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‘ Table 41 Fleglonal Area, Product;on,‘(leld and Cumpaund Growth Rates of Pijeonpea
‘ Compound Growth Rates

© 1083-1990 Average - © (1970-1980)
ST Arga  Production  Yield: Area- Production ~ Yield
. “ Region - - " {000 ha)  {000t) - (thaT) (%} . (%) (%) -
“india ' 3555 2619 o074 201 o4 - 0833
Other Asia : © o84 56 066 U486 . 34 2,68
- Africa . ' T 278 167 061 o097 1.59 -0.62
-Latin America and Caribbean 62 . 46 . 074 . 1.58 -¢.82 ... 24D

" Soice: A Adapted from Ryan (1998). . T

21 INTRODUCTION

Pigeonpea [Cajanus cajan (L.) Millsp.] occupies an important place among grain legumes due .

to its ability.to grow under diverse cropping systems and environments and to recover from the
Josses cansed by various biotic and abiotic stresses. The estimated global area of pigeonpea is more
than 4 m ha, and the major pigeonpea growing countries are India, Myanmar, Nepal, Kenya, Malawi,
anndé and' Tanzania (Table 4.1). According to Ryan {1997); the. global pigeonpea production

- trends-largely reflect the situation in India, where area and preduction g orowth trends excecdud 2% e

a year~ from. 1970 to 1990.. .
' Tn most breeding programs, besides increasing ylelcl potenual the resczu-ch has centered on .

“nndersianding and allevizting important biotic and abiotic stresses. A significant breakthroungh has

_ been the shortening of maturity duration of the crop from-the traditional 6 0 9 months to less than-
3.months, which helps in the diversification of cropping: systems. Besides protein-rich food, this -

environment-friendly. crop, also provides much needed fodder and fuel wood in the dry areas. Its
cultivation over a pericd helps in improving the sail fertility (Kumar et al., 1983) and its structure.
Roots help in releasing soil-bound phosphorus (Ae et al;, 1988) and make it available to the crop
plants. Therefore, considering its ability to perform in diverse environments and systems and

_multiple-uses, pigeonpea appears io have 2 great potential in the tropics and semi-arid tropics of

the world.

4.2 ORIGIN AND DISTRIBUTION . -

There: are two opposing views on the center of origin-of pigeenpéa — one favors. India, and
another Africa. Considering the presence of a vast natural genetic variability in-pigeonpea and

- presence of its wild relatives in the region, van Rheede (1686); Linnacus (1737), and De (1974)

supported -an Indian origin. Recent excavation of pigeonpea seeds dated from the second ceatury

BC to the third century BC in India {(Kajale, 1974) funher‘gtrengmen this view. On the contrary,
-based on the exclusive distribution of Atylosia kerstingii-Harnes, a wild relative of pigeonpea in

: Africa, and the reported discovery of a pi geonpea seec in Egyptian tombs of the X Dynasty (2200

" to 2400 BC) at Dra Abu- Neoga led Zeven and Zhukevsky (1975) and Brucher (1977) to support

‘the African origin,

A wild relative of pigeonpea, (C. cajamfohus) Whlch rcsembles pigeonpea i’ al] morpho!oglcal
traits except the présence of a prominent strophiclé, is considered to be the vital single-gene link
between the cultivated and wild forms of pigeonpea (De, 1974). van der Magcsen (1980} collected
énd identified €. cajanifolius in the forest of Central India. This important discovery has further
strengthened the view that India is the native home of pigecnpea. Based on the genetic diversity
‘within various species, he further concluded that (1) pigeonpea origizated in India, (2) Africais a

. oWord o 3974 2888, 073 1887 225 037 .
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t + segondary center.of origin,;-and.(3) Austratia is4n: imp'ortant, centeriof divérsity ‘The “Indian ori gin”

* “thEGty has the most adbérants and belisves thal the trop would kave gone ‘from India te Africa and '

* Madagascar at least two millennia BC.and 1o the new world: along- with the slave trade in post-‘

o+~ Columbian time (De;.1974). Itds. also- postulated that ploeonpea moved from Incha vxa the Ma]ay
e *Arcb]pe]aoo to Indo-Chlna and AUStraha i .

4 3 TAXONOMY AND NOMENCLATUHE

The first scmnuﬁc name to plueonpea Arba: rrzfoha ingdica: ‘as g[ven by Bauhln and Chcr]
between 1650 did 1651 (van der Maesen, 1986), and the first binomial nomenclature to piggonpéa,
Cytisus cajan, was given by Linnaeus (1753). Cajanus indicus, C. flavus, and C. bicolor are other

- binomials found in early literature. According to the International Rules of Botanical Nomen c]ature B A
. the name finally adopted for ploconpea is Cajanus cajan (L) M]lIspaug Pigeonpea has been
classified in tribe Phaseoleae, subtribe Cajamnae famlly Poaceae (Leguminosae), genus Cajanus
-+ and species cajan. Within subtribe CaJamnae there are 13 closély reldted genera, and among these, -
o . Cajanus, the only cultivated genera, was always considéred ¢ be genehcally telated to one of the '
- wild type Atylosia. The genus Arylosia W.-& A. consists of 34 spemcs “and they ‘contribute to the
" -+ secondary or tertiary gene pool. At International Crops Reséarch Insutute for the Semi-Arid TI"OIJICS ‘
" (ICRISAT), van der Maesen- (1936 stiidied Cajaizus‘ and Arylosm Uenﬂra and; based on various * .
: moqphologmal cytolokical, and “themio-taxonamicsl data, rierged genus “Atyloyia into Ca]anus :
- Consequenﬂy, the subtribe Caja.mnae now ct}ntams 12 genera and p1geonpea is the on]y cult_wated e
-“food crop‘of this tribe. - : R
" According % De (1974), the popular Indlan Rames” of plo‘eonp 3 :Ilave been derived from the :
: Sansknt languige, and Adhuki orAdhuka becams ‘Arhar whllc Tuvarai or Tuiveiri was later called
" Tuar or Ttir- Some other niames popular i different countnes a1e ‘Katjanv (MaIaysw.J ‘Cguando
-{Brazil), ‘Gandoln’- (Puerto Rico}, ‘Gungo’ and ‘Conao pea’ (Famaica); ‘Qumchoncho (Venezuela), '

-‘Pois de Congo’ (Africa), ‘Kanduln® (souﬂlem ‘India), “Thora parippu’ (Sri Lanka), and ‘Mo daw’

" (Clitna). It is called “red gram” or “pigecnpea” in English. The present-day internationally popular

English name of this crop, pigeonpea, was coined by Plukenet (1692) in Barbados, where the crop
was grown in barren lands primarily for feeding pigeons.

4 4 GENERAL BDTANY

Two prormnent ﬂowerm g habns, deterrmnale and nondetermmate, are recognized in pigeonpea.

: . Tn the determinate type, the apical bud of main shoot ttansforms into inflorescence, the flowering
.+ is-more or Jess synchronous, and the Jowers ‘are’ biorne in Elusters 4t the tép of & canopy. I thf." i e
. . nendeterminate type, the:apical bud is vegetative, and the floral clusters-are bome i axillary racemes -
» spread over considerable lengths of stem’and branches. In the germplasm coliection at ICRISAT,
.+ .- the: number- of-days- lo maturity- ranges from’ 85°to' more than-280. Flowers' of pigeonpea are .
“ -predominantly yeliow.in color; with red- $treaks on the petals. Peduncles are 10 to 80 mm long. -
" The pedicels are. thin; 7 to. 15 mi léng, ‘and covered with fine hairs: Bracts are 1'to 4 mm long,
.+ with-a thick middle nerve -and-miargifis curved inward to form a boatlike structire: The calyx tube -~ ™
. - “is-companulate with glandulsar hairs and bulbous base, abont 5 mm long, with 5 subequal triangular -
- jobes. The corolla is highly zygomorphic: The petals are imbricate in‘the bud. The standard petal |
. is either erect-or spreading. Wing: petals are obovate, 15 to 20 mm long, and abont 6 to 7 mm wide,: - ™
- Keel petals are boat-shaped, glabrous, and split dorsally. Stamens are 10, diadélphous, 15 to 18" :
. Tong, . flattening-toward the base ‘and tapering toward the top. Anthers are ilipsoid, about 10 ¢ -
...." mom long;-dorsified and yellew:in color. The ovary. is superior,:3 to 8 min long, subsessile, densely @ = 77~
-, . -pubescent, with 2 to.9.ovules. The stigma is capitate and- glandular-papillate. The style is 101612

|
|
1
|
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" three weeks after fertilization, the pod wall grows more rapidly than the young seeds. The pod
"walls are known to contain various tannins. The ovules are arranged on a marginal placenta of the
single carpeli ovary. In each raceme; about 1 to 5 pods are formed. The pods of most pigeonpea

varieties are oblong, straight, or sickle-shaped; laterally compressed; green when young, straw-" .-

colored when ripe; and are often streaked to various degree with purple. Pod length varies from

by gums. Strophiole is prominent on developing seeds, and it shrivels with maturity. Seeds do not

have dormancy, and germination is hypegeal. The first trifoliate leaf emerges when the epicotyl s .-
about 30 to 70 mm long. Secondary shoots, and sometimes multiple shoots, develop from the-: -
“cotyledonary axils of the seeds in case the young plumules or axillary shoots are damaged {Reddy, -

1990). In general, the large-seeded varieties produce bigger seedlings thari those with small seeds,

. bt such differences disappear as the plant aftains growth (Narayanan et ai:, 1981). The Hirst paiy
- -of Jeaves is.simple, opposite, and ‘caducous, but the subsequent leaves are compound, pinnately
trifoliate, and arranged in a 2/5 type of spiral phyllotaxy. Ecaflets are lanceolate or elliptic, with
- acute but sometimes obtuse apices (Reddy, 1990). Stems are ribbed, up to 1530 mm in diameter,
" with prominent secondary growth. Most Asjan lines have green stems, while African origin‘ germ-
lasm is characterized by purple color sters. : :

- Figure 4.1 (See color insert iollowing page -178) Seed color varialion in pigeonpea.

. . PIGEQNPEACAJANYS:CAJAN: (L) MILLSP). +c7

- »mm-long, filiform, and glabrous. The mature pollen graing are three-colporate with areolate:orien- = -
- tatign (Reddy, 1990). In nondetérminate - pJneonpea flowering extends for'a few weeks, and thou- -
~ sands of flowers are produced, of which-only about 10% set pods (Pathak; 1970). Fertilization.
_,oceurs-on the day of pollination and sesds.mature about 40 to 50 days after polliaation. In the-first - -

.. 20:to.80-mum; but rarely 130 mm {Reddy, 1990). The pods of most genotypes are nonshattering.. ..
" The mast common seed shape is oval; but other fypes are also present in the germplastm. The :
commeon seed colors are brown and white, but other colors, such as purple, black, and various other
combinations, are observed (Figure 4.1). The weight of 100 seeds ranges from 2.8 t0 224 g. The . . -.:
average seed number per pod ranges from 2 to 9. However, the majority of the nrermplasm pOossess
about 4 seeds pod™. The seeds are nonendospermic and contain two conspicucus cotyledons joined- -

miwmber-(2n = § to28)-(Bajaj et.al:, 1980).

begin:to;unfold:.Die 10 the pérennial - nititte of the: pldnt, thé. toots’ continue: o aceumulate:-dry

-mattef and produce:laterals. throughout-the: growth.of plant suntil: harvested or kilied by- -digeases’
:- (Chauhdn, 1993). The contindons produetion 6fmew-toets enables the plant to exploit the feceding ” -
...s0il moistute inthe post-rainy season. Under nermal field conditions theroots may-grow to:a depth
. of 3 m. Tall, upright varieties produce longer and more déeply penetrating roots, whereas spreading
: - types produge more: spreading and dense root;systems. (Pathale,1970). The ioots of perennial
. pigeonpea grow up to 4 m-in southern China (Saxéna; 2002). Most roots Teed within the- first 600 ~
mm.soik proﬁ]e iThe: primary-structure of the-tOot:is. usually, tetrach: and.its seconciary thickening:-
* takes place as 4 result of cantbial actvity (Higen and Sheldrake, 1981): Plgeonpea is nodulaed by **

Rhizobia of the cnwpea U'roup

45 CYTOGENETICS :

Roy (1933) whlle studymg the female uametophyhc tlssues of plUCanEa reportcc! thE: prosencc

’of 14 chromoseines. Krishnaswamy - and Ayyangar (1935) studied- the: pollen mother cellsand - - =

confirmed n =-11;.and they suggested that it was the basic.chromosome number of the entire tribe: -

.- Maithani {1941) was the first to report 2n =22 somatic.chromeseime niumber. Akinola et al. (1972)
examined 95 pigeonpea accessions. of diverse: originand réported 2r = 22-1n the entire collection. -
.- van-der Maesen- (1986) observed -that alk -of the. 32 wild- relatives. carty the: chromosome count .
o ?‘sn'mlarto those.of the cultivated types. However, in €. kertsingii, contfasting reports on chrémpsome * -
»L-;.,=nun1hers are found..Gill and Hussaini-(1986) reported 20 =32; whlle Lackey (]980) recorded ’?n:-'-‘

=22 chromosomes; this large discrepancy’ needs to be verified.:. ;

~Natural and mduced tetraploids have-been reported: in- pweonpea Pathak {1948) Pathak and

e Yadav (1951), and Saxena et al. (1982a) reported the existetice of naturally occurring tetraploids

(Zn = 44). Tetraploids characteristically have larger and thicker leaves and flowers with partial -
pollen sterility. Kumar et al.-(1945) and Bhattacharjee (1956) reported colchicine-induced tetrap-
Ioids. The partial male sterility and poor pod set observed in the tetraploid genotypes were attributed
to varying degrees of multivalent formation and irregular chromosome disjunction during meiosis
(Pathak, 1948; Bhattacharjee, 1956; Chopde et al., 1979). D*Cruz and Jadhav (1972) reported the
Brst case of aneuploidy (2n = 23). Anther-derived callus contamed laroo vanatlon in the chromosome

The:somiatic chromosomes are small, with the 1 longest measunna-z 7 ;.Lm and the shortest 1.35 -
pUm (Nmtham, 1941). Deodikar and Thakar (1956) conducted the first detailed karyotype. A con-

‘-.;"s1derab]e Uenotypn: ‘varjation was reported for total chromosome length (Smha arid- Kumar, 1979) < -
- -and- satelhted chromosomes (Sharma and Gupta;-1982; Pundir and Singh, 1986): One chromosome,

. bivalent-was attached with the. nucleolus. (Dupdas-et: al., 1983 ‘Reddy, 1981) while Kumar et al.
" (1987) repoirted two sites for nucleolar organization, The first Setailed pachytene analysis of pigeon- .
... pea-chromosomes-was performedby Reddy (1981),-and the chromesomss were characterized based "
< DR relatlve length, arm ]envth nucleolar assocnuo and chromomero structurc and dlSt[‘lbuthI‘l.

* 4.6’ GERMPLASMRESCURCES

i 1073, TCRISAT was' assigned the task of dssemblifig pigeonpea germiplasin on a worldwidg -

basis to serve its. own and:other breeders across'the' globe: To'assemble the germplasm, a number

of field collection missions were undertaken in collaboration-with various local institutions ir 52

. As1an Afncan ahd Latm American countnes More than 13 548 pweonpea accessnons have been-

-+ Pigeonpea hds ar prormnent tapitoot, system with- considerable tatéral "branching:Theroot growth.. "
Jbeging shortly. after sowing. The development of - latetal Toofsiobcurs ds:scon.as-the primary’ leaves ™ -
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. Tahle 4.2 - Phenotypic Variability for Drfferent Traits. ,»: -
.. Recorded in the Conserved Pigeonpee

. Trait

N Days 18 50% flowering -
' Days to 75% maturity
- Plant. height {om)
Primary branches {rumber) .

" Secondary branches (number}
“Racémes (number)

" Seed pod {number)

1100 —:sesd mass. (g):- . -
Seed protein (%)

Note: .Germplasm grown at ICRISAT, Patanchert.
Source: Compiled from various ICRISAT Teports.

. collected and characterized. Besides some-cultivated and uncultivatéd landraces; these‘include wild - -
relatives i'e]:u‘esentmcr 47 species belonging to six genera. According to van der Maesen (1981), a
- reasonable coverage- has been' achieved from the Indian subcontinent — ‘the primary -center of

- -diversity. He emphasized that the habitats of most wild relatives ‘of pigeonpea are threaigned: due’

to increased pressute for expanding agricultural activities in new dreas. Pigeonpea is of rather recent °
- introduction in the Americas and the Pacific; and reasonably, representative collection is available.-
" Vaf der Maesen furthier opined that in Africa and the Far Bast, pigeonpea has been grown for at e

 least-4000 -years: Significant :genetic varxablhty i§ expected from these reolons, hence more col-

+ . lection: m\ssmns gre needed, -

The ‘available germplasm. collection -at ICR_ISAT offers an’ extensive range of vanabxhty for~

" thost yield components and various morphological and -quality traits: (Table- 4.2);Tn addition, =
- pigeonpea-contains a mumbeér of unique traits, such as’genetic ‘male sterility, cytoplasmic male -

. -sterifity; modified floral :morphology, dwarf, decumbent, single-culm, etc. A number of biotic and

- abiotic stresses play a major-role in the adaptation and stability- of cultivars. The germplasm’ -

collection contains 321 lines resistant to sterility mosaic, 29 to fusardurn wilt, and 140 to P, race
of phytophthara blight disease. These valuable resources offer plenty of opportunities for developing
varieties with single or nmltiple disease resistance.

In’ general, the pigeonpea landraces sre heterogeneous for various traits primarily due to-
unconirelled natiral cross-pollination. This natural cutbreedmg prodoces: & considerable genetic -
‘viriability, and from such germplasm the bréeders have identified some butstanding recombinants
*-and a number of high-yielding popular varieties, such as-C 11;-BDN 1, Maruti,"T 7, and UPAS:
120. On the other hand, due to natural outcrossing, the maintenance and conservation of pigeonpea

- 'germplasm has become difficiilt and expensive. The botanists; however, fry to consetve the available™ =

* -intraraccession vatiability by reconstituting the: original poptlation as close-as-possible. For' this:
purpose in edch téjuvenation cycle one or two branchies of individial plants of an accession are::
covered with muslin bags and 23 to 30 selfed seeds are bulked in equal number for sicrage-and -

- 1% at- 1 5% relative humidity, and the temperature is maintained at —20°C: The working. germpiasm

' -*however i§ conserved in a medinm-term storage at 4°C and 20% relativé humidity.

: *-Secondary and tertiary gene pools are valuable resources for pigecnpés- improvement Many":
" wild relatives such as C. scarabaeoides, C. sericeus, C: lineatus, C. acutifolivs, C. albicans, C:

“trinervius, and: C. retieulaius can be crossed (Table 4:3) with the cultivated pigeonpea and have. .
“..-. been successfully used in the crop improvement programs, In compatison to-the cultivated types, @ -

the wiid species contain significantly higher amounts of seed protein. Accessions of C. -albicans;-

- C. lineatus,; C. sericeus, and C. crassushave been fourid resistant to sterility mogaic diséase, Cajanies. - =

 PIGEONPEA [CAJANLIS CAUAN (L) MILESRI]:

- Table 4.3+~ Crossable Wild: Helatwes

C: lanceolatus - . --Australia - ¢ -

' Ctrinervius _"!ndla‘ . : Erect shry

-“furtlier use. The seeds can ‘be safély stored under low temperature and low relative humidity. For '7
~long- “terfil- conservation at ICRISAT, the moistare eontent of seeds:is brought down'to about 5%+

S 47.1 Agro-Eccloglcal Adaptation Eo

"Hahitat. -

Heference

§ Ind:a, Srl Lanka,~-- -
Austral:a Afrlca

gréy- seeds with black-mosem w0
or black rectangular-rounded seeds
dark-cglored séeds ;-

rounded seeds with black ang grey.colar_ -

'_J'Q.ecetrqr” . p_slra:'lia‘ ) . Erect or_spreadlng shrub 1 to2m tall Ieaves ‘ Dundas 1984
: . covered wnh short siivery hairs; seads dark and
-ohiong -

to compressed and dark mottled.

C fairsepa.'us . '_Auslralla - '_ ‘ Ereci shrubfG Gto 1 5mtall pubescentbranches . ‘-Ki,ln_'liir, .1985' . '_

“seads fatiensd-gobose

-C rrneatus AT lndla Srl Lanka Erect shfubi; 0.5 10:2.5°m tall, open growth hablt - Deodikar arid

- geeds flatiened-orbicular - - . Thakar, 1958

-,'C. rehculfat‘es"_:. Austraha C '_ -—— : : L _:_Dundas_,_1984_ P
0.5 io 2 m tall s‘iem and branches | Reddy etal., 1981

- densaly: pubescent seed dark colored and
reciangular - L

4.7 GERMPLASM ENHANCEMENT

: In’ pigeonpea; where phenclogy is sensitive to environmental influences, a basic problem -~
- encountered-in breeding’ for quantitative traits:is the interpretation of results: Mating designs are” ™ =7 0
~-influenced by physiological changes associated with phenological differenices (Saxena et al., " 1981).

The estimates of important genetic parameters such as yield and its associated traits are also

~confoundéd’ with pleiotropic effésts of genes inflaencing phenology. -Sgkend and Sharma (1990)‘-‘ K
eviewed the literatire related t6 gere:action and’ hentabrhty of variolis'edonormic trdits in pi geonpca T
-and reported low to° hlgh tieritabilities. and ‘presence ‘of both" additive ‘as' el 4% nonadditive’ gene

-~ action for. ¥ield and major yield components such ‘as"pods plz;mt-1 seed size, Seeds’ pod‘ plant
" height; and'days-to flower and naturify. This: suggests-that for genetic lmprovement ‘besides pure" )
lme breedmg, the populanon 1mprovement and heterosxs breedmg proormns cin’ a'lso be effectwe AEA

.91
St PrORET

,".:‘F'ioy and De, 1985 . . E

_ndla - - :-..: Erectshrub; 1.to-1.5 m1all, densely branched grey- ~ Kumar etal. 1958 - .
Indla Chlna ' -+ Perennial climber with woociy base reclangular, ' E'@eddy at el., 1981. ; . ‘

Erect, open branches s to 2 m tall; rectangufar- - Fleddy et al 1981 ST

Erect; slender shrub 1'to 3 m tall, seeds globose - Kumar, 1985 .. " -

platycarpus is resistantito phyophthorabhwht whllc C scambaeozdes has shown a falrly hlgh level‘ o
~of tolerance to Helicoverpapod boret. Occasmna]ly, some ‘naturally outcrossed plants have ‘Beer”
- ¢ noticed in-C. $earabaevides and C.-5ericeus, but-these wild Species are: e'enerally maintained ndef v - ¢

- natural conditions:A’ considerable- UE[leth Variafion has been reported among ‘the-accessions of a

-wild species:for various: economic traits, such'as disedse resistance; seed protem etc. (Sakena et
"2l 1990a). Therefore, to achieve rapid success in a breeding prograrm involving exotic germplasm ST Ay
e careful selecuon of a parent accession w1th.m a w11d spec1es is essenl:lal ‘ o

'Ihe adaptatmn of ‘pigecripea to drfferent agro- ecolog1ca1 mches s governed by its duranon e
pereumal natire, niondeterminateness, photothermal sensitivity of: pheno]otry, -ahid susceptlblhty to"
‘biotic_and abiotic-stress factofs! Photoperiod “sensilivity! has been reported:torbe -associated vt 1 -
- - maturity-(Wallis et al;, 1981): The traditional meditm® and long-duration cultivars-are highly seasitive: '+ "+
- ; to phiotopetiod, and therefore; their adaptation: is Hmited- betwedi’ 0 and:30°N-or S fatitudes.” The™ ¥ &+ =i o
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Table 4.4 ..Percent of Natural-Qutcrossing:-Recorde:
in Plgeonpea in Varlous ountries

o i I cross—polhnahon Patha.k(1970) reportedpr nzellzfera o
ST and Apzs cimsam as the main pollmzmncr agents: ‘Williams (1977) reported a variety of insects
: : _v1s1tm=r pigeoripea, but the Megachile. spp.and Apis meliifera were found tesponsible for transferring -
...poHlen grains from ope plant to another. She; estimated there are-between 5,500 and 107,333 poI]en'-'.._'
' . graius on, the body of each: dnsect; and more than 90%, of those poIlen grains:belonged o pigeonpea..
- Im Ke ya, Omm (1981)f0und 24 insect species visiting pigeonpea flowers, ¢ach visitlasted between-
"15.10 55 seconds, and that Xylocopa spp. (carpenter bee) and Bombus spp. {(bumble bee) play an -
;-.,'1mportant role in cross-poilination. Brar et-al. (1992) reportedApzs mellifera, A. dorsata, Xylocopa =
" spp., Megachzle lanata, and. Ceratina binghami visited pigeonpea flowers,-but.only Megachile
lanate and Apis dorsata. effected. cross-pollination, while Verma and Sidhu- (1995) reporied high

cultivars bred at Patancheru (17°N) appear uniform under shorter day-lengths, but when tested under populations of Megachile lanata and Xylocopa spp. The large range in outerossing reported in the
the long day-lengths of Minnesota (45°N), they were variable in flowering response. A further S literature might be due to a varisty of combinations of various factors, including the number and

selection under long photoperiod ervironments resulted in the development of lines that were uniform i type of pollinating insects, wind velocity, habitat, and crop’ growih. The number and type of
for flowering in both environments. Such lines, when tested agaia in Patanchern, produced low = - _pollinating vectors, however, are the most important facters. In-addition, genotypic variation in .
" 'biomass and yield and matured in only 85 to 90 days. Their biotass and yield, However; ificreased. - floral. morphology, such as tightly v apped. petals: (Byth-et: al 1982) and clelstooamous ﬁowersr o

" *moreé tapidly thian other cultivars under thie artificially extended photoperiods as their maturity. duration - (Saxena et al., 19922), record reduced-outcrossing,

~ increased by 25 to 30.days (Cheuhan, 2001). This suggests that the materials developed at higher

. latitudes can be grown successfully at lower latitudes, but the reverse miay be difficult. Therefore, in- - - "

* - ordério developonltivars adaptéd to particular latitudes, the:day-length should be ideally longer than- * -l
" that prevails in the tirget location. "The cultivars developed at higher latinides Under high temperature™ *'> 7o

- would fiower too soon in climates with low temperatares and would' not be able ¢ accumulate - 7

' -sufficient biomass 1o produce ]Illgh indiVvidual plant- yleld ‘This is- indeed thie’ ¢ase ‘when Patancheru .

i+ o1 TIN) Bred material is taken o the highlands in Kenya'-For achieving high yields in’ sach. env1ron—~" s

' ments, ptgeonpea cultwars w1th long juvenile phase would be néeded (Figure 4.2). )

) Flgure 4 2 A shert-duranon vanety ot p|geonp°a

' medlmn-duratton culiivars ‘are” mamly grown between the Tropic of Cancer and the Tropic of Caps* =,
‘ncom where Wmters are mﬂd In this rantre of lautudes the lonc—duratlon cultivars crenerally suffer:
~high altitudes. The short duration” types are more i Tess insensitive to’ photopenochc changes, and:

- these can be grown successfully over a range {0'to 45°) of latitudes. This isaiirity group is receiving
importaticé in breeding and agronomy research. A niumbel of genotypes with wide adaptation Have: SR
been bred (Saxena and Singh, 1996). Davis et al. {1995) reported that the short-duration pigecnpea

B 7 3. _Breedmg-Strategtes

Indta accounts for more than 85% of. global ploeonp 7 ,.productlen, the nahonal productmty
. ranges bet:ween 0. 6 to-0.7t ha-!, and.there has been no change in these- statistics over the past few-
-decades., 'Ih]s glves a d1sma1 picture;.and concerted efforts areineeded.to-improve the-yield levels:
Since pigeonpea is: grown under a 'w1de range of cropping: systems and environments, and new ;-
_.systems ha_ve _em_erged,.j tmposs:ble tq have similarbreeding: objectives, as such objectives may ... . <

‘vary from-one croppmg system to the: other and. approaches The maximum gain in.productivity -
will result from paraliel advancement in both genetic and crop management. Since the. phenology -
.and estlmates of genetic parameters are known to be highly. sensmve to photaothermal effects, and - -
- the. existing: pmductmn systems have.evelved around.-them, breeding. methods should address the.
re, the-i d1v1dmﬂ prOdUCtIUn and . cropping. system and therefore -specific breeding - -
.-programs need to ( eve!eped (Byth et.al., 1981) However, there are certain areas for which. the:
”breeclmo prorrrams .can be oriented across the environments, and. cropping . systems These. include. - ;

- --4 7.2" Natural Outcrossmg

- Howard et al (1919) were the ﬁrst to report 14% natural outcrossmU in’ ngeonpea Saxena et o
v.:al, (1990} reported - large variation (0 to70%) in ‘the extent of natural outersssing in different:
. genetic materials at diverse locations (Table 4.4). The Iarge yellow- and- red-colored flowers attract:: -+
. avariety-oFihsects. Theése insectssit on the fully grown or open fiowers ‘and*work’ o them. Duking -
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wﬂd Iatwes and vanous h1otechnology related aspects For a Suceessfu breedmg program aimed

ﬂerrnplasm originating from Asia, Africa, and South Amenca contain

; wea]th systemattcally, and most breeding programs suffer with this deﬁciency o

il help, in fulfilling the breeding, objectives. . :
'Three. major maturity groups are recognized in plgeonpea These are short

h ,durat:on types generally have wide adaptability, and they.can be grown in a range of env]ronments

) are trad.ltlonally grown, which suffer from high evapotransprratzon and tem'unal drought at the

‘i'eumvars is hkely 0 ratse the producnwty in these areas..,

7 55% of the lughest yielding _pigeonpea lines in Intercrop with sorghum would have been selected

l ‘_from the pure crop. In all the pigeonpea breeding programs, selection and on-stauon evaluatton of

advance generation of materials is done as sole crop, while their final products are always grown
under intercrop, as this may be the reason. for low probability of success.

The natural outcrossing in pigeonpea is substantial, and it has significant influence on breedmg o
efﬁcxency S1nce production of crenencally pure seed in each generation of gelection is pracncal]y_

) 4;1mp0551b1e due 1o oiterossing, the gams from ped:gree selecnon, especlally for quantttatlve traits
Tike yield, are hrmted To overcome, this l1rmtatton Green et al.. (1981), recommended the use of

bulk hybrid advance, population breeding, and Liybrid ‘breeding. In the past, pedigree breeding has
"'been suceessfully exploited for incorporating disease, resistances, earfiness, determinate growth’

o _hablt ‘dwarfing, large seed size, white seed colot, and Jong’ pod On account of repeated matral

o outcrossmg and vast segregatton in each cyele of cultivation, mvanably aIl the culuvars of pigeonpea .

*have become hwhly heterogeneons for various. quahtatwe and quantitative traits. This variability "

l1s consrdered & rich genetic resource pool from which useful varianis can be selected. Shaw etal. . .

o ' (l 933) w e the ﬁrst to recognize the value of this phenomenon and they 1dent1ﬁed 86 va.nants of '

_,r_'..'which some were highly resistant to fusarium wilt disease. A number of .varjeties have been .

el developed ftom such.inter- and mtra-accessmn varlahlhty n;u:ludmcr popular cultivars like T 21 e

© . Prabhat, UPAS 120 C11, BDN 1, HY 3C, HY 3A, T 7, LRG 30 in India, and ICEAP 00040 and .

- ICEAP 00053 efc. in southern and eastern Africa.
Breeders are res archmg for any ﬂoral modlﬁcahon that

identification of the source of resistance for diseases and pests, transfer of a specific trait from the

. addmve ag-well as nonadditive genetic variences deternnne the expressmn of 1rnportant agronomic. -
- traits, the breeding methodologies in pigeonpea should be geared to explmt them The p1geonpea;'

Tor the improvement of yield.and adaptation, hardly | any attempt has. bee _.made t \use thts genetlc .
program for utilizing this genetic variation -— and that from the crossab]e wild relattves of plﬂeonpea

divm (180 to 200 days), and long (>250 days). Tradlhonally, the, lonn-duratton typ-es are’ g-rown.:: :
.northern India (27°N latitude} and Africa, while the medium-duration group is cultivated. in .
‘. ;Maharashira, Andhra Pradesh, Kamataka, and Tamil Nadu n, India and in Myanrnar The short— B
It hag.been cbserved that in several pigeonpea growing argas; the rnatu.nty of the cu1t1vars doesnot
unth the. prevaﬂ.mg soil type, temperature, moisture avaﬂablhty, and cropptnc' systems, Wthh,‘ o
Tesults in poor: adaptatton and yield. For example, in parts of southem IndJa long-duration types
,reprodueuve staue and yield ranges from 0.4 to 0. 5.t ha. Shlftmg to earher maturrn'T o I
The sub_]ect of breedmg varieties, spec1ﬁca]ly sutted fori 1ntercropp1n=r is always open for debate,:_' ] '

. :-",'Iaraeiy ductos vanety of crop. combtnatlons and their management practices, Green et al. (1981)"{ .
summamzed the results of a four-year trial and concluded that with, 33% selectton 1ntens1ty only L KA

ould dJscouraue natural outcrosstng

'zoutcrossm'a‘]s also con51derab1y reduced (Byth et al., 1982) but ‘this trait is not dependable, as’

.. PIGEONPEA [CAJANUS. CAJAN () MILLSR.-

In :conclusion, while: developmg g hreedmg procrrani, eonsreratton should - be gtven to-the -
; prevaﬂmcr .cropping systems and: acro—ecolootca.l paramieters, ‘Care:should:be teken to ineorporate
. -maximum.genetic diversity.in the' selecting. of parents for hybridization.” Perhaps ‘evaluation of
;. potential'parental lines for-one-or two-séasons will be useful in:achieving the. optnnum gains from

.-.a'breeding. program. The- rnatmg and selecuon methods should also.consider the, avadablhty of
. .'hurnan and ﬁnanc1a1 TESOUICES..

' 4 73 1 Pure Lme Breedmg

4. 7. 3 1 3 Breedmg for Seed Y.'eld

Breedmv for h1 Uh grain yleld and stab:hty has long' een. the pnme ObJBCtI\'B rnost programs
. _Slorruflcant gain in yield has been achieved in pweonpea by mcreasmg area. However the produc— o ;
- gvity of -the: crop has remained stagnant for..decades: Con31derable efforts have been made 10 el
.:. -improve the yieldof traditional medium- and long-duration vanetxes through conventlonal breeding, .. .
S but success has been elus1ve in most cases. Swarmnathan (1973} attnbuted ihis faﬂ ure. to 1nefﬁctent, S
' seiecnon efficiency. and- various mherent physnological and manaoement ].mntattons of the:er P
Chauhan etal: (1994) viewed it as the consequence of inherently poor par‘ttt:oru]:tcr of caxbohydrates, A
: IGSUIE[D" in storage of high pmpornon ot foodl Teserves in. nonreproductlve parts -and resultmg in,
- poor. harvest inde :The development of annual type may help m 1prov1ncr the harvest mdlces 1n;"_‘ .
P 1<reonpea (Saxena et al., 1992b). o A L
... Green et al. (1981) empha51zed the mﬂuence of genotype—envuonment 1nteracttons on tbe: L
U mamfestatlon of c'rowth and yield in praeonpea They demonstrated that such interactions. wers .
S ‘particularly s1=rn1ﬁoant at macro and micro levels. They eoncluded that envnonmentally induced. .
o - interplant variance is very high and, therefors, in early generation, selection for yield based on
individual plants may not be effective. They recommended that the selection for yield must be
based on progeny or family performance. To minimize the influence of different cropping systems
and environments on. selection, Byth et al. (1981) advocated that breeding .activities should be
.-+ targeted for each specific environment, Saxena and Sharma (1983) concluded that the low- yielding = - ¢
e ;:;crosses can be. safely rejected based.on. Fl performance Hwh—y1eld1ng crosses in-the F, shouldbe. - ... o
L _' tested in theF as.well for conﬁnmnu the CTOS8- performance and:final selecnon, since the relations. - o0 '
ship between F, performance and that of Iater generations was more consistent. S
In the ‘short-duration- group, w]nch differs prossty in phenology-and is cultivated as sole crop, . ‘
a mgmﬁca.nt progress_has’ been ‘made in developmg new high-yielding ¢ cultivars. The first high--~ - .-
: -+ -ylelding short-duration vanety ICPL 87, was’ ‘deyeloped at ICRISAT from a single CIOSS mvolvmc'- R 4
a lono-duratlon largs-sesded line and a short-duration. small—seeded caltivar. ‘The selecttons made’ v
~in B generauon were handled through the pedtgree method. This vanety produced a 10% higher. :
y:e]d,than the; control with a. 30% 1ncrease in seed size in the multllocatlon testing, This success.
encouraged breeders ‘and a number of: varicties.were released in tlns matunty group. They include -
X ICPL 151, ICPL2 (1n India); ICPL 87091 (1nKenya Malaw1, and Tganda), ‘Huunt, Quantam, Megha o
“arid “Quest’ (in}Anstralia)," and M'N MN 5, and MN 8. (in,=_the\U;.S.)..Sir1ce early maturify is. -
- associated with photopenod 1nsenstt1v1ty, these vanetles showed relatively wider adaptation (Wa]hs' .
3 et al l_981) o} the Internatlonal Nursenes €0 ducted by ICRISAT such hnes produced 2 0.3
: yield. (Table 4 5) at latJtudes ranrrmg frorn ‘ 0142° N and S -
axena of. al,’ (1986) demonstrated @ qua.ntum jump in the, y1eld potenhal throurrh heteros
ceding. ‘The-‘ genetic male_—ster' 'ty-based hybrid ICPH 8 recorded 25 0 30% yield advantag. .
" thie farmers’ fields (Saxena et al., 1992¢} The development of: more efficiént cytoplasmic male.
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.. Table 4.5 Seed Yieid (t ha-‘) of. Extra—Short—Duratmn Plgeonpea Lines at Different Latnudes:' [y
Sn e 1888-89;, v s s

. Latitude. (°N)
7.4, 23 .- . 29, ... 31

235 475 106 0 174873 186 206

- - :
tor2 2l e 188, 146 148 . .00 S SE T BE8 LT TTE
L3444 - 1420 483 - 187 187 - 280 249 159
L279 159  1.88 . 117 125 . 316 233 215, .
T4 111 125 0.63 20t 271 117,138
U087 Al 222 149 128 2737 7338 20007143 T .0
CBR 4217 1,290 o8 118 - 2520 083 246 o
CULET ~ 186 - 178 180 - 1200 - 347 0 123 133
Mean 2.17- 1.65 .59 116 167 31e 170 177
. SE + 0.28 £015 =024 =010 =005 =004 NA NA :
- CV% 228 1145 - 202 128 . 470 . 173 CNA L NA -

NA= Not avaxlable single repllcatuon data.
Source: Saxena (2002}. .

: 'ster:hty systems (Saxena and Kumar 1999) has helped for greater- gams i3 the product:vrty of ﬂns .

cr0p Th.ts is dlscussed in greater defail in a later section. -

4 73 12 Breedmg foersease Hesrstance SEERPSTE RN

; _attempted Considerable siccess has been achieved ir wilt and sterility mosaic resistance breeding,
due to the development of an effective field screening technique. For developing a wilt-sick plot,

+: gufficient inoculiim is maintained uniformly in the field while for sterility mosaic disease, a simple’ ™ © -
- _spreader-row technique is used (Nene et al., 1981). Since both diseases -are. iinportant from an:

- adaptation point of view, a single rursery for both the diseases hias been established at ICRISAT. -

. The susceptible controls are grown at regular intervals to monitor the level of inoculums in the . -

screening nursery in each season. The choice of breeding method for developing disease-resistant
cultivars depends on the genetic nature of resistance sources. For wilt and sterility mosaic diseases,
where good resistance sources-are available, pedigree or mass selection has produced good results.

" Pedigree selection within the landraces has been very effective in India and Africa for developing

wilt Tesistant cultivars. In India; variety Maruti, a selection from ICP 8863 collected from Maha- - .
rashtra State; is proving a boonto the farmers-in the wilt-prone areas. In-some districts, its adoptlon -

is as high as 60% (Bantilan and Joshi, 1996). A selection from a Tanzanian landrace (ICP 9145)

" has been adopied id 20% area of Malawi (Sitim, 2001). Since wilt and sterility mosaic diseases

" may ceurin the same region, ICRISAT emphasizes to breed varisties resistant to diseasés together.

- Large T, populations involving single, double; or three-way: erosses. aré grown in: the multiple-

- disease-sick nurseries. Individual plants resistant to wilt and sterility mossic diseasés are identified.
To maintain their genetic purity, these plants are selfed with muslin bags. In subsequent generations,

" . the evaluation for yield and other:agronomic traits is done’in d1sease-free ﬁelds and the same:

: matenal is sown in disease-sick fields to monitor the disease incidence.. ~ - - .

1071992, ICRISAT developed a widely adapted medivii-maturing pigednpea vanety, ICPL- -
g 87119, through bulk-pedigree method, This variety demonstrated high level of resistance to wiit -

and sterility- mosaic diseases and was also high yielding. In-the All India- Coordinated Triats, ICPL

+ 87119 recorded 20% yield advantage over the control C 11, Thrs vartety is very hlghly popular in -t

- peninsular India. -

. vtasshouse -and field inoculation- techruques (Kannaiyan et al.,’1981), obtatmng uniformi- disease
‘reaction in field and glasshouse is still a problem (Reddy et al., 1990). The development of & number

Breed.mg pigeonpea re51stant 1o wdt stenhty mosaic, and phytophthora dlseases tias been:-

For phytcphthora bhght althoucrh conmderable research has been done or standardtZatrort of -

4 7. 3 1.3 . Breedmg for lnsect Resrsrance
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-of pathogenic taces has furthér complicated-this work Fromi fheworld collection, only o few lines;:
- guhias KPBR'80 and ICP 9252, have beer identified” wrth ﬂe]d res1stance o P2 and P3 1sciates )
“and: thiis Tesistanice is expressed only’in‘adult:plants.

Alternana leaf spot [Alternaric: temiissima (Kinzo ex!

Wild relatives of the cultivated species are knowu to sources of useful genes. At ICRISAT

Lo successful search for. dtsease resistance has been made in the. wrld relatwes These include C:
. scarabaeaides and C. sericeus for sterility mosaic, and C. plmycarpus for phytophthora blight and’
eyst hematode. The transfer of resistance from the wild relatives needs-more resources and shouild

K PH o RN N USRI - » SO

: ‘ isa drsease frequenﬂy' o
observed intheilaté-sown: crops; and-in certain agro- “gcological areds stich as-eastern parté " (Bikiar, -
Orissa) ‘of India.- Two resistant lines, ICPL' 366 and DA '2,-hdve beeii- bted Onim- and Rubaikiayg™

" (1976) selected UC 796/1, UC 2113/1, JCP 8869, aiid ICP 17792 lines resistant to Cercospora leaf’

+ "spot in Uganda. Line ICP, 9177, a collection from Kenya, ‘Bas shown imiuneTeaction to powdery. -
- mildew (Raju;-1988). Some of the powdery mt]dew—resrstant accessions such as ICP 8862 and TCR 7+ -

- 7035-also have resistance to wilt and sterlhty rnosalc chseases Such mater;als are croed source for' S

- muiltiple disease resistarice breeding. : - o

be restricted in cases where the resistancé in the cultivated typés is lacking. For example, the = ¢~ =0

-tesistance for-wilt and stezility mosaic diseases is-available in the cultivated types, which-should - -

..~ be preferréd in-breeding. On the contrary, some C. platycaipis dccessions have shown high level- ~
© " 'of resistance to B isolate of phytophthora blight (Saxena et al., 1996c), 4 trait not available inthe
primary gene ‘pool, Mallikarjuna and Moss (1993) transferred the phytophthora res1stance to-

cultivated type using the embryo-rescue techaique. :

. formation on-the genetic control.of pigeonpea diseases is restncted only to ma_]or {hseases

B Pal (1934) wasthe first to report that pigeonpea wilt fesistance was contfolled by multiple factors,

* . .Shaw--(1936) ‘confirmed the presence of two complemenitary genes for resistance. Joshi (1957) ; -
+ and-Pawar-and Mayee (1986)-concluded. that:a"single. dominant gene determined resistance to

- fusarinm wilt. Resistance to sterility mosaic disease was reported to be controlled by four: inde--

- pendent loci, consisting of two duplicate dominant genes-and two duplicate recessive genes.-The-
.expression.of resistance of at least one dominant allele at locus-1 or 2 homozygous recessive

genes at jocus 3. or 4 are essential (Singh et al., 1983). Sharma et al. (1984) repozted that two
genes govern the resistance to sterility mosaic with multiple alleles for resistance to sterility
mosaic diseases. Srinivas et al. (1997) reported two nonallelic recessive genes for resistance to

' race-1.- A single gene controlled the disease reaction with three alleles for the race-2. In case of
.- phytophthora tesistance, the information is available only for P; isolate; and a single dominant -
*-gene-controls the resistance (Sharma et- al 1982) A smcrle recesstve gene contrels Altemana-‘--

‘blight resistance (Sharma et al., 1987). - e e BRI SRR

toward the successfil management of this: age-old problem. Sadly, the success has been limited,

-.despite- large resources invested in'this area- Breeding for: resistance has been attempted for
- Hel:coverpa armigera and Mariwd. vitrata usma open-field séreening:- methodolouy at ICRISAT. -
- - These programs-started with' germplasm’ screening under nonsprayed conditions to identify sources: -
" of tesistance. ‘A ‘brief account of: the constramts and achlevements assOcrated with breedmc for. R
'+ | resistance Lo major msects is givem beiow BT et R T e o R

Hehcoverpa rest.sta.nce breedmg : : Sesnn : o
At ICRISAT extensive research has been conducted in the last 25 years for 1dentlfymﬂ 11nes w1th, B
hlgh level of Helzcouerpa resistance. No truly resistant. genntype was identified from more than
. .10,000 accessaons screened. I-lcuweverH a few accessions with relatwely less pod damdge, classi- -
. ﬁed by me; 85, Loleraut" and by others as remstant” were 1dent1ﬁed These results were not

In ptﬂeonpea the se of cultwars resrstant to the major insects would be a s:gmﬁcant step‘
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Table 4 & ‘Pod Borer Damageand Seeleeld‘of HelJcoverpaTo lerant\lanety
i -+~ Abhaya and Control BON 1. : }

Abhaya - - BDN T (Control)

: KR Pod Damage " -Yieid Pod Pamage - ' Yield

YearfTrall (%) Cfthasl)y S %) .- (tha)
Cigs4- -"‘2"--'-_49.0 R -7 AR S (-7 B ¥ < R

1885° C 11.6 1.84 - .- 334 - had

o .- 1886 o225 105 . T4 . 058

- te87 . ... .. 708 273 . - 942 154

1888 100 T 148 7T 4B 0.89

T Kagai v - 3454 R 7 AL -~ ¥ - -

Source: Compiled from various ICRISAT reports,

" ‘gonsistent in the expressmn of resistance level over seasons ‘and locations. In addition, inira-ac- - )
* cession variability for compensauve reprodictive regrowth following pest damage further adds k
 to'the low heritability of the pod borér resistaricé. The vanable insect population pressure in dif-
ferent years has also been a complicating factor.-
The field screening for Helicoverpa resistance has resulted in the identification of some genotypes R
- with noticeable-ovipositional nonpreference but 2 change. in insect behavior.under no choice con- - -

ditions restricted it§ wse in.host-plant resistance breeding (Reed and Lateef, 1950). Antibiosis, an-

.. other potential resrstance mechanism against Heltcoverpa also could not be used effectively in.

breeding due to undesirable Tevel of the chemicals, Since different plant types are equally suscep-

tibleto Helicoverpa, the “plant type" approach for reduced damage also did not work. The transfer .
. of moderate level of resistance from germplasmm i [ agronomlca]ly superior genotypes was sugcess-
N “fully achieved through hybndtzaoon and selection (Tatie 4.6). The teleased pigeonpea variety ‘Ab-

" hays’ in Indis, toletant Helicoverpa, coitld not ke any impact due 1S severe pod damage in the °

years of high insect pressure and its suscepttbihty to fusarmm wilt dtsease

Maruca vitrgta Tesistance breeding

- Maruca vitrata (Geyer) is a serious insect pest of troprca] ]eg\imes. In Sr Lanka, vield losses due - -

to- Marica damage in pigeonpea range up to 100%. Field screening of 271 short-duration acces-

. - sions revealed a large variation for Maruco damage to flowers and pods. On average, the Maruca

damage in determinate accessions was higher (66 to 75%) than that of nondeterminate (41 to
50%) accessions (Saxena et al., 1996k). To purify the genetic stocks, pedigree selection for re-
sistance to Maruea damage was carried out for four generations of unsprayed field plots. Some
determinate and nondeterminate selections showed significant yield advantage over .controls

(Table 4.7y, Under 1nsect1c1de-free conditiens in companson to controls, the yield losses under
'nonSPrayed conchttons inthe Tesistant selections were sma!]er (Saxena et al, 2002 a). The resist

tarice to Maruca was conditioned through yield compensaoon mechanisms. Poor larval growth

"and any other interference in the normal growth cycle of larvae feeding on the resistant line were
- .‘possible Teasons that may have contributed to resistance (Shasma ef al., 1999). Saxena'et al.
(20022} showed that by usirg the Maruea- reststant genotypes, itis possrb]e to reduce the num-
-+ o berof insecticide sprays for econormc yields. : AR . s
Breedm g for Resistance to Other Insects -
.-Although podfly (M. obtusa) causes considerable y:eid losses in lcmcr-durauon pigeonpea, htt]e ef-
.. forts have been made to breed resistant genotypes. The resistant selections such as GP3/3,SL .. ...
. 21[2 ICP 7151, and ICP 8102 were identified in germp]asm scregning, and they exhibit 5to0. | |
. 10% .damage under unsprayed fieid cond]tmns whereas in the suseepubles p to 50% damage L
was recorded (Singhet al., 1990). Lal et al. (1986) suggested that by selection for shorter re.pro-‘ '
" dnctive duration (less ime from ﬂowermu to matunty) the podﬁy damage could be significant- o
- 1y reduced or escaped So far, no breedmg program has been undertaken i) develop podﬂy-

resxstant cultivars.

In Kanya Oménga and Metata (1987) ubserved genotypac differences to pod—suckmﬂ bug (Ciavzgmlla :
spp ) damage. The seléctions 423/85 and 423/20 1dent1ﬁed from local landraces hdd some Tevelof

- résistance to the pod-sucking bug. The research on this’ ‘agpect was not pursued- further and th.ts re-

" sistance héeds to b2 stabilized and quantified before irsing in the hireedinig program. -

"-. PIGEONPEA [CAJANUS CAJAN (LYMILLSP]: -

4 73 1. 5 Breedmg for Hfgh Prorefn

‘Performance-of-Pigebnpea‘Lines Selected for Résistance to the Leoume e

N Seasoni © . e e . .
A S T .‘Days to - Days,to SEEd ‘i’leld (t ha")  Yield Loss
..Genotype .. - Flower’. | Maturit _Sprayed Unsprayed i (%)
.+ Determinate » -* Coe O - o .
© MPG 537-M1-21B .82 - 109 - 238 . - 20 - 15.9
MPG 537-M1-2-6B8 59, 108 - - 207 1.83 B b -
_MPG 537-M1-2-M4 0. 107 208,188 1.0
MPGESMI-2-M13 s T fort . 287 - 158 T o354
©MPG 537-Mi-2-M16° 58 o107 v . 2008 ¢ <-fE2 225
-~ ICPL- 87 (contral) - - 63 - .- i@g - 2.38¢ - 0.60 746 -
Mean (n = 15) 60 108 212 1.52 283
SE {var) =14 =023 .
| 'SE (spray) e 008 e
" 8E (var(—>spray) B ‘=032 T
Nondsterminate ) L A
MPG 664-M12-M2 ~ - 83 109 2.41 '1.99 o174
MPG 864-M1-2-M13 @5 Y110 7 284 7 2dAg T T 17
“MPG 864-M1-2-M22 7 - 88 - YV A1 225" B T AR 25.8
. MPG 664-M1-2-M23 - - . 68 . q30. .- 280 - 0. 168 . 424
" MPG §64-M1-2-M27 - 67 . 140 . - 222 . 182 ... 135
_UPAS 120 (control} . ... @6.. ., 115 . . .282 . 0670 . 688
" Msan (n = 15) 66 " _' 710 .2.50 - 142 :
SE (var) =1 5 B A .+ 0.20
SE(spray) - -+ o o— oo = . 07 =008
K oL x=028

SE (varospray) - - ——

“ -* Under unsprayed conditions. -
Source Saxena (1 999)

4. 73 1. 4 Breedrng for Dwarfness

Realization of yield potential of p1geonpea coltivars is often restricted due to the damage caused

by a variety of insects. In the absence of insect-resistant varieties and effective integrated pest

management schemes, it seems that any attempt to increase pigeonpea productivity is unlikely to
make' an’ impact without the use of chemicals. Most cultivars at feproductive stage achieve the
height-of 2 to 3 m, which does not permit effective chemical sprays for contfolling the insects. The

' introduction of dwarfing genes in productwe backgrounds appears to be a logical approach for

effective insect management to maximize yields. Saxena and Sharma (1995) reported 12 sources

.-of genetic dwarfs in pigeonpea. Of these, Dy has been utilized to combihe yield and dwarfness-in
" ghort, medium, and long duration groups. The height in'dwarf inbred lines ranged from 70 to 80
“*tcinv and’ produced acceptable yields, Turther breedmg and select[on is requued to develop stable
. and producnve genetncal]y dwa.rf cultwars

) Proteln content of ngeonpea dhal (decort]cated spht peas) ranges from 20 to 22%. However, o
a number of wild relatives of pigeonpea have” protein content up to32%. Three to four genes contral

ihe. genetic variation for protein content in pigeonpea (Dahiya et al., 1977). A strong maternal effect

.- ~indetermining thé seed protein content: whs Téported by Dahiya and Brar (1977). Dutiza (1989)
g reported that the protein content was under additive and complementary gene effects, A breeding ': :

o program was lavinched to énhance the protem content by transferring high protéin genes from the

e wild relatives, sach as C: scarabaeoides, fod seuceus ‘and ‘C. elbicdns. Since these species have a
" humber of agronomically undesirable traits fncluding hard small skeds, buishy plant type, and Jow

Pod Borer,Maruca wtrata, Maha iliuppailama, Sri Lanka 1896-1997 Flamy St e G
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. yield, the breeding: for- combining protein with: high. yield-and..quality-seed ;proved difficult-and. --
L reqmred large resoiirces. In each'segregating generation; large populaticiis were-grawn: and- selecs”
tjons-were made for these traits. Among the high protein agronomically supenor Jines; the-seed - -+ .
=+ size was correlated negatively (Saxena et al:,-1987a) like in otherfood ciops:-From this-genepool--
a.number of high yielding lines have been: derived (Saxena et al., 200’313) At 1s estlrnated that by .
growing such lines in one hectare, about 350 to 450 kg crude: protein could e harvested, with an-

advantage of 80 to ‘100 kg protein ha™' over the standard coritrol. Biological evaluation of these

lines using rat-feeding trials showed that high protem genotypes were nutntlonal]y supenor to the

eontrol cultivar (Srn‘rh et al, 1990)

4.7.3.11.6 Breeding'for Vegetable Types

Pigeonpea pods picked still green are an excellent vegetable. Green pod is normally picked
.when the.seeds -have feached | physmlovmal maturity.— that 18, when they are fully grown but just

before. they lose their green color. It is currently an lmportant rnarket eommodity in’ the Caribbean, - .

Africe, and a few areas of India. Vegstable pigeonpea can be an.exceflent substimte when green

. pea- (Pisum sativiun L.) is unavailable. Although vegetable plgeonpea is not normally. as sweet as .

green pea, it-is preferred by some consumers and is usually less expensive. The traditional vegetable

type is late maturing, produces- green pods for a limited period, and pads and seeds are character- -

istically large. BICRISAT has bred a number of short-diration vegetable type lines from which fresh

- green pods can be harvested for a larger period to incréase farmers profitability.-One such variety,
ICPL 87091, has become very poputar’ in India, Afica, and China. The vegetable pigeonpea seed

- is more nuiritious than the dry seed.because it has more. protein; sugar, and-fat:than the mature
“seed: (Table 4.8}, In addition, its protein is easily digestible.-Green seed contains considerably lower -

.. quantities of the sugars that produce gas in the intesting (flatulerice). However, there are fewer

minerals in the green seed than in the mature ssed (Faris et al., 1987).

Table 4.8 Comparison of Some Nutritional Constituents of the
Edible Portion of Dry Pea and Vegetable Pigeonpea |
on a Fresh-Weight Basis '

Green Pea

Constituent Vegetable Pigeonpea

.Chemical Composition {g 100 g™)

Edible portion {shelllng %) © 530 ‘720 - -
Moisture™  ~ B £ DR Y L S R T
Protein e TR BB e e :
Carbohydrates 15.9 ’ 16.9
- Crude fiber ) 40 . 6.2 S
~ Fat ' 01" : 10"-"‘

Mmeral and- Trace Elements. (mg 100 g")

Calcium ’ 200 0 ° T 57.0
. Magnesium " T T 340 T T BB
- Copper” T 02 e 04

Iron . e 15 . S

) Vltamms (mg 100 g-1) ‘
Carotene (vit, ATO0 G B3O .- . 4890

_Thiamin {vin, B1) o 0.1"_ SRrYS i
' Ft|boﬂavm (Vn B2) co ‘0_‘0-1-. . U oa
o Niagln- 70 - . . 08 i o s

Aseorblc acid” (Vlt C) B - 1 (< 1}
Source.‘FarrS el al, (198‘7):‘ et
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4. -Fast neutron . Seed:size . .
- Fast;neutron, rnutants crossed - Maturity
8, Kr—rays ) . VYje_Id .

i

In companson w1th pea, vegetable p1creonpea takes longer 1o cook and is not as sweet — but i
is, much :more nutritiops. On-a fresh-weight basis, veaetab]e pigéonpea. ‘has.a greater edible pOI'I‘.lDl‘l,
more protein, carbohydrates, crude fibers, fat, minerals, and more of some vitamins than green pea

L Partreularly noteworthy is their very high level of v1tarn1n A and C..

N [, 4. 7,3.2 , ll/l‘utati::m-~ Br_eedmg y

The 1n1tral cLop. J.mprovement acnvxtles usmg mduced mutattons m plgeonpea were targeted fo
.. study the effective doses of various mitagens and. mduced lnenet:]c varjation for-various morpho-,
. logical traits. So far, 73 pigeonpea varigties have béen released for India. Of those, on}y five were
released through mutagenesis (Table 4. 9) For EMS {reatment, (0 6%) ‘was found effective and

.. variety Co 3 was developed Another vanety Co 5.was developed using 16 Kr.of gamzna rays. Two -
- varieties, TT5 and TT 6, were developed nsing fast neutron treatment. Besides high' yield, T'I' 6.

-+ by mating two mutznt pure lines deﬂved from fast neutron reafment. This vanety is high y1eld1nu ’
. " and matares about 30 days earlier . than the control Bhatra (2000) postulated that in the new.
.. .-milennium, the use of tradluonal mutauens in developmg cultivars will be restricted and con51der1n°
the potential of this approach, future mutation research needs 10 be directed toward improving more
_difficult characters such as root traits, nodulauon, host-pathogen interactions, photo- insensitivity,
apomixis, and release of gene sﬂenc:mﬂr in transcrenrcs

W 4.7.3.3  Poputation Breeding

In the self- polhnated crops conventwnal breedlng imposes restnctmn on the chance of recom-

L bination Tates, retains tight and undesn'able linkages, and restricts the number of desirable alleles.
" at various. loci that can be accumulated in the selected line. Pigeonpea, ‘a predormuantly self-

polhnated crop with varying degrees of outcrossm has populanons with homozygous balance.

.Kpan (1973)- advocated the formation of composites for maintaining genetic variability, recombi-

_ nation breedmg, and the selecuon of smg]e plants for convent:onal breedmer He also emphasrzed

""‘that after three to four generations, of random mating, these composues can be u:nproved by a
suitablé system to prov:de a heterogeneous populanon, wh1ch can be released to the farmers 25 an’

. open-] pollmated variety. .
on the dual populatton system (Rachie. and Gardner, 1975) was initiated at JCRISAT. In the dual

in’ isolation and plants with ‘the’ recessive ‘marker are harvested in F3 plants with the clom.mant:

_ Onim (1981) tested o populann rmprovement methods — strattﬁed miass selecnon and mass

* selection with- progeny testing in marginal- rainfall areas. He reported 2 and 4% yleld gain per cycle

under stratified mass- selectron ‘and mass selecnon with progeny. tesung, respectlvely SmUh et al,
(1999) compared the relative efficiency of four population improvement schemes in increasing the |

A0 ey

) . has 25% larger sead. than parental line T 21 (Pawar etal, 1991). A vanety 'I‘AT 10-was developed -

- To.incredse recombination by mtermatmg of genotypes a populat]on breedmor program based -
. population. method, a parent with an easrly observable recessive marker is used. The F; is grown: ..

marker. gene-are harvested, and in the F, plants. with the recessive marker are taken. This alferation -
ensures that.only, cross«pollmated plants are advanced “This method d1d not produr:e good results. R
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. The ﬁrét attempt to exploit somaclonal variations for the varietal improvement in pigeonpea: . .-

. was made by Chintapalli et al, (1997). They regenerated plants from cotyledon explants of a short-
. duration brown seeded variety, JCPL 87. The regenerated R, p]ants exhibited congiderable variability

- for floral- morphology, plant height, seed size, and seed color. Tissue coiture produced both dominant
and Tecessive mutants. The. promising selections were grown:in field. for pedigres selection for ..

various agropomic traits. Field evaluation of 15 selected somaclonal variants exhibited large vari-

- ation for yield, seed size, and seed color. The best selection, ICPL 99073, had white attractive .

) seeds with 25% increase in seed size and 30% more yleld (Saxena 2002)

' 4 7. 4 Hybrld Br eecimg The New Prom:smg Technoiogy

I‘he genetlc 1mprovement sesearch on various aspects of pigeonpea began in 1914 and DEW - .

' ‘vaneues production packages, and resistant sources were developed. These achievements helped

.., inincreasing area significantly, but during the last-several decades yiéid has rernaired unchanged,”
- .. around:0.6.t0 0.7 tha-!. This issue of yield plaieau was considered a major challenge, and to-achieye:

" any b;éakth.roﬁg’h plans were made to utilize genetically diverse germplasm. including its wild

. relatives in hybridization programs in. different mating and selection schemes. But the success in ™

.;'-enhancmcr yield has been elusive. Unlike other legumes, pigeonpea flowers permit- partial natural

outorossmty and this phenomenon was-a bottlencck in maintaining. putity of varieties. ICRISAT .

decided to make use of this limited outcrossing to exploit its hybrid vigor for developing high-
vielding commercial hybrids. The effectiveness of hybrid breeding technology in any crop primarily
depends on'(a) the availability of grower-friendly male sterility-based seed production techmology
and (b) the presence of economic level of hybrid vigor for seed yield. Therefore, our initial research
aimed at generating the crucial information or these two aspects.

4.7.4.1 Genptic Mzale Sterilify Systems

Reddy et al (1977) exammed 7214 plgeonpea accessions and 1dem1ﬁed a male stenle vaant

based on anther morphology and pollen production with translucent anthers. The tetrads dunng ‘
microsporogenesis did not separate and gradually disinfegrated in this natural mutant, It was due
-..to persistence.of tapetum and the intercellular wall of the two adjacent microspores (Reddy et al., -

- 1978). Saxene et al. (1983) réported another source of genetic. male sterility (GMS), characterized

"by brown and shriveled arrowhead-shaped anthers. Dundas et al. (1981) reported that male sterility
was caused by breakdown of microsporogenesis at young tetrad stage, and it was accompanied by
degeneration of the tapetum by vacuolation during the first division of meiosis. The anthers of
.-GMS were completely devoid of pollen grains. However, male sterile plants set sufficient pods
- under open-poliination-and thus established their potential in.the hybrid breeding program Each
. male-sterility source was found to be conteolled-by a single recessivé gene.

The use of GMS poses practical limitations in the commercial seed producﬁon of hybrids, smce
-+ it requires manual roguing of fertile plants from the:rows of the female parent. This problemn could

. beigvercome to some extent if there were morphologmal seed].mg fmarker genes closely linked with
the male sterile gene, as reported in lettuce (Lmdqulst 1960) and watermelon (Watts 1962). Singh
-et al. (1993) reported a possible linkage between franslucent male sterile gene and temperature

‘ ) 'sensm\nty Under field conditions, they found ghat when-the minimurm temperature dropped below

-10°C and the mean day temperature below 18°C; the male sterile plants shed all the floral buds,

arlablhty_for,yleld and. 1ts component traits to the base. population Mean and genetic, va.manon.a,-:. K
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Table 4,10 - ‘Plant and Seed Characterlstics of Three CMS Lines Developed at ACRISAT: Center

-Patancheru . .
.- Trait: - - : CMS 85010 CMS 88034 3
- Days to flower C . pA0=032 et 779061 .. 1355+ 088 ik
“'Plant height {¢m)™ ~ 66.3 = 0.80 R 11382192 .. -+ - 18245073 .
--.<Primary branches - 15.4 £ 0.26 a e . 1652088 oo 1284 047
100-seed mass (g} 9.2+ 0.11 ) s 1082015 .. 126042
Seeds pod-1 32+003 . S Bix008 ., - 48=x003
Growth habit - Determinate .~ "ndeterminate. ~ 7' Indeterminate -
Plant spread ' Seml-spreadlng o ‘Semi- spreadmg - Compact -
U Flowsr calor T Yellow with Ilght red straaks . Yeliow : “Yellgw with red streaks
- Stem eolor - .vo:Green . L ...:- Gireen. . .. e Purple
Pod color Green with brown streaks ' Green W|th brown streaks Green with purpie streaks
-, Seed color . Brown . ... ... Brown. ... - Whits -

" . Bource: Adaptect from Saxena (2001)

' \whereas in the fertile—segregants, the pod setting was normal, Unfortanately, this important work

was not continued. L. . o ..(/

. 4 7.4 2 Cytaplasmfc Male Stenhty Systems ' ,-

- The- development of cytOplasxmc -male stenle (CMS) ]Jnes in pweonpea would effectively .
overcome the seed preduction ineffciencies of GMS-based hybrids and. their female parents. The- .

first attempt to develop a CMS line in pigeonpea was made by, Reddy and Faris (1981) by crossing

" a wild species- (C. scarabaeoides) as female parent with the fertile F hybrld plants of -C. cajan
-~ and-C. scarabaeoides. The resulting BC,F, was fertile, but in BC,F,; some male sterile plants were -

- jdentified, but due to.accompanying female sterility, this material. was oot pursued further. Asriy-
~-anayagam et al. (1995) crossed C. sericess as a femaie parent with pigeonpea. The F, plant was

partially male sterile and the subsequent backeross populations segregated for male sterility. The

. reversion of some plants from complete male sterility to full or partial fertility further compticated

the selection and stabilization of this trait {Saxena and Kumar, 1999). Intensive selection and
backcrossing for five generations, however, resulted in the identification of three stable CMS lines

" (Table 4.10).

Recently, CMS lines have also been developed from the materials derived from the population

- having cytoplasm of C. scarabaeoides (Saxena, 2002). This source has shown greater stability
in the expression .of male sterility over locations and seasons. The identification of some male -

sterile segregants in the populatlons of crosses involving C. cajan:ﬁ)lms has-also been reported

. (Saxena 2002)

. Enwronmenta! Effects on CMS

Expenments conducted at ICRISAT have revealed that expressmn of male sterility in CMS

. lines derived from. C. sericens cytoplasm is influenced by environment. The factorsresponsible for . .- - =
" this sex reversal are still unclear, In a recently conducted tiial involving environmenit-sensitive CMS .
- selections (Table 4:11), it.was observed that:the CMS: lines _expressed complete male sterility.dn . .

- the 'month- of Angust, when- sown. in-mid- Tune. However, in the: month of September, when: day. -

. Jength and mean temperature started declining; a proportion of the male sterile plants tured fertile -

. -and produced nofmal pods. and seeds. It.was also observed that the amiount of pollen produced by .
- these ‘plants differed grossly from. plant tip plant. Further, toward m1d-F-ebruary, when day length. . -
*and mean temperature increased, these “converted fertiles” reverted back to male- sterility. Seeds
"produced from such plants, give rise. fo male: sterile. plants: without any abnormality. Smn]a.r envi-

ronmental effects have also been récorded insome F, crosses madé to study the' fert:hty restorauon S
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».Table 4.11 v-Phenotypic-Expression of Male-Fertility -‘Fertile and SterilePlantsiin the
: .. .. Environment-Sensitive CMS Lines of Plgeonpea Evaluated at ICR[SAT durmg

. Ramy Season 2000—2001 )

S S s ) ) Ratm of Femle to Sterile Plants L
,kine Ne. . :Sep_t_ember 17 . September 28 - October 10. November 11 February15 .

R s T TR 1 R o R - K] AR 13 7
o7 N a1 11 C 017
otz 57 5:7 57 ooz -
L4 N - I 8:5 - T o4
S5 - .88 - © g8 B8 016
AT o4 T 9TT 2 2RF o o WY 34
OB e e 0T e AT L . AT L 026
0:27 © 19:8 19:8 -~ 198 -y
026 208 20:6 . 208 026
A - IR < B tas 0 dma 0 Tloer s
134 o2 . 7 T omi1 U AsM s T e
185 - - .026 . 181 st 511 - 026
f487 . - o.g7 - -, dwdr. 1017 - - - AGIT . e 02T
740 0:21 i1:10 . 11:10 1910 .. 021
M odr . a1 6:11 611 07
142 o247 T imiz B 3-2c I B -3 - o4
Tay o ads T 4 78 " Tme o oeds

B Squrce: Saxena (2002).' e

) The mﬂnence of env1ronment on the expressmn of. CMS and its fertﬂrty restoranon LS not . -
... UNCOmmon’ in crop plants. Kaul (1988), while revigwing male sterility in crop. piants, quoted a .
number of such examples from \reﬂetab]e cerea.l and Ieﬂume crops. Among the envrronrnenta]-“
. factors photopenod and temperature havs been reported to mﬁuence poi]en stenhty, rmcrosporo-' .
N c'enes1s, tapetal development, and seed set. He. concluded that the stabrhty of expression is not only i
fernhty restoration and male stenhty gene specrﬂc but rt depends an the presence or.absence of

other gengs..
4.7.4.3 Fertility Restoration of CMS Lines

Identification of genotypes, which, when crossed with CMS ]mes produce fertile F; hybrids,

is a vital componest of a three-parent hybrid breeding lechnolocy This activity was initiated soon -

" after-developing, CMS I1nes, and of the 291 combinations tested, only 7 fully restored the male

fertility. For 1dem:1fj/1nOr new fertility restorers, the. germplasm Tesources. available in ICRISAT’s . .

gene bank are being used. Since most germplasm accessions are heterogencous due to partial
outcrossing, the F, hybrid progeniss segregated for fertility restoration and other agronomic traits,

" Pure lines with. 100% fertitity restoration have been, developed through selection from such germ-

' lplasm (Saxena 2002).

- _4 74 4 Spec:al Features of Hybnds

47441 Hrgh Yield

Smee rn any pulse crop no

.pweonpea hybnd ICPH 8,.in 1991' isa s1-rn1ﬁcant milestone (Saxena et al 9,

" and major disenses, Evaluanon from 100 yleld trrals in drfferent acrro-ecolocrlcal zones_showed,

o ":ICPH g ta, be supenor to controls UPAS 12{} and Manak by 30 5 and 34, 2%, respectrvely (Table.,' '

mmercml hybrld is avzu]able, the release of _the world‘s ﬁrst‘. o
L 1992¢). This. . ..

_hybrid. was developed by crossmg a GMS lme (MS Prabhat DT) and a fertrle inbred line, ICPL-A .

J16% It has nondeterminate vigorous growth, high yleld and early. rnatunty, and _escapes drought

- PIGEONPEA [CAJANUS CAJAN-(LYMILLSP >

s ZofalWeighiéd:Mean Yiélds-of. ‘the Waorld's Flrst-'Plgeonpea Hybrsd ICPH &in..
leferent Zones i’ India oer the Years ;.07 i K . ‘
-~ - Nosof ™ . ° - Yield {t ha—‘)‘ . r% Inctease Qver‘ N

.Years. " Trials ' "ICPH 8:'"UPAS 120 Manak UPAB 120 - Manak, .

" Northwest Flains - - 6 36" ST TR YSEI- -7 PR R
“Gentral a4 a0 136 083 - - 328 . 525 -
Southigrn 4. 30 122 -~ 126 236 - . 273~
Northwestern Hills 1 2 1.50 119 © 43 . 310

. Noftheastern Hills 1 1, A5 =t TMBE T

" Weslern IR ¥ 1 At 159. © 456 205

“Overdll Meah T 00 7T SMEEe - 135 806 B4R

‘Soume Saxena et al. (1996)

1 4.12)) Punjab Acncu]tural Umvermty, Ludhiana, Indra developed plrreonpea hybrid PPH 43 1993 -

{Verma and Sidhu, 1995}, which outylelded the control T 21 by a miargin of 47.4% on the basis'
of eight’ multifocation trials conducted. over two years. In the All Indra Coordinated Trials, this
hybrid exhibited 32% superiority over the best national check, UPAS 120. Another hybrid, CoH.
1, was released in 1994 by Tamil Nadu Arrnculiural University, Co1mbatore India. It recorded 32%
higher yield over control VEN-1 in 17 trials (Murucrarajendran et al; ~1995). “Two more hybnds,

' AKPH 4104 and AKPH 2022, were released in Ceniral India and thoy recorded 35 to 64% .
. Superiority Over the controls ‘

: ,'4 7 4.4, 2. Faster Growth Rate

and water resources more efficiently. It was observed that in comparison to the pure line cultivars,
the 1-month-old seedlings of nybsid ICPH 8 produced 43.9% higher shoot and 42.8% higher root
mass, and such differences were maintained subsequently. Increasing spacing from 60 cm x 20 cm

. (83,000 plants ha-'y to 75 » 20 cm (66,000 plants ha1) did not affect the yield (Saxena st al., 19962).
‘In cereals and some legumes, & considerable proportion of the genet!c variation in yield is

~ - agcounted -for differences in partitioning of photosynthates By contrast, variation in pigeonpea:
 yieldis due to the differences in crop growth rates. Hybrids are hrcher yreldmg mainly due to their

. - higher crop growth rates than the pure line varieties. The higher erop growth rates can be achieved
. by agromomic manipilations, such.as increasing plant population-; and changmcr sowing time, but
~ this does not necessarily result in increased yield because of ifs neuauve effect on partitioning. Cn
- the contrary, hybrids exhibit higher crop growth rates while maintaining their partitioning.at least

. at the same level as that of pure line varieties (Chauban et al., 1994) and, thus, producs high yield. ' ‘
~:-Hiybrids have algo shown. s:gmﬁcant Jmprovement in the densrty ‘of pods and seeds per pod. Higher ..~ . -
CrOp. & rowth rates of hybrids eyentually result in both hrgher biornass producuon and seed yreld .

. 4 7 4. 4 3 Greater Drought Tolerance ‘ ‘.

Tradmonally,

And long-duratron types and; thus, is more prone.to this stress, Incorporatlon of tolerance o drouuht

AT el ke 108

Inherently, 1ueonpea isa siow crrowmcr crop, parncularly in the ea.rly staues of growth “This. " .
: -makes it a less efficient crop as far as compefition. with- weeds is ‘congerned. Hybnds produce -
- seedlings with greater: vigor. The drfferences in Browir,h vigor begin-to appear during the early
" seedling stage and become more pronounced with time. This attribute of hybnds makes them more
suitable for sole cropping than varieties, as it “enables them to estzblish quickly and utilize light-

ptgeonpea i grown under rmnfed condrtsons a di 15 sub_]ected to both 1nterrmttent .
. -and terminal droughts. SHort duratlon p1geonpea has lesser. root nass than the- tradmonal ‘medium-

‘s an 1mportant requrrement if short- duraoon is to succeed: under. ramfed condmons Screening for .
droughit tolerance usmﬂ a sorl morsture gradlent with line. sour;:e sprmkler 1m°at10n showed that -
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<. hybrids-performed. well:tiot only - under optimim soil moisture conditions:but also under 'droughtti--i:::;:'-
stress, ‘and that it might be retated to the vigor of thei tdot systems, Wwhich eniablés theéfri to have "~ =4,
.a greater access to stored soil water (Saxena et al., 1996a) Lopez et al. (1996) attributed supenorzty I
of the: hybrlds to their‘increased ability to maintain re]atwely hlgh water conteat’ than pure lme o .'
' varietiés. Tt therefore appears reasonable to assume that in pigeonpea hybrids we may not on]y S

achieve higher yield potential but also a greater ability to adapt to drought, a trait that is othermse
dlfﬁeult to improve through traditional breeding efforts '

47444 Greater Adaptatton

o

In most ﬁeld CIops, hybnds in general show W1de adaptatlon and stability of vield across the

environments. At most locations, the hybrid ICPH 8 outyielded the control, and it expressed greater

. stability in, performance when compared across the environments. . .
Hybrids also promise to address disease control. A Jomt evaluation of wilt- and stenhty—mosarc-
" resistant, pure line cultivazs and bybrids in disease-free and disease-sick fields indicated that in the
" discase-sick nursery, both the hybrids as well as inbred controls were comparable in disease reaction,
with less than 1% wilt and sterility mosaic disease incidencé in both groups. Large differences,
however, were observed in the expression of hybnd vigor under diseese-free and disease-sick
conditions. Although & general vield reduction was observed in all the genotypes when evaluated
under disease-sick field, the expression of heterosis for yield was three times greater than disease-
free corditions. Hybrid vigor conveys an extra degree of resilience that enables plants to produce
ender severe discase pressure when compared with nonhybrid cultdvars, Lopez et al. (1936) also
reported higher adaprability of hybrids in comparison to inbred cultivars. It is also postulated that,
besides genetic factors, the ability of hybrids to prodoce g greater root and shoot biomass throughont
its growth cycle imparts greater ability not only to uilize greater amounts of available nutrients,
but alsp to tolerate yield- hrmtmg stresses such as dmught water logging, and disease resistance.

" The high level of recovery in yteld from various stresses also contnbutes to mcreased adaptation

of the hybrids.
4.7.4.5 Hybrid Seed Production Technology
4,74.5.1 !solac‘ion Specifications
The technolooy of prodicing hybnd seed must be simple and user—fnendly The production
_ packagé should contain appropriate agronomical operational, insect management recommendations

and information on post-harvest handling of the seed. An efficient seed productlon system that

outcrossing in pigeonpea is affected by insects, a safe d:stance is recommended so that the polli-

“nating insects, carrying pollen grains on their body, conld not fly to and pollinate the flowers of :

‘other lines. This is essential to produce genetically pure seed. So far, no isolation distance study

hes been conducted using male sterile lines of pigeonpea, and it is assumed that the information .

" . could provide quality seeds at economically viable costs is the backbone of such technology. Since

"generated on isolation spemﬁcatlons of pure line culttvars COuld be uhllzed safely in producmg :

A seeds of pigecnpea hybrids and their parents.

- The recommended isolation specifications for-pigeonpea differ considerably on degrees of -

natﬁral cross-pollination. Ariya.nayaoam (1976), citing the' Food and Agﬁeﬁltural Organization

(FAO), recommended a rmmmum isolafion distance of” 180 .m &nd a maximum_of 360. m, while . N _‘ N

Agarwal (1980) recomrnended distances of 400 m and 200 m for the producnon of foundation and.
- virietizs’ must be separated by-at least 100 m, while a dlstance 'of 200 m between varieties s

‘regard to iSolation distance for varieties aré 200 m for breeder seed and 100 m for both foundation

B cernﬁed seeds respectively, Faris (19835) sug gested that, for quallty yarietal seed, producuon two .. ;
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-, specifications are suitablé for both the pr
‘-'-and polhnator lmes ey

4 7 4 5 2 Male Stenle Lmes
It is essential that male stenle stocks’ 'be genetwally pure for umform expression of heterusn;
Tines, the seeds harvesied from male steriie plants (ms ms + Ms ms) are grown in-isolation. At

~ fiowering, at least one young bud from each plant is-manually opened and its anthers chiecked for
the presence or absence of pollen grains. The male sterile and fertile plants are tagged with different

which help in mass pollen transfer from “B” line to “A” line.
4.74. 5 3 Po.’hnators

The genetrc purity of” polhnators is. a.lso essential for uniform expression of hybnd vigor. To
' should be rogued before flowering starts.
rows. In the production of GMS-hased hybnds, the first bud that appears.on each plant in the female’
the hybrid seed is adversely affected. In the CMS-based hybrid program, the same (1 male:6 fermale)
ratio is used, but in the female rows, identification and roguing operations are not carried out, This
not only saves expensive labor but also helps in maintaining quality of the hybrid seed.

Since pigeonpea is a perennial plant, flowering on the male sterile plants continues untif the
potential number of pods are set on each plant. This could be due to lack of pollinating insects.or
terminates when' the potential pod set is realized by selfing; To ensure adequate hybrid yields,
“flowering in the poliinator rows can bs extended by periodically removing young, developing pods
and frequent irrigation. In situations where the pollinating insects are inadequate or plant growth

) seed yteld and it may ‘be modtﬁed to sutt local cond:ttons ;

4.7.4.5.4. Economrcs of Seed Product:on

“*Coimbatore using. GMS. system, 813 kg ha™' ‘of hybrid seed was obtame/d in a single harvest,

-~ (1U.8.% = Rs 45) kg=', In this study, the 1 rogumg operation alone accounted for about 45% of the

~‘because in the former the. costly operation of roguing is eliminated.

“and certified seed (Tunwar-and*Singh,1988).+Fhe: expenence at ICRISAT: suggests that the 'FAG"- Lt L
coction” of hybrid: seeds and’ for mamtamtnﬂ ‘male sterzle RPN

For GMS systems, the lines must be maintained in the heterozygote form by harvesting seeds from -
'male sterilé. (m§ mis) plants polhnated by fertile heterozygotes (Ms ms). To multiply male sterile -

colored markers. At maturity, seeds are only: harvested from the male sterile plants. Immature pods ...
" are removed-Trom:segregants plants, if necessary, to extend the period of pollen avaﬂabtlxty {(Saxepa . -
* et al., 1996a). For multiplying seed of CMS line, the female male sterile. rows (A line) and their .
maintainer (B line) are. grown in 6:1 ratio. Pod set on the “A” line is accomplished by insects,”

prevent genetic contarnination, the pollinators ‘must be grown in isolation and. off—types, if any,_
Gerierally; the fuil pod set is realized if one: pollmater TOW is SOWR after every six male sterile .

‘ rows is examined; and the male sterile plants are tagged while the male fertile segregants are rogued
‘ before their flowers open. It is a time-bound operatior, and if roguing is- delayed; the quality of -

nonsynchrany of flowering of the two parents. On the contrary, in the pollinator rows, the flowering

- is variable, the recommended 1 male:§ female ratic-may not be adequate for optu'mzmg hybnd .

-+ Seed cost plays an unportant role in the- adoptton of hybnds Ina deta:led study conducted at e
; resultmg in approximately 1:32 seed-to-seed ratio. The estimated-cost of hybrid seed was Rs 21.87.

total production. cost (Murugarajendran et aly, 1990). In tropical environments. with warm winters, .
plgeonpea produces several flushes of pods w1thm a.year; and the-perennial nature of this crep can
B ,be exploited to produce quality hybrid seed at low .cost by adopung multtple harvest systems .
- {Saxena et al., 1992c). So far, no study has" been condicied to determme the cost of hybrid seed

—- ' “essentiat if thé seed is to be used by breeders. In India, the seed ceriification standards fixed with | '.‘.". R . 7 -Pl'UdﬂC'ﬂUﬂ using the CMS system, but it is Likely to be-Tiore econormcal_ than the GMS technology,: Bk
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w48 TRADITIONAL ‘I-\ND‘NONTRAD]TIONAL USES OF PIGEONPEA:

.. 481 Food

(2.2 mt) is converted into dhal by more than 10,000 milling units scattered all over the ¢ountry.

White-colored, whole dry:seeds of pigeonpea are used in various traditional foeds and snacks in -

easterm AiTica, western India; and Indonesia. In addition, &number of foad items can be prepared
- from pigeonpea seed or Hour, These include tempeh,fresh sprouts, ketchup, canned-dry seeds, and

" varjous extruded Taod products; such as snacks; noodies, etc. Immatufe or gréen seeds of pigeonpea =

can be used as a vegetable. They can be grown in backyards — or commerciaily, in large fields.

- Green pigeonpea-is an important-vegetable in the Caribbean.: In-Puerto Rico and the Dominican.
" Republic, green seeds are canned- for local consumption:and for export. Frozen and dehydrated’

green sceds are also consumed in some countries. - -

482 Animal Fodder and Feed

Pigeonpes plant and grains have beer used as aniimal feed by Indian farmers for centaries: After ’

harvesting pods, the plants zre left in the field for browsing by domesticated animals. It produces

*:gbout: 20 to 25 tha! of edible dry forage and provides fodder at a time of the year when there:is
a deficit of energy and protein for the animals (Whiteinan and Norton, 1981). Leaves can provide .

~a good: substitute for alfalfa i animal feed formulations, particularly in areas that are not suitable
for growing alfalfa (Embong and' Ravaof, 1978). The recovery of dhal ranges from 7¢-to 80%

. during milling. The rémaining portion, consisting of seeds, brokens, powder, and husks, produced "

-as by-products, can also beused as animal feed. These are' considered protein-rich concenirates for
both ruminant and nonruminant animals. . : o i .

4.8.3 Other Plant Products

Diried stemns and branches provide excellent fuel for rural households in India. The heat value
of pigeonpea wood is about half that of the same weight of coal (Panikar, 1950). Their straight

branches are used in villages for roofing, wattling on carts, baskets, and temporary fences. Pigeonpea
- Gan also be used to produce lac-and silk. Leaves are fed to silkworm (Boroceras cajani) in southern

-~ Madagascar (Watt, 1908).In the Phifippines, China, and India, pigeonpea plants are used to cultvate
(Laccifera lacca) a scale ingect, which produces lac. )
The curative effects of various pigeonpea plant parts find placein folk and ayurvedic medicines

o in India, Indonesia, China, Wcst'Aﬂ'ica, Madagascar, and the West Indies — for healing wounds; -
destroying internal worms, and curing lung diseases (Morton, -1576). Prema and Kurup (1973)

reportéd that pigeonpea intake decreased cholesterol in rats. Also Ekeke and Shade (1985) found
- that pigeonpea caused reversion of sickled cells in patients suffering from sickle celi anemia.

" 4.9 LOOKING AHEAD

- Pigeonpea remains a less-domesticated plant, even after centuries of cultivation Vs'ince it has

‘Tetained ifs unique characteristics such as perenniality; nondeterminate growth, fow harvest index, -

- and pl_lototherma_l-sensitivity: However, multiple uses and its-fole in sustaining productivity makes

* . pigeonpea-a favorite crop of small land holders. In the ast few. decades, a significant progress has - -
been made in domesticating the’ érop by.developirg. short-duration and deterniinate types, bufa:

large scope Tor further improvement still exists.

PIGEONPEA [CAJANUS CAJANALY MILLSR] o7\ Jo i i i it

%/ stfributed to the-dévelopment of short-duration and: thedinm-duration-diséase-resistant vari-. -
o eties. Sitice the derhand for pigeonpes is-ever increasing; the atiention needs to be focused on -
. © . increasing its yield poiential.-The exploitation of heterosis and- restructuring: of plant type are = -

", . two possible-ways.of achieving. breakthrongh-in yielding ability. To. achieve this goal, 2 com-+ -

" Dhal (decorticate split peas) is the most acceptablé form of pigwnpea‘éonmfnp'timiﬂ It is made
_plementary approach is to-knit these two and other important elements together. In pigeonpea,” -

by delwiling and splitting the two cotyledons of dry seeds. In India, almost all pigeonpea produce

.. Resteucturing plants is a difficult task, and significant input from. physiologists-is essential. In
... the subtropical environments where plants have sufficient biomass; the inefficient partitioning -

- r-is the major yield-limiting factor. In this:context, it i postulated that:if the intra=plant competition

-7“for photosynthates is incréased by-inducing synchrony 4n fertilization.and pod-set-in the entire. .

- technology aléc need further exploring. These incinde diversificdtion and stability of cytoplasmic

- regard. The dsvelopment of vegetable types has opened ‘potential for encouragipg rural enterprise
.. -and-helping women obtain earming opportunities through canning and:developing other marketable . v -
- food items, such as noodles; fermented foods-such as tempeh; and-in-sauces, as a substitute for - ..

- tries like Tadonesia, China, and Myanmar-to grow pigeonpes. The.crop-is beifig grown in Thailand . S
© - for green ranuring. Tn the. TS, there is:increasing interest in growing pigeonpea crops for grazing -
during the lean sezson; the-bushy -dwarf types. fit well into the production system likely to be -

.. potential, thus saving ‘costs. However, a-lot will still depend ori-how the crop. will be consumed. - -
.+ % In countries*whére people depend on.meat as asovrce of protein; pigeonped needs to be tried a5t et
:..animal fodder: Several studies have shown.that it can be used for feeding poultry. and pig. Other .
' -reports suggest using it for producing paper. pulp, rearing. lac insect, but.definitive work needs i : -
- .be andertaken in thése:areas. Some of thése innovative uses will need to e-explored if pigeonpea
~is to bermade & truly global crop; which-in turnis.likely to attract more research-investment fori: -
* its improvement.. - IEUREEEEEE T T
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ﬁ—;rééé'ﬂ't'iy‘éafézf:i'g‘ééﬁp‘é&prodmti’dﬁvin;India‘Hés"<1"'é‘c—t5rd'ed=féi?si'gniﬁcant;growth rate, and it. v 7o

the information gap meeds to be filled. for-significant yield' increases at the genetic level,

plant, it may help in releasing the stored assimilates from stem, roots, and other plant parts, and

- it might lead: to ‘guick: grain filling andiincreased yield, Imthe tropical environments and ‘post--
..1diny season pigeonpeas, where restricted-biomass is the maj orprodiction:gonstraint, the hybrids.
. are the -answer. because: hybrids-can produce about 25 to 30% additional biomass. The GMS -~ -

hybrid technology in the past 25 years has conclusively demonstrated that the exploitation-of
hibrid vigor is feasible if the seed production difficulties are addressed adequately. The issues A
of developing high-yiclding, CMS-based hybrids and their grower-iriendly seed prodaction .

male sterility, broeding high-yielding diseases resistant.‘A’, ‘B’, and ‘R lines — and identifi- S :

_.cation of heterotic cfoss combinations:. ©.0. 7 TR el - St

“There have been debates ini various international fornms:about the future of pigeonpea, because

~.- it has largely been tredtéd ds a regional.crop, notwithstanding the multiple uses it offers. Among -
_ the factors-contributing to its-limited adoption outside. India seem 10 be a lack of appreciable -
.-+~ consumption due largely to-differént dietary habits, lack of adaptation: into-the cropping systems,
i ~and lack of ‘appropriate appreciation-of its diversified uses: However, with-the recognition of its-: -+
.- -1ole in sustainability, development of new plant types amenable to mechanical harvest, resistance: . -
. to major diseases, and extended adaptation from 30 to 45°N and § latitudes, it may be accepted

as-an alternative crop for diversification.

With the emphasis being placed on the intensification of agricuiture, the crop will find increasing
acceptance only if its yields can be improved both on per unit area and time basis. The development
of short-duration cultivars and hybrids that can be commercially cultivatéd holds promise in this

soybean, The economic conditions in southeast Asia and frequent droughts are encouraging coun-

followed there. L .

. . .There are a umber.of other simations where pigeonpea can be successfully grown. Devel-

-opinent of z pigeonped simulation mode]-can help in visualizing scenarios for assessing the
g : . . . s - . .

profitability of the crop. This has been lacking so far, since such assessment required the actual

sonduct of tiials at s considétable ‘cost: The: modeling tool can now beused for verification of -
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