in crop improvement through
wide hybridizstion, and in induction of genetic veriability,
mutants and haploids, which can be achieved in far less
time and in larger numbers than has been achieved so far
by conventional methods, which it may supplement or
replace. The embryo culture has been used in more than
30 interspecific and 10 intergeneric crosses which are
normally incompatible, for overcoming seed dormancy
(Raghavan, 1977), and for anther cufture in over 100
species or hybrids (Vasil, 1980b). These coupled with the
facility of large scale in vitro clonal propagation in about
400 species (Vasil & Vasil, 1980) has paved the way for
production and multiplication of hybrids from incompati-
ble crosses. Mutation and selection of cell or tissue variants
(Maliga, 1980), genetic modification at cellular level by
exogenous DNA (Soyfer, 1980) and organelle intake or
fusion (Kso, 1880) are some of the more novel trends
used in tissue culture technique.

Strikingly enough, in the list of plants cultured, many
crop plants are conspicuously absent. The need for work on
cereals and legumes has been repeatedly felt (Scowcroft,
1976; Vasil, 1877; Vasil ot a/., 1979; Vasil & Vasil, 1980).
While efforts are being made with cereal crops and certain
legumes, o0il crops have received little attention. A close
look at the state of technology as applied to oil crops
reveals that Glycine max and Brasica only have received

considerable attention by plant tissue culturists though
other important crops are being seriously considersd lately.

The plant tissue culture technology offers means of
rapid clonal propagation, possibilities of wide hybridization
by embryo, ovule or ovary culture, somatic fusion and
in vitro pollination and fertiiization, haploid production,
creation of plants resistant to or free from diseases,
mutation, and a number of other advantages. Most of these
are reviewed in supplementary vclumes 11a and 11b of
the International Review of Cytology (Vasil, 1980a). The
achievements in clonal propagation, embryo culture,
haploid induction, protopiast isolation, culture and fusion
and other miscslianeous applications are summarised in
Tables 3—7. These are briefly discussed below for oil crops
ond in detail for groundnuts later.

Cional Propagation

To be able to use this technique for crop improvement,
it is necessary to rscognize a suitable explant and develop
a medium which can produce embryos, or shoots and
subsequently complete plants. A modest beginning was
made with embryo cultures of Linum (Laibach, 1929),
Arachis hypogass (Harvey & Shulz, 1843), Cocos nucifers
(Cutter & Wilson, 1954), and of Brassica nspus (Nishi et a/.,
1959), but clonal propagation itself began only after 1970
when Staristky reported /n vitro regenerstion of oil paim.

From the available reports it is evident that to date
only plants of seven oil seed crops viz., 8rassica spp., Cocos
nucifera, Eleseis guineensis, Glycine max, Helisnthus annuus
and Linum usitstissimum (Table 3) and Arachis hypogasas
{present studies, see Table 8) have been regenerated in vitro.
There are other minor oil crops for example, Eucalyptus sp.
and Sentalum album which can also be regenerated in vitro
but have not been included in this review (see Mascarenhas,
1981; Sita, 1981, in these Proceedings). Of a range of
organs and tissues cultured from all these crops, shoots or
meristems are most frequently used, and several other
explants have still to be tried. It is important tp mention
that haploid plants in Brassica napus (Thoms\«.nll., 1076)



Tabie 3. Attempts st Clonsl Propagstion of Oil Crops
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and Linum usitatissimum (Murray et al., 1977) have been
regenerated and multiplied in vitro. The tissue culture
technique however is more advanced in Brassice, Glycine,
Elseis guineensis, and Cocos nucifers than in other oil
crops and in vitro manipulation for several purposes with
these crops is in full swing (see Table 7). In fact Unilever
Co. Ltd., UK, has just launched a massive program for
producing 9 million test tube plants of oil palm per year
for planting in Malaysia where 20% greater productivity
is expected (Webb, 1980). Having achieved this with oil
peim they are now attempting coconut multiplication.
Wooi et a/., (1981) and Eeuwens and Blake (1981) have
provided greater details on oil paim and coconut respectively
in these Proceedings.

The Culture of Embryos, Ovules, Ovaries and its Application
to Wide Hybridization: The application of this technique
for raising hybrids in oil crops is still in the initial stages
when compared with other crops such as tobacco, potato,
and maize. However, in cotton, oil paim, rapesesd and
linseed embryos, ovules and ovaries have been cuitured
either for production of hybrids, or for overcoming dor-
mancy. Particular attention has to be peid to Laibach (1925,
1929) who used the embryo culture technique to rasise
hybrids between Linum perenne snd L. sustriscum which do

not otherwise produce visble sseds. This initisted a series
of later investigations to surmount barriers to interspecific
breeding. Embryos from some interspecific crosses have
been successfully cultured in Brassica spp. (Table 4; Nishi
ot o, 1968) and Gossypium spp. (Tabie 4; Skovsted, 1835,
Beasley, 1840; Weaver, 1957; 1968; Joshi & Pundir, 1966).

Subsequently Guzman and his coworkers (1964 et seq.)
have employed the embryo culture technique for raising
plants from coconut embryos and have gone a step ahesd
in culturing embryos from the prized ‘‘makapuno” variety
of coconut which otherwise germinate with difficulty.
Rabechault and his colleagues (1967 et seq.) have employed
this technique to investigate the various factors of dormancy
in oil palm kernels. With the rest of the oil crops, embryo
culture technique is yet to find an application. Ladizinsky
ot 8/, (1979) were unsuccessful in their initial trials with
embryo cultures of wide crosses in soybeans but felt this
was due to the lack of a suitable medium.

Ovule Culture: Culturing embryos in fact becomes technical-
ly difficult when in an incompstible cross the embryo
degenerates soon after fertilization. In such instances in-
ovulo embryo cultures have been profitably employed.
Beasley et a/. (1971) cultured cotton ovules 2 days after
anthesis and thus showed the possibility of successfully
culturing embryos within the ovules from incompatible
crosses (Beasley et a/., 1974). Eid et a/., (1973) obtained
embryos at the cotyledonary stage when cotton ovules, 5
days post-anthesis, were cultured; these embryos germinated
when transferred to another medium and developed into
sbnormal plantlets. Subsequently, Beasley and Ting (1973;
1974) found & satisfactory medium which was further
modified by Stewart and Hsu (1977) to culture cotton
ovules from zygote stage to maturity. Stewart and Hsu
(1978) have succeeded in culturing ovules from interspecific
crosses of Gossypium (see Table 4).

Encouraging results are seen in the work of Takeshita
et o/ (1980) who have successfully applied the ovule
culture technique to interspecific crosses in Brassica.
Although the production rate was not high, the hybrids
produced could be multiplied by tissue culture methods
(see Table 3). Ovule cultures from intergeneric crosses
between Brassica x Raphanus were not useful (Takeshita
et o/, 1980).

Ovary Cuiture: It has been possible to culture ovaries after
pollination and to stimulate pod or fruit formation in vitro.
Inomata’s success with culture of excised Brassica ovaries is
the best illustration. Initial experiments were to standardize
conditions for in vitro development of excised ovaries (Ino-
mata, 1976). Subsequently, the method was applied to raise
overies from crosses between Brassice cempestris and B.
oleraces (Inomata, 1977; 1978a, 1978b; 1979) and other
interspecific crosses in'Brassica (Takeshita et a/., 1980).

For other crops such methods of embryo, ovule or
ovary cultures are yet to be developed and examined for
their efficacy in the production of desirsble wide crosses
which otherwise may not be successful.

#n Vitro Pollinations: /n vitro manipulation of both the
male and female gametophytes has been successfully tried
in some plants (see Rangaswany, 1977) but has yet to be
tried for oil crops, other than Brassica species in which in



Table 4. i:...xyo, Ovule and Ova.
Hybridization snd Other Purposes.

.6 for

Castor
Coconut

Cotton

Groundnut

Linseed

Oil paim

Olive

Rapeseed & :

mustard

Safflower

Sesame

Soybean
*

Sunflower

None

Embryo culture (Cutter & Wilson, 1964;
Abrasham & Thomas, 1862); to raise plants
in ‘makapuno’ variety (Guzman & Del
Rosario, 1964; Guzman, 1971; Guzman
ot al., 1878; Rosario & Guzman, 1976;
Miniano & Guzman, 1978)

Immature and mature embryos (Mauney,
1861; Mauney et a/., 1887; Dure & Jensen,
1967); G. devidsonii x G. strutii (Skovsted,
1936); G. arboreum x G. hirsutum (Joshi &
Pundir, 1966; Beasley, 1940; Weaver, 1968)
and reciprocal (Beasley, 1940; Weaver,
1867);

Ovules of cotton: (in vitro fibre develop-
ment; Joshi & Johri, 1872; Beasley & Ting,
1973;1974; Eid et &/., 1973) ,

Ovules of G. arboreum x G. hirsutum
(Pundir, 1872):

G. hirsutum, G. hirsutum x G. arboreum,
G. hirsutum x G. australe; G. barbadense x
G. australe; G. arborsum x G. australe
(Stewart & Hsu, 1977; 1978).

Embryo (Harvey & Shulz, 1943; Nuchowiz,
1865);

Ovule (Martin, 1970); Gynophore tips (Ziv
& Zamsky, 1975)

Immature and mature embryos (Erdelska

et al., 1971)

Young embryos of Linum perenne x

L. austriscum (Laibach, 1925, 1829)
Embryo (Pritchard, 1976)

Embryo culture for overcoming dormancy
(Rabechault 1967; Rabechault & Ahee,
1966; Rabechault et a/., 1968; 1969, 1870)
Embryo (Gilad & Lavee, 1974)

Embryo culture from a cross between

“c" and “a” genome spp. of Brassica (Nishi
et al., 19569)

Ovule culture for seed development for
interspecific crosses (Takeshita et al.,
1980)

Ovary culture and capsule formation in
Brassica species and interspecific crosses
(Inomata 1976; 1977; 1978a; 1978b;
1979; Matsuzawa, 1978).

Test tube fertilization in 8. okeracea
{Kameya et al., 1966) and in B. pekinensis
{Kameya & Hinata, 1970b).

Nine

Embryos (Sastri, D. C., unpublished)
Embryo (Braverman, 1875; Vagera &
Hanackova, 1979)

Immature seeds (Obendorf et al., 1979)

None

vii wn has been successf. ya & Hinata, -
19700, . . uys et al., 1968). Our preliminary observations
with Arachis also indicate the possibility of success provided
a good medium for ovule culture is developed. This would
be particularly useful in crosses like Sessmum indicum x
S mulaysnum where mentor polien could only partially
overcome incompatibility (Sastri & Shivanna, 1976). An
essential prerequisite for these investigations is a thorough
knowledge of the visbility and the /n wtro germinability of
pollen grains and the nutrient requirements and conditions
for the development of ovule or ovary.

PRODUCTION AND APPLICATIONS OF HAPLOIDS

Anthers and microspores from a number of plants have
been cultured for haploid production, but the majority of
oil seed crops do not figure in the list. However, progress
has been made with Brassica species. Haploids obtained
from B. napus cv. Oro by Thompson (1969) were respon-
sible for a new cultivar called ‘‘Maris Haplona” which had
8 higher oil content and some better agronomic characters
then Oro. Following the work of Stringam & Downey
(1873) and Stringam (1874; 1980) it is now reslised that!
haploid production in Brassica has advanced to a stage
when it is possible to choose cultivars and define conditions
of culture for high frequencies of haploids (Keller, 1980;
Keller & Armstrong, 1977; 1978; Keller et /., 1975) which
can be extensively used for the production of commercially
acceptable new cultivars (Keller & Armstrong, 1979;
Wenzel, 1980; Hoffman, 1980). This is an achievement
in rapeseed. Compared to this, results with several other oil
crops are far from satisfactory, but the trends are improving
(Table 5). Callus has been obtained in anther cultures
of cotton (Barrow et a/., 1978), sesame (Sastri, D. C. un-
published), and Arachis species (Mroginski & Fernandez,
1979; 1980; Bujaj er a/., 1980; this report). Roots have been
produced in cotton anther cultures (Barrow et al., 1978)
and plants (nct haploids) in Arachis species (Mroginski &
Fernandez, 1980). The reports are summarised in Table 5.

However, Cocos nucifera, Gossypium barbadense, G.
davidsonii, G. hirsutum, G. sturtii, Helisnthus, Linum are
some oil yielding crops in which in vivo polyembryony hai

Table 5. Haploid Production from Anther

and Pollen Culture of Oil Crops
Crop Respars) L]
Castor
Riginus communis No repony
Commn
Coces nuchters No repary
Catton
Gosywamn srdoreum
. berbacenar Hapiond and thplod collus Borvom o oi, T
G. herbocoum Calhs; roon Sariay, 1976
Groundeu
Anchis hypagess Colhn. Martin & Rebecheuli, 1976,
Mragerak & Fernandes, 1979
A villom Calive Mrogreki & Fernende:, 1980
A. cormantsna Plantiets (not olesd) Mropesk: & Fernende: 1980
A lgress Plantiets (not haplosd) Meogiraki & Fernandss, 1880
Acsche @ Piantists (net haplod) Mrognsiu § Fernande:, 1880
A, platvate Collus, ambe youdinitioh Sajey o1 o, 1080
Linssnd
Lo wwrio mmun Na reperss
Obwe
Ol auropesn Mo ragorn
O paim
Elusis guinsernis Mo repars.
8 compemri Cala; plonis. Ketor ot ol 1978,
Kottor & Armatrang, 1977
Hapluich in hegh frogioncies by Nighe: 1emp. Kolter & Armutrong, 1978, 1079
wstiment
L Differential haplaid idquanaies in differert Gutivars Stnagem & Doweey, 1973
Emtnyogenens Thomes & Wonesi, 1976
Seseme
Someum ingioum cothn

Semei, 0. C.. unguibitshed




been reported in connection with haploidy (Riley, 1974).
This suggests that haploidy in these crops is possible, and
thersfore it should be purposefully exploited.

PROTOPLASTS: ISOLATION, CULTURE AND FUSION

Isolation and cufture of protoplasts is a fairly recent
method which has been suggested 8s a new tool in crop
improvement. Protoplasts have been isolated and cultured
in cotton (Bhojwani et a/., 1977), linseed (Gamborg et a/.,
1974; Gamborg and Shyluk, 1876}, oil peim (Smith &
Thomas, 1973), rapeseed (Kartha et a/., 1974b; Thomas et
al., 1976), sesame {(Constabel, 1975) and soybean (Kao et
al., 1970; Oswalt et al., 1977; Zeig & Outka, 1980). Proto-
plast isolation in safflower was attempted but was not
satisfactory (Hughes et a/., 1978). in spite of successful
isolation in these plants, regeneration has only been obtained
in rapeseed (Kartha et a/, 1974c; Thomas et al., 1976;
Schenck & Hoffman, 1979).

Rapeseed protoplasts have been fused with those of
soybean (Kartha et a/., 1974b; Gamborg, 1977) and with
those of Arabidopsis thalians (Gleba & Hoffman, 1979).
in the latter fusion product, roots (Gleba et /., 1978) and
.Hlowering plants called “Arabidobrassica” although sterile,
have been generated (Gleba & Hoffman, 1880). Incidentally
this is the first case of an intergeneric — intertribal hybrid.
Soybean protoplasts have been fused with those of barley,
corn, pea, sweet clover, alfalfa and tobacco (Gamborg,
1977) and heterokaryocytes in these somatic hybrids have
been observed. In his review Bajaj (1977) has mentioned
that aggregation of protoplasts was achieved mechanically
in Arachis hypogsea and Glycine max (Michell, 1939;
Schenk & Hildebrandt, 1971), in Brassica chinensis by
some proteins (Kameya, 1873) and immunologically in
Glycine max (Hartman et al., 1973) (see Bajsj’'s paper in
this proceedings).

These fusion products have been confirmed cytological-
ly and by isoenzyme studies; for example in Nicotiana —
Glycine hybrids (Wetter, 1977; Wetter & Kao, 1980). Wetter
& Kao (1980) have gone a step ahead in ‘backfusing’ the
Glycine max — Nicotiana glsuca for stabilization of these
hybrids. Table 6 gives an account of investigations on
protoplasts of oil seed crops.

Table 6. Protoplast isolstion and Fusion Studies

Protopiess wolsed
Crop e oot Pl regenersted Protoplests humd with
Cosar Nare
Coconut Nane
Cotion Shoperu ot of, 1977
Groundnnt  gygny
Lisnoad Quewrsro, 1988 Sehiavo ot o/, 1980
Gembory ot o/, 1974,
Qumbory & Bhik, 1978
Ole ore
OUpsim  Sonieh & Thamas, 1973
L = Y R Kortha ot o/, W974c Suytuen (Kerthe or o/ 19740
Thames ot o/, 1078 Satwrk & Hottwen, 1970 Gamory, 1977). Amabicupers
Thome o ol., W78 shatiere (Gists & Mottmen
wn. 1980)
Svaome Conmebal, 1975
Yofows  tegpma s W
Sovbaen Koo or o, 1970 Gartoy, orm, 980, swent slover
Raid & Gaison, 1975, SWgita, sapessed, teheoto snd
Cumstd &t 4., 1977 wwn (Gembory, 1977)
2o & Outha, 1980 Misstiore gluccs; Swenosme
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MISCELLANEOUS APPLICATIONS

Plant cell cultures have often been used for mutation
studies and isolation of desirable mutants. But so far such
investigations have not had much impact on applied biology,
and have been largely of interest only to fundamental
biologists. However, a few reports do exist for oil seed
crops (Table 7). From soybean suspension cultures, 5-
bromodeoxyuridine resistant lines (Ohyama, 1974a; 1874b)
and 8-azaguanine resistant lines (Weber & Lark, 1979) have
been reported. Weber and Lark (1979) have even described
an efficient plating system for rapid isolation of mutants.
Cytochimeras of Brassica spp. (Horak, 1972; Horak et o/.,
1975) have been produced. Coconut tissue cultures have
been used for induced mutation studies (Guzman et al.,
1976).

Reddy and Stahman (1973) compared the isozyme
pstterns of crown gall and bacteria free gall tissue cultures
with infected and non-infected stems and non-infected
tissue cultures of sunflower to study methods of infection
in vitro and in vivo.

Cell suspensions have silso been used by biochemists
to study metabolism of pesticides in cotton, safflower, sun-
flower (Senderman et al., 1977), of insecticides (Stockigt



& Riess, 1977) and of herbicides (Davis & Shimabukuro,
1880; Davis ot a/,, 1880), and synthesis of lipids in soybean
and rapesesd (Mangold, 1977) or isolation of pedalin, a
glycoside in Sessmum indicum tissue cultures (Khanna &
Jain, 1973; Jain & Jain, 1980; see also Butcher, 1977).
Interaction and associstion of certain Rhizobium strains
with cell suspension of soybean, a legume (Child & La Rue,
1974) were compared with those for Srassice napus, a non-
legume (Child, 1975; see Giles & Vasil, 1980). Similarly,
interaction of certain obligate pathogens with cultures of
sunflower, rape and linseed have been reported (ingram,
1977; Sacristan & Hoffman, 1978).

Quatrano (1968) and Bajaj (1976) based on their
studies on flax protoplasts and soybean cells respectively,
have suggested the freeze-preservation and use as gene
banks. Various aspects of cryopreservation and its appli-
cations have been reviewed by Bajaj & Reinert (1977) and
Baja (1979b). In recent papers, Withers (1980) and Kartha
(1981) review meristem with no reference to oil seed crops
indicating the lack of attention to these crops.

TISSUE CULTURE IN ARACHIS HYPOGAEA

Review of Literature: From a survey of the literature on
groundnut tissue cultures it is apparent that progress has
been limited to optimizing the conditions for callus growth
and root induction, though some rare plants from ovule
cultures /n vitro, pod formation in gynophore tip cultures
and a few non-haploid plants from anther cultures have
been produced. These few attempts and reports to date are
summarised below.

Tissue and Organ Cultures: Harvey & Schulz (1943) and
Nuchowiz (1955) were probably the first to initiate such
studies by using embryos or embryo segments. A decade
after that, the next report of root formation in groundnut
pericarp cultures appesred (Rangaswamy er a/, 1966).
Following this was the report of formation of some viable
plants from culture of A. hypogaes ovules measuring 0.3
mm (Martin, 1970). This opened up the possibilities of ovule
culture from incompatible cresses but no further attempts
were made although interspecific incompatibilities in the
genus were known. Ziv & Zamski (1975) showed that
cultured gynophore tips could exhibit three major kinds
of responses viz., callus formation at the cut surfaces,
gynophore elongation and its geotropic curvature, and
swelling of the ovary followed by pod formation. The
responses largely depended upon the availability or non-
availability of light, concentrations and ratios of kinetin
to naphthalene acetic acid, and the orientation of the
explant with respect to surface of the medium and the
gravitational force. Kumar (1974a) studied growth and
chiorophyll development during callus formation from
mesophyll tissues cultured on a sugar-free medium. Using
hypocotyl and cotyledon segments, Kumar (1974b; 1874c)
investigated different concentrations of some vitamins, iron
salts and magnesium sulphate for optimum callus growth,

in 1876, Braverman suggested aseptic embryo culture
at 8 means of getuing virus free plants and thus improving
the phytosanitation of plant introductions.

Mroginski & Fernandez (1978) cultured anthers of
A. villoss and A. correntina, both wild diploid species and
A hypogess, st various stages of microsporogenssis on
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media with . it combinations of ne 4 sostic
acid and benzy: aminopurine and found . MS BAP
05 NAA 2 inositol 100 was best for maximum callus
production, mostly from sporophytic tissue. In a later
report they found plants (with 2n=20) when calli from
snther cultures of A /ignosa and A, sp. (both diploid)
were transferred from MS NAA 2 BAP 0.5 to MS BAP 0.01.
Bajaj ot a/., (1980) found callus formation and early polien
embryogenesis and muiticellular polien grains from anthers
of A. hypogees and A. glabrata (both tetraploid) cultured
on MS IAA 4 Kn 2,

During the last five ysars the technique of cotyledon
cultures has been used in three cultivars (Guy et o/, 1978)
largely for optimizing callus growth and for the identifica-
tion of biochemical parameters. This was the first report on
cultivar specific differences in aseptic cuitures. Guy et o/,
(1980) reported partial morphogenesis in “‘sterile’’ cotyledon
cultures (authors' inverted commas). They induced root
formation in callus by modifying the MS medium, Russo
& Varnell (1977) obtained elongation of shoot meristem
and callus formation depending upon the hormones. Bajaj’s
(1979a) successful report on culture of freeze-preserved
shoot meristems opened up the possibility of germplasm
preservation and minimizing quarantine problems.

Cell Culture: Groundnut cell cultures were initiated by Ball
& Joshi (1965) using mesophyll tissue. By modification of
the medium Joshi & Noggle (1967) suggested that the
mesophyll cells could synthesize their own metabolites
from mineral nutrients among which ammonia ssems to
be of crucisl importance. Subsequently, csll cultures were
obtained from cotyledons and used for biochemical and
morphological investigations. Jullisn (1970) obtained s
preparation of free cells by mechanical means as a first
step to protoplast isolation. In these suspension cultures
the cell sizes and the colony sizes wers highly variable.
Call groups of different sizes ditfered qualitatively and
quantitatively in peroxidase and catalese activities (Verma
& van Huystee, 1970), s0 a balanced growth of these cell-
derived populations in cultures was doubtful (Verma &
van Huystee, 1871) and is yet to be achieved. Van Huystee
and his coworkers (ater observed that cell suspension
cultures derived from cotyledonary celis released certain
macromolecular complexes, in which peroxidase isozymes
have been identified immunologically (van Huystee, 1876;
Srivastavs & van Huystee, 1973). Maldonado & van Huystee
{1880) have found that a medium supporting the growth
of groundnut cells in suspension was a rich source of
peroxidases which could be used for studies on species
relationships. High doses of ionizing radiations (500 kr)
to these cultures were found to degrade these complexes,
inhibit cell divisions, alter protein synthesis (van Huystee
& Turcon, 1973) and induce formation of giant cells (Verma
& van Huystee, 1871a). Biochemical investigations (Guy
ot al., 1978) on growing calli from cotyledon cultures of
three groundnut cultivars revealed that though most cultivar
specific differences in the cotyledons were maintained by
the respective callus tissues, the concentrations of high
molecular weight proteins snd neutral sromatic amino acids
were less in calli than in cotyledons while basic amino acids
were higher in calli. Recently Rao & Mehta (1880) have
shown how the polyphenols accumulate in groundnut
suspension cuitures. Callus and roots were reported from
single cell cultures of A. hypogesa (Yung-ru & Yu-hung,
1978).



The Genus Arachis snd its Wild Species: Several expeditions
into Brazil and neighbouring countries have led to the
discovery of a large number of wild species related to
Arachis hypogeea. Preliminsry scresning has indicated the
potential of these wild species as sources of pest and
disease resistance. The fungal, viral snd insect pests cause a
significant reduction in yields of A. hypogess. Chemical
control of some of these pests has been practised with
good returns, but it is not a permanent solution nor is it
the best approach socially and economically, particularly
for the small farmer in developing countries of the semi-
arid tropical regions of the world. A promising alternative,
therefore, is the incorporation of genetic resistance, but
with A. hypogaea the necessary resistances are not always
available to breeders,

However, a number of wild relatives have been found
to be resistant to one or more pests. The availability, cross-
sbility with A. hypogaea, ploidy differences, evolution and
means of utilization of this germplasm have been recently
reviewed (Gregory & Gregory, 1979; Moss, 1980; Singh et
al., 1980). Stalker (1980) has illustrated how wild germ-

plasm has been profitably used in a few important crops,

and has shown how tissue culture technique has helped in
: some cases.

A. hypogaee has many serious disease and pest problems.
Immediate attention has to be paid to those listed in Table
8. The species of the genus Arachis are grouped into seven
sections (Gregory & Gregory, 1979) and not all species
have been screened against the major pathogens. Among
those screened several wild species of great potential have
been identified (see Table 8). Some of the compatible
species which belong to the section Arachis have been
utilized despite ploidy ditferences, and resistances are being
transferred to A hypogaea (Moss, 1980; Singh et a/., 1980).
A number of species in other sections are highly resistant
or immune to a wide range of pests (Table 8) but have not
been successfully crossed with A. hypogaea.

Table 8. Important Pests and Diseases of A. hypogaea
and some Sources of Resistance

Cauen! Orgoniam Owome Souice of Resstance Saction
PUNGAL
Corcoepors smechudicols Eorty matipor A csrcenes: Anschis
A checosnee Anmche
A plabrets Ahvzometcese
Oorcampendwm parsonstum Lote lewtrpot A cergenes: Amcha
Puccwms smomon L A plbrats Ahiromerosse
Aw Pl No 276233 Riurometosse
Aw P No 20043 Az omatosse
A punie Trmemmele
A cerrenting Arsctvs
A checosese Arachn
A cordenss Aroctus
A durerens Arschv
VIRAL
Tometw Spotted Bud recross A ptrets A zomatese
Wi Vir Aw PN 8233 Anzomatoest
Aw P No 262040 Ahvsometcese
A it Traomaie
A comentine Amch
MBECT & NEMATODE
Msiossogyne hapls Root knot Aw P 22206 Mhuromataser
Nematode) Aw PNy 224 Aramarome
Aw PN 2204 Auromatosse
Aw PNy 2244 Aromeresse
Totronychus wrticer Aw PN W2 Eroctoums
(Speuder mite) A punlie Traemmele
A w P Ny 267900 Anrometome
Aw Pl 262206 Avromeresee
Aw Pl M 20N27 A romercese
A phirme Asurometcsse
Aw PN Miiromarcsee
Aphis crmcermn A ghaceensy Anche
[resey A, ghivete Aremmens
A gty Pribormenalt

This paper reviews initial investigations of the berriers
to hybridization between the tetraploid species of the
section Arachis end those of the section Rhizomstosse.
Two species of the section Arachis used wers, A hypogess
cv. Robut 33-1 (2n=4x=40) and A. monticols (2n=4x=40),
a wild species closely reiswd to A. Aypogess. An unnemed
collection, A species P. |. No. 276233, siso a tetraploid
(2n=4x=40), collected from Parsgusy, South Americs by
Gregory & Krapovickas in 1961 and resistant or immune
to major pathogens was crossed with the above two species
which are normally incompatible with it. The studies are
simed at the use of tissue culture for large scale production
of hybrids for utilisstion in a breeding program.

Fruit Development in Arachis: Before attempting to
produce hybrids by culture of embryos, ovules, ovaries,
gynophore tips or other means, it is essential to know
the in vivo morphogenesis and the important factors
regulating the same. Arachis is one of the few genera
showing geocarpy. It undergoes a two step process: a)
gynophore elongation which continues for sbout two
weeks; b) pod development and maturation after the
ovary at the tip of the gynophore is pushed into the soil.
Throughout the first step the zygote remains dormant after
the initial 3 or 4 divisions, and it is only in the soil that it
resumes development concomitant with pod formation.

Interspecific incompatibility: The first report of an attempt-
ed but unsuccessful cross between A. hypogaea and a wild
species was by Hull and Carver (1838); one of the species
used was A glabrata Benth., a member of the section
Rhizomatosse. Subsequently although several unsuccessful
sttempts were made in crossing A. hypogaes with species of
Rhizomatosse, no effort was made to study the mechanism
of incompatibility, though Johansen and Smith (1956)
attributed the failure of seed set in A. hypogeea x A. diogoi
to retarded growth and degeneration of the embryo accom-
panied by hypertrophy of integuments, thus destroying the
fusion product. They suggested a similar reason for failure
of the A, hypogsea x A glabrata cross (Johansen & Smith,
1956). From this information it is possible that embryos
from such ovules could be grown to maturity by dissecting
them out and providing a suitable environment in vitro.
This was not attempted until recently for interspecific
crosses in Arachis although employed in a number of other
crops.

Pegs were rarely produced in incompatible crosses.
Initial investigations by fluorescent microscopy on the
behaviour of Rhizomatosae pollen on A. hypogaea pistils,
revealed that pollen germination on the stigma was normal
and the pollen tubes penetrated into the stigma. However,
the callose deposits were larger and more frequent than in
the compatible pollen tubes, and growth of incompatible
tubes was mostly inhibited in the style. Pollen tubes rarely
reached the ovary, when fertilization can occur followed by
a slight elongation of the gynophore. These gynophores
soon dried up and degenersted (Singh et a/., 1980). Several
techniques to overcome incompatibility were tried among
which application of growth hormones to the bases of
incompatibly pollinated flowers was encouraging (Singh
ot al.,, 1980). This substantially increased the percentage of
gynophores which developed slowly and rarely set mature
pods. Some of them do develop to a stage when the immature
embryos could be conveniently excised and cultured for
reising hybrid plants.




& Riess, 1977) and of herbicides (Davis & Shimabukuro,
1980; Davis ot a/,, 1880), and synthesis of lipids in soybean
and rapeseed (Mangold, 1877) or isolation of pedalin, a
glycoside in Sessmum indicum tissue cultures (Khanna &
Jain, 1973; Jain & Jain, 1980; see also Butcher, 1977).
Interaction and association of certain Rhizobium strains
with cell suspension of soybean, a legume (Child & La Rus,
1974) were compared with those for Brassica napus, s non-
legume (Child, 19765; see Giles & Vasil, 1880). Similarly,
interaction of certain obligate pathogens with cultures of
sunflower, rape and linseed have been reported {(Ingram,
1977; Sacristan & Hoffman, 1879).

Quatrano (1968) and Bajaj (1876) based on their
studies on flax protoplasts and soybean celis respectively,
have suggested the freeze-preservation and use as gene
banks. Various aspects of cryopreservation and its appli-
cations have been reviewed by Bajaj & Reinert (1877) and
Baja (1979b). In recent papers, Withers {1880) and Kartha
(1981) review meristem with no reference to oil 3eed crops
indicating the lack of attention to these crops.

TISSUE CULTURE IN ARACHIS HYPOGAEA

Review of Literature: From a survey of the literature on
groundnut tissue cultures it is apparent that progress has
been limited to optimizing the conditions for callus growth
and root induction, though some rare plants from ovule
cultures in vitro, pod formation in gynophore tip cultures
and a few non-haploid plants from anther cultures have
been produced. These few attempts and reports to dste are
summarised below.

Tissue and Organ Cuhures: Harvey & Schulz (1943) and
Nuchowiz (1956) were probably the first to initiate such
studies by using embryos or embryo segments. A decade
after that, the next report of root formation in groundnut
pericarp cultures appeared (Rangsswamy et a/., 1965).
Following this was the report of formation of some viable
plants from culture of A. hypogaes ovules measuring 0.3
mm (Martin, 1970). This opened up the possibilities of ovule
culture from incompatible crgsses but no further attempts
were made although interspecific incompatibilities in the
genus were known. Ziv & Zamski (1975) showed that
cultured gynophore tips could exhibit three major kinds
of responses viz., callus formation at the cut surfaces,
gynophore elongation and its geotropic curvature, and
swelling of the ovary followed by pod formation. The
responses largely depended upon the availability or non-
availability of light, concentrations and ratios of kinetin
to naphthalene acetic acid, and the orientation of the
explant with respect to surface of the medium and the
gravitational force. Kumar (1974a) studied growth and
chlorophyll development during callus formation from
mesophyll tissues cultured on a sugar-free medium. Using
hypocotyl and cotyledon segments, Kumar (1974b; 1974c)
investigated different concentrations of some vitamins, iron
salts and magnesium sulphate for optimum callus growth.

In 1975, Braverman suggested aseptic embryo culture
as 8 means of getting virus free plants and thus improving
the phytosanitation of plant introductions.

Mroginski & Fernandez (1878) cultured anthers of
A, villoss and A. correntina, both wild diploid species and
A hypogess, at various stages of microsporogenssis on

media with . it combinations of na ¢ acetic
acid and benzy: aminopurine and found . MS BAP
05 NAA 2 'inositol 100 was best for maximum callus
production, mostly from sporophytic tissus. In a later
report they found plants (with 2n=20) when calli from
anther cultures of A lignosa and A, sp. (both diploid)
were transferred from MS NAA 2 BAP 0.6 to MS BAP 0.01.
Bajaj et a/., (1980) found callus formation and early polien
embryogenesis and mutticellular polien grains from anthers
of A. hypogees and A. glabrata (both tetraploid) cultured
on MS IAA 4 Kn 2.

During the last five years the technique of cotyledon
cultures has been used in three cultivars (Guy et a/., 1978)
largely for optimizing callus growth and for the identifica-
tion of biochemical parameters. This was the first report on
cultivar specific differences in aseptic culturess Guy et o/,
(1880) reported partial morphogenesis in “'sterile” cotyledon
cultures (authors’ inverted commas). They induced root
formation in callus by modifying the MS medium. Russo
& Varnell (1977) obtained elongation of shoot meristem
and callus formation depending upon the hormones. Bajaj’s
(1979a) successful report on culture of freeze-preserved
shoot meristems opened up the possibility of germplasm
preservation and minimizing quarantine problems.

Cell Culture: Groundnut cell cultures were initiated by Ball
& Joshi (1865) using mesophyll tissue. By modification of
the medium Joshi & Noggle (1967) suggested that the
mesophyll cells could synthesize their own metabolites
from mineral nutrients among which ammonia seems to
be of crucial importance. Subsequently, cell cultures were
obtained from cotyledons and usai for biochemical and
morphological investigations. Jullian (1970) obtained a
preparation of free celis by mechanical means as a first
step to protoplast isolation. In thess suspension cultures
the cell sizes and the colony sizes were highly variable.
Call groups of different sizes differed qualitatively and
quantitatively in peroxidase and catalase activities (Verma
& van Huystee, 1970), so a balanced growth of these cell-
derived populations in cultures was doubtful (Verma &
van Huystee, 1871) and is yet to be achieved. Van Huystes
and his coworkers later observed that cell suspension
cultures derived from cotyledonary cslis released certain
macromolecular complexes, in which peroxidase isozymes
have been identified immunologically (van Huystee, 1876;
Srivastava & van Huystee, 1973). Maldonado & van Huystee
(1980) have found that a medium supporting the growth
of groundnut cells in suspension was & rich source of
peroxidases which could be used for studies on species
relationships. High doses of ionizing radistions (600 kr)
to these cultures were found to degrade these complexaes,
inhibit cell divisions, alter protein synthesis (van Huystee
& Turcon, 1973) and induce formation of giant cells (Verma
& van Huystee, 1871a). Biochemical investigations (Guy
ot al., 1978) on growing calli from cotyledon cultures of
three groundnut cultivars revealed that though most cuitivar
specific differences in the cotyledons were maintained by
the respective callus tissues, the concentrations of high
moleculsr weight protsins and neutral aromatic amino acids
were less in calli than in cotyledons while basic amino acids
were higher in calli. Recently Rao & Mehta (1880) have
shown how the polyphenols accumulate in groundnut
suspension cultures. Callus and roots were reported from
single cell cultures of A. hypogses (Yung-ru & Yu-hung,
1978).



The Genus Arachis and its Wild Species: Several expeditions
into Brazil and neighbouring countries have led to the
discovery of a large number of wild species related to
Arachis hypogses. Preliminary screening has indicated the
potential of these wild species a5 sources of pest and
disease resistance. The fungal, virsl and ingect pests cause a
significant reduction in yields of A. Aypogees. Chemical
control of some of these pests has been practised with
good returns, but it is not 8 permanent solution nor is it
the best approach socially and economically, particularly
for the small farmer in developing countries of the semi-
arid tropical regions of the world. A promising alternative,
therefore, is the incorporation of genetic resistance, but
with A. hypogaea the necessary resistances are not always
available to breeders.

However, a number of wild relatives have been found
to be resistant to one or more pests. The availability, cross-
ability with A. hypogsea, ploidy differences, evolution and
means of utilization of this germplasm have been recently
reviewed (Gregory & Gregory, 1979; Moss, 1980; Singh et
al., 1980). Stalker (1880) has illustrated how wild germ-

plasm has been profitably used in a few important crops,

and has shown how tissue culture technique has helped in
! some cases.

A. hypogaes has many serious disease and pest problems.
Immediate attention has to be paid to those listed in Table
8. The species of the genus Arachis are grouped into seven
sections (Gregory & Gregory, 1979) and not all species
have been screened against the major pathogens. Among
those screened several wild species of great potential have
been identified (see Table 8). Some of the compatible
species which belong to the section Arachis have been
utilized despite ploidy differences, and resistances sre being
transferred to A. hypogaes (Moss, 1880; Singh et a/., 1980).
A number of species in other sections are highly resistant
or immune to a wide range of pests (Table 8) but have not
been successfully crossed with A. hypogaes.

Table 8. Important Pests and Diseases of A. hypogaea
and some Sources of Resistance

Caus! Orgonim Duwosse Sowrce of Resstance Section
FUNGAL
Qorreaapors snchuaicold Earty oehpot A cordenss Arschis
A checotee Aracin
A plsdrots Arvromecese
Corcompondium personetum Late lestpot A cargenen! Amows
[ S— (™ A phorats At rometoee
Aw Pl No 22620 Anizomatosse
Aw P No 262048 At zomecese
A puste Trisermnele
A corenting Arpciw:
A chacosrse Arschvi
A corwnes Arachu
A dwronenes Arachn
WVIRAL
Tomato Sponed Sud necromn A plabrats A romatosse
W Vi Aw Pl N0 206233 Avcomarcese
A ® P! o 262040 Anrometesse
A i Treomncle
A cormennins Amch
WIBECT & NEMATOOE
Molosiogyne hepls Aot knot Aw P\ e 267200 Anzomaomse
INematode! Aw PN 2824 L
Aw PN 204 v remetcase
Aw Pi N 2NN Arometasse
Totrenycina urticee Awp W WG frecrovees.
(Speder mute) A puwls Trmermwnale
A w Pi N 26200 Ahromercese
Aw Pl NI Avromaresse
Aw PlW R Mncromoreee
A phoirste Arromarcee
Aw Pl NTTH Murometesse
Aphis smssverns A ehacome Anpshi
hphat) A, phtrste Mwrormstome
A it Potnavsinale

This paper reviews initial investigations of the barriers
to hybridization between the tetraploid species of the
section Arachis and those of the section Rhizomastosse.
Two species of the section Arachis used wers, A. hypogess
ov. Robut 33-1 (2n=4x=40) and A. monticola (2n=4x=40),
a wild species closely relatad to A. hypogess. An unnemed
collection, A. species P. |. No. 276233, siso a tetraploid
{2n=4x=40), collected from Paragusy, South Americs by
Gregory & Krapovickss in 1961 snd resistant or immune
to major pathogens was crossed with the above two species
which are normally incompatible with it. The studies are
simed at the use of tissue culture for large scale production
of hybrids for utilisation in a breeding program.

Fruit Development in Arachis: Before attempting to
produce hybrids by culture of embryos, ovules, ovaries,
gynophore tips or other mesns, it is essential to know
the in vivo morphogenesis and the important factors
regulating the same. Arachis is one of the few genera
showing geocarpy. It undergoes a two step process: a)
gynophore elongation which continues for about two
weeks; b) pod development and maturation after the
ovary at the tip of the gynophore is pushed into the soil.
Throughout the first step the zygote remains dormant after
the initial 3 or 4 divisions, and it is only in the soil that it
resumes development concomitant with pod formation,

Interspecific incompatibility: The first report of an attempt-
ed but unsuccessful cross between A. hypogaes and a wild
species was by Hull and Carver (1838); one of the species
used was A glabrata Benth.,, a member of the section
Rhizomatosse. Subsequently although several unsuccessful
attempts were made in crossing A. hypogeea with species of
Rhizomatosse, no effort was made to study the mechanism
of incompatibility, though Johansen and Smith (1956)
sttributed the failure of seed set in A. hypogaea x A diogoi
to retarded growth and degeneration of the embryo accom-
panied by hypertrophy of integuments, thus destroying the
fusion product. They suggested a similar reason for failure
of the A. hypogeea x A. glabrata cross (Johansen & Smith,
1956). From this information it is possible that embryos
from such ovules could be grown to maturity by dissecting
them out and providing a suitable environment in vitro.
This was not attempted until recently for interspecific
crosses in Arachis although employed in a number of other
crops.

Pegs were rarely produced in incompatible crosses.
Initial investigations by fluorescent microscopy on the
behaviour of Rhizomatosse pollen on A. hypogaees pistils,
revealed that pollen germination on the stigma was normal
and the polien tubes penetrated into the stigma. However,
the callose deposits were larger and more frequent than in
the compatible pollen tubes, and growth of incompatible
tubes was mostly inhibited in the style. Pollen tubes rarely
reached the ovary, when fertilization can occur followed by
s slight elongation of the gynophore. These gynophores
soon dried up and degenerated (Singh et a/., 1980). Several
techniques to overcome incompatibility were tried among
which application of growth hormones to the bases of
incompatibly pollinated flowers was encouraging (Singh
ot al., 1980). This substantially increased the percentage of
gynophores which developed slowly and rarely set mature
pods. Some of them do develop to a stage when the immature
embryos could be conveniently excised and cultured for
raising hybrid plants.




& Riess, 1877) and of herbicides (Davis & Shimsbukuro,
1880; Davis ot a/,, 1880), and synthesis.of lipids in soybean
and rapeseed (Mangold, 1877) or isolation of pedalin, a
glycoside in Sessmum indicum tissue cultures (Khanna &
Jain, 19873; Jain & Jain, 1980; see also Butcher, 1977).
Interaction and association of certain Rhizobium strains
with cell suspension of soybean, a legume (Child & La Rue,
1974) were compared with those for Brassica napus, s non-
legume (Child, 1975; see Giles & Vasil, 1980). Similarly,
interaction of certain obligate pathogens with cultures of
sunflower, rape and linseed have been reported (ingram,
1977; Sacristan & Hoffman, 1870).

Quatrano (1968) and Bajaj (1976) based on their
studies on flax protoplasts and soybean celis respectively,
have suggested the freeze-preservation and use as gene
banks. Various aspects of cryopreservation and its appli-
cations have been reviewed by Bajaj & Reinert (1977) and
Baja (1978b). In recent papers, Withers (1880) and Kartha
(1981) review meristem with no reference to oil seed crops
indicating the lack of attention to these crops.

TISSUE CULTURE IN ARACHIS HYPOGAEA

Review of Literature: From a survey of the literature on
groundnut tissue cultures it is apparent that progress has
been limited to optimizing the conditions for callus growth
and root induction, though some rare plants from ovule
cultures in vitro, pod formation in gynophore tip cultures
and a few non-haploid plants from anther cultures have
been produced. Thess few attempts and reports to date are
summarised below.

Tissue and Organ Cuftures: Harvey & Schulz (1943) and
Nuchowiz (1955) were probably the first to initiate such
studies by using embryos or embryo segments. A decade
after that, the next report of root formation in groundnut
pericarp cultures appeared (Rangaswamy et al., 1066).
Following this was the report of formation of some viable
plants from culture of A, hypogeea ovules measuring 0.3
mm (Martin, 1970). This opened up the possibilities of ovule
culture from incompatible cresses but no further attempts
were made although interspecific incompatibilities in the
genus were known. Ziv & Zamski (1975) showed that
cultured gynophore tips could exhibit three major kinds
of responses viz., callus formation at the cut surfaces,
gynophore elongation and its geotropic curvature, and
swelling of the ovary followed by pod formation. The
responses largely depended upon the availability or non-
availability of light, concentrations and ratios of kinetin
to naphthalene acetic acid, and the orientation of the
explant with respect to surface of the medium and the
gravitational force. Kumar (1974a) studied growth and
chiorophyll development during callus formation from
mesophyli tissues cuitured on a sugar-free medium. Using
hypocotyl and cotyledon segments, Kumar (1874b; 1974c¢)
investigated different concentrations of some vitamins, iron
saits and magnesium sulphate for optimum callus growth.

In 1975, Braverman suggested aseptic embryo culture
as & means of getuing virus free plants and thus improving
the phytosanitation of plant introductions.

Mroginski & Fernandez (1979) cultured anthers of
A. villoss and A. correntina, both wild diploid species and
A. hypogees, st verious stages of microsporogenssis on

media with . it combinations of ne- + acetic
acid and bensy: aminopurine and founc . MS BAP
05 NAA 2 inositol 100 was best for meximum callus
production, mostly from sporophytic tissue. In a later
report they found plants (with 2n=20) when calli from
anther cultures of A lignoss and A, sp. (both diploid)
were transferred from MS NAA 2 BAP 0.6 to MS BAP 0.01.
Bajaj et a/., (1880) found callus formation and early polien
embryogenesis and multicellular polien grains from anthers
of A hypogeea and A. glabrata (both tetraploid) cultured
on MS IAA 4 Kn 2.

During the last five years the technique of cotyledon
cultures has been used in three cultivars (Guy ot o/, 1978)
largely for optimizing callus growth and for the identifica-
tion of biochemical parameters. This was the first report on
cultivar specific differences in aseptic cultures, Guy ot a/.,
(1880) reported partial morphogenesis in “‘sterile” cotyledon
cultures (suthors’ inverted commas). They induced root
formation in callus by modifying the MS medium. Russo
& Varnell (1977) obtained elongation of shoot meristem
and callus formation depending upon the hormones. Bajsj’s
(1979a) successful report on culture of freeze-preserved
shoot meristems opened up the possibility of germplasm
preservation and minimizing quarantine problems.

Cell Culture: Groundnut cell cultures were initiated by Ball
& Joshi (1965) using mesophyll tissue. By modification of
the medium Joshi & Noggle (1867) suggested that the
mesophyll cells could synthesize their own metabolites
from mineral nutrients among which ammonia seems to
be of crucial importance. Subsequently, cell cultures were
obtained from cotyledons and usai for biochemicsl and
morphological investigstions. Jullian (1870) obtained a
preparstion of free cells by mechanical means as 8 first
step to protoplast isolation. In these suspension cultures
the cell sizes and the colony sizes wers highly variable.
Cell groups of different sizes differed qualitatively and
quantitatively in peroxidase and catalase activities (Verma
& van Huystee, 1970), so a balanced growth of these cell-
derived populations in cultures was doubtful (Verma &
van Huystee, 1971) and is yet to be achieved. Van Huystee
and his coworkers later observed that cell suspension
cultures derived from cotyledonary cslis released certain (
macromolecular complexes, in which peroxidase isozymes
have been identified immunologically (van Huystee, 1976;
Srivastava & van Huystee, 1973). Maldonado & van Huystee
(1880) have found that a8 medium supporting the growth
of groundnut celis in suspension was a rich source of
peroxidases which could be used for studies on species
relationships. High doses of ionizing radiations (500 kr)
to these cultures were found to degrade these complexes,
inhibit cell divisions, alter protein synthesis (van Huystes
& Turcon, 1973) and induce formation of giant cells (Verma
& van Huystee, 1971a). Biochemical investigations (Guy
et al., 1978) on growing calli from cotyledon cultures of
three groundnut cultivars revesied that though most cultivar
specific differences in the cotyledons were maintained by
the respective callus tissues, the concentrations of high
molecular weight proteins and neutral sromatic amino acids
were less in calli than in cotyledons while basic amino acids
were higher in calli. Recently Rao & Mehta (1880) have
shown how the polyphenols accumulate in groundnut
suspension cultures. Callus and roots were reported from
single cell cultures of A. hypogses (Yung-ru & Yu-hung,
1978).



The Genus Arachis and 1ts Wild Species Several expeditions
into Brazil and neighbouring countries have led to the
discovery of a large number of wild species related to
Arachis hypogees. Preliminary screening has indicated the
potential of these wild species as sources of pest and
disease resistance. The fungal, viral snd insect pests cause a
significant reduction in yields of A Aypogses Chemical
control of some of these pests has been practised with
good returns, but it is not a permanent solution nor s 1t
the best approach socially and sconomically, particularly
for the small farmer 1n developing countries of the semi-
orid tropical regions of the world A promising alternative,
therefore, is the incorporstion of genetic resistance, but
with A hypogaea the necessary resistances are not always
available to breeders

However, a number of wild relatives have been found
to be resistant to one or more pests The availability, cross-
sbility with A. hypogaes, ploidy differences, evolution and
means of utilization of this germplasm have been recently
reviewed (Gregory & Gregory, 1979, Moss, 1880, Singh et
o/, 1880) Stalker (1980) has illustrated how wild germ-

plasm has been profitably used in a few important crops.

and has shown how tissue culture technique has helped in
+ some cases

A. hypogaee has many serious disease and pest problems
immediate attention has to be paid to those listed in Table
8 The species of the genus Arachis are grouped into seven
sections (Gregory & Gregory, 1979) and not all species
have been screened against the major psthogens. Among
those screened several wild species of great potential have
been identified (see Table 8) Some of the compstible
species which belong to the section Arachis have been
utilized despite ploidy differences, and resistances are being
transferred to A hypogaes (Moss, 1980, Singh er o/, 1980)
A number of species in other sections are highly resistant
or immune to a wide range of pests (Table 8) but have not
been successfully crossed with A. hypogaes.

Table 8. Important Pests and Diseases of A. hypogaea
and some Sources of Resistance

Couss! Orgoniom Deone Source of Remstance Sect on
PUNGAL
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This paper reviews initisl investigetions of the barriers
to hybridizstion between the tetraploid species of the
section Arachis and those of the section Rhizomatosse.
Two species of the section Arachis used were, A. hypogess
cv. Robut 33-1 (2n~4x=40) and A, monticols (2n=4x=40),
8 wild species closely related to A. Aypogess. An unnemed
collection, A species P. |. No. 276233, siso a tetrapiond
(2n=4x=40), collected from Parsgusy, South Americs by
Gregory & Krapovickes in 1861 and resistant or immune
to major pathogens was crossed with the above two species
which are normally incompatible with it The studses are
simed st the use of tissue culture for large scale production
of hybrids for utilisation in a breeding program

Frut Development in Arachis Before attempting to
produce hybrids by culture of embryos, ovules, ovanes,
gynophore tips or other means, it 1s essential to know
the in vivo morphogenesis and the important factors
regulating the same. Arachis 1s one of the few genera
showing geocarpy. It undergoes s two step process a)
gynophore elongstion which continues for about two
weeks, b) pod development and maturation after the
ovary at the tip of the gynophore 15 pushed into the soil
Throughout the first step the zygote remains dormant after
the initial 3 or 4 divistons, and 1t 1s only in the soil that it
resumes development concomitant with pod formation

Interspecific incompatibiity The first report of an attempt
ed but unsuccessful cross between A. hypogaes and a wild
species was by Hull and Carver (1938), one of the species
used was A glabrsta Benth.,, a member of the section
Rhizomatosse, Subsequently although several unsuccessful
sttempts were made in crossing A, hypogaees with species of
Rhizomatosse, no effort was made to study the mechanism
of incompatibility, though Johansen and Smuth (1956)
sttributed the failure of seed set in A hypogeea x A. diogo/
to retarded growth and degeneration of the embryo accom-
panied by hypertrophy of integuments, thus destroying the
fusion product They suggested a8 similar reason for failure
of the A hypogsea x A. glabrata cross (Johansen & Smith,
1956) From this information 1t 1s possible that embryos
from such ovules could be grown to maturity by dissecting
them out and providing a suitable environment /n vitro
This was not attempted until recently for interspecific
crosses in Arachis although employed in a number of other
crops

Pegs were rarely produced in incompatible crosses
Initial investigations by fluorescent microscopy on the
behaviour of Rhizomatosae pollen on A, hypogsea pistils,
revealed that polien germination on the stigma was normal
and the pollen tubes penetrated into the stigma However,
the callose deposits were larger and more frequent than in
the compatible pollen tubes, and growth of incompatible
tubes was mostly inhibited in the style Pollen tubes rarely
reached the ovary, when fertilization can occur followed by
a slight elongation of the gynophore These gynophores
soon dried up and degenerated (Singh et a/, 1980) Several
techniques to overcome incompatibility were tried among
which application of growth hormones to the bases of
incompatibly pollinated flowers was encouraging (Singh
ot a/., 1980). This substantially increased the percentage of
gynophores which developed slowly and rarely set mature
pods Some of them do develop to a stage when the immature
embryos could be conveniently excised and cultured for
raising hybrid plants.




TISSUE CULTURE AND HYBRIDS FROM
INCOMPATIBLE CROSSES

Embryo Culture: Dissection and culture of immature
smbryos from undeveloped pods has been routinely done
snd hybrid plants obtained. Thess embryos germinated
precociously on a range of media from simple, Knop's agar
medium or White's (1943) medium, to complex Murashige
snd Skoog's (1962) medium. The cultures were kept in 8h
day length st 26+3°C. The rate of germination of these
smbryos depended largely upon the stage of development
st the time of culture. Very young embryos, heart shaped
or early cotyledonary stages formed a littie callus before
producing shoots. The most developed among the cultured
smbryos were from physiologically mature pods; embryos
from these germinated readily and formed healthy plants in
3 to 4 weeks (Fig. 1a). Optimum conditions for culture of
smbryos at various stages of developmant are being worked
out.

Owule Culture: We have been interested in culturing ovules
excised from gynophores before they penetrate the soil
and hence bafore the start of pod formation. Martin (1870)
reported the possibility of obtaining plants from ovule
cultures. Sastri et o/, (1980) found that Martin’s medium
was not all that satisfactory; only little callus, which soon
became necrotic, was observed, and no plants were formed,
Since then other media, varying with respsct to auxin,
kinetin, gibberellin and casein hydrolysate concentrations,
have been tried but with no significant improvement in
response.

Ovary Culture: Another possibility of obtaining hybrids
could be to culture whole ovaries with ovules containing
the gametic fusion product. in our attempts with cultures
of ovaries 2—4 days after pollinstion (by which time
fertilization had occurred) we found that the explants
cultured on MS Kn 2 |IAA 2 formed massive calli which
occasionally produced a few shoot like structures and/or
roots (Sastri ot o/., 1980).

In fact Ziv and Zamski (1875) reported pod formation
in vitro from culture of gynophore tips which inciuded
ovaries. Our efforts to repeat this work using A. monticola
and A. hypogaea gynophores have not been very satisfactory.
We have observed, in a small percentage of cultures, elonga-
tion and geotropic curving of the gynophore and callus
formation at the injured parts of the gynophores. On WM
Kn 3 there was no growth in pericarp tissues but ovules
increased in size and emerged from the pericarp tissues.
Subsequently, at the injured regions of the pericarp tissues,
callus initiation was seen. Our observations thus differ from
those of Ziv & Zamski (1975) in that we found swelling of
the ovules only, while the latter reported an overall growth
of ovary and concomitant ovule development thus showing
an oversll pod development as might happen under natural
conditions.

CLONAL PROPAGATION

Plantiet formation in groundnut tissue cultures has
been a rare and an inconsistent observation in the literature.
From the account that follows it will be clear that organo-
genesis, shoot formation in particular, can be freely induced
and complete plants -~ tained from cultures of 8 wide range
of explants.

Cotyledon Culture: Cotyledon has been the most frequantly
used organ for establishment of callus and cell suspension
cultures which have been used often for biochemical
investigations. These aspects have been summarised esrlier.
Regarding differentistion from cotyledon cultures, only
rhizogenesis hes been reported recently (Guy et o/, 1980).
From our experiments with cotyledon cultures, it emerges
that this is the best sxplant for obtaining a large number of
plants.

From mature dry seeds, cotyledons were severed from
the embryos and sach cotyledon was then implanted
in one test tube. Murashige and Skoog's medium was
tried, with various supplements of auxin and kinetin,
Most of the combinations induced callus formation, which
is generally localized at the cut ends i.e. the nodal ends of
the cotyledons. Some media inducing the formation of
shoot buds and shoots on the callus (in decressing order
of responsiveness) are: MS Z4; MS Kn 4 (Fig. 1d); MS Kn
2 1AA 1 GA 1. Roots or plants have been obtained off
different compositions of the media.

Callus formation and subsequent caulogenesis occurs
within 10 days after culture. Shoots are initiated in large
numbers very rapidly and they can be rooted to obtain
plants. Although this is a two step process, it has the
advantage of a larger number of plants per explant than
single step induction of plants from cotyledon cultures.
Whether the cotyledon-derived plants are identical to the
embryo-derived plants or nat, is yet to be determined, but
because of the rapidity with which the shoots ars given
out, plants from cotyledon culture are expected 0 be
ident cal to embryo or seed-derived plants. Of the explants
tried, cotyledons are suggested as the best souroe for rapid
clona! propegation. Cotyledons have been cultured from
immature seeds formed in an incompatible cross, viz., A.
monticola x A. sp. P. |. No. 276233. These too have given
rise to plants, which indicates that cotyledons can indeed
be cultured for rapid cional propagation of hybrids.

Leaf Culture: Leaflet segments at various developmemal‘
stages from groundnut plants of different ages were used
as explants. Using mature leaflet segments from plants of
sny age, it was possible to induce calli in both MS liquid
and agar media. The callus appeared faster at the cut ends
than on the lamina itself. The liquid media were better
suited for faster callus production than semi-solid media.
Leaflets at earlier stages of development tended to respond
faster than mature leaflets. However, within 7 days, cultures
of young leaflet segments from germinating seeds and
mature plants developed calli randomly on the surface, sub-
sequently masking the original tissue with further growth
of callus within about 2 weeks of culture on MS NAA 2
BAP 0.5 (Fig. 1b, e). These calli gave rise to a large number
of shoot buds, which grew at different rates, some becoming
considerably larger than others (Fig. 1b), but even the
smallest grew satisfactorly when they were individually
subcultured onto fresh media. A similar observation has
been recently made by Mraginsk: et a/ (1981)

The kinds of auxin antl kinetin and their concentrations
required for aptimum results are being further investigated.
Temporal separation of the callus formation from sub-
sequent ra jenesis or pmbryogenesis would facilitate
v { experimiints such as nall and nratnniess



cultures, differentiation from them, somatic fusion and
mutation.

Flower Bud Culture: \n our attempts to give hormone pre
treatment to flower buds for anther culture and haploid
production, one medium, MS Kn 1 NAA 0.2 without agar,
stimulated callusing from A. monticola flower bud surfaces,
including the cut bases. Foliar structures developed from
these cultures,

Shoot Meristem Culture: During the last few years there
has been a rapidly growing interest in culture of shoot
meristems. The attraction of this work is that they offer
a wider range of benefits including rapid multiplication,
and the plants thus obtained can be disease free thereby
minimising quarantine problems during plant introductions
across various countries. Once regeneration from these is
achieved for any species, they could be lyophilized and
used for germplasm preservation, as has been suggested and
done for a wide range of plants (Withers, 1980). Initial
results show that regeneration from shoot meristems even
as small as 2 mm pose no problem. Callus and then multiple
shoot buds were formed on MS BAP 1 NAA 2 (Fig. 1c) and
MS 1AA 1 Kn 2 GA 1. Experiments to subculture and
. obtain complete regeneration from each of these buds are
"in progress. Once established, this technique could indeed
be of great advantage to all Genetic Resources Units, but

Fig. 1a—f: Embryo and tissue cultures in Arachis. a)
Arachis monticola x A. glabrata, immature
embryo culture; 2 weeks on White's medium.
Plantlet. b) A. hypogaea, young leafiet culture
of mature plant; 7 weeks on MS NAA 2.0 BAP
05.c)A. h , shoot tip culture; 9 weeks
on MS NAA 2.0 BAP 1.0. d) A. hypogaes, de-
embryonated cotyledon culture,; 9 weeks on MS
Kn 4.0. Developed shoots. e) A. pusilla, culture
from young leaflet of young seedling, 2 weeks of
MS NAA 2.0 BAP 0.5. Shoot primordia. f] A.
pusilla, root disc culture; 2 weeks after culture
on MS NAA 2.0 BAP 0.5. Developing shoots.
(Scales: all 1 cm)

we must know for what length of time the shoot meristems
or calli can be preserved without any apprecisble loss in
their regenerative capacity. Baja; (1879a) hes already shown
that groundnut shoot tips can be preserved for at least
27 days in liquid nitrogen, end successfully cultured sub-
seqQuently.

Root Disc Culture. Root discs from upto 5 day old
germinating seeds have been used and the resuits have
been very encouraging. As with the other explants several
hormonal additives in Murashige and Skoog's medium were
tried. The MS BAP 0.5 NAA 2 has given the best results so
far with Arachis hypogaea and A. pusilla (a wild diploid
species). Callus was formed on the cut surface of the disc in
A. pusills, microscopic examination of these calli revealed
proembryos and several shoot primordia (Fig. 1f). Several
green nodular structures were observed within 2 weeks;
each of these developed into a shoot. Roots were rarely
observed. The shoots were transferred 1o a rooting medium.
A, hypogaea root discs formed callus and roots.

Anther Culture: Attempts have been made to culture
anthers using MS as the basal medium. Mroginski & Fer-
nandez (1979, 1980) used MS NAA 2 BAP 0.5 and obtained
callus from gametophytic and sporophytic tissues in four
diploid wild species and cultivated species; they found
plantiet formation in A. lignoss and another wild species
({both diploid) when calli were transferred to MS BAP 0.01
(Mroginski and Fernandez, 1980), Bajaj et a/. (1980)
cultured A. hypogaes and A. glabrata anthers, snd found
MS Kn 2 IAA 4 the best; but they observed only callus
formation and pollen at esrly stages of embryogenesis.
On MS NAA 2 BAP 0.5 and a few other hormone combina-
tions we have observed callus formation and early stages
of pollen embryogenesis.

CHALLENGES AND OPPORTUNITIES IN
IMPROVEMENT OF OIL CROPS IMPACT
OF TISSUE CULTURE TECHNOLOGY

The above account shows that tissue culturists have
accepted the challenges of crop improvement and hope-
fully are on the verge of extending their successes to a wide
range of crops. Opportunities and the methods to meet the
requirements of a particular crop vary, and techniques that
have been successful in one species have not been applied
to all the crops, and the requirement for each may vary
also.

The contribution could be far greater if currently
available technology is tailored to the needs of a particular
crop. In rapeseed for example great success has been
achieved during the last decade. At the beginning of the last
decade the importance of haploid plants was realised; now
it is possible to produce a iarge number of haploids which
have caught the attention of the breeders. There appear
to be no limits to the extent of exploitation which is
indicated by the production of an intergenetic hybrid,
“Arabidobrassica” by the fusion of protoplasts of Arabi-
dopsis and Brassics, genera of two taxonomic tribes! Test
tube fertilization for desired crosses in Brassica can be
schieved and all these new genetic resources can be propa-
gated in vitro much more rapidly than csn be done in the
field. Becsuse of the aseptic conditions of the test tube
plants, bresders all over the worid have an essier acoess to
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most of the material generated and propagated by tissue
culture technique.

However, many breeders of the other oil crops are still
not convinced that tissue culture technology can be of
much benefit. There are certain instances where tissue
culturists can claim an undisputed role in crop improve-
ment, such as germination and propagation of the “‘maka-
puno’’ variety of coconut; large scale clonal propagation of
oil palm in vitro, seed development from culture of cotton
ovules at zygote stages and subsequent realization of several
hitherto impossible interspecific hybrids and successful
embryo cultures. We at ICRISAT have started to apply tissue
culture technology to groundnut improvement, concen-
trating on areas of top priority decided after considering
the pest and disease problems in different areas where
groundnut is grown. Initial results have been encouraging
for interspecific incompatible hybridization, clonal prope-
gation, and shoot meristem culture. Induction of haploid
plants is being attempted. From tables 3—7 it appears that
olive, safflower, and sunflower have received very little
attention and therefore tissue culturists and breeders could
cooperate to assess the feasibility of improving yield in
these. Possibly a few underexploited oil seed crops such as
babassu palm (Orbignya martianaj, buffalo gourd (Cucurbita
foetidissima), Caryocar sp., Jessenia polycarpa and parti-
cularly jojoba should be investigated through a concerted
effort and which will be justified by increased edible oil
production especially in developing countries. Jojoba,
Simmondsia chinensis has already been regenerated in vitro
{Gladstone, 1976).

In addition to several applied aspects of tissue culture
which are of immediate importance to breeders, some
fundamental studies useful to breeders must be considered.
Priorities are difficult to assign, but the vast losses due to
pests and diseases justify the in vitro studies on details
of hcst-pest interactions which may itself result in pest
resistant genotypes, or may provide clues to induction
and selection of such genotypes. Physical stresses such as
drought and salinity are also being provided to tissue
culture; although nothing significant has emerged so far
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it seems an i .1t tool for selection o1 . mt, salinity
and other physical stress tolerant lings, Simularly the in
vitro system could be ideal for selection of Rhizobium
strain — legume genotype associations.
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