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e are pleased 

to present the 

11th issue of 

Legume

Perspectivesdevoted to 

pigeonpea, an important 

legume crop for arid and 

semi-arid regions of the world. 

The presences of diverse wild 

species accessions, 

archaeological evidences and 

recent studies have shown that 

India is the domestication 

centre of pigeonpea. 

Pigeonpea is consumed as 

green peas, whole grain or 

split peas. The seed and pod 

husk provides a quality feed, 

whereas dry branches and 

stems provide domestic fuel. 

This issue is aimed at providing 

information on the recent 

developments in pigeonpea 

research. This issue covered 

general aspects of the crop, 

such as origin, genomic 

resources, major abiotic and 

biotic constraints etc. We hope 

that the information provided 

here would be useful to the 

research community. 

Thanks to all authors for 

their voluntary efforts and 

valuable contributions that 

have made it possible to 

present this 11th issue of 

Legume Perspectivesto enrich 

legume society.

Rajeev K. Varshney and

Rachit K. Saxena

Managing Editors of

Legume PerspectivesIssue 11
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4

Developing a crop for the 
developing world: Advances in 
pigeonpea research

igeonpeaisgrownin awiderangeof climaticconditionswith

diversematurity. It is playing a critical role in the livesof

resourcepoor farmersin the semi-arid tropics,whereit is

grown for both subsistenceand commercialuse. However,

frequentoccurrenceof diseasesandpestoutbreakandvariablerainfall

togetherwith poormanagementpracticesdrasticallysloweddownthe

paceof pigeonpeaimprovement. Pigeonpeais a uniquelegumecrop

with partialoutcrossingnature. It allowsimplementationof promising

hybridbreedingtechnologyfor breakingtheyieldplateauin pigeonpea.

At presenta numberof commercialhybridshavebeenreleasedwith

yield advantagesof 30% - 50%. To strengthenthe pigeonpea

improvementprogram,plentyof moderntoolsandtechnologiessuchas

draft genomesequence,candidate genesand improved genetic

engineeringmethodologiesetc. arenowavailable. This is high timeto

moveforwardmorevigorouslywith backingof new technologiesto

overcomethepresentconstraintsandbreednewcultivarsat rapid pace

thatwill benefitpoorfarmersin developingworld.

_________________________________________________________________________________________________________

International Crops Research Institute for the 

Semi-Arid Tropics, Patancheru, India 

(r.k.varshney@cgiar.org; R.Saxena@cgiar.org)
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Pigeonpeagrows in a wide range of

edaphicand climatic conditions,makingit

well-suited to succeed in a variety of

agricultural systems. Furthermore,

productivity and yield can be significantly

improved when molecular breeding

strategiesutilize genetic material in the

worldõsexisting wild and landrace

populations(7). Pigeonpeabelongsto the

genus CajanusAdans. which comprises

between32and34species(16, 17). Most of

these species are endemic to either

Southern/South-easternAsia or Australia

(3). Amongthese,16Cajanusspeciesoccurin

Asia (8 of which areendemicto India), 15

species in Australia (of which 13 are

endemic),onespeciesof Cajanusis confined

to WestAfrica and 2 species(includingC.

Abstract: Pigeonpeais an importantstaple

crop acrosswide portionsof the semi-arid

tropics from Southern, Eastern and

SoutheastAsia, to much of Africa, and

acrossthe tropicalAmericas. It hasa wide

distributionthatspansdiverseenvironmental

conditions, documented resistanceto a

varietyof biotic andabioticstresses,and34

speciesof wild relativeswithin the genus.

Pigeonpea could benefit greatly from

molecularinformationto helpimproveyields

and agronomic characteristics. Here we

provide a perspective on the history,

phylogeny,anddomesticationof pigeonpea.

Key words: crop wild relatives,

domestication,pigeonpea,stressresistance,

taxonomy

Introduction

Cajanuscajan(L.) Millsp. (2n = 22 and a

genomesizeof 808Mbp) or pigeonpea,is a

short-lived perennial shrub that is an

adaptableandgloballyimportantpulsecrop

with high levelsof abioticand biotic stress

resistance(Fig. 1). It isgrownon4.92million

ha in primarily the semi-arid tropics and

subtropicsof south Asia (mainly on the

Indian-subcontinent),as well as Africa, the

Caribbean,Central and South America.

Among these regions, 4.67 million t of

pigeonpeawereproducedin 2013, with an

averageproductivityof 750.97kgha-1 (2). It

is a criticalsourceof proteinin the dietsof

manyin thesemi-aridtropicsof Asia,Africa,

andtheAmericas.

_________________________________________________________________________________________________________

1Agriculture and Agri-Food Canada, Cereal 

Research Centre, Winnipeg, Canada
2Wageningen University, Wageningen / Naturalis 

Biodiversity Center, Leiden, the Netherlands
3Florida International University, Department of 

Biological Sciences and International Center for 

Tropical Botany, Miami, USA
4Fairchild Tropical Botanic Garden, Coral Gables, 

USA (Eric.vonwettberg@fiu.edu)

cajan) are widespreadthroughoutthe tropics

(Fig. 2). Taxonomicreviewof the subtribe

Cajaninae(15) included10 generaandabout

495species. The ten generaareAdenodolichos

(bewteen15 and 20 spp.), Bolusafra(1 sp.),

Cajanus(34 spp.), Carrissoa(1 sp.), Chrysoscias

(3 or 4 spp.), Dunbaria(20 spp.), Eriosema

(150 spp.), Flemingia(between30 and 35

spp.), Paracalyx(6 spp.) and Rhynchosia

(230spp.).

History of taxonomic 

placement

The taxonomy of Cajanusand related

genera of the Cajaninae have been

extensivelystudiedby morphological,alpha

taxonomic, and molecularapproaches(9,

16). Using morphologicaland ecological

RESEARCH
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Historical and phylogenetic perspectives of pigeonpea 

by Mulualem T. KASSA1, L. Jos G. VAN DER MAESEN2, Christopher KRIEG3, 4 and                               

Eric J. B. von WETTBERG4*

Figure 1. Growth form and habitat of cultivated pigeonpea, Cajanus cajan(left) and hybrid C. 

cajan× C. trinervius(right); used with permission from Naturalis Biodiversity Center, Botany 

Department, the Netherlands
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characters such as habit, leaf structure,

hairiness,pod size,strophiolecharactersand

othertraits,vanderMaesen(16) groupedthe

genusCajanusinto six sections: Cajanus(2

species), Atylia Benth. (7 species),Fruticosa

Maesen (9 species), Cantharospermum

(Wight& Arn.) Benth. (6 species), Volubilis

Maesen (6 species) and Rhynchosoides

Benth. (4 species). Speciesin sections

Cajanus,Atylia and Fruticosa have erect

growth habit, Cantharospermum,and

Volubilis are climbing and creeping,and

Rhynchosoidescontains trailing species.

Three Cajanusspecieshave been further

subdivided into botanical varieties; C.

scarabaeoidesinto var. pedunculatusand var.

scarabaeoides, C. reticulatusinto var. grandifolius,

var. reticulatus, and var. maritimus, and C.

volubilisinto var. burmanicusand var. volubilis

(16). Assessmentof diversity using seed

protein markers (10) reaffirmed the

morphology-based groupings, such as

sectionCajanus(C. cajanifoliusand C. cajan),

whileRFLPstudieshavebeeninconclusive.

Recentstudiesusingsequencedatafrom the

nuclear ribosomal Internal Transcribed

Spacer(ITS)andthecpDNA (trnL-F spacer)

were conducted to understand the

evolutionary history and phylogenetic

relationshipsof CajanusAdans. and allied

generain the subtribeCajaninae. The study

has resolvedthe phylogeneticrelationships

of Cajanusand relatedgenerain the tribe

Cajaninae. In this study, Cajanuswas not

monophyleticascurrentlycircumscribed,as

species of Dunbaria and elements of

Rhynchosiawere nestedwithin the Cajanus

clade. In fact, in a taxonomicrevision of

Dunbaria, van der Maesen(14) found that

somespeciesof Dunbariashowedthe facies

of climbing Cajanusand suggestedthe

possibilityof placingDunbariain asecondary

or tertiarygenepoolof cultivatedpigeonpea.

Future taxonomic revision and generic

delimitationof Cajanusiswarranted.

Pigeonpeais theonlycultivatedmemberof

the genus,while the remainingspecies(all

wild relatives)belong to the secondaryor

tertiary levels based on the gene pool

conceptof HarlanandDe Wet (4), whichis

based on the genetic crossability and

exchangeof geneticmaterialbetweenthe

cropandthewild relatives. In pigeonpea,the

allied wild Cajanusspeciesbelong to the

secondarygenepoolwhile most Cajaninae

generabelongto thetertiarygenepool(15).

6Legume Perspectives                                         Issue 11 Å January 2016

Figure 3. Phylogeny of Cajanusspecies depicted as a 50% majority rule consensus tree, reproduced 

with permission from (6); tree topology was inferred with maximum parsimony via heuristic searches 

among 1000 trees using 752 single nucleotide polymorphisms (SNPs) derived from 670 low copy 

orthologousgenes and assayed with an IlluminaGolden Gate assay; numbers above branches 

indicate bootstrap support (0.50%); the vertical bar indicates the putative progenitor species (two C. 

cajanifoliusaccessions); tree length = 2145, consistency index (CI) = 0.638, and retention index (RI) 

= 0.837; the Bootstrap support for the sister relationship between wild-Australia and wild-India 

clades(in the absence of the two C. cajanaccessions) is 100% (data not shown)

Figure 2. Images if Cajanus lanceolatus and C. latisepalus, two wild relatives of pigeonpea that 

vary in leaf traits and ecological distribution; used with permission from the National 

Herbarium of the Netherlands
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(9) Nadimpalli RG, Jarret RL, Phatak SC, Kochert 

G (1993) Phylogenetic relationships of the 

pigeonpea (Cajanus cajan) based on nuclear 

restriction fragment length 

polymorphisms.Genome36:216-223

(10) Panigrahi J, Kumar, DR, Mishra M, Mishra 

RP, Jena P (2007) Genomic relationships among 

11 species in the genus Cajanusas revealed by seed 

protein (albumin and globulin) 

polymorphisms.Plant Biotechnol Rep1:109-116

(11) Remanandan P (1990) Pigeonpea: Genetic 

resources.In: Nene YL, Hall SD, Sheila VK (eds) 

The Pigeonpea. CAB International, Oxon, 89-115

(12) Saxena RK, von Wettberg EJ, Upadhyaya 

HD, Sanchez V, Songok S, Saxena KB, Kimerto 

P, Varshney RK (2014) Genetic diversity and 

demographic history of Cajanus spp.illustrated 

from genome-wide SNPs.  PloS One 9:e88568

(13) van der Maesen LJG (1980) India is the native 

home of the pigeonpea. In: Arends JC, Boelema 

G, de Groot CT, Leeuwenberg AJM (eds) 

Miscellaneous Papers Landbouwhogeschool 19 

Liber gratulatorius in honorem HCD de Wit, 

Wageningen, 257-262

(14) van der Maesen LJG (1998)Revision of the 

genus Dunbaria Wight & Arn. (Leguminosae-

Papilionoideae).Wageningen Agricultural 

University, Wageningen 

(15) van der Maesen LJG (2003) Cajaninae of 

Australia (Leguminosae: Papilionoideae). Austr 

Syst Bot 16:219-227

(16) van der Maesen LJG, Remanandan P, Rao 

NK, Pundir RPS (1986) Occurrence of Cajaninae 

in the Indian subcontinent, Burma and Thailand. J 

Bombay Nat Hist Soc 82:489-500

(17) van der Maesen LJG (1990) Pigeonpea origin, 

history, evolution, and taxonomy. In: Nene YL, 

Hall SD, Sheila VK (eds) The Pigeonpea. CAB 

International, Oxon, 15-46׳
(18) Warschefsky EJ, Penmetsa RV, Cook DR, 

von Wettberg EJ (2014) Back to the wilds: 

Tapping evolutionary adaptations for resilient 

crops through systematic hybridization with crop 

wild relatives. Am J Bot 101:1791-1800

Pigeonpea domestication and 

constraints imposed by genetic 

bottlenecks

Recent molecular studies using several

hundred genome-wide single nucleotide

polymorphismsdeveloped for Illuminaõs

GoldenGateassayhaveshednew light on

the domesticationof pigeonpea(6, 12; Fig.

3). These studies confirm that Cajanus

cajanifoliusis the progenitor of cultivated

pigeonpea,and that domesticationoccurred

in centralIndia. Previoustaxonomicstudies

providedthe bulk of evidencesupportingof

an Indianorigin (1, 11, 13). This taxonomic

and molecular evidence complements

archaeologicalevidenceof 4,000 year old

pigeonpearemains in central India (5).

Existing landraceand wild collectionsof

both pigeonpea and C. cajanifoliusare

insufficientlynumerousto accuratelyplace

domesticationwithin India,althoughAndhra

Pradesh,MadhyaPradeshand Maharashtra

are likely candidatesin the center of the

Indiansubcontinent(12). Furthercollections

of both C. cajanifoliusas well as pigeonpea

landraceswith more accuratepassportdata

would continueto expandthe geneticbase

of germplasm,and allow more in-depth

analysisof the processandspatialpatternof

domestication. Secondary centers of

diversificationfor pigeonpeainclude East

Africa, the tropical Americas, and the

Philippines(6).

Conclusions and future 

directions

Domesticationwascriticalfor fixing traits

in cropssuchasindehiscentseedpodsand

upright growth habit. In pigeonpea,the

domesticationis somewhatincomplete,as

early dehiscentseedsremainan unwanted

property. Better understanding the

phenotypicconsequencesof the selection

pressuresof domesticationcould improve

breedingefforts, and guide efforts to use

wild germplasmeffectively(18). In particular,

weseetheenormouseco-geographicalrange

coveredby Cajanusspeciesin the tertiary

genepool from Australiaas an untapped

reserveof adaptivepotential. With a better

understandingof evolutionaryrelationships

in Cajanusandnewwild relativecollections,

strategiescan be developedto utilize the

adaptivevalueof that variationin breeding

programs(18).
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(5), it complementscerealsfor a balanced

diet. Pigeonpeahas multiple uses,its dry

split peausedasdhal,greenseedsandpods

canbe consumedasvegetable. This is ideal

crop for sustainableagricultureas it fixes

atmosphericnitrogen and releasesbound

phosphorousin the soil to availableform.

Becauseof its deep(3 m - 4 m) root system

canthrive low moistureconditionsandalso

helpsto improvesoil structuralandphysical

properties. It also plays a greaterrole in

controlof soilerosion(1).

Cropduration

Pigeonpealandracesand cultivars have

wide rangefor maturity duration from 90

daysto 300days. The crop canbe classified

in to elevendistrictmaturitygroups(Table1)

based on days to attain flowering and

maturity (7). Temperature, photo and

thermo period sensitivitygreatly influence

the specificityof adaptationof pigeonpea

cultivarsin differentecoregionsof the

Abstract: Pigeonpeais a crop for rainfed

environmentsendowedwith severalfeatures

to thriveharshclimate. It adaptswell in sole

crop and inter cropped conditions (with

cereals,millets, oils seedsand pulses)by

enhancingthe systemproductivityand net

income to the small and marginalfarmers

acrossthe globe. The range of maturity

duration in the crop allows it to grow in

diversifiedcroppingsystemsandpatternsin

varied ecoregions of the world.

Developmentof cytoplasmicmale sterility

basedhybridsprovidedan opportunity for

enhancing the yields under marginal

environments. With recentinterventionsin

addressingthephotosensitivityandmaturity

haveledto evolvingsuperearlyvarietieswith

lessthan100daysduration,providedascope

for horizontal expansionof the crop in

differentagroecologicalsystems.

Key words: cropping systems,pigeonpea,

rainfed

Introduction

Pigeonpea(Cajanuscajan(L.) Millsp.) is an

important legume crop of the semi-arid

tropics of Asia and easternand southern

Africa. Dueto itshighprotein(21% - 25%)

_________________________________________________________________________________________________________
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globe. This has given scope for the

cultivationof the crop in early,mediumand

latematuringgroupsacrossthe world. Agro

ecologicalcroppingpatternsdecidethe sole

crop/ inter croppedsituationsin pigeonpea.

Majority of the areaof the crop fallsunder

medium duration (from 160 days to 180

days)and limited areaunderearly(between

120 and 140 days) and long duration

(> 210days).

Cropping systems

Owing to variable climate (vagariesin

rainfall patternand distribution)in rain-fed

situations(6), pigeonpeahasbecomea crop

of minimum assuranceto the smallholder

farmersof subsistenceagriculture. It is an

integral component of various rainfed

cropping situations and the system

productivity under inter-cropping provides

assuredincometo the farmers. The unique

cropping systemsof pigeonpeaare briefly

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

Maturity group
Maturity

classification

Days to 50% 

flowering 
Reference cultivars

00 Super-early < 50 MN5

0 Extra-short 51-60 ICPL 88039

I Extra-short 61-70 Prabhat

II Short 71-80 UPAS 120 and ICPL 87

III Short 81-90 PusaAgeti and T 21

IV Short 91-100 ICP 6

V Short-medium 101-110 BDN 1 and Maruti

VI Medium 111-130 Asha

VII Medium 131-140 ICP 7035

VIII Medium-long 141-160 ICP 7065 and Bahar

IX Long > 160 NP (WR) 15 and MAL 13
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1) Solecrop. About 20% of farmersprefer

solecrop of pigeonpeaparticularlyin sandy

loamsandmediumto heavyclaysoils. Under

intensivecultivationwith betteradoptionof

integratedcrop managementtechnologies

farmersare realizing2 t ha-1 to 2.5 t ha-1.

This system also created avenues for

innovative interventionslike transplanting

(with drip irrigation) by which the full

exploitationof geneticyieldpotential(up to

4 t ha-1) of the varietiesand hybrids was

achieved.

2) Intercropping. Majority of the area of

pigeonpeafallsunderthis categorywherein

sorghum(Sorghumbicolor(L.) Moench),maize

(ZeamaysL.), cotton (GossypiumhirsutumL.),

soybean(Glycinemax(L.) Merr.), sunflower

(HelianthusannuusL.), castor(Ricinuscommunis

L.) and other cultivated species are

intercropped(Fig. 1 and Fig. 2). In rainfed

areas of semi-arid tropics pigeonpeaas

integralcomponentof the croppingsystems

providesfarmersadditionalincomefrom the

unit land and it alsoservesasinsuranceby

providing some income under vagariesof

monsoon particularly drought. Pigeonpea

synergizeswell with majority of the crops

by enhancing system productivity and

cost benefit ratio in small and marginal

farmingsituations.

3) Pigeonpea-wheatrotation. Developmentof

earlydurationvarietieswhichmaturein 120

days (ICPL 88039) has given scope for

pigeonpea followed by wheat cropping

systemin northwesternareasof India. It has

led to replacementof cereal-cerealcropping

system which is not environmentally

sustainablein longrun(4).

4) Rice-fallows. Developmentof superearly

varietieswhichmaturein lessthan100days,

hasaddressedtheissueof photoandthermo

period sensitivity and specificity of

adaptationin the crop (Fig. 3). Thesesuper

early varietiesare day neutral and photo

insensitiveandcanbe grownin anypart of

the year. There is tremendouspotential to

explore the non-traditional areasand new

nicheslike proceedingrice fallow situations

for cultivationof pigeonpea. Efforts are in

progress to develop suitable agronomic

package under zero tillage conditions.

Presentlyrice fallow areasare increasingly

occupiedby maizeandsorghumcrops. This

is not long term soil sustainablesystem

owing to nutrient mining from the cereal-

cerealcropping.

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

Figure 2. Cotton + pigeonpea intercropping system (10:1 ratio)

Figure 3. Super early pigeonpea


