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Foreword

Drought remains an important issue in the efforts of nations to feed themselves. Its
magnitude in several parts of Africa has led to acute food shortages in recent yeaus,
and this has been a matter of great concern worldwide.

Drought, however, s only one among several factors in the physical environment
that can himit vields. partcularly in the semi-arid tropics. Temperature, salinity, and
waterlogging are all important. And these factors often interact among themselves, so
that the actual problems are difficuit even to diagnose, let alone resolve.

As part of an overall effort to consider how existing knowledge can be applied
toward alleviating those physical imitations, and to plan future research, ICRISAT
hosted a Consultants™ Workshop during 19-21 December 1984 on “Adaptation of
Chickpea and Pigeonpea to Abiotic Stresses.” This volume drings together papers
presented at the workshop, along with 1ts reccomniendations.

With proper application of research, we believe that catastrophic food shortages
can be minimized or averted. Events of recent vears have added a sense of urgency to
the task of improving the ability of crops to withstand physical stresses, particularly
drought.

We hope that this volume will contribute meaningfully to such ameliorative
research efforts,

L.D. Swindale
Director General, ICRISAT



Introductory Session

Chairman : L.D. Swindale
Rapporteur : N.P. Saxena



Welcome Address
L.D. Swindale!

On behalf of the organizers, I welcome you all 1o this workshop. We particvlarly welcome the
participants from outside ICRISAT and hope they will find the venue for this meeting suitable and
attractive,

This workshop, dealing with the adaptation of pulses to abiotic stresses, is an important one for
ICRISAT and. Thope, also for our visitors. As most of vou are fullvaware, abiotic stresses on food
crops are of great importance and concern in the world todav. This is particularly so it many parts
of Africa, where severe droughts have oceurred and food supplies have suffered catastrophically.
News has recently focused on Ethiopia, but | can assure yvou that droughts of similar magnitude
have been cccurring in several parts of the African continent, causing great problems for their
peoples and governmens and for those concerned with aiding them.

With proper applicatian of existing research knowledge, those catastrophic situations need not
have occurred. Most of vou know how to deal with those problems so thatatleast moderate degrees
of physical stress on crops can be suceesstully abated. Only under very severe conditions would we
expect to find the types of problems that are occurring today in parts of Africa. More research is
certainly needed, but we should ke into aecount the state of the art toduy. Most of us understand,
Pthink, that research is sometimes part seienee and partart, and thusa reference to “state of the art”
is not entirely inappropriate.

I'hope that in this workshop you will be able 1o update the state of the art concerning the
tolerance of chickpea and pigeonpea to physical stresses and also suggest wavs te accelerate
progress. There is o sense of urgeney about what vou age doing and about the need to improve the
ability of these crope to withstand physical stresses., particularly drought. We should use as many
channels and avenues for improvement as possible, and we hone our visttors will suggest some
altermative approaches o the problems we are tackhing at ITCRISAT. I kope vou will give full
attention to the activities scheduled for vou and that vou -will profit from participating in the
workshop.

fs now my pleasure toash DeoJ.S, Kanwar, ICRISA TS Director of Research, totalk about the
purposes of the workshop., Dro VL Nene. Leader of the Pulses Improveme.t Program at
ICRISA T walf thein review pulses research at ICRISAT.

I Darector General, ICRISAL

ICRISAT dinternational Crops Research Institute for the Semi-And Tropies). 1987 Adaptation ot chickpea and pigeonpea to abiotic
resses Proceedings of the Consultants’ Workshop  '9:21 December 1984, LCRISAT Center. India. Patancheru, A.P. 502 324, India:
URINA



Keynote Address— Objectives and Relevance
of the Workshop

J.S. Kanwar!

Let me exrend a warm welcome o you for participating in this workshop. In the past, greater
importance has been given to biotic siresses such as diseases and pests. where greater possibtlities
existofincorporating desirable traits of 12sistance or tolerance. People have been talking about and
measaring physical stresses. but tew achicvements have been reported in building tolerance to
theme Inthis workshop, which s rather o discussants” meeting, we wish the group to critically
review the state of the art and suggest a strategy for removing or mitigating abiotic constraints to
production.

Two important pulses of the semi-arid tropies (SAT) are chickpea and pigeonpea: chickpea is
prown on 10.5 millwn hiand pigeonpea on about 3 million ha. The rapid decling in per capita
avarlability of these pulses  developing countries of the Indian subcontinent (India, Pakistan,
Nepal. Bangladeshand adjoining countries) is causing a great nutritional imbalance, particularly
tor the poor who depend solely on pulses tor supplementing cereal proteins.

Phe growing awareness of this situation and resear 1 over the past decade have resulted in
pereepuible gains in production of pulses. but vields have not really increased. As pulses are being
pushed to more marginal lands and untavorable environments, the improvement in their vield
potential 1s not reahzed.

[tis the extension ot irrigation and breakthroughs in wheat and rice production technology that
are pushing pulse crops to more marginal fands and less tavoraple environments, To define this
sttuation, attention should be divected to abiotic factor: in mulses, inctuding:
nutrient deficieney stress (eg. N POKCS, Feo Zn, Mo, ete)):
nutrien: toxicity stress (e salinitv, Al Mg and other trace elements):
soil reaction stress (e.g.acidity and alkaliniyy;

- b —

moisture deficiency stress:

moisture excess or waterlogging stress;

6. high or low temperature siress: and

7. soil physical stress (e.g., poor soil structure, lack of acration, ete.).

b

All these are serious abiotic constraints to production of pulses, aftecting both crop stand and
vield.

Some of these constraints can be removed through inputs such as irrigation and fertilizers, but
unless the genotypes are capable of giving high vields. comparable with cereals, the use of inputs
will not become attractive. Morcover. the use of tertilizer, which has revolutionized the production
of cereals through the introduction of fertilizer-responsive varieties, seems to be still remote for
pul-es. Scientists continue to argue whether pulses are really responsive to fertilizers, because the
experience on farmers' fiel and at research stations is at variance. The conflict cannot be resolved
without critical studies, especially in pigeonpea. Some of the research needs can be summarized as
follows.

1. Director of Research (now Deputy Director General), TCRIS AT

ICRISAT tnternational Crops Rescarch Institute tor the Semi-Ard Tropes). 1987 Adaptation of chichpea and pigeonpea 1o ahiotic
stresses. Proceedings of the Consultants” Workshop, 19-21 December 1984, ICRISAT Center, 'adia. Patancheru, AP, 502 24, Indix
ICRISAT.
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Both chickpea and pigeonpea are grown under rainfed conditions. with stress from receding
moisture in chichpea and long-duration pigeonpea and from intermittent moisture in short- and
medium-duration pigeconpea. Both crops are subject to moisture deficits at the critical stages of pod
filling and maturity. In addition, pigeonpea sufters from waterlogging, lack of acration, and poor
drainage in some soils. Salinity and alkalinity affeet both crops, reducing plant stand and vield. It
has been observed that it the salts are sulfates. chickpea's tolerance limit is far higher than i thevare
chlorides. There iy evidence that sulfur deficieney can affect vield in both crops. lron chlorosis
seems to be common in chickpea prowing on calearcous soils. There is also evidence of significant
geretic dilferences in ~ensitivity 1o zine and 1ron deficteney i chickpea; these differences can be
exploited by the breeders,

The beneficiad residual etfect of legumes in supplying fised nitrogen to subsequent crops is well
Known. What is notelearlyv understood is whether there are any significant genetic ditferences in the
nItrogen-fixing capasinty amony ditferent genotypes ot chickpea and pigeonpea. The role of
different envuonmental factors in controlhng: nitrogen-fixation in these legumes also awaits
defiminon.

Phere s very hivde reported work on trost or cold tolerance in cither chickpea or long-duration
pigeonper Last veans b observed the faree-scule devastating etlect ot frost on long-duration
precon i Uttar Pradesh and Maahva Pradesh Talso noticed some lines mn TCRISAT experi-
mentad Slots which had notsultered much: whether this survival was beciuse of tolerance or quick
regenersine ahity needs to be determined.

Phie posaibiliny of mualuple harvesis and hisdi v ield potentiad m pigeonpea has been reported, but
whether this phenomenon can be exploted on o commerciad seale through manipulation of
CINITOROICN S Teins Lo be seen,

Roar sxicinton, root proliteration, and molstere extract, on pitterns of hoth crops need to he
studiedas they e related tosoneral crop productivityand drcught tolerance he suitability ol the
line-souree riation feciznaue (o sereen fer drought tolerance i both pulse crops seems to be
questionuble. Other rehiabic methiodgs aeed 1o be developed to sereen for receding soil moisture.

Manmpulaton of physical ~or g oune s o mmprove crop stand and vield is another mpor-
ant aspect that necds v estiganos

Pobehieve these various aspects of chione Tutars deserve consideration. The international
workshops oneran fegames in 175 Chickpea m 1979 ang przconpea in 1980 all drew attention to
these problems i one way oi another, but the st ton s not cha nged much over the vears and we
need to have a tresh look.

Preel there is thus an urgent need to criticaliy examine avaikoble research on physical constraints
to pulse productionand to fix priorities of tesearch toachieve short-term and long-term objectives.,
It s not enough that we Liment the madequiey of knowledge on the subject. We should develop
mechanisms tor achieving the set poals through collithorative scientific etforts and by pooling
nutterial resourees,

Both basie and strategic research shoald lead to results of practical significance. I am sure this
group of serentists will identify concepts and priorities that need investigation. In addition, I hope
vou willalso develop work plans and mechanisms for cooperative research,

Fwish you suceess in vour deliberations,



Overview of Pulses Research at ICRISAT

Y.L. Nene!

Abstract

This paper provides a bricf overview of [CRIS AT interdisciplinary research on chickpea and

pigeanpea. Global area wnder the two crops s smentioned, chicf constraints in their production
and priorities for rescarcl emerging therefrom are outlined: and 1CRIS A1 research progress
developing screcnmng capabidines againse biotie and abione stresses is summarized. Breeding

efforis that folloye the screening are owtlined, and successes in release ol improved materials 10

fariners menioned.

The Pulses Tmprovement Program at TCRISAT iy
concerned with research or the two mpartant pulse
crops of the semi-arid tropics (SAT) - pigennpea
and chickpei. The researeh is interdiseiplinary, with
breeders, pathologists. entomologists, crop physiol-
ogists. and microbiologists working rogether on the
common objective of improving stabiliy and vield
ot the two crops.

Phe global area under chickpea cultivation at
present is over 10 milhon ha, and chickpea 1y the
third most important grain fegume in the world,
atter beans and peas. Dro Kanwar has already
pointed out that presently chickpea vields are guite
fow around 700 kg ha U A Litde over 3 million ha
are under pirconpea caltivaton, for whichalso pres-
ent vield fevels are quite low, around 600 kg ha 1.
Yield potential of both crops is high, however:
around 4000 kg ha ' have often been realized at
experiment stauons, The harvest index s marked by
ditferent m the two crops: in chickpea it may be as
high as 6077, but i pigeonpea it ranges between 15
and 3657 Growth duration of the two crops depends
upon location, season. snd cultivar: crop duration is
generally 4 6 months in chickpea and 4 10 months
In pigeonpei,

NMost of our research s carried out here at ICRI-
SAT Center. In addition, we have facilities, made

avitifable through cooperative agreements, to work
at other apericultural research centers and universi-
ties in India. Av Hisar, we carry out experiments on
short-duraton pigeonpea and long-duration chick-
peas the results of this work are relevant and applica-
hle to northern Indian environments, as well as to
Pakisten and Nepal. At Gwalior, our research is
primariy on long-duration pigeonpen. Wealso have
an off=scason nursery at Tapperwaripora in Kash-
mir tor multiplying chickpea seed, thus enabling us
to rapidly advance generations. We have similar
coaperative agreements to sereen for tolerance 1o
certain diseases, such as ascochyta blight and botry-
tis gray mold in chickpea. These discases do not
occur here at Patancheru, whereas they are endemic
in those areas, thus makinz them excellent sites for
OUr cooperitive research,

If one analyzes the problems that confront
increasing production of pulses, the following points
emerpe:

I. Chickpea and pigeonpea are considered low-
priority crops by farmers because remunerative
harvests are uncertain,

2. Fhese crops are grown in subsistance rather than
commercial farming svstems.

3. Their response to fertilizers and irrigation is gen-

1o Program Leader, Pulses tmprovement Program cnow Progran Diector, Legumes), ICRISA

Submitted as CP 384 by the International Crops Research Insntute tor the Semi-Arid Tropies (ICRISAT),

ICRISAT tlnternational Crops Rescarch Institute for the Sepu-Arid Tropies). 1987 Adaptation o chickpea and pigeonpea to abiotic
stresses. Proceedings of the Consultants’ Workshop, 19-21 December 1984, JICRISAT Center, India. Patancheru, AP, 502324, India:
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crally not remuncerative,

4. These crops are relativels more suseeptible 1o
pests and discases.

S Growth duration of 130 days i chickpea and
more than 8O dayvs e prgeonpea v excessively
long.

O Tradiional prgeonpea cultivar, are tao tall, and

thus dithicult to oanaee. Chickpea cultivars are

short and bushy and Jodee quite otten: then
proyinuty 1o the eround  encourages discise
probiems,

Nodulation m e tields s peneralis poor tor

these two Craps

Pwash to pomt out that TORIS AT and the Indian
nationai programes have dircored efforts toward sol-
g the above prablems and that we have found

SHUNMECTONY Solilons 10 many Gises

Chickpea

Chickpea s a0 sell-pollmated annual crop. oo
adapred to grow without raintall duriig the growth
pertod. cither on stored receding soil moisture o1
with rnganon, Chickpeas are ol twe tvpes kabuh
and desi The seeds ot kabuhs are el colored aud
live o smooth surtace, whereas seeds of desis are
velow to black wath o rough sartuce. Flower color
abso ditters: kabube topes produce white Howers and
dest tvpes produce colored tHowers. Chickpea is
grownas asummer cropan the Niddle Fast, around
the Mediterrancan, and in the Amercas: s grown
Ay awinter cropan more tropecal chmates. The rela
e amportance ot chichpea i difterent geographi-
cadareas s shown m Fryrure 1O apparent thea the
Indian subcontiment and North Atrica are sireas with
a large proportion of chichpea in relation to other
cultnated crops However, chickpea remains an
mportaat crop i many other countries.,

Fnochuiek pea rescarch our objectives are todesclop
genotvpes with characteristios that would contribute
to higher and more stable vields of aceeptable grain
tpe undei o range of cropping sttuations, We are
breeding short-duration desi tvpes for southern
Indiit, ind short-duration kabuii types for Southeast
Asia and Novth Africa. Work on kabuli types in
particular is being done i cooperation with the
International Center for Agricultural Research in
Dy Areas (ICARDA). based at Aleppo, Syria.
Under a jomt agreement, ICRISAT has placed two
scientists at ICARDA, from where they can prop-
crly serve regions o the world where kabuli chick pea

Iy grown more widely. We are also breeding long-
duration dest and kabuli tvpes for northern India
and Nepallasd destty pestor Pukistan, Burma, Iran,
and Fthiopia,

Oar achicvement wa far —interms of our capabil-
1y Lo sereen germplism and breeding material {or
various stress tactars isshowain Table 1. While we
are penerally satistied with our sereening capability
tor tolerance to diseases and pests, we still need to
improve sereening bor to eranee to drought salinity,
and other abiotic tactors, The 0.5 ona 1-poini scale
means we have reached aleveb where we can start the
scieening process. However, westilt need to mmprove
the technigques untulwe reacha rating ot 1O, atwhich
st we can consider Jtan excellent technigue., A
rating below 0.5 mdicates we hive not yet reached
the sereening stage

Discase reststance is i very importint considera-
ton i our plint improvement cftorts. Qur oreeders
realize the imperative need to imcorpoerate resistance
to vimtons discases e all breeding material, Whe-
never they feel they have naterials ready for testing
m mudulocattonal tiads we wonld already have
gathered enough intormation onmany of the factors
mentioned i Fable 1 Once the material is identified
as eliteswe try to il the gaps in our knowledge
and collectmtormanon onall the aspects mentioned
- Lable Toas well as on certain aspects not listed
themes We collectindormation on about 22 different
trants so that o a particular matenial iy found usetul
i any national program. we would have almost
complere mformation related 1o that hne By the
hmea genotype s ready for multplication, its strong
and weak pointsare thus well documented. Some of
the mtormation we already have follows.

Heliorhis is a very serious pest of chick pea as well
as pigeonpea. We have identified chickpea geno-
tvpes that are wolerant of this pest.

Plant stands are often very poorin farmers' fields.

Table 1. Screening capabilities for biotic and abiotic
stresses in chickpea.

I ran Scare! I rant Seore
Wit 1.0 Leat miner 0.6
Ascochvia blight 0.9 Salinity 0.6
iy root rot 09 Stunt 0.6
Heliothis 0.8 Drought 0.5
Black root rot 0.7 Grain quality 0.5

Bowytis gray mold 0.7

U0 exceellent screeming capabilityg, 0.5 = sereening may begin,
and 00 no capability tor screening
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Figure 1. Chickpea-producing regions in the world and their chickpea area as a percentage of total arable area.




One major reason tor this v law moistere N the
seedbed at the tme of sowing. Ow physiolopists
have developed o :eld method and luboratory
technigue that enabie detection of renotypie diitfer-
Shees i perminaton and emerzence at suhoptimal
soil maoisture fevels. These results e promsimy and
hey should hetp enswre better plant stands,

Work hus been done i nutient stress s wel!
Genotypie ditferences i the cHiicienes of iron utih-
caton have been dentificd. We beae demonstrated
thiat te iy possible o amicliorate on deticrenes
through spras o ron seltate. We alvo have ar-
tempted te undenstand dhe respease o phiosphoris
m hoth crops.

Chickpea grows cacessivel vepctatine either i
there s excessinve ramtad! dunng e seasan ar
srigated areas, enthusia o fa e overtegte the
cropo Ehe exeessive vereaatine zrow th invites s
problems suchastodemg and iereased imcidenee ol
diseases caused by Borrvas and dscon g, Germ -
Plasni s bemyp serecned o identiny gerotnvpes that
Wil ot produce escessie vepetating mrowtho cven
where mosture v above optimun Fhey wil not
thentorma very tuck canopy and willsullallow the
Lizht to penctiate, therey avercommg many of the
problems mentoned  caoher Our rescarch on
responses e terubier and to nrigaion will be
covercd o wreater detasd loter i this workshop

Our miciobrofepints hine penctated very useful
mtormation. They Lave found that chick pea rhizo-
b exist at seid depths greater than 1, Seasonal
Varittions o rhizobial numbers, particularhy i the
top N s hase beenn obsernved. Sain temperatires
above 3000 nave been tound o adversel aftect
mtrogen Dvation Tenanteresting that chick pea rhi-
zobra can stvive mthe sonl for gt leist S vadis and
cane multphy i the rhizosphere of the other tou
mindate ctops o TORISA T Between 87 and 9077 ot
the plants” nitroren seems w conie from hiological
nitrogen hixation. So fai, two strains ol rhizobis
hase shown pronnse tor etticient N fisaton. One ot
these 1C-76, has been tecommended by the All Tndua
Coordinated Pulses Improvemem Project (AlC-
PIP) as a striun to be used tor moculating chickpea
seeds TC-260 the othes strian isoluted at ICRISAIL
fronesahine sotl has been found usetul at 1CAR Dy,
Priads in Gujarat stare of india indicated that good
responses cinoce obtaned to Ruizobwm inoculation
under field conditions.

One of the first breeding macerials trom TCRIS A |
was found to do well in Gujarat, and it is now
released asa cultivar numed ICCV T ICCC ), Some
of the other Lnes are in the process of being

10

approved tor release. 1CCC 37 which has done very
well i peninsular India s one such line, ICCV 6
HCCC 3 another cultivar wdentified for release by
ATCPVP s o grean interest hecause it i a kabuli
nopeswath wilt resistanee, a combination that did not
exist earhier m the chickpea germplas collection at
CRISAT In addimon, there are several near
releises or materials released T ditferent countrics,
such as Australin, Ethiopra. Bangladesh, Nepal and
tirough our cooperiative work with TCARDA in
West Asie and the Mediterranean region. Some
matteral s now being found promising in North
Atricas One ol the tirst ines released 1o cirmers for
witer planting i Syriis THLC 482 a product of our
cooperative sHonts with TCARD A,

In our geraplasm collection we have several
double-podded genotvpes thiat bear two podsin the
aalolafeat instead of one as in conventional types.
It has been tound that the douole-podded characier
conlersavicla advantage of around 1107 in peninsu-
Lo indian conditions, Unfortunately al? the double-
podded genoty pes in our germplasm collection were
extremely suseeptible to wilt. Through breeders'
ciores. double-podded genotypes were developed
that are wilt resistant and such material has been
found to be quite promising.

Chick pea penotvpes ditfer in their growth habits,
Breeders at TORISAT hive been concentrating more
an the deselopment of mid-tall tvpes. We believe
that mud-tall types hold a better promise for higher
Vields than the tll and dwart aopes. Tnaddition, we
tind lines that consistently show two. three. and even
up tosis seeds per pod. This has opened the possibil-
1y ot breeding for multiseeded characters.

Pigeonpea

Pigeonpena is a partially cross-pollinated crop. It is
perennial in habit butis cultivated as an annual. 1t is
quite tall exeept for dwart genotypes that have been
wentified at JCRISAT, Pigeonpea grows well du
ing the rany season but vields are optimum if tlow-
cring and podding occur after rainfall ceases, It
growsvery slowly during the vegetative stage in the
st 45 davs atter sowing, Maximum crop growth
ocerrs between 45 davs and the begit ning of
tlowering.

Fhere are some clear gaps in our sereening capa-
brlits tn pigeonpea ( Fable 2). Weare not yvetreadyto
sereen tor tolerance against some diseases and pests.
In the near future we hope to improve our capabili-
ties Lo sereen for vellow mosaic disease and tolerance



Tabie Z. Screening capabilities for biotic and abiotic
stresses in pigeonpea.

Pvait Score! it Seore
Phytopnthor blight Lo Grain quahty 0.5
Sterthity nosiic o Drought 0.5
Wilt U9 Bacterial bhght 04
Allernaria bight 0.5 Yellow mosiie 03
Heliothis 07 Cwst nematode 3
Pod th 0.7 Cercospora olipht 0.0
Witerlogging 9.7 Wiches” broumn 0.0

Salinity 06

I LU eneellent sereeming capabiling LS serectig may hegin:

and 0.0 o capabibicy for wicenny

to nematodes. At present we hiave no capability to
sereen tor two diseases: witches' broom dees not
occur in India. und cercospora blight is a discase of
minor imporiance to the cron in this country.
Worches broom s a very severe disease in Central
Americi and cercospora blight Is quite important in
Kenya and other castern Afiican countries. It is
necessary to sereen for these diseases in the regions
where they are prevident The Progrim Committee
of our Governing Board has now recommended that
we work on witches' broom.

We conducied extensive survevs in India and cast-
ern Africa on the oceurrence and spread of wilt and
stertlity mosaie diseasss o prgeoapes. We found
that pigeonpen wilt is a problem in India as well as
eastern Afiea, bui sterility niosaic is more or less
restricted to the Indian subcontinent. These two
diseases together cause fosses of about US $113
million per vear in India alone, and wilt causes fosses
of around 'S S5 mitlion in eastern Afiica. This
amply demonstrates the atiention and priority that
these twodiseases need. In India, very bigh incidence
of wilt discase is reported in the states of Maharash-
tra, Bihar, and Uttar Pradesh, Sterility mesaic is
important in several states, such as Tamil Nadu.
Guiarat, Utar Pradesi, and Bihat. Such surveys
have helped us decide our research priorities tor
different regions in India in terms of resistance to
diseases  In experiments on the edect of cultural
practices on disease oceurrence, patholagists and
agronomists have found that intercropping pigeon-
pea with serghum reduces wilt incidence in the fisst
year of cultivation. The experiment was laid out ina
wilt-sick plot. Factors that lead to redustion of wilt
incidence in such an intereropping situation have
not been isolated.

We have realized the increasing importance of
nematedes. In one of the TCRISAT fields where
sorghum and pigeanpes were intercropped for four
conseeutive vears, we had the advantage of wilt
reduction due to inercropping but a buildup mn the
population of funce nematodes. This nematode not
only infests sorghum but ulso attacks pigeonpea. In
an intercropping system where both the hosts are
present together, chis nematode finds o favorable
cnvironment in which to build 1its population,

Hefiothis in pigeonpea is mor: reguliarly devastat-
ing than in chichpea and henee. we have devoted
considerable attention to work on this pest. 1t causes
anannual loss of US $200 millicn in India alone. To
study thie ccology of fleliothiy ina region, we have
established a network of pheromone traps. This
work s being carried out in cooperation with the
Rritish - Overseas Development  Administration,
Another serious pest of pigeonpea is the pod fly,
which can devastate the crop. particularly in north-
ern Indian cnvironments.

We feel that ICRISAT can justifiably take credit
tor demonstiating the ccenomic feasibility of culti-
vating postrainy=season pipeonpen. The idea was
not new, but we did demonstrate its potential,
Prgecnpea is grown in the postrainy season in parts
of India such as Gujarat, but the system has great
potential in many other arcas, Subsequent to our
work, the state of Bihar in northern India undertook
this activity on a large seale, Postrainy-season
pigeonpea has certain advantages. For example, the
unmanageable height of the crop is considerably
reduced, which permits casier plant protection.
Also,vields very close to normal can be harvested in
d4sorter season.

Physiologists have been screening for tolerance of
waterlogging problems, ind some promising lines
have been idenufied. 1CP 16 is a line tolerant of
waterlogging and of two major diseases, wilt and
sterility mosaic.,

Microbiologists have made important contribu-
tions to pigeonpea Rhizobium research. We now
have a collection of 500 isolates. One of the strains
has been recommended for use in India. In the case
of pigeonpei, «thout 70 kg nitrogen ha™! per season
can be fixed oy the symbiosis until the mid-pod-fill
stage. This is around 8§3¢¢ of the total nitrogen con-
tent of the plant at that stage of growth. The residual
clfect ona following cercal crop can be as much as 40
kg nitrogen ha“!. We have been promptly providing
cultures to our cooperators on request.

The objectives in genetic improvement mentioned
for chickpea apply also for pigeonpea. Some of the



cultivars bred at ICRISAT have now been released?.
Cultivar 1ICPE 92 was released tor cultivation in
Himachal Pradesh; ICPL 87, a short-duration type
particularly suitable for multiple harvests, has also
been released in peninsular India and in the state of
Maharashtra in central India. One of our short-
duration hybrids, ICPH 8. is also in a prerelease
stage in minikit trials conducted in India. A cultivar,
Hunt, has been released in Australia, and six more
Iines are i the prerelease seed increase stage there;
this i & result of our cooperative work with the
University of Queenslind.

Vegetable pigeonpea types are important in Cen-
tral America as wellas inwesternand castern Africa.
where green peas are consumed as soups, ete. In
Puerto Rico, vegetable types., generatly large podded
with large, sweet-tasting green seeds are preferred.
Canned pigeonpeas are marketed incertain parts of
the world. We have made considerable progress in
developing vegetable types of pigeonpea and we do
seea potential tor them in some other parts of ndia,

I. The status, as regards release, of cultivars mentioned here has
been updated.
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Agroclimatic Environment of Chickpea and Pigeonpea

A.K.S. Huda! and S.M. Virmani!

Abstract

Chickpea and pigeonpea are grown in a wide range of agroclimatic environmens, Chickpea is
produced in 37 countries, and pigeonpea in 14. india accounts for 745 of 1otal world chickpea
production (6.2 million t) and 90, of the warld pigeonpea production (1.2 milfion 1), Chickpea iy
usually grown after the rany season on stored soil warer “during winter in the tropics and in the
spring in the temperate and Mediterrancan regions. Pigeonpea is wsually sown at the beginning of
the rainy season, as either a mixed crop or an intercrop,

To verify the perlormance of promising genotypes and recommended management practices,
identification of a few henchmark locations is useful. Meteorological data for four contrasting
chickpea-growing locations - Hisar and vderabad in ndia, A leppo in Svria. and Khartoun in
Swdan--are given.

In India, pigeonpea-growing arees are usually located in regions with a 6001400 mm annual
ramfall and a growing pericd of 90180 davs. Chickpea i usually grown where mean daily
maxinam temperatures are 22.5-30° C and mean daily minimum temperatures 7.5-13° Cduring
Jdantiary, when flowerimge hegins. The soils onwhich the two crops are groven are predominantly
Alfisols, Entisols, Ircepiisols, and Vertisols.

Quantitative infornation on the effect of environmental factors on growth and de velopment of
these crops iy useful in building models for simulating vields. Using historical weather duaia,
cumulative probabidities of simudared availuble soil warer ai sowing were computed jor ICRISAT
Center (Patancheru) and Hisar. At Patancheru, in a medium-deep Vertisol having 150 mm
waler-storage capacity, the simulated available soil veaser in 7000 of the vears studivd was 120 mm
under rainy-season fallow and 80 mm under rainv-season sorghum. Lo Hisar, the simudated
availuble soil water after rammy season fallow in 700 of the vears was more than 120 mm in soily
with 150 mm seater-storage capacity. Using the water use and yield relationship, cumularive
probabilitics of chickpea vields and phosphorus requarements were computed jor hoth ICRISAT
Center and Iisar Although simuaied vields were higher than farmers’ vields, the water use and
yield relationships can be used to compute the probabilities of porential vield ar various locations.
In some instances, simudated vields were lower than actual vields on experimental fields, and the
reasons for this are explored. The delineation of the isoctinies of pigeonpea-growing arcas in Wesi
Africa iy also reported,

Introduction However, the vields achieved by armers are quite

low and variable. For example, in India, average
Chickpea and pigeoipea are grown ina wide range vields of chickpea obtained by farmers are often only
of agrochmatic environments (Sinha 1977), and about 2577 orless than can be achieved under nonir-
thewr vield potential exceeds 4 1 ha ' (Nene 1987). rigated conditions at experiment stations within the

b Resource Management Progiam, 1CRISAL
Submitted as CP 382 by the International Crops Research Institute tor the Semi-Ard Fropies (TCRISAL).

ICRISAT ¢International Crops Research lnstitute tor the Semi- Arid Tropies) 1987, Adaptation of chickpea and pigeonpea to abiotic
stresses. Proceedings of the Consultants” Workshop, 19-21 December 1984, ICRISAT Center. India. Patancheru, AP, 502324, India:
ICRISAT.
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same region with sinnkior cultivars (Sheldrake and
Saxen 19790 The reasons tor such tow vields are:

® Poor plant sind from tailure of many seeds 1o
germinate and of seedlings to decome established
because soil monstore s imadequate in the seed
7one

* Drought m the growing scason, particularly at
the Howenny and pod-nilinge <tages,

®  Brote constiamis

Fo develop sutable agronomie practices and 1o
seleet genoty pes that can cope with CNISLNE SHL-
Bonsatis necessary to know the range of the agrocli-
matic crvironments ino wheeh these crops are grown,
Promising genotypes and recommended mproved
agrononue practices can be vermed at o tew beneh-

mark focations representing the enviomment range
Fhes the objectives of this prosentation are

o bo deseribe the agrochmatie envitonmment ol
arcas growing chickpea and  prgconpea, with

L‘H)PI]RI\I\ aonoa fesy \'lHlIl.'l\lEH“_‘ Cirvironmeetnt,

o

S borevien the avalable intormation on the eliect
of water tempetature. and solad radsition on the

prowth and vicld or chickpea

s

Fodiscuss cumulative probabilities of simulated
chiuckpea vield vang the relationshp between

water e and chickpei vields,

Chickpe:

MWoorid carckpea production data (FAO 1982y indi-
cate 37 chichpea-growing countries, | otal chickpea
producton m the world for TUS2 was 6.2 million o
Ihe chickpea-growing conntries are grouped o

Tour categories,

® Indi which produced 74,0 of the waonld
production

® Pukistan, Turs
mdividual co

s Mexweo, production of
ranged berween 260 and
S0 o world production, and together these
countries  contributed 13 o the warld
production

¢ Burmu Fthiopie and St which contributed
O 250 imdivdually and toeethier contributed
64 ol the totd producaon

* Other countties, i which individoal production
wits below Lo and which together contributed

7,

¢ ol the total production,
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Chichpea s wsuadly grown adter the rainy season
onstored soillmoisture during winterin the tropics
and i the spomg in temperate and Mediterranean
regions. Recemtly chickpea has been grown i the
temperate and Mediterranean regions as a winter
crop when rintall s well distributed during the
rrowmg period {Savena 1984) The major part of
West A and North Africa is characterized by a
Mediterrancan tvpe ot climate with Lirge variations
stemnning from proxmiy o the sea. latitude. and
altdes In West Asiaand North Africa. chickpea is
grovn moesthv i areas where winter precipitation is
more than 00 mm (Saxena 1987). Tnareas with less
precipitanion. but with a thermal regime permiitting
an adequately Jong prowing period tor cconomic
vields. the crop s prown with irrigation (supplemen-
tary ortotah The Nile valley of Favprand Sudan is
< good eximple. Inareas receiving adequate winter
rn, however, the crap s sown at the end of the
rny pettod (Saxena 1987).

Precipation and evapotranspiraion, maxinam
and nimmum temperatures. and photopericd for
four contrasting environments  representing the
cavironmental range no which chickpea is grown
were presented an detadd by Sasena (198545, | hese
tonr focations are Hisar (29 10°N) and Hyderabad
732NV m Indias Aleppo (36 TN in Syria, and
KNhartoun 15 36°N)y i Sudan.

At Hisare where the manimum temperatore
dechnes trom 35 1o 20 CLand the minimom from
17 1o 5 Coherween sowing in October and flower-
ing - January. pod set begine when minimum
temperatares rise above N Can February. The rapid
FISe M Manimum: nunimum - temperatures (from
258 1037 20 Crandinevaporation (from | 2 mm
diy " in December and Linuary to 4 S mm day ' in
late March and carly Aprily hastens senescence and
forces matuaty. Growth duranon is long, usually
o 150 to Te0 days. Davienpth decreases from H
Fomin to T h T0 nnbetween soswing and flowermg,
andmercases to 12 h 4 minatmaturity. Onaverage,
I mme o rntall s received belore sowing and
SO90 mer duning crop growth.

At Hyderabiaa, the crop is sown at about the same
tme as at Hisar, but scasonal varations in mean
st and mimmmum temperatures and i day-
feretn are smuller than those at Hisar, The maxi-
mum temperatare dechnes trom 300 1o 28 C and
mimum trom 200 o 13 C Maximum minimum
temperatures and evaporation increase in late Jianu-
anand. st matunty, maxinum minimum temperi-
tures are around 32 167 C. The growth duration is
short, usua !y about 100 days. Daylength decreases
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from It I 34 min at sowing to 11 h 09 min at
flowering, and then increases 1o 11 h 24 min
maturity, Onaverage, 600 mm ol rmindallis received
before sowing, and another 40 100 mm during crop
growth.

Phe chmate for spring sowing at Aleppo resem-
bles that of Hyderabud in many respects. Between
sowing i February March and harvest m June
Julvo maximun emperature icreases from 17 o
360 Conummum temperature from S to 18 CLoand
davlength trom THh0 ninto 14 h 33 min. About 300
mm ot vantall s recenved betore sowing, and
another 25 mm duning crop grom i, In winter sow-
mes (November Decembery, ramtall is well distrib-
uted dunng the growimg period, and nunimum
temperature ranges between booand 4 Cotrom
December to Mareh. Davlength imcreases trom 10 h
I mm atsowing m November December to 140 17
man at harvest i May Jdune. Growth duration is
tong and comparable to that at Hisar,

Climate duning crop growth between October and
Apolis less tinvorable at Khistowm than at fvde-
rabad I Khartoum, the crop s grown with irriga-
ton and  reccives practicallv no o raintall,
Mavimum minimum temperiatures are 36 200 C at
sowingin November, but dropto 30 33 14 16 Cat
Howermye and then rise again.

Siice: M0 of the world chichpea production
comes from Indie. we hinve studied the distribution,
arca, production, and agroctinate of the chickpea-
growing environn atin Indur (Fie ). The states of
Madhyvie Pradesh. Rajasthan, and Uttar Pradesh
contrtbuted 707 of the ehichpea productionin India
(Bose TOST Fasterand Abel (1973 demarcated the
chichpea-growimg regions into “core™ and “satel-
lite™ A Core regon was one that had at least 307 of
the total cropped arca under chichpea and contrib-
uted at lfeast 1 1o totad natonal producton, A
satelhite regron was one that had less than 8 but at
least 20y ot gross cropped arca under chickpea and
produced at feast 0.5 of the national totad

Po clarity this preture, the air temperature 1so-
therma tar October, Junuany, and April were super-
rposed  on the maps of core and  satellite
chickpea-grosnmg remons o India (Figs. 2 90 I
October. when chickpei s usually sown, the mean
daily manimum temperature ranges between 325
and 350 Cowhde the mean daily nummum temper-
ature ranges between 200 and 225 C.In Japuary,
when Howering usually begins, the mean datdy min-
imum temperature ranges from as low as 7.5 to
I50°C the mean daily misamum temperature
ranges hetween 225 and 300 C.o Ay pod filling

begins, the temperature starts rising and, by the ime
chivkpea is harvested, the air temperatures rise very
high. For example, in April, the mean daily min-
imum temperature  ranges  bhetween 20.0° and
25.0°C, and the mean daily maximum temperature
ranges betveen 37,5 and 400 C.

Similarhv, the benchmark soils map of India
{Murthy ccal, B982) was superimpaosed on the map
ot core and satellite chiekpea-growing regions of
Didia (Big. 5y The sanls are Altisols, Inceptisols,
Fntisols. and Vertisols.

Altisols are usually neutral to stightly acidie in
reaction (plh 6.5 7.0), are relatively shallow (- | m
deep), have less clay content, are usually sandy loam
i texture, and can retan less than 100 mmavailable
water. Entisols are deep loame,, slightly atkaline (pH
7.5 R.5)0 with about 150 200 mm available water-
storage capacity inabout 2 m soil depth. Inceptisols
are mineral sotls, more highly developed than Entis-
olvo with & clay content itn the surtace soil ranging
from 30 to 5047 and a pH ranging lrom 7.5 1o K.0;
these soils are usually less than 1 m deep, and the
avinluble water-holding capactty s Jess than 150
mm. Vertisols are characterized by 40 6007 clay in
the surtace soil horizons, witha pH ofabout 8.0, and
they can store between 150 and 300 mm available
water in the 1.5 2 m soil depth,

Effect of Environmental Factors
on Chickpea Yield

Seed vield in grain legumes depends upon both
vepetative and reproductive components, which are
markedty affected by enviroamental factors (Sum-
merhield ctal. T98OC19R7). tna study on photother-
mal cftects on flowering in chickpea, we pooled the
phenelogy data (n = 7) for two chickpea cultivars,
Annigeriand K 850, from Hisarand ICRISAT Cen-
wer, Patancheru, to caleulate the growing degree
days (GDDY (data supplicd by N P. Saxena, ICRI-
SAT). In the absence of defined base temperatures
for ditferent growth stages, such as sowing to 50¢;
flowering, 5067 Hlowenng to pod mitiazion, and pod
itiation to physiological maturity, we used 6. 8,
and 10°C as base temperatures. The 8°C base
temperatute gave the lowest coetticient of variation
from sowing to 507 flowering in both cultivars (1847
m Anmgertand 167 in K 850), and the mean GDD
values were 540 ror Annigeriand 675 for K 850. The
buase temperature of 67 C gave the lowest coelficient
of variation (2777) trom pod initiation to physiologi-
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cal maturity in Annigert and the mean GDD value
was 7750 there wis no ditterence i ceetticients ot
variation (3300 using 6. 8. and [0 Cas base temyper-
ateres for pod mitiation to physiological maturity in
K 850, 1t may be noted that these values for coclti-
crent of varationare teo high. The mean GDD vatue
for K 850, using 6 C as the base temperature, was
745 which sstmlar to thiat ot Anmigeri Phe coctti-
clents of vanation usinge G0 80 and 10 C as base
temperatures from 30¢; Howenng to pod imtiation
ranged frony 60 1o 90 0 an both enltiva s, indieatng
that pod imtiaton o determned by environmental
ptctors other than wmperature alone

Phe relationship berween mereepred solar radia-
ton and rotal dryv-matter production has been stu-
died for aitterent crope: tor sample tor wheat and
bariev (Galkigher and Biscoe 1978, sorghum {Sna-
humar and Huda 19830 peart nutlet (Huda ot al
I9s and preconpea CNataraan and Witfey 1980).
About 0446 ¢ oot total dey muatter was produced for
cach M ot cadiaton mtercepted by chickpea o
Annperr (o oo MU Nwasgan TCRIS AT personald
communicationd he expermment was eonducted at
JORISAT Center. Patincheru, under nonsrmgated
condititons this relatnship could be used to simue-
fte chickpen total dov-matter production. but 1t is
necessiary too establisie whether s relationsiup
chipges wath secson location, and cnlus

Quantified irormation on the efteet o enviton-
mental tactors onchickpea viend should be usetul o
baddimg modeis that conbe used to simulate grov b
and vicld ot chichpea However, theimpactot e cir-
onmentad tactors on thie development ot diseases and
pesty should also be considered. Forexanpledevel-
apment of ascochyta bhghtm cluckpeatey i Cdody
wis closely refated to mereased temperatare ar 1ot
Hadva, Sy b 70 FCORISAT 19840 the disease

v
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Figure 6. Relationship between intercepted solar
radiation and dry-mtter production for chickpea (ev
Annigeri) at FCRISAT Center, Patancheru, post-
rainy season 1982/83.

maoddel can be used to estimate avalable soil water.
Phe soil water-balance model developed by Ratehie
1972y was used to simuliste soil water for ICRISA'T
Center and Hisar (Figs Sy The available water-
holding capaciiy of a medium-deep Vertisol at
ICRISAT Center and an Entisol at Hisar s 150 mm.
Normal ramtall from June to October is 653 mm for
TCRISAT Center and 366 mm tor Hisar. Sowings of
chickpei were assuraed on 15 October at JCRISAT
Center and on | November at Hisar. Historical
waither data tor 1900 70 for Hyderabad and
1951 82 for Hisar were used to compute cumulative
prohability of simulated available soif water at sow-
g for the two locations, For 1CRISAT Center,
simulation of soil water was done tor both rainy-
season fallow and rainy-season sorghum. For Hisar,
this was done only tor rainy-season tallow, AtICRI-
SAT Center, i 7000 of the vears there s at least 120
mm ol avalable water under rmmy-scason tallow
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Figure 7. Development of ascochyta blight in chickpen (cv 11.L 464) in relation to temperature, Tel Hadya,

1982/83 (Source: ICRISAT 1984).

us better urnderstand whether the crop sufters from
witer deficits at any growth stage. Additional infor-
mation on canopy development would be required
te ealeulate the evapotranspiration component of
daily soil water balance.

Simulated Grain Yield

Chickpea grain vield could be simulated on the basis
of stored avadable soil water plus winter rains
{Singh and Das 1987). Singh and Bhushan (1979)
reported the following regression equation from
their experimental results of 1972-73 1o 1975-76 at
Dehradun, using cv H 208, where experimentat yield
tanged between 800 and 3000 kg ha !;

Y = 13.1 X - 456,

where Y = chickpea vield (kg ha-)
and X = water use (mm), i.c., soil water at sovw-
ing plus rainfall during growing season.

We used this relationship to compute the cumala-
tive probability of chickpea yield for Hisar (Fig 9)
Sowing date was assumed to be | November and
historical weather data for 1951-82 were used. Phos-
phorus requirements 1o achieve these vields were
also stimulated assuming that § kg of phosphorus are
required to produce |t of chickpea (Saxena 1984).
In 70¢; of the vears, simulated chickpea grain yields
were at least 1S tha!, and simulated phosphorus
requirements were 7.5 kg ha~! (Fig. 9). The simulated
vields were compared with the actual yiclds quoted
in the estimates of arca and ,.roduction reports. Two
points were noteworthy: (13 farmers were achieving
less than 1t hatt chickpea yield in 806 of the vears,



(21 the simulated mavimum vield (2500 he ha fywas
similar to the experimental vicld as ieported by
Singh and Bhoshan (1979); this was much hieher,
however, than the mean maxvimum vield of 1800 Ky
ha © obtamed by farmers, This vield gap could be
reduced i proper management such as tinehy plant-

1S Oct at ICRISAT Center

150

120

90

Simulated aviilable soil water (mm)

[{0]
————— - Raiyvsseason fallow
W '—! e Ratny-season sorghum
0 T T T U
100 5() 60 40 20 )

Camulative probability (7))

_/

/

120 —
| /

6() —/
———— Rainyv-scason fallow

RIS

150~ I Nov ot Hisar

Simulated avattable soil water (mm)

0 T T T T =
100 K0 60 40 20 0

Cumulative probability (¢7)

Figure 8. Cumulative probability (%) of simulated
available soil water (mm) at sowing for ICRISAT
Center, Patancheru (using historical data for Hyde-
rabad, 1901-70). and Hisar (using historical data,
1951-82).

ing. fertilizer apphication, and plant protection were
undertaken,

Fhe water-use efficieney (W UE) of nonfertilized
chickpea crops grovwn on stared soil water at ICR |-
SAL Center, Patancheru, is between 7.6 and 9.2 kg
gram ha b mm ' (Saxena 19545 We have used the
WUE value of 8 ke of vrain ha D! g complite
cumulstive probabilins of chickpea vield for ICRI-
SAT Center under both rainv-season lallow and
raimy-season sorghium (Fig Y) Historical weather
data tor 1901 70 were used and the sowing date was
assumed 1o be IS October. Maximum vields under
both rainy-season fellow and rainv-season sorghum
were about 3t ha ' Tl pereentage of maximum
vield wis compnicd by doviding individual-year sim-
ulated value by the g amum simulated vield, In
T of the vears, at leas, J007 of the masinum yield
wissimulated under ramy-season fallow and 35¢ of
the maximum vield under rainy-season sorghum.,
Phosphorus requirements tor achieving these vield
levels were also simulated (Fig, 9),

Using the WUE vatue of 8 kg prain he 't mm'!,
chickpea vields were also simulated from 1974-75 (o
F9R2R3 for ICRISA T Center. Simulated vields were
compared with actual ~eld: reported in [CRISAT
Annual Reports for these vears (Fable ). Simulated
vatues were within + 2077 of actual vields in S04 of
the years. The lowest chickpea vields were simulated
tor 1976 77 and {980 Kl under rany-season
sorghum. These are due to Jow winter raintall from
November 1o February, which was 30 mm in
1976 77 and 24 mm in 1980 K1

Table 1. Actual and simulated chickpea yield at 1CRI-
SAT Center, Patancheru, under residual moisture for
1974/75 to 1982/83.

Chickpaa vield Ly ha 1)

Simulated
Atter Alter
ramy-season Fainy-scason

Yeur Actual tatlow sorghum
197475 25961 024 2928
197576 18781 2248 2176
1976 77 2654¢ 1258 578
1977 78 1963 1505 1238
1978 79 1342 1715 1459
1979 80 1315 1743 1447
1980) 81 1499 1265 658
198182 1250 1232 1104
1982 83 2460 1636 1268

I Cultivar other than Annigess; all odher results reported here are
from ¢y Annigen.
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The water-use and yield relationship studies dis-
cussed above can be used toscreen environments for
production potential. Simulated data in Table |
show, for example, that in a nedivm-deep Vertisol,
sequential crops (sorghum in rainy season and
chickpea in postrainy season) are possible in three
vears out of nine without loss in chickpea vield.

Simulated chickpea vields were lower by 3526
than actual experimental vields in four vears, purtic-
ularly so an 1976-77 when rain during October-
February wis Tow (30 num). It is possible that in such
low-rainfall vears, supplemental irrigations were
applied in tiekd experiments, but these were not con-
sidered i the simulation hecause actual data were
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not available on date and amount of irrigation. This
suggests that such minimum essential information
from field experiments should be recorded, so that
they can be included in the simulation and the
results can be generalized,

Pigeonpe:

Woaorld pigeonpea production data (FAO 1982) indi-
crte 14 pigconpea-growing  countries, which are
treaped into four categories:

90¢¢  of the world

° India, which produced

— —— Actual ymax. vield = 1800 kg hat)

-~ Simulated (max. vield

=
:1 100 — = 2800 kg ha'")
2 80
&
3
£ [
ot
2 .
R (e
5 !
o i
= / Hisar
g -/
o [}
a 7
0 T | T T —
100 80 60 40 20 0

Cumulative probability (C7)

Figure 9, Cumulative probability (%) of sim-
ulated chickpea vyield and simulated P
requirements for Hisar and ICRISAT Cen-
ter. Patancheru. Sowing dates assumed: for
Hisar, I November; for [CRISAT Center, 15
October. Historieal weather data used: 1901-

82 for Hisar.



production;

e Kenya and Uganda, which individually contrib-
uted 2-3¢0 and together contributed 56 of the
world nroduction;

® Burma, the Dominican Republic, and Malawi,
which individually contributed 1 26 and
together contributed 407 of the wotal world
production;

®  Other countries, in which individual and 1otal
e of world production was below 167

The agrochmatic environment of pigeonpea has
been discussed by Reddy and Viemani (1981).
Chickpea s usually grown under stored soil mois-
ture, whereas pigeonpea 1s sown mainly as a mixed
crop or as an interciop it the beginning of the rainy
season. Thus, the soil becomes charged as the rainy
seasen advances and as the crop grows, Intermittent
wertang and drvirg, including perods of waterlog-
zing, wreexpericnced by pigeonpea, which, however,
continues to grow after the rains stop, with ped
filling continuing under progressively depleting soil
moisture.

Since 9040 of the world pigeonpea production
comes from India, we have studied the distribution,
area, production, and agrochmatic environment of
the pigconpea-growing regions in India (Fig. 163,
Uttar Pradesh, Maharashtra, Karnotaka, and Mad-
hyva Pradesh contributed about 80¢, of the pigeon-
pea production in india (Bose 1981). EFaster and
Abel (1973) demarcated pigeonpea growing regions
into “core™ and Usatellite”, which were defined cor-
fier tor chickpea. Pigeonpea-growing arcas are
located within the 600 1400 mm annual rainfall
rone (Reddy and Virbmant 1981),

Average length of the growing season in India was
prepared by the Agroecological Zones Project ot
FAO (1979) (Fig. 11). Growing period is defined as
the number of days during a year when precipitation
exceeds half the potential evapotranspiration, phusa

period required to evaporate an assured 100 mm of

water from excess precipitiation stored in the soil,
Ihe dengths of pigeonpea-grewing periods for core
districts 1n Utrar Pradesh, Bihar, Madhya Pradesh,
and castern Muharashtra are between 120 and 180
days (Figo iho Most of the satellite pigeonpea-
growing repiens in the states of Karnataka, Andhra

Pradesh. and Maharashtra have growing periods of

940 120 days. The benchmark soils map of India
(Murthy ¢t al. 1982) has been superimposed on the
map of the pigeanpea-growing regions (Fig. 12). The
predominend soils i these regions are Alfisols,
Inceptisols, and Vertisols.

Isoclimes of Pigeonpea-Growing Areas
in West Africa

I'he Inter-Afnican Committee for Hvdraulie Studies
(CIEH 1979) defined three major bioclimaiic zones
i West Alrica:

¢ Phe Southern Sahelan zone, with a growing sea-
son of 75 90 duvs:

b. The Sudanian zone, with 4 growing scason of
90 165 days:

¢. The Northern Guinean zone, with a growing sei-
son ol {65 210 davs.

Based on a study of the monthly moisture availa-
bility index for ruiny season cropping at 15 tocations
(Virmani et al. [980) representing five West African
countries. Reddv and Virmani (1981) suggested that
the southern part of the Sudanian bioclimatic zone,
with a growing season of [20davs, and the Northern
Gunean zone, with about 180 dayvs, are likely to
provide a suititble growing environment for pigeon-
pea. The eropas likely to do well on deep. heavy-
textured soils in these regions.

Furure Research Needs

¢ Jo delincate the isoclimes for regions growing
chickpea and pigeonpea.

* lo identify a w benchmark locations that
represent a wide range of agroclimatic environ-
nmients i which the two crops are grown, for
testing improsod management practices and
promising genotypes.

e To compute the frequeney of different water
avarlabilities in space and time, using simple soil
water-balunce models,

* o geonerate cumulative probabilities of yield
potential of the two crops, tsing water-use and
vield reletionships for various iocations, and thus
to help exnedite the traaster of technology.

¢ o collaborate with different national and inter-
national nstitutes to document the existing
knowledge on these crops, which can be used tor
building crop simulation models.
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Photothermal Effects on Flowering in Chickpea
and Other Grain Legumes!

R.J. Summerficld?, E.H. Roberts?, and P. Hadley*

Abhstract

Lraditicnally, photoperiod has beey considered 1o have the most significant effect on flowering in
chichpea. Bur wherever studies have boen sufliciendy extensive, major effects of temperature on
tHowering uve been noted. drrespective of species, there are large genetic differences in relative

SNV o photoperiod and or eniperatio L G ias e bosc Gy e
pea.s veritalizanon can alve fasten ftloseering: in sensitive renatvpes 4 daunting plethora of
seeniii v coniley responses e and intera rons benveon, these three taciors (photoperiod,
fempercitg e and venotvpe ) have been pubindied., However, recent researclhiondiverse genotypes
cleach ot o hean, cowpea, chichpea. and lensd tand reanalvses of previously published data on
Predcommen ean.and nung bear) has shoveon thar simple quantitative models can deseribe the
modndation ot tlowering by photothermal conditions over widee ranges of both photoperiod aned
temperature. Hhese relations deserthe response surgaces that can be wsed as @ basis for screening
the tlowerine r spronsos of larve arabers of genot ipesatd .\I)l(l//llululn'r(4/ carefuldly selected field
sutess These recent findhnies and ther implications aie deseribed and discussed., swith emphasis on

cropoamprovemend i clhicapea,

encounters widely difterent physical and biological
environments that exert profound infiuences on

introductiin

Nearly 10 milion ha per vear have been sown to
chickpea (Cieer arietinuri ) throughout the world
during the lust decade (A0 198 1): this overall f1g2-
ure includes annual fluctuations within the ccologi-
cadly diverse production regions of India, West Asia
ihe Mediterranean, castern Atrica. the Americas.
and burope ( Riao and Subba Rao (981, The crop s
olten deseribed as “essentially subtropical” (Kay
1979) wnd hest adapted to relatively coal and dry
conditions. Bos cultivated almost exclusively on
residual soth mosture during the POSITAINY SCasons
of subtropical winters. o1 i spring and summed
months in Mediterranean envirconments (Smithson
ctoal 1985 Within these situations chickpea

b Paper presented v T Aot i the abeence o the aathors

A

Shnticlds Readig, Beckshoee RG220\ el

Pty ot Readime Department ot Apncubtuee and Horeudtan,

crop growth, development, and productivity (Sax-
e 1984),

In northern India, the principal producing area,
tiie crop is sown from October to November and can
produce dry seed vields up to 5000 kg ha't in a
grovwing season of 164 170 days. Where the growing
season s restrieted to 100 H0 days, southward by
the carlier onset of heat and moisture deficits and
castward by the later beginning of rains, potential
sced vields of rainted crops are reduced to between
1500 and 2000 kg ha ' Thus, maximum productivity
declines trom about 39 to about 20 kg seed ha-! day!
(Smithson et al, 1985). The crop s seldom irrigated
and so the winter cropping season 15 not “open-

Slont i nvionmert Faborators, Shinheid CGrange, Cutbush | ane,

osub-Depattient of Hosoultues, Uity of Readine Shintiehd Grtnge. Catbushoane, Shuntield, Reading, Berkshue RG2 9AD,
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ended” (being suceceded, within a tew sweeks, by the
hot, and summer scason). Thus, genotypes ol too
long & duration o1 these planted oo laie o the
seivon undergo “torced matwratuon” wnd  then
vields sutfer accordingly iSheldrake and Saxens
1979 In these cucunnstances, and wr the shorter
grovwang scason of pemnsular dv, an approprate
crop dutation largely deternunes the suitabahiy ot
genotvpes to envitonment, and dite of planting i a
major agronomie deternunant o ob therr relamve
vicids.

Ohutside the Indim subcontment, chick pea s tra-
ditonally sown i spong. slthough consistentia
large yvreld improvements have recently been domon-
strated i the Mediterranean basin 1rom sowinyg i
winter. provided the crop s protected aannst the
ravages of wseochyvia blightoHawnn and Sineh TN,
Nene 9800 The envitonments, growth derations,
and seed vields expeneneed by and characteristic ot
traditionat ~pring-sown amd novel winter-somn
crops i Sy share some sinmnlaniies with chickpea
crops grownan pemnsularand northeen India e Table
Dy thas compatibithny: may be explostabie i crop
HUPIOVEIent prograins

In addinon to the wide e of envitonmients in

which chichpea s cultvated, there are two dilfereit

tvpes of chickpea with, perhaps, difterent coaters of
diversiy (Ramanujam 1976), and these are also
grown . and recognized 1o be best adapted to,
ditferent regions. The “dest™ types with relatively
sl angulin seeds and rough. usually vellow to
brown testas  constitute about 8500 of  world
annual production and are confined to the Indian
subcontinent. Fthopia, Mexico, and lran. The
Thabult™ (or gerbanzo) tvpes wath larger, more
rounded, cream-colored seeds account entirely ior
the crops ot Atehamstan through wesdtern Asi to
nerthern Atrica, southesn Farooe, and the Americas
fexcept Mexweor, Fromr thiy combined array of
genetic and eovirontmiental diversitv, no individual
genotypes that are widely adapted have been identi-
Bied (Sigh et al. 1980) major genotype * environ-
ment nteractions are common between locations
and between seasons at the sane location (Bvth etal.
T980) Such speate adaptations can limit crop
improsvement clions seehimg to develop and select
cultivars fromea centrahzed breeding program (Sax-
IR UANEN

I0 s widels recopnized that ehickpea genotyvpes
ditteranberenthy i relative longes ity and that Jura-
tons to owenng and reproductive matunty var

appreciably dependimg onsow g date Jatiinde and

Pable 1. Characteristies of chickpea erops and their photothermal environments in seleeted locations (carapited from

Suvenu 1984 und other sources),
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altitude: floveering can be as carly as 30 davs alter
sowing (DASY oras late ws 100 DAS (Summerficld
and Roberts 19850, In comie genetypes, the torma-
tion of so-called “pseudo-tloners™  buds that desic-
cate. turn yvellow, and abort betore opening (Azz et
alo 19600 can etlectively projone vegetiative
grow . which may explain some ot the anonidics
encountered when interpreting flowering records
from multdocational trials (Smthson et al. TYNS),
Fhen agam, the development sequence trom initia-
aon unul diterentiated florets are visible 1o the
mahed eve can ovary from oo few davs in twarm®
weather toseveral weeks i cold " conditions (Mon-
cur I 7 Abroadly relevantinternational chickpea
breedir - prograny must be tounded onLand ¢xploit,
asounc andeistindimg ot the ccopinsiological basis
of genotype - envitonment interactio s (Byth et al.
1950) anappreciatton of the relaive importance of
ditterent s and responses among diverse germ-
plaso s thus essential Phe traots that intluence the
tminy ol phenologieal svents are especiallv impor -

tent Wath chiekpea, the ninn problonys include:

I Quantibying the relative importane: ot ditferent
cinvironmental factors m moedulting phenologs

20 Determiming the avan bty of gercotvpeswathin
destand habub germplasm Gioetecing focad fan-
draces that mostfarmers <t rrow fHawun et ai
FOSO] and. perhaps te wild species ot Creer,
which are paitcelarh wensitve o insensttne 1o
CritG ens ronmental tactons

3 ASsessing the agionomic signihieance and reealia
tron of “pseado-ftower ™ tormation

4 Deterniang the reiintive mmporianee and mode
ol repulation of Horal wntiion and expansion ol
autitted prishordie, which caltmimate, o tme. in

the appearanee ol open tlowers,

‘N

Ascertinnty the tiuts and responses contribut-
mg sigmbicantly to the ethicient explottation ot
space and time o genoty pes planted on uncen-
ventional dites.

6. Ventving appropraate soreenmy technigues tor
frge numbers of ceegregatingy permplasm which
are rehables ey pensive, and can be carred out
i one or o few held locations

Detimng methods and technology to improsve the
ctlicasy ol arntical bvbndizaton, which up to
now tas often viven erratic results because of
tempotal chaniges in poilen viabiliy (Bshel T968)
and receptivity of the stizmatic suitace (Turano
et il T6R3),

We concentrate i this paper on the subject matter

int, 2, 6.and 7, citing examples tor grain legumes in
general and emphasizing recent findings for chick-
peiin particular.

Environmental Regulation
of Flowering in Grain Legumes

Praditionadlv, in all legumes. photoperiod has been
the environmental tactor considered to have the
most significant effect on tlowering. and impo.tant
differences between species ¢l ubic 2) and genotypes
hivve been established with respect tor

. The eptimum pbotoperiod  thar at which flow-

Cring OCCUrs S0onest,

-

2. Photoperiod sensitivity the delay or hastening
i Hlowering pec unit change in photoperiod.

3. the erncal photoperiod  that above or below

which Howering is first delaved (quantitative

response) or arrested (qualitative response).

Unfortunately, ambiguous and inconsistent use of
these terms and others intended to deserthe relative
inditterence to photopetied (e, “dav-neuatral™)
hive ded to constderable confusion m the interna-
tonel hterature on vran legume crops (Summer-
fickd and Wien 1980

Soccies of grinn lepume that originate from more
or less temperare cimates (e Asia, the Mediterra-
neatt, orsouthern Furoper eogosee Smartt 1984 ) are
tsualhy quantitative, fang-day plants and are also
orten responsive to cold remperature vernalization
{Table 25 On the other hand, mataining a strong
corrclation with taxonomie grouping, members of
the Phaseolcac of tropical orgm do not have a ver-
nahization requirement and. for the most part, are
guantitative short-day plants ( table 2). However,
davlenpth-inditferent genotvpes of most species
hianve now been discovered from within germplasm
collections or are produced by hvbridization, and
not all lonp-day genotypes respond to vernalization
(Summerfichd and Roberts 1985b). And wherever
studies have been sufficiently  extensive, major
cltects o temperature on tlowenng have also been
stiown {Summertield and Wien 1980; Summertield
et al, 1980 Summerhield and Roberts 1985a, b).

Breeders of grain legumes secogmee the impor-
tancee of timely flowering and may have even selected
for it (consciously or otherwise) in selecting for
adaptation to particular sites, supposedly chosen to
represent particular regions rather than specific
combinations of photoperiod and temperature. This
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Table 2. Flowering responses!

of grain legume crons to photuperiod and ve

rnalizstion (far sources. see Summerfield and Roberts 1945h).

Species

Tribe

Center of origin

Arachis hypogare
Lupinius spp

Cicer arietinun;

Lens culinaris

Vicia fuba

Pistum sativum; grivense
Cajanus cajan

Glicine max

Phaseolus lunarus
Phaseolus vulgaris

Psophocarpus
tetragonolobus

Vigna mungo, radiatg

Vigna unguicrdare

Acschynomencae
Genisteac
Cicerear

Vicieae

Vicieae

Vicieae
Phascoleae
Phascolewe
Phaseoleae

Fhasceoleae

Phascoicae
Phaseoleac

Phascoleae

Photaperiodic responae?

Shor-dax

Vernalization

S Armerica Africa
Alrica Mediterranean
Asia

Asta Mediterranean
Asia Mediterranean
Asta Mediterranean
Africa: India
Manchuria: China
Mexico Guatemala

Asia

Papua New Guinea
Asia India

Africa India

Long-das response
—— T J—
Quantr- Quanti- Day Quanu-
Obligate tative Obligaie tative neutral? Obligate tative

- - - - » - -

- - - 4 - - -

- . - H - - .

- - - * . - .

- - - » . . .

- - - L] L] L -

- - - - - .

a - . - L] - -

- L - - - -

. . - - . - -

- * - - - - -

- ] - - - - -

Ll - -

An asterisk denotes the rsponse type indicated has be

I
2. Obligate = response changes at a diserete critie
3. Indicates inditference 1o photoperiod.

en repodted; @ dash th

at 1t has not been reported; a blank space that it has not heen measured
di valuel quantitative = response gradually changes over a range of values.




traditional approach requites that selections are
grown and tested ata number of sites and for ses eral
seasons to take account ol climatic variations o
protriacted, expensive and now. we helieve, unrehi-
ble strategy. However, by exploiting recent rosearch
data (Hadles. Roberts et al. T983, 1984 for cow pea
and sovbenn: Summerhield and Roberts 1985¢ {or
soybean, Roberis etal 1985 tor chickpea: Summer-
tield. Muchthaver, and Roberis 1984, and Summer-
hield. Roberts, et al, 1985 tor lenul), we sugeest that
screening Lor respensiveness to photoths rmal effects
o Howering can e nprd, nespensive, and

remable as we disctes Latey

Muminance, Photoperiodic Response, and
Artificial Hybridization in Chickpea

A traditional Iimitation to cropimprovement efforts
i chichpea has heen a slow rate of neneration tar-
noser, and most research has been restricted 1o
advancimy one pereration per vear. I addition, oft-
SCUnOI TEsees are otten prolubitively expensise,
sttes may benaecessible and quarantine restrictions
en hider the movement of germplasm. he inter-
natiosally ovented chickpes improvement program
AUTCRINA T woon recormeed these major problems
and other severe restrinats 1o progress, such as the
wrlelv used, but tedrous, practiee of SOMWINE CrOssIng
blochks onseveral dates to v and ensure simultane-
ous Howering of diverse germplism { Auckland andd
van der Macsen T8

By exploiting the quantitetive ienp-day respoase
to photopertod in chickpea (lable 2)0 ICRISAT
scientists developed the finst “accelerated peneration
turnover (AGH™ wechnigue for this crop by extend-
ng natural daylengths 1o 24 hours using incandes-
cent bulbs (60-100\W) suspeaded onoa .S« [ 5.m
grid about 60 cm above the crop canopy (Sethi et al,
198 1), Parallel research (NP Sasena. 1. Krishna-
murthy, and A.R. Sheldrake, unpubhished) con-
cluded that time 1o flowering was affected by the
tluminance of artiticial ight used and that the eri-
cal luminance was greater in later-flowering (5 6
ux) than in carlv-flowering (1 2 Jux) genotypes. We
propose below an alternative mterpretation to
TCRISA TS data.

Responsiveness to Dim Light: How Dark
is Dark?

In photoperiodism, a plant must diseriminate
between day and night (an ilhiminanee detected as

darkaess), measure the duration of eae or both, and
I Tespunse control some process such as Powering
(Salishury 1991, We have recently reviewed the
cltects oflluminance on flowering in lenti! and SOy~
bean (Summerfield, Muchlbauer, and Roberts,
19840 Summerticld and  Roberts 1985¢), which
respond to photoperiod as quaatitative long- and
short-day plants, respectively. We have proposed an
alternative and, we believe, more plausible explana-
tion for ditferences in apparent sensitivity of these
species to dim light. Our alternative eaplanation
seems equadly convineing for chickpea, as we discuss
heiow.

Trrespective ol the species involved, genotypes
have often been eviduated by growing them at
mmercasing disianees fronn g point source of light(i.e.
aong an lluminance gradient) and their times to
Howering (£) have then beer colated to illuminance,
For example, in tield investugations with soybean
(Majerand Johnson 1974) and chickpea (ICRISAT
TO8 1) nataral dayiengths were extended to 24 Lours
using lamps suspended above field plots. Relative
sensitivity to lluminance was then estimated by the
delay or hastening of flowering in progressivelv
brighter regimes (Lo in those regimes where plants
were better anle to percenve the long days imposed
on them). Using this criterion, both groups of
rescarchers concluded  that there was significant
LENOLYPIC Vanation  sensitivity te dluminance.

Notwithstanding these interpretations, in many
phiotochemical and photobiological processes,
responses are approximately proportional to the
logartthm of incident illuminance (Withrow 1959)
rather than to the illuminance itsell. Furthermore, as
we deseribe later, photoperiodic phenomena in grain
legumes are now known to be related more SImpiy to
the rate of progress towards flowering (1/1) than to
time to flowering (). Thus, data can be expressed in
these terms 1o further clarity relations between
Hluminance and flowering.

We next consider the relations between rates of
progress toward flowering aad log illuminance that
might be expected when plants differing inherently
in their sensitivity (o photoperiod are grown in
experiments in - which short natural doys are
extended by light of ditferent illuminance. Figare la
shows the respanses predicted for quantitative
short-day (soybean) and quantitative long-day spe-
cies (chickpea) which, for simplicity, are assumed to
have the same threshold (1) and saturation (S)
iluminance values. In quantitative short-day spe-
cies, the *ime taken to flower will be delayed when
relatively short natural days are extended by artifi-
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cial supplementary  ilumination. Conversely, in
yuantitative fong-day plaets, tlowering will be his-

tened  when short natural dins are

extended. The dliuminance needed to saturite the

relatively

photoreniodic response (S) can be detined as that
tiemnance above which there vono signiticant
increase (i short-das speciest i the tme taken to
liower The thieshold dlammince 01 we consider s
that tHumunance below which there is no Jeithes
strieant Bastening (inshort=day speciesy or deliny
(i long=day speciesy o time 1o fwwering, A tall
discasston of these relations and those predicted 1a;
aualitatne responses 1o photaperrod i presenied
clewhere (Summerticld, Mucehtbauer, and Roberts
[UR4),

Reenamination of data publishied tor chickpea
CCRIS AT BN and sovbean (Major and Joheson
PP tevenls tends stihimghy simalan to those pre-
dicted here o both quanuraaye fome- and short-dan
spectes chies Thy We cannot deternmne unequino-
theeshiohl g satwraton (unnnanee

callv the

valies for these speces trom the data available,

Novertheless it seenis that the threshold ithemi-
nanvesm bath cases s about b2 lus brrespective o

the rae thireshold and sataratng dhuminance values

TOMD

tor any species, however, the very rapid changes in
illuminance during periods of twilight (Withrow
1959) mean that threshold values as small as 1 lux
are likely to be exceeded trom about 30 min before
sunrise intih 30 min atter sunset: saturation values,
event s large as 1060 lux, would  probably be
achieved within 10 min atter sunrise (first appear-
ance onsolar disci and, onclear but not cloudy days,
be mipntained untl 10 mim betore sunset (Saliskary
1963). The regulaton significanee of such rapid
changes in dluminanee (ifig. 2) for reproductine
development i plants seems difticult to envisage,
particiarly when the vanies are subjeet to transitory
varstiions i weathes

Frgure 3 considers an abternative hvpothesis
which follows trom Giis discuission, o explain the
scemingly ditferent responses of chickpea cultivars
todim lighttsee alse Summertield. Muchlbauer, snd
Ruoberts 1989), risure 3a shows the times to flower-
g tor genoty pes of ddterent relatv e maturity in the
teld (well known and extensively used by TCRISA |
regunes

resaarehiers) ditferent photothiermal

thable 51 When celovars dittening in this way are

i

eroswn along an llumimasnee gradient (Fig 3b). and i
all of them have sinnbar respective threshold and
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Figure 2. (a) Linear and logarithmic plots of sunlight ithuminance on a horizontal surface for clear days at the

spring and autumnal (fall) equinoyes; temiporal trends
overcast sky) and the illuminance thought (o more th
shown for comparison: and (b) time cours. for twilight i

in illuminance equivalent to 19 full sunligiit (a heavily
an saturate photeperiodic responses in plants are also

Huminanee at dawn and dusk (0 = time of appearance or

disappearancs of edge of solar disk). Both figures recaleulated and redrawn in part after Withrow 1959,
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saturation illuminance values, the refations between
g @ lxhc ilh.uninu-ncu.- of :sllpplcr11cx1.l;}_r)' light unq days to
flowering will inevitably be different: cultivars less
sensitive to photopertod show smaller response gra-
704 B - dients. We sugpest that this alternative explanation
< o \\\ is conceptually simpler than one thae Javolvesdiffer-
o ~o 0 Sa ences in responsiveness te Gun light per se, and we
= - ~ ~ - . .
g 00 S have proposed further experiments designed to test
g SO this concept  (Summerfield,  Muchlbauer, and
= ~o p
E \\\\\ Roberts 1984).
2 K 850 Those data have practical implications for artifi-
a G 130 ctal manipulations of photoperiod either in con-
a0 trolled environments or in the field. Breeders may
oS- p : . : - :
————— wish their parental lines to flower sequentially when
T —— ~ =@ Chala planted on the same date in one location so that the
30 workload of hybridization is spread and crosses
i between carly- and late-Hlowering parents are facili-
I T T | tated. Sceding plants along an illuminance gradient
12 13 14 IS may achieve this objective, improving the tlexibility
Photoperiod (h ™ saturation illuminance) and efficiency of the breeding program.
0.035 b —
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Figure 3. Relations between (a) photoperiod (h greater than saturation illuminance) and days to flowering (f)
for three chickpea genotypes of different field maturity (ICRISAT 1981) and sensitivity to photoperiod (see
Tuble 3); and (b) log illuminance and rate of progress toward flowering (1/1) for the same trio of genotypes
grown along an illuminanee gradient which extended natural days at Hyderabad (17°32’N) to 24 h (recalcu-
lated from ICRISAT 1981).
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Table 3. Effects of photoperiod (h) and mean temperature (1 in
chickpea genotypes. See abso Figure 3,

C) on times te first Qowering (days from sowing) in three

t-
Genotype 12 h 120
Chatu 47X 9.0
K 850 840 558 475
G130 9.5 562 48.6

Days to finst tlowering

=260 O Photaperiod sensitivity
1S h [y st Kanking?
249 4.0-103 |
37.0 [).8-28.5 2
3640 [2.6-38.3 3

I The delay i flowernmg in shortand Tong photopertods in warm and
N

Relative senvtivity to photopeniod fram 1 pleast sensitive) to 3 (nios

cool regimes

csensitined

Photothermal Effects on Flowering
in Chickpes and Other Grain Lepumes

Fhe rosponses of higher plants to temperature and
photoperiod are well recognized as having adaptive
significance, espectatly i those species where intense
artitheiol hybridization have not vet
“relaxed™ or removed photothermal responsiveness
suthiciently to fucilitate the dissennnation of explo-
ited spectes into aowide range ot agricultural environ-
ments. Mauny of the cconomically important species
phatothermal

pressures

of gram legumes  retain strong
responses. which successive generations of plant
breeders have tried to ignore. tolerate, or manipulate
in rather empiricad wans (Sumimertield and Roberts
[985h). A major hmitation in grain legume breeding
his been the luck of an adequate basis to quantity
these responses and to devise simple, rapid, cconom-
ically attractive. and reliable ficld-based sereening
technigues suitahle for large numbers of segregating
germplasm. In the discussion which follows, we sug-
gest that by exploiting recent tindings on the yuanti-
tative predictability of photothermal responsiveness
(for lowering). plant breeders now have the ability
not only to screen their germplusm effectively and
efficienty but also to imvestigate the genetic mecha-
nisms underlving these responses.

Almost without exception, previous research on
the photothermal effects of phenological events in
grain legumes has focused on the timing of those
events, usually expressed relative to sowing or emer-
gence. But relations between temperature and devel-
opmental processes in plants (e.g., germination of
seeds, extension of stems, and expansion of leaves)
are often simply and precisely deseribed in terms of
rate parameters, e, the reciprocals of the times
taken to particular events (Monteith 1977). This fact

prompted us to reexamine both our own and other
data on photothermal effects on development in
terms of rates of progress toward Rowering (1/1) in
different regimes rather than time (days) to flower-
ing (1). The outcome of this ex reise involving
diverse genotypes of soybean, cowpea, chickpea,
and lentil (Hadley, Roberts, et al. 1983, 1984: Sum-
mertield, Muehlbauer, and Roberts, 1984; Roberts,
et al. 1985 Summerticld and Roberts et al. 1985;
Summerficld and Roberts 1985¢) and reevaluation
of previously published data on pea, common bean,
and mung bean (Hadley, Summerficld, : nd Roberts
1983) was both dramatic and exciting. It revealed
that in all cases, involving both short- and long-day
species, the rate of progress toward {lowering is a
sample lincar functicn of temperature, photoperiod,
or both.

With chickpea, the last 50 years have witnessed
many investigations on effects of cither photoperiod
or vernalization on time to flowering; only rarely
were both factors considered together using approp-
riately designed experiments, and the consequences
of postvernalization temperature effects received lit-
tle attention (Summerfield et al. 1980). Realizing
these sericue mitations, we investigated the effects
of tactorial combinations of day and night tempera-
ture and photoperiod on a total of 15 diverse geno-
ypes. again concentrating on days to flowering
(Roberts et al. 1980; Summerficld et al. 1981). Dif-
ferences in photoperiod ind in mean diurnal temper-
ature had large effects on time to flowering (longer
days and warmer temperatures over the respective
ranges of 11 1o 15 h and 14.5° to 24.5°C were most
inductive and vice versa), and warmer temperatures
( -307C) hastened senescence, curtailed crop longev-
ity, and reduced yield (Summerfield et al. 1984).
Nevertheless, a coherent quantitative description of
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the Howering data did not emerge. Subsequent
expenments (Robierts et all T985) and more precise
analysis of photothernad response data, however,
stggest notonh asimpie modetforchich peis tiower-
g ditterent regmes but also a simple sereening
techmque forseparate quantica ton ol mperatire
and photopeiodie tesponses

Factotial combinanons ¢ te o photoperiods (12
and IS hiothree day tenperatures (2025 and 3 )
did three mghit temperatures (10015 and 20 ),
which combimed 1o pive cighteen ditterent mean
dimmal wmperatures hetween 142 and 234
were imposed on noduole-dependent plants ot nine
penotvpes prown o n pats inoprowth cabinets. The
venotypesaeeluded both desiedyand kabubi {4) tvpes
classitied by field observations ot TORISAY as of
“short duranon” Tmedium duration,” or “long
duration.™ Further. o trio of thermal regimes wis
duphcated, except that radiation tlus densiny wis
manipulated so that plants grownma F3-h photope-
riod recenved the same radtation integralas those in g
[2-h photopertod. Thus, the 89 neatment combi-
mittions represented an extremely diverse range ot
both penoty pre and environmenzal variation, Forall
senobypes anoevery regrme, the times (davs from
SOMEIE) to Bist appearance of open Hlowers were
tecorded.as wore numbers of nodes Cnain stem plus
side branches) below the ones subtending the first
Howers.

Phe principal Bindimes of cdhis investipation are
deseribed tn detwl elsewhere tRoberts et al. JYKS)
but summuatized brietly here

LAl genotypes were sensitive 1o photoperiod so
that, tor any given thermal regime, tiowers
appeared sooner an the 15-h than in the 12-h
photoperiod,

20 Genoty pes elassitied as carly niaturmg m the ficld
wereoan peneral, less sensitive to photoperiod
than Later-matunng ones.

3. Eaght of the nine genotypes tested were sensitive
o temperiture (and  then to mean divrnal
temperature rather than to day or nighttempera-
ture perse) so thatom either photoperiod regre,
flowers appeared sooner at the warmest mean
temperatuice,

4. The responses ot dest and kabali genonypes to
photothermal regime did not ditfer in any syste-
matic manner (but the twe tvpes were notequally
represented i cach maturity class, thus preciud-
ing a strictly valid comparison of their collective
response.

5. Rates of progress toward tlowening (1 ) were

Ihcar tunctions of mean temperature 4 and
there were nointeractions hetween photoperiod
and mean tempersture,
6. Phototermal ettects were mdependent of radia-
tonantegral (the product ob irradiunce and pho-
toperoddiand the vegetatne stature of the plants.
Faken an conjunction with data tor lentils, the

only othei Jong-day grann legume in which flow-
erng response has heen thoroughly investigated
with vespect to both temperature #nd photepe-
nod (Summerticld, Roberts et al, 1985), we sug-
gest that the photothermai resporse of Howering
i chickpei. over the range of environiments nor-
matly experienced by the crop, can be described
by the cquation:

Lr=asburep (h

where fis the number of davs from sowing to first
flower, Cis mean diurnal temperature. p is pho-
toperiod, and i, b, and care constants which vary
between genotypes.

B We have no evidence of a critical photoperiod
over the range 12 1o 15 hforchickpea tor [0 1o 16
h for lentil). Thus, 10 both cases. we believe that
the smooth relation indicated by equation |
probably applies under the range of natural con-
ditions where chickpea (and lentil) crops are
grown,

9. The constants as b, and ¢ inequation 1 provide a
basts for sereemng penotypes for sensitivity to
photoperiod and  temperature, as we discuss
liter.

The responses of these diverse genotypes are illus-
trated in Figure 4 and summarized in Table 4.

The buse temperature for tlowering (1,) - i.c.. the
temperature which is, in theory, sufficiently cool to
preventany progress toward Howering (and so 1 =
O or £ = infinity)  can be calealated by algebraic
manmpulation of equation | to give:

ty = {-a-¢p) b (2)

Fhus. the base temperature varies with photope-
riod and, therefore, has no obvicus agronomic sig-
nificance. This is in contrast to cowpea and soybean
where progress toward flowering is controlled by
mean temperature in photoperiod-insensitive geno-
types or in photoperiod-sensitive genotypes where
photoperiods are shorter than the eritical value.
Here. the base temperature s unaffected by pho-
toperind and is a meaningful agronomic value.
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Figure 4. Effects of mean temperature (1= C) and photoperiod (p=h) on rates of progress toward flowering
(1/f) and days from sowing to flowering (f} in nine chickpea penotypes. Symbols denote the experimental mean
values in euch of I8 environments, 9 in 12-h days and 9 in 15-h days. Fitted regression lines are as described by
equation 1. Encircled symbols denote that plants showed an aberrant response in these photothermal
combinations (see text) and that these values were not incorporated in the fitting of the regressions.
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Table 4. Response charucteristics of photothermal effects on flowering in nine chickpea penotypes,

Proportions of
variations in
It expluned

Values of constants in equation |2 .
. . SR, e e Dy eyuation |

Genotype! i h ¢ (1)
Chata tdie) 0.01775 Q0011258 0001909 867
HCCSKT0 (die) 0.00965 0.00157K5 0.600Y46 us.2
1662 1die) 0.04043 00010832 0003100 K59
K S5O tdimb 0.02295 00007488 0.002032 IR R
Rabat (k.mby (01147 0.0003032 0.001734 69 .4
I S50 (ki 0.02123 00003509 0.002266 77.7
[CRRUNTIRY (1.02490 00008337 002401 86.9
HO N2 b 0.01916 00006889 0.002001 57.5
HC 195 (k:h (100335 0.0 0.001329 SRT
P Tetons i parentheses denote dest (d) o kbt thd tpes chissiticd as “eat v ten, “md-fate™ mly or “late™ (o mature i the fields at
TORINS A
I bguation Ddenates EE o B Op ee tean)

Fhe model descrrhed by equation s simila: o
that developed for photoperiod-sensitive genotypes
of sovbean when these oaperience photopeiiods
tonger  than  therr daviength (Hadley,
Roberts, etal. 1984). But. ot course, the photoperiod

criticil

comtant {c) tor chickpes, o long-day

assumes a posttive sien (long davs hastening tlower-

speeies,

ing). whereas in sovbean, a short-dayv species, it is
negintive (long days delayving tlowering).

Atypical Photothermal Effects
on Flowering

For some genotypes, environmental combinations
that included days at 307 C with nights of 150120 ¢
caused tlowering later than predicted by the model
described in equation I In these regimes (16 of the
189 combinations tested. e, 7.4 see Fig. ), the
first flowers o appear were also at a significanth
higher node than expected from the responses of
plants in the large majority of photothermal regimes
(Roberts ctal. 1985). Data trom our preyvious experi-
ments (Roberts et al. 1980) also indicated that tlow-
ering 1s more delayed inosome genotypes at a
day night temperature of 30 18 Cthanat22 18
Then again, growth (dryv-matter production) and
symbiotic nitrogen fixiation of ¢y Chatia were also

adversely affected by this warmer combimnation of

day and night temperature (Rawsthorne =t al. 1984
4, b). Chickpea, it seems, is not well suited to regimes
with such high temperatures,
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Similar hot temperiature delays in flowering
(which reversed the dramatic hastening effects of
mean emperatures Gp 1o @ masimum of about 25-
307C) have been recorded in several genntypes of
sovbean (Summerticld and Roberts 1985¢) and in
Stviosanthes guianensis (Ison and Humphries 1984).
With soybean, flower buds were initiated rapidly
and became macroscopically visible but then turned
thiorotic and did not expand into open tlowers. Is
there o similar parallel response in chickpea? We
cannot cexclude the possibility that later-than-
predicted tlowering in this small minority of treat-
ment of the
formation ot inconspicuous “pseado-tlowers™
1.c.. thathot
temperatuie hindered the expansion of initiated

combinations was a1 consequence

betore the tirst pertect flowers opened

buds rather than the floral initiation itselt,

Screening Germplasm for
Photothermal Responsiveness

Phevaduzs of the constants band ¢ inequation | can
provide a measure of the responsiveness of geno-
types to temperature and photoperiod, respectively.
Phe genotypes tested here also differed appreciably
mselative carliness (me taken to flower in the most
inductive photothermal regime). Thus, since these
constants relate to rates (1.e., reciprocals of dura-
ttons) they must be used with caution when classify-
ing genotypes into response groups according to
their relative sensitivity to enviconmental factors,
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For example, an carlv-tlowennye genotype with a tested. As neither traditional chiekpea crops nor

relatively Lirge bovalue mus respond Jess i terms ot those which muay be caltivated in novel sitaations
change 1 number of davs to tlower per depiee (regrensand seasonsy e the future are hkelyv toexpe-
Increise i temperatere than a later tlowernng geno- nence photoperiods tar outside the riange used here
type witha relatveiv snidl bvialue. Thisisbecause s during the vegetatine period fe.gl, Table 1)t seens
unit change bt gnves i much preater change in i, appropiate to use photoperiods of T (or 12) hand
the larger the mital + value N sl arpument Stor sy hoand a combination of day and night
apphies to photoperiod sensitivii it e vy tempeiateres which will give @ mean wemperature off
of overcommy this dithealty s to evalaate equation FSor 20 Cowaithout ustng day temperatures warmer
Forcach penotype over speciiie values of pand than 25 Co Anadditional temperature combination
has has been done i Lable S0asing the extremes ot (e, 30 C day 20 ¢ mght) conld, of course, be
temperatuie and photopenod ovobved m thisexper- imcluded (e a total of fourre coaes) to sereen geno-
mene toserves o dhustrate tacet genotypes do not tvpes for their tlowenng responses to supraoptimal
necessartly bave the same ranking witn respect to temperstures A prudent selection of field sites and,
cither theo Lateness or relative senstanaty to temper- perhaps, use ota glasshouse with precise and reliable
ature and or photoperiod over o raage ot photo- controb ol both photoperiod and teraperature (as in
thermul condibons, Sununerticld etal 1979y mignt wed prove i saitable
Genotvpes that are more or iess sensitive to pho- strategy.
toperiod are ikely to e well adapted o relatives Itas Clear thut chickpea genotpes can be respon-
few Cnmvironments. wheteds penoty pes sensiting 1o sovetovertalization and wil flower sooner when the
tempaerature are ustadly wetladapted toa wide range tequirement tor cofa has been satisticd (Summer-
of cenviroaments  Sinee the posiion ot the Held et all 19803 We hope soon to quantfy the
photoperiod temperature response surtiace m chick- telations between vernahization and  subsequent
peiasipgle plane detiied by both temperatuge and photothermal ettects on developnient so that the
photoperiod (equation D the nmmiim nnmber ot potential usetulaess of the model deseribed by equi-
cnvtronments required to estabhisho it s three (pro- ton I ean be extended. In the interim, this equation
viding these mclude two photoperniods and two and our conclustons tor screening hased on it could,
temperiatures) Dot obtinned from dns trio ot envi- we beheve be exploited to considerable advantage
ronments would establish the maemtude of hoth the by chickpea breeders, Indeed, sinee we bave noevi-
photoperodic and temperaiure responses as well as dencee tor g correlation between relative sensitivity to
the relative cariiness, o1 otherwise, of the genots pes temperaiure and relative sensitivity to photoperiod,

Table 5. Daystofirst Qower ata mean temperature of 14 and 20 C.combined with a photoperiod of 12 or 15 it {(calculated
from Equation 1), and runking according to earliness and sensitivity to phototkermal regime in nine chickpea genotypes.

Ruanking of relative
sensthivity to temperature
and photopenod?

Sensitiv ity Sensttivit

Duration of vegetative period (dids) to temperature to photoperiod

Genoty pe 4 ¢ 12h 20 C 12 h 4°C 15h 20 C S h 12 h ISh 4 C 260°C
Chati 47 84200 2902 RESREN] M9 4 4 2 2
[CC SNT0 2000 23440 R R 220100 3 6 I !
JG 62 SIS (T 400011 RER R 2920 b 7 K 5
K %50 RERINEY] 47Ny S35 70T 7 N 7 4
Rabhat TIoh SS Ly 332400 446 (8) 2 2 S 8
| S50 T RN 4794 5.9 (5) 5 Kl 6 t
G123 CRENIV 8.0 (T S6.2 (8 60 () 9 9 9 7
ITC 482 SENIRR) 419 R RER N1 6 5 4 3
I 3 9

H.C 195 PRI RN [SIRET Y]

o) 3 () |

CooNensiovity rankhed accone e L naber o daas alteration i dass to tist Howenng due to the envicoamental factor considered.
} I3

2 Bweures i parenthesesan, o e HRETR SRR HTPNTNN
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noroof any anteraction betweon tempetature and
photopertod, 1t seems that while responsiveness to
these two Lictors attects the sime pheneiogical oot
fren tme 1o Howerine) thiey e under separate
renctic control.

Sunulations dhat selete mological Knowiedye
about gecormizable and unambiguous phases o
plant development to conagonmental tactors, and
muinne treld behavror aae kel tobe the most usetul,
when they are rebabic and accarate, such models
mughit be expected to tanstorm wea ticr parametens
mto phenofogical statstios e Wagponer 1974y Fhe
tull exploitation of tanstormations that relate flow-
crong beinstor to paatothermal conditions m giai
fepnme vrepsan general and chickpea i particalar,
now depends o peispectives and prionties inditter -
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Management of Chickpea and Pigeonpea under Stress

Conditions, with Particular Reference to Drought

R.P. Singh! and $.K. Das!

Abstract

Management practices designed 1o increase the productivity of rainfed chickpea and pigeonpea,
and ways to alleviare the ill effects of drought, are highlighted in this paper. These praciices are
hased on experience gained in the Al IndiaCoordinated Research Project for Drviand Agricid-
ture. Discussed herein are suitable crop varieties, cropping systems, thinely sowing, optinian seed
rate, fertilizer use, supplemental irrigation, and other technology compaonents that coniribue 1o
increasing and stabilizing the production of chickpea and pigeonpea.

Chickpea-based cropping systems are very popular witl dryland farmers. In medizm and deep
black soils, intercropping chickpea with satilower offers promise. The productivity of ehickpea is
directly associated with the moisture-storage capacity of the soil and the amount of winter rain
received during the cropping season. tnblack soil regions, the limited moistire stored in the soil is
better utilized by timely sowing (first half ot October to mid-November), Chickpea vield is not
influenced by seed rates between 30 and 60 kg ha't. A plant population of 185000 haV is abouwt
optimum. In soily with low phosphorus, chickpea responds very well 1o applied phosphorus,
which also increases water-use efficiency (WULE) In the range of 110-240 mm water use, vield
increases lincarly, producing 13.5 kg seed per mny of water use. In lighi-rextred soils, periilizer
application at 10-cm depth before presowing irrigation (5 em) significantdy increasex chickpea
vield i soils with lew phosphorus, nutrient stress is more dominant than moisiure deficits.

Sorghum/ pigeonpea intercropping has been pound productive, stable, and remunerative for
most sorghum-growing arcas. Genotypic interactions have been established among compaonents
studied in the surghumy pigeonpea inteccropping sestem. Plant density plavs animporiant role in
pigeonpea productivity, particularby on Alfisols. Optimal populations depend on the duration of
the pigeonpea variety. Staggered planiiag is efficient in ensuring good crop establishment and
growth. Nutrient management also assumes importance inintercropping. One or two supplemen-
tal drrigations, depending on soil 1vpe, are required for realizing good pigeonpea vields.
Postrainy-season pigeonpea has not ver received due agronomic research attention.

Introduction

Chickpea and pigeonpea are the two most important
pulse crops grown i India. Chickpea accounted for
420 and pipeonpea for 1847 of the total pulse pro-
duction (22.6 million 1) during 1980 81, In that vear,
chickpea oceupied 6.7 million ha and pigeonpea 2.8
million ha, with an average productivity of 690 kg
hia t for chickpea and 720 kg ha ! for pigeonpea.

Only 40 g head + day ! of pulses s now estimatedly
available to the Indian population, as against the 104
g recommended for consumption by the World
Health Organization (Lal [984). To meet the
requirenmients of pulses, the National Commission on
Agriculture (1976, pp. B7-88) laid more emphasis on
increasing crop productivity than on expanding the
cropping arca. Productivity for 2000 A has been
targeted at 1500 kg ha' tor both chickpea and

I Central Research tasutute tor Deyland Agncalture, Hyderabad, Andhra Pradesh 500 659, India

TCRISAT (Internanional Crops Research Insutute "or the Semi-And Tropiesy. 1987, Adaptation of chickpea and pigeonpea to abiotic

stresses. Proceedings ot the Consultants” Workshap, 19-21 December 1984, ICRISAT Cente

ICRISATL

India. Patancheru, AP, 502 324, India:
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prreonpeda. From vields obtained at rescarch sta-
tions, the present vield realization of chickpea s only
about 30¢0 of the potential. Inthe case of pigennpe,
itis 457 (Balusubramani i 1983), These vield gaps
need to bebridged infarmers” fields i the production
targets are to be reached
The muanagement aspects of these crops under
ramted conditions ue mghhghted i this paper. The
data presented are mosthy trom unpublished reports
A idie Coordimated
Pyvtand

of work conducted by the
Research Project ton Apreudture

(ANCRPDA)Y

Chickpea

Chachpea s grown extensively i the postrininy scit-
soncwith about 8547 of the arca under icrainted. he
tajor chickpea-growing states of Indi e pres-
ented o Table T Chockpea cultvanon o evidenthy
concentrated nore in northern and central than
southern India, because of fonger and more iy ora -
ble prosing scasons there with cooler temperatures
and better monsture regimes, Insouthern India, des-
e Jow productivity s chichpaa s grown toomeet
tarmers” domestie requirements. Suitable varietes
ol chickpea are new available tor ditterent environ-
mental conditions, Some af the niore promising var -

ienes are listed e Table 2

Fable 1. Area and productivity of chickpea in major
chickpea-growing states of India (After Fertilizer Associa-
tion of India 1983).

Arei Producavity  Ruainted
(000 ha) (kg ha'') area (7))
Stite 1YNO-N [YN0-K1 197879
Andhta Pradesh St 258 -
B 186.0 ERR PARY
Gupnat {RIN] 740 879
Harvana 72000 Y03 744
Karnatahka 152.0 S66 94.5
Madhyva Pradesh 19456 57 929
Maharashtia 4291 350 86.7
[RIFTNN 520 Si3 -
Punib 2680 i1 764
Rinasthan 12270 696 K25
Uttar Pradesh [RORI N 80.7
West Benpal 6.2 hEh -
AYHREIN IR 062N S 84.0

6081Y
Seoaree bernboer Statistios T982 83 Lable 207, Page 11, W Lable
07 Pape 1L 1S

Chickpea-Based Cropping Systems

Chickpeas grown extensively as a sole erop. In the
hlach soit regions o southern India, the crop is
valsed onstored soil moisture. Innorthern India, the
crop gets the benetit of winter riins, besides stored

Table 2. Performance of chickpea as influenced by rainfall and growth duration (Adapied from ATCRPDA 1983),

Mean annual Muoisture

rntail sorage

Repion (mnis frmm m )
Black Soils

HBedtany S00 [60 300
Bijapur o8O Jot) 300
Shokipin EAN 160 300
ladore 990 300
Jhans 93 (IR
Udaipu 613 160 300
Submontane Soids

Hoshipu 1000 90 100
Rakh Dhiansn 1130 [H) 140
Sicrozenmie Sotls

Hisar J00 90 110
Alluvial Sotly

Apra 710 140 180
Viaranas {080 [40 180

Growth Yield

duration potential
Variety (divs) (t ha )
A-10N-52 76 0.5 0.6
A- 90 9§ 0.6 0.7
Chata, N-589 85 95 06 0.7
Ujpain-21, -24 110 125 15246
BG-200, 208 155 160 1.7 1.8
=235, Dohad, BG-203 120 155 1522
=235 130 140 1.0-1.2
-235 135 1.0
H-208, C-214, 2235 140 175 2224
G-24,-130 155 160 2124
BG-T, -2, T-1, -3, -6 149 156 3035
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soll mosture. Productivits of chueapea s doectly
associrted with the moisturesstorape capacity of the
sotl,as evident Trom Ieble 3

e water requirement of cluchpea varies from
204 to 280 mim (Sharma et all 19740,
mosture o black sodds tanges trom T3S 10 300 mm

ihe avarlable

m o depth dunne the growmy season (23 weehs)
depen e onosorf depri which can hasdls sustam a
sood wole crop oot chiichpeas Obyvionsiv, aitercrop-
prnss ot chichpea under such sitianons was not sue-
cosstui waith corander at Beilary or wath sartlower it
Shotapur and Buapur ¢Chety 19830 The e equi-
valent tatio (LT RY of anintercropping system sel-
dom cacecded O However i good ramtall veais
(1979 R0 and 1951 82y at Bgapur, intercraoppimg ot
chickpei wath satttower proved suceesstuicas shown
in Tuble 4

Fhe practice of mtereropping chick peis with sal-

flower i a0 3 ron o s recommended tor

Fable 30 Influence of soil depth and available soil mois-
tere on seed vield of chickpea, Shoiapos Goverape of 3
yeats, 19757760 to 1977 78) Source: ViCRPDA Annuol
Reports and Mahatma Phule hoshi Videapeeth, Sho-
lapur, Maharashtra, India,

Avaathible

Saif RITTHNTTESRTANTRTIN Sewd
Soid depth Caphcn vicld
type tem) o thy ha B
Shallow AT R 430
Medim {160 s7 60
Deep 0 9 Fo bR

medium te deep black soils athough chickpea pro-
ductvity s low, However, it the EFR does not fall
below L0t aeeeptable to farmers. Other promis-
ing chick pea-based intererepping and mised crop-
prg systems include chickpea and muostard for
alluviad soils of the Apracand Jammu regions, and
chickpea and wheat tor submontane soils of the
udhiana regon,

[he pertormance of chichpea and  other
postrimy -season crops was evithuated at Hisarunder
difterent moistare repimes. Chickpea vield  was
tound on par with that of mustard and tiranmara
{Fruca sanva, Table 3).

Chichpea ranks nigh in crop sequencees followed
on devtands o northern and centrat India.
Chichpea-based crop sequences are popular with
tarmers on o coants () thev e more remunera-

Fable &,
amd tarmira (£ ruca sarivay nnder diffo rent soil moisture
coaditions at Hicar (AICRPDA Annual Reports and
Haryana Agricultural University, Hisar, Haryana, India).

Comparative performance of chichpea, muostard,

Sl moisture .
Seed viehd (hy ha 1)
MOTARC Capaciiy -

Faranra

ton) Cluchpea Muista

In2 (] 800 S
177 720 1o V8L
A 1430 P17 S9()
27 1290 [ 1036
e 1350 (R 1260
I One Ssem nngatton, dunng December

Pwo mngations > cm cach, durme December and Janaans

Lable 4. Sced yield and land equivalent ratio (LER) as influenced by chickpea/safflower intercropping at Mijapur
(ALCRPD A Annual Report and U niversity of Apriculturad Sciences, Bijapur).

Ramntall (mmy

Ry

Postaim

NUTINEE seiason Winter Seed

¢t Jun (1 Oct (3 Dec Cropping vield
Scison 1o 30 Sep) to 2 Deg) tod Mar)  svstem (kg ha I.ER
1979 80 4852 2516 Chickpea (sole) 1480 1.00
Sattlower (sole) 1630 1.00

Chickpea 600
sadflower (2:1) 1510 .34
1981 82 608.0 61.0 Chickpea (sole) o 1.00
Sattlower (sole) 1410 1.00

Chickpea 960
saltlower (2:1) 850 147

n

o



tve than wheat- or barlev-based cropping systems:
(2) chickpea iy able to estract moisture more etfi-
crently from deeper Lavers ot the soil than cercal
crops and it ean thus withstand dicught mineh het-
ter. Three conditions seern to be essential for the
success ol chick pea-hased crop sequence ssstenis: (1)
adequate soth mooistiie (about 200 mmy m oot the
sotl) at the tmie of sowing: (2 wainter rams ahout
60 80 e 2 optmiin lemperatures db sowing
Cebout > Crand durmg coop prowth, s destrable
nuze. uplhand

that shortduration vancties o

paddy s sorvhum, cte srecede coickpea o leave
more restdiabmontare and o g e adeguate nme tor
field preparation U pland paddy-chrckpea ot Vaga-
nast and Rewa s and naise-cluckpea at odhiana
and Detnadun, proved more stable, productise. and
remunerative than other ssstems tricd ¢ Lable 6y, T he
Sorthim-chick pea sequeiee s more common i
southern tnde Sorghum, howeser, does not feave

cnough montare Tor aopood Banvest of chickpea

Stability in Chickpea Production

When compired 1o other postrainy -season crops,

chickpea v better wdapred 1o drought stress situa-

tons, as ilustrated by ity stable performance over
the vears at Hisar (Table 7). where the overall pro-
ductivity of chickpea was higher than that of mus-
tard aad sattlower,

The seed vield of chickpae was Tound to be more
closely correlated with raintall received during the
monsoon and winter seasons than the seed vields ot
mustard and sattlower (Table 8). The productivity of
chickpea could, therelore, be predicted from the
stored mosiure ot sowing plus anticipated winter
rums. However, temperatures and evaporative
demand during the growing season should also he

tihen mto account.

Counteracting rroupht Effects

Swnce cliekpei s sown o stored seil mossture, there
ixaveny Iiheshoed that the crop may face shortspells
ot drought dunng the prowimg season. il the mois-
ture 4t sowing tne is inadequate or i winter rains
lail. Nome agronomic practices are known to help
mitigate the adverse cltects of drought and these are
discussed helow,

Fimely sowing.  Timely soving, especizliyv in black

Lable o0 Total productivity and monetiry returns in some sequetial crupping systems (ATCRPDA Annual Reports for

respective locutions), Data aversged as follows: Rewa, 4 verrs (1972-75); Varanusi 3 years (1972-74): Debradun 8 yaars

(1972-79),

Winter
LA
Muosture (3 Dec

storage

Region Soit tape (mnrm ') (mnn
Rewa Black 270 00 RIOR}
Varanas Alluvial 140 - 180 42,7
Dehradun Submontane 140 180 K82

to 4 Ao

Fotal
Cropping s\sfen produc- Monctary
t £oaNN[eIny . A
s Y ceturns

Ist erop Ind crap (kg hah) (Ks ha 1)
Fallow Chickpea 740 1480
Upland

padady Chickpea 1920) 2517

Lpland

paddy Wheat 1790 824
Fallow Chickpea 3590 7180
Upland

paddy Chickpea 5560 7949
Upland

piddy Wheat 5180 5353
Maise Wheat 7280 7124
Mize Barley 6730 5867
Mitice Chickpea 5430 6490

I Pree of produce (R per 100 kg): maze = 85, upland padds

95, harey =90, chichpea © 200, and wheat = 115




Table 7. Performance of postrainy-season erops as affected by amount and distribution of rainfall, Hisar (AICRPDA
Annual Reports and Haryana Agricultural University, Hisar, Haryana, India).

Raintall (mmy

Rainy Postraimy

) Seed vield (kg ha 1)
seison sedson Winter O
(4 Jun (1 Oct (3 bree Cluchpea Mustard Sattlower
Year o 30 Sep to 2 Decd tod Man (C-215) (RH-3) (k¢
1972 73 2273 S22 RN 2530 - 2240
1973 71 1915 RE 12.3 2010 - 1560
o747 1N [ 4.5 1410 1560 1500
1975 76 2954 210 14.0 2670 2390 2860
1976 77 S31.2 0.0 2Rd 2140 2430 1940)
1977 s A2 0.2 18.7 2930 1120 -
1978 79 RERIR) 3.0 492 3030 2440 2040
1979 K0 RETNG 0.0 12.8 - 1990 2170
1980 N1 [49.0 6.8 0.0 2430 21490 2190
Mean N0 Y8 188 2380 2020 2060
Table 8. Correlation coefficient {r) of rainfall with, yvield of Table 9. Effect of sowing time on seed yield of chickpea at
chichpea, mustard, and safflower (M. Narayana Reddy, Hisar! (AICRPDA Annuai Reports and Haryana Agricul-
ATCRPDA, Hyderabad S00 639, AL India, unpublished tural University, Hisar, Haryana, India).
data). Seed vield (kg ha D
. Roumy Pm“'“”_\ . Sowing time 1975 76 197677
Crop season! season? Winter ! R B
) o Fourth week
Chickpea ol Septembed 1400 2380
(€238 0 501 0.189 0.560
Mid-October 1440 23K0)
NMustard
(RH0) 0131 0.40t (.42 Fourth week
) ol Octoher 1040 1910
Nattlower
HC-270500 0.1587 0.487 0.102 Mid-November 850 1280
T Averape ramtall, WS S qun D (0.05) 415 221

2 Menpe ronlall 98 mm CTT
o Rannkall fmm) i tie ramy, postrainy,ind winter periods was

VooNverape rantall, 1S K mm
! 205, 22 and M, respectivels, m 1975 76 and 531, 0, and 28 in

1976 77

sotls, permuts better use ol the mosture stored in the

soil. Advamcing the sowing dite of chick pea in these

regions can allow better mossture use. [t was demon- Optimum seeding rate.  Optimum seeding rates are
strated at Bellary thatin dry vears sowings have to be extremely important when crops are grown under
done carly in the season, while in good VEUES sowing stress situations; they help avoid unnecessary com-
date can be more Hexible, In northern and north- petition far the limited amount of moisture availahle
western India (e g, Hisarand Jammu), the optimu.an in the soil and for nutrients. A\t Hisar, seed rates
sowing time for chickpea was lound to be the first from 30 o 60 kg ha ' did not ciuse any significant
halt of October and anv delay bevond mid-October differences in vield. Similarly, at Bellary it was
resulted in fower vields (Pable Y). At Rewa, sow ings shown that chickpea yield did not increase beyond a
coutd be done up to November without significint plant population of 185 000 plants ha'!. Instead,
reduction in yield. In general, mid-October to mid- vield decreased when the plant population was
November is the ideal time for sowing chick pea increased to 254 000 and 310 000 plants ha-!, despite
(Saxena 1979). a rainfall of 457 mm.
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Figure 1. Effect of water use on grain yicld of chick-
pea, Dehradun.

Fertilizer use.  The response of chickpea to applied
fertilizers was reviewed carlier (Saxena 1980). In
essence, 1t emerged that: (1) a starter dose of N at
15 25 kg ha Vs usetul tor enhancing ehick pea vield:
(2) response to applicd P in black soils s inconsist-
ent, and often absent, because the soil has o high
phosphorus fiving capacity, but chickpeua can stild
extract some Ponormally uninvadlable, from the soit;
(3) 1 wener soils, respanse toapphied Pwas observed
when e avanlable I ocontent was fow, Rescarch
conducted at ditterent diviand rescarch tocations in
India also contirms these observations.

Singh et all (1981) reported that appheation ot
phosphorus increased seed vicld and water-use etii-
cieney (WUE)Y of chickpea at Dehradun ¢ Lable 100
Maximum chickpea vield (2530 kg ha 1), about 78¢;
higher than the control, was obtained with 32 kpha i
applied P, The WU was also tound to progressivels
ierease with PP application up to 32 kg ha t The

Table 10, Effect of phosphorus applieation on the yield
und water-use efficiency (WUE) of chickpea, at Dehradun
(mean of 3 years, 1972/73 to 1974/75) (Singh et al. 1981).

Sced Water Wi
P levels vicld use (hy grain
(kg ha ) thye ha t) (mm) mm " ha )
[ S VA
t 1830 179 10.2
22 2110 I82 IS
2 2530 210 12.0
44 2370 195 12.2
CD (0.05) 159 - -

correlation coetficient between water use and chick-
pea yield was found to be significant, as shown in
Figure I, The regression equation obtained sug-
gested that,in he range of 110 240 mm water use,
vield increased linearly, producing 13.5 kg seed per
mm of witer used.

Saxena and Sheldrake (1976, p. 176) did not find
any benelicial elfect of deep placement and advance
application of phosphorus in a black soil due to the
high phosphorus-tixing capacity of the soil. How-
ever,at Hisar it was shown in 1982 83 that applica-
tion of fertlizer cither broadcast or placed at 10 em
depth before presowing irrigation (5 ¢m) increased
chickpea vield by 25

Supplemental irrigation.  Although chickpea is
grown primarily as a rainfed crop, its water require-
ment is often not met from the stored moisture in the
soil and the raintall received during the erop growth
period. A favorable response to supplemental irriga-
tion has been reparted (IART 1977, pp. 211 21S;
Singh 1983). Recent work at Hisar demonstrated
that applving 15 cm owater at the presowing stage
(when soil moisture before irtigation was 62 mm m-!
depth) enhanced chickpea vield substantially, At
Dehradun, supplemental irrigition of 5 cm given at
both the presowing and flowering stages signifi-
cantlyv mercased chickpea vield over the control by
3607 (lable 1.

Technology Components

Studies at Hisar to determine the effect of ditferent
components of technology recommended for chick-

Table 11. Seed yield of chickpea as affected by time of
applying ircigation, at Dehradun (mean of 2 years, 1977/78
and 1978/79) (Singh et al. 1981).

Increase
Seed in vield
vield over

Iriigation teatment (kg ha ¥) control (77)

Control (no trrigation) 1460 -
Presowing irrigation (S ¢m) 1710 18
One presowing irrigation 1740 19
(5 cm) + one at 45 days

ot crop prowth (5 cmy)

One presowing irrigation 19580 36

(5 em) + one irrigation at
owering stage (5 cm)
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pea showed that use ol improved seed. feriil, er, and
plant protection are the mujor technology compo-
nents enhancing chickpea vield. As the maxinum
vield increise obtained was only 1677 and as the
effect of supplemental drrigation was not investi-
gated, lurther studies are necded o quantity the
relative contribution of technology components to
vield improvement,

Scope for Increasing Dryland
Chickpea Production

Ax the scope forinereasing the area under chickpea
is hmited (National Commission on Agricalture
1976, pp. 87 K8). productivity has to be increased. In
southern India, where chickp ais grown on black
solls it sutfers trom the unfasorable moisture condi-
tions of warm winters. Until carly-maturing (about
90 100 days) and high-viclding genotvpes are made
avatlable, the prospects tor chickpea are simited in
this regron. Ttmay even be replieed by other remun-
eratine crops. such as sattlower and  cortander.
Chichpea will contmue 10 be used in sorghum-
chichpea cropping systems, bovever, tor want of i
better alternative. Cluchpea vields can be raised in
the black sotf region through judicrous fertihizer use
and better disease and pest controb In Stadhva Pra-
deshowhere the cropenvironments more iy orable,
providing st east one supplemental trtigation can
help increase chick pea vields substantially,

Greater prospects tor reahzing higher chickpea
productivity ic in the notthern and castern regions
of the country, where assurad winter precipitation
promises a good harvest, provided ferudizer (partic-
ularhy Py s not Linnting and pod borer damage is
controlled Access to one or two supplemental irri-
gations will also help.

Pigeonpea

Pigeonpea ranks next to chickpea in India in terms
of arca and production. The major states growing
pigeonpeir, with arcas sown and productivity, are
given in Table 12

AS 0 THInY-sedson Crop. pigeonped s grown
mainly on black, alhwvial, and red soils of India,
About 90 of the area under this crop is rainfed.
Further, itis grown mostly as & mixed crop or inter-
crop. The AICRPLA has directed its research to
intercropping aspects in those regions and soil types
where sequential cropping is not feasible: these are

Fable 12, Area and productivity of pigeonpea in major
pigeonpea growing states of India, 1980/81 (Fertilizer
Association of India 1983),

At Productivity
State {'000 ha) (hg ha )
Andhra Pradesh 2204 195
Bihar N6.40) [tod
Gujarat in7.8 754
Karnataha RIS [{BR]
Madhya Pradesh 5149 560
Maharashtra 706.1 510
Orissa 88.5 492
Famil Nuadu 700 560
Uttar Pradesh 5234 1411
All Endia 2810.7 717

arcas receiving an annual rainfall of 625 800 mm
and soils having @ moisture-storage capacity of
about 20 em m ! soil depth.

Cropping Systems

Results obtained by ATCRPDA have shown that
pigeonpea can be grown as an intercrop with cereals,
ather pulses, or oilseed . However, cereal. pigeon-
puiintercropping systems are more widely aceepted
in India. Sorghum, pearl millet, finger millet, maize,
and upland rice are the main cereal components, The
sorghum pigeonped intercrop system is prevalent in
medium- to heavy-textured soils of southeastern
Uttar Pradesh, Bundelkhand, and Malwa; the Vid-
harba and Marathwada regions of Maharashtra;
northern Karnataka; and the Telangana and Raya-
laseema regions of Andhra Pradesh. Pearl millet, pi-
geonpea intercrop systems are guite common on
light-textured soily of western Uttar Pradesh, the
Saurashtra region of Gujarat. northern Karnataka,
the Decean region of Karnataka. and the Vidharba
region of Maharashtra, Maize; pigeonpea intercrop
systems find a place in southeastern Rajasthan and
the Bibar plateau, whereas upland rice, pigeonpea
systems are practiced in eastern Uttar Pradesh, the
Bihar plateau, and parts of Qrissa

I the pulse pigeonpea intercrop svstems, short-
duration (6070 daysj pulse crops like greengram,
blackgram, and cowpea are ideal as they give an
extra vield of 400 500 kg ha!,without lowering the
pigeonpea yield. The pigeonpea/ greengram inter-
crop occupies major areas in Punjab, Haryana,
western Uttar Pradesh, Gujarat, Tamil Nadn, and
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Maharashtra, whereas pigeonpea blackgrim is pre-
ferred in Madhyva Pradesh, Andhra Pradesh, and
Bihir. Pigeonpea cowpea intercropping system are
limited only to some areas of Karnataku.

The most common oilseed crops intercropped
with  pigeonpea groundnut  and  sovbean.
Groundnut pigeonpea intercropping systems are
suited to the siates of Mahuarashira, Andhra Pra-
desh, Karnataka, and Gujarat. Soybean pigeonpea
intercropping svstem has been introduced with suc-

dare

cess in the Malwa and Bundelkhand regions.
Pigeonpea sovbean intercropping in a Ll row
ratio has been found not only remunerative but also
highly productive in terms of energy output (Table
13). Fnergy output per heetare from this cropping
system iy much higher than in other cropping sys-
tems, as reported carlier by Singhand Chetty (1981);
however, it ranks about eyqual with a maize sovbeun
system, which produces about 50 MJ ha !,

Suitability of Genotype

Fhe overriding considerations in intercropping svs-
tems have been (1) better exploitation of naturul
resources, thereby increasing productivity from unit
land per unit time. and (2) better stability in produc-
tion. The inital stow growth rate of pigeonpea and
its deep rooting character make iteminently suitable
as an intercrop that docs not adversely atfect the
vield of its companton crop. In such cases, selection
of suitable varieties, which mateh the growing sea-
son of the area concerned, is important. The particu-
lars of some pigeonpea varicties with zrowth
patterns suited to various regions i India are given
in Table 14

With the availability of genotvpes having short
(about 130 days), medium (abour 150 davs), and

2097 ¢sH s sorghum variety

CSH 6 sorghum variety

1.0
OT
T T T T T T 1 1
hed bl T /" T X =~ N
S iz3 iz zialnz
L o~ o a8 v > - = & A
4 :1;-‘ o, s
< = < =
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Pigeonpea varicties

Figure 2. Varietal influenee on land-equivalence ratio
(LER) in soybean/pigeonpea intereropping systems,
Akola.

long (about 180 days) duration, AICRPD A is trying
to identify sutable and compatible genotvpes of
both the component crops for different pigeonpea-
based intercropping svstems, Initial trials at differ-
ent locations showed genotypic interactions among
the components of the intereropping system. For
example, results obtained oo Akola have shown that
the ¢ 1 variety of pigeonpea is most compatible
with CSH S sorghum, whereas AS71-37 pigeonpea is
most suitable for intercropping with CSH 6
sorghum (Fig, 2).

Sowing Time

In ptgeonpea, sowing date has a significant influence
on yicld. Trials conducted at Hyderabad on red soils
have shown that sowing of pigeonpea with the onset
of ranfall i1s desirable.

Table 13. Seed yield and energy values from pigeonpea/soyhean intercrops at Indore (Singh and Chetty 1981).

Gross

Seed vield (kg ha ) 1108y

— - return
Crapping patiern Pigeonpea Sovhean [LER! (Rs ha' 1y MJ hat
Sole pigeonpea 1890} - 1.00 7290 204
Sole sovhean - 2020 1.00 5932 254
Pigeonpei sovhean
(L] row ratio) 2180 1580 193 9191 50.3
Pigeonpen soybean
{(1:2 row ratio) 880 1670 (.28 8303 333

I LER = land equivalence ratio.

58



Table 14. Length of growing season and particulars of pigeonpea varieties recommended for some dryland ureas of India

(Adapted from AiICRPDA 1983).

Average Maowture Crop  Vaneties Yield
rainfall Soil storage Groamg  deratioa recom- Duration potential
Location (mm) tyvpe {cmm ') season wdavs)  mended (days) (kg ha't)
Agra 710 Alluvial 14 IR 2 Jul- 168 Pusa 150 160 {100 1200
23 Dec Ageti
I21 IS0 160 1400 1500
Varanasi 1080 Alluvial 14 14 25 Jun 168 121 176 1200 13¢0
16 Dec
Indore 990 Black 30 10 Jun- 154 No. 144 165 170 1300 1600
18 Nov Khit-
gone 2 150 155 1200 1500
Hy 4 150 160 1400 1600
Sholapur 722 Black 16-30 16 Jul- 126 No.l48 145 155 2106 2200
18 Nov T2 1S 125 1700 1800
Akola 830 Biack 16-30 18 Jun- 168 Ny 190 200 1200
2 Dec I 21 135 140 1200
Hyderabad 770 Red 915 18 Jun- 154 Hy 2 150 1200
I8 Nov Hv 4 150 1200

Similar results showing the importance of sowing
of rainfed pigeonpea at the onset of the monsoon
have been obtained by the All India Coordinated
Pulse Improvement Project (AICPIP) at Hisar,
Ludhiana, Delhi, Pantnagar.
Since most pigeonpea genotvpes are photoperiod
sensitive, late sowing reduces the growing period,
which leads to peor pod formation. Further, when
sown late the crop is more likely to face moisture
deficits 1 arcas where postmonsoon and winter

Commbatore, and

rains are scarce.

Plant Density

Plant density trials conducted on Alfisols at Hyde-
rabad indicated a yield plateau between 50 000 and
100 000 plants ha-!. Elaborate studies made by AIC-
PIP revealed that carly genotypes, such as UPAS
120, Pusa 84, H77-216, and T-21, perform well at
about 100000 plants ha-'. However, medium-
duration varictics, suchas BDN-1, BDN-2, C-11,CS
I,and HY 3 C, give optimum vields at about 75 000
plants ha-!. The optimum population for late varie-
tics, like T-17, T-7, Gwalior 3, and Laxmi. which
grow tall andforma larger canopy, is 50 000-60 000
plants ha-l.

Staggered Planting

Phe osetulness of staggered planting in intererop-
ping systems was reported carlier (De and Singh
1981). The staggering in planting time is aimed at
avoiding competition between the intercrop compo-
nents during peak growing periods. Recent studies
on Alfisols at Hyderabad showed that pigeonpea
vield inanintercropping system with pearl millet can
be increased by about 3077 i pigeonpea is planted
about 15 days carlier than pearl millet (Ravi Prakash
1984). It was also observed that higher LER (1.51)
and gross monetary returns were realized in the
treatment where 60 000 plants ha™! were maintained
by carly sowing.

Mutnent Management

The need for applying N and P to pigeonpea has
been adequately stressed and results pertaining
thereto have been reviewed by Kulkarni and Panwar
(1981). Venkateswarlu et al. (1981) also elaborated
on the nutrient management aspects of intercrop-
ping systems for red soils. Other results obtained by
AICRPDA showed that 12-20 kg ha ! N is essential
as a starter dose for pigeonpea. Under cereal/ pi-
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Puble 15, Seed vield of pigeonpea as influenced by pro-
duction factors (Ali 1983,

Producton Sced vield Invtcase over

nputs! thir ba ) contro! (1)
lup fcontraly ‘ 7 9-117)» . '
Fwp 1o 22

FW 1260) kN

fw P 1070 17

P Wop 1230 35
Fwl 1040 14

twW p 1070 17

W p

1410 54

Lot terndizera w o weed control and pooplant protection i the
ke Nba - 7 kg P ha oW

Two spriss o 0070 ciidosultan, in the

locat control, Iwo hand
werdimes, and P

improved treatment.

geonpeaantercropping systems the amount of oitro-
gen to be topdressed should be applied to cereals
onhv Plhiosphorus at the tre of 1218 kg ha 1 needs
to-be apphied as o hasal dressing to boti components
of the ntercropping ssstem, Far dinyvland cropprig
shetemsoresponses to Kand Znappheation have not
heen documented

Supplemental Trrigation

Pigeonpea s valnerable to moisture deficits if the
monsoon raimns cease caniv. Under such conditions,
supplemental ireigation helps raise the productivity
of pigeonpei, under both sole und INtererop systems
(Viavalahshmi 19835 Yieid responses to rrigation
up o 5600 at Jhanse and 3006 4 Hy derabad have
been reported T general, Lor readizing good vields,
one or o amgations, depending upon sorl tvpe,
occuricnee of postmonsoon and winter runs, and
duriation ef the crop, are required. 1he black souls.
once fully charged wath late monsoon rains, may not
require supplemental irrigation.

Postrainy-Season Pigeonpea
Pigeonpea sown in the postrainy scason is gaining

ground in various parts of India, particularly in the
castern region:. However, management practices for
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tunted conditions are yet to be developed. Ditterent
vivieties of pigeonpea grown at Bhubaneswar had
svields fronm 260 to 300 kg ha . These are quite low,
but further studics on this aspect are required.

Coniribution of Production Factors

ALCPIP his studied the relative contribution of pro-
duction factors, fertilizer use. weed management,
and plant protection (AL 1983), As shown in Table
5. weed management is the most important factor
i increasing productivity, followed by fertitizer use
and plant protection,
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Screening for Adaptation to Drought:
Case Studies with Chickpea and Pigeonpea

N.P. Saxena!

Abstract

Water deficits account for nearly 5070 of the variation in chickpea and pigeonpea production
caused by baih biotic and abiotic siress factors. Irrigation is not always practicable 1o alleviate
water deficits, and when ivis not properly practiced, itmay also lead 1o the NeLALINVE CONSCQUENRCeS
of waterlogging and salinity. Betier management and crop adapiation to drought can improve
and swabilize vield in drought environments 1o some extent, even if they do not entirely help
realize the crop's genetic porential. They become essential approaches for areas where frrigation is
not feasibic. Prospects for adapiation of chickpea to drought in the penmsular Indian environ-
ment are enconraging, and they need 1o be explored further in other environments. {he metho-
dology and criteria used for seleciion need 1o-be more thoroughly evaluared hefore initiating a
breeding program for drought wolerance in this crop. In pigeonpea, very few attempts have been
made 1 sereea genarvpes for adaptation 1o drowght, The problen is more complex because of
difticuliics in reproducing the unpredicrable and variable moisture environment that the crap
experiences. However, pigeonpea icalso exposed to terminal water deficits ina manner similar 1o
chickpea, arid screening nicihods developed for chickpea should be applicahle 10 pigeonpea.

Introduction

Extending cultivation of food crops into subopti-
mum environments, including drought-prone areas,
i becoming increasingly important to overcome
food deticits in regions of most need. Drought eavir-
onments are characterized by wide fluctuations in
precipitation, in quantity and distrivution within
and across scasons. These fluctuations ace largely
responsible for the major tamines that h:ve occurred
(Swindauie and Bidinger 1981 Lapy,eetal. 1977). For
example, three-quarters of the arable arca in India is
considered drought prone (Venkateswarlu 1982), as
are large areas of the semi-arid tropics in Africa
(Lappe et al. 1977),

The gap between genetic vield potential and the
vield realized is primarily related to environmental
stress factors. Insenu-arid environments, crop losses

and large reductions in yield are due to water deficit
(Simpson 1981). In the United States of America, it
is estimated that of the various stress factors—such
as diseases, inseets, weeas, water deficit, waterlog-
ging, salinity, alkalinity. and low temperature—-
water availability alone depresses vield by 45¢
{Boyer 1982).

A simple but effective way of increasing yield in
drought environments is to alleviate the water deficit
through irngation. However, injudicious and fauly
irrigation may lead to development of salinity and
waterlogging: these problems are very expensive to
correet and the damage may even be irreversible,

Only 14¢¢ of the world's arable area is irrigated at
present (Stipson 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 alternatives for increasing and sta-

I Legumes Progiam, TCRISAL

Submutted ws CP 389 by the International Crops Research Institute for the Semi-Arid Tropies (ICRISAT),

TCRISAT tInternatonal Crops Research Institute tor the Semi-Arid Lropies). 1987, Adaptation of chickpea and pigeonpea to abijotic
stresses. Proceedings of the Consultants” Workshop, 19-21 December 1984, 1CRISAT Center, India. Patancheru, A.P. 502 324, India:

ICRISAL
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bilizing crop vields i droueht environments. | hese
mclude (1) making opuamum wwe of incident tnntall
by using approprite ayronomie practices, atd (0
preeding tor and sclection of penotvpes bettn
adapted to drought With the latter approcch pro
ductty can be mercased toa Teveld that (lL']\L‘H(f\
upan the nature and mtensity ondronght but oo e
Iihely toequal the potentad productnoats manenvee -
ornent iree from water detiots, Pl mprovenient
Aaspectsare discussed i this paper csath special reter -

e to ek pea and prpeenpern

The Problem

An adequate knowiedge base exists on changes i
morphotogead, antenncal, and Fasie phvsiological
and biochenmcal processes moresponse to drought
(Musselb and Swuples 19790 Tarner and Kramer
PONO Padep and Nspinadl 1S TRRE 19820 The
mssing ok thas chunn hoveeseros the integration
at the phivsiolopical and biochenueal parameters
o simple morphotowcal mdices that retlect those
chanees o response A paaticalals weak ko
vinable mosture covironmients st development
af rehable and repraduable liborators and tield
techigues toadentty the senotvpe by convranment
(G Framteaction that torms the basis of crop
adapraton,

Suceess mdroueht tescareh requies the deselop-
ment of breeding and seceemng methodolopes,
mctuding cnters tor selection. These depend 1o a
arge extent upon the ninture of the droughtenvizon-
mentowhich must be accuratas detied betore peno-
npes are screened for adapration o drought. The
probability ot success for penetic improvement is
greater i stored mosture enviconments than mvar -
table moisturcvivironments t Bover and McPPherson
1975, Quisenberry 1982). This 1y because the inten-
sty ot drought ¢an be predicted fnrly accurately
betore a crop i plinted 1 stored moisture environ-
ments bot not in varable moisture environments.,

Factors in Plant Adaptation
to Drought

Plant Stands

Inarid and senmi-arid environments, soil moisture in
the seedbed s often suboptimum, and nongermina-
tion of viable seeds leads to poor plant stands with
consequent vield reductions, In crops considered to

64

he better adapted to drought, such as sorghum and
oullets, vield reductions mdry searsare largely asso-
crated with poor plant stand cstablishment (Martin
and Teonard 15967) )

Prilterences between crop species i ability to ger-
mtte at redueed matne patential are known to
ot CHadies and Stabbe 973 Sharma 1973, Sha-

[

bawrand Springaal | ) Very hide mtormation is
anlable ot vananon wathin o species tor seed ger-
mungtion and stand exvtablhishmentat ditlerent miatric

potenais

Drought Escape, Avoidance, and Tolerance

Plants adapt to dioueht environments  cither
throvgh eweape, wvordance, or tolerance mecha-
msis (May and Milthorpe 1962 Magjor hreeding
stievesses have beenaclzeved, howeser, ondy i the
selection for escape, Isolated cises have been
repotted obimproved adaptaton through avordanee
haractenstios such as mesovbean (Bover 1982y and
wheat (Hurd 19700 and through tolerancee charac-
terstios, such as o wheat (Norgan, 1 cited in
Boever TUSh)

Selretian o escape s relatnvedy cisy, particularly
foi cropsosuch as wheat or chick pea, that are grown
stored mosture environments. Farlv-maturing
tpes thit setseed betore water becomes limting are
best adapted to such condimons. T vanable mols-
tre cnvironments, selection tor escape is more diffi-
cult beciuse the deast sensitive physiologieal stages
of growth cannot be matched reliably with stress
petiods, which are laghly unpredictable.

Improvement and Stability of Yield
in Drought Knvironments

Working Definition of Drought

Drought has many definitions, depending on the
contextin which it used (Mayvand Milthorpe 1962;
Blum [980: Kramer [980; Simpson 1981; Swindale
aad Bidinger 1981, tnagriculture, production is the
primary objective and drought needs to be defined
and measured i terms of its etfects on biomass and
vield reduction or crop losses. Quisenberry (1982)
has defined “drought resistance™ as the abtiity of a
genotype within a species to be relat” v more pro-
ductive thun others under moisture dei, s this
definttion that is followed in this presen - .



Screening Techniques

Creating o representative and repeatable drought
stress emvironment under tield conditions 1y the
primany regsite to screen and breed toradaptation
todrought Thisisrelatively casy for stored moisture
situations, I vanable mostare covitonments, how -
cver. the use of tacthties cuch as ranout shelters ina
breeding program has s hnntations - terms of

space. and. cotnequentlvoan s ctfectiveness

Breeding Cultivars for Adaptation
to Drought

Genotypie vanabiiny i drought environments is
saudler than cmvonmientat vanabihty . and this
mashky G
Frev 19670 Daduy et al 1973 Binm 19820 In order

to detect such mteractions, precise measurements of

Fornteractions ey 1904 Tonnson and

the trattare regured. wath s varabin iy due to other
sources either mintnzed o accounted tar, Singee
proqausimg genoty pes selected i tavorable environ-
ments do not necessan'. pertorm relatively well in
drought conionments (Hurd 1976 Schinhen
19761, speattic selection tor drought environnients
seems teeessary. i aops where G- Fanteractions
are strong, s i chickpea, breeding tor specitic
environments hecomes inevitable,

A Tase Study with Chickpea

Chickpea (Cicer ariennum 1) iy grown as a winter
crop in India. Pakistan, Bangladesh, and Nepal.
which account tor nearly 9017 of the area sown to the
crop worldwide (Saxena, NP T984) Ttis an impor-
tant spring cropin West Asiaand the Mediterrancan
region. It is generally grown on stored soil moisture
and does not recenve irrgation. Fields are normally
keptiallow in the preceding ramy season, and cultu-
ral practices are adopted to conserve moisture in the
soil profile. Planting is usually done i late October
or early November indhe Indian subcontinent, when
climatue conditions are favorble (max. temp.

28 Connnstemp, - 17 Copen-pan evaporation
values 35 mm o dav 'osee Figo 1) In West Asia,
planting tradittonally occurs i mid-March.

In the Indian subcontinent, high temperatures
and cvaporative demand between the end of the
monsoon rans and time of sowing reLult ina rapid
loss of s maisture. Conseqguently, surlace lavers ol
the soib dey up. and moistuie in the seeding zone is

often insutticient for proper germination, emer-
gence. and good stand establishment,

Once the crop is established, it is exposed, with
tume. to progressively increasing degrees of soil and
atmosphenie drought thigh temperatuzes and evapo-
ration). The onset of these stresses is carly and more
seyere inowarmer environments, such as at Patan-
chevu i peninsular Endia (see Fig. 1 and in spring
plantings in West Asia. These stresses are relatively
mulder at Hisar tn northern india (see Frg. lyand in
Pakistan, orinwinter sowings in West Asia (Saxena.,
MOCOT9RS) In the Tatter arcas, well-distributed win-
ter taintall and low evaporative demand (open-pan
crvaporation - 2 mmday ! tora period of 2 months)
during crop growth partly alleviate the soil moisture
deticit and pereat better plant growth before the
onset of drought.

Although chickpea s deep rooted and explores
depths greater than 120 ¢m, the bulk of the roots
(ROC) are present in the top 60 7S emisoil layer from
where most ol the water is used (Sheldrake and
Saxcna 1979)0 As a result, the plants experience
progressively mereasing water deficits from emer-
genee onward. Chickpea responds to irrigation in
arcas where the winter raintall is negligible (Saxena
and Yadav 1976). The responses are larger in penin-
sulur India where atmospheric drought is more
severe than in northern India (Saxena, N.P. 1984).
In West Asia chickpea is traditionaliy planted in
spring and i subjected to unfavorable thermal and
moisture regimes, which cause a lower vield than in
the winter-sown crop (Saxena, M.C. 1984),

The ratio of vield in farmers iields to the demon-
strated vield potential in drylands has decreased
considerably over time in India (I:1.1 in 197677,
23 0 1977 78, 12200 in 1978 79, and 1:7.2 in
1979 80: Rastogr 1983). This suggests that a large
vield potential is not harvested because of environ-
mental stress fictors.,

Stand Establishment

Plant stands of chickpea are often poor in the semi-
ard regions of India. A preliminary survey on plant
stands was conducted, in collaboration with ICRI-
SAT eceonomists, in farmers' ficlds intwo districts of
Miaharashtra state in peninsular India. In one dis-
trict, plant stands of chickpea were poor because of
limiting moisture. In the other, plant stands were
reasonably good ay rains had occurred soon after
seeding. Poor and irregular stands are often a major
cause tor the large vield gap between farmers’ fields
and experiment stations.
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Improved plant stands can be achieved by placing
the seeds at soil depths where moisture is adeguate
for germination and emergence, using appropriate
implements. Alternatively, genotypes can be se-
lected for their ability to germinate and emerge at
suboptimal seedbed moisture, This second possibil-
ity has been investigated at TORISAT Center and is
discussed here.

Germination of seed does not take place below a
critical sotl moisture content. This eritical vidue tor
chickpea is higher than that tor sorghum, maize. or
cotton (Hadas and Stibbe 1973, Genoty pie varia-
tion within chichpea caltivars tor this trait has been
Imvestigited in experiments at JCRISAT,

Luboratory method.  Many attempts 1o identity
penotypic ditferences i ogernunability have been
made e laboratones, using osmote solutions. In
such attempts with chichpea at ICRIS AT difteren-
CUS I gernuianion between genotypes, as well as
within a penoty pe associated with the seed size, have
been detected. The oamotic effects of drought are
knowi to be comparable to true droughtetrects only
under the nonhmiting conditions ot water move-
ment or where the sotband seed contact is perfect
(Sheoma 78I hield conditons, s didticult to
vesuadize wopertect sorb and seed contact. Theretore,
mstead ot osmonie solutions, sais brought to differ-
Ul tosture tenstons and packed moseed gernma-
ton trss at a bulk densiy of LT were ased at
TCORIS A
that oxist 1n seedbeds under tield conditicns, ind

Fhis more closely represenis conditions

appears 1o be maore selevant to detect genotvpie
vartatton appheable to field conditions.

Results showed thit seedlings failed to emerge ina
Vertisol at soil moisture contents below 2007 The
ficld capacity of this Verusol is around 344 and
permanent wilting around 1997, Genotypic differen-

Table 1. Mean squares for the effect of moisture percen-
,

tage in soil in seed germination trays on germination and
emerpence of chickpea.

Sauree of Germmation Emergence

vanation () (")
Moisture (173 S5.40¢ 1591
Cultivars 12.dn2 19.40**
Interaction 207 3722
* agnddicant at the 54 level of probabiiy.

** Fsgmbicant at the 9 level of probabihity

Figure 2. Method of placing seeds in permination
trays (bottom) and genotypic differenees in emer-
genee at 219 and 229 soil moisture content (top).

ces were noted at 216 (2.7 barsyand 220 (4 bars) soll
moisture content (Fig, 2, Table 1), Susceptible and
tolerant genotypes identified in the germplasm by
using this sereening method (2197 moisture content)
were tested further by a field method.

Field method.  The lield testing was conducted on a
deep Vertisol (field capacity 3260 w w and 220-250
mm water-holding capacity ina profile depth of 2 m)
at TCRISAT Center. The field was uniformly irri-
gated with an overhead system using perforated
pipes. Seeding was then done ata uniformdepih of 5
cm on different dates, to obtain contrasting differen-
ces in soil moisture contents at the time of seeding.

During the course of the experiment, no rainfall
was reeeived. Counted numbers of seeds were sown
in cach subplot. Soil moisture at 0-10 em soil depth
was determined gravimetrically at three places in
cach replicate plot. The percentages of seedlings that
emerged were computed.
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A sipmibicant reduction an seedling emergence
vccurred when sotb mosture content was around
2000 (hags 300 This eniieal mansture content was sim-
thar to the value (2170 obuined i the Liboratory
CXpeiments.
Genotypice variation.  Lhe mteraction between cul-
tvars and sowing dates tor the prreentage of see-
dlings that emerged was significant and idicated
genotypie differences tor germinauon and cmer-
pence i lumted seedbed monture (table 2). 1This
method enables tield sereening ot o large number ot
penotypes tor this trait. Times of sowing need 1o be
selected depending on soil tvpe and weather condi-
tons (temperature and evaporation) o the test
regton.

Correlation between  the  laboratory  and  field
restlts. Lhe correlation betv cen Lboratory results
010, n = 6).

Facther expenments 1o evaluate the two techniques

and held pertormance was 178 (P

darcean progress at TCRISAT Use of the two tech-
niques together shoutd enahle eftecnve selecton of
penatipes best suted to overcome the problem ot
uncven plant stands o chiickpea o nonurigated

conditions

Dirought Tolerance

Chickpeais belicved 1o be more tolerant of droupht
cotdiiors, but there as hardly any published evi-
dence o support this contention (Sasemt. NP,
T984) Rescarch on plant responses to drought in

————— Peicentage of seedhings
100— 2o that cmierged
~ - ———— Percentage of soil
v = maoisture
. z N
3 80— 244
5 5
4 7 b
g; 6H() = 22 N
3 £
o3 7 ¢
i hi
4“}' ““j_* Sowing-| A Sowmng-l1 ’Sm\mg-lll
0 04 T T : -
0 S 10 15 20

Davs atter sowing-]

Figure 3. Decrease with time in soil moisture co 1 ent
(w/w)in the top0-10 em soil depth, #nd in percentage
of seedlings that emergeu.
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Fable 2. Seedlings that emerged in sowing HI expressed
as pereentage of numbers that emerged in sowing I and
their aresin tamsformation,

Seedling

cmerged () Arenn

Cultna (Sow-1 Sow-1) transtormation

K K50 004 50.0

Go13n NN 64 8
\napen 8K 70.5
Rabat 9.0 794
K -1 542 47.2
LS50 8.5 7.7

Sk - 8.02

CN A7) - 234

this crop has been limited (Sheldrake and Saxena
1979: Singh and Bhoshan 1979 Keatinge and
Cooper 1984). There are no reports on screening
genotypes for adaptation to drought. Attempts in
this directton at TCRISAT are reported here.

Ta pemnsular Tndia, the soil droaght situation in
the postrainy season s better defined because of
relatively dess interference from winter raintall (see
Fig 1), The progressive development of soil drought
depends upon the amount of moisture stored in the
satland the rate at which it is lost through evapo-
transprration, Plants sufter from water deficits carly
im the season, and the fall in shoou water potential
from sunrise (-2 bars) to midday (=12 bars) is quite
sharp even betore the crop flovers, The magnitude
of water defictt progressively mereases with advane-
ing growth. Fhe nature of drought leads to adapta-
tion ot genoty pes of shorter growth duration (85-90
ditys, see Figdy,

Methodology.  On deep Vertisols, itis not possible
to effectively impose and regulate the onset of reced-
g soil moisture treatments. On the other hand,
these treatments can be ereated with case on rela-
tively deep Alfisols. The Alfisol used for experi-
ments reported here was around 1.3 m deep with a
profile water-holding capacity of about 150 mm. In
nonstress treatments, irrigation at 10<day intervals
was required to maintain the plots around tield
capacity. Receding soil moisture treatments were
created by withholding rrrigation scon alter S0¢;
flowering. 1 he severity of stress can be altered in this
methad by withholding water either early or late in
the season. This methed permitted application of
reproducible stress treatments from year to year,
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Figure 4. Relationship between growth duration
(days to maturity) and yield (mean of three plant
densities) in eight culiivars of chickpea grown on a
nonirrigated Vertisol.

In order © sereen e numbers of germplasm
lines, a nonreplicated augaented design was used
with approprizte cheekh cultivars adapted o the
region. Fhese genotvpes were grown in both a non-
stress and o drought envitonment. The genotypes
identified as tolerant and susceptible in these sereen-
ings were tested turther inrephicated tests ina sph
plot desizn, with irngations constituting the main
plots and genotypes the subplots,

Genotypic variation.  Ina group of genotypes that
had a wide range inday to tlowerig (30 77 davs), a
significant negative correlation between days to

flowering and stress yield was observed in the Patan-
cheru environment (Fable 3). On the other hand,
vield potential (irrigated vieldy was positively corre-
lated with stress (nonirrigated) vields.

A drought index, independent of the eflect of
potenttal vield, was computed for wheat by Fischer
and Maurer (1978). Bidinger etal. (1982) computed
a drought index for terminal water stress in pear!
millet, independent of the escape and potential vield,
using a muluple regression approach:

~

Yo=a-b o tcY
and
. , A’
Drought index Yo-Yo
(standard residual)

Standard error of Yo

where

Yo = stress yvield,

Yo = regression estimate of stress vield,
Yi
= days to flowering.

= nonstress vield, and

The same method was tolowed in chickpea to
compute drought indices.

In this approach, a common multiple vegression
for the entire set of genotypes is established to pre-
dict the stress vields, tuking into consideration the
vield potential (Y1) and davs to flowering (F). The
variitton  (residuals) ino stiess vields (Yo) not
accounted by vield potential (Yy) and F(escape) was
used to develop an index of drought tolerance, The
susceptibihty or tolerance of a genotvpe was indi-
cated by the sign of the drought index. I negative, it
indicated that the performance of the genotype was
poorer than expected: if positive, it indicated that
the genotype performed better than expected. For
the purpose of identifying tolerant and susceptible
genotypes, o standard residual of 1Y or greater was
considered. This represented the genotvpes in the

Table 3. Simple correlation coefficients, days to flowering ve. stress yield, and stress yield vs. nonstress yield, onan Alfisol.

Davs to flowering SUess vs.
Days to Observations VS, Stress nonstress
Group Nowenng (no.) vield yield
All 30-77 483 (0.59% 0.49¢%*
Group 1 30-40 117 0.04 0.30%*
Group 1l 41-50 258 0.30** .44+
Group 11 51-60 73 0.13 0.46**
Group 1V 61-77 15 0.18 0.19

** = agmbicant at the 19 level of probability.
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upper and lower [0 of the normal distribution of
these indices. Ata probability ot 8077 the abseryed
differences thus represented trae etfects rather than
just random etfects

Such wncanalyvsis indicated that escape and vield
potential accounted for 437 ¢t vaiaten o vield in
that environment: the reninndsr wis due to inherent
drought suscepubiliny or tolerance of the penotypes
tlabte 4.

Fate chichpe genotypes suffered more serioushy
from the had of stress deseribed carlier (see Table
Jcand they were generalhy more susceptible thin the
carly tvpes. Theretore i evaluating drought toler-
ance. the genotvpes were sepatitted mito narrow
groups on the basis ofdays tahen to tlowering ¢ Lirhle
D) T hes immmnzed the ellects of escape within cich
group. exceptan group I

Fhe tirst two groups of genotypes aie of preat
imterest i penusular Indis where tactors other than
cithness and vield potental are responsibie (o g
great extent (80900 7) tor the adaptation ol geno-
Lopesanstress envitonments, [twas possible to den-
Gy genoty pes within o duraton group quite sinvili
in potentiad viclds butwith contrastng ditferences i
drought tolerance and vield in droughtenvironment
( Table 30 Results i peart milletalso indweated that
the technique was usetul o dentitying genotypes
better adapted to mtermittent stresses, particular by
the midseason stress (Budmger et al. 19820

Correlution of results in Alfisols and Vertisols.
Chickpeas are usualdly cultivated on Vertisols and
drought tolerance of genotvpes in the present study
was evaluated onan Altisol. o evaluate the vahdin
ol that techmique, performance of i few genotypes
was compared inoa piven sear on these two soil
tvpes. The correlations were posttive and hagh

(o SS*E 2 S 47) Thos indicated that sereening

Table 5. Some characteristics of two germplasm lines tol-
crant and susceptible to water deficits on an Alfisol.

Genotypes

1CCT0448  1CC 10988

Characters

Allisol

DYavs to tlowering 53 49
Dhavs Lo matuni 52 78
Dirought mdey +1.5 1.3
Nonrgated vield (kg ha 1) 800 471
Irrgated sield (kg ba 1) 1162 1074
Verasol

Nonsrtigated vield (kg ha b 2054 1227

tor dionght tolerance on Altisols, where reproduci-
ble drought conditions can be created from year to
vear, conld relinbly predict responses of genotypes
on heavier soil tvpes.

of

The duration

genoty pe interferes with the comparison of drought

Overcoming escape effects.

tolerance in very diverse groups of genotypes
because of the differences mtroduced by the escape
cftects. This wis minimized i chick pea by taking
advantage ot its being o quantitative long-day plant.
Fhe Jong-day treatments (24 hours photoperiod)
were imposed soon alter seeding. This resulted in
neatly synchronous flowering (within 2 days or carh
other) m a group of genotvpes that differed by 30
davs m tiowering tme under natural dayconditions.
Drought treatments were then imposed as described
carher,

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

Fable 4. Correlation coefficients (R2) und test of significance of the regression coefficients and mean seed yield in chickpea.

Calculated t values of

regression coethicient

Diavs to

Maturnny Das o

group tlowering R tlowerning
All 30-77 045 (R
Group | 30-40 (roy2 0.025
Group 1 41-50 0.22 RIR I
Group HI 51-60 (.21 012
Group 1V 61-77 0.056 (.86

signihicant at the 197 level of probability

Mean seed vield (kg ha )

lrrgated Nonmrngisted Irngated Nonirrigated
vield Vertisol Alfisol Alfisol
9.047 1120 146 472
RIREE A 1294 1701 598
6.70% 1180 1524 494
BN nS7 1239 302
63 1286 239

0.92
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detected. The experiment needs to be repeated vith a
larger number o genotypes.

Verification of results.
commoniy used stabthity anaivsis (Eberhart and
Russell 1966) was performed. Hcan be used to define
drought resistance in terms of vield when the major

On a set of genotypes, the

environmental factor atfecting vield s drought
stress. The analyvsis revealed that the genotypes rated
as tolerant on the drought index criteria also pro-
duced more stable vields in drought environments
than did other irrigation-responsive genotypes ( Fig.
5). A proposed scheme for genetic improvement of

2500

2000 7

1y

2 1560

(kg ha

1000 — 1cc 4958,/

Annigeri

Cultivar vield
\

500

[ [ ] I
0 500 1000 1500 2000 2500
Environmental index
(Environmental vield, kg ha'!)

].()— 03
= 10}
E_’ m .gl‘) .
2 1.2 Te2
= " 5 l1e 4o
AR L B R N e
c 084 6 8 10 12 l-.t 16
g - (< 100 kg ha 1) 9
5 044
5 o4
2 ]
0 6
1. Annigeri 7. 1CCIL. 82001
2. K-850 8. 1CC 10991
1 JG-14 9. ICC 4958
4. P-1329 10, 1CC 10428
5. 172C 7684 I ICC 051
6. 1CC 10985 12, 1CC 10448

Figure 5. Stability of chickpea yield in stress environ-
maents. Diagonal line (top) indicates 1:1 slupe.

drought tolerance in chickpea is outlined in Figures
6 and 7.

Future Research Needs

. There is a need to define and classifv the various

drought environments.  Iso-drought environ-

ments need to be identified.

Field sereening capabilities as deseribed in this

paper should be developed at least at one location

for cach iso-drought environment.

3. Segregating  populations  involving  common
crosses should be advanced in the drought and
nonstiess environments. This should facilitate

ro

decisions on whether selection for specific adap-
tation to drought environments is necessaty.

4. The strong G x F interaction in chickpea is a
limitation on screening large numbers of germ-
plasm lines ina season. In view of the limitations
generally associared with pot culture techniques
in drought work, attempts should be made to
develop a pot rechnique so thata large number of
genotvpes can be narrowed to a few promising
ones o further testing in field experiments.

Present Status of Pigeonpea
Research

Pugeonpea ( Cajanus cajon. (1..) 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
rainy-season crops pigeonpea appears to utilize
maximum soil moisture under rainfed conditions
(Rains and Choudhary 1970) and thatitcan produce
some vield in sitwations where other crops fail
{Pathak 1970) lead to such a conclusion. Studies on
the drought tolerance characteristics of this crop,
however, have been limited.

Environment

The soil and climatic environments in which pigeon-
pea is grown have been comprehensively identified
by Reddy and Virmani (1981). The probabilitics 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
soil moisture in surface la:ers (Binswanger et al.
1950).
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Description and delin- Sclections in
cation of iso-drought germplasm |or
environments adaptation to drought
y \ 4 .
Empirical approach Directed approach

. Identification of
Multiiocational S }
Avoid Tol. Resis.
eviluation to ) )
irespective of
select escipes

adaptation
Devetoping
field and
laboratory 4
methods to Selections for adapta- Morphological, anatomical,
create lf“” to the drought physiological, and
representi- crMiranment, agronomic biochemical
tive and criteri, total dev o matter, characterization
reproducible and vield ]
dronght

covironmenty

y y
Field and laboratory
—» ;
screenings
4 4
Yield testing of Drought
adapted good Avoid, Tol.. Resis.
ALronoONC genotypes genotypes
T
I
I
I U L e e e —
v v
Recommendation for Initiation of a plant
cultivation i the improvement program
drought environment for drought resistance

Figure 6. Suggested procedure for identifying drought-tolerant chickpea genotypes.



In India, although most arcas sown to pigeonnea
appear to have dependable rainfall, the crop is sub-
jected to varying degrees of drought depending upon
growth duration of the genotype and upon soil type.

In spite of its deep root svstem, pigeonpea ineets half

of its water demand from the upper 50 em of the soil
laver (Sardur Singh and Russcll 1981), which 1s
depleted rapidiy with crop growth. Fluctuations in
moisture in the top 50 em ofsolbwill, theetore, fead
to periodic water deficit.

Medium- and long-duration pigeonpeas planted
in the rainy scason experience, as do sorghum and
pear millet, intermittent witer deficit during vegeta-
tive stages of growth. In the postrainy scason. such
pigeonpeas are exposed to progressively increasing
soi] and atmospheric drought during flowering and
podfill stages. similir to chickpea, Short-duration
pigeonpea, however, is exposed only to intermittent
soil moisture deficits during the rainy seasen. The
sevetity of soil drought in pigeonpea is modified by
the cropping svstem and the cropping pattern.

Responses to Drought

There is excellent documentation of soil moisture
use and evapotranspirative  losses in medium-
duration pigeonpeas, which grow in the rainy and
postrainy season on deep Vertisols in peninsular
India (Sardar Singh and Russell 19%81).

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

medium-duration pigeonpea during the postrainy
season was assessed by alleviating dreaght stress
through irrigation at [CRISAT Center. Water
deficit drastically reduced vields, and the extent of
vield reduction depended on soil type: 100€7 in an
Alfisol and 2077 in a Vertisol (Y.S. Chauhan, per-
sondl communication). Responses to irrigation in
the postrainy season pigeonpea are large (Rao et al,
1983), indicating severe water deficits in that crop-
ping system. These findings snd observations cast
doubt on the common beliet that pigeonpea is a
particularly drought-resistant crop.

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

Analyzing the vield data 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
reported  large responses to  drrigation in  his
experiments.

Selection of parents - F, crosses

O Multilocational testing of bulks
under stress and nonstress conditions

at 1 or more locations in the region

|-ty — Bulk generation or SSD advance

L F Selection of 1000 single nlants

|}, Evaluation with intermittent checks
at more than | location

b Selection of top 100 progenies,
evajuation with close cheek plots

L F, Sclection of best 25-30 progenies

in multilocational replicated test
under stress and nenstress conditions

J' Fu Selection of the top few lines
for detailed physiological analysis

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

Quantification of the effects of drought is very
ditficult in pigeonpea. For example, the long grow-
ing scason for medium- and long-duration pigeon-
peas permits recovery from intermittent drought
effeces. But such a recovery is not possible in short-
duration pigeonpea. The periods of occurrence of
these stresses are unpredictable, and they cannot be
casily regulated in field experiments.

Screening for Adaptation to Drought

There are no reports yet on screening a large number
of pigeconpea genotypes for adaptation to drought,
but something certainly can be done to 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 medium- and late-duration
pigeonpea and for postrainy-season pigeonpea.

Future Research Needs

To date very little attention has been paid to water
relations in pigeonpea. Evidence gathered so far has
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created more uncertainty Research activities that
need nnmediate attention aye

Lo Investigations of genotypic ditterences in see-
dling mortality i response 1o madequate soil
naoistute

Studies to determine the extent o which rainy -

o

season preconpea of different durations sulicrs

from drought on ditferent sorl s pes

3 Quanttication ol the etleet ol mternnttent
drought i the vepetatine stages of provth and of
termanal drought o the reproductive stages of
prowth on hnal vield o mediom- and late-
duration tuny-seison prpeanpes | he tollowing
questions need to he explored
i Do short-duration Fenotpes escape termnnal

water stress and therelore produce gher
vields than do medien duration genotypes i
pemimsular fndia?

b Are shor-daration renotypes atfected by
mteronttent drought to a preater extent than
medin- wnd long-duration [HAITSIAWITON
because they have hitle time to recover trom
the stiess?

40 Bsimg methodolognes devcloped Jor chickpea.
sereemng prrconpea penoty pes ol santlar prowtls
aurations for penatupie differences intoleranee
totermmal ~ortdrourhe Work on mechanisms ol
dionght tolerance can then follow f genotypre
dhtterences are tound

SO Usiny the methods developed tor ehickpea,
swreenm postiany-season pireonpea for adap-
tiion to dronght

o Development of i methodolopy (o sereen for
genotvpie ditterences i toleranee to intermittent
drought during the rainy season.

Conclusions

Further work on responses ta d roughtin field exper-
iments s required in both chickpea and pigeonpea,
Prospects appear promsing to improve the adapta-
tlon o these crops, hoth to stored soil moisture and
o progressively anereasing soil and atmospherie
drought. Screenmgs on adaptation need to be
extended to more locations, coveringat least one site
for cach iso-drought environment. Serious attempts
also need to be made to sereen for intermittent
drought in pigeonpea.
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The Effects of Waterlogging on Root Growth
and on Symbiotic Nitrogen Fixation by Legumes

K.A. Smith!

Abstract

Fhis paper reviews the chemical processes thar occur in waterlogged soil, the effects of warerlog-
g on root grow e of legunmes and other agricultural crops, and i effects on the symbioric
lixatnion of nitroven. The paper then discusses the mechanisms thought 10 e responsible for
sensiiviny to.or tolerance ot anaerobic conditons i the soil. Crop species vary widelyv in their
resporse ta flooded conditions, and leeumies, with a few exceptions, are generally regarded as
damons the nose sensitive species. Tolerance of waterbogging appears 1o he assoctated with the
capdcity to develop oxvgen-conducting aerenchyma vwith rooms, and with a raie of endogenons
ctivlene production too low (o minhit roor extension. Similarly, the capacity of leguminous
nodules 1o survive and B ncrogen inwarerloggeed soil is associated with the ability 1o develop a
loose sructure that tacihiates gaseows exchange. Nitrogenase activiry i especially sensitive 1o
cthivlene, and the rate of endogenous eth viene production under oxygen-deticient conditiony may
heanimpertant fuctor nrdetermining the sensitivity of legumes to waterlogging. More research in
this area s needed. But sulficient evidence existy (o consider testing for low ethyvlene production as

a wsetud means of screening varieties jor likely tolerance 1o warerlogeing.

Introduction

The floading of soils has had a major impict on
agriculiure throughout history, the effects being
beneficial i some circumstances. adverse in others,
From the carliest times. the alluvia! soils of the
floodplains and delias of the major rivers of the
world have been the sites of human settlement. Silt
carnied down from the upper reaches of rivers has
beer regularly deposited on these areas as a result of
natural flooding or of basin irrigation (which has
been practiced for nearly 7000 vears [ Marr 1967]);
this process hay played an important role in the
maintenance of soil fertlity,

The adverse consequences of flooding are, of

course, due to the damage it causes to all but a few
crops. Although there appear to be no detailed sta-
tistics available of thearea of agricultural land which

is annually subject to waterlogging, or of the value of

crop losses, it 1s generally accepted that these are

very signiticant, in irrigated as well as in rainfed
agricultural  systems. According to FAO and
UNESCO (1973), the total irrigated area in the
world was expected to reach 200 million ha by 1975
and possibly 300 million ha by the end of the cen-
tury, and “drainage and salinity problems will
increase more than proportionately.™ A few years
ago, it wasestimated thatabout 80 million ha of land
was driuned, mostly in the subtropical and temper-
ate zones; the recognition of drainage as an essential
complement to irrigation for permanent irrigated
agriculture is now leading to the development of
drainage facilities faster than ever before (FAO and
UNESCO 1973). A good illustration of the problem
is the situation in western Canada, where more than
280000 ha of land are irrigated and about 24009 ha
are permanently wateriogged and, therefore, not
cropped at all because of water seepage from irriga-
tion channels (Kozlowski 1984).

Not much systematic rescarch has been done on

1. Sail Seience Department. The T'dinburgh School of Apnculture, West Mamns Road, Edinburgh EHY 311G, Scotland, U K.

FCRISAT tinternational Crops Research Institute for the Sermi-Arid Tropics). 1987, Adaptation of chickpes and pigeonpea to abiotic
stresses. Proceedings ol the Consultants” Workshop, 19-21 December 1954, FCRISAT Center, India. Patancheru, A.P. 502324, India:

ICRISAT
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the relative wlerance of crop plants to witerlopgimg,
but it is recogized that leguminous crops such as
peas and beans are particularhy senaitinve (8 AQ and
UNESCO 973 Totake one exaanple trom a tropi-
cal environment, waterlogenge s rcarded as a
ot posolem n the prowth o the anpertant
pigcony o crap o deep Vool o badia (R eddy
and Vamane TONT) Hins paper attenpts 1o review
the processes yivolved i watedogeed sotl and s
rootmetebolism which resultmn adverse etiects on
plant vrowth wath patticular reterence tofegumes
and the svmbiotic iivation of imitropen, and toaden-
Uiy the prineipal factors deterninmg toletance to

waterlogping

Chemical Changes
in Waterlogged Soils

Fhe concentration ot oxvgen presentinasoil reflects
the halance between supply primarily by ditfusion
trom the atirosphere and the vespiratory demand
of both plant roots and meroorganisms. Ina well-
drained sorl wath o satistactory structare, the air-
fulled pore space at tield capacis swaill be ot the order
ot 0.2 0.3 m m and the concentration of oxyvgen s
unbikely to Gl much below the atmospherie level of
0210 mim ' Converselv, the product of respiration,
COLocan casthy ditfuse out of the sol.

A B 0 Undisturbed cores, three sord samples

O Cares trom one sorl saturated then draimed to S K Pa tension betore measurement.

Pheoretical dittusion throagh:

Strarght pores
(R
e Sphetical particles

Dittuston (1D Do)

0.1

0.2 0.3 04

Air-titled porosny

Figure 1. Effect of air-filled porosity on diffusion of gases in undisturhed sumples ol silt loam top soils under

pasture. (After Gradwell 1961.)
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Phe rate at which sol oxvgen s respired is mainly
controlled by temperature and the avartabifity of
substrates for nucrobial respiration (Bunnell et al.
1977 Jenkinson 1977) Monticth et al. (1964)
showed that. over the nartow ringe of emperatures
found m temperate regrons, the respiation rate for
bare sothat temperature Lo, Ry was given by Ry
R Q' “‘, where Royoas the respiration rate at 0 C
and Q8 Liactor tor the tmerease 1 rate for g 10 €
rise P mperature (commonh known as the (),

Fhey obtained Rovadues of 12 pm “day for the
period February Augustand 0.9 m 2day < for Sep-
tember January, with o Qovadue ot 3 They attnb-
wed the ditterence in Ra 1o o dechine i arganic
maiter and henee respu dory substiine atter asprng
Hush ot microbulactivity. Other reported values Lo
(. have penerally been between 2 and 3

When sotl becomes warerloggped. the quanun of
oxypeen unmediteh avadable 1o support acrobae
resprration s preatdy reduced hecanse of the low
solubthty of the pas inwate, Ao, the rate of replen-
shment of respired oxsgen s even more drasticaih
reduced because the rate ol ditfusion in solution iy
only el the order o 104 tmes the rate nthe gaseous
phite At water contents hallway between tield
capacity and saturatton, the dittusion rate of giases
through the soul talls steadily with the decline n
arr-tifled pore space (hag Ty Under conditions
which the demand for oxyvpen exceeds supplhy,
whether o not the sol s completely waterlogged,
the oxveen coneentration falls, Tt reiaches o e el
cqunnalent to about 3~ 10 mol O m Vi solution,
acrobie respiration ceases (Greenwood 1961, and
from then on respiration s contined to facultatinve,
and  subsequently  ohligate, anacrobic micro-
OFEIISMmS.

Anaerobie orgamsms have the apacity 1o substi-
tute another termmal clectron =eeeptor for molecu-
lar axveen. These acceptors mooy he either oxidized
Inorganic substances or dissuetlation products of
soil organme matter, and are rcfuced in sequence,
depending on therr thermodynanae redos potentigl
(Fable Do Thas subject has been comprehenspely
reviewed by Ponnamperuma (1972, 1984). A« can be
scen from Table Toowhen all avalable oxveen has
been consumed. mitrate is the most casily reduced
substance. It s converted first to nitrite, subse-
guenty to dinitrogen oxide, N.O, and then to molee-
ular nitrogen, N.othis well-known process  of
denutrification depletes the soil's supply of availible
nitrogen. The redox potential remains poised at a
fairly constant level while nitrate is being reduced, and
then falls again as the next reduction, that of manga-

Table 1. Majer  duction systems and cortesponding
redox potentials in flooded soil (After Ponnamperuma
1984).

Redox potential
at pH 7{V)

Reaction

O, dH v e 2HL,0 0.514
INOCC2H 10e - NS 0HL0 (.741
MunO,+ 30+ 2¢ - Mn™ ¢« 2H,0 0.401
CHOCOCOOH + 21" v 2 = CHCHOHCOOH 0,158
FROH), Y v e - Fe™ 4 31,0 0 185
SO WH Ke - HLS 4H,0 0.214
CO e ¥H s ¥e - CH + 2HL0 0.244

nese drovide. becames the donunant process (Fig, 2).

Althaugh both muanganese and 1ron ure necessary
meosmall amounts as essential plant micronutrients,
both e toxie m high concentrations. Free soluble
sultides, resutting from the reduction of sullate, are
also highly toxic to plants, but in many soils precipi-
tation as wron( ) sulphide by the Fe* jons already
present prevents the bundup of toxic concentrations
(Connell and Patrick 1908)

Ihe mam eftect on phosphorus after waterfogging
iv the inerease inamvatlabihty of the orthophosphate
tornn both aadic and alkaline sotls. In acidic soils
this is caused by three processes: release of sorbed P
from Fetltl)y hydroxides when the iron is reduced to
Fe(ll); the hydrolysis ol iron and aluminum phos-
phates; and release trom anion exchange sites. The
first process is a direct result of reducing conditions,
while the others are duc to o change in pH! toward
neutrality, which occurs in both acid and alkaline
soils atter submergence for several weeks (Ponnam-
peruma 1972) In alkaline soils, this change in pH
mcreases Poavailability by making hvdroxvlapatite
more soluble (Stumm and Morgan 1970),

Underanaerobic conditions, instead of CO, being
the sole end product of carbohydrate metabolism,
products such as ethanol and low molecular weight
arganic acids (e.g.. acetic and butyric acids) are
formed, all of which can cause L jury to plant roots
(Russell 1977). The most physiologically active
organic substance in flooded soil is probably ethy-
lene, which is evolved both by soil microorganisms
and by plant roots. The effects of this gas on plant
growth and development are discussed in a later
section,

Sites of anacrobic activity can occur in soils that
are not completely waterlogged as a consequence of
heterogencous soil structure and the distribution of
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Figure 2. Changes in oxygen, nitrate. manganese, iron, and redox potential in a silty clay as a result of

waterlogging. (After Turner and Patrick 1968.)

substinces for microbial respiration. For example,
in agregated soils of fine texture the interaggregate
cracks and pores may be drained when the aggre-
gates themselves are virtually saturated. Thus. whe-
reas oxygen may readily diffuse throughout the
macropore system of the soil protile, diffusion into
the aggregates themselves may be sufficiently slow to
allow the centers to become anaerobic (Snuth 1977,
1980). This s illustrated in Figure 3. A localized
accumulation of readily decomposable organic mat-
ter in an unstructured soil may also result in oxygen
consumpton outstripping supply, again bringing
about the formation of an anacrobic zone within the
soil. The presence of these anacrobic zones or micro-
sites can result in significant losses of nitrogen by
denitrification and in the formation of cthylene,
which is capable of dirfusing away from the site of
formation toward plant roots that are still respiring
acrobically and extending through oxygenated parts
of the nearby soil.
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Effects of Waterlogging on Root
Growth and Developinent

The depletion of oxygen in the soil progressively
reduces the growth of plant roots by inhibiting aero-
bic respiration (Lemon and Wiegand 1962; Jackson
ct al. 1984). The close relationship between root
extension growth and both oxygen uptake and oxy-
gen concentration is illustiated in Figure 4. Root
growth stows down when the oxygen difiusion rate
in the sofl falls below that required to sustain normal
rates of oxygen consumption by the roots ( Blackwell
and Wells 1983). Slower oxnygen absorption will
depress the amount of chemical energy (mostly
ATP) produced by the oxidative phosphorylation of
adenine nucleotides that is available for growth
(Jackson 1983). When the external supply of oxygen
ceases altogether, root tips will dic, unless there is a
pathway for oxygen diffusion within the root. Such
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pathways, consisting of intercellular air spaces (acr-
enchyma), are so well developednrice( Oryvza sativa
Loy that not only isall the oxvgen demand of the root
tip met, butinaddition there is a net efflux of oxygen
into the soil (Luxmoore et al, 1970a). Maize (Zea
mavs L) roots hive been shown to transport up to
40 ol their oxygen demand in this way (Luxmoore
ctal. 1970b). There is now evidence that the lysis of
cells. which gives rise 1o the formation of acren
chyma. iy promoted. in maize at least, by ethyvlene
(Drew et al. 1981), Although ethvlene accumulates
mosolunder waterlogged conditions, itis more liker,
that ethyviene tormed endogenoushy within the root is
primardy responsible for stimulating the formation
ot aerenchyma (Juckson aud Drew [984). Ethylene
brosynthesis i the root is stimulated by small con-
centrations of oavgen (Jackson 1982: i son et al,
1984), und the gas accumulates because of entran-
ment by an unstirred lyver of water. Increased evolu-
tion of cthylene also occurs in waterfogged legume
roots. A rate of evolution i pea { Pisum sativum 1..)
roots was measured at 3.4 times that of the aerated
controls (Huber ctal. 1979), and comparable results
lor broad bean (Vidia fuba 1.y were also reported
(Hall et al. 1977).

Eatly responses of roots to tlooding, prior to the
complete dbappearance of oxygen, are also partly

K _

6 —
g S.D.
5 I L.S.I
£,
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Y —
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Oxygen concentration (% v/ v)

Figure 4. Relationship between root extension of 4-day-old barley seedlings and oxypen consumption and
oxygen concentration around the roots (After Jackson et al. 1984).
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due to mereasces i cthylene content (Jachson and
Drew 1984). Rice roots are stumualated by 1w con-
centrations ot ethylene, which are mlubitory to cther
crops (Snuth and Robertson 19710 Konings and
Jackson 1979)0 The slow producton tite of endo-
penous cthvlene in this crop resolts i modest
accumulations in Hooded roots which are theretore
lhely tostmubite extension, i contrast, white s
tard (Sovwapis alha Voo with a taster rate of ethviene
sinthess accumulaies inhubitory concenttions
when the toots are submereed (honmmes and Jack-
son 1979y,

Roots of some crops such as tomato (veoper-
secon escudenon Nl and santlower (Heliarmhion
anmas o change ther ditection o gowth to hony
antal o even upward anstead of downward undes
Hooded conditions Thes s probably o rcacton 1o
reduced onyvpen supply chvposner o an accumula
fian of tapped gasoamd the mechanisms are worth
ivestigatine because they enable toots 1o esaape
oxveenstress by prowing closer to the betteraerated
satl surbace Clicksorand Diew T984) Thas chianpe
m growth onentatton also apphes to the advenn-
tous roots thatdevelop trom the submierged part of
the stem when plants are Hooded. The developiment
ol an adventitous toot sssteme demonstites the
capacity of many species oo adapt to anacrobie
convitomments: often the adventitious roots have
well-descloped acrenchyia, cormarze threw et al
P9y wheat (Lricim cevivien by Chronght and
Drew T9so) and suntlower cRawase and Whitmoser
J9N())

Sensitivity of Legumes
to Waterlogging

Relatively tew research studies dealing with the
ctlects of waterlogemyg oo plant growth, and ot the
mechanisms imvolved, have used legumes as expen-
mental material. Foough snformaton has been
amassed, however, fromapronomie and physiologi
cal mvestigantions to ndicate that, with a few exeep-
tions, legumes are generally veny susceptible to
damage by Hooded condinons,

Waterlogping was a major problem hniting the
growih ol prgeonpes (Cujurtes cajar ) Mallspo)in
deep Vertsols in India (Reddy and Vieman 1981),
Planting this crop on ridges mereased vield by 306
over planting in i {lat soil surtiace, because of the
reduction in waterlogging damage (Chowdhury and
Bhatia 1971). Work in England under simulated
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tropical conditioas showed that the growth ol cow-
pea CHivna angndcntara () Walp) is adversely
aftected by short-term flooding, leading to major
reductions i oot and shoot dry weight and seed
vichd. but the plar e are capable of surviving long
penods of watcerfopring and continue vegetative
srowthas the root nedules adaptand allow nitrogen
hvation to continue (Minchin wnd Summertietd
19700 Field experiments in Nigenia showed cowpea
to he much ess tolerant ol waterlogging, apparently
hecause of attack by plant pathopens, whereas soy-
bean (Glveme may (L) Merr.) was hittle aitected by
the waterlogping raunent (Wien et ain 1979),
Faperinents with beans ( Phaseolus vulearis 1) 1n
Central Amenica showed  that significant vield
reductions could be bronght about by snort-term
Hoodimgs by growing the plants i cambered beds to
promote vapud surface runofn, considerable yield
tcreises were achieved overcomtrol plants grown in
tat rround (Farsyehe etal. 1979), No detaifed study
of the eltect ol waterdlogging on chickpea (Cieer
arictior 1oy conld betraced, but it was reported
that this crop s sensitive and that nodulation is poor
under conditrons ot excess mowsture (Argikar 1970),

Jackson (1979 anvestgated  the shiort-term
responses ot peas to watertogging under glasshouse
conditions Fhe sumptoms ot imury arising from | to
Aodavs of waterloggimg (during which the equili-
broum pdn the sotb water tell to - 1 KPa) imelnded
extensive desiecrtion and chlorosis of the Toliage
and fower rates ol tinspiration, stem extension, and
growth of shoots and trints, Flowerimg plants atthe
9- 1o 10-feat stage were more severely damaged than
voung plants bearing only 2 or 3 leaves, Similar
conclusions were reached trom waterlogging experi-
ments with peas grown outdoors, in which shootand
seed dry weight were reduced byas muchas 7007 by 4
or S days” waterlogping (Cannell 1979; Belford et al,
1¥80), The ettect of growth stage on the severity of
waterloggng damage to peas is shown in Figure §.

Relatively hitdle anvestgation has been made
regarding the flooding tolerance of torage legumes,
but two studies by Hemrichs (1970, 1972) are note-
worthy. He tound that birdstoot tretoil (Lorus corni-
cudaray) was  the most tolerant and  sainfoin
(Onehrvchus viciaefolia) the least tolerant of the nine
crops studied. Alfalta ( Vedicavo media) ranged
mirdway berween these two. Heinrichs (1972) also
observed that birdstoot trefoil was equally well able
to survive at root-zone temperatures of 25, 19, and
13 Cowhereas altati and saintoin improved in their
resistance to damage as the temperature fell over this
range.
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Root Nodulation
and Nitrogen Fixation

Fhere is evidence that the proceses of root nodula-
tion and nitropen fination by previously developed
nodules aie both more severeh affected by waterlog-
ping than are most other plant growth processes.
Nodudes require oxvgen tor the support of nitrogen
fixation, and iowas shown that with some species ot
fepumes the optimum pO.is lgher than the normat
atmospherie concentiaton (Burns et al. 195357 Ber-
gersen 19620 Relanvels small delicits i oxyvgen pro-
duce  Large  depressions ot nitropen tisation.
Furthermore, the resphiaton guetient (RQ)
tncreases with declimmg po.. o that mitrogen fixa-
ton s much fess etherent i terms ot carbohydrate
consumed ot Jow oxveen tensions (Table 2,0 Howas
concluded that this eltect has signiticant prisctical
imphication tor nodulated fegunies growaing in water-
fogped or consolidated, poorly stiuctured soils (Ber-
persen 1971,

Much cariier, ot was shown that the nodules of
peas were much snidler than normal in nonacrated
solutton cultare, and that plants grew poordy in the
abvence of combined nitrogen (Virtanen and von
Hausen 19360 The plants grew well, however, when
ammonum sulfate was supplied, thus Cemonstrat-
g that the arr requirement ol the nodules rather
than the root svstem el was the mote @ snsitive
tactor. In experiments with sovbean, when pis was
reduced below the normal atmospherie level, 1t
became himinng more quicklv 1o the activities ot
nodulisted root svstems which are dependent on
the noduldes (e onsyimbrone fixation) for nitrogen-
ous compounds  than to those of nonnodulated

Table 2. Relationship between pO,, respiration, and nit-
rogen fination by detached soybean nodules! (After Ber-
persen 1971),

Resprration
tmol g ' h

pQ, O, O, NH-N Rano
(kPa)  uptake  evobved RQ O (molg 'h'y COXNH,
7K 1-7 0 223 ii?l 0.07 JZ]YMM
15.2 237 277 1le .50 9.5
244 36.0 377108 1.67 2206

L. Freshly detached nodules produced on v Shelby by strae CC
71 of Rhizobwm japonicum ncubated at 23 Cinatmosphere
containing 20 kPa *N, and the pO, shown.
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root systems supphed  with combined  nitrogen
(Bond 1950). This suggested that it was the response
of the nodules (or ol the bacteria) that chiefly gov-
erned the reaction of the plantasa whole to oxygen
tenston, Similar results were obtained tor red clover
CIvifoliune prarense 1), although this species
showed a greater response te oxveen than did soy-

bean (Ferguson and Bond 1934y,

Fhe nitrogenase activity of tickd-grown Ficia fuba
plants was measured by the acetvlene reduction
method, and 1t was tound that activity declined «g-
niticantly when water content exceeded field ¢nae-
iy and fed to depressed aerwnon, as wellas whonthe
senaned below tield capacity (Sprent 1972). Later
work under glasshouse conditions with a different
cultivar, however, showed greater N fination by
plants under excess water conditions thaa by the
controly (Gallucher and Sprenc 1978). The same
technigue wis used to measare the nitrogenase activ-
ty of peas inosand culture subjected to different
water regimes (Minchin and Pate 1975). The results
ted them to state

coothe second conclusion of signiticance
refates 1o the severity of the effects of water-
Jogging on symbiosts 1o sand colture. Nodule
tissue production, the specitic actvity of the
nitrogenase of the noduoles shoot nitrogen
content, and pereentiage nitrogen in dry mat-
terare all adverselyv atfected, and ina manner
indicating i specificity of symbiotic response
unmatched by the eftects of any other envir-
onmental influence studied. .. The steep
decline i fixation activity below the water
table of a flooded root and the finding that
mitrate-ted roots are much less attected by
waterlogging bear further witness o the speci-

freity of the respanse,

Not all nodulated species are as severely affected

peias, and in the more flood-tolerant ones the
nodules have the capacity to adapt to the poorer
acration in the rout environment. One method of
adaptation. which occurs in soybean (Pankhurst
and Sprent 1975), cowpea (Minchin and Summer-
field 1976), and Vicia faba (Gallacher and Sprent
1978). 1s the expansion of cortical cells to produce a
more loosely packed nodule with interconnected
gas-filled spaces that facilitate gaseous exchange. It
has beenshown that nodules with this open structure
are more active nitrogen-fixers in a poorly acrated
environment than the more compact nodules that



Table 3. Effect of (a)different concentrations of ethylene in open air systems and (b) the absorption of ethylene by chemical
reagents from closed systems, on the nodulation of isolated Phaseolus vulpariy roots (After Grobelaar et al. 1971 ).

I'reatment!

Mcean

(nodules expt.)

Muean
tlateral roots expt.)

Mean dry mass
(mg expt.)

A Open systems

0 Pa C.H,m aun
0.04 Pa C.H, i air
08 Pa CoH, moair
30 P CoHy i air

B. Closed systems

Control (C,H; not removed)
C.H, removal by 001N KMn(),
CyHy removal by 0.25 M HpCloy),

53
37
0]

8.7
41.7

84.7 41 4
738 438
41.6 RRE
41.7 39.2
20.7 27.6
47.6 RV
59.5 84

Lot Pa = 10 ppmoomg kg 9

develop under setter-drmined cond qons (Sprent
1971 Criswell et al. 1976).

Anotiier adaptation is the capacity for denitrifica-
U a, the ability to reduce nitraie to dinitrogen oxide
¢l mitrogen under anacrobic conditions, and thus
teoue nitrate s analternative en Lo aceceptor o
axyvgen. The rhizobia that nodwar: he relatively
flood-"olerant cowpea are denitrifving organisms,
whereas the rhizobia that nodulate the much less
tolerant Zisum sativent are less able to denitrify

Jahlotowiers eral. 1978),

The Possible Role of Ethylene

This paper has already considered the probable role
of cthylene in aftecting the scasitivity of plant roots
1o anacrobic soil conditiens brought about by water-
logging. ftisalso possible that the processes of nodu-
lation of legr oots by Rhizohim spp. and the
fzation of niu in nodules may be more sensi-
tive to low concentrations of ethyiene thun many of
the other plunt physiological processes induced by
this substance. Nodulation of bean ( Phaseolus vul-
garis) roots was reduced to only 1047 of the control
when the roots were exposed to trace concentrations
cf ethylene (0.04 1.6 Pa); the failure of roots to
nodulate in closed containers could be completely
overcome oy circuiating the air in the containers
through mercury(l) perchlorate solution (Grobel-
aar et al. 1971)--an effective method of removing
endogenous erthylene released by the roots(Table 3).
Inanother experiment in closed containers, both the
endogenous ethylene and ethvlzne applied at | -10

Pa reduced the fixation of N, by more than 906
compared with treatments in which cthylene was
continuonsly removed (Table 4). Nodulation of pea
and white clover (Trifolium repens 1) plants was
reduced more severely than shoot or root growth by
exposure to 1 Pa ethylene; turthermore, the nitroge-
nase activity of those nodules that did form in the
presence of ethylene was reduced by 900¢ in pea and
707 in clover over the controls (Goodlass and Smith
1979) (Table 5).

These observations, together with the indications
that endogenous ethylene 2an inhibit the nitrogenase
activity of subterranean clover (rifolium subterra-
newm Ly (Day et al, 1975), demonstrate that both
the nodulation process and the nitrogen fixation by
existing nodules are generally very sensitive * ethy-
lene. Furthermore, the required concentrations are
well within the ranges observed (a) in soils where

Table 4. Effect of (a) initial addition of ethylene and (b)
continuous reme, s al of ethylene on the nitrogen fixation of
nodulated Phaseolus vidgaris roots (After Grobelaar et al
1971),

Freatment Atom €7 5N excess!

No C,H, added or removed G.71¢
I Pa CH, added initially 0.946
10 Pa C,H, added initially 0.626
C,H, removed continuously 9.36

L. Nitrogen to which nodules exposed contained 72 atom 57 excess
1SN,
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Table 5. Nitrogenase activity (C,H; reduction) by nodu-
lated roots of pea and clover following exposure of intact
root systems to ' Pal of ethyvlene. (After Goodlass and
Smith 1979.)

C.H, [N
(ng nodule Fmun Y (ng plant F min 1)
I'reatment Pea Clover Pea Clover
Control (1.036 044 .44 .29

Ethyvlene-treated 0,003 013 .04 1.77

I Pa 10 ppmoomg hp

acration is impaired (Smith and Dowdel 1974) and
(b) in roots as a resulr of endogenous formation
when growing in inadequately acrated soil (Jackson
and Drew 1984).

It is worth pointing out that waterlogging is only
one example of an environmental stress that can
induce the enhanced biosynthesis of endogenous
cthylene. The same phenomenon oceurs in beans
(+icia faba) subjected o drought and waterlogging
(El-Bettagy and Hall 1974), and to physical impe-
dance of root extension (Kays et al. 1974), Water
stress also results inreduced nitrogenase activity
(Sorent 1972), but it is difficult to assess whether
this, too, may be directly associated with enhanced
cthylene biosynthesis. In the case of waterlogging.,
the presence of a thick laver of water around cach
root and nodule reduces the escape of ethyvlene by
diftusion, thus allowing its concentration to build up
to physiologically significant levels: invery dry soils,
conversely, physical conditions promote the diffu-
sive loss of the gas from the roots,

Screening for Tolerance
to Waterlogging

In principle, there are obvious advantages in screen-
ing piants for tolerance 1o waterlogging by directly
comparing their growth and development in water-
logged soil. breeiause no assumptions relating cause
and effect need be made. Such @ process is time-
consuming, however, and it is extremely difficult to
stundardize conditions sufticienty to allow different
experiments to be compared. Forexample. fluctua-
tions in soil temperature or organic-matter content
could affect the rate of development of anaerobic
conditions.
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An alternative may be to take account of the
considerable evidence, boiefly reviewed in this paper,
that tolerance to waterloggiug Is intimately con-
nected with hormonal changes in the plant- in par-
ticular the extent of accumulation of the pascous
hormone ethylene  and to make this the basis of a
screening technique. Such a supgestion was made by
Fl-Reltagy and Hall (1979), who compared two var-
icties of Ficia faha bean and found that the ethyvlene
contents of aerial parts and roots increased over 9
davs' waterlogging and that the variety with the
greater concentration suftered considerably greater
leat abscission, They suggested that the measure-
ment of endogenous ethylene production could pos-
sibly provide a techniyue for sereening plants for
relative tolerance to water stress.

Phere is other evidence, both of differences
between varieties in the sensitivity of plant roots 1o
exogenous ethylene (Smith and Robertson 1971)
and ot differences in endogenous ethyvlene produc-
tion that may directly atfect crop performance in the
ficld. For example, the inhibition of hyvpocotyl elon-
gation, which atfected certain varieties of sovbean,
was due to rapid endogenous production of ethylene
(Samimy 1970}, Given that root nodulation and nit-
rogen fixation appear more sensitive to ethvilene
than other plant growth processes, it seems logical to
further explore the possibility that determination of
endogenous ethylene production and or sensitivity
to exogenous cthylene may be employed as indica-
tors of tolerance to waterlogging (and also possibly
to other types ol environmental stress),
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Screening for Tolerance to Salinity and Waterlogging:
Case Studies with Pigeonpea and Chickpea

Y.S. Chauhan!

Abstract

Areas where pigeonpea and chickpea are grovwn in India are prone 1o salinity and to waterlogging
problen:. catsed by irrigation, excess rainjall, and poor drainage. The area affected is increasing
eacli year. Botl crops are relatively sensitive o salinity and waterlogging stress. huprovement of
salinity and swaterlogeing tolerance incthese cropy is desirable, not onldy (o retain present areas of
cultivation bur also 1o exiend cudtivation into areas where saliniy and warerlogeing problems
currenily preclude i Studies on a lindited range of genotvpes at 1CRIS AT and elsewhere have
shown genotvpic differences in hotl pigeonpea and chickpea for tolerance 1o soil salinity, and in
pigeonpea for tolerance 1o short-terntwaterlogging. Some progress has been made at iICRISAT
i developing ficld and laboratory screening methods 1o detect these differences. Several
advanced Erecding lines and cadvvars witli tolerance 1o soil salinity: and shert-werm waterlogging
have been wdentified. To identity even betier sources of tolerance 122 salinity and waterlogging,
there is a need 1o sereen a much wider range of genetic material for both crops. Basic researci 1o
help understand the meclanism and inheritance of wlerance 1o hotl salinity and warerlogeing is

alsa desirable.

Introduction

Lack ol water is one of the major factors limiting
crop viclds in the semi-arid tropics, an arcas are
being brought under irrigation (o allevia‘e this
stress. This approach to raising food produe ton is
unvortunately leading to problems of soi! v iniza-
tonand waterlogging (Rawlins 1981). bota or whicn
are inimical to plant growth and vield (Levitt 1980),
High salt concentration in the scil solution lowers
osmaotic potential and reduces water availability 1o
plants, and specific ions - such as sodium, ch'oride,
and sulfate - can have toxic efiects. Under water-
logged conditions, the anacrobic environment of the
root zone affects plant metabolism, as well as nut-
rient and water uptake by roots. Thus, productivity
of most agricultural crops is lowered.

A number of technological options have been sug-
gested to contain salinity and waterlogging and to
reclaim affected lands. Experts in these fields believe
that while technological efforts must continue, they
should be supplemented by genetically adapting
crop plants to saline (Epstein 1978; Epstein et al.
1980; Rawlins 1981) and waterlogged environments
(Krizek 1982). Genetic improvement in salt and
waterlogging tolerance is possible, and good pro-
gress has been made in some crops. Salt-tolerant
varieties of rice (Akbar and Yabuno 1974; Ponnam-
peruma  1977; Rana 1980), wheat and barley
(Epstein etal. 1979), and tomato (Rush and Epstein
1976) have already been developed. Wheat (Yuetal,
1969} and pea (Jackson and Cannell 1979) cultivars
tolerant to  witerlogging have been identified.
Genetic improvement of tolerance to salintty and

Lo Legumes Program. [CRISA]

Submitted as CP 38X by the Intermational Crops Researeh Institute for the Semi-Arid Tropres (JCRISAT)

ICRISAT (International Crops Research tnstitute for the Sem-And Tropies). 1987, Adaptation of chichpea and pigeonpea to abiotic
stresses. Proceedings ol the Consultants” Workshop, 1921 December 1984, TCRISAT Center, India. Patancheru, AP, 502 324, India:

TCRISAT.

93


http:i/,Itb'.be

waterlogging stress in both pigeonpea iand chickpea,
which eften grow in these adverse environments.,
should also be attempted. This paper presents work
on development ot salinity and waterlogging toler-
ance in pigeonpes and chickpea.

Saline and Waterlogged Soils
in Regions Growing Pigeonpea
and Chickpea

Nearly 007 of the world's preconpea ard 780 of s
chickpea are wrown an Tndias theretare the arei
under saline and waterlogged conditions i India
hghhights the magnitude ot the problem. Areas
urler pigeonpen and chickpea i ditterent states of
Indir, as well as the extent of saline (Abrol and
Bhumbla 197 1 and waterlogged ¢ National Commis-
ston on Agrnicalture 19760 soils 10 cach state, are
given i lable |,

o India 7 nnllicancha of land s attected by salimny.
Farly Large arzas of the Indo-Gangete plo, where
preconpea and chickpea wee grown, are sahae, 1 he
sadine areas i India are mereasmg: nearly 40000 ha
of sotls i India become saline every vear (Raheja
19661 Fhe principal salts in northern Indian sadine

soils are chlorides and sulfates of sodium whereas in
southern Indian soils the major salts are chlorides
and sulfates of sodium, and magnesium (Abrol and
Bhumbla 1971). Although precise statistics are not
avarilable, nearly 6 million ha of land are considered
waterlogged (see Table 1), which iy nearly 1067 of the
total rreigated area (National Commission on Agri-
culture 1976). OFf this, nearly 3.4 million ha are sub-
iect o urtface Hooding, mostly in the states of Uttar
Pradesh. Guparat, West Bengal, Punjab, Orissa,
Andhra Pradest. Keraba and Tamil Nadu, The
remarng 2.0 million ha have a high water table,
Introdaction of canal irrigation appears to be the
major reasen for the rise m the water table (Gupta
TORO). By analysing the climatic environment of
pigeonpei, Reddy and Virmani (1981 found water-
logging 1o be a major constraint to its stabilized
production dunng the riny season, particularly on
soils  with dugh water-holding capacity.  Indo-
Gangete alluyium and Vertisols are prone to water-
fogging dunng the rainy season. Sinha (1981) also
postulated that low vields of pigeonpea in some
arcias may be due to waterlogging. In chickpea,
chances of surface flooding are small as it iy grownin
the postrainy seison, but its production i adversely
atfected when the water table is within 0.9 m of the

Fable I, Distribution of saline and waterlogged soils and area (000 ha) under pigeonpea and chickpea in lndia,

Culbnvated areas!

Suanls

State Sahine! Wiaterfogped? Pigeonpea Chickpea
Uttar Pridesi 1298 S10 516 1591
Gujatat 1214 484 228 88
West Bengal N50 1850 7 65
Rajasthan 728 REIN ki 1917
Pungub (1 [y 12 pAR]
Mahatashtig hRE! 11 706 461
Harvana 526 620 bt 144}
Orissa 404 6f) 100 41
Karmataka 404 10 341 166
Muadhva Pradesh 242 57 hRPS 1932
Andhra Pradesh 24 RR3Y 248 46
Delin 16 1 - |
Kerala 6 61 R -
Bihar 4 17 94 196
Lamnl Nadu 4 I8 125 16
Others 0 10 2 17
Total 6949 5986 2985 8220
. Source: Abrol and Bhambla (1971).

2. Source: National Commission on Agniculture (1976)

3o Source: Apnicultural Situation n Inda (19%2)
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soil surface (National Commission on Agriculture
1976),

The extent of vield reduction in pigeonpea and
chickpea due to salinity and waterlogging is not
known, but it is expected to be substantial when the
relative areas under these crops and the regions
affected by salinity and waterlogging are considered.
For example, at Harvama Agrcultural University
(HAU), Hisar, salinity hias butltup in the experimen-
tal ficlds as @ result of & rise in the water table over
the vears. Phe production ol preeonpea and chick-
pea hus been considerably attected. Certain patches
in some fields have become so saline that neither
crop can now grow . whereas thewr cultivation was
possible a few vears ago (NP Saaena, TCRISAT,
personal communication). [eas generally observed
that arcas where chichpea and pigeonpea produc-
tion is declimng cortespond with regions where irri-
gation has been leading toincreased problems of sotl
sahinization and waterlogging.

Tolerance Limits of Pigeonpea
and Chickpea

Soil Salinity

The eftects of salinity on crops vary with stages of
crop growth. [t was observed thatin solution culture
there wasa 5007 decline in germination of 23 pigeon-
pea cultivars ot 1Y mmhos cm P EC, whereas a 50
reduction in seedhng growth occurred 4t 9 mmhos
cm b FC (Paliwal and Maliwal 1973), The salinity
level required to reduce total dry matter (11M)
(TCRISAT, unpublished results) and vield (Promila
and Kumar 1982) by 5007 ared 1o be § mmbhos
em ' EC of saturaton extr.
also showed some cultivar ditter aces. Thereare not

SE). These studies

many reports availuble of how these etfects are
mediated in pigeonpea. One study reported a decline
in #CO; uptake by pigeonpei in the presence of salty
(Rao and Rao 1981). Another showed decreased
rates of assimilate translociation under saline condi-
tions (Deshpande and Nimbalkar 1982). Proteinand
nucleic acid metabolism was also affected under
saline conditions, due to jon toxicity (Rao et al.
1981).

In chickpea, germination in solution culture was
severely airectad only when NaCl concentration
exceeded 0.5% (Kheradnam and Ghorashy 1973),
Chloride-dominant salinity was found to be more
toxic to chickpea than sulfate salinity (Manchanda
et al. 1981). Tissue chloride concentrations of 4.7¢;

and above were found to be lethal for plant growth,
Yield declined by S0¢7 at an FC of 4 mmhos em-!
ESE (Sharma ctal. 1982). The resy onse of chickpea
to salinity scems tovary with moisture availability in
the soil. Reductions in vield of chick pea under saline
conditions probably occurred both as a result of
osmotic and spearficion etfects: a significant interac-
ton of varety, salinity, and moisture level was
abserved for vield (Bharadway 1962). Ranking of
cultivars {or tolerance to salinity changed under
stress and no stress situations,

Waterlogging

AUTCRISAT Center. waterlogging in the rainy sea-
son olten results in vellowing of the pigeonpea crop
and then mortality, it waterlogging persists. Nearly
50¢¢ ol the plant stand was lost when waterlogging
persisted for 96 hours in a 40-day-old crop (1CR1-
SAT, unpublished datua); 40-dayv-old plants were
more susceptible to waterlogging than 60-day-old
plants. Plant mortality appeared to be related to a
water deficit in the plants, which was probably
caused by tecreased water uptake by the roots. In
some cases, it mav also be due to phyvtophthora
blight. Partial waterlogging may affect crop growth
rates, as can be inferred from the fact that crop
growth rates of pigeonpea during the rainy season
are lower on Vertisols than on Alfisols. Further,
vields ot short-duration pigeonpea at ICRISAT
Center, which matures at the end of the rainy season,
arce lower on Vertisols than on Alfisols, probably due
to waterlogging on Vertisols. Pigeonpea planted on
flat beds was relatively more prone to waterlogging
during the July-Auagust rainfall period than ridge-
planted pigeonpea (Chowdhury and Bhatia 1971): it
gave 23670 lower vield than the ridge-planted
pigeonpei, probably due to differences in waterlog-
ging stress,

Waterlogging in chickpea (¢v NP 58), which
oceurred 67 days after sowing, caused vellowing of
voung leaves and reddening of lower leaves (Saxena
1962). Root and shoot development were severely
restricted and yield was reduced. Reduction in yield
wits 46¢¢ when the crop was subjected to 18 days of
waterlogging, and 87¢; with 52 days of waterlogging.
However, there was no plant mostality even with 52
days of waterlogging. (Such prolonged periods may
bc encountered inarcas where water tables are high.)
In addition, 12 days of waterlogging imposed 3
weeks alter sowing resulted in a marked decline in
dry weight and vield (K :shnamurthy et al. 1983).
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Screening Methods to Identify
Sourees of Tolerance

Salt Tolerance in Pigeonpea

Pigeonpea s mote sensitive to salinity than many
other riny-season crops, ncluding matze and
hlackgram (MNehrotra and Gangwar 1964) Work at
ICRISAT and elsewhere has shown that there are
genotypre dilterences an toletance to salintty in
pigconpei at ditferent stages of growth (Palivaland
Malwad 1973 HCRISAT 1977 Promala and K umin
I982) Vanous eniterta have been used by ditterem
workers to determine the relative tolerunce ot
preconpea with respect to gernunation, surs ival, and
vicld potentab m saline sotls, as compared with non-
sadine sotlss Paliwal and Maliwal (1973 sereened 23
cultivars of prgeanpei tor their salt toleranee charae-
tersstios, i NaCland CaClysatts a3 ratio,
Both gernnmation and seedling prowth declined with
increasing deveds of salinity up to IS mmhos cm * but

cultivar ditterences were detected wt both growth

«

P
B e B ey S
R

stages. A few cultivars were tolerant of salinity up to
9 mmhos cm ' Some cultivars, v ich showed Tess
toterance at the permination stage, appeared more
tolerantat the seediing stage. and vice versa. Germi-
nitionand seedling growth may he good parameters
tor rapid sereening. Phis mayv also be relevant to the
actuad field sittion: soil salinity levels are generally
mgh at the bepinning of the rainy season due to a
capllary rise of salts during the preceding hot
summer; laterin the season the salts may be consid-
crably diluted by rains. The use of vield-based crite-
riac enables whole plant responses to be studied;
however, it mas not be very rapid and may notallow
lurge numbers of genotypes to be processed. Promila
and  Kumar (1982) screened nine genotypes of
pigeonpea tor salinty tolerance in pots, using vield
criteria. Some workers also used  biochemical
parameters such as protein and nucleic acid content
o sereen pigeonpea genotypes (or salinity tolerance
(Raoand Rao 1981). The utility ot such methods for
Farge-scale screening remains to be proven,
AUTCRISAT the primary objective of studying
salt toleranee has been to test commonly used cultiv-

Figure 1. Screening for salinity tolerance in the field, Pigeonpea cultivars € 11 (tolerant) and HY 3C
(susceptible) have been planted on cither side of the test row.
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ars and advanced breeding lines for various vield
and resistance parameters. Both tield and laboratory
methods that allow detection of venotvpie differen-
ces in pigeonpea and chickpea have been developed.
Field sereening.  Naturally saline tields are usually
quite heterogencous in their salinity levels, and
therefore replicated plot tests have not proved use-
ful. However, field planting of test lines in longrows,
flanked on cither side by known tolerant (¢ [Tyand
susceptible (HY 3C) culuvins, has proved quite
satistactony i determining the relative tolerance of
test cultivars even under such heterogencous soil
salinity conditions (Fig 1) The test lines were scored
relative to adjacent tolerant and susceptible controls
for survivid at ditterent stges of growth, Good dit-
ferential responses were usuadly obsersed in moder-
ately saline areas Grhout 6 mmhos em P ESE), with
much lower rates of survival in the suseeptil le con-
trol rows thian in the tolerant rows, Genotypes sur-
viving either better thin or equal to tolerant controls
were classitied as tolerant. A number of advanced
breeding lines and culinars that servived better than
the tolerant control, ev C 11, were identificd using
this methad (Fig. 2).

The method could be improved further if o natu-
ral or artiticially created gradient ol saltmty were
available in the field. The genotypes could be
planted along the gradient. and the length of surviv-
ing row could be weated as an index of the geno-
tvpe's tolerance,

Screening in brick chambers. 1o test the perfor-
mance of genet pes under more controlled condi-
tions, i series of brick chambers (1« 1 1.5 m) were
constructed, with drainage taps at the base, [ he
chambers were tilled with black soil artiticially salin-
ized With various fevels of a mixture of NaCl. NS0,

and CaCly (7:1:2)0 At Jower salt levels (40 milliequi-
valents kgt osail), clearcut differenual responses
between cultivars were ohserved. Genotypes C 1]
and 1CP 3786 showed tolerance and JA 275 and HY
IC showed susceptibility (ICRISAT 1977); this was
in contormity with their behavior in saline fields.
This method has Himited uulity, however, for large-
seale sereening.

Screening in pots.  Field heterogencity in salinity
limits the number of lines that can be screened inany

one season. To make a preliminary assessment of
tolerance, a pot method was developed. The soil of

the required conductivity (6 mmhos e !, 1:2 soil
water extract) was mixed in I-kg capacity round

plastic polx which were maintained at field capacity
after sowing. Difterences in germination and sce-
dhing surv 1\.|l were noticed in less thana month, The
differences salinity tolerance obtained by this
method  were of the same order as previously
obtained in the ficld. Forexample, C 1T was tolerant
and HY 3C susceptible to salinity (Figs. 3, 4). Using
this method, a large number of genotypes could be
sereened within | month. A number of such sereen-
ing cyeles could be repeated within a yeur.

Fhe prodiminary sereening of material in pots
offers the possibility of silvaging surviving plants
for producing pure seed of salinity-tolerant lines.
Segregating lines, involving salimty-tolerant par-
ents, can also probably be sereened in this manner.,

Salt Tolerance in Chickpea

Since chickpea is highly sensitive to salinity, the
utlity of vield-based criteria for j lentifying salt tol-
erance in chickpea has been doubted (Chandra
1980). Instead. preliminary evaluation at controlled
salinity levels for response pattern vas suggested. At
5.8 mmhos em ! ESE, a differential response among
genotypes was observed. The performance of four
chickpea cultivars in pots was compared using vield
as acriterion, and  genotvpic differences were
detected (Sharma et al. 1982).

Screening of chickpea cultivars on the basis of
proline accumulation has given inconsistent results
(Chandra 1980). Since interactions vceur between
salt tolerance and nitrogen sowvee, selection of
legume  genotypes  under both symbiotic  and
nitrogen-fad conditions has been thought desirable
(Lauter et al. 1981)

AUTCRISAT, the field. brick chamber, and pot
screening methods carlier described for pigeonpea
were employed also for sereening chickpea cultivars.
However, since chickpea is grown on residual soil
moisture where moisture is often a limiting factor, it
was felt desirable to carry out sereening at two mois-
ture levels. Interactions between response to salinity
and moisture levels have been observed in a pot
experiment (N.P. Saxena, [CRISAT, personal
communication),

Waterlogging Tolerance
Little work has been reported on identifying water-

logging tolerance in pigeonpea and chickpea. At
ICRISAT some screening capability has been deve-
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Figure 30 Ffeet of duferent tevels of salinity on tolerant pigeonpea cultivar C 11,
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Figure £ Effect of different levels of salinity on suseeptible pigeonpea cultivar HY 3C.

Fopod o crabbe wentilication of tolerant cultivars.
Phie sereening antena osed are relative surival dur-

Huand atrer waterlogpinge treatments,

Field Screemnge. O rie by o CApUIienee osel
sosvralear bwo prreonpea caitiars, BN D (toler-
anttamd HY 30 ranscepublon were selected. he
sorechity provedire Was sindar toothat used for
sadimrs tolenance These two caitivars were used s
controb~m hield soreemny The two controls were
planted o either side ol testrows meelevated padds

hetd~ i which o ole draage ssstem had been

installed (g 5y Fhe outlet trom cach set of tile
draans had o stop cock that was used to control
duration ot waterfogpimg, The field was waterlogged
tord days at 40 days after sowing. Response 1o this
waterlogging stress an ditferent cultivars was then
recorded by counting the surviving plants,

Field sereenimyg thus carnied out has several imita-
tnons. First contmuaus cropping o prgeonpea m the
sime teld encourapcs the bunldup of phyvtophthora
bhight, which abo Kidls plants under waterlogged
conditions. Second, sereenming i the rny season
depends greatly on weather condittons, Under
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Figure 3. 5creening for waterlogging tolerance in the
field. Pigeonpea cuttivars BDN | (toleran) and 1Y
3O (susceptible) have been plunted on cither side of
test rows,

cloady condions evenseveraldas s o waterlogging
iy not cesult me piants wilting, nrobably becouse a
trasprict: oo g does not de clops A rranspiiation
l.‘I_L' due to avereased 'npl.lk(,‘ ol watet h) the roots
under watetloppmg s sne reise nfer the mortaliny ol
waterlopoed  [lants (Bradtord and Yang 1981y
Phird, oniv o inted nomber o Tines could be
soreened. Bl redease of waterloveing oy not
be tmitorm cross the boddoncicasang the varabihity
of recorded respoies
Screening in pots. A pot soreentee method was
develeped tor ethient screemng o aaterlogging
foiciaiive, toons s conie sones of the e tattons men-
toned  Smce waterfopgmy etfecty were more prao-
nounced i hotand clear weather, expeiiments were
conducted e summer when onbient day tempera-
thires were above 3O Prigeonipen hinnes to be tested
were planded o plastic pots CEN-cni drann) i May
Fhe poty wees perforated. fined at the bottom with
miusbn cleth wncd hifled with blaen sotis Five see-
dhmgs were rased imcach potiand thev were allowed
tavrow nnder nermrd conditons unal 40 day s ey
were then submerped o water-il d contiener pots
tor S ar 6 dans. The numiber of dead plants was
receided portodieally o aiter waterloggimg was
redievea We recorded neardy 1000 mortahty i sus-
ceptible penotypes. whercas tolerant o BN
showed noappreciable mortadiny bz 6). Phytoph-
thora bhight was avended by using sont free ot irocu-

Figure 6. Screening for waterlogging tolerance in pots. Pigeonpea cultivar BDN T (left) shows no damage,

while the susceptible HY 3C shows o large number of wilted leaves.
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lum. A large number of fines could be sereened using
this method.

During standardization of this technique. interac -
tion between soil collected from different Vertisol
fields at ICRIS AT and plnt mortahity due to water-
lopging was observed (P10 7o Insome soils. plant
mortality in susceptible cultivars Hecurred within
few davs atter waterlogping, whereas i another sl
fewer plants died. In waterlogged sotl. microorga-
nisims can produce ethylene (Lyach 19720 The
anount of decomrposable organie matter, which acts
as i substrate for ctiwvlene evolution. and the pres-
ence of these microorganisms nead to be standard-
ized to ensure untform results. \andieation of the
role of these microorganisms was provided by the
observation that m sterilized sar's even prolonged
waterlopging Jdid not cause appreciable mortaiity
(Fig. ). Further, greater mortahity occurred i soil
rich in o gane matter.

BDN |
(tolerant)

HY 3C
(susceptibled

IOOT

50+

Survival after 6 days of waterlogging (7¢)

M) ]

ABCDE AB T DE

Figure 7. Percentage of survive] after weterlogging

of two pigeonpea cultivars (BDN T and HY 3C) in

Vertisols collected Trom different fields at ICRISAT
Center.

i lm),\' I (tolerant) HY 3C (susceptible)
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Figure &. Pereentage of survival of twa pigeonpeas
cultivars (BDN 1 and HY 30y in sterilized and non-
sterilized Vertisols in pots at ICRISAT Center. Soil
samples were collecied rrom twao spots, and results €

each are presented separately,

Combin.ng Salinity and Waterlogging
Toleranee

Salinity and watertegging often occur together in
ircigated lands. Thus, 1t would appear fruiifal to
combine sait and  waterlogeing  tolerance 1u
improved genotypes. Waie sereening tor waterlog-
ging tolerance, we noticed some pigeonpea geno-
types. such as TCPL 2270 which possessed tolerance
to both wuicrlogaing and salimity. Te would be
warthwhi's to intensify the search tor genotypes
with tolerance o both these stresses,

Future Needs
So far, only commonly grown cultivars and

advanced brezding lines have been screened for tol-
erance 1o salinity and waterlogping in pigconpea.
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and to salimty tolerance inchichpea. Foridentifving
genotypes with greater tolerance. the genetic resour-
ces collection at ICRISAT needs to be systemati-
cally evaluated. Teis likely that accessions originalhy
collected from saline or waterlogged areas may have
greater toleranee. These should be tested in steps tor
tolerance at vartous wrowth stages. Approaches
using tissue culture technigues under sahime condi-
tons mayv abso generate some varabiliny for salimty
tolerance (Rams 1981 Studies to understund the
physiological and genete neture ol salt and water-
fogging tolerance in known contrastiag cultivars are
also destrable: Further studies with both crops on
the tactors aftecting salt and waterlogging tolerance
arealsonecessary toevaluate and standardize proce-
dures that can be used o seieet tor sttferent
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Salt in the Scil Environment, and its Consequences
for the Management of Chickpea and Pigeonpea

K.L. Sahrawat! and J.R. Burford'

Abstract

Chickpea and pigeonpea are well adapied o the harstrand naerieni-deficient envoramments in ihe

send-arid tropics. However, they have onlva moderate tolerance 1o salinitv, which may severely

restrict their abitioy 1o pertorns well on margially salme soils under drevland agriculiure, The

extent and tvpes of sali=attected seds i Sowdh and Southease A are diseussed i relation o

chichpea and piveonpea producim 1 argucd that anelivraiion of saline soils under drvland

agrictdiare will have a mucdn less tavorable beneficcost rano than amefionction of saliiin i

irrigated lands.

Introduction

Chickpea and pigeonpea are hardy crops that have
adapted well to the harshness of the semi-and tropi-
cal (SA D environment. One example of their hardi-
ness and adaptaticn s thenr ability o grow and
mature in low-P status SA T soils, without the need
for P imputs, when other crops such as sorghum and
millet require moderate inputs (TCRISAT [9N1).
Another example 1 their ability to grow well in
tow-rainfall environments, provided the sol has o
high available sotl-moisture siorage capaciy. How-
ever, both crops appear to have only a moderate
tolerance to salimity (Chandra 1980; Fdwards 1981 ),
We can theretore expect interactions between the
moderate salt tolerance of these two crops and their
hardiness in other respects. But 1o consider these
interaction.. we tisst need to know the types and
excent of salt-atfected worly i South and Southeast
Asia.

Iy estimaed that in South and Southeast Asa
an area of about 67 mulhion hia v muldiv to moder-
ately affected with salt-related problems (Ponnam-
peruma and Bandvopadhyva 19800 The majority of
these problem sotls are saline (49 million ha): the

remainder are alkaline soils (12 mdhon ha), or acid-
sulfate sorls (5 nullios ha). Saline soilsare defined as
those sotls contanmung sutficient salts to reduce the
growth of plants. Soils in the other two groups may
not hive a high salt content now but the ettects of the
original composition of the salts persistin the soil. In
alkalme soth the dommant cation ts sodium, and
the presence of carbonates and bicarbonates riaises
the pHoto extremely high levels. Acid-sultate soils
are usually tound aiter the mtrusion of seawiater; the
reduction of sultate causes extremely fow so! reac-
tions, resulting in high concentrations of jonic formy
ol iron and aluminum in the sotl.

Within South and Southeast Asia, the focaton
and causes of salinity may be grouped i=to the fol-
lowing classes (Pornamperuma and Bandyopadhya
1980):

I Low-lving coastal areas, where salt has accumu-
fated in the soil from either pertodic inundation
by seawater or brackish water, or by upwelling of
saline groundwater.

2. Inland arcas, where saltaccumulation came from

ta) natural sources, such as wind-blown or
raintall-borne salt(cvelic salyy and poordrainage,

1. Resource Management Program, HCRIS AL

Submutted av CP 386 by the International Crops Research 'nstitute tor the Semi-And Tropies (ICRISATY

ICRISAT daternutiony) Crops Research Instutute tor the Sem=And Fropes) 19870 Adaptation ot chichpea and pigeonpea to abiotic
stresses. Proceedings of the Consultanty” Workshop, 19-21 December 19840 JCRISAT Center, India. Patancheru, AP 50234, India:
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or (b) anthropogemce ciauses, such as large trriga-
tion schemes or localized irrigation with brackish
water.

Saline soils of the low-iving cosztal areas occws
throughout the region, but inland saline soils are
primanily located i India and Pakistan, where they,
extend over very substantial areas of the Indo-
Gangetic plain i the former Pungab geographical
area. Almost all the atkahine sodls of the region e
also located here. Less s known about the smaller
arcas of upland soils that are saline or salt-attected,
despite the maportance ot salinits tor pulse crops
under rainted conditons: 1t s only recentiv that
attention nas been given to upland soils, as for exani-
ple in pewinsular bndia (OSSR T9™9 ) Past salis
rescarch has concentrated on the coustal low-lang
soils for paddy nee prodoction (Ponnamperuna
and Bandyopadhya 1980, and onthe mband soits ot
the large nnigation schemes in the ITndus and Ganges
valleys (Kanwar 19809,

Physical and Chemical Enironment
oi Salt-Affected Soils

Saline sols (e floceulated because of the high con-
centrations of salts in the sol solution The sl
concentratioa attects plant growth directhy as weli as
indirectly: the high osmotc pressare reduces uptake
of water; and the Bifierent iome compositions i the
soil solution tcompared 1o "normal” soilsi n
markedhy affect the avalabilin and uptake ot nut-
rients by plants.

In mest sahine soils of this regron, sodien s the
dominant ion. Lowering o the salt content of the
soil by leaching, either nuturally by ramtadl or with
good-gualits tlow-salt) water, does not elinunate the
probiems caused by salt. This is because as the sali
concentration in the soil solution s reduced., the cliy
will disperse when even  small proportion ot s
exchange sites (7 154 are occupied by sodium,
{Northcote 1971 USDA 1973). The low permeihil-
ity of sodium-dominated suil hinders turther remo-
val of salts and also prorotes waterlogging.

Lhe formation of carbenates and bicarbenites of
sodium leads to extremely hogh soil reactions, with
pH values of 9 and 10 not cncommon. and this
adversely atfects the avanlaoihity of some mineral
nutrients, such as Fe and &n. When removal o salt
by leaching is attemnted, gypsum may be essential to
pravide both a source of calcium (1o ensure caleium
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dominance of the exchange cations on the clav surfa-
cesyand a nomnjurious saltin solution (to mimimize
dispersion of the clav).

Stnilarly i aad-sultate sotls, the extremely low
pH creates o very poor mediam for plant growth,
because of the low pH per sesas well s associiated
high AL Moo and Fe oon coneentratons. Acud-
stlfate sonls have venable soid physical conditions.,
duependimg onsol water remmie and ALand Fe salts
present. However they usually huve a poor passical
conditon, with poor acration cahen wet or

swaterlogyed

Managemen! of Salt-Affected
or Salinity-Prone Soils

Rechimtion of sas e-alhabine sonls by feachimg and
gypsum o apphoation feads to two major causes tor
coneern i subsistence agncutture. Fist, the ane-
Brorants mvobved are bulkyv, and Large amounts are
tvolved. unless supplies are avalable nearby, the
costs will be hugh Second. o many situations, the
propensity ot o soni to develop o sabis arelated
problem can be predicted inwvanee, the cure many
peomuch more detticult than prevention because
feaching tor removal ol salt or lor changing the
balance ofadsorbed cattons will become much more
dithieattwhen the whole protde has necome alkaline
daftevted

Voo may have a good peimeabihity betore
sahinitv-related probhlems develop Howeser, once
anappreciable proportion ot the catinn-eachange
stes buecamie occupied by sodium, any attempt 1o
leach salt through the sorh waill cause dispersion and a
decrease e permeabibty 1o neghgble rates. For
heavy-textured wlkahne soils. the addition of gyp-
sum to the sohsurtace will cause improved permea-
biliv only i the surtace laver Deep leaching
through the prof:te will be presented by sodium clay
atdepth, but caleruman gy paum can readily replace
that sodium only with adequate leaching. Clearly,
the best solution s to prevent the development of
sodom-aticeted  clays thooughout  the  profile;
weally, gynsum should be added is soun asa poten-
tial sahine-alkaline problem s recognized and before
the problenm becomes severe,

Provision ot drainage systems will be necessary in
many saline soils tor removal of water and salt from
depth in the profile. Onlyin the betier-textured soils,
.z, the Entisols of the Endo-Gangetic plain, are the
costs of dratnage provision likelv to be minimal. On
these, widely spaced tube wells to pump any water



will be adequate. On the heavier textured soils, how-
ever, the solution 1s more d:tficult; the poor lateral
drainage in these soils means that closely spaced
tile-drains may be essential for reclamation. Such
drainage costs are extremels high, and the best solu-
ton is to concentrate on mimmizing development of
saft problemis

The costs ot attempting any amehioration of soil
under rainted agriculture will be much huher than
under irrigation, Restoration ot the soil, with ade-
quatc avaabiliny of water, will depend on the sonf's
permeability. However, under nonted agrculture,
onhy u small proportion of the nantadl moves
through the protile. even with optimun sal permea-
by Wath permeabihiny restiicted teaching will be
much less and the testorative process will tishe mueh
lenger than under wngation. Rastornion of ficavy -
textured sotls s stow under irngated aencultore ot
will be extreimely slow under ronted agnenltune
Additionadiy, the benelits of reclamation are greater
mrngated apnculture. where potentatl producsivin
1s wreater than i canted agrncuiture. When these
Lactors  the speed of restoration and potentual
productivity are considered. the benehitcost giatio
of restoriny runted land will be much fower than
that tor rngated lind, Agin, prevention s hettet
thin cure

During restoration. w gradually mereasing depth
of surtice ~oil becomes tree trom the etfects of salt
and alkah tor acd sultater imtluences. Plant toots
can explore this restored depth casty but will be
deterred trom deeper exploration because ot the
hostde sotl environment caused by salimity at aepth.
Such testricnion ot rooting depth will ettectively
decrease the amount of water inthe soitacesssible to
a crop. This conseguence of the adverse environ-
mentat lower soil depthsisless ot disadvantage tor
irnigated crops. beciuse an merease m freguency of
irrigation can compensate tor the lower effectinve
amount ot available soif water In rainted crops,
however, restriction of the sord volume eaplored by
roots could be cruciat i determining the suceess or
tailure of a crop. especially deep-rooting crops such
as chickpea and medium-and tong-duration pigeon-
pea. Both crops make much ot their growth in the
postrainy season and depend upon full exploration
of the sotl protile tor thewr water supplies Clearly,
any restriction on rooting depth, such as salimiy,
will jeapardize the crop.

In the past. the low-lving soils in coustal Indi
have been used predominantly tor paddy  rice:
recently.interest hasdeveloped ingrosing pulses. In
other areas. especially inland soils. pulses are com-

monly grown under upland (nonirrigated) condi-
tions both in soils that are commonly irrigated as
well asin those traditionally used only for ranted
agriculture. For these groups of soils, the strategy
for handling salts will ditfer. For the trnigable soils in
the coastal low-lving region and the wlind Indo-
Gangetie plain, amelioration can be relatively easy.
Ihe requirements are an excess of water to flush
excess salts through the sanl and treatment with
calcrum salts (usually gy psum) 1o keep the propor-
ton of sodrium on the cation-eachange sites to - 154
{the enitical value above which the soil disperses).
For mland upland soils under ramted agrnculuure,
such as the Vertisols ot the Decean on which chick-
ped and pyreonpea are usetul postramy -scison
crops, amchoration s much more ditticult; under
natural ramtan the wate of leaching will be much
fower and the costor cale eny salts tor gyvpsumy wall
bedessattordable tor the Lirmer because his forseea-
ble protits are fower i ranted than mourigated
agriculture

While 1t e tempting to consuder the use ol salt-
tolerant cultivars, these can anly otter o palluatve. It
the sonlis Dikely to develop a sahnity problem, cor-
rective measures mist be taken: and for nanted
crops, this must be done carly because the restora-

tve process iy stow once the soil becomes sahine.
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Mechanisms of Salt Tolerance and their Reievance

C. Johansen!

Abstract

The consequences of high levels of salimite iy the exiernal mediuny on growth and metabolism of

higher planis ave brieflv outlmed. Mechanivns evolved to cope wilysaline environments are then

discuvsed. Salt-tolerant planis can be broadiv claasitied av ciher satr e xcluders or salt accumiida-

rors. The salt aceumdarors can either olerare lavh vrac ctludar salt lexels orare able (o remove

eveess salt accunmdarion tront sersaive celivdar comparimens or inssaes. o osuegested that the

neccanotic havis of sali soicrance Do derernaned 1o cdnchpea and preconpea o enhance

NCPCCRTIN procedures o salz iodcran o The medhanmisias approach o screening iy 1o he preferred

over relvine on enipacal mcniiods of sorcenin

Introduction

Fhis bret discusston paper first considers the range
of mechanisms avatlable to higher plants tar copimg
with sulime ensironments and then suggests how this
knowledee may he appied to detect salt-tolerant
penotypes of chickpea and prgeonpea. Inthe tollow -
g paper. e NP Sasena waill more spesthicalls
consider how to eo about zencticatlly tmproving salt
tolerunce in these plants

In sereenme and brecdimge for disease resistance, it
I necessiry to pinpont the causal organism and
understand how i aticots plant grovcthand tuncton,
Fhe pulse pathology work it TORIS AT bears wii-
ness to this Fike disease, salonne coversa mulutude
of causal tactors and responses, andm adentitving
tolerance. tos necessary to pipomnt causal tactors,
such as generad osmotic etfects or specttic ion eftects,
and to understand what possible mechanisms cer-
tain plants have ot coping with excess salte This s
self-evident, but 1t s worth emphasizing because
many experimenters attempting to adenuty salt-
tolerant genoty pes do not seem too concerned about
the mechanisms invobved. Of course, 'se could con-
unue tosereen genots pes at graded saltievels to pick

coemvi venonipes ala range of salt levels.

up ditterences i response, but knowledge of the
mechanisms of salt tolerance operating in our test
crops would help streamiine the sereening process.

The tollowing presentation of salt etfects on
plants s based fargely on the concepts propounded
hy s tormer colleague at the University of Western
Australia, D Henk Greenwan (e.g., Greenway 1973,
Greenway and Munns 1980 Munns et al. 1983).
Further. more detailed discussion ot the points
raised may be tound i the reviews ot Levitt (1980,
pp. 365-488) and Wamwright (1961,

Major Types of Plant Response
to Salinity

Most physiologieal studies on plant response to
salinity have used NaClas the testsalt,and relatively
fittle 1s hnown about the phyvsiological consequences
of alkalinity sodicny, Fgure 1indicates a broad
classitication of lugher plants in their response to
NaClin the external medium. Certainly chickpea
and possibly pigeonpea would belong to the salt-
sensitive group.

I epumes Prograns TCRINAT
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Figure 1. Responses of various categories of higher plants to NaCl salinity. ( After Greenway 1973))

Effect of Salinity on Physiological
Processes

The consequences of having high salt concentrations
in the soil solution are illustrated in Figure 2, Plants
growing in i saline environment may beattected by
the lower water potential in the environment and
plant cells, causing reduced salt uptake. or by
ncreased salt uptake caused by high external ion
concentrations. Plants may adjust to this situation
by accumulating organic solutes where salt uptake is

il0

reduced, or by controlling high levels of salt uptake,
so that plant cells osmotically adjust to the external
environment and thus maintam high turgor. How-
ever, plant growth s reduced where cell turgor can-
not be muaintained or where internal  salt
concentrations become toxie to the normal cell
metiabolism. These toxie effects can manites: thems-
selves as microosmotic eftects between adjacent cells
or celb organelles, mterference with enzyme systems
and other metabolic tunctions, and competition of
“alt” dons with nutrient ions in active transport
across cell membranes.
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Figure 2. Effects of salinity on various plant physiological processes. (After Greenway 1973.)
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Mechanisms of Salt Tolerance

Different higher plants have evolved various mecha-
nisms to cope with a saline environment. These may
be summuirized as follows,

Salt Excluders

Such plants have anenhanced ability (o exclude salt,
either from the entire plant or trom particular
organs. This 1. accomplished by cell membranes
with high 1on selectivity, fuvoring potassium over
sodium for example. Examples of such plants
include barlev, citrus, and sovbean. Such plants
become particulariy nrote to moisture deficits under
saline conditions, howeeor, and they must rely on
organicion production for osmotic adjustment. | his
has a high metabolic cost. and overadl plant growth
rate can be narkedly retarded whenever the osmotic
imbalance is large. Fhese tvpes of plants are charae-
terized by Tow sodium and chloride level e plant

tissues.

Salt Accumulators

Such plants are ahle to cope with a high uptake of
salt in several powsible wavs, some of which are
outlined below.

Tolerance of high intracellular salt tevels. This
includes the group of plants termed “halophytes”
and also some plants of agricultural importanee,
such as sugarbeet. In these plants. cell metabolism is
relatively unimpaired by high ipternal salt concen-
trations and plant tiscues have high Na K ratios.
Indeed. as in sugarbeet and Awriplex spp, sodium
may substitute for potassium as a plant nutrient.
This property alfows rapid osmotic adjustment to
external saline conditions with 1 mimimal cost of
metaholic energy; there s not s¢ much reliance on
organic ions for osmotic adjustment. However, this
method can lead to specitic 1on toxicies and min-
eral imbalances it external salt concentrations
become too high.

Removal of excess salt accumulation. By this
mechamsm plant roots are able to freeiy take up
excess salt, butdamaging intracellular accumulation

of salt is avoided by

. Compartmentation of salts into various plan
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components, such as vacuoles (as in barley) or
stems (as in broad beans);

20 Extrasion of salt from the plant surtace by salt
gliands (as in Aeriplex sppy,

3. Succulence, which s the ability of plants to vastly
increase cell volume with water to maintain an
appropriate osmotie potential (as in cactus),

Mechanisms Applicable to Chickpea
and Pigeonpea

When we consider the salinity response of the eniire
higher plant kKingdom., chickpea and pigeonpea are
tound comparatively sensitive to saline conditions,
with chickpea particularly so. Studies at [ICRISAT
and elsewhere have indicated. however, penotvpie
ditterences moesponse 1o salimy within these crop
spectes (Saxeme 19840 Y.S) Chauhan, TCRISAT,
personal communicatton). The sereening process
could be sticambined #f we knew the mechanistic
hasts tor these ditterences. Forexample, it is deter-
mined that more-tolerant 1vpes have an ability to
exclude sodium, then chemneal analvsis of the Na K
ratto ol o wide sunge ol genotypes grown and
sampled under amilar conditions might be a more
effective screenmg procedure than the currently used
empirical method of growing plants at graded levels
of salimzed soill Tt should also be noted that chick-
pea s i particular capacity 1o produce and exude
malic acid trom feat surfaces (Saxena 1984). This
process would no doubt have considerable osmotic
consequences on leat cells and may thus be reliated to
the response of chickpea 1o excess salt accumula-
ton. However. without indulging in any further
speculation, I would suggest that a concerted etfort
be made to rdenuty mechanistic ditferences hetween
genotypes of chickpea and pigeonpei in coping with
excesy sulty rather than simply proceeding with the
traditional, empirteal methods of sereening for salt
tolerance.
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Problems and Prospects to Screen and Breed
for Tolerance to Soil Salinity:
A Case Study with Chickpea

N.P. Saxena!

Abstract

11 is imperative that tolerance of crop species to soil salinity be improved because salinization of
agricidtural soibs will continue to occur. Recognizing the limits 1o which salts zan be 1olerated inia
given crop species, such ay chuchpea, and the variahiliny diat i available o the germplasm, it
shoudd be possible 1o sereena lurge nuniber of genorvpes for il trait, both in potsand in the field.
This showdd allose identification of maierial that can immmediately be wsed ax cndtivars or as
parents i a hreeding program. This paper suggesis liow heterogeneous soitsalinity under narural
conditrons cun be sed m liekd screening of genoty pes for salinity tolerance. I proposes methods
for advancing breeding material and for westing the end product ma program o breed chick pea
cltivars with increased salinity tolerance: the approach may also be applicable 1o pigeonpea.

Introduction

The papers presented at this workshop pomnt to the
increasing threat to crop productivity from saliniza-
tion of agricultural sorls. T ands thit previously were
productive have had to beabandoned tor cultivation
due to this menace, which s assoctated with he
introduction of Irrigiation nomany countries i
recent veirs (Abroland Bhumbla 1971 Mohammed
19760, ~ited o Wen Jones 19810 Ponnamperuma
1977). To return these lands o cultivatior and to
retard or preventloss of further fand to salinity, two
options are avatlabler (1) reclamation of salt-
affected soils and (2) crop selecton or gencte
improvement withina crop species for salt tolerance.

he tradional approach of recknming saline and
sodic soils, though difticult in terms of tume and
money requited, has beernovery effective and v dely
(USDHA 1973 It
encouraging results i India, Israel, Pakistan, the

recommended his  produced
United States, and many other countries. Although
it is possible to restore the soit's tall agricattural
potential when other tactors do not bt productiy -

I tegumes Progranm, TCRIS AT

i, reclaration is often constrained by various geo-
graphical problems. For example. in parts of
Caltformia, USA, and Harvana, Iodia, it has not
been possible o adequately drain saline subsoil
water.

F'he second option of living with the salts seems to
have become tiereasingly necessary, Earlier, selec-
nun of crop species foreultivition on saline soils was
considered not very usetul or promising (Hilgard
1906, cited in USDA 1973), That it s practicable to
select tor salt tolerance was indicated in work with
torito (Lyon 1941); this possibility was later dem-
onstrated with the selection of a highly sult-tolerant
barlev cultivar that could be grown with irrigation
using sea water (Epstein and Norlyn 1977),

The role of tolerance to soil salinity i increasing
and stabilizing crop productivity should notbe over-
plaved, however, [t unrealistic to expect resistance
to salinity in crop plants in the same way that resis-
tance to brodic stresses of diseases and pests has been
achieved. One has to aceept that there are limits to
the toleranee of excess salts in the sotl by different
crop species. Within a given crop species, although

Submitted as CP 357 by the [ntermationas Crops Research Tnstitute tor the Semi-And Lropias (HICRIS AT
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there mighe be w large genetic diversity for various
traits, there may only he anarrow range of genovpic
ditterences in toleranee 1o salts

The Salinity Problem

Salmity occurs i heterogencous vatches (Abroland
Bhevmbla 1971 Chandra 1980), and the ieme come-
positton ot salts varies from place (o place. For
example, the saline-alhabme soils in Harvina, Pun-
b, Rajasthan, and Uttar Pradesh have o predomi-
tance of sodm; sialine soils .nosHuthern P of
India have chlorides and suitiies of sodium with
large quantities of CaCOL and sahine sorls of Wes
Bengal have a predomimnance of magnesium (\hrol
and Bhumbla 1971 This varabiin inone conpo-
sttion ot salts e saline eovironments SCTHOINIY con-
strams selection and breeding ot Lenotipes with o
wider adaptabibiny aeross locations. Further, the
reaction of species or cultivars tor tolerance to salis
Is ot detimite feature o a cuitivar since it chanpes
with atmospherie factor, such s hunidis (Hott-
man and Jobes 197X or temperatore

Because of the heterogencons occunrence of salm-
1y in the field, s not comsdered [\\)\\IHL‘ e \[lllf_\
responses to sarl saliy under fickd conditions
{Chandra 19801 Alvo, since chick pea v sensitive o
salintty, ot has heen sugpested that i nuy not he
possible to make use of vield-based eriterig in this
crop (Chandsa 19804, But s our priman concern is
productivity i saline environments, it s NCCesNTY
that onlv viewd-hased criteria are used. rather than
indirect indices ot vield pertormanee.

Poor Plant Stands

The occurrence of poor plant stands is a common
feature 1 sahine fields. and this mevitahly reduces
vield, Lafferences between crop species in germina-
tion under saline environments are well known
{Mchrotra and Gangawar 1964, USDA 1973, 4nd
variability within crop species has been noted for
pigeanpea and chickpea m artificialiv salinized soil.
Seeds of genotypes Betterable to germimate in saline
environments would be very ueetul in improviny
plant stands and thereby coninibuting to increased
and stable vields. Genotypie differences i tolerunce
of dilterent jonic species are als of practuical impaor -
tance, inview of the differences in the types of salts in
saline soils and the modifying influences of other
accompanying ions, such as caleium.

Ié6

Toleranice to Salinity
Crizeria for Selection

Visual Criteria

I saline ervironments, chickpea exhibits develop-
ment ot distnet symptoms, such as the appearance
of anthocvanm pigments on the foliage in the desi
cultivars and the charecteristic vellowing of the
toliage 1 the habuit tvpes. Ina maderately saline
covaironment, which does not cause plant mortality
ol cevere reduction mogrowth, relatve genotypic
ditlerences can be detected under fiela conditions by
observision of symptoms. Such differences are not
sevisible in pigeonpea, however,

Relative Biomiss and Yield Reduction

Pwo ditferent weigat-hased criteria have been des-
citbed to determine genoty pic ditferences in salt tol-
crance (Chandra TS0y

Fothe Jevel of sorl salininy that would bring about a
506 reduct.on in shoot weight o seed vield; and
2orelative decline in bioma-s or vield with increas-
ing levels of soil sahnity (slope of the response

curve).

Sereening Methods
Field Method

As pointed out carlier, heterogeneity of soil salinity
I a discouraging tactor in developing field screening
methods: therefore, pat methods, using artificially
sadinized soils, are recommended (Chandra 1980)).
AUTCRISAT we are tryving to use the natural oceur-
rence of heterogencous soil salinity to our advan-
tage. The procedure followed is 1o grow eich
chickpea genotype ina long row across a moderately
saline field, passing through the heterogeneous
patches of salinity (Fig, 1), A test line in 4 row is
tlanked by a tolerant and a susceptible control. The
genotypic difterences insalinity can be scored in two
different wavs: visually, and by relative decline in
plant bromiss and vield.

I. Visual scoring.  Genotypes are scored on a 1-9
scale for severity of foliar svmptoms due to soil
salinity. in relation to tolerant and susceptible con-
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[hes micibiod s very Tahonous, however, and may

not be practical ona brge scate

Greenhouse Method

The above regresston appreact was tested 1n pois
G ereenhouse, using grivded levels o sorbsihanty and
maintaining the soil moisture around tield capacity.
L he crop wis harvested 40 davs atter sowing, and the

hromuss was regressed aginst the graded levels of
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Figure 2. Effect of interaction between soil moisture and salinity on the growth of chickpea (ov JG 74),

ahmity. Genotvpie ditterences i tolerance to silin-
v appear to exast Chable 1oand wowide range of
germplasm should be exanined to determine the

cetent of such ditterences

Interaction of Soil Salinity with Moisture

Phe osmotic eteos ot dissoived saltom soil s olution,
wilch contibute to phivsiotogica] drought, are well
Fecosnized DN ones 9N i the pot evpern-
mo o conducted at TCRIS AT Conter 1o study the
res; cnses of chi mpva to enaded fevels o sahingty we
observed that the dechne oy dey matier in chickpes
with mereasimy fevels oo salinis was more steep
mowetl-watered condites Gpots maontained around
treld vapavion ) than i water <detist conditions (pots
mattned atound S0 ot he tield Gipacity g,
21oStudies i the tield exmboed s sl reaponse,

1S

Phis andicates that genotvpie diterences may be
caster to detect when soil water condittons are hept
atan opumumn for nfant growth

Breeding for Tolerance to Salinity

Once consideranle penotepic vamabihiny iy detected
by the screcnmy methods discussed, o breeding pro-
gram forsalt o'eranee becomes feastble. Genotypes
with greater st wolerance than the commonly
prown cultinars cin be selectad s parents. | he
above sereempy technigques, however, would not be
suitable tor sclecting promisimg nutenal i g sepee-
vating population

Generally, genotypie ditterences are gioaidy nar-
rowed dowa at vers high devels of salinity and,
hence such levels cannot be used 1o sereen segregat-

g populations ina breeding program. The attempt
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Figure 3. A schematic diagram of steps required for a breeding program on tolerance 1o soil salinity.

should be to arrive at an optimum level of soil salin-
ity at which expression of genotypic variation is
maximum. This level can be decided upon for a
given soil type and chmatic condition by growing a
few contrasting genotypes at graded levels of soil
salinity.

The chosen ievel of salinity can then be created in
artificially salinized microplots in the field, or in

pots, in which the segregating population can be
grown. Selections and generation advancement can
then be made on the basis of visual differences in
relative growth and appearance of symptoms. The
promising material could finally be tested morc
comprehensively at graded levels of soil salinity, in
pots or in heterogeneous field conditions as des-
cribed carlier.
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An overall schematic approach is deseribed in
Figure 3. The approach may also be applicable to
pigeonpea.
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Effects of Drought, Temperature, ar  Salinity
on Symbiotic Nitrogen Fixation in Legumes, with
Emphasis on Chickpea and Pigeonpea

0O.P. Rupela' and J.V.D.K. Kumar Rao!

Abstract

The degume-Rinzobium sumbuoss o a fughly intesrared and, o0 a considerable deerce. self-
regulatng process. s particalarly sensive 1o sade environmental intluences as drouehi,
Salindiy, and exirenies of temiperatire, tnore so e vhizoba vrowme alone. Althoueh the ethecs
of these factors on the svadbaoss has Deen siudeed mosehy wnder faborators condinnons, o srood
wndersianding fras heen aclueved of Bons e synmthionsy ressuonids 1o varions formis of sires . A
three seress factors snipair Hice developaens of 1o flais andd the site of eniry ol rlnzodng e the
frosto resudimg in pove nedutaton or cven absence b noduios. Sl and v wenperaian
siore wredatlvatfecr nodudared plants thar iroven-teradized larie Sonce exnae brow fodoe on
the effects of SIress Tactors o symbioric mirosen tixation fas been derised mostiy 1rom seadies
witit feetmes other than i pee s paceonped, deiatled stuades of these eftec i are needed for
these swocropns b addimon, becaroe sirams of riuzobur tolerant o diese sivess faetor are erthier
available or wdenariable by laboraiory screcnne procedures, ettoris dodenizy idiodval k-
pea aned fHCconped genalvpes 1’1!/(‘!’41/1/ I I/I('\(’ MPeSS fdolors L»'{l/l/ /1:‘//' miprove the 1)\(‘/'(!//
rolerance of the svmbiosy,

Introduction however, there was o strong surge of BNF research,

particuinaly with regurd to ity brochemical aspects.

Nitrogen is both essentiad tor plant growth and the
element that most frequenty limits crop production,
Satl nitrogen s depleted by cropping. demitrifica-
tion. leachmg. and croston: itisacereted by applica-
tion of tertihizer nitrogen and manures. and b
brological mitrogen tixaton (BN,

Knowledge of the BNE phenomenon s about o
centuny M BNE was recogmized as a naual pro-
cess that permitted fegume growth on sotls low in
nitrogen. Duning the mitial phase of knowledge
acquisition, because sophisticated Lsboratory cquip
ment wis often lacking and ternhizer nitrogen not
readily avadable, this subject did not attriact much
rescarch ettort. In the late 19508 and carly 1960+,

odenumes Program, HCRIS AL

Sinee the 1970 the Neld has expanded, asindicated
by the frequency of imternationad ssmposia ond the
mereased numbe: ot hooks on BNEF (Postgate 1971
Quispel 1974 Stewart 1975 Torrev and Clarkson
1975 Nutman 19760 Broughton et al. 1979; Berper-
son 19800 Broughton TYNT OS2 1983 Graham and
Haros 19320 as well as roviens (Stewart 1973,
Dvizzo and Hubbelt 1974 Ddworth 1974 Shanmu-
vam and Valentime 19750 Chidld 1976, Shinner 1976;
Winter and Burns 1976, Vance (981

Beciuse the energs cost of svithiesizimy and trans-
porting combined mtropen as reruhizer 1 high and
because iereased use ot fertlirer mirogen may lead
to polivtion uzards, enhanong tised mitrogen may

Subnutted as CP 33 ne tie Tnternationad Coops Research Fmtitute tor the Semi-And Frons (ICRIS AT

TCRISAT thnternationa Crops Research Institate tor the Semi-Arad Tropicsy 1987 Adaptation of chichpes ad pigconpea to abiotic
stresses Proceedings of the Consuttants” Warkshop, 19221 December 1984, 1CRISAT Center, Indne Patanchera, A P S02 324, India

JTORISAT
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become a viable proposiion not only in marginal
linds of the semi-arid tropics but also m good <oils.

Fhe protound intluence of environment on sumbi-
otic nitrogen finatior s heen honown o g fong
ume. But bittie i known so tir about the basie reae-
ton underbomg the varntions m svimbotic nitragen
finatron e fepumes, particularh chickper and
prgconpea. s revesled under stress conditrons, | he
resuits obtamed so tarwith ditterent legumes would
seem toopustty further research ettort

Stoce the estiniates ol nitrogen tived by legumes in
wenend are guestoned (HaRucand Paticrson 198,
we have rernnnad trom estimatig vield Tosses attrib-
utadle to the ctect of sarous stress Lctors on mitro-
Lo hixaton

Drought

Few studies are avanlable on the survival of rhizobia
under drought suess. One study showed  that,
depending on species, between 5007 and 994, of rha-
sobia died with ovess o wetting and drvig (Pena-
Cabrades and Alevander 1979 A 10000100
reduction was abso ubserved i the Rz o
[ote when the sond was heptdey o severad months
Chouids 1971 10 was tound that soid conditons
under which drving occars aftect the extent ot
dectime tBushby and Machalt 1977 wnd that tope
and amount of clay e the sod are miportant o
protecting thizobia tOs-Atana and Al vanded
T9523 A population o TOO0 thizobuy g diy sodd o
more can be counted tor both chick pea and precon-
peit i the surtace S-om Vertsol woil durig the hot,
dey summers of pemoasular India clable 1 hus.
despite a dechne i population over this perrod.
rhizobin ot hoth chickpea end prgconped toowpen
group rhizobin can suil sunvine drought Wath
approprigic selection pressures, Usirould be passible
to adennty rhizobue that are better abie to snvive
drought conditons

An optimum supply of water, around S0 7A, of
the water-holding capacity, i considered essential
tor maximum planc zrowth. Becaase sy mbiose s an
ultrasensitive process, however, its water reguire-
ments should be considered senarateiy from those of
the individual plants. Pigeonpea grown i the unpre-
dictable rainy seison, tor instonee, may expenence
cither shortage or excess of water during vegetatine
growth. When reproductne grow th extends into the
postrainy season, the crop rrunanly depends on
stored morsture in the sail. Chickpea and pigeonpea
grown m the postragny seeson thus Luce o progres-
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Fable [, Effect of depth on population (log 10 MPN gt
st} of chickpea and cowpea group rhizobia in a Vertisol
and an Mfsol, TORISAT Center,

Cowpea

. ) group?
Cluchpea thizobg? : f

Depth Pepth rhizobiy in
ten Vertisol Aol ony Attivol
0o 462 RIS (1IN LR
AR S 461 S 463

IS5 30 RN Ay 20030 419
W60 N oY S0 60 2
6090 283 - oo 110 RN

o120 203 - 130 160 230

I Samphing done i Mas 1979 010 RIS AT 1980
Sampling done o June 197500V DR Komar Rao and P
Dract, anpubishedy

1 Hot determied

stvelvancereasing sor moisture deficit. Legume sym-
hiosis can recover it exposed ta short stress periods,
but prolonged exposure may lead to permanent
damitge and shedding ot nodales tWilson 1931 cired
by Lie TUST .

Dry sorls b nocmal root han tormation and,
heneeinfection by Riuzobian. With watering, the
abnormal root hairs may resume growth, On the
other hand, nodule development imuated under
notmal mosture conditions s set back by later dry
conditions {Waorrall and Roughleyv 19761,

Sprent (1971) carned out detaded ~iudies on the
citect of drought on detached soyvbean nodules.
When water foss trom nodules exceeded 20¢ of the
mtal nodule fresh weight, acetviene reduction
actaty CARAY wasarreversibly lost. Spliting of eell
walls and ruptuning of plasmodesmatal connections
occurred an the bacterod-contimning sone. Under
these conditions, the evtoplasmice structure in the
vacuolated cells o the nodule cortex collapsed
(Sprent 197 20). Reduced resprration rates and AR A
due to drought stress were seen when nodules were
avaved at high pOy o after shomg or homogeniza-
ton {Fankhurst and Sprent 1975) The results sug-
gosted that the cortical collapse imhibited nodule
activity by reducing the ditfusion of O. into the
hacterord-vontmning 7one. Results of studies on det-
ached nodales miy not be apphicable to nodules still
attached to the host plant, but they do provide some
interesting insight into the system.

Unless drought stress caused wilting ot the lower
feaves of Ghicine max and vicra fuba | ARA reco-
vered  rapidly after watering (Sprent 1972b);



moreover, drrgatton after a pertod  of drving
incresed  nitrogen fination more than ten-told
(Sprent 19701 Reduced ARA dunng droaght may
be due o reduced photosynthate supplym Gh e
ma v, for instance, twas observed that the pereen-
tage reduction of ARN and ot net photosynthesis
were sinilir (Huang e al 1973000 The recoverny ot
AR diter rewaternnyg, however, faeped bebind that
ot photosvnthess (Huang et als 19750008 Tdiy
drought stress mmposed oa Ghome sy cased
J6-80" ¢ redaction mothe proportion ot fC-labeded
photesynthates subseauenty supphled to the
nodules (Silvus eral 1977)

Sidar studies on o chiickpea and przeonpea e
Licking N substantal mcrease s nodulaton and
AR A s seen due to poiton m chickpea (b D
Without arrgation, the mavmun neduele growtn
wds achteved by about 40 davs Wl ineation wi
about T0-day mtenvais, nodaies contiued growing
until about 65 dass and AR N continued even up to
SO davs Simular respotises toantigation weie seen in
nodubation and ARA of pigeonpes wrown an the
postrams season (g 2,

A water budpet drawn up tor o pea plant aod s
nodules tora pertod of rapid vepetative prowth ot 9
davs, between 21 and 30 dass after sowing, noan
cnviomment of IS C dunoy the day and 1.2 € dur-
g the niehit mdeated a requsement ot FOmivter
by the nodules o dis peceed cFate 197600 Of
e, 97 ml o was ostimated to have heen sed 1o
eaporting 27 mye ot fived mtrogen to the plantand
0.3 ml o was consumed o nodule growths Fuenty
percent of the [0 mbcame teomthe phltocmo 13 wits
absorhed trom the nodule surface, and the remaan-
g 670 was extracted lateradhy trom the adiacent
toots Durmy the some perrod, 10 ml water was
teanspired by the plant swhick was 4 nmes mote
than the amaonat passepg through the nodules Pate
19761 Although this estimate may net be precise, it
clearlhy mdicates thac undes nermal oondiions roots
supply i ol porton of the sater deguired by
nodules

L chichpes rowang 1 2 postiins scason on
receding restduad mosture, the top I3 crn ot the son
dries up within U weehs ON PSavena TORTSAT

personal commumaationt but nodules remarm -
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Figure 1. Nodulation and nitrogen fixation of cultivar K 850, with and without irrigation, in a Vertisol at
ICRISAT Center, 1979/80 (ICRISAT Annual Report 1981, p. 93).
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Figure 2. Effect of irrigation on nodulation, nitrogenine activity, and drey-matter production {at 90 days) of
pigeonpea caltivar C 11 groswn on s Vertisol, JCRISAT (€ enter, postrainy scason 1981782, (Source: J.V.DK.

Kumar Rao and J.A. 1 hompson, unpublished).

eid and tunctional tor more than 40 ditvs atter sow-
ing (see g 1 The wate required tor nodule
fiunctions v obvioushy coming 1o decper Livers
However nodules may oo ne fosing some water to
the dry sollinstead of whsorbing it Since przconpea
eXpericices unpredictable eveles of wetting and dry-
ing tHuda and Viemany 1987, dipy and surges i
nodule formation and tunctions during the growing
season have been obsered

Chickpea i farmers” telds and 1 watersheds is
generalhy nor aswell nodulated wsin precision helds
fULCRISAT Ceater, even thoush Rinzobuom popu-
lntrons are simlar. This indwates that lack o
appropniate Rhizobium s not completely responsi-
ble tor poor nodulition. The poor nodulation of
legumes sown on residual moisture, compared to
crops sown with irrigation. lempts us to sav that the
carly processes of nodulation  such as infection by
rhizobia, nodule initiation and formation. ete.  are
rather mare atfected by moisture level than is nodule
function. Rhizobia are known to survive various
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degrees of dessication expected i the soil. but we
should coneentrate on identitving plant genotvpes
that can torm functional symbioses under drought
conditions,

Temperature

Fhe ettect of temperature on nitrogen fixation was
reviewed by Lie (1974, 1951) and Dart et al. (1976).
Pemperature can attect viability of rhizobia applied
to seeds at sowing, growth and survival of sapro-
phyuic rhizobia in the soul, and the various symbiotie
processes from recogmtion of rhizabia by legume
roots to nodule function,

Rhizobiare suscepuble to higher temperatures,
particularly when conditions are moist rather than
dry (Wilkins 1967). Survival of rhizebia on seeds of
Trifolium spp, P -ativam, and Medicago sativag
sown in moist soils was greatly reduced at 40°C, The
degree of reduction depended on the size of the



iitial population, the time of »xposure. and the
strain of Rhizobien (Bowen and Kennedy 1959,
cited in Bushby 1982) Although strans ditter in
their capacity to tolerate temperature, the upper
it s close to 40 C (Bowenand kennedy 1939 and
Ishizawa 1953, cited i Bushby 1982). Soil tempera-
tures reaching 40 Care notuncomuion i chickpea
and prgeonpea growing arcas (FCRIS AT 1978, but
the tolerance limits of these thizobur are not et
known, However, the rhizobue ol chichpea and
pigeanped doseentosunvine these temperature con-
dittons see Tabie 1

Fhe temperatire of the tooting medinm has &
strong intlocnce on oot e aatection chongs 19760,
crted i Sutton 19SS and ARA (W qughiman 1977
In Frifeliuny nedules, 1t was observed that ar T
19 C the tirstseaescent zones were detected T das
atter bacterond ditterentiation, whwe ar 7 O there
Wi st noappedaranee of the senescent zoncatter 20
dass tRoughiey 1970 Fhe fonger penod and higher
mirogen e ton rates tor chickpea srown i north
crin dedia (29 10N than o southern India 087 32270
(TORISAT 19821 may parth bedue tofower temper
atares, which can sometumes pe [0 C

Jowas noted that AR N ot Drifoliim subrerrane:
continted to mesease for 3days atter tanster trem
22 1o 30 Coand thendecreased by 900, s the neat 3
davs (Pankhurstand Gibson 1970 Thiowas accoms
panted by omarked ctruetiiel changes i the
bacterord-continmye  ceils ad v aeeelerated
growth and branching ot imtection threads, ITnocon-
trast nodufes tormed by ooparticuda stran 1A
were futhy stable at 30 C 0 I simidar capenmeies
with Fritoltens subicrrancan:, Trorofos pedtons
and  Medicavo scoves ceduced egurioy W
recorded ot mfection thieads: as wedl as reduced
ARA, on transterning plant trom lower to higher
root femperaturesi Dayv and Dart 1970, cied e parnt

1977). 1Those obseived aitterences in the reaction off
inieciton threads could be due to ditferent Rhizo-
haon straons, Powme sadvinr nedules tormed at

22 Closto707 ofther ARAand 170 of thewu teghace-

moglobimn atter 2 duvs exposure to 30 C (bnngs
1976, aited by Sutton 198, Both plants and rhizo-
bra gres sitistactonhy ot 300 C when supphed with
combined nitrogen,

Wiath chickpeas, vwas tound that dary cvetes of
DAY 00 233000 O oot trmperature during
the day resulied in decrensea AR N and plantgrowth
(Dart ceal 19750 feo cveles did not atteet plom
sross th signticantiv, but nve and en oveles caused
an IS=3400 reducton i mitrogen bisaton over the
control when measured [ davs atter the teitment.
When chickpea was geown continuoushy at four dit-
terent temperatire regmies with mean soll temperi-
tures of 24 020 02N and 30 C durnmg e dav,
nodude muss, AR A and plent grovetn were adversely
abfected with ncreasing wemperature thable 2)
AR decreased ST at 26 C 790, at 28 O and oy,
At 30 Coover the AR obruned ar 24 Cowiale the
corresponding decrease i plant growth wis 23,52,
and 670 AMore ARN o chickpea nodules wirs
onhsenved swhen dasv-neht temperature was 22-10 ¢
or 22408 Cotnan when ot was 30-10 Coon 30-IN ¢
iManchi et ar Tosm

A higher tenperatures photosynthesis s reduced
drosteadhy (BLeck 1973 Black etal 1978 and henee
ntregen bivazon can Beoamdbrecty attected by
ceduced sappi o of photosonthates Kincobuon
strars that can e nanosen Loder tomperature
stress conditien s can be obioned oF A-lander and
Poabireus 19700 Dac ba 7y Do Chnckpea it has been
posstble roadenusy staens which can ey nitrogen at
about 300 g emperatare that the crop . expected
to taee in the condiions of peninsalar Indu (TCR -
SAL IS TORINSAE 1o

Table 2. Effect of soil temperature’ © C)on nodulation nitrogen fixatior, a4 plant grosth of chickpea (TCRISAT 1983).

lemperature ARA? Nodudes
t O (uM CiH, pot s h a put
28 220 Fant)
Rl 1 1580
kN 17 1490
15 22 8OO
SE 1,79 2182

Nodule diey miees Fop dry wi
f ot (g pot!)
[JOA 21y
| 8§ 6.9
(IR 1.4
083 0.8
0,163 ) 74

I Plastic pots vontarneng a S ertisol with a hagh Riuzobi count were immiersed i water baths ofastterent tempetatures tor 3 h per day

LOSO0 1o TOML L heginning 6 davs atter sowing

2 AR acenviene redaction actnaty
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Salinity

Information on the effect of salinity and alhalimn
on rhizobia is scanty, and it is particularly lacking
for chichpea and pigeonpein. Most of the aviiable
studies have used broth cultures, and the initial
broth pH can chiange over the growth period
{Damurgictal 19671 Growth ot range of strisns in
broths of il pH S0 to 10.0 has heen reported
(Grahem and Parker 1964) Onl one fow -rowing
strasn corld vrow at pH 9 0 but all strains ot Réyzo-
hivn meldotitastroners vrew at pH Y3 None of
the stramns could grow ae pH o

S

Rhizobium ot high Concentrations, Salt (eneraliy

dy ol Naund Caoare hnown 1o be tose o

NaCh concentiations o more than 17 mhibit the
prowth ot rhizobia Ieowe observed that growth

rates of rhzobue of Chickpea and conpea were

reduced at more than o Nat HiGandhand Vs
V969 Rivzob iy nitod and Kiiob s wonunino-
drum were tound to be sensitne to 0 NGHOO
(Wilson 1931 citea by Bushby J9S210 Avo KO wis
more minbitors than NaClatequivalent concentry-
Hons (35 N Lor tour staans of Ripcobin, g -
cunt{Upchnrek and Flhan 1977 Non-pum-producing
colony variants o these Toun strains were more
sty e tosadt than larpe, pume-producing colomes,

[ewiis suppested that salts atfect the host nather
than the Rizabim (Wison 19700, However, the
processes imvolving the mteraction between the twao
are fthely to be more senvitive te sadinaty and alhalin
ny. Roow ot Yedicaee sariva growig with 0.
NaHOO torinstance . were devord of root hans and
mucitaginous Livers and the tormation ol infection
threads was prevented b akshnn Kumern or ol
1974 However, under the same salt concentrations,
the growth of rhizohis was optmem. In sovhean,
fgh salunty coused shrinbaee ar root haies and.
henee, tohure of nodalstiont Tu 19811 Sodium chlo-
nde at L2000 M corcentration mhibied nodulation
At sovbean. Plants depending v swmbiotie nrogen
wore more attected by sais than those depending on
menerld nrtrogen. I contiast, both netrate-ted and
ssmbiote plants of Medicgeo waiva were refatively
unatiected by salt(Bernsten aad Ogata 19663 Nog-
ulated mungbean wis more atteeted by, sahinity than
cowpea {Balasubramanian and Simhy 197601 and
Victa faba, the reduced number of nodules per pliant
due to salmity was compensated i part byincreased
nodule stze (Youse! and Sprent 1983)

symbiotie suseeptibiity o salt stress ilso varies
from salt to salt o decerne 0.79 NaCl completely
suppressed  nodule tormation. However, nodules

12§

were tarmed even with up to 075 of KCl and
MgCloiSmgh et al, 1972,

Growth of chichpea i sand culture in the green-
house was depressed by NaClat only 20 mM, unless
mmneral nittoges was provided. Without NaCl, the
pettornianee of 12 RAtzobion strains was compira-
bl to st wath an ammonium nitrate treaument:
with addition of 735 mM NaCl however, only one
strain was siemticanthy bheter than the control
(Lauter ctal. PInTL Riuzchaan strains could grow
with evenup to 120 mM of NaClLindicating that the
symblotic processes trom root hair intectton onward
are more sensitive than trom rhizoba alone,

Almostall the studies on nodulation and nitrogen
fination have been done with detined salts under
faboratory conditions. Field situations would be Jif-
ferent and more dithieult 1o study . The laboratory
studies provide @ basic understanding of the svatem,
and thus need o be done. Besides dilferences
between degume species in tolerance (o salt stress,
there can be genotypie variabiliy within a species,.
Five der ol cultivars tested at ditterent salt concentra-
tions indicated genots pre differences (Rai 1983), Dif-
ivrences hetween penoty pes of preconpea do exist,
put tiere o need 1o identty genotypes tolerant to
saltmy Jevels experienced i the field () S, Chan-
han, HCRISAT. personal commumcation), A
reeends concluded study av CRISA T Center indi-
cated genotypie differences between pigeonpes Hines
and therr associted rhizobia for toleranee to difter-
ent salt coneentriations i Subby Rao 1984),

Rhizebmwm arins obamzd from salt-attected
sotis may be more tolerant to salinity and better able
to establish @ svmbiosts with the host Chickpea
stran TC-53 (ex Tola), isolated from i saline field at
ICRISAT Center, produced wreater shoot weight
thian Rhizobiunt strains trom normal ficlds, when
compared in pots containing saline soil. Fhis strain
produced 6377 more grin vield than the control
treatment in field triads inoa saline soil in Sudan
(Ibrahim and Salih 1980). Similar observations were
made tor Rhizobium of Sesbania isolated from salt-
aftected souls (Bhardway 1972).

Conclusion and Futnre
Research Needs

Most ol our knowledge on the effects of stross fac-
tors on BNF comes from studies on legumes other
than chickpea and pigeonpea. Hence, more studies
on how these two crop plaats react 1o the stress
factors are required. Rhizohium strains growing as



saprophytes in the soil can tolerate stress environ-
ments much better than the host legumes and the
symbiosis. Also, Rbizebiven strains tolerant tosome
of these stress tuctors have been nokated: they can
also be adentihied more casily than tolerant hos,
plants. Plants depending on ssmbiotic nttrogen are
more prone to the adverse etliects of drought, sorl
temperature, high pHLand salts than are plins fer-
tlized with nitrogen. his suggests that wlenitica-
ton of genotvpes tolerant to these stress factors
should be o first step in overcoming the adverse
environmental eltects. Al the stross tetars resultn
absenee or distornon ot raot s, the sie where
rhizobi enter the host proore o establishment ot the
symbiosis, Henee i selecting legume zenoty pes bet-
ter able to folerate stress tactors, the abthiny to torm
norma! root e should be o nugor consideration,

Astudy as towhyand atwhich staee. the svmbio-
sts breaks down under coviconmental stress s
mportant trom o practieal pomt of view, and it nne
provide more mloraiation ahout the process eeld
Anamportant contribution miay be expected froma
comparitive study between genotvpes thae dif er in
their capaerts ro establinh o svmbiosis under stress
condttions
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Effects of Climatic Stress and Soil Chemical
Toxicities on Productivity of Chickpea
in West Asia and North Africa

M.C. Saxena!

Abstract

A major part of West Asia and Norihi Aprica i characterized byoa Mediterrancan climere with
cool or cold, wer swinters ard swarm sumniers. Chickpea iy an imporiane food legume in this
region, accounting for about 3¢ o the world Chick pea cr o Most of the chickpea giroven in the
region is of the kabub iy pe. The soils wsed for cliuckpea production are generally caleareous and
have a hieh p . Fhe magor cimatic stresses 1o whicly the e sy subjected mclude excessivelv high
temperatures and droaghn during reprodiucinve srow i, Sosvine wiwanter rather than in the
tradicional sprine redieces the severine of these stresses and inereases vields. Be anse in o this
strategy the crop™s vulnerabiiov 1o cold stress mcreases, varietal selections are heing rade for
solerance 1o cold e addiion. because hich Calcareaasaess of the soil reswldis in tduced iron
deficiency i suscepnble genorypes, negative seled tion iy applied 1o climinate s susceptibiliny.,

Climatic Conditions

A major part of West Asia and North Africa is
characterized by o Mediterranean climate, with
large virations due 1o proxiomnty to the sea as well as
latitude and altitude (lable 1). For developing
research strategies at the International Center tor
Agricultural Research in the Dy Areas (ICARDA),
we recognize two major agroclimatic zones in the
winter rainfall areas: a “lowland™ zone (- 1200 m
altitude) and a “plateau™ zone (altitude 1200 m). A
transitton area between these sones may, however,
need separate consideration.

Areas considered suitable for growing chickpea
are those with a mean daily temperature of § 207 C
during the growing sezson. Such arzas are lurye in
the conl subtropics receiving winter rainfall but
small tn cool temperate regions, while estimates ire
not available tor cool tropies and cool subtropicy
with summer raintall (Kassam [9%1). Most of the
area with thermai and moisture regimes adequate to
permit & reasonabie leagth of growing period falls
within the arcas having Mediterranean climates. In
these regions, crop production essentially depends

on the amaount of winter precipitation, which largely
determines the length of the growing season.

In these regions, chickper is primarily grown in
areas where winter precipitotion is more than 400
mm. dnarcas of fess precipitation but with a thermal
regime permitting an adoguately long growing
perind tor economic vields, the crop is grown wit)
irrigation (supplemeanary or total), The Nile Vallev
of Egypt and Sudan is a good example. In areas
recenving adeqguate winter rain, however, the crop s
sown at the end of the main rainy period.

Chickpea iy traditionally sown in most of West
Astit and North Adrica a8 a snring season crop,
during Murch-April, wfter the ena of the LaOr ratny
peried. and the crop grows on the residual soil mois-
ture. The crop experiences increasing temperatures
and daviength, The long-term averape values for
maximum, minimum, and mean air temperatures
and soil temperatures for two locations in West Asia
are given in Figare | The evaporative demand of the
atmosphere also inereases during this period: the
crop completes its reproductive growth and reaches
maturity in an increasingly desiceating environment
and uncer increasing soil moisture deficits.

Lo bood Tegume Ly provement Program, luternationad Center tor Apnicultural Researchn the Dy Areas FCARD A, PO Boy 5466,

Aleppo, Sun,

ICRISAT ¢internatonal Crops Research Institute tor the Semi-And Fropiesy. 1987 Adaptation of chickpea and pigeonpea to abiotic

stresses. Procecdings of the Consultants” Workshop, 19-21 December 1984, JCRISA Center, Indie Patanchere,

ICRISAT,

A P02 324, India.
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Table 1. Major variations of the Mediterranean climates in the thermal subtropics (After Kassam 1981).)

Warm Moduerranean 1300 mm

Cool Mediterranean 1500 mm

BN Continental

Regime Oceanie Continentai tnic

['hermal Cool or cold Cool or cold Cold winter Cold wintes
winter with winter with with cool with cool
warm or hot warm ar hot summer summer
sunmer UMy
Annual thu- Annual bu- Annual flu- Annual flu-
ctuations ctuations ctuations cHntions

250 50 25C 25°C

Moisture Humid to Semi-arnd Sitbhumid Semi-arid
desert to desert to desen to desert

I demperature ¢ Croeobd =0 Sicool S Ih o warm Iy o0 ond hot = 500 Rantadl coumy hunnd - 1000 2000, subhumid - 60 1000;

semi-arid @ 200 600 qnd TR0 200, and desert |
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Figure 1. Seasonal pattern of air and soil temperatures at two locations in West Asia,
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Soil Types

A detailed description of the majorsoil tvpes i West
Asia and North Africa was given by Kassam (1981).
The areas where chimatic condinons permit a crop-
growing scason of 75 210 dass, conduave to chick-
pea cron production, are domimated by Cambisols,
Xerosols, Lithosols, and Luvisols in North Africa
and by Xerosols, Lithosols, Cambisols, and Regos-
ols i West At (Table 2y Chichpeaisalso grownon
Vertisols i this regron, Caderm carbonate content
and  pHooare high, and  thee antluences crop
productivity.

In Sudan. sol saliney and alkahnity have been
serious imutatons to crop erowth, particudarls atter
agricoltural expansion o the areas with “high-
terrace” sotls i nocthern Sudani Avoub J974 1975,
Salinrzation has occurred over thousamids of vears by
transportation of iltsan the Hood and delts pl.nn of
the twin rivers, Ligns and Fuphrates atfectng crop
production i lrag (Delver 1962) Ducto the botand
arid chmate and hmited nataral doanage, the salts
brought in the tood and wngaton water have
accumulated in the groundwater o which usually con-
tains 3-57 salt. Dependmyg on toporraphy. this
attects crop production

Table 2. Major soil groups in areas of North Africa and
West Asia where chickpeasare grown or whick have poten-
tinhly suitable growing seavons (After Kassam 1981).

Rank m subrepion
West Asia

Soil group

North Atrea

Cambinols | 3
[ ithosols 3 2
Fluvisolbs 7 9
Fuvisols 4 5
Regosols 6 4
Vertisols 9 7
Nerosols 2 |
Yermosols 5 6
Solonchaks 8 8

Area, Production, and Yield
of Chickpea

I'he area, production, and productivity of chickpea
in the world and in the ICARDA region are shown
in Table 30 Almost all of the chickpea crop in Alge-

Table 3. Average area, production, and vield of chickpea in major producing countries of the ICARDA region, 1966-70

and 1976-80 (FAO 1930).

1966-"0

Are Production

1976-50

Yield

Yield

Country {000 ha) (OO0 1y
Algerna X0 is
Epapt 4 6
Libva -t -
Moroceo il6 77
Sudan 2 2
I'unista 25 10
Cyprus - -
lran 98 49
Irag 5 4
Jordan 3 2
Lebanon ] 2
Pakistan 1073 572
Syria 42 336
Turkey 8 102
Totals

ICARDA region 14X%9 877
World 10247 6210

Aren Production
(kg ha 000 ha) (000 1) (kg ha')

480 R 21 50
190 5 9 [
- - - &0
680 67 42 610
880 - 3 930
390 8 23 570
- l ] 620
500 37 41 1120
710 14 9 580
S40 2 | 360
710 1 2 1840
540 1123 550 490
810 57 35 660
1160 174 211 1200
590 1558 948 610
610 10263 6745 660

. indicates data not available.
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Tabie 4. Timing of low and high temperature extremes, with a frequency of year in 13, at four locations in northern Syrin

(After Hurris 1979),

latrade \Mutade
{ocation t\) (1
Hama 5 08 309
\lL‘[‘P“ O RN
lel Abrad i 4 iss
Nanishiy T EAN

frost . .
(o | gy 13 ( 6 O

Ud wk Mok
Istwh apnid
Ind wh o Apnld
st wk Apnit

Ioete o1 List

Date of st man |

2nd wh My
fed wh My
fd wh Mo
Jid wh Aoy

Ird wh Apnl
bd wh o Aped
2nd wh Aprl
Sth wh April

ran v prus, Bpvpr Ly, Jordan, ebanon, | thyd,
Moroceo, Svna, Tumsia, and | urkey s of the habul)
types wheredas about 3007 o the crop i B and
i Pakistiun s of this tpe iSLeh et al 19N I
Sudan . small proportion ot the tonlar e s crapped
with the desttvpes Fhe TOARD A tewion cont:ibutes
ahount I TS0 o the 1ot qrea and prodicction of
chichpea i the warld Chichped is the nrone Bpor-
nt tood egume crop on West i whereas oo
North Atrica it s second only o Laba beans i
tulay. There his been a ~hobt inerease i are RINtE
duction, and productivies of chichpea i e region,
from 1966 70 to 1976 si

Most ot the cluck pea m the tegron i 2rown uindyy
rinted condions except s Foapt and Sudan,
where it irngated Facept Favpt, Sudan, and
Pakistan, the crop m this regron s somn at the end of
winter oran carly-to-late sprimg. depending on the
altitude and general thermal reme o the wiea

Major Climatic and Soil Stresses

Fhe major environmental stresses that limi chick-
pea productivity n the region icivde,

4. droughtm the growmg season, pat tcubarlvat the
Howenng and pod-nihng stapes,

b cold at carly stages of Crop prowtn;

high calcarcousness of the sonl and high pH. und

[T o

salimity and alkabmty problems i some are.,.

Of the fuctors Inted above, the Climatic stresses
are more limiting than the soil stresses, in terms of
both severity and dustnibution ot eftect. The timing
of low and high tempeature extremes. with o fre-
queney of T vear i 13, at four locatons in Syria s
shown in Table 4. Tt s evident that frost could oceur
as Jate as in the second week of Aprilin the lowlands
of West Afnica, and temperatures may rise to more
than 33°C by the same time and 0 more than 36°C
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by imd-May - Thos the cickpea crop s vulnerable to
bath hugh and low extremes of temperature, The
rapid rsean teraperaiure o Apnd s accompanied by
meressimrsod montire depletion, exposing the crop

foa combination of hyh temperoture stress and

drought stiess

Strategy to Tackie the Problems

High Temperature und Soil
Moisture Deficits

Nooprogram has been utated ar TCARDA (o
wovelop specitic heat- and drought-tolerant geno-
Bopes However, a production technology has been
developed which attempts to match chickpea crop
phznotory with the avaadabiliny of optimum temper-
ature and montore remimes (Naaena 1984) Winter
soswimr of chickpea using ascochyta blight resistant
cultivars, permits better mittching ot the reproduc-
tve phise of the crop waith optimum temperature
and monture regimies than o possible with the
sprng-sown crop thigs 2 and 3. The success of this
stratepy s retlected ina near doubling of seed vield
over the traditonal spring sowing, and in the posst-
bility of growmg ramted chickpea i areas of West
Astaand North Ateca where rnntall is - 409 mn.

The advancement of sowing trom spring to win-
ter. however, poses some hazards that must be taken
into consideration. One such is increased vulnerabil-
iy ot the crop o cold.

Cold Siress

Attempts are being maae 1o incorporate a greater
degree of cold tolerance in the material being deve-
loped for winter sowing. In addition to screening
chickpea germplasm at Hymana on the Anatolian
plateau, ficld screening of chizkpes material has
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Figure 2. Effect of sowing date on the phenology of chickpea genotypes TLO 482 and 11.C 202 ot Tel Hadya,
Syria, F980/ 81 and 198182,
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Figure 3. Monthly total rainfall and maximum and minimum temperatures in 1986/01 and 1981/82 at Tel
Hadya. Syria, and the effect of winter and spring sowing on seed vield of chickpea genotypes 1LC 482 and 11.C
202 in those seasons,
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Figure 4. Exposure of chickpea genotypes, sown on different dates, to different temperatures at Tel Hadya,

Syria, during the 1982/83 season.

been done at lerboll i the Beha'a valley ot
Lebanon, and at Tel Hadva in Syria,

At Tel Hadyva, advancenient of sowing date has
been attempted to mcrease the probability ot good
cold toleran. 2 sereemng thig ) as trost oceurrence
1s much higher at carlicr dates t Hurnis 1979) A Tel
Hadva. during the 1981 82 season. there were 43
nights with temperatures below treezing poimt, ciats-
ing severe damage to the chichpea genotypes tested
and thus permitting an excellent opportunity to
screen for cold tolerance. Genotvpes that contd
withstand cold wereidentiticd ata time when stand-
ard local controls were completels hilled. Theacces-
stons selected include 1L.C numbers 666, 668, 1071
2487, 2505, 3081, 3287, 3470, 3398, and 3789, T'hese
are now being used in the breeding program. The
cold tolerance of these genotypes is further veritied
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by eaposing them to -6 Cin treezing chambers for
varous lengths of time.

Soil Caleareousness and Other
Soil Problems

Nany sotls an the chickpea-growing areas of West
Asia and North Atnica are caleareous, with the cal-
clum citrbonatce content being more than 2007, Salin-
iy and alkalmey are also torly widespread in the
rewten. Because ehickpea iy not normally grown in
such areas, however, the prohlems ot salinity and
alkahnity assume signihicance only when expansion
ot chichpea-growing areas is considered. fran, lrag,
and Sudan have problems of salinity and alkalinity
in some ol their chickpea-growing areas (Delver
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1962, Avoub 1874, 1975, Ageeb and Avoub 1977)
Studies at Hudeibia Research Statton m northern
Sudan have shown that the host- Riuzabien swmbi-
osts ma v be mmparred by salimty this can be resthied
by ntroductng chick pea Rizohimn strains tolerant
to salinity thbrahun and Sabh 1980y,

No owork s bemng carned out at JTCARDA on
salinuy tolerance, However, the susceptibidiny ot
chickpea toron chloroses, which occurs in caleare-
aus sotls. s bemg tackled by ettectmy negate selee-
ton. The susceptible tvpes are togued out atan carls
stage i the breeding scheme tollowed at FCAR DA
Genotypes didferig mosuseeptibibity: to aron deti-
cency have been adentitied. and the physiological
basts ol this Jitference s bemg studied i coopera-
tve research with tne Unnersity oi Honenheim,
West Germany . Solution culture studies have shown
that some ot the tested susceptible types require
higher concentrations of tron i the solution than the
tolerant types.
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Potential of Chickpea and Constraints
to its Production in Pakistan

Zaibunnisa Abdullah!

Abstract

Chickpea v an important postrainy (winter pseason crop in Pakistan, wiich has the second
hrighest arc . and production of chickpea in the world. A verage vields are low, around 430 kg ha ),
but poteniial vields are guie hivh, above 2000 kg ha'. The abiotic stress factors of dreughi,

salinity, and sodicity seent 1o be iaporiant vield reducers. Althowgh research onchickpea has not

been cutensive in Pakistan, severai lines of rosearch on agronon and physiology have recently

heen sageested. Such research should eaable proper identificaton of the constramis to produc-

tton, gud solurtons to theve problenns should fead o increased and more «table production of

chichpeo i Pakisian

Area and Production

Chickped is an important postrainy (winterj-season
pulse crop in Pakistan. grown in most regions ol the
country. Pakistan iy also the second largest
chickpea-growme  country 1 the world (Malik
1984), after India

Of a total peographie area of SOS nullion ha
Zakistan, 405 mithion bha are nonarable tands,
mountains, aud deserts. The area under chickpea
fluctuates between 0.8 and 1.2 multion ha ( Table 1),
The most important chichpea-growmy region in
Pakistan is the central region (20 40N and
70 76" ). This includes areas i Puniab. such as
Sargodha. Dera Gast Khan, and Rawalpinds. Pun-
Jabaccounts tor 76¢70 of the total arca under the crop,
and 747 of the national production ¢ Table ).

Second in importanee o the southern region
(located within 24 28 Nand 68 72 by represeated
by Sind, Sukkur, and Jacobabad. Sind accounts 1o
137 of the area under the erop and around 214 of
the total production.

In the northern region (32 36 N and 68 72 1),
which includes the North West Frontier Provinee
(NWEP) and Dera bimanl Khan, the area under the

Fable 1. Area, production, aind productivity of chickpea
in Pakistan, 1978-1983 (FAQ Area and Production
Yearhooks).

\rca Production Ywld
Yot O B (000 4 (he ha 9
[P vy 614 35N
197y 1224 S3I8 BRU)
1980 1249 RER] 278
[un] e | 387 403
[9Yn2 K50 275 KRS
[EER! N9 1 491 550

Fable 2. Area, production, and yield of chickpea in Pakis-
tan, 1978-79 (Craps Statistics of Pakistan 1979),

Area Production Yield
Location (000 hu o0y (kg hah
Punpth PRE RED) 427
Sing 164 [ts 699
North West
Frontier Province 125 23 18¥
Buatuchistan ! I 727
Pakistan 1224 hRH 439

LoSanls Department ePlint Physiology ), Sational Agncultural Research Center, PO NI Park Ruoad. Islemahad, Pakistan

ICRISAT (International Crops Research histitute tor the Semi-Arad Fropies) 1987 Adaptation ot chichpea und pigeonpea to abiotic
stresses. Proceedings ot the Consnltants” Worksiwop, 19-21 December 1954, TCRISAT Center, Tndia. Patancheru AP 502324, India;

ICRISA
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crop is only marginatly smaller than in the southern
region, but average vields are very o,

Chickpea vields are gencerativ low in Pakistan and
average vields tluctuate annually ( Fable 1), How-
ever, Vields as high as 20000 2500 kg ha © have been
harvested inexperiments (PARC TU84), indicating
the pote tal tormproving this crop i the country.
Fhe lavge vield gap between the potential and real-
ized vields results from the icidence ot both discases
(primarily ascochvta blight) and pests (pod borer,

cutworm, and seed weevids), as well as the unfavora-
ble soil conditions under which ¢rop is grown,

Climate

1o possible to divide Pakistan into three distinet
agroecolopical zones  tor chickpes cultivation
(Mahk and Tutal 1984y, They are:

! The northern region. | his includes the North

Faile 3. Some climatic parameters’ in the northern region? of Pakistan (Pearce and Smith 1984),

Tempenature ¢ )

Average datly

Precipitation

,,,,, Averape Averagpe no.

" Highest | owest us00 To0u monthly ot days with
Month M Man recorded revonded howurs hours (mmj 25 mm
Jan 1” - 24 K IR T i Rl
leb ] 6 RIY | N 43 RE 3
M AR I RE} 2 [{h 43 0l 5
\pr 9 13 42 5 ) kM) 46 4
AMin A7 21 4% 1 41 28 20 2
Inn 41 25 49 I8 43 28 8 !
Jul R 26 Su 21 61 RI 3 2
Aug 17 20 45 20 K] 48 5t 3
Sep 6 22 R [B] 65 29 20 2
Oct RN 14 RE It ) 2 3 1
Nin 25 n 33 1 63 0 8 ]
Dec 19 4 28 2 IR! 42 18 2
I Based on mean of 30 vears” data
2 Represented by Peshawar 384, 4 o N3
Table 4. Some cliraatic parameters! in the central region® of Pakistan (Pearce and Smith 1984),

femperature ¢ ) e AI’R,lkill.),”fl_!;“,H,,_‘v,.,_,,_ . Potentiai
LT mmm e Relutive Averapy Average no. Crapotmnspi-
Averape Jigh nunudity o ) N B .

[ Highest Lowest 2002 00 monthh of days with ration
Month Max Min recornded recorded
Jun 16 N 2 4
Feb 19 6 Rl 2
Mar 24 10 36 [
Apr RN 15 BRI 7
May w 21 46 12
Jun 40 25 48 e}
Jul 6 25 46 17
Aug RE] M 42 14
Sep RE 2 39 12
Oct 32 15 RIS 7
Nov 2% Y RN 1
Dec 20 k| 7 -3

1200 (mm) 2.5 mm (mm dayv 1)}
BR 64 7 1.0
46 03 6 2.1
kY Nl 7 0
26 42 6 5.2
19 23 4 7.2
hK! 35 7 8.1
45 REXI 13 54
54 258 10 4.5
4 K5 S 4.1
29 21 2 32
26 12 | 2.0
9 23 3 [

I Based on mean of 30 sears' data
2. Represented by blamabad: SI m; 333N, 73-03°E,
3

Data caleulated at Chaklala, Islamabad: S08 m; 332 17°N, 73 06°F.
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West Frontier Provinee and s characterized by
high raintail. Although they do not represent the
entire region, dita for one site an the regton are
given i Table 3
2. The central region.  Thiv aica i mosthy semi-
arnd (Fabled) The regon las beenturther sutadr-
vided By Mabih and Dok (1984) into central
wost and central east: the central west region
recenves refativedy less ramtall during both the
rainy and postiiny seasons 1oeciudes Sar-
vodha and Munwal and parts of Attock and
Jhelum. The contral cast, including Rawalpindi
and Sudkot, recenves w higher rantall,

3. The southern regioa,
bv Sind. Sukkur.and Hyderibad divisions, The

Lhis zone s represented

area isata relatively low adtitude and the rainfall
18 scanty ¢ Lable §),

Soils in Chickpea-Grow.ng Regions

Soils i the North West Frontier Provinee ind the
central regrons range from sanady w o sandy loams,
Lhey are poor i organie matter and alkaline in
I he
and 1o meg (100 g) ' ot soal. Hlite and

reaction. catron-exchar ge o capacity ranges
between &
chicrite wre the predomimant clay minerals, with
snall amounts of kaolinite,

In Sind and other arcas i southiern Pakistan, the
soris have o relatively greater ioisture-retention
capacity Chrekpea s normally crown on tields
vacated atrer the harvest ot paddy in this region

Table 5. Some climatic parameters in the southern region of Pakistan (Pearce and Sinith 1984).

lemperature o O

Nuehape daly

L Hizhest 1 owest
Mounth M Min recorded recorded
Jucobabad?
Jun 23 ’ 28 0
leb 25 ) 37 |
Mar RE} 6 43 B
Apr 19 2 47 ]
Mas 44 26 5! 17
Jun 46 2 53 2
Jul 43 30 52 24
Aug 40 28 47 20
Sep kD) 24 45 16
Oct 37 1y 42 H
Nov RE] 12 37 4
Dec 24 7 28 |
Kurachi?
Jan 25 13 2 4
Feb 26 14 M 6
Mar 29 19 41 8
Apr RN 23 44 14
May 34 26 4% 18
Jun RE R 46 20
Jul KR] 27 43 23
Aug 3 26 37 23
Sep k1| 25 41 21
Oct RR} 2 42 14
Nov 3 % R} 9
Dec 27 14 RR] 4

Relative humidiny ¢/

Precipitation

Average Avenigge no.
(INID] 1600 monthly of diys with
houts Hours (mn) 25 mm
6HS 34 5 07
S4 15 8 0.9
4S5 3 5 07
41 30 S 0.5
43 27 3 0.4
57 31 8 0.3
65 42 23 1
7 49 23 1
68 40 S 0.3
56 31 0 0.1
56 29 0 0.1
63 3 5 0.5
63 45 13 I
72 49 10 !
79 57 8 1
87 62 3 0.2
BE 6% R} 0.1
K6 69 18 |
5y 73 81 2
91} 74 41 2
8Y 71 13 i
X3 57 0 0.1
68 dy 3 0.3
[&] 45 5 1

Lo 57Tm: 28°17°N, 687 29°E; mean of 10 years' data.
2. 4m; 28°48°N, 66 SYE; mean o1 43 years' data,
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(Malik and Tufail 1984), and ihe soils pererally have
a good moisture statas at the tme of seeding.

Chickpei crops generallv respond 1o the applica-
tion of both nitrogen and phosphate fertilizers
(Malik 1987)

Soil Moisture and Chickpea
Production

Phe Tow national vields of chiick pea are considered
to be primarily hecause ol s calivaton asa rainfed
crop (Malik and Tulind P984 Phe vanauonin mon-
soon IH'L‘(‘!]‘“&K[:UH nraveardeternunes both thearea
plunted to the crop aesd s productvits. [he central
resion iy the asiun aren ander chuck pea, b
staids e loner than o the southern regron,
Although the seiative imporiance of v rous abiote
factors n I:.‘dl;vlllgl sichds has not heen ostimated.
sotl monture deficnt secns 1o be o nigor constrannt,
Phasis because of the occutrence o sands and fosmy
sorlsand inadequate taintall i the central weg
regon Chickpea s aldso grown with sarliace -
ton i ths regron. buta kuge aren renians nainted.

Phere s anurgent need o moie precisehy Yuantty
the etlect et sork monsture on chick pea production m
dfferent chick pea-grovang arcas of the country, as
sugpested below,

FooAnalvsis of the chimatologieal date thaCis avila-
ble tor the vinous inportant chick pea-growimy
tracts i the country, particulariy i terms ot
tatntadl and it distiibotion, temperature (musi-
mum and mmimumy. and evaporative demand.
Wherever such data are ot avalable, approp-
rate recordmyg tacthties should be established
mmmeditely,

20 Mechanical and phvsicochemicad charaeteriza-

tion ot soils an which chickpea s grown. Infor-
mation: on physical  constraints, such  as
mavimum water-holding capacity, field capacity,
and prroanent wiiting pomt needs to be com-
piled fer chickpea soils. Phosphorus tertility on
experimend stations and Jarmers' hiclds needs to
be evaluated.

3. Data ot agronomic expenmenis on responses to
irrgation i chickpea need 1o be compiled. | his
wouid give anindirect measure of the magnitude
of losses in vield due to drought o soil moisture
deticnt

<o Insurveys conducted tor estimating the incidence
of discases and pests, plant stands in farmers’
fickds need to be recerded. These data can be
correlated with das for soil mossture at seeding
tne to estimte the tosses i plant stands caased
by suboptimal seedbed moisture

Soil Salinity

Chickpea s grown on o wide variety of soils in
Pakistan, but its coltivation s avoided on the saline
and alkuline sotls (Mahik and Tulind 1984 because of

the extreme sensitity - of

the crop 1o those
conditions,

Fhe distribution of salt-attected soils in Pakistan
ay ol 1973 v given i Lable 6 According 1o more
tecent estimates (Mohammad 1978). 9.3 mullion ha
of the nrgated arca (representing shout 4405 of the
cultivated area) in Pakistan are atfected by salinity.
In Punjab (Pakistan)y, 8105 of the salt-aftected soils
are siline-sodic and the remarming 197 aresaline. In
Sind, STE¢ ot the salt-aticeted soils are either saline-
sadic or sodie, and 4977 arc saiine. Sinee the arcas
which hive become saline-sodic and sahine in regions
where chickpea can be cultivated are extensive,

Table 6. Area (000 ha) under different categories of salt-affected soils (Mohammad 1973).

Permeable

e soddic

Gypsiterous

Location Sahine Impermeable Sodie Total saline-sodic
.l’unJ;;)m—_. 5(); 1226 857 B - 2588 57 B
Sind 1343 n73 78 28 2322 RRLY
North West

Frontier Pruvinee 502 5 9 - 516 6
Baluchistan 175 125 4 - 304 90
Pakistan 2528 2029 148 28 5730 492
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itnproved chickpea production becomes dependent
on idenutving crop varieties with greater salt

talerance

Reelamation of Saline Soils

Reclamation of saline and sodic sotls has reecived
conswderable attention m this country. A good
review ol the situatton was presented by Moham-
nad (1978). Recentlya coordimated project onsuline
agriculture was started at the Natonal Agrcaltural
Research Center tor the seclimation ot sabme-sodw
sotls i Paastan. The major emiphasis ot this project
is o removing salts tram the thazosphere through
leaching the soils with HOL tollowed by deamage
(construction of honzontal and vertical Jramage)
Parge arcas have adreadys beon rechinmed usig these
methods, and turther arcas e bemg reckumed . as at
the expenmental resesroh station ol the Pakistan
Agricultural Research Couned (P ARC) at Sadhok
i Lahore

Ihe g water table, which contributes to
mereasing sotl saliite ey checked throuzh
g the canals and distiibutaries. Atempt e
abvo temg maede to lover the fevels ot exisanig water
tables by conducting ~oor-qualtty water out and
recveling better guality water in through nrmgation
from tubewells. Such ettorts have paid dividends
and have bean etfectivemn lowernng the water tabicin
some arcas of Punab, Thiswork is coordimated by
the Water and Power Development Authonity,

Work on improving sabine-sodic soils through
chemical wmienaments and rmgation managementis
concentrated at Karachi Eanveraty . he recommen-
dation to use seiv water or underground brackish
water with some nutrient amendments ¢:Ahmad and
Abdullah 1980, 19524) has been tound eftective in
ameliorating laree aveas an the coastal regions ol
Karachi and some inland areas of Sind

I'he possibidity that the process of reclamation cin
be hastened by the use ot salt-tolerant grasses sochas
Diplachne frsce, winich s wed as todder, has been

investigated ar Fasatabad. The process of reclama-

tion would &lso be hiustened by breeding culuvars ot

crop species more tolerant to sahnity,

Management under Saline Conditions

Work on management prictices to use brackish
water for afforestation as well as agneultural pur-
poses has heen imtiated on the sandy soils of the

coastil regions. This work includes studies on using
dituted sea water at safe levels torirmgation of agn-
cultura crops, Forexample, in beetroot. cheneally
amended water, with salt levels up to 12000 ppm,
cotld be used without any loss in the vield of rooi
tubers tAhmad and Abdallaby T9825) Tewas inter-
esting to note that, m taey, cotton vields iereased as
salinits was increased to moderiate devels,

Apphication of small amonnts (3 10 ppan ot
mucronutrents, namehy Zn Cu Muocand beosigti-
cuntly anereased wheat sields nisidimie Garound 85
muthos em ') environments CAbhdullah 19540 This
imdicirtes that saline conditons atfect the aptake of
nitrients,

Results o these studies on management to ameli-
ortte salinity eftects appear promsingincrop plants
and need to be iy estigatted with respect to chick pea
as well

Plant Responses in Saline Lnvironments

Much work has been done on crops other than
chickpea oncellubar adaptation undersaline envir-
onments. he relative uptake of Naeo K, Cl-cand
Nie Kooratios, have been used to classy crops tor
tolerance 1o sahnity. Crops such as tiaimira i Lruca
sty wheat, madze, and sugarear s are considered
sodinm exctuders, wherceas cotton and suzarbeetare
classified s sodiim accumulators. noadl studies,
reproductive growth was more severely attected
than vegetatine growth (Ahmad and Abdullah
[479).

In potiatoes grown on saline sotls using gy psum as
anamendment, aecumulation o morgame salty was
tound supcrior to accumuhttion ot organie selutesin
conterring ~alt ton mance CAbdullah and Ahmad
1982)

Lae high pH o sahine-sedic seils has Been feund
to mduce nutrent imbalaziees. sueh as ren defr-
cieney. Chick pea can be partctiarly senvine o tron
deticreney (Saaene and Sheldrake 1950), and vield
reductions in chickpea due torron deticieney need to
he assessed in Pukistan,

Selection of Salt-Tolerant Cultivars
of Crop Species
Studies n bochemicat changes in response to soil

salinity are i progress in crops such as safflower,
wheat, maize, and cotton. Breeding for wlerance to
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soil salinity has already been initiated in crops such
as sugarcane, rive, and wheat. Genotypic differences
in yield for tolerance to ditferent dilutions of sea
water have been observed (Ahmad and Abdullah
1982b). Ty work should be extended o chickpea.

The Nar K+ ratio, which has been used 1o dis-
criminate between crops tolerant of and susceptible
to salt, should be assessed for its use in detecting
salt-tolerant chickpea genotypes,

Conclusion

Any ot several abiotic factors mav atfect the produc-
tviy of chickpea in Pakistan and contribute to the
low natienal vields. The abiotic constraints to pro-
duction do not seem to be unique to Pakistan and
are simular to those affecting the crop i India and
West Asia. The relative severity of drought, sabinity,
and sodieity atfecting chickpea production needs to
be quantified and steps need to be taken to clleviate
or overcome these constraints, so that iercased and
more stable vields can result.
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Soil and Climatic Environment in the Caribbean Region:
Yield Reductions in Pigeonpea due to Drought,
Salinity, Acidity, and Alkalinity!

R.P. Ariyanayagam?® and S.M. Griffith?

Abstract

Grain legunies are impaortant in the Caribbean region hotl as a food source and for their use in
improving soil fertilinv. Toinerease the dow vieldsof grain lecumies, including pigeonpea, cultural

PrACHces, SUcC T ds Ineredsing cropping imtensity and tnproving gianagement practices, have been

adepted. Legunies are grown o a number of ol includme Vertisols, Alfisols, Mollisols,

Entisols. facepiisols, U ftvols, and Oxisole Nanve sod ferdliny s generally poor, arnd hor'y

siirogen and phosphorus it he produciion of fevwmes. Unlihe oder lesumes, rradinonal tall

pigeonipeas do nor respond 1o the application of teo izerss v responses can be obramed from

improved dwart cultivars. The abiotic sireses of drongln aear. warerlogeing, saliniy, and

sodiite reduce pieeonpea vields o the Caribbean region. Alleviation of all these siresses by

improved manageniens factors iy impractical; therefore, genetic improvement of the crop for

tolerance and avordance of ese stresses i recommended.

Introduction

The Caribbean region stretches from Belize on the
Central American mainland, through the archipe-
lago of the West Indian islands, from as fur north as
Bermuda and the Virgin Islands, to Guyana, French
Guyana, and Surinam in South America. Thediver-
sity and ditferentiaton of sotls in this region has
been well documented (Regional Research Centre
1958-1974; Applewhite 1965 Bninkman 1965, 1964;
Land Capability Survey of Trimdad and lobago
1965-1967; USDA 1972).

Soils in the Cartbbean region owe their heteroge-
neity to ditferences in parent material in difterent
arcas and the vanation in climatic tactors, in partic-
ular the intensity and distribution ot rainfatl, which
affects weathering processes. The suggestion that
many unique soil types may occupy only a tfew hee-
tares (Smith 1953) must be considered when mup-
ping inclusions of the soil series with o similar
response to factors of management.

This paper describes enly the soils o which
pieeonpea ( Cajanes cajan ) L) Millspo) is cultivated
in the Canbbean region: the goal is to identify con-
straints to production and to suggest appropriate
strategies to alleviate those limivations.

Description of the Soils

I'he major soil types on which legumes are cultivated
are clavs, clay loams, Joams, sandy loams, and
Joamy sands, Agronomically, the clays and clay
loams are the wostimportant soiis in the Cartbbean
region.

Weathering is often quite rapid and complete
because ot the high temperature and rainfall, result-
ing in clayv-textured soils with « clay content of 35-
4070 or more. Clavey soils  developed  from
sedimentary  materials are widely distributed
throughout the region (Holder and Griffith 1983),
and the nature of the clay is quite vartable (Warken-

I The topic was intreduced for docassioin by 1D G Faris i the absence of the suthors

2. Unnversty of the West Indies, St Augustine, Frindad, West Indies

ICRISAT iInternational Crops Rescarch Institute tor the Seme=Arid ropiesy, 1987 Adaptanion ol chickpea and pigennpea to abiotic
stresses. Proceedings of the Consultants’” Warkshop, 19-21 December 1983, ICRISAT Center. India. Patancheru, AP, 502324, India:

ICRISAL
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tn 1982). The major orders ingo which the clavey
soils are classiticd (Snuth 19831 Lre Vertsols, Mol-
lisols, Entisols, and fueeptisols (in pacticuig, the
Andepts).

Phe foamy soils with a clay content between 3
and 3597 exhibit increasing plint-available water-
holding capacitv and compressibibits with imereasimg
ciay content, Major soil ordeis for Loamy sols in the
Carthbean region are Inceptisols, Ultisols, Oxlisols,
Eutisolsand Alfisols (Snuth 1983

Fhe sandy loamsand loamy sands deveioped trom
geologically similar sandstone and siltstone are dis-
tributed throughout the lower reaches of the Carih-
bean. as in the Gusanas and 0 Trinidad and
Fobugo. The soils are coarse 1o medium textured
and fall in the major sotl orders o Ultisols, Oxasols,
and Fntisoli (Smith 1983 1o Belize, there are lirge
arcas (appresmmatels 160000 hay of mature soils
derived from quartz-rich, allusial, old coastal sand
deposits Hhese soibs range i rexture trom ernelly
nearer the sediment souree (in the WSO 2ty and
silty el s (o tie casth and are classiticd as U lisols,
although some Vertisols wre wivo present(MeKensie

1977,

Physical and Physicochemical Characteristics

Vertisols. Tnceptisols, Fatsols, and Mollisols hate
deep profiles and are primartdy used tor the cultivi-
ton of sugarcane (Sacelarins officinarun and rice
(Orvza sativay. Y ntisols and Inceptisols are younger
sotls oceurnng on coistal tringes. mver deltas, and
current flood platns, Some of the Mollisols 0 the
upper reaches of estuirime mangrove Swamps are
“acid sultate sotl" which are ditticelt to manage of
reclatm through drasnage,

Fhe most extensive clay soils i the reglon ai
Vertisols, which bave untavorable soil-nater rela-
tionships. Physical and chemieal properties related
o genesis and structure are well deseribed by
Ahmad (1983). Mootmonllonite is the Jominant
clay mineral and these chy soils have very slow
internal dr nage. The water-retention Capacity of
these sotls iy quite high, which can stenificantly
reduce roating depth and root proiiferation of arain
legumes. Fine clay (- 0.2 rann can constitut AL
of the clay fracton and. with the high content ot
montmoritlonite, the clavs become hard and mper-
meable in the drier areas und are vervditticultto utl
On drying, the solis shrink markedly and. following
slight subsidence, wide cracks appear onthe surface.
On rewetting, these soils imbibe large quantitics of
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water, swelland become cohesise and sticky. The
importance of these cracks and their closure in
respect toaeration, drainige. root penctration, and
selt mudching has been deseribed (Hardy and Der-
raugh 1947). Land preparation is. therefore, res-
tricted to short penods wien the <ol moisture
conditton is tavorahle

Phe Dield behavior of clav-tentured solls in the
remuaimng orders (Mollisols, Fatisols, Inceptisols)
depends upon properties reluted to the mture of clay
mincrils and the content ot argamie mattes Andepts
have high organic mater (Grithith et al. 1984 and
ron oxide content (Ahmad and Prashad 1970) and.
although they huve o clav testure, they behave as
extremely “stable stroctured ™ oams.,

Foam soils devetoped on tlat alluvial deposits
Behave sumtfarly to clay soils Soils oo illsides are
shallow (020 ent deepy and crodable: they have
poor structure and Tew nutrient levels., espectialiy in
high-raintall wreas, Suertace Crusting s aleature in
solls with farge wmounts ol nucaceous material,
Many of the i sots on stopes in Frinidad. how-
eversare of ow crodibility (bindsay and Gumbs
T9S2)0 This may be due 1o the particular local crop-
ping seguences or multiple-cropping systems that
heep the slopes undera continuous cropeover. 1 hiy
aspect of sol managenient and croston control needs
turther study

Phe sandy foams ind Toamy sands with o coarse
structure down the profile, as i the cise of Entisols
and some Oxisals, have an etheient inernal drain-
ages However, i many of these soils. particularly the
Ultisols, there s an mnereasing clay content (gener-
allv Kaolmite) in the subsoil, which results in poor
mtermil donage and restricts root penetrat.on,
Enerustment at the surface may bea limitation to the
establishiment of seedlings and proper plant stands

on these soils,

Chemical Characteristics

Clay and clay loams are relutively more fertile than
sandy sotls i the Caribbean region. Soils derived
fronimarine originy are notextremely weathered (as
i the Guyanas and Surinam) and provide a useful
supply of escontiad plant nutrients other than
nitrogen.

Although nitropen deticieney can be ameliorated
thraugh applicaton of vrea or wnmoniacal fertil-
izer, the efiiciency of N utiiization iy verylow. Nitro-
gendosses may oceur through volatilization (on soils
of high pH in regions with high evapotranspiration),
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denitritication (due to excess moisture teading to
temporary amcrobic conditions orsurface crust tor-
metion), or chemical {ixation by clayvs especnliy
where 200 Tattice sott cliys predoninate. | eaching
losses could be substanial under conditions that
Envormtntication orwhen nntaare fertilizens are app-
lied CAbmad e al, 19syy

Legumes are umportant in sorl terthts and crop
management because ot ther abihi tor svinbiotie
nitrogen fivation, However, the tow vield fevels of
cubtnated degumes are o« matier of concern i the
Caribbean regron Inereasimg productnoi through
intensive cultivation ot bvad - bemge explored, using
swiable cultinvars and apphvmy ernheer where s
traditionaily nat applicd. However, the responsie-
ness of prrconpea to fertihizers nothe Carthbean
regron s st an open guestion

Pradiional pigeonpen cultivars do not readihy
respond to fertthizer application either in dry mattes
or gratn vield (R ojoi 198 I Frimdad, bowever,
signfreant TO% ncrease o genn vield of adwart
preconpea cuttnvar G127 was reported when 20
he N ha

thereise of 28w reported s dwart przeonpen

was apphed ch T AR Wz veld

grown on Inceptsois moresponse Urappheation o
24 kg ha ot NOP O and KO, cach i five spln
applicatons. durmg the Howermg pertod CHammer-
ton 1973 Application of Iand Koancreased vield by
35457 on the ishand of Mane-Gatante tSadlette and
Courbois [96Y).

On the contrary . several workers have reported
Lick ot response to strarght o mised tertilizer appli-
cation in pigeonpea onsotls i the Canbbean region.
No sigmiticant vield advantage was observed when
stringht and muxed ferulizers were apphed 1o cul-
var UW 7 G asimgle dose 4 wesks atter planting
Ve 1979 Apain, no sizmticant micrease i viekd
was observed when animoni was applicd 1o Khaks
variets on i Motlisol or i Katninegro variens onan
Oxivol (Landrau and Sumuels 19391 Also no
response wis observed when aused tertthizers (N ot
35 kg ha P omixed with POKL Casand Mgy were
applied to Khaki vaniety on an Oxisol (Pietsi et al,
1971). Small effects of No P Mo and nme applica-
tion were reported. however, on the growth and
vield of prgeonpea in Trinidad (Datal and Quilt
1977). Although grain vield increased shghily as
ferttizer and lime application levels increased.
significant increase was observed i dey-matter pro-
duction in b-week-old plants only at the highest level
of Pupplication (250 kg ha ). The N = Pinteraction
was significant because of increased absorption of N
due to addinon of P.

~ 1500
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= 00

= 2S00

22000

BRI T T T T =
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Nitrogen tertihzer apphed (kg ha ')

Fipure 1. Effect of fertilizer-N on prain yield of
pigeonpea {0 12744 on River Estate Series (micace-
ous fine textured loam; Inceptisols). (After Table 6 of
Datlal 1974; Dalal and Quilt 1977).

Hs possible that przeonped mav respord to fertil-
tzet application when

Lo The geometry of the root system s altered
through breeding dwart varicties so that the
major patt ol the root systemas in the top 20-cm
kover of soil (Edward-Hendry and Spence 1979;
Guithth et al. 1984) where most of the applied
lertilizeris. Fhe inereased nutrient concentration
in the rooting zone 1s more likely to induce nut-
nentresponses. Fhis i mcontrast to the teeding
habit of traditional cultivars, i which the nut-
rients, particularly PUohecome increasingly avail-
able from greater depths as the root grows (Nyve
and Foster 1961,

Many ot these st arcdlhcient o P and N, and
Pas conmidered ta be the most limiting nutrient to
legume produstion in the tropies (Fox and Kang
19775 Avalabilny of Pusaticcted by the soil pH
and ulso by P fixation m the souls of the Carib-
bean regon (Mactarlane 1974). Fohar applica-
ton of N oand P oo overcome deliciencies s
recommiended inthe tropies (Fox and Kang
197741 on Oxisols in Puerto Rico. however, this
was not found to mcrease plant height, protein
content, seed waght, or seed pod ratio of the
preeonpey cultnvaes Khaki and 28-bushy (Felici-
ano ctal. 1977),

Investigating the ettect of different carriers of N
fertihzers (NH,Cl. NaNO,. CO(NH,),, and
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NH,NO at the rewe of 30 kg N ha - one single
appheation at planting on pigeonpeit ona haolimue
loam Ultisol, Rojoa (1980 tound that urea gave
better plant growth, more uptake of N priorto tiow
ering, and o 28O ncerease noseed vield over b
control. Heturther tound thatapphication ol 23 ko N
ha tas NHONG D G sowmg o 300 dans attern soweny
restdted momproved woonhiand vield Apphoatn s
of N Later than 0 das cincreased dey mation bu o
Wi at the sapense of v vichd

Fhe evatianon of mwcronutnents essentiad tor the
growth of groan fegnmes s been bonted none
Canbbean regron. In penendd, nucronutient den
cwencies do ot seery to be o mugos tectlity problem
at thes staee thoy and Rane 19770 caeept i areas
adacent to the ocoan ¢ Vhimad Tosdy Fhe facn ot
FONPOISC 10 HHICTomrent sertin alon o i
fegtmes puany be becinise of the fo et el duie o
other prowth hinntarions One posabic cvceptien i
il AWHche does el v ‘!M‘\‘?;u NI TRR T
legume-Recosins somhioss b raneo 19770 B
Ze s oeadesprecd tent deboercy i Oxvgsols
and may bean stiort supple i ome Ulnois i Ranog
FONO) and Verasols (8 anro [yt

Biological Nitrogen Fixation

Recentlv, there have been nnormputs into research
on mtrogen finaton ot the Department of Saoil
Sciences Fversity of the West Indies, Trindad
Ihe Overseas Development Adninstraton of the
United Kingdom s supporting work on pigeonpe.
the International Development Research Centre of
Canada supports work on torage legumes, and Cog -
nell Uanversitv, TS supports work on other g
legumes. Fortv-tive strams of indigenous Rizeo-
b have been wdentied imsodds of a wide rasge of
exres

Fhe contrthution of rhuzobiy o improsement of
the N cconomy ot Canthbean soils cropped with
lepumes has not set been well quantitied, but some
conclustons can be drawn for certam crops, In
pigconped, sinall doses o terulizer N oncrease
nodule weight, nodude number, and nitrogenise
activity (Donmavwa and Quidt 1981 suepesting that
there s some scope tor improving the symbiosis, It
has been contirmed that, m Cantbbean sarls, prpeon-
pea s nodulated by indigenous promscuaus Rizo-
huam strans o the cowpea noseddlany Culovas
grown on the saume soil sertes dulfer in their assoen-
von with partcular Rluzobuam strains; local varie-
tes select markediv ditterent Riuzobium strams

than the muoduced varenes, There s, therefore,
consderable vination i the deeree of etiectivencess
of svmbioses Tt nas been shown that nodule
nantbers dechine at ar shortv arter the reproductive
phase and danime penods of mosture deticits
CALvanavaeam [T Chat the ettects ol sorl water on
nitrogen Tevation have not been thoraughiv ynvesti-
vated With conpes on vanus emchiotated words, 1t
Mt ot be necessars tomoendate nMuehogho and
Poswendornt 1979 wree the cardy eitects o mocula-
ton on nodule nomber dsappear oad eventuadl
the o ated teatments e oven outveld the

moculated teatmenis Chnaham and Scott 194

Soil Aadity and Aluminum Toxicity

Fatinsive areas o thic Canbbean evion hase
become acndic duc to weathenmy and fcaching g
ttopicai-umnd cinnge s and ciay oan-
tentured sonds shosw a wide ranee of sond reaction and
cantobe quite acidic cHolder wd Grottiehy 198
Vinad TONdr Eaehaneoable aluminin does not
usualiv contribute toothe nteruliny ot e vy s and
clay foame Tnsandy Joams and foamy sanag tropical
sodis tO ol Toeodscand Misols i waith pEE values
fower than YU exchangesble alummum man
morease o™ et tions nacrd clay o dlay loam

saothatsuen o caduness ahmmum satunation would

N

e ot thaa abour 20008
I the Canhoean remen porticuiar v e the
i

Coovatias Dradad . and Pacoey Rico there are

Lrreeareas ob sandy Tosnioro oami sands (O INols,
Citevciscand Alnsolsy ctlow nannve ternbin and high
dacidite but wath phyacal atinbutes tavorahle tor
ctop prodoecticn Howeser, the deticieney of Ca,
Meoandg Kotdue to o lack of pomany nunerals)
severely imis sustened high velds of tood gram
feeumes Research conducted im0 Pucrto Rico
reveaded that even when the surtice soit s ade-
quately himed, subsorl e s crop vields
beciuse root proliterationan the subsothis prevented
(Bouldin 1975 Woltetal 1978 Thus subsarl mois-
ture s unavatdable to the crop The stored subsoll
WAHCT s Aery anportant tor crop growth n ths
regron as there are several consecutive dayvs without
rarn durmg most growiny seasons (Bouldin 1978),

Salinity and Sodicity

Ihe development ot sahiity under permanent irnga-
tnon s nuanly a tunction of the quality of irrigation



water and sonl extural chass, G the hghter textured
sardy Joams and Toams, use ot irngation water i the
FCrange of 2.5 3.0 mmbos em resalted immara
naloncreases e osalonty feve's (Midler 1983 Op
heavier textured clavs and clay oamis however s
of such water resulted i salime g sehime sodn
condittons weth mnereases el of esclangoahie
Nuvand My, and o concenntan deciease v o
peabic Ca (Mo TOsd In

Scothand Dot crbout one wuartes of The wiea ol

ihados, i

the sshondy o characienieed Sy salime-o! ahme sodds
with an PO S mnchos Ci 0 an ESP g
betsween Mand 407 and an SSP g protile fesels
ol O\ eharer TUNS The apper tanges of sonl pld

Vatlies vary between 20 gnd s 3

Rainfall Patterns

[N ] . 1 . . X ) ’ .
i e tneaiion o cactiab o Daodal o with two

AINOLCT WD seanonsitnd Do d ey SCasons (n some o]

the Lerper terntones te 2 the Guvanas and Belizes

Pnere o mashed dey season and ddisnimer wer
SCdSOIN L ot et pones pat b udar s o the ishands
te e, Tonidad) Gumbs 1920 has desernibed the
rantall distribetion patterns of Guvana and -
mdad. Ttluences tciude tie monnton tanees 1
talloshitts i the presaihnne winds trons northeast iy
the dry season to cast or cantontheag o the weet
seasany uttd theactoan of the Interiiopieat Conver -
gence Zaone (HCZ) which prodines mtense L
storms and hurrcanes that scrronsiy o attect
agricultural production i some terntores, fnote
Guyanas, wet seasons aire penviadlh om Naveme-

ber December to Linuers and rom May o iy,

dry seasons are trom Febreaiy 1o Apnl and trom
August o October Novemne: Annua! rontadl
ranges between 1000 and 1700 i on coastal areas
toward the castoand increases 1o 2300 i toward
the more mountamnous northaest Doy sontalldis-
tnibution s antluenced by convectional activity ol

IS greatestatmndday Fhentensate o shornt-dur, on

raantadl can be as g as 100 mny b (Gumbhbs TY82)

Climate and Crop Growth

Exceptior ramntalis the ciements of chmate (e gL ar
temperiature, hunudiny wind. cte ) do notvary sig-
miftcantly over the agr o dltural arcas ot the wland
territories. [ Fomdad - ranfadl s wsually quite
heavy at tne beginming of the wet season and tipers
oft toward theend of Augusttbig 2 Thisisa penod

ob unimnterrupted crop growth because the soii nitro-
gen nunetahzed durnng the dey season s available,
davlenzth v optimum, and soil moisture 1s abundant
an aniall esceeds evapotranspiiation tepproxi-
crteiv LIS mmomonth S Clowd cover partially
reduves dhe gquaniny ot solar radiation. The unpre-
dictable ot and s distirhution causes periods
o wateiloreine, which reduces vield durmg this
cotiod s Sob monsture and aerr on candinons are
sovorable tor prewtn dunne septemiber and or
htober Ratadl i the months of November and
Drecervber voviad where nanted agriculiere iy nor-
andlv paacticed 1t provides enough stored sail water
towdbon g pertod of e cmeeed weaw th untl Apnl
i the div season e b 20 dunig whieh evapo-
tispitation exeeeds rontadl However, heavy ran-
iethm Nevcember ond December may intertupt crop
vrowth o hnet land preperation practices, In
Drecember. davieagth vt ats shottest and crops
LN L g }»;umrl'\nw; LCw o PHRUenPeda, SuUdal-
caner extnhbie nhotoperiodic ettects Doy Febru-
ary and Narch s conler meht temperatures allow g
areater amphitede modrornad temperature varation,
shich hus been bnown to cause other physiolocad
cHects o crop growth

Showers e conrmuon i the diy seasonand onhy
ratchyde completeny ranless months occun
Dircugnt penods canmtertupt plant growth during

thos tome ol the vear

Drought Stress

Phe chmte and edaphie adaptabiliny of pigeonpea
s been evewed by Akmola et al (1975 and B
Baradr o170 Toas peneraliy aceepted that the crop
hisy swide adaptabinite and thoves i marginal eroir-
omments Where most other degumes kil While such
cenentiizdations may be valid i relatinve terms, there
is httle doubt that envitonmental stresses limt the
productivity of preconpea The basis toradaptation
tastress environments and the genotyme varability
mooadaptation have  neitber been sutficiently
rescarched nor adequately evaluated i the Carib-
bean, The reasons tor the iadequate researchatten-
ton that this crop has recenved are the temporary
nature of some Stress environments, hmited areas of
oceurrence, limitations of research inputs, and the
tact that the crop and its problems are largely the
concern ot backvard growers and small tarmers.
A measure of suceess has beenachieved., however,
i deabing with short-term drought problems. The
munn thrust of the pigeonpea tmprose: * -nt program
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Figure 2. Periods of uninterrupted crop growth in trinidad on soils of varvinp texture (unpublished. V. Hardy

1976).

in the Cantbhean dunmg the past few vears Fas beer,
ot combinny the deterannate nature of the crop
with carhness and msensitnany o temperature and
the effects ot davlenyth. Cultivais ae ow avaiable

which complete then Tie ovcke o o

fe S menthe,
compared to s o 0 months reginred ton the fong-
duration taditonad ceitvars Raonta! s Dinndad
and thewettersdands isospread overa perrod of T to s
months, and rehable yrowth periods durne that
span are available (e bir 20 Tarly vareties
matched to such penods have otten given welds ol

A0 Ry ba
plantings

ot unsheded peas in semicommer el
Fhoso vield nothe wetter slands can be
maximzed throwgh the use or e hv-matunng culos -
ars and by clioosing sowing dates that would ayond
lengthy perrads ot droaghe and hieh evaporative
demand. as wellas high temperatures dunig tlower -
g and pod Bilhng Inthe doesshands, carly sowng,
at the begmmng of the tainy season, would help the
crop eseape drought dunine Howerimy and pad
filling

Profonped drought has been shown tooattect the
growthand vield ot carhy cultivars Irrgated crops of
UWIZ and UW 26, two carly-tlowenng cultivars
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planted during the diy season on a clay loam in
Jamatea, were taller than the unirrigated crop: UW
PP by 3270 and UMW 26 by 38 (Weir 1979), Under
long-day conditions, the irngated crop of both varie-
ties was 130 waller. Both cultivars produced signifi-
canthy higher dry matter under irrigation. ltwasalso
reparted that supplemental irnganon on Inceptisols
mereased the vield of UW ™ and UW 26 during the
Fomdad dey season by more than 2 1 ha *at a
planting density ot 200 000 plants ha  (Keating and
Hughes 19511 Further increases i densits by mte-
vrals ot TOO 000 plants ha - up to 600 000 plants ha !
gave vield mereases of 006 ¢ ha L whereas imposi-
ton ot monsture detiert reduced sield by 131 tha o
Throughout the Canbhean, short spells of inter-
muttent drought during the rainy seasons, particu-
larhvon highter vords such ws Ulnsols, are a regular
feature Alternaung with these spells are periods of
clevated water table atter heavy ramtall. Root devel-
opment. probably conditioned by the water table,
seldony penetrated bevond the top 45 em of the soil
(Fdward-Hendry and Spence 1979). Thus the two
sotlmonsture deficit on the
one nand and high moisture content on the other-

CNITCMEeN O Water stress
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atfect extensive areas of the heavier-textured sotl on
which prgeonpea is a potentizl cropin the Canibbean
region.

During recovery trom prolonged drought. arapud
shoot grosth trom the anulliy buds occurs, reestab-
Iishing the photosynthene surtace with the eventual
resumption ol reproductne  deselopment oF B
Lopeszs University ot West Indies. personal come
munication? Regrawth atter dronyht stress coild be
rapid b storage reserves are available to sapplement
current photossnthate (5ctter ecas IS and such
regrowth mught be desitable whendrought occursin

carly ~stages. But ot the drought vocuis fate 1 thie
season, then channethingy cairent photosnthate
toward seeds nughit be preferable v regenciation of
prosth. For ansamce, montute deniat on unine
pated River basite leanm mothe Tomdad dry season
was thrice as severe durmye the reproductive growth
phins s i the veectative phase for the carls
autunime vanctes Eheating and Hegheslos Ty Thos
it wonkd appear that partittonmy of photosynthate
particularly in the cwrv-natarng cultivars, i

need closer serotny s approach o alterimg die -

matter partbionimy has been wsed effectivehy
cvolve cow pea ciitnars adaptated toodroaehit cHali
and Grants 19

Drought dunng the il verctative phase may
not he excesstvely harmiul i the stress does not
persist mto Lite vegetative vrowrh | Lperenee o
the cley loams and foams 1 Tomdad, and oo
limited eatent an the ntermednite savannas ol
Gavanie andy foanmis and foamy sands), suggests
that old drought i the carhy vegetatve phase na
help desclop a deeper and mote vigorous root
sistem

Phe puvende prowth of proconpea s veny slow, and
profonged  droucht wr that stape conrderably
impedes deselopment. predispoang the crop to leat
hopper and hield cricket attacks 1n some ot the
Ciaribbean countries. Vanhilite tor seedhing vipor
has not been tound i the Canbbean. and hittle s
known about the slow vrowth rate dunmg the first
4 6 weeks It the key 1o drousht adapuation i the
carlyv vegetative plase s rapud repusenation, the pha -
stology ot seedling prowth his 1o be entically

examined

Physiological Responses to Drought Stress

Although pigeonpea 1 widely thought to be a
drought-tolerant plant, the mechanism ot drought
toleruance, which should be the hasis for adaptation,

has not vet been clearh established. | eat-water
potental and stomatal resistance were examined in
both potted and ield-grown preconpeas inan Incep-
tsob Clant and Spence 19761 The twa patameters
were correhited with sevete maostuie deticitin pot-
red plants, but were not sooon beld stands under
monsture detiens

Adthough the pressure chamber technigue is used
successtullv to deternnne plant water sttus i oa
number o paant species i the nboraton and tield,
there e proflems of end-pommt recognition in
przeonpea (8B Fopes Paneraty o West Tndies,
personal communication) The end pomnt was obs-
curcd due to bubbling, wineh increased rapidly wa
Protitas pressore was mereased In some mstanaces,
bubbling conimenced cven betore pressure was app-
biedy hat i most cases 1t accurred i weli-watered
Pl At the sttt of proessore increise. In water-
fressed  plant aubbling  occurred  at higher
chamber pressures, The problem was turther com-
phaated by the appeatanee of an esudate at the cut
surtace Toas possible it secretory cells and ducts
may be mvohved inthe imoad exudaton (Bisen and
NShetdrake T9s i but the case with which it oecurred
mughtmdicate the presence ot stored water

Indications are that the crop achieves drought
resistance throueh avordance or escape. Hughes et
al cl9aly observed o oreducton s leat area
respanse to swater stresss Ao onereasesin leat dittu-
stve resistunce, pariahchotropy and root shoot ratio
hice been observed o response 1o moisture deticit
tH B Topess Umversity of West Indies, personal
communicattony Lhese responses often oceur at the
onset of drought It drought persists, reproductive
structures may exhibit escape svmptoms of senes-
cence and the crop’s phenology may adjust to the
stress environmient. U nder hoth situations, the
resumption ot i v orehle cnvirenment prior to per-
manent wilting triggers a second fease on lite. Geno-
0 picvartahiliny tor the rate of repuvenation has been
obsersed (BB Lopes, University of West Indies,
personal communicition),

Heat Stress

Drrought stress s usually accompanied by high
temperatures, and the ettect of this on senescence ol
reproductive structures has not heen studied in
pigeonpea. Varnetal differences tor pod set in cow-
pea were repoted durning the hot weather in .
Impenial Valley, Calitornm (Warrang and  Hall
1983). Further studies in growth chambers, while
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confirming vanctal dilferences in heat tolerance at
flowering, showed that susceptibility to high temper-
ature worassoctated with male stertlity from low
pollen viabthity and mdehiscent anthers. A prehm-
nary studv with pigeonpea i [rimdad has shewn
that heat stress coula induce substantial senescence
of reproductive structures (RUPD Arivinavagam,
unpubhlishad duata)

Management Strategies to Alleviate
Soil and Water Problems

Soils prone to drought where crop production (s
lated under rented agncultural svysiemis are not
widespiread in the Carbbean regron. However, then
occurrence moseseral sland terntones (e Antigaa.
Barbados, the Viegi Lilands. Jamae) and on te
maindand territors of Behize limuts production m
tnose regions, Many such drought-prone areas ae
avorded for crop cultnation o are used to prow
forages. In Jamaca, however, attempts have been
nade to arrgate about 35700 hu ot drought-prone
saline areas for the contintous production of sugai -
cane. Using sugarcane as the indicator crop. the
apphication of mulches (sour grass, bagii e, poultrs
manure) i combination with gyvpsum at 10 tha - an
a ndge-and-furrow ssstem of cultivation ctlectivels
reclaimed such suilsy it resulted in more extensive
root systems and  greatly increased vields. Sales
moved upward under capillary torees resulting trom
surface evaporation and were tlushed rrom the sur-
face by subsequent raintull (Webster 1984,

Water management strategies emploved n the
Caribbean region tor areas where the soil monsture
content is above tield capacity tor prolonged periods
ar s as follows: (1) Cambered beds (4 to 8 mwide); (2
ridges (0.75 to 2 w0 wide) on tlat land or along
cambered beds; (3) Hlatbeds (1.5 to 4 m) with box
drains between beds (i.e., drains that are square or
rectangular in cross section): (4) ridges and furrows,
or Hatbeds, with field drawns between beds ( Lindsayv
et al. 1984). The most eftective method of removing
surface water on clays and clay loam solls requires
grading of fields and a field lavout of ridges and
furrows on narrow 3 to 4 m beds (L.A. Simpson,
personal communication). Experimenting on Incep-
tisols in Trinidad with cowpea, Gumbs et al. (1982)
showed that when soil moisture was around field
capacity, there was an almost lincar increase in the
concentration of N and P in the leaves up to 56 days
after planting, which coincided with fruit develop-
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ment. However, between October and December,
temporary Hooding, which may occur for 12 1o 24
hours at about 3 davs after seeding, results in a
notable dechne i N and P oconcentrations in the
lrves. The Beaefits of using vegetative mulches to
conserve monture and N tertihizer, particularly in
the dry seasons. have been contirmed (Nkrumah
19520 In the wet seasons, appheation of mulches
restits o waterloggimg and creites anacrobic soil
conditions.,

Bouldin (1978) hus suggested strategies to minim-
1ze the imitations imposed by subsoil aaidity on
loamy sands and loams. These include: (1) avei-
dance of arcas fo mmediate development where
suhsothactdity s severe and the use of tolerant crops;
(21 the ieaching of sutticient lime (2 1o § years) into
acid subsoils to promote root growth: (3) selection of
culinvars with appropriate growth duration, which,
with proper planting date, will ottenavoid periods of
most hikels monure deticit, and (4) selection ot
locations where rmntall distnibution and soil water-
storgge capacity will minnmze dependence of craps
on subsoil water,

For mereased legume production in the Carib-
hean, a greater research emphises should be placed
OnCrop genetie improyament tor elerance or avol-
dance of stress Allevintion of maeny of these stresses
and reclamanon of the land s expensive and
requires considerable resources (Downton 1954).
Such reclamation strategies mayv be suitable for
Large-scale operations. With increasing cost of
energs inputs, alternatives need to be found, which
are more practical than strict engineering solutions
and whichsuitsmeldl tarmers in the Caribbean region
(Downton [984; Lindsay et al. 1984).
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Soil and Climatic Stresses on Chickpea
Production in Ethiopia

Tamirie Hawando!

Abstract

Ethiopia is the most important chick pea-producing covntry in Africa, commuanding more than
one-third of the total area devered 1o chickped cdtivation on the continent. Inerms of chick pea
vields, Ethiopia ranks third. after Egypt and Sudun where the crop is irrivated. Chickpea in
Ethiopia is grown in areas witl annd ramfall ranging henween Y30 and 1800 m and altitides

ranging bepween (400 end 2300 m above mean sea level. The extreme variations in the geomor-

hic feciures of Eohiiopia are responsible jor wide differences in climate, vegetation, geological
. ! ! £ :

Sormations, and soid tepes. Chichpea in Lihiopia s grown mostiv in poorly diained and water-

fogacd Vertisolsin the higand regions of the country. The potential to inerease average chick pea

Viedds Is very promising i Filuopta through well-planned and evecuted researchand by selecting

improved, high-vielding chickpea genotypes that are tolerant 1o soil and climatic stresses.

Introduction

Chickpea ( Cicer arietizn: L) is an important pulse
crop of Ethiopra. It is culuvated at altitudes ranging
from 1400 1o 2300 m(Geletu Bejiga 1980y, ina region
of rugged topography where wide geomorphic visria-
tions are associated with contrasting soil types and
ceological zones (Mohr 19640 Murphy [968; West-
phal and Westphal-Stevels 1975 Tanurte Hawando
1974, 1975, 1984). Some of the factors limiting
chickpea production are drought. waterlogging on
platcaus and some intermountain valleys, salinity
and alkalinity problems in trrigable river valleys,
and frost at altitudes above 1900 m (UNDP 1965;
Murphy 1968 Mesfin Abebe 1981).

As itis written by a soil scientist, this paper will lay
more emphisis on soil and climatic tactors than on
the ecological or physiclogical aspects of chickpea
production.

Climatic Environment

Average rainfali distribution in Ethiopia is shown in
Figure 1. Nearly one-third of the country receives

less than 450 mm a ot raitall, and another one-
fitth between 450 and 950 mm a b In the 450-950
mm annual rainfall zone, the erratic distribution of
rainfall. rather than total raintall, is responsible for
partial or total crop losses resulting in frequentfood
deficits in the region. In the 150 450 mm annual
rainfall zone, the erratic distribution of rain, coupled
with total failure of rain in some veirs, causes i total
loss of grasses and bush, and consequently of live-
stock (LUPRD 1983). Problems of sulinity. alkalin-
ity, and cvelic drought, chronic in the two zones
receiving less than 950 mm annual rainfall, should be
tachled by harnessing rivers and exploiting ground-
water reserves for irrigation.

Chickpea is praduced primarily in the 950- 1300
mm annual rainfall zone, where the cropis grownon
residual soil moisture, particularly in the water-
Jogeed vallevs and highland platcaus. The area of
rainfed crop production is shown in Figure 2.

Production Statistics

Data for the average arca harvested and yield of
prises for 14 nmjor pulse-growing countries of

1. College of Agriculture, Alemsa, * ddiv Ababa University, PO, Hox 138, Diredawa, BEthopia

ICRISAT (International Crops Rescarch Insutute tor the Semi-Arid Tropies) 1987 Adapration ol chickpea and pigeonpea to abotic
stresses. Proceedings of the Consultants” Workshop, 19-21 December 1984, TCRISAT Center, India. Patanchern, AP 502324, Indi:

JTCRISAT.
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Figure I. Average annual rainfall distribution in Ethiopia.

Africa are givenin Table | Average vields in Alrican
countries are lower than the world average. Between
1974 and 1982 Ethiopia runked third, next to Nigeria
and Niger, in the total area of pulses harvested. But
the vield of pulses in Ethiopia was 35 times greater
than those in Nigeria and Niger. The highest vields
were obtained it Fgyvpe (18500 2000 Kg ha 1, fol-
lowed by Sudan (1000 1100 Kg ha ') and Frhiopia
(700--1100 kg ha ). In Epyprand Sudan, pulses are
irrigated, whereas in Ethiopue they are grown on
restdual soil moisture,

Data tor the area harvested and vield of chickpey
for 10 major chickpea-producing countries in Africa
are given in Table 2. Chickpea vields in African
countries were generally slightly higher than the

160

world average. Ethvopia ranked first in area under
chickpea. toilowed by Moroceo and Tunisia. The
highest vield of chickpea was recorded in Eeypt
(1600 1800 kg ha-N), foiiowed by Sudan (900 kg
ha'l) and Ethiopia (600 800 ke ha '), Chickpea in
Lgvptand Sudin is irrigated.

The area cultivated and vields of the five major
pulses grown in Ethiopia are given in Table 3. Chick-
pei ranked first inarca amony the five pulses grown
m Ethiopia until 1973-74; thereafter it was replaced
by horse bean. The reason for the decline in both
area and yield of chickpea during the 1974-75 and
1975-76 crop seasons could probably be the replace-
ment of chickpea by high-vielding pulses, such as
horse bean, ind by other cereal crops grown in the



Acid regrons

PO AtKahe: or saline regions 16°N
il

Areit of rainfed crop
production

//
7

¥
l
|
l
b

;;;
W

f
|
i
|
pi

=

T T
36

KRN

T LI
30 15 F

Figure 2. Areas of Ethiopia with acid or alkaline/saline
LUPRD 1983).

region. In general, the area under pulses was signiti-
cantly reduced i the 1975276 crop scason from that
in previous scasons.

The primary and sccandary chickpea-growing
regions in Ethiopia are shown in Fi igue 30 Data for
the cultivated arca and vicids of chickpea and lentil
grown in three major puise- producing regions in
Ethiopia are given in Table 3. T'he potential for
improving vields of chickpea and lentilis very high,
as indicated by the wide range of yvields obtained in
the three major preducing regions in Ethiopia. The
geographic distribution of chickpea production in

soils and areas of rainfed crop production, {After

Ethiopia generally coincides with the 950 1500 mm
rainfail zone (see Figs. 1. 1) and the occurrence of
Vertisols (Fig. 4).

Average vields of two improved chick pea varietics
and one local variety grown in five locations in
Table 5. All three varieties
were grown on Vertisols under residual moisture
conditions, except at the Mclkassa I station where
the soils are of voleanic ash origin and the chickpea
was grown under irrigation. The potential of chick-
pea production in Ethiopia under both residual
moisture and irrigated conditicns seems promising.

Ethiopia are shown in

l6l



Table 1. Arca harvested and mean yield of pulses for 14 major pulse-producing countries in Africa, Africa asa whole, and
the world, 1974-1982 (FAO 1982).

Area harvested (000 ha)t Yield (kg ha )

Country 1974-762 19x0) [BL] 1982 ju7d-761 19580) 1yl 1982
Burkini Faso 4358 475¢ 4751 4751 159 RIS RI{H 375
Burundi 240 JUNE RIM RIIATE 07 706 77U 720
Egvpt (o8 145 3% KR 2058 1965 IR2K 1918
Ethiopia 874 867 897 CIRNE 727 1056 1090 1100
Kenyva 613 S50F S50 F S60t 476 418 436 446
Malawi 284 RIVIIS 302F RIAIS 662 OK3 OKS 692
Moroceo 570 J08 325 490 953 606 284 472
Niger RYS 1124 1242 1 462 222 247 236 209
Nigeria 4127 4HISE JHISE ERII S 208 219 219 218
Rwanda 260 2761 2781 2781 747 808 813 817
Sudin 70 75 761 77 1067 1115 1114 1114
Tanzama 432 498 1 498 L SIS 439 454 434 435
Uganda 591 RIRIE 4h 492 635 735 845 839
Zaire 237 282 256 2601 609 550 547 543
Africa 11617 11468 [1673 12412 455 462 457 458
635876 62679 [(RE R 66 295 664 645 665 674

World

| F o= FAO estimate.

20 Averaged by vear

Table 2. Area harvested and mean vield of chickpea for 10 major producing countries in Africa, Africa asa whole, and the

world (1974-82) (FAO 1982).

Area harvested (000 ha)t

Yield (kg hat)

Country 1974-76¢ 1950 1981 1982 1974-761 1980 1981 1982
Algeria 13 42F 43 43F 606 376 RES| 383
Egypt 3 ot st 9k I O8] 833 1625 1625
Ethiopia 166 172 249 170} [JIR] RS54 793 882
Libya ND ND ND ND 556 667 682 699
Malawi 2 25F 251 251 676 720 720 732
Morocco 19 00 32 53U 774 681 INK 755
Sudan 2 RIS Rig kY 945 933 933 933
Tanzania KK 27F 27k 29F 242 278 278 276
Tunisia 41 S0F S0F 49U 553 600 640 978
Uganda 6 3 4 5 392 33 500 600

Africa 427 RPA) 41 87 633 705 034 779

World 10143 9552 8966 10213 616 510 644 603

1. F = FAO estimates: U = Unotticial data.
2. Averaged by year.
3. ND = no data.
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Table 3. Area cultivated znd mean yield of five major pulses grown in Ethiopia, 1972-76 (MOA 1979; Gelatu Bejiga 1980).

Arca harvested (000 ha)

Yield (kg ha )

I'vpe of pulse 1972-73 1973-74 1974-7¢ 1975-76 1972.73 1973-74 1974-75 197576
Chickpea 300 302 177 198 770 780 615 550
(Cicer arietinum 1..)

Common bean 125 132 70 42 680 681 730 845

( Phaseolus vulparis 1)

Field pea 150 151 108 107 493 496 583 484
(Pisum sarivion 1..)

Horse bean 137 138 320 259 850 865 921 1175
(Vicia faba 1)

Lentl 170 172 116 56 430 429 390 480

(Lens culinariy Medic.)

Table 4. Area caltivated and mean yields of chickpea and lentil grown in three major pulse-producing regions of Ethiopia,

1974-79.1
Cuickpea Lentil -
Ao Yeld et Area (000 ha) Vield rkg ha 1)
Region w—\?:r; o ml{.'mgu 0 Mean “HAR.m_:zc - Mean Range Meun Range
Shoa 55.8 4501 t\tx—}/ o ”,\'IU JSA(T(:"'U 45.3 255 652 550 350820
Gondar 8.2 )4 o6sa 744 4210 1100 12,1 79 18X 650 310 900
Gojam 539 6.0 99 4 370 00 840 ] 0.9 2.0 690 260-1180

L. Source: Raw data obtained trom the Mimistiy of Agnculture, Planming and Programaing Department (July 1979).
E B 3 L f A

\\\\\\ Primary regions Secondary regrons
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Figure 3. Regions of chickpea production in Ethiopia

(Gelatu Bejiga 1980).

Ethiupia
16°N
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8—-
4°N
T T T T
J2°FE 3o 40 44 48°E

Figure 4. Distribution of Vertisols in Ethiopia

(Tamirie Hawando 1984).
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Table 5. Average yield (kg ha'!) of three chickpea varieties grown in five locations in Ethiopia during the 1982 and 1983

crop seasons (Geletu Befiga, personal commniunication),

Debre Zent, Ginchi,
Shoa Shoa
Variety (900 mmy? (1000 mm)
JG 62« Radhey 2150¢ 2230
H-54-10 (local) 1540 2710
850-3 27 = } 378 230 2030

Melkessa 1, Akaki! Sinoka,!
Nazreth? Shoa Wollo
(600 mm) (900 mm) (800 mm)

3400 2070 2410
2750 2170 2570
2420 2670 2810

Figures i parentheses indicate average annuad ramtall at that tocation.

B
20 Undersrmgation
3 brata tor 1983 only

Table 6. Various estimates of percentage distribution of different soil orders (USDA) and soil units (FAQ/UNESCO) in

Ethiopia (Tamirie Huwando 1984).

Land surface (77)

FAO UNESCO Tamine

USDA Donahue World Seil Westphal - Hawando
soil orders FAO sotl units 19721 Map, 19741 1974 19K82
Ardisols Nerosols, Yermosols, 50 23 20 [}

Solonchaks, Salt tlars
Entisols Lithosols, Regosals, 25 34 27 D6

Arenosols, Fluvisols
Ultisoly Nitosols 6 14 2 9
Vertisols 19 4 15 17
Alfisols Luvisols - 4 10 6
[neeptisols Cambisols, Andosols - 21 25 23
Oxisols Ferralsols - < 1 2
Mollisols - - - 2
Histosols - - . ]

I Cued in Tanrie Hawardo 1982

Soil Types

The extreme variations in the geomorphic features
of Ethiopia are responsible for the wide diversity of
climate and vegetation in the country. They have led
to the occurrence of 4 wide range of soil types that
differ from one another in major physical and chem-
ical properties (Murphy 1968; Tamirie Hawando
1974, 1975, and 1984; Brehanue Debele, personal
communication). The approximate distribution of
different soil orders (USDA) and soil units
(FAO/UNESCO) in Ethiopia is given in Table 6.
According to more recent estimates (Tamirie
Hawando 1982), Vertisols (17¢%) rank third inabun-
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dance, after Entisols (26°7) and Inceptisols (23¢7).

Figures 3 and 4 illustrate how the geographic
distribution of Vertisols in Ethiopia overlaps with
the chick pea-producing regions in the 950- 1600 mm
ruinfall zone. The Vertsols inthe highlands of Shoa,
Arsi, parts of Gojam, and Gondar are hydromor-
phic, and thus have waterlogging problems. At the
end of the Ethiopian rainy season (June to August),
the waterlogged areas are plowed and chickpea is
sown during September. Chickpea grows and
matures on the residual soil moisture both in nonwa-
terlogged and waterlogged hydromorphic Vertisols
and or other hydromorphic soils.

Some salient physical and chemical characteris-
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ties of the surface horizon of Vertisols of the major Pluns ot central Shoa highinnds are given m Fable

chickpea-producing regions in the Frhiopran high- 8. The Gombore soils s Andosolsyare reddish brawn
lands are givenin Table 7 The texture of these soils to brown and tormed trom scoraceous voleanic
is clavey, and the Debre Sina. Fieehie, Wolkitie, and rochs, They are tound on the teothi!l slopes of seat-
Backo soils are susceptible to wateriogeing. Mote tered voicane inils and mountinns m the Ada Plans,
than 770 of the surface soils i these regions are dhe Koncha soits tVertsels) are tound i water-
acidic (pH 6,51 exceptm the Dukan. Debre Zeit, lopped hottom binds surrounding the volcanie hills
and Modio regions where the pH oof the sl new- and knolls The Gombore sals aresandy elay loams,
tral. Orgame-natter and total nitrogen contents of vers high i avalable phosphorus, hueh m total mt-
some of these soils e ow rogen and organe matter. and better draned than

Phe avalahle phosphiorus oy Frinopuan A ettisols the clyey and poorhy drained Vertisobs Phosphoris
IS low tovery Jowoand the crop respends well 1o defioency svmproms can be obsenved on chickpe:
phosphate fertilizaton. The vl ie potassiun: 1o prowing on Vertsols i the Ada regron, whereds no
these sotls s hughy wnd o response L potissiam phosphorus deticieney s apparent on chickpea
tertilization was obroaned o comber o miajor soil vrowinge on adidcent Gombore sotls

pesin Frhiopia (Murphs 1965 Famine Hawando
1974 T9R20 Tsedade Witk ol 1983
Vartons amoeng ol tupes on toposequence 1 g Sa“"it."- Alkulinity. and "\Cidit."
given lindscape hoee fed to sipmiticant Jitterences i
crop response toapplied tertlizers Pt torselected Phe regions attected by salinity and alkalininy in
physicachemical properties of too oils inthe Ada Fthiopu are shown in Figure 2 (Murphy 1965,

Table 7. Nome mujor physicat and chemical charaeteristion of the surface harizan of Vertisuls oceurring 1+ major
chickpea-producing highland reginns of Ethiopia (Murphy 1968: Samuel Geteta 19315 Lamirie Hawando 1984). Data are
presented as ¢ oof total samples for cach characteristic,

pH [SIRIRTIN Ieal Wwatlahie Vuailable
Number ot
in H oo mdner niragen ) phosphoris Potassium
Hightand L A o . Lol sarples
region S oan o6l 2 ? OIS 025 Fow Mediim High 1 ow Medium Fhigh  tested
Gondar A L E Sl 22 28 (i ] 78 59
Gojam 65 AS 46 6 12 S 1N a0 11 Y 14 I BR] X0
Shoa!
Debre Sima 100 54 97 4 7 K7 12 4 6l 23 o ]2 3 h1g Y
Fitchie 6072 90 20 3 N2 R 20 25 X 13 79 49
Wolkitic R 7 Eh 2N hD Y6 6l N9 Sy n N 0 [ 101 76
Backo 64 T2 Ty g u Y2 6 IO 2 b 0 22 78 78
Muodjo | 28 47 YK 72 9s 2% 12 63 ! h 9l 1l

1o The soils o Shoa are bsted by revion 1o simphate. but cach extends trom Ad v Ababa to that region

Table 8. Selected physical and chemical properties for two soil types occurring in Ada Plains, Central Ethiopia (Murphy
1968; Ayele Becherie and Tamurie Hawando 1974; Samuel Geleta 1981)

Surface Total Organic Cation-eachange
soll pH Avatlable nitrogen matte - capacity
Sail type texture tn .00 phosphorus ) S0 (meyg [100g]) Drainage
Gombore Sandy 6.3 Verv high 019 028 300 6.07 258 34 Well drained
{Andusols) clay loam
Koticha Clay 0.8 [ow 0.04 0.08 [.85.2.28 36.3-52.0  Partially
(Vertisols) waterlogged
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Tamine Hawando. unpublished  data). These
regions are tound in lowland arcas and the Rt
Vallev zone, where the potential tor irmgation s
high. With the introduction ot irrigation schemes
into these zones, a detimite plan for reclamation of
saline and sodiwe sods and better management of
these souls can be formulbited. coupled with proper
Levour of rrrigation and dratage schemes,

Duta tor soit reaction (pH) of same solls of the
Awash Rever Basin nogation sone ain the Ratr Val-
fev)are gireroin Fable 9 Maostof the surtace sotbs in
this zone are mildl 1o moderatels alkaline e
problem of sodium in these sotls iy more severe than
was originally thoughts it needs immediate attention
for amelioration ot the potentially productine low-
fands oi Fthiopia.

Chickpea s not grown i haghh weathered Ul
ols and Oxisols of Tow pH 3 3-8 200 occurminge in
high-ramntall areas i southern and western BFthio-
put. The pH ovalues tor the three muor chickpea-
producing regronsare 3.5 veepttor Gojam where

6507 o the sotds tested had pH o S50 Muorphy 196y

Frost

Chickpea grown in the mtermountam valblevs and
the highlands above an altitudz of 1900 m s prone to
irost damage. For example, ot Alenaa alttnde
range 1900 2300 my chichpea grown movalleys iy
subject to frost damage every vear

Irrigation

The potential tor high ehickpea yields under irrnga-
71N seems promusing, as is evident trom the results
obtained at Mclhassa 1 Rescarch Station{see Fable

Table 9. Soil reaction (pH!) data for soils occurring in the
Awash River Basin irripgation soze (Murphy 1968). Daty
indicate number of samples in a particular H range.

Soil pH o Relatnve degree Upper Middle Fower

range ol sol reaction Awash Awash Awah
6.6 7.3 Neutral - I'"“" i (; o Wr'
T4 78 Mildly alkaline Ix | Ry
79 84 Moderately athahne o 4 [t}
8.5 9.0  Stongly alkahne | 2 0
9.0 Veryv strongly alkaline ! | (}
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S)oA Melkawarer Research Stanon, Awash Valley,
chichpeis vields of up to 2900 ke ha P were recorded
under irrigation (Geletu Bepga, persoral communi-
cation) The cttects of ymgation on chickpea vields
e amply demonstrated by the high viclds ot pulses
i genctal,and chickpea i particular, obtained with
rnrgation i Feyptand Sudan (see Fables Tand 2)

Prospects for Extending Chickpea
Cultivation

Fhis paper tughhghts the importance ot chickpea as
domagor pulse crop grown i Fthiopia, tansed on
restdiad sorl morsture in the waterlogged Vertisols of
fghland creas i the country. With the possibility of
ohtanmye mproved high-vielding chickpea geno-
tpes with greater toleranee of waterlopping, trost
damaze, sosl condie s soathaimty and salimy soil
montre detiat, and other edaphic stresses, the
srospects far cvtendimge chickpea cultination to
ather areas i Fthiopuacsesm promusiig. The reaso-
nable chick pee vields obtimed on tarmers’ hields
tndicate that chickpea can command o much larger
proportion ot the tarmland an Finopa. provided
genoty pes tolerant to vanous physical stresses are
hred. Weth the advent of lrge rrngation schemes in
the river vallevs and fowlands ot the country, pros-
pects seem good tor extending chickpea production
to these areas, usimg mnmuem wrigation water.

Future Research Directions

With changing chmatic condittons i the Sahehan
sone of Atnca, icluding parts of Ethiopia, the need
for sclectung drought-tolerant and  mgh-vielding
tood crop varnieties is increasing. Because chickpeais
one of the few pulses that grow well under drought
conditions, 1t deserves high prionty. The chickpea
breeding program i Eihopia emphasizes selection
of high-vieldmg viricties suited to the various envir-
onmental conditions prevaihing in the region.

Intensive tosearch 1s necessary to estabhsh nut-
rient requitements of chickpea and to identify geno-
tvpes toleriant to moisture deficits, soil acidity. soil
alkaliniy and salinity, waterlogging, and frost dam-
age. o meet the anticipated expansion of chickpea
production in Ethiopu, research data on all aspects
of chickpea cultivation are needed to formulate an
optimum package of practices that can be given to
furmers.
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Recommendations

General discussions were held after cach session of

presented papers. In the tinal sessions, group discus-
sions were held on (1) climate and drought. coordi-
nated by F.R. Bidinger and reported by R.C,
Nageswara Rao.and (2) waterlogging and soil toxic-
ities, coardinated by K.A. Stth and M.C. Saxena
and reported by VoML Ramrar In the closing ses-
ston. chatred by J.S Kanwar and reported by M.
Nataragan, the coordinators presented their teports
on recommendations for tutare research, wnd €,
Johansen presented @ svathesis of the deliberations.,

Following s a summiry of the recommendations
that evolved.

Climate and Drought
Temperature and Photoperiod
Eftects on Phenology

. Toimprove adaptation of crops to specitic envir-
onments, it s vital to understand the environ-
mental ftactors that control flowering. The paper
by Summertield, Roberts, and Hadley has sim-
pliticd our understanding by showing that in
chickpea Hlowering is controlled by the addituse
cftects of temperature and photoperiod. his
conclusion s based on w hmited data set, how-
ever, with no accounting tor otherenviromental
tactors that could atteet Howering, such as water
and mineral nurriion. he relevance to ehackpea
improvement of the large amount of cemperature
and photoperiod data generated by researchers at
the University of Reading shouid be turther
cvaluated.

2. There are only a few studies on emperature and
photoperiod ettects on pigeonpea, mamly done
at the Division of Scientitic and  Industrial
Research, New Zealund. Tts urgent that existing
data be thoroughly evaluated and that additional
controlled environment studies be done,

3 ICRISAT should maintain and expand contact
with external laboratories and institutes that
have suitable controlled-environment facilities
for the study of temperature and photoperiod
effects on chickpea and pigeonpea. Guided by
their field experience, ICRISAT researchers

should participate more direetiy than previously
in framing the research Questions to be addressed
and desigming the experiments to be conducted.,

Growth and Grain Yield

1. Sereening for low-temperature stress during the
vegetative growth phase m winter-sown chickpea
should contimue at TCARDA. and ICRISAT
should concentrate on studving the ettects of low
temperature on reproductive growth. ICARDA
and TCRISAT should collaborate closely in stud-
ving low-temperature effects,

2. High-temperature stress poses a defintte hmita-
ton to chickpes adaptaiien. TCRISAT shoud
take the lead i stadying the deleterious eftects of
temperatures 230 C on chickpea nodulation,
vegetative  growth, and  reproductive  devel-
opment.

o Effects of dow temperatures on reproductive
development need o be defined mpigeanpea,
particulerly tor mediom- and long-duration
wpes but also for Jate-sown short-duration types,
and  more tolerunt genotypes need  to he
identified.

4. The temperature response curves for growth of
both chickpea and pigeonpea need to be better
detined. by conducting more  controlled-
environment studies. At present we have only a
hmited number of points on the temperature
response curse,

Drought Environments

Lo Ttas urgent that agroclimatologists work closely
with physiologists and agronomists o classify
soil and climatic environments tor chickpea and
pigeonped so that agronomic and breeding pro-
grams can be properly planned and executed.

2. Because in most areas of the semi-arid tropics the
amount of available soil moisture primarily
determines crop growth and productivity, a high
priority objective is to quantify the available soil
moisture for various chickpea- and pigeonpea-
growing environments, This parameter should be
relatively easy to define for crops grown primar-
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ily on stored soil moisture, such as chickpea or
postrainy-season pigeonpei. but it is difficult to
define for crops grown during the rainy season.
Thus, it is necessary to establish relationships
between water avatlability and crop growth and
vield. Exisung data on this topic should be tho-
roughly reviewed hetore further data are gener-
ated. Smmple simulation models could then be
developed, requinng the input of commoniy
avatlabie parameters such as time of sowing. phe-
nology, sol depth, witer-holding capacity, rain-
fall, and irmngavon. i applicable. This work
requires the concerted anput ot agroclimatolo-
gists, agan in close collabaration with physiolo-
gists and agronomists, and should be undertaken
immediately.

Agrenomic Management of Drought

Poor plant stand, caused by insdequate soil
moisture at seedhing establishment, is < ajor
contributor to low rainfea vields of chick pea and
pigeonped. Further studies are needed to define
optimum sowing technigues tor situations where
soil moisture is suboptimal.

The principles determining optimum plant popu-
lation of crops in moisture-deficit environments
must be
between aptimizing photosvithesis (favored by

understood  to resolve the contlict
dense pepulations) and opumizing water use
(favored by sparse populations).

Work should continue on evolving cropping svs-
tems that best exploit limited amounts of availa-
ble soll moisture.

Further understanding s needed of how various
agronomic factors, such as fertilizer use or titlage
techniques, interact with witer deficit.

The question of reflectants and antitranspirants
reducing drought stress remains controversial
and should recerve low priority at ICRISAT,

Genetic Improvement of Crop Adaptation
to Drought

Detection of Tolerant Genotypes

The growth phases of chickpea und pigeonpea
normally subjected 1o drought stress, and those
most sensitive to it, need to be better defined.

Drought-screening methods developed for other
crops need to b tested for their applicability to
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chickpea  and  pigeonpea.  Appropriate field
experiment designs to handle large numbers of
genotypes need to be worked out. As diverse a
range of germplasm as possible should be
sereened.

Atterapts should be made o identity particular
mechanisms cvolved by chickpea and pigeonpea
to cope with drought stress, within the broad
categories of escape, avordance, and tolerance.
Knowledge of mechanims may help streamline
the screening procedure. but undue emphasis
need not be given to isolating specific mecha-
nisms of drought resistance in these crops,

A better understanding ot the root systems of
both crops s particulurly needed, as this would
improve appreciation of how they use hmited
amaunts of sotl mosture. Botk ticld and glass-
house studies were recommended. It would be
particularly useful to sereen tor tapid early root
growth. Efticient means ol measuring roat devel-
opment in the fiekl need 1o be developed for
chickpea and pigeonpea. Fhis presents a particu-
lar prablem because the crops exhibit extensive
rooting behavior. Herbiade  placement tech-
nigues may be appropriate

Breeding Procedures to Enhance Resistance

(e}

Plant breeders need both a clear demonstration
of the value of a trait, such as drought tolerance,
and a precise sereening ability for it, before they
are withng to breed for specific traits. Thus,
specific for drought
resistance in chickpea and pigeonpea are not
likely to be undertaken until more definitive
information is obtained on genotvpic differences
suttable  for

breeding programs

and  on screening  technigues
segregating populations.

There was no whether
breeding simply for increased vield poteatial of
chickpea and pigeonpea would also result in
better performance in drought environments,
The need to test the performance of traditional
and improved genotypes across a range of
drought obtain relative
responses to moisture defieits, was suggested.

It was suggested that ICRISAT and ICARDA
should supply to dificrent loc ~arly-
generation bulky of chickpea, which ha .ot
high vield potential and a degree of adaptau 1o
drought environments. Selections could then be
made for specific local #daptation.

clear consensus  on

environments, 1o



Waterlogging

I

s

The magnitude of crop losses caused by aaterlog-
gimg needs o be urgently denined, pasticnlarly for
prgconpei, where losses are suspected to he con-
siderable. This will determine rescarch prorines
i this area.

Fhe causal mechaniam o waterlogging damage
nopigeonpes needs toone deterimed o kelp
estabbish approprate sereeming procedures tor
waterlopring tolerancee. Colluhoration between
TCRISAT and conters of baene 1osearch (SN
unisersiesy should be paosaed tor this purpose

In screering tor waieriogeing todeanee. He pot-

submergence technngue s Cnost setl
at ths stage

Management technigues 1o e e waterfoyg-
gine damage, such as planting on odeen. are
atready well known, farther studies are redunred
to retine these managenent uptions tor Jdritereni
ol topes and expectad ramtadl mtensaes
ARTOHONIC MAEement options o cnhanciig
Croporecovery alter waterlogiing, such as iter-
cultiviion to aprove aeraion o nuttentappli-
cation. shouid be rrore adequatels explored
Fhe deleterious etiects ol waterlogeng onsvinbi-
ot nitrogen tixation should be turther examined
to detersine whether the host plant tsell or the
svnhiosis s primarily altected waterlogging
In cAdivon, Rhiizobium survaivat waterlopged
soils aeeds more deterled examimation to deter-
mine whether adeguate renoduledon can oceur
after the waterlogging is removed.

Soil Toxicities

Salinity

1.

3

I was gencrally recognized that poor manage-
ment ot agricubtural lands orten causes saliniza-
tionand thatengineernng or management options
are the only real solution in mar.arcis, How-
ever. the prolubitive costs of these options sug-
gost i scope for mproving genetic wlerance 1o
sl even anrelativedy salt-ensitiy e Crops
such as chickpea and pigeonpes

The Pulse Agronomy subprogram at 1CRISA T
should concentrate on genoty pic Hprovement ot
salt toierance in chickpea ar prgconpes and
leave management aspects to others, such as
national organizations.

The components of salinity and alkalinity in the

soils where TCRISAT conducts trials, us well as
nosalt-attected areas where chickpea or pigeon-
pea are Dikelv to be grown, should be better
denined 1o allow for better extrapolition of salin-
Y responses between sites

Attempts should be made o whentity sali-
tolerance mechainsms avikable o chirkpea or
PiRCONpU e assistan the sereetimg process,

Soil pH Extremes

Mineral !

Inthe Indian subcontinent, chick pea and pigeon-
poaare usally grown on neutral to alkaiine soils.
A most research on these crops has also been
done i this regon, relatively dittde s known
about therr adaptation 1o acid sl conditions.
Such hnowledee v important i the adaptation of
these creps s to be eatended 1o other regions, bor
examplemany tropical regions where pigeonpea
i chmatieadiv wellsunted haneacid soil problems,
TCRISAT should encourage other research cen-
ters tostudy adaptation of these erops to acid soil
condittons and ensure that adeyuate lormation
In obtained.

Fuither knowledge s also needed on the specihic
factors limitmg growih of chickpea and pigeon-
peacon sodds ot hieh pH. An obvious manifesta-
tonon such soils vomduced ron deficiencey,
Other problems, such as the ettect of an alkaline
medinm atselt or other mduced micronutrient
deficiencies. are not alwass apparent. More
detaled intormation on the nature of the chemi-
cal factors involved iy needed to evolve suitable

alleviators measures,

utrition

Although not proposed as a topic tor this waorkshop,

the question of muneral nutritien, particularly ity

interaction with the other stress factors discussed,

arose quite frequently. Thefollowing general recom-

mendations concerning mineral nutrition ~merged.

I

3

PN

A better defimtion is needed of the nutrient defi-
ciencies most hikely to imit the yield of chickpea
and pigeonpea on the major soil types on which
they are grown. Wel-established experimental
methods tor doing this already exist, mcluding
plant and soil chemicalanalysis and plant growth
tests, but they need to he specifically adapted for
chickpes and pigeonpea.

There were contlicting opinions about  .he
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responsivencess o chichpea and pigeonpea to
phosphorus application on Indion sotlsalthough
these crops generally appeared to be less respon-
sive than cereal crops, A review of the hiterature
on phosphorus responstveness of chiichpea and
preeonped s recomimended

[here s a partculan need to undertand the i
actron between phosphorus nurnon and sonl-
WHter status tor these crops

Imvesupations should e maae 1o ind ot
whether chickpea and prgeonpea possessany spe-
crtl mechanisms of phosphoros extraction, and o
so. whether they can be enlaneed

Sorb chemicad tests of phosphoius avanlebihn
currenthy i use, particuln iy brearbonate e xtraes
tons, may not be apploable to such crops s
chichpeas which can stonely aosdiny the
thizospheie

Fhe prelumoany work onmveorihzal etledts on
the  phosphorus nutnton of chichpea and
preconpen done at TURINS VT shonid beevtended
to determime whether plant growth and phospho-
rus nutritton can be enbianced by mveorrhizal

aunpuliation at the held devel

General Considerations

ts

For both established and potental regrons tor
growing chichpea and prgeoppea, careful assess-
mient s required of the relative extent to wheeh
the vorious abjotue stress factors reduce vield
from potentad levels  This will help estabhish

research priorities Approprate expermmentad
procedures to do this, such as tactonial studies,
need to be developed

Caretul ussessmient s reqinred of whethereenceus
IMProvCent or aerciomie mampulation Cai
best overconte abiue constramts IORISA T and
ICARDA

genetie improvement research becatse of therr

have o compangtine advantage 1

access to ogenetic resourees

When any particular abrote factor o bemg sto-
died, it tmportant to reman aware of the imter-
actions of that Lactor with other Timting factors.
In dealing wath these fegume cropa it must be
determined whether the svimbiosis or the host
plant siselt s most ~ensitive to particuar abiotc
stress tactors, This knowledee o vitad tor estab-
lishing appropriate screeming technigues. For
example, 1t the symbiosis s more sensttive to
stress than the host plant itselt, then symbioses
should be sereened.
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TCRISAT and 1CARDA ~hould play a more
avine rolean assessing rescarch priorites tor alle-
viation of abicetie stresses in chichpea and pigeon-
ped on d woridwede basiss They should identify
rescarch organzations pest able to tackle the
nipor problems and encourage them to under-
tiahe collitborative stidies
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