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Foreword

An International Workshop on Groundnuts held at ICRISAT in 1980 covered a wide
range of subjects, including genetics and breeding, cytogenetics and the utilization of
wild species, crop nutrition and agronomy, entomology, and pathology. That general
review of groundnut improvement will now be followed by more detailed examination
of specific research aspects or disciplines. Such aworkshop, in which a small group
of cytogeneticists reviewed work on the utilization of wild species inthe improvement
of the cultivated groundnut, was held at ICRISAT Center in November 1983 and is
reported in these proceedings.

ICRISAT is predominantly an applied research institute dedicated to improving the
life of poor farmers in the semi-arid tropics, but undertaking some fundamental
research when necessary. The use of wild species of Arachis as sources of genes for
resistance to pests and diseases necessitates an understanding of the cytogenetics
and incompatibility systems that exist, so that barriers to successful interspecific
gene transfer can be overcome. Much fundamental work has already been done at
institutions in the USA, facilitating our applied work. A great deal of help has also been
given by the International Board of Plant Genetic Resources (IBPGR) who coordi-
nated and funded the collection of wild material from threatened habitats in South
America. In these endeavors we have seen excellent cooperation between institu-
tions and scientists from North and South America, as well as between international
bodies such as IBPGR and ICRISAT.

ICRISAT materials, developed by interspecific hybridization, have demonstrated
their disease resistance, yield potential, and agronomic acceptability, and are now
competing with conventional cultivars in national trials in India. We are encouraged
by this success and hope that the work reported, and the new ideas discussed in this
volume will promote further developments and forge stronger cooperative ties in this
exciting field.

L.D. Swindale
Director General, ICRISAT
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Introductory Address

Hugh Rees’

| am most grateful for this opportunity of saying a few words before the serious business of the
day gets under way. Although this is an inaugural address, which sounds most formal and
even presidential, | propose to be neither.

| am conscious that all of you present at this workshop have detailed knowledge of Arachis
and expertise in applying this knowledge in various ways with a view to the improvement of the
groundnut crop. | have neither the detailed knowledge nor the experience of working with
Arachis. For these reasons it would be presumptious of me, indeed impertinent, if | were to
offer quick and ready answers to the many problems that confront you, as breeders, patholo-
gists, physiologists or cytogeneticists. What | propose to do is to consider a problem that, in
general terms, faces all of us who are engaged in applied research work. The problem is this.
To what extent, and in what measure do we place emphasis, on the one hand, on research
which is strictly of an applied nature and, on the other hand, to work of a more basic kind? |
shall offer, later, a comment on this same problem in relation to what | know of the work on
Arachis.

| am a university man and you will know that for better or for worse the university scientist
has the freedom to choose his field of research and, equally important, to choose which
organism to work on. The scientist at an applied research station, in sharp contrast, is subject
to certain and inescapable constraints. His research objective is defined, the organism
specified. Those of you who are cytologists might with justice complain about the technical
difficulties of interpreting the miniature chromosome configurations at meiosis in Arachis
species. Your peers, however, would be less than enthusiastic if you were to propose instead
to examine the large, fat chromosomes of Lilium. There is indeed a difference in approach but,
as | shall indicate, it is often exaggerated. On the face of it another difference between the role
of the university scientist and that of the research station scientist is that the former concen-
trates upon pure or basic research, the latter on the applied. To my mind, however, such
statements are grossly misleading and, from many points of view, dangerously misleading.
Consider, for example, some of the famous names who have contributed in recent times to
basic science in the field of biology. RA. Fisher worked at an agricultural research station.
Watson and Crick worked at an unit of medical research. An eminent applied scientist in
England, Professor Wain, was an university man. Equally misleading are the popular, dog-
matic references to basic and applied research as if they were sharply distinct and disparate
activities. Who indeed would care to define the borderline between them? We recognise the
extremes well enough but the overlap is extensive and complex. Eminent cytologists such as
CD. Darlington in England; Marcus Rhodes, Barbara McClintock and Ernie Sears in the USA,
could as well fit the description of applied scientists as of pure scientists. They contributed
enormously to our knowledge of important horticultural and agricultural crops. Their contribu-
tions to basic science are equally celebrated.

| have said that it is dangerous to perpetuate the misleading compartmentalization of basic
and applied research and dangerous also to overemphasize the different roles of university
scientists, and of scientists at institutes of applied research. It is dangerous for this reason.
Progress in both basic and applied research is, above all, a matter of interdependence and of
interaction. For this reason the university man like his opposite number at a research station
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depends as much upon new knowledge from applied research as from basic research. There
are, of course, exceptions but they are fewer than we generally acknowledge. If we fail to
recognise this element of interdependence we are in danger not only of misunderstanding our
science but of rendering it that much less effective.

Having said all this we now come to the difficult question. Where does one strike a balance?
In terms of the applied research institute, how much basic research can one afford to do? Or
better, how much basic research can one afford not to do to achieve one's objective? This to
my mind is the most difficult question for a research director, at any level, to answer. It is also
one of the most important. It is difficult because the criteria are never easy to define or to
measure. With limited resources, and resources are always limited, the return on investment
is never guaranteed. There is always an element of a gamble, of risk.

I shall now take a personal risk by venturing to refer, albeit very briefly, to the element of
basic research in the context of the ICRISAT groundnut program. In the first place there can
be no doubt that the elucidation of the chromosome organization and differentiation among
the wild and cultivated species of Arachis provides a solid and immensely important base
upon which to formulate and exploit the breeding potential within the genus. The basic
science devoted to understanding the taxonomy and the cytology of the genus was not only
fruitful but essential. A large part of this work was accomplised by participants at this
workshop. Much of it was accomplished at this institute. But having said this | have little doubt
but that there is every reason for extending this basic work. From a taxonomic standpoint
there is much that needs doing, and urgently at that.

Scores of species have yet to be named. The names, though necessary and important in
themselves, are no more important than the morphological, physiological and genetical
characteristics which they reflect. More work also needs to be done on the cytology. While
two genomes have been unambiguously identified within the genus there is ample evidence
to show that others exist, to be manipulated to the profit of the breeder and the farmer. In this
context | believe it would facilitate matters to apply new methods for the identification of
chromosomes and of chromosome complements, not only in parental species, but in hybrids
and in hybrid derivatives. Of these new methods estimates of nuclear DNA amount and the
application of C-banding techniques are obvious possibilities. Inthe cytological field, also, an
understanding of the genetics of the diploidisation mechanism in the polyploids of this genus
could be of much value, since the introduction of useful genes from wild species will depend
largely upon the synthesis of amphiploids to be used either in their own right, or as interme-
diates for crossing with cultivated varieties. There are other possibilities which no doubt will
be considered in depth and detail during the next few days. In the meantime it is crucial to
acknowledge and to appreciate the contribution of that element of basic research to ground-
nut improvement. In parenthesis let us not belittle, either, the contribution of this work to the
basic and general understanding of the evolution of chromosome complements and of
species.

Finally, | should like to returntothetheme of interdependence, in the context of basic and of
applied research, in the context of the scientist at the university and at the applied research
institute. It seems to me that there is a case for involving, to an increasing degree, the
university scientist in the work and objectives of the applied research institutes; of mixing, to
an increasing degree, the work of the reputedly basic and applied scientists. | made allusions
earlier to the need for exploring and developing new cytological techniques. Why not 'farm’
them out to university departments? In the first place it would be economical. Certain
university departments have the necessary equipment and expertise. Also, the commitments,
from the standpoint of the research institute could be short term. If the problem cannot be
solved in a few years, if the return on investment is unprofitable it can be dropped without
embarrasment to person orto institution. In the second place | have no doubt it would be tothe
very great benefit of university scientists. It would do much, to those of us who need
reminding, of the political realities of science. We would also learn alot and, hopefully, be that
much wiser and, as a community, that much less complacent in our traditional isolation.



Introduction to the ICRISAT
Groundnut Improvement Program

J.P. Moss'

The average yield of dried groundnut pods in the
world is 990 kg/ha. In the USA, the yield rose from
1000 kg/ha in 1920 to 3000 kg/ha in 1950. When
compared to these figures, the average SAT yield
of 800 kg/ha is quite low. The disparity between the
figures can be attributed to the combination of
improved cultivars, and high inputs, especially irri-
gation and weed, pest, and disease control by
chemicals used by U.S. farmers. These inputs are
not always available to the farmer of the SAT,
where constraints have caused a reduction in yield,
although in India total production has increased
with an increase in the area cultivated (Table 1).

Once the constraints faced by the SAT farmer
are overcome, the yield levels can be raised to
match those in developed countries; in fact, the
potential yields are as high as 10000 kg/ha. The
highest yield achieved at ICRISAT, using improved
genotypes and good cultural practices, is 7000
kg/ha.

Table 1. Area sown to groundnut and its yield and
production in India from 1930-1981.

Area Yield Production
Year (,000 ha) (kg/ha) (,000 t)
1930-39 2901 1003 2910
1940-49 3876 899 3485
1951-56 4854 729 3539
1956-61 6150 722 4440
1961-66 7211 710 5120
1966-71 7278 715 5204
1971-76 7170 785 5628
1976-81 7142 803 5735

Constraints

Most constraints to production, such as uncertain
rainfall, pests and diseases, can be overcome by
using irrigation, fertilizers, and/or pesticides,

including herbicides. These inputs are either not
available, or too expensive for the SAT farmer who
tends to invest all he can afford in cereals, his
staple food crop.

The ICRISAT Groundnut Improvement Program
started in 1976. Currently there are six subpro-
grams: Breeding, Cytogenetics, Pathology, Ento-
mology, Physiology, and Microbiology. The
Genetic Resources Unit is responsible for germ-
plasm collection, accession, maintenance, and
description and we work in close collaboration with
the groundnut germplasm botanist.

The groundnut program emphasises overcom-
ing constraints using means available to farmers
with low incomes. Foremost among these is the
development of cultivars resistant to pests, dis-
eases, and drought. All subprograms cooperate
with the breeders to achieve this goal. It is also
important to devise cultural methods to evade
pests and diseases. For example, the combination
of various practices such as correct sowing date,
and plant spacing that leaves no bare soil at the
time of peak incidence of the vector, can substan-
tialy decrease the incidence of bud necrosis dis-
ease (BND) caused by tomato spotted wilt virus
(TSWV) so that good yields can now be obtained
from cultivars susceptible to TSWV.

Diseases
Foliar Diseases

The most important foliar diseases of groundnut
caused by fungi are early (Cercospora arachidic-
ola) and late (Cercosporidium personatum) leaf
spots and rust (Puccinia arachidis). At ICRISAT
Center rust and late leaf spot occur each year in
epidemic proportions. Together they have been
shown to cause yield losses of up to 70% in sus-
ceptible cultivars while each disease may separ-
ately cause up to 50% yield loss. All the released

1. Principal Cytogeneticist, Groundnut Improvement Program, ICRISAT, Patancheru, A.P. 502324, India.
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Indian cultivars are susceptible. Field screening of
the world germplasm collection for resistance to
these two diseases was started at ICRISAT Center
in 1977 and over 9000 accessions have now been
examined. Fourteen breeding lines with rust resist-
ance have been jointly released by ICRISAT and
the USDA.

Most of the rust and late leaf spot-resistant lines
are low yielding and have undesirable pod and
seed characters. Breeders have crossed them with
high-yielding, but disease-susceptible cultivars
and are making progress in breeding cultivars that
are resistant to these two diseases but which have
good agronomic characters.

At ICRISAT the early leaf spot disease caused by
C. arachidicola does not normally become severe
enough to permit reliable field resistance screen-
ing, but in the 1983 rainy season the attack by this
disease was sufficiently severe to identity some
genotypes with significant resistance.

Near-tetraploid derivatives have been deve-
loped from crosses between wild Arachis species
that are immune or highly resistant to the leaf spots
and rust diseases, and high-yielding groundnut
cultivars. These derivatives have useful resistance
to one or more of these important foliar diseases
and are now in use in the resistance breeding
programs.

Aspergillus flavus and Aflatoxins

Aflatoxins are toxic secondary metabolites pro-
duced by strains of fungi of the Aspergillus flavus
group when growing on suitable substrates.
Groundnut seed and groundnut products are very
effective substrates for production of the toxins.
Aflatoxin contamination can be minimized by
adopting farming and produce-handling methods
designed to avoid damage to pods and seeds, but
few farmers in the SAT follow the recommended
procedures. Breeding lines with testas resistant to
fungal invasion in rehydrated dried seeds were
reported from the USA. This resistance was con-
firmed at ICRISAT Center and several more dry
seed-resistant genotypes identified. It is of interest
that some of these genotypes were also found to
resist invasion by the group of fungi that cause pod
rot disease.

Virus Diseases

Virus diseases of groundnuts are common and can
be serious but it has been difficult in many cases to

estimate the losses caused by specific diseases
because of confusion about their identification and
distribution. Identification has too often been based
only upon disease symptoms. At ICRISAT empha-
sis has been placed on the purification and precise
characterization of groundnut viruses and on the
production of antisera. This research has been
accompanied by field and screenhouse evaluation
of germplasm accessions for resistance or toler-
ance to such virus diseases as bud necrosis, pea-
nut mottle, and peanut clump. Some 7000
genotypes have been screened for resistance to
bud necrosis (caused by TSWV) but all were
susceptible.

Wild Arachis species are now being screened.
Arachis chacoense has been found resistant in
mechanical and thrips inoculation tests. Almost
500 germplasm lines have been screened for res-
istance to peanut mottle using a field mechanical
inoculation technique. All proved susceptible but 4
lines showed less than 5% yield loss which was in
marked contrast to the 12 to 60% yield loss in
infected plants of other lines. Two genotypes were
found to have no seed transmission of peanut mot-
tle virus from infected mother plants. Resistance
breeding using the tolerant, and the 'no-seed-
transmission' genotypes has just started. Screen-
ing for resistance to the soil-borne peanut clump
virus disease has been in progress for several sea-
sons but with conflicting results, probably due to
the occurrence of virus strains with differing viru-
lence on different host plant genotypes.

Groundnut rosette disease is the best known and
most important virus disease of groundnuts in
Africa south of the Sahara. ICRISAT is now
involved in coordinated international research to
resolve this problem.

Bacterial Disease

The only important bacterial disease of groundnut
is the wilt caused by Pseudomonas solanacearum.
This disease is common and serious on ground-
nuts in East Asia and has been reported from South
Africa and the USA. It has not as yet been found in
India, and therefore has not been investigated at
ICRISAT Center.

Pests

Over 300 insect and mite species have been
recorded from groundnut but most are of limited
distribution. Yield losses worldwide have been



assessed at 17% from field pests and 6-10% from
storage pests.

Virus Vectors

Insect pests may be of importance because of the
direct damage they do or because of their role in
transmission of virus diseases. At ICRISAT the
emphasis of entomological research is to combine
cultural practices and host plant resistance to
develop integrated pest management systems.

Field Pests

The effects of cultural practices on the incidence of
other important pests are being studied and partic-
ular attention is being given to effects of intercrop-
ping. The high-yielding and multiple pest-resistant
genotype NC Ac 343 has been used to develop
breeding lines with good resistance to thrips, jas-
sids. and termites.

Breeding for Pest Resistance

Breeding for pest resistance was started in 1980
with the objective of combining resistance to jas-
sids, thrips, and termites into high yielding geno-
types. An extensive hybridization program was
intiated and a large number of single and multiple
crosses were made. Through repeated testing and
selection, several high-yielding progenies have
been developed which have good resistance to
thrips and jassids. Some termite resistant progen-
ies were also identified.

Drought

A method of parallel screening in the field has been
developed and is being used to screen a large
number of germplasm accessions and breeders
lines. The other approach is to examine in detail the
physiological responses of groundnut plants to
drought stress, the factors that determine water
use and water-use efficiency, and the physical and
physiological basis for genetic differences in
response to drought.

Drought Screening

Screening started in the 1980/81 postrainy season
when a few treatments were applied to 80 geno-
types. Drought stress was induced at different

stages in crop development, and lines with 'toler-
ance' to drought were identified. We confirmed the
hypothesis that there is an interaction between
time of stress and genotype.

In 1982/83 line source irrigation was used to
create 6 levels of water application in each of 4
drought timings, representing variations in early
and mid-season drought environments, where
rainfall is always less than potential evaporation.

In 1981 /82 an evaluation of 25 lines of known
drought tolerance showed that early stress defi-
nitely provides adaptive advantages in the event of
a second drought at a later stage. Long droughts
with occasional short periods of good water rela-
tions do not change the nature of the basic
response to that drought pattern. This series of
trials has identified lines which have consistently
given better than average yields under drought
conditions.

Drought Physiology Studies

These have been conducted to investigate the
effects of time and intensity of drought; the effect of
plant population on water use and the development
of drought conditions; and the effect of the time of
stress on drought-recovery responses.

Nutrient Stress
Biological Nitrogen Fixation

Although groundnut is an efficient fixer of nitrogen,
and most cultivated tropical soils contain large
populations of Rhizobium bacteria capable of form-
ing nodules with groundnut cultivars, there is scope
for increasing nitrogen fixation by manipulating
Rhizobium strains, host genotypes, environments,
and their interactions.

Inoculation with Rhizobium

There are several reports of Rhizobium inoculation
increasing groundnut yields in fields where the
crop had not previously been grown. In trials at
ICRISAT Center over the past seven years, it has
been shown that inoculation of groundnut seed of
several genotypes with an effective strain of Rhizo-
bium can increase nitrogen fixation and pod yield,
even when the crops are grown in fields well popu-
lated with effective strains of Rhizobium .

During the 1978 rainy season some F, progenies



in a rust-screening nursery were observed to have
segregated for non-nodulation. Some of these
have been purified to obtain non-nodulating lines.

Development of Genotypes with
Specific Attributes

High Yield and Quality

Although breeding for stable production overyears
and locations, and seeking resistance to various
constraints have the highest priority, breeding for
yield is itself important, particularly for areas where
there are few constraints, or where progressive
farmers can afford such inputs as insecticides and
fungicides. High-yielding lines are also needed in
the constraint-based breeding programs and to
counteract the rising costs of cultivation.

Advanced breeding populations are evaluated in
two different seasons at ICRISAT Center. In the
rainy season they are evaluated under two produc-
tion levels: high input (60 kg P,Os/ha with supple-
mentary irrigation and insecticidal sprays when
required) and low input (20 kg P,Os /ha rainfed with
no insecticidal sprays), and in the postrainy season
under high input only. In the early generations there
is very mild selection for yield. In the later genera-
tions, pod shape and seed size are used as selec-
tion criteria in addition to yield. Most of the material
is bulked for further evaluation and selection by
cooperators in national programs.

Several high-yielding lines with acceptable pod
and seed characteristics and good shelling per-
centage have been developed. Based on consist-
ently good performance, 62 lines have been
entered in national trials in India. Lines ICGS 30 and
21 have given pod yields of over 6500 kg/ha which
compare well with the 5500 kg/ha of the control
cultivars, J 11, and Robut 33-1.

High-yielding lines suitable for rainy season use
have also been developed. ICGS 50, 30, and 1 did
well under both low input and high input conditions
at ICRISAT Center and several are under test in
Indian national trials.

Earliness and Dormancy

In the SAT, growing seasons can be very short
because the rains do not last long. Earliness
coupled with good seed size and yield would pro-
vide stable production in such years. Two early
Spanish types (Chico and 91176) and a mid-early

Virginia line (Robut 33-1) were crossed with other
high-yielding bunch and runner types. Useful high-
yielding, early-maturing material has been
generated.

Utilization of wild Arachis Species

The groundnut program is the only ICRISAT pro-
gram to include a cytogenetics unit. The unit's main
aim is to tap the wealth of resistance genes in the
wild species. The first, and still the majoremphasis,
is on resistance to the leaf spot diseases. Work
began at Reading University in 1973, and still con-
tinues, as a collaborative program with ICRISAT.
Since the cytogenetics program at ICRISAT got
underway there has been a change of emphasis at
Reading where more basic aspects are now stu-
died. Many more types of resistance have been
identified in wild species since 1976, and are being
used in the crossing program at ICRISAT. How-
ever, desirable hybrids cannot be produced, and
details of research in this field will be presented
later in the workshop.

Cooperation with National
Programs

In order to conduct trials under different climatic
conditions, or where there is a different pattern of
pests and diseases, the groundnut program con-
ducts trials at many locations within India; on
farmers' fields, on university farms, and at many
national research stations. In some cases, these
sites are the only possible location for the trial e.g.,
screening trials for pests or diseases which do not
occur at ICRISAT. The program could not function
adequately without this cooperation.

Advanced lines are submitted for entry to the All
India Coordinated Research Program on Oilseeds
(AICORPO) trials. ICRISAT provides one of the
sites for AICORPO trials. Their results provide very
valuable information on the comparative perfor-
mance of ICRISAT and other material throughout
India.

We have close links with the Directorate of Oil-
seeds Research and several universities. We have
reciprocal visits with scientists from these institu-
tions and we have provided training in specialist
skills to many of them. We recently held a group
discussion on 'Management of Pests and Diseases
of Groundnut with Special Reference to Resistance
Breeding', in which 50 scientists from India partici-



pated. Our research team in Malawi based at Chi-
tedze Research Station, Lilongwe, has been
mentioned earlier, and we are also in touch with
other research institutions such as those in Brazil
and the USA. This is the second major international
workshop held by the groundnut improvement pro-
gram; we had a general groundnut workshop in
1980, and plan to hold one on rust disease in 1984.

Conclusions

ICRISAT has an active groundnut improvement
program, based on interdisciplinary research
involving breeding, cytogenetics, physiology,
pathology, entomology, and microbiology. There is
close cooperation with the Genetic Resources
Unit. An ICRISAT Regional Groundnut Program for
Southern Africa was established in Malawi in 1982,
and contact with other groundnut scientists has
been maintained through visits and correspon-
dence.

Many scientists have visited ICRISAT; some on
short visits to concentrate on one aspect of
research or to learn new techniques, others for
longer periods to study a particular discipline in
more depth. ICRISAT scientists publish journal arti-
cles on their work and visit other groundnut-pro-
ducing countries whenever possible. ICRISAT
publishes annual reports and miscellaneous bullet-
ins, and organizes workshops, group discussions,
training courses and breeders meets to stimulate
the free flow of information.

ICRISAT also provides material for research.
This includes germplasm accessions with desira-
ble characters, such as pest and disease resist-
ance; early generation material produced by
ICRISAT breeders, from which material adapted to
local conditions can be developed, and advanced
generation material. Information returned to ICRI-
SAT on the performance of these lines helps us
send material suited to local conditions in other
recipient countries.






Wild Genetic Resources



Plate 1. a. Arachis burkarti VMoSi 7317, collected in Rio Grande do Sul, Brazil, (p. 21).
b. Arachis stenosperma VSMoGeSi 7379 collected at Ponta da Pinta, Parana Brazil, (p. 18).
c. Screening A. batizocoi for thrips resistance, (p. 121).
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J.F.M. Vails', V. Ramanatha Rao?,

Current Status of Collection and Conservation of
South American Groundnut Germplasm with
Emphasis on Wild Species of Arachis

Abstract

The value of wild species of Arachis in groundnut improvement is well recognized. Thus the Arachis
germplasm available in South America needs to be collected, conserved, and evaluated. Informa-
tion on the geographic distribution and frequency of collection of wild species germplasm is fairly
well known. A number of collections have been made to increase available Arachis germplasm.
Most of the collected material has been conserved and is being distributed. Evaluation is in progress
at various research centers. Priority areas and target species for future collection have been
established. For effective utilization of genetic resources for groundnut improvement, complete
documentation, exchange of information, and full international cooperation are essential.

Résumé

Situation actuelie de la collection at de Ia conservation du germplasme J'arachide, plus particu-
liarement dos espéces sauvages d’Arachis d’'Amérique du Sud : Etant donné Ia valeur reconnue des
espoces sauvages d'Arachis pour l'amélioration ds l'arachide, il parait nécessaire de collecter,
consarver ol dvaluer les reasources génstiques d’Arachis disponibles en Amérique du Sud. La
répartition géographique ainsi que ia fréquence de coliscte du germplasme 0es especes Sauvages
sont assez bien connues.

Un certain nombre d'expéditions de collacte ont été effectudes afin d’accroitre Faccés au patri-
moine génétique du genre Arachis. La pius grande partie du matériel collecté a été conservée et est
8n cours de distribution. Son évaluation ast en cours dans plusieurs cenires de racherche. Les
régions prioritaires ainsi que les aspéces-cibles pour les fulures expéditions de collecte onf été
détermindes. Une documeniation compléte, des dchanges dinformations et une coopération
intarnationale totale s'avérent indispensables & une bonng utilisation des ressouwrces génél‘:ques
pour 'amélioration de I'arachide.

C. E. Simpson® and A. Krapovickas*

Introduction

Crop improvement is based on the existing variabil-
ity of the crop itself and, less frequently, on the use
of induced mutations. The use of characters from
wild relatives of crops is generally a rare event,
particularly because of the amount of work needed
to overcome interspecific barriers.

The use of wild species in groundnut improve-
ment has been achieved by the release in 1970 of
the cultivar Spancross, developed from a cross
between Arachis hypogaea and A. monticola
(hammons 1970). Many scientists have studied
the crossability of A. hypogaea with wild species,
and crossability between wild species. Restricted
availability of germplasm has been a common
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problem in the use of wild Arachis species. Of an
estimated 60-70 wild species, only about 20 have
been generally available and entire sections of the
genus have been sparsely studied due to lack of
live material.

A comprehensive paper dealing with crosses
between species of Arachis was published by Gre-
gory and Gregory in 1979. All seven commonly-
accepted sections of Arachis were among the 91
parents that included 82 wild species. Since then
the number of wild accessions has significantly
increased and many new species have been
added, but some of the parents used by Gregory
and Gregory, e.g., Arachis marginata and A. pros-
trata, could not be successfully maintained.
A.prostrata was made available again in 1981 and
A.marginata in 1982, (Plate 2b)(Valls 1983). It is
important to point out that the names A. prostrata
and A. marginata have been assigned to many
different collections (Gregory et al. 1973) thus
creating another serious problem in the incorpora-

tion of wild species in breeding programs. Not only
is the germplasm scarce, it is often incorrectly
identified. The deposition in herbaria of well-
identified voucher specimens representing the
accessions used for research may help to solve
such problems. In Arachis, however, only a few
names have been validly published and most users
refer to their material by collector numbers.

This paper provides information on the geogra-
phic distribution and frequency of germplasm col-
lection of species of Arachis in South America, the
present conservation status of the accessions
obtained, the evaluation of wild species for useful
attributes, and priorities for future collections in
terms of areas and species.

Geographic Distribution and
Availability of Germplasm

Wild species of Arachis are naturally restricted to
Argentina, Bolivia, Brazil, Paraguay and Uruguay,

Table 1. Geographic distribution and estimated numbers of available germplasm accessions of wild species of

Arachis, section Arachis.

Section  Series
Species

Country'

Brazil® ARG BOL PRY URY

NE WC SE S

Arachis Annuae

A. batizocoi Krap. et Greg.

A. duranensis Krap. et Greg. nom. nud.
A. ipaensis Krap. et Greg. nom. nud.
A. spegazzinii Krap. et Greg. nom. nud.
Arachis spp (12-20 species)

Arachis Perennes

. diogoi Hoehne

. heiodes Mart, ex Krap. et Rig.

. villosa Benth.?

. correntina (Burkart) Krap. et Greg. nom. nud.
. cardenasii Krap. et Greg. nom. nud.

. chacoense Krap. et Greg. nom. hud.

. stenosperma Krap. et Greg. nom. nud.
rachis spp (10-14 species)

>>>>>>>>

Arachis Amphiploides
A. batizocoi Krap. et Greg.
A. monticola Krap. et Rig.

2
8
1
7
1 10 7 24
2
10
2 4 1"
9 ?
10
1
2 4
14 26 3
1
6

1.Countries: ARQ = Argentina; BOL = Bolivia; PRY = Paraguay; URY = Uruguay.
2. Regions of Brazil: NE = Northeast; WC = West central; SE = Southeast; S = South.
3. Seven additional germplasm collections of A. villosa were accessed from Uruguay but no information is available on their conservation.

? = Occurrence probable.
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Table 2. Geographic distribution and estimated numbers of available germplasm accessions of wild species of

Arachis, sections Erectoides and Rhizomatosae.

Section Series
Species

Country'
Brazil® ARG BOL PRY URY
WC SE S

Erectoides Trifoliolatae
A. guaranitica Chod. et Hassl.
A. tuberosa Benth.

Erectoides Tetrafoliolatae

A. benthamii Handro

A. martii Handro

A. paraguariensis Chod. et Hassl.
A. oteroi Krap. et Greg. nom. nud.
Arachis spp (6-8 species)

Erectoides Procumbensae

A. rigonii Krap. et Greg.

A. lignosa (Chod. et Hassl.) Krap. et Greg. nom. nud.
A. appressipila Krap. et Greg. nom. nud.

Arachis spp (2-3 species)

Rhizomatosae Prorhizomatosae
A. burkartii Handro

Rhizomatosae Eurhizomatosae
A. glabrata Benth.

A. hagenbeckii Harms.
Arachis spp (2-3 species)

-
B

DT
[o)]

w

24 4 ?

27 6 ?

1. Countries: ARG = Argentina; BOL = Bolivia; PRY = Paraguay; URY == Uruguay.

2. Regions of Brazil: WC = West central; SE = Southeast; S = South.

P = Occurrence confirmed but no viable accessions available.
? =0ccurrence probable.

although some species such as A. repens and
A. glabrata are now cultivated elsewhere.

Tables 1,2, and 3 indicate the known geographic
distribution of wild species in the above countries.
The information for Brazil is presented region-wise
as it covers a larger area. Information on distribu-
tion is inferred from reports of previous collections.
In some cases there is doubt about identity or
location, but the presence is considered as proba-
ble. In others (P), the presence is established on the
basis of previous collections either for herbaria,
gene bank or both, even if viable germplasm is no
longer available.

The highest number of species occurs in Brazil
(Tables 1, 2, 3) and four sections of the genus
Arachis are restricted to that country (Table 3).
Bolivia has the second highest number of species,
followed by Paraguay, Argentina and Uruguay.
Most species occurring in Brazil are restricted to

the west central region, but a group of endemic
species occurs in the semi-arid northeast.

A wide range of environmental conditions are
suitable for species of Arachis. The widely-
accepted idea of well-drained sandy soils as the
most appropriate environment for Arachis is clearly
biased and refers to the ecological preferences of
the cultivated groundnut. Wild Arachis species can
grow on rock outcrops, layers of laterite pebble,
heavy soils, ill-drained areas, and even in running
water. They occur in both open and shady areas,
ranging from near the equator to 34 °S and from sea
level to almost 1600 m. Such wide ecological
amplitude is obviously based on greater genetic
variability than that presented by the cultivated
species. The first step in the utilization of this vari-
ability for crop improvement is to assemble it in
gene banks. Efforts to bring together the distinct
species, each represented by several accessions



Table 3. Geographic distribution and estimated numbers of available germplasm accessions of wild Arachis

species, sections restricted to Brazil.

Regions of Brazil'

Section

Species N NE wWC SE S
Ambinervosae

Arachis spp (2 species) P 14 1
Caulorhizae

A. repens Mandro C C (¢} 5 C
A. pintoi Krap. et Greg. nom. nud. 2 5 5
Extranervosae

A. lutescens Krap. et Rig. 10

A. marginata Gard. 2

A. prostrata Benth. 10

A. sylvestris (Chevalier) Chev. ? 17 3 1

A. villosulicarpa Hoehne 2

A. macedoi Krap. et Greg. nom. nud. 1
Arachis spp (5-8 species) 10 19 1
Triseminalae

A. pusilla Benth. 9

1. Regions of Brazil: N = North; NE = Northeast, WC = West central;

P = Occurrence confirmed but no viable accessions available.
C = Occurrence confirmed but only under cultivation.
? = Occurrence probable.

SE - Southeast; S = South.

were started by Archer in 1936, followed by Ste-
phens and Hartley in 1948, Krapovickas in 1950,
1953, 1957, and 1958, and many other collectors
(Gregory and Gregory 1979; Simpson 1982).

Collections of Arachis Germplasm
in South America

Table 4 summarizes the areas covered by expedi-
tions undertaken since 1958, indicating the
numbers of wild and cultivated groundnut acces-
sions obtained. Figure 1 illustrates the location of
species collected priorto 1959. Figures 2 to 8 detail
the routes followed during the 1959 and subse-
quent expeditions, and the main achievements
such as location of new species, first germplasm
collection of a species, or recollections of lost
germplasm, or germplasm where there is only one
accession in collections (Plates 1 b,2c).

The expedition undertaken in 1959 (Fig. 2)
resulted in the first germplasm collections of six
previously-known species and five new species;
four of these have already had their future name
released in the specialized literature. A further spe-
cies, as yet unnamed was also collected in the
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northernmost area reached by the expedition.
From 1961 to 1967 (Fig. 3) the germplasm of at
least eight species, five new and three already
known, was collected for the first time. The future
names of four of these new species are already in
current use. Germplasm of a new species in sec-
tion Ambinervosae was collected for the first time in
1967. The 1968 expedition (Fig. 4) resulted in the
collection of germplasm of one previously-
described and one still undescribed but already-
named species, and the gathering of several
undescribed and unnamed species from section
Erectoides.

Many new wild species resulted from expedi-
tions made from 1976 to 1979 (Fig. 5). Most of these
new species are from previously-unexplored
regions of Bolivia and some are from the edges of
the Pantanal in Brazil. The 1976 expedition col-
lected typical A. diogoi germplasm and recollected
A. lutescens (Plate 2a). The main highlights of the
expeditions in 1980 and 1981 (Fig. 6) were the first
collections of germplasm of A. sylvestris, the dis-
covery of a new species of the Ambinervosae in
northeast Brazil and several new species of sec-
tion Arachis series Annuae and Perennes and sec-
tion Erectoides series Trifolioiatae and



Procumbensae, in west central Brazil. Germplasm
of A. tuberosa, A. lutescens, and A. prostrata,
which no longer existed in gene banks, was col-
lected. In 1982 (Fig. 7), A. marginata was relocated
and collected along with additional unnamed spe-
cies from section Extranervosae and a new annual
species from section Arachis which penetrates
northeast Brazil representing a quite surprising
extension of the area of natural occurrence for that
section. The 1983 expeditions collected germ-

plasm of two unidentified and possibly new spe-
cies, from sections Extranervosae and Erectoides
series Tetrafoliolatae. In addition to the collections
illustrated in Figures 2 to 8, each expedition has
provided a variable number of additional germ-
plasm collections of previously-available species.
The total collections of both wild and cultivated
groundnuts are shown in Table 4.

As a direct consequence of this intensive col-
lecting work in South America, the known areas of

[22.9*

Figure 1. Parts of South America showing collections of germplasm of wild species of Arachis prior
to 1959. Circles indicate availability of germplasm prior to 1959.

Arachis species collected:

1. glabrata 7.  hagenbeckii

2. prostrata 8.  guaranitica

3. pusilla 9. paraguariensis
4. tuberosa 10. diogoi

5. viliosa 11. sylvestris

6. marginata 12. villosulicarpa

13.
14.
15.
16.
17.
18.

benthamii 19.  monticola
burkartii 20. rigonii
martii 21. correntina
repens 22. duranensis
heiodes 23. batizocoi
lutescens
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Table 4. Number of accessions of groundnut collected during expeditions in South America (1958-1983).

Accessions of wild species/accessions of A. hypogaea

Year Collectors’ Argentina Bolivia Brazil Peru Paraguay Uruguay
1958 K 1/22

1959 GKP 4/23 3/30 127/64 0/9 24/90
1961 GKP 35/56 0/6 12/0
1964 KC 2/0
1966 KCPa 8/0
1967 QK 8/N

1968 HLKPO 11/N 42/N 1/N 6/N
1976 GK 710 37/0

1977 GKBSPScZ 9/7 34/111 20/0 31/8
1979 GKSPScGb 7124 0/1

1980 SKBScCoZJA 8/0 30/102 0/27

1980 MSv 0/22

1980 \% 2/17

1981 SPZ 0/193

1981 \ 6/9

1981 WeSV 7/21

1981 VSGr 1/0 40/9

1981 PZi 0/40

1982 VKRSV 38/7

1982 ScVn 10/0

1982 'S 17/20

1983 VKVeSv 271

1983 SKSc (6/55)

1983 VSMoGeSv 18/15

1. Collectors: A = Arriola; B = Banks; C = Cristobal; Co = Coradin; G = Gregory; Gb = Gibbons, Ge = Gerin; Gr = Gripp; H = Hammons;
He = Hemsy; J = Janicki; K = Krapovickas; L - Langford; M = Miranda; Mo = Moss; 0 == Ojeda; P = Pietrarelli; Pa = Palacios; R = Rao;
S = Simpson; Sc = Schinini; Sv = Silva; V = Valls; ve = Veiga; Vn = Vanni; Z = Zurita; Zi = Zanini.

2. A collecting expedition to Ecuador was undertaken by Banks, Pietraelli and Zurita in 1983 during which 52 accessions of/. hypogaea

were collected.
N = Information not available.

natural occurrence of the sections were modified
from the map presented by Gregory et al. (1980).
As shown in Figure 9 the known area of section
Arachis now extends all the way to the edge of the
semi-arid Brazilian northeast and to northern Boli-
via, while the Caulorhizae are not restricted to the
valley of the river Jequitinhonha but also occur in
the valleys of the Sao Francisco and Tocantins
rivers. However, the area of the Triseminalae still
remains within the broad limits anticipated by Gre-
gory and his associates.

The areas of sections Erectoides and Extraner-
vosae (Fig. 10) were expanded; in the case of the
Extranervosae, most of the expansion is due to the
recently-revealed widespread distribution of A. syl~
vestris. The expansion of the Erectoides area is

20

largely because new material of series Procum-
bensae was located in east Bolivia and north of the
Pantanal in Brazil and also due to the discovery of a
tetrafoliolate species further east of the previous
limits.

Figure 11 shows the presently-known areas of
natural distribution of sections Ambinervosae and
Rhizomatosae. The area of the Ambinervosae
shows a significant expansion to extend southward
to the valley of the Jequitinhonha river overlapping
with the Caulorhizae and Triseminalae (Fig. 9). The
distribution of series Eurhizomatosae remains as
presented by Gregory et al. (1980), while series
Prorhizomatosae represented by A. burkartii (Plate
1 a) was found to extend eastward all the way to the
Brazilian coast.
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Figure 2.

Arachis species collected: New species;
spegazzinii, New germplasm:

Parts of South America showing the route followed during the expedition in 1959.

24. oterio, 25. appressipila, 26. cardenasii, 27.
4. tuberosa, 7. hagenbeckii, 8. guaranitica, 9. paragua-

riensis, 17. helodes, 18. Iutescens,& Unidentified.

On the basis of present knowledge, no section
can be considered geographically isolated.

Conservation

The main centers of conservation for wild Arachis
species are in India, Brazil and USA. In India, the
International Crops Research |Institute for the
Semi-Arid Tropics (ICRISAT), maintains a collec-
tion of wild species as part of its world mandate to
conserve groundnut germplasm. Partially sup-
ported by the International Board for Plant Genetic
Resources (IBPGR), Centro Nacional de Recursos
Geneticos (CENARGEN) of the Empresa Brasiliera
de Pesquisa Agropecuaria (EMBRAPA) in Brazil

holds a live collection of wild species, which is
complemented by seed conservation of both wild
and cultivated groundnut as a part of its national
program, and includes accessions conserved at
the Instituto Agronomico, Campinas (IAC), an
associated institution. Wild species in the USA are
primarily conserved at Texas A&M, North Carolina
State Universities, and Oklahoma State (USDA), as
a part of their groundnut improvement programs. A
number of wild species are maintained in a live
collection at Instituto Nacional de Tecnologfa
Agropecuaria (INTA) at Manfredi in Argentina, fol-
lowing collection and subsequent taxonomic and
cytological studies.

Table 5 shows the number of accessions held in
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Figure 3. Parts of South America showing routes followed during the expeditions from 1961 to1967.

Arachis Species collected: New species; 28. macedoi, 29. lignosa, 30. chacoense, 31.

pintoi, New germplasm; 2. prostrata, 3. pusilla, 6.

the USA, Brazil and India, taking into consideration
material available mainly at the major centers of
conservation. From Table 5 itis clear that the rate of
success in conservation of wild material varies with
the intrageneric groups. Sections Erectoides and
Extranervosae are apparently the most difficult to
conserve and this may be related to their critical
requirements for maintenance ex situ. Differences
in the number of accessions available in each
country are related to the fact that most accessions
have only recently been collected and are being
increased in South America and USA before further
distribution, and also to strict quarantine regula-
tions such as those in India, which require a longer
time for introduction.

Proper maintenance of collected material to
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marginata,ﬁ Unidentified.

ensure minimum genetic drift is an essential
genetic resource activity in conserving germplasm.
The techniques presented here are those used by
most of the centers which have wild Arachis collec-
tions. Arachis germplasm can be conserved either
as seed, which needs to be rejuvenated from time
to time and multiplied to meet the demand for
supply of germplasm, or as live plants, which also
need to be periodically rejuvenated. Conservation
and exchange of Arachis as meristem culture can
be visualized in the future (Sastri et al. 1982). Since
Arachis is mostly self-pollinated, problems that
may arise during rejuvenation due to out-crossing
are limited (Hammons 1964; Gibbons and Tatters-
field 1969). However, this may depend on the par-
ticular environment; bees are known pollen vectors



(Leuck and Hammons 1969). Seed-producing wild
species can be maintained by growing at wide
spacing in the field, to avoid mechanical mixtures
and encroachment. The fruits are collected by dig-
ging around the plants and sifting the soil in large
sieves. Seed can also be produced from plants
grown in pots in a screenhouse. The non seed-
producing wild species can be maintained in large
pots or concrete rings, inside or outside a screen-
house. It is essential to change the soil periodically
since continued watering may lead to salinity. Peri-
odic pruning and replanting are necessary. Native
soil conditions for each particular species must be
taken into consideration when wild species of
Arachis are planted for maintenance and
multiplication.

Priority Areas for Collection of
Arachis in South America

As shown in Figures 1 to 8 a significant area of
South America has now been explored for the col-
lection of wild and cultivated groundnut germ-
plasm. However, rains, floods, drought, frosts,
heterogeneous behavior of sympatric species, lack
of adequate vehicles, unexpected delays, and
insufficient assistance in the field have, from time to
time, imposed restrictions on the field work, and
even caused losses of already-collected material.
A few losses during multiplication and conserva-
tion are always to be expected and future recollec-
tion is then necessary. Therefore, not only new

o
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Figure 4. Parts of South America showing the route followed during the expedition in 1968.

Arachis species collected: New species; 32. stenosperma, New germplasm; 15. martii,

Unidentified.
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Table 5. Germplasm of wild Arachis collected between 1936 and 1983 and conserved at the main centers of

conservation.

Acc. Conserved?

Acc. Conserved

Section Series Acc.! . Section Series Acc.
Species Col. USA BRA IND Total Species Coll. USA BRA IND Tot.
Arachis  Annuae Erectoides Tetrafoliolatae
A. batizocoi 2 2 2 1 2 A.  benthamii 10 1 1 0 1
A. duranensis 8 8 1 1 8 A. martii 1 0 0 0 0
A. ipaensis 2 1 1 1 1 A.  paraguariensis 10 7 5 3 7
A. spegazzinii 7 2 2 7 7 A. oteroi 23 1 0 0 1
A. spp (12-20) 44 41 32 23 42 A. spp (6-8) 102 39 31 11 42
Arachis  Perennes Erectoides Procumbensae
A. diogoi 2 2 2 0 2 A. rigonii 1 1 1 1 1
A. helodes 12 10 9 2 10 A. lignosa 1 1 1 0 1
A. villosa 18 7 5 3 10 A. appressipila 8 5 6 5 6
A. correntina 13 8 4 4 8 A. spp (2-3) 21 19 14 2 19
A. cardenasii 10 10 1 1 10
A. chacoense 1 1 1 1 1 Extranervosae
A. stenosperma 6 6 5 2 6 A. lutescens 24 9 8 0 9
A. spp (10-14) 46 46 27 8 46 A. marginata 3 2 2 0 2
A. pro strata 14 7 9 0 9
Arachis Amphiploides A. sylvestris 22 6 21 0 21
A. batizogaea 1 1 1 1 1 A.  villosulicarpa 2 2 2 1 2
A.  monticola 6 6 3 3 6 A. macedoi 1 1 1 0 1
A. spp (5-8) 33 18 28 0 28
Ambinervosae
A. spp (2) 20 8 15 0 15 Rhizomatosae Prorhizomatosae
A. burkartii 23 12 13 0 19
Cauiorhizae
A. repens 5 4 5 1 5  Rhizomatosae Eurhizomatosae
A. pintoi 12 7 12 0 12 A. glabrata 45 22 24 12 36
A.  hagenbeckii 7 4 2 7 7
Erectoides Trifoliolatae A. spp (2-3) 134 67 17 39 67
A. guaranitica 4 1 0 0 1
A. tuberosa 5 2 2 0 3 Triseminalae
A. pusilla 9 5 9 1 9
1. Acc. Coll. = Number of accessions collected.

2. Numbers ot accessions conserved in:USA=Texas A&M Univ., NCSU, and USDA; BRA = CENARGEN/EMBRAPA and IAC, Brazil; IND =

ICRISAT, India.

areas, but also some previously-covered areas still
need collecting.

The selection of priority areas aims at defining
zones that can be suitably covered in a single field
mission. The main reasons for assigning priorities
are the belief that an area has one or more species
under threat of genetic erosion, and that this germ-
plasm is important for crop improvement. On the
other hand, due to the scarcity of qualified collec-
tors, some areas that have important species may
have to be assigned a lower priority, If land devel-
opment is notrapid and agricultural patterns tend to
remain stable for many years.
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Following these guidelines, a very high priority is
assigned to the southern part of the state of Mato
Grosso do Sul in Brazil, even though several pre-
vious expeditions have covered the area. Conser-
vation of the germplasm obtained in that area was
not very successful and, as a consequence, most
of the collected germplasm of A. benthamii, A. mar-
tiiand A. oteroi was lost. The area is rich in species
from section Erectoides, but the drastic change in
agricultural patterns in Mato Grosso do Sul will
certainly lead to the extinction of many populations
if not species of Arachis. Local landraces of the
cultivated groundnut also are doomed to disappear
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Figure 5. Parts of South America showing routes followed during the expeditions in 1976 to 1979.

Arachis species collected: New species; 33. ipaensis, New germplasm; 10. diogoi, 18.

lutescens, A\ Unidentified.

in a few years, since mechanized crops like soy-
beans, now introduced to this area, are quickly
replacing every local crop, even in backyards.

The following list of priority areas is based on the
above considerations. However, it can be taken as
only a general guide, always subject to modifica-
tion as conditions change. The areas are shown in
Figure 12.

Priority 1.

Area 1. Brazil: Eastern part Mato Grosso State
and llha do Bananal (Goias State) - to cover the
gap between the main area of occurrence of sec-
tion Arachis series Annuae and the area of a
recently-found annual species of section Arachis

in north Goias and south west Maranhao.

Area 2. Brazil: Southern part of Mato Grosso do
Sul State - to recollect germplasm of species of
section Erectoides series Trifoliolatae and Tetrafo-
liolatae, which are under serious threat of genetic
erosion.

Area 3. Brazil:North western Mato Grosso State-
to collect additional germplasm and determine the
conditions for natural occurrence of A. villosuli-
carpa (Plate 3a), so far unknown in the wild. Also to
collect landraces of A. hypogaea.

Area 4. Paraguay: East of the Paraguay river - to
recollect germplasm of many species under threat

25



of genetic erosion, though not so drastic as that in
Mato Grosso do Sul, Brazil.

Area 5. Paraguay: West ofthe Paraguay river - to
collect additional germplasm of A. chacoense, and
of several additional annual and perennial species
of section Arachis, and possibly also of A. lignosa.

Priority 2.

Area 6. Brazil: Rondonia and Acre States - to
collect landraces of A. hypogaea which are quite
variable in the area and are threatened by aggres-
sive land development.

Area 7. Brazil: Western part of Minas Gerais
State (Triangulo Mineiro) and valley of the Rio

Grande in Mato Grosso do Sul and Sao Paulo
States - to collect additional germplasm of A.
macedoi and of several species of section Extra-
nervosae and section Erectoides series Tetrafolia-
latae of which germplasm is not available.

Area 8. Brazil: Northwestern part of Goias,
Maranhao, and northern Piaui States - to collect
additional germplasm and define the limits of east-
ward distribution of an undescribed annual species
of section Arachis recently found in the area. Also
to collect additional germplasm of several species
of sections Ambinervosae and Extranervosae and
landraces of A. hypogaea. Special interest is
assigned to A. marginata, of which only two popula-
tions are known to exist and are under serious
threat of extinction due to agricultural
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Figure 6. Parts of South America showing routes followed during the expeditions in 1980and 1981.

Arachis species collected: New germplasm; 2. prostrata, 11. sylvestris, 18. lutescens,

A vunidentified.
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Figure 7. Parts of South America showing routes followed during the expeditions in 1982.
Arachis species collected: New germplasm; 6. marginata,ﬂUnidentified.
development. additional germplasm of A. villosa and of Uru-

Area 9. Brazil: Ceara, Rio Grande do Norte and
Paraiba States - to collect landraces of A. hypo-
gaea which are threatened by several years of
extreme drought. Also to collect species of sec-
tions Ambinervosae and Extranervosae.

Priority 3.

Area 10. Brazil: Southeastern Amazon region -
to collect landraces of A. hypogaea along the main
tributaries of the Amazon.

Area 11. Uruguay and Brazil: Uruguay, espe-
cially along the Uruguay river and extending into
west Rio Grande do Sul State in Brazil - to collect

guayan landraces of A. hypogaea.

Area 12. Bolivia and Brazil: Northeastern Boli-
via along the valleys of the Mamore and Guapore
rivers, extending into Brazil, south and west of the
Guapore River - to collect additional germplasm of
annual and perennial species of section Arachis.

Area 13. Bolivia: From the Brazilian frontier to
longitude 65°W - to collect additional germplam
and to define the limits of distribution of species
such as A. diogoi, A. appressipila, and others in
section Arachis series Annuae and Perennes, and
section Erectoides series Procumbensae which
are known only from the Brazilian side but probably
extend into Bolivia.
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Evaluation and Utilization

Thorough collection, maintenance, and conserva-
tion are necessary for a complete study of the
taxonomic status and evolutionary relationships
between and within the species. However, the main
justification for such conservation is the utility of the
germplasm in groundnut improvement (Rao 1980).
A detailed morphological description of any acces-
sion is essential to maintain its purity, but the key to
successful utilization of variability from broad
genetic pools requires a knowledge of desirable
attributes available in the germplasm. During the
last two decades much emphasis has been placed
on collection of wild species and exotic cultivars,
though there is still the need to collect more mate-
rial. But, as emphasis shifts from collection to eva-

luation and utilization of these genetic resources,
progress in improving the productivity, pest resist-
ance, and adaptability of groundnut can be
expected (Wynne and Gregory 1981).
Fortunately, considerable variability is available
in the cultivated groundnut (Rao 1980). However,
resistance to certain diseases, nematodes, toxin-
producing molds, and to drought is required
(Norden 1980). Systematic evaluation of wild Ara-
chis species to identify such useful attributes, has
been in progress in ICRISAT, India; North Carolina
State, Texas A&M Universities, and USDA, Still-
water, Oklahoma, USA, and elsewhere. The results
indicate the significance of wild species in the
improvement of cultivated groundnut. Attempts are
already in progress to use these species as sour-
ces of resistance to various pests and diseases.

L1 70" (10
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Figure 8. Parts of South America showing routes followed during expeditions in 1983.

A Unidentified Arachis species collected.
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They may have mechanisms of resistance that are
different from those in the cultivated groundnut.
This may provide the possibility of combining the
resistance of wild and cultivated species to give
more effective and stable resistance in A. hypo-
gaea (Subrahmanyam et al. 1983). There are still
some gaps in our knowledge of useful attributes in
wild Arachis species, and therefore systematic
evaluation and information flow must be assured to
enable full exploitation of the available genetic
resources of Arachis.

Documentation

The extent of conservation of eroding genetic
resources and utilization of the conserved germ-
plasm are the yardsticks to measure progress in

genetic resource activity. The progress depends
on the evaluation of the conserved germplasm, and
partly on the availability of information on the same.
With increasingly large numbers of germplasm
accessions at many centers, information
exchange has assumed global importance (Rao
1980). No standard computer equipment or pro-
grams have been adopted across centers.
Though such uniformity is not essential, agree-
ment on certain aspects, such as uniform descrip-
tors, and assembly of existing information would go
a long way to improve the efficiency of information
retrieval and exchange. For this purpose IBPGR
and ICRISAT (1981) have listed standardized
groundnut descriptors. However, the existing des-
criptors need some modifications and additions to
fully describe the wild species. This work is in pro-
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gress. Publication of catalogs or special lists with
notation on species having a combination of desir-
able attributes would be very useful.

International Cooperation

The collection, conservation, maintenance, and
documentation of Arachis genetic resources calls
for an international approach. This is already in
existence as various national agencies in South
America, universities in the USA, the USDA, Inter-
national Agricultural Research Centers, and
IBPGR are cooperating to collect and conserve the
eroding genetic resources of the genus. Similarly
the evaluation work needs international coopera-
tion and this is exemplified in the work on rust and
viruses (Ghanekar 1980; Subrahmnayam et al.

1980, 1983). The available genetic resources of
Arachis at any center need to be freely available
for worldwide exchange.

Conclusions

Prior to 1976 activities were based on the coopera-
tive efforts of a few scientists, but international
cooperation at institutional level with the support of
IBPGR has lead to an acceleration of collecting
activities and rapid development of the necessary
infrastructure for conservation in well-managed
gene banks. Material assembled at the main cen-
ters of conservation has a much better chance of
survival and characterization. The use of compu-
ters is providing better documentation. Conse-
quently, the variability made available to groundnut
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Figure 11. Parts of South America showing known distribution of sections Ambinervosae {(=—=—==},

Rhizomatosae/Prorhizomatosae

improvement programs is increasing significantly
and is becoming better known. The continuing
international cooperation in groundnut germplasm
activities needs to be maintained to ensure better
utilization of the genetic resources of Arachis.
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Plate 2. a. Arachis lutescens VSGr 6332 collected in Matto Grosso, Brazil, (p. 18).
b. Arachis marginata VKVeSi 6649 collected in Goais, Brazil, (p. 16).
c. Collecting A. stenosperma at Ponta da Pinta, Parana, Brazil, (p. 18).
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Wild Arachis Genetic Resources at ICRISAT

V.Ramanatha Rao and A.K. Sadasivan'

Abstract

The conservation of Arachis germplasm is an urgent need. ICRISAT  has been designated as a major
repository of Arachis germplasm, with the objectives of collection, maintenance and evaluation of
the genetic resources, and the documentation and distribution of material and information.

Wild species of Arachis are acquired through transfer from known genetic resource centers in
India and abroad, and also by collecting expeditions. The accessions which reproduce by seed are
multiplied by growing in the field. Currently the pods are stored at 4°C with 35% relative humidity.
Long-term storage facilies are being built.  The rhizomatous accessions are maintained by grow-
ing rooted cuttings in concrete containers. A series of descriptors suitable for the evaluation of wild
species of Arachis is being developed; meanwhile the groundnut descriptors developed by IBPGR
and ICRISAT are being used.

At ICRISAT, wild species are screened against diseases and pests. Those species with resistance
are being utilized in the Groundnut Improvement Program. Arachis germplasm is available free of
charge to all scientists who wish to use it. The current status of wild Arachis germplasm and the
future program are presented.

ARésumé

Ressources genétiques des esplces sauvages du genre Arachis & fICRISAT : La conservation du
germpiasme a' Arachis constitue un probidme urgent. L'{CRISAT a été désigné comme le principal
dépositaire de ce patrimoine avec pour objectif la collacte, fa conservation ot I'évaluation des
ressources gandtiques, le documentation, Ia distribution de matériel végétal el ja diffusion d'infor-
mations.

Les espéces sauvages d' Arachis proviennant de transferls de centres de rassources génédtiques
connus en Inde et ailleurs et de missions de prospections. Les introductions qui se reproduisent par
graines sont multiplidas par cultuire au champ. Les gousses sont stockées & 4° C et 35% d'humidité
relative. Das installations sont en cours de construction pour le stockage & long terme, Les
introductions a reproduction végatative sont maintenues par culture de boutures racinées dans das
contanaurs de béton. Une série de descripteurs pour 'dvaluation des espéces sauvages d’ Arachis
est en cours d'élaboration; en attandant, ce sont ies 'descripteurs pour 'arachide’ du CIRPG et de
PICRISAT qui sont utilises.

A ICRISAT les espbcos sauvages somt cribldes pour ia résistance aux ravageurs ef aux maladies,
Les espéces résistantes sont utilisées dans le Programme d’amélioration de I'arachide. Tous les
chercheurs lo désirant pauvent avoir accés gratuitement aux ressources génétiques du genre
Arachis. La situation actualle st /e programme futur concernant le germplasme des espéces
sauvages du genre Arachis sont présentés.

Introduction Arachis genetic resources include all the cultivars

and related wild species. The latter are discussed
Genetic resources of any crop are the base for in this paper. The genus Arachis L., which is native
crop improvement, and the significance of genetic to South America, has presently 22 described spe-
resources of groundnut is very well understood. cies, including the cultivated groundnut, A. hypo-

1. Botanist and Research Associate, Genetic Resources Unit, ICRISAT, Patancheru P.O., A.P. 502 324, India.

International Crops Research Institute for the Semi-Arid Tropics, 1985. Proceedings of an International Workshop on Cytogenetics of
Arachis, 31 Oct - 2 Nov 1983, ICRISAT Center, India. Patancheru, A.P. 502 324, India: ICRISAT.
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gaea L However, recent collecting expeditions in
the center of diversity have indicated that there
may be 40 or more undescribed annual or peren-
nial species (Gregory et al. 1980). All these consti-
tute a wealth of groundnut germplasm. The
International Crops Research Institute for the
Semi-Arid Tropics (ICRISAT), designated as a
major world repository of groundnut germplasm,
started assembling wild Arachis species in 1976,
an activity that has become more aggressive since
the formation of the Genetic Resources Unit in
1979 (Rao 1980). The following account describes
the present status of wild Arachis germplasm at
ICRISAT.

Collection and Assembly

Arachis germplasm at ICRISAT is mainly being
assembled, through correspondence and transfer
from known genetic resource centers. Already a
number of wild Arachis species have been
obtained from Tamil Nadu Agricultural University,
Coimbatore; and the University of Agricultural
Sciences, Dharwad in India, and North Carolina
State University, Raleigh; Texas A&M University,
Stephenville; and the Agricultural Research
Service-United States Department of Agriculture
(ARS-USDA), Tifton in the USA. The assembly to
date is presented in Table 1 by section and series

Table 1. Arachis species at ICRISAT, October 1983.

Section No. of
Series Ploidy level Species accessions
Arachis
Annuae 2x A. batizocoi Krap. et. Greg. 1
A. duranensis Krap. et Greg. nom,, nud. 1
Perennes 2x A. correntina (Burkart) Krap. et Greg. nom. nud. 5
A. chacoense Krap. et Greg. nom. nud. 1
A. cardenasii Krap. et Greg. nom. nud. 1
A. diogoi Hoehne 1
A. helodes Mart, ex Krap. et Rig. 3
A. stenosperma Krap. et Greg. nom. nud. 1
A. villosa Benth. 1
Unidentified 6
Amphiploides 4x A. monticola Krap. et Rig. 3
Unidentified 6
Interspecific hybrids 2
Caulorhizae 2x A. repens Handro 2
Erectoides
Tetrafoliolatae 2x A. paraguariensis Chod. et Hassl. 1
A. apressipila Krap. et Greg. nom. nud. 1
Unidentified 1
Procumbensae 2x A rigonii Krap. et Greg. 2
Unidentified 15
Extranervosae 2x A. villosulicarpa Hoehne 2
Rhizomatosae
Prorhizomatosae 2x A. burkartii Handro 1
Eurhizomatosae 4x A. glabrata Benth. 13
A. hagenbeckii Harms. 4
Unidentified 28
Unidentified 32
Triseminalae 2x A. pusilla Benth. 1
Unidentified 46
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Table 2. Arachis germplasm collected in expeditions involving ICRISAT scientists during 1982-83.

No. of accessions

As seeds Herbarium

State Section Species or plants only Remarks

Wild Erectoides Arachis species 1 A. benthamii Handro?

Wild Caulorhizae A. repens Handro 1

Wild Rhizomatosae A. glabrata Benth. 1

Wild Rhizomatosae A. burkarti Handro 12 2

wild Extranervosae A. lutescens Krap. et Rig. 1

Wild Extranervosae A. prostrata Benth. 2 2

Wild Extranervosae A. burchellii Krap. et Greg. nom. nud. 18 3

Wild Extranervosae A. sylvestris Krap. et Greg. nom. nud. 2 1

Wild Extranervosae A. marginata Gard. 2

wild Extranervosae Arachis species 10 Close to A. prostrata
Benth. and A. burchellii
Krap. et Greg. nom. nud.

Wild Ambinervosae Arachis species 1 New species?

Wild Arachis Arachis species 2 New species?

Wild Arachis A. stenosperma Krap. et Greg. nom. nud 4

Cultivated Arachis A. hypogaea L 22 Includes ten market

samples

following Gregory et al. (1980). It must be noted that
most of the names used are nomina nuda, since
these have yet to be validly published (Stalker
1985).

ICRISAT scientists have participated in two col-
lection expeditions which were jointly organized by
ICRISAT and Centro Nacional de Recursos Gene-
ticos (CENARGEN) of the Empresa Brasileira de
Pesquisa Agropecuaria (EMBRAPA), Brazil in col-
laboration with the International Board for Plant
Genetic Resources (IBPGR). The first expedition,
in February-March, 1982, followed the Brasilia-
Belem road, with lateral diversions . The second,
during May 1983, was from Curitiba to the east of
Parana, Sao Paulo and Rio de Janeiro States.
Details of the material collected are given in Table
2. These expeditions gave us first-hand information
on the natural habitats of Arachis species, an esti-
mate of the variability in the populations of some
species, and an indication of the pest and disease
situation at the center of origin of the genus. Col-
lected material will come to ICRISAT via Texas
A&M University.

All the material introduced to ICRISAT under-
goes strict quarantine inspection by the Central
Plant Protection Training Institute (CPPTI), Rajen-
dranagar on behalf of the Government of India.
Material that is exchanged as vegetative cuttings
passes through the University of Reading, UK.

Seed material is first grown at CPPTI and then at
ICRISAT and the resulting plants are examined
through maturity jointly by a team of CPPTI and
ICRISAT scientists to make sure that no pests and
diseases are introduced.

Maintenance and Storage

The seed-producing wild species are space-
planted in sandy soil on the ICRISAT farm. Seeds
are germinated in small paper cups and then trans-
ferred to the field. The plants are protected from
pests as and when necessary. Harvesting involves
digging and sifting soil from around the plants in
large sieves to collect the small pods. The pods are
then dried and stored. Presently the wild species
accessions are stored as unshelled pods in air-
tight plastic containers in our medium-term cold
storage facility at 4°C and 35% relative humidity.
They will be transferred to long-term storage
(-18°C) when the facility becomes available.

The rhizomatous and non seed-producing
accessions are maintained live in concrete rings to
prevent contamination. Rejuvenation is carried out
by rooting stem cuttings and rhizomes. Efforts are
underway to prepare herbarium specimens, which
will serve as voucher specimens, of all the avail-
able accessions.
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Evaluation and Utilization

Wild Arachis species are considered important
sources of many economically-important charac-
ters. A large number of new accessions and spe-
cies have been collected in recent years, and are
now becoming available at ICRISAT. This material
has yet to be properly identified, described, and
evaluated. Descriptors which were developed
mainly for the cultivated groundnut (IBPGR and
ICRISAT 1981), are presently used for morphologi-
cal evaluation of wild Arachis species. However,
we feel that these are inadequate to describe the
wild species and efforts are in progress to develop
and incorporate additional descriptors which will
be more diagnostic.

Screening for various desirable attributes in the
cultivated and wild groundnut germplasm acces-
sions has been carried out at ICRISAT. ICRISAT
pathologists and entomologists have screened
wild species against important diseases and pests
(Subrahmanyam et al. 1985; Amin 1985) and a
number of species have shown immunity or high
degrees of resistance to various diseases and
pests.

Utilization of this valuable germplasm has
already begun in our Groundnut Improvement Pro-
gram. Resistances to diseases and pests, available
in the species belonging to section Arachis are
being exploited by ICRISAT cytogeneticists. It is
possible that wild species may have different re-
sistance mechanisms from those of A. hypogaea.
This may help to broaden the genetic base and to
develop stable resistance in the cultivated
groundnut.

Documentation

Most of the passport and preliminary evaluation
data on Arachis species have been computerized.
Some of the storage information is also available on
computer.

Distribution

Worldwide distribution of germplasm accessions to
interested scientists is an important objective of the
ICRISAT Genetic Resources Unit. At present the
demand for wild species is not high; 62 samples
have been distributed within India, and 16 abroad.
However, as more information on the desirable
attributes of wild species and the techniques for
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successful interspecific hybridization, and transfer
of desirable traits become available, we expect the
demands to increase.

Future outlook

Accession of new material to the ICRISAT gene
bank will continue. More material is to be collected
in South America, since it is estimated that only
about 60% of the wild species germplasm available
there has so far been collected (Simpson 1982).
We plan to participate in collection expeditions in
collaboration with  CENARGEN/EMBRAPA and
IBPGR.

Rejuvenation and seed multiplication will be
more streamlined. More information on dormancy
and viability of wild species seed will be obtained.
When the long-term storage facility becomes avail-
able, material presently in medium-term storage
will be transferred.

Emphasis will be given to evaluation of wild spe-
cies for various desirable attributes. We have been
concentrating solely on resistance to major dis-
eases and pests, but other characters such as oil
content and quality, drought tolerance, and yield
will also be evaluated.

Additional descriptors for wild species will be
developed and incorporated in the Groundnut Des-
criptors, and documentation will be improved to
facilitate exchange of information, and distribution
of germplasm to interested scientists will increase.

References

Amin, P.W. 1985. Resistance of wild species of ground-
nut to insect and mite pests. Pages. 57-60 in Proceedings
of an International Workshop on Cytogenetics of Arachis,
31 Oct-2 Nov 1983, ICRISAT Center, India. Patancheru,
A.P.502 324, India: International Crops Research Institute
for the Semi-Arid Tropics.

Gregory, W.C., Krapovickas, A., and Gregory,
M.P. 1980. Structure, variation, evolution and classifica-
tion in Arachis. Pages 469-481 jn Advances in legume
science: proceedings of the International Legume Con-
ference, 24-29 July 1978, Kew, Surrey, UK (Summerfield,
R.J.,and Bunting, A.H., eds.). vol.2.Kew, Surrey, UK: Royal
Botanic Gardens.

IBPGR (International Board for Plant Genetic
Resources), and ICRISAT (International Crops
Research Institute for the Semi-Arid Tropics). 1981.
Groundnut descriptors. Rome, Italy: IBPGR Secretariat.
23 pp.



Rao, V.R. 1980. Groundnut genetic resources at ICRI-
SAT. Pages 47-57 in Proceedings of the International
Workshop on Groundnuts, 13-17 Oct 1980, ICRISAT
Center, India. Patancheru, A.P. 502324, India: Interna-
tional Crops Research Institue for the Semi-Arid Tropics.

Simpson, C.E. 1982. Collection of Arachis germplasm
(1976-82). Plant Genetic Resources Newsletter 52:10-
12.

Stalker, HT. 1985. Cytotaxonomy of Arachis. Pages
65-79 in Proceedings of an International Workshop on
Cytogenetics of Arachis, 31 Oct-2 Nov 1983, ICRISAT
Center, India. Patancheru, A.P. 502324, India : Interna-
tional Crops Research Institute for the Semi-Arid Tropics.

Subrahmanyam, P., Ghanekar, A.M., Nolt, B.L.,
Reddy, D.V.R., and McDonald, D. 1985. Resistance to
groundnut diseases in wild Arachis species. Pages 49-55
in Proceedings of an International Workshop on Cytoge-
netics of Arachis, 31 Oct- 2 Nov 1983, ICRISAT Center,
India. Patancheru, A.P. 502 324, India: International Crops
Research Institute for the Semi-Arid Tropics.

41






Groundnut Germplasm Management in Brazil
J.F.M.Valls'

Abstract

The paper updates the status of germplasm since Pompeu's review in 1980. EMBRAPA has a strong
program  of collection and conservation, partially supported by IBPGR; collections are maintained
at CENARGEN, Brasilia and at Instituto Agronbmico, Campinas (IAC). Voucher specimens are
deposited in  the CENARGEN herbarium.

Accessions are being characterized according to selected descriptors.  Documentation of field
collections and material in the living collection is maintained on computer at CENARGEN, and
information is available on request.

Some species may best be conserved in situ. Many natural populations of wild Arachis accessible
from CENARGEN, are visited regularly, and their seeds collected when necessary. At CENARGEN,
326 accessions of wild species are presently conserved, along with 12 hybrid progenies. The
collection of new accessions will continue.

Résumé

Pofitique relative au germplasme d'arachide av Brésil . Ce document est une mise a jour de la
situation du germplasme depuls Ia synthése da Pompeu en 1080. L'EMBRAFA poursuit un pro-
gramme actif de collecte et de conservation, linancé en partie par le CIRPG; das collactions sont
maintenues 8 CENARGEN, & Brasilia, et 4 linstituto Agrondmico, Campinas (fAC). Des duplicata
sont déposés 4 Fherbier doe CENARGEN.

Les introductions sont actuelioment caractérisées suivant des descripteurs sélectionnés. Toute
la documaentation concernant les dchantilions de prospection et fe matérie! en collection vivante est
stockée sur ordinateur & CENARGEN, el toutes les informations sont disponibles sur demanda.

Certaines sspéces peuvent dtra mieux conservées in situ. De nombreuses populations naturefles
d'Arachis sauvages, accessibles de CENARGEN, sont vigitées régulidrement et leurs graines
récoltdes quand cela ast nécessaire. A CENARGEN, 326 imtroductions d'espdces sauvages sont
actusflemsnt consarvées avec 12 descendances hybrides. La prospection de nouvelles introduc-

tions doit s@ poursuivre.

Introduction

A general review of groundnut production, utiliza-
tion, research problems and future research needs
in Brazil was presented by Pompeu in 1980.
Groundnuts are an important crop in Brazil, and
there is valuable wild and cultivated germplasm in
the country, which urgently needs to be conserved.
Empresa Brasiliera de Pesquisa Agropecuaria,
(EMBRAPA) decided to implement an intensive
program to collect and conserve groundnut germ-

plasm through its Centro Nacional de Recursos
Geneticos, (CENARGEN) in cooperation with the
Instituto Agronomico, Campinas (IAC), Sao Paulo
State.

Conservation

CENARGEN has been granted support by the
International Board for Plant Genetic Resources
(IBPGR) to coordinate a series of field missions to
collect germplasm of both wild and cultivated spe-

1. Arachis Germplasm Curator, CENARGEN/EMBRAPA, Parque Rural, C.P.10-2372, 70.000 Brasilia, DF, Brazil.

International Crops Research Institute for the Semi-Arid Tropics, 1985. Proceedings of an International Workshop on Cytogenetics of
Arachis, 31 Oct - 2 Nov 1983, ICRISAT Center, India. Patancheru. A.P. 502 324, India: ICRISAT.
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cies of Arachis (Valls 1983) and to establish a living
collection of vegetatively-propagated wild species.
Seed-producing species are conserved at CEN-
ARGEN, according to EMBRAPA's national objec-
tives. The wild species germplasm available at
CENARGEN includes some of the old collections
assembled by W.C. Gregory, A. Krapovickas, and
their associates (Gregory et al. 1973). and new
accessions since 1981 from expeditions coordi-
nated by CENARGEN. All sections and series of the
genus Arachis are represented.

Another set of accessions is presently main-
tained at IAC, under the care of A.S. Pompeu. This
collection includes materials obtained by Gregory

and his associates in Argentina, Bolivia, Brazil, and
Paraguay in 1976-77 (the 30000 series of collector
numbers). When appropriate, materials from this
collection will be incorporated into the base collec-
tion located at CENARGEN in Brasilia.

Supported by EMBRAPA's National Program on
Genetic Resources, an active gene bank of culti-
vated groundnut is also located at IAC. This gene
bank has 1300 accessions of A. hypogaea L, 600
obtained since 1980, mostly as a result of expedi-
tions to different regions of Brazil, or as subsamples
of materials collected in Argentina, Bolivia and
Peru, and made available to CENARGEN through
Texas A&M University.

Table 1. Number of accessions of Arachis species and hybrids presently conserved in Brazil (October 1983).

Section Series

Section Series

Species CEN' IAC? Species CEN IAC
Arachis  Annuae Erectoides Tetrafoliolatae
A. batizocoi 2 - A. benthami - 1
1 - A.  paraguariensis 5 1
A. ipaensis - 1 A. spp 1 20
A. spegazzini 2 -
A. spp 6 26 Erectoides Procumbensae
A. rigonii 1
Arachis Perennes A. appressipila 4 2
A. diogoi - 2 A. spp 9 5
A. helodes 5 4
A. villosa 5 - Extranervosae
A. correntina 4 - A. lutescens 8 -
A. cardenasii 1 - A. marginata 2 -
A. chacoense 1 - A. prostrata 9 -
A. stenosperma 5 - A. sylvestris 21 -
A. spp 12 15 A. villosulicarpa 1 2
A. macedoi 1 1
Arachis Amphiploides A. spp 28 -
A. batizogaea 1 -
A.  monticola 1 2 Rhizomatosae Prorhizomatosae
A. burkartii 12 1
Ambinervosae
A. spp 15 - Rhizomatosae Eurhizomatosae
A. glabrata 21 3
Caulorhizae A.  hagenbeckii - 2
A. repens 5 1 A. spp - 17
A. pintoi 12 -
Triseminalae
Erectoides Triloliolatae A. pusilla 9 -
A. tuberosa 2 -
TOTAL 328

1. CEN = CENARGEN, Brasilia.
2. IAC = Institute Agronomico, Campinas, Sao Paulo State.
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Documentation

Voucher specimens of all the recent collections are
deposited in the CENARGEN herbarium and dupli-
cates will be distributed to the main herbaria of the
world, and to institutions involved with groundnut
germplasm. Field collection data and information
on material in the living collection is computerized
at CENARGEN. Information on germplasm acces-
sions is available to the scientific community on
request. Characterization according to selected
descriptors is in progress both at the active gene
bank in Campinas and at the living collection of wild
species in Brasilia. Crossing experiments involving
A. hypogaea and A. diogoi Hoehne and two
unnamed species are conducted at IAC (Pompeu
1983).

Distribution

Groundnut germplasm maintained in Brazil is gen-
erally available for distribution to interested scien-
tists and institutions, once its long-term
conservation in guaranteed by successful multipli-
cation. CENARGEN is ideally located in the center
of the area of natural occurrence of wild Arachis
species. This allows frequent visits to well-known
sites of occurrence of many populations represent-
ing several species. Some of these sites are in
government-controlled areas, such as national
parks, others are on private land. The populations
are revisited whenever it is necessary to collect
additional seeds. To guarantee the future availabil-
ity of species which are very difficult to maintain
such as A. marginata Gardner, and A. tuberosa
Bentham, the best alternative may be to conserve
them in situ but official agreement has not yet been
reached. In vitro conservation is also envisaged for
critical species and for international germplasm
exchange. Wild species with potential for use as
forage plants are made available to EMBRAPA's
network of active forage crop gene banks, thus
achieving some degree of duplication in gene
banks, and reducing the chances of losing acces-
sions, as happened so often in the past.

The groundnut germplasm conserved in Brazil at
CENARGEN and IAC is detailed in Valls (1985). A
total of 328 accessions of wild species are pres-
ently conserved (Table 1), along with 12 hybrid
progenies derived from crossing experiments
(Gregory and Gregory 1979). As yet only A. repens
Handro and A. villosulicarpa Hoehne are dupli-
cated in both collections.
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Wild Genetic Resources -
Discussion

Stalker:
What is the status of A. angustifolia?

Valls:

So far as the name A. angustifolia is concerned, it
seems to be a validly-published name but is per-
haps not applicable to any of the material presently
available as germplasm. A similar situation
occurred with the name A. sylvestris which had
been left aside but now is in use, since 21 popula-
tions of this species have been accessed asgerm-
plasm in Brazil during the past 3 years.

Stalker:

In the slide shown by V.R. Rao, the plants were
grown close together. How do you maintain seed
purity in your quarantine nurseries?

V.R. Rao:
In the ICRISAT Post-Entry Quarantine Isolation
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Area (PEQUIA), the wild species plants are spaced
1.5 m apart with extra space between different
accessions. Cross-pollination by bees is very low
in the PEQIA plants. When we harvest, we dig the
area around the plant deeply and we usually only
collect pods attached to plants. In this way we
avoid any mechanical mixtures and maintain
purity.

Sastri:
Are there any wild species with pegs that have very
good strength of attachment?

Valls:

The most distinctive characteristic of the cultivated
groundnut is the absence of a well-defined abcis-
sion layer in the peg, so that the pod remains at-
tached to the plant after maturation. This trait is the
typical result of a long process of domestication.
The pegs of the presently-known wild species have
well-defined abcission layers and collapse after
pod maturation. The pegs of wild species may vary
from very thin to very thick, but do not retain the
pods after maturation.



Potentials of Wild Genetic Resources






Resistance to Groundnut Diseases in Wild Arachis
Species

P. Subrahmanyam, A.M. Ghanekar, B.L. Noit, D.V.R. Reddy, and
D. McDonald’

Abstract

Diseases are major constraints to groundnut production. The most economically-important fungal
diseases on a worldwide scale are leaf spots (Cercospora arachidicola, Cercosporidium persona-
turn), and rust (Puccinia arachidis). Sources of resistance to these diseases have been identified
within the cultivated groundnut and are being utilized in resistance breeding programs. High levels
of resistance, and/or immunity to the diseases have been identified among wild Arachis species and
cytogeneticists have been successful in incorporating some of these resistances into the -cultivated
groundnut.

Groundnuts are also subject to several damaging virus diseases and few sources of resistance to
these have been found in the cultivated groundnut. However, high resistances to groundnut rosette,
peanut mottle, peanut stunt, and tomato spotted wilt viruses have been found in some wild Arachis
species, and it is Iimportant that these resistances should also be incorporated into the cultivated
groundnut.  Similarly, resistance to some nematode diseases has also been found in wild Arachis
species and efforts should be made to incorporate this into the cultivated groundnut.

Résumé

ARdsistance aux maladies de l'arachide dans les espéces sauvages d' Arachis L. ; Les maladies
constituent 'un dos principaux factaurs limitants de la production arachidiére. Au niveau mondial
las maladies cryptogamigues économiguament les plus importantes sont las cercasporigses (Cer-
cospora arachidicola, Carcosporidium personatum) et la rouille {Puccinia arachidis). Des sources
de résistance & ces matadies identifiées dans Farechide cultivee sont actueliement utilisées dans 16s
programmes de sélection pour i résistance. Das niveaux de résistance et/ou o immunité dlovés aux
maladias ont dté identifides parmi des espéces sauvages d’ Arachis af des cyltogéneticiens ont réussi
& introduire certaines de ces résistances dans les arachides cultivées.

Les arachides sont égelement sensiblas & plusisurs mailadies a virus, et les sources de résistance
suffisantes ddcouvertes jusqurici dans las arachides cultivédes sont peu nombreuses. Cependant,
certaings aspéces d' Arachis sauvages 56 sont réveldes présenter une bonne résistance aux virus de
{a rosette, de ia marbrure foliaire, du nanisme, et de la maladie bronzée de ja tomate.

fl est donc important que ces rasistances soient également introduites dans les arachides cul-
tivées. De méme, una rdsistance a certeins nématodas a étd trouvéde parmi los espaces d' Arachis
sauvages, des efforls devront 8tre mis en veuvre pouwr introduire celte résistance dans F'arachide

cultivde.
Introduction groundnut-growing regions of the world. The most
important fungal diseases causing severe yield
A large number of fungal, virus, and nematode dis- losses on a worldwide basis are the leaf spots
eases of groundnut have been reported, and with (Cercospora arachidicola Hori and Cercospori-
few exceptions, they are commonly present in all dium personatum [Berk, et Curt.] Deighton) and

1. Plant Pathologist, Virologist, International Intern, Principal Virologist, and Principal Pathologist, Groundnut Improvement
Program, ICRISAT, Patancheru P.O., A.P. 502 324, India.

International Crops Research Institute for the Semi-Arid Tropics. 1985. Proceedings of an International Workshop on Cytogenetics of
Arachis, 31 Oct - 2 Nov 1983. ICRISAT Center. India. Patancheru. A.P. 502 324. India: ICRISAT.
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rust (Puccinia arachidis Speg.). Losses in yields
due to leaf spots of around 10% have been esti-
mated in the USA despite the widespread applica-
tion of fungicides (Jackson and Bell 1969). In the
semi-arid tropics, where chemical control is rarely
used, losses in excess of 50% are commonplace
(Gibbons 1980). Loss in yields of around 70% was
estimated in India due to a combined attack of leaf
spots and rust (Subrahmanyam et al. 1984).
Although these diseases can be controlled by cer-
tain chemicals, this approach is not at present feas-
ible in many less developed countries. Research on
identification of resistance to these diseases has
received much attention over the last decade, not
only in the developing countries, where chemical
control is rarely practised, but also in developed
countries where costs of chemical control have
become very high (Gibbons 1982). There has been
intensive research on screening groundnut germ-
plasm for resistance to various fungal diseases,
and several lines with high levels of resistance to
these diseases have been identified (Subrahma-
nyam et al. 1980, 1982, 1983; Porter et al. 1982).

Among the virus diseases of groundnut, peanut
mottle virus (PMV) is the most widespread (Reddy
et al. 1978) and causes yield losses up to 30%
(Kuhn and Demski 1975). Other economically-
important virus diseases have more restricted dis-
tributions. For instance, groundnut rosette virus
(GRYV) is important in Africa south of the Sahara;
peanut clump virus (PCV) in West Africa and in
India; bud necrosis disease (BND) caused by
tomato spotted wilt virus (TSWV) in India; and
witches' broom in Southeast Asia (Reddy 1980;
Ghanekar 1980; Porter et al. 1982). The control
strategy for many of the virus diseases has tradi-
tionally been a manipulation of cultural methods,
either to evade the peak populations of the vector,
or to avoid infection at the susceptible seedling
stage of crop growth. Although these alternative
methods of control do help in reducing the disease,
they are usually location-specific and are not there-
fore universally acceptable. In addition, farmers in
the developing countries, where the majority of the
world's groundnut crop is grown, are reluctant to
modify their age-old cultural practices. The use of
insecticidal sprays to control vectors of these vir-
uses is not a practical proposition for most farmers
in developing countries. Therefore, use of host
plant resistance is, where possible, the most practi-
cal, effective, and hence the best way to control
virus diseases.

Diseases caused by nematodes are economi-
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cally important in some parts of the world. The
principal species involved are in the genera Meloid-
ogyne, Pratylenchus, Belonolaimus, and Macro-
posthonia (Porter et al. 1982). In recent years,
germplasm screening for resistance to various
nematode diseases has been carried out in the
USA, and several sources of resistance have been
reported (Porter et al. 1982).

The sources of resistance to various fungal,
virus, and nematode diseases in cultivated ground-
nut germplasm reported so far represent a narrow
range of variability that could be improved by the
discovery of additional genes for resistance to
these diseases. Wild Arachis species are poten-
tially useful for broadening the genetic base of the
cultivated groundnut. In recent years, there has
been considerable emphasis on screening wild
Arachis species for resistance to various diseases
and some species have been reported to have high
levels of resistance to diseases caused by fungi,
viruses, and nematodes. Cytogenetic research
aimed at incorporating disease resistance and
other useful traits from wild Arachis species into
cultivated groundnut is in progress at several
research institutions (Moss 1980; Singh et al. 1980;
Stalker 1980; Wynne and Gregory 1981).

In this paper, the literature on identification of
sources of resistance to various fungal, virus, and
nematode diseases of groundnut in wild Arachis
species is reviewed.

Disease Resistance in Wild Arachis
Species

Fungal Diseases

Leaf spots

Gibbons and Bailey (1967) reported that three Ara-
chis species, A. hagenbeckii Harms, A. glabrata
Benth and A. repens Handro did not develop any
C. arachidicola lesions when grown in plastic pots
in the open under natural disease pressure in
Malawi. Abdou et al. (1974) screened 94 acces-
sions of Arachis species for resistance to C. arachi-
dicola and C. personatum under laboratory
conditions. Resistance was evaluated by measur-
ing the number of lesions per leaflet, lesion diame-
ter, percentage leaf area damaged, percentage
defoliation, and sporulation index. They found sev-
eral immune and highly resistant species in the
sections Arachis Krap. et Greg. nom. nud., Erec-
toides Krap. et Greg. nom. nud., Rhizomatosae
Krap. et Greg. nom. nud., and Extranervosae Krap.



et Greg. nom. nud. Kolawole (1976) reported an
unnamed diploid species as resistant to both leaf
spot pathogens in Nigeria. Sharief et al. (1978)
believed that this species was probably A. stenos-
perma (HLK 410). Foster et al. (1981) evaluated
nine Arachis species for resistance to C. arachidic-
ola by measuring various disease parameters and
concluded that the number of lesions per leaf, and
percentage defoliation were most useful for evalua-
tion of resistance to C. arachidicola. A. chacoense
and A. stenosperma were found to be highly resist-
ant. Abdou et al. (1974) reported that A. chacoense
Krap. et Greg. nom. nud. was highly resistant to C.
arachidicola but susceptible to C. personatum.
However, Subrahmanyam et al. (1980) found only a
few, tiny, non-sporulating lesions of both leaf spot
pathogens on A. chacoense under both field and
laboratory conditions. Melouk and Banks (1978)
and Sharief et al. (1978) observed no lesion devel-
opment on A. chacoense when inoculated with C.
arachidicola under artificial inoculation conditions.
A. cardenasii Krap. et Greg. nom. nud. was sus-
ceptible to C. arachidicola but immune to C. per-
sonatum (Abdou et al. 1974, Sharief et al. 1978,
Subrahmanyam et al. 1980). Nevill (1979) did not
observe any lesions on A. cardenasii and A. stenos-
perma when inoculated with C. personatum in
Nigeria. Company et al. (1982) evaluated A. cha-
coense and A. cardenasii for their reaction to C.
arachidicola during an investigation on cytology
and leaf spot resistance in interspecific hybrid
derivatives. Both species showed the presence of
C. arachidicola lesions in field trials but did not
produce any lesions in laboratory tests. Abdou et al.
(1974) reported that three accessions of A. villosuli-
carpa Hoehne were immune to both leaf spot path-
ogens in the USA. However, Gibbons and Bailey
(1967) observed considerable damage to the
foliage of this species due to C. arachidicola infec-
tion in Malawi. Subrahmanyam et al. (unpublished)
observed lesions of C. personatum on A. villosuli-
carpa but the lesions were small and non-
sporulating. An unidentified species of Arachis
(GKP 10596, Pl 276233) in section Rhizomatosae
was reported immune to both leaf spot pathogens in
the USA and India (Abdou et al. 1974, Subrahma-
nyam et al. 1980). However, Melouk and Banks
(1978) in the USA observed small, non-sporulating
lesions on this species when inoculated with C.
arachidicola (Table 1).

Some of these differences in disease reactions
could be due to variation in the pathogen; interac-
tion between host, pathogen, and environment; or

confusion in identification of, or variation within, the
host species.

Rust

Subrahmanyam et al. (1983) screened 61 acces-
sions of wild species, representing five sections of
the genus Arachis, under field and laboratory con-
ditions for reaction to groundnut rust. Most were
immune, six were highly resistant, and two were
susceptible to the pathogen. Some of the immune
and highly resistant accessions are listed in Table
2. Several accessions of A. glabrata were found
immune when tested in the USA and India (Brom-
field and Cevario 1970, Subrahmanyam et al. 1980,
1983). However, rust was observed on an acces-
sion of the same species collected in Brazil (Brom-
field 1971, V.Ramanatha Rao and J.F. Hennen,
personal communication). A. glabrata is a very var-
iable species and many need to be reclassified. Itis
not surprising that different accessions of a spe-
cies can vary in disease reaction, and more atten-
tion should be given to recording diseases present
on wild Arachis spp when collecting.

Attempts are being made to use species that are
resistant and immune to P. arachidis as practical
sources of rust resistance. They may have genes
for resistance to rust different from those in A.
hypogaea, thus providing the possibility of combin-
ing the rust resistance of wild and cultivated spe-
cies to give more effective and stable resistance in
the cultivated groundnut (Subrahmanyam et al.
1983). Even if the genes are identical, they may be
linked to different desirable characters or may pro-
duce more effective allelic combinations.

Singh et al. (1984) evaluated the first generation
hybrid progenies of two rust-susceptible groundnut
cultivars crossed with rust-immune A. batizocoi
Krap. et Greg. nom. nud. diploid and autotetra-
ploids, and its amphiploid with two other immune
diploid wild species for reaction against groundnut
rust. They concluded that rust resistance in diploid
wild species is of a partially dominant nature, unlike
in A. hypogaea, where it is recessive. The transfer
of rust resistance from wild species should be
straightforward because of the dominant nature of
the genes.

The tetraploid or near-tetraploid lines derived
from crosses between A. hypogaea and wild spe-
cies immune and highly resistant to rust, were sys-
tematically evaluated for their rust reaction during
the 1981 and 1982 rainy seasons at ICRISAT Cen-
ter. A very high degree of resistance to rust was
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Table 2. Sources of resistance to rust in wild Arachis species.

A.hagenbeckii Rhizomatosae

HLKO 349, PI 338305

Collector initial and Rust

Species Section number, or other identity reaction’
A.batizocoi Arachis K9484, Pl 298639; Pl 338312 |
A.duranensis nom. nud. Arachis K7988, Pl 219823 |
A.spegazzinii nom. nud. Arachis GKP 10038, Pl 263133 |
A.correntina nom. nud. Arachis HL176, Pl 331194, GKP 9548 |
A.stenosperma nom. nud. Arachis HLK 410, Pl 338280 HR
A.cardenasii nom. nud. Arachis GKP 10017, Pl 262141 |
A.chacoense nom. nud. Arachis GKP 10602, Pl 276235 |
A.villosa Arachis Pl 210554 |
A.apressipila nom. nud. Erectoides GKP 10002, Pl 262140 |
A.paraguariensis Erectoides KCF 11462 |
A.pusilla Triseminalae GK 12922, Pl 338449 |
A.villosulicarpa Extranervosae ICG 8142 ex. Coimbatore |

|

|

A.glabrata Rhizomatosae

HLKHe 552, Pl 338261

1. I = Immune; no rust disease symptoms.

HR = Highly resistant; very small necrotic lesions formed but no production of pustules or urediniospores.

observed in most of the interspecific hybrid deriva-
tives. On resistant lines, the uredosori were slightly
depressed, small, and did not rupture to release the
comparatively few urediniospores produced. The
affected leaflets showed only limited necrosis.

Virus Diseases
Peanut mottle virus (PMV)

Demski and Sowed (1981) reported that six wild
rhizomatous groundnut introductions, (most were
probably A. glabrata) were not infected by mechan-
ical or aphid (Aphis craccivora) inoculation, or in
the field under high disease pressure (Table 3).
Fifty wild Arachis species accessions have been
screened for PMV resistance at ICRISAT Center
under greenhouse conditions using mechanical
leaf rub, and air brush inoculations. All were

Table 3. Wild Arachis species resistant to peanut
mottle virus'.

Identity Species

Pl 262794 A. glabrata

Pl 421707 A.glabrata

AM 3867 A.glabrata (?)
Pl 262818 Arachis sp

Pl 262817 Arachis sp

Pl 262839 Arachis sp

1. After Demski and Sowell (1981).

infected except A. pusilla Benth.(12922), A. carde-
nasii (10017), A. chacoense (10602), and A. cor-
rentina (Burk.) Krap. et. Greg. nom. nud. (9530).
Two of these species, A. chacoense and A. pusilla,
after repeated graft inoculations remained free
from infection as determined by assays on Phaseo-
lus vulgaris (cv Topcrop) and by enzyme-linked
immunosorbent assay (ELISA).

Groundnut rosette virus (GRV)

Very little published information is available about
the identification of sources of resistance to
groundnut rosette virus in wild Arachis species.
Gibbons (1969) in Malawi tested eleven wild Ara-
chis species including four annuals and seven pe-
rennials, by aphid (Aphis craccivora) and graft
inoculation. He observed that A. repens, diploid and
tetraploid, and A. glabrata remained free of rosette
virus infection. However, Klesser (1967) using sim-
ilar experimental methods in South Africa, reported
that A. glabrata was a symptomless carrier of
groundnut rosette. Immune lines which do not
show rosette virus symptoms should be confirmed
as virus-free using ELISA.

Tomato spotted wilt virus (TSWV)

At ICRISAT Center, a total of 42 wild Arachis spe-
cies accessions were tested in the greenhouse by
mechanical and thrips (Frankliniella schultzei)
inoculation. Three species, A. pusilla (12922), A.
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correntina  (9530), and A. cardenasii (10017),
although infected by mechanical and thrips inocu-
lation in the laboratory, showed no infection under
field conditions, based on observations over many
seasons. Only A. chacoense remained free from
TSWV infection after mechanical and thrips inocu-
lation as determined by indexing on Vigna unguicu-
lata (cv C 152), and by ELISA. However, TSWV
could be detected in A. chacoense following graft
inoculation. Additionally, A. chacoense always
remained free from infection under field conditions.
Therefore, A. chacoense can be considered highly
resistant to TSWV and a potential source of resis-
tance genes in interspecific crosses with the culti-
vated groundnut.

Peanut stunt virus (PSV)

Hebert and Stalker (1981) tested 90 collections of
wild Arachis species by mechanical inoculation,
and those that were not infected were further tested
by graft inoculation. Forty-eight collections from
four sections were highly resistant and several of
these are presented in Table 4. The resistance of
these selected lines was confirmed by ELISA and
by assays on V. unguiculata. The selected lines
were also tested for susceptibility to PSV in a field
where the disease pressure was adequate and
they still remained free from PSV infection.

Nematode Diseases

Banks (1969) evaluated some 33 accessions of
wild Arachis species for resistance to the northern

Table 4. Wild Arachis species
stunt virus'.

resistant to peanut

Species or

collector

number Section Pl number
9571 Rhizomatosae 262818
9806 Rhizomatosae 262792
9921 Rhizomatosae 262296
A.glabrata B1 Rhizomatosae —
10596 Rhizomatosae 276233
7988 Arachis —
10598 Arachis 276234
9764 Erectoides 262859
10573 Erectoides 276225
A.repens Caulorhizae —

1. After Hebert and Stalker (1981).
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root knot nematode (Meloidogyne hapta Chit-
wood). Only one species from section Rhizomato-
sae, Pl 262286, had a moderate level of resistance.
Castillo et al. (1973) tested 12 accessions for resis-
tance to northern root knot nematode. Four acces-
sions of section Rhizomatosae, Pl 262286, PI
262841, P1 262814, and P1 262844, had fewer galls
than the control A. hypogaea cv Spantex. The
number of egg-laying females was also reduced.
At present no information is available on utilization
ofthese species in breeding for resistance to
M. hapla.
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Resistance of Wild Species of Groundnut to Insect
and Mite Pests

P.W. Amin’

Abstract
While sources of resistance are available in cultivated species of groundnut to some pests such as, thrips,
(Scirtothrips  dorsalis Hood., Frankliniella schultzei Trybom., and F. fusca Hinds.), jassids (Empoasca

and southern corn root worm (Diabrotica
undecimpunctata howardi Barber), a high level of resistance has yet to be identified for several important
pests such as the groundnut aphid (Aphis craccivora Koch.), Spodoptera spp, Heliothis spp, and mites
(Tetranychus spp). Available reports indicate that some wild Arachis species have very high levels of
resistance to these pests. Species within the section Arachis offer the highest potential for rapid utilization
of wild germplasm. Future hybridization programs should utilize A. chacoense as a source of resistance to
aphids, thrips, jassids and tomato spotted wilt virus; A. batizocoi and A. correntina for jassid resistance; A.
chacoense and A. stenosperma for pod-boring insect resistance; A. villosulicarpa, A. correntina, and
Arachis sp Pl 263996 for mite resistance; and A. correntina for Heliothis resistance.

fabae Harris and E. kerri Pruthi), termites (Odontotermes spp),

Résumeé

Résistance des esphces d'arachide sauvages aux insectes el acariens nwisibles : Les espdces seuvages
présentsnt des niveaux de résistance aleves & divers insactes et acariens el peuvent élre ulilisées pour
I'amélioration des arachides cultivées.

Alors que 'on dispose chez los espbces d'arechide cuitivees de sources de résistance 4 certains ennamis
tels gue los thrips {Scirtothrips dorsalis Hood., Frankliniella schultzei Trybom., et F. fusca Hinds.), les
jassidae {(Empoasca fabae Harris et E, kerri Pruthi}, les termites (Qdontotermes spp) et Diabrotica
undecimpunctata howsrdi Barber, il raeste encore & identifier chez celtes-ci un degré de résistance élevé a
plusieurs ravageurs importants comms le pucseron de 'arachide (Aphis craccivora Koch.), Spodoptara
spp, Heliothis spp ef Tetranychus spp. Des rapports révélent que quelgues espéces sauvages d’ Arachis
présentaent des niveaux de résisiance {ras élevds & ces ravageurs. L es aspéces de la section Arachis offrent
la potentiel le plus élevé pour une utilisation rapide du germplasme sauvage. On devra donc utiliser comme
source de résistance dens les tulurs programmes d'hybridation, A. chaccense pour /s résisfance aux
pucerons, thrips et jassidae, ainsi qu'au virus de la maladie des taches bronzées de ia tomate, maladie
transmise par le thrips; A. batizocoi et A. correntina pour la résistance aux jassidee; A. chacoense ef A.
stenosperma pour la régistance au borer das gousses; A. villosulicarpa. A. correntina et Arachis sp Pl
263996 pour la résistance aux acariens at A. carrentina pour !a résistance & Haliothis.

Introduction

Groundnut is attacked by more than 360 species of
insects and mites (Stalker and Campbell 1983). In
India the annual losses from five major insect pests
have been estimated at Rs. 1600 million (US $ 160
million) (Amin 1983).

The same pests do not cause damage every

year on every farm but in the SAT a number of
These are the
thrips
indicus

species are always prominent.
groundnut aphid Aphis craccivora Koch.,
Scirtothrips dorsalis Hood., Caliothrips
Bagnall, Frankliniella schultzei (Trybom)., F. fusca
Hinds, Enneothrips Moulton, jassids
Empoasca spp, armyworm Spodoptera spp, and
termites Microtermes spp, Odontotermes spp.

flavens

1. Entomologist, Groundnut Improvement Program, ICRISAT, Patancheru P.O., A.P. 502 324, India.

International Crops Research Institute for the Semi-Arid Tropics, 1985. Proceedings of an International Workshop on Cytogenetics of
Arachis, 31 Oct - 2 Nov 1983, ICRISAT Center, India. Patancheru, A.P. 502 324, India: ICRISAT.
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Aphids, and thrips are usually important as vec-
tors of viruses. Aphis craccivora is best known as
the vector of rosette virus in Africa but is also the
vector of peanut mottle virus (PMV), which is a
problem wherever groundnuts are grown. F. schult-
zei is of major economic importance in India
because it transmits tomato spotted wilt virus
(TSWV), the cause of bud necrosis disease (BND)
(Amin et al., 1981).

Until recently, pest control in groundnuts was
based on pesticide application. However, the con-
cept of reducing losses by breeding pest-resistant
plants is now receiving attention. Wild species are
potentially highly resistant to a range of insect pests
but in most cases investigations have been limited
to the identification of sources of resistance. This is
because: pest-resistant varieties of cultivated
groundnut are available; there is a limited supply of
wild species at research centers; the special
breeding techniques required to utilize wild species
(Johnson et al., 1977); and the long breeding peri-
ods required to remove undesirable characters
which have been transferred from the wild species.
Dahms (1972) stated that wild species should only
be screened for resistance after a thorough search
of the cultivated germplasm. However, the rapidly-
changing situation created by recent develop-
ments in cytogenetic techniques invalidates this
view(Sastri et al., 1982).

Resistance of Wild Arachis
Species to Sucking Pests

Thrips

Of the several species of thrips that attack ground-
nut only a few are pests. These include S. dorsalis,
and C. indicus in India, C. indicus in Sudan (Clinton
1962), F. fusca in the USA and E. flavens in Brazil.

Frankliniella spp

Stalker and Campbell (1983) screened several wild
Arachis germplasm collections against F. fusca
and found 17 accessions to be totally free from
injury symptoms. These included; A. batizocoi,
A.pusilla, A. paraguariensis, A. repens, A. Vvillosa,
and 12 others.

At ICRISAT, preliminary studies were conducted
on the survival and fecundity of S. dorsalis and
F. schultzei by caging five females of each species
on individual detached leaflets of wild Arachis
under controlled conditions of temperature and
light (28 °C day-time temperature at 700 lux artifi-
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cial lightfor 12 hand 21 °C night-time temperature).
The survival and fecundity of both thrips species on
wild Arachis was considerably reduced when com-
pared to those living on A. hypogaea (cv TMV 2),
indicating a high level of resistance in most wild
species tested. F. schultzei females survived for 2.7
to 5.7 days on the Arachis species compared to 8.7
days on TMV 2 and Arachis sp Pl 10596. Less than
4.0 nymphs per female were obtained from individ-
ual females on wild species compared to 12.2 on A.
hypogaea (cv TMV 2) and 5.0 on Arachis sp PI
10596.

High levels of resistance to F. schultzei have
been identified in cultivated groundnut. They are
being utilized in the breeding program at ICRISAT
Center and at North Carolina State University, USA.
A. chacoense has been found to be resistant to
TSWV, a trait that has not been located in cultivated
groundnuts. This was discovered by exposing see-
dlings to viruliferous thrips. None of the 20 A. cha-
coense seedlings developed symptoms after 60
days, whereas all the other lines of wild species, the
check cultivar TMV 2, and the susceptible host, urd
bean, Vigna mungo (cv UPU 2) produced symp-
toms within 10 to 30 days. No viral antigens could
be detected in young and old leaves from the A.
chacoense plants after they had been exposed to
viruliferous thrips. The leaves were assayed by the
enzyme-linked immunosorbent assay (ELISA)
technique.

The mechanism of resistance to TSWV in
A. chacoense is not known. The reduced survival of
F. schultzei on A. chacoense plants is not
responsible for non-transmission of TSWV,
because F. schultzei adults survived for 2 to 3 days
which is long enough to inoculate the plants; the
minimum inoculation access period is 5 minutes
(Amin, personal observation).

A. chacoense has since been crossed with
A. hypogaea in the hope of transferring resistance.
Several near tetraploid progenies are being evalu-
ated in open field screening.

S. dorsalis

The longevity and fecundity of S. dorsalis adults
were also lower on the wild species and their deriv-
atives than on A. hypogaea. Five females of S.
dorsalis produced 103 nymphs on A. hypogaea (cv
TMV 2) while no nymphs were obtained from the
same number of females caged on A. chacoense,
A. duranensis, and on a hybrid between A. cha-
coense x A. cardenasii.



Aphid, A. craccivora

It has not been possible to screen wild Arachis
species for resistance to A. craccivora in field con-
ditions at ICRISAT Center. Screenhouse tests
showed that A. chacoense, A. villosa, A. correntina,
and A. glabrata, all exhibited high levels of resist-
ance. Forty females caged on four plants produced
1050 nymphs on TMV 2 while the same number of
females produced no nymphs on A. villosa and A.
glabrata, 2 on A. chacoense, and 43 on A. duranen-
sis. Progenies of interspecific hybrids involving A.

chacoense and A. villosa also showed high
resistance.
Gibbons (1969) reported high resistance to

rosette virus in A. repens and A. glabrata tested
under laboratory conditions in Malawi. However, no
attempts were made to screen these species for
aphid resistance.

A. craccivora is responsible for the spread of
rosette virus between and within crops. Therefore,
resistance to A. craccivora in groundnut cultivars
selected for African conditions should have char-
acters that combine both nonpreference (to lessen
the attractiveness of crop to immigrant alatae), and
the reduction of fecundity (to reduce aphid spread
within a crop). The latter characteristic has been
identified in wild Arachis species tested with the
Indian biotype of A. craccivora. The former must
await the results of field evaluations of wild Arachis
species, and crosses incorporating wild Arachis
genes under African conditions.

Groundnut jassid, Empoasca spp

Several species of the genus Empoasca are pests
of groundnut in various parts of the world. They
cause similar damage symptoms i.e., stunting, vein
clearing, and a wedge-shaped yellowing (hopper
burn) at the tip of leaflets. On very young plants the
leaflets wither and die. Stalker and Campbell (1983)
reported 21 collections free from jassid injury. Four
of these, A. correntina, A. cardenasii, A. duranensis,
and A. villosa belong to section Arachis, three to
Erectoides, one to Ambinervosae and 13 to Rhizo-
matosae. The Fy hybrid of A. villosa x A. hypogaea,
cv NC Ac 18000-2 was susceptible to jassids while
the reciprocal hybrid expressed a high level of
resistance.

Preliminary experiments at ICRISAT (unpub-
lished) demonstrate that some wild Arachis acces-
sions decrease jassid fecundity and were tolerant
to jassid attack.

In view of the high level of jassid resistance pres-
ent in A. hypogaea there is little need to consider
wild Arachis spp unless an alternative mechanism
of resistance is needed in the future.

Mites, Tetranychus spp

Mites are important pests of groundnut in the USA.
They suck sap from the foliage which initially
results in leaf stippling, and ultimately in the foliage
drying. Screening for mite resistance is difficult
under field conditions because the mites are unev-
enly distributed. Screening in greenhouses is
simpler. Leuck and Hammons (1968) reported that
Arachis sp Pl 262841 was highly resistant to Tetra-
nychus tumidellus Prichard et Baker, with less than
10% foliar damage; A. Vvillosulicarpa, Arachis sp PI
262841, and A. repens showed 10 to 25% damage.
The resistance to mites was attributed to non-
preference, because they failed to establish on re-
sistant plants.

Johnson et al. (1977) initiated greenhouse tests
of several accessions from seven sections of Ara-
chis for resistance to Tetraychus urticae Koch.
Most species in section Rhizomatosae were highly
resistant. One accession, A. correntina Pl 331194
in section Arachis also had low damage. Johnson
et al. (1980) observed considerable variation in the
relative feeding preference on wild species. Two
species in section Rhizomatosae, Pl 262286, and PI
262840 were non-preferred by T. urticae with rela-
tive preference ratings of 1.8 and 13.3 respectively
when compared to A. hypogaea cv Nc Ac 5 that had
a preference rating of 100. For other wild species,
P1 262142 (Erectoides) and Pl 331194 (Arachis) the
preference rating was 31.9 and 40.6 respectively.
Fecundity was considerably reduced on two wild
species of Rhizomatosae but not on single species
from both sections Erectoides and Arachis.

It appears that high levels of resistance are only
found in section Rhizomatosae, but the use of these
as resistant sources appears to be restricted
unless techniques are developed to hybridize the
Rhizomatosae species with Arachis hypogaea.

Resistance to Chewing Insects
Armyworm, Spodoptera spp

Lynch et al. (1981) evaluated 14 Arachis species
for resistance to S. frugiperda by calculating a host
suitability index (HSI).
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Pupal wt. (or fecundity)/

Development time

HSI = X % survival

Leaf consumption

They found that A. villosa and A. burkartii were
totally unsuitable hosts because armyworm larvae
did not develop on them at all. Other Arachis spe-
cies with low HSIs were A. cardenasii (HSI = 0.09),
A. lignosa (HSI = 1.3), A. correntina (HSI = 1.4), and
A. chacoense (HSI = 1.6). The remainder had HSIs
in the range of 4.6 to 6.5. Itis also interesting to note
that on A. villosulicarpa the survival was low (15%),
but the mean pupal weight was high (209 mg) as
compared to A. hypogaea on which survival was
high (75%) and pupal weight low (162 mg).

Heliothis spp

Though various Heliothis species attack groundnut
in different parts of the world, screening has only
been carried out against H. zea Boddie in the USA.
Stalker and Campbell (1983) evaluated 53 collec-
tions and most of them were damaged less than A.
hypogaea. In section Arachis, A. correntina, A. vil-
losa, A. chacoense, and A. stenosperma leaf feed-
ing damage ranged from 0.5 to 1.6% compared to
37% in A. hypogaea cv Florigiant. An F; progeny of
A. villosa x NC Ac 18000-2 had 38% damaged
leaves although the reciprocal hybrid displayed
only 4.4% damage. Under laboratory conditions A.
batizocoi proved to be highly resistant as Heliothis
larvae failed to survive on this species. When
segregates from the interspecific hybrid derivative
populations were evaluated, they had a signifi-
cantly higher level of resistance than their culti-
vated parent. For example, when A. hypogaea PI
261942-3 (with 38.3% damaged leaves) was
crossed with A. cardenasii (with 2.7% damaged
leaves), the progeny had only 4.6% leaves dam-
aged. Similar results were obtained with other
crosses involving Pl 261942-3 and A. duranensis,
or with cv NC 2 x (A. batizocoi x A. spegazzini).

Conclusion

There is clear evidence that wild species in section
Arachis have a high degree of resistance to several
insect pests. These species are being used in the
groundnut breeding program at ICRISAT Center to
transfer this resistance to A. hypogaea.
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Potentials of Wild Genetic
Resources—Discussion

Rees:
What are the mechanisms of resistance in wild
Arachis species?

P.Subrahmanyam:

The resistance to rust is dominant when trans-
ferred from Arachis species to cultivated varieties
whereas resistance so far transferred from culti-
vated A. hypogaea is recessive.

Stalker:

The inheritance of genes for resistance has been
reported in several cases. For example, Sharief
reported that Cercospora arachidicola resistance
is a multigenic recessive trait. However, in triploid
A. hypogaea x A. chacoense or A. hypogaea x A.
cardenasii, C.arachidicola resistance acted as a
dominant trait. Further reciprocal differences have
been reported for insect resistance where high
levels were observed in F; interspecific hybrids
when A. hypogaea was the female parent, but not
when the cultivated species was the male parent.

Rees:

These are examples of inheritance of resistance. It
is necessary to make efforts to understand mecha-
nisms of resistance.

Amin:

The mechanisms of resistance to insects are only
understood in a few cases, e.g., resistance to jas-
sids is ascribed to the density and length of hairs on
the leaflets.

Stalker:

Campbell's results show that not only density, or
angle but also type and location of hairs at insect
feeding, or oviposition sites is very important. Hairi-
ness does not always contribute resistance to
pests. In fact, some pests such as Heliothis prefer
hairy leaves for oviposition e.g. in cotton.

Singh:

Should defoliation in cultivars due to foliar diseases
be considered as the most important criterion for
susceptibility?

P.Subrahmanyam:

Yes, it is one of the criteria for susceptibility, but
other parameters such as smaller and fewer
lesions on the leaflets should be also considered
important for resistance to the fungal pathogens.

Singh:
Has hairiness any correlation with resistance to
jassids in all germplasm lines?

Amin:
In several lines there appears to be a strong corre-
lation between hairiness and jassid resistance.

Sastri:
Does staining hair with Sudan IV have any correla-
tion with resistance?

Amin:
The staining procedure only helps facilitate count-
ing of hairs.

M.V.Reddi:

In your presentation on the sources of rust and leaf
spot resistance in wild species, you stated that no
morphological characteristic could be attributed as
a mechanism of resistance. May the resistance be
enzymatic in nature?

P. Subrahmanyam:
Probably, yes. At present we are not investigating
these aspects.

Murty:

From your long experience, do you think that the
genetic mechanism of resistance to rust in wild
species may be different from that in the cultivars of
groundnut?

P. Subrahmanyam:
Yes, there is evidence that different genes or
alleles are involved.
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Cytotaxonomy of Arachis’

H. T. Stalker?

Abstract

The genus Arachis comprises a large number of species native to South America. Members of
sections Erectoides, Extranervosae, and Rhizomatosae are among the oldest species in the genus
and their center of origin is Brazil. The seven morphologically-described sections of Arachis
correspond closely to cross-compatible groups. Interspecific hybrids are difficult to make and most
are sterile.

Although polyploidy has evolved independently in sections Arachis and Rhizomatosae, most
species of the genus are diploid (2n = 20). Chromosomes are small and mostly median. However,
several species in section Arachis have an asymmetrical genome suggesting a recent origin.
Chromosome homologies have been reported within section Arachis and between sections Arachis
and Erectoides, and Erectoides and Rhizomatosae. At least nine genomic groups exist among
diploid species of the genus, with three of these genomes in section Arachis.

Arachis hypogaea originated in the southern Bolivian region, probably from a wild allotetraploid.
The cultivated species probably has an A-B genome, but the diploid progenitors have not been
identified. There is variation in karyotype among varieties.

Arachis hypogaea has been crossed with 13 species of section Arachis, and one of section
Rhizomatosae with the aid of in vitro culture. A gene pool system has been proposed where A.
hypogaea and A. monticola belong to the primary gene pool, diploid members of section Arachis
belong to the secondary gene pool, and species in other sections of the genus are in the tertiary gene
pool.

Résumé

Cytotaxonomie d'Arachis : Le genre Arachis comprend un grand nombre d'sspéces originaires
d’Amérique du Sud. Les membres des sections Erectoides, Extranervosas, st Rhizomatosae sont
parmi lgs plus anciennes espéces du genre ef leur centre d'origing ast le Brésil. Les sep!t sections
d'Arachis décrites morphoiogiquement correspondent étroiterment aux groupes a croisement com-
patible. La création & hybrides interspéciliques est difficile a réaliser e Ia plupart d'entre eux sont
storiles.

En dépit d'une évolution indépendante de ia polyploidie dans las sections Arachis et Rhizomato-
580, la plupart des espéces du genre sont diploides (2n = 20). Les chromosomes sont pelits et pour ia
plupart & centromére médian. Cepandant, plusieurs espéces de la section Arachis posséedent un
génome asymelrique, laissant SLUppossr une origing récente. On a rapporté des homoiogias chro-
mosomiques & l'intdriour de la section Arachis et entre les sections Arachis et Erectoides, ainsi que
Erectoides ef Rhizomatosae. /! existe au moins neul groupes génomigues parmi les espéces
diploides du genre, dont trois de ces génomes dans 18 section Arachis.

Ayant s5on origine dans la région méridionale de la Bolivie, I'Arachis hypogsea est probablement
dérivé d’'un aliotétrapioide sauvage. i est probable que 'aspécs cultivée comprend un génome A-B,
mais on n'a pas identifié les descendants diploides. On a constaté une variation de karyolype parmi
i8s varidtds.

On a réalisé les croisements de rArachis hypogaea avec 13 aspécas de la section Arachis, ains/
qu'avec F'une de ia saction Rhizomatosae & l'aide de la cufture in vitro. On propose un systéme de
ragroupement (‘poofl’} da génes : seion ce systéme, A. hypogaea et A. monticola appartiennent au
pool primaire, les membroe diploides de ia section Arachis appartiennent au pool secondaire, ot les
espaces das aulres sections du genre sont regroupées dans le pool tertiairs.

1. Paper number 9015 of the journal series of the North Carolina Agricultural Research Service, Raleigh, NC 27650.
2. Associate Professor of Crop Science, North Carolina State University, Raleigh, NC 27650, USA

International Crops Research Institute for the Semi-Arid Tropics, 1985. Proceedings of an International Workshop on Cytogenetics of
Arachis, 31 Oct - 2 Nov 1983, ICRISAT Center, India. Patancheru, A.P. 502 324, India: ICRISAT.
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Introduction

The cultivated groundnut (Arachis hypogaea L) is
widely distributed in the tropical and subtropical
areas of the world. The seeds are rich in oil and
protein and make a major contribution to human
nutrition. Brooks (1966) lists groundnut together
with banana, barley, common bean, cassava,
coconut, maize, potato, rice, sorghum, soybean,
sugar beet, sugarcane, sweet potato, and wheat as
man's principal food crops. In addition to cultivated
groundnut, the genus Arachis is composed of a
large number of diploid and tetraploid species
native to South America. This paper will attempt to
review taxonomic, cytogenetic, and biosystematic
information related to Arachis species. It summar-
izes current views concerning the origin and evolu-
tion of the genus and possibilities for gene transfer
among species.

Taxonomy

Arachis is a large genus with 50 or more species
belonging to the family Leguminosae. Itis placed in
the tribe Aeschynomeneae, subtribe Stylosanthi-
nae because members of the genus have alter-

nately attached basal and dorsal anthers, flowers in
terminal or axillary spikes or small heads, pinnate
leaves and leaflets few without stipules (Taubert
1894). The genus has been further subdivided into
sections by Krapovickas (1969,1973) and by Gre-
gory et al. (1973). Resslar (1980) reviewed the
validity of sectional classifications and concluded
that epithets were invalidly published according to
the International Code of Botanical Nomenclature
and that an author could use any of the three sys-
tems (Table 1). However, the infrageneric divisions
serve a useful purpose in dividing the genus into
general cross-compatible groups. The system of
sectional classification derived from Gregory et al.
(1973) and Resslar (1980), which was published by
Smartt and Stalker (1982), will be followed in this
paper (Table 2).

The first species described was Arachis hypo-
gaea L in 1753 by Linnaeus. Almost 100 years later
the following wild species were described: A. vil-
losa Benth., A. prostrata Benth., A. tuberosa Benth.,
A. glabrata Benth., and A. pusilla Benth. (Bentham
1841). Monographs have since been published by
Chevalier (1933,1934, 1936), Hoehne (1940), and
Hermann (1954). Because of the deficiencies in
the herbarium collections which were observed by

Table 1. A comparision of sectional classifications of Arachis'.

Krapovickas (1969)

Gregory et al. (1973)

Krapovickas (1973)

Section  Axonomorphae Section  Axonomorphae Section Arachis
series Annuae
series Perennes
series  Amphiploides
Section Erectoides Section Erectoides
series Trifolioiatae Section  Trierectoides
series  Tetrafoliolatae Section  Tetraerectoides®
series  Procumbensae
Section Caulorhizae Section Caulorhizae Section Caulorhizae
Section Rhizomatosae Section Rhizomatosae Section Rhizomatosae
series  Prorhizomatosae
series  Eurhizomatosae
Section  Extranervosae Section  Extranervosae Section Extranervosae
Section Ambinervosae Section Pseudoaxonomorphae Section  Ambinervosae
Section  Triseminalae

Section Goniorhiza®

1. From Resslar (1980).
2. Includes series Procumbensae of Gregory et al. 1973.

3. Included in section Erectoides sensu Gregory et al. 1973 and section Tetraerectoides sensu Krapovickas 1973.
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these investigators, Gregory et al. (1980) consi-
dered the works to be unsatisfactory representa-
tions of the variability in Arachis. Twenty-two
species of the genus have been described and
diagnoses published (excluding A. nambyquarae
Hoehne, which is a form of A. hypogaea, and A.
batizogaea Krap. et Fern., which originated from a
man-made hybrid) (Table 3). In addition, 11 spe-
cies names have been reported in the literature.
The number of species eventually to be published
has been estimated to be between 40 and 70 (Gre-
gory and Gregory 1976); but the number will proba-

bly be nearer the higher estimation of 70 species.
The taxonomic work needed to describe the known
variation in the genus is immense.

In addition to taxonomic treatments of wild Ara-
chis species, the cultivated groundnut, A. hypo-
gaea, has been divided into two subspecies, each
with two botanical varieties (Krapovickas 1968,
1973). Subspecies hypogaea does not have flow-
ers on the plant main stem and has alternating pairs
of vegetative and reproductive axes along the
lateral braches. Subspecies fastigiata has flowers
on the plant main stem and sequential reproductive

Table 3. Species of Arachis and their sectional designations.

Year of
Species Section’ Series diagnosis

1 A.batizocoi Krap. et Greg. Arachis Annuae 1974

2 A.duranensis Krap. et Greg. nom. nud. Arachis Annuae

3. A.spegazzinii Krap. et Greg. nom. nud. Arachis Annuae

4. A.stenosperma Krap. et Greg. Arachis Annuae

5 A.ipaensis Krap. et Greg. nom. nud. Arachis Annuae

6 A.helodes Martius ex Krap. et Rig. Arachis Perennes 1957

7a. A.villosa Benth. var. villosa Arachis Perennes 1841

7b.  A.villosa var. correntina Burkart [A.correntina Arachis Perennes

(Burk) Krap. et Greg. nom. nud.]

8. A.diogoi Hoehne Arachis Perennes 1919

9. Acardenasii Krap. et Greg. nom. nud. Arachis Perennes

10 A.chacoense Krap. et Greg. nom. nud. Arachis Perennes

11. A.hypogaea L. Arachis Amphiploides 1753
12. A.monticola Krap. et Rig. Arachis Amphiploides 1957
13. A.guaranitica Chod. et Hassl. Erectoides Trifoliofatae 1904
14. A.tuberosa Benth. Erectoides Trifoliolatae 1841
15. A.benthamii  Handro Erectoides Tetrafoliolatae 1958
16. A.marti  Handro Erectoides Tetrafoliolatae 1958
17. A.paraguariensis Chod. et Hassl. Erectoides Tetrafoliolatae 1904
18. A.oteroi Krap. et Greg. nom. nud. Erectoides Tetrafoliolatae
19. A.rigonii Krap. et Greg. Erectoides Procumbensae 1960
20. A.lignosa (Chod. et Hassl.) Krap. et Greg. nom. nud. Erectoides Procumbensae
21. A.repens Handro Caulorhizae 1958
22. A.pintoi Krap. et Greg. nom. nud. Caulorhizae
23. A.burkarti  Handro Rhizomatosae Prorhizomatosae 1958
24. A.giabrata Benth. Rhizomatosae Eurhizomatosae 1841
25. A.hagenbeckii Harms Rhizomatosae Eurhizomatosae 1898
26. A.marginata  Gard. Extranervosae 1842
27. A.lutescens Krap. et Rig. Extranervosae 1957
28. A.villosulicarpa  Hoehne Extranervosae 1944
29. A.macedoi Krap. et Greg. nom. nud. Extranervosae
30. A.prostrata Benth. Extranervosae 1841
31. A.pusilla  Benth. Triseminalae 1841
32. A.angustifolia (Chod. et Hassl.) Killip. ? 1940

1. No species names have been given for species in section Ambinervosae.
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axes along the lateral branches. Evidence exists
for genetic differentiation between subspecies
(Krapovickas 1973; Wynne 1974).

Origins and Dispersals

The present known distribution of Arachis species
in their native habitat is geographically from the
mouth of the Amazon near the equator to approxi-
mately 34°S in southern Uruguay. The species
range is an east-west pattern from the Atlantic
Ocean to the foothills of the Andes (Figure 1). The
known distribution is continuing to expand as plant
explorations are made (Simpson 1982; Valls 1983).
Gregory et al. (1980) reported species growing at
various elevations from sea level to approximately
1450 m. Arachis can be found in open grasslands,

(53

Figure 1. Geographic distribution of Arachis in
South America. Sectional abbreviations: A =
Arachis, Am = Ambinervosae, C = Caulorhizae,
E = Erectoides, Ex = Extranervosae, R = Rhizo-
matosae, T = Triseminalae.

broken forest, submerged in water, or in flood
plains. Some species are found in semi-arid
regions while others grow in areas with more than
2000 mm of rainfall annually.

Because of the geocarpic nature of the fruit,
species distributions generally follow major river
valleys. Infrageneric groups may be closely asso-
ciated with specific drainage basins. For example,
members of section Triseminalae are found in the
Sao Francisco. Section Arachis species are most
commonly found in the drainage basin of the River
Paraguay, but also in the Amazon drainage basin.
Section Cauiorhizae is found in the Jequitinhonha
river valley, and several other drainage basins in
Brazil. Section Ambinervosae occurs predomi-
nently on the northeast coast of Brazil. Some over-
laps in distributions of major subgeneric groups do
occur, especially for sections Arachis, Erectoides,
Rhizomatosae, and Extranervosae (Gregory et al.
1973; Valls 1983), but gene exchange among spe-
cies of different sections in nature is probably min-
imal or nonexistent.

Arachis Species

The center of origin for the genus Arachis is proba-
bly in the 'planaltine ellipse' demarked by the spe-
cies distribution above 550 m in the Brazilian shield
(Gregory et al. 1980). This conclusion was based
upon general distribution patterns, differentiation
confined in drainage basins, and the geocarpic
habit of groundnuts. Gregory et al. (1973) hypo-
thesized that the adaptive features specifically
directed toward highland adaptation include tuberi-
form hypocotyls and roots (section Erectoides),
adventitious and tuberoid roots plus shoots on
pegs (section Extranervosae), and rhizomes (sec-
tion Rhizomatosae). By inference, members of sec-
tions Erectoides, Rhizomatosae, or Extranervosae
are the most primitive species in the genus.
Another primitive trait found only in two species of
section Erectoides is trifoliate leaves. Because of
distribution patterns and cross-compatibility rela-
tionships (to be discussed later in this paper), the
most ancient members of the genus Arachis may
belong to section Erectoides.

Arachis hypogaea

The center of origin of cultivated groundnuts is
somewhat obscured by time and man's dispersal of
seeds. The firstarchaeological record, and conclu-
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sive evidence of a New World origin of cultivated
groundnuts was at a cemetery near Lima, Peru
(Squier 1877). Towle (1961) dated the site at
approximately 3000-2500 BC. However, A. hypo-
gaea most likely originated further east in the
northwestern Argentine—southern Bolivia region
of South America (Krapovickas 1968; Gregory and
Gregory 1979). Arachis monticola Krap. et Rig., the
only known tetraploid species which is cross-
compatible with A. hypogaea, is also found in this
area. Hammons (1982) also concluded that the
southern Bolivia region is an important center of
variability of A. hypogaea subspecies hypogaea.
Members of this subspecies are believed to be the
most closely related to wild Arachis species
because they have a runner habit, similar branch-
ing pattern to other Arachis species, and lack com-
pound spikes (Krapovickas 1969). However, based
on karyological data of chromosome symmetry,
Stalker and Dalmacio (in review) proposed that
members of A. hypogaea subsp fastigiata var. vul-
garis comprise the most ancient cultivated group.
Furthermore, members of var. vulgaris have karyo-
types very similar to A. monticola. Gregory and
Gregory (1976) described six secondary centers of
variation in South America. Africa is an important
tertiary center of diversity for the cultivated species
(Gibbons et al. 1972).

Although Husted (1936) proposed that A. hypo-
gaea was of direct amphidiploid origin, Krapo-
vickas and Rigoni (1957),and Smartt and Gregory
(1967), suggested that the cultivated groundnut
evolved from a pre-existing wild allotetraploid.
Furthermore, an annual x perennial interspecific
hybrid within section Arachis was considered
important in the evolution of A. hypogaea (Gregory
and Gregory 1976). Several diploid species of sec-
tion Arachis have been suggested as possible pro-
genitors, including A. villosa (Varisai Muhammad
1973b), A. duranensis Krap. et Greg. nom. nud.
(Seetharam et al. 1973), A. batizocoi Krap. et Greg.
(Krapovickas et al. 1974), A. duranensis and A.
cardenasii Krap. et Greg. nom. nud. (Gregory and
Gregory 1976), A. cardenasii and A. batizocoi
(Smartt et al. 1978a,b), and A. cardenasii (Singh
and Moss 1982). Smartt and Stalker (1982) con-
cluded the most likely candidates were A cardena-
sii and A. batizocoi among the species currently in
herbarium collections. However, many species are
only represented by one or a few collections and
intraspecific variability in the genus is poorly under-
stood. Presently, the diploid progenitor species of
A. hypogaea have not been verified.
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Cytogenetics of Arachis Species

The first comprehensive reports of Arachis cytoge-
netics was by Husted (1933,1936) for A. hypogaea.
He confirmed the somatic chromosome comple-
ment of six cultivars and A. nambyquarae (syn-
onymous with A. hypogaea) as 2n = 4x = 40
(Husted 1931). In most metaphase | pollen mother
cells, chromosome pairing was 20 II, but a few
multivalents were also observed (Husted 1933,
1936). Hybrids among the varieties of A. hypogaea
showed the same patterns as parental materials,
with mostly bivalents and a few multivalents.
Stalker (1980) observed cultivated lines of Spanish
(subsp fastigiata var. wvulgaris), Valencia (subsp
fastigiata var. fastigiata), and Virginia (subsp hypo-
gaea var. hypogaea) and found similar patterns of
chromosome pairing as Husted (1936). Intersub-
specific hybrids among the Spanish, Valencia, and
Virginia varieties also had mostly bivalent chromo-
some pairing, but univalents and multivalents were
also observed (Stalker 1980). Valencia x Virginia
hybrids had the most irregular meiosis with an
average of 0.51 | + 19.59 Il + 0.01 Il + 0.08 IV per
pollen mother cell. Meiotic analyses suggested
chromosome structural differences may exist
among subspecies (Husted 1936; Raman 1976;
Stalker 1980). Furthermore, Gregory et al. (1980)
reported reduced fertility in Fy hybrids between
alternately and sequentially branching genotypes,
which correspond to the subspecies hypogaea and
fastigiata of A. hypogaea, respectively.

The chromosomes of A. hypogaea are small
(approximately 1-4 y m) and difficult to karyotype.
Husted (1933, 1936) was able to distinguish a
chromosome pair with a secondary constriction (B
chromosome) and one pair which was distinctively
smaller than the others (A chromosome). The ter-
minology of A and B chromosomes has persisted in
the literature; however, they should be discarded
as the term B chromosome is universally used to
indicate supernumerary heterochromatic chromo-
somes found in some plant cells, and not as an
indication of chromosomes with a secondary con-
striction. The A chromosome pair can just as easily,
and more correctly, be called a distinctively small
chromosome number 20. The letters, A and B can
then be used as genomic designations which will
be discussed later.

Several types of secondary constriction chromo-
somes have been reported in A. hypogaea by Babu
(1955). Groundnut cultivars can be distinguished
based on differences among chromosomes



(D'Cruz and Tankasale 1961; Stalker and Dalmacio
1981b). Singh and Moss (1982) further reported
karyotypes of A. monticola and two A. hypogaea
cultivars. Stalker and Dalmacio,(in press) grouped
cultivars into their respective botanical variety
designations based on a principal component
analysis of chromosome arm ratios. At least 15 of
the 20 chromosome pairs can be distinguished
cytologically in somatic cells (Stalker and Dalma-
cio, in press).

The first chromosome report for a wild species
was 2n = 40 for A. glabrata (Gregory 1946).
Mendes (1947) reported 2n = 20 for A. diogoi
Hoehne, A. marginata Gard., A. prostrata, and A.
villosulicarpa Hoehne. Smartt and Stalker (1982)
summarized reports of chromosome numbers in
the genus and found only 26 species with asso-
ciated cytological analyses. Since 33 species have
been named, and eventually the number may
reach 70, the inadequacy of cytological analyses in
the genus is evident.

At least two chromosome series, 2n = 2x = 20
and 2n = 4x = 40, are present in the genus. Poly-
ploidy arose twice, once in section Arachis and a
second time in section Rhizomatosae (Smartt and

Stalker 1982). However, most species in the genus
are diploids.

Meiotic studies of Arachis species have
revealed that chromosome pairing in the diploids is
normally 10 Il (Raman 1976; Resslar and Gregory
1979; Smartt et al. 1978a,b; Stalker and Wynne
1979; Singh and Moss 1982). However, quadrival-
ents have been reported at a low frequency in the
two diploid species A. villosa and A. spegazzinii
Greg, et Greg. nom. nud. (Singh and Moss 1982);
but because of the prevalence of 'sticky chromo-
somes', the observed multivalents may have been
artifacts of chromosome preparations.

Meiosis in A. monticola (2n = 40) is generally
normal with 20 Il and occasional multivalents
(Raman 1976). Meiosis in tetraploid rhizomatous
taxa is less regular than in A. monticola or A.
hypogaea, with up to four quadrivalents per pollen
mother cell (Raman 1976). In the section Rhizoma-
tosae species collection GKP 9570 (Pl 262817), an
average chromosome association of 19.92 Il + 0.04
IV was also observed (Table 4). The less regular
meiosis observed in tetraploids of section Rhizo-
matosae (based on a very narrow range of geno-
types) may be due to the vegetative reproduction

Table 4. Cytological analyses of species and interspecific and intersecttonal hybrids involving sections Erec-

toides, Rhizomatosae, and Arachis.

Pollen Cells .
Chromosome association

stain observed

Species/hybrids Section 2n (%) (no.) | 1] 1] v
A.paraguariensis, GKP 9646 (Pl 262842) E 20 98.3

Arachis sp, GKP 9841 (Pl 262278) E 20 93.8 25 0.08 9.96 0 0
A.rigonii, GKP 10034 (Pl 262142) E 20 999 25 0 10.00 0 0
Arachis sp, GKP 9570 (Pl 262817) R 40 97.6 25 0 19.92 0 0.04
A.glabrata, GKP 9830 (Pl 262797) R 40 84.6

Arachis sp, HLKHe 569 (Pl 338301) R 40 955

Erectoides x Erectoides

10034x9841-F4 ExE 20 122

10034 x 9841-C;4 ExE 40 87.8 50 212 18.32 0.04 0.28
10034x9646-F, ExE 20 1.0 25 120 940 0 0
10034x9646-C ExE 40 81.9 51 123 19.20 0.04 0.02
Erectoides x Rhizomatosae

9841x9570-F4 ExR 40 939 29 0.48 19.55 0 0.10
4x(10034x9646)x9830-1 4x(ExE)xR 40 708 25 0.04 19.68 0.08 0.08
4x(10034x9646)x9830-2 4x(ExE)xR 40 68.0 25 0.20 19.60 0.12 0.04
4x(10034x9646)x9830-3 4x(ExE)xR 40 56.3 25 0.50 19.40 0.12 0.08
4x(10034x9841)x(9841 x9570)-1 4x(ExE)x4x(ExR) 40 70.6 25 2.68 17.72 0.28 0.20
4x(10034x9841)x(9841 x9570)-2 4x(ExE)x4x(ExR) 40 81.8 28 219 18.88 0.36 0.12
4x(10034x9646)x569-1 4x(ExE)xR 40 68.5 25 0.64 19.48 0 0.08
4x(10034x9646)x569-2 4x(ExE)xR 40 70.8 25 116 19.00 0.12 0.12
4x(10034x9646)x569-3 4x(ExE)xR 40 63.6 25 0 19.60 0.04 0.12
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prevalent in the group, and thus selection for fertility
and regular meiosis is not a major factor in the
survival of rhizomatous species.

The somatic chromosomes of Arachis species
are generally small and metacentric. Reports of
Arachis species karyotypes have almost exclu-
sively been restricted to members of section Ara-
chis, largely because of interest generated by
being closely related to the cultivated groundnut.
Raman (1959) and Smartt (1964) reported a dis-
tinctively small chromosome in most diploid spe-
cies of section Arachis. Arachis batizocoi is the
only species of section Arachis without the small
chromosome (Smartt et al. 1978a,b). The distinc-
tive pair was also absent in A. paraguariensis Chod.
et Hassl. (Coll. GKP 9646) of section Erectoides
(Smartt 1964).

Although the chromosomes of Arachis species
are small, they can be accurately karyotyped
(Stalker and Dalmacio 1981a; Singh and Moss
1982). Although the karyotypes of eight species
presented by the two investigators differed slightly
(apparent differences in published tables were
largely due to methodology used to determine
chromosome symmetry), several trends are appar-
ent in the section Arachis. First, most chromo-
somes of the Arachis species genomes are
relatively symmetrical. The genomes ranged in
symmetry from two submedian or nearly subme-
dian chromosomes in A. spegazzinii to seven sub-
median or nearly submedian chromosomes in A.
batizocoi and A. cardenasii (Stalker and Dalmacio
1981 b). Although a distinctively small chromosome
was earlier reported for most section Arachis spe-
cies, except A. batizocoi, Stalker and Dalmacio
(1981a) and Singh and Moss (1982) reported the
smallest chromosome found in A. cardenasii was
not so short as the other species of the group. Each
investigator also concluded that the genome of A.
batizocoi was significantly different from the other
species of the section. Furthermore, the remaining
cluster of seven analyzed species could be further
subdivided into less distinct karyological groups.

A third distinct karyological group in section Ara-
chis was reported by Stalker and Cross (1983) for
Arachis sp Coll. GKSSc 30091 and 30099. The
karyotype of this species was highly asymmetrical,
with a subtelocentric chromosome which has not
been observed in other species.

Interspecific Hybridization

To realize the potentials for germplasm introgres-
sion to A. hypogaea, biosystematic relationships
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among a broad spectrum of species must be
known. Although a recent taxonomic monograph
has not been published, the number of reported
attempts to obtain interspecific hybrids of Arachis
is very great. As the following discussion will illus-
trate, general cross-compatibility relationships
within and among sections of the genus are now
known.

Hybrids with A. hypogaea

The first report of an unsuccessful attempt to pro-
duce interspecific hybrids in the genus was
between A. hypogaea and A. glabrata (Hull and
Carver 1938). Krapovickas and Rigoni (1951) were
the first to hybridize A. hypogaea with another spe-
cies, A. villosa var. correntina. The same hybrid has
since been reported by several other investigators
(Kumar et al. 1957; Raman 1959; Smartt and Gre-
gory 1967 and others). Arachis villosa is a member
of section Arachis and, as Gregory and Gregory
(1979) reported, the cultivated groundnut will only
hybridize with members of this section. Twelve
diploid species have been successfully hybridized
with A. hypogaea, including: A. villosa, A. villosa var.
correntina, A. duranensis, A. cardenasii, A. cha-
coense Krap. et Greg. nom. nud., A. helodes Mar-
tius ex. Krap. et Rig., Arachis sp GKP 9901 (Smartt
and Gregory 1967); A. batizocoi(Krapovickas etal.
1974); A. stenosperma, A. spegazzinii and A. ipaen-
sis Greg, et Greg. nom. nud. (Gregory and Gregory
1979); and A. diogoi (Stalker unpublished). How-
ever, not all hybrids have been successful in recip-
rocal; for example, A. spegazzinii and A. ipaensis
succeed only as female parents and A. helodes
and A. diogoi are most successful as male parents
in crossing programs.

Reports of cytological analyses of triploid hybrids
involving A. hypogaea have been infrequent.
Smartt (1964) reported an average of 0.95 Ill for an
A. hypogaea x A. villosa var. correntina hybrid, 2.15
Il for A. hypogaea x A. duranensis, and 3.40 Ill for
A. hypogaea x A. helodes. Because a common A.
hypogaea parent was used for all three hybrid com-
binations, the chromosomes of A. villosa can be
inferred to be more similar to the cultivated parent
than the other two species. Meiosis in other triploid
hybrids between A. hypogaea and species A. cha-
coense (Company et al. 1982; Bharathi et al. 1982)
and A. cardenasii (Company et al. 1982) was
observed and few multivalents were present. To
date, a complete set of hybrids has not been cyto-
logically analyzed. To draw conclusions regarding
species relationships before a single cultivated



parent is hybridized with the diploid Arachis spe-
cies and cytologically observed would be
premature.

To restore fertility in sterile interspecific hybrids
with A. hypogaea, plants have been obtained at the
hexaploid (2n = 60) level by obtaining naturally-
occurring polyploids or by colchicine treating
vegetative tissues. Hexaploids have been obtained
for crosses of A. hypogaea and the following spe-
cies: A. villosa, A. Vvillosa var. correntina, and A.
duranensis (Smartt and Gregory 1967); A. cha-
coense and A. cardenasii (Spielman and Moss
1976; Company et al. 1982); A. stenosperma
(Spielman and Moss 1976); A. spegazzinii (Peters
et al. 1982) and A. batizocoi (Stalker unpublished).
Although meiosis would be expected to be rela-
tively normal with a minimum chromosome associ-
ation of 30 Il, 60-chromosome hybrids between A.
hypogaea and A. chacoense or A. hypogaea and A.
cardenasii are highly irregular with up to 20 | per
pollen mother cell (Spielman et al. 1979; Company
et al. 1982). In A. hypogaea x A. villosa var. corren-
tina hybrids, D'Cruz and Chakravarty (1960)
reported average chromosome associations of
0.181+2591 11+2.0IVand 9.01+23.8511+0.31ll +
0.6 IV in different plants. Raman (1976) reported A
hypogaea x A. villosa hybrids with 0.861 + 26.55 Il +
0.18 Il + 121 IV + 0.11 VI. Although meiosis is
highly irregular in hexaploid hybrids with A. carde-
nasii, all selfed progenies in the following genera-
tion remained at the 60-chromosome level
(Company et al. 1982). However, in the fifth genera-
tion after selfing hexaploid (A. hypogaea x A. car-
denasii) hybrids produced by Smartt (1964), Davis
and Simpson (1976) reported variable chromo-
some numbers, Spielman et al. (1979) and Stalker
et al. (1979) reported 40-chromosome hybrid
derivatives in the hybrid population. Chromosome
loss had evidently occurred in the allohexaploid
plants and many progenies at the lower chromo-
some number had wild species traits. Reducing the
chromosome number from 2n = 60 in interspecific
hybrids to 2n = 40 of cultivated groundnuts via
backcross programs is difficult. Hexaploid x diploid
crosses are apparently incompatible. Stalker
(unpublished) made pollinations of 16 different
hybrid combinations and only obtained pods with
aborted embryos. Hexaploid x tetraploid crosses,
which result in pentaploid progenies, are more suc-
cessful at least in certain cross-combinations
(Peters et al. 1982). Many pentaploids do not flower
profusely and Stalker (unpublished) observed mei-
osis in three pentaploid [A. hypogaea x (A. hypo-

gaea x A. cardenasii)] hybrids, that had been selfed
one generation, and found an average of 1.09 | +
24.52 11 + 0.04 11l + 0.08 IV. A similar pentaploid [A.
hypogaea x (A. hypogaea x A. chacoense)] F2
averaged 0.50 | + 22.30 Il + 0.28 1l + 0.01 IV.
Considering the abnormal meiosis in their hexa-
ploid parents and the nature of the genomes from
different species, there was greater chromosome
homology and a more regular meiosis in these
pentaploid plants than expected.

Direct hybridization of A. hypogaea x diploid sec-
tion Arachis species usually results in sterile triploid
hybrids. However, Simpson and Davis (1983)
reported an A. hypogaea x 2x (A. cardenasii x A.
chacoense) hybrid which was male-fertile. When
backcrossed to A. hypogaea, 50-chromosome pro-
genies resulted. Krapovickas et al. (1974) reported
40-chromosome progeny obtained from a triploid
plant which was self-fertilized. The resulting hybrid
was fertile. D'Cruz and Chakravarty (1961) found
hexaploid progenies from triploid (A. hypogaea x A
villosa) hybrids. Singh (1984) has obtained 40-
chromosome plants directly from triploid hybrids.
Stalker (1981) found unreduced male gametes in
intersectional Erectoides x Arachis hybrids. In non-
hybrid materials, a plant of cultivar Florigiant with 60
chromosomes has been observed (Stalker unpub-
lished). Although the hexaploid plant flowers, it is
sterile. Natural production of unreduced gametes in
the genus appears to be rather common and offers
a simplified method to alter ploidy levels if popula-
tion sizes are of sufficient numbers.

In addition to hybridizing A. hypogaea with diploid
members of section Arachis, the cultivated ground-
nut hybridizes with A. monticola (2n = 4x = 40)
(Krapovickas and Rigoni 1957). The F1 is fertile and
chromosome pairing is generally 21 + 11 to 1511+2
to 4 IV (Raman 1958). Kirti et al. (1982) observed
pachytene in A. hypogaea x A. monticola hybrids
and found perfect homologies among chromo-
somes of the two species. Amphidiploids of diploid
species can also be obtained naturally (Raman and
Manimekalai 1973) or following colchicine treat-
ments (Singh et al. 1980, Gardner and Stalker
1983). When the amphidiploids of section Arachis
species containing only an A genome are hybrid-
ized with A. hypogaea, hybrids are mostly sterile;
but fertile progenies have been obtained for a few
hybrid combinations (Gardner and Stalker 1983).
When A. batizocoi is used as one of the parents in
the amphiploid, A. hypogaea x 40-chromosome
plants are semifertile.

Hybrids between A. hypogaea and species of
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other sections of the genus have been reported,
including A. glabrata var. hagenbeckii (Nair et al.
1964), 'A. diogoi (this material was not authentic A.
diogoi, vide Gregory and Gregory 1979), A. glabrata
and A. villosulicarpa (Raman 1976; Varisai Muham-
mad 1973a, b, c, d). However, Pompeu (1977) was
unable to duplicate the hybrids using the same
materials. Gregory and Gregory (1979), Smartt
(1979) and Smartt and Stalker (1982) concluded
that all hybrids to date involving A. hypogaea are
within section Arachis. Several mechanisms of
hybrid breakdown have been observed including
delayed fertilization (Murty et al. 1981) and hyper-
trophy of integuments (Johansen and Smith 1956,
Murty et al. 1981). Advances in tissue culture tech-
niques may circumvent sterility barriers among the
many species of the genus and A. hypogaea. Shas-
tri and Moss (1982) obtained the following intersec-
tional Arachis x Rhizomatosae hybrids: A. monticola
X Arachis sp Pl 276233, and A. hypogaea x PI
276233 after applying growth-regulator treatments.

Arachis Species Hybrids

The first hybrid between diploid Arachis species
was between A. duranensis and A. villosa var. cor-
rentina (Raman and Kesavan 1962). Meiosis was
regular in the hybrids. Most F4 hybrids (excluding
ones with A. batizocoi) in section Arachis have 10lI
and regular meiosis (Resslar and Gregory 1979;
Smartt et al. 1978a,b, Stalker and Wynne 1979).
However, male fertility of F4 hybrids in this section
ranges from 20 to 85%. Most hybrid combinations
will produce seeds, but several combinations (i.e.,
A. chacoense x A. cardenasii and reciprocals)
produce few or no seeds.

Hybrids in section Arachis involving A. batizocoi
have irregular meiosis and are sterile (Gibbons and
Turley 1967; Smartt et al. 1978a,b; Stalker and
Wynne 1979). Stalker and Cross (1983) reported F4
hybrids between A. duranensis x Arachis sp
GKSSc 30099 and A. batizocoi x Arachis sp GKSSc
30099. F4 hybrids of both crosses were sterile and
had irregular meiosis.

As the result of an extensive hybridization pro-
gram using 91 Arachis collections, including all
seven sections of the genus, Gregory and Gregory
(1979) reported general cross-compatibility rela-
tionships among Arachis species. Evident from
their work is the success in obtaining intrasectional
hybrids and the difficulty in obtaining intersectional
hybrids. The mean pollen stainability of intrasec-
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tional hybrids (2x x 2x or 4x x 4x) was Arachis x
Arachis, 30.2%; Erectoides x Erectoides, 12.9%;
Caulorhizae x Cauiorhizae, 86.8%; Rhizomatosae x

Rhizomatosae, 68.1%; Extranervosae x Extraner-
vosae, 0.2%; Triseminale x Triseminale, 59.5%,
Ambinervosae x Ambinervosae, 20.6%. Most fre-

quent successes among the attempted intersec-
tional hybrids were sections Arachis x
Rhizomatosae and sections Erectoides x Rhizoma-
tosae (Gregory and Gregory 1967,1979). They also
were able to hybridize sections Arachis x Erec-
toides, Erectoides x Ambinervosae, Erectoides x
Caulorhizae, and Extranervosae x Ambinervosae.
The mean pollen stainability of the intersectional
hybrids was 1.9%. Meiotic observations have not
been made for this group of hybrid plants.
Complex hybrids have also been reported in an
effort to circumvent hybridization barriers among
species of different sections and to obtain hybrid

derivatives which are fertile. Stalker (1981)
reported a triploid F; hybrid between a 40-
chromosome section Erectoides amphiploid

(derived from an F4 hybrid between A. rigonii (GKP
10034, Pl 262142) x Arachis sp (GKP 9841, PI
262278] and A. duranensis or A. stenosperma of
section Arachis. Thirty-, 31-, and 32-chromosome
plants were observed with mostly bivalents and a
low frequency of trivalents. He concluded chromo-
some homology existed between the sections
Erectoides and Arachis. Other complex intersec-
tional hybrids and their corresponding chromo-
some configurations are presented in Table 4. The
diploid section Erectoides Fi hybrids were sterile,
but amphidiploids had regular meiosis and pro-
duced seeds. When intersectional hybrids were
made between a 40-chromosome amphiploid
(Erectoides x Erectoides) x Rhizomatosae, chrom-
osome associations were mostly bivalents, but uni-
valents were also observed (Table 4). Because of
the complexities of most intersectional hybrids,
conclusions concerning intersectional chromo-
some associations are difficult to make. However,
chromosome homologies are evident in at least
one hybrid 4x [A. rigonii 10034 (E) x Arachis sp GKP
9841 (E)] x 4x [Arachis sp GKP 9841 (E) x Arachis
sp GKP 9570 (R)]. No seeds were produced from
the complex intersectional hybrids even though all
plants were at the tetraploid level. One tetraploid
intersectional E x R F4 hybrid combination, Arachis
sp GKP 9841, P1 262278, x Arachis sp GKP 9570, PI
262817, apparently arose from an unreduced
gamete. This hybrid was male-fertile, had regular
meiosis, and produced seeds.



When the four intersectional hybrids listed in
Table 4 were used as male parents in a crossing
program, with members of section Arachis, includ-
ing A. duranensis, A. spegazzinii, A. monticola, and
A. hypogaea, a total of 2231 pollinations resulted in
three hybrids, as follows: A. spegazzinii x [4x(GKP
10034 x GKP 9646) x HLKHe 569], A. spegazzinnii
x [4x (GKP 10034 x GKP 9646) x GKP 9570], and
A. duranensis x [4x(GKP 10034 x GKP 9841) x
4x(GKP 9841 x GKP 9570)] (Stalker unpublished).
After two years of propagation, no flowers have
been produced on the plants and efforts to restore
fertility at a higher ploidy level have all failed.

Genomic Evolution and Germplasm
Pools

Interspecific hybridization in the genus Arachis is
difficult and, even when hybrids are obtained, many
have only been produced after several hundred
pollinations. Most interspecific hybrid combina-
tions are sterile or only semifertile. Although cyto-
logical analyses have not been completed in the
genus, a series of genomes for diploid species was
proposed by Smartt and Stalker (1982) based on
the extensive hybridization programs of Gregory
and Gregory, as follows:

A = section Arachis, perennials and most
annuals

B = section Arachis (A. batizocoi)

Am = section Ambinervosae

C = section Caulorhizae

E = section Erectoides (subgenomes Eq, E;, Es,
corresponding to series ?)

Ex = section Extranervosae

T = section Triseminalae

R4y = section Rhizomatosae, series Prorhizoma-
tosae

Another genome for section Arachis was proposed
by Stalker and Cross (1983) for taxa Arachis sp
GKSSc 30091 and Arachis sp GKSSc 30099.
Karyotypes of Arachis sp GKSSc 30091 and 30099
were significantly different and more asymmetrical
than other members of the section. The karyologi-
cal data indicate that the species is of recent origin.
The D genomic designation is proposed for the
genome. As cytological analyses are performed on
interspecific hybrids and species relationships are
better understood, the numbers of genomic groups
will probably increase. For example, cytological
analysis of [A. rigonii, GKP 10034 (E3) x A. para-

guariensis, GKP 9646 (E2)] indicated that the
chromosomes in different species of section Erec-
toides series are nonhomologous and that series
designations probably represent distinctive
genomes.

Determining genomic relationships among the
tetraploid members of the genus is more difficult
than for the diploid species. For example, at least
some of the tetraploid members of section Rhizo-
matosae are cross-compatible with species in sec-
tions Arachis and Erectoides and may contain a
similar genome to each of the two groups. How-
ever, cytological confirmation of chromosome
homologies is difficult. Gregory and Gregory (1979)
concluded that diploid ancestors of section Rhizo-
matosae probably hybridized with a diploid
member of section Erectoides and, after chromo-
some doubling, gave rise to the tetraploid rhizomat-
ous species.

Section Arachis also has two polyploid
members, A. hypogaea and A. monticola, but the
origin of polyploidy in this group was independent
from section Rhizomatosae. Arachis hypogaea is
an allotetraploid, probably with A and B genomes.
Even though diploid members of section Arachis
will hybridize with A. hypogaea, isolation due to
polyploidy restricts germplasm introgression. The
polyploids of section Arachis are apparently com-
pletely isolated from other members of the genus.
Based on cross-compatibility relationships of A.
hypogaea and other species, a germplasm pool
system can be hypothesized. Arachis hypogaea
and the closely related wild species A. monticola
are in the primary gene pool, diploid members of
section Arachis are in the secondary gene pool,
and other members of the genus are in a tertiary
gene pool. One can only speculate as to when all
the potential resources of the genus will be readily
available for cultivar improvement.

Conclusions

Extensive efforts have been made to determine
biosystematic relationships among taxa in the
genus Arachis. General cross-compatibility rela-
tionships among sections are known, but cytoge-
netic analyses of many hybrids produced in the
genus have not been completed. The biosys-
tematic area requiring the most immediate atten-
tion is the taxonomic treatment of the numerous
species in the genus. Although the number of dis-
tinct taxa now known is greatly increasing, no spe-
cies have been described during the past two
decades.
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The origin of groundnuts in South America was
most likely in the 'planaltine ellipse' in Brazil.
Members of sections Erectoides, Extranervosae,
and Rhizomatosae are among the oldest species in
the genus. Genomic differentiation has apparently
followed sectional designations based on plant
morphology. However, section Erectoides may
have been important in the evolution of polyploid
members of section Rhizomatosae. Interspecific
hybridization in the genus is difficult and intersec-
tional hybrids are all sterile. Because of genomic
differentiation in the genus, introgression of the
cultivated genomes may be especially difficult
even after viable hybrids are produced among A.
hypogaea and species outside section Arachis.

Most cytological analyses in the genus have
been with diploid and polyploid members of section
Arachis. Chromosomes can be identified and at
least three genomes have evolved in the group.
Based on the asymmetry of some species chromo-
somes, several members of the group are appar-
ently of relatively recent origin. Arachis hypogaea
will hybridize with other members of section Ara-
chis and evidence exists for genetic recombination
among species. Polyploidy apparently does not
restrict gene transfer in the genus. A gene pool
system has been proposed where A. hypogaea and
A. monticola belong to the primary gene pool,
diploid members of section Arachis belong to the
secondary gene pool, and species in other sec-
tions of the genus are in the tertiary gene pool.
Utilization of species in the tertiary gene pool will be
very difficult.
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Chromosome Morphology and Gregory's Sectional
Delimitation in the Genus Arachis L.

U.R. Murty, M.R. Jahnavi, M. Bharathi, and P.B. Kirti'

Abstract

The value of studying pachytene chromosome morphology in problems of species interrelation-
ships and chromosome aberrations has been realized since the pioneering work of McLintock in
1929, but the difficulties associated with such studies have discouraged several cytogenetic
attempts. In a genus such as Arachis where the mitotic chromosomes are small and where several
interspecific crosses are unsuccessful, pachytene chromosome studies should be helpful in eva-
luating species relationships. Eight wild species, one tetraploid and two triploid hybrids have been
studied so far. These studies are reviewed and their taxonomic utility discussed in this report.

Résumé

Morphologie des chromosomes et regroupament en section par Grégory dans le genre Arachis L.
C'ast depuis fes travaux de pionnier de Mc Lintock en 1929 que I'on a compris importance des
éiudes sur la morphologie des chromosomes au stade pachylene pour ce qui concerne les
problémaes de refations entre espéces et d'anomalies chromosomigques, mais les difficultés liées 3 ce
type d'stude ont décourage plusiours tentatives dans le domaine de fa cytogénetique. Pour un genre
tel qu’ Arachis ou les chromosomes mitotiques sont pelits et ot plusieurs croisements interspeci-
fiques n'ont pas reussi, les dtudes sur les chromasomes au stade pachytene davraient permettre une
évaluation des rapports entre espéces. Huit espéces sauvages, un hybride tétraploide et 2 hybrides
triploides ant 616 étudiés jusqu'ici. Ce rapport présente une synthése de cas études et une discus-

sion de feur utilité taxonomique,

General Account of Arachis
Pachytene Chromosomes

The staining and spreading characteristics of
pachytene chromosomes of Arachis species are
very poor and it is difficult to get full complements of
the chromosomes from single nuclei (Murty et al.
1982). There are no distinct differences in length
between chromosomes; they range in length from 5
to 7um. The chromosomes are differentiated, each
chromosome consisting of a centromere with prox-
imal heterochromatin and distal euchromatin.
Metacentric, submetacentric, and subtelocentric
chromosomes occur.

The diploid species contain a single chromo-
some associated with the nucleolus while the tetra-

ploid species have two nucleolar chromosomes.
The characters that were used to identify chromo-
somes include; total length, arm ratio, nucleolus
attachment, proportion and distribution of hete-
rochromatin, and number and position of heteroch-
romatic blocks. The karyotype consists of a mixture
of the differentiated chromosomes, and a few spe-
cialized chromosomes.

Differentiated Chromosomes

This category includes those chromosomes which
can be identified only on the basis of total length
and arm ratio. They are generally distinguished into
three classes on the basis of length; 1. long
chromosomes—Ilonger than 40 pm. 2. medium
chromosomes—Ilength from 25 to 40 ym and 3.
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Arachis, 31 Oct - 2 Nov 1983, ICRISAT Center, India. Patancheru, A.P. 502 324, India: ICRISAT.
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short chromosomes—Ilength less than 25 pm. Arm
ratio can be used to further distinguish them
although these differentiated chromosomes are
generally either metacentric or submetacentric.

Specialized Chromosomes

Some chromosomes can be readily identified from
their morphological appearance without the
necessity of measuring their arm ratios or total
lengths. Such chromosomes should readily pro-
vide cytological identification of trisomics. There
are generally four such types; 1, chromosomes
staining lightly but uniformly throughout their
length, referred to as the 'euchromosomes’, 2,
chromosomes staining heavily throughout their
length, referred to as the A chromosomes, 3,
chromosomes with a completely heterochromatic
short arm, and 4, chromosomes associated with
the nucleolus.

Species Studied

The eight wild species whose pachytene chromo-
somes were studied along with two cultivated var-
ieties belong to five sections of Arachis (Gregory et
al 1973):

Section Arachis
A. hypogaea subsp hypogaea var. hypogaea
(M 13)
A. hypogaea subsp fastigiata var. vulgaris
(TMV 2)
A. chacoense
A. villosa (Coimbatore)
A. batizocoi Pl 338312
A. correntina Pl 331194

Section Erectoides

Arachis sp GKP 9990 Pl 261877
Section Rhizomatosae

A. glabrata (Coimbatore)
Section Extranervosae

A. villosulicarpa (Coimbatore)
Section Ambinervosae

A. pusilla Pl 338449

Generalized Karyotype

An examination of the idiograms of the various
diploid and tetraploid taxa gave evidence for the
existence of a basic karyotype with 10 chromo-
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somes. Out of these 10 chromosomes, six are of
the differentiated type, divisible into, and identifia-
ble as long, medium and short, meta- and submeta-
centric chromosomes. The rest of the genome is
made up of a nucleolar organizer and three spe-
cialized chromosomes. Marked variation exists in
the specialized chromosomes of various species.

Karyotype Variation in Different Sec-
tional Species

Detailed karyotypic descriptions are given in Murty
et al. (1982), Kirti et al. (1982,1983), Bharathi et al.
(1983), Jahnavi (1983), and Jahnavi and Murty (in
press).

Section Arachis Species

In all four diploid species the karyotype consisted
of six differentiated chromosomes, a nucleolar
organizer, a chromosome with a completely hete-
rochromatic short arm, and a euchromosome. In
the three species, A. villosa, A. chacoense, and A.
correntina, there was a euchromosome, an A
chromosome, and a chromosome with a com-
pletely heterochromatic short arm. There were two
types of nucleolar organizing chromosomes, one
having a median centromere and a nucleolar-
organizer region constriction near the centromere
which was the site of nucleolus attachment. The
second pair had a sub-median centromere and the
nucleolus attachment was at the end of the short
arm. Both types of nucleolar organizers are present
in the so-called A genome species. In A batizocoi,
there was a chromosome that is similar to the A
chromosome except that it has a small, distal euch-
romatic segment.

The tetraploid species, A. hypogaea and A. mon-
ticola have almost identical karyotypes. Their
genomes appeared to have two subgenomes.
These two species, however, did not correspond in
toto to a combination of the A and B genomes.
Chromosomes of similar length were morphologi-
cally distinct and could be distinguished. Although
basically the two constituent genomes appeared
alike, differentiation and repatterning appeared
quite marked.

Section Erectoides Species

The single Erectoides species investigated (Jah-
navi 1983) has six basic differentiated chromo-



somes, a nucleolar organizer, and three
specialized chromosomes, all with completely
heterochromatic short arms. The karyotype shows
resemblance to both the A and B genome species
of Arachis.

Section Triseminalae Species

A. pusilla from this section has the basic karyotype
present in section Arachis. The A chromosome is
similar to that of A. batizocoi. However, the karyo-
type is unique in that chromosomes stain very
poorly and the heterochromatin content is low.

Section Extranervosae Species

A. villosulicarpa has a karyotype similar to other
species. Six differentiated chromosomes are pres-
ent. It has the usual euchromosome and a nucleo-
lar organizer. The two specialized chromosomes
that distinguish this species have completely hete-
rochromatic short arms.

Section Rhizomatosae Species

The tetraploid A. glabrata has highly specialized
chromosomes. The karyotype has two genomes,
each with the usual differentiated chromosomes,
and all 20 chromosomes can be distinguished. It
has the A chromosome characteristic of the A
genome species in section Arachis.

Conclusions

The various species of section Arachis appear to
have evolved from a basic karyotype. During the
course of evolution, six differentiated chromo-
somes appear to have undergone very little struc-
tural change. The nucleolar organizer appears to
be of either median or submedian type. Only three
other chromosomes appear to have undergone
structural changes. All species except those in
section Erectoides seem to have retained the
euchromosome.

Section Arachis seems to be a natural group with
remarkable uniformity in the karyotype of its con-
stituent species, with the exception of A. batizocoi.
A. batizocoi is genetically distant from the other
species of section Arachis. The hybrids formed are
not fully fertile though in few pollen mother cells 8 to
9 chromosomes out of 10 pair.

The Triseminalae species, A. pusilla appears to
be not very close to other sections. It has, as yet,

not been possible to cross members of this section
with species of any other section. The section
seems to be geographically-isolated from other
sections of the genus (Gregory et al. 1973).

Section Erectoides species seem similar to A or
B genome species as well as to A. glabrata. This
indicates that karyotypic similarity runs parallel to
the cross-compatibility studies of these sections
(Gregory and Gregory 1979).

Sections Extranervosae, Erectoides, and Rhizo-
matosae have been considered as the most
ancient. The karyotype of A. villosulicarpa deviates
very little from the basic Arachis karyotype. How-
ever, the tetraploid A. glabrata seems to be very
highly specialized. It is most likely an allotetraploid,
possibly derived from two Rhizomatosae species
or from species from two different sections.
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Molecular Screening of Varietal / Specific Variation in
Groundnuts - Peroxidase, a Model Enzyme

R.N. Chibbar and R.B. van Huystee'

Peroxidase (EC 1.11.1.7) isoenzymes have been used by geneticists and evolutionary biologists as
markers of specific/varietal differences. However, detailed investigations in our laboratory showed
that the four anionic peroxidase isoenzymes released into the medium of groundnut cells grown in
cell suspension culture were formed from a single isoenzyme by interaction with phenolics. The
large number of peroxidase isoenzymes reported in the literature had already induced workers to
question their significance and authenticity. These reports coupled with our own observations
questioned the use of peroxidase for studies in plant systems as such.

To overcome the problem of artifact formation, studies were initiated to purify peroxidase isoen-
zyme to homogeneity. The most abundant isoenzyme of peroxidase (cationic) which accounted for
three-quarters of the peroxidase activity in the medium was purified to apparent homogeneity.
Antibodies were raised in rabbits against the purified protein and these antibodies reacted with the
peroxidase extracted from the groundnut leaves. These antibodies did not, however, react with the
anionic peroxidase or with peroxidase from horse-radish (Trametes versicolor) or mung beans
(Phaseolus aureus). Thus, these immunoglobins (lgGs) may be used as the first step in the
identification of specific/varietal differences. However, with the available technology, we are in the
process of isolating the mRNA for this peroxidase. This mRNA will then be used forthe production of
cDNA, which will be our molecular probe for specific/varietal variation. Such molecular probes are
already in use in maize and some other crops.

Criblage molécuiaire pour Ia variation Intervariétale ou Interspécifique des arachides-la peroxy-
dase, un enzyme type . Les isoenzymes de la peroxydase (EC 1.11.1.7) ont été utilisés par les
généticiens et les biologistes de "évolution comme margueurs des différences spécifiques/vari-
étales. Cependant, des recherches précises réalisdas dans nos laboratoires ont montré que les 4
isoenzymes de la peroxydase anioniques libérés dans le milieu par des cellules d'arachide cuitivées
en suspension se sont formés & partir d'un seul iscenzyme par intéraction avec des produits
phénoliques. Le nombre élevé d'isoenzymes de la peroxydase rapportés dans la littérature a déja
conduit les chercheurs & s'interroger sur leur importance et leur authenticité. Ces rapports, associés
4 nos propres gbservations, remettent en question l'utilisation de la peroxydase dans les études sur
les systémes des plantes en tant que tels.

Des études sur la purification de l'isoenzyme de la peroxydase jusqu'd homogénéité ont été
entreprises pour résoudre le probléme de la formation d'artefacts. Le plus abondant isoenzyme de
peroxydase (cationique), représentant les trois quarts de I'activité de la peroxydase dans lemilieu, a
a1é purifié jusqu'a une homogénéaité apparente.

Face & cetta protéine purifiée, des lapins ont fabriqué des anticorps réagissant 4 la peroxydase
extraite des feuilles d'arachide. Cependant ¢es anticorps n'ont pas réagi 4 la peroxydase anionique
ou & la peroxydase extraite du raifort (Trametes versicofor) ou des haricots mungo (Phaseolus
aureus). Ces immunogiobines peuvent donc 8tre utilisés comme premlére étape de l'identification
des différences spécifiquas/variétales. Cependant, grace aux moyens technologigues dont nous
disposons, nous sommes en train d'isoler le MARN pour cette peroxydase. Ce mARN sera ensuite
utilisé pour la production de cADN qui pourra nous servir de sonde moléculaire pour I'étude de la
variation spécifique/variétale. Ces sondes moléculaires sont déja utilisées pour le mais et d'autres

cultures.

1. Department of Plant Sciences, University of Western Ontario, London, Ontario, N6A 5B7, Canada.
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Molecular Approaches to Genome Analysis in
Arachis Species

CD. Atreya', T. Ramakrishna?, M.W. Pandit’ and N.C. Subrahmanyam'

Abstract

Genomes of A. hypogaea (cvs TG 1 and Florigiant), A. rigonii, A. glabrata, A. hagenbeckii, and A.
villosulicarpa were assessed in terms of their DNA buoyant densities in cesium chloride density
gradients, melting temperature (Tm), and base composition. The buoyant densities of the different
species were within a narrow range (1.6954 g/cm®-1.6962 g/cm®) except for A. villosulicarpa (1.6923
g/lem?) and their Tms ranged from 83.13°C to 85.29° C. The guanine cytosine (GC) content ranged
from 34.1% to 39.4% indicating heterogeneity among the species studied, and depicts the generally
adenine thymine (A T)-rich nature of their DNAs. A comparison of DNA derivative melting curves
revealed four to six components depending on the species. Some components appear to be
common between species suggesting the possibility of conservation, while others are section or
species specific. ~ The buoyant densities of different species were different from the predicted values
based on their Tms, indicating the presence of rare or modified bases.

Résumé

Approches moléculaires de l'analyse du génome chet les eéspéces du genre Arachis: Des génomes
de A. hypogaea {cvs TG 1 st Florigiant), A.rigonii, A. glabrata, A. hagenbeckii 6t A, villosulicarpa
ont atd avalués en fonction de la densité de floltaison de 'ADN dans un gradient de densité au
chiorure de césium, de fa température de fusion ( Tf) ot de la composition en bases. Les densités de
Hottaison des différentes espbces ont pau varié (1,6954 g/cm3-1,6962 g/cm?®) sauf pour A.villosuli-
carpa (1,8923 g/cm?3}, Jeurs TIs étant comprises enire 83,13°C et 85 29°C; ia teneur an guanine
cytosine a varié de 34,1% &4 39.4%, indiguant une hétérogéndild parmi les aspdees étudiées et une
nature généralement riche en adénine thyrine de leur ADN. L& comparaison des courbes de fusion
des dérivés de FADN a permis de refaver 4 8 & composants selon l'espéce. Certains composants
apparaissent communs aux espéces laissant supposer das possibifitds de conservation, d'autres
sont spéciligues de sections ou d'espéces. Las densités de flotiaison de différentes 8spéces ont &té
différentes de celies prévues sur la base de leurs Tis, indiquant la présence de bases rares ou

muodifiées.

Introduction

Karyotypic analyses and studies on genome rela-
tionships between species of Arachis have been
restricted to chromosome morphology and meiotic
pairing in interspecific hybrids (Gregory and Gre-
gory 1979; Singh et al. 1980; Stalker 1980; Raman
1981; Stalker and Dalmacio 1981; Kirti et al. 1982).

Considering the difficulties in identifying different
chromosomes within each genome and in distin-
guishing them from
genomes, there can be genuine doubts in assess-
ing the type of pairing (autosyndetic or allosyn-
detic) in hybrids. Furthermore,
production of experimental hybrids between spe-
cies belonging to different sections were reported

chromosomes of other

experimental
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to be unfeasible (Gregory and Gregory 1979; Sastri
and Moss 1982). With the advent of recent tech-
niques in plant molecular biology, it should be pos-
sible to determine the phylogenetic relationships
between species through the analysis of their DNA
sequences, since their phenotypic differences
reflect the expression of their genetic material.
Ressler et al. (1981) estimated the amount of
DNA per cell in section Arachis to trace the ances-
try of A. hypogaea. Dhillon et al. (1980) compared
the base composition, buoyant densities, and
denaturation-renaturation kinetics of DNA from two
cultivars of A. hypogaea. Our studies aim to char-
acterize  DNA from different Arachis species in
terms of melting temperature, buoyant density,
base composition, reassociation kinetics, and re-
striction enzyme analysis. We report here a com-
parative study of five species of Arachis from four
different sections based on the thermal dissocia-
tion kinetics and buoyant densities of their DNAs.

Methods and Materials

DNAs from leaves of five different species (Table 1)
were isolated and purified according to Subrahma-
nyam and Azad (1978). Repeated RNase treat-
ments and deproteinizations were done until an
absorbance ratio (A260/280) of 1.9 foreach DNA
sample was achieved.

Table 1. Arachis species used.

Section’ Species Source
Arachis A. hypogaea M.V.R. Prasad
(TG 1) IARI Regional Res.
Stn. Rajendranagar
Hyderabad
A. hypogaea M.V.R. Prasad
(Florigiant) IARI Regional Res.
Stn. Rajendranagar
Hyderabad
Erectoides A. rigonii J.P. Moss
(8186) ICRISAT
Extranervosae A. villosulicarpa J.P. Moss
(8142) ICRISAT
Rhizomatosae A. glabrata V.S. Raman

TNAU, Coimbatore

V.S. Raman
TNAU, Coimbatore

A.  hagenbeckii

1. According to Gregory and Gregory (1979).

Thermal dissociation of DNAs was carried out in
0.12 M phosphate buffer (pH 6.8) and monitored
using a Gilford Spectrophotometer 250 equipped
with thermo-programmer 2527 and chart recorder
6051. Melting temperatures and GC contents were
calculated according to Mandel and Marmur
(1968). First derivatives of the melting profiles were
plotted as AA/AT against temperature using an
Apple Il Computer. Each sample of DNA along with
the marker DNA (Micrococcus lysodeikticus) was
run in cesium chloride density gradients (initial Rl =
1.4000) in an analytical ultracentrifuge (Beckman
Model E) at 3.6 x 10* rpm for 24 h at 25°C. The
buoyant densities of different samples were deter-
mined according to Schildkraut et al. (1962).

Results and Discussion

Thermal denaturation data, GC contents and buoy-
ant densities of DNA from different Arachis species
are presented in Table 2. Thermal denaturation
profiles (Fig. la tof) indicated that the Tm in different
species varied from 83.13°C (A. rigonii) to 85.29°C
(A. hypogaea, cv Florigiant) corresponding to GC
contents of 34.14% and 39.41% respectively. The
two cultivars of A. hypogaea showed very little
variation in their Tms and GC contents. Differential
analysis of denaturation data based on the first
derivatives of increase in absorbancy (AA/AT)
revealed five common thermal components in the
two cultivars of A. hypogaea, an additional compo-
nent at 78°C in TG 1 which brings down the aver-
age Tm to 84.42°C compared to that of the other
cultivar. The melting temperature and GC cpntent
in A. rigonii were the lowest among the species
studied and showed four thermal components,
three common with other species and a species-
specific thermal component at 74°C. This species
was placed in a separate section, Erectoides by
Gregory and Gregory (1979). The DNAs of A gla-
brata and A. hagenbeckii known as the 'glabrata-
hagenbeckii complex of section Rhizomatosae
(Gregory and Gregory 1979) showed similar Tms
and thermal components. However, A. villosuli-
carpa belonging to section Extranervosae showed
an average Tm similar to that of A. hypogaea cvTG
1, it possessed five thermal components in com-
mon with TG 1 but lacked one component (83 to
84°C).

An overall comparison of the derivative melting
curves of each species revealed two components/
component complexes ('87-88', and '90-91') com-
mon to all the five species studied, indicating the
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conservation of those DNA components during
evolution. This feature supports the inclusion of
these species in one genus, Arachis. Variation in
GC content (34.14%-39.41%) is indicative of the
heterogeneity among the species studied, which
can be interpreted as species-specific within the
genus, and in general depicts the AT-rich nature of
Arachis DNAs. The EcoRI digestion pattern of DNA
from A. hypogaea TG 1 (Atreya et al. in press) is
also consistent with these observations.

The buoyant densities (Fig.2a to f) of DNAs from
different Arachis species fall within a narrow range
(1.6954 g/cm®-1.6962 g/cm?) except for A. villosu-
licarpa (1.6923 g/cm?®), which is believed to be
distantly related to the cultivated species, based on



its cross-incompatibility with A. hypogaea. Further-
more, the predicted buoyant densities based on
Tms for different species differed from the experi-
mental values. It is likely that these differences are
due to the presence of rare or modified bases. Most
of the higher plant DNAs possess 5-methyl cyto-
sine (m°C) in 3.6 to 7.1 % of their bases. This plays a
role in restriction-modification, spontaneous muta-
tion, higher order chromosomes structure, DNA
template activity, and differentiation (Ehrlich and
Wang 1981). The presence of m°C lowers the buoy-
ant density without altering the Tm (Kemp and Sut-
ton 1976) while the presence of 5-hydroxymethyl-
uracil (Rae 1976) increases the buoyant density. In
the light of these assumptions, the lower experi-
mental values of buoyant density in TG 1, Florigiant
and A. villosulicarpa, and higher values in other
species as compared to the predicted buoyant
density values can be attributed to the presence of
such modified bases.

Our results, in general, indicate:

1. The heterogeneity and relatively AT-rich nature
of Arachis DNA,

2. The presence of species-specific thermal com-
ponents in different species of Arachis,

3. The occurrence of modified or rare bases in the
DNAs of the different species, and

4. The consistency of the classification of these
species suggested by Gregory and Gregory
(1979) at the molecular level.
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Breeding Strategies for Utilization of Wild Species of
Arachis in Groundnut Improvement

J.P. Moss'

Abstract

Utilization  of wild species entails bringing genomes together and producing progenies which can be
subjected to selection. The degree of similarity between species and between genomes dictates the
techniques to be used. Studies on cytology, genetics, morphology, and evolution lead to a knowl-
edge of species relationships, ploidy levels, and the taxonomic limits to hybridization.  Closely-
related species at the same ploidy level present few problems, but genes controlling chromosome
pairing, and variation in number and position of chiasmata, may reduce or enhance the production
of desirable  segregants.

Differences in ploidy level between wild and cultivated species present problems in interspecific
breeding,  but ploidy manipulation has been successfully used, not only to achieve fertility in sterile
hybrids, but also to adjust ploidy levels prior to hybridization. Induction of haploidy also has a role to
play.

Aneuploidy, and substitution and addition lines can be useful tools in the identification and
manipulation either of chromosomes carrying the genes that are to be transferred, or of genes
controlling pairing or crossability that can be used to facilitate gene transfer.

Using these techniques, a wide range of interspecific Arachis hybrids have been produced at
ICRISAT, and derivatives with disease resistance and good yield have been introduced into the trials
of the All India Coordinated Project for Oilseeds.

Résumé

Stratdégies de sélection pour uitilisation das espdces sauvages : L 'utilisation des espéces sauvages
impligue da rassembler des génomes 8t de produire des descendarnces pouvant 8tra Soumises a une
sélection. Le degré de similitude entre les espacas el ontre les génomes impose les techniques A
utilisar. Los éludes de cytologie, génétique, rorphologie et évolution, conduisent A Line connais-
sance das refations Jos espaces, des nivaaux de ploidie, ot des limites taxonomiquaes & Fhybridation.
Les sspéces voisines de méme niveau do ploidie posent pau da problémes, mais les génes con-
trélant 'appariement das chromosomes et les difféerences de nombre et de position das chiasmas
peuvent reduire ou accroiftre fa production des sagréganis intérossants.

Los diffdrences du niveau de pioidia entra les ospaces sauveages et cultivées posent des probidmes
pour fa sélection interspécifique, mass la manipuiation de ia pioidie s'est rdvélde stre un instrument
puissant, ulilisé non seulement pour rendre fertiles fes hybrides stériles, mais dgalsment pour
ajuster les niveaux de ploidie avant I'hybridation. L'induction de I'hapioidia a egelement un rdle &
jousr.

L'aneuploidia, at ias lignées de substitution et d'addition, peuvent se révéler trés utiles pour
'identification at la manipuiation soit des chromosomes portant fes génes 4 transférer, soit des
génes cantrblant 'appariament ou l'aptitude au croisement, qui pauvent btre utilisés pour permettra
e transfert do génes.

Grdce & ces lechniques, une gamme assez large d'hybrides interspécitiques d' Arachis ont éte
produits & NCRISAT. Les dérivés de ceux-cf présentant les caractares de résistence aux maladies et
de bon rendament font {'objet actueilament dag essais de FAll india Coordinated Project for Qlisesds
{Projet Coordonné Indien sur les Oldagineux).
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Introduction

Wild relatives of crop plants contain many charac-
ters, which may be valuable to the breeder in crop
improvement. Foremost among these are disease
and pest resistance, but wild species have also
been shown to contribute other desirable charac-
ters, such as increased yield (Takeda and Frey
1976). The wild species of Arachis have been of
interest primarily as a source of disease and pest
resistance (Subrahmanyam et al. 1985; Amin
1985). The pioneering work on crossability (Gre-
gory and Gregory 1979) made the utilization of wild
Arachis species an attainable goal, and the early
screening for disease resistahce (Abdou et al.
1974; Sharief 1972) indicated which species were
to be used.

When the desired character is not available in the
cultivated germplasm, wild species and induced
mutations present alternative sources of variability
to the plant breeder. In the cultivated groundnut
mutagens have produced some interesting novel
plant forms but few, if any, widely adopted new
cultivars have been released for commercial pro-
duction (Gregory 1966; Anon 1967; Patil 1977). The
use of tissue culture for the release of somaclonal
variation (Larkin and Scowcroft 1981) or for selec-
tion of cells in culture has yet to be attempted in
Arachis.

Wild species can be of value even when good
resistance is available in the cultivated germplasm,
as they may have different resistance genes which
can be utilized to give more stable resistance
(Singh et al. 1985). The choice of cultivated parent
is important, and there are many genotypes of culti-
vated germplasm from which to choose. Although
there is no evidence of crossability genes in Ara-
chis as effective as those in wheat, cultivars differ in
their crossability with wild species.

This paper discusses the stategies used to
obtain interspecific derivatives which can be used
in crop improvement programs.

Wild Species

In any genus, the wild species available to the plant
breeder consist of a number of accessions, whose
correct taxonomy may or may not be known.
Accessions of the same species may differ from
one another, and all accessions should be
screened for desirable characters. Where more
than one species or accession is resistant to a
pathogen, the type of resistance may differ, and it
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may be possible to transfer different components of
resistance (Subrahmanyam et al. 1983). The wild
species with the desired character may be very
similar to, and freely crossable with, the cultivated
species, and the progeny of the interspecific
hybrids may be fully fertle. Hammons (1970)
crossed A.hypogaea with A.monticola and deve-
loped 'Spancross' without the application of special
cytogenetic techniques. This successful produc-
tion of a cultivar indicated that pairing and recombi-
nation between wild and cultivated chromosomes
had occurred.

A number of intrasectional hybrids have been
produced within section Arachis (Raman and Kes-
avan 1962; Gregory and Gregory 1979; Moss et al.
1981). However, only a few of these had been used
in attempts to transfer characters from wild species
into the cultivated groundnut (Moss and Spielman
1976; Stalker et al. 1979; Moss 1980) until ICRISAT
groundnut cytogeneticists began an extensive pro-
gram of interspecific hybridization (ICRISAT 1981).
Despite many attempts, very few hybrids have been
produced between A.hypogaea and species of
section Rhizomatosae (Gregory and Gregory 1979;
Moss and Sastri 1982) and none of these have
been used in a breeding program. Attempts to tap
this valuable source of resistance genes by bridge
crossing, using a third species compatible with both
parents, have not been fruitful (Stalker 1981).

There are seven sections with a wide range of
morphology and two ploidy levels in the genus.
Some intersectional hybrids have been produced,
but some sections are isolated, and all sections
other than Arachis are isolated from A.hypogaea.
There are, therefore, two major priorities in gene
transfer from wild Arachis species. One is to
transfer resistance to the two major leaf spot dis-
eases, Cercospora arachidicoia Hori and Cercos-
poridium  personatum  Berk, et Curt, from com-
patible wild species in section Arachis (Abdou et al.
1974; Subrahmanyam et al. 1985). The second is to
tap the virus resistance of section Rhizomatosae
(Subrahmanyam et al. 1985; in press). The former
involves ploidy manipulations among hybrids that
are comparatively easy to obtain. The latter
involves a major input to overcome barriers to
hybridization between sections Arachis and Rhizo-
matosae, with the possibility that the techniques
developed will be of value in producing other inter-
sectional hybrids.

The production of an interspecific hybrid brings
genomes together in the cytoplasm of one of the
species. Often that is a considerable achievement,



but the desired end product is usually the cyto-
plasm and genome of the cultivated species with
only a small part of the wild species genes. Itis often
more difficult to produce the agronomically-
acceptable line than to produce the original inter-
specific hybrid. Production of interspecific
derivatives involves the disciplines of cytogenetics
and plant breeding. Where resistance genes are to
be transferred, the assistance of pathologists and
entomologists will be needed. The success of utili-
zation of wild species of Arachis at ICRISAT owes
much to the strong interdisciplinary cooperation in
the Groundnut Improvement Program.

Intrasectional Hybrids

Intrasectional hybrids have been produced in most
sections (Gregory and Gregory 1979) but their pos-
sible use in the improvement of A.hypogaea has not
been explored. The possibility of using induced
auto- or allotetraploids from intrasectional hybrids
has not been researched. Emphasis has been
placed on hybrids within section Arachis to utilize
resistance to leaf spots and rust (Puccinia arachi-
dis Speg.) diseases because of the crossability
of most section Arachis species with Arachis
hypogaea.

The cultivated groundnut is a successful allote-
traploid, probably originating from two section Ara-
chis diploid species. There is some controversy as
to the donor of the A genome but A. batizocoi which
is always cited as the B genome donor (Smartt et al.
1978) is the only known B genome species. Little is
known of the genomes in other sections, as detailed
karyomorphological studies have only been com-
pleted in section Arachis (Stalker and Dalmacio
1981; Singh and Moss 1982) and few intersectional
hybrids have been produced or studied (Stalker
1981).

There are several routes to transfer genes from a
diploid wild species to a cultivated tetraploid.
Amphiploidy and autotetraploidy have been used
extensively at ICRISAT (Singh 1985). Haploidy
could be a valuable tool, not only to transfer genes
from wild species, but also in breeding programs
using cultivated germplasm. Haploidy cannot be
induced in Arachis at present, though some pro-
gress has been made in anther culture techniques
(Mroginski and Fernandas 1979,1980). Aneuploidy
has been reported in the genus Arachis (Spielman
et al. 1979). and aneuploids could be used in future
to transfer whole chromosomes by substitution or

addition. Aneuploidy is also useful in the manipula-
tion of genes controlling chromosome pairing or
crossability.

All available means of interspecific gene transfer
by sexual hybridization involve the production of a
hybrid between the wild species and a cultivar or
germplasm line of the cultivated species. This may
be the product of the first hybridization in the cross-
ing program, or the cultivated species may not be
used as a parent until after a series of crosses
and/or ploidy manipulations. The primary wild x
cultivated hybrids may be sterile, or only partially
fertile, (e.g., most triploids), or may be fully fertile
and vigorous, (e.g., some amphiploidx A.hypogaea
hybrids). Some of the latter hybrids must be repeat-
edly backcrossed to A.hypogaea to produce
genetically - and cytologically-stable tetraploid
lines compatible with A.hypogaea, and with the
desired genes from the wild species. The ideal
introgressed line will have a genetic and cytoplas-
mic background in which the desired gene can be
expressed. Such lines must also have suitable
agronomic characters, such as yield, duration, and
plant habit, that make them more useful to conven-
tional plant breeders as sources of resistance.
When backcrossing wild species hybrids to the
cultivated species, the parental cultivar is not
always used as recurrent parent. The introduction
of another cultivar can bring in other useful charac-
ters, as well as inducing variation in the genetic
background for the best expression of the desired
gene. It is the best use of resources for the cytoge-
neticist to produce A.hypogaea-like derivatives
that can be used by many breeders, rather than for
individual breeders to use the primary hybrids. The
breeder can then cross these lines to locally
adapted cultivars without undesirable wild species
characters occurring in the progenies.

The fertility, genomic constitution, and degree of
recombination of the hybrids produced after the
first crossing of the wild and cultivated species are
the major factors that determine the time taken to
achieve productive A. hypogaea-like derivatives of
value to the breeder as sources of wild species
genes. However, a Knowledge of the genomes of
the species does not imply that one can success-
fully transfer genes. Often that knowledge comes
from the pairing behaviour at meiosis in hybrids.
Thus, the attempts to transfer genes, and the
cytogenetic analysis of species and interspecific
hybrids have been a concurrent process at ICRI-
SAT. Where cytogenetic studies have provided a
sound base for planning future strategies for inter-
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specific gene transfer (ICRISAT 1981; Singh and
Moss 1982,1984). The primary hybrid provides the
first opportunity for wild and cultivated chromo-
somes to pair and recombine, and the progeny
produced provides the first opportunity to select
recombinants. This generation is the equivalent of
an F;, in a conventional breeding program, and for
successful gene transfer this F, population must
satisfy a number of requirements:

Size. In practice, the population should be as
large as can be handled, to increase the opportun-
ity of selecting fertile, productive plants which have
the desired character combinations. Vegetative
propagation of the primary wild x cultivated hybrid
may be necessary to produce large segregating
generations.

Range of genetic and cytoplasmic back-
grounds. The cytogeneticist must produce more
than one primary hybrid, produce reciprocals, use
different accessions of wild species, and use differ-
ent genotypes of the cultivated parent as these
may differ in genes controlling pairing (Singh and
Moss 1984). In one population, Company et al.
(1982) reported that disease resistance was
closely linked with undesirable pod shape, but
disease-resistant lines with good agronomic cha-
racters.including pod shape have been selected
from another population (Moss 1984).

Effective screening. Facilities to screen large
populations are essential. The frequency of desira-
ble segregants may be low; for example, the
number of disease-resistant plants may be ade-
quate, but many of these may be sterile or may
have undesirable wild species characters (ICRI-
SAT 1980; Company et al. 1982).

Working with large populations obviates the
need to count chromosomes or check meiosis in all
plants. Chromosome counts and meiosis checks
are only made on key hybrids and plants with
abnormal characters or reduced fertility. A number
of plants from each selection are checked for
chromosome number and regular meiosis (Table 1).

Results

A number of lines with resistance to late leaf spot
and/or rust have been selected. The material
which is most advanced was received as progen-
ies of interspecific hybrids among the germplasm
transferred to ICRISAT during 1978 and 1979. The
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Table 1. Program for development of wild species

derivatives'

Season Activity Selection criteria
1979 Seed increase, Disease resistance,
rainy preliminary Yield,
observations Season length,
Chromosome
number,
Growth habit
1979-80 Seed increase Yield,
postrainy Uniformity,
Season length
1980 Progeny rows of Disease resistance,
rainy selected plants Yield,
Pod characters,
Uniformity,
Cytological
stability
1980-81 Seed increase Yield,
postrainy Uniformity
1981 Selection of lines Disease resistance,
rainy Yield
1981-82 Seed increase Yield,
postrainy Uniformity
1982 a. Line selection Disease resistance,
rainy Yield,
Haulm yield,
Oil yield
b. Seed increase for
conservation
c. Testing at different
locations
1982-83 Seed increase Yield
postrainy

1. Lines with sufficient seed tested in randomized block or triple
lattice designs.

species hybrids from which selections were made
are listed in Table 2. Whilst this germplasm was
being grown in the ICRISAT Post-Entry Quarantine
Isolation Area, it was observed that these progen-
ies were still segregating and that there were some
desirable plants. A program of single plant selec-
tion and progeny row testing was started. Disease
resistance was assessed in the rainy season when
natural levels of inoculum were high, and the pos-
trainy season was used for generation advance
and assessment of yield, crop duration, uniformity,



and other agronomic characters (Table 1). Early
generation yield selections were based on number
of pods per plant, and in later generations on pod
weight per plot. Selections were grown in replicated
trials as soon as possible, usually in the second or
third generation after single-plant selections were
made (Plate 4a). Trials were also grown at two sites
in Tamil Nadu, South India, where there was a
heavy incidence of leaf spot but little rust infection
and so minimal interaction between pathogens.

A number of interspecific derivatives have been
entered in varietal trials of the All India Coordinated
Research Project on Oilseeds (AICORPO). One
derivative, ICGS 50, [A.hypogaea x A.cardenasii
(115 M), Selection H3/4E] was entered in the initial
evaluation trial for Virginia bunch types, in 1983
rainy season. It was retained in Zone IV (Southeast-
ern) and Zone V (Peninsular) for further testing in
the 1984 rainy season.

Two derivatives were entered in the foliar dis-
ease resistant varieties trial in 1983. Twenty entries
and 3 controls were successfully grown at 6 loca-
tions. The entries were ICG FDRS 17 [A.hypogaea
x A.cardenasii (9B) Selection 1 /IV/3/11] and ICG
FDRS 18 [A.hypogaea x A. cardenasii (115 M)
Selection H3/4L B4]. At Aliyarnagar, both entries
were the most resistant to rust and late leaf spot. At
Dharwad, ICG FDRS 18 was resistant to early and
late leaf spots. At ICRISAT, both entries had higher
pod vyield than all three controls. ICG FDRS 17
yielded 3535 kg/ha, ICG FDRS 18, 3360 and the
controls 2250, 1843, and 1715 kg/ha. ICG FDRS
18 was one of three entries with the highest shelling
percentage (64%), and also had the highest

Table 2. Pedigrees of hybrids from which wild spe-
cies derivatives with resistance to disease, and with
good agronomic characters have been selected.

Pedigree Interspecific hybrid
82" x 34 - 9B A.hypogaea x A cardenasii
82 x34 - 115M A.hypogaea x A.cardenasii
82 x 19 A.hypogaea x A.batizocoi
82 x 19 x 8 A.hypogaea x (A.batizocoi
x  A.spegazzinii)
HP12-8B (A.batizocoi x A.hypogaea

X  A.spegazzinii)

1. 82, 34, 19, 8, are Gregorys parental numbers, (Gregory and
Gregory 1979). HP12 designates a hybrid combination, and 9B.
115M and 8B are the original hybrid numbers.

hundred kernel weight of 37 g. ICG FDRS 17 was
the most resistant to late leaf spot. At Jalgoam, ICG
FDRS 18 recorded the highest pod yield, 2055
kg/ha. At Kadiri, ICG FDRS 17 and 18 were resist-
ant to late leaf spot, and at Vriddhachalam FDRS 17
was the most resistant to late leaf spot and rust
(AICORPO 1984).

These and other selections from wild species
derivatives also have good haulm yield, producing
up to 6500 kg/ha of field-dried hay at harvest
(Moss 1984). Many tetraploid wild species deriva-
tives with disease resistance and good agronomic
potential have been distributed to breeders.

Intersectional Hybrids

Very few intersectional hybrids have been pro-
duced (Gregory and Gregory 1979). Of the 42
possible intersectional combinations, including
reciprocals, only eight have been produced; six of
these involve section Erectoides. Although there
has been some interest in bridge crosses, attempt-
ing to use the crossability of species of section
Erectoides with species of other sections to
transfer genes to A. hypogaea, there has been no
success.

The major problem in intersectional crossing has
been that few pegs are produced, and most hybrid
pegs stop growing before they reach the soil. Pods
are occasionally formed, but they contain very
small seeds. Embryo rescue by tissue culture has
been suggested, but has not been successful
enough to be used as a routine technique. Ovule
culture has been attempted as a means of rescuing
embryos which are too small to excise and culture
(Martin 1970).

Therefore emphasis has recently been placed
on this technique at ICRISAT (Nalini and Sastri
1985). We all await with interest the production of a
range of hybrids which can be studied in detail to
further understand the genomic constitution of the
genus, and to see whether whole genomes, or only
parts of genomes are being transferred, and
whether genes from other sections can be used in
genetic improvement of A. hypogaea.

Protoplast culture in Arachis is a recent develop-
ment, some success in culture, and in regeneration
of callus, has been achieved (Oelck et al. 1982;
Rugman and Cocking 1985). Hopefully the use of
protoplasts to transfer whole or parts, of genomes
will become a reality in legumes in the near future.
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Taxonomy and Means of
Utilization — Discussion

Rees:

I am struck by the lack of references to single gene
"markers" or to linkage data, either from the culti-
vated or wild species. Are such data difficult to
obtain? They might well be useful to mark and
follow the transmission of chromosomes in hybrids,
hybrid derivatives, and in aneuploids?

Moss:

There is very little information on gene markers in
Arachis, and very few linkage groups are known
(see Wynne, J.C., and Coffelt, T.A. 1982. Genetics
of Arachis hypogaea L. Pages 50-94 in Peanut
science and technology (Pattee, H. E., and Young,
C.T., eds.). Yoakum, Texas, USA: American Peanut
Research and Education Society, Inc.).

Appa Rao:
Is there any information on the assignment of lin-
kage groups to the chromosomes?

Stalker:

Only a few linkage groups are known, | recollect
three being reported. As aneuploids are being
developed the association of genes to specific
chromosomes will be possible. Some work is in
progress at several universities to characterize link-
age groups, but the work is long term and informa-
tion is slow to accumulate. Presently no genes

have been associated with any particular
chromosome.
Rees:

| think it may well be a difficult task to construct
linkage maps in Arachis species. The reason is that
the chiasmata at meiosis are highly localised
towards the distal regions o