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Developing a crop for the
developing world: Advanc
pigeonpea research

igeonpeiagrownin awiderangeof climaticconditionsvith
P diversenaturity It is playing a critical role in the livesof

resourc@oor farmersin the semarid tropics, whereit is

grown for both subsistencand commercialse However,
frequenbccurrencaf diseaseand pestoutbreakand variablerainfall
togethewith poormanagemergracticeslrasticallysloweddownthe
paceof pigeonpeamprovementPigeonpe&s a uniquelegumecrop
with partial outcrossingature It allowsimplementationf promising
hybridbreedingechnologjor breakingheyield plateaun pigeonpea
At present numberof commerciahybridshavebeenreleasedith
yield advantagesof 30% - 50%. To strengthenthe pigeonpea
improvemergrogramplentyof moderrtoolsandtechnologiesichas
draft genomesequencecandidate genesand improved genetic
engineeringiethodologietc arenowavailable This is hightimeto
moveforward morevigorouslywith backingof new technologie®
overcomthe presentonstraintand breechewcultivarsat rapid pace
thatwill benefipoorfarmersn developingorld <=

International Crops Research Institute for the
SemiArid Tropics, Patancheru, India
(r.k.varshney@cgiar.org; R.Saxena@cgjar.org
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Historical and phylogenetic perspectives of pigeong

RESEARC

by Mulualem T. KASSA.. Jos G. VAN DER MAESENRristopher KRIEGand

Eric J. B. von WETTBERG

Abstract Pigeonpeas animportantstaple
crop acrosswide portions of the semiarid
tropics from Southern, Eastern and
SoutheastAsia, to much of Africa, and
acrossthe tropical Americas|t hasa wide
distributionthat spangliverseenvironmental
conditions, documented resistanceto a
varietyof biotic and abioticstressesand 34
speciesof wild relativeswithin the genus
Pigeonpea could benefit greatly from
moleculainformationto helpimproveyields
and agronomic characteristicsHere we
provide a perspective on the history,
phylogenyanddomesticatioof pigeonpea
Key words. crop wild relatives,
domesticationpigeonpeastressresistance,
taxonomy

Introduction

CajanusajanL.) Millsp. (2n = 22 anda
genomesizeof 808 Mbp) or pigeonpeds a
shortlived perennial shrub that is an
adaptablend globallyimportantpulsecrop
with high levelsof abiotic and biotic stress
resistancéig 1). It isgrownon 4.92million
ha in primarily the semiarid tropics and
subtropicsof south Asia (mainly on the
Indiansubcontinent)as well as Africa, the
Caribbean, Central and South America
Among these regions, 4.67 million t of
pigeonpeavere producedin 2013 with an
averag@roductivityof 75097 kghat (2). It
is a criticalsourceof proteinin the dietsof
manyin the semiaridtropicsof Asia,Africa,
andthe Americas

Pigeonpeagrows in a wide range of
edaphicand climatic conditions,makingit
wellsuited to succeedin a variety of
agricultural systems Furthermore,
productivity and yield can be significantly
improved when molecular breeding
strategiesutilize genetic material in the
wor | @xdssng wild and landrace
populations(7). Pigeonpeaelongsto the
genus CajanusAdans which comprises
betweerB2 and34 speciegl6 17). Most of
these species are endemic to either
Southern/Soutfeastern Asia or Australia
(3). Amongthese 16 Cajanuspeciesccurin
Asia (8 of which areendemico India), 15
speciesin Australia (of which 13 are
endemic)pne specie®f Cajanuis confined
to WestAfricaand 2 specie@ncludingC.

cajanare widespreatihroughoutthe tropics
(Fig 2). Taxonomicreviewof the subtribe
Cajanina€lh) includedl0 generandabout
495speciesThe ten generare Adenodolichos
(bewteenl5 and 20 spp), Bolusafrél sp),
Cajanué34 spp), Carrissda sp), Chrysoscias
(3 or 4 spp), Dunbarig20 spp), Eriosema
(150 spp), Flemingigbetween30 and 35
spp), Paracalyx6 spp) and Rhynchosia
(230spp).

History of taxonomic
placement

The taxonomy of Cajanusand related
genera of the Cajaninae have been
extensivelystudiedby morphologicalalpha
taxonomic, and molecularapproacheg?9,
16). Using morphologicaland ecological

1Agriculture and Agfrood Canada, Cereal
Research Centre, Winnipeg, Canada

AWageningen University, Wageningen / Natural

Biodiversity Center, Leiden, the Netherlands

SFlorida International University, Department of
Biological Sciences and International Center for

Tropical Botany, Miami, USA

“Fairchild Tropical Botanic Garden, Coral Gable®epartment, the Netherlands

USA Eric.vonwettberg@fiu.efu
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Figure 1Growth form and habitat of cultivated pigeo@lagaus cajgkeft) and hybrid.
cajarx C. trinerviu@ight); used with permission from Naturalis Biodiversity Center, Botany
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e characters such as habit, leaf structure,
.D.- amv wwenecs > R— hairinesspod size strophiolecharacterand
othertraits,vanderMaeser{16) groupedhe
genusCajanunto six sections Cajanug2
species)Atylia Benth (7 species)rruticosa
Maesen (9 species) Cantharospermum
(Wight& Arn.) Benth (6 species)Volubilis
Maesen (6 species)and Rhynchosoides
Benth (4 species) Speciesin sections
Cajanus,Atylia and Fruticosahave erect
growth habit, Cantharospermum,and
Volubilis are climbing and creeping,and
Rhynchosoidescontains trailing species
Three Cajanusspecieshave been further
subdivided into botanical varieties C.
scarabaeoid@s var. pedunculatasd var.
scarabaegi@eseticulatusto var. grandifolius
var. reticulatugnd var. maritimysand C.
volubiligito var. burmanicasd var. volubilis

: I (16). Assessmenbf diversity using seed
t‘ili&mu\ Aiscpalls protein markers (10) reaffirmed the
.', it/ morphologybased groupings, such as

— sectionCajanugqC. cajanifoliasd C. cajap

Figure 2lmages ilCajanus lanceolataws! C. latisepalysno wild relatives of pigeonpea thhile RFLP studieshavebeeninconclusive

vary in leaf traits and ecological distribution; used with permission from the National Recen'stu'diesusingsequencelatafrom Fhe
Herbarium of the Netherlands nuclear ribosomal Internal Transcribed

Space(ITS)andthe cpDNA (trnL-F spacer)
were conducted to understand the

- C. cajan (ICP 13004) evolutionary history and phylogenetic
100 C. cajan (ICP 15454) relationshipsof Cajanusfdans and allied
21 TGS _>|Cv cajanifolius (ICP 15632) generdn the subtribeCajaninaeThe study
) 67 C. cajanifolius (C7847) has resolvedthe phylogenetiaelationships
?Tvﬁztlﬁ\eg;d 100  — g sericeus P 15762 of Cajanusind relatedgenerain the tribe
dads o 57”“”5( . 6)8 Cajaninaeln this study, Cajanusvas not
100 91 S EMCRIS ([P YY O%) monophyleticas currentlycircumscribedas
9 C. platycarpus (ICPW 69) . .
5 & species of Dunbaria and elements of
. platycarpus (ICP 15665) . s .
& Rhynchoswere nestedwithin the Cajanus
. crassus (C7832) lade In f ! X . f
C. aibicans (ICP 15614) clade In fact, in a taxonomicrevisiono
» C. reticulatus (C7960) Dunbariavan der Maesen(14) found that
. . L C. latisepalus (C8898) some;peqesnf I?unbana;howedthe facies
Wlld-Australla_> C. scarabaeoides (C0651) of climbing Cajanusand suggestedthe
Elade C. lanceolatus (C7698) possibilityof placingDunbariin asecondary
51 C. cinereus (C8603) or tertiarygenepoobf cultivatedpigeonpea
- C. hirtopilosus (C0826) Future taxonomic revision and generic
C phasosnse (S0060) delimitatiorof Cajanuis warranted
C. reticulatatus (C7837) Pigeonpeis theonly cultivatednemberof
C. lalisepalus (ICPW.12) the genus,while the remainingspecieqall
o arahaacliig 100 C. scarabaeoides ”CPWQ:) wild relatives)belongto the secondaryor
100 .
Clade => C. scarabaeoides (ICP 15747 | tariary levels based on the gene pool
C. scarabaeoides (ICP 16882) N
| ) conceptof HarlanandDe Wet (4), whichis
C. scarabaeoides ( ICPW 130) . ..
based on the genetic crossability and

Figure 3Phylogeny afajanuspecies depicted as a 50% majority rule consensus tree, repr&istngeof geneticmaterial betweenthe
with permission from (6); tree topology was inferred with maximum parsimony via heuristie' SB&2Hte wild relativesin pigeonpeehe
among 1000 trees using 752 single nucleotide polymorphisms (SNPs) derived from 670 Blli&yy!d Cajanuspeciesbelong to the
orthologougenes and assayed wittilaminaGolden Gate assay; numbers above branches Sécondarygenepoolwhile most Cajaninae
indicate bootstrap support (0.50%); the vertical bar indicates the putative progenitor §pecReN@ielongo thetertiarygenepoof19).
cajanifoliuaccessions); tree length = 2145, consistency index (Cl) = 0.638, and retention index (RI)

= 0.837; the Bootstrap support for the sister relationship betwaerstralih and wilthdia

cladegin the absence of the thigg/araccessions) is 100% (data not shown)
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Pigeonpea domestication and
constraints imposed by genetic
bottlenecks

Recent molecular studies using several
hundred genomewide single nucleotide
polymorphismsdevelopedfor | | |
GoldenGateassayhave shed new light on
the domesticatiorof pigeonped6, 12 Fig.
3).
cajanifoliuis the progenitor of cultivated
pigeonpeaand that domesticatioroccurred
in centrallndia Previoustaxonomicstudies
providedthe bulk of evidencesupportingof
an Indianorigin (1, 11, 13). This taxonomic
and molecular evidence complements
archaeologicatvidenceof 4,000 year old
pigeonpearemainsin central India (5).
Existing landraceand wild collections of
both pigeonpeaand C. cajanifoliusre
insufficientlynumerousto accuratelyplace
domesticatiomithin India,althoughAndhra
PradeshMadhyaPradeshand Maharashtra
are likely candidatesn the centerof the
Indiansubcontinenf12). Furthercollections
of both C. cajanifoliues well as pigeonpea
landracesvith more accurategpassportdata
would continueto expandthe genetichase
of germplasm,and allow more in-depth
analysisf the processandspatialpatternof
domestication Secondary centers of
diversificationfor pigeonpeainclude East
Africa, the tropical Americas, and the

Philippine6).

Conclusions and future
directions

Domesticatiorwascritical for fixing traits
in cropssuchasindehiscenseedpodsand
upright growth habit In pigeonpeathe
domesticatioris somewhatincomplete,as
early dehiscentseedsremain an unwanted
property  Better understanding the
phenotypicconsequencesf the selection
pressuref domesticationcould improve
breedingefforts, and guide efforts to use
wild germplasneffectively(18). In particular,
we seethe enormouscaegeographicahnge
coveredby Cajanuspeciesin the tertiary
genepool from Australiaas an untapped
reserveof adaptivepotential With a better
understandingf evolutionaryrelationships
in Cajanuand newwild relativecollections,
strategiescan be developedto utilize the
adaptivevalueof that variationin breeding

programgl8). <=
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PigeonpeaA unique jewel minfedcropping systems

by ChandaV. SAMEER KUMARndraP. SINGH RavikotVIJAYKUMARSuyastB. PATH.
RevathTATHINENIMyer G. MULA RachiK. Saxen Anupamal. HINGANE AbhiselRATHORE
Ch.RavindeREDDY MallelaNAGESH KUMARChouraSUDHAKARand Rajeev K. VARSHNEY

Abstract Pigeonpeas a crop for rainfed
environmentendowedvith severafeatures
to thrive harshclimate It adaptswvellin sole
crop and inter cropped conditions (with

cereals millets, oils seedsand pulses)by

enhancinghe systemproductivity and net
incometo the smalland marginalfarmers
acrossthe globe The range of maturity
durationin the crop allowsit to grow in

diversifiedcroppingsystemsnd patternsin

varied ecoregions of the world

Developmentof cytoplasmicmale sterility
basedhybrids provided an opportunity for

enhancing the vyields under marginal
environmentsWith recentinterventionsin

addressinthe photo sensitivitgendmaturity
haveledto evolvingsuperearlyvarietiewith

lesghan100day=duration provideda scope
for horizontal expansionof the crop in

differentagroecologicalystems

Key words. cropping systemspigeonpea,
rainfed

Introduction

Pigeonpe#Cajanusajar(L.) Millsp) is an
important legume crop of the semiarid
tropics of Asia and easternand southern
Africa Dueto itshighprotein(21% - 25%)

(5), it complementserealsfor a balanced
diet Pigeonpedas multiple uses,its dry
split peausedasdhal,greenseedsaind pods
canbe consumedasvegetableThis is ideal
crop for sustainableagricultureas it fixes
atmosphericnitrogen and releasesbound
phosphorousn the soil to availabléorm.
Becausef its deep(3 m - 4 m) root system
canthrive low moistureconditionsand also
helpsto improvesoil structuraland physical
properties It also plays a greaterrole in
controlof soilerosion().

Cropduration

Pigeonpealandracesand cultivars have
wide rangefor maturity duration from 90
daysto 300days The crop canbe classified
in to eleverdistrictmaturitygroups(Tablel)
based on days to attain flowering and
maturity (7). Temperature, photo and
thermo period sensitivitygreatlyinfluence

globe This has given scope for the

cultivationof the cropin earlymediumand

late maturinggroupsacrosghe world Agro

ecologicatroppingpatternsdecidethe sole
crop/ inter croppedsituationdn pigeonpea
Majority of the areaof the crop fallsunder
medium duration (from 160 daysto 180

days)andlimited areaunder early(between
120 and 140 days) and long duration
(> 210days)

Cropping systems

Owing to variable climate (vagariesin
rainfall patternand distribution)in rainfed
situationg6), pigeonpedasbecomea crop
of minimum assurancéo the smallholder
farmersof subsistencegriculturelt is an
integral component of various rainfed
cropping situations and the system
productivity under inter-cropping provides
assuredncometo the farmers The unique

the specificityof adaptationof pigeonpea cropping systemsof pigeonpeaare briefly

cultivarsn differentecoregionsf the

presenteth thenextparagraphs

Table 1. Major pigeonpea maturity groups, ICRISAT, Patancheru, Telangana, India

linternational Crops Research Institute for the
SemiArid Tropics, Patancheru, India
(C.Sameerkumar @cgiar.org)

2Indian Institute of pulses research, (IIPR),
Kanpur, India

SProfessor Jayashankar Telangana State
Agricultural University, Hyderabad, India

Legume Perspectives

Maturity group M""‘“T‘W . Days t.o 50% Reference cultivars
classification flowering

00 Superearly <50 MN5

0 Extrashort 51-60 ICPL 88039

| Extrashort 61-70 Prabhat

Il Short 71-80 UPAS 120 and ICPL 87

I} Short 81-90 PusaAgeti and T21

v Short 91-100 ICP 6

\% Shortmedium 101-110 BDN 1 andMaruti

\ Medium 111-130 Asha

Vil Medium 131-140 ICP 7035

VI Mediuralong 141-160 ICP 7065 andBahar

IX Long > 160 NP (WR) 15 and MAL 13

lssue 11 A January 2016




- RESEARC

1) SolecropAbout 20% of farmersprefer
solecrop of pigeonpegarticularlyin sandy
loamsandmediumto heavyclaysoils Under
intensivecultivationwith betteradoptionof
integratedcrop managementechnologies
farmersarerealizing2 t ha! to 25 t hal.
This system also created avenues for
innovative interventionslike transplanting
(with drip irrigation) by which the full
exploitationof geneticyield potential(up to
4 t ha?) of the varietiesand hybrids was
achieved

2) Intercroppinglajority of the area of
pigeonpedalls underthis categorywherein
sorghum(Sorghubicoldi.) Moench) maize
(Zeamayt..), cotton (Gossypiunirsutunh.),
soybeanGlycinenax(L.) Merr.), sunflower
(Helianthuennuuss.), castor(Ricinusommunis
L) and other -cultivated species are
intercroppedFig 1 and Fig 2). In rainfed
areas of semiarid tropics pigeonpeaas
integralcomponenbf the croppingsystems
o providedfarmersadditionaincomefrom the
= & unit land and it alsoservesasinsuranceby
providing some income under vagariesof
monsoon particularly drought Pigeonpea
synergizesvell with majority of the crops
by enhancing system productivity and
cost benefit ratio in small and marginal
farmingsituations

3) PigeonpsheatotatianDevelopmentof
earlydurationvarietiesvhichmaturein 120
days (ICPL 88039 has given scope for
pigeonpeafollowed by wheat cropping
systemn north westerrarea®f India It has
led to replacementf cereaterealkcropping
system which is not environmentally
sustainabli@ longrun (4).

4) RicdallowDevelopmenbf superearly
varietiesvhichmaturein lessthan 100days,
hasaddressetheissueof photoandthermo
period sensitivity and specificity of
adaptatiorin the crop (Fig 3). Thesesuper
early varietiesare day neutral and photo
insensitiveand canbe grownin any part of
the year Thereis tremendougotentialto
explore the nontraditional areasand new
nicheslike proceedingice fallow situations
for cultivationof pigeonpeaEfforts arein
progressto develop suitable agronomic
package under zero tillage conditions
Presentlyrice fallow areasare increasingly
occupiedoy maizeandsorghuncrops This
is not long term soil sustainablesystem
owing to nutrient mining from the cereal
cereatropping

Figure 1. Pigeonpea + soybean followed by wheat (after harvesting soybean rows)

Figure 3. Super early pigeonpea
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