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A goodompanmfiivian

he firstreferencaboutthe chickpe& foundin the lliad by
T Homer (aboutl00G800BC), wherethe arrowsof Helenus

son of Priam bouncingaway from the breastplateof

Melenaos are comparedwith beans and Terebinthos
(chickpeas)heing thrown by the winnower Chickpeahas beena
traditionalfoodsinceancientimesin theMediterraneadietandwere
veryearlyintroduced3 to the 15t centuried®.C) in Southerrindia
whereis today a basicfood ingredient,after Columbustime was
introducedn Americay morerecentlyn Australia It is aningredient
of numeroussuccessfukcipesall overthe world, as the Spanish
0Cocid6 orthedeliciou® H u m mnowid fashiorall ovettheworld
It hasbeerconsidered cheapproteinsourcdoodfor poorpeopldut
alsoit hasbeerdemonstrateautraceuticgbroprietieseryappreciated
in thedeveloperbuntries

Like other annual legume, chickpea cultivation could
contributeto maintain a sustainableagricultureby improving soil
fertility and, as a rotation crop, by allowing the diversificatiorof
agricultural productionsystemsAverageworld chickpeayield has
improvedduring the pastdecadebut it is still quite low despitats
agronomicaimportanceTodayis possibléo achievénigh and stable
yields by developingcultivars better adaptedto stresse local
environmentEspeciallyAscochytdlight, Fusariumwilt, pod borer,
droughtand cold are major constraintdo yield improvementand
adoptionof this cropby farmers Taking into in accountits high
nutritional and healthvaluesand the possibilityto increasgield and
yield stability, chickpeacould becamean important cropin many
countriescludingsemiaridegionsy

University of Cérdoba, Departmet of Genetics,

Cérdoba, Spaiju@n.gil@uco.gs
Legume Perspectives . | s s uJane 3014A




Chickpea in history

by José I. CUBERD

Abstract Domesticatedhn its nativeregion
(SE. Turkey), probablyas a single event,
chickpeais presentin old Near East
archaeologicatmaing8-9 milleniaB.C; it is

Chickpeavaslikelydomesticatenh SE. of
Turkey,in a smallareacloseto the Syrian
borderbetweerthe Tigrisandthe Euphrates
rivers This is the only placewhereits wild

easilyidentified by its peculiard r ahne a cancestor(Cicerarietinunssp reticulatynas

seed shapg However, it was only well

establisheth the BronzeAge,spreadjuickly
in the Mediterraneaarealt wasintroduced
in Indiaby Aryansn thefirst millenniumBC

andin SouthernRussiza few centurieBC

Chickpeawvasthe first crop that crossedhe

AtlanticOceanasit wastransportedasfood

in the Columbusfleetin his first travel of

discoveryn 1492

Key words: chickpea, crop history,
domesticatioristribution

well asits closerelative(C. echinosperirias
been found only the former is fully
interfertile with the cultigen(5). Molecular
analysislsopointto C. reticulatuasthe wild
progenitor(7). The domesticatiorseemso
have occurredas a singleevent, not only
because of the restricted geographical
distributionof the wild speciegpopulations,
but also becauserecent molecularstudies
show a very low geneticvariation of the
cultigen(ssp arietinunin spite of the large
amount of seed variability found in the
cultivatedorms(6).

The ramheaded chickpea seed shape
allows for easy identification in
archaeologicatmainsBut evenwhenthere
are not such remains,its namesallow for
linguisticevidenceof its cultivationas, for

RESEARC

From that period onwards, chickpea
migratedwith men as a partnerof human
history The crop receivedvery different
unrelatechamessuggestingquickadoption
by local populationsChickpeavasalways
humblecrop that almostneverappeare@n
the royal tables,being on the contrary a
usefulfood for both humansand animals
modern research has shown its high
biologicalvalue Being a poor man food,
thereis somedifficulty in followingits path
aroundthe world A few seedsdated ca
6,000 BC havebeenfound in Bulgariaand
two millennidater,in Greecg7, 8). Thus,it
seemsthat chickpeabelongedto the first
agricultural complex reaching Europe
through the Black Sea Crimeacould have
beenthe startingpoint of the crop spreading
in Ukraine and Southern Russia some
authorsuggedghatit wastakenthereby the
Greeksto its Crimean colonies,but the
peninsulawas not far away from the
D a n u Bleuih,probablythe mainGateto

examplein dynastiEgypt 0 f a b @ ailk dreach Central Europe In favour of the

textsof the XVIII dynastyca 1,400BC with
thenamekeptin Coptic(2).

A few seeddavebeendiscoveredn Near
Eastpre-potterylevel§yPPNB,ca 8,000BC)
in JerichcandnearDamascusyeryfar from
its birthplacesomeseedsverefoundin NW
Syriain stratabelongingo PPNA, datedca
8500 BC suggesting a very early
domesticationAt leasttwo silent millennia
follow. Only in the earlyBronzeperiod (5th
millenniumBC) canbe alreadyonsidereds
awell establishedrop (4) in the Near East
from the 4th millenniumBC on findingsare
frequent, especiallyin the Mediterranean
region however,the oldestfindingsup to
now in Cyprusareonly datedin 6th to 5th
centurieBCin spiteof its proximityto both
the Anatoliancoastand to the Near East

Wniversity of Cérdoba, Department of Genetic@driculturatradle

Cérdoba, Spain
2CSIC,Institute for Sustainable Agriculture
CérdobaSpain(gelcusaj@uco.gs
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Greekhypothesiss the fact of the chickpea
scarcityin archaeologicaémainsgn Crimea,

dating only from the so calledd Gr e e k

Classicap h a ®&fetie Crimeanlron Age
(4th to 2nd centurie8C)

ulJane 30144
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Chickpeawaslikely takento India by the
Aryan tribes invading Hindustan in the
second millennium BC. Archaeological
remainssuggesthe secondhalf of the first
millenniumas the most likely date for its
adoptionit reache@outherrindiafrom the
3rd to the 1st centuriesBC (1). Aryan
invaders probably took the crop from
Iranian tribes as suggestedlreadyby De
Candolle(3) on linguisticevidencgin fact,
peoplessouth of Caucasusave the same
linguisticroot for chickpeayelatedto the
Sanskrit The spreadingn India was very
successfuhsshownby the greatamountof
morphological variation found in India
nowadaysthe diversenamesgivento the
cropandthemanyusedylocalpeople

Although chickpea arrived earlier in
Greece (see above), it is almost not
mentioned by the first classic authors
Homer (14th centuryBC) mentionchickpea
in the lliad only once(XIl1 -336 andit does
not appearin the Odysseynor in the first
book on Agriculture,He s i Warksand
Daysit wasreallypoor ma nfdos. Two-
threecenturiedateris mentionecby all the
important Greek authors although rather
scarcely One single mention by Plato
(Republic, Il, 372e) severaltimes by
Aristophanes (around 400 BC) in his
comediedeacghereasroastedan old way
of cookingthemindeed)TheCloudand The
Assemblywaorseggestinggairthatchickpea
was a popular food for common people
Popular and cheap, as one of the
Aristophanesharactersay® listnot worth
of asinglechickpearain. 6

Legume Perspectives

Lateron, all classicalriterson Agriculture
(TeophrastusColumella,etc) mention it,
although the length devoted to it is,
exceptingn Al Awam (Arab Spanistwriter,
around 1,200 A.D.), rather short and very
little informative Worth mentioning, the
tradition holds that Cicero, the famous
Romanpolitician,writer andlawyer had his
namegivenbecausés facewashisheadwas
0 c hi s k p e aaérn scholarsthink
that, rather,the family namesoriginatedin
oneof hisgrandparentgchickpeaeller

It is not knownwho introducedchickpea
in the westernMediterranearcountries its

Spanishname ( 0 g a r boagnazrovéa n

old French)is not connectedo any other
known language A preroman origin is
likely,butit hasalsobeensuggested gothic
one (arwai)s but it wasnot known in the
Swisslakesnor in Northern Italy, thus its
introductionfrom CentralEuropein Spains
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unlikely From Greece(krios 0 r ahne a d ¢ )

and/or the Balkans(kikerg through Italy
(cicerpronouncedo k 2 KneclagsicLatin)
from the Latin word derivesan old Spanish
name for pulses, chicharalso given to
chickpea

Be that asit may,chickpeawastakenby

Spanisttolonizerdo the New World already

in 1492 It crossedthe Atlantic Ocean
alreadyin the first Columbus travel of
discoveryThethreeshipsof the fleethadto
transporta greatamountof chickpeagrains
astheywerealsopresensevermonthslater
in the returntrip. Only a good and reliable
food could have been taken in such
quantitiesA humblechickpeaseediabelled
with a crosswasusedduringa big stormin
the waybackto Spainto chooseoneamong
the terrified sailorsto go to Guadalupe
Monasteryas a pilgrimin casethey arrived
safely It wasColumbusthe manwho took
the labelledseeé but, althoughthey did
safelyfinish the trip, he neveraccomplished
thepromisé

Il ss
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Diversity of the words denoting chickpea in modern

European languages

by Aleksandar MIKI

N AW
. ° ‘/ (c ‘ .“ J\‘,
' L5 ~

.10 = % i |

Abstract ChickpedCicearietinum.) is one
of the most ancientEurasiancrops The
Latin cicepriginatedfrom the ProtoIndo-
Europeanroot *kek, *kik-, denoting pea
(Pisunrsativunh..), that, duringits evolution
into its directderivativeshiftedthe meaning
from peato chickpe@nother ProtoIndo-
Europeanroot, epgh}, gavethe modern
wordsdenotingchickpean Greek,Spanish,
PortuguesandBasque

Key words: chickpea, Cicer arietinum
etymologyEuropearanguagetexicology

ssian ' -~ Prot
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ChickpeaCicemarietinurh.) is one of the e
mostancienEurasiarcrops,aswitnessedy - ‘ ¢ . Old : old "~
numerousarchaeologicdindings The welk T\ > Macedonia 7 Armepia
known Latin nouncicehasits ultimateorigin e : ,000 =400°8C — S 400 AD
in the Protolndo-European root *kek, MR RN « sisern
*kik-, denotingpea (Pisumsativuni..) (1). * “‘. . Q.
During the evolution of this root into its : Yot
directderivativesincludingProtoltalic that
gavelatin, a shift of meaningoccurredin
most casesfrom peato chickpedhe only
attested exception is the extinct Old Table 1. Some words denoting chickpea in several modern European languages
Prussian, renown for its remarkable

-~

Figure 1. Initial evolution of the PdattoEuropean rooké4

. . A Family Branch Language \Word denoting chickpep

conservationThe words denotingchickpea [xio-Asiatic Semitic Maltese i
in most modern Germanic or ltalic [rjzic Turkic Turkish nohud
languagesncludingthe Armenianone, are [~ ) Basque Basque garbantzu; txitxirio
the presentdescendantsf the Protoindo-  [P€neCaucasian Caucasian Lak huhus
Europeartkek, *kik-. AnotherProtoIndo- Baltic Lithuanian avinhirnis;
Europeanroot, epg[h}, gavethe modern Celtic Irish piseanach
words denotingchickpean Greek,Spanish Welsh gwygbysen
and Portuguese, with a subsequent Danish kikeert
borrowingby Basque Germanic German_ K_lchererbse

Norwegian kikert

Swedish kikéart
Ack.nowledgements o ) Hellenic Greek p Ubsdsa Y
Project TR31024 of the Ministry of Education, Indolranian Kurdish hok
Science and Technological Development of the|lndoEuropean French bois chiche
Republic of Serbia. talian coce

Italic

Portuguese ervanco
References Spanish garbanzo
Mi ki L A ( 20 lwidsdedotinggi n| of t he Bulgarian leblebiya
some of the most ancient Old World pulse cropg Czech cizrma
and their diversity in modern European languaggs. Slavic Polish ciecierzyca
PLOSONE 7:e44512 Russian nut

Serbian leblebija; naut

Kartvelian Georgian Georgian mukhudo

UInstitute of Field and Vegetable Crops, Novi Safi; .- FinnePermic Finish kikherne
Serbia(aleksandar.mikic@ifvcns.ns.ac.rs) Ugric Hungarian csicseriborsé
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An evolutionary perspective on the role of phenoloc

In the specific adaptation of chickpea

by Jens D. BERGER

Abstract Chickpeaprovides an excellent
exampldor therole of phenologyn specific
adaptationas the speciesevolvedfrom a
narrowlydistributednorthernMediterranean
winter annualto a warm seasorcrop as a
result of changesn farming practiceand
distribution The advent of springsowing
andsubsequergpreado warmerclimatesn
the south and southeastodified selection
pressures elevatingthe role of terminal
drought and high temperaturestress,and
reducingheroleof low wintertemperatures
This led to the evolution of regionally
appropriateegulatiorof phenologythrough
the loss of the vernalization response,
increasing temperature response as
vegetativgphasetemperaturemcreasdrom
north to south, and temperature
photoperiodcompensatiom Mediterranean
germplasm These mechanisms allow
chickpeato matchphenologywith growing
seasotengthandavoidits principalstresses
the almostubiquitousterminaldroughtand
winter cold largely confined to
Mediterraneanclimates This is essential
understandindor the further improvement
of chickpeato allowusto focuson adaptive
traits that augmentratherthan opposethe
c r o pidcipalstrategyof stressavoidance
ratherthantolerance

Key words: chickpeaevolution,phenology,
specifiadaptation

CSIRO Plant Industry, Wembley, Australia
(Jens.Berger@csiro.au)
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Introduction

Phenologythe studyof studyof cyclicand
seasonahatural phenomenagspeciallyin
relationto climate playsa dominantrole in
the adaptatiorof all plants,but arguablyis
most importantin annualsThe annuallife
cycle,where senescencéleath)terminates
the reproductivephase tradesoff biomass
andseedproductionagainsstressvoidance,
becauséhe formeris usuallyassociatedith
a long life cycle,while the latteris typically
associateavith the opposite Chickpeas a
particularly  good candidate for
demonstratinghe importanceof phenology
in the annuakdaptivestrategyecausef its
uniqueevolutionarypathwhichexposedhe
crop to different stressessits distribution
widened from its narrow Mediterranean
originsin thelate10" millenniumb.p (2, 12).
Accordingly, this paper will chart the
evolution of chickpea,emphasisinghow
changingfarming practicesand geographic
locationexerteddifferentselectiorpressures
thatshapedhe phenologyf thecrop

Il ss

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 Mediterranearwinter
annual(Cicereticulatyro its currentstatus
as a South Asian and springsown
Mediterranearrop (2). Neolithic chickpea
remainsare relativelycommon throughout
the EasternMediterranearwherethe crop
waspresumablgownin autumnandgrown
as a winter annual like all the other West
Asian Neolithic crops After the Neolithic,
chickpea appearsto suffer a decline,
reappearingn the BronzeAgein SouthAsia
and in a much reduced,more southern
Mediterraneadistribution(Fig 1). Abbo et
al. (3) attributethis Mediterraneadeclineto
the catastrophieffectsof Ascochytalight,
and suggestthat ree.emergentBronze Age
chickpeawas springsown to avoid this
disease pressure, coinciding with the
introductionof new springsown cropslike
sorghummilletetc, andreflectingraditional
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
appeareth Ethiopiain thelron Age(Fig 1).
Chickpeawas then spreadthroughoutthe
Mediterraneabasinby the GreeksRomans
and Phoeniciansjntroducedto the New
World by the Spanistand Portuguesén the
16h centuryAD, while kabulitypesmoved
to India through Central Asia via the Silk
Roadin the 18&h century(12). Morerecently
chickpeebreedingorogramme$egarin the
United StatesAustralia(first cultivar, Tyson,
releaseth 1979 andCanada

ulJane 30144



RESEARC

Early Neolithic (9350 - 7900 uncal BP)

Late Neolithic (5450 - 3500 BC)

Bronze Age (2800 - 1300 BC)

Iron Age (1300 -500 BC)

Recent (300 BC - 200 AD)

C. reticulatum collection sites

Figure 1Dissemination of chickpea across the old world, from narrowly distributed Mediterranean wiiteegewaal/ghe wild
progenitor) to widespread crop (crosshatched shading), based on archaeological sites containing an€legspkiikggd 2y

The spreadof chickpeaexposedhe crop
to differentclimatesIn the Mediterranean
basin there is a southerly gradient of
decreasing rainfall, increasing seasonal
temperatureand winter rainfall proportion,
which tends to a SE gradientfrom the
EasternMediterraneato CentralAsia (7).
The newer chickpeagrowing regions of
CentralAsia, southernEurope, the western
United StatesChile,and southernAustralia
also have typically Mediterranearclimates
with relativeljow annualwinterdominated
precipitation(7). SouthAsia,responsibléor
ca 7%% of globalproductionis characterized
by high precipitation, summer dominant
rainfall environments,where chickpeais
grownin the subsequertdry (rabi)seasormn
storedsoil moisture(7). The sames the case
for newerchickpearegionsin East Africa,
Peruandto alesseextenteasterrAustralia
The South Asian growing season is
considerably warmer than that in the
Mediterranean,with a strong southerly
gradienof increasinwintertemperaturés).

Legume Perspectives

Accordingly, in  South Asia there is a
latitudinal trend of decreasinggrowing
seasoriengthmovingfrom north to south
In eastern Australia, summer rainfall
increasesfrom south to north, and the
chickpeaproductionin northernNSW and
southernQueenslandisesboth storedsoil
andin-seasomoisturg?).

Phenological response

Thus, becausef the earlyMediterranean
changdrom autumn to springsowing,and
concomitantspreadof the crop to warmer
climatego the southandsoutheast(Fig 1),
chickpeaavoidedwinter both in time and
space As a result, comparedto its wild
progenitor from SE Anatolia, chickpea
evolvedunderwarmertemperaturedpnger
days Jower rainfall,and greaterexposureo
terminaldrought Moreover,springsowing,
considerablyfter the Mediterraneaminter
rains, exposedchickpeato a deeperwater
soil profile, arguablypre-adaptingit for
SouthAsianexpansion

These environmental changes exerted
considerableselectionpressureon chickpea
phenology The annualplant lifecycleuses
appropriatephenologyto avoid stress,and
balancesthis againstbiomass production
The annual lifecycle is as long as the
environmentwill allow As rainfallbecomes
more variable (i.e. habitatsbecomemore
stressfulpr likelyto bedisturbedy terminal
drought), reproductionand senescencés
advancedieducinghe capacityfor biomass
production(11). Converselyith increasing
rainfall,annualplantsdelaytheir phenology,
givingthemmoretime to captureresources,
accumulatbiomas@andmaximizeheiryield
potential As foreshadowetby the previous
discussionthe principal climaticstressen
the chickpeadistribution range are winter
cold and terminal drought The former is
largelyconfinedto Mediterraneartlimates,
where Ascochytaexertsadditionalselection
pressure, while the latter is almost
ubiquitous,but occurs at different times,
accordingo seasoiength

| s s uJane 3014
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Chickpea is very sensitive to low
temperaturegoth at the reproductivestage
(5, 9), but alsoin the earlyvegetativephase
(14), whenannuaplantsaretypicallyat their
mosttolerant Vegetativdrost stresgeadgo
considerablemortality in chickpea, and
selectiorfor tolerancevasoneof the highest
priorities for breedersattemptingto re-
establish autumn sowing in the
Mediterranea(l4). At floweringchickpeas
particularlhillingsensitivedelayingod set
at meanflowering temperaturess high as
21 °C (tailing off after 175 °C), due with
negative effects on pollen germination,
viability, and stigmal load (9). This is
important becausea delay in pod set
increaseghe c r o exposureto terminal
drought stress, reducing seed vyield
throughoutmuchof thecroprangeThereis
little useful variationfor chilling tolerance
within domesticatedchickpea,even when
comparing germplasm collected from
contrastingwarm and cold habitats (9).
Terminaldroughtcanreducechickpeaields
by 70% (10). Although chickpeahassome
traitsoften associatedith droughttolerance
or postponementsuch as a capacityfor
osmoticadjustmenbr to extractmorewater
than other pulses,yield under terminal
droughtis consistentlynegativelycorrelated
with phenology, implying that drought
escapds the principal adaptivestrategyin
thecrop (4).

A comparisonof chickpeagermplasm
from different origins confirmsthe strong
selection pressureon phenology Fig 2
showsa 16 dayrangein floweringtime,with
the latestmateriatomingfrom CentralAsia,
followed by Eastern Australia, Northern
India and the Mediterraneanand then
Western Australia, Ethiopia, Central and
Southern India Dates of podding and
maturity are strongly correlated with
flowering (r = 0.89 and 057), and show
similar, albeit reducedranges(Fig 2). This
pattern aligns well with Gr i mél§ s
predictions late materialis sourcedfrom
cool and/or long seasorenvironmentgeg.
Azerbaijan,Turkey, Northern India), while
earlymaterialcomesfrom regionswith the
earlyonsetof terminaldrought(eg. Central
and Southern India) This tendency of
phenologymatchinggrowingseasoriength
in specificallyadaptedmnaterialis confirmed
by regionalG x E studiesIn Australiagarly
flowering chickpea performs best in
southernMediterraneaslimateswhile later
cultivars yield well in the increasingly
summerdominantrainfall of the north east
(10. Similarly in India, warm southern
locationsfavour early flowering, while the
oppositasthecasan thenorth (6).

Legume Perspectives

How is phenology controlled?
Regional selection pressure on
the regulation of phenology

The examplesutlinedabovesuggesthat
phenologyis understrongregionakelection
pressureindeed recentstudiesndicatehow
evolution has selected for contrasting
phenologicalmechanismsamong different
habitatsin chickpeandits wild relativeg1,
5, 8). While the annualwild relativesare
almost uniformly vernalizationresponsive,
chickpeahas lost the capacityto regulate
flowering time in responseto a low
temperaturestimulus(l, 5). Given that the
annualwild relativehaveretainedanorthern
Mediterraneamwinter annuallifecycle while
chickpeahas escapedow temperaturesn
both spaceandtime, movingto systemsnd
regions which impose increasedterminal
droughtstressit is likely that this mode of
regulatingphenologywas actively selected
againsin the evolutiorof thecrop

This leavesonly ambienttemperatureand
photoperiodas environmentatriggersthat
can regulatechickpegphenology(13); both
of which are under contrastingregional
selectiorpressured). Ambienttemperature
response&underverystrong environmental

selectionpressurepeing directly correlated
(r = 0.8) to the meantemperatureof the
vegetativephaseat the site of collection
Thus, temperatureesponseancreasegrom
winter to springsown Mediterranearand
eastern Australian material, and then to
north, centraland southernindia (8). As a
result, as vegetativetemperaturesncrease
from the Mediterraneato SouthAsia,and
then from north to south, locally evolved
chickpedlowersincreasinglgarly,escaping
terminal drought through regionally
appropriatephenology Germplasmorigin
also affects the relationship between
photoperiodand temperatureesponseln
Eastern Mediterraneanmaterial a strong
negativerelationship (r -0.77) enables
temperature insensitive genotypes to
compensatehrough a strong photoperiod
response allowing chickpeato avoid the
twin  Mediterranean stresses of low
winter/spring temperaturesand terminal
drought (8). Moreover, this negative
relationships likely to havebeenessential
for enablingthe expansiorof the crop to
warmer southernclimates,where a strong
photoperiod responseis very maladaptive
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Figure 2Phenology (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 chickpedrom its origins
as a narrowly distributed northern
Mediterranearwinter annual modified the
selection pressuresexerted on the crop
elevatingthe role of terminaldroughtand
high temperaturestress,and reducingthe
role of low temperaturesn winter. These
changes exerted strong selection for
regionally appropriate phenology to
maximizegrowingseasoriengthwithin the
constraintsof terminal drought and low
reproductive chilling tolerance(8). As a
result,chickpedost its capacityto respond
to vernalization (1, 5), but became
increasinglyresponsiveto growing season
temperatureasit spreado warmerregions
in the south and southeast,facilitating
droughtescapéhroughthe earlycompletion
of its lifecycle This adaptatiorwas greatly
facilitated by the negativerelationshipof
photoperiod and temperatureresponsein
Mediterraneargermplasm The former is
idealin northernspringsownMediterranean
systemsbecauset facilitatesescapefrom
both reproductive chilling and terminal
drought stress,but wholly maladaptivan
warmer|ow latitude terminaldroughtprone
SouthAsianenvironmentswhereflowering
is initiated under reducing, rather than
increasingaylength

Thisevolutionaryrajectoryprobablyledto
other changesn chickpeaComparedo its
wild relatives and other Mediterranean
legumes, chickpea has little capacity to
toleratelow temperatures both vegetative
and reproductivephasegb, 9, 14), whereas
reproductiveheat toleranceappearsto be
much more common (9), reflecting the
intensityof theseselectionpressures the
lifecycle
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Genomic resources in chickpea

by Teresa MILLAN Eva MADRRaNd Rajeev K. VARSHNEY

Abstract

Chickpea has considerably and ESTs(Expressedequenc@ags)based An approacho progressn the detection
increasedhe genomicresourcesn recent markers Those locus specific markers of

candidate genes has been the

yeargprovidinghighlysaturategenetionaps providedthe possibilityto comparemaps  developmenbf Near Isogenid_ines(NILs)

including anonymous or
markerstargetingsomeagronomictraits of
interest In addition,the publicationof the

for linkagegroups establistreferencamaps
andprovideanchorpointsfor comparinghe

genespecific differentpopulationsto unify nomenclature (1). Phenotypicvariationobservedbetween

pairsof NILs canbe assignedirectlyto the
restricted target region of genome that

two draft genomesequencesf Kabuliand genomesof the model speciesMedicagodiffersbetweernhem

Desi chickpeatypes opens a new era in
genomic tools Furthering in
understanding of the
betweenphenotyptcaits (Quantitativer rait

truncatulandchickped?, 9, 13. In recent

in chickpea largescaletranscriptome

our times,Next GenerationSequencingNGS) Broaden genomic resources:
association technologiebavebeeneffectivelygenerated Sequencing pI‘OjECtS

lockQTL-or genes)ith the trasncriptome datatogetherwith genomicmarkersbased  Veryrecenthyhefirstdraftof thechickpea

and geneannotationprovided by genome
sequencing data will be the future
challengetde ableto exploit with success
markerassiste8electio(MAS)

Key words. chickpea,genomics,marker
assistedelection

Introduction

DNA marker technologymade possible
the generatiorof geneticmapsensuringhe
useof MAS and positionalcloningof genes
of interest Chickpeageneticmapsusingbi-
parentalpopulationsfrom narrowand wide
crossesvereinitiatedin the ninetiesandhad
a greatstepforwardwith the incorporation
of STMS/SSR (Sequence Tagged
MicrosatellitSites/Simpl&equendeepeat)

on SingleNucleotidePolymorphismgSNPs)
facilitating the development of highly
saturatedsecondgenerationgeneticsmaps
(5). Those maps have been developedin
RecombinaninbredLine (RIL) populations
including markers from Simple sequence
repeat (SSR), Expressed SequenceTag
(EST), Intron Spanning Region (CISR),
Genic Molecular Markers (GMMs), BAC-
end derived SSR (BESSSR), Diversity
Arrays Technology (Dart) or Tentative
Orthologous Genes (TOGs) (4, 1))
(Tablel).

Marker-assisted breeding in
progress

First chickpeageneticmapswere mainly
focussedn the location of genomicareas
controlling disease resistances, some
agronomidraitsandfew qualitycomponents
(Table 2). Successfulresults in  marker
assistedbackcrossingMABC) for drought
tolerance and fusarium wilt have been
achievednainlyusingSTMSmakersSTMS
havebeenwidelyusedin chickpeabecause
their extensive probability of finding
polymorphismhoweverthe prediction of
favourablealleless lessaccuratehan using
genespecific markers Examplesof allele
specificmarkerswereobtainedfor genomic

University of Cérdoba, Departmet of Genetics,
Coérdoba,Spairigresa.millan@uco)es

2CSIC, Institute for Sustainable Agriculture,
Cérdoba, Spain

3International Crops Research Institute for the
SemiArid Tropics (ICRISAT), Patancheru, India

Legume Perspectives

areasrelatedto ascochytalight resistance
CaETR for QTLaz; and SCW7 for
QTLsroprovedto besuccessfuh predicting
resistanaccessior(§).

Il ss

genome sequencewas published This
projectwasundertakerby the International
ChickpeaGenome Sequencingonsortium
(ICGSC) led by the International Crops
Researcinstitutefor the SemiArid Tropics
(ICRISAT)in collaborationwith University
of California in Davis, BGI-Shenzhen,
University of Cordoba and severalother
organizationgl2). The consortiumfeatured
the referencegenomeof the kabuli type
CDC Frontier chickpeavariety and re-
sequencethe genome®f 90 cultivatedand
wild genotypedrom 10 differentcountries
This publicationreportedthe draft genome
sequencef ~ 738Mb which containsan
estimationof 28269 genesExaminationof
synteny with other legumes revealed
extended (> 10 kb) conservedsyntenic
blockswith M. truncatul@he draft sequence
of a desigenotypéhasalsobecomeavailable
now (520Mb assemblgovering70% of the
predicted740Mb genomdengthand more
than80% of the genespace(s).
Comparisorof phenotypidraitslocatedn
genetic maps, expressionstudies and the
completegenomesequencewill be a very
powerful tool in the future, facilitating
genetic enhancement and breeding
todevelopmprovedchickpeaarieties
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Table 1. Second generation genetic maps developed in chickpea based on RIL popuEiieak remarks

Average The currentfocusin appliedbreedingis
Newly developed | \o of joci Coverage (cM)| intermarker distance | Reference* | leveragingiotechnologicetools to develop
markers M more and better markersto allow marker
assistedelectiorwith the hopethat this will
SSR, GMMs, CISR 300 766.56 2.55 42 speedup the deliveryof improvedcultivars
BESSSR,DarT 1291 845.56 0.65 (11p to the farmer To date,progressn marker
ESTSSR, [TPs, SNPs 406 1497 7 368 r developme_nand dgliveryof u_sefulmarkers
has been increasinglyfast in chickpea
SNPs, SSR 368 1808.7 17 ©4 Nowadays, markers currently targeting
CKAMs, TOGSNPs 1328 788.6 0.59 (57 resistancegenesor QTL are in majority
*a: map in population derived frol. arietinumCC 4958 xC. reticulatuniPl 489777; microsatellitetype but  highthroughput
b: map in population derived from ICCV2 x JG62 SNP genotypingplatforms are overtaking

SSRasthe choiceof markergypeto beused
in the screeningof germplasmcollections
(5). Besidesthe developmenof transcript
maps and information of the genome
Table 2. Traits and losgcific markers localized in different linkage groups of the chiGggnc®ill increasenarkerdensityin the
genetic map (10) genpmlcreg|ons:c_mtroll|ngt_ra|tsc_>f_ interest
Availableoolsfacilitate the identificatiorof

Linkage group (LG)raits Gene/QTL Indicative Markers* gene families involved in resistance
b-carotene QTL GAll, TA122 mechanismas NBSLRR genes,or the
LGI Seed weight QTL GA11 analysisof orthologousgenesrelatedwith
Days to first flower QTL H1F022, GAA4D agronomicsraits(i.e. floweringtime,growth
Fusarium wilt race 0 |Foe0,/foc-0, | TA9, TS47 habit, doublepoddingetc) presentin other
gonomicechnologyl assisthe explotn
[ | I xploiti
foc:2 TA96, H3A12 gf naturaldiversit?/ybm;/ associatiormgpping
foc-3 H1BO6y, TA194 conducte@n germplasraollections’
LGl foc-4 TA96, CS27
foc-5 TA27,TA59, TA96
Ascochyta blight arl, QTlag; GAl6, TA194, TR
Seed weight QTL TA116TAAGO
Days to first flower QTL H4B09, H1B06
Growth habit Hg Pgdc
LGl b-carotene QTL 2 TA64, STMS28
Days to flower QTL TS57, TA127, TA142
Ascochyta blight QTL STMS28, TS12, TA64
Seed testa color T3 P
Flower color P, B/b TAG1
Seed coat thickness Tt/tt, QTL B/b
LGIV Seed number QTL TA130
Seed weight QTL GA24, STMS11, GA2
Days to flower QTL GAA47
Ascochyta blight QTlgy QThg, |CaETR, SCYdd
LGV Fusarium wilt race 0 Foe0,/foc-0, OPJ2Q,, TR59
Single/Double pod s TR44, TA80
Seed weight QTL TA120,TR40
LGVI Days to flower QTL TS57, TA127
Ascochyta blight QTL TAL176
Botrytis grey mould QTL SA14TS71rts36r
LGVII Rust Ucal/ucal TA18, TA180
Lutein concentration QTL TA25
LGVl Seed weight QTL OPE0950,-MEROS; 5
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 Chickpeds largelygrownrainfed
on residualsoil moisture after the rainy
season Terminal drought is a major
constraint to  chickpea production,
particularlyn the semiaridtropics Similarly,
exposuref chickpedo heatstres{ @5 C)

at floweringand poddingis knownto result
in drasticreductionsin seedyields Efforts

havebeenmadeto developcultivarghatcan
escape(early maturity) or avoid/tolerate
(greaterextractionof water from the soil,

enhancedwater use efficiency) terminal
drought Large geneticvariationsexist for

reproductive stage heat tolerance in

chickpeaManyheattolerantgenotypebave
been identified through screening of

germplasm/breediniinesunder heatstress
conditions in the field A heat tolerant
breedindine ICCV 92944hasbeenreleased
for cultivationin MyanmanasYezin6) and

India(asJG14).

Key words: early maturity, root systems,
heatstressmarkerassistetreeding

Introduction

Drought and heat are the most serious
abiotic constraintsto chickpeaproduction
globallylt is estimatedhatdroughtandheat
stressesogetheraccountfor about50% of
the yield lossescausedby abiotic stresses
Chickpeais predominantlygrown as a
rainfedcrop on residuabkoil moisturestored
during the previousrainy seasorwith very
lessor no rainfallduringthe growingseason
The soil moisture recedesto deepersoil
layerswith the advancemerih crop growth
and the crop experiencesncreasingsoil
moisturedeficit at the criticalstagef pod

filling andseeddevelopmenfcalledterminal
drought) (3). Terminaldroughtis a major
constraintto chickpeaproductionin over
80% of the globalchickpeaarea The extent
of terminaldroughtstressvariesdepending
on previousainfall,atmospherievaporative
demandandsoil characteristicaichastype,
depth,structureandtexture

Heat stresqtemperatures 35 C) at the
reproductivestagés increasinglipecoming
seriousconstraintto chickpeaproductivity
becausef largeshift in chickpeaareafrom
coolerlongseasorenvironmentso warmer
shortseason environments, increasing
chickpeaareaunder late sown conditions
due to increasingcropping intensity, and
expectedveralincreasén temperaturegue
to climatechang€b).

Drought tolerance

The mechanism$or adaptatiorof plants
to moisturestressenvironmentsrebroadly
classifiedinto three categorieqa) drought
escape(b) droughtavoidancgdehydration
postponement)and (c) drought tolerance
(dehydrationresistance) Early phenology
(early flowering, early podding and early
maturity)is the mostimportantmechanism
to escapderminaldroughtstress Drought
avoidancecan be achievedy wateruptake
by the roots from deepersoil layers,by
osmotic adjustmentand by reducingwater
loss(stomataconductancer by reductionin
leaf area) Drought tolerancerefersto the
abilityof cellsto continuemetabolisnat low
leafwaterstatus

International Crops Research Institute for the
SemiArid Tropics (ICRISAT), Patancheru, India
(p.gaur@cgiar.org)
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Figure 1. A chickpea crop severely affected by terminal drought stress
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Chickpeabreedingprogramat ICRISAT
hasplacechighemphasisn developmenof
early maturing varieties for enhancing
adaptation of chickpeato environments
proneto terminaldroughtstresg4). Thereis
wide variability for time to flowering in
chickpea germplasm, which provides
opportunity for developing chickpea
cultivarswith desiredearlinessSeverakarly
maturing high yieldingcultivarshave been
developedgeg, ICCV 2 (Swethain India,
Wad Hamid in Sudanand Yezin 3 in
Myanmar)JCCV 92311(PKV Kabuli 2 or
KAK 2in India)andICCV 92318(Chefein
Ethiopia) in kabuli type and ICCC 37
(Kranthi in India), ICCV 88202 (Sonain
Australia,Yezin 4 in Myanmarand Pratap
chanal in India)andICCV 93954(JG 11in
India) in desi type Adoption of early
maturingvarietieshas shown high impacts
on enhancementof chickpea area and
productivityin shortseasonenvironments,
eg. Myanmarand southern India Super
early breedinglines have been developed
(eg. ICCV 96029 which further expand
opportunitiesfor cultivationof chickpean
areas and cropping systemswhere the
cropping window availablefor chickpeais
narrowandin specificsituationsvhereearly
poddingis highly desired,for examplein
vegetablgurposecrop (usedfor immature
greergrains)

Most breedingprogramsuse grain yield
under moisture stress for selection of
genotypes with  enhanced drought
avoidance/toleranceln most cases the
materialis exposedo terminaldrought by
growingthe cropunderrainfedconditionsor
under rainout shelters Grain yield is a
complextrait controlledby manygenesand
highlyinfluencedy the environmentThus,
early generation selection for drought
avoidance/tolerands not effectivebecause
of low heritabilityLackof uniformspreacdf
soil moisture/droughtstressin the field
furtherreducegfficiencyof selectionHence
advancedbreedinglines are evaluatedat
multiplelocationandovertheyears

Legume Perspectives

Severalstudiesin the recentyearshave
focusedon identificationof morphological
and physiological traits associatedwith
drought avoidance/toleranceExperiments
conductedat ICRISAT demonstratedhat a
prolific root systencontributespositivelyto
grainyieldunderterminaldroughtconditions
(8). Despitewell recognizedmportanceof
root traits in terminal drought tolerance,
limited efforts havebeenmadeto breedfor
improvedroot traits becausehe screening
for root traits is a destructiveand labor
intensivegprocessanddifficult to usein large
segregatingpopulations Some breeding
programshave used genotypeswith deep
andvigorousroot systemsuchasICC 4958
asoneof theparentsn crossedyut selection
of breedindineswasinvariablyfor seedyield
underwaterstressconditionsratherthanon
roottraits

Identificationof moleculamarkerdinked
to major genescontrolling root traits can
facilitatemarkerassistettreedingMAB) for
root traits There has been considerable
progress in development of molecular
markersand expansiorof genomemap of
chickpeain recentyears(6). A genomic
region carrying a transcription factor or
quantitativetrait loci (QTL) that controls
several drought tolerance related traits
including some root-traits was located on
LG4 from two intraspecificRIL mapping
populationgICC 4958x ICC 1882andICC
283x |CC 8261 atICRISAT. Thisgenomic
regionwasintrogresseth onedesichickpea
cultivar(JG 11) from ICC 4958 (desitype)
andin two kabulichickpeaultivarsKAK 2
and Chefe)from ICC 8261 (kabuli type)
usingmarkerassistedhackcrossingABC)
A setof 20 BC3F4 linesgenerateffom the
crossinvolving JG 11 as recurrentparent
wasevaluatedt 3 locationsn Indiaandone
eachin KenyaandEthiopia SeveraBC3F4
linesgivingsignificanthyhigheryieldthanthe
cultivar JG 11 were identified at each
location (7). The initial results from the
evaluationof MABC lines are encouraging
and suggesthe scopeof effectiveuse of
markerassisted breeding for improving
droughttoleranceén chickpea

Il ss

Heat tolerance

Chickpedeinga cool seasorfood legume
suffersheavyyield losseswhen exposedo
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 exposureo hightemperatureé G5

C) during reproductivephasecan cause
heavyyield lossesthrough flower and pod
abortion Recentstudiesindicate that the
high temperaturesreduced pod set in
chickpeaby reducing pollen viability and
pollenproductiorperflower(, 2).

A simple and effective field screening
technique for reproductive stage heat
tolerancen chickpeehasbeendevelopedit
ICRISAT, Patancheruin southern India
Patancherdatitudel7 36 10' N, longitude
78 20 39' E), is an ideal location for
screening chickpea for heat tolerance
becauset hasa warm and short growing
season(90-100 days)for chickpealLong
term weatherdatawasusedto decidethe
sowing time that would coincide the
reproductivephaseof the crop with high
temperatureg> 35 C). At Patancheru,
chickpeas normallysownin the month of
Octoberandharvestedn January/February
It wasfound thatif chickpeds sownin the
month of Februarythe highestemperatures
would be generallyabove 35 C starting
from the initiation of flowering to crop
maturity Though the Octobersown crop
can be grown on residualmoisturewithout
any supplementaryrrigation, the February
sown crop hasto beirrigatedfrequently(at
1015 days interval) It was found that
numberof filled podsper plantin latesown
crop can be consideredas a selection
criterion for reproductive stage heat
tolerance

The recent studies on screening of
chickpea genotypes for heat tolerance
indicateexistencef largegenotypiwariation
for reproductive stage heat tolerancein
chickpea Severalheat tolerant genotypes
havebeenidentifiedwhichincludelandraces
(eg. ICC 1205 ICC 1356 ICC 4958 ICC
6279 1CC 15614, breedindines(eg. ICCV
07104 ICCV 07105 ICCV 07108 ICCV
07109 ICCV 07110 ICCV 07115 ICCV
07117 ICCV 07118 ICCV 98902 and
cultivars(eg. JG 14