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BREEDING FOR ADAPTATION TO STRESS FACTORS
AND FOR DIFFERENT CROPPING SYSTEMS IN LEGUMES

.Nigam SN, Saxena KB, Kumar J .
Internationa!_Cron Pesearch Institute for the Semi-And Tropice (FCRISAT), Patancheru 502 324,

2

Andhra Pradesh, India, -

In spite of the significant role that legumes play in meeting the daily protein and fat (in the case of oil
rich legumes) requirements of human diets, they have only a secondary place in Asian farming systems.
They are generally grown in intercropped or mixed cropping Systems, often in marginal lands with
minimum inputs. Progress in legumes improvement has not been as spectacular as witnessed m many
cereal crops due mainly to poor allocation of resources and personnel in their research and
development. However, legumes have. lately started receiving more attention from research
administrators and policy planners because of declining availability of protein in daily human diets, and
their significant role in sustainable agriculture. Because of their secondary place in farming systems,
legumes have to adapt to available niches in space and time vis-a-vis the main crop, thus leaving them
vulnerable to unfavorable growing conditions. In addition, legumes also attract a variety of diseases and
insect pests which keep their productivity low. In this paper, we discuss the progress made m three
legume crops mandated to ICRISAT: groundnut (Arachis hypogaea), pigeonpea (Cajanus cajarn), and
chickpea (Cicer arietinum) in (i) genetic amelioration of important abiotic and biotic stresses that affect
their productivity in Asia, and (ii) genetic manipulation in their phenology to increase their productivity
in cropping systems. _

Groundnut

Groundnut, an annual legume, is a native of South America. It is grown in over 100 countries with a
~ total estimated area of 22.2 million ha and production in shell of 29.2 million t. Asia (25 countries) with
61% of the area produces 69% of the world groundnut production. Important groundnut producing
countries in Asia are China, India, and Indonesta. ' .

Groundnut is grown under both subsistence and commercial systems. Under commercial cultivation, 1t
is grown mainly as a sole crop with high levels of inputs whereas under subsistence conditions both sole
crop and mixed or intercropping can be seen. About 70% of the world's groundnut is produced m the
" semi-arid tropics, the exclusive agroeco-system focus of ICRISAT. About two thirds of the total world
production is crushed for cooking oil. The remaining one third is eaten directly as boiled or roasted muts
and as confectionery, an increasing trend over the years. Groundnut haulms are used as fodder and the
cake remaining after the extraction of oil is used in animal feeds. E '

Average productivity of groundnut (pod in shell) in the world is about 1.311 ha™. In USA, where most
of the cultivation is commercial, an average yield of 2.63 t ha™ is obtained and pod yields in excess of
4.0-50t ha! are not uncommon. Average productivity at the subsistence system in Affica and Asia,
however, remains very low. ‘ : '

The major abiotic factors affecting groundmut production include drought, high temperature, low soil
pH, and iron chlorosis. Among the biotic factors, foliar diseases, virus diseases, bacterial wilt disease,
aflatoxin contamination, and insect pests are important. Some of these stress factors operate globally
whereas others are of regional importance. o
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The cultivated groundmit (4. hypogaea) is classified into two subspecies: subspecies hypogaea and
subspecies fastigiata. The subspecies hypogaea is divided into two botanical varieties: variety
hypogaea [Virginia (large seeded) and Runner (small seeded) market types] and varety Airsuta
(Perwviem Runner market type). The subspecies fastigiata is divided into four botanical varieties:
variety fastigiess (Walencia market type), variety peruviana, vatety arguatoriond, and variety vulgaris

. (Spanish mariket type).
Abiotic Stress Factors

Drought .

In the rainfed subsistence agriculture drought is the major cause for low and erratic pod yield in
groundmut, Field techniques to screen genotypes'for drought tolerance have been standardized.
Genotypes with superior performance under mid- and end-of-season. droughts have been developed and
made available to national programs. Recent studies have indicated genotypic variation in transpiration,
water use efficiency (WUE), partitioning of dry matter to pods (P), and rate of recovery from mid-
season drought. It is also established that specific leaf area (SLA) can be used as 2 selection criterion t0
identify genotypes with high WUE (Wright es af., 1994). However, negative relationship between’
WUE and P suggests that selection for high WUE might enhance dry matter production but not
necessarily pod yield. .
Acid soils

~ Many countries in Asia and Africa have acid soils, deficient in calcium, where groundnut yields are low
* and pod fillig is pous {peourrence of pops onewply pods). Creputypes, tolerans of &oid soils, have been

" identified in the Philippines (Samonte and Ocampo, 1989). These lines, however, failed o show

" tolerance when tested in acid soils in Indonesia. Breeding for tolerance of acid soils is complex since
soil acidity may be associated with deficiency or toxicity of various nutrients depending on location.

Iron chlorosis

Tron chlorosis in groundnut grown on calcareous and/or alkaline soils can cause up to 30% loss in pod
yield. Currently the problem is overcome by spraying ferrous sulphate solution on the plants. Screenthg
of genotypes in calcareous soils has resulted in identification of several genotypes which are tolerant of
iron chlorosis (Singh, 1994). Five loci are mvolved in determining the absorption efficiency. of iron’in
groundmut. Among, these one locus pertains to the basic gene and the remaming four loci are inhibitéry

complementary genes (Gowda ef al., 1993). Very little directed breeding is in progress for developig
iron-efficient cultivars. - | s

[

B.iotic Stress Factors

Foliar di i
‘roliar (iseases Y

 Among all stress factors, fliar diseases, rust {Puccinia arachidis), early leaf spot ‘QCerco.?ﬁ#d?&_ :

arachidicold), late leaf spot (Phaeoisariopsis personata), have received most attention in resistance

breeding in groundnut. These foliar diseases occur worldwide and can cause up to 70% loss in ‘ﬁ:gd
yield when they occur together. Following both, field and laboratory screening techmiques, several |

stable sources of resistance to these foliar diseases have been identified in cultivated groundnut (S;ﬁgh

N

et al., 1997). Both simple and complex mheritance of resistance to these diseases are reported in




literature. Cultivars with high levels of resistance to rust and moderate levels of resistance to early- and
late-leaf spots have been developed following pedigree and backcross methods of breeding and released
to farmers in Asia and elsewhere.

Wild Arachis species are a reservoir of high levels of resistances to several stress factors including foliar

diseases. Interspecific hybnidization is being pursued in many programs te improve ppon the level of -

/i resistance to foliar diseases in cultivated growshmi. However, high yield potential’and high levels of
resistance to foliar diseases do not generally go together. A balance needs to be struck between level of
resistance and vield potential to achieve the maximum economic yield. Combining genetic resistance
with minimum chemical control offers a better strategy to manage these foliar diseases (Nigam ef al.,
1991).

Virus diseases

Groundnut is host to several virus diseases but only a few are economically tmportant in Asia; peanut
bud necrosis virus (PBNV) disease in South Asia and peanut stripe virus (PStV) disease in East and
Southeast Asia. Genetic tolerance to PBNV and its vector, Thrips palmi, exists in cultivated groundnut.
Several cultivars with consistently low PBNV disease in the field have been developed and released to
farmers (Dwivedi er al, 1995). Genetic tesistance to PStV is available only in wild Arachis species
which are incompatible with cultivated groundnut. Interspecific hybridization followed by embryo
rescue and regeneration is yet to produce desired results. Genetic transformation of cultivated
groundnut plant with coat protein genes of these virus diseases offers a more effective solunon to
manage them. ‘

Bacterial wilt

Bacterial witt (BW) of groundnut, caused by Pseudomonas solanacearum, occurs in many Asian
countries. It canses significant yield losses (up to 30%) in China and Indonesia. Several sources of
resistance to BW in cultivated groundnut have been reported (Singh ef al., 1997). They have long latent
periods, less vascular browning, and lowest wilting rates than susceptible types. The information on the
genetics of wilt resistance in groundnut is not conclusive and may differ with botanical types of the
parents involved. Both partial dominance and recessiveness with a few major genes is reported for
resistance in the literature (Mehan ef al,, 1994). Schwarz 21, resistant to BW, was the first disease
resistant cultivar, developed in 1925 in Indonesia. Since then, several high yielding, BW resistant
cultivars have been reieased in China and Indonesia.

Aflatoxin contamination

'Contamination of groundnut by aflatoxins, produced by Aspergillus flavus and A. parasiticus, is a
serious health hazard in many Asian countries. Sources of resistance to preharvest infection, /77 Vifro
seed colonization, and aflatoxin production have been identified in culiivated groundnut. Through
breeding, these resistances have been transferred in superior agronomic backgrounds. However, none
of these resistances including cuttural practices offers complete freedom from aflatoxin contamination

(Upadhyaya et al., 1997). New developments in molecular biology and genetic engineering are likely to

provide long last succor against this problem. -
Insect pests |
Several insect pests attack groundnut but only a few are economically impertant to the crop either
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because they cause significant direct yield losses or because they are vectors of virus diseases. These
includes aphids, thrips, jassids, leaf miner, Spodoptera and white grub in Asia. Except for the white
grubs, the moderate levels of resistance have been identified for other insect pests in the cultivated
groundnut. Moderate levels of resistance to thrps and jassids and tolerance of leaf miner and

.-Spodoprera have been transferred into high yielding varieties following pedigree breeding method.

" However, wild Arachis species ofe: a much highe Isuel of resistence 10 these insect pests and need to
be exploited for resistance breeding (Nigam et al., 1991). : :

Adaptation to Cropping Systems

Many cropping systems offer an opportuntty to grow groundnut in the summer season with irrigation. -

However, high temperatures (>35 °C) prevailing in the -summer season limit its productivity by
interfering with different physiological processes. Recently a field screening of germplasm and breeding
lines has been started jointly with Indian national program to identify plant characteristics associated
with heat tolerance. Breeding for heat tolerance is yet to be initiated. :

Groundmut is often intercropped with field and plantétion crops which partially shade it. This partial
shade results in etiolation of groundnut plants and a reduction in pod vield, Screening of groundnut
genotypes for shade tolerance under an artificial shade structure using black nylon cloth, which
provided 40-58% shading throughout the crop seasor, was carried out in the Philippines (Abiiay ef al.,
1991). Some lines were identified as tolerant of partial shade. This area of research has not received
much attention elsewhere. '

" Availability of short-duration A(_ <106 éay%}c.!tgvmm grpundmit-has ingreased te versatility in different .

cropping systems (multiple cropping, rice follows, and residual moisture Systems) and in ‘areas Wit
short growing seasons n Asia. Basing our selection on predetermined thermal time accumulation,
several short-duration high yielding genotypes have been selected (Vasudeva Rao er al, 1992).
Incorporation of limited period of seed dormancy in spanish types has increased the crop utlity in
production systems where rains can occur unpredictably late in the season.

Pigeonpea

Pigeonpea is one of the major pulse crops of the tropics and subtropics. It 6riginated in India and is
presently cultivated on 3.5 million ha in Asia, Affica, and Americas. However, over 90% of its global

cultivation is confined to Indian sub-continent. Endowed with several unique characteristics, it finds an -

important place in the farming systems adopted by small holder farmers in a number of developing
countries. Pigeonpea is a perennial but is often cultivated as an annual crop. It is capable of producing
over 3 1 ha” but on average it yields only 0.7 t ha”. Drought, waterlogging, and salinity among abiotic
stress factors, Fusaruim wilt, sterility mosaic and Phytophthora blight among diseases, and pod borers
and pod fly among insect pests are responsible for low seed yields in the crop. ke
Pigeonpea is used in a wide variety of ways. Its mam use in the India subcontinent is as human food.
The dry seeds are dehulled and the split colytedons are cooked to make a thick soup primarily for
mixing with rice. In Africa and Central America whole dry seeds are cooked. Its green seeds are co"éked
as vegetable peas. Green seeds are also processed for canning and freezing. The seed husks and pod
walls are fed to cattle. Pigeonpea dry stems are an important household fuel wood in many countries::




Abiotic Stress Factors

- Drought

- Drought causes maximum yield loss throughout the semi-arid tropics, particularly if it occurs during
reproductive stages. The genotypic differences for drought resisteace in--pigsonpea have been
established Uﬁﬁeﬁ rainout ‘shelters. These differences are associated witi: maintenance of dry mass
production and 1t partitioning into leaves following drought period (Lopez et al.,, 1996). A systematic
breeding program for drought tolerance in pigeonpea has not been undertaken due to the complex
nature of the stress. ’

Waterlogging

In the semi-arid tropics, heavy rainfall during the wet season can result in waterlogging especially in the
poorty drained soils on which pigeonpea is often grown. In comparison to long-duration varieties, the
losses due to waterlogging are high in the short-duration varieties due to their inability to recover from
the damage. A greenhouse technique for screening for tolerance of water logged conditions has been
developed and genotypes with tolerance have been identified at ICRISAT. Development of adventitious
roots in waterlogged condition plays a major role in imparting the tolerance. '

 Salinity

Resistance to salinity has been found in wild Cajarus species. Resistance breeding has not yet been
initiated. ‘

- Biotic Stress Faciors
Fusarium wilt and sterility mosaic

Wilt, caused by Fusarium udum, is the most important disease with annual losses estimated to be
around US $ 41 million (Kannaiyan e al,, 1984). The genetics of wilt resistance is complex and has not
been fully understood. Sterility mosaic disease causes severe losses and an early infection to the plants
causes up to 100% yield loss (Kannalyan ef al,, 1984). Resistance to sterility mosaic in pigeonpea was
reported to be controlled by four independent non-allefic genes (Singh ef al., 1983) and by four alleles
& two loci (Sharma ef o, 1984). In most pigeonpea growing areas both wilt and sterility mosaic
diseases are problems, therefore, high yielding genotypes with combined resistance to both the diseases
have been developed using field screening techniques at ICRISAT. These lines have yield potential
similar to that of control but the level of disease resistance is very high.

Phytophthora blight

Blight, caused by Phytophthora drechsleri, is a problem when plgeonpea 7crropr is sﬁbjected- to

waterlogging at early growth stage. Due to vanation In pathogen, stable sources of resistance to this
disease are not available, .

Alternaria blight

Blight, caused by Alternaria tenuissima, is of mmportance only in the post-rainy season crop. The
resistance to Alternaria blight is controlled by a single recession gene (Sharma ez al,, 1987). Several
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high yielding resistant lines have been developed by breeders.

Insect pests

* Pigeonpeas are féd-upon by ssets with over 200 speciet. It, however, betng 2 perennial plant, rapidly '

- recovers the damage caused ic i vegetative parts. However, recovery of the reprodulctive parts is low,
uncertain, and dependent on plant type, soil moisture, and climatic conditions. The losses due to flower,
pod and seed damaging insects range between 50-100 %. Podfly (Melanagromyza obtusa) and pod
porers (Helicoverpa armigera and Maruca testulalis) are major insect pests. Using field screening
methodology, sources of resistance to all the three major inséct pests have been identified from
pigeonpea germplasm including its wild relatives. The resistance level in these sources is low. Breeders
have used these sources to combine insect pest resistance with other economic traits. Success i
breeding for host-plant resistance for these insect pests has been limited. Under unsprayed conditions,
these selections yield 0.86 t ha™ with about 50% pod damage compared with 0.11 t ha™ with 90% pod
damage inthe control. :

At ICRISAT, the partial natural out-crossing of pigeonpea has been exploited to develop high yielding
hybrids. These hybrids have shown over 30% yield advantage and high stability in performance over
environments and years (Saxena ef al., 1989). Because of their higher growth rate and more vigorous
root system as compared to pure line varieties, they produce high yield under severe moisture stress
conditions (Saxena et al., 1996). Under disease pressure also the hybrids show yield advantage over
pure line varieties. : '

Adapiation o Croppiag Systems.

Pigeonpea is unique in that its duration 18 a continuum from -extra-short-duration (<90 days) to
perennial types. This nature of the species allows Tt to adapt to a wide range of cropping systems and
soil and climatic variations in semi-arid tropics. Perennial pigeonpea is widely grown as backyard crop
while long (>250 days)- and medium (160-180 days)- duration types are invanably grown as an
intercrop with cereals under rainfed low input conditions. Short-duration pigeonpeas are of recent
origin and are cultivated as a sole crop under high density production system and in rotation with wheat
and paddy. ICRISAT has also developed lines which can mature in <90 days and are relatively less
sensitivity to photoperiod permitiing their adoption in diverse production systems up to 40-45° latitude.

Most perennial as well as long-duration cultivars are landraces or selections from landraces. Due to -
natural out-crossing the cultivars/land races are heterogeneous for various agronomic traits,”and.

breeders have successfully isolated high ylelding pure lines from this material. Although these’ are
cultivated under intercrop, the selections have been exercised under pure culture. Studies conducted at
ICRISAT have shown that such selections perform well both under pure as well as intercrop situations.

Chickpea

Chickpea is grown globally on about 10 million ha with 2 mean annual production of 7.5 million
average productivity is 0.7 & ha'l. Tt is predominamtly consumed as a pulse; dry chickpea is also.used in

preparing a variety of snack foods, sweets, and condiments. Green fresh chickpeas are. wlﬁﬁ‘ifénlif"

consumed as a vegetable for short period before the crop is mature. Chickpea straw has a foragq;}d%lue
comparable to other straws commonly used for fivestock feed. The crop is mainly grown rainfed and is

relegated to marginal lands because of its low mean and unstable productivity. Its major prodiiction .

areas are the Indian sub continent, West Asia, North and Fastern Afica, Southern Europe and Latin
America, In recent years Australia and to some extent North America have shown increased iniérest in
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growing this crop.

. Two types of chickpea are distinguished, the more common (85-90%) brown (or other colors) seeded,
usually small in size and with wrinkled sced coat; and white seeded, usually large with smooth owl's
head shape. Although research station yields of over 6 t ha” and farmer field yields of around 5t ha?
haye-been, yeported, these are varely realizes {(Kumsr ef of, 1996, A number of abiotic and biotic
stresses.result in low and unstable productivity of this crop. These uiclude; foliar and root diseases, pod
borer, drought, extreme temperatures, soil salinity and unseasonal rain.and hailstorms (Table 1). Their
importance as major vield reducers varies from region to region if the production zones which may

broadly be distinguished by differing latitudes are considered.

Abiotic Stress Factors

Drought .
End~of—lseason drought is the ‘major abiotic stress limiting chickpea yields. Breedhg for-drought

drought escape by development of short-duration varieties (85 days to mature compared to 110 days
for the traditional varieties). Now we have lines maturing in 70 days (Kumar and Rao, 1996). '

Biotic Stress Factors
Fusa:r'_fum wilt

‘Wilt, caused by 7. oxysporum, is wide spread and reported from all the chickpea growing areas of the
world. Three loci are known to confer late wilting in chickpea. Any two of these together confer
complete resistance. Much success has been achieved in developing Fusarium wilt resistant varieties.

Ascochyta blight

- Blight, caused by 4. rabiei, is most serious between the latitudes 30° and 45°, where relatively low
temperatures {15°25°) prevail during the crop season. A few genes for resistance to Ascochyta blight
are known. These do not confer a high level of resistance and are known to break down. However, a
number of Ascochyta blight resistant varieties have been bred through breeding. .

The genetics of resistance to other diseases has not been studied and breeding efforts are at best only
empirical. :

_ Insect pests

Little progress has been made in enhancing resistance to Helicoverpa pod borer, a major pest of
chickpea. However, tolerant lines have been bred. '

Adaptation to Croppiﬁg Systems

In recent years reduction of crop duration from about 110 days to 85 days in peninsular India where
temperatures are warm, has increased mean chickpea productivity from about 0.4 t ha™ to 0.8 t ha™

Shorter duration cultivars also make it more surtable for inclusion in newer Cropping systems e.g. in rice




foliows of the Indo-Gangetic plain. Yield gains are possible in sub-tropical conditions also, if the crop
duration is reduced from 170 days to about 120 days (Kumar ef a/,, 1996). Such varieties are not yet
available. This intervention may raise the mean global productivity to more than 1 t ha™ and increase the
total production by nearly 50%. )

-, Tahle 1. Imporant stress factors affecting chickpea productivity i diffzrent zones (A-D based on
latineics) of the world., o

Stress factors A (0-20%) B (20-25%9 C (25-35%) D (35-50°)
Biotic : :

Fusarium wilt 1
Ascochyta blight *
Botrytis gray mold *
Root rots 1
Stunt : 3
Helicovetpa pod borer 1
Leaf miner 5
Nematodes - 4

[
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Abiotic

~ Drought

. High temperature

Low temperature

Excessive moisture

* where I = most important; 5 = least important; ? = little or no information: * = is not known to
occur .
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