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SOME ASPELIS OF DROUGHY WITH SPECIA. REFERENCE TO GROUNDNUT
DROUGHT RESEARCH AT I1CRISAT

Lt.J. REDOY, R.C.N. B0, J.N. NILLIANS & R.N. GIBBONS

1. INTRODUCTION

Drought decreeses the ylelas of dryland crops over vast
areas of the worle. The fincidence of drought 1s generally higher
in the semi-arid regions which constitute 36% of the total land
area according to Raheja (1966), Much of the rematning area
undergoes tamporary drought during the <Crop season. Since
ICRISAT's objective 15 to breed crops with adaptation to the
semi~arid tropics 1t s a corollary <that we should broed for
drought resistance in ICRISAT mandate crops. It 1s generally
well recognized that on a world wide bpasis the major factors
Timiting groundnut production are folfar disvasos, drought and
nutrient stress (Gibdbons, 1981). In the SALUCC region 75% of the
area s semi-arid and charactertred by low, unreliable and/or
poorly ¢istributed rainfall., Mi{g-season droughts are of common
occurrence and the need for breeding drought resistant groundnut
cultivars for this region has been stressed by soveral
researchers (Nigam & Bock, 1984; Chiteka, 1984; andg Doto.
1984). Also the SADCC Food Security Consultative Technical
Committee for Agricultural Research has emphasized ithe need for
short duration drought resistant varleties for this region
{(Manda, 1984).

In addition to causing substantial yfeld reductiouns, drought
can result 1In poor seed grades (Davidson @t al, 1983; Stanseld
et al. 1976), decreased subsequent germination (Pallas @t al,
1977) and an {ncreased incidence of aflatoxin in groundnuts
(Diener & Davis, 1977, The present paper desls with some
aspects of drought resistance and the progress that has besen made
at ICRISAT in groungnut drought research.

2. THE KNOWLEDGE OF THE ENVIRONMENT

The s5strength of the ralatifonship between genotype and
phenotype is determined by the nature of enviromments. In
similar envirorments the genotype can more consistently be
identified by {ts phenotype. In dissimilar environments it {s
hard to identify the genotype since 1ts expressfon may change and
hence the genetic gains will te low in such enviromments.
Breeding crop plants for drought prone conaitions requires an
appreciation and knowledge of the envirommental factors which
interact with rainfal) deficits tc creet an array of complexes
collectively referred to as 'drought’. The range of variabilfity
among the salfent envirommental factors 15 extremely location
specific.

Although many edaphic, biotic and agronamic  factors
characterize the location specificity of drought and its
oonsequences on crop yfelds, the primery factors are the rainfall
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pattern and the soil's capacity to store and supply the water
requiressnt of the plant.  So the first step 1a planning for
bresding drought reststant cultivars ¢s to understand the direct
{water deficit) and indirect (attendant physical, chamical and
bliological changes) contributing factors, The compilation and
analysis of ratnfall data with reference to the tradtitional
cropping schedule of rainfed farming will aid in the
determination of the crop growth stagos prone to water deficit
conditions. A knowledge of the regiconal soil characters such as
texture, depth and drainage charscters is also essenttal. These
climatic and edaphic fectors along with the fdentification of
problematic yield determing growth stages help us 1in aemploying
appropriate adaptive mechanisms.

3. ADAPTIVE MECHANISMS

Empirical fleld scresning of traditional cultivars and
breeding lines {n drought prone areas has been the most common
and effictent approach 1{n selecting and bresding genotypes
adapted to this stress (Chang @t al, 1975 Hurd., 1971).
Although this method of selecting for fleld resistance without
fnvestigating the causal factors has been successful, 1t may
prove to be limited in scope in the lYong term,

Adaptive mechanisms which confer f{eld reststance have been
classifiec as escape, avoigance., tolerance and recovery
mechanisms (Table 1).

Escape : The escape mechanisms have been broadly selected for in
rainfed agricultural systems and thoese allow the crop to undergo
their growth and development during periods of adequate moisture.
Early maturity in wheat, rice and sorghum (Derera at al. 1969;
Krishnamurthy at al. 1971; Blum, 1970} and  photoperiod
sensitivity in rice (Oka, 1958 ang Yergara & Chang, 1976) have
been found to ensure the completion of the drought-sensitive
reproductive stages during the periods of adequate moisture,
However, yield is known to be positively correlated with maturity
duration under favourable conditions, and the greatest yields
will come from explotting the season length to the full., Caution
should be exsrcised in not overplaying the {mportance of bresding
cultivars with shorter growth periods as they have set 1imits of
yield potential. Eartier maturing cultivars are also more
sensitive to droughts {f they occur since any given drought
constitutes a greater proportion of the crop's 11fe {.,e, & 35
day drought 1s 50% of a 70 day crop 1ife but only 308 of a 1158
day crop.

Avoidance : A wide range of mechanisms are 1nvolved 1{n the
avoidance of drought stress when it occurs. These include denser
and deeper rooting habit, stamatal resistance, culticular
resistance, Yeaf rolling and positive leaf movements, A
cambination of & denser root habit with deeper rooting enables a
crop to maintain water uptake. Extensive root systems have been
found to be associated with drought resistance. This has been
reported 1n soybeans (Raper and Barber 1970), durum wheat (Hurd,
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1974}, grain sorghum (Nour § Wetbel, 1978) and tn rice (Steponkus
2t al, 1980). In groundnut Ketring (1984) demonstrated a
consideradble diversity in root volume within virginia, spanish
and valencia botantcal types using & simple technique of growing
the groundnut plants tn PVC tubes containing fritted clay., The
differences among entries in these 1imited samples of peanut
germplass suggest selection for more extensive rooting traits {s
feasidble for this crop and may prove useful for developing more
drought tolerant peanut cultivars. Work at JCRISAT has shown
that difference 1In rooting characters contribute to differences
1n drought responses of cultivars,

Stomatal resistance has been finvestigated as a tool in
determining drought raststance (n sorghum (Blum, 1974; Henzel}
at al: 1976), wheat (Xaul, 1974) and rice (IRRI, 1973, 197%).
However, {in view of the dynamics of stomatal behaviour and
variability of envirormental factors contributing to drought,
meaningful and repeatadle screening procedures would be difficult
to cevelop.

High cultivar resistance to water l1oss has been noted a» a
potential attribute of drought resistant crop spectes (Martin &
Juniper, 1970; Ebercon gt al, 1977). In rice 1t has been found
that the epicuticular wax depostition vartied between the rice
cultivars with differing cuticular resistance values (IRRI,
1976). The amount of epicuticular wax on the leaf is believed to
be indicative of the cuticular resistance and lends (tself to
rapid screening. Ebercon gt al. (1977) developed a colorimetric
test to quantify wax removed by dipping sorghum leaves 1n
chloroform,

Leaf rolling has been {dentified as a resistant and
alternatively as a susceptible trait. In some Mediterransan
grasses leaf rolling has been found to reduce transpiration by 46
to 63%. The onset of leaf rolling, the extent of rolling and the
elasticity in unroliling among rice cultivars during a diurnsl
cycle of water stress has been extensively used in IRRI as an
indirect score of drought resistance (Chang at al. 1974; O0'Toole
4 Chang, 1979). Groundnuts when stressed may actually fold their
leaves and there by decrease energy interception which wil)
decrease the stress occurring in the leaf. It 1s possible that
selection for this attridute will {improve the crops' drought
avoidance.

The basic purpose of tincorporating avoidance mechanisms s
to wmaintain a favourable {nternal plant water balance for a
longer time under drought conditions. The advent of portable
field equipment for the measurement of plant water potential has
greatly aided selection for the combined effect of avoidance
mechanisms {(Blum, 1974; O'Toole & Moya, 1978). Aerial infrared
photography 1s another practical means of screening for
relatively high leaf water potential (Blum gt al, 1978).

Tolerance : Drought tolerance 1s another adaptive mechanism
frequently mentioned 1in the 1iterature and has been used as an
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interchangeable term for avoldance by same workers, So in
discussing tolerance we must meke the assumption that escape and
avoidance are excluded, It is then possible to assume that the
plant s actually suffering lnternal water stress and 15 showing
the capacity to withstand it.

In groundnuts vartations in drought tolerance do occur, At
ICRISAT with the Cooperation of University of Nothingham
Sclentists we have shown that some lines have greater
photosynthesis at a given water potential than others.

Although tolerance mechanisms are of great i{mportance fin
countering droughts they are rather gifficult for plant breeders
to make use of as no good established screening methods are
avatlable. Unfortunately, in studying differences {n tolerance
betwesn crop species and within species researchers too often
utiiize only severe or sustained water stress. Although varietal
differences have been demonstrated by means of hsat tolerance
tests (Sullivan, 1972), proline accumulation (Singh gt al., 1$72)
and desiccation survival (Levitt, 1972) 1t has not been shown
conclusively that the basic characters on which these tests are
based confer field resistance.

Recovery : Droughts vary in duration but when ratns occurs the
attribute of rapid recovery and return to active growth and
development is important. Recovery is & very important trait tn
combating mid-season droughts and has been recognised as such by
all the crop improvement programs at ICRISAT (Wflliams, 1983),
Long duration cultivars have bestter chances for recovery ang
further development (Loresto at al., 1976). The nature of
partftioning after the release of drought 1s tfmportant as has
been reported by Willlams (1983). In groundnuts 1t has been
observed that same lines rapidly initfate reproductive growth
while others put thefr ipttial emphasis on vegetative growth. In
conttnued favourable conditions the latter attribute 1s
advantageous whereas in short periods of favourable conditions
the opposite attribute 1{s bentficfal,

4. BREEDING STRATEGIES

The methods employed by varfous breeders for developing
drought resistant genotypes can be classified broadly into the
three following approaches :

4.1. Breeding under optimal or near optimal conditifons : It fs
based on the assumption that the genotypes giving sunerior
performance under optimal conditions will all performs
relatively better wunder suboptimel conditions. This
approach deals with yfeld and stabi) ity as one complex. In
doing so, it requires an improvement in yield under optimal
conditions which may often prove to be firrelevant in
breeding for suboptimal conditions.

4.2. Breeding under drought conditions According to this
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approach superior cultivars for drought-prons enviroments
should be selscted in aitu. In view of the great
vartability of drought-prone ehvironments, the
heritabii(ties tend to bes low and very slow progress ia
axpected becsuse of the operational problems -~ such as
sample sixe -~ in the breeding program.

4.3. Breeding for drought resistance mechanisms : This approach
involves the seloctive fncorporation of relevant
arought-resistance factors into cultivars with superior
ylelding ability under optimal conditions, thus making them
perform better under suboptimal conditions. This approach
calle for wmultidisciplinary ef forts by breeders,
physfologists, biochemists etc. for the full explottation
of available germplasm. .

S. RELATIONSHIPS BETWEEN VARIOUS TAXONOMIC TYPES AND DROUGHT
RESISTANCE IN GROUNDNUT :

The choice of a variety for a given Jlocation 1s of prime
importance and it has been the farmer's first and oldest 1ine of
approach for combating local problems Including drought, A
thorough knowledge of the germplasm available for a crop species
is required not only for {dentifying the natural Jlocations of
their adaptation, but also for more effective planning of
hybridization with a view to recombine complimentary factors that
confer advantage to the crop against 38 givan stress. Groundnut
is indeterminate in growth habit and a large rangs of vartabilfity
occurs within the species which has constderable fmplications in
the adaptation of the crop to drought environments, Krapov {ckas
(1968) taxonoxically classified the cultivated groundnut species
into two subspecies which 1n turn are divided 1nto two varieties
esach : (1) subspecies hypogama; variety hypegaga (commercially
known as virginia bunch and runner) and variety dirsuta; (3]
subspecies fastigiata; varfety fastiglata (valencia type) and
variety yulgaris (spanish typel. The diffarences among thoese
subspecies are not only of botanical but also of agronomic
significance.

Bunting and Elston (1980) have suggested that the ssquenctal
branching pattern of fastigiata types confers on them early
maturity and they are the characteristic varieties of dry
climates l1ike those of the Mediterranean regions and the drier
parts of Indta. Although 1t has been argued by Williams (1981}
that sequential branching does not determine earliness and the
seasonally dry enviromments are not the natural home of the
non-gormant short season fastigiata types, the early maturity
tratt in these types could be profitably sxploited by the breeder
for escaping end season drought.

The alternatively branching hypugasa types are reported to
withstand the consequences of internal competition better than
the saquantial types (Bunting and Elston, 1980) because of the
supply of adequate assimilates as vegetative growth continues for
a Tonger time fn the former types.
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To gain some impressigns about the performance of various
botanical types under r&infed conditions, the pod ytelds under
rainfed conditions in various parts of l1ndia over years were
examined. The All Indta Caordainated Research Project on 0f)seeds
(AJCORPO) conducts separate tests for virginta bdunch (v8)
virginia runner (VR) and spantsh bunch (SB) types. The mean
yield performance of these types i1s compared by a patred 't!
test. OQut of 31 comparisons studied betwesn YR and SB types. the
yiolds were significantly different only In 12 cases out of which
VR types were superior in 7 and the SB types tn S cases (Tabdble
2), Of the 37 comparisons between VB and SB types, 12 cases
showed significant differences anc the $8 types were superior in
9 caseos (Table 3}, In the 18 comparisons botween VR and VB
types, where significant yleld differences were observed, VR
types were superior in 12 cases {(Table &), These observations
suggest that both virginta runner and spanfsh bunch types are
superior to virginfa bunch types in rainfed agriculture and tha
superifor yielding ability of VR types 1s not attrtbutable to the
alternate nature of their growth hadbit,

A comparison of yleld data of VR and 5B types in two
contrasting years with regard to the rainfall pattern during the
crop season at ICRISAT Centre and Junagadh, Gujarat State fin
India suggested that V¥R types can do better under mid-season
(Fig. 1) and long-term (Fig., 2) stress conditions. Because of
thefr Jlong duration, the VYR types may possess better recovery
ability. Also, since calctium becames a limiting factor during
droughts, 1t 1{s possible that VR types with thelr reproductive
sinks separated wide apart are more efficlent in obtaining thelr
calcium requirements from the sofls compared to that of SB typos
with a clustered podding habit.

6. DROUGHT RESEARCH AT ICRISAT IN GROUNDNUTS

Drought research in groundnut was started at ICRISAY in 1980
on the following aspects.

6.1. Drought screening Sfnce none of the chemical,
btochemical and plant physiological attributes are universal
predictors of performance under various drought situations, these
are not being fnvestigated as screening methods. The methods of
drought screening being used are based on the principal that
yield 1s the best Integrator of the factors which ‘impart
resistance to the crop against drought. However, now that some
drought resistant lines are fdentified, these are being examined
for the factors that confer resistance to them. This single
attribute screening procedure is important for fdentification of
parents with complimentary resistances for the hybridization
program.

The drought screening experimants are conducted during the
postrainy season (November-April) when there is the least chance
of interference from rains. Orought screening was started 1n the
1980/81 postrainy season with a set of 8] genotypes. Urought was
created by withholding water at different stages of crop growth
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‘viz. flowering, pod setting and grain formation, Yrrigation
,overy 7 to 10 days served as tontrol. Although, unexpected rain
(70 wm} at the pod setting stage prevented ful) developwent of
stress, and pod rots and Spodoptaca lLiturs confounded the ef fects
of drought, some significant 1inferences could be made. Water
stress at all stages significantly reduced the yleld and the
genotypes responded differantly to different types of stross
tndicating the importance of timing of stress. Consideradle
genotypic differences existed for shelling percentages under
stress treatments. Some varieties were able to achieve nearly
normal pod filling under drought, while the average of all Bl
cultivars was only 45 percent of the control trestment ({.e. no
stress).

During 1981-82, different intensitjes of drought were
created by using six (rrigation troatments across the gradient of
a line-source system developed by Hanks g% al, (1976) at three
growth phases while a fourth treatment was long term stress
(Table 5). The 1tne source system consists of a 1ine of overhesd
sprinkiers fitted with appropriate nozzles. When opsrated
correctly they apply water in patterns which generate a gradient
with amount of water applied bhecoming gradually reduced as
distance from the sprinkler 1ine {ncreeses. Urought timings were
‘selected with the intention of choosing the phases of crop growth
for which the greatest amount of genetitc vartabi) ity existed and
seeing {f responses at these times could be related to drought
responses in different growth phases, These treatments also
represented the most commonly occurring droughts 1n the SAY, A
sgt of treatments represented wvartations in end 503500,
mid-season and early droughts, and the fourth represented
environments where rafnfall 1s always less than  potential
evaporation.

Lines from this screening were tested at Anantapur, & site
where drought commonly oCcurs, and two of them were found to be
significantly better than the local check cultivars (Fig.3). In
a season with nco rainfall for €3 days aftear sowing, and a total
of only 22 cm rainfall during the crop's 1ife, ytelds of 1.15
t/ha were achieved for the drought resistant line, NC Ac 17090
compared with 0.5 t/ha for Robut 33~}1., Cultivars varfed widely
in total dry matter accumulated and proportions of dry matter
used for pod growth.

In 1982-83, 500 lines were screened but with a change in the
treatments appliec. The long term stress and end season stress
patterns were retained but the midseason variations were replaced
by & long term stress interrupted by firrigstion on 2 occasions.
This change was made because the preliminary analyste on the
total dry matter of these treatments showed only small effects
and the Intercepted long stress was thought to present an
opportunity to score for recovery from drought. These 1deas were
shown to be incorrect tn the 1light of final analysis and a
midseason stress has been re-introduced 1nto the present drought
screening exercise. In 1982/683 a drought screening evaluation
was done on 25 lines selected fram the previous drought
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screening, using twelve patterns of drought stress each with 8
intensities of stress. These treatments were designed to sxamine
the genetic variabil ity end interactions of genotypes to single
and multiple droughts. with vartable durations and timings of
drought, The trial provided 96 sites differing mainly in the
water component of the enviromnment (temperature, photoperiod, and
most other aspects of the environment being constant)) The
results from this trial indicated that early stress definitely
provides adaptive advantage in the svent of a second drought at a
later stage. Also genotypas differed constderably {(n their
ability to recover from the mid-season drought (Flg.4), With
regard to mid-season drought, only & correlation of 0.2 was found
between the sensitivity to drought and yileld potential whereas in
the end season drought & very high correlation (r~0,99) was
observed.

Across all thess enviromments those with the greatest
drought  resistance (¥ intercept) had low yleids In good
envirorments (low sYope values) {Table 6)

From this serfes of drought screening trials 1lines which
have consistantly performed better than the mean of all varfeties
have been identified (Tadble 7).

6.2. DOrought Physiology Studies : These have been conducted to
investigate the GXE interactions 1n greater detail, They Include
effects of time and intensity of drought, plant populstion
effects on water used. and the development of drought and the
effect of timing of stress on the drought recovery responses.

The research on the effects of timing of stress has shown
that early stress can increase yield by 14 to 30% (Nageswars Reo
at al .. 1985) and that for Robut 33~1 late stress has a much
greater impact on yield than mid-season stress. In terms of
water management and water efficiency, 1t was found that
irrigation management to withholc water early and apply evenly
def icient amounts during pod growth was better than utilizing the
available water early leaving no irrigation at later stages.

The investigations of population ef fects on water use and
the development of drought stress have provided basic information
on the interactions between leaf area, 1light 1{interception, dry
matter production ang root growth.

A detalled comparison of four contrasting genotypes revealed
differences in water use efficiency. Major differences 1in
reproductive development during the drought and subsequent to the
release of stress were found to be the reasons for differential
performance.

6.3. Gypsum and drought i{nteractions : Large Increases In
ylelds due to Ca applicatfon 1n a wet year were reported in
groundnut by Hallock and Allison, (1980). However, they observed
only marginal yteld 1{ncreases during a dry year when drought
prevailed during pod formatfon. Balasubratmanysm and Yayock
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(1981) from a pot study reported that gypsus reduces the
detrimental effect of lats moisture stress on pod ylelds of
groundnut.  GTlifer (1969} reported that drought decrsases Ca
uptake and thus induces Ca odeffciency in groundnuts. To
substantiate these observations studies on the interaction of
cultivar x gypsum x drought were undertaken at ICRISAT. In a
field experiment, six cultivars were fortilized with gypsum at 0
or SO0 kg/ha. Irrigation was applied regularly in all trestments
unt1]l 60 days after sowing after which irrigation was either
continued to ensure no water stress or withheld wuntil 90 days
after sowing. The results confirmed that same cultivars
benefited significantly when gypsum has been applied and a
drought occurred during the seedfililing phase. This effect was
not apparent in other cultivars,

The reasons for this interaction of culttvar, gypsum and
drought have been investigated utilizing three cultivars, where
gypsum was applied 1n three concentrations and drought {mposed by
the 1line source method. This experiment has shown that in
droughts, gypsum has increased the pod number and development of
subterranean pegs and this effect results in the yield benefits
observed from gypsum when droughts have occurred 1(n the later
part of the season. Howsver, {f <the stress 1is released the
benefit of gypsum eay be eliminated by compensation during
subsequent growth, It was found that although pod numbers had
been incrased by gypsum in an inftial drying cycle, subsequent
pod growth was inversely related to pod numbers at the time that
water stress was released.

6.4. Breeding for drought escaps mechanisms Groundnut
cultivars which mature 1tn 80-85 days may escape end season
drought as has been reported in other crops. So efforts have
been underway from the very inception of the groundnut program at
ICRISAT to fdentify and breed for sarly maturing cultivars with
{ncreased yleld levels and acceptable pod and sesd characters.

In tha {nftial years of the program two early spanish types
(Chico and 91176) and a mid-early virginia cultivar (Robut 33-1)
were extensively utilized {n the hybridization program with other
high ytlelding bunch and runnher types. Recently several new
sources such as L.No.95A, TG lE, TG 2E, TG 3€ ane Ah 316/5 have
been 1dentified as new sources of esar)iness and used sxtensively
in crossing work. From severa]l hundred crosses, selections have
been made for earliness and high yield among the segregating
material and lines with untform growth habit, maturity, pod and
seed characters have been developed. The yield levels of same of
the best sarly maturity selections in 1982 rainy seasson are given
in Table-8. More recently, some extra early groundnut lines have
been 1solated from the crosses of early wmsaturing Dbut
agronomically poor parents, and high yfelding late maturing
parents. These 1ines have yieloed 3000 to 3400 kg/ha of dry pods
1n 75 days after sowing in the 1984 rainy season at the ICRISAT
Center (M.J.V.Rao, personal communication).
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The early uurﬂjﬂ spantsh cultivars are characterised by
non=-seed dormancy. considersble crop losses may occur due
to sprouting when ther® are rainfalls on the mature crop. Eight
Tines with sesd dormancy of at least 15 days have deen isolated
and purified by our physiclogists from the cerivatives of early
maturity non-dormant . spanish cultivars crosssd with dormant
virginta cultivars. These 11ines are being crossed with the early
maturity advanced bresding lines to {ncorporate the limited seed
dormancy 1nto the latter.

6.5. Breeding for drought resistance : Five )lines which wers
found to show promise under the 1line source trrigation
consistently for two years for cne or more types of stress (Table
9) bhave been utilized in the bresding program. These }ines were
crossed with two high ylelding cultivars, Robut 33-1 and JL-24
and with one high ytlelding advanced 1ine, I1CGS-30 tn & 8x8
dlallel cross.

The segregating material will Dbe handled by Dboth
bulk~pedigree and single pod descent methods. In the
bulk-pedigree method (Fig. 5), two lots of seeds from each F2
plant will be made. One lot will be kept in cold storage for any
contingency. The second jot will be planted at Anantapur and
very 1light selection pressure for yield will be made from F3
onward. Only very poor ylelding plants will be rejected in F3 to
F5. The plants willl be bulked on the basis of their yleld
performance, growth habtit and pod and sesd characteristics. The
11kely F6 wuniform bulks will be yteld tested at Anantapur. In
the F7, a multilocation test both under atress and non stress
conditions will be conducted to identify lines with stable
performance. The most advanced pramising l1ines as revealed by a
detailed physiological study, will be used as parents in the new
cycle of crossing and selection.

In the single pod descent mathod (Fig. 6) the crosses will
be advanced without selection by collecting a single pod from
each plant upto F4. For each cross, 2000-2500 plents will be
maintained. The possidility of rapid generation advance by using
the greenhouse facilities will be explored. One thousand F4
derived lines in FS will be evaluated in an unreplicated nursery
by planting a check cultivar after every 10th plot &t Anantapur.
Based on the moving average of the check, 100 top progenies wil}
be selected and further yield testsd in a replicated trial. The
top 25 to 30 lines fram this trial will be further evaluated both
under stress and non-stress conditions fn & multilocation test
where these lines will also be screened for other important
traits. A new cycls of crossing and selection will be Inftiated
by using the most pramising advanced lines as parents as revealed
by a detailed phystological study.

CONCLUSIONS
Drought in groundnut, besides causing direct yteld losses

can adversely affect the quality of seeds. Since none of the
scresning techniques based on chemical, biochemical and
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physiclogical attributes are universal pregictors of performsance
under various drought situations, a holistic approach simulating
droughts on whole plants and evaluating crop responses to these
on the basis of yield and total crop growth 1s being followed at
ICRISAT. Using the 1ine source irrigation technique., genotypes
which showed consistently 9ood levels of drought resistance have
been {dentified. Detatled phystological investigations revealed
that early drought confers adaptive advantage to groundnut crop
in the avent of another drought occurring at a later stage, Also
genotypic differences exist for resistances to mid-term and long
term drought and the cultivars differ consideradly in their
capacity to recover fram mid-season drought. Strong positive
correlations were observed for sensitivity to terminal stress amnd
high yleld potential. However, low correlation coefficients
between sensitivity to mid-season stress and high yleld potential
vere found suggesting the possibility of dbreeding cultivars with
nigh yield potential and resistance to mid term stress. Studies
on gypsum x drought x cultivar fnteractions revealed significant
differances among <cultivars for thetir response to gypsum
appiication under drought conditions,

Breeding for drought resistance has just been initiated to
incorporate resistances to various types of stress into
agronamic backgrounds. Breeding far drought escape mechanisms
has resulted in the development of 1ines which can mature 1in 75
days with high yield potential. These Ilines are expected to
escape end season droughts.
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Table 1 : Mechanimms of drought restistance

Eacape Avaldancet Ialarasce* Becoary
i. Early maturity 1. Dense root growth 1. Heat tolerance 1. Rapid recovery
tests and reture to
active growth &
davelopment
2. Photoperiod 2. Stomata) resistance 7. Proline accumu- 2. Long growth
sensitivity latvon duration
3, Early seediing 3. Cuticular rests- 3. Destccatton 3. Effective
virgour tance . sufvival partitioning
4, Rapid stand 4, Leaf rolling
astabl ishment

5. Positive leaf
novement

' The terms 'avoidance’ and 'tolerance’ are used interchangeadly ia the
Iiterature; [n using the ters 'tolerance’ nere we make the assumption
that 'escape’ and 'avoidance' are preciuded.

Another term 'adaptation' is used to inciude mechanimms such as
ommotiC adjustments and changed root/shoot ratios.



TABLE 2 :

POD YIELDS OF VIRGINIA RUNNER vs SPANISH
?gm GROUNDNUT TYPES IN AICORPO TRIALS.

YEAR LOCATION ME AN \IELLS (RG/HAY DF  'TY YALUE

.......... meme e

Yk t\?ﬁﬁ S TYPES

1977 TiNDIVMAM 36C (8% THI ULy 37080
FANTNAGAR 2520 (e 4G (67 4.97ee

KHARGONE 326 (9} 599 (101 3,830
1978 KHARGONE i34 (16 BT (407 3.B4ee
CHIPLIMA a6 2 8.7 (40)  4.008*
1979 CHIPLIMA ST (1% 60 {211 2,480
ICRISAT 965 tkC‘ G122y 2,33
KHARGONE 620 i 9Bl 1261 3,i7ee
YRIDDHACHALAM 367 it B9 (251 7.40%*
1980  JUNAGADM 1908 (240 453 30 h.40%0
1980  ICRISAT IR iS68 (19)  .rae
1982 KADIRI 2209 120 ib3, (401 6.0bve

3 Number of entries teuteo for vach typw,
No.of comparisons stuviec @ 3l
*,%% Significant at £.05 anc C.0. levels, respuctively,

TABLE 3 @ POL YIELLS UF wiRuiINDA BUNCH vy SPANISH
BUNCH GROUNDAUT vt D IN ATCORPG TRIA S,
INCIA
YIELD LOCATIL MEARN KGSMAY YTV OYALUE
¢ St
1976 KHARGONE
Db ARW AF
POLLACH]
1977 TINULIVANAK
1978 CHIPLIMA
UHARN AR
1979 JUNAGALH
1981 KARK ]
CHIP_IVA
VRILO-ALHAL AN
ICRISAT
1982  KALIF:
$ ho. of entries tesief fGr eath Yy,

[RET TR
Significant ot (.05 any T.010 devels,
respective’y.

No.of comparison:
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TABLE 4 : POD YIELDS OF YIRGINIA RUNNER vs VIRGINIA

BUNGH TYPES IN AICORPC TRIALS, INDIA

YEAR LOCATION MEAN YIELD (KG/HAY  *TY yALLE
VR Vi
1976  KHARGONE 583 (918 291 () .68
KADIRI 446 () 81 (31 2.8
1977 KADIRI 1420 (B) 1748 (T)  2,74v
DIGRAJ 513 19) 744 (1) 2,240
MAINPURI 93t (9) 1083 (T} 2,16
1978 OIGRAJ 1310 (25) 1027 (18)  Z2.39¢
DURGAPUR 1769 (20) 937 (17} §,74%¢
1979  AMADALAYALASA €26 {10) 364 15h) , 4.56%¢
MAINPUR] S21 (LT} 1650 (k) 4,08%
1980 KADIRI 885 (2%) 10iS 11y 2,07
LATUR 1966 (15) 1411 (14)  5.48e
1981 KHARGONE 1816 (ie) 1301 (190  3.56%
MAINPURI 4296 (8) ZBIY (1L} 4. l4ee
JUNAGADH 1040 (18} BOE (%) 2.13*
1982 KADIRI 2209 (26) 1924 (17 .57
ALIYARNAGAR 1208 (191 978 (2%  3.58%¢
DHOL I 1770 (1% 430 {7l 2,044
LATUR 1205 (193 2280 (7)) 12.20%¢
$ No. of entries testec for each lype,
No.of comparisons stucie¢ : L1
y#% Significant at C.05 anc C.0L ievels,
respectively,
TABLE § : TREATMENTS IN DROUGHT SUKEENING EAPERIMENT IN GROUNDNUTS
YEAR TREATMENT EMERGENCE- FLOWERING- PLGGING-  POD FILLING-
FUOWERING  PRGGING PL SET  MATURITY
1981/82 Tl U p Lo LS
T2 . U L U 7]
T3 % - [ u
T4 L L U LS
1982/8 T L L L5 LS
T2 U LS ' LS U LS
K L U L LS

L = Uniform irrigation,
LS = Line source sprinkler frrigaticn,
#) = One uniform irrigation to release water stress
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TABLE 6 : REGRESSIONS OF POD WEIGHTS OF 25 GENOTYPES GRONN IN 96

MOISTURE ENVIRONMENTS ON MEAN POD WEIGHTS OF ALL GENOTYPES

..........................................................................

S.NO. 1CG/GNP IDENTITY
1. 35 # OGC-4063
2. 402 # J-11 x Robyt 33-]
3. 404 1 10GS-24
4, 405 # 10GS-36
5. 406 § 10G5-11
6. 408 # 1CGS-35
7. 409 £ 10GS-21
8. 411 # X4l-X-X~1-B x Golcine
9. 413 £ Manfredt x X-l4=4-B=15-f
10, 414 7 Robut 33-1 x NC Ac 2821
11. 712 # 106S-20
12. 221 T™Y=-2
13. 799 Robut 33~}
14. 1104 Fatzpur 1-5-2
15. 1326 J-il
16. 1697 NC Ac 17090
17, 1712 NC Ac 17142
18, 27138 Gangapur
19. 3605 EC 76444
20. 3657 £C 10927] (55-437.
21. 3704 EC 21024
22. 3730 Manfregi-107
23. 4790 Krapovicas Str, b
24. 5094 NC Ac 16129
25. 7827 JL-24
1 #,% genotes significant atfference from (.0 st the 53
ang 1% Jevels.
FERL]

denotes significant cifference from 1.0 at the o%

and 1% levels.
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TABLE 7 : GROUNDNUT LINES PROMISING FOR DROUGHT TOLERANCE
IN THREE YEARS OF OROUGHT SCREENING AT ICRISAT
CENTRE, 1980 TO 1988 POSTRAINY SEASONS

ICG NO. SYNONYM

1660 NC Ac 2666
3386 KG 61=-38
3736 Harur Local
296 NC Ac 589
405 NC Ac 2663
1697 NC Ac 170%0

3073 59-127
5274 EC 9713
3500 T™y-7

4790 KU No, 24
4747 Pl 259747
6997 KU No,134

- GNP F 3%
2960 Pollachi=2

3301 Florigtant

4544 Ah 687
4728 Voleta
3657 55-437

. cremewmn

T

PECIGREE BOTANICAL ORIGIN
TYPE/YARITY
- tastiglata  frazi)
- tastigiata Ingla
- wulgarts Inate
- fastigiata  Tanzania
- fastigiats  Paragusy
- tastigiata Peru
- vulgarts Upper Yolts
- vuigaris Upper Volta

Selection fram vulgaris
Tennessee whihy

fastiglate
- fastiglata
Keleasul vilgaris
cultivar
'Chibe Shoryf!
GC 4063 vulgaris

Poltachi Koo  vulgaris
*
An 2105
Small Spanisn  hypogaea
= NC Runner
- vulgaris
- vulgaris
- fastigiats

India

Argentina
Peru
Japan

ICRISAT
indla

USA

Upper Yolta
Argentina

TABLE B : PERFORMANCE OF FIVE BEST EARLY-MATURING
GROUNONUT SELECTIONL, ICRISAT CENTER,

1982 RAINY SEASON
1982 RAINY SEASON
ENTRY
LAYS T0 POU YIELD
FLOWERING  (KG/HA)
(Ah 330 x 91176 FS-El & 2440
(NC Ac 2748 x Chico) Filkl 22 2120
(72~R x Chico) FO9E 23 2130
{JH 89 x Chico) F96 a3 2000
{Chico x KC 344) F5b 9 1980
Chico {(Early maturity parent, I 1780
J 11 (Natsonal check cuittver) &7 1920
JL 24 (Local check cultivar, 277 2190
SE r Uk + 116
cy (%) £ i3
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TABLE 9 : DROUGHT RESISTANT LINES BEING UTILISED IN THE BREEDING PROGRAM

TOTAL BIOMASS UNDER

-

GENOTYPES Tl 1N I REMARKS

INTERCEPT  SLOPE  INTERCEPT  SLOPE  INTERCEPT  SLOPE
(g/m ) (g/m/emd (grm ) (g/m /em) (g/m ) dg/m fem)

10G~1697 131 18 3 19 491 LI Restistant to
tTL 4 T3
Stress

GNP No.406 246 1c 163 13 458 20 Resfstant to

(1065-11) TL,T24 73
Stress

1C6-4728 197 11 225 11 L sl 25  Resistant to
'T2! Stress

10G-3657 169 12 13% 17 832 22 Resistant to
T Stress

10G-4790 185 14 My 20 553 22 Resistant to
T2 4 T
Stress

Mean

(Population) 172 ! 15 11 392 17

a =TI = Continuous stress: 12 = Intermittent stress and T3 » Terminal stress

b = Intercept gives the theoretical yielas of the genotypes
under driest conditions,
¢ = Slope indicates the genotypats response tu unit amount

of water added.

¢ = Genotypes are selectec on the basts of higher {ntercept
and/or slope values compare¢ to the respective mean
estimates of the population.
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Fig.l : Relationship between reinfall and pod yields
in different groundnut botarical types at
JCPISAT Centre, India.
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Fig.2 : Helationsrip tetween rainfall and pod yields in
differert jroundnyt botanical types at Junagadh,
India
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Fig, 3 : Relationship between tota) pod wt. and
adjusted tatal binmess in 20 selected
genotypes tested at arantapyr Kharif
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Fig. 4 : Recovery responses of 3 groundout genotypes

after releice ¢ drought
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Fig. § . Breeding for drought resistance in groundnut by
bulk pedigree method.
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resistant lines D
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]
Fig. 6 : Breeding for drought resistance in groundnut by

single pod descent method,
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