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e are pleased to   

present this issue 

of Legume 

Perspectives

devoted to chickpea, a highly 

valued food legume with 

continuously increasing 

international demand. The 

characteristics that make this 

legume special include high 

drought tolerance, wide 

adaptation, high nutritional 

qualities and diversified food 

uses. This issue is aimed at 

providing information on the 

recent developments in global 

chickpea research directly 

from the experts. The topics 

covered include general 

aspects of the crop, such as 

origin, phenology and 

adaptation, genomic 

resources, major abiotic and 

biotic constraints, agronomy 

and nutritional quality. In 

addition, reports from major 

chickpea growing countries on 

current status of chickpea 

production, constraints and 

major achievements have been 

provided. We hope that the 

information provided here 

would be useful to the readers 

and further stimulate interest in 

the crop and interactions 

among chickpea researchers. 

On behalf of the International 

Legume Society, we wish to 

thank all the authors for their 

valuable contributions.

Pooran Gaur and Teresa Millán

Managing Editors of

Legume Perspectivesissue 3
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A goodcompanionofMan
he firstreferenceaboutthe chickpeais foundin the Iliad by

Homer(about1000-800BC), wherethe arrowsof Helenus,

son of Priam, bouncingaway from the breastplateof

Melenaos are comparedwith beans and Terebinthos

(chickpeas),being thrown by the winnower. Chickpeahas beena

traditionalfoodsinceancienttimesin theMediterraneandietandwere

veryearlyintroduced(3rd to the1st centuriesB.C) in SouthernIndia

whereis today a basicfood ingredient,after Columbustime was

introducedin Americay morerecentlyin Australia. It is an ingredient

of numeroussuccessfulrecipesall over the world, as the Spanish

òCocidoóor thedeliciousòHummusónowin fashionall overtheworld.

It hasbeenconsidereda cheapproteinsourcefoodfor poorpeoplebut

alsoit hasbeendemonstratednutraceuticalproprietiesveryappreciated

in thedevelopedcountries.

Like other annual legume, chickpeacultivation could

contributeto maintain a sustainableagricultureby improvingsoil

fertility and, as a rotation crop,by allowing the diversificationof

agricultural productionsystems. Averageworld chickpeayield has

improvedduring the pastdecadesbut it is still quite low despiteits

agronomicalimportance. Todayis possibleto achievehigh and stable

yields by developingcultivars better adaptedto stressesin local

environments. EspeciallyAscochytablight, Fusariumwilt, podborer,

droughtand cold are major constraintsto yield improvementand

adoptionof this crop by farmers. Taking into in accountits high

nutritional and healthvaluesand thepossibilityto increaseyieldand

yield stability, chickpeacould becamean important crop in many

countriesincludingsemiaridregions.ƴ

_________________________________________________________________________________________________________

University of Córdoba, Departmet of Genetics, 

Córdoba, Spain (juan.gil@uco.es)

Carte blanche 
toé

...Juan Gil

"

T
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Chickpea in history

by José I. CUBERO1,2

Abstract: Domesticatedin its nativeregion

(S.E. Turkey),probablyas a singleevent,

chickpea is present in old Near East

archaeologicalremains(8-9 milleniaB.C; it is

easilyidentifiedby its peculiaròramheadó

seed shape.) However, it was only well

establishedin theBronzeAge,spreadquickly

in theMediterraneanarea. It wasintroduced

in IndiabyAryansin thefirst millenniumBC

and in SouthernRussiaa few centuriesBC

Chickpeawasthe first crop that crossedthe

AtlanticOceanasit wastransportedasfood

in the Columbusfleet in his first travel of

discoveryin 1492.

Key words: chickpea, crop history,

domestication,distribution

_________________________________________________________________________________________________________

1University of Córdoba, Department  of Genetics, 

Córdoba, Spain
2CSIC, Institute for Sustainable Agriculture,

Córdoba, Spain(ge1cusaj@uco.es)

Chickpeawaslikelydomesticatedin S.E. of

Turkey,in a smallareacloseto the Syrian

borderbetweentheTigrisandtheEuphrates

rivers. This is the only placewhereits wild

ancestor(Cicerarietinumssp. reticulatum) as

wellasits closerelative(C. echinospermum) has

been found; only the former is fully

interfertile with the cultigen(5). Molecular

analysisalsopoint to C. reticulatumasthewild

progenitor(7). The domesticationseemsto

have occurredas a singleevent,not only

because of the restricted geographical

distributionof the wild speciespopulations,

but also becauserecent molecularstudies

show a very low geneticvariation of the

cultigen(ssp. arietinum), in spiteof the large

amount of seed variability found in the

cultivatedforms(6).

The ram-headed chickpea seed shape

allows for easy identification in

archaeologicalremains. But evenwhenthere

are not such remains,its namesallow for

linguisticevidenceof its cultivationas, for

example,in dynasticEgypt:òfalconbeakóin

textsof theXVIII dynasty,ca. 1,400BCwith

thenamekeptin Coptic(2).

A fewseedshavebeendiscoveredin Near

Eastpre-potterylevels(PPNB,ca. 8,000BC)

in JerichoandnearDamascus,veryfar from

its birthplace; someseedswerefoundin NW

Syriain stratabelongingto PPNA,datedca.

8,500 BC suggesting a very early

domestication. At leasttwo silent millennia

follow. Only in the earlyBronzeperiod(5th

millenniumBC)canbealreadyconsideredas

a well establishedcrop (4) in the NearEast;

from the 4th millenniumBC on findingsare

frequent, especiallyin the Mediterranean

region; however,the oldestfindingsup to

now in Cyprusareonly datedin 6th to 5th

centuriesBCin spiteof its proximityto both

the Anatoliancoastand to the Near East

agriculturalcradle.

From that period onwards, chickpea

migratedwith men as a partnerof human

history. The crop receivedvery different

unrelatednames,suggestingaquickadoption

by localpopulations. Chickpeawasalwaysa

humblecrop that almostneverappearedon

the royal tables,being on the contrary a

useful food for both humansand animals;

modern research has shown its high

biologicalvalue. Being a poor man food,

thereis somedifficulty in followingits path

around the world. A few seedsdated ca.

6,000BC havebeenfound in Bulgaria,and

two millennialater,in Greece(7, 8). Thus,it

seemsthat chickpeabelongedto the first

agricultural complex reaching Europe

through the Black Sea. Crimeacould have

beenthestartingpoint of thecropspreading

in Ukraine and Southern Russia; some

authorssuggestthatit wastakenthereby the

Greeks to its Crimean colonies,but the

peninsula was not far away from the

DanubeõsMouth,probablythemainGateto

reach Central Europe. In favour of the

Greekhypothesisis the fact of the chickpea

scarcityin archaeologicalremainsin Crimea,

dating only from the so calledòGreek

Classicalphaseóof the CrimeanIron Age

(4th to 2ndcenturiesBC).

RESEARCH
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Chickpeawaslikely takento India by the

Aryan tribes invading Hindustan in the

second millennium BC. Archaeological

remainssuggestthe secondhalf of the first

millenniumas the most likely date for its

adoption; it reachedSouthernIndiafrom the

3rd to the 1st centuriesBC (1). Aryan

invaders probably took the crop from

Iranian tribes as suggestedalreadyby De

Candolle(3) on linguisticevidence; in fact,

peoplessouth of Caucasushave the same

linguisticroot for chickpea,relatedto the

Sanskrit. The spreadingin India was very

successfulasshownby the greatamountof

morphological variation found in India

nowadays,the diversenamesgiven to the

cropandthemanyusesby localpeople.

Although chickpea arrived earlier in

Greece (see above), it is almost not

mentioned by the first classic authors.

Homer(14th centuryBC)mentionschickpea

in the Iliad only once(XIII -336) andit does

not appearin the Odysseynor in the first

book on Agriculture,HesiodõsWorksand

Days; it wasreallypoor manõsfood. Two-

threecenturieslater is mentionedby all the

important Greek authors although rather

scarcely. One single mention by Plato

(Republic, II, 372a-e), several times by

Aristophanes (around 400 BC) in his

comediesPeace(hereasroasted,an old way

of cookingthemindeed),TheCloudand, The

Assemblywomen, suggestingagainthatchickpea

was a popular food for common people.

Popular and cheap, as one of the

AristophanescharacterssaysòItis not worth

of asinglechickpeagrain...ó

RESEARCH
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Lateron,all classicalwriterson Agriculture

(Teophrastus,Columella,etc.) mention it,

although the length devoted to it is,

exceptingin Al Awam(Arab-Spanishwriter,

around1,200 A.D.), rather short and very

little informative. Worth mentioning, the

tradition holds that Cicero, the famous

Romanpolitician,writer andlawyer,hadhis

namegivenbecauseits facewashisheadwas

òchickpea-shapedó; modern scholarsthink

that, rather,the family namesoriginatedin

oneof hisgrandparents,achickpeaseller.

It is not known who introducedchickpea

in the westernMediterraneancountries; its

Spanishname(ògarbanzoó,ògarvanceóin

old French)is not connectedto any other

known language. A pre-roman origin is

likely,but it hasalsobeensuggestedagothic

one (arwaits), but it wasnot known in the

Swisslakesnor in Northern Italy, thus its

introductionfrom CentralEuropein Spainis

unlikely. From Greece(krios: òramheadó)

and/or the Balkans(kíkere) through Italy

(cicer, pronouncedòk²keróin classicLatin);

from the Latin word derivesanold Spanish

name for pulses,chícharo, also given to

chickpea.

Be that as it may,chickpeawastakenby

Spanishcolonizersto theNewWorld already

in 1492. It crossedthe Atlantic Ocean

already in the first Columbus travel of

discovery. Thethreeshipsof the fleethadto

transporta greatamountof chickpeagrains

astheywerealsopresentsevenmonthslater

in the return trip. Only a goodand reliable

food could have been taken in such

quantities. A humblechickpeaseedlabelled

with a crosswasusedduringa big stormin

the waybackto Spainto chooseoneamong

the terrified sailors to go to Guadalupe

Monasteryas a pilgrim in casethey arrived

safely. It wasColumbusthe manwho took

the labelledseedé but, althoughthey did

safelyfinish the trip, he neveraccomplished

thepromiseéʴ
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Diversity of the words denoting chickpea in modern 

European languages 

by Aleksandar MIKIĺ

Abstract: Chickpea(CicerarietinumL.) is one

of the most ancientEurasiancrops. The

Latin ciceroriginatedfrom the Proto-Indo-

Europeanroot *kek-, *kik-, denotingpea

(PisumsativumL.), that, during its evolution

into its directderivativesshiftedthemeaning

from peato chickpea. Another Proto-Indo-

Europeanroot, erϸgɽ[h]-, gavethe modern

wordsdenotingchickpeain Greek,Spanish,

PortugueseandBasque.

Key words: chickpea, Cicer arietinum,

etymology,Europeanlanguages,lexicology

Chickpea(CicerarietinumL.) is one of the

mostancientEurasiancrops,aswitnessedby

numerousarchaeologicalfindings. The well-

knownLatinnouncicerhasitsultimateorigin

in the Proto-Indo-European root *kek-,

*kik-, denotingpea (PisumsativumL.) (1).

During the evolution of this root into its

directderivatives,includingProto-Italic that

gaveLatin, a shift of meaningoccurredin

most casesfrom peato chickpea. The only

attested exception is the extinct Old

Prussian, renown for its remarkable

conservation. The wordsdenotingchickpea

in most modern Germanic or Italic

languages,includingthe Armenianone, are

the presentdescendantsof the Proto-Indo-

European*kek-, *kik-. AnotherProto-Indo-

Europeanroot, erϸgɽ[h]-, gavethe modern

wordsdenotingchickpeain Greek,Spanish

and Portuguese, with a subsequent

borrowingbyBasque.ʴ
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Figure 1. Initial evolution of the Proto-Indo-European root *kek-

Table 1. Some words denoting chickpea in several modern European languages

Family Branch Language Word denoting chickpea

Afro-Asiatic Semitic Maltese cicra

Altaic Turkic Turkish nohud

Déne-Caucasian
Basque Basque garbantzu; txitxirio

Caucasian Lak nuhuŚ

Indo-European

Baltic Lithuanian avinĥirnis; nutas

Celtic
Irish piseánach

Welsh gwygbysen

Germanic

Danish kikært

German Kichererbse

Norwegian kikert

Swedish kikärt

Hellenic Greek ɟŮɓɘɗɘɎ

Indo-Iranian Kurdish nok

Italic

French pois chiche

Italian cece

Portuguese ervanço

Spanish garbanzo

Slavic

Bulgarian leblebiya

Czech cizrna

Polish ciecierzyca

Russian nut

Serbian leblebija; naut

Kartvelian Georgian Georgian mukhudo

Uralic
Finno-Permic Finish kikherne

Ugric Hungarian csicseriborsó



An evolutionary perspective on the role of phenology 

in the specific adaptation of chickpea

by Jens D. BERGER

Abstract: Chickpeaprovides an excellent

examplefor theroleof phenologyin specific

adaptationas the speciesevolved from a

narrowlydistributednorthernMediterranean

winter annualto a warm seasoncrop as a

result of changesin farming practiceand

distribution. The advent of spring-sowing

andsubsequentspreadto warmerclimatesin

the south and southeastmodifiedselection

pressures: elevating the role of terminal

drought and high temperaturestress,and

reducingtheroleof low wintertemperatures.

This led to the evolution of regionally-

appropriateregulationof phenologythrough

the loss of the vernalization response,

increasing temperature response as

vegetativephasetemperaturesincreasefrom

north to south, and temperature-

photoperiodcompensationin Mediterranean

germplasm. These mechanisms allow

chickpeato matchphenologywith growing

seasonlengthandavoidits principalstresses:

the almostubiquitousterminaldroughtand

winter cold- largely confined to

Mediterraneanclimates. This is essential

understandingfor the further improvement

of chickpea,to allowusto focuson adaptive

traits that augment,ratherthan opposethe

cropõsprincipalstrategyof stressavoidance

ratherthantolerance.

Key words: chickpeaevolution,phenology,

specificadaptation

_________________________________________________________________________________________________________

CSIRO Plant Industry, Wembley, Australia 

(Jens.Berger@csiro.au)

Introduction

Phenology,thestudyof studyof cyclicand

seasonalnatural phenomena,especiallyin

relationto climate,playsa dominantrole in

the adaptationof all plants,but arguablyis

most important in annuals. The annuallife

cycle,wheresenescence(death)terminates

the reproductivephase,trades-off biomass

andseedproductionagainststressavoidance,

becausethe formeris usuallyassociatedwith

a long life cycle,while the latter is typically

associatedwith the opposite. Chickpeais a

particularly good candidate for

demonstratingthe importanceof phenology

in theannualadaptivestrategybecauseof its

uniqueevolutionarypathwhichexposedthe

crop to different stressesas its distribution

widened from its narrow Mediterranean

originsin thelate10th millenniumb.p (2, 12).

Accordingly, this paper will chart the

evolution of chickpea,emphasisinghow

changingfarming practicesand geographic

locationexerteddifferentselectionpressures

thatshapedthephenologyof thecrop.

Evolution of chickpea, and its 

dissemination in time and 

space

Among the West Asian Neolithic crop

assemblage, chickpea has a unique

evolutionarytrajectory,passingthrough a

seriesof bottlenecksfrom its origins as a

narrowly distributed Mediterraneanwinter

annual(Cicerreticulatum) to its currentstatus

as a South Asian and spring-sown

Mediterraneancrop (2). Neolithic chickpea

remainsare relativelycommon throughout

the EasternMediterranean,wherethe crop

waspresumablysownin autumnandgrown

as a winter annual,like all the other West

Asian Neolithic crops. After the Neolithic,

chickpea appears to suffer a decline,

reappearingin theBronzeAgein SouthAsia

and in a much reduced,more southern

Mediterraneandistribution(Fig. 1). Abbo et

al. (3) attributethisMediterraneandeclineto

the catastrophiceffectsof Ascochytablight,

and suggestthat re-emergentBronze Age

chickpea was spring-sown to avoid this

disease pressure, coinciding with the

introductionof newspring-sowncropslike

sorghummilletetc., andreflectingtraditional

farming practicesdocumentedby ancient

Greek and Roman scholars. Subsequently,

chickpea consolidatedits distribution in

South and West Asia (both of which still

dominate global production today), and

appearedin Ethiopiain theIron Age(Fig. 1).

Chickpeawas then spreadthroughout the

Mediterraneanbasinby the Greeks,Romans

and Phoenicians,introduced to the New

World by theSpanishandPortuguesein the

16th centuryAD, whilekabulitypesmoved

to India through CentralAsia via the Silk

Roadin the18th century(12). Morerecently

chickpeabreedingprogrammesbeganin the

UnitedStates,Australia(first cultivar,Tyson,

releasedin 1979) andCanada.

RESEARCH
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The spreadof chickpeaexposedthe crop

to different climates. In the Mediterranean

basin there is a southerly gradient of

decreasing rainfall, increasing seasonal

temperatureand winter rainfall proportion,

which tends to a SE gradient from the

EasternMediterraneanto CentralAsia (7).

The newer chickpeagrowing regions of

CentralAsia,southernEurope,the western

United States,Chile,andsouthernAustralia

also have typically Mediterraneanclimates

with relativelylow annual,winter-dominated

precipitation(7). SouthAsia,responsiblefor

ca. 75% of globalproductionischaracterized

by high precipitation, summer dominant

rainfall environments,where chickpea is

grownin thesubsequentdry (rabi)seasonon

storedsoilmoisture(7). Thesameis thecase

for newerchickpearegionsin East Africa,

Peruandto a lesserextent,easternAustralia.

The South Asian growing season is

considerably warmer than that in the

Mediterranean,with a strong southerly

gradientof increasingwintertemperature(8).

Accordingly, in South Asia there is a

latitudinal trend of decreasinggrowing

seasonlengthmovingfrom north to south.

In eastern Australia, summer rainfall

increasesfrom south to north, and the

chickpeaproductionin northernNSW and

southernQueenslandusesboth storedsoil

andin-seasonmoisture(7).

Phenological response

Thus,becauseof the earlyMediterranean

changefrom autumn- to spring-sowing,and

concomitantspreadof the crop to warmer

climatesto thesouthandsoutheast(Fig. 1),

chickpeaavoidedwinter both in time and

space. As a result, comparedto its wild

progenitor from SE Anatolia, chickpea

evolvedunderwarmertemperatures,longer

days,lower rainfall,andgreaterexposureto

terminaldrought. Moreover,springsowing,

considerablyafter the Mediterraneanwinter

rains,exposedchickpeato a deeperwater

soil profile, arguablypre-adapting it for

SouthAsianexpansion.

These environmental changes exerted

considerableselectionpressureon chickpea

phenology. The annualplant lifecycleuses

appropriatephenologyto avoid stress,and

balancesthis againstbiomassproduction.

The annual lifecycle is as long as the

environmentwill allow. As rainfallbecomes

more variable(i.e. habitatsbecomemore

stressful,or likelyto bedisturbedby terminal

drought), reproduction and senescenceis

advanced,reducingthe capacityfor biomass

production(11). Conversely,with increasing

rainfall,annualplantsdelaytheir phenology,

givingthemmoretime to captureresources,

accumulatebiomassandmaximizetheiryield

potential. As foreshadowedby the previous

discussion,the principalclimaticstressesin

the chickpeadistribution rangeare winter

cold and terminal drought. The former is

largelyconfinedto Mediterraneanclimates,

whereAscochytaexertsadditionalselection

pressure, while the latter is almost

ubiquitous,but occurs at different times,

accordingto seasonlength.

Figure 1. Dissemination of chickpea across the old world, from narrowly distributed Mediterranean winter annual (C. reticulatum, the wild 

progenitor) to widespread crop (crosshatched shading), based on archaeological sites containing ancient chickpea or Cicerspecies (12)
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Chickpea is very sensitive to low

temperatures,both at the reproductivestage

(5, 9), but alsoin the earlyvegetativephase

(14), whenannualplantsaretypicallyat their

mosttolerant. Vegetativefrost stressleadsto

considerablemortality in chickpea, and

selectionfor tolerancewasoneof thehighest

priorities for breedersattempting to re-

establish autumn sowing in the

Mediterranean(14). At flowering,chickpeais

particularlychillingsensitive,delayingpodset

at meanflowering temperaturesas high as

21 oC (tailing off after 17.5 oC), due with

negative effects on pollen germination,

viability, and stigmal load (9). This is

important becausea delay in pod set

increasesthe cropõsexposureto terminal

drought stress, reducing seed yield

throughoutmuchof thecroprange. Thereis

little useful variation for chilling tolerance

within domesticatedchickpea,even when

comparing germplasm collected from

contrasting warm and cold habitats (9).

Terminaldroughtcanreducechickpeayields

by 70% (10). Although chickpeahassome

traitsoftenassociatedwith droughttolerance

or postponement,such as a capacityfor

osmoticadjustmentor to extractmorewater

than other pulses, yield under terminal

droughtis consistentlynegativelycorrelated

with phenology, implying that drought

escapeis the principaladaptivestrategyin

thecrop(4).

A comparison of chickpea germplasm

from different origins confirms the strong

selection pressureon phenology. Fig. 2

showsa16dayrangein floweringtime,with

the latestmaterialcomingfrom CentralAsia,

followed by Eastern Australia, Northern

India and the Mediterranean,and then

Western Australia, Ethiopia, Central and

Southern India. Dates of podding and

maturity are strongly correlated with

flowering (r = 0.89 and 0.57), and show

similar,albeit reducedranges(Fig. 2). This

pattern aligns well with Grimeõs(11)

predictions: late material is sourcedfrom

cool and/or long seasonenvironments(e.g.

Azerbaijan,Turkey,Northern India), while

earlymaterialcomesfrom regionswith the

earlyonsetof terminaldrought(e.g. Central

and Southern India). This tendency of

phenologymatchinggrowingseasonlength

in specificallyadaptedmaterialis confirmed

by regionalG × E studies. In Australia,early

flowering chickpea performs best in

southernMediterraneanclimates,while later

cultivars yield well in the increasingly

summerdominantrainfallof the north east

(10). Similarly in India, warm southern

locationsfavour early flowering,while the

oppositeisthecasein thenorth(6).

How is phenology controlled? 

Regional selection pressure on 

the regulation of phenology

The examplesoutlinedabovesuggestthat

phenologyis understrongregionalselection

pressure. Indeed,recentstudiesindicatehow

evolution has selected for contrasting

phenologicalmechanismsamong different

habitatsin chickpeaandits wild relatives(1,

5, 8). While the annualwild relativesare

almost uniformly vernalizationresponsive,

chickpeahas lost the capacityto regulate

flowering time in response to a low

temperaturestimulus(1, 5). Given that the

annualwild relativeshaveretainedanorthern

Mediterraneanwinter annuallifecycle,while

chickpeahas escapedlow temperaturesin

both spaceandtime,movingto systemsand

regions which impose increasedterminal

droughtstress,it is likely that this modeof

regulatingphenologywas activelyselected

againstin theevolutionof thecrop.

This leavesonly ambienttemperatureand

photoperiodas environmentaltriggersthat

can regulatechickpeaphenology(13); both

of which are under contrasting regional

selectionpressures(8). Ambienttemperature

responseisunderverystrong environmental

selectionpressure,being directly correlated

(r = 0.8) to the meantemperatureof the

vegetativephaseat the site of collection.

Thus, temperatureresponseincreasesfrom

winter- to spring-sown Mediterraneanand

easternAustralian material, and then to

north, centraland southernIndia (8). As a

result, as vegetativetemperaturesincrease

from the Mediterraneanto SouthAsia,and

then from north to south, locally evolved

chickpeaflowersincreasinglyearly,escaping

terminal drought through regionally

appropriatephenology. Germplasmorigin

also affects the relationship between

photoperiodand temperatureresponse. In

Eastern Mediterraneanmaterial a strong

negativerelationship(r = -0.77) enables

temperature insensitive genotypes to

compensatethrough a strong photoperiod

response,allowing chickpeato avoid the

twin Mediterranean stresses of low

winter/spring temperaturesand terminal

drought (8). Moreover, this negative

relationshipis likely to havebeenessential

for enablingthe expansionof the crop to

warmersouthernclimates,wherea strong

photoperiod responseis very maladaptive

(8).
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Figure 2. Phenology (flowering, podding and maturity) of chickpea germplasm collected from 

the Mediterranean basin, Africa, Australia, Central and South Asia. Data was recorded in a 

Western Australian field experiment at Merredin in 1999 (4)
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Conclusions

The evolutionof chickpeafrom its origins

as a narrowly distributed northern

Mediterraneanwinter annualmodified the

selection pressuresexerted on the crop;

elevatingthe role of terminaldrought and

high temperaturestress,and reducingthe

role of low temperaturesin winter. These

changes exerted strong selection for

regionally appropriate phenology to

maximizegrowingseasonlengthwithin the

constraintsof terminal drought and low

reproductivechilling tolerance(8). As a

result,chickpealost its capacityto respond

to vernalization (1, 5), but became

increasinglyresponsiveto growing season

temperaturesasit spreadto warmerregions

in the south and southeast,facilitating

droughtescapethroughtheearlycompletion

of its lifecycle. This adaptationwasgreatly

facilitated by the negativerelationshipof

photoperiod and temperatureresponsein

Mediterraneangermplasm. The former is

idealin northernspring-sownMediterranean

systemsbecauseit facilitatesescapefrom

both reproductive chilling and terminal

drought stress,but wholly maladaptivein

warmer,low latitude,terminaldrought-prone

SouthAsianenvironments,whereflowering

is initiated under reducing, rather than

increasingdaylength.

Thisevolutionarytrajectoryprobablyledto

other changesin chickpea. Comparedto its

wild relatives and other Mediterranean

legumes,chickpea has little capacity to

toleratelow temperaturesin both vegetative

and reproductivephases(5, 9, 14), whereas

reproductiveheat toleranceappearsto be

much more common (9), reflecting the

intensityof theseselectionpressuresin the

lifecycle.

This is essentialunderstandingfor the

further improvementof chickpea,to allow

us to focuson adaptivetraits that augment,

rather than oppose the cropõsprincipal

strategy of stress avoidancerather than

tolerance. For example,in the pursuit of

improvedyield under terminaldrought the

escapestrategyshouldnot becompromised.

To this end,improvedchilling toleranceto

hasten the reproductive phase (9),

parsimoniousvegetativewateruse(16) and

reproductiveheattolerance(10) to maximise

seedfilling arepreferredovertraitsthat may

extendthe growing seasonat the cost of

reproductiveinvestment,such has osmotic

adjustment (15) or deep, profuse root

development(16). Conversely,these traits

may be supported in longer season

environmentsby augmentingthe cropõs

capacityto acquireresources,andextendthe

growing seasonduring a time when yield

development is not limited by low

temperatures.ʴ

References

(1) Abbo S,  Lev-Yadun S,  Galwey N (2002) 

Vernalization response of wild chickpea. New 

Phytol 154:695-701

(2) Abbo S, Berger J, Turner NC (2003) Evolution 

of cultivated chickpea: four bottlenecks limit 

diversity and constrain adaptation. Funct Plant 

Biol 30:1081-1087

(3) Abbo S, Shtienberg D, Lichtenzveig J, 

LevȤYadun S, Gopher A. (2003) The chickpea, 

summer cropping, and a new model for pulse 

domestication in the ancient Near East. Quart Rev 

Biol 78:435-438

(4) Berger JD, Turner NC, Siddique KHM, 

Knights EJ, Brinsmead RB, Mock I, Edmondson 

C, Khan TN (2004) Genotype by environment 

studies across Australia reveal the importance of 

phenology for chickpea (Cicer arietinumL.) 

improvement. Crop Past Sci 55:1071-1084

(5) Berger JD, Buck R, Henzell JM, Turner NC 

(2005) Evolution in the genus Cicer - vernalisation 

response and low temperature pod set in chickpea 

(C. arietinumL.) and its annual wild relatives. Crop 

Past Sci 56(11):1191-1200

(6) Berger JD, Ali M, Basu PS, Chaudhary BD, 

Chaturvedi SK, Deshmukh PS, Dharmaraj PS, 

Dwivedi SK, Gangadhar GC, Gaur PM, Kumar J, 

Pannu RK, Siddique KHM, Singh DN, Singh DP, 

Singh SJ, Turner NC, Yadava HS, Yadav SS 

(2006) Genotype by environment studies 

demonstrate the critical role of phenology in 

adaptation of chickpea (Cicer arietinumL.) to high 

and low yielding environments of India. Field 

Crop Res 98:230-244

(7) Berger JD, Turner NC (2007) The ecology of 

chickpea: evolution, distribution, stresses and 

adaptation from an agro-climatic perspective. In: 

Yadav SS, Redden RJ, Chen W, Sharma B(eds) 

Chickpea Breeding and Management. CABI, 

Wallingford, UK, 47-71

(8) Berger JD, Milroy SP, Turner NC, Siddique 

KHM, Imtiaz M, Malhotra R (2011) Chickpea 

evolution has selected for contrasting 

phenological mechanisms among different 

habitats.Euphytica180:1-15

(9) Berger JD Berger, J. D., Kumar, S., Nayyar, H., 

Street, K. A., Sandhu, J. S., Henzell, J. M. Jagmeet 

Kaur, and H. C. Clarke (2012) Temperature-

stratified screening of chickpea (Cicer arietinumL.) 

genetic resource collections reveals very limited 

reproductive chilling tolerance compared to its 

annual wild relatives. Field Crop Res 126:119-129

(10) Devasirvatham V, Tan DKY, Gaur PM, Raju 

TN, Trethowan RM(2012) High temperature 

tolerance in chickpea and its implications for plant 

improvement. Crop Past Sci 63:419-428

(11) Grime JP (1977) Evidence for existence of 3 

primary strategies in plants and its relevance to 

ecological and evolutionary theory. Am Nat 

111:1169-1194

(12) Redden R, Berger JD (2007) History and 

origin of chickpea. In: Yadav SS, Redden RJ, Chen 

W, Sharma B(eds) Chickpea Breeding and 

Management. CABI, Wallingford, UK, 1-13

(13) Roberts EH, Hadley P, Summerfield RJ 

(1985) Effects of temperature and photoperiod on 

flowering in chick peas (Cicer arietinum). Ann Bot 

55:881-892

(14) Singh KB, Malhotra RS, Saxena MC (1990) 

Sources for tolerance to cold in Cicer species. Crop 

Sci 30:1136-1138

(15) Turner NC, Abbo S, Berger JD, Chaturvedi 

SK, French RJ, Ludwig C, Mannur DM, Singh SJ, 

Yadava HS (2007) Osmotic adjustment in 

chickpea (Cicer arietinumL.) results in no yield 

benefit under terminal drought. J Exp Bot 58:187-

194

(16) Zaman-Allah M, Jenkinson DM, Vadez V 

(2011) A conservative pattern of water use, rather 

than deep or profuse rooting, is critical for the 

terminal drought tolerance of chickpea. J Exp Bot 

62:4239-4252

11Legume Perspectives                                         Issue 3 Å June 2014

RESEARCH



Genomic resources in chickpea

by Teresa MILLÁN1*, Eva MADRID2 and Rajeev K. VARSHNEY3

Abstract: Chickpea has considerably

increasedthe genomicresourcesin recent

yearsprovidinghighlysaturatedgeneticmaps

including anonymous or gene-specific

markerstargetingsomeagronomictraits of

interest. In addition,the publicationof the

two draft genomesequencesof Kabuli and

Desi chickpeatypes opens a new era in

genomic tools. Furthering in our

understanding of the association

betweenphenotypictraits (QuantitativeTrait

loci-QTL-or genes)with the trasncriptome

and geneannotationprovided by genome

sequencing data will be the future

challengetobe able to exploit with success

marker-assistedSelection(MAS).

Key words: chickpea,genomics,marker-

assistedselection

Introduction

DNA marker technologymade possible

the generationof geneticmapsensuringthe

useof MAS andpositionalcloningof genes

of interest. Chickpeageneticmapsusingbi-

parentalpopulationsfrom narrowand wide

crosseswereinitiatedin the ninetiesandhad

a greatstepforwardwith the incorporation

of STMS/SSR (Sequence Tagged

MicrosatelliteSites/SimpleSequenceRepeat)

_________________________________________________________________________________________________________

1University of Córdoba, Departmet of Genetics, 
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andESTs(ExpressedSequenceTags)based

markers. Those locus specific markers

providedthe possibilityto comparemapsin

differentpopulations,to unify nomenclature

for linkagegroups,establishreferencemaps

andprovideanchorpointsfor comparingthe

genomesof the model speciesMedicago

truncatulaandchickpea(7, 9, 13). In recent

times,Next GenerationSequencing(NGS)

technologieshavebeeneffectivelygenerated

in chickpea large-scaletranscriptome

data togetherwith genomicmarkersbased

on SingleNucleotidePolymorphisms(SNPs)

facilitating the development of highly

saturatedsecondgenerationgeneticsmaps

(5). Those maps have been developedin

RecombinantInbredLine (RIL) populations

including markers from Simple sequence

repeat (SSR), Expressed SequenceTag

(EST), Intron Spanning Region (CISR),

Genic MolecularMarkers (GMMs), BAC-

end derived SSR (BES-SSR), Diversity

Arrays Technology (Dart) or Tentative

Orthologous Genes (TOGs) (4, 11)

(Table1).

Marker-assisted breeding in 

progress

First chickpeageneticmapswere mainly

focussedin the location of genomicareas

controlling disease resistances, some

agronomictraitsandfewqualitycomponents

(Table 2). Successfulresults in marker-

assistedbackcrossing(MABC) for drought

tolerance and fusarium wilt have been

achievedmainlyusingSTMSmakers. STMS

havebeenwidelyusedin chickpeabecause

their extensive probability of finding

polymorphismhowever the prediction of

favourableallelesis lessaccuratethanusing

gene-specific markers. Examplesof allele-

specificmarkerswereobtainedfor genomic

areasrelatedto ascochytablight resistance:

CaETR for QTLAR1 and SCY17 for

QTLAR2provedto besuccessfulin predicting

resistantaccessions(6).

An approachto progressin the detection

of candidate genes has been the

developmentof Near IsogenicLines(NILs)

(1). Phenotypicvariationobservedbetween

pairsof NILs canbeassigneddirectlyto the

restricted target region of genome that

differsbetweenthem.

Broaden genomic resources: 

sequencing projects

Veryrecentlythefirst draft of thechickpea

genome sequence was published. This

projectwasundertakenby the International

ChickpeaGenomeSequencingConsortium

(ICGSC) led by the International Crops

ResearchInstitutefor theSemi-Arid Tropics

(ICRISAT) in collaborationwith University

of California in Davis, BGI-Shenzhen,

University of Cordoba and severalother

organizations(12). The consortiumfeatured

the referencegenomeof the kabuli type

CDC Frontier chickpea variety and re-

sequencedthe genomesof 90 cultivatedand

wild genotypesfrom 10 differentcountries.

This publicationreportedthe draft genome

sequenceof ~ 738-Mb which containsan

estimationof 28,269genes. Examinationof

synteny with other legumes revealed

extended(> 10 kb) conservedsyntenic

blockswith M. truncatula. Thedraft sequence

of a desigenotypehasalsobecomeavailable

now (520Mb assemblycovering70% of the

predicted740Mb genomelengthandmore

than80%of thegenespace)(8).

Comparisonof phenotypictraitslocatedin

genetic maps, expressionstudiesand the

completegenomesequencewill be a very

powerful tool in the future, facilitating

genetic enhancement and breeding

todevelopimprovedchickpeavarieties.

12Legume Perspectives                                         Issue 3 Å June 2014

RESEARCH



Final remarks

The current focus in appliedbreedingis

leveragingbiotechnologicaltools to develop

more and better markersto allow marker

assistedselectionwith thehopethat thiswill

speedup the deliveryof improvedcultivars

to the farmer. To date,progressin marker

developmentanddeliveryof usefulmarkers

has been increasinglyfast in chickpea.

Nowadays, markers currently targeting

resistancegenesor QTL are in majority

microsatellitetype but high-throughput

SNP genotypingplatforms are overtaking

SSRasthechoiceof markerstypeto beused

in the screeningof germplasmcollections

(5). Besides,the developmentof transcript

maps and information of the genome

sequencewill increasemarkerdensityin the

genomicregionscontrollingtraitsof interest.

Availabletoolsfacilitate theidentificationof

gene families involved in resistance

mechanismas NBS-LRR genes,or the

analysisof orthologousgenesrelatedwith

agronomicstraits(i.e. floweringtime,growth

habit,doublepoddingetc.) presentin other

legumes. Similarly, recent advances in

genomictechnologywill assistthe exploiting

of naturaldiversityby associationmapping

conductedon germplasmcollections.ʴ

Table 1. Second generation genetic maps developed in chickpea based on RIL populations

Newly developed 

markers
Nº of loci Coverage (cM)

Average 

inter marker distance 

(cM)

Reference*

SSR, GMMs, CISR 300 766.56 2.55 (4)a

BES-SSR,DarT 1291 845.56 0.65 (11)a

EST-SSR, ITPs, SNPs 406 1497.7 3.68 (2)a

SNPs, SSR 368 1808.7 1.7 (3)b

CKAMs, TOGs-SNPs 1328 788.6 0.59 (5)a

*a: map in population derived from C. arietinumICC 4958 x C. reticulatumPI 489777;  

b: map in population derived from ICCV2 x JG62

Table 2. Traits and locus-specific markers localized in different linkage groups of the chickpea 

genetic map (10)

RESEARCH
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Linkage group (LG)Traits Gene/QTL Indicative Markers*

LGI

ɓ-carotene QTL GA11, TA122

Seed weight QTL GA11

Days to first flower QTL H1F022, GAA40

LGII

Fusarium wilt race 0 Foc-02/foc -02 TA59, TS47

foc-1 H3A12, TA110

foc-2 TA96, H3A12

foc-3 H1B06y, TA194

foc-4 TA96, CS27

foc-5 TA27, TA59, TA96

Ascochyta blight ar1, QTLAR1 GA16, TA194, TR

Seed weight QTL TA110-TAA60

Days to first flower QTL H4B09, H1B06

LGIII

Growth habit Hg Pgd-c

ɓ-carotene QTL 2 TA64, STMS28

Days to flower QTL TS57, TA127, TA142

Ascochyta blight QTL STMS28, TS12, TA64

LGIV

Seed testa color T3 P

Flower color P, B/b TA61

Seed coat thickness Tt/tt, QTL B/b

Seed number QTL TA130

Seed weight QTL GA24, STMS11, GA2

Days to flower QTL GAA47

Ascochyta blight QTLAR1, QTLAR2 CaETR, SCY17590

LGV Fusarium wilt race 0 Foc-01/foc -01 OPJ20600 , TR59

LGVI

Single/Double pod s TR44, TA80

Seed weight QTL TA120,TR40

Days to flower QTL TS57, TA127

Ascochyta blight QTL TA176

Botrytis grey mould QTL SA14-TS71rts36r

LGVII Rust Uca1/uca1 TA18, TA180

LGVIII

Lutein concentration QTL TA25

Seed weight QTL OPE091594-MER051645

Ascochyta blight QTL TA3, TS46, TS45, H3C11a

Botrytis grey mould QTL TA25, TA144, TA159,TA118
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Drought and heat tolerance in chickpea

by Pooran GAUR*, Samineni SRINIVASAN and Rajeev VARSHNEY

Abstract: Chickpeais largelygrownrainfed

on residualsoil moisture after the rainy

season. Terminal drought is a major

constraint to chickpea production,

particularlyin thesemi-aridtropics. Similarly,

exposureof chickpeato heatstress(Ó35 C)

at floweringandpoddingis knownto result

in drasticreductionsin seedyields. Efforts

havebeenmadeto developcultivarsthatcan

escape(early maturity) or avoid/tolerate

(greaterextractionof water from the soil,

enhanced water use efficiency) terminal

drought. Large geneticvariationsexist for

reproductive stage heat tolerance in

chickpea. Manyheattolerantgenotypeshave

been identified through screening of

germplasm/breedinglinesunderheatstress

conditions in the field. A heat tolerant

breedingline ICCV 92944hasbeenreleased

for cultivationin Myanmar(asYezin6) and

India(asJG14).

Key words: early maturity, root systems,

heatstress,marker-assistedbreeding

Introduction

Drought and heat are the most serious

abiotic constraintsto chickpeaproduction

globally. It isestimatedthatdroughtandheat

stressestogetheraccountfor about50% of

the yield lossescausedby abiotic stresses.

Chickpea is predominantly grown as a

rainfedcropon residualsoil moisturestored

during the previousrainy seasonwith very

lessor no rainfallduringthegrowingseason.

The soil moisture recedesto deepersoil

layerswith the advancementin crop growth

and the crop experiencesincreasingsoil

moisturedeficit at the criticalstageof pod
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filling andseeddevelopment(calledterminal

drought) (3). Terminaldrought is a major

constraintto chickpeaproduction in over

80% of the globalchickpeaarea. The extent

of terminaldroughtstressvariesdepending

on previousrainfall,atmosphericevaporative

demand,andsoilcharacteristicssuchastype,

depth,structure,andtexture.

Heatstress(temperatures> 35 C) at the

reproductivestageis increasinglybecominga

seriousconstraintto chickpeaproductivity

becauseof largeshift in chickpeaareafrom

coolerlong-seasonenvironmentsto warmer

short-season environments, increasing

chickpeaareaunder late sown conditions

due to increasingcropping intensity, and

expectedoverallincreasein temperaturesdue

to climatechange(5).

Drought tolerance

The mechanismsfor adaptationof plants

to moisturestressenvironmentsarebroadly

classifiedinto three categories(a) drought

escape,(b) drought avoidance(dehydration

postponement)and (c) drought tolerance

(dehydrationresistance). Early phenology

(early flowering, early podding and early

maturity)is the most importantmechanism

to escapeterminaldroughtstress. Drought

avoidancecanbe achievedby wateruptake

by the roots from deepersoil layers,by

osmoticadjustmentand by reducingwater

loss(stomataconductanceor byreductionin

leaf area). Drought tolerancerefers to the

abilityof cellsto continuemetabolismat low

leafwaterstatus.
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Figure 1. A chickpea crop severely affected by terminal drought stress
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Chickpeabreedingprogramat ICRISAT

hasplacedhighemphasison developmentof

early maturing varieties for enhancing

adaptation of chickpea to environments

proneto terminaldroughtstress(4). Thereis

wide variability for time to flowering in

chickpea germplasm, which provides

opportunity for developing chickpea

cultivarswith desiredearliness. Severalearly

maturinghigh yieldingcultivarshave been

developed,e.g., ICCV 2 (Swethain India,

Wad Hamid in Sudan and Yezin 3 in

Myanmar),ICCV 92311(PKV Kabuli 2 or

KAK 2 in India)andICCV 92318(Chefein

Ethiopia) in kabuli type and ICCC 37

(Kranthi in India), ICCV 88202(Sonain

Australia,Yezin 4 in Myanmarand Pratap

chana1 in India)andICCV 93954(JG11in

India) in desi type. Adoption of early

maturingvarietieshasshown high impacts

on enhancementof chickpea area and

productivity in short-seasonenvironments,

e.g. Myanmar and southern India. Super

early breedinglines have been developed

(e.g. ICCV 96029) which further expand

opportunitiesfor cultivationof chickpeain

areas and cropping systems where the

croppingwindow availablefor chickpeais

narrowandin specificsituationswhereearly

podding is highly desired,for examplein

vegetablepurposecrop (usedfor immature

greengrains).

Most breedingprogramsuse grain yield

under moisture stress for selection of

genotypes with enhanced drought

avoidance/tolerance. In most cases the

materialis exposedto terminaldrought by

growingthecropunderrainfedconditionsor

under rainout shelters. Grain yield is a

complextrait controlledby manygenesand

highlyinfluencedby theenvironment. Thus,

early generation selection for drought

avoidance/toleranceis not effectivebecause

of low heritability. Lackof uniformspreadof

soil moisture/drought stress in the field

furtherreducesefficiencyof selection. Hence

advancedbreeding lines are evaluatedat

multiplelocationsandovertheyears.

Severalstudiesin the recentyearshave

focusedon identificationof morphological

and physiological traits associatedwith

drought avoidance/tolerance. Experiments

conductedat ICRISAT demonstratedthat a

prolific root systemcontributespositivelyto

grainyieldunderterminaldroughtconditions

(8). Despitewell recognizedimportanceof

root traits in terminal drought tolerance,

limitedeffortshavebeenmadeto breedfor

improvedroot traits becausethe screening

for root traits is a destructiveand labor

intensiveprocessanddifficult to usein large

segregatingpopulations. Some breeding

programshave used genotypeswith deep

andvigorousroot system,suchasICC 4958,

asoneof theparentsin crosses,but selection

of breedinglineswasinvariablyfor seedyield

underwater-stressconditionsratherthanon

root traits.

Identificationof molecularmarkerslinked

to major genescontrolling root traits can

facilitatemarkerassistedbreeding(MAB) for

root traits. There has been considerable

progress in development of molecular

markersand expansionof genomemap of

chickpeain recent years (6). A genomic

region carrying a transcription factor or

quantitativetrait loci (QTL) that controls

several drought tolerance related traits

including some root-traits was locatedon

LG4 from two intra-specificRIL mapping

populations(ICC4958× ICC 1882andICC

283× ICC 8261) at ICRISAT. Thisgenomic

regionwasintrogressedin onedesichickpea

cultivar(JG 11) from ICC 4958(desitype)

andin two kabulichickpeacultivars(KAK 2

and Chefe) from ICC 8261 (kabuli type)

usingmarker-assistedbackcrossing(MABC).

A setof 20 BC3F4 linesgeneratedfrom the

cross involving JG 11 as recurrentparent

wasevaluatedat 3 locationsin Indiaandone

eachin KenyaandEthiopia. SeveralBC3F4

linesgivingsignificantlyhigheryieldthanthe

cultivar JG 11 were identified at each

location (7). The initial results from the

evaluationof MABC lines are encouraging

and suggestthe scopeof effectiveuse of

marker-assisted breeding for improving

droughttolerancein chickpea.

Heat tolerance

Chickpeabeingacoolseasonfood legume

suffersheavyyield losseswhenexposedto

heat stressat reproductive(flowering and

podding) stage. The optimal temperatures

for chickpeagrowth rangebetween10 C

and 30 C. Reproductivephase(flowering

and seed development)of chickpea is

particularlysensitiveto heat stress. A few

daysof exposureto hightemperatures(Ó35

C) during reproductivephasecan cause

heavyyield lossesthrough flower and pod

abortion. Recentstudiesindicate that the

high temperaturesreduced pod set in

chickpeaby reducingpollen viability and

pollenproductionperflower(1, 2).

A simple and effective field screening

technique for reproductive stage heat

tolerancein chickpeahasbeendevelopedat

ICRISAT, Patancheruin southern India.

Patancheru(latitude17° 36' 10" N, longitude

78° 20' 39" E), is an ideal location for

screening chickpea for heat tolerance

becauseit has a warm and short growing

season(90-100 days) for chickpea. Long-

term weatherdatawasusedto decidethe

sowing time that would coincide the

reproductivephaseof the crop with high

temperatures(> 35 C). At Patancheru,

chickpeais normallysownin the month of

Octoberandharvestedin January/February.

It wasfound that if chickpeais sownin the

monthof February,thehighesttemperatures

would be generallyabove 35 C starting

from the initiation of flowering to crop

maturity. Though the October-sown crop

canbe grown on residualmoisturewithout

any supplementaryirrigation,the February-

sowncrop hasto be irrigatedfrequently(at

10-15 days interval). It was found that

numberof filled podsper plantin late-sown

crop can be consideredas a selection

criterion for reproductive stage heat

tolerance.

The recent studies on screening of

chickpea genotypes for heat tolerance

indicateexistenceof largegenotypicvariation

for reproductivestage heat tolerance in

chickpea. Severalheat tolerant genotypes

havebeenidentifiedwhichincludelandraces

(e.g. ICC 1205, ICC 1356, ICC 4958, ICC

6279, ICC 15614), breedinglines(e.g. ICCV

07104, ICCV 07105, ICCV 07108, ICCV

07109, ICCV 07110, ICCV 07115, ICCV

07117, ICCV 07118, ICCV 98902) and

cultivars(e.g. JG 14, JG 16, JG 130, JAKI

9218, JGK2, KAK 2).
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The availabilityof effective,efficient and

simple field screeningtechniquefor heat

tolerancegreatlyfacilitatechickpeabreeding

for heat tolerance. The generalbreeding

scheme includes growing of segregating

populations (F4 or F5) under late sown

conditionsfor selectingheattolerantplants

basedon the number of filled pods per

plant. Then, single plant progenies are

developedfrom the selectedheat tolerant

plantsand evaluatedfurther for grainyield

and other desiredtraits (resistanceto key

diseases,seedtraits,etc) undernormaland

heatstressconditions.

A heattolerantbreedingline ICCV 92944

hasbeenreleasedfor cultivationin Myanmar

(as Yezin 6) and India (as JG 14) and

becomingpopular for sowing under late-

sown conditions (e.g. rice fallows). In

addition,severalother popularcultivars(JG

16, JG 130, JAKI 9218, JGK 2, KAK 2)

werefoundto beheattolerant.

Marker-assistedselectionfor heattolerance

can further acceleratebreedingprocessand

facilitatecombiningdifferent desiredtraits.

Recombinantinbredlines(RILs) havebeen

developed from crosses between highly

tolerant and highly sensitivelines for heat

tolerance. These are being evaluatedto

identify molecularmarkerslinked to heat

tolerancegenes. Efforts arealsobeingmade

to identify candidate genes for heat

tolerance. It is anticipatedthat severalnew

heat tolerant cultivarsof chickpeawill be

releasedin the coming yearsand provide

greaterchoicesto thefarmers.ʴ
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Figure 2. A heat sensitive (left) and a heat tolerant (right) line of chickpea grown under heat 

stress conditions at ICRISAT, Patancheru
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Salt tolerance in chickpea: Towards an understanding 

of sensitivity to salinity and prospects for breeding 

for improved resistance

by Timothy D. COLMER1* and Vincent VADEZ2

Abstract: Chickpea(CicerarietinumL.) is

sensitive to salinity, although genotypes

showsignificantvariation in tolerance. The

reproductivephaseappearsto beparticularly

salt-sensitive.Importantly, recent screening

experiments have been conducted to

maturitywith evaluationof seedyieldunder

saline conditions, The genetic variation

appears to be sufficient to breed for

improvedsalt tolerance,but heritabilityof

tolerancerequiresfurther study,only minor

QTLs for salttolerancehavebeenidentified,

and the physiologicalbasis of genotypic

differences in tolerance is unclear; so,

screeningandselectionof progenywill likely

be a bottleneck in improvementof salt

tolerancein chickpea.

Key words: Cicer arietinum, NaCl, ion

toxicity,soilsalinity,waterrelations

Soil salinityis a major stressfactor that

restrictscrop yields in many parts of the

world(4). Salinitycontinuesto increasein

many regions, affecting previously

productive land in dryland and irrigated

farming systems,and especiallyin areas

where total annual evaporationis high.

Chickpea is sensitive to salinity ð this

sensitivityis very evidentwhenchickpeais

compared to other speciesin cropping

systems,for examplebreadwheat.
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The impactson chickpeaof salinityhave

been reviewed (1). Salinity impacts on

germination,plant establishment,nitrogen-

fixation, vegetative growth, flowering,

poddingand seedfilling; but the sensitivity

to salinity differs between these

processes/stagesand in variousgenotypes.

Germination appearsrelatively more salt

tolerantthanvegetativegrowth,but with the

reproductivephasebeing particularlysalt-

sensitive(1, 6, 7).

Theadverseeffectsof salinityon plants(3)

areusuallyconsideredin termsof theimpact

of excessions in the soil on plant water

relations(i.e. theôosmoticeffectõof salinity)

and of high tissue ion concentrations,

typicallyNa+ and/or Cl-, resultingin tissue

injury (i.e. ôiontoxicityõ). In addition, the

disruptionbyhighNa+ of plantK+ andCa2+

homeostasisalsocontributesto the adverse

effectof salinityon salt-sensitivespecies.

Salinityreducesthe amountof waterthat

chickpeacropscanextractfromsoil,causing

water deficits and also limiting carbon

captureand thereforegrowth and yield (1).

In addition,the build-up of ions in leaves

can result in necrosis,but whether high

tissueNa+ or Cl- (or both) causethedamage

is unclear,and toleranceis only sometimes

correlatedwith differencesin tissue ion

concentrations(1). For example,differences

in seedyieldundersalineconditionsamonga

large and representativeset of germplasm

wasnot relatedto differencesin shoottissue

Na+ concentration(7). Whethergenotypes

differ inôtissuetoleranceõshouldbeexplored;

the termôtissuetoleranceõis usedby us to

meanthemaintenanceof functional tissues

(e.g. capacity for photosynthesis)despite

highinternalNa+ andCl- concentrations.
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Figure 1. Seed yield under saline conditions in a large and representative range of chickpea 

genotypes. The figure shows large variation in both Desi and Kabuli types, although overall, 

the Kabuli types had lower seed yields in the saline soil (1.17 g NaCl kg-1 soil) than the Desi 

types. Experiment conducted in an outdoor pot system at ICRISAT. For more, see (7).
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In additionto the effectson chickpea(1)

from the osmotic and specific-ion

componentsof salinitystress(3), salinitycan

causelargereductionsin nodulation,nodule

sizeand nitrogen-fixation capacity(1). The

resultinglower nitrogenstatuscausedby a

dysfunctional rhizobium-plant symbiosis

undersalineconditionswould likely add to

the lesions already discussedabove for

chickpea when exposed to salinity, and

further restrict growth and yield in saline

soils.

Effort to breedmoresalttolerantvarieties

of chickpeahasbeenlimitedtodate,although

selectionswith reasonablesalttolerance(for

chickpea) have been released (e.g.,

KarnalChana1 or CSG8962 in India).

Severalstudieshavehighlighteddiversityin

salt tolerancewithin chickpea(2, 7) and

importantlylargevariationin seedyield(per

plant) in salinesoilshasbeendemonstrated

(7, Fig. 1). Amongchickpeagenotypes,there

is considerablevariation in seed yield in

salinesoils for both desiand kabuli types,

but the kabuli typesaregenerallymoresalt-

sensitive than the desi types (Fig. 1).

Although there is geneticvariationfor salt

tolerancein chickpea,knowledgeof the

genetic and physiological basis of the

differences between genotypes is poor,

hamperingparentalselectionsfor possible

pyramiding of key traits as has been

proposedfor breedingof salt tolerancein

rice(10).

The reproductive stagesappear to be

particularlysensitiveto salinity. A recent

largescalescreeningfor yieldundersalinity

showedthat tolerance,i.e. high yieldunder

salineconditions,wasrelatedto the capacity

of maintainingandfilling a largenumberof

pods(7, Fig. 2). The photographsshowtwo

genotypeswith similarvegetativegrowth in

saline soil, but with very different

reproductive success in these saline

conditions (Fig. 2). To date, only minor

QTLs for salttolerancehavebeenidentified

in chickpea(8), beingconsistentwith results

of a genetic analysiswhich revealedthe

complex regulation of salt tolerance in

chickpea(5). However,a few QTLs with

substantialeffect on traits relatedto yield

undersalineconditions,suchasthe number

of podsandthereforeseedsper plant,have

beenidentified(8).

Additionalresearchisneeded,therefore,to

develop efficient screeningand selection

techniques of progeny (e.g., based on

phenotypic traits, possiblemarker-assisted

selection,andultimatelygrainyieldin saline

conditions). Screening strategies should

focuson traitswhichcontributeto highyield

in salinesoils. Difficulties in screeningand

selection are further heightenedby the

typically large variability in soil salinity in

fields. Recently,it was found that yield in

salinesoil was related to the capacityof

producing more flowers and to a high

numberof tertiarybranches(9). Thesetraits

wereidentifiedboth undersalineand non-

saline conditions,pointing to constitutive

traitsbeingimportantfor yieldin salinesoils.

A prioritywill alsobeto understandthebasis

of the sensitivityof reproductionto salinity.

Moreover,as reproductionis sensitiveto

otherstresses,suchasdrought,our on-going

work will evaluate the possibility of

reproductive stage tolerance mechanisms

beingbeneficialacrossstresses.

The need for crops with improved salt

tolerance,including the gainslikely if the

highsensitivityof chickpeato salinitycanbe

overcome,means the challengestowards

improvementof salt tolerancein chickpea

shouldbeof priorityfor futureresearch.ʴ
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Figure 2. Photographs of a tolerant (left) and a sensitive (right) genotype of chickpea when 

grown in saline soil (1.17 g NaCl kg-1 soil). The picture shows similar vegetative development 

but large differences in the number of pods between the tolerant and the sensitive genotypes. 

Both genotypes produced pods by this stage in the non-saline controls. Experiment conducted 

in an outdoor pot system at ICRISAT. For more, see (7).
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