Screening for Adaptation to Drought:
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M arer deficiss accowurir for nearfy SO of the variasiorn in chickpea and pigeonpea prodisceion
cawused by both biotic and atrioric siress factors. Irrigatiorn is not: alvwayss pracricable 1o alleviase
warer deficits. arrcd w Jrery iv is nor properiyv prroaciiced. irrray also leadd 1o the negarive corseGricrnces
of warerfogging arnd salirrity. Berrer rmrarnagerrnerit and crop odaptariorn 10 droeghrs carn irmprove
arnd srtabilize 3rcdd srr droeghir EervIrornrrIernisx 1c> 30rrre eXteryi. everr i) they cdo rnor entirely heldp>
realize 1he crop’s genesic porenrial. They becorne essensial approaches for areas where irrigatiorn s
rror feassble., Prospecrs Jor adaprarior: of chrickprea res cddrosegphrr in the peritriseadar Iriddias erviror-
rmertr are ernicowuraging. arvd they reed 10 e e xprlorrecd frareher 10 Orher eriviranmierirs. The rnerho-
dologsy arnd crireria wused for sclecriorn noced 10 be rmore rhorowughly evaluared before initiaring a
breeding prograry for drowgfrr 1olerance iry 1 iis crop. Irz ppigeonpea. vers few artempirs have beers
mrade 10 Screert genorvpes Jor adaptarion 1o drowghs. The probler is rmore complex becasese of
difficreleics irn reprodiscing rthlre wenpredicrable and vvariable rmoisrtiere ernvirornmerns rthar the crop
experiernnces. Floswesver, pigeonpea is also exposed 1o termirnal warer deficits irs a rmarnner sirnilar so
chickpea. and screerning merhods developed for chickpea showild be applicabile 10 pigeonpea.

Introduction

Extending cultivation of food crops into subopti-
mum environments, including drought-pronec arecas,
is becoming increasingly imporitant to overcome
food deficits in regions of most need. Drought envir-
onments arc characterized by wide fluctuations in
precipitation. in guantity and Jdistribution within
and across scasons. [ hese fluctuations arc largely
responsible for the major famines that have occurred
(Swindalc and Bidinger 1981 Lappecectal. 1977). For
cexample. three-Quarters of the arablec arca in India is
considered drought prone (Venkateswarliu 1982). as
arc Iarge arcas of the semi-and tropics in Africa
(Lappe et al. 1977).

The gap between genectic yviceld potential and the
yield realized is primarily reclated to environmental
stress factors. In semi-arid environments, crop losses

and large reductions in yield are due to water deficit
(Simpson 1981). In the United Suates of America, it
is estimated that of the variocous stress factors—such
as discases. insects., weeds, water deficit. waterlog-
ging, salinity, alkalinity, and low temperature—
water availability alone depresses yield by 45%%
(Bowver 1982).

A simpic but effective way of increasing yicld in
drought environments is to alleviate the water deficit
through irmigation. However. injudicious and faulty
irrigation may lead to deveclopment of salinity and
waterlogging:. these problems are very expensive to
correct and the damage may even be irreversible.

Only 14 of the world's arabilec area is irrigated at
present (Simpson 1981), and prospects for substan-
tial further increases in irrigable area are limited.
especially in semi-arid regions. It is thus important
to explore other alitmrnatives for increasing and sta-

1. Legumes Program. ICRISAT.

Sabmiticd as CP 389 by the Intcrnational Crops Research Institute for the Semi-And Tropics (ICRISAT).
—

ICxmas AT (lw-on.l Crops Rescarch Inaststute for the Scemi-Ard Tropics). 1987, Adapcastion of chickpeas and pigronpes to abiotic

s of the Consuitants Workshop. 19-21 December 1984, ICRISAT Cenzer.
‘QISAT,

India. Pawanchers. A FP. S02 324. India:

63



bilizing crop vields in drought environments. These
include (1) making optimum use of incident rainfall
by using appropriate sgronomic practices, and (2)
breeding for and sclection of genotypes better
adapted to drought. With the latter approach, pro-
ductivity can be increased 10 8 level that depends
upon the nature and intensity of drought but is never
likely to equal the potential productivity inan envir-
onment {rec from water deficits. Plant improvement
aspects are discussed in this paper, with special refer-
ence 10 chickpea and pigeonpea.

The Problem

An adequate knowledge base exists on changes in
morphological, anatomical, and basic physiological
and biochemical processes in response to drought
(Mussell and Staples 1979; Turner and Kramer
1980; Palcg and Aspinali 1981; IRR1 1982). The
missing link in this chain, however, is the integration
of the physiological and biochemical parameters
into simple morphological indices that reflect those
changes in response. A particularly weak link, in
variable moisture environments, is the development
of reliable and reproducible laboratory and field
techniques to identify the genotype by environment
(G * E) interaction that forms the basis of crop
adaptation.

Success in drought rescarch requires the develop-
ment of breeding and screening methodologies,
including criteria for selection. These depend to a
large extent upon the nature of the drought environ-
ment, which must be accurately defined before geno-
types are screened for adaptation to drought. The
probability of success for genctic improvement is
greater in stored moisture environments than in var-
iable moisture environments (Boyer and McPherson
1975; Quisenberry 1982) This is because the inten-
sity of drought can be predicied fairly accurately
before a crop is planted in stored moisture environ-
ments but not in variable moisture environments.

Factors in Plant Adaptation
to Drought

Plant Stands

In arid and semi-arid environments, s0il moisture in
the seedbed is often P and nongermina-
tion of viable seeds leads to poor plant siands with

be beiter adapted 10 drought. such as sorghum and
millets, yield reductions indry vears are largely asso-
ciated with poor plant stand establishment (Martn
and Leonard 1967).

Differences between crop species 1in ability to ger-
minate at reduced matnc potental are known to
exist (Hadas and Stibbe 1973; Sharma 1973; Shar-
kawi and Springual 1977). Very hntle information s
available on variation within a specics for seed ger-
mination and stand establishment at datferent matnc
potentials.

Drought Escape, Avoidance. and Tolerance

Plants adapt to drought environments cither
through escape. avoidance. or tolerance mecha-
nisms (May and Milthorpe 1962) Major brecding
successes have been achieved, however, only in the
sclection for escape  Isolated cases have been
reported of improved adaptation through avoidance
charactenstics. such as in soybean (Boyer 1982) and
wheat (Hurd 1976), and through tokrance charac-
teristics. such as in wheat (Morgan, J.L.; cited in
Boyer 1982).

Selection for escape is relatively easy, particularly
for crops. such as wheat or chickpea, that are grown
in stored moisture environments. Early-maturing
types that set seed before water becomes limiting are
best adapted 1o such conditions. In variable mois-
ture environments, selection for escape is more diffi-
cuit by the least sensitive phy ical stages
of growth cannot be matched reliably with stress
periods. which are highly unpredictable.

Improvement and Stability of Yield
in Drought Environments

Working Definition of Drought

Drought has many definitions. depending on the
context in which it is used (May and Milthorpe 1962
Blum 1980; Kramer 1980; Simpson 1981 Swindak
and Bidinger 1981). In agriculture. production isthe
primary objective and drought needs to be defined
and measured in terms of its cffects on biomass and

vicld reduction or crop losses. Quisenberry (1982)

has defined “drought resistance™ as the ability of
genotype within a species to be relatively more |
ductive than others under moisture deficits. Itis
definition that is followed in this presentation-

consequent yield reductions. In crops idered Lo
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Screening Techniques

Creating a and rep ble drought
siress environment under field conditions is the
primary requisite to screen and breed for adaptation
10 dro.ughx. This is relatively casy for stored moisture
situations. In variable moisture environments, how-
ever. the use of facilities such as rainout shelters 1n a
breeding program has its limitations in terms of
space, and, consequently, in ity cffectiveness.

Breeding Cultivars for Adaptation
to Drought

Genotypic vanability in drought environments is
smaller than environmental vamability, and this
masks G = E interactions (Frey 1964; .l-u‘hnson and
Frey 1967; Daday et al” 1973; Blum 1982). In order
to detect such interactions. precise measurements of
the tran are required. with its vanability due 10 other

] either d for. Since
promusing genotypes selected in favorable environ-
ments do not necessarily perform relatively well in
drought environments (Hurd 1976; Schénherr
1976), specific selection for drought environments
scems necessary. In crops where G * F interactions
are strong. as in chickpea, breeding for specific
environments becomes inevitable.

zed or

A Case Study with Chickpea

Chmkpca (Cicer arietinum L.) is grown as a winter
crop in India, Pakistan, Banglsdesh, and Nepal
Wwhich account for nearly 905 of the ares sown to (hc‘
crop wqudw:dc (Saxena, N.P. 1984). Itisan impor-
tant sprmg crop in West Asia and the Mediterranean
region. It is generally grown on stored soil moisture
and does not reccive irrigation. Fields are normally
kept ‘All?w in the preceding rainy season, and cultu-
n! practices are adopted to conserve moisture in the
soil profile. Planting is usually done 1n late October
0r_ur{y November in the Indian subcontinent, when
climatic conditions are favorable (max. ‘Itmp
<28°C; min. temp. <17°C; open-pan e\'aporalior;
Valuc's 3-5 mm day'; see Fig. 1). In West Asia
planting traditionally occurs in mid-March '
In the Indian subcontinent, high .

often insufficient for proper germination, emer-
gence, and good siand establishment. ‘

. Once the crop is established, it is exposed, with
time, to p@mnive!y increasing degrees of soil and
atmospheric drought (high temperatures and evapo-
ration). The onset of these stresses is carly and more
severc in warmer environments, such as at Patan-
cheru in perinsular India (see Fig. 1) and in spring
pl_mungs in West Asia. These stresses are relatively
m-ld_er at Hisar in northern India (see Fig. 1) and in
Pakistan, or in winter sowings in West Asia (Saxena
M.C. 'mu). In the latter areas, well-distributed \vin:
ter rainfall and low evaporative demand (open-pan
evaporation <2 mm day! for a period of 2 months)
dunn_g crop growth partly alleviate the soil moisture
deficit and permit better plant growth before the
onset of drought.

Although chickpea is deep rooted and explores
depths greater than 120 cm, the bulk of the ro0ts
(80%) are present in the top 60-75 cm soil laver from
where most of the water is used (Sheldrake and
Saxena 1979). As a result, the plants experience
progressively increasing water deficits from emer-
gence onward. Chickpea responds to irrigation in
arcas where the winter rainfall is negligible (Saxens
and YldlY 1976). The responses are larger in penin-
sular India where atmospheric drought is more
severe than in northern India (Ssxena, N.P. 1984)
In West Asia chickpea is traditionally planted il;
spring and is subjected to unfavorable thermal and
momym regimes, which cause a lower yield than in
the winter-sown crop (Saxena, M.C. 1984),

The ratio of yield in farmers’ ficlds to the demnn-
smxf:d yield potential in drylands has decreased
consnd‘crably over time in India (1:1.1 in 1976/77
1:2.3 in 1977/78, 1:2.0 in 1978/79, and 1:7.2 in
1?79/80; Rastogi 1983). This suggests that a large
yield potential is not harvested because of environ-
mental stress factors.

Stand Establishment

Pl?n( st_ands of chickpea are often poor in the semi-
arid regions of India. A preliminary survey on plant
stands was conducted, in collaboration with ICRI-
SAT economists, in farmers’ fields in two districts of
Mahxmshm state in peninsular India. In one dis-
:‘nq.‘phm stands of chickpea were poor because of

and zv-pora_u\m demand between the enrd of the

;::n:(oon. rains and time of sowing result in a rapid

e  $0il moisture. Consequently, surface layers of -
s0il dry up, and moisture in the seeding zone is

g Mo . In the other, plant stands were
mu'mnbly good as rains had occurred soon after
seeding. Poor and irregular stands are ofien a major
cause for the large yield gap between farmers’ fields
and experiment stations.
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Improved plant stands can be achieved by placing
the seeds at soul depths where mossture 1s adequate
for germination and emergence. using appropnate
implements. Alternauvely, genotypes can be se-
lected for their ability to germinate and emerge at
suboptimal seedbed moisture. This secand possibil-

) ity has been investigated at JCRISAT Center and is
! discussed here.

e e ama B

Germination of seed does not take place below a
critical soil moisture content. This critical value for
chickpea 1s higher than that for sorghum, maize. or
cotton (Hadas and Stibbe 1973) Genotyvpic varia-
tion within chickpea cultivars for this trait has been

investigated in experiments at JCRISAT

: Laborstory method. Many aunempis 10 1denufy
: genotvpic differences in germinability have been
made in lsboratories. using osmonc solutions in
such attempts with chickpea at JICRISAT. differen-
ces 10 germunation betweén genotypes. as well as
within a genotype associated with the seed size, have
been detected. The osmotic effects of drought are
known 10 be comparable 1o true drought effects only
under the nonlimiting conditions of water move-
ment or where the soil and seed contact is perfect
(Sharma 1973). In field conditions. #t is difficult 10
visualize a perfect soil and seed contact. Therefore,
instead of osmotic solutions, soils brought to differ-
ent moisture tensions and packed in seed germina-
tion trays at a bulk density of 1.1 were used at
ICRISAT. This more closely represents conditions
that exist in seedbeds under field conditions. and
appears 10 be more relevant 1o detect genotvpic
varation applicabie 1o ficld conditions.
Results showed that seedlings failed toemergeina

Vertiso! at soil moisture contents below 20%. The
field capacity of this Vertisol 1s around 34% and
permanent wilting around 19%. Genotypic differen-

Table 1. Mean squares for the effect of moisture percen-
tlage in s0il in seed g i

trays on g and
emergence of chickpes.
Source of Germinauon Emergence
vanation ) (%)
Mousture (<) 55.40° 15.91
Cultrvary 12 48%* 19.40°°
Interaction 2.07 3.72%

; < sgnificant a1 the 5% ievel of probeminy.
= significant a1 the 15 level of probability.

Figure 2. Method of pi

ing seeds in germinatl
trays (bottom) and genotypic differences in emer-
gence at 21% and 22% soil moisture content (top).

ces were noted a1 2195(2.7 bars) and 229 (4 bars) soil
moisture content (Fig. 2, Table I). Susceptible and
tolerant genotypes identified in the germplasm by
using this screening method (21% moisture content)
were tested further by a field method.

Field method. The field testing was conducted on a
deep Vertisol (field capacity 32% w/w and 220-250
mm water-holding capacity in a profile depth of 2 m)
at JCRISAT Center. The field was uniformly irri-
gated with an overhead system using perforated
pipes. Seeding was then done at a uniformdepthof 5
cm on different dates, 40 obtain contrasting differen-
ces in soil moisture contents at the time of seeding.
During the course of the experiment, no rainfall
was ived. C d bers of seeds were sown
in cach subplot. Soil moisture at 0-10 cm soil depth
was determined gravimetrically at three places in
each repli plot. The pe
emerged were computed.

of seedlings that




A significant reduction in scedling emergence
occurred when 50l moisture content was aroqnd
20¢; (Fig. 3). This critical moisture content was sim-
ilar 1o the value (215;) obtained in the laboratory

experiments.

Genotypic variation. The interaction between cul-
tivars and sowing dates for the percentage ",f see-
dlings that emerged was significant and indicated
genotypic differences for germination and emer-
gence in limited secdbed moisture (Tabie 2) This
method enables ficld screening of a large number of
genotypes for this trait. Times of sowing nced 10 be
selected depending on soil 1ype and wealher condi-
tions (temperature and e\'uporalion) in the test
region.

Correlation between the laboratory and field
results. The correlation between laboratory results
and ficld performance was 0.78 (P ~20.10. n .= 6).
Further experiments to evaluate the two techniques
are in progress al ICRISAT. Use of the two tech-
nigues together should enable effective selection of
genotypes best suited 10 overcome ‘lhc prthfm of
uneven plant stands of chickpea in nonirrigated
conditions.

Drought Tolerance

Chichpea is belicved to be more wlerant of drought
conditions, but there is hardly any published ?\'h
dence to support this contention (Saxena. N.P
1984). Research an plant responses 10 drought in

=== Percentage of seedhings
A that emerged

Table 1. Seediings that emerged in sowng 111 cxprersed
ns p of bers that d in sowing | and
theis arcsin iransiormation.
Secdhing
emerged (1) Arcun

Culuvar (Sow-11l Sow-1} wransformation
K XS0 o6 4 560
G LI ) 2R ]
Annigers RE 4 705
Rahat 0.0 94
K &-1 542 2002
1 %80 RS n?
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this crop has been limited (Sheldrake and Saxena
1970, Singh and Bhushan 1979, Kcatinge and
Cooper 1984). There arc no reports on screening
genotypes for adaptation to drought. Attempts 1n
this direction at ICRISAT are reponied here.

In peninsular India, the soil drought situation in
the postrainy season is betier defined because of
relatively less interference from winter rainfall (see
Fig. 1). The progressive development of soil drought
depends upon the amount of moisture stored in the
soil and the rate at which it is lost through evapo-
transpiration, Plants suffer from water deficits carly
in the scason. and the fall in shoot water potential
rom sunrise (-2 bars) to midday (-2 bars) is quite
sharp even before the crop flowers. The magnitude
of water deficit progressively increases with advanc-
ing growth. The nature of drought lcads to adapta-
tion of genotypes of shorter growth duration (8590
days. see Fig.d).
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Figure 4. Relstionship between growth duration
(da)s to maturity) and vield (mean of three plant
densities) in eight cultivars of chickpes grown on a
nonirrigated Vertisol.

In order to screen large numbers of germplasm
lines, a nonreplicated augmented design was used
with appropriate check cultivars adapied 10 the
region. These genotypes were grown in both a non-
uressv and a drought environment. The genotypes
identified as tolerant and susceptible in these screen-
Ings were tested further in replicated tests in a split-
plot design. with irrigations constituting the main
plots and genotypes the subplots

Genotypic variation.

fowening and stress yield was observed in the Patan-
c?\eru environment (Tabie 3). On the other hand
Mield poicnnial (irnigated vield) was positively com:
lated wuth siress (nonirngated) yields. ’

A drought index, independent of the effect of
potenual vield. was computed for wheat by Fischer
and Maurer (197K) Budinger ctal. (1982) computed
& drought index for terminal water stress in pearl
mullet, independent of the escape and potential yield,
using a multiple regression approach:

?‘n=n-b}«‘o¢\'.

and
Drought index R Yo-Po
{standard residual) T
Standard error of Yo
where
Yo = stresy vield,
Yo = regression estimate of stress yvield,
Y1 T nonstresy vield, and )
F =davsio flowering

The same method was followed in chickpea to
compute drought indices,

In this approach, a common multiple regression
f(»n the enure set of genotypes is established to pre-
dict the stress yiclds, taking into consideration the
y;:l.d potwential (Y,) and days to Nowering (F). The
variation (residuals) in siress yields (Yo) not
accounted by yield potential (Y1) and F (escape) was
used 10 develop an index of drough tolerance. The
susceptibility or tolerance of a genotype was indi-
cated by the sign of the drought index. If negative, it
indicated that the performance of the genotype W‘ll
poorer than expected; if positive, it indlcaicd that

the genots pe performed better than expecied. For

R In a group of genoty, »

100 _ 26 percentage of soil Methodology. On deep Vertisols. it is not possiblke had a wide range 1n days to ffo“’tfmg f:a";‘.; ::s\;l)u: ;:;D;::;:tzs: :):z:l:::‘;fynng tolerant and susceptible
I ¥ moisture 10 effectively impose and regulate the onset of reced- significant negauve correlanon between days 1o considered This s residual of 1.3 or greater was
= o4 F2a W TTING-2, ing soil moisture treatments. On the other hand, cpresented the genotypes in the
L 3 these treatmenis can be created with case on vth_'

; tively deep Alfisols. The Alfisol used for expen- Tabke 3. s, P . -
E © % - _., ments rtpzncd here was amum} ‘;.om ‘:;p;: mple correlation coefficients, days to flowering vs. stress yield. and stress yield vs, nonsiress vield, on an Alfisol
£ - rofile water-holding capacity of about :
T ; c ﬁonsucss treatments. irrigation at 10-day intent Group nDa_“ to Obserations l)a)\\v:o“t'l'::enn. ::::r:‘
# g 0 . Sowng-ll was required to maintan the plots around i - owering (no) yield yield
403 0% Sowing! ,Sowngll ,Jowink capacity. Receding soil moisture treatments ¥ S 30-77 "
0 e M y : wi i rigation soon after * roup | 30-40 -0.59+ 0.49°°
0 S - 10 15 20 created by withholding irriga f Group 11 " o0 -
Days after sowing-! flowering. The severity of stress can be altered in Group 113 41.50 2K . g’:‘o"
Figure 3. Decrease with time in soil moi‘uun content method by wmfholdir:g _:axer eu.(h:; earl)‘t'ol‘ ':' Group Iv ::: ;‘; o o:““
{w/w)inthetop8-10cm soil depth, and in percentage the season. This permitt pplicat e i ous oue
reproducible stress treatments from year to ! ¢ the 1% level of peobabitiny.

of seedlings that emerged.




upper and lower 10% of the normal distribution of
these indices. At a probability of 80%. the observed
diffcrences thus represented true effects rather than
just random cffects.

Such an analysis indicated that escape and vield
potential accounted for 455 of variation in yield in
that environment; the remainder was duc to inherent
drought susceptibility or tolerance of the genotypes
(Table 4). )

Late chickpea genotypes suffered more scriously
from the kind of stress described earlies (see Table
3). and they were generally more susceptible than the
carly types. Therefore, 1n cvaluating drought toler-
ance, the genotypes were separated INtO NArrow

groups on the basis of days takento flowering (Table
4). This minimized the effects of escape within cach
group, €xcept in group 1

The first two groups of genotypes are of great
interest in peninsular India, where factors other than
carliness and yicld potential are responsible 1o a
great extent (80-90%) for the udapmi_On of geno-
types in stress envir Jt was p ‘v‘ |9|an—

tify genotypes within a duration group quite sm'ulfr

in potential yields but with contrasting differences in
drought tolerance and yield in drought environment

(Table 5). Results in pear] millet also indicated that

the technique was useful in identifying genotypes

better adapted 1o intermittent stresses. particularly

the midseason stress (Bidinger et al. 1982).

Correlstion of results in Alfisols and Vertisols.
Chickpeas are usually cultivated on Vertisols and
drought 10lerance of genotypes in the present study
was evaluated on an Alfisol. To evaluate the vahdity
of that technique, performance of a few genotypes
was compared in a given year on these two soil
types. The correlations were positive and h,gh
(r=+0.85%%, n-2 = 47). This indicated that screening

Table S. Some ch of two p lines tok-
erant and susceptible 10 water deficits on an Alfisol.
Genotypes
Chanacters 1CC 10345 ICC 10985
Alfisol
Days 10 Nlowering 53 49
Davs to matunty 82 7%
-5 13

Droughi inaex

Nonmrngated vicld (kg ha“) 8OO an
Imgated vield (kg ha'') 1162 1074

Verusol
2054 1227

Nomrnigated vield (kg ha't)

for drought 10lerance on Alfisols, where reproduci-
ble drought conditions can be created from year to
vear, couid rehiably predict responses of genotypes
on heavier soil types.

Overcoming escape effects. The duration of a
genotype interferes with the comparison of drought
1o0jerance in very diverse groups of genotypes
because of the differences introduced by the escape

effects. This was minimized in chickpea by taking

advanage of its being a quantitative long-day plant.
The long-day treatments (24 hours photoperiod)
were imposed soor after seeding. This resulted in
nearly synchronous flowering (within 2 days of each
other) in a group of genotypes that differed by 30
days in flowering time under natural day conditions.
Drought treatments were then imposed as described
earlier.

In the small set of genotypes used in this expen-
ment. which had a wide range of flowering times, no
contrasting differences in drought tolerance were

Table 4. Correlation coefficients (

R?) and test of significance of the regression coefficients and mean seed yield in chickpes.

Calculated 1 values of

Mean seed yield (kg ha“t)

regression coefficient
Maturity Days 10 Days to Irrigated Nonirrigated irngated Nonirrigated
group ’ flowering - R flowering vield Verusol Alfiso! Alfisol
All 30-17 045 -11.25% 9.04% 120 1506 4712
Group 1 30-40 0.092 0.025 3.38°° 1298 1701 598
Group 11 41-5%0 0.22 -3.32¢¢ 6.70°* 1180 1524 494
Group 111 $1-60 0.21 -0.12 annre 857 1239 2!;:
Group 1V 61-77 0.056 -0.86 0.92 631 1286

s* = wenificant a1 the 1% devel of probability.

detected. The experiment needs 1o be repeated witha
larger number of genotypes.

Verification of results. On 3 set of genotypes, the
commonly used stability analysis (Eberhar 'and
Russel] 1966) was performed. 1t can be used todefine
dro_ugbl resistance in terms of yield when the major
en\nronvanul factor affecting vield is drought
stress. The analysis revealed 1hat the genotypes ratey
as tolerant on the drought index criteria alvo pro-
duced more stable vields in drought environments
than did other Irngation-responsive Benotypes (Fig.
5) A proposed scheme for BEnenc improvement of
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Figure 5. Stability of chickpes yield in stress environ-
®ents. Diagonal line (top) indicates 1:1 slope.
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drought t i i : . .
. an:7_ olerance in chickpea is vutlined in Figures

Future Research Needs

1. There is a need to define and classify the various
drought environments. Iso-drought environ-
ments need to be identified.

- Field screening capabilities ax described in this

paper should be developed at least at one location
for cach 1s0-drought environment.
Segregating populations invalving  common
crosses should be advanced in the drought and
nonstress envitonments  This should fucilitute
decisions on whether sclection for specific adap-
\*lmn 10 drought environments iy necessary.

4. I'he strong G » E nterachion in chickpes s a
hmnanon on screening large numbers of germ-
Plasm hnes in a season. In view of the limitations
gcncralb- associated with pot culture techniques
in drought work, attempts should be made 1o
develop a pot technique so that a large number of
Benotypes can be narrowed 10 a few promising
ones for further testing in field experiments.

‘o

P

Present Status of Pigeonpea
Research

Plgrpnpcl (Cajanus cajan, (L.) Millsp) is generally
considered to be a crop adapted to drought condi-
tions and ideally suited to semi-arid areas (Shel-
drake 1984). The observations that among the
riny-season crops pigconpea appears to utilize
maximum soil moisture under rainfed conditions
(Bains a_nd Choudhary 1970) and that it can produce
some yield in situations where other crops fail
(Pathak 1970) lead 10 such a conclusion. Studies on
the drought tolerance characcristics of this crop
however, have been limited. '

Environment

The foil and climatic environments in which pigeon-
pea is grown have been comprehensively identified
by Reddy and Virmani (1981), The probabilities of
assured rainfall at the time of sowing of this crop are
low, and the chances that the seedling will survive
are only about 50, depending upon adequacy of
ls;;lo;noinure in surface layers (Binswanger et al,
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in India. although most _____ __ _ __ __gconpe

appear 10 have dependable rainfall. the crop is sub-
jected 10 varying degrees of drought depending upon
growth duration of the genotype and upon soil type.
in spite of its deep roat system. pigeonpea meets half
of its water demand from the upper 50 cm of the sou}
layer (Sardar Singh and Russell 1981), which 1
depleted rapidly with crop growth. Fluctuations in
maisture in the top 50 cm of soil will, therefore, lead
10 periodic water deficit

Medium- and long-duration pigeonpeas planted
in the rainy season expenience, as do sorghum and
pear millet, intermitient water deficit dunng vegeta-
tive stages of growth. In the postrainy season. such
pigeonpeas are exposed (0 progressivel) increasing
soi} and atmesphenc drought during lowering and
podfill stages, similar 10 chichpea. Short-duration
pigeonpea. however. 1s exposed only 1o intermattent
soil maisture deficits duning the rainy season. The
severity of soil drought 1n pigeonpea 1s modified by
the cropping svstem and the cropping pattern.

Responses to Drought

There 1s excelient documentation of soil moisture
usc and cvapotranspirative losses in medium-
duration pigeonpeas, which grow in the rainy and
postrainy season on deep Vertisols in peninsular
India (Sardar Singh and Russell 1981).

The effect of water stored in the soil on the yield of

dium-d ion pigeonpea during the postrainy
scason was assessed by alleviating drought stress
through irrigation at ICRISAT Center. Water
deficit drasticaily reduced vields. and the extent of
vield reduction depended or soil tvpe: 1005 in an
Alfisol and 200 in a Vertiso! (Y.S. Chauhan. per-
sonal communication). Responses 10 1rrigation in
the postrainy scason pigeonpea are large (Rao et al
1983), indicating severe water deficits in that crop-
ping system. These findings and observations cast
doubt on the common belief that pigeonpea is a
particularly drought-resistant crop.

Cultivaral differences in response to irrigation
were reported in the West Indies (Keatinge et al.
1980). The moisture deficit in these studies seems to
have been confounded with plant density effects.

Analyzing the yield daia from multilocational
trials, Sinha (1981) concluded that variation in
Pigeonpea yields is not related to variation in total
precipitation but perhaps to its distribution. He
Teported large responses to irrigation in his
eXperiments.

17 Selection of parents - F, crosses

- Mululocational testing of bulks
under stress and nonstress condiions
8! | or more locations in the region

-Fy

+F. l-_. Bulk generatuon or SSD advance

|-Fy Selection of 1000 single plants

L F. Evaluauon with intermittent checks
#1 more than | location

b Fo Sclecuion of 10p 100 progenies,
evaluation with ciose cheek plots

b Fy Selecuon of best 25-30 progenies
i multlocational rephicated test
under siress und nonstress condions

' Fn Selection of the top few hines

{or detailed physiological analvsis

Figure 7. Outline of steps for a breeding program
(Sharma and Saxena 1979).

Quantification of the effects of drought is very
difficult in pigeonpea. For example, the long grow-
ing season for medium- and long-duration pigeon-
peas permits y from inter drought
effects. But such & recovery 1s not possible in short-
duration pigeonpea. The periods of occurrence of
these stresses are unpredictable, and they cannot be
casily lated in field exp

Screening for Adaptation to Drought

There are no reports yet on screening a large number
of pigeonpea genotypes for adaptation 1o drought,
but something cerwainly can be done 10 screen geno-
types for adaptation to terminal drought. The
methodology reported earlier in this paper for
screening chickpea genotypes can be used to handie
the terminal stress in medi and late-durati

i and for pigeony

Pig p

Future Research Needs

To date very little atiention has been paid 1o water
lations in pigeonpea. Evid gathered so far has
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Fereated more uncenainty. Rescarch activities that
neced 1mmediate altenuon are:

§. Investigations of genoVPIC differences in see-
dling mortahty in response 10 1nadequate sail
moisture,

2. Studies to determine the exient 10 which rainy-
season pigeonpea of different durations suffers
from drought on different soil types.

. Quantification of the effect of intermittent
drought in the vegetlative stages of growth and of -
terminal drought in the reproductive stages of
growth on final yield in medium- and late-
duralion rainy-season pigeonpea The following
Qquestions need 10 be explored:

a. Do shon-duratian BEnOIYpes €scape terminal
water stress and therefore produce mgher
vields than do medium-duration genotypes 1n
peninsular india”
Are shori-duration genotypes affected by
intermitient drought (o a greater extent than
medium- and jong-duration genotypes
because they have little time 10 recover from
the stress?

4. Using methodologics developed for chickpea.
screcning pigeonpea genotypes of similar growth
durations for genotypic differences in tolerance
10 terminal soil drought. Work on mechanisms of
drought tolerance can then follow if genotypic
differences are found.

5. Using the methods developed for chickpea,

i i i for adap-

w

v

T N pig
tation to drought.

6. Development of 2 methodotogy 10 screep for
genowypic differences in tolerance 10 intermittent
drought during the rainy scason.

Conclusions

Further work on responses 10 drought in field exper-
iments is required in both chickpea and pigeonpea.
Prospects appear promising 10 improve the adapia-
tion of these crops. both 1o stored soil moisture and
to progressively i ing soil and pheric

gh i on pati need 10 be
extended to more locations. covering at lcast one site
for each iso-drought i Serious P
also need 10 be made lo screen for imermiuent
drought in pigeonpea.
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