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Taxonomy of t he Genus  Cajanus DC

K . T h o t h a t h r i a n d S . K . J a i n *

Abstract

The taxonomic history of the genus  Cajanus  in general and 

pigeonpea  (C. cajan [ L . ]  Millsp.) in particular from the pre-

linnean to the post-linnean period is reviewed. The origin, 

distribution, and phytogeography of the genus are discussed. 

T h e G e n u s  Cajanus 

T a x o n o m i c History

Cajanus  as a genus was founded in 1813 by A .P . De Cando l le , based on tw o

spec ies ,  c. flavus  and  c. b ico lor .  De Candol le at t r ibuted both species

to Ind ia , w i th a note stat ing that  c. fiavus  also occurs cul t ivated in

Amer i ca . He cited  Cytisus cajan  L. (1753) under  cajanus flavus,  thereby

making it c lear that the Linnaean p lant is the same as his  c. fiavus.  In

fac t , he should have used the Linnaean ep i thet  cajan  for  fiavus.  In

cit ing  Cytisus cajan,  De Candol le 's reference reads , "Linn. sp. 1041 " ;

this should be "L inn. sp . 739 . " The type species of the genus i s C ajanus

cajan  (L.) M i l l sp . , based on  Cytisus cajan  L.

However , there ex is ted an ear l ie r , val idly publ ished gener ic name

Cajan,  descr ibed by Adanson in 1763. He gave a shor t descr ipt ion a nd

cited  cytisus  of Plum. ic. 114 and of Burman's Thesaurus Zeylanicus ( 1 7 3 7 ) ,

a cross- re ference to  cytisus cajan  L.

It is therefore evident that the name  Cajan  was val id ly publ ished in

1763. Bu t under the rules of the Internat ional Code of Bota nical Nomen-

clature (Lanjouw et a l . 1 9 7 8 ) ,  cajan cajan  is i l leg i t imate (a combinat ion

made by Huth in 1 8 9 3 ) , being a tautonym. Hence the next avai la b le name

Cajanus  A .P . DC. (1813) was conserved against  cajan  Adans . (1763)(v ide

International Code of Botanical Nomencla ture 1 9 5 2 ) . The third gener ic

name C ajanum  Raf inesque (Sylva Te l l u r . 2 5 , 1 8 3 8 ) , based on  cytisus 

pseudocajan  Jacq . , is also a superf luous name.

Dis t r ibu t ion

The genus includes two spec ies :  c. cajan  (L.) M i l l sp . , now dis t r ibuted

pant rop ica l ly , and  c. kerstingii  H a r m s , endemic in Wes t A f r i ca .

*  B o t a n i c a l S u r v e y o f I n d i a , H o w r a h , I n d i a .
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Or ig i n

I t is in terest ing to sum up br ief ly the views of the nat ive ho me of the

genus , van Rheede ( 1 6 8 6 ) , L innaeus (1737, 1747 , 1 7 4 8 ) , B urman ( 1 7 3 7 ) ,

and Jacquin (1770) ment ioned p igeonpea, the plant on which the genus was

founded, as nat ive to the (East) Indies ( including C e y l o n ) . Rumphius

(1750) suggested that i t was nat ive to Malaya. A .P . De Candol le ( 1 8 1 3 ) ,

whi le es tab l i sh ing the g e n u s , ment ioned "India Or ien ta l i s " as its home

and tropical Amer ica as another area of cu l t ivat ion. A. de Ca ndol le

(1885) pointed to the absence of p igeonpea occurr ing w i l d in India and

to several f inds of w i ld p igeonpea in A f r i ca .

Some of the modern workers (Good 1 9 6 4 ; Purseglove 1 9 6 8 ; Zev en and

Zhukovsky 1975) are of the opinion that  cajanus  is probably a nat ive of

A f r i ca , from where it spread to India as a secondary center . Ronald Good

(I.C.), wh i le grouping the genera found ent i re ly or predomi nant ly in the

tropical reg ions , exc lud ing those occurr ing pant rop ica l l y , places  cajanus 

under the subgroup A f r i ca , As ia . Stur tevant (1972) ment io ned that

Schweinfur th during his travels in Afr ica between 1868-18 71 reported the

presence of a seed of p igeonpea in Egypt ian tombs of the 12th Dynasty

(2200-2400 B . C . ) . I t can therefore be tentat ively conclu ded that  cajanus 

is a nat ive of A f r i ca , wi th India as a secondary center of o r i g in .

The gener ic name  cajan  is der ived from "Kat jang" or "Cat jang" ,

being the vernacu lar name in the Malay language (Watt 1889 ; Bai ley 1954)

and meaning pod or bean.

The Species in  Cajanus 

Cajanus cajan (L.) M i i l sp .

In the pre- l innaean per iod (before 1753) van Rheede (1686) referred to

p igeonpea  (Cajanus cajan  [L . ] M i i l sp . ) as  Thora paerou,  wi th a deta i led

descr ip t ion and a good i l lus t ra t ion.  Thora paerou  is the local name in

Malaya lam, in Ind ia , meaning common dhal . P lukenet (1691 , 1696) descr ibed

the p lan t as  "Phaseolus erectus incanus, siliquis torosis, Kayan dictus" 

and ment ioned that i t is a  Cajan,  nat ive of Ind ia. He cited not only

Rheede's reference on Thora paerou but also a number of o the r names such

as Ka jan , Ka ts jan , Kad jang , P igeonpea , e tc . A good f igure of the p lan t

with f lowers and pod supp lemented his descr ip t ion. Sloane (1696) fo l lowed

Plukenet in re fer r ing to the p lan t as  cajan  and p igeonpea , wi th descr ip-

tion and reference to Rheede's work ( 1 6 8 6 ) . He ment ioned Jam aica and the

Caribbean as areas of occu r rence .

Linnaeus in a ser ies of publ icat ions (1737 , 1 7 4 7 , 1748) refe rred  the 

plant to  cytisus,  w i th a good descr ip t ion , and suggested its home was

Malabar ia ( I n d i a ) , Z e y l o n i a ( C e y l o n ) , and Car ibaeis (West I n d i e s ) . A 

reference to Rheede's "Thora Paerou" was also made in all th e works ci ted

above. Burman (1737) cal led the p lan t  cytisus zeyianlcus  and prov ided a 

good f igure. Rumphius (1750) named the p lan t  phaseolus balicus,  w i th an

elaborate discr ipt ion and a good i l lus t ra t ion . In addi t io n to his

reference to Burman (1737) and L innaeus ( 1 7 3 7 ) , he at t r ibu ted to i t local
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names such as Kat jang Baly ( M a l a y ) , Undi and Undis (Ba l i nese ) .

The post- l innaean per iod (from 1753) s tar ted wi th the bin omial

Cytisus cajan  L. (Linnaeus 1 7 5 3 ) , for p igeonpea. L innaeus ' shor t descri p-

tion included references to his own ear l ie r works (1737 , 174 7 , 1 7 4 8 ) ,

Plukenet (1696) and Burman ( 1 7 3 7 ) . Another name  c. pseudocajan  was given

by Jacquin in 1770 when he descr ibed pigeonpea ment ioning t hat it was a 

variety of c.  cajan.  A good i l lustrat ion was provided by him. De

Candol le (1813) whi le founding the genus  cajanus  descr ibed two species

(c.  bicolor  and c.  fiavus)  and d is t inguished between them by the color of

the vex i l lum, number of seeds per pod , and length of the s t ipe l lae. He

treated  cytisus pseudocajan  Jacq . ,  Thora paerou  Rheede , and Plukenet 's

Phaseolus  under  Cajanus bicoior  and placed  Cytisus cajan  L. under  Cajanus 

fiavus.  In f ac t , he should have used the ear l ies t ep i thet  cajan  for his

fiavus.

Sprengel (1826) proposed another n a m e , ca janus  indicus,  for p igeonpea

and ment ioned as synonyms  cytisus cajan  L.,  c. pseudocajan  Jacq. ,  cajanus 

bicoior  DC. and  C. fiavus  DC.  Cajan cajan  Huth ( 1 8 9 3 ) ,  Cajanus pseudo-

cajan  Sch i . & Gu i l l . ( 1 9 2 0 ) , and  c. cajan  Druce (1917) are some of the

more recent names and author i t ies proposed for p igeonpea.

All these names are super f luous , as they all cite the type an d name

of  Cytisus cajan  L. The val id name is  Cajanus cajan  (L.) Mi l lsp . ( 1900 ) .

In the  Flora of British India  (Baker 1876) and all regional f loras (Cooke

1902 ; Prain 1 9 0 3 ; Duthie 1903; Haines 1922 ; Gamble 1 9 1 8 ; Ka nji lal e t a l .

1 9 3 8 ) , the p igeonpea is known by the name  cajanus indicus  Spr . and the

above f loras should have used at least one of De Candol le ' s names (c.

fiavus),  if not the l innaean ep i the t . In the  Flora of Java  (Backer and

Bakhuizen van den Br ink 1 9 6 8 ) , the author i ty for  cajanus cajan  is ascr ibed

to Huth ( 1 8 9 3 ) , which is again not cor rec t . In rea l i ty , Huth made the

combinat ion  cajan cajan  jus t to discuss tautonyms. The binomial  cajanus 

cajan  cannot be treated as a tautonym, as the speci f ic ep i thet  cajan  does

not spell ent i re ly identical to the gener ic name  cajanus. 

The correct nomenclature of p igeonpea is as fo l lows:  Cajanus cajan 

(L.) Mi l lsp. in Field Columb. Mus. Bo t . 2:53. 1900.  cytisus cajan  L. Sp.

P I . 2 : 739. 1753.  c. pseudocajan  Jacq. Hor t . Vind. 2 :54. t . 119 . 1772.

Cajanus fiavus  DC. Cat . Hor t . Monsp. 85 . n. 4 3 . 1813 .  c. bicoior  DC. I.e.

1813. c.  indicus  Spr . Sys t . Veg. 3: 2 4 8 . 1826 . Baker in Hook. f. F l .

Br i t . Ind. 2: 248 . 1876.  Cajan cajan  Huth in Hel ios 11: 133 . 1893,  nom. 

niegit. cajanus cajan  (L.) Druce in Rep. Bot . Exch. C I . Br i t . Is ls . 1916.

6 4 . 1 9 1 7 ,  nom.superfi. c.pseudocajan  Sch inz & Gu i l l . in Sarasin & Roux , Nov.

Caled. 1:159.1920.  Thora Paerou  R h e e d e , Hor t . Ind .Ma lab . 6:23. t .13. 1686.

Type

Accord ing to W e s t p h a l ( 1 9 7 4 ) , S t e a m lectotypi f ied the p ige onpea wi th the I ,

Fol 14 specimen in Paul Hermann's herbar ium at BM. Of four spe c imens ,

this is the only one wi th f lowers and developed frui ts and i t carr ies

L innaeus ' d iagnosis in his handwr i t ing for the Hortus C l i f f o r t ianus :

Ceylon:  "Cytisus racemis axillaribus erectis ................ intermedio longius 

petiolato."  Westphal (1974) fo l lowed this choice and pointed out that
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Verdcour t (1971) only referred two o ther specimens ( I I , Fo l . 76 and I I I ,

Fo l . 30) as be ing syn types .

Distribution

Pigeonpea is w ide ly cul t ivated in the tropics of both the Ne w and the Old

Wor ld (Amer ica, Hawaii I s lands , Wes t Ind ies , Ind ia , A f r i c a , and A u s t r a l i a ) .

In India i t is main ly cul t ivated in Ut tar P radesh , Madhya Pra desh , B iha r ,

Maharash t ra , Andhra Pradesh, and Tamil Nadu. I t grows well e ven at

e levat ions up to 3000 m.

Cajanus kerstingii H a r m s

In 1 9 1 5 , Harms publ ished the descr ipt ion of  c. kerstingii  Harms from Togo .

The type (Kerst ing 570 from Sokode-Basar i ) at Ber l in was bur nt,, and

isotypes have not been located. The descr ipt ion is very c le ar , bu t bears

no i l lus t ra t ion . The species is qu i te close to the p igeonpea , bu t Harms

did not see ripe seeds which have a prominent s t roph io le . Th e absence of

a st rophio le is genera l ly considered to be the on ly characte r d is t inguish-

ing  Cajanus  f rom the related genus  Atylosia  W . & A. ( 1 8 3 4 ) .  C. kerstingii 

is endemic in the Wes t Af r ican savannas , from Senegal to N ige r i a , and of

rare occur rence . Its poss ib le role in the or igin of the p ige onpea as a 

p rogen i to r was already s t ressed by Ha rms ; except for Verdc our t ( 1 9 7 1 ) ,

later authors rarely referred to i t .
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Taxonomy of  Cajanus 

L . J . G . v a n d e r M a e s e n *

Abstract

The taxonomy of  Cajanus  and  A ty los ia  has been revised. Based 

on herbarium and field studies on morphology from 1975 to 1980, 

strengthened by breeding and cytological and chemotaxonomical 

evidence,  Aty los ia  is judged to be congeneric with  Ca janus .

Dunbar ia heynei  w. & A. also belongs in  Ca janus ,  while some 

taxa previously described in  A ty los ia  are excluded from 

Cajanus .

The revision is to be published elsewhere (Communications 

of the Agricultural University, Wageningen, the Netherlands) 

with the necessary nomenclatorial changes. Geographical 

distribution, detailed descriptions, and sectional ar range-

ments, as well as vernacular names and eventual use, are now 

available. Some results on interspecific hybridization are 

mentioned. This paper is as preview for the benefit of the 

users of pigeonpea genetic resourses. 

Wild species related to cul t ivated crop species belong to th e germplasm of

those c rops . To serve present and future b reeders , ICRISAT n eeds to

obtain a comprehens ive co l lec t ion of p igeonpea. This need i nduced a 

proper s tock- tak ing of locat ions to search for wi ld spec ies , o f wh ich only

four were avai lable at the end of 1974 (van der Maesen 1 9 7 6 ) . T he sources

of in format ion were to some ex ten t the publ ished f l o ras , but deta i led

informat ion had to be obta ined from preserved material in he rbar ium

ins t i tu tes . I t soon appeared that several species needed re c lass i f i ca t ion ,

nomenclator ia l changes , and even descr ip t ion as species ne w to sc ience.

A taxonomical revis ion of the two genera was there fore under taken. In

Cajanus  De Condol le ( 1 8 1 3 ) , only two val id ly publ ished species re mained,

Cajanus cajan  (L.) Mi l l sp . and  c. kerstingii  Harms . A c lose ly related

genus ,  Atylosia  Wight & Arnot t (1834) harbors most of the species once

also descr ibed as  cajanus. 

A r e  Cajanus a n d  Atylosia C o n g e n e r i c ?

Cajanus  and  Atylosia  have always been considered very c lose. Many

authors advocated merg ing the two , al though only von Muel l e r (1860 and

la ter ) actual ly l isted Aust ra l ian  Atylosia  spp. as  cajanus. cajanus 

* Genet ic Resources Un i t , ICRISAT.

9



was most ly considered to be monotypic because  c. kerstingii  Harms

(described in 1915 from West A f r i c a ) , was unknown to most ag r icul tural

sc ient is ts work ing in the Asian reg ion. Harms would have c lass i f ied his

new species in  Atyiosia  rather than in  cajanus,  but seeds were unavai lab le

to him.  c. kerstingii  seeds have large s t roph io les , an important charac-

te r used to d is t inguish between the genera. Seeds of  Cajanus  are

general ly descr ibed wi th st rophio les absent ,  c. kerstingii  is qu i te rare

and so is  Atyiosia cajanifolia  Haines (described in 1920 from the Puri

forests in I n d i a ) , which also has large s t roph io les , but is o therwise so

s imi lar to the p igeonpea that casual observers might assum e i t is

p igeonpea escaped from cu l t i va t ion ,  A. cajanifolia  is morpho log ica l ly

the closest re lat ive of p igeonpea.

In real i ty the s t rophio le is not a l together absent in p igeon peas ;

unripe seeds always have o n e , and in more than 144 cases pige onpea

accessions at ICRISAT do possess a small s t roph io le . In man y legume

genera , species w i th and w i thout s t rophio le ex is t (e.g.  Rhynchosia). 

Several  Atyiosia  species are c ross-compat ib le wi th p igeonpea and produc e

fert i le hybr ids , as work at Pune, Kharagpur , ICRISAT, an d e lsewhere has

proven. This is a lso an important cons iderat ion for congen er ic i ty ,

a l though morphology is the most important o n e .

Cytological research has proven that homology between pi geonpea and

Atyiosia  spp. is remarkable (Reddy 1973 ; Pund i r , personal commun ica t i on ) .

Seed prote in prof i les are also very s imi la r (Ladizinsky in  p ress ; Pund i r ,

personal communica t ion ; Jambunathan , personal c o m m u n i c a t i o n ) , but d i f fe r

enough between  c. cajan  and  A.cajanifolia  to warrant separate status as

spec ies , not as genera . In leguminosae successful generi c hybrids are

ra re , wh i le those reported are subject to doubt (McComb 1 9 7 5 ) . McComb

considered that the generic boundar ies assigned to  Cajanus-Atyiosia  were

unwarranted. All breeders and cyto log is ts work ing with th e p igeonpea so

far have advocated a merger of the two genera , wi th the b ioc hemists

fol lowing su i t . Lackey (1977) expressed the relat ion as fo l lows:

"cajanus  is qu i te possib ly nothing more than a cu l t igen of  Atyiosia." 

I have also come to the conclus ion that  Atyiosia  is congener ic w i th

cajanus  and present my views in more detail (van der Maesen , in p r e s s ) .

Descr ip t ions , synonyms , d is t r ibu t ion , and sect ional c las s i f icat ion are

treated present ing the d ivers i ty in one consol idated publ icat ion. In

this text the necessary new combinat ions wil l not be ment io ned, to avoid

confusion about the actual merger carr ied out in the taxono mical rev is ion.

cajanus  DC. (1813) has pr ior i ty over  Atyiosia  W. & A. ( 1834 ) . A revis ion

of the Aust ra l ian species was prepared by Reynolds and Pedl ey (personal

communica t ion) but this has not been publ ished so far .

O t h e r G e n e r a i n t h e S u b t r i b e  Cajaninae 

The subtr ibe  cajaninae  Benth . is a natural group in the t r ibe  phaseoieae 

Benth . of the  Papilionoideae  subfami ly of  Leguminosae.  Two kinds of

genera are d is t inguished on a rather art i f ic ial bas is : see ds two or less

and three or more per pod. Of course border cases ex is t . Cross ab i l i ty

barr iers between  Cajanus  and genera o ther than  Atyiosia  are def in i te ly

s t ronger than between  cajanus  and  Atyiosia,  a l though few hybr id izat ion
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at tempts have been made so far .  Rhynchosia rothii,  a c l imber w i th two-

seeded pods , has always fai led to produce hybrids wi th the p i geonpea, but

many shrubby species ex is t in  Rhynchosia  and these may have a bet ter

chance of crossing wi th p igeonpea. T h i s , however , does not a t all imply

the necessi ty to merge  Rhynchosia  and  cajanus.  The natural ent i ty of the

genus  Rhynchosia  ( + 2 0 0 spec ies) is general ly well apprec ia ted, whi le the

almost monotyp ic  cajanus  was kept apart f rom its re la t i ves , probably out

of t radi t ional cons idera t ions. The unique status of a monot ypic genus ,

however , is warranted only in cases where no c lose relat ives ex is t ; in

the case of  cajanus,  knowledge now accumulated indicates that this status

should be changed.

The genus  Dunbaria  (pods f la t , seeds three or more per pod) is a lso

\/ery  c lose . On  Dunbaria, D. heynei  W. & A . , belongs in  cajanus  s ince the

pods are not real ly f lat but have de l i nea t ions , an importan t d is t ingu ish-

ing character between  Cajanus sensu largo  and  Dunbaria. 

Eriosema  is a genus (+ 100 spec ies) from Af r ica and the A m e r i c a s ,

wi th shrubby species having two-seeded pods . This genus may also be of

interest for s tudying in relat ion to  cajanus,  as are  Fiemingia  and o the r ,

less known,  cajaninae.  There are no more than 30 species in any of these ,

and some have only one to three spec ies . Thus a generic revi sion in

cajaninae  is long overdue (Lackey 1 9 7 7 ) .

G e o g r a p h y o f  Cajanus 

cajanus cajan  (L.) M i l l sp . , the p igeonpea , is now spread pant rop ica l l y ,

and is most adapted and product ive in the semi-ar id t rop ics . Or ig inat ing

from Ind ia , still its main area of cu l t i va t ion , i t moved more than 4000

years ago to A f r i ca , where in East Af r ica a secondary center of d ivers i ty

developed. From Afr ica the p igeonpea travel led to the West I ndies and

spread all over tropical Amer ica (van der Maesen 1 9 8 1 a ) . In t he Car ibbean

area the crop has cons iderab le economic impor tance; in o the r areas such as

South Amer i ca , West A f r i ca , and Southeast A s i a , the p lant is a garden or

hedge crop and not grown in large quant i t ies (van der Maesen 1 9 8 1 b ) . The

presence of so many c lose wi ld re lat ives (15) and the d ivers i ty of the

pigeonpea point to Indian or ig in ; in A f r i ca , only two rela t ives occu r , of

wh ich  A. scarabaeoides  (L.) B th . is probably a recent in t roduct ion .

On the o ther hand, the d ivers i ty of wi ld species in North Aust ra l ia

is also remarkab le , but p igeonpea is of recent in t roduct io n there . No

less than 13 endemic species and some var iet ies can be d is t in guished in

Northern Aust ra l ia (van der Maesen , in p r e s s ) . More knowled ge about

their d is t r ibut ion is needed, as some seem to be restr icted t o a small

area and have been col lected only a few t imes. A common geo graphic

or ig in of progeni tors can be postu la ted.

Af te r the separat ion of As ia and Aust ra l ia in the P l iocene,

d i f fe rent species evolved in the two main areas of the genus . The distr i-

but ion of several species is probably more l imited now than in the pas t ,

as the habi tat was apparent ly reduced due to c l imat ic chang es in a recent

geological era and due to human in ter ference in histor ica l t imes . Cer ta in

habitats are under such pressure that a total w ipe-ou t is po ssib le

11



(e.g.  A. elongata  Benth . in Megha laya , I n d i a ) . Only  A. scarabaeoides  is

widespread and can be considered as a beneficial e lement of many grass-

l ands . Most o ther species have retreated to sanctuar ies suc h as reserve

fo res ts , unapproachab le ledges at high a l t i t udes , and uni nhabi ted a reas .

Many species pa la tab le to cat t le cannot stand heavy graz ing . Pressure of

insects and d iseases seems , in genera l , not to be v ery  harsh, a l though no

species is known even in nature to escape pod borer ( Heiiothis  spp . ) or

podf ly  (Meianagromyza  spp. ) a t tack. Some species def in i te ly avoid or

resist d rough t , judging from the locat ions where they are fo und.

I n f r a s p e c i f i c T a x o n o m y o f  Cajanus Cajan 

In the previous century it appeared that  c. fiavus  DC. and  c. bicolor 

DC. (tur and arhar respect ive ly , w i th ye l l ow and red-st r i ped ye l l ow

f lowers) could not be kept separa te . With many genotypes ava i l ab le , the

range is indeed con t inuous , and these groups cannot be maint a ined even

as var ie t ies . Based on a few g e n e s , the characters are impra ct ical for

in f raspeci f ic c lass i f i ca t ion . The c lass i f ica t ion by Sha w et al (1933)

into 86 " types" was an a t tempt to categor ize the germplasm av a i lab le

then. Probably more such " types" could be d is t inguished now , and these

would be termed cu l t i var groups to conform to modern te rmin o logy.

Grouping by matur i ty is a rather art i f ic ial but pract ical a pproach.

However , photoper iod ic in f luence on plant habit and matur i ty is marked ,

and this compl icates c lass i f i ca t ion . Apar t from matur i t y , hab i t ,

f lower ing pa t te rn , and seed co lo r and s i ze , few characters s eem to mat te r

to eventual users of any c lass i f i ca t ion . Based on several ye ars of

eva lua t i on , data c luster ing is feas ib le , i f demand by the us ers (e .g .

breeders) ex is ted.

C o n c l u s i o n

Van der Maesen (in p ress ) d is t inguishes 32 species in  cajanus  ( including

Atyiosia),  of which f ive are newly descr ibed , one f rom the Phi l ipp ines

and four from Aus t ra l i a . Sixteen species are d is t r ibuted ov er the Indian

sub-cont inent and Burma. In Aus t ra l i a , 13 species are endem ic ,

A. scarabaeoides(I.)  B th . , being the most w idesp read , has a var iety

endemic in Aus t ra l i a . The p igeonpea is a pantropical spec ie s .
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Ethnobotanica l Aspects of Pigeonpea

D . C . S . R a j u

Abstract

Ethnobotanical aspects relating to ancient usage, vernacular 

names, origin of the crop, and various types of historical 

and modern classifications are described. Morphology, 

breeding behavior, and uses by primitive people all are 

pointers to the course of evolution, and data gathered may 

further usage of germplasm of pigeonpea and allied taxa. 

O r i g i n o f P i g e o n p e a

The p igeonpea, known as red gram in Ind ia , is of ancient cu l t ivat ion and

is supposed to have been in use for over 4000 yea rs . All kinds o f beans

from the Old Wor ld , inc luding p igeonpea , are valued in cu l t i vat ion w i th

banana, eggp lan t , cucumber , g rapes , mu lber ry , r i ce , soybe an, and tea

from times immemor ia l . Vavi lov (1940) considered the India n region as a 

primary center o f or ia in of cu l t ivated p igeonpea, but ex is tence of wi ld

populat ions of  cajanus cajan  (L.) M i l l sp . in Angola and the ex is tence of

popular names such as Congobean or Congopea lend some suppor t to the

view of Zeven and Zhukovsky ( 1 9 7 5 ) , and many ear l ier au tho r s , that the

primary center of or ig in of p igeonpea is A f r i ca .

N a m e s o f t h e P i g e o n p e a a n d S o m e D e r i v a t i o n s

In rel ig ious ce remon ies , including the Hindu mar r iage , it is customary to

sow pigeonpea as one of the n ine seedcrops (nava dhanya) for p erpetuat ion

of the human race. Though pigeonpea is known as Adhaki in Ary an

l i te ra ture , many call i t Tuwar . The re l ig ious-medical work Ayurveda

ment ions it only as a supplementary d ie t a r t i c le . The spl i t dhal is the

main pulse food of Indians and treated as "meat" for Hindu pr ies ts . In

Andhra cu is ine , p igeonpea goes into a var iety of wel l -sp ic ed curr ies to

improve the appet i te .

Anc ient cu l t ivat ion and usage induced names of townships l ike Kandi

in Andhra Pradesh. (It is an interest ing co inc idence that Ka nd i , (the

local name for p igeonpea) is located wi th in a 25-km d is tance f rom the

ICRISAT campus , where the Internat ional Pigeonpea Worksho p is being he ld . )

Two more t o w n s , Kanduru (Chi t toor d is t r i c t ) and Kandukuru ( Ongole d i s t r i c t ) ,

are also located in the SAT area.

* B o t a n i c a l S u r v e y o f I n d i a , H o w r a h , I n d i a .
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Surnames have also been taken from the vernacular : for examp le ,

Kandukuri Veeresal ingam and Kandula Nagabhushanam. Three local Te lugu

cu l t ivar names of p igeonpea are known: Bill a kandi (flat pe a) from the

Deccan, Mabbu kandi (grey pea) from the Coromandel coas t , a nd Erra konda

kandi (red hill p igeonpea) of V isakhapatnam dist r ic t in th e Eastern Ghats

o f Ind ia .

There are numerous vernacular names for p igeonpea in Ind ia , Ma lays ia ,

A f r i ca , Madagascar , and in the Amer icas where the pulse cro p is wide ly

cul t ivated (see Table 1 ) . These names , which are associated wi th d i f fe r -

ent ethnic g roups , indicate economic aspects of consumpt io n and communica-

t i on , which are separate from c lass i f icat ion and cu l t ivat i on. Wi th in

India we have not ye t recorded the data on uses and vernacula r names for

pigeonpea from the Nicobar Is lands , Arunachal Pradesh, Ma n ipur , Nagaland,

Megha laya , S ikk im, and Kangra Va l ley , where i t is also cu l t i vated.

Tab le 1. S o m e vernacular n a m e s of pigeonpea.

A s i a

B u r m a : P e Z i n g o n

C h i n a : S h a n T o u Ken

I n d i a : R e d g r a m ( E n g l i s h )

A n d h r a P r a d e s h : K a n d i , K a n d u l u ( T e l u g u )

A s s a m : G a r m a h , K o k l a i n g m a h

G u j a r a t , M a h a r a s h t r a : t u r , A r h a r (H ind i & M a r a t h i )

K a r n a t a k a : T o g a r e ( K a n n a d a )

K e r a l a : T h u v a r a ( M a l a y a l a m )

T a m i l N a d u : T h o v a r y ( T a m i l )

S a n s k r i t : A d h a k i

I n d o n e s i a : G o o d e , K a t j a n g g o o d e

S u n d a I s l e s : H e e r i s

J a p a n : K i m a m e

M a l a y s i a : K a t j a n g e e r i s , K a c h a n g dal

N e p a l , B h u t a n : A r h a r

P h i l i p p i n e s : K a d i o s , G a b l o s , K a l d i s , K i d i s , T a b i o s

Sr i L a n k a : P a r i p u

E u r o p e

F r a n c e : E m b r e v a d e

G e r m a n y : A n g o l i s c h e E r b s e , S t r a u c h e r b s e

G r e a t B r i t a i n : P i g e o n p e a , P i g e o n p e a

S p a i n : G u i s a n t e d e p a l o m a

A f r i c a : A n g o l a b e a n , A n g o l a p e a , P o i s d ' A n g o l e

A n g o l a : E r v i l h a d e C o n g o

E t h i o p i a : Y e w o f - a t e r

C o n t i n u e d
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Tab le 1. Cont inued.

M a d a g a s c a r : K a d j o o

M a u r i t i u s : A m b r e v a d e

N i g e r : O h l e

N i g e r i a : W a k e n K u r a w a

S i e r r a : L e o n e , G u i n e a : C o n g o p e a

S u d a n : L u b i a a d a s s i , A d s S u d a n i

S o m a l i a : S a l b o c o g h e d

T a n z a n i a : M b a z i

U g a n d a : A p e n g a , B u r u s a u

Z a m b i a : I m p o s e

Z a n z i b a r : Nko l

A m e r i c a : P i g e o n p e a , G u a n d u

C o s t a R i c a : T i m b o l i l l o

C u b a : F r i j o l G a n d u

M e x i c o : C h i c a r o d e a r b o l

N i c a r a g u a : G a r b a n z o f a l s o

P e r u : P u s o p o r o t o

S a n S a l v a d o r : A l b e r g a

V e n e z u e l a : C h i n c h o n c h o

V a r i o u s C l a s s i f i c a t i o n s o f P i g e o n p e a

The re l ig ious-medical accounts of the Hindus show that p ig eonpea is

included in many pract ical c lass i f i ca t ions . Accord ing to Majumdar ( 1 9 2 7 ) ,

in one of the o ldest c lass i f ica t ions based on d ietary food va lue by

Charaka , an anc ient su rgeon , p igeonpea is l isted under "Sam idhanya varga"

(category of grain c rops) o f second rank, whereas Susru ta , another ancient

au tho r , recognized beans under "Simva" (pulses) as the eigh th category in

his system. Bhavaprakasha synthes izes both old systems and recognizes

"Simbi" (pulses) as a subgroup of his seventh "Dhanya varga ."

In Europe and the Middle Eas t , anc ien t and medieval botanist s

descr ibed the crop plants of those days in Greek , La t in , and Arab ic .

With the advent of sc ient i f ic bo tany , botanical c lass i f ica t ions developed

main ly in L a t i n , enabl ing the wes te rn scient is ts to commun icate wi th one

another . Greek and Lat in polynomials appeared in botanical l i te ra tu re ,

and P lukene t , for e x a m p l e , c lass i f ied red gram from India in his bean

group as  "Phaseolus erectis incanus, siliquis torosis, kayan dictus."  The

Swedish b io log is t L innaeus (1753) placed pigeonpea under  Diaiephia 

decandria  w i th the binomial  cytisus cajan,  and the d iagnosis reads :

"Cytisus racemis axillaribus erectis, foliolis sublanceolatis tomentosis; 

intermedio longius petioiato,"  based on a co l lec t ion from Ceylon(Sr i

L a n k a ) . The Swiss bo tan is t De Candol le reclassi f ied the p l ants o f the

wor ld and included many beans in the tr ibe  Phaseoieae.  P igeonpea is

ass igned to this tr ibe under  cajanus  DC. as  c. flaws  DC. and  c. bicolor 
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D C , la ter considered to be a s ingle spec ies , and f inal ly corr ect ly named

Cajanus cajan  (L.) Mi l lsp .

A s imple key is given below to show how various cul t ivated b eans and

their wi ld relat ives can be grouped. More detai ls can be foun d in various

f loras. I t is c lear from Table 2 that many of the edib le beans are

classi f ied in the large tr ibe  phaseoieae,  a category that can be equated

wi th the Simbi of ethnobotanical lo re .
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Tab le 2. A key to s o m e cultivated b e a n s in the tribe  Phaseoleae. 

( A n t h e r s u n i f o r m , p o d t w o - v a l v e d , n o t a r t i c u l a t e , l e a v e s p i n n a t e l y

t r i f o l i o l a t e )

A . S t y l e b e a r d e d ( s u b t r i b e  phaseolinae  = E u p h a s e o l e a e )

Lablab purpureus  ( L . ) S w e e t L a b l a b B e a n ,

B a t a o , S h i m b i

o r I n d i a n b e a n

Macrotyloma uniflorum  ( L a m . )

V e r d c . = D o l i c h o s u n i f l o r u s

L a m .

H o r s e G r a m

Pachyrrhizus erosus  ( L . ) U r b a n S i n k a m a s , o r

Y a m B e a n

Phaseolus l u n a t u s  L . L i m a B e a n

P. vulgaris  L. C o m m o n o r W a x

B e a n

Psophocarpus tetragonolobus  L. W i n g e d B e a n

Vigna radiata  ( L . ) W i l c z e k M u n g B e a n ,

G r e e n g r a m

V. umbellata  ( T h u n b . ) O h w i & 

O h a s h i

R i c e B e a n ,

A n i p a y

v .  a c o n i t i f o l i a ( J a c q . ) M a r e c h a l M o t h B e a n

V. unguiculata  ( L . ) W a l p . C o w p e a

V. unguiculata  s s p .

sesquipedalis  ( L . ) V e r d c .

A s p a r a g u s B e a n ,

B a r b a t i o r

S t r i n g l e s s

B e a n , S i t a o

A A . S t y l e g l a b r o u s ( no t b e a r d e d )

B. N o d e s o f r a c e m e s w o l l e n ( s u b t r i b e s  Diocleinae  a n d  Erythrininae 

r e s p . )

Canavalia ensiformis  ( L . ) D C . B a r a s e m , J a c k

B e a n

C o n t i n u e d .



Tab le 2. Cont inued.

A A . S t y l e g l a b r o u s ( n o t b e a r d e d )

B . N o d e s o f r a c e m e s w o l l e n ( s u b t r i b e s  Diocleinae  a n d  Erythrininae 

r e s p . )

c . gladiata  ( J a c q . ) D C . S w o r d B e a n

Mucuna pruriens  ( L . ) D C . v a r . V e l v e t B e a n

U t i l i s  (Wa l l . e x W t . ) B a k e r

e x B u r c k .

B B . N o d e s o f r a c e m e n o t s w o l l e n

C . L e a v e s n o t g l a n d - d o t t e d ( s u b t r i b e  Glycininae) 

Glycine max  ( L . ) M e r r . S o y b e a n

C C . L e a v e s c o p i o u s l y g l a n d - d o t t e d ( s u b t r i b e  Cajaninae) 

D . O v u l e s 1-2 ( W i l d 1 t o 2 - s e e d e d r e l a t i v e s o f p i g e o n p e a )

D D . O v u l e s 4 t o m a n y ( P i g e o n p e a a n d c l o s e w i l d r e l a t i v e s )

E. S e e d s w i t h a r i l  Atylosia, Dunbaria. 

e . g .  Atylosia scarabaeo ides  W a l k o l l u

( L . ) B t h .

E E . S e e d s w i t h o u t a r i l

C a j a n u s cajan  ( L . ) M i l l s p . P i g e o n p e a ,

C o n g o B e a n

While i t is useful to record all analyt ical characters for ev a lua t i on ,

haphazard in terpretat ion of l imi ted numbers of e i the r qu ant i ta t ive and

qual i ta t ive data of ten h inder biological improvement , par t icu lar ly o f

cajanus cajan  cu l t i va rs . Baker descr ibed g land-dot ted species of

Cajaninae  in six genera:  Atylosia, Cajanus, Cylista, Dunbaria, Eriosema 

and  Rhynchosia  wi th some 50 spec ies . The number of ovules and hence

seeds is the only ma jo r charac ter de l ineat ing  Atylosia, Cajanus,  and

Dunbaria  f rom the o ther few-seeded taxa. Whereas quant i ta t ive char acters

like depress ion of the pod valves between seeds are taken to  segregate

Dunbaria  from the c losely al l ied  Atylosia  and  cajanus,  the la t ter has been

sorted ou t by absence of the seed a r i l , a qua l i ta t i ve charac te r . Several

wi ld re lat ives of p igeonpea were once descr ibed in  cajanus  and later

t ransferred into  Atylosia,  confus ing p lant breeders searching for genet ic

resources of p igeonpea. Species l ike  cajanus cinereus  F.v. M u e l l . , c.

grandifolius  F .v .Muel l . f rom Aust ra l ia (also t ransferred to  Atylosia) 

and  c. kerstingii  Harms (Hepper 1958) f rom West A f r i ca have received  very 
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l i t t le at tent ion eve r s ince they w e r e f i rst d iscovered in th e i r nat ive

hab i ta ts .

Morpho logy and Dis t r ibu t ion

In search ing for p igeonpea germplasm resources , not only th e ent i re range

of morphological range of var iabi l i ty or related taxa , but also the

habi tat range should be studied for biological assessment . Features such

as floral b io logy and morphology indicate the extent of in t r ogress ion

among c losely related spec ies , wh i le the d is t r ibut ion pat t ern gives us

the ecological ampl i tude. These two aspects are of great s ig n i f i cance

to p igeonpea breeding to se lect biotypes for ex tens ion of cu l t i va t ion .

Consider ing the morphology and breeding behav io r , i t has b een suggested

that several taxa l ike  Atyiosia voiubilis  (B lanco) gamb le ,  Dunbaria 

heynei  W & A ,  A. grandiflora  Ba th .ex Bak . ,  A. lineata  W & A , 

A. trinervia [DC.)  gamb le ,  A. sericea  B th .ex Bak. and  A. villosa  B th . ex .

Bak. should be brought nearer to  c.cajan  to make the c lass i f ica t ion more

useful and na tu ra l ,  A. cajanifolia  Haines from Bai lad i l la in Madhya

Pradesh , a SAT a rea , occurs c lose to the habi tat of the p igeon pea cu l t i var

Yerra konda kandulu  of the Nor thern Cirears (V i sakhapa tnam) , col lected by

Cleghorn some 100 years ago. The  Podu  cu l t ivat ion by tr ibals of Koraput

in Or issa and usage of o ther wi ld legumes are suggest ive of p r imi t ive

agr icu l ture and domest ica t ion of wi ld beans . The name  Bilia kandi  of

Andhra Pradesh is suggest ive of  Dunbaria,  wh ich is al l ied to p igeonpea.

If the aril late condi t ion of the seed is regarded as p r im i t i ve , the

nonar i l la te p igeonpea should be a mutan t w i th advantages of se lect ion by

m a n , and hence propagat ion as a c rop. It is wor th ment ion ing here that

m o n k e y s , both Rhesus and Langur , eat green p igeonpeas from standing crops

in parts of Andhra Pradesh in the same manner as youngsters do .

When habit and seed-bear ing capaci ty are cons idered, spec ies l ike

Atyiosia albicans  W & A,  A. lineata  W & A and  A. trinervia  (DC.) gamble

can be placed at one end of the range and  c.cajan  wi th max imiza t ion at

the o the r . Indeed two- to three-seeded cul t ivars of p igeonp ea , such as

found in the southern A n d a m a n s , and the subs t roph io la te see ds of

Rhynchosia beddomei  Bake r ,  R.pseudo-cajan  Cambess . (semi-erect p l an t s )

and  Dunbaria ferruginea  W. & A. (c l imber) fill the gaps in the

evolut ionary network of  cajanus  by in termediate taxonomic charac te r i s t i cs .

Pigeonpea sc ient is ts could conf i rm these views by b iosyst emat ic research

for bet ter in terpreta t ion of species re\lationship and ben ef i t o f growing

populat ions in the semi-ar id t rop ics .

The pat terns of d is t r ibu t ion and consumpt ion of p igeonpea i n var ious

countr ies of the wor ld are s ign i f i can t for two reasons: (1) to ind icate

the c l imat ic condi t ions and soil types to which the p igeonpe a is adapted

and the phenotypic express ion of geno types ; and (2) to eva lu a te se lec t ion

methods and methods of crop cu l t i va t ion knowledge by e thn ic groups in

re lat ion to rural economy and local t r ad i t i ons . Data on cons umpt ion of

p igeonpeas produced local ly or obta ined through t rade cha nnels are

impor tant to s tudy the pat tern of u t i l i za t ion w i th re leva nce to crop

product ion and improvement .
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Such studies are bet ter made in herbar ium col lect ions to sa ve labor

and t ime . A pre l iminary survey of p igeonpea accessions in t he Calcut ta

Herbar ium conf i rms that the crop is cu l t iva ted both in the t r opics and

the sub t rop ics . Records of cu l t ivat ion f rom the Szemao Moun ta ins of

Yunnan (Henry 1899) and Kwantung in C h i n a , the mounta ins of J ava and

Ph i l i pp ines , T imor(Masters 1 8 8 3 ) , Rio de Janei ro in B raz i l , Vera Cruz in

Mex i co , and the Lat in Amer ican countr ies of Venezue la , Bo l i v i a , and

Colombia indicate the adaptat ion of the species to medium ( 2U00 m)

al t i tudes and associated so i l s . Occur rence of the crop at the f r inges of

the Nubian deser t and in Arunachal Pradesh in India ind icate the to le rance

of the species to var iat ions in precip i tat ion (250 to 2500 mm r a i n f a l l ) .

The pods are broad in Madhya Pradesh ( I n d i a ) , large in Yun nan and

the A n d a m a n s , and many-seeded (5-7) in the Phi l ipp ines and S a d i y a ( A s s a m ) .

Bunches are large in Cadel lgan j ( A s s a m ) . The plants are grow n near houses

in Siang Front ie r ; in the "Jhoom" cul t ivat ion areas of Tr ipu ra and the

Garo Hi l ls of Megna laya ; in the Tangya system of B u r m a , in a ssoc ia t ion

wi th cot ton on teak p lan ta t ions ; and as a perennial crop on "h oomas" or

paddy terraces in the Ph i l ipp ines . Pigeonpea is ex tens ive l y grown by

Indian fa rmers , inc lud ing the Santals of B ihar and the Man ip u r i s , but i t

is l imi ted to some extent in Nagaland.

S o m e U s e s o f P i g e o n p e a

The uses of p igeonpea are man i fo ld . Dhal is the ubiqui tous p rote in-r ich

dish eaten by most Ind ians . Ochse and van den Br ink (1931) men t ion

various uses of the p igeonpea. Green p igeonpeas are rel ish ed both as

cooked and smoked pods . In Java young pods are used in prepa rat ions

cal led "Sayor" and "Rood jak" , large quant i t ies of which ar e bel ieved to

be sopor i f ic but harmless . Husks of pods are used as cat t le f eed; the

green fo l iage as green manure or fodder ; dried stalks as fue l or thatch;

roots for sof t coa l ; the whole plant as host for the lac i nsec t , and

fol iage for rearing of s i l kworms. Pigeonpea wood is even use d to s t r ike

a l ight by the Wah iyon .

Much more l ight is ye t to be thrown by sc ient i f ic s tudy on e th no-

botanical aspects of p igeonpea wh ich is a promising crop of t he future in

the semi-ar id t rop ics .
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Pigeonpea Germp lasm of Assam and t h e

Garo Hil ls

B . N . M e d h i , M . H . H a z a r i k a , a n d D . B o r t h a k u r *

Abstract

Local germplasm lines of pigeonpea,  Cajanus cajan  (L.) Millsp., 

from different regions of Assam and the Garo Hills of Meghalaya 

have been grouped based on metroglyph analysis. Fifty-two 

diverse genotypes, including 47 local perennial and five 

improved cultivars, have been grouped into broad categories on 

the basis of yield potential. The high-yielding group with 14 

genotypes is characterized by late maturity, large number of 

pods per plant and of seeds per pod. The medium and low-

yielding groups consist of 14 and 24 genotypes, respectively. 

Material from districts north of the Brahmaputra river produced 

more on the average than material from south of the Brahmaputra. 

The prospects of combining the high pod number of the late-

maturing perennial types with the early-maturing annual types 

are discussed. 

A bas ic prerequ is i te to cont inuous and long- term progress o f a p lan t

improvement program is the es tab l i shment and eva luat ion of a diverse

germplasm co l lec t ion. Class i f icat ion analys is by var ious  approaches such

as D 2 s ta t is t ics (Maha lanob is , 1 9 3 6 ) , mul t ip le range tests (Ar unachalam

et a l . 1965) and o ther stat ist ical techniques adopted (Murt y e t a l . 1967)

involve heavy computa t ions . A s imple technique known as me trog lyph

ana l ys i s , suggested by Anderson ( 1 9 5 7 ) , serves as a valuab le a id for

grouping of a large number of germplasm access ions accord in g to thei r

characters . In this pape r , group ing of a p igeonpea germplas m col lected

from three d i f ferent regions of Assam and Garo Hi l ls (Megha laya) has been

at tempted based on metrog lyph ana l ys i s .

M a t e r i a l s a n d M e t h o d s

Fi f ty - two d iverse genotypes of p igeonpea (47 local perenni al ones and 5 

improved ones) were co l lec ted f rom distr ic ts north o f the B r ahmapu t ra ,

south of the B rahmapu t ra , and the hill d is t r ic ts of Assam and the Garo

Hi l ls o f Megha laya . The mater ia l was sown during khar i f 1978 at the

* D e p a r t m e n t o f P l a n t B r e e d i n g a n d G e n e t i c s , A s s a m A g r i c u l t u r a l

J o r h a t , A s s a m , I n d i a .

U n i v e r s i t y ,
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research farm of the Assam Agr icu l tura l Un ivers i ty , Jo rha t (26°47'N,

94°12 'E , 86.6 m a l t i t ude) in Assam, India.

The exper iment was laid out in a randomized block design wi th two

rep l ica tes . Seven characters were recorded: p lant he ight ( c m ) , days to

5 0 % f lower ing , days to matu r i t y , pods per p lan t , seeds per p od, 100-seed

we igh t ( g ) , and y ie ld pe r p lo t ( g ) . For metrog lyph dep ic t ion , y i e l d per

plot and days to matur i ty were taken as X and Y a x e s , respect iv e ly . With

increased dura t ion , the pod number , seed s i ze , and y ie ld gen eral ly

inc rease, indicat ing a posi t ive relat ion between y ie l d a nd matur i ty

durat ion (Reddy et a l . 1 9 7 5 ) . H e n c e , the number of days to mat ur i ty is

taken to represent the Y o rd ina te . The index values for the th ree classes

of each character (Table 1) have been presented by varying le ngths of

r a y s , i.e. low (no r a y ) , medium (short ray) and high (long r a y ) .

Results and Discussion

The f i f ty - two genotypes showed a c luster ing into three broa d groups on

the basis of thei r y ie ld ing ab i l i ty . The f i rst group consist ed of

genotypes wi th grain y ie ld ranging from 4 0 0 to 1000 g per p l o t , the

second wi th y ie lds between 1000 and 1600 g per p l o t , and the t hird wi th

y ie l d more than 1600 g per p l o t ; these are designated low- , me d ium- , and

high-y ie ld ing g roups , respect ive ly (Figure 1 ) .

The low-y ie ld ing group consis ted of 24 l ines. Most of the l in es were

character ized by dwarf to medium p lan t he igh t and low pods pe r p lant .

Seed number per pod varied from low to medium. Hundred-seed w e igh t was

descr ibed as l ow , medium and h igh.

The medium-y ie ld ing group was represented by 14 l ines char acter ized

by medium to tall p lant he igh t , low to medium number of pods pe r p lan t and

medium to high number of seeds per pod. Hundred-seed we igh t ranged from

low to medium.

The h igh-y ie ld ing group also cons is ted of 14 l i nes , most ly of medium

to tall p lan t he igh t . No dwarf l ine was found in this group. Th e l ines

were most ly character ized by medium to high number of pods pe r p lan t ,

number o f seeds per pod, and 100-seed w e i g h t .

On the basis of days to matur i ty , the col lect ion was groupe d into

three categor ies : ea r l y , med ium, and l a te .

Twelve l ines represented the ear ly -matur ing group. The p la n t he igh t

ranged from dwarf to medium ta l l . None of the l ines in this gr oup was

ta l l . The l ines were low y ie lders because of low number of pod s per p lant

and low to medium number of seeds per pod.

The medium-matur ing group cons is ted of 17 l ines cover ing d war f ,

med ium- ta l l , and tall p lants w i th med ium to high number of s eeds per pod.

The max imum number of l ines (23) have been inc luded in the la te

matur ing group. This group was represented by mos t of the h ig h-y ie ld ing

l ines character ized by medium-tal l to tall p lan t he igh t . No dwarf l ine

was found in this group.
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Figure 1. Metroglyph d iagram in p igeonpea showing d is t r ibu t ion of characters

in genotypes grouped into low- , medium- and h igh-y ie ld ing a nd as

ea r l y , med ium, and late matur i ty l ines.

25

Tab le 1. Index values of the variables in a p igeonpea collec tion from A s s a m and

the Garo Hills of Megha laya .

C h a r a c t e r

I n d e x v a l u e s

C h a r a c t e r
L o w M e d i u m H i g h

C h a r a c t e r
I n d e x

v a l u e S y m b o l

I n d e x

v a l u e
S y m b o l

I n d e x

v a l u e
S y m b o l

P l a n t h e i g h t ( c m ) 1 5 0 0 1 5 1 - 2 2 0 2 2 1

D a y s t o f l o w e r i n g 1 1 5 0 1 1 6 - 1 5 0 151

D a y s t o m a t u r i t y 1 7 5 1 7 6 - 2 2 5 2 2 6

P o d s / p l a n t 4 8 5 0 4 8 6 - 8 4 0 841

S e e d s / p o d 3 . 8 0 0 3 . 8 1 - 4 . 3 7 4 . 3 8

1 0 0 - s e e d w t ( g ) 7 . 4 0 0 7 . 4 1 - 9 . 0 5 9 . 0 6

Y i e l d / p l o t ( g ) 1 0 0 0 1 0 0 1 - 1 6 0 0 1 6 0 1
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Thus the results have ind icated that matur i ty durat ion com bined wi th

p lant he igh t , pods per p l an t , seeds per pod, and 100-seed w e i g h t give a 

good indicat ion of the y ie ld ing abi l i ty of the l ines .

Material from distr icts north of the Brahmaputra r iver sho wed a 

h igher mean and range o f var iabi l i ty for y i e l d (Table 2 ) , com pared w i th

material or ig inat ing from distr icts south of the Brahmaput ra . The mean

value for days to matur i ty was h ighest for material from nort h of the

Brahmaputra and lowest for those or ig inat ing from hill d is t r ic ts . A 

s imi lar t rend was observed for p lan t he igh t , days to 5 0 % f lo wer ing and

number of pods per p lant . Howeve r , the mean value for 100-se ed we igh t

was h igher in material f rom the hill d istr icts compared wi th material

from north of the Brahmaput ra .

The index scores of the five top-y ie ld ing l i n e s — s e r i a l num bers 2 0 ,

2 2 , 2 3 , 2 6 , and 4 6 , have been presented in Table 3. A perusal of this

table indicates that days to matu r i t y , number of pods per p l an t , and

number of seeds per pod are relat ively more impor tant than p l an t he ight

and 100-seed we igh t . Lateness and pod number are impor tant components

of grain y ie ld (Reddy et a l . 1 9 7 5 ) . The role o f p lant height is

s ign i f i cant in a l ter ing the p lan t s ize and harvest index ra ther than

direct ly inf luencing y i e l d .

In Assam, ratooning of p igeonpea is a common pract ice w i th th e

we l l -adapted late (durat ion > 2 5 0 days) and perennial t ypes . These

T a b l e 3 . Sco res o f f i v e t o p - y i e l d i n g l i n e s o f p i g e o n p e a f or d i f f e r e n t c h a r a c t e r s .

C h a r a c t e r
L i n e

C h a r a c t e r
N o . 2 2 N o . 2 0 N o . 2 3 N o . 4 6 N o . 2 6

P l a n t h e i g h t ( c m ) 3 3 3 2 2

D a y s t o f l o w e r i n g 3 3 3 2 3

D a y s t o m a t u r i t y 3 3 3 3 3

P o d s / p l a n t 3 3 3 3 3

S e e d s / p o d 3 3 3 3 3

1 0 0 - s e e d w t ( g ) 3 2 3 3 2

Y i e l d / p l o t (g) 3 3 3 3 3

T o t a l s c o r e 2 1 2 0 2 1 1 9 1 9

S c o r e : 1 = l o w , 2 = m e d i u m a n d 3 = h i g h
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cul t ivars are character ized by high podding ab i l i t y , resul t ing in high

grain y i e l d per p lan t , bu t their profuse vegetat ive growth h abi t combined

with long duration substant ia l ly reduces the i r y i e l d per h ectare per day.

In ear ly and medium-matur ing cul t ivars the regrowth a f ter the f i rs t grain

harvest develops f lowers and pods qu i ck l y , whereas in la te- matur ing types

new growth is main ly vegetat ive (Sharma et a l . 1 9 7 8 ) . H e n c e , breeding

possib i l i t ies aiming at combining the h igher pod number of la te-matur ing

perennial types w i th ear ly ratooning potential of the ear ly and medium-

matur ing types need to be invest igated. This will const i tu te an

appropr ia te step towards developing genotypes wi th increa sed grain y ie ld

per hectare per day under ratooning prac t ices .
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The Wi l d Gene Pool of  Cajanus at

I C R I S A T , Present and Future

P . R e m a n a n d a n *

Abstract

This paper summarizes the present status of and future plans 

for the genetic resources activities on wild pigeonpeas at 

ICRISAT. The scope of exotic germplasm in generating more 

variability in pigeonpea, building resistance against pests 

and diseases, and upgrading nutritional value is discussed 

with specific examples. The worldwide distribution of the 

closely related taxa is presented, and the center of origin 

and diversity of pigeonpea is discussed. With the ever-

increasing trend of genetic erosion, several wild species 

are now under threat of extinction. The need to collect them 

is stressed, and priority areas are indicated. 

U t i l i t y o f E x o t i c G e r m p l a s m i n P i g e o n p e a I m p r o v e m e n t

The genet ic potential of w i ld relat ives in crop improvement is now a w e l l -

demonstrated fac t . Even wi th a wor ld germplasm col lect ion  of the crop

species at hand, breeders often reach a lmost dead ends for la ck of some

unique charac te rs , for e x a m p l e , annual i ty or insect res is t ance in

p igeonpea. Wi ld re lat ives are no t a ready answer , but we now h ave some

lead that indicates that the w i l d re lat ives of p igeonpea c an make a 

substant ial contr ibut ion to overcome these prob lems. The t rans fer of

annual i ty from w i ld re lat ives such as  Atyiosia piatycarpa, Rhynchosia 

minima, R. aurea,  e tc . to p igeonpea wou ld resul t in a breakthrough in

pigeonpea breeding. ICRISAT entomologis ts have a l ready fo und mechanisms

of pod-bore r res is tance and vary ing degrees of res is tance to pod f l y ,

Hymenoptera , and bruchids in w i ld relat ives of p igeonpea . The an t imetab o-

l ic nature of protease inh ib i to rs , as reported (Singh and Ja mbunathan

1980b) in the c losely re lated species  Rhynchosia rothii  (314% increase

over  cajanus)  could prov ide physiological res istance aga ins t certa in

insec ts .  Atyiosia piatycarpa  and  A. sericea  access ions that are immune

to b l ight are now in the ICRISAT co l lec t ion .

The var iab i l i ty for prote in content in p igeonpea germplas m is

l imi ted. E igh t w i ld re la t i ves , inc luding six  Atyiosia  spec ies , were

analyzed by ICRISAT b iochemis ts . S t r i k ing ly , all of them ha d h igher

protein content ; 28 .3 to 3 0 . 5 % , compared w i th 24.2 in p igeo npea (Singh

* Genetic Resources Un i t , ICRISAT.
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and Jambunathan 1 9 8 0 a ) . No appreciable di f ferences were re corded in the

values of protein d igest ib i l i ty for  cajanus  and  Atylosia  (U. S ingh ,

personal commun ica t ion ) . The ef for ts of the breeders at IC RISAT to

develop h igh-prote in l ines by ut i l iz ing  Atylosia  germplasm have resul ted

in the select ion of h igh-protein der ivat ives w i th desirabl e agronomic

traits (Reddy et a l . 1 9 7 8 ) . The at tempts of the b iochemists t o ident i fy

p igeonpea cult ivars w i th high su l fu r amino acids (which ar e the l imi t ing

essent ial amino acids in p igeonpea) in. the wor ld dol lect io n have so far

not been success fu l . However , the analysis of e igh t c losely related

species resul ted in the ident i f icat ion of one species of  Fiemingia  which

showed a high percentage of meth ionine and cyst ine. At p rese n t , 28 more

closely re lated species are ava i l ab le , w i th 121 access ion s , and in terest-

ing biochemical results may be expected.

It is recognized that wi ld species are able to to lerate wa te r stress

relat ively bet ter than crop p lants . The ident i f i ca t ion , co l lec t ion , and

subsequent t ransfer of drought tolerance to p igeonpea wou ld be a signif i-

cant advance in breeding of p igeonpea for the SAT reg ions. Th e recent ly

col lected Aust ra l ian spec ies ,  Atylosia acutifolia  (still in t rans i t ) is

v ery  drought to lerant . Apar t from these desi rable t ra i t s , a un ique

qual i ty l ike cytoplasmic male s te r i l i t y , which is not easi l y avai lable in

the p igeonpea germplasm, has been obta ined by exp lo i t ing t he exot ic

germplasm (L.J. Reddy , personal commun ica t i on ) .  Atylosia  germplasm has

been successfu l ly in t rogressed into a number of local ly ada pted p igeonpea

cul t ivars and the breeders are making extens ive use of the hy brids and

backcross progenies to reach their ta rgets .

C l o s e R e l a t i v e s o f P i g e o n p e a , T h e i r D i s t r i b u t i o n ,

a n d C e n t e r o f D i v e r s i t y

P i g e o n p e a b e l o n g s t o t h e s u b t r i b e cajaninae ( t r i b e Phaseoleae, f a m i l y
Leguminosae), w h i c h i s a n a t u r a l a s s e m b l a g e o f a b o u t 1 3 c l o s e l y r e l a t e d
g e n e r a d i s t r i b u t e d m a i n l y i n t r o p i c a l r e g i o n s ( T a b l e 1 ) . The g e n e r i c d i s -
t i n c t i o n s a r e s o m e t i m e s n o t b a s e d o n s h a r p a n d w e l l - d e f i n e d m o r p h o l o g i c a l
c h a r a c t e r s , and b i o s y s t e m a t i c r e l a t i o n s h i p s o f t h e s e g e n e r a a r e n o t y e t
c o m p l e t e l y u n d e r s t o o d . The n u m b e r o f s p e c i e s i n c l u d e d i n e a c h g e n u s v a r i e s
f r o m f l o r a t o f l o r a and a u t h o r t o a u t h o r . F o r e x a m p l e , H o o k e r ( 1 8 7 6 ) c l a s -
s i f i e d 2 0 s p e c i e s i n Atylosia and 8 0 i n Rhynchosia, w h i l e Shaw (in W i l l i s
1 9 7 3 ) i n c l u d e d 2 0 i n Atylosia a n d 300 i n Rhynchosia. H o w e v e r , t h e r e i s
w i d e s p r e a d a g r e e m e n t o n t h e c l o s e r e l a t i o n s h i p o f cajanus and Atylosia. 
Von M u e l l e r [in B e n t h a m 1 8 6 4 ) p r o p o s e d t h e m e r g e r o f t h e t w o g e n e r a .
S u p p o r t i n g t h i s s u g g e s t i o n L a c k e y ( 1 9 7 7 ) c o n s i d e r e d cajanus t o b e a 
c u l t i g e n o f Atylosia. D e o d i k a r a n d T h a k a r ( 1 9 5 6 ) s u g g e s t e d t h e m e r g e r o f
t h e t w o g e n e r a o n t h e b a s i s o f m o r p h o l o g i c a l , t a x o n o m i c , a n d c y t o l o g i c a l
e v i d e n c e a n d t h e h i g h d e g r e e o f f e r t i l i t y o f i n t e r g e n e r i c h y b r i d s .

E l e c t r o p h o r e t i c p a t t e r n s o f s a l t - s o l u b l e p r o t e i n s r e v e a l e d c l o s e

s i m i l a r i t i e s b e t w e e n cajanus a n d Atylosia s p e c i e s ( S i n g h a n d J a m b u n a t h a n

1 9 8 0 a ) . F u r t h e r , i n A . cajanifoiia, t h e t a x o n c l o s e s t t o p i g e o n p e a i n

m o r p h o l o g i c a l c h a r a c t e r s , t h e p r o t e a s e i n h i b i t o r a c t i v i t y o f t r y p s i n a n d
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chymotrypsin was str ik ingly s imi la r to that of  cajanus  (Singh and

Jambunathan 1 9 8 0 b ) . These biochemical results suppor t the merger o f the

two genera.

The in terre la t ionship of  cajanus  and  Atyiosla  has a close bear ing on

the or ig in and center of diversi ty of  cajanus,  which is now a debated

issue. Harms (1916) proposed  cajanus kerstingii  as a precursor of the

cul t ivated form, and Westphal (1974) bel ieves that the p ig eonpea

or ig inated in A f r i ca . Bentham (1865) and de Candol le (1883 ) suggested

an As ia t i c o r i g i n , wh ich has been upheld recent ly by van der Maesen

( 1 9 8 0 ) . On the basis of a study of 25 known species of  Atylosia,  De

(1976) concluded that an erec t  Atyiosia  is the progen i to r of p igeonpea

and the upper Western Ghats area of India is the possib le cent er of

or ig in of p igeonpea. The int imate invo lvement of  cajanus  w i th  Atyiosia, 

the great diversi ty in  cajanus cajan  grown in Ind ia , and the abundance of

Atyiosia  spp. in the subcon t inen t , espec ia l ly in the Western G h a t s ,

suppor t the view that  cajanus  o r ig inated in India.

B u i l d i n g u p o f a W i l d G e n e P o o l a t I C R I S A T

Though the genet ic resources act iv i t ies on w i ld relat ives a re basical ly

the same as on crop p l an t s , the methods used are no t exact ly th e same.

The planning and the col lect ion st rategy involves e laborat e p repara t ions .

Data on geographic d is t r ibu t ion , precise loca t ion , time of f ru i t ing , e t c . ,

are gathered from floras and herbar ia , and through cor resp ondence. The

pr ior i ty areas are decided on the basis of the possib le ut i l i ty of the

wi ld relat ives and threat of genet ic eros ion. The location d ata are

often very o ld and not prec ise. Genet ic erosion is a ma jor pro b lem in the

Indian subcon t inen t , where w i l d plants are d isappear ing a t an a larming

ra te . The Western and Eastern G h a t s , and the nor theastern hi l ls are the

most impor tant gene centers of  cajaninae.  Deforestat ion and overexp lo i ta -

tion of land is a ma jo r prob lem in the Western G h a t s , where mos t of the

natural vegetat ion has a l ready been replaced by secondary f orests or

cash c rops . Areas of the Eastern Gha ts , and the nor theaster n hi l ls

su f fe r from sh i f t ing cu l t i va t ion , in which tr ibals burn th e fo res t ,

cu l t ivate on virgin s o i l , and sh i f t to o ther virgin lands.

Because the w i l d relat ives are ra ther uncommon plants in nat ural

vegeta t ion , i t is n o t always feasible to fol low the recommen ded sampl ing

st rategy for crop p lan ts . However ,  every  e f fo r t is made to gather seeds

from as large a populat ion as poss ib le and from as diverse habi tats as

poss ib le . Each sample from each locat ion is ass igned a sepa rate number

and main ta ined separa te ly . Main tenance is no t d i f f i cu l t ex cep t in some

temperate spec ies . The seeds are kept in cold s torage (±4°C) and are

avai lab le to researchers all ove r the wor ld .

The evaluat ion involves mul t id isc ip l inary par t i c ipa t io n . The

impor tant data on morphological characters are recorded and the seeds are

sent to the ICRISAT Pa tho logy , En tomology , B iochemis t ry , a nd Microb io logy

sect ions for special screenings and eva lua t ion . Our exper i ence reveals

that there is considerable heterogenei ty w i th in the specie s and that i t

is desirable to obtain a large number of accessions of each s pec ies .

Access ions w i th desirable trai ts are ident i f ied and inc lud ed in in t ro-

gression a t tempts .
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ICRISAT has made a beginning in bui ld ing up an exot ic g ene pool for

p igeonpea and its subsequent u t i l i za t ion . The gene ba nk has now enough

seed of 129 accessions belonging to 35 species and six genera (Table 2 ) .

The cajanus-Atylosia  hybr ids and backcross progenies that have resulted

from introgression e f fo r ts are l is ted in Tab le 3.

The in terspec i f ic crosses between  Atyiosla  species are carr ied o u t

with the pr imary object ives of combining desirable trai ts in the wi ld

species and to unders tand the b iosystemat ic re lat ionsh ips of these

spec ies . Seeds of w i ld species and in t rogress ion mater i a ls are avai lab le

for distr ibut ion in l imi ted quant i t i es .

The introgression work is no t w i thou t p rob lems. Sever al species

like  A. platycarpa t  A. volubilis , and  A. grandifolia  so far have no t

crossed wi th  cajanus. A. txinexvia  crosses eas i l y , but the F 1 is

par t ia l ly s ter i le . However , e f for ts cont inue to involv e more and more

exot ic germplasm in in t rogress ion. A one-way crossing b arr ier was

not iced between  Atylosia  species and  cajanus  when  Atyiosia  was used as

female paren t . This bar r ie r was very s t rong when  A. sericea  and A.

scarabaeoides  were used as female parents w i thou t any success , wh i le wi th

A. L I n e a t a  and  A. albicans  the percentages of success of the reciprocal

crosses were 9 and 3 0 , respect ive ly . The exac t nature o f this one-way

incompat ib i l i ty is now under invest iga t ion .

F u t u r e P l a n s

Out of the 13 genera w i th about 450 species of the subtr ib e cajaninae, 

only five genera wi th 35 species and 129 accessions are avai lable at

ICRISAT. Hence we are still at the initial s tage . The mai n future

thrust has to be on co l lec t ion , as genet ic e ros ion , which i s now a 

wor ldwide phenomenon , is threaten ing the w i l d spec ies . T he pr ior i ty

areas of co l lect ion are indicated in Table 1.

The co l lected accessions will be eva lua ted wi th mul t id isc i p l inary

par t i c ipa t ion , and ef for ts will cont inue to int rogress  the w i ld species

into  cajanus  to generate more var iab i l i ty and to t ransfer des i rab le

t ra i ts . The generated mater ia ls wil l be passed on to va r ious d isc ip l ines

for screening and ut i l izat ion in breeding w o r k .
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Genet ics of  Cajanus cajan (L.)

Mi l l sp . x  Atylosia Spp.

L . J . R e d d y , J . M . G r e e n , a n d D .

Abstract

The genus Atylosia W. & A. is closely related to Cajanus DC 

'(plgeonpea) . Attempts were made to cross five diverse 

pigeonpea cultivars with eight species of Atylosia. A. 

platycarpa and A. volubilis could not be crossed with any 

of the pigeonpea cultivars tried. Inheritance studies of 

hairy pods, strophioled seeds and mottled seeds from F 2

and F 3 generations indicated that they are governed by 

one or two major genes. 

Pigeonpea belongs to a small genus ,  Cajanus,  in which at present only two -

spec ies - - the cul t ivated  cajanus cajan (L.)  M i l l sp . and the w i ld  cajanus 

kerstingii  Harms. -- are c lass i f ied . The genus  Atylosia  is c lose ly

related to  cajanus  and is separated from the lat ter on the basis of the

presence of ar i l la te seeds (Baker 1 8 7 6 ) . The close af f in i ty between

Atylosia  and  cajanus  has been substant ia ted by their successful

hybr id izat ion (Deodikar and Thakar 1956 ; Kumar and Thombre 1958 ; Kumar et

a l . 1 9 5 8 , 1966 ; S ikdar and De 1 9 6 7 ; Reddy 1 9 7 3 ) . Some of the  Atylosia 

species possess  very  va luable character is t ics that are lacking in

pigeonpea cu l t i va rs . For ins tance ,  A. scarabaeoides  (L.) B th . possesses

both physical and ant ib ios is type of res is tance to the podbore r ,  Heiiothis 

armigera,  wh i le  A. sericea  B th . ex Bak . and  A. albicans  W. & A. are rich

in prote in (Reddy et a l , 1 9 7 9 ) .  A. grandifolia  (F.V. Mue l l . ) Bth .

(misspel led as  A. grandiflora  B th . ex Bak . ) has been reported to be hardy

and f i re- to lerant (Akinola et a l . 1 9 7 5 ) . In view of the prod uct ion of

normal fer t i le hybrids between  cajanus  and  Atylosia  the la t ter can be

ut i l ized in breeding super io r cu l t iva ted p igeonpeas . At IC RISAT a study

is be ing made to assess the usefu lness of var ious  Atylosia  species in

upgrading economic characters in the cul t ivated fo rms . In t his d i rec t ion ,

several co l lec t ions of  Atylosia  species have been made by ou r Genet ic

Resources Un i t , and at tempts made to hybr id ize these wi th d i verse types of

p igeonpea cu l t i va rs . The present paper deals wi th the c ross ab i l i t y o f

e ight  Atylosia  species w i th f ive p igeonpea cul t ivars and the genet ics of

some cont ras t ing characters o f taxonomic impor tance.

* Pulse Improvement Program, ICRISAT.
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Mate r i a l s and Me thods

Five d iverse p igeonpea cu l t i va rs , Pant A - 2 , Ba igan i , ICP- 6997 , ICP-7035.

and ICP-6915 were used in crosses wi th the  Atylosia  species given in

Table 1.

Table 1.  Atylosia species used in crosses with five pigeonpea cultivars.

Atylosia  species Habi ta t Habi t

A. lineata  W. & A. Western G h a t s , Maharash-

t ra , India

Erect shrub

A. sericea  Ben th . ex Bak. Western G h a t s , Maharash-

t ra , India

Erect shrub

A. scarabaeoides  (L.) Benth . Kharagpur , Wes t Benga l ,

India

Herbaceous creeper

A.  vo lub i l is (Blanco) Gamble Hundru Fa l l s , Ranch i ,

B iha r , India

Perennial c l imber

A. platycarpa  Benth - Herbaceous creeper

A. albicans  (W.&A.) Benth Koda ikana l , Bangalore

and T i ruma la i , India

Perennial c l imber

A. trinervia (DC.)  Gamble Ootacamund, Tamil Nadu ,

India

Bushy shrub

A. cajanifolia  Haines Bai lad i la a rea , Bas ta r ,

Madhya Pradesh, India

Erect shrub

Crosses were made in d i f fe rent y e a r s , as and when the new  Atyiosia 

species became ava i lab le . In the f i rst y e a r , the f i rst f ive  Atyiosia 

species were crossed wi th all the f ive p igeonpea cu l t i va rs , and crosses

were made in both d i rec t ions . Based on the f i rst year 's exp er ience that

the hybr ids are produced more readi ly only when  Atyiosia  species are used

as male pa ren ts , the subsequent crosses w i th o ther  Atyiosia  species were

made only in that d i rec t ion . In the case of  A. trinervia,  po l len was

brought as f lower buds f rom Ootacamund on ice in a thermos f la sk and the

pol l inat ions were ef fected 48 hours af ter f lower co l lec t io n .

Pol len v iabi l i ty of the F 1 s was determined w i th 1% acetocarmine s ta in .

For each hybrid p lan t , f ive f lowers were co l lec ted , and for each f lower

pol len counts were made under three d i f fe rent f ields of a l ight m ic roscope .

The- inher i tance pat tern o f three c h a r a c t e r s — h a i r i n e s s o f p o d s ,

presence of s t roph io le , and mot t les on the seed c o a t — w a s stu died in the

F2 populat ions of d i f ferent c rosses , and the ratios were con f i rmed from

the F3 progeny studies for the s t rophio led seed and mott led seed cond i t ion .
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Probabi l i t ies of goodness of f i t w i th the proposed hypothes is was found

from ch i -square (Fisher 1941) using the standard formula:

where 0 and E stand for the observed and expected f requenc ies , E 

respect ive ly . The genes were symbol ized according to the pr inc ip les laid

down by Tanaka ( 1 9 5 7 ) .

Resul ts

C r o s s a b i l i t y

The percentages of pod-set t ing in d i f ferent  Atyiosia  species crosses wi th

five pigeonpea cul t ivars are given in Table 2. Only a few f lo wers of  A,

lineata  and  A. trinervia  were ava i lab le , l imi t ing the number of

pol l inat ions carr ied o u t .  A. lineata  gave the h ighest percentage of

pod-Set t ing , fo l lowed by  A. albicans, A. trinervia, A. cajanifolia, 

A. sericea,  and  A. scarabaeoides . However , in the case of  A. albicans  a 

large percentage of germinated crossed seeds were found to be se l f s . I t

is surpr is ing to note that the success of pod-set in the cross es between

various pigeonpea cul t ivars and  A. cajanifolia,  wh ich is c losest to

Cajanus  on the basis of morphological charac te rs , is less than that

Obtained wi th o ther species Of  Atyiosia, A. lineata, A. trinervia,  and  A.

albicans.  A l though a small percentage of pod-set was obta ined in cros ses

involv ing  A. piatycarpa,  all the crossed seeds were found to be selfs

af ter germinat ion . Thus no crosses were obta ined wi th  A. piatycarpa  and

A. volubilis.  Successful Crosses of  A. lineata, A. sericea,  and  A.

scarabaeoides  wi th p igeonpea have been reported ear l ie r (Deodikar and

Thakar 1956 ; Reddy 1 9 7 3 ) .  A. albicans, A. trinervia,  and  A. cajanifolia 

have been successfu l ly hybr id ized for the f i rs t t ime wi th d i f ferent

p igeonpea cu l t i va rs .

Pol len S te r i l i t y

Percentage of pol len s ter i l i ty in d i f ferent F 1S of p igeonpea x  Atyiosia 

spp. crosses is given in Tab le 3. The pol len ster i l i ty in the normal

p igeonpea cul t ivars ( ICP-6997) is around 9.9%, whi le in the d i f ferent

hybr ids i t ranged from 12.1 to 6 7 . 4 % . Of the f ive  Atyiosia  species

hybr ids tested for the i r po l len s te r i l i t y , hybrids of  A. scarabaeoides 

showed the la rgest var iat ion in s ter i l i ty across d i f feren t p igeonpea

cu l t i va rs .

I n h e r i t a n c e o f Q u a l i t a t i v e C h a r a c t e r s

The inher i tance pat terns of the fo l lowing characters have been determined

from crosses of d i f fe rent cu l t ivars and  Atyiosia  spec ies .

Strophioled versus Nonstrophioled Seeds

In the Fis of all the crosses involv ing d i f ferent  Atyiosia  species and
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Tab le 3. Pollen sterility in F 1s of  Atylosia spp. x  Cajanus cajan. 

M a l e p a r e n t F e m a l e p a r e n t
N o . o f p l a n t s

s t u d i e d

P e r c e n t

M e a n

s t e r i l i t y

R a n g e

A. scarabaeoides X

I C P - 6 9 9 7 5 2 2 . 5 1 3 . 6 - 2 6 . 3

P a n t A - 2 1 5 4 3 . 1 1 9 . 4 - 6 7 . 4

B a i g a n i 1 0 2 6 . 4 2 1 . 0 - 3 6 . 7

I C P - 6 9 1 5 6 2 3 . 7 2 1 . 1 - 2 7 . 3

I C P - 7 0 3 5 2 24 .1 2 1 . 8 - 2 6 . 5

A. sericea X

I C P - 6 9 9 7 8 3 7 . 6 3 0 . 8 - 4 7 . 9

P a n t A - 2 6 3 5 . 4 3 1 . 8 - 3 9 . 6

B a i g a n i 7 3 6 . 5 2 8 . 4 - 4 7 . 0

I C P - 6 9 1 5 1 4 3 7 . 3 2 9 . 8 - 4 9 . 2

I C P - 7 0 3 5 9 3 7 . 3 3 3 . 3 - 4 0 . 5

A. lineata X

P a n t A - 2 1 4 1 . 5

I C P - 6 9 1 5 4 2 7 . 5 2 4 . 9 - 3 0 . 9

A. albicans X

P a n t A - 2 1 2 1 9 . 2 1 2 . 1 - 2 4 . 9

B a i g a n i 3 2 3 . 3 1 9 . 0 - 2 5 . 5

I C P - 6 9 9 7 5 1 6 . 3 1 4 . 0 - 2 1 . 0

I C P - 6 9 1 5 3 2 5 . 2 1 8 . 3 - 3 1 . 7

A. trinervia X I C P - 7 0 3 5 3 2 9 . 0 2 1 . 2 - 3 2 . 6

I C P - 6 9 9 7 ( C h e c k ) 7 9.9 4 . 1 - 1 6 . 0
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pigeonpea cultivars, the strophioled seed character of Atyiosia was 

dominant over the nonstrophioled seeded condition of pigeonpea cultivars. 

In the F
2
 generation a good fit was observed for inhibitory gene action 

with a 13.3 ratio in the crosses of ICP-6997 and 6915 with A.scarabaeoides 

and A. sericea (Table 4J. However, the crosses of A. albicans showed a 

good fit for 3:1 and 9:7 ratios with Pant A-2 and ICP-6997 respectively, 

the other two crosses of A. scarabaeoides with Pant A-2 and ICP-7035 did 

not show a good fit to any of the ratios tested. 

Table 4. Segregation pattern of strophioled vs nonstrophioled seeds in C. cajan x 

Atylosia spp. crosses. 

N u m b e r of F
2
 p l a n t s w i t h 

C r o s s S t r o p h i o l e d N o n s t r o p h i -

s e e d s o l e d seeds 

P r o b a b l e 

r a t i o 
χ

2
 v a l u e P r o b a b i l i t y 

P a n t A - 2 x 

A. scarabaeoides 2 6 9 1 2 5 3:1 9.51 0.01-0.001 

I C P - 6 9 9 7 x 

A. scarabaeoides 178 4 8 1 3 : 3 0.92 0 . 5 - 0 . 3 

I C P - 6 9 1 5 x 

A.scarabaeoides 205 36 1 3 : 3 2.30 0 . 2 - 0 . 1 

I C P - 7 0 3 5 x 

A.scarabaeoides 185 90 9:7 1 3 . 5 8 < 0 . 0 0 1 

I C P - 6 9 9 7 x 

A.sericea 123 27 1 3 : 3 0.06 0.90-0.75 

I C P - 6 9 1 5 x 

A. sericea 9 4 26 1 3 : 3 0.67 0.50-0.25 

P a n t A - 2 x 

A. albicans 2 3 2 68 3:1 0.87 0 . 5 - 0 . 2 5 

I C P - 6 9 9 7 x 

A. albicans 65 39 9:7 1.65 0.25-0.1 

To confirm the F
2
 observations on the inheritance of strophioled 

seeds, 23 F
3
 families derived from F

2
 plants with strophioled seeds and 

19 F
3
 families derived from those with nonstrophioled seeds of ICP-6997 x 

A.scarabaeoides were studied. Of the 23 families of first category,eight 

bred true, ten families gave a good fit for 3:1 ratio (Hetero χ
2
 = 9.54; 

P = 0.8-0.7) and two families gave a very good fit for 13:3 (Hetero χ
2
 = 

0.065; P = 0.8-0.7); the remaining three families did not give a 
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satisfactory fit for either of the ratios. However, in the second 

category of 19 families, five bred true and 14 gave a good fit to 1:3 

ratio (Hetero X
2
 = 7.88; P = 0.90-0.75), thus confirming the inhibitory 

gene action governing the strophioled seeds. The discrepancy in the first 

category could be due to mistakes in classification. The genes proposed 

are nsSD I for strophioled seeds and NSsd i for nonstrophioled seeds. 

Mottled versus Nonmottled Seeds 

The mottledness of A.scarabaeoides seeds was dominant over the uniform 

color of pigeonpea seeds in the F
1
s . In two crosses, ICP-6915 x A. 

scarabaeoides and ICP-7035 X A.scarabaeoides, the F
2
 data fit to a 9:7 

ratio indicating the involvement of two complementary genes in the 

expression of mottledness (Table 5 ) . However, the data from ICP-6997 x A. 

scarabaeoides indicated duplicate factor inheritance with a good fit to a 

15:1 ratio. 

Table 5. Segregation pattern of mottled vs nonmottled seeds in C. cajan x 

A. scarabaeoides crosses. 

Cross 

Number of F
2
 plants 

with Probable 2 
χ value Probability Cross 

Mottled 

seeds 

Nonmottled 

seeds 

rati 0 

2 
χ value Probability 

Pant A-2 x 

A. scarabaeoides 

Baigani x 

A. scarabaeoides 

290 

297 

101 

182 

13:3 

9:7 

12.87 

6.44 

<0.001 

0.02-0.01 

ICP-6997 x 

A. scarabaeoides 212 16 15:1 0.23 0.7 -0.5 

ICP-6915 x 

A. scarabaeoides 151 97 9:7 2.17 0.2 -0.1 

ICP-7035 x 

A. scarabaeoides 141 129 9:7 1.78 0.2 -0.1 

To confirm the F2 behavior, 35 F3 families of ICP-6915 x A. 

scarabaeoides and 39 F3 families Of ICP-6997 X A. scarabaeoides were 

studied. Out of the 35 families of the first cross, 24 were derived from 

the F2 plants with mottled seeds and 11 from those with nonmottled seeds. 

The latter 11 families bred true. From the former group, 3 bred true, 17 

segregated into 3:1 (Hetero χ
2
 = 7.65; P = 0.98-0.95), and 4 into 9:7 
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(Hetero χ
2
 = 0.75; P = 0.75-0.50) ratios. These observations confirm that 

the mottledness of seeds is controlled by two complementary genes. The 

genes proposed are Msd a Msd for mottling and mSd a msdb for nonmottling 

of seeds. 

In the second cross, ICP-6997 x A. scarabaeoides the F
3
 families did 

not show good fit to any of the expected ratios. Hence the duplicate 

factor inheritance of mottledness of seeds in this cross could not be 

confirmed. 

Hairy versus Glabrous Pods 

The hairiness of Atyiosia pods was dominant over glabrous pods in the F
1
s 

of all the crosses. The F
2
 data on ICP-6997 x A. scarabaeoides (Table 6) 

showed a good fit to a 13:3 ratio, suggesting inhibitory gene action in 

the nonexpression of glabrous pods. However, the F
2
 data from ICP-6915 x 

A. scarabaeoides showed a good fit to 3:1, indicating that hairy pods are 

governed by a single dominant gene. These observations need confirmation 

from the studies on F
3
 families. The F

2
 data on the A. scarabaeoides 

crosses with other pigeonpea cultivars did not fit any of the ratios 

tested. 

Joint Segregation Studies 

Joint segregation studies on hairy pods and mottled seeds of Atyiosia 

showed independent segregation in ICP-6997 x A. scarabaeoides and linked 

inheritance in ICP-6915 x A. scarabaeoides (Table 7 ) . In ICP-6997 XA. 

scarabaeoides, nonstrophioled and nonmottled seeds of the Cajanus parent 

were found to be linked, whereas inpendenti segregation was observed in 

ICP-6997 x A. scarabaeoides (Table 8 ) . The glabrous pods and non-

strophioled seeds were observed to be linked in both the crosses, ICP-6997 

X A. scarabaeoides and ICP-6915 X A. scarabaeoides (Table 9 ) . 

C o n c l u s i o n s 

Attempts have been made to cross five diverse pigeonpea cultivars (Cajanus 

cajan)with eight species Of Atyiosia: A. lineata, A. sericea, A. scara-

baeoides, A. albicans, A. trinervia, A. cajanifolia, A. platycarpa, and 

A. volubilis. The latter two species, A. platycarpa and A. volubilis, 

could not be crossed with any of the five pigeonpea cultivars. Although 

the pollen sterility in different crosses ranged from 12 to 67 % , highly 

fertile hybrids could be obtained with most of the species, suggesting 

that the present relegation of these species into two different genera is 

not justified. Also, in view of their easy crossability, various Atyiosia 

species can very well be utilized in breeding superior strains of c. 

cajan. 

F
2
 and F

3
 data from crosses of pigeonpea x Atyiosia spp. indicated 

that some characters of Atyiosia were governed by either one or two major 

genes. Studies on F
2
 populations and F

3
 progenies showed that the 
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strophio led and mot t led seed characters were governed by in hib i tory and

complementary gene act ions respect ively. The hair iness of pods was

contro l led by a s ingle dominant gene in ICP-6915 x  A. scarabaeoides 

However , i t was inferred from F 2 data of ICP-6997 x  A. scarabaeoides  that

the glabrous pod character (al lel ic to ha i r iness) of p igeon pea was

inhibi ted by a gene present in the  Atyiosia  parent . This observat ion

needs conf i rmat ion from F 3 s tud ies . From the jo int segregat ion studies i t

was concluded that the genes governing glabrous pods and n onstrophio led

seeds in  Cajanus  parents were l inked.
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Atylosia in Austra l ia

L . P e d l e y *

In Aust ra l ia  Atylosia  is represented by ten spec ies , nine of them endemic ;
namely:

A. acutifolia  (F. Mue l l . ex Benth . ) Reynolds & Pedley ined.  (Rhynchosia 

acutifolia  F. Mue l l . ex Benth . )

A. cinerea  F. Mue l l . ex Benth .

A. lanceolata  W.V. Fi tzg.

A. latisepaia  Reynolds & Pedley ined.  (A. grandifoiia  F. Mue l l . ex . Benth.

var .  Calycina  Benth . )

A. mareebensis  Renolds & Pedley ined.

A. marmorata  Benth .

A. piuriflora  F. Mue l l . ex Benth .

A. pubescens  (Ewart & Mor r i son) Reynolds & Pedley

(Tephrosia pubescens  Ewart & Mor r ison)

A. reticulata  (Dryander) Benth . ( A. grandifoiia  F. Mue l l . ex Benth . )

A. scarabaeoides  (L. ) Benth .

The species are w ide ly d is t r ibuted in northern Aus t ra l i a , o nly three

species extending for a shor t d is tance into the subtropics ( F i g . 1 ) .

A. scarabaeoides  is a lso wide ly spread in the tropics of the Old Wor ld .

They are p lants of open w o o d l a n d s , of ten on in fe r t i le , well drained so i l s .

Theugh wide ly ranging some species are not at all common. Mo st are

shrubby in hab i t , but  A. scarabaeoides, A. marmorata,  and  A. mareebensis 

have t ra i l ing s t e m s .

It is p la in that  Atylosia, cajanus,  and  Rhynchosia  are closely

related and t ha t , desp i te recent herbar ium studies (Reynol ds & Ped ley ,

in p ress ) the taxonomy of  Atylosia  and related genera is far from c lear .

Some of the spec ies recognized d i f fe r f rom each o ther only in size of

f lowers and in f lorescences and in type and densi ty of indume ntum.

Var iab i l i ty w i th in some species is cons iderab le and interg rades between

species occu r . Some inf raspeci f ic taxa have been recognize d, but in most

cases f ield s tud ies and more intensive col lect ing of herba r ium material is

needed to e luc idate pat terns of var iat ion.

Most species have a " t rans-Austra l ian" d is t r ibut ion but  A. plurifiora 

and  A. mareebensis  are found only in nor theastern Aus t ra l i a , the la t ter

w i th an ex t remely narrow range , and  A. lanceolata  and  A. latisepaia  only

* Queensland Herbar ium, Br isbane, Aust ra l ia .
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in the northern part of Western Aus t ra l ia and the ad jacent p arts of the

Northern Ter r i to ry . From the d is t r ibut ion pat terns i t appe ars that

A. pubescens  extends far thest into arid reg ions , but herbar ium specime ns

may not ref lect the true ranqes of all spec ies . Col lect ions t owards the

end of the we t season are needed, par t icu lar ly from Western A us t ra l i a .

Figure 1. Dist r ibut ion of  Atylosia  species in Aus t ra l ia .
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Genetic Analysis of Plant Height in Pigeonpea

H . K . S h a r m a *

Abstract

Diallel analysis for plant height for nine cultivars of pigeonpea 

( Cajans cajan [ L . ]  Millsp.) having a wide range of variability 

in different characters was conducted to determine genetic 

parameters for plant height. The D and H 1 components indicated 

the importance of both additive and dominance gene effects and 

that the degree of dominance was in the over-dominance range. 

Plant height may have complex inheritance with low heritability. 

The scatter of parental arrays indicated that genes controlling 

tall stature were dominant over genes controlling short stature. 

Among pulse c rops , p igeonpea occupies an important place in Indian agri-

cu l ture . However , the product ion of this crop per unit area is still

be low that o f cereals . Genetics of important y ie ld -con t r ib u t ing charac-

ters prov ide a basis for sound breeding programs. In p igeonp ea , genet ics

of seed-s i ze , f lower ing in i t i a t ion , and protein content ha ve been

reported. P lant height has also shown s ign i f i cant posi t iv e corre lat ions

wi th y ie ld . This paper deals with the genet ic analysis of pla nt he ight .

M a t e r i a l s a n d M e t h o d s

Nine var ie t ies of p igeonpea — S-5 , T - 2 1 , Ba igan i , No. 148, C- l l , R -3 ,

N P - 6 9 , N P ( W R ) - 1 5 , and Gwal ior -3 -- we re intercrossed in all poss ib le com-

binat ions exc lud ing rec iproca ls . The 36 crosses ( F 1 S ) and the i r parents

were grown in a randomized block design in two rep l icat ions. Each entry

was grown in a s ing le row 5 m long wi th 1-m spacing betwee n rows and 30

cm between p lan ts . Observat ions on plant height were record ed on five

representat ive plants in each entry. The data we re analyze d according to

J inks and Hayman ( 1 9 5 4 ) .

Results and Discussion

The mean values of p lant height for parents and F 1 s are shown in Tab le 1.

The mean plant height ranged from 169-5 cm to 291 cm in parents and

* R.A.K. Col lege of Agr icu l tu re , Sehore , M .P . , India.
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T a b l e 1. M e a n values for plant height (cm) for parents and F 1 hybrids in pigeonpea.

C u l t i v a r S - 5 T-21 B a i - N o . 1 4 8 C-11
gani

R - 3 N P - 6 9
N P ( W R )

- 1 5

Gwa l -

i o r - 3

S-5 1 6 9 . 5 2 6 9 . 5 2 5 4 . 0 2 5 0 . 5 2 6 9 . 5 2 9 3 . 0 2 7 2 . 0 2 7 2 . 5 2 7 1 . 5

T - 2 1 2 3 9 . 5 2 5 8 . 5 2 6 2 . 5 2 8 5 . 5 2 9 4 . 0 2 7 8 . 0 2 8 8 . 0 2 8 7 . 5

B a i g a n i 2 3 9 . 0 2 5 9 . 5 2 5 5 . 0 2 9 0 . 0 2 7 7 . 5 2 6 5 . 0 2 7 2 . 5

N o . 1 4 8 2 3 2 . 5 2 5 7 . 5 2 6 8 . 0 2 3 8 . 5 2 5 2 . 5 2 6 2 . 5

C-11 2 5 4 . 0 2 9 1 . 5 2 6 7 . 0 2 7 2 . 5 2 8 4 . 0

R - 3 2 9 1 . 0 2 9 0 . 0 2 8 0 . 0 2 7 4 . 5

N P - 6 9 2 2 5 . 5 2 7 2 . 0 2 5 7 . 5

N P ( W R )  - 1 5 2 6 0 . 5 2 7 4 . 0

G w a l i o r - 3 2 7 6 . 5

238.5 cm to 294 cm in F 1 s . The hybr ids had h igher mean va lues than the

paren ts . S ign i f i cant d i f ferences w e r e shown among parent s and F 1 s in the

analysis o f var iance o f the exper iment (Table 2 ) . The block d i f ferences

were a lso s ign i f i can t ; therefore the Wr and Vr values w e r e ca lculated

separate ly fo r each repl icat ion and the genet ic components  w e r e derived

from the mean va lues over the two rep l ica t ions.

Table 2. Analysis of variance for plant height.

Source df SS MS F

Blocks

Parents

F1 s

Parent V s F 1 s

Er ro r

1

8

35

1

44

2867 .38

19400.80

13113.28

11446.92

8223.62

2867 .38

2425.10

374.67

11446.92

186.90

1 5 . 3 4 * *

1 2 . 9 8 * *

2 . 0 0 0 4 *

6 1 . 2 5 * *

* = S ign i f i can t at  5% l eve l ; ** = S ign i f i can t at 1% level

The homogenei ty o f W r - V r , wh ich ind icates conf i rmat ion o f t he hypo-

thesis postulated f o r the dial lel c r o s s , w a s tes ted by the a nalysis of

var iance of Wr-Vr . In th is analysis t he mean squares f o r arra ys were no t

s ign i f i can t . A l s o , the regress ion coef f ic ient fo r W r , V r w a s s ign i f i cant -

ly d i f fe ren t f rom zero but d id no t deviate f rom uni ty (0.896 + 0 . 0 8 7 ) ,

showing absence o f ep is ta t i c in teract ion.

The parameter est imates are shown in Table 3. D (1144.9  ±  135.9)
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Table 3. Estimates of genetic parameters and ratios

Components / ra t io Est imates Standard Er ro r

D 1144.961 135.99 P .01

F 1293.562 317.49 P .01

H1
1326.763 300.23 P .01

H2
808.714 258.16 P .05

r 2 2545.047 173.18 P .01

E 188.900 42.81 P .01

1.130

H2 / 4 H 1 0.152

3.208

h 2 / H 2 3.147

shows the addi t ive component of var iat ion wh i l e H 1 (1326.7 + 300.2) shows

the component of var iat ion due to dominance ef fects of the ge nes . In the

present s t udy , both D and H 1 are s ign i f icant and have almost equal va l ues ,

the magni tude of H 1 be ing s l ight ly h igher than D. Th is clear ly shows that

both addit ive and dominance ef fects are involved in the expr ession of th is

character . T h e large and h ighly s ign i f icant values of h 2 show that domi-

nance is largely un id i rec t iona l . The h 2 indicates the overall dominance

effects o f the heterozygous loc i . The mean degree o f dominan ce given by

the rat io ( H 1 / D ) 1 / 2 w a s in the overdominance range ( 1 . 1 3 0 ) . Th is confirms

the importance of dominance effects in the express ion of pl ant he igh t .

The es t imate of H 2 showing var iat ion due to non-add i t ive ef fects corrected

for gene d is t r ibut ion was less than H 1 . A l s o , the rat io H 2 / 4 H 1 dev iated

from 0 .25 , suggest ing asymmetry in d is t r ibut ion of pos i t iv e and negat ive

a l le les . The rat io (4DH 1) 1 / 2+F/(4DH 1 ) 1/ 2-F, wh ich est imates the proport ion of

dominant and recess ive genes in the pa ren ts , was 3.208. Si nce th is rat io

d i f fe rs s ign i f icant ly f rom un i ty , i t impl ies inequal i ty b etween the number

of dominant and recess ive a l le les in the p a r e n t s , the domina nts be ing m o r e

than the recess ives . The rat io h 2 / H 2 , showing the number of gene groups

control l ing the character and exhib i t ing dominance to some degree was 3.14.

This suggests that at least th ree of the genes contro l l ing pl ant height

exh ib i t some degree o f dominance .

T h e W r , Vr graph shows that the l ine of unit slope cuts the l imi t ing

parabola below the o r i g i n , thereby conf i rming the degree of dominance to

be in the overdominance range. The dispersion of parental a r rays along

the regress ion l ine shows tha t parent 6 v i z . R-3 has max imum d ominant

g e n e s , s ince i t lies on the extreme end towards the o r i g i n , wh ereas the
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Figure 1. Vr, Wr graph for plant height for 9 varieties of p ige onpea.
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parent S-5 has the maximum recessive genes , s ince i t is at th e far thest

end of the regression l ine. Since parent 6 was the ta l lest an d parent 1 

the shor test of the paren ts , i t is inferred tha t the genes co ntro l l ing

ta l lness are dominant over shor tness. Parents 4, 5, 8, and 9, i.e.

N o . 148 , C - l l , NP(WR) -15 , and Gwal ior -3 have more dominant g enes and fewer

recessives s ince these parents l ie near the or ig in . Parent s 2 , 3 , and 7,

i.e. T - 2 1 , Ba igan i , and NP-69 also have more dominant genes b ut less than

parents 4, 5, 8, and 9, s ince their posi t ion on the regressi on l ine is

above these parents . Thus the dispersion of parental arrays conf i rms tha t

these parents have more dominant al leles than recess ives.

We observed that parents 6 and 7 are not very near the regressi on

l i n e , and concluded that th is probably shows the presence of some

nonal le l ic in te rac t ions , although this remains undetecte d in the analysis

of var iance of the Wr -Vr and W r , Vr regression. A long gap on th e regres-

sion l ine is seen between parent 1 and the o ther paren ts , sugg est ing that

the parents inc luded in the study do not represent the who le range of

var iab i l i ty for p lant h e i g h t , and that studies with more di verse parents

are needed for a bet ter understanding of the gene act ion invo lved in the

expression of plant he ight .

The est imate of her i tabi l i ty in the nar row sense, calcula ted by the

formula 1/4D/1/4D + 1/2H1 - F + E (Crumpacker and Al lard 19 62) was 35 .1%.

This low her i tabi l i ty ind icates that select ion for plant he ight by s imple

select ion on a s ing le-p lant basis may not be  very  e f fec t i ve .
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Inher i tance of Days to F lower

and of Seed Size in Pigeonpea

S . C . G u p t a , K . B . S a x e n a , a n d D . S h a r m a *

Abstract

Crosses involving a large-seeded parent, ICP-8504, and  a 

small-seeded parent, Prabhat, were made, and the inheritance 

pattern was studied by growing parents, F 1s, F 2s, and back-

crosses. The results are discussed in this paper. 

Pigeonpea  (Cajanus cajan  [L . ] Mi l l sp . ) is an important grain legume of

the semi-ar id t rop ics . At p resent , ear ly-matur ing variet i es of pigeonpea

are receiv ing considerable a t ten t ion , as these escape fros t and can f i t

into a mul t ip le-cropping system. Seed size in th isc rop is a  character -

istic important to increasing y ie ld and market acceptabi l i ty . However ,

in genera l , the ear ly-matur ing types have small seeds and re lat ively low

variabi l i ty for this character . Ear ly-matur ing cul t ivars Prabhat and

UPAS-120 , recommended for cu l t ivat ion in rotat ion with whe at in irr igated

areas of northern Ind ia , have small seeds (6.3 and 7.9 g/100 seeds , res-

pec t i ve l y ) . Our studies on the re lat ionship of seed size an d y ie ld indi-

cate that there is no corre lat ion between y ie ld and seed siz e in the

range of 9 to 12 g/100-seed we igh t . The l ines wi th improved se ed size

appear to have bet ter y ie ld potential than the early types av ai lable so

far. However , in format ion on the genet ics of days taken to f l ower and of

seed size in pigeonpea is not adequate . This information is e ssential

for organiz ing a systemat ic breeding program to develop va r iet ies with

desired matur i ty per iod and seed s ize. There fo re , the prese nt study was

undertaken to determine the inher i tance of seed size and day s taken to

f lower , which is a rel iable index of the matur i ty per iod.

M a t e r i a l s a n d M e t h o d s

The parents used for this study were ICP-8504 (P 1 = late- f lower ing and

large-seeded) and Prabhat ( P 2 = ear ly- f lower ing and sma l l - seeded) . The

F1 , F 2 , B 1 F1 (F 1 of backcross to P 1 ) , and B 2 F1 (F 1 of backcross to F 2 )

of the cross Prabhat x ICP-8504, and the sel fed parental l in es were grown

in a randomized block design with three repl icat ions durin g khar i f (rainy

season) 1978 . In each repl icat ion 60 rows of F 2 S , 20 each of backcrosses ,

and 10 each of parents and F 1s were grown in rows 3 m long and 75 cm

* Pulse Improvement Program, ICRISAT.
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a p a r t , accommodat ing 13 p lants 25 cm apar t . Two hundred and f i f ty com-

pet i t ive p lants o f the F 2 , 100 each o f the backc rosses , and 30 each o f

the parents and the F 1 we re se lected in each repl icat ion for recording

the data on days taken to f lower and 100-seed we igh t ( g ) .

The biometr ical procedures ou t l ined by Mather (1949) and fo l lowed

by Warner (1952) we re used in analyz ing the data . The j o i n t s ca l ing

test o f Cavall i (1952) was app l ied , using the weighed least s quare

method suggested by Hayman (1960) and Ne lder ( 1 9 6 0 ) , to te st for ep is tas is

and to es t imate the parameters of the m o d e l , m, d, and h. Gener at ion

means were ana lyzed using the method of J inks and Jones (1958 ) to f i t a 

s ix -parameter model for determin ing gene act ion. Standard er rors of the

es t imates were obta ined as suggested by Mather and J inks ( 1 9 7 1 ) . Her i ta -

b i l i t ies were computed using both Bur ton 's (1951) and Warne r 's (1952)

approach. Ef fect ive factors were est imated using procedur es suggested by

Cast le ( 1 9 2 1 ) , Mather ( 1 9 4 9 ) , and Sewell Wr ight (Burton 1 9 5 1 ) .

R e s u l t s a n d D i s c u s s i o n

The range , m e a n , va r i ance , and coef f ic ients o f var iab i l i t y for d i f ferent

generat ions of the c r o s s , Prabhat x ICP-8504 , are summar i zed in Table 1 

for days to f lower and in Table 2 for seed s ize .

Table 1. Range, mean, and variances for days to flower in pig eonpea.

Number o f Mean Expected

Populat ion plants Range + SE mean Var iance CV(%)

P1 ( ICP-8504)

P2 (Prabhat)

90 98-114 106.6±0.23 107.1 4.61 2.01P1 ( ICP-8504)

P2 (Prabhat) 90 80-92 85.5±0.79 81.7 5.59 2.76

F1 90 83-107 87.0±0.34 87.4 10.63 3.74

F2 750 83-111 90.4±0.23 90.9 40 .25 7.01

B1F1 300 83-110 96.9±0.39 97 .3 46 .45 7.03

B 2 F 1 300 81-98 84.9±0.13 84.6 5.15 2.67

Mid-Parent - — 96.00

The average number of days taken to f lower both for F 1 and F 2 was

less than the mid-parental va lue , indicat ing that a l le les f or ear l iness

are part ia l ly dominant (Table 1 ) . For seed s i z e , both F 1 and F 2 means

w e r e s imi la r t o mid-parenta l va lue (Table 2 ) , suggest ing th at gene act ion

for seed s ize is pr imar i ly add i t i ve . Both for days to f lower a nd for

seed s i z e , F 2 ranges did not give any indicat ion o f t ransgress ive segre-

ga t ion , suggest ing the poss ib i l i ty that plus and minus fac tors w e r e iso-

d i rec t iona l ly d is t r ibuted in the paren ts .

The probabi l i ty values of less than 0.005 in the j o i n t sca l in g test

revealed that the th ree-parameter model used was not adequa te to expla in
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Table 2. Range, mean, and variances for 100-seed weight (g) i n pigeonpea.

Number o f Expected

Populat ion plants Range Mean ± SE mean Var iance CV(%)

P1 ( ICP-8504) 90 8.30-14.00 11.198±0.130 11.54 1.524 11.02

P2 (Prabhat) 90 4.60-9.00 6.857±0.101 6.46 0.933 14.08

F1
90 9.00-11.20 9.304±0.068 9.32 0.426 7.01

F 2
750 5.00-13.20 9.069±0.047 9.16 1.648 14.15

B1 F 1 300 6.00-14.00 10.623±0.064 10.43 1.220 10.39

B2 F 1 300 4.60-11.00 7.432±0.068 7.89 1.381 15.81

Mid-Parent — — 9.027

the ent i re var ia t ion . The genet ic components o f var iance a nd degree of

dominance are summar ized in Tab le 3, and es t imates of her i ta bi l i ty and

number of e f fect ive factors are presented in Table 4. The add i t i ve ,

dominance , and (addi t ive x dominance) in teract ions were s ign i f i cant for

days to f lower . The es t imate of the add i t ive component was h i gher in

magni tude than the es t imate of the dominance and (addi t ive x dominance)

components . Th is indicates that predominant ly addi t ive ge ne e f fec ts

govern the inher i tance of days to f lower. The high her i tab i l i ty esti-

mates of 71.8 and 7 3 . 6 % for days to f lower (Table 4) a lso sho w that a 

cons iderab le amount of genet ic var iab i l i ty is due to add i t i ve gene e f fec t s .

The degree of dominance for days to f lower was 0 .55 , suggest i ng part ial

dominance for ear l iness .

The analys is of var iance components from all the three model s

(Table 3) c lear ly ind icates tha t seed s ize is pr imar i ly gove rned by

s ign i f i can t add i t ive e f fec ts of genes . Howeve r , add i t ive x dominance

and dominance x dominance interact ion components were a lso s ign i f i can t .

The her i tab i l i ty es t imate for seed s ize ob ta ined by Warner ' s procedure

was 4 2 % . This low her i tab i l i ty value may be due to the high co ef f i c ien t

of var iab i l i ty . The degree of dominance was ze ro , ind icat in g the complete

absence of dominance for seed s ize .

The mean days to f lower and seed s ize of F 1 , F 2 , B 1 F 1 , and B 2 F1 did

not deviate marked ly from the i r expected m e a n s . T h i s , in add i t ion to

h igher and s ign i f i can t es t imates of D and d (Table 3 ) , c lear ly ind icates

that predominant ly add i t ive gene e f fec ts govern the inher i tance of these

cha rac te r s . Pandey ( 1 9 7 2 ) , Sharma e t a l . (1972, 1 9 7 3 a ) , and Dahiya and

Sat i ja (1978) a lso found addi t ive genet ic var iance w i t h par t ial dominance

for ea r l i ness . Addi t ive gene e f fec ts for seed s ize have also been

repor ted by Pandey (1972), Sharma et a l . (1972, 1 9 7 3 b ) . Her i tab i l i ty for

days to f lower have been repor ted ranging f rom 31 to 9 9 % (Muno z and

Abrams 1 9 7 1 ; Pandey 1 9 7 2 ; Khan and Rachie 1 9 7 2 ; Sharma e t a l . 1973a ;

Kumar and Haque 1 9 7 3 ; Rubaihayo and On im 1 9 7 5 ; and Singh e t a l . 1 9 7 9 ) .

Sharma e t a l . (1972) repor ted a her i tab i l i ty value o f 8 2 % for seed s i ze .
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Table 3. Genetic components of variance and degree of domina nce for days to flower
and 100-seed weight in pigeonpea.

Components

Days to

f lower

100-seed

we igh t (g) Gene ef fects

A . Mather ( 1 9 4 9 ) :

D

H

E

(Degree o f dominance )

57.816

17.616

6.940

0.552

1.390

-0 .028

0.960

0.000

Add i t i ve

Dominance

Environmental

B . Caval l i ( 1 9 5 2 ) :

M + SE

d

h

(Average dominance)

94.42±0.218 9.00±0.062

1 2 . 7 4 * 2 . 5 4 *

- 6 . 9 9 * 0.32

0.549 0.126

Add i t i ve

Dominance

C. J inks and Jones ( 1 9 5 8 ) :

m ± SE

d

h

i

J
1

94.00±1.31

1 0 . 5 0 *

- 7 . 4 0 *

2.00

3 .00*

0.40

9.45±0.277

2 .15*

-1 .25

-0 .40

2 . 1 0 *

1 .10*

Add i t i ve (A)

Dominance (D)

A x A 

A x D 

D x D 

*S ign i f icant at  5% level .

Table 4. Heritability and number of effective factors for da ys to flower and 100-seed

weight in pigeonpea.

Her i tab i l i ty  (%) Number o f e f fec t i ve factors

Charac ter

Warner

(1952)

Burton

(1951)

Mather

(1949)

Cast le

(1921)

Sewell Wr ight

(1951)

Days to f lower

100-seed w t . (g)

71.82

42 .17

73.59

74.15

4.6

2.7

1.9

1.9

2.6

1.9



An e f fec t ive fac tor has been descr ibed by Mather (1949) as th e

smal les t uni t o f hered i tary mater ial tha t is capab le o f bei ng recognized

by the methods of b iometr ical gene t i cs . I t may be a group of c l osely

l inked genes or a s ing le gene. The number of e f fec t ive fact ors computed

by three d i f fe ren t methods var ied from 1.9 to 4.6 for days to f lower and

1.9 to 2.7 for seed s ize (Table 4 ) . S imp le genet ic control o f  seed size

has also been reported in p igeonpea (Sharma et a l . 1 9 7 2 ) , l im a beans

(Allard 1 9 5 6 ) , and w h e a t (Sharma and Knot t 1 9 6 4 ; Knot t and Ta lukdar 1 9 7 1 ) .

The high her i tab i l i t y , p redominant ly addi t ive genet ic va r iance , and

comparat ive ly low number of e f fec t i ve factors cont ro l l in g both days to

f lower and seed size suggest that e f fec t ive se lect ion in a se gregat ing

populat ion on an individual p lan t basis is poss ib le for deve lop ing ear ly -

matur ing l ines wi th b igger seeds . These l ines w i th improved seed size

may have be t te r y ie ld potent ial than the ex is t ing smal l -see ded ear ly -

matur ing cu l t i va rs .

S u m m a r y

The inher i tance of days taken to f lower and of seed s ize (g/10 0 seeds)

was studied in s ix generat ions of the c ross , Prabhat x ICP-85 04. Genet ic

analys is of the charac ters was car r ied ou t by using means an d var iances

of d i f fe ren t genera t ions , fo l lowing the methodology deve loped by Mathe r

( 1 9 4 9 ) , Caval l i ( 1 9 5 2 ) , and J inks and Jones ( 1 9 5 8 ) . Her i tab i l i t ies and

number o f e f fec t ive factors w e r e also es t imated. Partial d ominance was

observed for ea r l i ness . Add i t i ve gene ef fects were found to be most

impor tant in the express ion of both ear l iness and seed s i ze . Both of

these characters were found to be under comparat ive ly s impl e genet ic

con t ro l . The study indicated the poss ib i l i ty of improving seed s ize in

ear ly -matur ing cu l t ivars by s imple select ion p rocedures .
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Induced Mutagenesis in Pigeonpea w i t h

G a m m a Rays, Ethyl M e t h a n e Sul fonate

(EMS) and Hydroxy lamine (HA)

S . V e n k a t e s w a r l u * , R . M . S i n g h * , a n d L . J . R e d d y * *

Abstract

Pure seeds of R-60 and NP(WR)-15 pigeonpea cultivars were 

irradiated with 5, 10, 20, 30, and 40 kR 60Co gamma rays; 

treated with 0.02, 0.04, and 0.06 molar solution of ethyl 

methane sulfonate (EMS) and 0.1, 0.2 and 0.3 molar solution 

of Hydroxylamine (HA). Gamma irradiation as well as 

treatment with chemical mutagens reduced germination, 

seedling height, pollen fertility, and survival at maturity, 

which was linear from low to higher doses/concentrations. 

R-60 was the least, NP(WR)-15 the most, sensitive to both 

gamma rays and chemical mutagens. The chlorophyll mutation 

rate was characterized by linearity at low to medium doses 

and saturation as well as by erratic behavior at high doses. 

The potential of mutagens in enhancing the frequency of 

chlorophyll mutation was in the order of gamma rays > EMS > 

HA. The spectrum in gamma rays was Xantha > viridis > chlorina, 

whereas in EMS and HA it was viridis > chlorina > Xantha. 

Genet ic var iab i l i ty has been induced through mutagenesis i n a large

number of c rops , but the informat ion avai lable in p igeonpea  (cajanus cajan 

[L . ] Mil lsp.) is meager (Khan et a l . 1973 , Khan and Veeraswam y 1974;

Venkateswar lu et a l . 1 9 7 8 ) . Gamma rays and EMS induced a numb er of

chlorophyl l and viable mutat ions in var iety C o - 1 ; EMS was le ss ef fect ive

than gamma rays (Khan and Veeraswamy 1 9 7 4 ) . Cul t ivar R-60 wa s the l eas t ,

NP(WF)-15 the mos t , rad iosensi t ive (Venkateswar lu e t a l . 1 9 7 8 ) . A t tempts

have also been made to establ ish the correlat ion between mal e ster i l i ty

in the M 1 and frequency of chlorophyl l mutat ions in the M 2 (Caldecot t

1 9 6 1 ; Kavi 1 9 6 5 ; Sharma and Bansal 1 9 7 0 ) . The p resen t stud y aims to

invest igate (1) the re lat ionship between biological e f fec ts in M 1 and the

chlorophyl l mutat ion f requency in M 2 ; (2) the sensi t iv i ty of two p igeonpea

cul t ivars to d i f ferent mu tagens ; and (3) the e f f i c iency of g amma rays

compared wi th that o f Ethyl methane sul fonate (EMS) and Hyd roxy lamine ( H A ) .

* Inst i tute o f Agr icul tural Sc iences , Banaras Hindu Univers i ty , Varanas i ,

India; ** Pulse Improvement Program, ICRISAT.
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M a t e r i a l s a n d M e t h o d s

Pure and dry (8 -9% moisture content) seeds of R-60 and NP(WR) -15 p igeonpea

cul t ivars  were  i r radiated with 5 , 1 0 , 2 0 , 3 0 , and 40 kR 6 0 C 0 gamma rays.

Treatment wi th the chemicals EMS and HA was done separate ly on seeds pre-

soaked in d ist i l led wa te r for 5 hours using 0 .02 , 0 .04 , and 0 .06 mo la r

solut ions of EMS and 0 .1 , 0 .2 , and 0.3 mo lar solut ions of HA, for 4 hours

at room temperature (30°C) and washed in running tap wa te r f or 4 hours .

One hundred seeds were treated with each dose or concentrat i on. Ha l f o f

the seeds were sown in the f ield in two repl icat ions at the Ag r icu l ture

Research Farm, Banaras H indu Univers i ty , during the 1974-7 5 crop season.

Germinat ion (af ter 10 d a y s ) , pol len fe r t i l i t y , and surviva l at matur i ty

of M 1 were scored in the f ie ld. The remaining seeds were sown in p etri

dishes in the laboratory to record observat ions on seedl ing he ight on

the seventh day. Ten randomly se lected plants were consider ed for

recording the pol len fert i l i ty from each variety and each do se/concentra-

t ion. The M 2 generat ion was raised from the M 1 seeds and chlorophyl l

mutat ions were scored and expressed as a percentage of M 2 p lan ts .

Results and Discussion

Biological E f fec ts

Germination

Germinat ion of the M1 was severe ly reduced at h igher doses ( 30 and 40 kR)

of gamma rays in both the cul t ivars R-60 and NP (WR)-15 (Tabl e 1 ) .

Germinat ion Us a percentage of the contro l ) was observed to be less than

2.0 in NP(WR)-15 as against 18.2 or less in R-60 at the above do ses. At

the remaining doses , the germinat ion ranged from 42.4 to 5 7 . 1 % of the

control fo r R-60 and 37.0 to 4 0 . 5 % for NP(WR)-15 . For the che mical

mutagens the reduct ion in germinat ion was apparent and l ine ar wi th

increasing concent ra t ion , except 0.06 M EMS in NP(WR)-15 .

Seedling Height

Seedl ing he igh t in general decreased wi th increasing dos es of gamma rays /

chemicals in both the strains but this decrease was more pr onounced in

NP(WR)-15 than R-60 (Table 1 ) . Seedl ing height was most af fe cted at 30

and 40 kR of gamma rays and 0.04 M and 0.06 M EMS in NP(WR)-15 a nd also

0.06 M EMS in R-60. HA was not as ef fect ive in reducing seedl in g he igh t

as EMS.

Pollen Fertility

Treated populat ions showed lower pol len fer t i l i ty than the respect ive

controls (Table 1 ) . The pol len fer t i l i ty decreased wi th th e increasing

6 8
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doses of gamma rays/chemicals except for 30 kR of gamma rays i n R-60 and

40 kR of gamma rays and 0.06 M EMS in NP(WR) -15 , where a relat iv ely h igher

fer t i l i ty was observed than for the nex t lower dose . This co uld be due

to sampl ing e r r o r , s ince only a few treated plants were avai lable for

study. No p lant survival was observed in NP(WR)-15 at 30 kR. A drast ic

reduct ion in pol len fert i l i ty was obta ined wi th all the tre atments of EMS

and 0.2 and 0.3 M HA in both cu l t ivars .

Survival at Maturity

The reduct ion in p lan t survival at matur i ty was more pronoun ced in both

the cul t ivars at all the doses of gamma rays and EMS than the H A (Table 1 ) .

H igher doses of gamma rays (30 and 40 kR) and EMS (0.06 M) fu r th er

reduced the su rv i va l , which was  very  poo r (0 .0 -9 .4% of the c o n t r o l ) .

H igher doses of gamma rays as well as chemicals great ly a f fec ted the

biological parameters s tud ied. The reduct ion in various pa rameters was

more wi th the increasing doses of gamma rays/chemica ls . Dra st ic reduc-

tion in germinat ion and survival occurred at the h igher dose s. The

reduct ion was greater in the cu l t ivar NP(WR)-15 than in R-6 0 . It is clear

from the data that cu l t ivar NP(WR)-15 showed more sensi t iv i ty to the

mutagens than R-60 for all characters . Thus i t appears that p igeonpea

stra ins d i f fer considerably in the i r rad iosensi t iv i ty (V enkateswar lu et a l .

1978) as wel l as thei r reaction to various chemica ls . It may b e po inted

out that a 5 4 % reduction in seedl ing he igh t occur red in NP(WR )-15 as

agains t only 2 .5% in R-60 at 5 kR, ind icat ing a remarkable di f ferential

response between these two s t ra ins .

Chlorophyll Mutations

Contro ls ( i .e . untreated plant progeny) did not show any ch lorophyl l

mutat ions (Table 2 ) . Three types o f chlorophyl l mu ta t i ons , ch lo r ina ,

xan tha , and v i r id i s , were recovered in the M2 of the t reated popula t ions.

Cul t ivar R-60 produced chlorophyll mutat ions at 1 0 , 2 0 , and 30 kR doses

of gamma r a y s , whereas NP(WR)-15 produced such mutat ions on ly a t 5 , 2 0 ,

and 40 kR. The h ighest f requency of chlorophyl l mutat ions ( 6.61%) was

produced by NP(WR)-15 at 20 kR.

In the case of EMS and H A , the h ighes t mutat ion f requency, in g enera l ,

was observed at the middle doses .

The potential of mutagens for enhancing the f requency of chl orophyl l

mutat ions was in the sequence of Gamma-rays > EMS > HA. Cul t iv ar NP(WR)-15

produced more chlorophyl l mutat ions than R-60. The data o n chlorophyl l

mutat ion f requency (Table 2) clearly show that the cul t ivar NP(WR)-15

that has produced the maximum number of chlorophyl l mu ta t i ons , appears to

be more sensi t ive to the di f ferent mutagens when compared w i th R-60.

Chlorophyl l mutat ions o f three t y p e s , ch lo r ina , xantha an d v i r id i s ,

were recovered in the treated popu la t ions . The spect rum in g amma rays

(Table 3) was xantha > vir id is > chlor ina. In EMS and HA it wa s vir idis > 

chlor ina > xantha.
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Table 2. Chlorophyll mutation frequency in the M 2 generation of pigeonpea.

Cv R-60 Cv NP(WR)-15

Dose/conc. Total

seedl ings

Mutant

M2

plants

Percent

mutants

Total

seedl ings

Mutant

M2

plants

Percen t

mutants

Control 2050 1850

Gamma rays 5 kR 1045 971 2 0.21

10 kR 2139 4 0.19 1450

20 kR 1408 9 0.64 2193 145 6.61

30 kR 956 8 0.84 1321

40 kR 978 595 1 0.17

Total 6526 21 0.32 6530 148 2.67

EMS 0.02 M 1565 3 0.19 1662 8 0.48

0.04 M 1172 2 0.16 1793 58 3.23

0.06 M 1485 5 0.33 1456 24 1.65

Total 4222 10 0.24 4911 88 1.79

HA 0.1 M 1675 1478 3 0.20

0.2 M 1742 8 0.46 1382 25 1.81

0.3 M 1360 2 0.14 1655 13 0.78

Total 4777 10 0.21 4515 41 0.91

The spect rum of chlorophyl l mu tan t types var ied wi th the t re atment .

All three types of mutants for a s ingle t rea tment was only obs erved in the

chemical mutagens. Each gamma ray t reatment produced on ly o ne or two

types of chlorophyl l muta t ions . In o the r w o r d s , chemical mu tagens

induced a w i d e r spect rum of chlorophyl l mutat ions than gamm a rays at a 

given dose , which supports the f indings of Aradhya and Menon ( 1 9 7 9 ) . The

opt imum dose t reatment es t imated on the basis of chlorophyl l mutat ion is

around 20 kR of gamma r a y s , 0.04 M for EMS and 0.2 M for HA for the

sensi t ive cu l t i var NP(WR) -15 .

I t is s ign i f i cant that xantha mutants formed the ma jo r cla ss of

chlorophyl l mutat ions with gamma rays ; vir idis mutants wi t h the chemical

mutagens. Xantha are lethal mutat ions resul t ing f rom drast ic ef fects on

chromosomes, but v ir id is and chlor ina can survive and repro duce. These

observat ions suppor t the proposal that radiat ion produce s ex t reme

muta t i ons , such as xantha and a lb i no , compared wi th mutage n ic chemica ls ,
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Table 3. Spectrum of chlorophyll mutations in the M 2 generation of pigeonpea cultivars

R-60 and N P  (WR) -  15.

Mutagen
Dose/

Conc.

Spect rum of chlorophyl l mutat ions

(% M2 p lants)
Dose/

Conc.
Xantha Vir idis Chlor ina Total

Gamma rays R-60

10 kR 0.14 0.06 0.19

20 kR 0.50 0.14 0.64

30 kR 0.74 0.10

NP(WR)-15

0.84

5 kR 0.21 0.21

20 kR 6.39 0.22 6.61

40 kR 0.17 0.17

Total 8.01 0.60 0.06 8.66

EMS R-60

0.02 M 0.13 0.06 0.19

0.04 M 0.08 0.08 0.16

0.06 M 0.07 0.13

NP(WR)-15

0.13 0.33

0.02 M 0.12 0.24 0.12 0.48

0.04 M 1.00 1.17 1.06 3.23

0.06 M 0.55 0.69 0.41 1.65

Total 1.74 2.44 1.86 6.04

HA R-60

0.2 M 0.17 0.12 0.17 0.46

0.3 M 0.07

NP(WR)-15

0.07 0.14

0.1 M 0.13 0.07 0.20

0.2 M 0.51 0.72 0.58 1.81

0.3 M 0.18 0.36 0.24 0.78

Total 0.93 1.33 1.13 3.39
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which produce the vir idis and chlor ina mutat ions (Westerg aard 1 9 6 0 ) .
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Spontaneous Mu ta t i ons w i t h Pleiotropic

Ef fects in Pigeonpea

Abstract

Sharma and Green (1975) enumerated the following problems in 

pigeonpea breeding: (1) Variation in the outcrossing creates 

difficulty in maintenance of true-to-type seed. (2) Mul t i -

plicity of cropping systems pose the problem of relating the 

environment of the breeding nursery to that of the farmer's 

field. (3) Long period of growth and maturity limit work to 

one breeding generation per year. 

Pleiot ropism and l inkage of des i rab le and undesi rab le char acters adds

complexi ty to the crop breeding program. The present paper r eports plei-

ot ropic ef fects observed in spontaneously occurr ing pige onpea mu tan ts .

Materials and Me thods

A broad- leaved var iant isolated from the F3 of T-21 x EC-107 656 in 1976-77

(Wanjari et a l . 1978) has been designated as a compact mu tan t . Th is

compact mutant and a uni fo l iate mustard- l i ke mutan t isolat ed from improved

var iety No. 148 formed the material for the present study. A dvance F 4 and

F5 selfed s ing le-p lant progenies of the F 3 l ine producing compact mutants

were studied for segregat ion of the mutant geno types . The u ni fo l iate

mutan t was used as pol len parent for crossing wi th several c u l t ivars and

study of the F 1 p lants is in progress.

R e s u l t s a n d D i s c u s s i o n

C o m p a c t M u t a n t

The morphological characters of the compact mu tan t along w i th one of the

parents (T-21) are given in Table 1. F 3 segregat ion was found to be in

the proport ion o f 15 no rma l : 1 compact (Table 2 ) . S ing le-p lant progenies

of the compact p lant carr ied from F 3 to F4 showed its t rue-breeding be-

hav ior , conf i rming i t as a spontaneous muta t ion . However , the progenies

of normal plants from the same F 3 l ine of a cross (T-21 x EC-107656)

* Punjabrao Krishi V idyapeeth, Ako la , Maharasht ra , India.
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Table 1. Some plant characteristics of a compact mutant in p igeonpea compared with

cv T-21.

Table 1. Some plant characteristics of a compact mutant in p igeonpea compared with

cv T-21.

Compact Compact

Plant character bushy erect T-21

Plant height (cm) 62.80 ± 4.72 64.60 ± 6.42 130.00 ± 12.25

No. o f pr imary branches 5.40 ± 2.68 4.80 ± 1.80 7.20 ± 1.67

Leaf le t size (cm)

Lef t Length 5.72 ± 1.96 5.40 ± 1.71 5.99 ± 0.78

Breadth 3.64 ± 0.86 3.56 ± 0.73 1.92 ± 0.36

Central Length 7.22 ± 0.45 7.14 ± 0.44 7.50 ± 0.99

Breadth 4.29 ± 0.64 4.26 ± 0.56 2.52 ± 0.32

Right Length 5.88 ± 1.54 5.56 ± 1.84 5.95 ± 0.96

Breadth 3.76 ± 0.86 3.68 ± 0.59 1.94 ± 0.45

No. o f pods/p lant 9.60 ± 4.38 11.60 ± 7.69 30.00 ± 14.59

Pod length (cm) 5.52 ± 2.31 5.40 ± 1.88 5.10 ± 0.24

No . o f seeds/pod 4.03 ± 3.50 3.76 ± 0.52 4.20 ± 1.20

10-seed we igh t (g) 1.23 ± 0.32 1.17 ± 0.86 0.72 ± 0.02

Seed we igh t /p lan t (g) 6.61 ± 4.13 7.23 ± 4.79 12.74 ± 4.51

Pollen fer t i l i ty (%) 88 .90 85.60 95.20

showed both true breeding for normal p lants and segregat ing l ines for

normal and compact types (Table 3 ) . The segregation conf i rm ed the expec-

tat ion that the compact type was the express ion of double re cessive muta-

tion of dupl icate gene fac tors .

The compact p lants in segregat ing F4 l ines showed two d is t in c t t ypes :

bushy and e rec t , which were found to be monogen ica l ly inher i ted w i th domi-

nance o f bushy characters (Table 4 ) .
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Table 2. F 3 progeny showing compact mutant in pigeonpea.

Segregat ion

X2 (15:1)Progeny no . Normal Mutant X2 (15:1) P

16 57 5 0.3484 0.80-0.90



Table 3. F
4
 behavior of progenies from F

3
 of normal plants arising from the compact 

pigeonpea mutant. 

Nature of segregation 

No. of progenies 

observed 

Expected 

proportion χ
2
 and P 

All normal leaf 

15 normal : 1 compact 

3 normal : 1 compact 

25 

15 

17 

7 

4 

4 

χ
2
 = 0.3120 

P = 0.80-0.90 

Progenies of all F
3
 compact type plants bred true. 

Both the bushy and erect types, however, had all other characters of 

the compact type, i.e., short stature, short internodes, broad, thick 

leaves with mucronate apex, short petiole, and irregular floral organs. 

Thus mutant genes had pleiotropic effects. 

The mutants can be accommodated in very limited space with a good 

amount of biomass production. Pollen fertility, number of pods, and yield 

were found to increase in later generations (Table 5 ) , showing improvement 

in its acclimatization. 
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Table 4. Segregation of erect and bushy pigeonpea types among compact mutant in F
4 

and F
5
. 

Segregation of mutant 

types for growth habit 

Observed no. 

of progenies 

X
2 

(1:2:1) P 

F
4 

All Bushy 11 0.0476 0.95-0.98 

3 Bushy : 1 erect 21 

All erect 10 

All Bushy 39 

3 Bushy : 1 erect 84 0.1464 0.90-0.95 

All erect 41 



Table 5. Some characteristics of compact mutants of pigeonp ea in different generations.

Generat ion

Character F 3 F 4
F 5 F 6

Pollen fert i l i ty 87.50 88.56 88.20 88 .90

No. o f pods/p lant 4.50 8.90 9.40 9.60

N o . o f seeds/pod 1.80 3.50 3.80 4.03

Grain we igh t /p lan t (g) 1.90 4.10 4.62 4.62

U n i f o l i a t e M u s t a r d - l i k e M u t a n t

The uni fo l iate mutant occured spontaneously during 1978-7 9 and 1979 -80 ,

with an average f requency of 2.3585 per 100 000 p lants (Table 6 ) . I t was

of dwarf s ta tu re , wi th much less fo l iage than the normal pla nt. This

fol iage consisted of uni fo l iate leaves on the basal port ion  of the bran-

ches . The upper par t o f the branches showed reproduct ive gr owth. Some

of the floral buds were rudimentary. Many f lowers grew well but fai led

to set seed. The plant thus appeared l ike a mustard p lant . L i mited vege-

tat ive growth and a large amount of reproduct ive growth in th e mutant is

a des i rab le character for breeding p igeonpea. High harvest index is

important for crop breeding (Jain 1 9 7 5 ) . However , the asso ciat ion of

o ther undesirable characters is a const ra in t in fur ther bre ed ing.

Jeswani and Deshpande (1962) reported a s imi lar var iant in C P 32546,

which was reported to be monogenic recessive. The mutant rep orted here

had a large number of f lowers w i th the standard cover ing the w ho le f lower.

The pol len from the mutan t p lant were used for crossing wi th s ix local

s t ra ins , and hybrid seed could be secured. The hybr ids are un der fur ther

observat ion in the f ield.

Jeswani and Deshpande (1962) also reported a sepaloid muta n t and a 

c le is togamous mu tan t . They concluded that in all probabi l i ty the leaf

and floral mod i f i ca t ions were the p le iot ropic ef fects of s i ngle genes.

Joshi and Ramanujam (1963) reported a s imple- leaf mutan t that showed close

associat ion w i th sepa lo idy , point ing to c lose l inkage or p l e iot ropy. A 

nonbranching s ing le-s tem spontaneous mutant reported by D ahiya and Sidhu

(1979) seems to be d is t inct from the parental stock in some ch aracters

such as leaf s i ze , ma tu r i t y , and p lant he ight . Deshmukh (19 59) had also

reported s imi lar mutat ion associated w i th female s ter i l i t y .

Pleiotropy causing undesi rab le character is t ics is observ ed f requent ly

in spontaneously occurr ing m u t a n t s , which rest r ic ts thei r use , a l though

they have some desi rable characters that would be useful in a  breeding

program. Simi lar ly p le iotropy is a ma jo r const ra in t to us ing mutat ion

breeding in p igeonpea. Hence this phenomenon needs at tent i on from the

breeders .
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Table 6. Frequency of unifoliate mustard-like mutant in pig eonpea.

Year Populat ion raised No. o f mutants observed

1978-79

1979-80

1980-81

Total

Average mutan ts /100 000

48 510

36 289

84 700

100 000

1

1

2

2.36





Gene t i c Analys is of a Dia l le l Cross of

Ear l y -F lower ing P igeonpea Lines

K . B . S a x e n a , D . E . B y t h , E . S . W a l l i s , a n d I . H . D e L a c y *

Abstract

The full half-diallel cross of seven early-flowering pigeonpea 

lines was evaluated in the F 1 and F 2 generations at Redland 

Bay (27°S), Australia. The F 1 trial was space planted 

(1m x 1m); the F 2 trial was in higher density (0.5 x 0.2 m). 

There was a clear effect of method of evaluation on the 

expression of genetic differences among the progenies. The 

implications of this and of the inclusion of a parent with 

only moderately different phenology are discussed in relation 

to the accuracy and meaningfulness of genetic parameters 

estimated in this and similar studies. Despite these biases, 

it is shown that GCA variance predominated for all characters 

considered. SCA variance was significant for some characters, 

but was small compared with GCA. This paper discusses the 

implications of these results — and those of other workers— 

for breeding strategies. 

The pigeonpea is a quant i ta t ive short-day p lan t , and its phe nology is

strongly inf luenced by photoperiod (Spence and Wi l l iams 1 972) and by

photoperiod temperature interact ions (L.V. Tu rnbu l l , p ersonal communica-

t i o n ) . Genotypes ranging from photoper iod- insens i t ive t o strongly shor t -

day in response ex is t , and a w ide range of phenology and ext remely

d iverse product ion systems are poss ib le . Aspects of breedi ng st rategies

based on these product ion systems were discussed by Byth et a l . (these

proceed ings ) .

In gene ra l , average y ie lds of seed in the tradit ional cropp ing

systems are relat ively low. However , the crop is capable of h igh seed

yield under favorab le management , and s igni f icant improve ments in

product ion can result from both agronomic and breeding res earch. To

da te , improvement in yield via breeding has been limited (Si ngh 1 9 7 1 ) ,

perhaps because of the relat ively poor understanding of the ecophys io lo-

gical adaptat ion of the crop and the consequent d i f f icu l t y of def in ing

clear quant i ta t ive breeding ob jec t ives .

Relat ively l i t t le genet ic knowledge of agronomic and econo mic

characters ex i s t s , and this compl icates the def in i t ion of breeding

* Univers i ty of Queensland, St . Lucia, Queensland, Aust ra l ia .

81



object ives and select ion strategies appropr ia te to the cro p. Most

cul t ivars are landraces mainta ined by open-po l l inat ion wi th in somewhat

restr icted germplasm bases , hut both pure- l ine and hybr id c ul t ivars have

been proposed and researched. Quant i ta t ive analysis has in dicated that

both addi t ive and nonaddi t ive genet ic var iances are import ant for y i e l d ,

its components , and mos t agronomic characters (Sharma et al 1 9 7 2 ; Sharma

1973 ; Dahiya and Brar 1977 ; Reddy et a l . 1977b; Reddy et a l . 1979a,

1 9 7 9 b ) .

Relat ively l i t t le genet ic analys is has been carr ied out on e ar ly-

f lower ing short -season p igeonpeas. In quant i ta t ive breed ing of any crop

in which phenology is sens i t ive to environmental in f luence s , a basic

problem is that interpretat ion of the resul ts of mat ing des igns is

compl icated by physiological changes associated w i th ph enological

d i f fe rences . T h u s , the inher i tance of y ie ld and associate d characters is

confounded w i th the ple iotropic ef fects of genes inf luenci ng phenology.

Fur ther , s ince plant s ize and habit a re strongly inf luence d by pheno logy ,

the agronomic system used in evaluat ion can have a ma jor d i f f erent ia l

in f luence on the per formance of en t r ies . Th is ef fect confou nds any

genet ic in terpretat ion.

The present study was designed to invest igage genet ic var i ab i l i ty ,

gene ac t i on , and breeding va lue for var ious agronomic and y i e ld characters

in a populat ion of ear ly - f lower ing, shor t -season p igeonpe as. Material of

this phenology is of interest in the development of shor t -s eason and o f f -

season product ion systems (Byth et a l . , Wall is et a l . these p r o c e e d i n g s ) ,

part icular ly whe re mechanical cu l tu re is intended.

M a t e r i a l s a n d M e t h o d s

The seven lines used as parents were all re lat ive ly ear ly f lo wer ing.

Q P L - 1 , Q P L - 2 , Q P L - 3 , and QPL-4 were der ived from a photoper iod- insens i -

tive populat ion in Aus t ra l ia . Prabhat , UPAS-120 , and 3D-81 03 are photo-

per iod-sensi t ive but re lat ively ear ly- f lower ing cul t iva rs at this

la t i tude.

A full half-dial lel of these l ines was evaluated in the F 1 and F 2

genera t ions , together wi th the pa ren ts , a t Redland Bay, Aus t ra l i a (27 °S ) .

Both the t r ia ls were randomized complete block designs wi t h three repli-

ca t i ons , and w e r e sown on 20 December 1979 , The F 1 tr ial was space

planted (1 m x 1 m) in two-row plots 5 m long. The F 2 trial was in s ix -

row p l o t s , 3 m long , w i th 0.5 m x 0.2 m plant spac ing. Each plo t was

bordered by Prabha t , at the same spac ing , to prov ide uni for m compet i t ion.

The s i te was a humid coastal env i ronment wi th a d e e p , high c lay Oxisol

(Krasnozem) so i l . Fer t i l izers w e r e appl ied to correct all k nown def ic ien-

c i e s , and spray i rr igat ion was used as necessary to avoid mo is tu re s t ress .

The plants were protected from weed compet i t ion and insect d amage through-

out the t r ia l .

The fo l lowing characters w e r e observed in both t r i a l s : days  to

f l ower , pod number , seed s i z e , seeds per pod, seed we igh t per p lan t , and

plant height (only in F 1 ) . In the F 1 , observat ions were made on each

p lant . For the F 2 p l o t s , ten compet i t i ve plants per plot w e r e sampled
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at random. In crosses segregat ing for plant hab i t , f ive pl ants of each

type w e r e included. Number of days to f lowering was recorded on a plot

basis for the F 2 t r i a l , and a bulk harvest was done for the p lot y ie ld .

Analys is of the data fol lowed method 4, model I , of Gri f f ing ( 1956 ) .

R e s u l t s and D iscuss ion

A n a l y s i s o f t h e 7 x 7 D i a l l e l C r o s s

Signi f icant d i f ferences existed among the progenies in th e F 1 trial for

all characters (Table 1 ) . Substant ial genet ic var iat ion ex isted for

plant he igh t , y ie ld per p lan t , and days to f lower , but the gen et ic

coef f ic ient of var ia t ion (GVC%) values were re lat ive ly low for seed s ize

and seeds per pod.

General combining abi l i ty (GCA) var iance was s igni f icant f or all

o f the characters measured. Specif ic combining abi l i ty (SC A) var iance

was s igni f icant for days to f lower and plant height on ly . The se two

traits also exhibi ted high precis ion of determinat ion (3 .5 % and 4.9%

coef f ic ient o f var iat ion or CV, respec t i ve l y ) . The var ianc e component

due to GCA was substant ia l ly greater than that due to SCA for a ll the

charac te rs , indicat ing a preponderance of add i t ive gene ac t ion .

In con t ras t , s ign i f icant d i f ferences existed among the pr ogenies

in the F 2 trial only for days to f lower , seed s i ze , and y ie ld per plot

(Table 1 ) . The extent o f genet ic var iat ion among the progen ies was

considerably lower than in the F 1 for y ie ld per p lan t , but was s imi lar

to the F 1 for all o ther charac te rs . There was substant ial genet ic

var iabi l i ty for y ie ld per plot in the F 2 . GCA var iance was s ign i f icant

for days to f lower , seed s i ze , and y ie ld per p lo t , wh i le SCA wa s signi-

f icant for days to f lower and y ie ld per p lot . For each of thes e

charac te rs , the GCA var iance component was large compare d wi th the SCA

var iance component . The coef f ic ients of var iat ion for each character

were s imi lar for the F 1 and F 2 , implying that the characters had

s imi lar precis ion of determinat ion in these t r ia ls .

The crosses di f fered s ign i f icant ly in pod number and y ie ld per

plant in the F 1 , but not in the F 2 . The cause of this is not known.

However , we consider that the expression of genet ic var iabi l i ty for these

characters was inf luenced by the d i f ferences in interplant compet i t ion

between the t r ia ls . In the F 2 t r i a l , the use of higher p lant densi ty

resulted in greater compet i t ion , and this suppressed exp ression of genet ic

potential for cer ta in characters . In con t ras t , in the space -planted F 1

t r i a l , p lants were v i r tual ly noncompet i t i ve throughout g rowth and in

consequence full expression of growth potential was poss i b le . This

resulted in much larger plants of some c rosses , par t icu lar l y those

involv ing the later f lowering pa ren ts , and thus in the real i zat ion of

re la t ive ly h igher var iance components (Table 1 ) . Conseque nt ly , the

expression of genet ic d i f ferences was confounded with the n ature of the

test env i ronment in these t r ia ls . This automat ica l ly l imit s the

inferences that can be drawn from these data . S imi lar inf lu ence of
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env i ronment on the express ion of genes was also found by Y ermanos and

Al lard ( 1 9 6 1 ) .

there was a c lose associat ion between the GCA ef fects for a p arent

and actual parental per formance in the F 1 trial (Table 2 ) ; that i s ,

parental per formance per se was good predic tor of breeding v a lue for mos t

charac te rs . Thus the ear l ies t f lower ing pa ren ts , Q P L - 1 , Q P L - 2 , Q P L - 3 ,

and Q P L - 4 , condi t ioned re lat ive ly ear ly - f lower ing , shor t p l an ts , low pod

number , and low y ie ld per p lan t , whereas the progeny of the la ter

f lower ing 3D-8103 tended to be re lat ive ly late f lower ing a nd ta l le r , w i th

large pod number , small seed s ize and high y ie ld per p lant in t he F 1

t r ia l . In con t ras t , there was c lose pos i t ive associat ion be tween GCA

effect and parental per formance only for days to f lower ing i n the F 2

t r ia l . For seed y i e l d , this ref lects a marked d i f fe rence in GCA between

y ie ld per p lant in the F 1 and y ie ld per p lot in the F 2 . Cul t ivars 3D-

8 1 0 3 , UPAS-120 , and Prabhat condi t ioned high seed y ie ld pe r p lant in the

F1 , but 3D-8103 was infer ior in GCA to the o ther two l ines for y i e ld per

plot in the F 2 .

Fur the r , QPL-1 to QPL-4 had s imi lar negat ive GCA effects for y ie ld

per p lant in the F 1 , but QPL-3 and QPL-4 had large pos i t i ve GCA effects

for y ie ld per plot in the F 2 .  These d i f ferences ref lect the ef fects of

di f ferent ia l in terp lant compet i t ion in these t r i a l s , and i ndicate that

caut ious interpretat ion of genet ic parameters is necessar y for all

characters respons ive to such compet i t ion . Evaluat ion of m at ing designs

should be in cultural condi t ions s imulat ing normal p rac t i c e , at least for

p lant densi ty . However , s ince GCA var iance predominated in both tr ials

for most characters (Table 1 ) , i t can be inferred that subst ant ial

add i t ive genet ic var iance and/or add i t ive x add i t ive epist asis can be

explo i ted in the improvement of ear ly-matur ing p igeonpeas .

Most of the SCA effects for most characters in the F 1 and F 2

t r ials were not s ign i f icant ly d i f fe rent from ze ro , however , for cross

UPAS-120 x 3D-8103 , there was a s ign i f icant negat ive SCA ef fect for days

to f lower (F 1 and F 2 ) and for p lant height ( F 1 ) , indicat ing s ign i f icant

contr ibut ion of nonaddi t ive gene act ion in the expression of these trai ts

in this c ross . None of the crosses involving Prabhat or QPL l ines had a 

s ign i f icant SCA ef fect for days to f lower ing. Th is probably ref lects the

relat ively narrow genet ic base for genes inf luencing f lowe r ing in these

ear ly- f lower ing pa ren ts , and suggests that the prospects f or select ing

even ear l ie r material in the i r progeny are low.

Analysis of the 6 x 6 Diallel Cross

In v iew of the potential in f luence of d i f ferences among the parents in

phenology on quant i ta t i ve genet ic analysis and of paramete r est imates

from such ana l ys i s , the diallel cross was reanalyzed as a 6 x 6 d i a l l e l ,

e l iminat ing the latest f lower ing parent 3D-8103. The preci s ion of the

data was s imi lar for the 7 x 7 and 6 x 6 mat ing des igns (Tables 1 , 3 ) ,

and there w e r e on ly re lat ively small changes in the overal l m ean for mos t

characters (Table 3 ) .

El iminat ion of the 3D-8103 progenies had no in f luence on the

s ign i f icance o f d i f ferences among the progenies (Table 1 , 3 ) , but SCA
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var iance for days to f lower and GCA and SCA var iances for y ie l d per plot

were not s ign i f icant i n the 6 x 6 des ign. For most charac te rs , there was

a substantial reduct ion in the s ize of the GCA and SCA compone n ts , e.g.,

in the GCA and SCA for days to f lower and plant he ight , and in SC A for

pod number and y ie ld per p lant . As in the 7 x 7 des ign , GCA var ia nce

predominated for all characters exhibi t ing s ign i f icant d i f ferences among

the progenies but the ratio of the GCA to the SCA component w as even

greater i n the 6 x 6 des ign.

Character Associations

Phenotypic and genotypic corre lat ions among the character s in the F 1 and

F2 t r ia ls we re general ly s imi lar in magn i tude and d i rec t ion , and only

phenotypic corre lat ions will be considered here (Table 4 ) . In the F 1

trial o f the 7 x 7 des ign , y ie ld per p lant and days to f lowering were

moderate ly to st rongly associated with each o ther and with all o ther

characters . Seed s ize (100-seed we igh t ) was stat is t ica l ly independent

of seeds per pod and pod number.

For the 7 x 7 F 2 d ia l le l , y ie ld per plot was negat ive ly associated

wi th days to f lower and posi t ive ly associated wi th seed siz e and seeds

per pod. In con t ras t , y ie ld per plot and days to f lower were st rongly

posi t ive ly associated (R = 0.70**) in the 6 x 6 F 2 d ia l le l . Th is marked

change in associat ion resulted from delet ion of the progeni es of the

latest f lower ing paren t , 3D-8103 , and occurred because th ese progenies

formed a qu i te d is t inct and relat ively low-yielding, late- f lower ing

group in the F 2 t r ia l . The low y ie ld of the 3D-8103 progenies in the F 2

trial may be related to two causes: f i r s t , these F 2 progenies segregated

for plant habi t between the tall 3D-8103 type and the shor t , i nsensi t ive

parent ; second, interplant compet i t ion was greater for the  ta l l , vegeta-

t ive 3D-8103 proaenies at the re lat ively high plant densi t y used for the

F2 t r ia l . It should be noted that in the F 1 t r i a l , 3D-8103 had the

highest GCA ef fect for y ie ld per p lan t , indicat ing that its p rogenies

w e r e , on average , the highest y ie ld ing ent r ies.

G e n e r a l D iscuss ion

The study was restr ic ted to a set of p iqeonpea l ines that were re lat ively

early f lower ing. Crosses among these parents di f fered s ign i f icant ly for

most of the agronomic characters measured. There was a c lea r ef fect of

method of evaluat ion on the expression of genet ic d i f ferenc es among the

progen ies , and the inclusion of a parent w i th on ly modera te l y d i f fe rent

phenology resulted in a change in the magn i tude of the d i f fe rences and

of the genet ic parameters , these results emphas ize the impo r tance of

conduct ing evaluat ion tr ia ls under a cultural system s imi l ar to that used

in commercial p roduc t ion , and the need to rest r ic t parentag e of mat ing

design to a re lat ively nar row range of phenology. Fai lure to accompl ish

these restr ic t ions inevi tably prejudices the accuracy and  meaningfu lness

of the genet ic parameters est imated for such t r ia ls .

Desp i te these biases to est imat ion inherent in the mat ing de signs
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Table 4. Phenotypic correlations among various characters in 7 x 7 and 6 x 6 diallels.

Character Diallel 2 3 4 5 6
Yie ld /

p lot

7 x 7 .75* * .69* * . 9 7 * * . 5 1 * * .86**
a

Yie ld/p lant

6 x 6 . 7 4 * * . 6 8 * * . 9 7 * * .43 . 9 2 * *

b

7 x 7 9 9 * * . 7 7 * * . 5 5 * * .45* (-.46*)

Days to f lower

6 x 6 .99**

(.96**)
.66 * * . 79 * * .48 (.70**)

7 x 7 . 7 3 * * . 5 0 * .39

Plant height

6 x 6 .66* * . 8 0 * * .41 (.68**)

7 x 7 .39 . 7 8 * * -

Pod Number

6 x 6

7 x 7

.31 . 9 3 * *

.12 (.59**)

Seed size

6 x 6

7 x 7 

.06 ( . 3 4 )

(.69**)

Seeds/pod

6 x 6 -

a. Mean square nonsign i f icant for one var iate.

b. ( ) F 2 generat ion.

a. Mean square nonsign i f icant for one var iate.

b. ( ) F 2 generat ion.
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and evaluat ions reported in this s tudy, i t was shown that GC A var iance

predominated fo r all characters cons idered. SCA var iance w as s ign i f icant

for some cha rac te rs , but was small compared w i th GCA. These r esul ts a re

s imi lar to those of Sharma et a l . ( 1 9 7 2 ) , Sharma et a l . ( 1 9 7 3 ) , and Dahiya

and Brar (1977) for la ter matur i t y groups of p igeonpea. They imply that

substantial add i t ive genet ic var iat ion and add i t i ve x add i t i ve interac-

t ions can be explo i ted in the improvement of ear ly- f lower i ng p igeonpea.

In con t ras t , Reddy et a l . (1977b, 1979a , 1979b) reported pr edominance

of SCA var iances for all charac ters s t u d i e s , inc luding phen o logy , p lan t

he igh t , and seed y ie ld and its components . T h e cause of this m arked

di f ference between these studies is not known, but i t may be r elated to

the genet ic mater ial used or the method of eva lua t ion . Howev er , pheno-

logy , p lant he igh t , and seed s ize are known to be re la t ive ly  h ighly

her i tab le characters in pigeonpea (Munoz and Abrams 1971 ; K han and Rach ie

1 9 7 2 ; Sharma et a l . 1 9 7 2 , 1 9 7 3 ) , and this is incompat ib le wi th est imates

indicat ing a preponderance of SCA var iance for such trai ts ( Reddy et al

1977 b , 1979a , 1 9 7 9 b ) .

Est imates o f the form of genet ic var ia t ion have qu i te funda mental

in f luence on the def in i t ion of breeding s t ra teg ies and me th ods , and on

the re levance o f par t icu lar types o f cu l t i va rs . T h u s , fur th er research

is urgent ly required to va l idate the na ture of gene act ion op era t ing to

determine agronomic characters in p igeonpea populat ions of d i f fe rent

matur i t y c lasses . Such research should be conducted wi th in re la t ive ly

narrow phenological g r o u p s , and evaluat ion methods shoul d be considered

c lose ly in the design of such t r ia ls .

On the basis o f the i r est imates o f gene ac t i on , Sharma et a l . ( 1973)

suggested the deve lopment o f compos i te va r ie t i es ; Dahiya and Brar (1977)

preferred the use o f bulk populat ion improvement over ped ig ree m e t h o d s ,

and Reddy et a l . (1979b) advocated the exp lo i ta t ion of nona dd i t i ve gene

act ion via hybr id cu l t i va rs .

In v iew of the conf l ic t ing l i te ra ture on gene ac t i on , i t is not

poss ib le to de f ine breeding st rategies d i rected exc lus ive ly at the

exp lo i ta t ion of add i t i ve versus nonadd i t i ve genet ic var i ance. In f ac t ,

i t is unnecessary to do so . The reproduct ive b io logy of p ige onpea

permits both op t i ons . Varietal hybrids based on genet ic m a l e s ter i l i ty

(Reddy et a l . 1977a , Wall is et a l . v o l . 2 , these p roceed ing s) have

exhib i ted cons iderab le heterosis for seed y ie ld (Green et a l . 1 9 7 9 ) .

Converse ly , ped igree or bu lk-breeding methods can be used successfu l ly in

p igeonpea , d i rected towards pure- l ine or mu l t i l i ne cu l t i v a rs . Natural

outcross ing can be ut i l ized in the improvement of p redomina nt ly se l f -

po l l inated plants (Frey 1975 ; Khan 1 9 7 3 ) . Byth et a l . ( these p roceed ings)

reported a modi f ica t ion of floral morpho logy , wh ich enforc es sel f -pol l i -

nat ion in p igeonpea , and proposed its use w i th genet ic ma le -s te r i l i t y to

a l low populat ion improvement of p igeonpea as a se l f -po l l i na ted crop for

the product ion o f pure- l ine cu l t i va rs . They cons idered tha t the exploi-

tat ion of heterosis in hybrid cu l t ivars was not incompat ib l e w i th this

general approach to p igeonpea improvement .

Cons iderab le research into the s t ra teg ies of breeding appr opr ia te to

pigeonpea is requi red. Ob jec t i ve dec is ions on this fundame ntal quest ion

cannot be m a d e now, in v iew of the l imi ted and conf l i c t ing l i t e ra ture on

genet ic var iat ion in th is crop.
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Dial lel crosses have been extens ive ly used in both sel f - an d c ross-

pol l inated crops for es t imat ing genet ic var iances and com bining abi l i ty

of the paren ts ; however , there are  very  few reports on this aspect in

p igeonpea. These studies are l imited to a very small number o f genotypes

and to a few charac ters ; o f t e n , conf l ic t ing reports have be en made on the

gene act ion for y ie ld and other agronomic characters (Chaud hari et a l .

1980 ; Reddy et a l . 1979a , 1979b ; Dahiya and Brar 1 9 7 7 ; Sharm a et a l .

1973a , 1 9 7 3 b ) . In view of the scanty informat ion avai lable o n the genet ic

potential of cul tures in a matur i ty group or p lant t ype of p ig eonpea, i t

wou ld be des i rab le , for speedy eva lua t ion , to determine the potential of

a par t icu lar ecotyp ic or racial group ra ther than to evalu ate individual

cu l tures. Such an approach becomes all the more important in crops such

as p igeonpea, w h e r e the number of cul tures wi th unknown bac kground run

into several t housands , with a possibi l i ty of many dupl icat es. At ICRISAT

Center a 10 x 10 group diallel and two var iety d ia l le ls , 28 x 28 and

7 x 7, were made and evaluated. O u r object ives were to assess g eneral

(GCA) and speci f ic combining abi l i ty (SCA) fo r d i f ferent ch arac ters , to

d iscuss the ef f ic iency of parental performance as an ind i cator of progeny

* Pu lse Improvement Program, ICRISAT.
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General (GCA) and specific combining ability (SCA) variances 

were determined from a 10 x 10 group diallel, a 28 x 28 variety 

diallel, and a 7 x 7 variety diallel. All the diallels have 

indicated predominance of additive gene action for most of the 

characters studied; however, highly significant, SCA variances 

were observed for yield in all the diallels. Therefore, 

breeding programs should aim at exploiting both additive gene 

action through pedigree, mass selection, and population impro-

vement, and nonadditive gene action through F 1 hybrids and 

bulk hybrid advance by single-pod descent. In general, a high 

rank correlation was observed between the mean performance per 

se and the GCA of the parents, indicating that the parents can 

be chosen for a crossing program on their per se performance. 

The GCA variances were affected relatively more than the SCA 

variances by the phenological diversity of the parents involved 

in the crosses. 

Abstract

L . J . R e d d y , K . B . S a x e n a , D . S h a r m a , a n d J . M . G r e e n *

S o m e Combin ing Ab i l i t y Analyses in

Pigeonpea ( Cajanus cajan (L.) Mil lsp.)



per fo rmance, and to study the e f fec t o f phenological d ivers i ty o f parents

on the GCA and SCA var iances .

M a t e r i a l s and M e t h o d s

G r o u p D i a l l e l (10 x 10)

The ent i re germplasm col lect ion (3480 cultures,) ava i la b le dur ing 1973-74

at ICRISAT was c lassi f ied into ten broad g r o u p s , based on imp or tan t p lant

characters such as p lan t he igh t , p lant sp read , matur i ty per iod , and seed

w e i g h t . Each group was formed by mix ing equal number of see ds for each

cul ture of a s imi la r type. Crosses were e f fec ted both betwee n and wi th in

the g roups , and 45 in ter - and 9 in t ra-group crosses obta ined . Care was

taken to co l lec t pol len f rom all the ava i lab le p lants of the m a le parent

and to use all the plants of the female parent for emascula t i on and po l l i -

nat ion to m in im ize the sampl ing e r ro r . The  F1s  of all the crosses and

the parents we re grown in an 8 x 8 s imple la t t i ce wi th four re p l i ca t ions .

Observat ions w e r e recorded on 30 randomly chosen compet i t i ve plants per

p lo t . For dial lel analys is on ly in tergroup crosses and par ents were

considered.

Variety Diallel (28 x 28)

During 1 9 7 4 - 7 5 , a dial lel se t involv ing 28 d iverse parent s was p lanted in

parental ar rays in two rep l i ca t ions . Observat ions were mad e on d i f ferent

characters on an individual p lan t bas is .

Variety Diallel ( 7 x 7 ) 

During 1976-77 a seven-parent dial lel was made and all the 2 1 F 1s along

wi th the i r parents were planted in two rep l i ca t i ons . Observ at ions on 20

compet i t ive p lants per p lo t were recorded for all the charac te rs .

For the dial lel ana lys is all the three exper iments we re tre ated as

Randomized b lock designs and the e r ro r var iance ob ta ined wa s used as the

e r ro r component in the analyses o f combin ing ab i l i t y . The an alyses o f

general and speci f ic combin ing ab i l i ty was done accord ing t o method 2,

model 1 , o f Gr i f f ing ( 1 9 5 6 ) .

Resul ts and Discussion

Group Dia l le l ( 10 x 10 ) 

The analys is of var iance for all the characters revealed s i gn i f i can t

d i f ferences among genotypes (Table 1 ) . Both GCA and SCA mean squares

were h igh ly s ign i f icant for all the cha rac te rs . Howeve r , th e magn i tude

of SCA var iance es t imates was lower than that o f GCA es t imat es for all
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the characters excep t plant he igh t , indicat ing the prepon derance of addi-

t ive gene act ion for days to 5 0 % f lower ing, pr imary and secon dary branches,

y i e l d , and harvest index.

The est imates of GCA ef fects for all the ten parental groups f or

var ious characters are given in Table 2. The ear ly -matur i ty groups 1 and

2 were the bes t general combiners for ear l iness . Groups 1, 2, and 7,

w i th dwar f s ta tu re , showed s ign i f icant negat ive e f fects fo r p lant he ight .

Also the h igh-y ie ld ing pa ren ts , G - 8 , G-9 , and G-10 showed h ighly signi-

f icant pos i t i ve e f fects for y i e l d . S imi la r l y , groups 1 and 2 w i th high

harvest index were the best general combiners for th is chara cter .

Table 2. General combining ability effects of parents for va rious characters in a 
10 x 10 group diallel of pigeonpea.

Table 2. General combining ability effects of parents for va rious characters in a 
10 x 10 group diallel of pigeonpea.

C h a r a c t e r

Days to 5 0 % Plant Pr imary Secondary Yie ld/ Harvest index

Parent f lower ing height branches branches plot (Transformed)

G-1 - 1 6 . 5 8 * * - 1 7 . 5 9 * * - 0 . 4 1 * - 4 . 2 5 * * - 0 . 3 5 * * 1 .81**

G-2 - 1 1 . 7 6 * * - 1 0 . 5 7 * * - 0 . 5 8 * * - 3 . 0 2 * * - 0 . 4 0 * * 1.26**

G-3 - 2 . 2 2 * * 5 .85* * - 0 . 3 1 * - 3 . 0 6 * * -0 .17 0.09

G-4 - 4 .72* * 2.43 0.46** 2 .11 * * -0 .15 -0.20

G-5 - 3 .26** - 2.98 0.09 -0 .14 - 0 . 3 7 * * 0.23

G-6 1 0 . 3 6 * * 4 .70 * * - 0 . 5 0 * * - 1 . 3 5 * - 0 . 4 5 * * - 2 . 6 6 * *

G-7 - 8 .20* * - 4 .63** 0.25 1.25 -0 .08 0.27

G-8 1 3 . 2 8 * * 1 1 . 2 3 * * 0.30 1.11 0.59** -0.31

G-9 1 1 . 9 0 * * 7 .14** 0 .38 * 4 .03* * 0 .71** -0.04

G-10 1 1 . 2 0 * * 4 . 1 4 * 0.25 3 .32** 0 .67* * -0 .27

SE (gi) 0.5656 1.7423 0.1683 0.6853 0.1042 0.4268

CD (5%) 1.6526 5.0907 0.4918 2.0021 0.3046 1.2471

(g i-j )

*Signi f icant at 5% leve l ; * *S ign i f icant at 1% level.

G-1 : Early matur i ty , dwar f , compact and determinate growth habit

G-2 : Early matur i ty , spreading and semispreading and indet erminate

growth habi t

G-3 : Medium matu r i t y , tall and compact growth habi t

G-4 : Medium matu r i t y , tall and semispreading

G-5 : Medium matu r i t y , tall and spreading growth habit

G-6 : Large-seeded, medium and late matur i ty

G-7 : Medium matur i ty and dwarf plant type

G-8 : Late matur i ty , tall and compact growth habit

G-9 : Late matu r i t y , dwar f , spreading and semispreading gro wth habi t

G-10 : Late matur i ty , ta l l , and spreading and semispreading growth habi t

*Signi f icant at 5% leve l ; * *S ign i f icant at 1% level.

G-1 : Early matur i ty , dwar f , compact and determinate growth habit

G-2 : Early matur i ty , spreading and semispreading and indet erminate

growth habi t

G-3 : Medium matu r i t y , tall and compact growth habi t

G-4 : Medium matu r i t y , tall and semispreading

G-5 : Medium matu r i t y , tall and spreading growth habit

G-6 : Large-seeded, medium and late matur i ty

G-7 : Medium matur i ty and dwarf plant type

G-8 : Late matur i ty , tall and compact growth habit

G-9 : Late matu r i t y , dwar f , spreading and semispreading gro wth habi t

G-10 : Late matur i ty , ta l l , and spreading and semispreading growth habi t

*Signi f icant at 5% leve l ; * *S ign i f icant at 1% level.

G-1 : Early matur i ty , dwar f , compact and determinate growth habit

G-2 : Early matur i ty , spreading and semispreading and indet erminate

growth habi t

G-3 : Medium matu r i t y , tall and compact growth habi t

G-4 : Medium matu r i t y , tall and semispreading

G-5 : Medium matu r i t y , tall and spreading growth habit

G-6 : Large-seeded, medium and late matur i ty

G-7 : Medium matur i ty and dwarf plant type

G-8 : Late matur i ty , tall and compact growth habit

G-9 : Late matu r i t y , dwar f , spreading and semispreading gro wth habi t

G-10 : Late matur i ty , ta l l , and spreading and semispreading growth habi t

*Signi f icant at 5% leve l ; * *S ign i f icant at 1% level.

G-1 : Early matur i ty , dwar f , compact and determinate growth habit

G-2 : Early matur i ty , spreading and semispreading and indet erminate

growth habi t

G-3 : Medium matu r i t y , tall and compact growth habi t

G-4 : Medium matu r i t y , tall and semispreading

G-5 : Medium matu r i t y , tall and spreading growth habit

G-6 : Large-seeded, medium and late matur i ty

G-7 : Medium matur i ty and dwarf plant type

G-8 : Late matur i ty , tall and compact growth habit

G-9 : Late matu r i t y , dwar f , spreading and semispreading gro wth habi t

G-10 : Late matur i ty , ta l l , and spreading and semispreading growth habi t

*Signi f icant at 5% leve l ; * *S ign i f icant at 1% level.

G-1 : Early matur i ty , dwar f , compact and determinate growth habit

G-2 : Early matur i ty , spreading and semispreading and indet erminate

growth habi t

G-3 : Medium matu r i t y , tall and compact growth habi t

G-4 : Medium matu r i t y , tall and semispreading

G-5 : Medium matu r i t y , tall and spreading growth habit

G-6 : Large-seeded, medium and late matur i ty

G-7 : Medium matur i ty and dwarf plant type

G-8 : Late matur i ty , tall and compact growth habit

G-9 : Late matu r i t y , dwar f , spreading and semispreading gro wth habi t

G-10 : Late matur i ty , ta l l , and spreading and semispreading growth habi t

*Signi f icant at 5% leve l ; * *S ign i f icant at 1% level.

G-1 : Early matur i ty , dwar f , compact and determinate growth habit

G-2 : Early matur i ty , spreading and semispreading and indet erminate

growth habi t

G-3 : Medium matu r i t y , tall and compact growth habi t

G-4 : Medium matu r i t y , tall and semispreading

G-5 : Medium matu r i t y , tall and spreading growth habit

G-6 : Large-seeded, medium and late matur i ty

G-7 : Medium matur i ty and dwarf plant type

G-8 : Late matur i ty , tall and compact growth habit

G-9 : Late matu r i t y , dwar f , spreading and semispreading gro wth habi t

G-10 : Late matur i ty , ta l l , and spreading and semispreading growth habi t

*Signi f icant at 5% leve l ; * *S ign i f icant at 1% level.

G-1 : Early matur i ty , dwar f , compact and determinate growth habit

G-2 : Early matur i ty , spreading and semispreading and indet erminate

growth habi t

G-3 : Medium matu r i t y , tall and compact growth habi t

G-4 : Medium matu r i t y , tall and semispreading

G-5 : Medium matu r i t y , tall and spreading growth habit

G-6 : Large-seeded, medium and late matur i ty

G-7 : Medium matur i ty and dwarf plant type

G-8 : Late matur i ty , tall and compact growth habit

G-9 : Late matu r i t y , dwar f , spreading and semispreading gro wth habi t

G-10 : Late matur i ty , ta l l , and spreading and semispreading growth habi t

*Signi f icant at 5% leve l ; * *S ign i f icant at 1% level.

G-1 : Early matur i ty , dwar f , compact and determinate growth habit

G-2 : Early matur i ty , spreading and semispreading and indet erminate

growth habi t

G-3 : Medium matu r i t y , tall and compact growth habi t

G-4 : Medium matu r i t y , tall and semispreading

G-5 : Medium matu r i t y , tall and spreading growth habit

G-6 : Large-seeded, medium and late matur i ty

G-7 : Medium matur i ty and dwarf plant type

G-8 : Late matur i ty , tall and compact growth habit

G-9 : Late matu r i t y , dwar f , spreading and semispreading gro wth habi t

G-10 : Late matur i ty , ta l l , and spreading and semispreading growth habi t

*Signi f icant at 5% leve l ; * *S ign i f icant at 1% level.

G-1 : Early matur i ty , dwar f , compact and determinate growth habit

G-2 : Early matur i ty , spreading and semispreading and indet erminate

growth habi t

G-3 : Medium matu r i t y , tall and compact growth habi t

G-4 : Medium matu r i t y , tall and semispreading

G-5 : Medium matu r i t y , tall and spreading growth habit

G-6 : Large-seeded, medium and late matur i ty

G-7 : Medium matur i ty and dwarf plant type

G-8 : Late matur i ty , tall and compact growth habit

G-9 : Late matu r i t y , dwar f , spreading and semispreading gro wth habi t

G-10 : Late matur i ty , ta l l , and spreading and semispreading growth habi t

*Signi f icant at 5% leve l ; * *S ign i f icant at 1% level.

G-1 : Early matur i ty , dwar f , compact and determinate growth habit

G-2 : Early matur i ty , spreading and semispreading and indet erminate

growth habi t

G-3 : Medium matu r i t y , tall and compact growth habi t

G-4 : Medium matu r i t y , tall and semispreading

G-5 : Medium matu r i t y , tall and spreading growth habit

G-6 : Large-seeded, medium and late matur i ty

G-7 : Medium matur i ty and dwarf plant type

G-8 : Late matur i ty , tall and compact growth habit

G-9 : Late matu r i t y , dwar f , spreading and semispreading gro wth habi t

G-10 : Late matur i ty , ta l l , and spreading and semispreading growth habi t

*Signi f icant at 5% leve l ; * *S ign i f icant at 1% level.

G-1 : Early matur i ty , dwar f , compact and determinate growth habit

G-2 : Early matur i ty , spreading and semispreading and indet erminate

growth habi t

G-3 : Medium matu r i t y , tall and compact growth habi t

G-4 : Medium matu r i t y , tall and semispreading

G-5 : Medium matu r i t y , tall and spreading growth habit

G-6 : Large-seeded, medium and late matur i ty

G-7 : Medium matur i ty and dwarf plant type

G-8 : Late matur i ty , tall and compact growth habit

G-9 : Late matu r i t y , dwar f , spreading and semispreading gro wth habi t

G-10 : Late matur i ty , ta l l , and spreading and semispreading growth habi t

*Signi f icant at 5% leve l ; * *S ign i f icant at 1% level.

G-1 : Early matur i ty , dwar f , compact and determinate growth habit

G-2 : Early matur i ty , spreading and semispreading and indet erminate

growth habi t

G-3 : Medium matu r i t y , tall and compact growth habi t

G-4 : Medium matu r i t y , tall and semispreading

G-5 : Medium matu r i t y , tall and spreading growth habit

G-6 : Large-seeded, medium and late matur i ty

G-7 : Medium matur i ty and dwarf plant type

G-8 : Late matur i ty , tall and compact growth habit

G-9 : Late matu r i t y , dwar f , spreading and semispreading gro wth habi t

G-10 : Late matur i ty , ta l l , and spreading and semispreading growth habi t
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Variety Diallel ( 28 x 28 ) 

I t can be argued that the parentage of a mat ing design should be restr ic-

ted to a re lat ively nar row range of phenology in o rder to get m eaningful

es t imates of genet ic parameters. For this reason the ent i re diallel set

w a s div ided on the basis of parental phenology into ear ly x e a r l y , ear ly x 

med ium, medium x med ium, medium x la te , and late x late cros s combina t ions ,

and the combining abi l i ty analysis was carr ied out separate ly for each of

these subsets (Table 3 ) . The genotyp ic d i f ferences were not s ign i f icant

for days to f lowering and y ie ld per p lant in medium x med ium c rosses.

Except ing for t h e s e , the GCA mean squares were highly s ign i f icant fo r

various characters in d i f ferent subsets . For seeds pe r pod , the SCA mean

squares were not s igni f icant both in the main set and in all th e subsets .

The SCA mean squares were no t s igni f icant for seed size in me dium x med ium

crosses but were s ign i f icant in ear ly x e a r l y , ear ly x med i um, ear ly x 

late and medium x late and late x late crosses. In all the sub se t s ,

except ear ly x medium c rosses , SCA mean squares for y ie ld we re h igh ly sig-

n i f i can t . I t is in terest ing to note that the est imate of SCA var iance for

y ie ld was h igher than that of GCA variance in the ear ly x ear ly crosses.

In genera l , the relat ive increase in the magni tude of GCA va r iance esti-

m a t e s , as compared with the SCA variance es t ima tes , was gre ater as the

divers i ty of the parents involved in the crosses increase d.

Variety Diallel (7x7)

The analys is of var iance for d i f ferent characters reveale d s ign i f icant

d i f ferences among the genotypes (Table 4 ) . Both GCA and SCA m ean squares

were highly s ign i f icant for plant h e i g h t , seed w e i g h t , and y ie ld per p lant .

SCA mean squares for days to f lowering and GCA mean squares fo r seeds per

pod were not s ign i f i cant . The magni tude of GCA est imates wa s h igher than

that of SCA est imates for plant height and seed we igh t but no t for y ie ld

per p lant . These observat ions suggest predominance of add i t ive gene

act ion for days to 5 0 % f lower ing, p lant h e i g h t , and seed we i gh t , and

nonaddi t ive gene act ion for seeds pe r pod and y ie l d per p lant .

Est imates of GCA ef fects of all the seven parents for var iou s charac-

te rs are g iven in Table 5. All the four la te-matur i ty p a r e n t s — I C P - 6 9 8 2 ,

ICP-1900-11 , ICP-3193-12 , and JA-3- -showed s igni f icant p osi t ive effects

for lateness (days to 5 0 % f lower ing) and the two ear ly -matur ing paren ts - -

UPAS-120 and Prabhat--showed s igni f icant negat ive ef fect s . Both the ear ly

parents were equal ly good general combiners for ear l iness . The lowest

y ie ld ing paren ts , UPAS-120 and P rabha t , were found to be poo r general com-

biners and the h ighest y ie ld ing pa ren t , ICP-1900-11 was the best general

combiner for y ie ld . S im i l a r l y , the la rger seeded p a r e n t s , B DN-1 and J A - 3 ,

showed s igni f icant GCA e f fec ts for seed we igh t .

Parental Performance vs GCA Effects

In all the three d ia l l e l s , the parents were ranked for paren tal m e a n , GCA
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Table 3. Analysis of combining ability variances in a 28 x 28 diallel of pigeonpea and its

subsets.

Mean squares

Source o f var iat ion d f Days to 5 0 %

flowering

S e e d s /

pod

100-seed

weight

Yie ld/

p lant

28 x 28 diallel (ent i re set)

GCA 27

SCA 378

7130 .46* *

3 5 . 9 3 * *

11.10:1

1.38**

0.03

6 5 . 3 5 * *

0 .61* *

5.96:1

19877 .52* *

4 3 5 . 6 0 * *

4.35:1

Subsets

Ear ly x ear ly crosses

GCA 6 

SCA 21

1 5 7 . 0 0 * *

6 .00* *

4.17:1

0 .103* *

0.007

5 .15 * *

0 . 1 4 *

6.73:1

1 2 1 . 0 0 * *

5 2 . 0 0 * *

0.31:1

Ear ly x medium crosses

GCA 13

SCA 91

9 1 8 . 0 0 * *

8 .00**

17.61:1

0 .28* *

0.01

1 2 . 0 0 * *

0 .23* *

8.67:1

2 7 0 6 . 0 0 * *

132.00

Ear ly x late crosses

GCA 20

SCA 210

7749 .00 * *

3 1 . 0 0 * *

18.49:1

1.08**

0.03

6 3 . 0 0 * *

0 .66**

6.26:1

18428 .00* *

4 4 5 . 0 0 * *

4.28:1

Medium x medium crosses

GCA 6 

SCA 21

N Sa

NS

0.30* *

0.009

4 .00* *

0.38

NS

NS

Medium x late crosses

GCA 20

SCA 210

3 2 4 0 . 0 0 * *

3 9 . 0 0 * *

7.76:1

1.27**

0.04

5 1 . 0 0 * *

0 .66* *

6.28:1

8 9 4 6 . 0 0 * *

4 9 0 . 0 0 * *

2.39:1

Late x late crosses

GCA 13

SCA 91

4 2 6 . 0 0 * *

25.00

0 . 9 2 * *

0.04

5 3 . 0 0 * *

0 . 6 2 * *

21.58:1

5 8 6 1 . 0 0 * *

4 0 9 . 0 0 * *

1.63:1

a.  NS = Genotyp ic d i f ferences were no t s ign i f i can t .

* S ign i f icant a t  5% l e v e l ; * * S i g n i f i c a n t a t 1% leve l .
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Table 4. Analysis of variance for various characters in a 7 x 7 variety diallel of pigeon pea.

df

Mean squares

Source df

Days to 5 0 %

flower ing

Plant

height

Seeds /

pod

100-seed

we igh t

Yie ld/

p lant

Repl icat ion 1 7.14 301 .79* 0.05 0.08 5.17

Genotypes 2 7 4 0 5 . 1 0 * * 1 0 4 3 . 6 0 * * 0 .05* 2 .99** 1 7 9 . 6 1 * *

Error 27 7.00 54.71 0.02 0.08 30.92

6CA 6 8 8 6 . 9 8 * * 2 0 1 6 . 5 0 * * 0.02 5 .98 * * 2 3 5 . 3 2 * *

SCA 21 7.00 9 4 . 7 4 * * 0 .03* 0 .22** 4 8 . 2 3 * *

Error (Me) 27 3.50 27.36 0.01 0.04 15.46

98.16 221.0 0.66 24.4

67.38 0.02 0.18 32.77

3.28:1 3.67:1 0.74:1

*Sign i f icant at 5% leve l ; **Signi f icant at 1 % level .
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Table 5. General combining ability effects of parents for va rious characters in the
7 x 7 variety diallel.

Parents

Days to 5 0 %

flower ing

Plant

he ight

100-seed

we igh t

Yie ld/

p lant

UPAS-120 - 1 3 . 7 9 * * - 1 3 . 2 7 * * -0 .15 - 6 . 8 4 * *

Prabhat - 1 3 . 7 9 * * - 2 4 . 6 0 * * - 0 . 8 5 * * - 6 . 8 6 * *

3193-12 6.19** 9 .12** - 0 . 1 0 * 1.29

1900-11 6.49** 1 6 . 4 0 * * - 0 . 7 8 * * 6 .03**

6982-6 1 0 . 2 1 * * 1 4 . 0 6 * * - 0 . 4 3 * * 4 .83 * *

JA -3 5 .16* * 1.56 1.06** 1.23

BDN-1 - 0.45 - 3.27 1.15** 0.32

SE (g i ) 0.58 1.61 0.04 1.21

CD (5%) (g i - j ) 1.81 5.07 0.20 3.80

*Sign i f i cant a t 5% leve l ; **Signi f icant a t 1% leve l .



ef fec t and array mean (mean of a se t of crosses involv ing a par t icu lar

p a r e n t ) , and rank corre lat ions were calcu lated to determin e the relat ion-

ship o f GCA e f fec t with parental and wi th array means (Table 6 ) . Rank

correlat ion coef f ic ients we re highly s ign i f icant in both c ompar isons for

all the characters in all the three exper iments . In genera l , s l ight ly

h igher values of cor re la t ions w e r e found between array mean and GCA effects

than between parental mean and GCA e f fec ts . However , for y i e l d , parental

per formance appears to be a bet ter ind icator of the general combin ing

abi l i ty of the parents than the  array  mean per formance in both the 10 x 10

group diallel and the 7 x 7 var iety d ia l le l .

S p e c i f i c C o m b i n i n g A b i l i t y E f f e c t s

In view of the large number of F 1 s s tud ied, no SCA ef fec ts a re presented

in this paper . However , ment ion may be made of an interest in g observat ion

on SCA ef fects for y ie ld in all the three exper imen ts . In the 2 8 x 28

var ie ty d ia l l e l , o u t o f 29 crosses that showed s ign i f i can t pos i t i ve SCA

ef fects for y i e l d , 18 crosses involved parents wi th s ign i f i can t negat ive

GCA e f fec ts . In the 10 x 10 group d ia l l e l , the lowest y ie ld in g pa ren t ,

G-6, produced the h ighes t y ie ld ing cross. Simi lar ly i n the 7 x 7 diallel

UPAS-120 and Prabha t , which were poor general combiners fo r y i e l d , pro-

duced the h ighes t y ie ld ing hybr ids . These observat ions sug gest that high

x low crosses produce the h ighest y ie ld ing hybr ids in p igeon pea.

Genera l D iscuss ion

In all the three exper imen ts , the analyses of var iance showe d s ign i f icant

mean square values for both GCA and SCA for mos t of the traits s tud ied ,

indicat ing the presence of both add i t i ve and nonaddi t ive ge ne ac t ion . For

days to 5 0 % f lower ing and 100-seed w e i g h t , preponderance o f add i t ive gene

act ion was indicated in all the exper imen ts . However , obser va t ions for

y ie ld and plant height in the d i f ferent exper iments were not in agreement

wi th each o ther . Whi le addi t ive gene act ion for y ie ld was mor e important

in the 10 x 10 group diallel and the 28 x 28 variety d ia l l e l , non addi t ive

gene act ion was of h igher magni tude in the 7 x 7 var iety dial le l and

early x ear ly crosses of the 28 x 28 var iety d ia l l e l .

S imi lar ly for p lan t he igh t , the 10 x 10 group diallel reveale d a 

predominance o f nonaddi t ive gene ac t ion . The d isagreement among d i f fe rent

exper iments on the gene act ion migh t have resul ted f rom gene t ic d i f fe r -

ences of the parents in each diallel and high genotype (G) x en v i ronment

(E) in te rac t ions . S imi lar conf l ic t ing reports have been m ade by d i f fe ren t

workers on the gene act ion for y ie ld and o ther agronomic char acters

(Table 7 ) .

For days to 5 0 % f lower ing and seed s i ze , wh i le mos t worker s have

repor ted addi t ive gene ac t ion , Reddy e t a l . (1979a, 1979b) have repor ted

a v ery  high magni tude of nonadd i t i ve gene ac t i on .

L i kew ise , conf l ic t ing observat ions have been m a d e on the i mpor tance

of add i t ive and nonaddi t ive gene act ion for y ie ld . These d i f ferences

migh t have resul ted from (1) d i f fe rent methods employed by var ious authors
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Table 6. Rank correlations of general combining ability ( G C A ) effects with parental mean
and array mean for various characters in pigeonpea.

Table 6. Rank correlations of general combining ability ( G C A ) effects with parental mean
and array mean for various characters in pigeonpea.

Correlat ion of GCA ef fects wi th
Character Parental mean Array mean

10 x 10 group d i a l l e l a

Days to 5 0 % f lower ing 0 .988* * 1.000

Plant he ight 0 .967* * 0 .903* *

Secondary branches 0 .855** 1.000

Yie ld /p lo t 0 .903** 0 .879**

Harves t index ( t ransformed) 0 .794** 0 .806**

28 x 28 var iety dial lel

Days to 5 0 % f lower ing 0 .962* * 0 .993**

Seeds/pod 0 .860** 0 .980**

100-seed we igh t 0 .960** 0 .998**

Yie ld /p lant 0 .870** 0 .997* *

7 x 7 var iety dial lel a

Days to 5 0 % f lower ing 0 .929** 0 .964* *

Plant height 0 .964** 1.000

100-seed we igh t 0 .964** 0 .964**

Yie ld /p lant 0 .964** 0 .857* . 

*S ign i f icant at  5% leve l , **Signi f icant at 1% level .

a . S ign i f icant levels of r s were determined from Kendal l 's table.

*S ign i f icant at  5% leve l , **Signi f icant at 1% level .

a . S ign i f icant levels of r s were determined from Kendal l 's table.

for es t imat ing genet ic pa ramete rs ; (2) genotypic d i f feren ces among parents

(which were o f ten very few in n u m b e r ) ; and (3) high G x E in te ra c t ions .

For e x a m p l e , Sharma e t a l . (1973a) inferred the magn i tude o f add i t ive and

nonadd i t i ve var iances by comparing 6CA and SCA mean squares , which is not

a cor rec t p rocedure (Arunachalam 1 9 7 6 ) . S imi la r ly , Reddy e t a l . (1979a)

used F 2 data for thei r diallel ana l ys i s , which needs cons iderab le p re-

caut ions espec ia l ly because the segregat ion observed in d i f ferent crosses

i s , as a r u l e , no t comparab le (Arunachalam 1 9 7 6 ) . Combin ing ab i l i ty

ana lys is based on the F 2 data is  quest ionable in view of la rge sampl ing

errors and di f ferent ial segregat ions in the F 2 that confer unknown advan-

tages on certa in cross combinat ions. A l s o , when comple te ge net ic homo-

genei ty is not ce r ta in , an unconscious select ion in the F 1 would resul t in

b iased es t ima tes . L i kew ise , Chaudhari e t a l . (1980) c a r n e d ou t a combin-

ing abi l i ty ana l ys i s , a l though the genotypic d i f ferences f or y ie ld in the

exper iment were not s ign i f icant .
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I t should be possib le to use successfu l ly the pedigree meth od in

breeding for ear l iness and large seed s ize in v iew of the high magni tude

of add i t ive gene act ion reported by mos t w o r k e r s . However , b ecause o f

the impor tance of both addi t ive and nonaddi t ive genet ic va r iances , breed-

ing procedures for y ie ld in p igeonpea should be a imed at ex plo i t ing both

these var iances . Add i t i ve genet ic var iance for y ie ld can be explo i ted

through ped ig ree , mass se lec t ion , and populat ion improve ment schemes.

Nonaddi t ive gene act ion should be exp lo i ted through F1 hybr ids and through

reciprocal recur rent select ion procedures . Moreover , bec ause o f the

occurrence of high heterot ic ef fects for y ie ld in pigeonpea (Sharma et a l .

1973a ; Shr ivastava e t a l . 1976 ; Reddy e t a l . 1979a , 1979b) an d the avai la-

bi l i ty of an economical ly feas ib le commercial hybr id prod uct ion system

through the use o f genet ic male ster i l i ty (Green e t a l . 1 9 8 0 ) , the poten-

tial of heterosis breeding should be thoroughly exp lored. I n add i t i on ,

it seems adv isab le to delay select ion to advanced generat i ons to have a 

su f f i c ien t number of ep is tat ic combinanat ions f ixed to per mi t detect ion

of super ior near-homozygous progenies . The bulk hybrid adv ance method

by s ingle-pod descent might be helpful in achieving this ob jec t i ve .
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A N e w Source of Gene t i c M a l e Ster i l i ty

in Pigeonpea

E . S . W a l l i s , K . B . S a x e n a , a n d D . E . B y t h *

Abstract

The identification of a new source of genetic male sterility 

in pigeonpea is reported. This source differs from that 

reported by Reddy et al. (1977), and cytological examination 

indicates that the abnormal anther development involves de-

generation of the pollen mother cells at the young tetrad 

stage. This form of male sterility has been recovered in 

phenological classes ranging from 52 to 80 days to flower 

for December sowings at  27°S.  The character is being ma in -

tained in ten phenological groups. This new source of 

genetic male sterility will widen the genetic base for 

hybrid production in pigeonpea. 

Several forms and sources of genet ic male ster i l i ty in p igeo npea were

ident i f ied by Reddy et a l . ( 1 9 7 7 ) . The mos t interest ing o f t hese forms

was character ized by t rans lucent anthers caused by nonsepa rat ion of

tetrads assoc ia ted with a pers is ten t tapetum (Reddy et a l . 1 9 7 8 ) . Varietal

hybr ids between this material and el i te male parents of var i ous matur i t ies

have exh ib i ted up to a 3 0 % increase in y ie ld over the pol len pa rent (Green

et a l . 1 9 7 9 ) . Hybr id seed can be produced by c ross-po l l ina t i on , using

bees as the vector . However , cross ing b locks would require i so la t ion ,

and manual ident i f icat ion and removal of fer t i le plants wi t h in ster i le

rows is necessary . There are prospects for commercial use of hybrid cu l -

t i va rs , bu t the labor- in tens iveness of seed product ion may rest r ic t this

to countr ies wi th low labor cos ts . Procedures for more e f f ic ien t hybrid

seed product ion were d iscussed br ief ly by Byth et a l . (th ese p roceed ings ) .

I den t i f i ca t ion of a N e w Source of M a l e S ter i l i t y

Cult ivar Royes (formerly designated UQ-50) has recent ly b een released in

Aust ra l ia for mechanized product ion of dry seed in f ros t f re e areas of the

tropics and subtropics (Wall is et a l . 1 9 7 9 ) . I t was der ive d f rom a Wes t

Indian access ion (Q-8189) ident i f ied as " cajanus cajan  O.P. dwar f ( 4 ) . "

I t is a botanica l ly determinate c luster type of medium- la te matu r i t y , w i th

red f l owers , large p o d s , and large wh i te seed. During prere l ease test ing

* Univers i ty o f Queens land, S t . Luc ia , Br i sbane, Aus t ra l i a .
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in 1 9 7 6 , i t was grown at Tamworth (31 ° S ) by J. Ho l land, New Sou th Wales

Depar tment o f Agr icu l tu re . He ident i f ied an of f - type p lan t tha t was

ear l ie r f lower ing than cv Royes (approximately  80  days ) and had y e l l o w

f lowers , bu t was o therw ise  very  s imi lar to cv Royes in hab i t . Open-

pol l inated seed from that p lan t was designated B15B. The p l ant was also

crossed to a l ine of photoper iod- insens i t i ve p igeonpea. S i ng le-p lant

progenies of B15B and the cross were eva luated at Tamworth an d Redland

Bay for three genera t ions .

At Redland Bay in 1 9 8 0 , i t was noted that some plants w i th i n the B15B

progeny produced  very  few pods and f lowered o v e r a pro longed per iod.

Anthers o f these plants were b rown , shr ive l led, nondeh isc ent and ar row-

shaped, and conta ined no pol len grains (Dundas et a l . 1 9 8 0 ) . In con t ras t ,

all o ther p lants in the B15B had normal pod s e t , and normal an t her deve-

lopment and behav ior . Subsequent ly , over 100 male-s ter i le p lants were

ident i f ied in the progenies of the B15B x photo insens i t ive l i ne . This

conf i rmed that this male-s ter i le character arose in i t ia l l y in cv Royes ,

and the or iginal o f f - type p lan t used for hybr id izat ion in 19 76 presumably

was heterozygous for the gene(s ) determin ing ma le s ter i l i ty .

Characteristics of This Source

We have now recovered male-s ter i le p lants in B15B and its p rogenies at

several loca t ions . The abnormal i t ies of the anthers descr i bed above were

common to all s i t e s , and pod set on such p lants was universal l y low. This

indicates that this form of male ster i l i ty is s tab le in expr ess ion across

a number of environments  in subtropical Aust ra l ia and in F i j i .

Cytological examinat ion of microsporogenes is in ma le-s te r i le p lants

from Redland Bay indicates that the abnormal an ther deve lop ment involves

degenerat ion of the pol len mothe r ce l ls at the young tetrad s tage (Dundas

et a l . 1 9 8 0 ) . This di f fers f rom the t rans lucent anther type o f ma le

ster i l i ty in p igeonpea descr ibed by Reddy et a l . (1977 , 1 9 7 8 ) . Anther

wall deve lopment was also d i f fe rent between these two fo rms .

Pre l iminary ev idence suggests that the new form of ma le s t er i l i ty is

cont ro l led by a s ingle recess ive. Detai led study of the inhe r i tance is

cont inu ing .

I t is s ign i f icant that this male s ter i l i ty a rose in cv Royes . This

cu l t i var has a modi f ied floral s t ructure involv ing over lap of the lobes

of the standard pe ta l . Byth e t a l . ( these Proceed ings) consi dered that

this "wrapped f lower " charac ter e f fec t ive ly enforces se l f -po l l i na t ion ,

probably by mechanical exc lus ion of bees until a f te r an thes is . The

presence of wrapped f lowers in cv Royes and B15B a l lowed easy recogni t ion

of male s te r i l i t y , owing to extremely low pod se t on ster i l e p lan ts .

S ince the insensi t ive parent used in crosses to B15B has s imp le f lowers ,

progenies of this cross segregated for both wrapped/s imp le f lowers and

male fer t i l i t y /s ter i l i t y . Pod set on s ter i le /wrapped plan ts was invari-

ably poor , bu t was v i r tual ly normal on s ter i le /s imple p lan t s . This

conf i rms the e f fec t iveness of wrapped f lowers in enforc ing sel f ing (Byth

e t a l . these P r o c e e d i n g s ) . They also suggested the use o f wr apped f lowers

to es tab l ish se l f -po l l ina ted breeding m e t h o d s , and o f wra pped/s imp le

f lowers and fer t i l i ty /s ter i l i ty to a l low recurrent se lect ion in p igeonpeas.
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Significance of this Source

This form of ma le ster i l i ty has been recovered in a range of phenological

c lasses and is be ing mainta ined in ten genet ic backgrounds r anging from

52 to 80 days to f lower for December sowings at 27°S in Aust ra l ia

(Table 1 ) . Plants f lowering in less than 60 days from sowing a re regarded

as photo insens i t ive (Wall is e t a l . 1 9 8 0 ) . This range of back grounds will

a l low the product ion of hybr ids ranging from insensi t ive t o medium- la te

f lower ing types .

All of the s ter i les being mainta ined are botanica l ly determ inate

c lus ter t ypes . In fer t i le s i b s , seed size ranges from 7 to 11 g /100 seeds,

and both wh i te and brown seeds have been ident i f ied in these backgrounds

(Table 1 ) . The potential for seeds per pod is moderate to high in all

cases . These seed and pod character is t ics are important w i t h respect to

the use of these ma le ster i les in breeding. S ing le-cross hy br ids that are

large podded , w i th large wh i te seed, can be produced by the ap propr ia te

choice o f the ma le paren t .

This new form of ma le s ter i l i ty is a useful addi t ion to that of

MS3A/4A in that i t avo ids canal izat ion of breeding on one g enet ic source

of ster i l i ty . Fur ther , the genet ic backgrounds of the B15B a nd MS3A/4A

sources d i f fe r s ign i f icant ly in o r i g i n , growth hab i t , phen ology, and seed

and pod charac te r i s t i cs . This al lows estab l ishment of a br oader genet ic

base for hybr id cu l t i va rs .

Table 1. Some characteristics of new genetic male-sterile l ines of pigeonpea being

maintained at the University of Queensland, Australia.

Table 1. Some characteristics of new genetic male-sterile l ines of pigeonpea being

maintained at the University of Queensland, Australia.

Days to Height Seed Maximum

Ident i f icat ion Source f lower (cm) co lor seed/pod

QMSa -1 B15B 80 140 Whi te 6

QMS-2 B15B 70 150 Brown 5

QMS-3 Q7701 b 62 125 Whi te 4

QMS-4 Q7701 62 120 Brown 5

QMS-5 Q7701 66 105 Whi te 5

QMS-6 Q7701 60 100 Whi te 5

QMS-7 Q7701 56 125 Whi te 6

QMS-8 Q7701 59 155 Whi te 5

QMS-9 Q7701 52 90 Whi te 4

QMS-10 Q7701 52 100 Whi te /Brown 5 

Standards

Insensi t ive 55 75 Brown 4

Royes 110 160 Whi te 6

B15B 8 0 140 Whi te 5

a. QMS = Queensland Male Ster i le

b.  Q7701 = B15B x Photo insens i t ive line

a. QMS = Queensland Male Ster i le

b.  Q7701 = B15B x Photo insens i t ive line
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We are main ta in ing this charac ter in the nominated backgrou nds , and

will d is t r ibute them on request as soon as poss ib le . Detai le d study of

the genet ic re la t ionship between the B15B and MS3A sources i s in p rogress .

We are also evaluat ing the re la t ive combining abi l i t ies o f t hese sources .
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Part ial Correlat ions and Path Coeff ic ient Analysis

of Seed Yield Characters in Pigeonpea

B . P . S . M a l i k , R . S . P a r o d a , a n d B . D . C h a u d h a r y *

Abstract

Thirty promising genotypes of pigeonpea  (Cajanus cajan  L.), 

evaluated in a randomized block design with four replications 

for 3 years, were used to compute correlations, first order 

partial correlations, and a path coefficient analysis. Invar ia-

bly, similar trends were observed for correlation coefficients 

in the 3 years and between genotypic and phenotypic correlations 

in each year. Genotypic correlations were invariably higher 

than the corresponding phenotypic correlations. Correlation 

studies showed that all the eight characters under study were 

components of yield, whereas partial correlations and path co-

efficient analysis revealed that spreading plants with more 

branches contributed more to plant yield. Reduced plant height 

appeared to be desirable. Fruiting branch length appeared to be 

influenced more by environment. Results showed that for improve-

ment of grain yield in pigeonpea, the ideal plant should be short 

and bushy, with profuse branching and podding, medium seed number 

and seed weight, more seeds per pod, and medium to late maturity. 

Selection of such plants in pigeonpea breeding material is 

therefore suggested. 

Several approaches are being used by plant breeders to ident i fy su i tab le

plant ideotypes. These are : (1) the stat ist ical approach o f fac to r

analys is (Cattel l 1 9 6 5 ) ; (2) the use of isogenic lines (Atk ins and

Mangelsdor f 1 9 4 2 ) ; var iet ies (Tsunoda 1 9 5 9 ) , o r hybrids (Ramanujam 1 9 7 5 ) ;

and (3) the ident i f icat ion of a morphologica l f ramework thr ough corre la-

t ion or associat ion analys is (Donald 1 9 6 8 ) , regression tec hn ique (Smith

1 9 3 6 ) , part ial and mul t ip le cor re la t ions , and path coef f i c ient analysis

(Dewey and Lu 1 9 5 9 ) . In the present paper , an attempt has bee n made to

s tudy the plant ideotype using genotypic co r re la t ions , f i rs t -o rder part ial

co r re la t ions , and path-coef f ic ien t analysis in p igeonpea ( Cajanus cajan 

L . ) .

* Department of Plant Breeding, Haryana Agricul tural Univer s i ty , H issa r ,

India.
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Mater ia ls and Me thods

Thir ty promis ing genotypes of p igeonpea  (Cajanus cajan  L . ) , se lected from

All India Coord inated and Advanced Breed ing Tr ia ls we re gro wn in a rando-

mized b lock design wi th four repl icat ions at the Research F arm of Haryana

Agricul tural Univers i ty dur ing 1 9 7 7 , 1978 , and 1979. Norm al cultural

pract ices were used. Data were recorded on ten representat i ve plants in

each repl icat ion for days to matur i ty , plant he igh t , plant s pread, f ru i t -

ing branch length, branches per p lan t , pods per p lan t , seeds per pod ,

100-seed w e i g h t , and seed y ie ld per p lant . Mean data w e r e an alyzed to

compute the genotypic and phenotypic correlat ion coef f ic ients fo l lowing

Al- j ibour i et a l . ( 1 9 5 9 ) , direct and -indirect ef fects fol l owing path-

coef f ic ient analysis o f Wr igh t ( 1 9 2 1 ) , and f i rs t -order par tial cor re la-

t ions using formulae given by Goulden ( 1 9 6 2 ) .

Results and Discussion

Genotyp ic correlat ion coeff ic ients we re found to be h igher  than the cor res-

ponding phenotyp ic correlat ion coeff ic ients for all the c haracters in 3 

years of test ing as has also been reported by Veeraswamy et a l . ( 1 9 7 3 ) .

A l s o , the genotypic and phenotypic corre lat ions depicted a  s imi la r t rend

and hence only the est imates of genotyp ic correlat ions are g iven in Tab le

1. The s ign i f icance level of the phenotyp ic correlat ion co eff ic ients is

marked on the est imates of genotyp ic cor re la t ions. Seed y ie ld was found

to be posi t ive ly and s igni f icant ly corre lated wi th all the c haracters

under invest igat ion. S im i la r results have been reported ea r l ie r by Beohar

and N igam ( 1 9 7 2 ) , Ganguli and Sr ivastava ( 1 9 7 2 ) , Singh et al . ( 1 9 7 2 ) ,

Joshi ( 1 9 7 3 ) , Kumar and Haque ( 1 9 7 3 ) , Singh and Malhot ra ( 1 9 7 3 ) , Mukewar

and Muley ( 1 9 7 4 ) . Gupta et al. ( 1 9 7 5 ) , and Ram et a l . ( 1 9 7 6 ) . S eed s ize

was negat ive ly associated wi th all t he characters except s eed y ie ld .

Second l y , seed s ize showed posit ive or negat ive assoc ia t io ns , depending on

y e a r , w i th p lant sp read , branches per p lant and seeds per pod ind icat ing

that these associat ions are m o r e under the inf luence of env i ronment and

hence cannot be used in an indirect select ion program.

Part i t ioning of genotypic correlat ions into direct and i nd i rect

e f fec ts revealed a more in terest ing p icture regarding cha rac ter assoc ia-

t ions (Table 2 ) . More or less s im i la r t rends were evident in t he 3 years

of test ing for most o f charac te rs . However , for f ru i t ing bra nch length

and seed w e i g h t , there w e r e s l ight deviat ions w i th season in direct and

indirect e f f ec t s . P lant spread and branches pe r plant wer e the cardinal

components of y i e l d , having h ighest posi t ive direct as well as indirect

e f fec ts . The remaining charac te rs , i .e. , days to matu r i t y , p lant h e i g h t ,

and pods per p lant depicted negat i ve d i rect and indi rect e f f ec ts .

Veeraswamy et al. (1973) also repor ted s im i la r resu l ts . How ever , seed

s ize had negat ive d i rect e f fect and posi t ive indi rect ef fe ct in our

mate r ia l .

The indirect e f fec t o f p lant spread and branches per p lant o n y ie ld

via o the r characters and the ind i rect e f fects of all the rem aining charac-

ters through p lant spread and branches per p lant d i f fe red f r om each o ther

not only in magn i t ude , bu t also in d i rect ion. Such unequal re ciprocal
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ef fects indicate that the extent o f the impact o f these t ra i t s on each

other is not the same . Discussing such reciprocal e f fec ts , t he s l ight ly

h igher residual e f f ec t s , par t icular ly in 1977 and 1979 , ind ica te tha t some

var iabi l i ty has been left unaccounted.

F i rs t -order part ial genotypic correlat ions were computed (Table 1 

below d iagonal ) to es t imate the contr ibut ion of var ious character combina-

t ions a f te r e l iminat ing the remaining charac ters . Invar ia b ly , a s imi la r

t rend was observed in the th ree seasons except wi th f ru i t ing branch length.

For d i rect and indirect e f f ec t s , f ru i t ing branch length an d seed size

depicted d iss imi lar behav io r , w h e r e a s , for partial co r re la t ions , seed s ize

showed a s imi la r pattern over all the 3 y e a r s .

Consider ing y ie ld assoc ia t ions , i t was observed that p lant spread,

branches per p l a n t , and seed s ize contr ibuted posi t ive ly. T h u s , al though

when tested w i th s imple genotyp ic corre lat ions all the char acters showed

posi t ive assoc ia t ions w i th seed y i e l d , the p icture became c lear after path

coeff ic ient and partial correlat ions were used. Plant sp read and branches

per p lan t w e r e the most impor tant components o f seed y ie l d in  p igeonpea.

Next in o rder was seed we igh t . In the present ma te r i a l , most o f the var ie-

t ies represent h ighly evo lved t ypes . Wh i le they have an ap preciable var ia-

t ion for var ious morpholog ica l cha rac te rs , the seed we igh t shows much less

var iab i l i ty . In the l i terature a l s o , seed we igh t has been ob served to

show an inconsistent associat ion wi th seed y ie ld . A posi t i ve associat ion

has been reported by Wakankar and Yadav (1975) and Dahiya et a l . (1978)

and negat ive by Beohar and Nigam ( 1 9 7 2 ) , Ganguli and Sr ivast ava ( 1 9 7 2 ) ,

Kumar and Haque (1973),and o t h e r s , between seed we igh t and s eed y ie ld .

Perhaps use of a larger number of genotypes for such studies w ould help in

arr iv ing at some def in i te conclus ion regarding the role of seed we igh t in

determining seed y ie ld in p igeonpea.
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( c a j a n u s cajan  [ L . ] ) . M a d r a s A g r i c u l t u r a l J o u r n a l 6 0 : 4 1 2 - 4 1 4 .

K U M A R , A . , and H A Q U E , M . F . 1 9 7 3 .  V a r i a b i l i t y a n d c o r r e l a t i o n s t u d i e s i n

F2 p o p u l a t i o n o f p i g e o n p e a  {cajanus cajan  [ L . ] M i l l s p . ) . M y s o r e

J o u r n a l o f A g r i c u l t u r a l S c i e n c e 7 : 1 7 4 - 1 8 3 .

M U K E W A R , A . M . , a n d M U L E Y , D . P . 1 9 7 4 .  C o r r e l a t i o n s t u d i e s o f s o m e y i e l d

c o m p o n e n t s i n t u r  ( C a j a n u s cajan  [ L . ] M i l l s p . ) . M y s o r e J o u r n a l o f

A g r i c u l t u r a l S c i e n c e 7 : 1 7 4 - 1 8 3 .

RAM, R . A . , S I N G H , I . B . , a n d S I N G H , P . 1 9 7 6 .  E s t i m a t e s o f c o r r e l a t i o n

v a r i a b i l i t y h e r i t a b i l i t y a n d g e n e t i c a d v a n c e i n r e d g r a m  {cajanus 

cajan  [ L . ] M i l l s p . ) . I n d i a n J o u r n a l o f A g r i c u l t u r a l R e s e a r c h 1 0 ( 1 ) :

6 0 - 6 2 .

R A M A N U J A M , S . 1 9 7 5 .  G e n e t i c d i v e r s i t y , s t a b i l i t y a n d p l a n t t y p e i n p u l s e

c r o p s . P a g e s 1 6 7 - 1 7 6 i n P r o c e e d i n g s , I n t e r n a t i o n a l W o r k s h o p o n G r a i n

L e g u m e s . I C R I S A T , 1 3 - 1 6 J a n u a r y 1 9 7 5 , H y d e r a b a d , I n d i a .

S I N G H , A . B . , Y A D A V , V . N . , S I N G H , D . , and S I N G H , S . P . 1 9 7 2 .  C o r r e l a t i o n

a n d h e r i t a b i l i t y s t u d i e s i n A r h a r  ( C a j a n u s cajan  [ L . ] M i l l s p . ) .

I n d i a n J o u r n a l o f A g r i c u l t u r e 1 6 ( 1 ) : 4 1 - 4 4 .

S I N G H , K . B . , and M A L H O T R A , R . S . 1 9 7 3 .  Y i e l d c o m p o n e n t s i n p i g e o n p e a

( C a j a n u s cajan  [ L . ] M i l l s p . ) . M a d r a s A g r i c u l t u r a l J o u r n a l 6 0 ( 6 ) : 3 6 4 -

3 6 6 .

S M I T H , H . F . 1 9 5 6 .  A d i s c r i m i n a n t f u n c t i o n f o r p l a n t s e l e c t i o n . A n n u a l

E u g e n i c s 7 : 2 4 0 - 2 5 0 .

T S U N O D A , S . 1 9 5 9 .  A d e v e l o p m e n t a n a l y s i s o f y i e l d i n g a b i l i t y i n v a r i e t i e s

o f f i e l d c r o p s . I . L e a f a r e a p e r p l a n t a n d l e a f a r e a r a t i o s . J a p a n

J o u r n a l o f B r e e d i n g 9 : 1 6 1 - 1 6 8 .

V E E R A S W A M Y , R. , R A G H U P A T H Y , A . , a n d P A L A N I S W A M Y , G . A . 1 9 7 3 .  G e n o t y p i c a n d

p h e n o t y p i c c o r r e l a t i o n s i n c a j a n u s  cajan  ( L . ) M i l l s p . M a d r a s A g r i c u l -

t u r a l J o u r n a l 6 0 ( 9 - 1 2 ) : 1 8 2 3 - 1 8 2 5 .

W A K A N K A R , S . M . , a n d Y A D A V , L . N . 1 9 7 5 .  P a t h a n a l y s i s o f y i e l d c o m p o n e n t s

i n A r h a r  {cajanus cajan  [ L . ] M i l l s p . ) . I n d i a n J o u r n a l o f A g r i c u l t u r a l

R e s e a r c h 9 ( 4 ) : 1 8 2 - 1 8 6 .

W R I G H T , S . 1 9 2 1 .  C o r r e l a t i o n a n d c a u s a t i o n . J o u r n a l o f A g r i c u l t u r a l

R e s e a r c h 2 0 : 5 5 7 - 5 8 5 .
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The Role of Genet ica l Studies in

Developing N e w Cult ivars of Pigeonpea

for Nontradi t ional Areas of North India

P . S . S i d h u a n d T . S . S a n d h u

Abstract

Pigeonpea  ( Cajanus cajan  [ L . ]  Millsp. )  has long been grown as a 

border crop around cotton and sugarcane fields in the Punjab. 

With the release of variety cv T-21 some pigeonpea began to be 

grown as a pure-crop. Pigeonpea is now becoming popular with 

the farmers because of its high yield potential, stable 

performance, low input requirements, and remunerative market 

price. The area of this crop in the state has increased from 

1900 ha in 1972 to 7700 ha in 1979. 

The low grain yield of pigeonpea is because of its poor 

harvest index, although its biological yield is comparable 

with that of cereals. Until recently, improvement has been 

largely made through single plant selections from locally 

adapted cultivars and pedigree selections among single 

intervarietal crosses. Very few genetical investigations have 

been made. The overall result has been marginal gains. 

The main emphasis now is on developing early-maturing 

varieties with an improved plant type that will not only fit 

well into rotation with wheat but will also play an important 

role in raising the yield plateau in pigeonpea. 

This paper reviews the current status of knowledge on 

genetic parameters of economic characters such as grain yield 

and various developmental and biochemical traits, with the 

ultimate aim of developing knowledge for improving the 

efficiency of breeding precedures. The role of early-maturing 

cultivars with less susceptibility to the pod-borer complex 

and other insect-pests for extending the cultivation of 

pigeonpea to nontraditional, irrigated areas of the Punjab 

for use in rotation with wheat is dicussed. 

* Depar tment of Plant Breeding, Punjab Agricultural Univer s i ty ,

Ludh iana , India.
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India is a leading grower of p igeonpea and commands about 90 t o 9 2 % of

the wor ld 's p igeonpea area and product ion . P igeonpea , or a r har , accounts

for 10 to 1 2 % of the area and 15 -16% of the product ion of all pu lse crops

in Ind ia . However , the contr ibut ion of Pun jab , which is not t radi t ional ly

a p igeonpea-growing s ta te , to the total product ion of th is crop is neg l ig ib le .

Sta tus of Pigeonpea in Punjab

In the Pun jab , arhar has long been grown as a border crop aroun d sugarcane

and cotton f i e lds . Until the las t decade it remained a negle cted crop

because the local var iet ies took 8 to 9 months to ma tu re , thu s expos ing

the crop to w in te r f ros t , common in December-January. The la te matur i ty

o f arhar also in ter fered w i th the t imely sowing o f w h e a t .

Systemat ic developmental work on arhar at Punjab Agr icu l t ura l

Universi ty s tar ted wi th the in t roduct ion of the All India C o-ord inated

Pro jec t on pulse crops during 1969. Since then , a number of ear ly

var iet ies have been made avai lab le and tested in the s ta te . The results

indicated a d is t inct possib i l i ty of in t roducing arhar on a  large scale

using ear ly matur ing var ie t ies . For examp le , cv T - 2 1 , whic h was tested

against cv Pus a Ageti at d i f ferent locat ions (Table 1), was released for

general cu l t ivat ion in the state s tar t ing a new trend of so le -crop

p igeonpea cu l t i va t ion . The p igeonpea crop is becoming popu lar w i th the

farmers because of its high y i e l d po ten t i a l , low input requ i rements ,

remunerat ive marke t p r i ce , and its abi l i ty to surv ive unde r drought and

o ther s t ress cond i t ions . As a resul t of these advan tages , t he area of

this crop has increased f rom 1900 ha in 1972 to 7700 ha in 1979 in the

Punjab.
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Table 1. Yield performance of T-21 compared with Pusa Ageti a t different experimental

stations in Punjab 1969-1972.

Year Stat ion
Yie ld (kg/ha)

Year Stat ion
T-21 Pusa Ageti

1969 Ludh iana 2628 1880

1970 Ludh iana

Gurdaspur

Average (1970)

2951

2833

2892

2332

2321

2327

1971 Ludhiana 1326 892

1972 Ludhi ana

General Mean

1185

2000

963

1616

Percent increase of T-21 over Pusa Ageti = 32.45



Role of Genet ical Studies in Developing N e w Cult ivars

There is a general bel ie f that pulses give lower y ie ld than ce rea ls , and

that pulses may have a lower genet ic potential for y ie ld tha n cereals .

However , there is no factual ev idence at present to suggest t hat this is

so . On the cont rary , the avai lable ev idence indicates that t he pulse

crops have as high or a h igher genet ic potential for y ie ld th an the

cereals (Jain 1975; . The recent studies on p igeonpea (Swami nathan 1973 ;

Jain 1975 ; Sharma and Green 1975) have shown that al though t he biological

y ie ld of p igeonpea is comparable with that of ce rea ls , the l ow grain y ie ld

is because of poor harvest index. Bas ica l l y , the low harvest index is

at t r ibutable to the fact that p igeonpea has been subjected t o l i t t le

human select ion and consequent ly , natural select ion has dr iven i t towards

greater adaptabi l i ty to adverse condi t ions and has led to po or economic

y ie lds . Ja in(1975) observed that the per day product iv i ty o f some pulse

crops compares well wi th that of w h e a t . Al though at present p e r day

y ie lds in p igeonpea appear l ow , per day y ie lds comparable t o more

"ef f ic ient" crops may be real ized by developing shor t -dura t ion variet ies

with h igher grain y ie ld .

Improvement in p igeonpea y ie lds has been achieved most ly t hrough

s ing le-p lant select ions from local ly adapted cult ivars an d through

pedigree select ions among single intervarietal c rosses. V ery  few

genetical invest igat ions have been conducted to suppor t t hese procedures

(Singh 1 9 7 8 ) . The margin of y ie ld improvement has ranged fr om 10 to 2 0 % .

Wha t is needed for p igeonpea varietal improvement is to reo r ientate

the growth behav ior of this c rop, reducing its durat ion to in crease grain

y ie ld e f f ic iency and making this crop sui table for mul t ip le cropping

sys tems. For t h i s , basic in format ion on genet ic parameters of economic

characters such as grain y i e l d , and various developmental a nd biochemical

traits is required to determine the most appropr iate and e f f ic ien t

breeding methodology for each t ra i t . Such informat ion h owever , is scanty

in p igeonpea , and research on these aspects has only recentl y received

attent ion (Pandey 1972 ; Sharma et a l . 1 9 7 2 , 1973 ; Singh e t a l . 1973;

Dahiya and Bra r 1 9 7 7 ) . Findings from these studies have show n that

impor tant traits are pr imar i ly cont ro l led by quant i ta t ive genes.

Several workers have reported genetical studies in p igeon pea

(Table 2 ) . In the nex t sec t ion , special at tent ion will be foc used on a 

study by Sidhu and Sandhu ( 1 9 8 0 ) . This study involved a dia llel cross

analysis using e igh t parents d i f fer ing in matu r i t y , grain y i e l d , and o ther

morphological characters . In this ana lys i s , the authors ob served the

impor tance of both addi t ive and nonaddi t ive gene ef fects fo r characters

like days to 5 0 % f lower ing, days to matur i ty , and p lant he igh t (Table 2 ) .

Nonaddi t ive gene action was impor tant for af fect ing grain y ie ld and number

of pods per p l a n t , whereas inher i tance of grain s ize (100-se ed we igh t ) was

contro l led by addi t ive gene ef fects on ly . Low her i tab i l i ty est imates were

observed for all characters except days to 5 0 % f lowering and matur i ty .

The combining abi l i ty analysis that the authors (Sidhu and S andhu

1980) a lso conducted showed that variat ion due to general co mbining

abi l i ty (GCA) ef fects was h ighly s ign i f icant for all the cha racters under

study except number of seeds per pod. T h e var iance due to spe c i f ic

combining ab i l i ty (SCA) effects was s igni f icant for days to 5 0 % f l ower ing ,
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Table 2. Summary of results of genetlcal studies in pigeonpe a.

Her i t -

Charac ter abi l i ty Gene action Reference

Plant he igh t 36-74 _ Munoz and Abrams (1971)

48-85 - Khan and Rachie (1972)

61 nonaddi t ive Pandey ( 1 9 7 2 ) , Reddy et al

(1979)

88 - Joshi (1973)
- addi t ive Sharma et a l . (1973)

82 - Rubaihayo and On im (1975)

92-97 - Sher i f f and Veeraswamy (1977)
- addi t ive and

nonaddi t ive Kapur (1977)

27 addi t ive and

non addi t ive Sidhu and Sandhu (1980)

Plant w id th 13-47 _ Munoz and Abrams (1971)

29 - Pandey (1972)
- addi ti ve Sharma e t a l . (1973)
- addi t ive and

nonaddi ti ve Kapur (1977)

Days to matur i ty 60-86 - Munoz and Abrams (1971)

78-90 - Khan and Rachie (1972)

79 addi ti ve Sharma e t a l . (1973)
- nonaddi t ive Reddy et a l . (1974)

95 - Pandey (1972)

72 - Rubaihayo and On im (1975)

66 addi t ive Dahiya and Bra r (1977)

53 addi t ive and

nonaddi t ive Sidhu and Sandhu (1980)

Pods/p lant 76 - Joshi (1973)

12 - Rubaihayo and On im (1975)

36 - Dahiya and B ra r (1977)

78-82 - Sher i f f and Veeraswamy(1977)
- addi t ive and

nonaddi t ive Kapur (1977)

7 nonadd i t i ve S idhu and Sandhu (1980)

Seeds/pod 82 addi t ive Pandey (1972)

16

addi t ive and

Joshi (1973)

nonadd i t i ve Kapur (1977)

16 - S idhu and Sandhu (1980)

Days to matur i ty - addi t ive Pandey (1972)

— addi t ive Sharma e t a l . (1972)

Cont inued

120



Table 2.  Continued 

Her i tab i -

Character lity ( %) Gene act ion Reference

Days to matur i ty

49

addi t ive and

nonaddi t ive

addit ive and

nonaddi t ive

Kapur (1977)

Sidhu and Sandhu (1980)

100-seed we igh t - addi t ive Pandey (1972)

82 addi ti ve Sharma e t a l . (1972)

28

addi t ive

addit ive and

nonaddi t ive

Sharma e t a l . (1973)

Dahiya and Brar (1977)
- - Kapur (1977)

91-99 - Sher i f f and Veeraswamy (1977)
- nonaddi t ive Reddy et a l . (1979)

23 addi t ive Sidhu and Sandhu (1980)

Grain y ie ld /p lan t 36-75 - Munoz and Abrams (1971)

43-87 - Khan and Rachie (1972)

76 addi t ive x 

addit ive

dominance and

dominance

Pandey (1972)

28 - Joshi (1973)

12 - Rubaihayo and On im (1975)

82-89 - Sher i f f and Veeraswamy (1977)

61 - Malhotra and Sodhi (1977)

- nonaddi t ive Dahiya and Brar ( 1 9 7 7 ) ,

Kapur ( 1 9 7 7 ) , Reddy e t . (1979)

15 nonaddi t ive Sidhu and Sandhu (1980)

Protein content 59 addi t ive x 

addi ti ve

dominance and

dominance Pandey

23-34 nonaddi t ive Sharma e t a l . (1973)

23  ( F 1 ) nonaddi t ive Sharma et al .(1974)

34  (F 2) addit ive and

nonaddi t ive Sharma e t a l . (1974)

17 - Rubaihayo and On im (1975)

34-62 - Dahiya et a l . (1977)

- nonaddi t ive Kapur (1977)

highly s ign i f i can t for days to matur i ty , p lant he igh t , num ber of pods per

p lan t , and grain y i e l d , and nons ign i f i cant for number of see ds per pod

and grain s i ze .

The genetical studies so far conducted at Punjab Agricul tur al

Univers i ty have revealed that parents Prabhat , Pant A - 3 , UP AS-120 , P 8-9

(AL-15) and AL-31 are very good combiners for ea r l i ness , whe reas parents

P 8 -8 , P S - 3 9 , T - 2 1 , and S-8 are good combiners for la teness. W here
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dwarfness is requi red, parents l ike P 8-9 ( A L - 1 5 ) , P rabha t , A L - 3 1 , Pant

A - 3 , P 1-3, were bet ter and for ta l lness P S - 3 9 , P 8 -8 , S -8 , and T-21 are

desirable paren ts . For h igher number of seeds per pod P 8-9 ( A L - 1 5 ) ,

P 1-3, S - 8 , and BS-1 are bet ter pa ren ts . P 1-3 and Pant A-3 can b e

considered desi rable for high 100-grain seed w e i g h t , wher eas H-39 , T - 2 1 ,

and S-8 are bet ter for high grain y ie ld per p lan t . For prote in con ten t ,

T -21 , S - 8 , and BS-1 are good combiners .

Breeding Strategy

Pigeonpea is one of the except ions among grain legumes of ha ving a 

tendency towards outcross ing (5-48%) and could be c lass i f i ed as an often

cross-pol l inated crop. For improvement pu rposes , the bre eders have

handled this crop as se l f -po l l ina ted. T h u s , the convent ion al breeding

procedures such as s ing le-p lant select ions and pedigree se lect ions have

found the main basis for improvement . The l imi tat ions of s uch procedures

for making fur ther advancements have been d iscussed by Gill ( 1 9 8 0 ) .

Singh (1978) also reported narrow genet ic b a s e , l imi ted ef f or ts to

generate w ide genet ic var iab i l i ty , and lack of p lanned hand l ing of

segregat ing populat ions as being largely responsib le for l ower grain

y ie lds in p igeonpea. Recent ly , some new concepts in breedin g methodology

have been advocated, largely based on the genet ic parameter s est imated in

various s tud ies .

Table 2 shows s imi lar i t ies between d i f ferent genetical stu dies in

p igeonpeas. The s l ight variat ion may be due to d i f ferent mat er ia ls used

in the exper iments . The inher i tance of d i f fe ren t characte rs revealed

the impor tance of both addi t ive and nonaddi t ive gene e f f ec t s . Addi t ive

genet ic var iance can be explo i ted by s imp le progeny se lec t i on . However ,

for quant i ta t ive ly inher i ted charac te rs , i t becomes more d i f f icu l t to

combine all des i rab le genes in a pure l ine due to l inkages an d o ther

l imi ta t ions . Various authors have therefore recommended p opulat ion

improvement to deal w i th the problems when work ing w i th quan t i ta t ive ly

inher i ted charac te rs . Various techniques that can be us ed to increase

the f requency of genet ic recombinat ion and max imize the ex p lo i ta t ion of

genet ic var iabi l i ty are d iscussed be low.

Recurrent Selection

Hanson et a l . (1967) in soybean and many o ther workers in d i f ferent crops

have demonst ra ted that recurrent select ion helps in break ing undesi rable

l inkage blocks and results in shi f ts in the genet ic cor re la t ion .

Di f fe rent approaches of recurrent select ion have been sug gested by

d i f fe rent workers in se l f -po l l inated c rops .

S i b - p o l l i n a t e d L ine S e l e c t i o n Technique

Andrus (1963) suggested this techn ique , wh ich ensures ful l ut i l izat ion of

both addi t ive and nonaddi t ive gene ef fects and may lead to th e f ixat ion

of the character at a des i rab le l eve l .
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Biparental Cross Technique

This approach , suggested by Joshi and Dhawan ( 1 9 6 6 ) , of fe rs s imi lar

g a i n s ; in addit ion it may help in breaking undesi rable l inka ges . Gill et

a l . (1974) observed in wheat that the biparental cross appro ach is

e f f ic ien t in breaking undesirable l inkages and explo i t in g a port ion of

the addi t ive x addi t ive type ep is tas is . For explo i t ing add i t ive genet ic

var iance , Saini and Paroda (1975) suggested the biparenta l cross approach

or the in ter se mat ing among desi rable l ines . They suqqested that this

method , be used with one of the North Carol ina designs or wi th the

populat ion-bui ld ing approach suggested by Doggett (1972) and Eberhart

(1972) for sorghum.

Diallel Selective Mating System

Jensen (1970) proposed a diallel se lect ive mat ing techniq ue for breeding

sel f - fer t i l i zed c rops . The diallel se lect ive mat ing syste m is being

current ly used by some breeders in pigeonpea at ICRISAT and i n some

other national programs. Kapoor (1977) suggested that of al l the

approaches of recurrent select ion discussed above, Jensen 's diallel

se lect ive mat ing technique wou ld be the best for populat io n improvement

in p igeonpea.

Hybrid Varieties

A hybr id program can be based on the presence of dominance g enet ic

e f fec ts . Ut i l izat ion of hybrid v igor as a method of breedi ng in

se l f -po l l inated crop species became possible af ter the dis covery of

the cy top lasmic male-s ter i l i ty and fer t i l i ty- restor ing g enes or w i th

genet ic male-s ter i le l ines . With the discovery of genet ic m ale-s ter i le

lines MS-3A and MS-4A in p igeonpea, ICRISAT scient is ts have suggested

that these l ines be ut i l ized to explore the possib i l i ty of increased

y ie lds in F 1 hybr ids . They have reported a 3 0 % y ie ld increase over the

best parent in one F 1 hybrid (All India Khari f Pulse Workshop B a r o d a ,

A p r i l , 1 9 7 8 ) .

Formation and Maintenance of Composites

A new approach to the breeding of p igeonpea through the forma tion and

main tenance of composi t ies has been suggested by Khan ( 1 9 7 3 ) . These

composi tes can be improved fur ther through natural se lec t i on , mass

se lec t ion , and recurrent se lec t ion . Strat i f ied mass selec t ion as

suggested by Gardner (1961) may be more usefu l .

Mutation Breeding

In addi t ion to the conventional me thods , another method of c reat ing
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variat ion is by induced muta t ions . Induced mutagenesis has become an

impor tant p lant -breeding t oo l , and improvement in var ious  characters

in p igeonpea through mutagenesis has been observed by Chop de ( 1 9 6 9 ) ,

Sharma and Shr ivastava ( 1 9 7 4 ) , Polke ( 1 9 7 6 ) ; Jain (1977) a nd Bhagwat

e t a l . ( 1 9 8 0 ) .

Wide Hybridization

Though some remarkable achievements have been made wi th cer tain c rops ,

intergener ic hybr id izat ion in mos t crops is still in its in f ancy. Easy

crossing of  cajanus  wi th genus  Atyiosla  has led some workers to consider

grouping the two genera together ,  Cajanus  is photoper iod sens i t ive and

suscept ib le to pod bore r . The successful incorporat ion in to  Cajanus  of

genes from  Atylosia  for ea r l i ness , photo insens i t iv i ty and pod-borer

res is tance has been reported by Ar iyanayagam and Spence ( 1 9 7 8 ) .

All these breeding techniques will contr ibute to crop impro vement ;

however , in the  future,  improvement will have to be based not only on

changes in morphological a rch i tec tu re , but also on impro vements in

metabol ic capac i ty .

Improvement in Harvest Index and Plant Type

The impor tance of a favorable harvest index for high y ie ld s has been

recognized (Swaminathan 1 9 7 2 ; Jain 1 9 7 5 ) . The concept o f de veloping

improved p lan t types in pu lse crops is another factor that c ould

considerably improve the harvest e f f ic iency (Jain 1 9 7 1 , 1 9 7 7 ) . The

incorporat ion of semi-dwar f ing genes and of character is t i cs such as

thermo- and photo- in tens i t iv i ty in whea t and rice has been r eward ing.

Based on ear l ie r as well as his own f ind ings , Kapoor (1977) re ported

that the ideal plant in p igeonpea wou ld be  one  w i th medium spread , ear ly

matu r i t y , and high y i e l d . This ideal type combined wi th phot oper iod

insensi t iv i ty and high harvest index would give the desire d results in

improving y i e l d s . Jain (1971 , 1974) also suggested tha t p ig eonpea

variet ies having this const i tu t ion should possess determi nate and compact

growth hab i t . Accord ing to Ja in ( 1 9 7 5 ) , when select ing for a high harvest

index in pu l ses , the important requi rement is to increase t he re lat ive

proport ion o f e f fect ive pods per p lan t . This may or may no t b e assoc ia ted

wi th photo insens i t i v i ty . Howeve r , photo- insens i t iv i ty h as the mer i t o f

enabl ing var iet ies to f i t into a mul t ip le -cropp ing pa t te r n . The main

factor responsib le for the lower grain y ie lds in p i g e o n p e a — c o m p a r e d w i th

wheat- - is the poor harvest index of p igeonpea. For ma jo r adv ances in

improvement of p igeonpea , therefore a genet ic reconst ruct ion of p lants in

the d i rect ion of high harvest index is essen t ia l .

Pigeonpea Improvement W o r k a t Punjab Agr icul tural Univer s i ty

As pigeonpea is a new crop in the Pun jab , there has been l i t t le oppor tu -

ni ty to try new breeding techniques for develop ing new cu l t ivars for this
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area. Any progress in the development of new l ines for the a rea has been

made through conventional breeding methods. Cul t ivar T-21 was released

in 1973 for general cult ivat ion in the Punjab. It matures in m id -November ,

which delays the sowing of whea t in the s ta te . Therefore all t he breeding

work on p igeonpea so far carr ied out has been aimed at evolv i ng var iet ies

with very ear ly matur i ty and high y ie ld with stable per form ance. A lso

being sought is resistance to the pod-borer complex and the p odf ly . A f te r

the re lease of cv T -21 , improved lines so far developed have been developed

through s ing le-p lant and pedigree se lect ions.

The comparat ive performance of some of the l ines developed at o u r

center is given in Tables 3 and 4.
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Table 3. Performance of pigeonpea strains developed throug h single-plant selection at

Punjab Agricultural University.

Yield (kg/ha) Days

1976

Ludhiana

1977 1978

Faridkot Ludhiana

1979 to1976

Ludhiana

1977 1978

Faridkot Ludhiana Ludhiana Faridkot matur i ty

T-21

P 8-9 (AL-15)

P 1-3

p 4-4(AL-16)

LSD (5%)

C V (%) 

540

611

6 6 8

704

7

10.73

419 833

586 1063

518 837

685 948

18 111

36.17 15.67

906

1093

887

1077

196

15.01

2937

3667

3742

691

13.02

165

136

139

150

Table 4. Performance of pigeonpea lines developed through p edigree selection at Punjab

Agricultural University.

Table 4. Performance of pigeonpea lines developed through p edigree selection at Punjab

Agricultural University.

Var-

iety
Cross

Yield (kg/ha)
Days

to

matur i ty

Var-

iety
Cross

1976

Ludh-

iana

1977

Ludh-

iana

1978

Ludh-

iana

1979
Days

to

matur i ty

Var-

iety
Cross

1976

Ludh-

iana

1977

Ludh-

iana

1978

Ludh-

iana

Ludh- Farid-

iana kot

Days

to

matur i ty

AL-25 Pant A -3 x Prabhat 676 569 993 746 3509 142

AL-26 UPAS-120 x KH-2 890 947 2979 151

AL-29 Pant A-3 x No.148 1393 833 3694 152

AL-28 T-21 x P 4-4 1327 1069 147

AL-30 T-21 x L-1 1247 780 172

AL-27 T-21 x P 14-7 1240 1284 169

AL-1 Prabhat x P 19 -8 6 2 8 4060 130

T-21 509 419 1267 906 2937 160

LSD (5%) 7 1 8 223 196 691

CV (35) 11.40 36.17 12.35 15.01 13.02



All the l ines developed by s ing le-p lant select ion were ea r l i e r and

showed bet te r per formance than T-21 (Table 3 ) . Line AL-15 ap pears

par t icu lar ly promis ing. S im i la r l y , a lmost all the l ines d eveloped through

pedigree se lect ion per formed bet ter than T-21 (Table 4 ) ; a ll the strains

except AL -27 and AL-30 were ear l ie r in matur i ty than T-21 .

Very  few genetical studies have been conducted at this ins t i tu t ion ,

and the informat ion obta ined from such studies has no t been p roper ly

ut i l ized. However , recent emphasis on research work has sh i f ted in this

di rect ion. Di f ferent approaches , such as dial 1 el cross mat ing , l ine x 

tes ter ana lys i s , and biparental progeny analysis are being  used. In

add i t ion , the generat ion mean analysis and the tr iple testc ross des ign,

both of which have been used to est imate the genet ic paramete rs for

quant i ta t ive charac te rs , are being added to ou r program. Fo r developing

super io r l i n e s , informat ion regarding the genet ics of d i f f erent traits

wou ld be of considerable help to p igeonpea breeders . In add i t i on , the

new breeding approaches for p igeonpea populat ion improvem ent can lead to

the introduct ion of new cropping sys tems , such as sole-cro p p igeonpea and

sequential p lant ings of whea t and p igeonpea. These di f fer from the

tradit ional ones tha t were developed under subs is tence fa rming. In the

compet i t ive agr icul ture of today , par t icu lar ly in the nont radit ional

i r r igated areas of the Punjab where p igeonpea can be in t rodu ced on a large

s c a l e , new cropping systems must be considered. To fit t hes e , a ma jo r

reconstruct ion of the conventional p igeonpea p lan t wou ld be requi red, to

give a new improved type wi th a h igher harvest index.
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Est imates of Na tu ra l Cross-Pol l inat ion

in  Cajanus cajan (L.) Mi I Isp . :

Severa l Exper imenta l Approaches

G . K . B h a t i a , S . C . G u p t a , J . M . G r e e n , a n d D . S h a r m a

Abstract

Although pigeonpea floral biology favors self-pollination, some 

hybrid seed is usually produced, as a result of bee visits. 

Several experimental approaches have been utilized to determine 

the extent of outcrossing through the use of characters which 

help in' the identification of natural hybrids among the plants 

of a recessive strain. The extent of outcrossing on plants in 

different arrangements and the effect of plot size on the 

amount of outcrossing between lines have been discussed. 

Breeding procedures are determined by the reproduct ive sys tem of a c rop .

The floral b io logy of the p igeonpea ,  cajanus cajan  (L. ) M i l l sp . , favors

1 0 0 % se l f -po l l i na t ion , bu t in fact there is usual ly some hyb r id seed

produced on unprotected p lants as a resul t of bee v is i ts to t he f lower .

Wi l l iams (1977) observed insects o f many orders on the f lowe rs o f p igeon-

pea and found that  Megachile  spp. we re probably responsib le for mos t of

the c ross-po l l ina t ion . Var ious studies (Howard e t a l . 1 9 1 9 ; Mahta and

Dave 1 9 3 1 ; Deshmukh and Rekhi 1 9 6 2 ; Abrams 1 9 6 5 ; Khan and Rac hie 1972)

have shown d i f fe rent ou tc ross ing rates under f ie ld cond i t i ons . Ar iya-

nayagam (1976) measured the degree of outcross ing in a p ige onpea popula-

tion by using marke r plants and reported a probabi l i ty of 3 % outcross ing

beyond 43 fee t . He recommended 27 feet o f guard rows in adjo in ing plots

as an adequate bar r ie r .

The outcross ing mechanism helps in the product ion of hybr id seed and

in populat ion improvement breeding schemes , but poses prob lems in deve-

lop ing pure l ines and in main ta in ing pur i ty of re leased cu l t i va rs . No

est imates are ava i lab le o f cross ing percentage o f individu al p lants w i th

those sur round ing them and the ex ten t of ou tc ross ing in succ essive rows

in ad jacen t b l ocks . The p resen t study was conducted to obta i n such in for-

ma t i on .

Mate r i a l s and M e t h o d s

The ex ten t o f natural c ross ing may be determined by the se lec t ion o f such

* P u l s e I m p r o v e m e n t P r o g r a m , I C R I S A T .
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characters (e.g. , lea f s h a p e , s tem c o l o r , e t c . ) that the nat ural hybr ids

can be readi ly d is t ingu ished among plants o f the recess ive s t ra in . The

green stem marke r used in this s tudy was d i s t i nc t i ve , readi l y de tec ted ,

and s imply inher i ted. I t had undergone three generat ions of sel f ing and

was assumed to be homozygous . There were no obv ious var ia t io ns in floral

b io logy of green and purp le-s temmed l ines that m igh t exer t a n in f luence on

natural c ross-po l l inat ion. Scor ing the f requency of domin ants in the

progeny from the recessive p lants gave the es t imate of natur al outcross ing.

A rec tangular f ie ld l ayou t was p lanned dur ing  kharif  (rainy season)

1978 at 12 locat ions in India for es t imat ing the ex ten t of ou tcross ing

wi th in a popu la t ion . Row-to-row and p lan t - to -p lan t d is tan ce was kept at

1 me te r and wi th in each third row every sixth p lan t was green s temmed and

the remainder were purp le s temmed. Data , however , w e r e ava i lab le only

from Varanas i , Badnapur , Co imbatore , and ICRISAT Cente r . T he green-stem

plant progenies were planted in the of f -season of the nex t y ear and were

scored 6 to 7 weeks a f ter p lant ing for green and purple stem. T he average

frequency of purp le-s tem plants fo r the individual green-s tem p lan t pro-

genies gave an est imate of the min imum percentage of natural ou tc ross ing .

To conf i rm the observa t ions , the trial was repeated at ICRI SAT Cen te r ,

Hyderabad, dur ing khar i f 1979 in two d i f fe ren t layouts--a r ectangular

a r rangement (Fig. la ) and a hexagonal a r rangement (Fig. l b ) . In the hexa-

gonal a r rangement all the plants were spaced equ id is tan t (1 m ) .

In 1979 khar i f , another exper iment was p lanted to de termin e the e f fec t

o f p lo t s ize on the amoun t o f outcross ing between l i nes . Plot s were

planted w i th green- and purp le-s tem plants a l ternate ly in f ou r - , s i x - , and

e ight - row plot blocks of 10-m row leng th , wi th a d is tance of 7 5 cm from

row to row and 25 cm from p lan t to p lant . D is tance between ad ja cent

p igeonpea blocks was 10 m. Each row in the green-s tem plots wa s harvested

separa te ly , and bulk seed from each row was p lanted in the f i eld in the

o f f - season . The average f requency o f purp le-s tem p lants wa s est imated

for each green-stem p lo t and each row wi th in a p lot to determi ne the per -

centage of natural ou tc ross ing in d i f fe ren t a r rangements .

Exper imen ta l Observat ions and Discussion

Data on percent outcross ing in individual green-s tem plant progenies at

d i f fe ren t locat ions in India are presented in Table 1. At I CRISAT Cente r ,

Hyderabad, the cross-po l l ina t ion ranged from 0 to 4 2 . 1 % , wi th an average

of 1 1 . 6 % for the f i rs t ha rves t , and 13.2 to 41 .7%,wi th an aver age of 2 8 . 2 % ,

for the second harves t . The average outcross ing was cons ide rab ly h igher

in the second ha rves t , suggest ing that the po l l inators we re more ac t ive

dur ing that per iod. The pooled data gave a range of 7.8 to 3 5 . 1 % , w i th a 

mean o f 2 0 . 4 % . Kadam e t a l . (1945) also reported s imi la r resu l t s . A t the

Varanasi locat ion the percentages ranged from 10 .0 to 41 .4 w i th a mean of

2 7 % . These observat ions genera l ly agree w i th those made a t I CRISAT Center .

Contrast ing resu l ts we re obta ined f rom Badnapur and Co imba to re . At Badna-

p u r the percen tage of ou tc ross ing ranged from 0 to 8 .0 , w i th a  mean of 2.9,

and at Co imbatore from 10.0 to 70.0 w i th a mean of 4 0 . 2 . Data o b ta ined

from the p resen t study gave conc lus ive ev idence that cross i ng by bees on

normal fe r t i le f lowers is ne i ther cons tan t f rom p lant to p la nt no r from

locat ion to l oca t ion , thus i l lus t ra t ing the randomness o f bee ac t i v i t y .
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Figure 1. Field layouts to determine extent of outcrossing o n individual plants in a pigeonpea
population: (a) rectangular layout; (b) hexagonal layout .

a.

Dot = Purple-stem p lan ts ; 1 to 27 = Green-stem p lan ts .

b.

Dot = Purp le-s tem p lan ts ; 1 to 35 = Green-stem plants
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Table 1. Percent outcrossing in individual green-stem plan t progenies at four locations in

India, kharif 1978.

Table 1. Percent outcrossing in individual green-stem plan t progenies at four locations in

India, kharif 1978.

Hyderabad a

Varanasi b

Green-stem

plant no.

First Second

Varanasi b Coimbatore b

Green-stem

plant no. harves t harvest Overall Varanasi b Badnapur Coimbatore b

1 D D D 31.5 8.0 51.6

2 42.1 33.9 34.4 25.5 5.0 30 .8

3 10.0 28.9 23.6 25.0 2.0 29.2

4 14.9 20.5 17.6 28.1 7.0 50.6

5 14.1 14.1 30.1 2.0 48.5

6 13.4 22.6 16.4 36.4 4.0 70.0

7 16.7 22 .3 22.1 34.0 0.5 34.8

8 14.5 41.5 29 .3 35.8 1.0 60.0

9 7.2 30.6 12.9 17.5 2.0 51.6

10 L 24.7 24.7 33.3 0.0 33.3

11 L 29.6 29.6 19.5 1.0 4 0 . 0

12 D D D 10.0 6.0 43 .5

13 4.2 35.0 26.2 26.6 2.0 25.0

14 7.8 7.8 24.4 3.0 10.0

15 13.5 28 .8 15.9 27.5 1.0 20 .0

16 8.1 23.6 12.0 10.3 3.0 4 3 . 8

17 L 35.1 35.1 19.3 2.0

18 5.6 29.1 23 .3 23.6 1.0

19 0.0 13.2 7.8 41 .4 3.0

2 0 D D D 6.1

21 13.1 41 .7 15.3 8.0

22 5.3 32 .7 28.2 2.5

23 17 .8 28 .3 22.3 2.1

24 7.0 26.3 12.9 1.1

25 9.6 26.8 19.5 1.5

26 L 26 .0 26.0 1.1

27 7.6 20.5 12.8 1.5

Mean 11.6 28.2 20.4 27.0 2.9 40 .2

Range 0.0-42.1 13.2-41 .7 7.8-35.1 10.0-41.4 0.0-8.0 10.0-70 .0

a. At ICRISAT Center pod p ick ing was done tw ice , w i th an inte rval of 15

days .

b.  Green-s tem plant numbers are not in accordance w i th the pre scr ibed

layout.

L = Late in f lower ing; D = Dead.

a. At ICRISAT Center pod p ick ing was done tw ice , w i th an inte rval of 15

days .

b.  Green-s tem plant numbers are not in accordance w i th the pre scr ibed

layout.

L = Late in f lower ing; D = Dead.

a. At ICRISAT Center pod p ick ing was done tw ice , w i th an inte rval of 15

days .

b.  Green-s tem plant numbers are not in accordance w i th the pre scr ibed

layout.

L = Late in f lower ing; D = Dead.

a. At ICRISAT Center pod p ick ing was done tw ice , w i th an inte rval of 15

days .

b.  Green-s tem plant numbers are not in accordance w i th the pre scr ibed

layout.

L = Late in f lower ing; D = Dead.

a. At ICRISAT Center pod p ick ing was done tw ice , w i th an inte rval of 15

days .

b.  Green-s tem plant numbers are not in accordance w i th the pre scr ibed

layout.

L = Late in f lower ing; D = Dead.



At ICRISAT Center dur ing the 1979 khar i f season , the ex ten t o f o u t -

crossing in the rectangular layout ranged from 0 to 7.0%, wi t h an average

of 2 .0% for the f i rst harves t and 0 to 2 1 . 4 % , wi th an average o f 7.3%, for

the second harvest (Table 2 ) . The mean o f outcross ing was com parat ive ly

high in the second ha rves t , thus conf i rming the 1978 resul ts showing that

bees w e r e more ac t ive dur ing that per iod . In the hexagonal l ayout the

percent of outcross ing ranged from 9.1 to 5 4 . 9 , wi th an avera ge of 24 .0

(Table 2 ) . A l though the propor t ion o f purp le-s tem plants in the rectangu-

lar layout was more than doub le that in the hexagonal o n e , the ex ten t o f

outcross ing was much more in the la t ter . This was assoc ia te d wi th a 

marked d i f fe rence in days to f lower ing of green-stem and pur p le-s tem plants

in the two layou ts . In the rectangular layout the green-s te m plants

f lowered a few days ear l ie r than the purp le-s tem p l a n t s , wh ereas in the

hexagonal layout the purp le-s tem plants f lowered ear l ie r . This was because

d i f fe ren t purp le-s tem marke r l ines were used in the two layo u ts . The

h igher cross ing in the hexagonal layout  very  probably resul ted f rom the

presence of an abundance of f lowers on the purp le-s temmed p lants at the

t ime f lower ing star ted in the green l i nes . No compar ison of plant ing

ar rangement was poss ib le because o f the confounding ef fect o f d i f fe rent

purple s tocks in the two layou ts .

This group of tests has served to emphas ize the w ide d i f feren ces in

the amount of natural c ross ing . The resul ts showed d i f fere nces among

locat ions as well as substant ia l d i f ferences among years wi th in loca t ions .

S idheswar Prasad et a l . (1972) have also repor ted a range of 2 5 . 7 % o u t -

crossing in seven var iet ies of p igeonpea , depending on var i ety and s i te .

In the test to de te rmine the e f fec t of plot size on the amoun t of

outcross ing between l i nes , the percentage o f purp le-s temm ed seedl ings

recovered from each row wi th in the green-stemmed plots was p ract ica l ly

the same in four - ,s ix - , and e igh t - row plots (Table 3 ) . The av erage o f

the central two rows in the four-row p lo t , the central two an d four rows

in the s ix- row p l o t , and the central t w o , four , and six rows i n the e igh t -

row p lo t was s imi lar to thei r respect ive overal l m e a n s . The p ercen t ou t -

cross ing from ad jacent plots ranged from 36.3 to 4 0 . 4 , wi th a  mean of 38.5,

in the four- row p lo t s ; 17 .0 to 2 8 . 4 , w i th a mean of 2 0 . 8 , in the s ix- row

p l o t s , and 34.3 to 43.3 ,wi th a mean of 3 8 . 2 , in the e igh t - row p l o t s . The

level o f outcross ing was s imi lar in the four - and e igh t - row p l o t s , wh i l e

six-row plots showed jus t over ha l f as much ou tc ross ing . Th is may be

related to the greater insect ac t iv i ty in the 4- and 8-row p l o t a r e a s ,

a l though this was not obv ious at the t ime ; or i t may be related to the

fact that sparse f lower ing due to a poorer p lan t stand in the s ix - row p lo t

area a t t rac ted fewer po l l i na to rs . The fac t t ha t cross ing wa s not reduced

in the outer rows of the b locks was both surpr is ing and d isapp o in t ing .

Fur ther work is needed on e f fec t ive iso la t ion w i th the po l l i na tors p resen t .

Th is p rocedure did not permi t recovery o f any hybr ids tha t wo uld have

resul ted from natural c ross ing among the recess ive green-s tem p l a n t s . I f

i t is assumed that an equal amount of ou tc ross ing was unde tec ted , then the

total amount of outcross ing would be cons iderably g rea te r . A large number

of factors de te rm ine the amoun t of ou tc ross ing in p igeonpea . In tercross-

ing may be a f fec ted by the number of insec t po l l ina tors pres ent in rela-

t ion to number of f l owe rs ; the f lower ing habi t o f the var ie t i es g rown; the

locat ion of the f ie ld in re la t ion to insect h a b i t a t s ; the d is tance between

unl ike va r ie t i es ; ba r r i e r c r o p s , and o ther env i ronmenta l fac to rs .
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Table 2. Percent outcrossing in individual green-stem pla nt progenies in two layouts at

ICRISAT Center, kharif 1979.

Table 2. Percent outcrossing in individual green-stem pla nt progenies in two layouts at

ICRISAT Center, kharif 1979.

Rectangular layout a

Green-s tem First Second Hexagonal

p lant no . harvest harves t Overall layout

1 7.0 7.0 10.5

2 4.2 13.0 4.9 D

3 2.6 11.1 3.3 D

4 D D D 25 .0

5 D D D 9.1

6 D D D 18.8

7 3.3 0.0 3.2 D

8 0.0 11.6 4.7 D

9 2.3 2.3 21.9

10 D D D 16.4

11 1.0 6.7 1.3 19.6

12 1.7 3.6 1.9 17.3

13 1.9 0.0 1.9 26.6

14 0.0 0.0 0.0 18.5

15 0.0 5.6 1.1 28.2

16 0.0 0.0 22.2

17 0.0 21.4 9.4 32.0

18 0.0 9.4 7.7 23.5

19 2.8 5.2 3.1 33.0

20 1.5 11.5 2.6 D

21 2 .9 0.0 2.8 30.9

22 1.7 1.7 D

23 3.6 3.6 19.0

24 2.0 2.9 2.4 18.0

25 0.0 12.5 1.5 26.4

26 4.0 3.2 3.7 16.5

2 7 3.5 13.3 4.7 29.0

28 29 .3

29 22.1

30 D

31 D

32 D

33 54.9

34 27.6

35 26.2

Mean 2.0 7.3 3.3 24.0

Range 0.0-7.0 0.0-21.4 0.0-9.3 9.1-54.9

a. Pod p ick ing was done twice w i th an interval of 15 days .

D = Dead.

a. Pod p ick ing was done twice w i th an interval of 15 days .

D = Dead.



Table 3. Average of purple-stemmed plants within each gree n-stem plot and within each row.

Row Total Purp le-s tem Purp le-s tem

Plot size no . p lants plants (no.) p lants  (%) 

Four-row

1 6 196 2 504 4 0 . 4

2 6 275 2 412 38.4

3 5 627 2 184 38 .8

4 6 724 2 443 36.3

Row 2 and 3 11 902 4 596 38.6

Total 24 822 9 543 38.5

Six- row

1 1 340 380 28.4

2 1 479 344 23.3

3 1 767 368 20 .8

4 2 047 348 17.0

5 1 906 331 17.4

6 1 828 387 21.2

Row 3 and 4 3 814 716 18.8

Row 2,3,4 and 5 7 199 1 391 19 .3

Total 10 367 2 158 20 .8

Eight - row

1 5 625 2 022 36.0

2 4 822 1 667 34.6

3 3 898 1 336 34 .3

4 5 233 1 882 36.0

5 5 314 1 942 36.5

6 5 0 8 8 2 126 41.8

7 5 265 2 2 7 8 4 3 . 3

8 5 728 2 387 4 1 . 7

Row 4 and 5 10 547 3 824 36.3

Row 3,4,5 and 6 19 533 7 286 37 .3

Row 2,3,4,5,6 and 7 29 620 11 231 37.9

Total 4 0 9 7 3 15 640 38.2
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These data indicate that enough natural cross ing occurs th a t mus t be

considered in main ta in ing genet ic pur i ty of var ious l ines in a breeding

nursery and in mainta in ing varietal pur i ty dur ing seed mu l t ip l i ca t ion .

Genet ic pur i ty of small s tocks can be readi ly mainta ined by d i f ferent

methods of art i f icial se l f -po l l inat ion. In f ie ld-s ize p la nt ings the use

of bar r ie r crops and of adequate isolat ion are a t present th e only

practical m e t h o d s .
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Var ia t ion in Harvest Index and its

Ut i l izat ion in Breeding of  Cajanus cajan 

C . B . S i n g h a n d M . P . S h r i v a s t a v a *

Abstract

One hundred and ninety-six genotypes from local germplasm col-

lections of Cajanus cajan were grown in a randomized block design 

with three replications. Harvest index revealed significant 

variation in the population; also, the heritability estimates 

in the broad sense were very high for harvest index. A further 

experiment consisting of three genotypes selected on the basis 

of plant geometry, harvest index, and maturity was conducted 

under five planting systems. Results indicated that these 

genotypes did manifest marked variation in harvest index and 

growth characteristics under different planting systems. High 

harvest index observed under lower population density did not 

exhibit high yield per unit area. It was therefore suggested 

that selection for high harvest index be practiced under high 

population density to isolate high-yielding genotypes of 

pigeonpea.

Besides several physiological and genet ic b a r r i e r s , the lo w product iv i ty

of pulses can also be ascr ibed to the i r lower harvest index as  compared

wi th soybean and cereals . The crops w i th a h ighe r harvest i nd ex , more

than 3 0 % (bread w h e a t s ) , are wel l known to exhib i t high y ie l d potent ia l .

As for improvement of narvest index in p u l s e s , i t has been e mphasized tha t

se lect ion for h igner harves t index is possib le on a phenotyp ic bas i s .

H o w e v e r , i t may be argued that breed ing for h igher harvest in dex amounts

to breed ing for h igher y i e l d (Jain 1 9 7 5 ) .

In the present s t u d y , 196 genotypes local ly col lected from Madhya

Pradesh were screened for the i r harvest index. Fur ther , thr ee cul t ivars

showing var iat ion in narves t index and matur i ty group were e va luated under

f ive d i f ferent populat ion densi t ies for y ie ld . The result s obta ined are

presented and d iscussed in th is report .

* J a w a h a r l a l N e h r u K r i s h i V i s w a V i d y a l a y a ( J N K V V ) , J a b a l p u r , M . P . , I n d i a .
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Mater ia ls and Me thods

Pigeonpea col lected f rom d i f ferent regions of Madhya Prade sh - 196 geno-

t y p e s , including var ie ty NP(WR)-15 -- were grown in a rando mized b lock

design wi th th ree repl icat ions during the rainy season 1975 -76 at the

Experimental farm of J N K v V , Jaba lpur . Eacn p lo t consis ted o f s ing le rows

of 6-m leng th , spaced at 1 m between rows and 30 cm between p la n ts . Data

on harvest index were recorded f rom five randomly se lected plants in eacn

row. Mean , range of va r ia t i on , and A N O V A w e r e computed to ass ess tne va-

r iat ion in narvest index.

Three genotypes w e r e selected; on the basis of the i r matur i ty and

harvest index. These were Khargone-2 ( e a r l y ) , JA -3 (medium ;, and NP(WR)-15

( l a t e ) , which exhib i ted narvest index around 2 0 . 0 , 25.0 and 3 0 . 0 % respec-

t ive ly . The m a t e r i a l , compr ised of th ree var ie t ies under f ive planting

s y s t e m s , was grown in a complete randomized block des ign , w i tn four repli-

cat ions in 5 m x 3 m p lo ts . Five p lant ing systems w e r e fo l low ed:

1. One p lant pe r h i l l ; h i l ls spaced at 1 m apar t ;

2. Five plants per h i l l ; h i l ls spaced 1 m apar t ;

3. Ten plants per h i l l ; n i l is spaced 1 m apa r t ;

4. One p lant per h i l l ; h i l ls spaced 20 cm apa r t ; and

5. Cont inuous p lant ing, 30 plants per m.

T h e expected plant populat ions under the f ive planting syst ems wou ld

be 1 0 0 0 0 , 5 0 0 0 0 , 1 0 0 0 0 0 , 5 0 0 0 0 , and 300000 /ha , respect ive ly.

Observat ions were recorded on plant he ight ( c m ) , p lant w id t n ( c m ) ,

number o f pr imary and secondary b r a n c h e s , pod number per p la n t , 100-seed

we igh t ( g ) , grain y ie ld per p lant ( g ) , grain y i e l d per p lot ( g ) , and

harvest index. Character means were calculated and analysi s of var iance

carr ied out to determine the ef fect of harvest index on y i e l d under di f fe-

rent plant ing sys tems.

Results and Discussion

Data on harvest index of 196 genotypes indicated a  very  w i d e var iat ion

ranging from 8.97 (v id isha co l lec t ion) to 5 7 . 7 5 % (B i laspur c o l l e c t i o n ) .

The analysis of var iance (Table 1) revealed highly s ign i f ic ant d i f ferences

due to geno types . Howeve r , variat ion due to envi ronmental factors was

non-s ign i f i can t , probably because only three repl icat ion s were used in the

exper iment . A high her i tab i l i ty es t imate in the broad sens e was obta ined

for harvest index — 9 9 % . These resul ts suggest that se lect i on fo r high

harvest index is possib le in p igeonpea and that th is t ra i t could be a 

h ighly her i tab le character .

Fur ther , results of the test using three genotypes indicate d a s i gn i -

f icant e f fec t o f p lant ing systems on p lant h e i g h t , y ie ld pe r p lo t (except

w i th in J A - 3 ) , and seed y ie l d per p lant (except wi th in K h a r g o n e - 2 ) . There

was a nons ign i f i cant e f fect of p lant ing systems on plant w i d t h , pr imary

b r a n c h e s , 100-seed w e i g h t , pod number per p lant (except wi t h in N P [ W R ] - 1 5 ) .

These g e n o t y p e s , howeve r , d i f fered s ign i f icant ly from eac h o ther fo r all

the t ra i ts (Table 2 ) .
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Data on mean harvest i ndex , growth charac te r i s t i cs , and y ie ld are

presented in Tab le 3. The harvest index calculated under f iv e plant ing

systems var ied , ranging from 2 5 % to 3 6 % in K h a r g o n e - 2 , from 2 4 . 0 % to 4 0 . 0 %

in J A - 3 , and f rom 20.0 to 2 3 . 0 % in NP(WR)-15. I t can be observ ed that

h igher harvest index exh ib i ted by p lant ing system 4 did not result in

h igher y ie ld per ha as compared w i th plant ing system 5 ( i . e . , high popula-

t ion densi ty ; . Fur ther , there was cons iderab le reduct ion in number of

pr imary and secondary b r a n c h e s , pod number per plant and y i e ld per p lant

under high populat ion densi ty (p lant ing system 5 ) , whereas height o f p lant

and 100-seed we igh t remained more or less unaf fected under a ll p lant ing

sys tems.

These f indings suggest that densi ty of plant populat ion pla ys an

important role in product ion of y i e l d per unit a rea. High ha rvest index

simply observed for a genotype may not be regarded a so le cr i te r ion for

se lect ion fo r high y ie ld . I t was there fo re suggested that se lect ion for

high harvest index under a high populat ion pressure should  be prac t iced to

isolate h igh-y ie ld ing genotypes o f p igeonpeas.

Conclusions

A wide range of var ia t ion exists for harvest index in the loca l co l lect ion

of p igeonpea (8.90 to 5 7 . 7 5 % ) . Se lec t ion for h igher harvest index is

poss ib l e , s ince there were high her i tab i l i ty est imates fo r th is t ra i t .

Harves t index can be mod i f ied to some ex ten t by d i f fe rent p l ant ing

sys tems , resul t ing in d i f ferent populat ion densi t ies (100 00 to 300000

p l a n t s / h a ) . The re is marked reduct ion in harvest index and g rowth charac-

t e r i s t i c s , such as width of p lant and number of pr imary and secondary

b r a n c h e s , under h igher populat ion dens i ty .

Grain y i e l d per ha was observed to be many t imes more under h igh

(300000 p lants /ha) than under low (10000 p lants /ha) popula t ion dens i ty .

I t is suggested that se lect ion for high harvest index be prac t iced

under high populat ion densi ty in o rde r to exp lo i t h igh-y ie ld ing genotypes

of p igeonpeas .
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Table 1. A N O V A for pigeonpea harvest index.

Source of var iat ion df ms Her i tab i l i ty ( %)

Repl icat ions

Genotypes

Error

2

195

390

0.54

2 0 8 . 5 2 * *

0.95

99.54

* * P < 0.01
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Pigeonpea is genera l ly grown as a relat ively long-season c r op , wi th or

w i t hou t in tercropping. The ecophys io log ica l adaptat ion o f p igeonpea and

the potential roles it can p lay in cropping systems have been reevaluated

in recent y e a r s . Much of this has involved the concept of the use of

short-season crops. Some of the opt ions in product ion syste ms were

descr ibed by Byth et a l . (these P r o c e e d i n g s ) . Shor t -seaso n crops can be

generated e i ther by cul ture in shor t days (of f -season sow ings) or by the

use of genet ica l ly ear ly -matur ing cu l t ivars . Mater ial in sens i t ive to

photoper iod (or near ly so) is l ikely to be the opt imal solut ion of this

ob jec t i ve , s ince i t wou ld condit ion shor t -season crops reg ardless of

sowing date or l a t i t ude , and will a l low rapid ratoon croppin g wheneve r

the condi t ions are favorab le . Thus ear l iness and insensi t i v i ty to pho to -

per iod are of bas ic importance in broadening the adaptat ion and flexi-

b i l i ty of use of this crop. The ob jec t ive of this study was to i nvesti-

gate the ex ten t to which ear l iness in f lower ing is assoc ia t ed wi th

insens i t iv i ty to photoper iod.

* Univers i ty o f Queens land, S t . Luc ia , Queens land, Aus t ra l i a .
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Early-maturing pigeonpea  (Cajanus cajan [L . ] Mi l l sp . )  has shown 

promise in several production systems, including broad-scale 

mechanized agriculture. Insensitivity to daylength may provide 

a means for obtaining uniform canopies with constant 

phenological development across latitudes and sowing dates. 

Thirty-seven relatively early-flowering lines introduced from 

India or selected in Australia were grown in natural daylength 

for December sowings at 27°S and under a 16-hour daylength in 

which natural daylength was extended using incandescent bulbs. 

The flowering responses of the lines showed that selection for 

earliness at any particular site does not necessarily provide 

a correlated selection for daylength insensitivity. Field 

extension with incandescent bulbs may be a useful technique in 

selection of daylength-insensitive lines. Further studies are 

required to determine the importance of spectral balance of 

the artificial lighting used. 

Abstract

E . S . W a l l i s , D . E . B y t h a n d K . B . S a x e n a *

Flowering Responses of Th i r t y -Seven

Ear l y -Ma tu r ing Lines of Pigeonpea



M a t e r i a l s and M e t h o d s

Thi r ty -seven l ines of  cajanus cajan  were used in th is study. They were

int roduced f rom ICRISAT and Haryana Agr icu l tura l Univers i ty ( H A U ) , Ind ia ,

or were selected at the Univers i ty of Queens land. Each of the l ines was

selected because i t was c lassi f ied as ear ly f lower ing at it s s i te of

or ig in . A matur i ty group classi f icat ion of p igeonpea was d escr ibed by

Green et a l . (1979) and is used in th is study. Two si tes of c la ssi f ica-

tion were used, and were at a s imi la r la t i tude: H issar ( India ) 29°N;

Redland Bay (Aust ra l ia) 27°S

The l ines were sown in the f ie ld at Redland Bay, Aust ra l ia (27 °S) on

17 December 1979. Two d i f ferent photoper iods were imposed a t sowing and

mainta ined throughout the trial per iod: the natural pho top er iod , (Wall is

et a l . 1980) which was a max imum of 14.8 hours inc luding civi l tw i l igh t ,

and natural photoper iod extended to 16 hours using incandes cent l ight ing.

The l ights were spaced at 3 m x 3 m, and were suspended 50 cm a bove the

canopy.

In 16-hour d a y s , s ing le- row plots 3 m long and 75 cm apar t were

used, wi th plants 25 cm apar t in the row. Mul t ip le plots wer e grown

wherever seed was ava i lab le . In the natural daylength a rea , three-row

plots were grown using the same plant spacing. The two areas w ere

separated by approx imate ly 50 m and no shading was necessar y between

the areas. Previous exper imenta t ion at th is s i te indicat es that m ic ro -

envi ronmental d i f ferences between f ie lds exert no ident i f iab le inf luence

on the occurrence of f lower ing.

I r r iga t ion , n u t r i e n t s , and insect ic ides were appl ied as n ecessary

throughout the trial per iod.

Flower ing was recorded on a p lo t basis when 5 0 % of p lants were

f lower ing. Where mul t ip le plots of a l ine ex is ted , the stand ard e r ro r

was calculated on a line mean bas is .

Resul ts

In v iew of the latitude of the test s i te (27°S) and since sowin g

occurred just pr io r to the longest day, this material was exp osed to

natural daylengths equal to or longer than those wh ich ex is t in most

areas of p igeonpea cul ture in ternat iona l ly . Thus in terms o f photoper iod

responsiveness a l o n e , we wou ld expec t f lower ing to occur at least as

rapidly in shor te r daylengths at lower lat i tudes or at o the r sowing

da tes ; tha t i s , this test should prov ide a reasonable d iscr iminat ion of

the l ines for sens i t iv i ty to long days. Temperature and phot oper iod x 

temperature in teract ions can inf luence f lower ing , but c annot be considered

here since the tes t sampled only one temperature regime (Tab le 1 ) .

For the purposes of this t r i a l , we def ined l ines as "ear ly f l ower ing"

i f 5 0 % f lower ing was at ta ined wi th in 65 days from sowing unde r the natural

photoper iod. Fur ther , we regarded l ines as "ear ly / insens i t i ve" to day-

lengths up to 16-hour days i f f lower ing was not delayed more t han 10 days

as a resul t of ex tens ion of day leng th , or i f f lower ing occurr ed in less

than 65 days under 16-hour days.
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Table 1. Mean weekly maximum and minimum temperatures (°C) a t Redland Bay,

Queensland, Australia (27°S), December 1979 to March 1980.

Week Ending
Maximum

(°C)

Minimum

( ° c )

22 Dec 1979 29.8 22.8

29 Dec 1979 28.8 21.6

5 Jan 1980 28.3 20.2

12 Jan 1980 28.1 20.6

19 Jan 1980 29.6 20.3

26 Jan 1980 29.6 23.0

2 Feb 1980 29.7 23.1

9 Feb 1980 28.5 22.6

16 Feb 1980 25.6 20.0

23 Feb 1980 27.6 20.9

1 Mar 1980 27.0 19.2

8 Mar 1980 27.5 19.3

15 Mar 1980 25.1 18.4

A c lass i f icat ion of the 37 l ines into ear ly f l ower ing , ear ly /

insens i t i ve , and re lat ive ly late groups is presented in T able 2. The

pedigrees (if ava i lab le ) of the l ines are in Tab le 3.

As expected from their o r i g i n , all of the l ines were re la t iv e ly

ear ly f lower ing under natural day l eng ths , and mos t f lower ed in less than

6 5 days (Table 1 ) . Howeve r , ear l iness under natural day leng ths does

not imply insensi t iv i ty to 16-hour d a y s , and f lower ing of so me ear ly -

f lower ing l ines was delayed by up to 25 days by exposure to t he extended

day length . Equa l l y , some of the l ines wh ich were later f low er ing under

natural day lengths showed l i t t le response in f lower ing w hen daylength was

extended.

In g e n e r a l , genet ic or ig in or parentage was not associated c lose ly

wi th the c lass i f icat ion of l ines on f lower ing response in this s tudy ; for

e x a m p l e , l ines der ived f rom UPAS-120 x Baigani and Prabhat x  Baigani

occurred in two of the three groups (Table 1 ) . H o w e v e r , all l ines der ived

from the 0DT composi te from ICRISAT were insens i t i ve . The o r ig in of this

mater ial is of in te res t . The compos i te was formed by bulk ing equal
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Table 2. Classification based on days to flower of thirty-se ven  Cajanus cajan lines

grown under natural and extended (16 hours) day length at Red land Bay (27°S).

Code
Cross ICRISAT a

Cross Matur i ty

Days to f lower Dif fer-Code
Cross ICRISAT a

Cross Matur i ty Source Natural 16 Hour ence
Group day length photoper iod

(1) Ear ly / Insensi t ive

QP-68 UPAS-120 x Baigani ODT ICRISAT 50± 3.9 60 10
QP-108 52 56 4

QP-109 49 56 7

QP-111 56 60 4

QP-112 ODT composite ODT ICRISAT 56 62 6

QP-113 select ions 49 59 10

QP-114 56 56 0

QP-115 56 64 8

QP-116 50 63 13

QP-117 48 56 8

QP-134 UPAS-120 x Baigani ODT ICRISAT 62.5 ± 0.5 67.5±2.5 5

QP-135 Baigani x Pant A2 ODT ICRISAT 60.2 ± 0.4 66 6

QP-138 57.3 ± 1.8 64 7

QP-139 ICP-6997 x Prabhat ODT ICRISAT 52 59 7

QP-140 56± 2.3 59 3

QP-141 56 56 0

Insensi t ive Bulk from ICP-7179 UQ 55.3 ± 0.5 66.3±6 11

(2) E a r l y c

QP-61 Prabhat x Baigani ODT ICRISAT 53.2 ± 2.3 78 25

QP-64 Prabhat x Baigani ODT ICRISAT 58.6 ± 0.9 80 21

QP-67 UPAS-120 x Baigani ODT ICRISAT 63.5 ± 1.5 76 13

QP-69 UPAS-120 x Baigani ODT ICRISAT 56.2 ± 5.2 79 23

QP-70 UPAS-120 x Baigani ODT ICRISAT 61.5 ± 0.4 76 15

QP-124 HAU 62 81 19

QP-125 HAU 65 84 19

QP-126 HAU 61 73 12

QP-127 Prabhat x UPAS-120 HAU 64 8 4 20

QP-132 UPAS-120 x Baigani ODT ICRISAT 62.5 ± 4.5 86 24

Prabhat IDT ICRISAT 62.9 ± 0.3 80.8±4.6 18

QP-65 Prabhat x Baigani ODT ICRISAT 66.2 ± 3.3 78 12

(3) Relat ively Late (> 65 days to f lower ,  natural  photoper iod)

QP-66 Prabhat x Baigani ODT ICRISAT 78 79 1

QP-119 T-21 x Prabhat HAU 82 83 1

QP-120 HAU 84 89 5

QP-122 T-21 x UPAS-120 HAU 72 90 18

Cont inued
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Table 2. continued

Cross

ICRISAT

Matur i ty Source

Days to f lower
Di f fer-

ence
Code Cross

ICRISAT

Matur i ty Source Natural 16 Hour
Di f fer-

ence
Group day length photoper iod

Dif fer-

ence

QP-123 HAU 70 90 20

QP-L5 UQ50-6 UQ 84.7 ± 1.2 88 .5+0.7 4

QP-45 UQ50-5 UQ 79.1 ± 3.2 81.4±3.1 2

QP-44 UQ50-4 UQ 82.3 ± 2.9 88.6+1.7 6

a. Field c lass i f icat ion by ICRISAT at H issar .

b.  Ear ly / Insensi t ive = f lowers in less than 65 days in nat ural l ight or

extended l ight or wi th less than a ten day delay

under extended l ight .

c.  Early = f lowers in less than 65 days in natural l igh t .

HAU = Haryana Agricul tural Un ivers i ty , Ind ia ; UQ = Univer s i ty of

Queens land; QP = Universi ty of Queensland accession numbe r

a. Field c lass i f icat ion by ICRISAT at H issar .

b.  Ear ly / Insensi t ive = f lowers in less than 65 days in nat ural l ight or

extended l ight or wi th less than a ten day delay

under extended l ight .

c.  Early = f lowers in less than 65 days in natural l igh t .

HAU = Haryana Agricul tural Un ivers i ty , Ind ia ; UQ = Univer s i ty of

Queens land; QP = Universi ty of Queensland accession numbe r

a. Field c lass i f icat ion by ICRISAT at H issar .

b.  Ear ly / Insensi t ive = f lowers in less than 65 days in nat ural l ight or

extended l ight or wi th less than a ten day delay

under extended l ight .

c.  Early = f lowers in less than 65 days in natural l igh t .

HAU = Haryana Agricul tural Un ivers i ty , Ind ia ; UQ = Univer s i ty of

Queens land; QP = Universi ty of Queensland accession numbe r

a. Field c lass i f icat ion by ICRISAT at H issar .

b.  Ear ly / Insensi t ive = f lowers in less than 65 days in nat ural l ight or

extended l ight or wi th less than a ten day delay

under extended l ight .

c.  Early = f lowers in less than 65 days in natural l igh t .

HAU = Haryana Agricul tural Un ivers i ty , Ind ia ; UQ = Univer s i ty of

Queens land; QP = Universi ty of Queensland accession numbe r

a. Field c lass i f icat ion by ICRISAT at H issar .

b.  Ear ly / Insensi t ive = f lowers in less than 65 days in nat ural l ight or

extended l ight or wi th less than a ten day delay

under extended l ight .

c.  Early = f lowers in less than 65 days in natural l igh t .

HAU = Haryana Agricul tural Un ivers i ty , Ind ia ; UQ = Univer s i ty of

Queens land; QP = Universi ty of Queensland accession numbe r

a. Field c lass i f icat ion by ICRISAT at H issar .

b.  Ear ly / Insensi t ive = f lowers in less than 65 days in nat ural l ight or

extended l ight or wi th less than a ten day delay

under extended l ight .

c.  Early = f lowers in less than 65 days in natural l igh t .

HAU = Haryana Agricul tural Un ivers i ty , Ind ia ; UQ = Univer s i ty of

Queens land; QP = Universi ty of Queensland accession numbe r

a. Field c lass i f icat ion by ICRISAT at H issar .

b.  Ear ly / Insensi t ive = f lowers in less than 65 days in nat ural l ight or

extended l ight or wi th less than a ten day delay

under extended l ight .

c.  Early = f lowers in less than 65 days in natural l igh t .

HAU = Haryana Agricul tural Un ivers i ty , Ind ia ; UQ = Univer s i ty of

Queens land; QP = Universi ty of Queensland accession numbe r

Table 3. Pedigrees of some lines planted in two photoperiods at Redland Bay (27°S).

Ident i f icat ion Pedigree

QP-61 7 4 0 6 8 - 1 1 - B - B - H O D T 1 - B - Q B a - B

QP-64 74068- IDT-B-11-1-HODT 1 -B-QB-B

QP-65 74068- IDT-B-11-2-HODT 1 -B-QB-B

QP-66 74068- IDT-B-11-2-HODT 2 -B-QB-B

QP-67 74075-5-B-3-1-HODT 1 -B-QB-B

QP-68 74075-5-B-3-1-HODT 2 -B-QB-B

QP-69 74075-5-B-3-1-HODT 3 -B-QB-B

QP-70 74075-5-B-3-1-HODT 4 -B-QB-B

QP-119 H 7 4 - 4 4 b

QP-120 H73-20

QP-122 H76-23

QP-123 H76-27

QP-124 H76-48

Cont inued



Table 3. continued.

Ident i f icat ion Pedigree

QP-125 H76-11

QP-126 H76-51

QP-127 H76-42

QP-132 74075-5-B-3-2-H0DT 1 -B-QB-B

QP-134 74075-8-B-6-1-HODT 1 -B-QB-B

QP-135 74078-20-B-4-2-HODT 1 -B-QB-B

QP-138 74065 (DTM-95) 7 6 - 3 - H O D T 1 - B - Q B - B

QP-139 74065 (DTM-95) 76-3-HODT 2 -B-QB-B

QP-140 74065 (DTM-105) 76-3-H0DT 1 -B-QB-B

QP-141 74065 (DTM-105) 76-3-HODT 2 -B-QB-B

QPL-5 U Q - 5 0 - 6 c

QP-44 UQ50-4

QP-45 UQ50-5

a. QB = Bulked at Queensland Univers i ty .

b. HAU accession number .

c.  Select ions from U Q - 5 0 , now released as cv. Royes.

quant i t ies of seed of each of 27 crosses of Prabhat and Pant A -2 wi th a 

w ide range of other parents (Saxena 1 9 7 7 ) . The composi te wa s cycled for

three generat ions under open pol l inat ion at H i ssa r , India ( 2 9 ° N ) , a f ter

being truncated into matur i ty groups I , I I , and I I I . The grou p I composi te

was spl i t into group 0 and I matur i ty material in the third c yc le . The

l ines tested here were der ived by se l f -po l l inat ion of indiv idual ear ly

plants from the fourth cyc le . The long history of contro l le d breeding

and the sel f -pol l inated or igin of the l ines is s ign i f i cant . All o ther

l ines entered in this trial were der ived as bulk seed from ear ly- f lower ing

p l o t s , main ly by open-po l l ina t ion . In consequence , such l i nes could be

genet ical ly heterogeneous and/or heterozygous for genes c ondi t ioning

f lower ing. This could have inf luenced the est imat ion of f lo wer ing in

this s tudy , both by delaying at ta inment of 5 0 % f lower ing and by inf lat ing

the di f ference between natural and extended day leng ths .

None of the HAU l ines was insens i t i ve , a l though some were ear ly

f lower ing under natural day leng ths . This was surpr is ing in v iew of the i r

or ig in f rom r igorous select ion under f ield condi t ions at H issa r . The

reason for this is unknown , but i t may be related to the ma in t enance of

breeding material by open-po l l ina t ion .
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All select ions from ICP-6997 x Prabhat (QP138-141) were c la ssed as

ear ly / insens i t ive (Table 1 ) . The cause of this is unknown. P rabhat is

group I and ICP-6997 group VI in ma tu r i t y , and each would norm al ly be

expected to f lower later than 60 d a y s , part icular ly in exten ded day leng ths .

Clear ly , t ransgressive segregat ion for f lowering respons e occurred in this

c r o s s , and the tested l ines are a select g roup . This suggests that both

Prabhat and ICP-6997 contained genes condi t ioning ear l ine ss and

insens i t i v i ty , and that they were complementary when combi ned in the

progeny. This suggests that several genes are involved in de terminat ion

of insensi t iv i ty .

Discussion

The c lass i f icat ion of l ines into three groups (ear ly / insen s i t i ve , ea r l y ,

and relat ively la te) in this study must be regarded as somewh at arb i t rary .

No f irm physiological arguments can be advanced for using a c u to f f of 65

days to f lowering as a separat ion of ear ly from relat ively l a t e , nor for

the use of a d i f ference of 10 days between natural and extende d daylengths

for separat ing sensi t ive and insensi t ive responses . The 65 days to

f lowering l imit is just i f ied solely on the basis that exper i ence wi th

ear ly- f lower ing pigeonpea suggests this as a natural t run cat ion po in t .

Some interval is required to judge response to extended day length . We

have used 10 days for two pragmat ic reasons : f i r s t , i t is a re al is t ic

interval that can be ident i f ied stat is t ica l ly on the basis o f known

standard errors (Table 2 ) ; second ly , d i f ferences of less t han 10 days

have l i t t le meaning agronomica l l y , regardless of the under ly ing

physiological mechanisms involved.

The response to extended daylength must be interpreted caut iously and

in relat ion to the method of ex tens ion. Incandescent bulbs w ere used and

the response of l ines may b e , in p a r t , a funct ion of the s ource as well as

the day length . Photomorphogenic responses were induced, w i th plants under

the extended daylength invar iably being ta l ler than in natu ral day leng ths .

In this s tudy , we cannot separate any possib le l ight source ( spectrum)

ef fect on f lower ing f rom that of daylength per se .

It is s ign i f icant and surpr is ing that most of the re lat ively la te -

f lowering l ines showed l i t t le response in f lower ing to exte nded day length .

This could be used to infer that such l ines are insensi t ive to photoper iod ,

but this is unl ikely to be so . S imi la r l y , cv Royes showed re la t ive ly

l i t t le response (97 days vs 112 days to f lower under natural a nd extended

d a y l e n g t h s ) , despi te the fact that i t is known to exh ib i t mar ked changes

in days to f lower ing for d i f ferent sowing dates (Wall is e ; t a l . these

P r o c e e d i n g s ) . Fur ther , the response of Prabhat (Table 2) does not conform

wi th o ther ev idence (Turnbu l l , personal c o m m u n i c a t i o n ) , w hich indicated

that i t was ear ly f lowering and insens i t ive. The cause of the l imited

responses in f lower ing of the la ter f lowering material and t he unexpected

responses of Royes (under the same condi t ions in ad jacent p l o ts ) and

Prabhat in this trial is unknown and requires fur ther s tudy . Temperature

is known to inf luence floral development (Turnbu l l , person al c o m m u n i c a t i o n ) ,

and the test yea r involved re lat ively high night temperatur es th roughout

growth (Table 1 ) . The possib le e f fec t o f an imbalanced l ight  spectrum due
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to the incandescent source requires invest igat ion.

This p r u j e n was suyporteu f i m a n u a l l y b y  ICRISAT and a Commonwealth of

Aust ra l ia Special Research Grant . Technical ass is tance o f C. B r a u n s ,
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Select ion for ear l iness of f lower ing in the f ield at 27 to 29° lati-

tude does not necessar i ly ident i fy material insensi t ive t o day leng th ;

for examp le , no l ines derived from HAU and only some ODT lines f rom

ICRISAT were insenst i t ive in this t r ia l . Repeated t runcat ion on

ear l iness and control led pol l inat ion has apparent ly inc reased the

probabi l i ty of ear l iness being associated with insensi t iv i ty .

Most of the l ines c lassi f ied as ear ly / insens i t ive were der i ved f rom

crosses of relat ively ear ly parents (except ODT c o m p o s i t e ) , which

probably have only low degrees of sensi t iv i ty to day length . However ,

the recovery of insensi t ive l ines from ICP-6997 x Prabhat pr obably

involves t ransgressive segregat ion. This suggests that s everal genes

are involved in insens i t i v i ty , and that l ines sensi t ive to d aylength

may contain some of those genes .

Since ear l iness does not necessar i ly imply insens i t iv i ty , c lass i f i -

cation into matur i ty groups under natural day lengths is of l imited

value. The ODT classi f icat ion in the field is pragmatic but s ubject

to inf luence by sowing d a t e , la t i tude , tempera tu re , e tc . T he matur i ty

c lassi f icat ion proposed by Green et a l . (1979) could be ext ended on

the basis of this study to include an addit ional group of l ine s

insensi t ive to photoper iod. The def in i t ion of this group wo uld

require contro l led test ing under extended day lengths . We p ropose a 

daylength of s ixteen hours for test ing which would ident i fy germplasm

insensi t ive to photoper iods to the extent of current p igeon pea

product ion a reas . Temperature interact ions will confound this

def in i t ion under f ield cond i t ions .
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Eva lua t ion of a Popu la t ion of Ear ly-

M a t u r i n g P igeonpea Lines Der i ved f r o m

a Tr ip le Cross In t roduced f r o m I C R I S A T

D . E . B y t h , K . B . S a x e n a , a n d E . S . W a i l i s *

Abstract

From a  triple cross  ( ICP-8504 x Prabhat )  x ICPL-10 made by ICRISAT, 

26 early, determinate, large-podded  F 1 plants were selected at 

Hissar in 1978. This population is now in the F 3 generation 

(after quarantine in Australia) and this paper reports the 

variability and interrelationships in phenology and yield 

components within and among progenies of various subsets based 

on maturity within this population. 

Until very recent ly , ear ly-matur ing pigeonpea  {cajanus cajan  [L . ] M i l l sp . )

received l i t t le a t tent ion in product ion or p lant improveme nt inter-

nat ional ly . Most pigeonpea sc ient is ts appear to have cons idered ear ly

material to have re lat ively low yie ld po ten t ia l , and to be ge net ica l ly

infer ior in seed s i ze , physical qual i ty of the seed, and pod s ize . How-

eve r , the low seed y ie ld of ear ly l ines compared wi th later ma terial

(for examp le , Green et a l . 1979] is due , in pa r t , to evaluat i on at p lant

densi ty tha t is nonoptimal for the early matur i ty g roups . Highyield

potential of a smal l -seeded ear ly- f lower ing populat ion wa s demonstrated

by Wai l is et a l . (1981 a) using high p lant densi ty in favorabl e

cond i t ions . Most ear ly-matur ing Indian cul t ivars h a v e s m a l l seed, but

no publ ished ev idence of a c lose genet ic assoc ia t ion betwee n small seed

and ear ly matur i ty has been seen by us .

Product ion systems have been ident i f ied recent ly that requ i re the

use of ear ly -matur ing and/or insensi t ive cul t ivars (Byth e t a l . 1 9 8 1 ) .

Incorporat ion of larger seed, improved physical qual i ty of seed, and

greater numbers of seeds per pod in ear ly-matur ing cul t iva rs would increase

the commercial potential of such sys tems.

This paper is a pre l iminary repor t on the per formance of sel ected

F3 p igeonpea l ines der ived f rom a t r ip lec ross . The cross was  made at

ICRISAT in an at tempt to generate a w ide range of segregat io n for

pheno logy , seed s i z e , and seeds per pod.

* Univers i ty of Queens land, S t . Luc ia , Queens land, Aus t ra l i a .
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M a t e r i a l s and M e t h o d s

The t r ip le cross used in this exper iment involved the fo l lo wing

parentage: (ICP 8504 x Prabhat) x ICPL-10 . Prabhat is ear ly f lower ing

(Group I) and small seeded (7 g/100 s e e d ) ; ICP-8504 is medium f lower ing

(Group V I ) , w i th large pods and seed (13.3 g/100 s e e d ) ; ICPL- 10 is an

ear ly- f lower ing (Group II I) l ine der ived from JA-275 x Pus a A g e t i , w i th

large pods and relat ively large seed (11.7 g/100 s e e d ) .

A populat ion of the t r ip le cross F 1 was grown at Hissar (29°N) in

1978 . Twenty-s ix determinate plants f lowered in less than 7 5 days and

produced pods contain ing six or more seeds . Open-pol l inat ed seed of

these 26 p lants was introduced to Aust ra l ia in 1979 , and F 2 p lants we re

grown in isolat ion in quarant ine . Four hundred and seventy F 3 progenies

der ived by sel f -pol l inat ion from individual F 2 plants of the 26 fami l ies

were sown at Redland Bay , Aust ra l ia (27°S) on 20 December 19 79. Each F 3

l ine was evaluated in an unrepl icated single row 3 m long sow n at

0.5 x 0.2 m spac ing.

For this s tudy , f ive F 3 l ines wi th in each of 15 fami l ies were

sampled at random. Days to f lower (up to day 65 af ter s o w i n g ) , plant

he igh t , pod number , seeds per pod, seed s i z e , and seed y ie ld w e re

recorded for each p lan t . Est imates of experimental er ror we re derived

from repl icated plots of three l ines of photo insens i t ive material (QPL-1 ,

Q P L - 2 , QPL-4) grown in the same field in the same cultural co nd i t ions .

I r r igat ion, nu t r i en ts , and insect ic ides were appl ied as ne cessary

dur ing this t r ia l .

Resu l t s

Agronomic Performance of the Triple-Cross Families

The means over the F2 der ived l ines in the F 3 w i th in each of the 15

famil ies for some phenological and agronomic characters ar e presented in

Table 1. Seven of the 15 famil ies at ta ined 5 0 % f lower ing in 6 5 days or

l e s s , and this suggests that some of them may be insensi t ive to daylength

a t 27°S (Wallis e t a l . 1 9 8 1 ) . Individual plants w i th in the o t her l ines

also f lowered in 65 days or l ess , but i t is not poss ib le to pres ent days

to f lowering for these l ines because co l lec t ion of f lower i ng data was

terminated for practical reasons at 65 days f rom sowing. The impl icat ion

is that v i r tual ly all of this populat ion was re lat ive ly ear ly f lower ing ,

and fur ther advances in ear l iness could be made by se lect ion among and

wi th in the F 3 l i nes .

The F 3 fami l ies w e r e , on average , cons iderably ta l ler and vege tat ive ly

more v igorous than the photo insensi t ive l ines used as check s . The fami -

l ies ranged from 10.1 to 13.2 g/100 seeds in compar ison wi th the checks

at 6.9 to 7.6 g/100 seeds and Prabhat at 7 g/100 seeds . The t r i p le-cross

material had cons iderably greater numbers of locuies per po d than did the

insensi t ive checks . However , actual number of seeds per pod was only

marg ina l ly super ior to the checks in most fami l ies (2.4-4. 8 vs 2.6-2.8
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seeds per pod in the tr iple cross and checks , r e s p e c t i v e l y ) . There was a 

w ide range in seed y ie ld and pods per p lant among the fam i l i es , and some

famil ies we re equal in y ie ld to the insensi t ive checks . Pod number per

plant of the t r ip le-cross fami l ies was considerably lower t han for the

insensi t ive checks wi th equiva lent seed y ie l d , ref lect ing  the larger pod

and seed s ize of the F 3 l i nes .

Partit ion of Variance within the Triple-Cross F 3 Population

Mean squares among famil ies and among l ines w i th in famil ies are presented

in Table 2 for s ix charac te rs . For these ana lyses , the seven f ami l ies

at ta in ing 5 0 % f lower ing w i th in 65 days from sowing (Table 1 ) were regarded

as ear ly , and the o ther eight fami l ies as late f lower ing.

No s ign i f icant d i f ferences existed among the ear ly and lat e fami l ies

for any charac te r . The ear ly and late groups of famil ies d i f fered in

plant height and seeds per pod on ly , wi th the late famil ies being

sl ight ly t a l l e r , w i th greater numbers of seeds per pod. S ign i f icant

d i f ferences also existed among the combined famil ies for po d number but

this ref lected increased precis ion of the tes t , not a d i f fer ence between

the early and late fami l ies .

There were s ign i f icant d i f ferences among the l ines w i th in t he

combined fami l ies for all characters except seed s i z e , but t he l ines were

s ign i f icant ly d i f ferent only for plant height and pod numb er in the late

fami l ies .

Cons iderab le var iat ion was documented among plants w i th in the l ines

for mos t charac te rs ; for examp le , many plants had seed s ize i n excess of

15 g/100 seeds . This c lear ly impl ies t ransgress ive segrega t ion for seed

s ize . However , p lant - to-p lant var iat ion will not be consi dered he re .

Discuss ion

The tr ip le-cross material introduced to Aust ra l ia from ICR ISAT is a highly

se lec t group in that i t represented only the ear l ies t f lower ing and la rge-

podded f ract ion of the F 1 populat ion grown at H issar . Thus any inferences

drawn from this study mus t be restr icted to that t r ip le cros s and to this

par t icu lar segment o f i t .

The init ial visual impression of the populat ion of F 3 l ines

evaluated at Redland Bay was one of re lat ive uni formity amon g and w i th in

l ines for all phenological and agronomic charac te rs . This i mpression was

conf i rmed by subsequent analyses o f d a t a ; that i s , a l though s ign i f i can t

d i f ferences did ex is t both among fami l ies and among l ines w i th in f am i l i es ,

the s ize o f these d i f ferences w a s , in most c a s e s , re la t ive ly sma l l . This

may be surpr is ing in view of the d ivers i ty of parentage in the t r ip le

cross and the open-po l l inated or ig in of the t r ip le-cross F 2 seed intro-

duced to Aus t ra l i a . However , we cons ider that the re la t ive uni formi ty

of the populat ion can be explained on two bases . F i r s t , the ma terial

evaluated was r igorous ly selected by us in the F 1 for ear l iness and pod

s ize . The re la t ive lack of subsequent segregat ion impl ies that the F 1 s
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selected by us were homozygous (or near ly so ) for genes in f lu encing

phenology and pod s i ze ; that i s , that ear l iness and large pod s ize are

determined by recessive genes and our select ions were homoz ygous

recessive for mos t of the genes inf luencing these charac te rs . Second ly ,

we have d iscovered subsequent ly that most o f the plants w i th in the F 3

l ines tested exh ib i t the "wrapped f lower" character descr i bed by Byth et

a l . ( 1 9 8 1 ) , which acts to enforce se l f -po l l ina t ion . Thus th e "open-

po l l inated" seed introduced to Aust ra l ia probably was der ived by se l f -

po l l ina t ion . I t is s ign i f icant that Byth et a l . (1980) note d tha t , in

the Aus t ra l ian co l lec t ion , the wrapped character is invar i ably

associated wi th large pods and large seed. ICP-8504 has wrap ped f lowers ;

it is probable that se lect ion in the t r ip le cross F1 for large pods

resulted in corre lated select ion of wrapped- f lower geno ty pes .

The form of evaluat ion used (0.5 m x 0.2 m) clear ly was subop timal

for pigeonpea material o f this habi t and matur i ty (Wall is e t a l . 1980 ) .

Despi te t h i s , mean seed y ie ld was re lat ively high (2600 kg/ ha) and this

suggests that the test env i ronment was relat ively non l imi t ing . In this

con tex t , the low average number of seeds per pod (3 .3 , Tab le 1) re la t ive

to the average number of locules per pod (more than f ive) in th e F 3

populat ion is of cons iderab le concern ; that i s , numbers of s eeds actual ly

f i l led per pod was cons iderably lower than the potential in i t ia l ly

ava i lab le . The cause of this high rate of ovu le abor t ion in th e t r ip le-

cross material is unknown. I t may ref lect environmental l im i tat ions that

were not observed by u s , and i f so may be corrected by manageme nt . How-

ever , i t may be related to inherent l imi tat ions of th is gene t ic ma te r i a l ;

that i s , i t may re f lec t a source l imi tat ion to y ie ld in this m a te r i a l .

The la t ter prospect is rather d is turb ing and requires fur th er s tudy .

Ear l ier studies have suggested that y ie ld in p igeonpea is s i nk- l im i ted ,

not source- l imi ted (Narayanan and Sheldrake 1 9 7 6 ) . Modera te pos i t ive

associat ion was reported (Anonymous 1978) between seed s iz e and seeds per

pod in each of 2 y e a r s , but there was no associat ion between seed

abort ion and number of o v u l e s , l ocu les , or seeds per pod. Ho wever , that

research was done using qui te d i f ferent genet ic material an d under less

favorable and lower y ie ld ing cond i t ions . The present resea rch is the

f i rst known to be conducted on ear ly p igeonpea material wi t h a high

genet ic potential for sink s ize (large numbers of seed per pod and

relat ive ly large seed s i z e ) . The fact that high ovu le abort i on occurred

under condi t ions of high seed y ie ld could be ind icat ive of so urce

l imi ta t ion . Studies will be in i t iated in 1980-81 to examine this

ques t ion , which is of basic importance to improvement of ear ly p igeonpea

cul ture in h igh- input env i ronments .

Despi te the reservat ions expressed above about this breedi ng ma te r i a l ,

i t does represent the most promising ear ly -matur ing pige onpea material in

Aus t ra l i a . I t has demonstrated high actual y ie lds and the p otential for

even greater y i e l d s , and seed s ize and physical qual i ty are s ubstant ia l ly

super ior to that of the early cul t ivars current ly ava i lab le . The fact

that mos t p lants have wrapped f lowers is an addit ional bonus . We intend

to conduct fur ther test ing of these l ines at h igher dens i ty i n 1 9 8 0 - 8 1 ,

wi th the intent ion of prere lease of e l i te cul t ivars in the ne ar fu tu re .
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Per fo rmance of Early Genera t ion Lines Under D i f f e ren t

Cropp ing Systems and its Bear ing on t he Select ion

Procedure in Pigeonpea Breeding

Y . S . N e r k a r *

Abstract

In the arid and semi-arid regions of Maharashtra State, 

pigeonpea is normally grown as a companion crop with sorghum. 

However, in the pigeonpea breeding program,selections are made 

under sole-crop conditions, on the assumption that the geno-

types that do well under solecropping will also do well under 

intercropping. Where this assumption does not hold true, the 

breeding program will be handicapped. 

An alternative selection procedure was therefore developed, 

consisting of: (1) raising the  F 2 population as a sole crop 

and making single-plant selections, (2) growing the  F 3

progeny rows as an intercrop with sorghum and selecting 

superior plants in superior families on the basis of yield, 

maturity, etc., (3) growing the subsequent generations as 

intercrops, and selecting on the basis of family performance, 

(4) evaluating selected lines under intercropping conditions. 

A total of 79 families was tested in the early generations 

under both inter- and sole-crop conditions. This paper 

discusses the results in relation to the procedure outlined. 

In the arid and semi-ar id regions of Maharasht ra State p ige onpea ( Cajanus

cajan  [L . ] M i l l sp . ) is normal ly grown as an intercrop wi th sorghu m. In

some pocke ts , in tercropping of p igeonpea wi th cotton or gro undnut is also

pract iced. Pigeonpea is rarely grown as a sole c rop; howeve r , in the

pigeonpea breeding program, se lect ion and evaluat ion ar e made under so le -

crop cond i t i ons , on the assumpt ion that genotypes that do w ell under so le

cropping will also give super ior per formance under in tercr opping. The

breeding program may thus be handicapped in cases where thi s assumpt ion

does not hold t rue . Some p igeonpea cul t ivars re leased for co mmercial

cu l t ivat ion af ter se lect ion and eva luat ion under so lecrop ping have not

become popular because under the in tercropping system prac t iced by the

fa rmer , these cul t ivars have not proved their super ior i ty o ver the local

cu l t i va rs . Pre l iminary studies by Singh et a l . (1978) indi cated that for

* Department of Botany, Marathwada Agricul tural Un ivers i t y ,

431402 , Maharash t ra , India.

Parbhani
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the in tercropping system, the y ie ld of p igeonpea cul t ivars will depend not

only on their genet ic y ie ld potential but a lso on their abi l i ty to

compete w i th m i l l e t . To test this hypothesis and to develop a n al terna-

t i ve se lect ion procedure , we conducted an exper iment under both so le-crop

and intercrop sys tems.

Mate r i a l s and M e t h o d s

The experimental material was comprised of 79 s ing le-p lant select ions

made in the F 2 genera t ion , raised as a so lec rop , and four released

cu l t i va rs , C - l l , N o . 1 4 8 , B D N - 1 , and BDN-2 . The s ing le-p lan t select ions

were made on the basis of agronomic traits in the f ield among the F 2

populat ions or ig inat ing from s ingle crosses involv ing 23 d iverse paren ts .

Final se lect ion was done on the basis of grain y ie ld per p lan t .

These 83 entr ies were tested in adjacent repl icated tr ia ls w i th two

repl icat ions under two cropping systems — solecropping and intercropping

wi th sorghum cv CSH-6 . For each en t ry , the experimental plo t consisted

of a s ingle row, 4.5 m long. Under so lecropp ing, between-ro w spacing was

75 cm; and between plant spac ing , 30 cm. Under in tercropp ing , pigeonpea

was sown in between paired rows of sorghum. The sorghum paire d rows were

60 cm apar t ; the p igeonpea row spacing was 90 cm, wi th p lant - t o-p lant

spacing of 30 cm. The sole crop of p igeonpea was given a basal l y appl ied

fer t i l izer dose of 20 kg N and 50 kg P 2 O5 / h a .

The intercrop sorghum was suppl ied w i th 80 kg N and 40 kg P 2 O5 / h a .

This was the recommended fer t i l izer dose for sorghum. For t he intercrop

all of the the P 2 O5 and ha l f of the N were appl ied as a basal dose and

the remaining N was appl ied 1 month af ter sowing. Intercul t ure and plant

protect ion operat ions were done uni formly in both sys tems. Stat ist ical

analysis of p igeonpea grain y ie ld was done by a s imple facto rial design

ana lys is .

Resu l ts and D iscuss ion

The grain y ie ld of pigeonpea under both cropping systems and the pooled

analys is of var iance are presented in Table 1 and Table 2, re spect ive ly .

The analysis revealed that d i f ferences due to en t r i es , crop ping sys tems ,

and interact ions were highly s ign i f icant (Table 2 ) . The h ig hly signi-

f icant interact ion ef fects indicate that these ear ly-gene rat ion select ions

expressed di f ferent ia l response to the two cropping sys te ms.

In genera l , the medium- and la te-matur ing pigeonpea breedi ng l ines

matured about 30 days ear l ier w i th intercropping than wi th s o lecropping.

I t was observed that medium-durat ion pigeonpea l ines that mature 30 to 40

days af ter the sorghum is harvested are bet ter sui ted for int ercropping

in the Parbhani region (e.g. Lines N o . 2 7 , 1 1 3 , 1 1 4 , 1 3 0 , 5 6 - 3 0 , 56 -45 ,

5 6 - 5 0 ) . Entr ies that appeared to be bet ter sui ted for interc ropping w e r e

the ones whose canopy covered the land af ter the sorghum was h arvested.

Some breeding l ines that gave high y ie ld under so lecropping  also gave

high y ie ld under intercropping (e.g. Lines No .113 , 1 1 4 , 1 2 7 , 1 3 1 , 5 6 - 1 3 ) .

However , many l ines giv ing high y ie ld under intercropping d id not
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Table 1. Average grain yield of pigeonpea breeding lines un der sole and intercropping
systems.

Table 1. Average grain yield of pigeonpea breeding lines un der sole and intercropping
systems.

Line brain y ie ld (kg/ha) Line

No.

Grain y ie ld (kg /ha)

No. Sole crop Intercrop

Line

No. Sole crop Intercrop

Good under both systems Good under in tercropping

1 1367(+10) a 809(+15) 9(C-11) 1209(-3) 887(+26)

27 1563(+26) 1041(+47) 21 816( -34) 816(+15)

72 1791(+44) 788(+12) 24 1184(-5) 720(+2)

97 1501(+21) 824(4-17) 31 991(-20) 816(+15)

101 2804(+125) 770(+9) 33 1206(-3) 827(+17)

109 1319(+6) 880(+25) 36 633( -49) 844(+19)

113 1764(+42) 916(+30) 41 1178(-5) 776(+10)

114 1754(+41) 998(+41) 118 721( -42) 810(+15)

116 1627(+31) 716(+1) 130 1127(-9) 993(+40)

127 2280(+83) 816(+15) 137 1055(-15) 732(+4)

131 1797(+45) 907(+28) 153(BDN-2) 865( -30) 880(425)

149 1393(4-12) 748(+6) 157(BDN-1)1093(-12) 729(+3)

161 1321(+6) 942(+33) 160 988(-20) 824(417)

184 2003(+61) 766(+8) 172 996( -20) 745(45)

207 1393(+12) 800(+13) 205 1036(-16) 809(+15)

775(+10)56-9 1559(+26) 787(+11) 220 684( -45)

809(+15)

775(+10)

56-13 1806(+45) 876(+24) 56-23 933(-25) 830(+17)

56-17 1262(+2) 739(+5) 56-30 1119(-10) 1110(+57)

56-19 1382(+11) 781(+11) 56-41 1000(-19) 833(+18)

56-22 1443(+16) 884(+25) 56-45 1089(-12) 1212(+71)

56-25 1253(+1) 874(+24) 56-49 633(-49) 744(+5)

911(+29)56-33 1985(+60) 782(+11) 56-50 776(-37)

744(+5)

911(+29)

56-51 1367(+10) 876(+24)

539( -24)

Poor under both systems

Good under sole cropping

876(+24)

539( -24)
18

30

840(-32)

594(-52)

452( -36)

39 1767(+42)

876(+24)

539( -24)
18

30

840(-32)

594(-52) 213( -70)

43 1538(+24) 505( -28) 38 1163( -6) 699( - l )

85 1310(+6) 684(-3) 45 793(-36) 671( -5 )

94 2121(+71) 594( -16) 73 1058(-15) 6 4 4 - 9 )

96 1570(+26) 641( -9 ) 78 674(-46) 381( -46)

98 1221(+2) 708(0) 80 844(-32) 513( -27)

125 1753(+41) 582( -18) 86 1102(-11) 393(-44)

155 1375(+11) 496( -30 ) 105 916(-26) 474( -33)

166 1292(+4) 582( -18) 145 1160(-7) 440( -38)

168 1399(+13) 558( -7 ) 174 1067(-14) 533( -24)

170 1319(+6) 643( -9 ) 180 991(-20) 492( -30)

204 1256(+1) 708(0) 189 957(-23) 628( -11)

210 2021(+63) 621( -12) 194(No.

213 1321(+6) 558( -21) 148) 1078(-13) 677( -4)

56-7 1399(+13) 701( -1) 209 927(-25) 524( -26)

56-47 1361(+10) 550( -22 ) 219 662(-46) 440( -38)

56-56 1357(+9) 332( -53) 229 677(-45) 501( -29)

contd.



Table 1. contd.

Line Grain y ie ld (kg/ha) Line

No .

Grain y ie ld (kg/ha)

No . Sole crop Intercrop

Line

No . Sole crop Intercrop

Poor under both systems

231 843( -32) 410( -42)

56-3 1043(-16) 428( -39)

56-31 876( -29) 641( -9 )

56-44 687(-46) 636( -10)

General mean 1246 709

CD: for line means = 459 kg/ha

for system means = 71 kg/ha

for interact ion = 649 kg/ha

CV: 2 4 %

a. Figures in parentheses indicate % increase or decrease o ver general

mean

Table 2. Pooled analysis of variance of pigeonpea yield/(g/ plot) under sole- and inter-

cropping systems.

Source of D.F.

variat ion
SS MS F

Blocks 2 7092 3546 0.283

Entries (E) 82 2209377 26944 2.151**

Systems (S) 1 2722603 2722603 217.339**

Interact ion (ES) 82 1691659 20630 1.647**

Error 164 2054356 12527

Total 331 8685085

necessar i ly do so under so lecropping. Entr ies that gave th e h ighest y ie ld

under intercropping were average y ie lders under so lecropp ing (e.g. Lines

No. 2 7 , 1 3 0 , 5 6 - 3 0 , 5 6 - 4 5 ) . These f indings indicate that th e ear ly

generat ion breeding l ines of p igeonpeas d i f fer in their com panionship
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abi l i ty when intercropped wi th sorghum. Thus for use as an i n terc rop,

pigeonpea l ines selected in the early generat ions under int ercropping

condit ions are more l ikely to give bet ter performance than select ions

made under so lecropping. This implies modi f icat ion in the p resent

select ion and evaluat ion procedure fol lowed in pigeonpea breed ing.

An al ternat ive select ion procedure for pigeonpea breedin g would

involve select ing single plants for y ie ld potential in the F2 populat ion

raised as a solecrop and select ing for companionship in the F3 progeny

rows grown as an in tercrop. Subsequent family select ion and evaluat ion

should also be done under intercropping; however , there is n eed to

accumulate more data in this regard.
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Breeding for Vegetable-Type Pigeonpeas

K.C. J a i n , D . S h a r m a , S . C . G u p t a

L J . Reddy and U . S i n g h *

Abstract

Pigeonpeas are consumed as fresh green peas in many Caribbe an and Latin

Amer ican countr ies and to some extent in India, Kenya, Tanza nia and

Zambia. In India there is a great demand for p igeonpeas as veg etables in

certa in a r e a s , par t icu lar ly in Gujarat Sta te . Vegetable- t ype pigeonpeas

a r e , in gene ra l , la te-matur i ty t ypes , and their cu l t ivat io n has been

limited to kitchen backyards . In recent years there has been a demand

for ear ly and medium-matur i ty t ypes , so that wi th a range o f ma tu r i t i es ,

a cont inuous supply of fresh green pods for the market and the canner ies

can be assured over a longer period of t ime.

The main object ives of breeding vegetable- type pigeonpeas at ICRISAT

have been to : (1) generate breeding populat ions and develop high-yielding

pigeonpea cu l t ivars su i tab le for vegetable purposes, and ( 2) contr ibute

super ior breeding l ines and populat ions to breeders th roug hout the semi -

arid t rop ics .
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Pigeonpeas are normally eaten as fresh green peas in the 

Caribbean and the Latin American countries. Because of the 

importance of vegetable-type pigeonpeas internationally, a 

separate project was initiated at ICRISAT for the develop-

ment of superior breeding lines and cultivars for vegetable 

purposes. We have made a large number of crosses between 

late vegetable types and very early grain types to generate 

more variability in the material for range of maturity and 

seed size and to incorporate resistance to sterility mosaic 

disease and wilt. A large number of lines with a range of 

120 to 209 days' maturity and 10 to 20 g/100 seed-weight 

have been selected. These lines are being evaluated in 

vegetable-type pigeonpea trials of early (VPPIT-1) and 

medium maturity (VPPIT-2) in different countries. The market 

value and consumer preference of vegetable-type pigeonpeas 

depend on the appearance, size, stage of maturity, and 

nutritional qualities of the peas. Fresh peas were analyzed 

for protein, crude fiber, sugar, and starch content, and 

results are discussed in this paper. 

* Pigeonpea b reeder , senior pigeonpea breeder , pigeonpea b reeders

b iochemis t , respect ive ly , at ICRISAT.
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Pr io r i t y o f V e g e t a b l e - T y p e P i g e o n p e a s i n t h e I C R I S A T P r o g r a m

Effor ts to conduct research on p igeonpeas for use as vegetab les were

started dur ing 1 9 7 6 - 7 7 , when an unrepl icated internat iona l vegetab le- type

pigeonpea nursery consis t ing of 38 advanced l ines was sent to 11 coun t r ies .

Consider ing the encouraging response from many count r ies and the

importance of vegetab le types in te rna t iona l l y , a separa te pro ject was

init iated in 1978  Kharif  (rainy season) for the deve lopment of breeding

populat ions and cu l t ivars for vegetable purposes. During t he same y e a r ,

two sets of vegetab le- type pigeonpea internat ional t r i a l s , VPPIT-1 (ear ly)

and VPPIT-2 ( m e d i u m ) , based on matur i ty g r o u p s , were const i tu ted and sent

to 15 locat ions in e ight coun t r ies .

P r o g r e s s a t I C R I S A T

G e r m p l a s m C o l l e c t i o n a n d C r o s s i n g P r o g r a m

The success of any p lant -breeding program depends on ex tens ive co l lec t ion

and ut i l izat ion of germplasm. ICRISAT has assembled 8775 l ines from

var ious p igeonpea-growing countr ies of the wor ld . For th e breeding

program, 23 large-seeded l ines were crossed wi th l ines sele cted on the

basis of thei r y ie ld potential and o ther special t ra i t s . Dur ing 1978 -79 ,

mos t of the crosses were made using a l ine x tester des ign. F our good

parents were used as t es te r s , so that the value of each parent could be

determined on the basis of its mean per formance across tes t ers . Large ly

s ing le crosses were at tempted but three-way crosses were al so made .

S e l e c t i o n  A m o n g  C r o s s e s

Resources can be ut i l ized e f fec t ive ly i f poor c rosses are e l iminated in

ear ly genera t ions . However , F 1 test ing cannot be cons idered f i na l ,

because of nonadd i t i ve genet ic e f f e c t s ; y ield test ing is no t pract ical at

that stage due to the d i f f i cu l ty of get t ing enough seed. Mol l and Stuber

(1974) rev iewed studies on components of var iance in d i f fe ren t crops and

concluded tha t because the ma jo r port ion of genet ic var ian ce was add i t ive

in na tu re , per formance of parents and F 1 s should be related to per formance

of la ter genera t ions . Observa t ions reported by Green et a l . (1979) on

ear ly -generat ion test ing in p igeonpea indicated that d i f f e rences among

generat ions for days to f l ower , seeds per pod, and seed size were

nons ign i f i can t , except for one c ross . Cregan and Busch (19 77) a lso

suggested that F 1 per formance could be a good ind icator of the potent ial

of a c r o s s , but that h igh-y ie ld ing F 1 s should be tested in the F 2

genera t i on , s ince F 2 per formance is a bet ter ind icator of per formance in

succeeding genera t ions .
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Breeding Methods

Invest igat ions at ICRISAT were made to compare the ef f ic i ency of three

methods- -ped ig ree , mass select ion with in termat ing, and b ackcrossing --

for combining large seed size with ear l i ness , because the e xist ing ear ly

types have small seed. Two crosses involving an ear ly , but s mal l -seeded,

cu l t ivar ( T - 2 1 ) , as female parent and two late large-seeded l ines (JA-278

and EC-100467) as male parents were taken as the base popula t ions to

compare the three methods . In each case , select ion was f i rs t pract iced

for ear l iness and then for large seed size among the plants s elected for

ear l iness . On the basis of mean number of days to f lower and se ed size

of final se lec t ions , it appeared that in both crosses the ped igree method

and mass select ion wi th intermating were better than the ba ckcross method

for combining ear l iness and large seed size.

The ef fect iveness of the pedigree method can be fur ther i l lu strated

by ci t ing an example of a speci f ic cross (ICP-8503 x I C P - 7 9 7 9 ) . Popula-

tion size in the F2 generat ion of this cross was 2746 p lants . O ur

ob ject ive in this populat ion was to exerc ise select ion pres sure towards

larger seed size than the large-seeded .female parent ( ICP- 7979) which has

18 g/100 seeds and larger pod size than the large-podded male parent

( ICP-8503 ) , which is character ized by 6 to 9 seeds per pod. Fi rst by

discard ing plants wi th poor branching and those having fewe r than six

seeds per pod, 7 0 % of the plants were re jected. The second-st age

select ion was done af ter harvest on the basis of 100-seed we i gh t . At

this stage another 18% of the plants were rejected as having small seed

(less than 18 g/100 s e e d s ) . Only 5% of the plants were retain ed as being

desi rab le for vegetable purposes. These select ions were pl anted at

Hyberabad in four row plots wi th a check  every  f i fth p lo t . From 152 F3

progen ies , 86 (57%) having more than six seeds per pod and w eigh ing more

than 18 g/100 seeds were selected. All s ingle-plant select i ons made in

the F3 generat ion have been planted in 1980 in four row plots w i th

f requent checks for y ield eva luat ion. Based on these observ at ions on

breeding methods for ear ly matur i ty and large seed s ize , and the greater

effort required for mass select ion wi th in termat ing, the pe digree method

was found to be the most pract icable of the three methods . A l t hough , the

pedigree method was ef fect ive for days to f lower and seed s i ze , its

ef fect iveness can be quest ioned for characters wi th low her i tab i l i ty ,

such as y ie ld.

P e r f o r m a n c e o f A d v a n c e d Lines in D i f f e r e n t M a t u r i t y Gro ups

O b s e r v a t i o n N u r s e r y

Over the years 1973 to 1 9 7 7 , observat ion nurser ies were requ ested f rom

ICRISAT by several count r ies . A few of the vegetable- type cu l t i vars in

these nurser ies showed promise. In 1977 we sent a uni form ve getab le

pigeonpea internat ional observat ion nursery consist ing of advanced l ines

developed at ICRISAT to 11 count r ies . Resul ts from some cou ntr ies we re

encourag ing. For examp le , some of the en t r i es , in spi te of ea r ly ma tu -
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r i t y , outy ie lded the la te-matur ing local check en t r ies in Panama and w e r e

at par in Puer to Rico (Table 1 ) .

I n t e r n a t i o n a l T r i a l s

Based on the encourag ing resu l ts obta ined in the observa t io n nursery sent

in 1 9 7 7 , two sets of in ternat ional t r ia ls (VPPIT-1 and V P P I T - 2 ) were

const i tu ted in 1978 and d is t r ibu ted to 15 locat ions in e igh t coun t r i es .

Of these 15 l oca t i ons , resul ts have been obta ined f rom s ix . Yield data

f rom some of the locat ions are reported in T a b l e 2.

In kenya, several ent r ies of VPPIT-1 were super io r to one of t he

local checks in y i e l d , and super io r to both local checks in s eed s i ze .

The ent r ies in VPPIT -2 were at par w i th the best local check in y i e l d ,

and also had the advan tage of large seed s i z e . Many of these l i nes in

both t r ia ls we re found su i tab le for re lease in Kenya, becau se of ear l iness

and increased pod and seed s i ze . Dur ing 1979 two more sets of t r ia ls

(early and m e d i u m ) were sen t to 13 locat ions in n ine coun t r i es . S ince

plant ing t ime in d i f fe ren t count r ies ex tends f rom Ju ly to M a y , i t is
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Table 1. Performance of selected entries in the vegetable-t ype pigeonpea international
nursery (VPPIN 1977) in Panama and Puerto Rico.

Locat ion /Ent ry
Days to

f lower

100-seed

w e i g h t ( g )

Yield

(kg/ha)

Panama

39-77( local check ) 120 13.0 4 7 0 2 a

40-77( local check ) 2 4 0 11.5 5 1 2 2 a

73060-12-1-B I I I -1 -B(W) 100 12.5 5 2 6 5 a

73060-12-1-B I I I - l -B(B) 88 12.5 5 2 1 4 a

73073-10-1 -1 -2 -B(B) 114 14.0 4 7 4 0 a

Puerto Rico

2 B-Bushy (local c h e c k ) 103 16.0 1017

Kaki (local check ) 132 21.0 1124

73047-19-7 -12 -B(W) 79 12.3 1065

73043-37-8 -3 -B(B) 79 16.6 1044

73043- l -17 -2 -B(B) 77 13.8 1045

a. Yield of green peas.



Table 2. Performance of vegetable-type pigeonpeas in diffe rent countries during 1978.

Country Entry

Days to

5 0 %

flowering

g/100

seeds

Yield

(kg/ha)

VPPIT-1

Kenya NPA 2 0 3 / 1 a

NPP 1 9 9 / 1 0 a

ICPL-21

ICPL-26

62

63

64

60

8.2

9.8

10.8

10.4

2316

743

1407

1095

Puerto Rico 2 B Ba

ICPL-10

ICPL-27

91

89

8 4

nd

nd

nd

190

375

314

India

(Coimbatore)

Local check

ICPL-25

ICPL-16

78

72

65

7.1

11.0

13.5

978

813

7 7 0

India

(Junagarh)

U P A S - 1 2 0 a

ICPL-30

ICPL-28

94

93

96

nd

nd

nd

500

761

676

VPPIT-2

Kenya 12 -NPP-203 /1 a

ICP-6997

ICP-7035

66

65

61

8.3

13.9

18.5

1331

1393

1231

Puerto Rico 6 9 - 6 8 a

ICP-6997

ICPL-36

113

107

110

nd

nd

nd

581

593

468

Zambia ICP-7035

HY-3C

111

106

41 .3 b

42 .6 b

5322 c

4961 c

India

(Coimbatore) Local check

ICPL-35

ICPL-37

80

89

68

7.5

14.4

14.2

433

592

491

India

(Hyderabad)

ICP-7035

I C P - 6 9 9 7 a

ICPL-41

ICPL-39

137

125

139

101

20.1

11.4

15.9

11.1

2198

1957

1923

1836

nd = No data repor ted.

a. Local check.

b. Seed we igh t of green peas .

c.  Yield of green peas .
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d i f f i cu l t to get the resu l ts f rom all the locat ions at one t im e. So f a r ,

resul ts have been obta ined f rom four locat ions on ly . Some of the en t r ies

in all the four locat ions were e i ther ear l ie r or larger in see d s ize and/

or h igher y ie ld ing than the local c h e c k ( s ) . At Junaga rh , Ind ia , all the

ent r ies in trial VPPIT-1 were large in seed s i z e , and four en t r ies we re

super io r to the local check in y ie ld . S im i la r l y , at Co imba t o re , Ind ia ,

all the ent r ies except two were larger in seed size than both the local

checks in trial V P P I T - 2 . Dur ing 1 9 8 0 , s imi lar t r ia ls have be en sent to

18 locat ions in e ight coun t r ies .

Q u a l i t y C h a r a c t e r s o f V e g e t a b l e - T y p e P igeonpeas

The seed qua l i ty of a crop is a funct ion of several phys i ca l , c h e m i c a l ,

and biochemical fac to rs . Of the physical f ac to r s , s i z e , s h a p e , and

appearance o f the seed rece ive cons iderab le a t ten t ion . T he nutr i t ional

cont r ibut ion of a c rop can be raised by improving the prote i n qua l i t y and

by lower ing the levels of an t inu t r i t iona l fac tors such as pr otease inh i -

b i t o r s , o l i gosaccha r i des , and po lypheno l ic compounds . In th is pape r , the

pre l im inary resul ts on p ro te in , so lub le s u g a r s , c rude f i b e r , and s ta rch

contents of vegetab le types are repor ted. Seed samples were co l lected

from the f ield and oven-dr ied overn igh t at 60°C. T h e dried sa mples were

ground in a Udy cyc lone mil l us ing 0.4 mm screen and used for a na lyses .

Prote in con ten t and c rude f iber w e r e determined accord ing t o the

off ic ial analyt ical procedures o f the AOAC (AOAC 1 9 7 0 ) . S o lub le sugars

and starch content were determined as descr ibed by S ingh et a l . ( 1 9 8 0 ) ,

except that the so lub le sugars we re ext racted using hot d is t i l led wa te r .

The prote in con ten t ranged between 17.5 and 2 2 . 3 % , w i th a me an value

o f 1 9 . 7 % (Table 3 ) . The prote in con ten t o f vegetable types wa s s im i la r

to that of gra in types . S ingh et a l . (1977) had reported that p rote in

content o f green deve lop ing seeds of vegetab le types ranged  between 19.6

and 2 2 . 9 % .

A l though there is cons iderab le in terest in breed ing vegeta b le types

for h igher sugar content than the ex is t ing l eve l s , the prog ress in th is

area has been very s low. Ear l ie r worke rs analyzed a few vege tab le types

for sugar con ten t and found a range of 6.9 to 8 .6% (Singh et a l . 1 9 7 7 ) .

The resu l ts o f sugar ana lys is o f l ines o f VPPIT-1 and VPPIT- 2 t r ia ls

showed d i f fe rences between ear ly and med ium-matu r i t y vege tab le t ypes . In

ear ly t y p e s , sugar con ten t var ied f rom 10.7 to 1 4 . 8 % , wh i l e i n med ium-

matur i t y types i t ranged f rom 7.3 to 1 2 . 9 % (Table 3 ) . The s ta rch con ten t

ranged between 36.4 and 4 7 . 5 % in ear ly types and 48 .6 to 5 3 . 7 % for med ium

types (Table 3 ) . The crude f iber con ten t ranged between 11.4 and 1 5 . 1 % in

ear l y t y p e s , whereas i t var ied f rom 7.9 to 1 0 . 0 % for med ium-m atu r i t y l ines

(Table 3 ) . The levels o f pr inc ipal cons t i tuen ts l ike p ro te i n , and c a r b o -

hydrates change accord ing to the s tage of seed deve lopment (Singh et a l .

1 9 8 0 ) . The accep tance of p igeonpeas as a vege tab le depend s on harvest ing

the pods at an ear l y enough stage of ma tu r i t y to prov ide good qua l i t y .

The present p re l im inary resu l ts ind icate tha t there are a ls o inheren t

qua l i ty d i f fe rences among matu r i t y c lasses and among l ines w i th in these

c l a s s e s , w h i c h should be exp lo i ted in a breed ing program. Fu r ther s tud ies
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Table 3. Some chemical characters of vegetable-type pigeo npeas developed at ICRISAT.

Trial Charac ter (%) Mean Range CV (%)

VPPIT-1 Mois tu re 65.3 62.8 - 67.9 2.0

Protein 19.7

( 2 6 . 3 ) a

17.5 - 22.3

(24.7 - 28 .2 )

4.7

(2.5)

Sugar 13.0

(21.1)

10.7 - 14.8

(19.1 - 22 .6 )

11.5

(6.0)

Crude f iber 13.2

(21.3)

11.4 - 15.1

(19.7 - 22 .9 )

8.5

(4.4)

Starch 41.4 36.4 - 47 .5 7.9

VPPIT-2 Mois tu re 67.7 64.7 - 72 .8 3.2

Protein 20.9

(27.2)

18.7 - 22.7

(25.6 - 28 .4 )

4.6

(2.5)

Sugar 10.3

(18.7)

7.3 - 12.9

(15.7 - 2 1 . 0 )

8.5

(4.4)

Crude f iber 8.7

(17.1)

7.9 - 10 .0

(16.6 - 18 .4 )

6.6

(3.4)

Starch 50.1 48.6 - 53.7 4.0

a. Va lues in parentheses are repor ted a f ter arc s ine t rans fo rmat ion .

are requi red in this d i rec t i on . I t is a lso impor tant to inve st iga te the

levels of some ant inut r i t iona l fac tors p resent in these veg etab le t ypes .

F u t u r e A p p r o a c h e s

As d iscussed ea r l i e r , the ped igree method u t i l i z ing visual se lec t ion has

been e f fec t i ve for h ighly her i tab le charac ters such as seed s ize and

number of seeds per pod. Se lec t ion for indiv idual p lants in t he F 2 for

y ie ld has not been e f fec t i ve in p igeonpea (Green et a l . 1 9 7 9 ) . Th is may

be due to the p las t ic i ty o f p lant g rowth . The p las t ic i ty o f p l ant g rowth

in p igeonpea is such tha t indiv idual p lan t se lec t ion for y ie ld has l i t t le
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va lue . T h e r e f o r e , we may need to depend on F3 or F4 bulk y ie ld

per fo rmance , wh ich may be re lated to the per formance of se le cted l ines in

la ter genera t ions . We plan to restr ic t our se lect ion for y ie ld to

progeny test ing of der ived l ines . All the advanced l ines dev eloped for

vegetab le purposes wil l be screened for Fusar ium w i l t , Phyt ophthora

b l i g h t , and s ter i l i ty mosa ic d i sease .

Charac ters such as large pod s i z e , more seeds per pod , and lar ge

seed s ize have received our a t tent ion in the past . Recent ly w e have

screened 20 ear ly and 28 med ium-matur i t y l ines for p ro te in , suga r , c rude

f ibe r , and starch con ten ts . We wil l put more emphas is in our breeding

program on these as well as o ther qua l i ty charac te rs . Geno ty pe-env i ron -

men t in teract ions play a v ery  s ign i f i can t ro le dur ing the f ie ld- tes t ing

phase of a p lant breed ing p rogram, espec ia l ly in a breedin g program that

has a global respons ib i l i t y to improve the product iv i ty of a par t icu lar

c rop . Due to the inadequate in format ion obta ined from tr ia l s in the pas t ,

i t has not been poss ib le for us to make ex tens ive analyses of t he da ta .

With the cooperat ion of nat ional p rog rams , we expect to be a b le to

co l lec t and ana lyze data tha t wi l l provide basic in format i on regard ing

the adapta t ion o f d i f fe ren t l ines.
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Rev iew of Pigeonpea Breeding in

Maharasht ra S ta te

P . G . T h o m b r e a n d I . A . M a d r a p *

Abstract

The pigeonpea breeding program in Maharashtra State focuses on 

identifying and developing early types for multiple cropping, 

and medium to late types suitable for particular intercropping 

systems in different parts of the state. High yields, and 

resistance to pests and diseases are also aimed at, since the 

broad objective of the program is to increase stability and 

yield levels under rainfed conditions. This paper outlines 

breeding strategy followed and lists cultivars found especially 

promising in Maharashtra. 

Cajanus cajan  L. (Mi l lsp . ) (common names p i geonpea , tur or a rha r ) is on e

of the ma jo r pu lse crops o f Maharasht ra S ta te . The total area under th is

c rop in Maharasht ra Sta te is abou t 614000 h a , wi th an annual p roduct ion of

301000 tonnes . In Maharasht ra State this p igeonpea genera l l y grown as a 

ra infed c rop (rainfall 400-1000 m m ) , w i thou t any appl icat i on o f fe r t i l i zer

or su i tab le p lant pro tec t ion m e a s u r e s . H e n c e , y i e lds are ve ry l ow , about

400 to 500 kg/ha. On d e e p , w a t e r - r e t e n t i v e s o i l , p igeonpea i s grown as a 

companion crop w i th so rghum, c o t t o n , pearl m i l l e t , and g r o u n d n u t , medium

to late cu l t i vars genera l l y being used wi th tall companion c rops .

The mos t ser ious d isease is  Fusarium  w i l t , wh ich is observed in

pockets in a lmost all p igeonpea-growing d is t r i c ts of the s ta te . Pod-bor ing

insects pose a ser ious threat to p igeonpea product ion wi th spraying required

for control in m a n y a reas . Thr ips have been shown to be a facto r caus ing

f lower d rop .

Th is pu lse is consumed as d h a l . Bo ld -seeded , wh i te grained v ar ie t ies

of p igeonpea a re preferred to sma l l - seeded , red-gra ined o n e s . The broad

ob jec t i ve of the p igeonpea breeding program is to increase t he stabi l i ty

and level of y ie ld under ra in fed c o n d i t i o n s ; to th is e n d , the program aims

a t :

• Ident i f icat ion of ear ly types su i tab le for mu l t i p l e c ropp ing .

• Ident i f i ca t ion of h igh-y ie ld ing med ium to l a te -ma tu r i ng , d rough t

res is tan t types su i tab le for in te rc ropp ing .

* All India Coordinated Pro jec t for the Improvement of P u l s e s , Agr icul-

tural Research S ta t i on , Badnapur , Maha rash t ra , India.
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• Development of d i sease - res i s tan t , par t icu lar ly w i l t - r e s i s t an t ,

va r ie t ies .

• Deve lopment of insec t - res is tan t var ie t ies or of pes t -ma nagement

sys tems .

• Deve lopment of cu l t ivars wi th acceptab le or super io r nut r i t ional and

cooking qua l i t y .

Earlier W o r k on P igeonpea Improvemen t

In Maharasht ra S t a t e , work on p igeonpea improvement at Niph ad resul ted in

the re lease o f med ium- la te s t ra in No . 8 4 , su i tab le in the Na sik d i s t r i c t ;

subsequent ly No . 290-21 was re leased for o ther d is t r ic ts o f wes te rn

Maharasht ra (Table 1 ) . A med ium- la te pro l i f i c type K A - 1 3 2 , in t roduced

from Ut tar P radesh , was found su i tab le in the Deccan Canal a rea . As a 

resul t of breeding work carr ied out in the Vidarbha reg ion , h igh-y ie ld ing

var iet ies such as No. 148 and Hyderabad-185 w e r e evo lved . I n the Mara th -

wada region breeding work was in i t ia ted at Pa rbhan i . Var ie t ies C-ll and

PT-301 have been recommended for general cu l t i va t ion .

At Badnapu r , work was star ted under the All India Coord inate d Pulse

Improvement Pro jec t in 1970 in ag ronomy , b reed ing , en tomo l ogy , m ic rob io logy

and pa tho logy ; now wi th the es tab l i shment of four agr icul t ural un ivers i t ies

in Maharasht ra S t a t e , research on p igeonpea breeding work  is also done at

(1) Mahatma Phule Krishi V idyapee th , Rahu r i ; (2) Pun jabrao Krishi V idya-

p e e t h , A k o l a ; (3) Marathwada Agr icul tura l Un ive rs i t y , Pa r bhan i ; and (4)

Konkan Krishi V idyapee th , D a p o l i , under separate schemes t o mee t part icular l

the regional r equ i remen ts .

As a resu l t of concer ted e f for ts made at Badnapur two improv ed var ie -

ties of p igeonpea v i z . BDN-1 and BDN-2 have been evo lved : B DN-1 (red seeded'

and BDN-2 (white s e e d e d ) . These are med ium- la te in matur i t y (150-165 days )

and high y ie ld ing compared w i th the t radi t ional late var ie t y C - l l , thei r

product iv i ty per day per hectare being 7.4 kg as aga ins t 4.7 kg for C- l l .

BDN-1 has shown s tab le y ie ld per fo rmance in the All India Co ord inated

Tr ia ls in the pen insu lar region for the past 4 y e a r s , and at th e Khar i f

Pulses Workshop in 1 9 7 8 , BDN-1 was ident i f ied as a super i o r genotype for

the pen insu lar reg ion . In addi t ion to high and s tab le y ie ld pe r f o rmance ,

BDN-1 has been h ighly resrs tant to  Fusarium  w i l t and to lerant to pod borer

when compared w i th o ther cu l t i va rs . S im i l a r l y , the ear ly s t ra in T-21 has

been found to be v ery  promis ing in mos t of the p igeonpea-growing d is t r ic ts

o f Maharasht ra S t a t e . These s t ra ins ( B D N - 1 , B D N - 2 , and T-21 ) have been

recommended for the Mara thwada reg ion.

As a resul t of se lec t ion pract iced in segregat ing popu la t i ons of e l i te

c r o s s e s , se lec t ions f rom the cross combinat ion BDN-20 (PT- 301 x G W - 3 ) ,

BDN-3 (T-21 x S - 5 ) , BDN-46 (Kaki x P r a b h a t ) , BDN-46-1 (Kaki x P r a b h a t ) ,

BDN-68 (C-ll x Pant A - 3 ) , BDN-71 (C-ll x ICP-6997) and BDN- 73 (C-ll x 

Hy -3A ) have shown super io r per fo rmance over C - l l , No . 1 4 8 , a nd T - 2 1 . This

mater ia l has been inc luded in the advanced y ie ld t r ia ls for f u r ther test ing

Wi th a v iew to evolv ing h igh-y ie ld ing types wi th o ther a t t r i bu tes l ike

wh i t e and bold g r a i n , compact growth h a b i t , res is tance to th e pod-borer
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complex and to w i l t , a dial lel cross ing program using ten d iv erse parents

was at tempted dur ing 1976. The F4 populat ion is under s tudy . Parents

included in this dial lel set were C - l l , No . 1 4 8 , B D N - 2 , Hyde r abad -185 ,

B S - 1 , P r a b h a t , K a k i , Pe renn ia l , 1 5 - 3 - 3 , and Pant A - 3 .

Future Program of W o r k

In v iew of the l imited genet ic potent ia l in pulse c r o p s , e f fo r ts are under

way in all four Maharasht ra agr icul tural un ivers i t ies to g enerate su f f i -

c ient var iab i l i ty for isolat ing h igh-y ie ld ing l ines . El i t e mater ia l f rom

ICRISAT has been obtained for eva lua t ion . S im i l a r l y , breed ing mater ia l is

being generated through backc ross ing , dial lel c ross ing , a nd mu l t i p le c ros -

sing for incorporat ing des i rab le y ie ld and y ie ld -con t r ib u t ing cha rac te rs .

A muta t ion breeding program has also been i n i t i a ted , using 5 , 1 0 , and 15

kr /gamma ray doses .

Recen t l y , s ter i l i ty mosa ic d i s e a s e , t ransmi t ted through m i t e s , has

achieved impor tance in the p igeonpea crop in Maharash t ra . T here fore a 

crossing program for the incorporat ion of mu l t i p le res is ta nce to w i l t ,

s ter i l i ty m o s a i c , and Phytophthora b l ight has been under ta ken in adapted

s t ra ins . The fo l lowing crosses have been at tempted dur ing  khar i f 1979 -80 :

Promising Material at Hand

The fo l lowing ent r ies and some crosses se lec ted f rom segre gat ing mater ia l

have shown super io r per fo rmance in regional t r i a l s :

ICP-193 ICP-1535 46-1

ICP-730 ICP-2956 20-9-4

ICP-1631 ICP-1458 20-6-11

ICP-3867 ICP-3318 20-9-9

ICP-2881 31-1-1 20-20-10

ICP-7936 43-2 2 0 - 1 0 - 8

24-1

These ent r ies are included in la rge-sca le rep l ica ted t r i a l s .
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• BDN-1 x ICP-7035

• BDN-1 x ICP-8858

• BDN-1 x ICP-1336

• BDN-1 x ICP-8861

• BDN-1 x ICP-7336

• BDN-1 x ICP-5133-2-2

• BDN-1 x ICP-7249-1-1

• BDN-2 x ICP-7035

• BDN-2 x ICP-8861
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Imb ib i t ion by and Effects of Tempera tu re

on Germ ina t i on of M a t u r e Seed of P igeonpea

P . L . M . d e J a b r u n , D . E . B y t h , a n d E . S . W a l l i s *

Abstract

This study was conducted to determine the optimum conditions 

for germination of mature pigeonpea seed of three genotypes. 

The effects of technique of germination on imbibition and of 

temperature on germination behavior were studied. 

The three genotypes ranged in seed size (7-24 g/100 

seeds) and maturity group (55-130 days to flower in December 

sowings at 27° S). 

Germinability of all genotypes was at an optimum over  a 

wide range of temperatures (19-43° C) although growth of the 

germinating seedling was greatest between 29° and 36° C. 

Evidence of differences- between genotypes for germi-

nation at high and low temperatures were identified and the 

implications of this response discussed. 

The e f fec t of temperature on the germinat ion behavior of p ig eonpea

( Cajanus cajan  [L . ] M i l l sp . ) has impl icat ions for commercial cropping

sys tems . Pigeonpea is grown t radi t ional ly as a summer-so wn c rop , but

recent deve lopment of o f f -season cropping has occur red in India. This

involves sowings in November-December at coo ler tempera t u res . The deve-

lopment o f shor t -season product ion systems based on photop er iod- insensi t ive

genotypes (Wall is e t a l . , these Proceed ings ; Byth e t a l . , th ese Proceed-

ings) a l lows sowings to be made at any t ime of the y e a r , provid ed soil

temperatures are su i tab le for germinat ion .

Observat ions in Aus t ra l ia indicate that a l though act ive p lant growth

will occur at re la t ive ly low ambient tempera tu res , germina t ion and emer-

gence may be inhibi ted by those tempera tures .

We have found no publ ished informat ion on the response of p igeonpea

to germinat ion at low soil tempera tu re . However , o ther wa rm-season grain

legumes have been shown to germinate at re lat ive ly low tem pera tu res ; for

e x a m p l e , soybean at ta ined 9 5 % germinat ion a t 10°C (Wi lson 1 9 2 8 ; Edwards

*Depar tment o f Agr i cu l tu re , Universi ty o f Queens land, S t .

Queens land , Aus t ra l ia .

Lucia,
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1 9 3 4 ; Bharat i 1976) and mung bean and chickpea showed 9 0 % ge rminat ion by

the f i f th day at 13°C (Slater unpub l i shed ) .

The International Seed Test ing Assoc ia t ion ( ISTA) recomme nded the use

of the between-paper (BP) methods w i th paper e i ther as ro l l s , p lea ted, or

in t rays at 25°C for test ing p igeonpea, wi th the test last ing 10 days

(Anonymous 1 9 7 6 ) .

This study was conducted to determine the opt imum condi t io ns for

germinat ion of matu re p igeonpea seed of three genotypes . Th e ef fects of

technique of germinat ion on imbibi t ion and of temperature o n germinat ion

behavior were studied.

M a t e r i a l s and M e t h o d s

Two separate studies were conducted, on the ef fects of germi nat ion tech-

nique on imbib i t ion, and of temperature on germinat ion beh av ior . Three

pigeonpea genotypes were used in each study:

1. Photoper iod- insens i t ive (INS) bulk populat ion der ived by sel f -

po l l inat ion of an of f - type plant in an accession from India ( ICP-7179;

Wall is et a l . , these P roceed ings ) ; ear ly- f lower ing shor t -season type (55

days from sowing to f l o w e r i n g ) ; 100-seed we igh t approx imat e ly 7 g;

2. C -322 , a mid-season accession from Jamaica , f lower ing in 100-days

for December sowing at 27°S ; 100-seed weight approx imate ly 14 g;

3. UWI -35 , a medium- la te f lower ing access ion from the Unive rs i ty of

the Wes t Indies (130 days for December sowing at 2 7 ° S ) ; 100-s eed we igh t

approx imate ly 24 g.

The seed used in these studies was produced at Redland Bay Uni vers i ty

farm (27°S) during the 1978 growing season. A f te r th resh ing , the seed was

dried in a forced draf t oven at 40°C ± 2°C for 3 days , graded to r emove

the ext reme sizes and damaged seeds , and stored 9°C ± 2°C and 3 5 % ± 5%

relat ive humid i ty until use . Seed lots were removed from sto rage 24 hours

pr ior to use and equi l ibrated to ambient temperatures in th e laboratory .

The mo is tu re content of each seed lot was determined before u se , using the

standard method (Anonymous 1 9 7 6 ) : oven drying at 105°C ± 1 ° C for 16 hours

± 1 hour and expressed on a wet -we ight bas is .

Seed was prepared for germinat ion tests as fo l lows. All see d was

treated with Captan (50% w/w N-Tr ich lo romethy l th io te t ra hydrophtha l im ide)

dus t at the rate of 1.5 g/200 g of seed to reduce the inc idence o f fungal

contaminat ion (Bharati 1976; Ell is and Paschal 1 9 7 9 ) . Four rep l i ca t ions ,

each of 50 seeds , were used in each s tudy. Seed was placed betw een paper

towels (Kleenex deluxe roll towels code 4 4 0 0 ) , e i ther in pl ast ic t rays

l ined wi th germinat ion paper (1.5 mm thick Ebwip UT0 germina t ion paper)

or spaced down the center of cot ton towels wh ich were subseq uent ly ro l led

long i tud ina l ly . Before u s e , the trays were thoroughly wash ed , d r ied , and

rinsed in abso lu te a l coho l , and the towels were washed and au toc laved at

120°C for 20 minu tes . Deionized wa te r equi l ibrated to the de s ignated

temperature was used throughout the t r ia ls . In i t ia l ly , 85 m l wa te r was

added to each tray and 200 ml to each ro l l , and addit ional wate r was added

as necessary dur ing the t r ia l .
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Imbibition Study

Imbibi t ion was studied in the three genotypes at 25°C + 1°C, u s ing the

BP tray and towel m e t h o d s . Seed was sampled at e ight t ime int ervals a f ter

sowing (0 , 1 , 2 , 4 , 8 , 1 2 , 1 8 , and 24 h o u r s ) . A t each sampl ing t i me , the

amoun t o f water imbibed was determined by the s tandard metho d descr ibed

prev ious ly .

Two cabinets were used, each w i th two rep l ica t ions. The desi gn was

a sp l i t /sp l i t /sp l i t p lo t w i th cab inets as who le p l o t s , gen otypes and

methods as subp lo ts , and sampl ing time as sub-subp lo ts . No s ign i f i cant

ef fects due to cabinets ex is ted , and cabinets are ignored in d iscuss ion.

E f f e c t o f T e m p e r a t u r e o n G e r m i n a t i o n Behav io r

A mul t i range temperature incubator wi th f ive compar tments was used. Three

separate runs were used to obta in 15 "mean temperature cond i t ions between

12.7° and 46 .5°C. The h ighest temperature compar tment o f o ne run was

adjusted to approach the temperature of the lowest temperat ure compar tment

of the nex t run. Two low- temperature t reatments (7.1°C and 9.3°C) we re

studied in separate germinat ion cab ine ts , giving a total of 17 temperature

cond i t ions .

Germinat ion tests were done wi th the three geno types , using the BP

rol led-towel method on ly . Germinat ion was def ined as the v i s ib le emergence

of the radic le (Heydecker 1 9 7 2 ; Lang 1965) and was recorded d ai ly for 10

days. All germinated seed was removed excep t for 15 seeds , wh ich were

retained for 48 hours a f te r the commencement of germinat ion to observe

radic le-hypocoty l e longat ion . The fo l lowing germinat ion characters were

calcu la ted for each tempera ture :

1. Germinabi l i ty (cumulat ive ge rm ina t i on ) : average of th e dai ly

percentage germinat ion over 10 days (Timson 1965 ; Bharati 1 9 7 6 ) .

2. Mean days to germinat ion ( M D G ) : ca lcu la ted from the coef f ic ien t

rate o f germinat ion (CRG) (Heydecker 1 9 7 2 ; Harr ington 1 9 6 3 ) , where

MDG = 100/CRG,

Resul ts and Discussion

I m b i b i t i o n S t u d y

Highly s ign i f i can t d i f fe rences ex is ted among genotypes an d m e t h o d s , and

for genotype x method in teract ion (Table 1 ) . As expec ted , th e amount o f

wa te r imbibed increased w i th sampl ing t ime , bu t there was s ign i f icant

interact ion between sampl ing t ime and geno type , me thod , an d genotype x 

method .
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and n is number of seeds germinated on day D a f te r sowing.

3. Radic le-hypocoty l e longat ion ( R H E ) : measured (in m m ) 2  days a f te r

germinat ion using 15 seedl ings per t reatment .



For all three genotypes , imbibi t ion per gram of dry seed we ig h t was

greater for the BP roll method than for the BP tray method th ro ughout the

durat ion of the t r ia l . However , the genotypes d i f fered grea t ly in their

rate of imbib i t ion . In both me thods , the insensi t ive genoty pe (INS)

imbibed wa te r at a fas ter rate dur ing the f i rs t 12 hours than d id the other

genotypes. In con t ras t , the large-seeded UWI-35 imbibed wa te r re lat ively.

s lowly and at a cons is ten t rate over 24 hours in the BP tray met hod, but

was s imi lar in rate of water uptake to the insensi t ive smal l -seeded geno-

type in the BP roll method. C-322 had the lowest imbibi t ion ra te in the

roll method and responded errat ica l ly in t rays .

The marked d i f ferences between genotypes in rate of imbib i t ion may

be re lated to seed s i z e . Small seed has a larger surface are a per gram

of seed, and this wou ld inf luence the re la t ive area of sur fac e contact

between seed coat and wa te r . This may fac i l i ta te wa te r movem ent to the

micropy le . The large imbibi t ion rate d i f ferences betwee n genotypes in the

BP tray method were not observed in the BP roll method in which all geno-

types had absorbed a s imi lar amount of wa te r per gram of dry s eed af ter

18 hours . It. is probable that this occurred because the rol l method

provided a more int imate contac t between the seed and the wa t e r . As such,

the BP roll method may s imulate more c losely the seed-soi l c on tac t .

Regardless of the cause , i t is c lear that the use of BP trays fo r

germinat ion studies in p igeonpea can resul t in substant ia l confounding of

germinat ion behav ior due to a seed s ize x imbibi t ion rate i n terac t ion .

This e f fec t is essent ia l ly e l iminated in the BP roll method.

Effects of Tempera tu re on Germination Behavior

No germinat ion occur red at 7.1°C and 4 6 . 5 ° C , and these t rea tments we re
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Table 1. Mean squares for imbibition rate for three genotype s evaluated in two methods over a 

24-hour interval.

Source d f MS

Genotypes (G)

Methods (M)

G x M 

Error 1 

Sampl ing t ime (S)

G x S 

M x S 

G x S x M 

Error 2 

2

1

2

18

7

14

7

14

126

0.261**

2 .607* *

0 .157* *

0.003

4 .750* *

0 .041* *

0 .174**

0 .032* *

0.004

*, ** P < 0.05 and 0.01, respect ively.



exc luded from ana lys is . Temperature had s ign i f icant in f l uence on ge rm i -

nab i l i t y , mean days to germinat ion (MDG) and radic le-hypoc otyl e longat ion

(RHE) (Table 2 ) . Di f ferences ex is ted between the genotypes and for geno-

type x temperature interact ion for germinab i l i t y and RHE, b ut not for MDG.

In all three geno types , germinabi l i ty revealed a c lear opt i mum res-

ponse with an extended p lateau of approx imate ly 85 to 9 5 % ger minat ion

between 19°C and 43°C. Germinabi l i ty decl ined abrupt ly at h igher and

lower temperatures . These resul ts are s imi lar to those of B harati (1976)

in soybean and S la ter (unpubl ished) in mung bean and ch ickpe a . C-322 had

higher germinabi l i ty at both the high and low temperatures t han the o ther

genotypes. UWI-35 was in fer ior in germinat ion to INS at temp eratures less

than 19°C but was super ior to i t a t 44 .5 °C . Cons iderab le in te ract ion of

genotype and temperature occurred in the 19°C to 43°C tempe rature range,

wi th UWI-35 general ly showing s l ight ly lower germinabi l i t y than the o ther

genotypes . However , these changes were small and of l i t t le c onsequence.

MDG decl ined rapidly with increase in temperature from 7.1° C to 1 9 ° C ,

and was at a min imum and general ly s imi la r wi th in the tempera ture range

26° to 43°C. There was a small increase in MDG at the h igher t empera tu res ,

par t icu lar ly for the INS genotype. However , no genotype or genotype x 

temperature ef fects were s ign i f i can t .

RHE revealed an opt imum response in all three geno types , w i th max imum

elongat ion occurr ing at the temperature range of 29° to 36° C. There was

a progress ive reduct ion in RHE at temperatures less than 29° C and a rapid

reduct ion at temperatures greater than 36°C. Averaged over tempera tures ,

the smal l -seeded INS genotype revealed greater e longat i on of the plant

axis than did C-322 or UWI -35 , and this was mos t marked at th e modera te to

high temperatures (27° -43°C) . The largest seeded geno type , UWI -35 , had

the lowest RHE in this temperature range .

Table 2. Mean squares from analysis of three germination ch aracters measured for three

genotypes at fifteen temperatures.

Source d f

Germinabi l i ty

MDG (days)

RHE

(mm/2 days)

Temperature (T)

Error A 

Genotypes (G)

G x T 

Error B 

CV {%) 

14

45

2

28

90

6 7 9 2 . 0 1 * *

18.35

1 1 7 2 . 5 0 * *

2 6 0 . 3 9 * *

30.15

6.9

6 7 . 9 4 * *

0.61

1.04

0.52

0.62

31.7

3 1 7 5 . 0 9 * *

25.41

4 2 7 . 2 5 * *

3 4 . 7 4 *

18 .78

20.1

*, ** P < 0.05 and 0.01, respect ive ly .

Mean over temperatures Genotype

INS UWI-35 C-322

Germinabi l i ty 79.2 75.7 84.5

MDG 2.6 2.4 2.5

RHE 24.3 19.0 21.4
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These data indicated that for all three geno types , germinat ion did

no t occu r at temperatures of 7.1°C and 46 .5 °C . As temperatu re was in-

creased f rom 7.1°C, there was progress ive ly more rapid ge rm ina t ion , in-

creased germinabi l i ty and more rapid RHE. Germinabi l i ty a nd MDG both

revealed w i d e temperature p lateaus at temperatures equal t o or greater

than abou t 19°C. In con t ras t , optimal RHE was no t a t ta ined w i th about

28°C , and there was a narrow temperature p la teau.

In gene ra l , the d i f ferences among the genotypes were re la t ive ly small .

However , the seed of genotype C-322 (medium-s ized) had supe r ior germin-

ab i l i ty a t both subopt imum and superopt imum tempera tu res ,  and was in fer ior

in RHE at optimal and superopt imal tempera tu res . In con t ra s t , the INS

genotype had super io r RHE at opt imal and superopt imal tempe ra tures .

Except fo r RHE at temperatures greater than 27°C, there was no c lear ev i -

dence of assoc ia t ion between the response of a genotype for a ny character

and the seed s ize of that genotype. However , seed size and bac kground

genotype are total ly confounded in th is s tudy , and no genera l conc lus ions

on the e f fec ts o f seed s i ze are poss ib le .

C o n c l u s i o n s

1. Germinat ion tests should be conducted using the BP rol led towel

method . The technique was super io r to the BP tray method in th at

i t resulted in s imi lar imbibi t ion rates per gram of dry see d for

genotypes o f d i f fe ren t seed s ize .

2. In all geno types , germinabi l i ty was at an opt imum ove r a w i de

range of temperatures ( 1 9 - 4 3 ° C ) . Germinat ion was at its mos t

rapid between 26 -43°C, but still occurred rapidly down to 1 9°C

approx imate ly . Growth o f the germinat ing seedl ing was gr eates t

in the re la t ive ly narrow temperature range of 29-36°C.

3. The d i f ferences between genotypes were small re lat ive to temper-

a tu re . However , ev idence ex is ts of genet ic super ior i ty t o germi-

nate at both low and high soil t empera tu res , and for rate of gr owth

of the germinat ing seedl ing at temperatures in excess of abo u t

27°C . The smal l -seeded genotype grew m o s t rap id ly , and the l a rge-

seeded genotype s lowes t , but a general conc lus ion on the e f fec t

of seed size per se is no t possib le from this s tudy.

4 . On these da ta , we conc lude tha t :

a. Sowings should not be made at soil temperatures less than 1 9°C.

b. Rap id , even germinat ion and emergence is fostered by soil

temperatures o f 26 -43°C, and par t icu lar ly a t 29-36°C.

c. Select ion fo r germinabi l i ty at low and high soil t empera t u res ,

and for RHE at modera te to high soil tempera tu res , should be

e f fec t i ve .
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Associat ion of Matu r i t y , Durat ion
and Seed Size w i t h Seedl ing At t r ibu tes in P igeonpea

A . S . T i w a r i a n d B . R . S i n g h 4

Abstract

Thirteen pigeonpea genotypes, including four standard checks of 

extra-early (Pant A-3), early (T-21), medium (No.148), and late 

(Gwalior-3) maturity groups were studied for their root and 

shoot characteristics in the seedling stage. These genotypes 

also differed in seed size and origin. The study was designed 

to assess seedling vigor in relation to seed size and duration 

of maturity. Highly significant differences were found among 

genotypes for root length, seedling height at which cotyledonary 

leaves and normal leaves occur, leaf length and width, and oven-

dry weight of root and shoot. Genotypes belonging to the late-

maturity group exhibited significantly higher rates of root and 

shoot growth under pot conditions. The implications of these 

findings are discussed in relation to the role of pigeonpea 

genotypes of varying maturity under mixed farming and rainfed 

conditions.

Pigeonpea ( Cajanus cajan  [L . ] M i l l sp . ) is predominant ly a rainfed crop in

India. Genera l ly i t is grown as a mixed crop wi th one or more cr op

spec ies . Pigeonpea has a t remendous var iat ion for matur i ty period (120

to 256 days ) and seed s ize (4.6 to 15.1 g/100 s e e d s ) . Assoc ia t ions among

yie ld components are well known in this pu lse c rop; however , assoc ia t ions

of matur i ty per iod and seed s ize wi th seedl ing characters ar e not known.

The present paper deals wi th such a study under rainfed cond i t ions .

M a t e r i a l s and Me thods

Thi r teen p igeonpea cu l t i va r s , inc luding four standard ch eck var iet ies o f

ext ra-ear ly (120 d a y s ) , early (145 d a y s ) , medium (185 d a y s ) , and late

(above 200 d a y s ) matur i ty were studied for ten seedl ing cha racters in pots

and for three adul t p lant characters in f ield t r i a l s . Exper i ments in pots

and f ie ld w e r e planted on 4 Ju ly 1977 at Jaba lpur . T h e observa t ions in pots

189

* Pulse and Oi lseeds Pro jec t , Agr icu l tura l Research Inst i tu te, Gwa l io r ,
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were recorded on three randomly se lected p lan ts . In the f iel d t r i a l ,

there were four repl icat ions in a randomized b lock des ign .  The plot

consisted of two r o w s , 5 m long and 90 cm apar t ; in t rarow spaci ng was

20 cm.

Results and Discussion

G e r m i n a t i o n a n d Co t y l edona ry Leaf C h a r a c t e r s

Data on m e a n , range , and LSD of germinat ion and coty ledon cha racters are

presented in Table 1. Germinat ion var ied from 7 5 . 0 to 9 5 . 0 % ( mean 8 3 . 3 % ) .

Gwal ior-3 (100-seed we igh t 7.0 g) showed h ighest germinat i on . There was

a fa i r pos i t i ve assoc ia t ion between heights at wh ich coty le donary leaves

appeared and that at wh ich true leaves appeared. The f i rs t t rue leaf

appeared at the lowest he ight in JNAL-516 , a cu l t i var wi th 1 00-seed we igh t

7.2 g and matur i ty durat ion of 242 d a y s , and at the h ighest in S eho re -11 ,

wi th 100-seed we igh t of 15.1 g but matur i ty durat ion s imi la r to JNAL-516 .

However , no def in i te trend of re lat ionship of this characte r emerged wi th

e i the r seed s ize or matur i ty dura t ion .

Seed l i ng C h a r a c t e r i s t i c s

The m e a n , range , and LSD of s ix seedl ing characters are given in Tab le 2.

Cul t ivars d i f fered s ign i f icant ly for these t ra i ts . Consid erable var iat ion

was recorded for all the seedl ing character is t ics and also for rate of

growth of root and shoot dur ing the f i rs t and second 10-day-p er iods .

Ta l les t seedl ings were produced by Seho re -11 , the cu l t ivar wi th boldest

seed. Dry we igh t of shoot was max imum in Sehore-11 and Gadarw ara local

cul t ivars respect ive ly on the tenth and 20th days a f ter sow i ng , respec-

t ive ly . Root length was also max imum in Seho re -11 . However , dry we igh t

of root was max imum in the Gadarwara local (100-seed wt 13.4 g , 252 days '

m a t u r i t y ) . Fastest rate of root g rowth , in terms of length, b etween the

tenth and 20th days a f te r sowing was recorded by JNAL-445 , a cu l t i var

convent ional ly grown on paddy bunds , and shoot growth was fa stest in

Sehore-11 . Early and medium-durat ion cvs Pant A - 3 , T - 2 1 , an d No.148

showed a fair ly high rate of shoot g rowth . Rate of root g rowt h , however ,

was s lower in these cu l t i va rs , par t icu lar ly in T -21 .

Corre la t ion coef f ic ients were also computed among the abov e seven

character is t ics and are presented in Tab le 3. Seed s ize was p os i t ive ly

and highly s ign i f icant ly associated wi th f ive seedl ing c harac te r i s t i cs ,

par t icu lar ly w i th length and width of true leaf and dry we igh t of root

and shoot . Matur i ty period also had apprec iab le pos i t ive as soc ia t ion

wi th root leng th , dry we igh t of root and shoo t , and leaf lengt h. Matur i ty

durat ion had a weak and nons ign i f i cant pos i t i ve assoc ia t i on w i th seed

s i ze . Seedl ing characters were c losely associated w i th ea ch o ther .

The present study indicates that la te-matur ing and bold-se eded

cul t ivars are faster in root and shoot growth in the f i rs t 2 0-day period

and consequent ly produce more dry mat te r . Germinab i l i t y wa s bes t in
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Gwal ior -3 ( la te-matur ing, medium seed s ize ) and fastest ra te of root

growth was shown by JNAL-445 ( la te-matur i ty , medium seed s i z e ) . Cul t ivars

matur ing in more than 200 days in general gave s ign i f icant ly h igher grain

y i e l d s . For in tercropping and mixed cropping under rainfe d cond i t i ons ,

i t appears that late-matur ing cul t ivars are preferable s i nce these

produce longer roots and therefore may not compete wi th c ompanion crop

species for underground wa te r and nutr ients dur ing the earl y growth

per iod.
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Asymmetry and Yie ld in Pigeonpea

Cajanus cajan (L.) Mi l i sp .

B i r B a h a d u r , K . L o k e n d e r R a o , a n d M . M a d h u s u d a n a R a o *

Asymmet ry , or le f t - and r igh t -handedness , in plants and p l ant organs has

been invest igated by a number of wo rke rs . Compton (1910) f i r s t reported

seedl ing handedness in cereals and m i l l e t s . However , s im i la r handedness

in pigeonpea ( Cajanus cajan ) was d iscovered only recent ly by Rao and

B a h a d u r ( 1 9 8 0 ) . In cont inuat ion of our wo rk , we report the e f fect o f

handedness on y ie ld in p igeonpea , a common pu lse crop of the semi-ar id

t rop ics .

Mater ia l s and Methods

Seed mater ia l of 15 cu l t ivars of  c.cajan  ob ta ined f rom ICRISAT was used

in the present s tudy.

Lef t and r ight -handed seedl ings were scored fo l lowing the p rocedure

of Rao and Bahadur ( 1980 ) . I f the over lapping of the seedl in g leaves

* Department of Botany, Kakat iya Univers i ty , Waranga l , India.

Asymmetry in plants, wherein a plant or its organs are 

described as left- or right-handed, based on the direction 

of the spiraling or overlapping of plant parts, has been 

recognized for over 70 years. Davis(1972), studying this 

phenomenon in COCOS nucifera and several malvaceous species, 

found a correlation between asymmetry and yield; a right-

spiraled palm gave 20% more copra than left-spiraled ones. 

Bible (1976) also found similar results in tomato and pepper. 

In the present investigation on 15 cultivars of pigeonpea, 

plants developed from right-handed seedlings were found to 

be metabolically superior, with higher fruit/seed yield, 

nodule index, and harvest index. Since the inheritance 

pattern of asymmetry in plants is found to be non-Mendelian, 

different workers on this subject have expressed different 

views regarding the causal aspects of handedness. 

The present investigations have been carried out to 

explore the relationship between handedness and yield in 

light of morphological and physiological differences in 

plants developing from left- and right-handed seedlings. 
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faces towards the le f t , i t is left-handed and convers ly i f i t faces

towards the r ight i t is r ight -handed. The former is the c lock -wise

direct ion and the la t ter is counter -c lockwise . Mature plan ts developing

from lef t - and r ight-handed seedl ings were used for fur ther invest igat ions

o f morpho log ica l , phys io log ica l , and y i e l d parameters .

Pr imary root length and nodule number we re recorded at the a ppro-

pr iate t i m e , and nodule index was calculated fo l lowing Rang aswami and

Chakrabor ty ( 1 9 6 6 ) .

Chlorophyl l contents of seedl ings and mature leaves of le f t - and

r ight-handed plants of the same age and posi t ion were es t ima ted by

spect roca lor imet r ic and spec t rophotomet r i c m e t h o d s , fo l lowing Wi tham et

a l . (1971) and Mackinney ( 1 9 4 1 ) , respect ive ly . Stomatal in dex and size

in seedl ing and mature leaves of le f t - and r ight -handed pla nts of the

same age and posi t ion were s tud ied , fo l lowing Cut ter ( 1 9 6 9 ) .

The usual y ie ld at t r ibutes have also been recorded and analy zed for

d i f ferent cu l t ivars .

Results and Discussion

Seedl ings of 15 cul t ivars of  c.cajan  (total 5057 seed l ings) were

examined ; 2645 (52.34%) of these were r ight -handed and 2380 (47.06%)

le f t -handed; the rest were neutral seedl ings ( 0 . 6 % ) . In som e cu l t i va rs ,

there was appreciable d i f ference in the number of lef t - and r ight-handed

seedl ings whi le in others the numbers were s im i la r . This obs ervat ion is

in conformity with the law of occurrence of b ioenant iomorph s (Dubrov

1 9 7 8 ) . Rao(1980) repor ted an excess of r ight -handed seedl i ngs in a number

of species of  phaseoius  and  vigna.  An examinat ion of the root sys tem

showed a profusely branched and longer root sys tem in the.. right-handed

plants than in the le f t -handed o n e s , w h i c h had a shor te r and l ess branched

r o o t system. Data on nodule indices (NI=Number o f nodu les / r oo t length) o f

two cul t ivars (Table 1) show h igher nodule index in r ight -ha nded plants

but the excess is not s ign i f i can t unl ike the one noted by Rao ( 1980) in

lef t -handed plants of  Vigna radiata, V.mungo,  and  Phaseoius vulgaris.  It

was observed that the root nodules of r ight -handed plants o ccu r in c lus te rs ;

such c luster ing was of lower o rder in le f t -handed p lan ts .

As Tab le 2 s h o w s , r ight -handed plants had more chlorophyl l ( a , b, and

total) than le f t -handed p lan ts . Chlorophyl l quant i ty o f b oth seedl ings

and mature p lants was also s tud ied under a spec t rophotome ter and i t was

found that the chlorophyl l o f both types of seedl ings show ed peaks at

640 nm in the v is ib le l ight spectrum. The t ransmi t tance per centage was

h igher in the r ight -handed seedl ings than in the le f t -hande d o n e s ,

indicat ing thus a s ign i f i can t excess of chlorophyl l in the f ormer . In

mature leaves also h igher peaks were observed in r ight - than in le f t -

handed p lan ts . Bahadur et a l . (1978) in coconut  (cocos nucifera)  noted

tha t the h igher y ie ld in r ight-handed plants of the specie s obta ined by

Davis (1972) may be exp la ined as due to the greater amount of c hlorophyl l

in these p lants besides o ther morphological and physio logi cal a t t r ibu tes .

They substant ia ted the i r f indings by s tudy ing the absorpt i on spec t ra of
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ch lo rophy l l s , and concluded that the r ight -handed coconut p lants are

indeed phys io log ica l ly super io r and hence contr ibute to th e h igher pho to -

synthet ic act iv i ty and be t te r ut i l izat ion o f so la r energy ( unpub l i shed ) .

Rao ( 1 9 8 0 ) , however , work ing w i th d i f fe rent  Phaseolus  and  vigna  spec ies ,

showed h igher y ie lds f rom le f t -handed p l a n t s , due to great er quant i t y

and perhaps be t te r qual i ty o f ch lorophy l l . This may also ho ld t rue for

the cul t ivars of  c.cajan  we s tud ied. NMR (Nuc lear Magnet ic Resonance)

data on chlorophyl ls of lef t - and r ight -handed seedl ings an d plants may

provide a c lue.

Data on stomatal indices (No. of s tomata /no . of s tomata + no . of

epidermal c e l l s ) , stomatal and pore s ize of seedl ing and ma ture leaves

of le f t - and r ight-handed plants of  c.cajan  cu l t ivars is g iven in Table 3.

In cv 7 4 0 6 , the le f t -handed seedl ing leaves show a h igher st omatal index

than the r ight -handed seed l ing leaves . In the mature leave s deve lop ing

from such seedl ings the reverse holds t rue. Fur ther , in r ig ht-handed

seedl ing and mature l eaves , the pore s ize was comparat ive ly b igger than
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Table 1. Comparison of nodule indices in left- and right-han ded pigeonpea cultivars. a

Cul t ivar Lef t -handed Right-handed

HY-2

7406

8.48

8.49

9.01

9.09

a.  Mean of 25 readings.

Table 2. Comparison of chlorophyll content in left- and righ t-handed pigeonpea cultivars

(mg/g tissue).

Lef t -handed Right -handed

Cul t ivar Chloro-

phyll

a

Chloro-

phyll

b

Total

Chloro-

phyl l

Chloro-

phyll

a

Chloro

phyll

b

Total

Chloro-

phyll

HY-2 0.189 0.134 0.320 0.192 0.152 0.352

7406 0.172 0.139 0.310 0.189 0.140 0.326

6972 0.171 0.128 0.297 0.201 0.138 0.336

6930 0.162 0.125 0.286 0.182 0.132 0.313

7220 0.159 0.139 0.289 0.192 0.134 0.324



Table 3. Comparison of stomatal index, stomatal size, and po re size (m) in left- and right-

handed pigeonpea cv 7406.

Seedl ing

leaves

Mature

leaves

Lef t -handed Right-handed Left-handed Right-handed

Stomatal

index

Stomatal

s ize

Pore

size

29.24

27.2 x 17.6

18.4 x 6.8

27.08

33.6 x 24.0

24.8 x 6.8

29.94

22.4 x 16.0

14.4 x 4.0

32.75

28.0 x 18 .4

18.4 x 4.0

in lef t -handed ones . In add i t ion , d i f ferences in the size of epidermal

cel ls are a lso obv ious . Hence i t may be said that r ight-hand ed seedl ings

and mature leaves in general show characters super io r to th ose of le f t -

handed ones .

Rao(1980) reported that the lef t -handed plants showed high er stomatal

indexes and b igger stomatal s ize in d i f fe rent species of  vigna  and

phaseolus  and concluded that the h igher y ie ld in lef t -handed plants i s

perhaps dependent on these charac te rs .

Yield Attributes

Tota l Pod Y i e l d

Data in Tab le 4 show that mean number of pods per p lan t var ies from 37 .8

to 266.9 in the lef t -handed p lan ts , wh i le in the r ight-hande d ones this

varies from 48.3 to 3 1 4 . 7 . The mean number of pods per p lant in each

cul t ivar was compared between the le f t - and r ight-handed pl ants by

applying the ' t ' tes t . Cul t ivars 7 1 1 8 , 7 0 8 6 , and 7220 showed signi-

f icant ly h igher number of pods per p lan t in the r ight -handed than in the

lef t -handed p lants ( P < 0 . 0 5 ) . In a few cul t ivars (e.g. 6 9 7 2 ) , however ,

le f t -handed p lants showed a h igher number of pods per p lan t than the

r ight-handed ones but the d i f fe rences are s ta t is t ica l ly no t s ign i f i can t .

Pod Weight

Table 5 shows the mean we igh t of pods produced; this varies f r om 22.1 g to

60.9 g in the le f t -handed o n e s ; f rom 41.7 g to 79 .6 g in the r igh t -handed

o n e s . In each of the cu l t i va rs , the mean pod we igh t per p lan t was

compared among the le f t - and r ight -handed p lan ts . Cul t ivar s 7 1 1 7 ,

and 7086 showed h igh ly s ign i f i can t excess of pod we igh t in r i ght -handed
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plants compared wi th le f t -handed o n e s . Wh i le in cv 2 6 2 8 , the r igh t -

handed plants had only a s ign i f i can t h igher pod we igh t . The remain ing

cul t ivars did not show any s ta t is t ica l ly s ign i f i cant d i f fe rences . Al-

though the number of pods showed s ta t is t ica l ly s ign i f i can t d i f ferences

in the le f t - and r ight -handed p l a n t s , the pod we igh t did not show

simi la r s ign i f i can t d i f fe rences in the same cu l t i va rs .

Seed Weight

The mean seed we igh t var ies f rom 9.1 to 29.8 g in le f t -handed plants and

9.8 to 39.8 g in r ight -handed plants in d i f fe ren t cu l t ivars (Table 6.) In

each cu l t i var the mean seed we igh t was compared ; cvs 7 1 1 8 , 7 2 2 0 , and 7086
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Table 4. Comparison of mean number of pods per plant in left- a nd right-handed pigeonpea

cultivars.

Table 4. Comparison of mean number of pods per plant in left- a nd right-handed pigeonpea

cultivars.

Cul t i -

var

Lef t -handed Right-handed

't ' va lue

Cu l t i -

var Mean SD
CV

( % ) 
Mean SD

CV

( % ) 
' t ' va lue P va lue

HY-2 266.9 112.7 42.2 314.7 136.3 43.3 1.4555 >0.05

7406 227.3 115.9 51.0 259.2 155.0 59.8 0.8911 >0.05

6915 37.8 21.1 55.9 48.3 27.9 57.9 1.6121 >0.05

6972 137.0 60.3 51.6 126.2 53.1 42.1 0.6161 >0.05

7118 109.5 44.9 41 .0 262.3 148.5 56.6 5.3003 **<0.01

6930 104.4 83 .3 79.7 126.7 75.9 59.9 1.0657 >0.05

7220 115.0 93.3 81.1 167.3 83.3 49.8 2.2504 *<0 .05

7086 111.0 62.4 56.2 166.8 81.3 48.7 2.4300 **<0.01

* S ign i f icant at 5% leve l ; ** S ign i f i cant at 1% leve l .

Table 5. Comparison of mean weight (g) of pods in left- and r ight-handed pigeonpea cultivars.

Cul t i - Lef t -handed Riqht-handed
't ' value P va lue

var Mean SD CV Mean SD CV
't ' value P va lue

7406

7182

7086

7117

2628

7118

54.0

60.9

22.1

36.9

48.3

25.9

29.6

36.5

19.2

26.9

44.6

17.2

54.8

59.8

86 .8

73.0

92.2

44.8

64.3 38.1

66.6 36.7

41.7 29.9

52.4 34.5

79 .6 48.6

57.6 37.1

59.2

55.2

71.7

65.9

61.0

64.5

1.1442

0.3989

2.9685

1.8890

2.5561

5.9345

>0.05

>0.05

**<0.01

>0.05

*<0 .05

**<0.01

* S ign i f icant at 5% leve l ; ** S ign i f i cant at 1% leve l .



Table 6. Comparison of mean weight(g) of seeds of left- and right-handed pigeonpea cultivars

Cu l t i - Lef t -handed Right-handed
't ' value P value

var Mean SD CV Mean SD CV
't ' value P value

7118 9.6 4.9 50.5 39.8 25.9 65.2 6.1572 **0.01

7220 9.1 6.8 75.4 17.6 9.3 52.7 3.9713 **0.01

7086 21.1 12.4 58.9 34.3 16.8 52.0 3.2738 **0.01

7065 18.2 13.3 72.8 9.8 9.2 93.7 2.8249 **0.01

7117 26.1 20.9 80.1 20.5 16.6 80.8 1.1169 0.05

6930 29.8 27.9 93.8 34.1 20.8 61.0 0.1632 0.05

* S ign i f icant at 5% leve l ; ** S ign i f icant at 1% level .

showed highly s ign i f icant d i f ferences in seed we igh t betwe en le f t - and

r ight-handed p l an t s , the r ight-handed being h igher than t he le f t -handed.

In cv 7 0 6 5 , however , lef t -handed plants showed a highly s ig n i f i cant greater

seed we igh t than the r ight-handed p lan ts . Even though in c v 7117 the mean

number of pods per p lant was found to be s ign i f icant ly h igher in le f t -

handed than in the r ight-handed p l an t s , the pod we igh t and se ed we igh t

did not show any d i f fe rence . Simi lar ly in cv 6 9 3 0 , the numbe r of pods

and pod we igh t per p lant was s ign i f icant ly h igher in r ight-h anded ones

but the seed we igh t did not show any s ign i f i cant d i f fe rence . Rao ( 1 9 8 0 ) ,

however , noted that in the major i ty of the cul t ivars of  phaseoius  and

vigna,  the lef t -handed plants gave h igher frui t number associate d with

seed we igh t .

Davis (1972) ear l ie r showed that r ight -handed plants of  cocos 

nucifera  on an average produced more Copra than the lef t -handed p la n ts .

B ib le (1976) found that r ight -handed plants of tomato and pe pper gave

nearly 2 0 % more f ru i ts than lef t -handed p lan ts . S im i la r l y , r ight-handed

plants of the cul t ivars of  c.cajan  g ive h igher y ie ld and this may be due

to combinat ion of many morphological and physiological cha rac te rs .

Conclusions

Our study indicates that le f t - and r ight-handed seedl ings and the p lants

developing from them show d i f ferences in a number of morpho l og i ca l ,

phys io log ica l , and y ie ld a t t r i bu tes .

I t is interest ing that a l though seedl ing handedness does n ot obey

Mendel ian inher i tance (Compton 1910; Davis 1 9 7 2 ; Rao 1980) such an impor-

tant a t t r ibute as y ie ld appears to depend, as ton ish ing ly ,  on handedness .

Kundu (1968) reported the dependence of f ru i t y ie ld on the fo l iar

a r rangement , r ight-handed p lants g iv ing h igher y i e l d s . S he noted h igher

y ie ld of frui ts and seeds in normal ly r ight -handed  vigna sinensis  and

Dioscorea escuienta  by forc ing the vines to grow ver t ica l ly or by twist ing

them in the reverse d i rec t ion . Accord ing to Vo l 'kenshete in (1970) the
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asymmetry of the biological molecules gives rise to more sp eci f ic

reac t ions , namely an asymmetr ic molecu le interacts d i f fer ent ly w i th lef t

and r ight ob jec ts . Fur ther , Lehmann (1978) states that the D-forms of

thyroxine display cons iderab le act iv i ty but less than the L- forms.

Dubrov (1978) states that the rates of germinat ion and growt h were

greatest when the seeds were or iented in the d i rect ion of t he ear th 's

south magnet ic po le . Fur thermore, geomagnet ic or ientat io n of d isymmetr ic

objects af fects not on ly the growth but a lso very d iverse fu nct ional and

biochemical charac te r i s t i cs , which u l t imate ly is ref lect ed quant i ta t ive ly

in crop y ie ld . Kihara (1972, p .136) opines that the use of R/L  characters

will enable us to achieve c lear theoret ical and practical results and

consequent ly fu l ler understanding of the vital p rocesses , s ta t ing , "As

there is possib le re lat ionship between fo l iar a r rangement and y ie ld of

crop p l an t s , it is necessary to examine the d i f ferences betw een R and L 

strains in thei r ut i l izat ion of so la r energy. " In the l igh t of present

f indings on d i f ferences in chlorophyl l con ten t , stomatal i ndex , and s ize

of L and R plants in  c.cajan  and in  Cocos nucifera,  K ihara 's (1972)

predict ion that the L and R strains d i f fer in the i r ut i l izat ion of so la r

energy is conf i rmed. Kundu and Sarma (1965) f i rs t tr ied to e s tab l ish the

super ior i ty of r ight-handed plants in jute but fai led to es tabl ish this

character . S im i la r l y , seedl ing handedness in  c.cajan  could not be

establ ished a l though exper iments were conducted for a per iod of 3 y e a r s .

It is re levant to remark that the inherent super ior i ty of r ight -handed

plants of  c.cajan  cannot be explo i ted until this charac ter in the

species gets f ixed. I f this can be d o n e , i t may supplement m uta t ion

breeding in making an agr icul tural advance.
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G r o w t h , Development and Yield Physiology of Pigeonpea

R. K. Pandey*

Abstract

Field experiments to study the physiological aspects of growth, 

development, and seed yield of pigeonpea showed that peak crop 

growth occurred between the onset of flowering and early pod 

formation, when canopy was fully developed and captured solar 

radiation efficiently. Total dry-matter production in early 

genotypes ranged from 7.7 to 12.1 tonnes/ha; 47 to 77% of 

this was produced after onset of flowering. Removal of 33 

or 66% of leaf area linearly decreased seed yield, and shading 

of plants also decreased yield. The regulatory control of 

flower and pod drop was studied through manipulation of source 

and sink size. Removal of flowers up to 80% enhanced flower 

production but did not affect seed yield. Removal of leaves 

decreased the total flower production and flower drop. The 

retention and transformation of flowers into pods is 

predominantly determined by availability of assimilates. The 

implications of these findings for crop evolution and varietal 

development are discussed. 

Pigeonpea is the second most impor tant grain legume of Ind i a , which

accounts for 9 0 % of wor ld product ion of this crop. I t is most l y grown in

intercropping systems in the semi-ar id tropics and forms an impor tant

component of the vegetar ian d ie t . Physiological studies on p igeonpea

have been star ted only recently at several places and the in format ion

avai lable on this crop is therefore l imi ted. The purpose of this paper

is to report the physiological research on growth p rocesse s , f lower and

pod s e t , par t i t ion ing o f ass im i la te , and physio logy o f y i e l d carr ied out

at the G.B. Pant Universi ty of Agr icu l ture and Techno logy , P antnagar .

G r o w t h A n a l y s i s a n d S e e d Y i e l d

Four genotypes of the ear ly -matur ing group were grown in a ra ndomized

block design w i th four rep l ica t ions. The crop was p lanted in 10-row

p lo t s , 6 m long , w i th row spacing of 50 cm and p lant spacing of 2 0 cm.

* G.B. Pant Univers i ty of Agr icu l ture and Techno logy , Pantna gar ,

Na in i ta l , India.
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Five plants were sampled from randomly a l lo t ted sect ions of inner rows at

d i f ferent intervals for growth ana lys is . The we igh t of th e fallen

mater ia ls was included in the total plant components.

Root G r o w t h , Leaf A rea Index and Dry M a t t e r Product ion

The f i rst 30 cm of p igeonpea roots were dug out and were accoun ted for in

total dry mat te r p roduct ion . Since p igeonpea roots may go a s deep as

130 cm under Pantnagar cond i t ions , the recovered roots rep resented only

a part of the total root system and calculat ions may involve s ome er ror .

The root dry we igh t increased up to harvest . Most of the nod ules were

found to be conf ined to the f i rst 30 cm depth. Sheldrake and N arayanan

(1979) reported that under Hyderabad cond i t ions , roots ext ended beyond

150 cm and that root growth cont inued during the reproduct ive phase.

The leaf area development in p igeonpea remains s low during t he ear ly

vegetat ive growth stage (upto 60 days a f te r sowing) and incr eases sharply

with advancement of crop age. The maximum L A I , ranging betw een 4 and 6,

was at ta ined jus t a f ter f lowering. Lea f senescence is enhan ced with

progressive delay a f te r f lowering. The total leaf fall may b e as high

as 1.8 to 2.1 tonne/ha and may contain 24 to 30 kg N/ha. During the

reproduct ive p h a s e , the rate of leaf fall exceeds the rate at which new

leaves are produced, and the LAI decl ines sharply.

Development of leaf area and addi t ion of dry mat ter cont inue d even

af ter f lowering in all the cu l t ivars . The total dry-mat ter p roduct ion

among genotypes ranged from 7.7 to 12.1 tonne/ha. A large po rt ion of

dry mat te r (46-77%) was produced af ter the onset of f lowerin g in all

genotypes. The stems increased in we igh t substant ia l ly dur ing the f i rst

ha l f of the reproduct ive phase. At matur i t y , there was a dec l ine in the

stem we igh t due to remobi l izat ion of a par t of s tored assimi late.

The crop growth rate (CGR) in all genotypes was low during the f i rst

2 months or so and increased with advancement of crop age , rea ching a 

maximum value (15-20g m -2 day -1 ) at pod-f i l l ing stage in all genotypes.

The crop growth rate decl ined during late pod-f i l l ing s tag e. The initial

low crop growth rate is a disadvantage in sole-crop sys tems , as the crop

may no t be able to compete with fast-growing weeds . In mixed cropp ing,

when pigeonpea is grown in associat ion wi th ear ly-matur ing mung (vigna 

radiatalt  urd ( vigna mungo) , or ce rea ls , s low growth may no t be a 

d isadvantage, as the p igeonpea is able to grow rapidly af te r the companion

crop is harvested. In appropr iate combina t ions , seed y ie ld may be almost

as high as pure-crop y i e l d , resul t ing in ex t ra economic ga in .

These results suggest that for sole c ropp ing, the p igeonpea  breeder

should se lec t l ines with high CGR in the ear ly per iod , and for mixed

cropp ing, l ines wi th high CGR in later growth per iods.

Par t i t i on ing o f Dry M a t t e r in to Seed Yie ld

The analysis of dry-mat ter par t i t ion ing into p lant compone nts at matur i ty

revealed tha t stems accumulated the largest amount of dry ma t te r p roduced,
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fol lowed by pods and leaves. The degree of par t i t ioning into pods ranged

from 20 to 2 5 % . It is interest ing to note that af ter f lower i ng, stems

accumulated almost the same amount as or more dry mat te r than pods . The

dominance of s tem growth led to reduced supply of photoass inrilate to pod

set t ing and ul t imately to seed product ion . Al though such i ndeterminate

character ist ics are common in many grain legumes, degree of assimi late

diversion towards stem growth in p igeonpea is much larger a nd results in

greater competi t ion wi th pod set t ing. This appears to be due to the

perennial nature o f p igeonpea.

14 C O 2 Assimi lat ion and Distr ibution

Plants of cv Pant A-1 were grown in pots in a g lasshouse. Plan ts we re

watered well before 14 C assimi lat ion at each s tage . The whole p lant was

suppl ied 1 4 C O2 l iberated f rom 300 uci N a 2 \ 1 4 C O3 (sp. act . µCi/m m o l e )

by addit ion of 1N lact ic acid from 1100 to 1130 firs, in b r igh t sunshine.
1 4 C O2 was c i rculated uniformly in the assimi lat ion chamber by a n e lec t r ic

fan placed inside the chamber. The fallen leaves , f lowers , a nd pods were

col lected and added to individual p lant component we igh t . Four p lants

were harvested at d i f ferent intervals and separated into p l ant parts and

oven-dr ied at 70°C for 48 hrs . The dry we igh t was recorde d, and samples

were ground through 40 mesh screen in an e lec t r ic gr inder . A  sample of

20 mg of each p lant par t in repl icates was macerated in 0.5 ml methyl

a l coho l , dr ied and counted by proport ional counter (Ong and Marshall 1 9 7 5 ) .

The percent distr ibut ion of total recovered 14 C was computed.

When plants were al lowed to assimi late 1 4 C O2 at 40 days af ter sow ing ,

only 8% of total recovered 14 C at matur i ty was found to be in pods and the

rest was ut i l ized in the vegetat ive structure (stem, leave s, and r o o t s ) .

S imi la r ly , p lants a l lowed to assimi late 1 4 C O2 a t f lower ing s t a g e , could

transfer only 20 .5% of total recovered carbon at matur i ty to wards pod

growth and the remainder was ut i l ized in the s tem, lea f , an d root growth.

At init ial pod fo rmat ion , the h ighes t amount of recovered 1 4 C at matur i ty

was in p o d s , fo l lowed by s tem, leaves , and roots . S imi lar ly a t mid-pod-

f i l l ing s tage , pods showed the h ighes t recovery of ass imi l a te . Cheema and

Pandey (1980) observed an increased demand for 14 C in s tem growth dur ing

the ear ly reproduct ive phase. The loss of 1 4 C through respirat ion ranged

from 30 to 4 0 % at d i f ferent stages of ass imi la t ion. The se val ues are

s imi lar to those reported by Hume and Criswell (1973) in soyb ean. These

results show that as crop age advanced af ter f lower ing, pod s accumulated

a larger port ion of ass imi la te , fo l lowed by s tem, leaves , an d roo ts ; i t

is in terest ing to n o t e , however , tha t stems accumulated a l arger por t ion

during the ear ly reproduct ive phase . This pat tern is s imi la r to that

observed in growth ana lys is .

S o u r c e s o f P h o t o s y n t h a t e t o D e v e l o p i n g P o d s

The re lat ionship of d i f ferent leaf posi t ions seed y ie ld wa s invest igated

by defol iat ion at 5 0 % f lower ing s tage : (1) basal leaves (all leaves below

the f i rst f lowering node on main s tem and branches) were remo ved;
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(2) floral leaves (all leaves at f lower ing nodes ) were remov ed; (3) all

leaves on the p lant were removed. Treatments were repeated a t 7-day

intervals when new leaves appeared.

Table 1. Influence of sources of photosynthate on seed yield as shown by defoliation.

Treatment
Pods /

p lant

Seeds /

pod

100-seed

w t (g)

Seed y ie ld

(g/plant)

Control 128 3.2 7.6 23.9

Basal leaves removed 118 3.1 7.7 22.6

Floral leaves removed 4 8 2.9 6.1 6.3

Al 1 leaves removed 7 2.0 6.4 1.2

S.Em ± 8.7 0.04 0.28 0.70

C.D. 5% 26.4 0.12 0.83 2.15

It is ev ident from Table 1 that removal of floral leaves s igni f icant ly

reduced seed y ie ld . Basal leaves on branches and main s tem do  not

contr ibute substant ia l ly towards pod deve lopment , except by mainta in ing

growth of roo t , nodu les , and stem. In the absence of floral l eaves , lower

leaves may diver t some assimi late towards pod growth and in such a 

s i tua t ion , developing seeds may also largely depend on pod -wal l or stem

photosynthesis or on stem reserves. This is the reason why so me y ie ld is

obta ined when floral leaves are removed from p lan t . Complet e defol iat ion

proved  very  detr imental to seed y ie ld . These data suggest that axi l lar y

leaves are the pr imary source of assimi late for pod growth; t here fore ,

the size and ef f ic iency of these leaves deserves considerat ion in crop

improvement.

E f f e c t o f S o u r c e a n d S i n k S i z e o n F l o w e r P r o d u c t i o n , F l o w e r D r o p ,

a n d S e e d Y i e l d

The ef fec t of leaf and f lower removal on f lower p roduc t ion , f lower d rop ,

and seed y ie ld was invest igated under f ield condi t ions. One - th i rd and

two-thirds of the leaves were removed when 5 0 % plants had a f lower , and

the t reatment repeated at weekly intervals when new leaves appeared.

Flower removal was done at 3-day intervals from anthesis ti ll matur i t y ;

40 and 8 0 % of total newly opened f lowers on an inf lorescence was removed

in such a manner that sink load was uniformly d ist r ibuted. Fl owers and

pods were col lected on a cloth shee t surrounding the plants and suppor ted

on wooden legs. The plants in the vicnity were removed to avoi d
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contaminat ion. The total f lowers (dropped on cloth and manu al ly removed)

were counted, and the percent f lower drop computed against t otal f lowers

and pods .

The reduction of photosynthet ic area by one-th i rd or two-th i rds

severely reduced f lower p roduc t ion , bu t the percent f lower drop remained

unaffected. The seed y ie ld and pods per p lan t were reduced co ns iderably .

The removal of f lowers enhanced f lower product ion and reduc ed percent

f lower d rop , but did no t af fect seed y ie ld . Shekdrake and Na rayanan(1979)

have also reported increased f lower product ion wi th f lowe r removal . I t

appears that f lower product ion is regulated by the capacit y of the p lan t

to supply photosynthate and by the intr insic character ist ics of the p lant .

The increased product ion of f lowers acts as an insurance a ga ins t adverse

cl imat ic and b iot ic factors.

Table 2. Effect of source and sink size on pigeonpea flowe r drop under field conditions.

Treatment

Total

f lower

produc-

t ion/

p lan t

Flower

drop

(%)

Pod

drop

Total

drop

(%)

Pods/

p lant

Seeds /

pod

100-

seed

w t

Seed

w t /

p lant

(g)

Control 633 81.1 4.3 85.4 97 3.3 7.4 22.5

1/3 leaf removal 472 83.5 5.3 88.8 59 3.2 7.6 16.7

2/3 leaf removal 360 85.0 5.4 90.4 35 3.2 7.4 10.1

40% f lower removal 750 75 .8* 4.4 80.2 99 3.3 7.3 20.3

8 0 % f lower removal 881 64.1* 2.5 66.6 98 3.2 6.7 19.8

SE ± 50 - - 3.9 4.1 0.1 0.4 1.7

LSD (5%) 91 - - 10.9 12.6 - - 5.3

* Flowers removed by hand were not taken into account in compu tat ion of

f lower drop.

Effect of Shading

Shading studies were carr ied out to determine the e f fec t on s eed y ie ld of

varying degrees of shade during the reproduct ive per iod. Sh ading was

provided by using cloth of d i f fer ing guages which permi t ted l igh t

transmission of 65 and 4 0 % .

The seed y i e l d decl ined s ign i f icant ly with both the shadin g t reatments,

Thus even a 35% reduction in photosynthet ic active radiat io n resul ted in

decrease in photosynthet ic ra te , reducing the assimi late s upply to pods
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Table 3. Effect of shading at reproductive stage on pigeonpe a seed yield.

Solar

radiation

(%)

Pods/p lant Seeds/pod 100-qrain w t ( q ) Grain y ie ld
So la r

radiation

(%)

1976 1977 1976 1977 1976 1977 1976 1977
So lar

radiation

(%)
Pant UPAS-

A-1 120

Pant UP AS-

A-1 120

Pant

A-1

UPAS-

120

Pant

A-l

UPAS-

120

Full sun l ight (100%)

6 5 % o f so la r radiat ion

4 0 % o f so lar radiat ion

114 132

6 7 94

47 52

2.8 3.4

2.5 3.4

2.4 3.4

5.1

6.0

5.9

7.5

6.7

5.9

17.3

10.3

6.7

39.4

27.1

13.3

SE ± 4.5 14 0.13 0.16 0.3 0.66 1.17 3.6

LSD (5%) 13.2 43 - - 2.29 3.47 11.4

and leading to a drast ic reduction in pods per p lan t and in t otal seed

y ie ld . However , shading did not s ign i f icant ly af fect numbe r of seeds per

pod , and 100-seed we igh t was reduced only in 1977 . L ight thu s could be a 

l imit ing factor in p igeonpea y ie lds when skies are cloudy or overcas t and

the leaf area index of the crop is high.
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Performance of Pigeonpea in the

Post-rainy Season

A . N a r a y a n a n , S . R . K . M u r t h y , a n d M . A . K h a d e r *

Abstract

The major food crops of Andhra Pradesh are rice, sorghum, 

pearl millet, maize, and pulses. Rice is grown in the rainy 

season and in the postrainy season where irrigation is avai l -

able. Where it is not, pigeonpea can be grown without i r r i -

gation and with a minimum of fertilizer and cultural opera-

tions. Of 13 crops planted following cereals to grow on 

residual moisture, pigeonpea yielded the highest (2500 kg/ha) 

in experiments. Medium or long-duration types fared better 

in Hyderabad than early ones. 

Pigeonpea was also tested as a postrainy crop after 

kharif fallow and gave an average yield of 1000 kg/ha. Fodder 

yields from the ratooned crop ranged from 7800 to 12 800 

kg/ha; however, all three cultivars tested were severely 

infected by sterility mosaic disease and gave no second 

grain harvest. SM-resistant cultivars are needed for this 

cropping system. 

Pigeonpea ( Cajanus cajan  [L . ] Mi l l sp . ) is general ly grown dur ing the

khar i f (rainy) season in Ind ia , e i ther as a sole crop or as an intercrop

wi th cereals l ike sorghum (Mahta and Dave 1 9 3 1 ; Pathak 1 9 7 0 ) . The possi-

bi l i ty of growing pigeonpea as a postrainy w in ter (rabi) cro p in penin-

su lar India has been stressed by Narayanan and Sheldrake ( 1979) and

Narayanan and Murthy ( 1 9 8 0 ) . The opt imum p lant populat ion for the rabi

crop is three to four t imes h igher than that normal ly used in khar i f ,

because of the inf luence of low temperature and shor t photop er iod. How-

eve r , the temperatures dur ing the rabi season in peninsula r India are

relat ively h igh , favoring the growth and development of p i geonpea. The

inf luence of daylength var ies w i th the geno type ; thus i t is p oss ib le to

se lec t genotypes for a bet ter per formance.

There are three poss ib le ways in wh ich pigeonpea can be f i t te d into

the ex is t ing cropping system.

1. Sorghum, pearl m i l l e t , and maize planted in Vert isols dur ing the

rainy per iod (in June or Ju ly ) are harvested in the beginning of

*College of Agr i cu l tu re , Andhra Pradesh Agricul tural Univ ers i ty ,

nagar , Hyderabad, India.

Rajendra-
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October in many parts of Andhra Pradesh. Pigeonpea can be one of

the a l ternate crops grown in the rabi (post-ra iny) season t o

ut i l ize the residual soil mois ture and nu t r ien ts .

Rice is one of the ma jo r food crops of Andhra Pradesh and is gro wn

both in the rainy and postrainy seasons. But i f the i r r igat i on is

l imi ted during the postrainy per iod , i t is not possib le to g row

r ice. Under such cond i t i ons , p igeonpea can be grown wi thou t irri-

gat ion and with min imum fer t i l izer and cultural opera t ions .

In some of the Vertisol areas of Andhra Pradesh, only postra iny

cropping is d o n e , keeping the land fal low dur ing the rainy se ason.

It is possib le to introduce pigeonpea as a postrainy crop e i ther

at the end of September or beginning of Oc tober , depending on the

ra in fa l l . When the grain is harvested in March, the crop can b e

ratooned at a proper he ight so as to leave the max imum numbe r of

b ranches . Thus the establ ished crop cont inues to grow dur in g the

summer months because of its deep root system which enables m ois-

ture to be ext racted from the deep soil layers for the mainten ance

of crop growth. Premonsoon showers general ly received in June

induce profuse vegetat ive growth. The fol iage may be harve sted

as fodder and the crop al lowed to reproduce so that a harvest of

grain is possib le in November or December. Under favorabl e cond i -

t ions it is possib le to take a fur ther ratoon crop.

Pigeonpea as a Rabi Crop in Deep Vert isols

Relative Performance

In exper iments conducted at Hyderabad, the per formance of v ar ious w in te r

crops l ike cowpea, mung bean , urd bean , and saf f lower was ass essed and

compared wi th pigeonpea dur ing 1977-78. These crops were p lanted in a 

deep Ver t i so l , a f ter harvest of the monsoon crop of sorghum, and grown

with min imum t i l lage under residual soil mo is tu re . The gr ain y ie ld of

p igeonpea was a lmost twice that of o ther crops (Narayanan and Murthy 1980 ) .

Therefore i t may be concluded that pigeonpea appears to be m ore prof i table

than o ther rabi crops in deep Vert isols a f ter a cereal crop.

V a r i e t a l P e r f o r m a n c e

Three cul t ivars o f p i g e o n p e a — T - 2 1 , C-11, and ICP-7065--of shor t , med ium,

and long durat ion in the normal monsoon season were sown in de ep Vertisols

at four locat ions in Andhra Pradesh dur ing 1977-78 . They we re planted in

a randomized b lock 2 des ign with four rep l i ca t ions ; spacing was 40 x 10 cm

and plot s ize 60 m 2 . The date of p lant ing varied from locat ion to loca-

tion (Table 1 ) .

A basal dose of 50 kg P205/ha was g iven, bu t no n i t rogenous fer ti-

l izers. No i r r igat ion was appl ied through the ent i re crop gr owth per iod.

The grain y ie ld obta ined for the three cul t ivars at d i f fe ren t loca-

t ions are given in Table 2. The average grain y ie ld for the thr ee cu l t i -

2 1 0
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vars over locat ions indicates that cv C-11 gave the h ighest y ie ld . Simi-

lar ly high y ie ld potential of cv C-11 was reported by Narayan an and Shel-

drake (1979) at Hyderabad. In the same studies they report th at the bes t

y ie ld potential seems to be in cul t ivars of medium or late mat ur i ty . How-

ever the response of cul t ivars varied considerably at vario us locat ions.

The y ie ld levels of cvs T-21 and ICP-7065 at Nandyal were at pa r and

di f fered s igni f icant ly from cv C-11. The late cv ICP-7065 ga ve the maxi-

mum y ie ld at Tandur , whereas the ear ly and medium cul t ivars s howed no

di f ference in y ie ld . This may be at t r ibuted to environmenta l f ac to r s ,

par t icu lar ly the d ist r ibut ion of ra infa l l . Tab le 3 indicat es that at

Nandyal the rainfall in October and November contr ibuted t o the bet ter

y ie lds of the early and medium cu l t i va rs , whereas mois ture s tress dur ing

the per iod December to March seems to have af fected the grain y ie ld of

cv ICP-7065. The poor y ie ld obta ined at Rudrur is due to late plant ing

(Table 2) and also to the lower rainfal l dur ing the growing s eason (Table

3 ) . I t may be noted that the y ie ld obta ined at Amaravathi was o nly f rom

the second f lush of reproduct ive growth. Yet the varietal d i f ferences

were in favor of ear ly and medium cu l t i va rs . There fo re , i t se ems l ike ly

that the cul t ivar response depends on the locat ion , ra in fa l l , and the t ime

of p lant ing.

P e r f o r m a n c e in F a r m e r s ' F ie lds

Based on trial resu l ts , two cul t ivars namely C-11 and BDN-1 w ere selected

for plant ing at three locat ions in the farmers ' f ie lds. At Bo ravel ly the

plant ing was done on 10 September 1979 , whereas at the o ther t wo locations

i t was done in the midd le of October 1979. At Boravel ly the mo nsoon crop

raised was irr igated groundnut , which was harvested by the e nd of Augus t ;

thus the field was free for p lant ing p igeonpea. At o ther loc at ions the

f ields were kept fal low during the monsoon season because of fa i lure of

monsoon dur ing Ju ly -August . The data on grain y ie ld of p igeo npea at these

locat ions are given in Table 4. Cv BDN-1 y ie lded 1900 kg/ha wh ereas cv

C-11 ranged between 1470 and 1750 kg/ha. I t shows clear ly tha t wi th in the

medium-durat ion g roup, y ie ld potential varies when pigeon peas are planted

in the postrainy season.

Table 1. Planting dates of rabi pigeonpea at various locatio ns in Andhra Pradesh, 1977.

Locat ion Date o f plant ing

Amaravathi 6 October 1977

Tandur 15 October 1977

Nandyal 20 October 1977

Rudrur 11 November 1977
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Table 2. Grain yield (kg/ha) of pigeonpea cultivars at diffe rent locations.

Cul t ivar

Locat ion T-21 C-11 ICP-7065 Mean

Nandyal

Tandur

Rudrur

Amaravathi a

Mean

792

628

127

367

4 7 8

989

671

227

425

578

713

859

194

136

475

831

719

182

309

CV (%) 21.0 LSD (5%) for interaction = 155

for locations = 89

for cu l t ivars = 78

a. Due to cyclonic rains on 19 November 1977, all the f lowers a nd pods

were shed. The yields given are from the second f lush.

Table 3. Mean monthly rainfall (mm) at different locations d uring rabi 1977-78.

Rainfall (mm)

Location Oct Nov Dec Jan Feb Mar

Amaravathi

Rudrur

Nandyal

24 .8

Nil

95.0

480.4

24.9

96.6

Nil

Nil

Nil

Nil

Nil

Nil

45.6

14.9

5.9

18.7

4.2

2.6

Table 4. Performance of pigeonpea cultivars in farmers' fie lds, 1979.

Location Cul t ivar Date of p lant ing

Area sown

(ha)

Yield

(kg/ha)

Boravel ly

Suryapet

Nizamabad

c - n

C-11

BDN-1

C-11

10 September 1979

16 October 1979

25 October 1979

21 October 1979

2.0

0.2

0.3

0.5

1500

1750

1900

1470
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P i g e o n p e a a s a R a b i C r o p i n R i c e F a l l o w s

To determine the feasibi l i ty of growing pigeonpea in rice f a l l ows , a pre-

l iminary exper iment was carr ied ou t 'during rabi 1977 at th e All India

Coordinated Rice Improvement Pro jec t , Hyderabad. Af ter th e harvest of

r ice in the f i rst week of October , p igeonpea cv C-11 was plant ed between

the stubble rows w i thout land preparat ion. The spacing ado pted was 40 x 

10 cm, which was equiva lent to two rows of r i ce ; total area wa s 54 m 2

Nei ther fer t i l izer nor i rr igat ion was given. The grain y ie l d obta ined was

2388 kg/ha.

Encouraged by this pre l iminary exper iment , we laid ou t a de tai led

trial in r ice fal lows at the experimental stat ion at our Un iv ers i ty , to

determine the best method of p lant ing of p igeonpea and to inv est igate the

ef fec t of rhizobial inoculat ion and phosphorus app l ica t i on. The exper i -

ment was carr ied ou t in a sp l i t -p lo t design with four rep l i c a t ions , on a 

plot s ize of 100 m 2 . In one treatment pigeonpea was planted between rows

of standing r ice 15 days before the rice harvest . In ano the r , the p lant -

ing was done as soon as the r ice was harvested. Seeds were trea ted wi th

rhizobial cul ture and a soil appl icat ion of 50 kg P 2 05/ha was given.

The grain y ie ld obtained is given in Table 5. The ear l ie r plan t ing

of pigeonpea in standing rice gave signi f icant ly h igher y ie lds than plant-

ing af ter r ice harves t , because the growth and development o f p igeonpea

is af fected by low temperature and shor t photoper iod. The y i e ld was signi-

f icant ly high for rhizobial inoculat ion plus phosphorus appl icat ion t reat -

men t . This indicates that under r ice fal low condi t ions the re is a need

for phosphorus app l ica t ion , which in turn will help in the fu nct ioning of

nodu les . It is ev ident that the pigeonpea grown in r ice fal lows can tap

the residual nutr ients as well as soil mois ture from the dee per layer of

so i l .
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Table 5. Effect of planting time, rhizobial inoculation, an d phosphorus application on

grain yield of rabi pigeonpea, 1977-78.

Yield (kg/ha)

Plant ing date

Rhizobial

Control inoculat ion

50 kg

P2 O5 / h a

Rhizobial

inoculat ion + 

50 kg P 2 O5 / h a Mean

In standing rice

(13 October 1977)

At r ice harvest

(28 October 1977)

Mean

1053 1084

887 939

970 1011

1135

982

1058

1166

1015

1090

1109

956

LSD (5%) for p lant ing time = 70

for t reatment = 99

for interact ion = NS



P i g e o n p e a as a Rab i C rop in K h a r i f F a l l o w

Large areas of deep Vert isols in the western par t of Andhra Pr adesh are

not cul t ivated dur ing the monsoon  season.  The accumulated soil mois ture

is used for growing a rabi crop such as sorghum; this crop is h arvested

dur ing the rabi season i tse l f and the land remains fal low dur ing the

ensuing khar i f . In order to use the land during this season, a  system

wi th pigeonpea as a rabi crop was tr ied at the Frui t Research S ta t ion ,

Sangareddy, using three cu l t i va rs , B D N - 1 , C- l l , and No . 1 4 8 , p lanted on

14 October 1978 . Plot s ize was 150 m 2 , wi th f ive rep l i ca t ions ; spacing

40 x 10 cm. No n i t rogenous fer t i l i zer was used, but a basal dos e of 50 kg

P205/ha was app l ied . No i r r igat ion was g iven; however , some winter

showers were received. The crop was harvested on 2 March 197 9; p lants

were ra tooned, leaving the ma jor por t ion for regenerat ion. Cv BDN-1 gave

the h ighest y ie ld of 1048 kg /ha , which was s igni f icant ly h ig her than the

other two cu l t ivars (Table 6 ) .

The ratoon crop cont inued to grow on residual soil mois ture a nd

summer showers . The plants produced good new vegetat ive gro wth because

of the long-day condi t ions of the summer m o n t h s . The fol iage was then

harvested by ratooning the crop in August 1979 (Table 7 ) . Cv B DN-1 gave

4063 kg of fo l iage/ha, s igni f icant ly h igher than the other t wo cu l t i va rs .

Thus cv BDN-1 seems to be both a good grain y ie lder and a good

fol iage y ie lder under this system, and as already repor ted, cv BDN-1 also

has a high degree of ratoonabi l i ty compared wi th o ther cul t i vars

(Narayanan 1 9 7 9 ) .

Af ter harvest ing of the fol iage the crop was al lowed to grow d uring

the monsoon in order to obta in a second grain c rop. All the thr ee culti-

vars were badly infected by s ter i l i ty mosaic v irus and the cr op did not

grow fur ther . These studies indicate clear ly that the syste m of growing

pigeonpea as a rabi crop in the khar i f fa l low to get both grai n and forage

y ie ld is poss ib le . I t appears that two more addit ional grain crops could

be harvested provided we have a cul t ivar that is res is tant to ster i l i ty

mosaic v i rus .
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Table 6. Average yield of pigeonpea cultivars grown after k harif fallow at Sangareddy, 1978.

Cul t ivar

Grain y ie ld

(kg/ha)

BDN-1

c-11

No . 148

1048

899

813

LSD (5%) = 100

CV = 8% 



Table 7. Forage yield of three pigeonpea cultivars.

Cul t ivars

Forage y ie ld

(kg/ha)

BDN-1

C-11

No.148

4063

2832

2451

LSD (5%) = 744.8

CV = 14 .7%
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The Inf luence of Tempera tu re and

Photoperiod on Floral Deve lopment of

Early Flower ing Pigeonpea

L.V. Turnbu l l , P.C. W h i t e m a n , and D.E. By th *

Abstract

Three early flowering lines of pigeonpea QPL2, QPL3 and Pra-

bhat, were grown in controlled environment cabinets under 8, 

16 and 24 hour photoperiods in combination with various day/ 

night temperature regimes. 

In all lines floral initiation occurred earliest under 

low temperatures (24/16°C) in a 16 hour photoperiod for QPL2 

and QPL3 and either a 16 or 24 hour photoperiod in Prabhat. 

Reduction in daylength to 8 hours or increase in temperature 

both resulted in delays in floral initiation in all lines. 

In all lines, the rate of development of the floral 

primordia increased with increase in both daylength and 

temperature.

In the evaluat ion of a range of  cajanus cajan  accessions in Aus t ra l ia , a 

shor t -s ta tured, ear ly- f lower ing plant was isolated from a n Indian acces-

s ion, ICP-7179, introduced from ICRISAT (Wallis et a l . 1 9 7 9 ) . In the

f ie ld, progeny of this p lant f lowered in approximately 55 da ys over a 

range of sowing dates from October to March. Flowering of lat e April and

May sowings took 60 to  70  days . This delay appeared to be due to s lower

floral bud development (Turnbul l , unpubl ished d a t a ) . The response may

have been due to e i ther decl ining daylength or temperature , but i t was no t

possible to separate these ef fects in the f ield. Determina t ion of day-

length sensi t iv i ty from f lowering response to field sowin g dates also

assumes that both floral in i t iat ion and floral bud developm ent respond in

a simi lar manner to daylength and to the temperature regime s associated

wi th that day length. This may not be so. Consequent ly , deta i led studies

of floral development were undertaken in contro l led envi ro nment cabinets

to assess the role of photoperiod and temperature.

The work reported in this paper compares the ef fects of phot operiod

and temperature on floral in i t iat ion and floral bud develop ment in two

l ines , QPL-1 and Q P L - 2 , of the ear ly- f lower ing iso la te , wit h that of an

ear ly - f lower ing Indian cu l t i var , Prabhat .

*Department o f Agr i cu l tu re , Universi ty o f Queens land, S t . Luc ia ,

land, Aus t ra l ia .

Queens-
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Mater ia l s and M e t h o d s

G r o w i n g C o n d i t i o n s

Contro l led env i ronment cabinets were programmed for the r equired photo-

period and temperature cond i t ions . Temperature was const ant ly moni tored

in each cab inet and varied not more than + 1°C. For the durat i on of each

photoper iod, a combinat ion of incandescent and cool wh i te f luorescenet

l ight ing provided photosynethet ica l ly act ive radiat ion ( PAR) varying from

400 uE m - 2  sec - 1  at pot sur face to 800 µE m - 2  sec - 1  d i rect ly beneath the

l ight bank. Day to n ight t ransi t ions of temperature and phot oper iod were

abrupt and co inc ident . Relat ive humidi ty was mainta ined wi th in the range

of 65 to 7 5 % dur ing the photoper iods and 75 to 8 0 % at n ight .

Seed inoculated w i th  Rhizobium  strain CB-756 was sown in 15 cm pots

fi l led with a modi f ied Cal i fornian mix of p e a t , sand , and a c omplete

nut r ient source.

The pots were watered twice daily with deionized water .

M e a s u r e m e n t s

Eight plants of each pigeonpea l ine were sampled each week. Sampl ing

commenced 14 days a f te r p lant emergence and cont inued unti l all plants in

the weekly sample had ini t iated floral buds . Floral in i t ia t ion was deter -

mined by microscop ic examinat ion of d issected apical b u d s . Only main

stem apices were examined, as an ear l ier study (Turnbu l l , u npubl ished data)

had determined that this was the f i rst s i te at which floral in i t iat ion

occur red. Ini t iated apices were scored accord ing to stage o f floral deve-

lopment (Turnbull 1977) and the rate of growth of the pr imord ia determined

for each t reatment . Using this in format ion, t ime of floral i n i t iat ion was

recorded for the same (minimal) s tage of development of the p r imor ida in

all t rea tments .

In selected t rea tments , daylength and temperature condi t ions were

mainta ined until f lower ing had occurred. The date of f i rs t open f lower ,

for a min imum sample of 8 p lan ts , was recorded for each l ine in these

t reatments .

Experimental Treatments

Experiment 1 

The three pigeonpea l ines were grown under 8 and 16 hour photo per iods , in

factorial combinat ion wi th day/n ight temperature regime s of 24/16°C and

32/24°C. Dates of floral in i t iat ion and f lower ing were reco rded for each

l ine .

Experiment 2 

Plants w e r e grown in a 24-hour photoper iod ( i .e . , cont inuou s P A R ) , wi th a 

2 1 8



temperature regime for each 24-hour period of 16 hours at 24° C and 8 hours

at 16°C. This enabled a d i rect compar ison of the inf luence o f photoperiod

wi th the 16-hour , 24/16°C t reatment in Exper iment 1. Floral in i t iat ion

and f lower ing dates were recorded for each l ine.

Experiment 3 .

A cons tan t photoperiod of 16 hours was used with each of the fo l lowing day/

n igh t temperature reg imes: 24 /20°C, 24 /24°C, 24 /28°C, 28 / 24°C, and 32/16°C.

Days to floral ini t iat ion were recorded in all t reatments.

S t a t i s t i c a l Ana lyses

Analyses of var iance were computed for data on t ime to floral in i t i a t ion ,

durat ion of floral bud deve lopment , and f lowering t ime , usi ng a completely

randomized block des ign. Where s ign i f icant F values occur r ed , the LSD

test was used to determine s ign i f icant d i f ferences among t reatment m e a n s .

Due to the unequal sample numbers between t reatments , requ ir ing separate

LSD values for each mean pair compar ison , the largest LSD va lue only has

been quoted. This in no way al ters the s igni f icance of the res ults stated.

The percentage of total sum of squares accounted for by photo per iod and

by temperature was used as a measure of the relat ive importa nce of these

sources in inf luencing floral behavior .

Resul ts and Discussion

Flora l I n i t i a t i o n

In all l i nes , floral in i t iat ion occurred ear l ies t under low temperatures

(24/16°C) in a 16-hour photoperiod for QPL-1 and Q P L - 2 , and e i ther a 16-

or 24-hour photoper iod in Prabhat (Tables 1 and 2 ) . Reduct ion in day-

length to 8 hours (Table 1) or increase in temperature both re sul ted in

delays in floral in i t iat ion in all l i nes . In all t rea tments , Prabhat

ini t iated floral pr imordia s ign i f icant ly la ter (P < 0.05 ) than e i ther

QPL-1 or QPL-2 (Tables 1 and 2 ) .
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Table 1. Effect of photoperiod on the number of days from em ergence to floral initiation

(Day/night temperature, 24/16°C).

Days from emergence to floral in i t ia t ion

Line (L) Photoper iod (P) 8 hours 16 hours 24 hours Mean (L)

QPL-1

QPL-2

Prabhat

Mean (P)

LSD (0.05) L = 0 .8 ;

27.4 20.6

28.4 21 .3

34.0 28 .0

29.9 23.3

P = 0.9;

24.0

25.2

27.8

25 .7

LxP

24.0

25.0

30.0

= 2.0



The delay in ini t iat ion under an 8-hour photoper iod (Table 1 ) was

probably due to the s low growth rate observed in these p lan ts , a funct ion

of the lower mean dai ly temperature and PAR input. Growth ra te during

the juveni le phase has since been shown to af fect floral inia t ion responses

in these l ines (Turnbu l l , unpubl ished d a t a ) .

Under cont inuous (24-hour) pho toper iods , floral in i t iat ion in QPL-1

and QPL-2 was delayed by 3.4 and 3.9 days respect ively (Tab le 1 ) . Although

these d i f ferences were stat is t ica l ly s ign i f i cant , they ar e b io logical ly

un impor tant in terms of a quant i ta t ive daylength response .

Increasing the photoper iod from 16 to 24 hours had no e f fec t on the

time of floral in i t iat ion in Prabhat (Table 1 ) . These data st rongly

suggest that Prabhat is day-neutral and that QPL-1 and QPL-2 also show no

meaningful biological response to day length .

Temperature was the dominant fac tor inf luencing the number of days

from emergence to floral in i t ia t ion , account ing for approx imately 6 0 % of

the total var iat ion (sum of s q u a r e s ) , compared with 1 0 % due  to photoperiod.

Floral in i t iat ion occurred ear l iest under the lowest tempe rature regime

tested, a day/n ight combinat ion of 24 /16°C. Increasing ei t her the day or

the n ight temperature delayed floral in i t iat ion (Table 2 ) . The greatest

delay was caused by the mos t w ide ly d ivergent day/n ight temp erature combi-

nat ion tested (32/16°C, Tab le 2 ) .

Flora l Bud D e v e l o p m e n t

In all l i nes , the rate of deve lopment of the floral pr imordia increased

wi th increase in both day length and temperature. These was n o s igni f icant

d i f ference between the cul t ivars in th is pattern of respon se. The time

from floral in i t iat ion to f lower opening var ied from 40 day s under an

8-hour photoper iod at 24 /16°C, to 22 days under a 16-hour pho toper iod at

32/24°C.

The rate of floral pr imordia deve lopment increased wi th inc rease in

photoper iod. The durat ion of floral bud development was red uced from 31

to 24 days by increasing the photoperiod from 16 to 24 hours wi th the
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Table 2. Effect of temperature on the number of days from eme rgence to floral initiation

(Photoperiod, 16 hours).

Day/night

tempera- Days from emergence to floral in i t iat ion

Line (L) ture (T) 24/16 24/20 24/24 24/28 28/24 32/16 32/24 Me an (LJ

QPL-1

QPL-2

Prabhat

Mean (T)

LSD (0.05)

20.6 28 .8 29.4 30.6 32.3 42.6 35.0 31.2

21 .3 35.6 31.3 32.9 34.8 41.6 34.6 33.4

28.0 40 .8 42 .0 37.3 40.4 50.2 38.0 39.5

23.6 34.4 33.2 33.3 35.4 44 .8 36.0

L = 0 .7 ; T = 1.2; LxT = 2.7



same temperature regime of 24 /16°C. The 5 0 % increase in tota l PAR input

probably contr ibuted to the more rapid rate of development u nder the

24-hour photoper iod.

Increased the day/n ight temperature regimes from 24/16°C t o 32/24°C

reduced the durat ion of floral bud development by 12 days un der an 8-hour

photoper iod and 9 days under a 16-hour photoper iod.

F l o w e r i n g

As a consequence of this change in floral response to temper ature , i.e.,

high temperatures delaying floral in i t iat ion but promot in g floral bud

deve lopment , the var iat ion in days to f lowering between tre atments was

reduced. In some cases , the rapid rate of floral bud developm ent compen-

sated for the delay in floral in i t ia t ion, so that temperatur e appeared to

have no e f fec t on f lowering t ime, e.g., Prabhat , 24/16°C ver sus 32/24°C.

C o n c l u s i o n s

Ar iyanayagam and Spence (1978) stated that , "the search amo ng the wor ld

col lect ion of pigeonpea cul t ivars for genes conferr ing ins ensi t iv i ty has

been w i thou t success . " The work reported in this paper conf i rms the

presence of day-neutra l i ty in  cajanus cajan,  at least under the 24/16°C

temperature regime tested. The response to 24-hour photop er iod at h igher

temperatures remains to be determined. For this material th e importance

of the di f ference in temperature response dur ing floral in i t iat ion and

floral bud development cannot be overstated. The potential for the p lant

breeder to manipulate f lowering t ime is cons iderab le . Gene rat ion turn-

over could be accelerated by manipulat ion of pre- and post- in i t ia t ion

temperature cond i t i ons . Obv ious ly , more work needs to be ca rr ied ou t to

determine the temperature responses of a range of matur i ty types before

this could be used wi th success . These results also h ighl ig ht the danger

in at t r ibut ing floral responses in the f ield to day length a l one. It is

possib le that in some of the so-cal led "day length-sensi t iv e" cu l t i va rs ,

temperature may be the ma in determinant of f lower ing t ime ( Turnbul l , un-

publ ished d a t a ) . Analys is o f phenology tha t does not includ e determina-

tion of floral in i t iat ion has grossly l imited value in pro vid ing an under-

standing of the physiological mechanisms involved in f lowe r ing.

The impl icat ions of this wi th regard to genet ic manipu la t io ns are

cons iderab le .
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Response of Shor t -Durat ion Pigeonpea

Cult ivars to Sowing T ime and Row Spacing

A . S . F a r o d a a n d R . C . S i n g h *

Abstract

Short-duration pigeonpea as a kharif crop preceding wheat is 

becoming increasingly popular in the wheat-growing belt of 

northern India. To determine optimum sowing times and find 

cultivars best suited to this cropping pattern, four 

cultivars of pigeonpea were tested under three sowing dates 

and four row spacings. Cultivar T-21 was found best for 

June planting and UPAS-120 for July planting. Maximum 

yield was obtained with June planting; minimum yield, with 

July planting. A row spacing of 37.5 cm was found optimum 

under Haryana conditions. 

Pigeonpea is the second most important grain legume of Ind i a , the

f i rst being ch ickpea. Having a w ide adaptabi l i ty to cl imat e and

so i l , i t is cul t ivated all over the country with the except i on of

excess ive ly we t or f rost-prone areas. In the wheat-growing a reas ,

the shor t -durat ion var iet ies of p igeonpea are becoming p opular as

a ra iny-season crop preceding rabi whea t . It is essential to

se lect a p igeonpea cu l t ivar sui ted to this cropping pa t te r n , so

that wheat can be sown in t ime; however , informat ion on opt im um

sowing t imes for p igeonpea in the wheat -growing be l t of nort hern

India is lack ing, the studies reported in this paper were

undertaken to fill that gap.

M a t e r i a l s a n d M e t h o d s

A field exper iment was conducted at the Haryana Agricul tu ral Univers i ty ,

H issar , Ind ia , dur ing the rainy seasons of 1975 , 1976 , and 19 77 . The

treatments consisted of three sowing dates (June 1 5 , July 1, and July 15)

four row spacings (25 , 3 7 . 5 , 5 0 , and 62.5 cm) and four genotyp es

(Prabhat , UPAS-120 , T - 2 1 , and Pant A - 2 ) . The treatments wer e repl icated

thr ice in a sp l i t -p lo t design wi th sowing dates and row spaci ngs in the

main plots and genotypes in the subp lo ts .

* Haryana Agr icul tural Universi ty at Bawal and at H issar , res pect ively.
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The soi ls of the exper imental plots were sandy loam in tex t ure , poor

in n i t rogen , medium in avai lable phospho rus , and rich in a vai lab le potash.

A basal dose of 40 kg P 2 O5 and 20 kg N/ha was appl ied at the time of sow-

ing. The seed was treated wi th  Rhizobium  cu l ture. The p lan t populat ion

was kept constant across the d i f ferent row-width treatmen ts by adjust ing

p lant - to-p lant d is tance. Presowing i r r igat ion was given whe reve r

necessary. One postsowing i r r igat ion was also given in each y e a r . Proper

p lant protect ion measures were fo l lowed. The harvest ings w ere done from

the second for tn ight of Oc tobe r to the f i rst for tn ight of De cember dur ing

di f ferent y e a r s , depending on sowing time and var ie ty .

Results and Discussion

Ef fec t o f S o w i n g T i m e

Sowing t ime had s ign i f i can t e f fec t on growth and developmen t . Maximum

plant he igh t , number o f pods per p l a n t , and test w e i g h t were recorded

with the f i rst date of sowing (June 1 5 ) . Sowing dates di f fe red

s ign i f icant ly from each o ther in these pa ramete rs , excep t n umber of pods

in 1975 and tes t we igh t in 1977 where the f i rst two dates of so wing were

stat is t ica l ly d i f ferent (Table 1 ) . Though the max imum grai ns per pod were

recorded wi th the f i rst sowing da te , the di f ferences wi th o ther sowing

dates were s ign i f i cant on ly in 1976. Dahiya et a l . (1974) obt a ined

s im i la r resu l ts .

In grain y i e l d , the f i rs t two sowing dates (June 15 and July 1) were

not s ign i f icant ly d i f ferent but they were s ign i f icant ly be t ter than the

last date of sowing (July 15) during all 3 years as well as i n the poo led

data (Table 2 ) . Singh e t a l . ( 1 9 7 1 ) , Saxena e t a l . ( 1 9 7 3 ) , Rat hi e t a l .

( 1 9 7 4 ) , Ah lawat et a l . ( 1 9 7 5 ) , Kaul and Shekhon (1975) and Ra thi and

Tripathi (1978) have also reported s imi la r resul ts .

Effect of Genotypes

The genotype T-21 produced s ign i f icant ly ta l le r p lants tha n o ther

var iet ies in all 3 y e a r s . The min imum p lant he ight was record ed in

Prabhat . This cu l t ivar produced s ign i f icant ly fewer pods p er p lan t than

all o the r var iet ies dur ing 1976 , than UPAS-120 in 1 9 7 5 , and t han UPAS-120

and T-21 in 1 9 7 7 . Howeve r , the number of grains per pod were m ax imum in

Prabhat during 1975 and 1976. In 1 9 7 7 , cv T-21 had max imum nu mber of

grains pe r pod. T-21 produced the bo ldes t s e e d s , fo l lowed b y UPAS-120 ,

Pant A - 2 , and P rabha t , i n that o rde r (Table 1 ) .

On an  average the genotype UPAS-120 was most su i tab le under Hary ana

cond i t i ons , fo l lowed by T - 2 1 , P r a b h a t , and Pant A-2 in that o rde r

(Table 2 ) . Howeve r , data in table 3 show that when the sowing was done in

the middle of J u n e , T-21 produced s ign i f i cant ly more than o t he r cu l t ivars .

When sowing was done in Ju l y , genotype UPAS-120 was b e s t , c lo sely fo l lowed

by Prabha t . Cv Pant A-2 gave the lowest y i e l d .
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Table 2. Effect of sowing dates, genotypes, and row spacings on the grain yield of pigeonpea

under Haryana conditions.

Treatments
Grain y i e l d (OOkg/ha)

Treatments
1975 1976 1977 Pooled

Sowing date

June 15

July 1 

July 15

14.17

14.50

11.16

24.40

22.82

19.99

19.41

18.43

12.48

19.46

19.07

14.47

SEm ± 0.27 0.73 0.56 0.27

CD at 5% 0.77 2.14 2.18 1.06

Genotype

Prabhat

UPAS-120

T-21

Pant A-2

13.42

13.95

14.59

12.17

22.62

23 .64

22.14

21.22

15.92

19.19

15.78

17.48

17.32

18.92

18.06

16.38

SEm ± 0.35 0.84 0.47 0.26

CD at 5% 1.01 NS 1.30 0.71

Row spac ing(cm)

25

37.5

50

62.5

14.44

14 .33

12.74

11.60

21 .98

24.87

21 .67

21.10

17.16

18.02

16.03

15.87

18.12

19.26

17.03

16.25

SEm ± 0.61 0.26 0.42 0.26

CD at  5% 1.68 0.72 1.16 0.71

Table 3. The effect of genotype X sowing date interaction on the grain yield of pigeonpea

(pooled data).

Table 3. The effect of genotype X sowing date interaction on the grain yield of pigeonpea

(pooled data).

Genotype
Grain y i e l d (OOkg/ha) at sowing date

Genotype
June 15 July 1 Ju ly 15 Mean

Prabhat 18.02 18.72 15.22 17.32

UPAS-120 19.65 21.42 15.68 18.92

T-21 21.73 18.16 14.30 18.06

Pant A-2 18.46 17.99 12.71 16.38

Mean 19.46 19.07 14.47

S E m ± 0.45

CD a t 5% 1.23
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Effect of Row Spacing

There was no def in i te trend in growth and deve lopment due to v ar iat ion in

row spac ing. The di f ferences were nons ign i f i can t in p lan t h e igh t in 2 

y e a r s , number of grains per pod in all 3 y e a r s , and tes t we igh t in 2 y e a r s .

For number of pods per p l an t , where the d i f ferences w e r e s ign i f i can t in

all the 3 y e a r s , 50-cm and 62 .5-cm row spacings were be t te r th an nar rower

row spacings in the last 2 years (Table 1 ) .

The row spacing of 37.5 cm gave s ign i f icant ly more grain y i e l d than

50-cm row spacing in the last 2 years and the 62 .5-cm row spac ing in all

3 years (Table 2 ) . Howeve r , the di f ferences between 25-cm a nd 37.5-cm

row spacings were s ign i f i cant only in 1976. The row spacing o f 25-cm was

also s ign i f icant ly be t te r than 62.5-cm in all 3 y e a r s . On an a ve rage ,

maximum grain y i e l d was obta ined wi th 37.5-cm row spac ing , fo l lowed by

2 5 , 5 0 , and 62.5-cm in that o rder .

Summary

Four cu l t ivars (Prabhat , UPAS-120 , T - 2 1 , and Pant A-2) wer e tested under

three sowing dates (June 1 5 , Ju ly 1, and July 15) and four row spacings

(25 , 3 7 . 5 , 5 0 , and 6 2 . 5 - c m ) . Cv T-21 was best for June p lan t ing , and

UPAS-120 for July p lant ing. June 15 p lant ing gave max imum y ie l d ; Ju ly 15

plant ing min imum y ie ld . A row spacing of 37.5-cm was found op t imum under

Haryana cond i t ions .
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Phenologica l Behav ior and Y ie ld of
P igeonpea Geno types under D i f fe ren t
Da tes o f P lan t ing and R o w Spacings

K . K . D h i n g r a , S a t n a m S i n g h , a n d H . P . T r i p a t h i *

Abstract

Phenological studies in relation to grain yield of two 

pigeonpea genotypes (T-21 and AL-15) under four dates of 

sowing and four plant populations were carried out at 

Punjab Agricultural University, Ludhiana, during 1979. 

Cultivar T-21 on an average took 18, 12, and 25 days 

more than AL-15 for flower initiation, 75% flowering, 

and maturity respectively. The temperature requirement of 

AL-15 for all these phenophases was less than that of 

T-21 under all the dates of sowing. Significant positive 

correlation was found between temperature at maturity and 

seed yield. Both genotypes gave the highest seed yield 

and dry-matter production when sown on June 1, because of 

longer maturity period and high effective temperature. 

Effective temperature requirement and length of all the 

phenophases were considerably reduced when sowing was 

delayed to June 10, 20, and 30, which ultimately resulted 

in significant reduction in seed yield and dry-matter 

production. Plant population did not indicate any major 

influence on phenological behavior of the crop; however, 

seed yield was increased significantly with increase in 

plant population. 

Pigeonpea is an important pulse crop of India wi th an area of 2 .7 mi l l ion

ha and an average y ie ld of 720 kg /ha . In Punjab state i t has lon g been

grown around cot ton and sugarcane as a pro tect ive hedge , but has not been

adopted as a sole crop because of its long durat ion and in to l erance to

severe w in te r s . In t roduct ion of the med ium-dura t ion var i ety T-21 dur ing

the mid-1970s encouraged the cu l t ivat ion of p igeonpea in th e s ta te , as

T-21 matures before w in te r sets in and can be fo l lowed by w in t e r whea t .

Though the p igeonpea area in the s tate is fast inc reas ing , d elayed

matur i ty is a ma jo r obs tac le to its becoming a main pulse cr op in the

Punjab.

* Department of Plant Breed ing, Punjab Agr icul tura l

Ludh iana, India.

Un ivers i ty ,
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Time of sowing- -because of its e f fect on the vegetat ive and

reproduct ive phases of the c r o p — i s an impor tant fac tor in f luencing crop

durat ion. Riol lano et a l . (1962) and Gooding (1960) report ed s ign i f icant

in f luence o f da te o f sowing on phenology o f p igeonpea. Hamme rton (1976)

and Singh et a l . (1971) reported that dates of sowing had a d i r ect bear ing

on t ime of matur i t y . Ano the r impor tant fac tor that in f luenc es the growth

and deve lopment of p igeonpea is the p lant popu la t ion . She ld rake and

Narayanan (1977) reported the ef fect o f p lant populat ion on branching

behav ior of p igeonpea and Kaul et al (1980) have reported ear ly f lower ing

under high p lant popu la t ion . Th is paper summarizes an exper iment p lanned

to study the phenological and morphological behav ior of p i geonpea geno-

types under d i f fe ren t dates of sowing and plant populat ions at Ludh iana ,

Ind ia .

M a t e r i a l s and M e t h o d s

The exper iment was conducted a t Punjab Agr icu l tura l Un iver s i t y , Ludh iana ,

dur ing the  Kharif  ( ra iny) season 1979 , on a loamy sand s o i l , low in organic

carbon ( 0 . 0 9 ) , medium in ava i lab le-phosphorus and potass i um (21.0 and

1 8 7 . 5 ) , w i th a pH of 8.2. The exper iment was laid out in a sp l i t -p lo t

design w i th four dates of sowing (June 1, 1 0 , 2 0 , and 30) and t wo cu l t i -

vars (T-21 and AL -15 ) in the main plots and row spacings (25, 3 7 . 5 , 50

and 75 cm) in the subp lo ts . A uni form p lant - to -p lant spacing of 25 cm

wi th in the rows was ma in ta ined , thus obta in ing 160 0 0 0 , 106 0 0 0 , 80 0 0 0 ,

and 53 000 plants per ha under the four row spac ings , respect i ve ly . A 

basal dose of 15 kg N and 40 kg P 2 0 5 / h a was appl ied before sowing. Data

on wea ther dur ing the crop season , 10% f lower ing , and 7 5 % f lo wer ing and

podding were recorded. The total o f cumula t ive temperature units for

each phenophase was calculated as a summat ion of the dai ly m ean tempera-

tu re dur ing the per iod. For d ry -mat ter accumula t ion , f i ve p lants we re cut

at ground level and the leaves , s tem, and reproduct ive s t ruc tures

separated and dried in an oven at 65°C.

Resu l ts and Discussion

P h e n o l o g i c a l B e h a v i o r

Cul t i var T-21 was of comparat ive ly longer durat ion than c v A L - 1 5 , taking

on an average 1 0 0 , 1 0 7 , and 149 days for f lower in i t i a t ion , f l ower

comple t ion , and matu r i t y , respect ive ly , as compared w i th 8 3 , 9 3 , and 124

d a y s , respect ive ly , i n AL-15 (Table 1 ) .

The number of days taken for complet ion of each phenophase varied

great ly wi th date o f sowing. Days to f lower in i t i a t ion , 7 5 % f lower ing ,

and matur i ty were h ighest in the crop sown June 1, in both cu l t ivars and

were cons is tent ly reduced when the sowings were delayed to J une 1 0 , 2 0 ,

and 3 0 . The d i f ferences were much larger in cv T - 2 1 , where the vegetat ive

phase was reduced by 24 days wi th the delay of 30 days in sowing f rom June

1 to June 30 as compared w i th on ly 6 days ' reduct ion in A L - 1 5 . T his

indicates that T-21 is more pho tosens i t i ve , as i t s tar ted f l ower ing the
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week of 19 to 25 September wi th all dates of sow ing , resul t ing in a 

reduced vegetat ive phase in the late-sown crop. In con t ras t , f lower

in i t iat ion in AL-15 ranged from 26 Augus t to 19 Sep tember und er d i f fe ren t

sowing dates and thus the vegetat ive per iod was cur ta i led by only 6 d a y s ,

which indicated its re lat ively photo insens i t ive response . However , in

AL-15 the reproduct ive phase was reduced f rom 47 days to 32 da ys when

sowing was delayed from June 1 to June 3 0 , wh i l e there was no ef fect on

T-21 . Thus u l t imate ly the 30 days ' de lay in sowing reduced t he l i fe span

of the crop by 21 days in both va r ie t ies ; however , the matur i ty of the

crop was delayed by 9 days . Row spacing fai led to in f luence th e number

of days to f lower in i t i a t ion , 7 5 % f lower ing , and matur i ty in both cu l t i -

vars . This may be because there was l i t t le var iat ion in the microc l imate

under d i f fe ren t row spac ings .

Temperature Requirements

Cumulat ive temperature at the comple t ion of each phenophas e fol lowed

almost the same pat tern as phenological per iod (Table 2 ) .  CV A L - 1 5 , being

Table 1. Days taken to flowering and maturity as affected by d ate of sowing of pigeonpea

cvs T-21 and AL-15 at Ludhiana, India.

Date o f sowing

Days to

10%

f lower ing

Days to

7 5 %

flower ing

Days

to

matur i ty

T-21

June 1 112 118 159

June 10 104 110 153

June 20 97 103 146

June 30 88 96 138

Mean 100 107 149

AL-15

June 1 87 98 134

June 10 8 2 96 127

June 20 81 91 122

June 30 81 87 113

Mean 83 93 124

231



of shor t du ra t i on , required fewer temperature units than c v T-21 at each

phenophase under all dates of sowing. On an ave rage , T-21 re quired 3734

to 4518 temperature units from sowing to ma tu r i t y , whereas A L-15 required

3189 to 3940 un i t s , depending on sowing d a t e s , at Ludhiana. A s ign i f icant

pos i t ive cor re la t ion was obta ined between accumulated t emperature units at

matur i ty and seed y ie ld of both cul t ivars (r = 0.91 for T-21 and 0.97 for

A L - 1 5 ) . The regress ion equat ions a re :

T -21 : y = -2465.00 + 0.877 x 

A L - 1 5 : y = -783.836 + 0.523 x 

Growth Pattern

Rate of d ry -mat ter accumulat ion was h igher in AL-15 dur ing t he init ial

stages but at a la ter s tage (130 d a y s ) , T-21 recorded h igher dry-mat ter

accumula t ion . Cv A L - 1 5 , being short du ra t i on , headed for ma tur i ty a f te r

110 d a y s , wh i l e var iety T-21 cont inued to grow even a f te r thi s and

ul t imate ly recorded more d ry -mat te r and branches per p lan t . Naryanan

and She ld rake(1976) a lso reported s imi lar behav ior in la t e-matur ing genotpes
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Table 2. Accumulated temperature at different phenophases under different dates of sowing

of pigeonpea cvs T-21 and AL-15.

Date o f sowing

Days to

1 0 %

f lower ing

Days to

7 5 %

f lower ing

Days

to

matur i ty

T-21

June 1 3373 3526 4518

June 10 3115 3269 4300

June 20 2880 3034 4044

June 30 2558 2764 3734

Mean 2981 3398 4149

AL-15

June 1 2681 3002 3940

June 10 2517 2918 3706

June 20 2467 2735 3506

June 30 2387 2534 3189

Mean 2513 2797 3585



The common feature in both cul t ivars was that dur ing the f i rs t 50

days the dry -mat ter accumulat ion was s low; i t increased rap idly a f te r 70

d a y s , and cont inued to increase up to matur i ty . The rate of in crease was

fast up to 130 days in T-21 and up to 110 days in cv A L - 1 5 ; a f te r t h i s ,

i t s lowed down. Par t i t ion ing o f dry mat te r into d i f ferent p l ant p a r t s -

leaves , s tem, b ranches , and reproduct ive s t r u c t u r e s — i n d i c a t e d that d ry -

mat te r accumulat ion was more in the leaves dur ing the f i rst 7 0 d a y s ;

thereaf ter the comparat ive increase was more in the s tem; ho wever , a f te r

the star t of pod format ion dry-mat ter accumulat ion in both s tem and

leaves decl ined due to leaf senescence and t rans locat ion o f photosynthates

to reproduct ive par ts .

In accordance wi th accumulated heat units and durat ion of t he vege-

tat ive phase , the dry -mat ter accumulat ion was h ighest in the crop sown

June 1, and s ign i f icant reduct ion was recorded when sowin gs were de layed

to June 1 0 , 2 0 , and 30 . On an ave rage , 3 2 . 8 % reduct ion in the fi nal dry

mat te r was obtained wi th the last da te of sowing.

Total d ry -mat te r product ion decreased cons is tent ly wi th increase in

the row spac ing. The h ighest d ry -mat ter y ie ld (12 215 kg/ha ) was f rom

the c losest row spacing of 25 cm, which was 6930 kg/ha more tha n tha t

from the 75-cm row spac ing. This may be at t r ibuted to the incr eased p lant

populat ion per unit area and ta l ler .p lants under c loser r ow spac ing.

Yield and Yield Attributes

Dif ferent dates of sowing s ign i f icant ly inf luenced the see d y ie ld of both

cu l t i va rs . The h ighest seed y ie ld (1452 kg/ha) was obta ined when the

crop was sown on June 1 (Table 3 ) ; w i th sowing delayed to June 1 0 , 2 0 ,

and 3 0 , the seed y ie ld was reduced by 1 8 , 3 3 , and 3 7 % respect i ve ly .

S imi la r l y , the y ie ld -con t r ibu t ing characters , - -seed we igh t per p l an t ,

branches per p lan t , and number of pods per p l a n t — w e r e reduce d signif i-

cant ly wi th each delay in sowing. The h ighest seed y ie ld (14 25 kg/ha)

was obta ined under the c losest row spacing of 25 cm and was con s is tent ly

reduced with w ider row spac ing. A l though individual p lant pa ramete rs ,

namely , seed w e i g h t , b ranches , and p o d s , we re h igher w i th w i de r row

spac ing , this increase could not compensate for the increa se in p lant

populat ion from 50 000 to 160 000 obta ined by reducing the row spacing

from 75 cm to 25 cm.
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Table 3. Yield and yield attributes under different dates of sowing and plant populations

of pigeonpea cvs T-21 and AL-15 at Ludhiana, India.

Trea tment
Seed

y ie ld

(kg/ha)

Seed w t /

plant

(g)

Branches /

plant

Pods /

plant

100 seed wt

(g)

Date o f sowing

June 1 1452 37.4 20.6 178 6.9

June 10 1196 33.7 17.3 164 6.5

June 20 970 24.2 15.5 129 6.1

June 30 914 18.7 15.5 115 5.8

LSD (5%) 116 4.6 1.8 7.2 0.34

Row spac ing (cm)

25 1421 18.6 16.6 128 6.3

37.5 1125 23.7 16.5 143 6.5

50 1095 29.9 17 .5 145 6.2

75 8 9 0 41 .8 18.5 170 6.3

LSD(5%) 111 2.5 1.2 NS NS

Cul t i var

T-21 1174 30.2 18.2 159 6.2

AL-15 1092 26.7 16.0 134 6.4

LSD(5%) NS NS 1.3 5.1 NS
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Plant ing Densi ty Effects on the Dry-Season Product iv i ty

of Shor t Pigeon peas in the W e s t Indies:

I . G r o w t h and Deve lopmen t

G . H u g h e s , J . D . H . K e a t i n g e , a n d S . P . S c o t t

Abstract

Keatinge and Hughes (1980) have reported mean dry seed yields 

of short pigeonpeas to be 1.1 tonnes/ha when grown at a stand 

density of 200 000 plants/ha under dry season conditions in

Trinidad. Work currently in progress is designed to examine 

whether increasing stand density to extremely high values 

(3000 000 to 600 000 plants/ha) will result in he inter-

ception of a significantly greater proportion of seasonal 

incoming solar energy due to the earlier attainment of 

critical leaf area index values and thus increase dry-matter 

production and seed yield. 

The response of p igeonpea ( Cajanus cajan  [L . ] M i l l sp . ) growth to pho to -

period has been noted by Spence and Wi l l iams ( 1 9 7 2 ) . In Tr in i dad (at 10°

33' N l a t i t u d e ) , sho r t , determinate cul t ivars p lanted dur ing May-June

reached a height of about 1.5 m and produced a crop in about 15 0 to 180

d a y s , f lower ing in response to shor t day length . Planted du ring December ,

and thus immediately subjected to f lower- inducing cond i t i ons , the p lants

grew to about 1 m and produced a crop af ter 110 days . In India ( at

Hyderabad , 17° 32 ' N l a t i t u d e ) , Narayanan and Sheldrake (1 979) have noted

a s imi lar response of growth habi t and durat ion of p igeonpea planted

during October -November (short day length) rather than in t he normal June -

Ju ly . The shor te r growth habi t o f p igeonpea cu l t ivars p lan ted dur ing

shor t -day condi t ions enabled the invest igat ion of high den si ty row cropping

as a method of increasing product iv i ty .

In both Tr in idad and Ind ia , the nontradi t ional shor t -day p l ant ing

times co inc ide wi th the onset of the dry season , w i th in wh ich the crop

then reaches matur i t y . Thus mois ture-s t ress may be a fac to r l imi t ing

p igeonpea growth and y ie ld from such p lan t ings . Keat inge et a l . (1980)

noted that both leaf area index and grain y ie ld (averages ov er three

cu l t i vars ) we re increased by the appl icat ion of supplement a l i r r igat ion to

a Tr in idad dry season c rop . If mois tures t ress is indeed l im i t i ng , then

* Faculty o f Ag r i cu l t u re , Univers i ty o f the Wes t Ind ies , S t . Augus t ine ,

T r in idad , West Indies.
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very high plant ing densi ty may not resu l t in increased y ie ld . Sinha and

Savithr i (1978) suggested that dense init ial stands of p ige onpea may

accentuate mois ture-s t ress ef fects on y ie ld by deplet ing s oil mo is tu re

before reproduct ive deve lopment occu rs . Low plant densi t i es were

recommended for the conservat ion of soil m o i s t u r e .

Howeve r , high plant densi t ies remain a possib le solut ion t o the

prob lem of poor in tercept ion of so lar radiat ion by pigeonpe a c a n o p i e s ,

par t icu lar ly dur ing the period of s low ear ly g rowth . Hughe s et a l . (1980)

have shown that the length of t ime spent at high fract ional ra diat ion

intercept ion is an impor tant determinant of y ie ld in p igeon pea. In this

paper we descr ibe an invest igat ion of the ef fects o f , and in t eract ions

be tween , p lant ing densi ty and moisture level on p igeonpea growth and

deve lopment in dry-season condi t ions in Tr in idad. Par t ic u lar at tent ion

is paid to the development of leaf area index and the in tercep t ion of

so lar radiat ion by canopies at d i f fe rent dens i t ies .

Mate r i a l s and M e t h o d s

The exper iment was located at Texaco Food Crops Farm, S t . Jos eph ,

Tr in idad. A sp l i t -p lo t design was adopted, and laid out in th ree 4 x 50m

b locks . The main plots compr ised the factorial combinat io ns of two

cu l t i va rs , UW-17 and U W - 2 6 , which have been descr ibed by B r a t h w a i t e ( 1 9 7 8 ) ,

and two mois ture leve ls (supplemental i r r i ga t ion , I , and n o supplemental

i r r iga t ion , C ) . The I plots received supplemental spray i r r igat ion at

intervals of abou t 5 days throughout the exper iment .

The subplots comprised f ive high stand dens i t i es :

200 000 p lants/ha (167 mm between rows x 300 mm wi th in r o w s ) ; 300 000

plants/ha (167 x 200 m m ) ; 400 000 p lants /ha (167 x 150 m m ) ; 500 000 p lan ts /

ha (167 x 120 mm) and 600 000 p lants /ha (167 x 100 m m ) .

Plant ing date was 22 Jan 1980 (photoper iod 11.6 h ) . S e e d s , p r e-

inoculated wi th Rhizobium UW-10030 , were planted by hand wi th four to six

seeds per ho le . A compound fer t i l izer (12:12:17) was broadc ast to give a 

rate of 40 kg/ha of n i t rogen and phosphate .

During the f i rs t 15 days all plots were i r r igated in o rder to f ac i l i -

tate seedl ing es tab l i shment . Af ter 20 d a y s , p lants were thi nned to one

per hole in order to establ ish the required densi ty leve ls .

Weed control was mainta ined by use of a preemergence herb ic i de

(Amiben-Gramoxone mix tu re ) and by regular hand weeding Da mage by pod-bor ing

larvae was contro l led by appl icat ion of Belmark pyrethro i d insect ic ide at

intervals of 5 d a y s , star t ing at f lower ing. Three spray appl icat ions of

the fung ic ide Di thane M45 were made in order to control p igeo npea r u s t ,

Uredo cajani. 

For the purposes of growth a n a l y s i s , three p lants were harve sted

twice a week f rom each t rea tment . Lea f area for each sample w as deter -

mined wi th an automat ic area me te r . Average per p lant leaf a rea was

converted to leaf area index by mul t ip ly ing by estab l ished s tand dens i ty .

Logar i thmic polynomial regression equat ions were f i t ted to the re lat ion-

ships between leaf area index (L) and t ime.
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Resul ts

Previous results (Hughes et a l . 1980) have indicated a neg at ive

correlat ion between the time taken to reach L = 1 and dry see d y ie ld for

p igeonpea in stands of 200 U00 p lants /ha. Analys is of the e f fec t of

increasing stand dens i ty , up to 600 000 p lan ts /ha , on the ti me to reach

L = 1 showed that this time decreased, but the magni tude of the decreases

fell o f f w i th h igher density levels. The e f fec t of suppleme ntal i r r iga-

tion was n o t s ign i f i can t at this stage of g rowth , n o r were the re any

s ign i f i can t interact ions between density and mois ture lev el . That is to

say , supplemental i r r igat ion did no t s ign i f icant ly increa se ear ly canopy

growth and deve lopment , n o r did lack of i t modi fy such increa ses

resul t ing from increased stand densi ty.

Keat inge and Hughes (1980; reported posi t ive correlat io n between

maximum L and dry seed y ie ld for p igeonpea in stands of 200 000 p lants /ha.

The ef fec t of increasing stand densi ty on maximum L was modi f ied by

interact ions wi th moisture- level and cul t ivar e f fec ts . In the absence of

supplemental i r r igat ion there was no di f ference between t he cu l t i va rs ,

max imum L increasing from about 2 to about 3 as stand densit y increased

from 200 000 to 600 000 p lants /ha. Under i r r iga t ion , increa ses in

max imum L wi th increasing densi ty were la rger . In add i t i on , there was

general ly a greater response to i r r igat ion by cv UW-26. Whi le the

response of cv UW-26 cont inued to increase at the h ighes t den s i t i es ,

max imum L for cv UW-17 was h igher at 500 000 than at 600 000 p lan ts /ha.

Fract ional dai ly so la r radiat ion intercept ion (F)  by  a canopy is a 

non l inear funct ion of L. Unit increases in L have smal le r in creasing

ef fects on F as L increases. Hughes et a l . (1980) est imated t hat 5 0 %

intercept ion by crops of shor t p igeonpeas occurs when L = I, and 95%

intercept ion when L = 4 .4 . Fur ther increases in L can obviou sly contr ibute

l i t t le to in tercept ion .

Hughes et a l . (1980) reported an increasing re lat ionship b etween the

proport ion of inc ident radiat ion in tercepted dur ing the gr owing season

(F, the average_of the daily F values) and p igeonpea y ie ld . T he pat tern

of increase in F with increasing stand density was s imi la r i n all four

moisture- level and cu l t ivar comb ina t ions , the increases t ending to fall

o f f in magni tude wi th h igher densi ty leve ls . Ove r the growi ng season ,

increas ing stand density f rom 200 000 to 600 000 p lants /ha increased

radiat ion intercept ion by abou t 15 percentage points on th e F scale for

each of the ma in -p lo t t reatments . Thus the la rger response of max imum L 

to increasinq stand density when under i r r igat ion does not p ropor t ionate ly

enhance in tercept ion . With respect to F, there were no appar ent la rge-

scale in teract ions between densi ty and mois tu re- leve l .

The larger F response of cv UW-26 to i r r igat ion appears to b e a 

durat ion e f f e c t , the growing season being ex tended fur ther than that of

cv UW-17 under i r r iga t ion . When corrected for length of seas on , the

increasing e f fec t of supplemental i r r igat ion on F is s imi l a r for the two

cul t ivars .
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Discussion

As stand densi ty was increased in the range of 200 000 to 600 00 0 p lan ts /

h a , the t ime taken to reach L = 1 was reduced and there was an i ncrease

in max imum L. The absence of supplemental i r r igat ion did no t signif i -

cant ly retard ear ly canopy deve lopment even at high densi ty . With

irr igat ion howeve r , max imum L was h igher at each dens i ty , a nd increased

more w i th increasing densi ty. Because of the nature of the re lat ionship

between intercept ion and L, the response to i r r igat ion in te rms of overal l

in tercept ion was s imi la r at each densi ty. I r r igat ion resul ted in

increased overal l i n te rcep t ion , the d i f ferences between c ul t ivars being

largely at t r ibutable to the i r d i f ferent responses to i r r ig at ion wi th

respect to growing season.

In Table I a comparison is made between i r r igated crops of c owpea

(vigna anguiculata) (Littleton et a l . , 1979a , 1979b; and p igeonpea wi th

respect to intercept ion of so lar rad iat ion. The pattern of v ar iat ion of

L w i th t ime for cowpea shows that the crops reached max imum L values

between 2.9 and 4.7 in 34 to 48 days. O u r max imum L values for p igeonpea

were genera l ly h igher than those for cowpea but took much lon ger to reach

(61-83 d a y s ) . A l though intercept ion by the p igeonpea canop ies over the

f i rs t 50 days was doubled as s tand densi ty was increased fro m 200 000 to

600 000 p lan ts /ha , the 50-day value ach ieved at high density was below

that o f cowpea crops a t 160 0 0 0 p lants /ha (Table 1 ) . Towards the end o f

the growing season , the p igeonpea crops reached and ma in ta i ned L values

leading to high fract ional dai ly in tercept ion . Howeve r , on ly at very high

densi ty was the propor t ion of radiat ion in tercepted over th e growing

season by the p igeonpea crops comparable w i th the values for the crops of

cowpea. Increased ear ly development of L is c lear ly an impo rtant fac tor

in increasing overall in te rcept ion .

Table 1. The fraction of solar radiation  intercepted by crops of pigeonpea a

and cowpea. b

Table 1. The fraction of solar radiation  intercepted by crops of pigeonpea a

and cowpea. b

Crop
Stand densi ty at 50 days at max imum

Crop
(p lants /ha) a f te r emergence dry mat te r c

Cowpea 160 000 0.472 0.519

Pigeonpea 2 0 0 000 0.173 0.433

Pigeonpea 300 000 0.241 0.474

Pigeonpea 400 000 0.279 0.498

Pigeonpea 500 000 0.305 0.543

Pigeonpea 600 000 0.345 0.547

a. The tabulated values of  are means of p lots of cvs .UW-17 and UW-26 from

the present trial wh ich received supplemental i r r igat ion.

b.  The tabulated values of F are means of f ive crops of cv.TVu 4 552 grown

at Ibadan , N ige r ia , under supplemental i r r igat ion (Li t t le ton et a l . ,

1979a, 1 9 7 9 b ) .

c.  Es t imated from f i t ted regression equa t ions . T imes range from 56 to 72

days fo r cowpea and 68 to 89 days for p igeonpea.

a. The tabulated values of  are means of p lots of cvs .UW-17 and UW-26 from

the present trial wh ich received supplemental i r r igat ion.

b.  The tabulated values of F are means of f ive crops of cv.TVu 4 552 grown

at Ibadan , N ige r ia , under supplemental i r r igat ion (Li t t le ton et a l . ,

1979a, 1 9 7 9 b ) .

c.  Es t imated from f i t ted regression equa t ions . T imes range from 56 to 72

days fo r cowpea and 68 to 89 days for p igeonpea.

a. The tabulated values of  are means of p lots of cvs .UW-17 and UW-26 from

the present trial wh ich received supplemental i r r igat ion.

b.  The tabulated values of F are means of f ive crops of cv.TVu 4 552 grown

at Ibadan , N ige r ia , under supplemental i r r igat ion (Li t t le ton et a l . ,

1979a, 1 9 7 9 b ) .

c.  Es t imated from f i t ted regression equa t ions . T imes range from 56 to 72

days fo r cowpea and 68 to 89 days for p igeonpea.

a. The tabulated values of  are means of p lots of cvs .UW-17 and UW-26 from

the present trial wh ich received supplemental i r r igat ion.

b.  The tabulated values of F are means of f ive crops of cv.TVu 4 552 grown

at Ibadan , N ige r ia , under supplemental i r r igat ion (Li t t le ton et a l . ,

1979a, 1 9 7 9 b ) .

c.  Es t imated from f i t ted regression equa t ions . T imes range from 56 to 72

days fo r cowpea and 68 to 89 days for p igeonpea.

a. The tabulated values of  are means of p lots of cvs .UW-17 and UW-26 from

the present trial wh ich received supplemental i r r igat ion.

b.  The tabulated values of F are means of f ive crops of cv.TVu 4 552 grown

at Ibadan , N ige r ia , under supplemental i r r igat ion (Li t t le ton et a l . ,

1979a, 1 9 7 9 b ) .

c.  Es t imated from f i t ted regression equa t ions . T imes range from 56 to 72

days fo r cowpea and 68 to 89 days for p igeonpea.

a. The tabulated values of  are means of p lots of cvs .UW-17 and UW-26 from

the present trial wh ich received supplemental i r r igat ion.

b.  The tabulated values of F are means of f ive crops of cv.TVu 4 552 grown

at Ibadan , N ige r ia , under supplemental i r r igat ion (Li t t le ton et a l . ,

1979a, 1 9 7 9 b ) .

c.  Es t imated from f i t ted regression equa t ions . T imes range from 56 to 72

days fo r cowpea and 68 to 89 days for p igeonpea.

a. The tabulated values of  are means of p lots of cvs .UW-17 and UW-26 from

the present trial wh ich received supplemental i r r igat ion.

b.  The tabulated values of F are means of f ive crops of cv.TVu 4 552 grown

at Ibadan , N ige r ia , under supplemental i r r igat ion (Li t t le ton et a l . ,

1979a, 1 9 7 9 b ) .

c.  Es t imated from f i t ted regression equa t ions . T imes range from 56 to 72

days fo r cowpea and 68 to 89 days for p igeonpea.
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The nex t stage of the analysis (Keatinge and Hughes 1981 ; inv olves an

assessment of the ex ten t to which increased radiant energy i nput to the

pigeonpea c r o p s , achieved by the use of dense s t a n d s , can be t rans la ted

into increased y ie ld . A l though the use of dense stands did no t accentuate

mois ture-s t ress ef fects on intercept ion of rad ia t ion , gra in y i e l d depends

fur ther on the e f f ic iency of conversion of in tercepted rad i ant energy into

chemical energy storable as assimi lated dry m a t t e r , and th e way that dry

mat te r is par t i t ioned between vegetat ive and reproduct iv e par ts . Y ie ld

may thus be in f luenced by densi ty and moisture- level e f fec t s on these

processes .
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Plant ing Density Effects on the Dry-Season Product iv i ty
of Short Pigeonpeas in the W e s t Indies:

I I . Yield and Moisture Supply

J . D . H . K e a t i n g e a n d G . H u g h e s *

Abstract

The varied levels of moisture stress imposed on the pigeonpea 

crop, as a result of the faster transpiration induced by 

increased stand density, are monitored to determine their 

effect on yield. In association, treatments receiving supple-

mental irrigation to reduce moisture stress are included in 

the trial to enable assessment of the extent to which current 

UWI-bred varieties possess drought-tolerant or drought-avoidant 

characteristics.

In a previous Tr in idad dry-season t r ia l , reported by Keat i nge and Hughes

( 1 9 8 0 ) , average dry seed y ie l d for shor t p igeonpea cul t ivar s UW-17 and

UW-26 was about 1000 kg/ha from unirr igated plots and about 1 600 kg/ha

from plots receiv ing supplemental i r r igat ion. Stand dens i ty , a t 200 000

p lan ts /ha , was much greater than general ly used in t radi t io nal cul t ivat ion

of tall p igeonpeas . Never the less , intercept ion of so lar ra diat ion by the

lea f canop ies , an important determinant o f y i e l d , was p o o r , par t icu lar ly

dur ing ear ly growth (Hughes et a l . 1 9 8 0 ) . In a subsequent dry -season

trial (Hughes et a l . 1981] the use of s tand densi t ies up to 60 0 000 p lan ts /

ha improved seasonal in tercept ion in both i r r igated and uni r r igated p lo ts .

In this paper we present an analysis of y ie ld data from this t r ia l .

The increase in intercept ion of so la r radiat ion no tw i ths t and ing ,

y ie lds f rom dense stands of p igeonpea may stil l fail to be imp roved

because of decreased soil mois ture ava i lab i l i t y , par t icu l ar ly during the

reproduct ive phase (Sinha and Savi thr i 1 9 7 8 ) . Exper iments wi th shor t

p igeonpea cul t ivars in India and Aust ra l ia provide some sup por t for this

v iew. In an uni r r igated dry-season trial wi th s ix cul t ivars at Hyderabad

(Narayanan and Sheldrake 1 9 7 9 ) , y ie ld decreased as stand de nsi ty increased

in the range of 1 2 5 0 0 0 to 1 0 0 0 0 0 0 p lants /ha. In tr ials wi th a s hor t

photoper iod- insens i t i ve cu l t i var in Queens land , Wal l is e t al (1979)

* Faculty o f Ag r i cu l t u re , Univers i ty o f the West Indies, S t . A ugus t ine ,

Tr in idad , Wes t Indies.
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reported y i e l d increases wi th increas ing s tand density in t he range of

100 000 to 500 000 p lan ts /ha . Howeve r , this was achieved wi th the aid of

supplemental i r r igat ion (E. W a l l i s , personal commun ica t i on ) . By inc lud-

ing i r r igated and uni r r igated t reatments in a trial wi th a r ange of high

stand dens i t i es , we hope to be able to assess the ex ten t to whi ch these

fac to rs , and any interact ions between them, in f luence p ige onpea y ie lds

under dry-season condi t ions in Tr in idad.

Mate r i a l s and Methods

The trial was set ou t in a sp l i t -p lo t des ign. The main plots co mpr ised

the factorial combinat ions of two cul t ivars (V: UW-17 or UW -26) and two

mois ture levels (M:wi th , I , or w i t h o u t , C, supplemental i r r i g a t i o n ) . The

subplots compr ised d i f ferent s tand densi t ies (200 0 0 0 , 300 0 0 0 , 400 0 0 0 ,

500 0 0 0 , and 600 000 p l a n t s / h a ) . Full detai ls of these fact ors and

general crop husbandry have been given by Hughes et a l . ( 1 9 8 1 ) .

At final ha rves t , three prev ious ly unsampled 4-m rows were t aken

from each t reatment . Plants were se lec ted tha t were ful ly gu arded and

growing at the es tab l i shed subp lo t densi ty. The number of p lants sampled ,

the number o f pods per p l a n t , and the number o f seeds per po d were rec-

o rded . Seed we igh t was measured af ter oven drying at 80°C for 48 hours .

Seed y ie lds pe r unit a rea were ca lcu la ted as the products of m ean y ie ld

per p lan t and es tab l ished stand densi ty.

Dur ing the t r i a l , soil mo is tu re levels were moni tored to 10 5 cm in

the p ro f i l e , in 15-cm in te rva l s , w i th a Wa l l i ng fo rd 1H II n eutron p robe .

Recordings were made twice week ly in all un i r r igated and so me i r r igated

t rea tments . Vo lumet r ic soil mois ture percentage data were conver ted to

mois ture st ress values (MPa) using soil mois ture character is t ic curves

for the s i t e .

Results

Individual p lan t y i e l d (dry seed, g /p lant ) decreased non l i near ly wi th

increasing density and also s ign i f icant ly decreased in th e absence of

supplemental i r r igat ion (Table 1 ) . The s ign i f i can t mo is t u re x density

interact ion shows tha t the increasing e f fec t o f supplemen tal i r r igat ion

on individual p lan t y i e l d was largest at low densi ty . In ad d i t i on , Table

1 indicates tha t the responses of product iv i ty assessed as number of pods

per p lant were s imi la r to those o f seed y ie l d per p lan t .

The e f f ec t of the exper imental factors on the y i e l d compone nt

var iables (number of peas p e r pod and lOO-seed we igh t ) is sh own in

Table 2. Ne i ther s tand densi ty n o r mo is tu re level appears to a l ter

the number of seeds per pod. Four seeds p e r pod was the averag e over

all t rea tments . Moisture st ress resu l ted in s ign i f i cant ly lower lOO-seed

w e i g h t s , the reduct ion being more marked in cv UW-26 than in c v UW-17 .

One hundred seed we igh t was greates t at the lowest densi ty us ed in the

t r i a l , bu t there were no s ign i f i can t d i f ferences between  the values

recorded for the h igher dens i t ies .
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Table 1. Analysis of variance of yield per plant

Analys is o f var iance Pods/p lant Dry seed (g/pl)

Source df MS F P MS F P

Blocks 2 644 .018 5.4 < 5% 68.410 4.7 <10%

V 1 682 .763 5.7 < 1 0 % 44.842 3.1

M 1 1874.886 15.8 < 1% 241.161 16.6 < 1% 

V*M 1 203.873 1.7 35.346 2.4

Residual 6 118 .888 14.535

D(lst o rder ) 1 1186.923 90.3 < 0.1% 90.845 60.2 < 0 . 1 %

D(2nd order ) 1 104.975 8.0 < 1% 6.796 4.5 < 5%

Deviat ions 2 8.173 < 1 0.882 <1

D(1st)*M 1 109.443 8.3 < 1% 23.030 15.3 < 0.1%

D(2nd)*M 1 17.875 1.4 4.934 3.3 <10%

Deviat ions 2 5.053 < 1 1.255 <1

D*V 4 21.773 1.7 1.994 1.3

D*V*M 4 16.600 1.3 2.899 1.9

Residual 32 13.143 1.509

Pods per p lant Dry seed (g /p lant )

D*M interact ion table D*M interact ion table

Density Mois ture- level Density

C means
Density

Moisture

I

- level

C

Density

means

200 000 35.0 18.3 26.6 200 000 10.49 3.77 7.13

300 000 25.4 14.2 19.8 300 000 7.14 3.31 5.23

400 000 22 .8 11.7 17.2 400 000 6.52 2.70 4.61

500 000 18.9 10.6 14 .8 500 000 5.32 2.47 3.89

600 000 17.7 9.1 13 .4 600 000 4.86 2.03 3.45

Mois tu re- Mois tu re-

level means 24.0 12.8 18.4 level means 6.87 2.86 4.86

M means (compar isons have 6 df)

SE .=1.99; SE . of d i f ference = 

2.82

D means (compar isons have 32 df)

SE .=1 .05 ; SE . of d i f ference = 

1.48

M means (comparisons have 6 df)

SE .=0.696; S E . o f d i f ference = 

0.984

D means (comparisons have 32df)

SE .=0.345; SE . of di f ference = 

0.501

M means (compar isons have 6 df)

SE .=1.99; SE . of d i f ference = 

2.82

D means (compar isons have 32 df)

SE .=1 .05 ; SE . of d i f ference = 

1.48

M means (comparisons have 6 df)

SE .=0.696; S E . o f d i f ference = 

0.984

D means (comparisons have 32df)

SE .=0.345; SE . of di f ference = 

0.501

M means (compar isons have 6 df)

SE .=1.99; SE . of d i f ference = 

2.82

D means (compar isons have 32 df)

SE .=1 .05 ; SE . of d i f ference = 

1.48

M means (comparisons have 6 df)

SE .=0.696; S E . o f d i f ference = 

0.984

D means (comparisons have 32df)

SE .=0.345; SE . of di f ference = 

0.501

M means (compar isons have 6 df)

SE .=1.99; SE . of d i f ference = 

2.82

D means (compar isons have 32 df)

SE .=1 .05 ; SE . of d i f ference = 

1.48

M means (comparisons have 6 df)

SE .=0.696; S E . o f d i f ference = 

0.984

D means (comparisons have 32df)

SE .=0.345; SE . of di f ference = 

0.501

M means (compar isons have 6 df)

SE .=1.99; SE . of d i f ference = 

2.82

D means (compar isons have 32 df)

SE .=1 .05 ; SE . of d i f ference = 

1.48

M means (comparisons have 6 df)

SE .=0.696; S E . o f d i f ference = 

0.984

D means (comparisons have 32df)

SE .=0.345; SE . of di f ference = 

0.501

M means (compar isons have 6 df)

SE .=1.99; SE . of d i f ference = 

2.82

D means (compar isons have 32 df)

SE .=1 .05 ; SE . of d i f ference = 

1.48

M means (comparisons have 6 df)

SE .=0.696; S E . o f d i f ference = 

0.984

D means (comparisons have 32df)

SE .=0.345; SE . of di f ference = 

0.501



Table 2. Analysis of variance of yield components.

Analys is o f var iance 100-seed we igh t (g) Seeds per pod

Source df MS F P MS F P

Blocks 2 2.284 2.8 0.366 8.9 < 5%

V 1 0.114 <1 0.227 5.5 <10%

M 1 21.313 26.0 <1% 0.132 3.2

V*M 1 6.613 8.1 <5% 0.178 4.3 <10%

Residual 6 0.819 0.041

D 4 0.476 3.6 <5% 0.022 1.0

D*main plots 12 0.150 1.1 0.018 <1

Residual 32 0.134 0.021

100-seed we igh t (g)

M*V interact ion table Table of D means

Moisture - level
Cultivar
I  C 

Cul t i var

means

Density Mean

UW-17 6.67 6.14 6.41 200 000

300 000

6.69

6.26

UW-26 7.25 5.39 6.32 400 000

500 000

6.32

6.37

Mois ture-

level means 6.96 5.77 6.36 600 000 6.17

SE (V  and M means) = 0.165

SE of d i f ference = 0.234

compar isons have 6 df.

SE = 0.106

SE of d i f fe rence=0.149

compar isons have 32 df.

SE (V  and M means) = 0.165

SE of d i f ference = 0.234

compar isons have 6 df.

SE = 0.106

SE of d i f fe rence=0.149

compar isons have 32 df.

SE (V  and M means) = 0.165

SE of d i f ference = 0.234

compar isons have 6 df.

SE = 0.106

SE of d i f fe rence=0.149

compar isons have 32 df.
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When seed y ie l d is examined on a unit area basis (Table  3) , it can

be seen tha t mois ture level and s tand density have s ign i f i ca nt in f luences ,

both being s imple addi t ive e f fec ts . O v e r the range of densi t ies in the

trial the e f fec t of an addit ion of 100 000 p lants /ha was to inc rease seed

y ie ld by 0.16 t /ha. Howeve r , this increase was small in scale when

compared wi th the 1.41 t/ha reduct ion in y i e l d resul t ing fro m the

imposi t ion of soil mois ture s t ress . Keat inge and Hughes (1 980) reported

that cv UW-26 responded more to supplemental i r r igat ion th an cv UW-17

wi th respect to dry seed y ie l d pe r uni t a rea. In the present a na lys i s ,

where examinat ion of cu l t i var x moisture- level in teract io ns was of

re lat ively low pr io r i t y , no s ta t is t ica l ly s ign i f i can t d i f ference in the

response of the cul t ivars to i r r igat ion was detected. Howe ve r ,

examinat ion of the t reatment means (Table 3) suggests that c v UW-26 may

in fact y i e l d more than cv UW-17 under supplemental i r r iga t i on .

The large reduct ion in y ie ld in response to mois ture-s t ress ed



Table 3. Analysis of variance of seed yield per unit area.

Analys is o f var iance Dry seed ( t /ha)

Source df MS F P

Blocks 2 8.780 4.6 < 1 0 %

V 1 6.055 3.2

M 1 29 .878 15.8 < 1 %

V*M 1 4.483 2.4

Residual 6 1.889

D(1st o rder ) 1 2.974 19.4 < 0 . 1 %

Deviat ions 3 0.031 < 1 

D*main plots 12 0.214 1.4

Residual 32 0.153

Dry seed ( t /ha)

Table of D means Table of M means

Density mean Moisture- level mean

200 000 1.47

300 000 1.57 I 2.48

400 000 1.84

500 000 1.95 C 1.07

600 000 2.07

SE = 0.113 SE = 0.251

SE of d i f ference = 0.160 SE of d i f ference = 0.355

compar isons have 32 df. comparison has 6 df.

Table of t reatment means

Main p lo t t reatment

Density 171 17C 261 26C

200 000 1.48 0.81 2.72 0.88

300 000 1.79 0.94 2.50 1.04

400 000 2.06 0.99 3.15 1.17

500 000 2.28 1.16 3.04 1.31

600 000 1.86 1.25 3.98 1.19

9 5 % conf idence interval of a d i f ference between two main p lo t t reatments

at the same or at d i f ferent densi ty levels = 1.36

9 5 % conf idence interval of a d i f ference between two main p lo t t reatments

at the same or at d i f ferent densi ty levels = 1.36

condi t ions ind icates the re lat ive sensi t iv i ty of the cul t ivars employed in

the trial to the envi ronmental factors assoc ia ted wi th drou ght . Table 4 

shows the levels of mois ture stress exper ienced. These appe ar to have
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been approximate ly three t imes g rea te r in the reproduct ive phase than

those imposed in the vegetat ive phase. In add i t i on , the h igh es t mois ture

stress values exper ienced in the reproduct ive phase co inc i de w i th the

h ighest densi ty leve ls .

D i s c u s s i o n

The results given in Table 3 indicate that the potential y i e l d of the

selected cul t ivars was s ign i f i cant ly in f luenced by soil mo is ture stress

and by stand densi ty wi th in the range 200 000 to 600 000 p lan ts /ha . An

increase in s tand densi ty from the smal les t to the largest va lues employed

resul ted in a y i e l d increase of 0.64 t /ha. In plots where sup plemental

i r r igat ion was no t app l ied , this represents an approx imate doubl ing of

y i e l d . This is achieved by the h igher p lant numbers pe r uni t a rea more

than compensat ing for the reduct ion in 100-seed w e i g h t and p er p lan t

product iv i ty assoc ia ted wi th c loser p lan t spac ing. Howeve r , the gain

in y ie ld ach ieved by increas ing s tand density from 200 000 to 600 000

plants /ha under mois tu re-s t ressed condi t ions was cons ide rably less than
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Table 4. Mean moisture stress (MPa) imposed per 15 cm layer of  the surface soil (0-45 cm) .

Moisture stress imposed wi th in

Cu l t i var
Density

x 100 000

Mois ture-

level

Vegetat ive

phase

Reproduct ive

phase

UW-17 2

3

C

C

0.24

0.19

0.85

0.85

4 C 0.24 0.75

5 C 0.31 0.95

6 C 0.31 1.13

3 I 0.06 0.29

5 I 0.07 0.21

UW-26 2 C 0.15 0.74

3 C 0.27 0.66

4 C 0.35 1.11

5 C 0.33 1.00

6 C 0.40 1.22

2 I 0.08 0.38

6 I 0.14 0.47



that ach ieved by apply ing supplemental i r r igat ion. At a p lant ing density

of 200 000 p lan ts /ha , y ie lds of more than 2 t/ha were obta ined with

supplemental i r r igat ion. S imi la r y ie lds were recorded by W al l is et a l .

( 1 9 7 9 ) . Tables 1 and 2 indicate that the loss of y ie ld due to mois ture

stress was a consequence of a reduction in the number of pods p e r p lant

wi th a subsdiary reduct ion in 100-seed we igh t . From the valu es shown

in Table 4 it is possib le to in fer that i f , during the reprodu ct ive phase ,

the mean mois ture stress imposed in the upper 45 cm of the so il prof i le

exceeds a value of 0.5 to 0.6 MPa , it is unl ikely that y i e l d pot ential

will be real ized. Avai lab le moisture at depths below 45 cm s eem to be of

reduced value to the cu l t i va rs , as w i thdrawals from deep er layers in the

prof i le were ins ign i f i cant . This impl ies e i the r that root deve lopment at

depth was inadequate to supply mois ture demand or that nut r ien t avail-

abi l i ty was impai red by dry condi t ions in the surface soil la yers.

Hughes et al. (1981) reported that the denser s tands employe d in

this trial increased the seasonal proport ion of so la r radi at ion in ter -

cepted by the canopies . Howeve r , the y ie ld response to this e x t ra

in tercepted radiat ion is lower than expected on the basis of the relat ion-

ship between seasonal intercept ion and y ie ld reported by Hu ghes et a l .

( 1 9 8 0 ) . This indicates that s tand density and mois ture lev el may a f fec t

the e f f i c iency of conversion of in tercepted rad iant energy into dry mat te r

and the par t i t ion ing of dry mat te r wi th in the p lant .

In conc lus ion , it appears that under dry-season condi t ions in

T r in idad , increases in stand densi ty from 200 000 to 600 000 p lants /ha

resul t in seed y ie lds increasing up to 1500 kg/ha. With in thi s range ,

the h ighest densi t ies used did  not  s ign i f icant ly accentuate mois ture

stress e f fec ts . Reduction of mois ture stress resul ted in su bstant ial

increases in seed y ie ld pe r unit a rea.
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Response to R o w - t o - R o w

and P lan t - to -P lan t Spac ing in Pigeonpea

I . M a d h u s u d a n a R a o , N . V e n k a t a r a t n a m , a n d A . R . S h e l d r a k e *

Abstract

Two field experiments were conducted at ICRISAT Center during 

the rainy seasons of 1978 and 1979 to evaluate the response of 

pigeonpea ( Cajanus cajan [L . ]  Millsp.) to spacing. In 1978, 

the effects of six different plant-to-plant spacings within 

widely spaced rows were compared with cvs T-21 (early), C-11 

(medium), and NP (WR)-15 (late) sown on a Vertisol. In 1979, 

the effects of combinations of three within-row and three 

between-row spacings were investigated with cvs T-21 (early) 

and BDN-1 (medium) on an Alfisol, and with cvs BDN-1 and C-11 

(medium) on a Vertisol. In 1978, yields were significantly 

reduced at the lowest populations tested (13 000 and 27 000 

plants/ha). In 1979, spacing had remarkably little effect on 

yield over a very wide range of populations (33000 to 

1 333 000 plants/ha). Although raising the population density 

above that normally recommended resulted in little extra seed 

yield, the production of stem material and fallen leaves was 

very considerably enhanced. Since both these products are of 

increasing value as firewood becomes scarcer and nitrogenous 

fertilizers costlier, there may be economic advantages in 

growing pigeonpeas at unusually high plant populations. 

A number of spacing tr ials have been carr ied out with p igeon peas

( cajanus cajan  [L . ] Millsp.) in d i f ferent coun t r ies , wi th d i f ferent

cu l t i va rs , d i f ferent soil t ypes , and in d i f ferent seasons ( Sen and

Jana 1956 ; Mukher jee 1960 ; Singh e t a l . 1971 ; Hammerton 1971 ; Spence

and Wi l l iams 1972 ; Ak ino la and Whi teman 1974 ; Saxena and Yad av 1975 ;

Edwards 1975 ; Rathi and Tr ipathi 1 9 7 8 ) . In some, y ie ld fell o f f at

populat ion densi t ies above 20 000 to 40 000 p lants /ha (e.g. M ukher jee

1960 ; Ak ino la and Whi teman 1974 ; and Hammerton 1 9 7 1 ) . In o t he rs ,

max imum y ie lds we re obtained w i th populat ions o f over 400 0 00 p lants/ha

(Edwards 1 9 7 5 ) . The large var iat ions in the results obta in ed presumably

ref lect the d i f ferences in the condi t ions under which the ex per iments

were conducted.

* Pulse Improvement Program, ICRISAT.
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In Ind ia , p igeonpeas are normal ly sown at the beginning of th e rainy

season , of ten as an intercrop w i th rows several meters apa r t , though so le

crops of med ium and late types a re genera l ly grown wi th row sp acings of

75 to 135 cm. Ear ly-matur ing cu l t ivars are grown as a so le c rop or as

d is t inc t rows in cotton (Pathak 1 9 7 0 ) . The spacing normal l y recommended

for med ium-dura t ion cul t ivars in the Hyderabad area is 75 x 3 0 cm or

75 x 25 cm, g iv ing plant populat ions of 44 000 and 53 000 plant s/ha

respect ive ly . These are the spacings usual ly used in y ie ld t r ia ls of

breeding material in the rainy season at ICRISAT Center .

We carr ied out studies to eva luate the response of p igeonp ea to row-

to-row and p lant - to -p lant spacings in order to c lar i fy the re la t ionships

between y ie ld and the densi ty and geometry of p lant ing under the condi-

t ions in which pigeonpeas are being bred and tested at this I ns t i tu te .

M a t e r i a l s and M e t h o d s

During the rainy season , two field exper imen ts , one in 1978 on a Vert isol

and another in 1979 on an Alf isol and a Vertisol were condu cted at ICRISAT

Center , Pa tancheru , India (17.5°N, 78 .5 °E , at 545 m a l t i t u d e ) . The soi ls

are poor in n i t rogen and phosphate but genera l ly have adequa te ava i lab le

potash. The mean annual rainfal l at ICRISAT Center is 760 m m in a bimodal

d is t r ibut ion wi th an average of 8 6 % fal l ing between June and Oc tober .

Annual rainfall dur ing 1978 and 1979 was 1142 and 732 mm resp ect ive ly .

In 1 9 7 8 , the rainfal l was unusual ly heavy in July and A u g u s t , and in 1979

the September rainfal l was well above the long- term average for those

mon ths .

In 1 9 7 8 , the trial was sown on 2 July on a Vert isol w i th three

cu l t i va rs , T-21 ( e a r l y ) ; C-11 ( m e d i u m ) , and NP(WR)-15 ( l a t e ) . T-21 was

planted wi th 75 cm between rows , whereas C-ll and NP(WR)-15 w ere planted

wi th 150 cm between rows. The p lant - to -p lant spacing t reat ments we re :

2 .5 , 5 , 1 0 , 2 0 , 3 0 , and 50 cm. All the cul t ivars were planted as separate

exper iments in four repl icates (Plot s ize 4.5 x 8.2 m, harve sted area

26 m 2 ) . Data from each cu l t i var we re analyzed separate ly as a ran domized

block des ign .

In 1979 , two medium-dura t ion cul t ivars (C-11 and BDN-1) we r e planted

on 28 June on a Ver t iso l . One ear ly (T-21) and one medium-du ra t ion

(BDN-1) cu l t ivar were planted on 9 July on an A l f i so l . The de s ign of the

exper iment was spl i t p lo t w i th cu l t ivars as main plot t rea tments and

spacings as subp lo t t reatments in three repl icates (plot s ize 9 x 6 m,

harvested area 36 m 2 ) . The spacing t reatments we re varying row-to- row

(30 , 6 0 , and 120 c m ) and p lant - to-p lant (2 .5 , 1 0 , and 25 c m ) sp acings to

give a range of e igh t d i f ferent populat ions 133 000 to 1 333 000 p lan ts /ha)

wi th n ine poss ib le combinat ions o f spacing (Table 1 ) . A t the t ime o f

harves t , y i e l d , y ie ld componen ts , s tem weights (main stem +  b r a n c h e s ) ,

and fa l len leaf we igh ts were recorded for each subp lo t . The h arvest index

was corrected to take the fal len leaves into account and was d etermined by

the formula : grain dry we igh t total dry we igh t inc luding fal len leaves.

A basal dose of 18 kg/ha N and 206 kg/ha P 2 O5 as d iammonium phosphate

was appl ied to the newly developed field used in 1978 ; and 18 k g/ha N and
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Table 1. Summary of treatments and methods for two spacing t rials with pigeonpea at

ICRISAT Center.

Table 1. Summary of treatments and methods for two spacing t rials with pigeonpea at

ICRISAT Center.

Year Soil
Spacing

(cm)

Plant popu la t ion(000/ha)
Year Soil

Spacing

(cm) Planned Final

1978 Vert iso ls T-21

75 x 2.5 533 441

75 x 5 267 217

75 x 10 133 132

75 x 20 67 61

75 x 30 44 43

75 x 50 27 25

C-11 NP(WR)-15

150 x 2.5 267 242 234

150 x 5 133 123 118

150 x 10 67 67 65

150 x 20 44 33 33

150 x 30 27 22 21

150 x 50 13 13 13

1979 Vert iso ls Vert isol Alf isol

and

Al f iso ls C-ll BDN-1 T-21 BDN-1

30 x Z.5 1333 1002 1015 777 746

30 x 10 333 317 322 277 263

30 x 25 133 126 127 126 114

60 x 2.5 666 563 526 458 411

60 x 10 166 165 164 140 156

60 x 25 66 65 65 63 63

120 x 2.5 333 270 269 226 281

120 x 10 83 81 82 73 74

120 x 25 33 33 33 31 31

46 kg/ha P 2 O5 as d iammonium phosphate was appl ied to the f ie lds used in

1979 , which had been under o ther crops in prev ious y e a r s . Th e area was

kept weed- f ree by per iod ic hand weed ing . Insect pests we re c ontro l led

by four sprays of 0.35% endosu l fan .

Resu l t s

In 1978 , when the plants we re grown on ly in w ide ly spaced r o w s , the y ie ld

was s ign i f icant ly h igher a t the c loser p lan t - to -p lan t spac ings (Table 2 ) .

In the ear ly cv T - 2 1 , the y ie ld cont inued to increase r ight up to the
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Table 2. Effects of plant-to-plant spacings on seed yield of three cultivars of pigeonpea

grown on Vertisol, rainy season 1978.

Plant - to-p lant

spacing

(cm)

Seed y ie ld (kg/ha)
Plant - to-p lant

spacing

(cm)
cv T-21 cv C-11 cv NP (WR)-15

2.5 1449 1738 1096

5 1144 1737 997

10 1077 1594 1105

20 863 1511 1079

30 850 1300 855

50 730 1157 777

S E ± 99 53 36

LSD (at 0.05) 300 160 109

CV (%) 20 7 7

c loses t spac ing , whereas in the medium cv C-11 there was no s ign i f i cant

d i f fe rence in y ie ld between 1 0 , 5, and 2.5 cm p lan t - to -p lan t spac ings ,

wh i le the late cv NP(WR)-15 had an adequate populat ion at 20 cm p lant - to-

p lan t spac ing . These results indicate that the plants wi th l onger growth

durat ion had a be t te r abi l i ty to compensate for low plant ing dens i t i es .

In 1 9 7 9 , on the Vert isol there was no s ign i f i cant d i f ferenc e in the

mean y ie lds of over a remarkably w ide range of populat ion d ens i t i es , f rom

33 000 to 666 000 p lan ts /ha . Only at the very close spacing of 30 x 2.5

cm, giv ing a populat ion densi ty of 1 333 0 0 0 p lan ts /ha , was t he y ie ld

s ign i f icant ly reduced (Table 3 ) .

In agreement w i th the results for cv C-ll p lanted in w ide rows in

1978 (Table 2 ) , this cu l t ivar grown at 120 cm between-row spa cing gave a 

s ign i f i cant ly lower y i e l d at the w ides t p lan t - to -p lan t sp ac ing of 25 cm

than at the narrow spacing of 2.5 cm ; these y ie lds we re 1132 an d 935 kg/ha

respect ive ly .

On the Alf isol in 1979 , as on the Ver t i so l , the plants showed a very

considerable p last ic i ty in response to spac ing , and the y ie lds we re

s im i la r over the who le range o f populat ion densi t ies (Table 3 ) . The one

except ional feature of these results was that cv BDN-1 produ ced a 
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s ign i f icant ly h igher y ie ld at a spacing of 60 x 10 cm than at a ny o ther

spac ing. This may indicate a sharp ly def ined opt imum (Table 3 ) , or i t

may be due to random fac to rs .

On both Vert isol and A l f i s o l , a l though the y ie ld remained mo re or

less constant ove r a w ide range of popu la t i ons , the we igh t of the stems

and fal len leaves increased wi th increasing populat ion den s i ty ; conse-

quen t l y , the harvest index decreased (Table 3 ) .

Between- row spacing had a c lear e f fect on stem we igh t thoug h it had

relat ively l i t t le e f fec t on y ie ld . The stem weights we re low er at 120 cm

than a t 3 0 - o r 60-cm row spacing a t s imi lar populat ion densi t ies (Table 3 ) .

The y ie ld levels we re genera l ly h igher on Alf isol than Ve r t i so l , as

were the we igh ts o f the s tems. By con t ras t , the weights o f fa l len leaves

were greater on Vertisol than A l f i s o l . On both soil t ypes , sp acing had

l i t t le e f fec t on seed number per pod or 100-seed w e i g h t , a l t hough there

was a s l ight reduct ion in the former on Ver t i so l , and in the la t ter on

Alf isol at the c losest spac ings .

Discuss ion

The results show that under the condi t ions tes ted, p igeonp eas have a 

remarkable abi l i ty to adapt themselves to a w ide range of populat ion

densi t ies and p lant ing geomet r ies . However , the late rains in 1979 and

the re lat ive ly deep soi ls on which they were grown may not en able these

conc lus ions to be general ized to condi t ions under wh ich wa te r may be more

severe ly l im i t ing , for example in sha l low A l f i s o l s , where h igh p lant

populat ions may lead to y ie ld reduc t ions .

Perhaps the mos t interest ing feature of the results is that a s

populat ions were increased above the 40 000 p lan ts /ha , comm only

recommended for medium-durat ion cu l t i va rs , a l though ther e was l i t t le

e f fec t on grain y i e l d , the y ie lds of stalks and fa l len leave s wen t up

(Table 3 ) . Both these products are o f economic va lue ; the sta lks for use

as f i rewood, and the fal len l e a v e s , wh ich have a n i t rogen c ontent of

around 1.5% (Sheldrake and Narayanan 1 9 7 9 ) , as a means of en r iching the

so i l . Only deta i led economic ca lcu la t ions would show wheth er under given

condi t ions the economic returns from these products would make the use

of h igher seed rates pro f i tab le . But in v iew of the r is ing cos t of both

f i rewood and n i t rogenous fe r t i l i ze r , this possib i l i ty may mer i t ser ious

cons ide ra t ion , at least in s i tuat ions where this crop is g rown in rela-

t ively deep so i l s .
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In tercropping Studies w i t h Pigeonpea

A . N . G i r i , M . V . Y a d a v , S . S . B a i n a d e , a n d S . G . J o n d h a l e *

A field experiment to study the suitability of intercrops in 

pigeonpea was conducted at the Agricultural Research Station, 

Badnapur, of Marathwada Agricultural University, Parbhani, on 

medium black soils in 1979-80. Results indicated that grain 

yield of pigeonpea was not affected adversely by intercrops 

such as mung bean, soybean, and groundnut, while pearl millet 

as an in tercrop in normal as well as in paired-row planting 

of pigeonpea retarded the yield significantly. 

Further analysis showed that grain yield equivalent was 

increased significantly by groundnut intercropping (pigeonpea 

paired row two rows of groundnut) (2:2) over all the remaining 

treatments except pigeonpea paired row + one row of groundnut 

(2:1) treatment. Pigeonpea paired row/one row of pearl millet 

(2:1), pigeonpea : groundnut one row each alternate (1:1) and 

pigeonpea paired row/one row of mung bean (2:1) were the next 

best treatments, proved significantly superior to normal as 

well as paired row planting of pigeonpea and the other 

intercropping treatments. 

Intercropping o f shor t -du ra t ion , h igh-y ie ld ing genotype s o f e i the r pulse

or o i lseed crops has become feas ib le . Ear l ie r exper imenta l results

indicated that intercropping of mung bean (Giri and De 1977 , 1 9 7 8 ) ; urd

bean (Kalyan Singh e t a l . 1 9 7 8 ) ; mung and urd (IARI 1 9 7 1 ; Sara f e t a l .

1 9 7 5 ) ; mung , urd, and soybean (Sur inder Singh and Singh 1976 ; Mahat im

Singh et a l . 1977 ; Saxena et a l . 1977 ; Saxena and Yadav 1979 ; Mahat im

Singh et a l . 1979; in between p igeonpea rows 50 to  70  cm apar t had no

adverse e f fec t on seed y ie l d of p igeonpea. On the cont rary , these in ter -

crops give an addit ional y i e l d vary ing wi th crop and seaso n. Wi th this

informat ion in view and consider ing the importance of g roun dnut and pearl

m i l l e t in the khar i f cropping pattern of the Marathwada reg ion of

Maharash t ra , an exper iment was carr ied out to find which of t he

in te rc rops- -mung, soybean , g roundnu t , o r pearl m i l le t - - w as bes t

sui ted to the plant ing pat tern chosen.

Mate r i a l s and M e t h o d s

The exper iment was conducted during 1979-80 under the All In dia

*  Agr icul tura l Research S ta t ion , Badnapur , Maharasht ra , India.
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Coord inated Pulse Research Pro jec t at the Agr icu l tura l Res earch S t a t i o n ,

Badnapur , o f Marathwada Agr icul tura l Un ivers i ty , Parbhan i . The soil o f

the exper imenta l p lo t was medium b lack , well dra ined, poor i n N, medium

in P 2 O5 and rich in K 2 O conten t . The 14 t reatments compr ised sole

p igeonpea , cv B D N - 1 , normal p lant ing (50 cm x 20 cm) and pair ed rows

(30/70 x 20 c m ) , and p igeonpea in tercropped in var ious p lant ing pat terns

wi th m u n g , soybean , g roundnu t , and pearl m i l l e t (Table 1 ) . T hese 14

treatments were repl icated four times in a randomized bloc k des ign. A 

p lan t populat ion of 100 000 p lants /ha of the main crop (p ige onpea) was

main ta ined in all the t reatments . The p lan t populat ions of m u n g , soybean ,

g roundnu t , and pearl m i l l e t were main ta ined 200 0 0 0 , 220 0 0 0 , 132 0 0 0 ,

and 220 000 p lan ts /ha , respec t ive ly , regardless of p lant in g method by

adjust ing p lant - to -p lant d istance. Fert i l izers were dr i l led at the rate

of 25 kg N + 50 kg P 2 O5 / h a to all the t reatments p r io r to sowing.

The main crop and intercrops were sown on 28 June 1979 ; harve st ing

of mung , soybean , g roundnu t , pearl m i l l e t , and p igeonpea wa s done on

1 Sept 1979 (65 days a f ter s o w i n g ) ; 15 Oc t 1979 (110 days a f te r s o w i n g ) ;

15 O c t 1979 (110 days af ter s o w i n g ) ; 15 Oct 1979 (110 days a f t er s o w i n g ) ;

and 15 Dec 1979 (170 days af ter s o w i n g ) , respect ive ly . Duri ng the per iod

of exper imentat ion 859.10mm prec ip i ta t ion was received in 46 rainy days.

Results and Discussion

Grain y ie ld o f p igeonpea , i n te rc rops , grain y i e l d in terms o f p igeonpea

(grain equ iva len t ) and data on growth and deve lopment of p ig eonpea under

d i f ferent in tercropping t reatments are shown in Table 1.

Grain y i e l d o f p igeonpea showed s ign i f i can t d i f ferences a mong

treatments. Intercropping with mung ( 2 : 1 ) , w i th soybean (1 :1 and 2 : 1 ) ,

and wi th g roundnut (1:1 and 2:2) did not af fect the p igeonp ea y ie ld

s ign i f i cant ly in comparison to so l id p igeonpea normal p lan t ing. In ter-

cropping in the remaining p lant ing rat ios reduced the grai n y i e l d of

p igeonpea s ign i f i cant ly over so l id p igeonpea. In tercrop ping wi th pearl

m i l l e t in all the rat ios ( 1 :1 , 2 : 1 , and 2:2) a lso reduced gr ain y i e l d

over p igeonpea paired row p lant ing. As Table 1 i nd i ca tes , i ntercrops

such as m u n g , soybean , and groundnut did not in ter fere wi th the normal

growth of p igeonpea , wh i le qu ick-growing pearl mi l le t comp eted w i th

p igeonpea. The reduct ion in y i e l d of p igeonpea may be a t t r ib uted to the

shading e f fec t of pearl m i l l e t fo l iage on p igeonpea. S imi la r resul ts on

pigeonpea wi th cereals intercrops such as sorghum and maiz e were reported

ear l ie r by Sara f e t a l . ( 1 9 7 5 ) . Fur ther , they also observe d that the y i e l d

o f p igeonpea was n o t adversely af fected by in tercropping o f mung , u rd ,

cowpea, and soybean because these are shor t in s t a tu re , and o f fe r less

compet i t ion for l ight and avai lable mo is tu re . These observ at ions were

success ive ly conf i rmed by Sur inder Singh and S ingh , ( 1 9 7 6 ) ; Mahat im Singh

e t a l . ( 1 9 7 7 ) ; Saxena e t a l . ( 1 9 7 7 ) ; Saxena and Yadav ( 1 9 7 9 ) , and Mahat im

Singh e t a l . ( 1 9 7 9 ) .

The total grain y ie ld of p igeonpea (grain y i e l d equ i va len t , i .e. , sum

of actual y i e l d of p igeonpea in the mix ture and the y i e l d of in tercrop

conver ted into p igeonpea equ iva len t on the pr ice value bas i s ) was

inf luenced s ign i f i cant ly by d i f ferent in tercropping t re a tments . P igeonpea
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paired row + two rows of g roundnut  (2:2)  resul ted in a s ign i f icant ly

h igher grain y i e l d equ iva len t (1901 kg/ha) than all o the r t rea tmen ts ,

except p igeonpea pa i red row + one row of groundnut ( 2 : 1 ) , wh ich was the

next bes t combinat ion (grain y i e l d equ iva len t 1795 k g / h a ) ,  Lowest grain

y ie ld equiva lent (945 kg/ha) was obta ined from pigeonpea p a i red row + two

rows of soybean ( 2 : 2 ) , wh ich may be due to low y ie lds of p igeon pea as

well as soybean.

Thus in g e n e r a l , p igeonpea in tercropped wi th g roundnut (2: 2) appears

to be most remunera t i ve , fo l lowed by p igeonpea in tercropp ed wi th g roundnut

in 2:1 and 1:1 ratios and wi th pearl m i l l e t in 2:1 rat io.
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U n i v e r s i t y J o u r n a l o f R e s e a r c h 6 ( 3 / 4 ) : 1 7 1 - 1 7 5 .
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Pigeonpea Genotype Evaluation for Intercropping

M . R . R a o * , R . W . W i l l e y * , D . S h a r m a * * , a n d J . M . G r e e n * *

Abstract

Three years' data are presented from a wide range of pigeonpea 

genotypes intercropped with sorghum. The relative importance 

of a number of plant characters as possible determinants of 

yield in in tercropping is examined. The extent to which 

intercrop performance of a given genotype can be predicted 

from its sole-crop performance is considered. 

In tercropping research has mainly emphasized the ident i f i cat ion of

compat ib le crops and opt imum plant populat ions and spatial a r rangements ;

relat ively l i t t le at tent ion has been paid to ident i fy ing su i tab le

genotypes. The improvement of crop genotypes has most ly bee n based on

test ing and select ion under sole cropp ing, i r respect ive of the cropping

system in which the genotypes are f inal ly to be grown. Such an approach

is ques t i onab le , par t icu lar ly in the case of in tercroppin g where the

competi t ion of an assoc ia ted crop can a l ter genotype behav i or .

Some studies have indicated that the intercrop performance of the

dominant species can be highly corre lated with so le-crop pe rformance

(Baker 1 9 7 4 ; Francis et a l . 1 9 7 6 ) ; for the less compet i t ive o r dominated

spec ies , intercrop y ie lds have been poor ly corre la ted with sole-crop

y ie lds (wein and Smithson 1979; Francis et a l . 1 9 7 6 ) . This su ggests

that h igher y ie ld ing genotypes in sole cropping are not nec essar i ly

the h igher y ie lders in intercropping and it emphasizes the n eed for

select ing genotypes speci f ica l ly for in tercropping. How ever , Francis et

a l . (1978a, 1978b) have emphasized the advantages of sole-c rop select ion

because of h igher y ie lds and greater y ie ld d i f fe rences, an d for

convenience in handl ing. Wein and Smithson (1979) suggest ed that ear ly

generat ions of cowpea for intercropping with maize could be screened

under sole cropping for characters such as disease and insec t res is tances,

p lant v igor , e t c . , bu t la ter generat ions should be tested w ith ma ize .

Pigeonpea is in tercropped wi th diverse c rops , but sorghum /pigeonpea

is especia l ly impor tant in rainfed areas of Ind ia , where sor ghum is the

staple food. Thus a ser ies of exper iments was estab l ished to:

* Explore the scope for select ing p igeonpea genotypes sui ta ble

for in tercropping wi th sorghum,

*  Farming Systems Research Program;  **  Pulse Improvement Program, ICRISAT.
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• examine to wha t ex ten t select ion under sole cropping is va l id

fo r in te rc ropp ing, and

• ident i fy p lant characters associated wi th good in tercrop ping

per fo rmance.

Mate r i a l s and Methods

Pigeonpea genotypes of contrast ing growth pat terns were ev a lua ted

during 1977-79 in sole cropping and in tercropping wi th a s ta ndard sorghum,

cv CSH-6 . The 1977 exper iment was f la t -p lanted on a medium V ertisol and

included 17 pigeonpea genotypes in main p l o t s , d iv ided into  two subplots

for sole cropping and in tercropping. In tercropping was in a s tandard row

arrangement of 1 p igeonpea:2 sorghum at op t imum sole-crop p opulat ions of

both c rops . The 1978 exper iment was on a Vertisol on a 150-cm broadbed-

and- furrow system. A single row of p igeonpea was p lanted in t he center

of the bed , and in in tercropping one row of sorghum was added on e i the r

side at 45 cm. The design was the same as in the prev ious y e a r , b u t a 

few genotypes were changed, and the total was increased to 1 9. In 1979 ,

both a Vert isol and an Alf isol exper imen t were conducted on b roadbeds.

The layout was s l ight ly mod i f ied , the sole and in tercroppin g systems

being in main plots and the genotypes in subp lo ts . The Vert is ol experi-

ment conta ined 16 geno types ; the A l f i s o l , 1 2 , o f which e ig h t were medium-

matur ing and common to both trials and the remaining four we re ear ly

(140-160 days) and well adapted to A l f i so ls . All exper imen ts had four

rep l i ca tes , excep t the Alf isol exper imen t in 1979 , which h ad three.

All exper iments were p lan ted during the fourth week of J u n e , and

both crops were sown at the same t ime. In 1977 , p igeonpea was thinned to

29.5 cm in r o w s , which gave a populat ion of 25 000 plants per ha ; however ,

a populat ion of 40 000 plants per ha was used in later yea rs . S orghum was

thinned to a s tand of 167 000 plants per ha in sole and the same p opu la -

tion was main ta ined in in tercropping by adjust ing w i th in - r ow spacing. The

trials we re fer t i l ized basal ly wi th 52 kg P 2 0 5 / h a and sorghum was later

topdressed at 80 kg N/ha. Sorghum was harvested 100 to 105 da ys af ter

-sowing. The area was kept weed- f ree by hand w e e d i n g , and Th iodan(0 . 35%)

was sprayed on p igeonpea two or three times at podding stage t o control

Heliothis  borer . Harves t areas were no t less than 20 m 2 .

Besides y i e l d and y ie ld componen ts , a number of p lan t chara cters

were measured on p igeonpea in sole cropping. These inc luded branch

number , branch leng th , angle o f b ranch , canopy width a t d i f fe rent he igh t s ,

and l igh t in tercept ion jus t before act ive growth and at full canopy spread.

Results and Discussion

Gra in Y ie ld

Grain y i e l d of sorghum and p igeonpea genotypes in each of the 3 yea rs '

exper iments are presented in Tables 1 and 2. Sorghum y ie lds were good

in 1977 and 1978 (Table 1 ) , and except iona l ly good in 1979 (Ta ble 2) as a 
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resul t o f we l l -d is t r ibu ted rainfall July to September . A l though " fu l l "

y i e l d of sorghum was no t always obta ined in in tercropp ing, the presence

of p igeonpea did no t cause stat is t ica l ly s ign i f icant redu ct ions in

sorghum y i e l d , even when pigeonpea growth was exce l len t and y ie lds as

high as 1500 to 2000 kg/ha were obta ined. The mean relat ive y i e l d ( land

equ iva len t ratio or LER) of sorghum in intercropping was h ig hest in the

w e t y e a r of 1978 (0.95) and lowest on the Alf isol in 1979 ( 0 . 8 6 ) . Sorghum

y ie ld wi th the d i f ferent p igeonpea genotypes varied from 7 6 to 1 0 0 % of the

sole-crop y ie ld and, though no t s ta t is t ica l ly s ign i f i can t , there was

ev idence of a negat ive correlat ion between sorghum y ie ld an d p igeonpea

y ie ld . Thus i t seem likely that the lower sorghum y ie lds wi th certain

genotypes could have been due to greater p igeonpea compet i t ion.

Pigeonpea y ie ld was qui te good with all except the  very  compact

(HY-3A, ICP-7035; and ear ly genotypes (T -21 , Pusa A g e t i , DL 7 4 - 1 ) .

Yields were general ly bet ter in the high-rainfal l season of 1 9 7 8 .

Intercropping reduced p igeonpea y ie ld s ign i f i cant ly , but the degree of

y ie ld reduct ion varied among genotypes and also between sea sons . In 1 9 7 7 ,

y ie lds for d i f ferent genotypes ranged from 1058 to 1700 kg in sole and 436

to 885 kg in in tercropping. The genotype x system interact ion was no t

s ign i f i can t , but in tercropping y ie lds as a proport ion of sole y ie lds

varied from 36 to 7 3 % . Taking ICP-1 as a check genotype that w as common

throughout all four t r i a l s , four genotypes y ie lded h igher t han this in

sole c ropp ing, wh i le five y ie lded h igher in in tercropp ing ; only three were

above ICP-l in both the sys tems. In the 1978 expe r imen t , y ie lds var ied

between 830 and 1970 kg/ha in sole crop and 790 and 1625 kg in

in tercropp ing; the interact ion of genotype x sys tem was ag ain no t

s ign i f i can t . The relat ive y ie ld of p igeonpea in in terc ropp ing was h igher

compared wi th the previous y e a r and the range for d i f ferent g enotypes was

much less (73 to 9 5 % ) ; these high relat ive y ie lds were no dou bt due to

the be t te r mois ture condi t ions in the ear ly par t of the postr a iny season.

In sole cropp ing, 11 genotypes y ie lded h igher than ICP-l but in

in tercropping five others were also h igher y ie ld ing .

The sys tem x genotype in teract ion was s ign i f i can t in both the t r ia ls

of 1 9 7 9 , suggest ing di f ferences in the behav io r of genotype s in sole and

intercropping. In the Vert isol t r i a l , three genotypes ga ve h igher y ie lds

than ICP-l in sole c ropp ing; only two of these main ta ined sup er ior i ty in

in tercropp ing, but s ix others were also h igher y ie ld ing th an ICP-1 in

intercropping. In the Alf isol t r i a l , excep t for the ear ly cu l t i va rs , all

the medium ones outy ie lded the check, al though the relat ive order of

these genotypes was d i f ferent in sole cropping and in tercr opping. The

relat ive y ie lds in in tercropping var ied wide ly in 1979 (0.3 2 to 0 . 7 2 ) .

Consider ing the per formance over three s e a s o n s , the genoty pes

ICP-185-9 , ICP-6982-6 , ICP-1 -6 , and ICP-2233-3 had high y i e l d potential

ove r the ICP-1 check and over the wel l -proven cul t ivars C-11 and BDN-1 .

The genotype ICP-185-9 was top in sole cropping in 2 years bu t did not

rank so high in in tercropp ing; the genotypes ICP-6982-6 , IC P-1 -6 , and

ICP-2233-3 were par t icu lar ly promis ing for in tercropping . The total land

equiva lent rat ios of the medium-durat ion genotypes genera l ly showed a 

s imi la r o rder in 1977 and 1979 and varied wi th in 1.23 and 1 .67 , pr imar i ly

depending on the contr ibut ion of p igeonpea. They were  very  high in 1 9 7 8 ,

ranging from 1.61 to 1 .88, because of high p igeonpea cont r ib ut ion.

267



Re la t i onsh ip b e t w e e n In te rc rop and So le -c rop P e r f o r m a n c e

Regressing the p igeonpea y ie lds in in tercropping on the y i e lds in sole

cropping showed that in tercrop per formance was to some ex te n t a 

ref lect ion o f so le-crop per fo rmance . However , so le-crop y ie lds accounted

for only 4 0 % of var iat ion in in tercrop y ie lds in 1 9 7 7 , 5 1 % in 1 9 7 8 , 4 2 %

in Vert iso ls 1979 and 4 6 % in Al f iso ls 1979 , so considerable variat ion in

in tercrop y i e l d remained unexpla ined. This suggests that spec i f i c p lan t

characters might be associated wi th intercrop per fo rmance . The corre-

lat ion between the rank orders of the genotypes in sole and in tercropping

was s ign i f i can t only in 1977 and 1978 (r = 0.67**) suggest in g tha t ,

espec ia l ly in a dry y e a r such as 1979 , the bes t genotypes in sole cropping

are n o t a lways the best in in tercropping.

The land equ iva len t rat ios of p igeonpea in in tercropping s howed no

relat ionship wi th so le-crop y i e l d s , indicat ing that the pr oport ion of

so le-crop y i e l d that a genotype produces in in tercroppi ng is not dependent

on the level of i ts so le-crop y i e l d . This may indicate that i n tercropping

per formance is at least par t ly dependent on some p lan t chara cters no t

assoc ia ted wi th so le-crop y ie ld . For e x a m p l e , all the four t op y ie lders

in 1977 had an average LER of 0.55 but the lowest y i e l d e r , ICP -1900-11 ,

which was more compact in i t ia l ly and spread later, gave th e h ighest LER

of 0 .73 ; howeve r , compactness pe r se did no t favor high LERs b ecause the

two select ions of HY3C which did not spread at all gave poor LE Rs. Such

a c lear dist inct ion was no t apparent in 1978 because of less v ar iat ion in

L E R s , but a s im i la r pattern could still be seen . The ve ry  compact HY-3C

gave the lowest LER of this season and the semi spreading 7 4252-F4M and

ICPL-77 gave the h ighes t LERs . Genotypes like ICP-6982-6 , C - l l , and

LEG-30 , which are h igh ly spread ing and bear long f ru i t ing b r anches , gave

intermediate va lues. In the exper iments of 1979, the averag e LER value

of compact ( H Y - 4 , H Y - 3 , and ICP-7035) and determinate (IGDT -1 and IGDT-2)

genotypes was much lower than tha t of the spread ing genotype s ( ICP-6982-6 ,

C -11 , and L R G - 3 0 ) . The drast ic change in LER of ICPL-77 bet ween 1978 and

1979 was due to segregat ion of the mate r ia l .

Iden t i f i ca t ion o f P lan t C h a r a c t e r s

The ident i f icat ion o f p lan t characters associated w i th goo d in tercropping

per formance could be useful for se lec t ing genotypes wh i le e va luat ing under

sole cropping and for ident i fy ing appropr ia te breed ing par en ts . Thus the

characters measured in the sole crops of the three Vert iso l exper iments

were corre lated with p igeonpea y ie ld . Few corre lat ions be tween individual

characters and intercrop p igeonpea y i e l d were s ign i f i ca n t in 1 9 7 8 ,

probably because of the good growing condi t ions and high cor re la t ion wi th

so le-crop y ie ld . In the o the r expe r imen ts , some of the char acters

cor re la ted wi th in tercrop y i e l d w e r e : branch number (pr ima ry , secondary a t

final harves t or total number a t sorghum h a r v e s t ) , pr imary b ranch leng th ,

and l i gh t in te rcept ion . Mul t ip le corre la t ions showed that the 40 to 5 1 %

var ia t ion in in tercrop y i e l d that could be accounted for in t erms of so le -

crop y i e l d could be increased to 66 to 8 8 % wi th the inc lus ion of pr imary

or secondary branches and he igh t or harves t index. The numb er and length

of branches and the canopy sp read , as ind icated by l ight in t ercept ion and
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canopy w i d t h , seemed important in determining the land equ i va len t rat io

(relat ive y ie ld ) of p igeonpea. All these re lat ionships sug gest that

genotypes that produce more and longer branches and spread w ell are be t te r

su i ted to intercropping.

I t was ment ioned ear l ie r that there was some e ivdence of a neg at ive

relat ionship between intercrop sorghum y ie ld and intercro p p igeonpea

y i e l d , suggest ing that the decreases in sorghum y ie ld might be due to

greater p igeonpea compet i t ion. Thus i t might be important t o ensure that

pigeonpea genotypes se lected for h igher y ie lds in in tercro pping do no t

o f fse t the i r advantages by producing greater decreases in s orghum y ie ld .

Tables 1 and 2 g i v e , for each genotype in the Vertisol exper i men ts , the

residuals of the l inear regression l ine of p igeonpea interc rop y ie ld on

sorghum intercrop y ie ld . A posi t ive residual indicates th at a genotype

lies above this l i ne , i .e . , it has a h igher y ie ld than expect ed for a 

given decrease in sorghum y ie l d . This could be a parameter to  cons ider

in ident i fy ing in tercropping geno types ; thus , purely as a n examp le , the

two highest y ie lders in sole cropping in Table 2, ICP-185-9 a nd B D N - 1 ,

gave very s imi la r y ie lds in in tercropping but the h igher pos i t ive

residual of BDN-1 (due to less reduction in sorghum y ie ld ) m ight make

it the bet ter overall p rospect .

Eff ic iency o f Se lec t i on under So le Cropp ing

Using the data presented h e r e , and additional data from the I CRISAT

pigeonpea breeding program, Green et a l . (1980) have ind ica ted that se lec-

tion under sole cropping at select ion pressures of 2 0 % and 3 3% are only

4 1 % and 5 5 % e f fec t i ve , respect ive ly , i .e. , only 4 1 % and 5 5 % o f the geno-

types ident i f ied in sole cropping were those ident i f ied in i n tercropping.

Even wi th a low select ion pressure of 5 0 % , only 6 5 % ef f ic ienc y was achieved

with the present data. Bear ing in mind that these ef f ic ienc ies do no t take

into account any ef fects on the y ie ld of the o ther c rop , the ca se for

se lect ing actual ly in the in tercropping si tuat ion needs to be given due

cons idera t ion ; i t should also be appreciated that using an " addi t iona l "

sorghum intercrop as descr ibed he re , means that no greater land areas are

required for se lect ing in in tercropping compared wi th sole cropping.

Perhaps a su i tab le compromise wou ld be select ion in sole cro pping in the

ear ly generat ions but in in tercropping f rom, say , the F 3 genera t ion .
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Pigeonpea Trials in t he Nira Val ley of Maharash t ra

S.H . Kshirsagar and A . D . Karve*

Abstract

The Nira River Valley of Maharashtra receives only about 200 mm 

of rainfall from June 1 to September 15, and an additional 

250 mm from 15th September to about the end of October. As a 

result of this peculiar rainfall pattern, the monsoon crops not 

only need irrigation during their growth period, but they are 

also damaged by the late rains of September and October, just 

when they are ready for harvest. Trials conducted in this 

region from 1975 to 1979, showed that early pigeonpea varieties 

that matured in the first week of November were ideal as a 

monsoon crop in this area. With yield levels of around 2000 

kg/ha and price levels exceeding Rs .250/100 kg, pigeonpea was 

found to be economically more remunerative than practically 

all the other traditional monsoon crops such as hybrid sorghum, 

hybrid pearl millet, hybrid maize, groundnut, or sesame. 

The Nira River Val ley of Maharash t ra , comprised of some low r ainfall

areas of P u n e , Sa ta ra , and Sho lapur d i s t r i c t s , has an unusua l rainfal l

pa t te rn . The prec ip i ta t ion dur ing the southwester ly monso on (1 June to

15 Sept . ) totals only about 200 mm, whi le the short per iod bet ween 15

Sep t . and 31 O c t . is marked by  very  heavy ra ins , account ing for a lmost

250 mm (Table 1 ) . Because this region is i r r igated by the Nira Canals

and also by a number of l i f t - i r r igat ion schemes , the cul t i vators are

not much hampered by the low prec ip i ta t ion dur ing the monsoo n months .

The heavy late ra ins , however , invar iably damage a  Kharif  ( ra iny-season)

crop just when it is ready for harvest . As a resul t of this rai nfall

pa t te rn , the farmers  are  general ly re luc tant to grow any crop dur ing the

rainy season.

With a view to determin ing the proper khar i f crop for this a r ea , a 

mul t i locat ional trial was conducted by the Nimbkar Agr icul tura l Research

Inst i tute dur ing the 3 years from 1977 through 1979. The crop s tested

were hybrid sorghum, hybrid m a i z e , hybrid pearl m i l l e t , Sp anish groundnut ,

j u t e , and p igeonpea. Table 2 gives the monetary value of thes e crops in

Rs/ha, immediate ly a f te r harves t . P igeonpea cons is tent ly  gave the highest

gross returns in all 3 y e a r s ; net pro f i t f rom pigeonpea would be propor-

t ionately even h igher , because the cost of growing of p igeon pea would be

lower than all the o ther c rops .

* Nimbkar Agr icul tural Research Inst i tute, Pha l tan , Maha rash t ra , India.
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Table 1. Average weekly rainfall at Phaltan, 1975 to 1978.

Month

Internat ional

meteorological

week

Rainfall

(mm)
Month

Internat ional

meteoro log ica l

week

Rainfal l

(mm)

14 32 10.05

15 2.95 33 5.25

A p r 16 5.50 Aug 34 2.77

17

18 1.47

35 20 .60

19 9.55 36 4.20

20 37 5.60

May 21 9.75 Sept 38 31 .70

22 11.35 39 89.32

23 30 .60 40 48.65

24 28.57 41 12.67

June 25 19.60 Oct 42 20.72

26 12.30 43

44

12.85

28.17

27 7.20 45 7.30

28 23.30 46 1.62

July 29 6.60 Nov 47 39.62

30

31

20.40

5.89

48 14.07
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Table 2. Gross value of kharif crops tested over different locations and years.

Crop
Gross value (Rs/ha) at

Crop
Rajale Taradgaon Widni

1977

Maize 1922 1904 1900

Pearl mi l le t 2328 1914 3015

Sorghum 2531

Peanut 7912 4125

Pigeonpea 8528 3490 3957

LSD 1384 882

Widni

827

Tambmal

1978

Maize 1602 1339

Pearl mi l le t 1996 1665

Sorghum 2080

Pigeonpea 3520 4040

LSD 509 4 0 0

1979

Tambmal

Maize 2160

Jute(JR0 878 ) 4184

Jute(JR0 7447) 4758

Pigeonpea (TT-6) 6325

Pigeonpea (T-21) 5846

LSD 1310



Because i r r igat ion is ava i lab le in this reg ion , farmers l ik e to grow

two crops a y e a r ; but s ince the local p igeonpea matures only a t the end

of January , this crop is not grown ex tens ive ly , as i t makes do uble crop-

ping imposs ib le . We therefore conducted a trial to compar e the per form-

ance of two ear ly var iet ies (T-21 and TT -6 ) wi th the local one . The

ear ly var ie t ies matured in the f i rs t week of November , which makes i t

possib le to ra ise a second crop of w h e a t , g ram, or sun f lower a f te r

harvest ing p igeonpea. The resul ts of this t r i a l , presente d in Tab le 3,

show that both the ear ly -matur ing var iet ies y ie lded h igher than the local

var ie ty .

Large-sca le demonst ra t ion plots have been p lanned for the 1 980 khar i f

season in o rder to popular ize p igeonpea in this reg ion.
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Table 3. Comparison of two early-maturing varieties with la te-maturing local variety

of pigeonpea.

Table 3. Comparison of two early-maturing varieties with la te-maturing local variety

of pigeonpea.

Var iety
Seed y ie ld

(kg/ha)

100-qra in wt

(g)

Days to

5 0 %

f lower

TT-6 2174 8.53 64

T-21 1958 6.90 59

Local 1488 7.20 71

LSD 333 0.49
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Field and Greenhouse Techniques

to Sc reen Pigeonpea for Resis tance to W i l t

J . Kanna iyan and Y .L . N e n e *

Abstract

Efficient field and greenhouse techniques were developed to 

screen a large number of pigeonpea germplasm accessions and 

breeding materials for resistance to the wilt disease caused 

by  Fusar ium Udum.  For field screening, uniform wilt-sick 

plots were developed in Vertisols (3 ha) and in Alfisols 

(0.5 ha) by repeatedly incorporating chopped wilted plant 

stubble into the soil and growing susceptible cultivars .  In 

the greenhouse, a pot technique consisting of transplanting 

pigeonpea seedlings in pots filled with infected soil was 

standardized so as to supplement field screenings. 

Wi l t Of p igeonpea ( Cajanus cajan  [L . ] Mi l lsp . ) caused by  Fusarium udum 

But ler is a ser ious disease in the Indian subcont inent (Butl er 1906) and

in East Af r ica and causes severe losses in y ie ld .  Fusarium udum  is so i l -

borne and surv ives in the le f tover host stubble up to 3 y e a r s . he best

method of cont ro l l ing such a d isease would be to develop res istant cu l t i -

va rs . The ut i l i ty of a "s ick-p lo t " in screening against wi l t s and o ther

so i lborne d iseases is well known. But ler (1908) in i t iated i dent i f icat ion

of w i l t - res is tan t genotypes as ear ly as 1905 at Poona in Indi a. Subse-

quen t l y , several research inst i tut ions in India succeeded in developing

res is tant o r to lerant p igeonpea cul t ivars (Swaminathan e t a l . 1 9 7 0 ) .

However , many of these cul t ivars did not perform uniformly a t d i f ferent

loca t ions . Moreover , systemat ic screening of the wor ld ger mplasm co l lec-

tion on a large sca le was not carr ied out in a uniform sick pl ot anywhere.

We have developed ef fec t ive and uni form sick plots both in Ve rt isols

(3 ha ) and in A l f i so ls (0.5 ha) to screen a large number of pi geonpea

germplasm col lect ions ava i lab le with the Genetic Resource s Unit of ICRISAT

and the breeding material generated by breeders for resista nce to w i l t .

A po t technique was also standardized to conf irm resistance in greenhouse

cond i t i ons . In this paper we p resen t , step by s tep, detai ls o f these two

screening techn iques.

*Pulse Improvement Program, ICRISAT.
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M a t e r i a l s and M e t h o d s

F ie ld T e c h n i q u e

At f i rs t we mul t ip l ied the fungus on mater ia ls o ther than p i geonpea

s tubb le , but la ter real ized tha t the best way is to incorpor ate the

stubb le f rom wi l ted p lants into the soil and to grow w i l t - su scep t ib le

cu l t i va rs . The procedure cons is ts o f the fo l lowing s teps :

Greenhouse Technique

The f ie ld technique descr ibed above is useful for la rge-sca le sc reen ings ,

but for conf i rming res is tance as well as for race s tud ies , w e use a pot

techn ique . We studied several aspects such as soil t ype , see dl ing a g e ,

a g e , and quant i ty o f inoculum for s tandard iz ing this techn ique. Based on

these resu l t s , the greenhouse-screen ing procedure was dev e loped.
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1. A p lo t is chosen , preferably in a corner of the farm, isol ated f rom

other p igeonpea f i e l ds , to avoid spread of the fungus inocu lum to

other p lo ts . Such a p lot should have had a p igeonpea crop be fo re ,

and have shown at leas t t races o f w i l t inc idence.

2. Wi l ted p igeonpea stubble is incorporated into the soil at the rate

of 27 m 3 / h a . A sole crop of a highly w i l t -suscept ib le l ine (e.g.

ICP-2376 or ICP-6997) is p lanted in this p lo t , ensur ing good p lant

populat ion, and normal agronomical opera t ions are carr ie d ou t .

3. By the end of the season , we should obta in a min imum of 2 5 % wi l ted

p lan ts . By chopping o f f the tops of the l iv ing plants we a l low

fresh ( ra toon) growth and many p lants will show w i l t a f ter th e new

f lush.

4. Th i r ty days a f te r ra tooning, the who le crop is chopped an d all the

s tubb le mixed with the so i l . This will help to increase th e level

of the fungus inoculum (to make the soil " s i c k " ) .

5. In the nex t season a suscept ib le l ine is p lanted again and steps 2 

and 3 are repeated. We should be ab le to obta in more than 8 0 % wi l t

inc idence.

6. In the third y e a r screening is in i t ia ted. A f te r every two rows of

test m a t e r i a l ,  every  third row is p lanted wi th the suscept ib le l ine .

These suscept ib le l ines will serve as checks and help in mon i tor ing

as well as main ta in ing w i l t s ickness of the p lo t . These rows s hould

show between 90 and 1 0 0 % w i l t .

7. From the fourth y e a r o n w a r d s , we can plant one suscept ib le check row

af te r every four tes t rows . This will permi t screening of mor e test

material and at the same t ime mainta in the desired level of s i ckness .

8. Observat ions on w i l t inc idence (percentage mor ta l i t y ) a re recorded

2 weeks before harves t in all the matur i ty g roups .

We do not recommend p lant ing any o ther crop in this w i l t -s ick test p lo t .



1. A pure cul ture of pathogenic  Fusarium udum  is f i rst obta ined from

infected p igeonpea in the a rea .

2. The fungus is mul t ip l ied on sand-pigeonpea meal medium (S PMM) (10 g 

p igeonpea m e a l , 90 g r iverbed sand, and 20 ml water per 250 ml f lask ,

autoc laved at 15 lb for 20 m i n ) . The medium in the f lasks is inocu-

lated and the f lasks incubated at room temperature (30°C) fo r 15 days.

3. The fungus mul t ip l ied on SPMM is mixed (200 g) wi th 2 kg auto claved

Alf isol (obtained f rom a pigeonpea f ield where w i l t was see n) and

this mix tu re is f i l led in 15-cm diameter p last ic po ts . The po ts are

watered and incubated for 2 days .

4. Concurrent ly wi th step 2, polythene bags (25 x 16 cm) are f i l led with

autoc laved r iverbed sand and 50 pigeonpea seeds are sown in each bag.

5. The seedl ings are removed from sand when they are 7 to 10 da ys o ld ,

and the i r ' roots injured by tr imming o f f the lower 2 to 3 cm. U p to

f ive seedl ings are t ransplanted into each plast ic pot f i l le d wi th the

infected soil (step 3 ) .

6. A suscept ib le ( ICP-2376) and a resistant ( ICP-8863) chec k, both ino-

culated and non inocu la ted, are kept wi th each batch of tes t mater ia l .

7. Typical w i l t symptoms usual ly appear in 2 to 3 w e e k s .

8. Final observat ions are taken 2 months af ter t ransplant ing.

Resul ts and Discussion

By using the f ie ld-screening techn ique, we screened more th an 11,000

mater ia ls ( including breeding popula t ion, germplasm acce ss ions , l ines

resis tant to ster i l i ty mosaic and Phytophthora b l igh t ) wer e screened for

res is tance to w i l t . Th i r ty -one l ines have been identi f ied a s res is tant

in repeated tes ts . Resistance of these l ines is being conf i rmed through

greenhouse screening. The greenhouse (pot cul ture) techni que is a lso

being used to determine the ex is tence of races in  F. udum. 

In addi t ion to the regular screening for res is tance to w i l t i n sick

p lo t s , a 4-year crop rotat ion and intercropping study has al so been

in i t ia ted.

In the wi l t -s ick p lots we have observed increased populat io ns of the

cyst nema tode ,  Heterodera cajani  Koshy. Avai labi l i ty of w i l t -s ick plot

will a l low us to study  Fusarium-Heterodera  in terac t ions.
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Greenhouse and Field Techn iques to Screen

Pigeonpea for Resis tance to Phy toph thora Bl ight

J . Kanna iyan and Y .L . N e n e *

Abstract

More efficient greenhouse and field techniques to screen 

pigeonpea germplasm and breeding material for resistance to 

Phytophthora blight were needed. We are reporting simple 

and efficient techniques developed for use in both greenhouse 

(soil drench) and field (stem inoculation) screenings. The 

greenhouse screening procedure has worked very satisfactorily 

and a good correlation between greenhouse and field screening 

has been obtained. 

Phytophthora b l ight of p igeonpea is caused by  Phytophthora drechsleri f.

sp.  cajani  in India (Kannaiyan et a l . 1 9 8 0 ) . It has been reported from

several states of India. In genera l , the b l ight occurs du ring the we t

season and in water logged condi t ions and causes considera ble loss in grain

y ie lds in p igeonpea. A s imi lar d isease caused by  p. parasitica  has been

reported from Puerto Rico (Kaiser and Melendez 1 9 7 8 ) . One of us (YLN) was

told dur ing a trip to Central Amer ica in November 1977 that P hytophthora

b l igh t incidence is commonly observed in the Dominican Repu blic and

Tr in idad.

The mos t ef fect ive method of control l ing the disease would b e to

develop res is tant cu l t i va rs . Pal et a l . (1970) used a " leaf scar" tech-

nique to screen a number of p igeonpea l ines and ident i f ied t hree l i n e s ,

A S - 3 , 2 3 5 7 , and 4419 as moderate ly res is tant . At ICRISAT, i t was fel t

that more e f f i c ien t greenhouse and f ield techniques were ne eded to screen

a large number of p igeonpea germplasm accessions and segreg ating populations

generated by b reeders .

M a t e r i a l s and M e t h o d s

G r e e n h o u s e (So i l D r e n c h ) T e c h n i q u e

We considered several aspects such as soil t ype , seedl ing a g e , water

source , age,and quant i ty of inoculum for developing this te chnique. Based

on the above exper imental resu l t s , the greenhouse (soil dre nch) screening

procedure was worked out as fo l lows:

*Pulse Improvement Program, ICRISAT.
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1.  Phytophthora drechsleri  f. sp .  cajani  (P2 iso la te) isolated at

ICRISAT Center is grown on autoc laved V-8 ju ice agar (V-8 ju i ce 100

m l , C a C O 3 2 g , agar 20 g , d is t i l led water 900 m l ) or p igeonpea infu-

sion agar ( infusion from 40 g p igeonpea seed m e a l , agar 20 g , d is t i l -

led wa te r to make up 1000 m l ) for one week at 28-30°C.

2. F ive-mi l l imeter d iscs of the fungus growth are t ransfer red to 100 ml

autoc laved V-8 ju ice broth or p igeonpea infusion broth (com posi t ion

as above minus agar ) in 250 ml f lasks and incubated at 28 to 30° C

for 2 weeks .

3. Twenty-cent imeter d iameter p last ic pots a re f i l led wi t h f ield Alfisols

and 25 seeds sown in each pot

4. M y c e l i a l ma t from each f lask is removed and washed tw ice wi th wa te r .

It is then macerated in 100 ml wa te r in a War ing b lender for 1 t o 2 

minutes by operat ing the b lender in termi t ten t ly . This susp ension is

d i lu ted with ano ther 100 ml of wa te r to get a final d i lu t ion o f one

mycel ial ma t in 200 ml water .

5. F ive- to 10-day-o ld seedl ings are inoculated by pour ing 100 ml

inoculum (step 4 ) .

6. Suscept ib le (e.g. HY-3C) and res is tant (e.g. ICP-2376) c hecks , both

inoculated and non inocu la ted , are kept wi th each batch of t est

material for moni tor ing the e f fec t iveness o f inocu la t ion .

7. A f te r inocu la t ion , seedl ings are l iberal ly watered (tw o or three

t imes a day) to enhance development of the d isease.

8. Symptoms usual ly s tar t appear ing in 48 hou rs . Final obse rvat ions

are taken 10 days a f te r inocu la t ion.

F ie ld S c r e e n i n g ( S t e m I n o c u l a t i o n ) T e c h n i q u e

The stem inoculat ion technique consis ts o f seven s teps :

1. The test mater ia ls are planted in a we l l -d ra ined Alf iso l f ie ld ,

fo l lowing normal sowing p rocedures . Every tenth row is p lan ted wi th

a suscept ib le l ine or cu l t i var . This helps in moni tor ing th e success

of the inoculat ion p rocedure . All p lants a re inoculated th e f i rs t time

about 1 month a f te r p lant ing.

2. Isolate P2 of  P. drechsleri  f. sp.  cajani  is grown in V-8 ju ice agar

or p igeonpea infusion agar (composi t ions given e lsewhere) in petri

d ishes for 1 week at 28 to 30°C (1 week before f ield i nocu la t i o n ) .

3. The mycel ial mats a long wi th med ium are removed from petr i d ishes

and the inoculum is mixed well wi th the med ium by hand (cover ed w i th

g loves) a f te r adding 0 .2% Carborundum (600 m e s h ) .

4. A small amount of the mycel ia l mash (step 3) is rubbed by hand at

the base of the stem of individual 1-month-old plants in the f ie ld .

5. The f ie ld is f lood- i r r igated immediate ly a f te rwards and again 1 week

la te r . A second i r r igat ion is requi red if dry weather p rev a i l s .
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6. Typical b l ight symptoms appear in about 10 days af ter inoc ula t ion;

plants showing no symptoms after the f irst inoculat ion are r e inocu-

lated (repeat steps 2 to 5) 1 month later .

7. Final observat ions are taken 1 month af ter the second ino culat ion.

Resu l ts and Discussion

G r e e n h o u s e (So i l D r e n c h ) T e c h n i q u e

The technique has worked extremely sat isfactor i ly . A tot al of 3419 pigeon-

pea germplasm accessions and cu l t i va rs , and seven  Atyiosia  sp. (wild

relat ives of p igeonpea) were screened for resistance to Ph ytophthora

b l ight by fo l lowing this s imple technique. Of these , 119 ge rmplasm acces-

sions and three cul t ivars of p igeonpea, and two species of  Atyiosia  were

found res is tan t . Resistance of more than 9 0 % accessions and cul t ivars

was conf i rmed under f ield condi t ions by using the field scr eening (stem

inocu la t ion) technique. This showed an excel lent agreeme nt between the

greenhouse and f ie ld screen ings.

This screening technique was also used to determine the mode of in-

her i tance of res is tance and to evaluate the eff icacy of the f ungic ide

Ridomil to control the bl ight in seedl ing stage through seed t reatment .

In the ear ly stages of our screen ing, we observed that the inc idence of

the b l ight var ied considerably on known genotypes. Repeat ed subcul tur ing

of the pathogen resulted in reduced v i ru lence; there fore , i t is suggested

that the fungus should be isolated afresh from diseased seed l ings ( fre-

quent l y ) to mainta in the original v i ru lence. The isolate s hould be tested

for proper v i ru lence on known suscept ib le and resistant gen otypes before

use.

Opt imum temperature condi t ions are important for proper de ve lopment

of the d isease . Kannaiyan et a l . (1980) found that 27 to 33°C was best

for in vi tro growth of the fungus, and cons is tent resul ts cou ld be obtained

only at temperatures between 25 to 35°C in the greenhouse.

Fie ld S c r e e n i n g ( S t e m I n o c u l a t i o n ) T e c h n i q u e

This technique also worked sat is factor i ly . In the initial s tages of the

development of this technique we came across a certain perc entage of

escapes even in the known suscept ib le cul t ivar HY-3C, and no w we get above

9 0 % bl ight inc idence in HY-3C. This is a somewhat labor ious method and

we are a t tempt ing to simpl i fy i t .

At ICRISAT Center , this technique has been used in 1- to 2-ha f ie ld

nurser ies f rom the 1977 khar i f season onwards . A large numbe r of segre-

gat ing popula t ions generated by the pigeonpea-breeding un i t , crossing

block e n t r i e s , ma le -s te r i l es , All India Coordinated Pro je ct ma te r ia l s ,

germplasm access ions found resistant to b l ight in the green house screen-

ing , w i l t - and SM-res is tan t mater ia ls were all screened for resistance to

b l ight by using this f ie ld-screening technique.
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In add i t ion , F 2 and F 3 generations of nine crosses involving nine

suscept ible parents and the resistant cu l t ivar , ICP-7065 , were screened

under field condit ions to determine the mode of inheri tance of resistance

to b l ight in pigeonpea.

The greenhouse screening technique is t ime-saving, enabl ing a batch

of material to be screened within a 3-week per iod; whereas field screening

requires a full season, varying with genotypes from 4 to 7 mon ths . Normally

the b l ight appears in the field after we t spells any time but mostly

within 3 months af ter sowing.
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Some Aspects of Field Screening of

Pigeonpea for Resistance to Ster i l i ty Mosa ic

M.V . Reddy and Y . L Nene*

Abstract

The "infector row" or "spreader row" system was found to be 

very effective for large-scale field screenings of pigeonpea 

for resistance to sterility mosaic. The system consists of 

advance planting of a susceptible cultivar at frequent inter-

vals in the field or at one edge of the field and artificially 

inoculating it through a "leaf stapling" technique. Test 

materials are planted at the normal sowing time, with disease-

indicator rows. Plants not showing infection 30 days after 

planting are inoculated by the "leaf-stapling" technique. 

When disease development is delayed, plants not showing symp-

toms are topped, and the fresh regrowth is examined for symp-

toms. Early observations, 30 to 45 days after planting, are 

essential to properly detect the mild mosaic and ring spot 

reactions, as these might get masked with age in certain 

genotypes.

Steri l i ty mosaic is one of the major disease problems of pige onpea in the

Indian subcont inent . The incidence of the disease seems to be on the

increase and needs immediate remedial measures (Kannaiyan et a l , these

proceed ings) . Development of resistant cul t ivars appear s to be the most

effect ive method of contro l . To meet this ob jec t ive , a lar ge-scale field-

screening program was undertaken in 1975 at ICRISAT, and s everal resistant

lines have been identif ied (Nene and Reddy 1976b, Nene et a l , these pro-

ceedings.) Some aspects related to the field screening for s teri l i ty

mosaic resistance are discussed in this paper.

Lea f -S tap l i ng Technique

The leaf-stapl ing technique that we described ear l ier (Ne ne and Reddy

1976a, 1976b) was found to be very effect ive in screening of m ater ia ls both

in pots and in the field. But for large-scale field screening s, the

technique was found laborious and needed large amounts of  inoculum (dis-

eased leaves carrying the eriophyid mi te ,  Aceria cajani  Channabasavanna) .

Avai labi l i ty of inoculum at the beginning of the season (Jun e-July)

*Pulse Improvement Program, ICRISAT.
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becomes a l imit ing factor unless one maintains a suf f ic ient  number of

diseased plants with good mite population throughout the pr eceding summer

months (March-May) . It was found essential to keep potted p lants in par-

tial shade in the summer months to maintain a good mite popula t ion. This

resulted in heavy colonizat ion of the diseased plants by sp ider mites and

severe defol iat ion and death of several p lants . This l imits the availa-

bil i ty of inoculum for large-scale field inoculat ions in Ju ne-July.

I n f e c t o r - R o w o r S p r e a d e r - R o w T e c h n i q u e

To overcome the problems of labor and shortage of inoculum in the leaf-

stapling technique, a spreader-row or infector-row system  was developed

and has been successful ly used for large-scale field scree nings for the

past 3 years (1977-80) . The system consists of advance plant ing of a 

steri l i ty mosaic-suscept ib le cult ivar at frequent interv als all over the

field and art i f ic ia l ly inoculating these plants through l eaf-stapl ing.

Both the disease and the mite vector populat ion increase i n these rows and

help in the uniform spread of the disease on to the test mater i a ls when

planted. The distance between the two infector rows is not c r i t i ca l , as

the windborne mites seem to spread the disease fast . In the pa st 3 y e a r s ,

9 to 18 m distance was tried and the disease spread was found t o be satis-

factory. Within 1 month after planting the disease incidenc e in the indi-

cator rows was more than 8 5 % indicating heavy disease press ure under the

system. Plants that do not show infection af ter 30 to 45 days a re inocu-

lated by leaf-stapl ing. Some of the points to be noted for suc cessful

operat ion of the infector-row technique are :

1. Locate the plot in an insect icide-free a rea , where the f ie lds in the

vicinity are not l ikely to be heavily sprayed with insect ic i des;

mites are sensit ive to many insect ic ides.

2. Select an isolated plot downwind to avoid the problem of di sease

spread to other pigeonpea f ie lds.

3. Plant the infector or spreader rows well before the onset of the

summer , so that the mi te populat ion bui lds up suff ic ient ly b efore

the temperatures start rising and humidity decreasing.

4. For infector rows, select a cult ivar (e.g., BDN-1 , NPWR -15) that is

not suscept ib le to other diseases like w i l t , so that the stan ds are

not af fected. If the infector rows are to be retained for mo re than

one season, plant a cul t ivar (e.g. NPWR-15) with a parenni al habi t .

5. Plant the infector rows across wind direct ion that prev ai ls for the

f irst 2 to 3 months af ter plant ing.

6. Avoid spraying of any insect icides on infector rows and pr ovide

suff ic ient i r r igat ion, especial ly in summer months .

7. Prune infector rows at regular intervals to keep their gro wth under

check and to encourage fresh growth.

Disease S p r e a d Unde r I n f e c t o r - R o w S y s t e m

During the 1976-77 and 1977-78 seasons, disease developmen t in a suscep-
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t ible cu l t ivar (ICP-1) when planted at monthly intervals t hroughout the

year was studied (Table 1 ) . To obtain some information on th e factors

affect ing disease spread, the disease incidence and mite population in the

infector rows in relation to weather data were studied. The data indi-

cated that d isease incidence was related to mi te population in the infec-

tor rows and that weather factors did not play a large role. S creening

can be carr ied out at any t ime of the yea r , provided there is an adequate

mi te populat ion.

H e d g e S y s t e m

Although the infector-row system works very we l l , i t has so me problems.

Planting of the infector rows throughout the field means mor e wo rk , more

initial inoculat ion, and more irr igation during the summer . In add i t ion,

the rows occupy up to one-tenth of the total area and at least two test

rows on ei ther side of them (up to 150 cm) make  very  poor growth because

of severe moisture competi t ion from the o lder plants in infe ctor rows.

The nonuniform growth makes y ie ld evaluat ions d i f f icu l t . T o overcome

these problem, a "hedge" system was tried during the 1980-8 1 season. The

system consists of growing of a four-row strip of a suscept ible cul t ivar

l ike NPWR-15 at only one edge of the field across and up the wi nd direction.

The system has worked very we l l . Spread of the disease was go od and 58

to 79% incidence could be obtained on the row 216 m away from th e source

within two months period. If the distance from the source is r educed, the

system should work very we l l . Also by the end of the crop seaso n, the

suscept ible checks wou ld normally show close to 100% incide nce.

Inoculat ions on Ratoon G r o w t h

If the reaction of the l ine could be obtained by inoculat ing t he ratoon

growth af ter the main crop has been harvested, it would be use ful in the

breeding program. Inoculat ions on the ratoon growth of th e 1976  kharif 

(rainy-season) crop in the field did not result in good dise ase develop-

ment . These results were contrary to those obtained on pott ed plants in

the greenhouse. It was felt that the fai lure in the f ield cou ld be due

to the high temperatures prevai l ing at the t ime of inoculat i on. To see

whether the age of the plant at ratooning also had any effect o n disease

development in the ratoon growth, an experiment was conduct ed in the field

using the suscept ible cult ivar ICP-1. Plants were ratoone d at 3 0 , 6 0 , 9 0 ,

and 120 days ' age and the ratoon growth inoculated by the lea f-stapl ing

technique. The infections on the whole decreased with incr ease in age at

ratooning. It was also found that the success of infection d epended upon

the extent of succulence and abundance of the ratoon growth , which in turn

depended on the moisture avai labi l i ty in the so i l . The inc ubation period

also increased with age. The results suggested that the rat oon growth is

di f ferent from the seedling growth and the react ions of two w ere not

the same.

Disease Observa t ion

It is desirable to record disease observat ions at least twic e: once in the
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seedl ing stage and the other before maturi ty. The early obs ervation is

essent ia l , especial ly to properly monitor ring spot or mil d mosaic reac-

t ions. In some genotypes like ICP-6748, it was found that the se mild

symptoms get masked with age. For critical studies such as in heri tance

of res is tance, it is necessary to observe plants at frequent intervals

from the ear ly stages of infect ion, record the symptomsas a nd when they

show, and uproot the p lants.

In case of late infect ions, it is possible that the symptoms m ay not

appear in the f i rst growth or may not be very clear. In such cas es top-

ping the plants helps in better expression of the symptoms on the regrowth

and thus bet ter evaluat ion. During the 1979-80 season, whe n the disease

development was delayed due to a low mite number in the infect or rows, the

average disease incidence in the indicator rows in the main crop and

ratooned growth was 25.93% (range 0.00 to 100.00%) and 96 .45 % (range 68.08

to 1 0 0 . 0 0 % ) , respect ively.
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Survival of Pigeonpea W i l t  Fusarium in

Vertisols and Alfisols

J. Kannaiyan, Y.L. Nene , and M.V. Reddy*

Abstract

Wilt caused by  F u s a r i u m u d u m  is a major disease of pigeonpea. 

The capacity of the pathogen to survive in soil in the wilted 

plant stubble over a 5-year period was investigated.  Fusa r i um

u d u m could be detected in Vertisols up to 2.5 years and in

Alfisols up to 3 years. 

Wil t caused by  Fusarium udum  But ler as a major disease of pigeonpea was

identi f ied and described by But ler in 1906 from India. Later , i ts occur-

rence was reported from other countries (Booth 1 9 7 1 ; Nene 1 9 8 0 ) . The

fungus is soi lborne on plant remains, and Subramanian (1955 ) stated that

it survives only on the t issue that it colonized as a parasi te . We did

not find in the publ ished l i terature any work done speci f ica l ly to a s -

certain how long the fungus survives in wi l ted p lant s tubb le . McRae and

Shaw (1933) made the fol lowing s ta tement :

Exposed in the open the fungus in many of the stems and roots d ies

but when kept in a cooler room in the shade most of it surv ives.

The source of infection then exists in the uncut port ions of r oots

below the ploughing depth. From such parts of roots  in situ  the

fungus has been isolated after two years though with d i f f ic u l ty , so

even here i t would appear that the fungus dies ou t , though mor e

slowly. Disinfected rahar (pigeonpea) seed sown in land,f ree from

a arhar crop from eight to twenty years general ly produces a crop

with l i t t le or no w i l t , whi le with a shorter interval the crop comes

up more or less severely wi l ted according to the shortness of the

interval .

This indicates that the fungus survives for something less t han 8 

yea rs . Agnihothrudu (1954) has shown that  F. udum  does not colonize plant

debris in the soil but can survive only in t issues it had alre ady invaded

as a pathogen. It then follows that the stubble fragments may be enabling

the fungus to survive in soil up to 8 yea rs . Agnihothrudu (195 5) also

reported that  F. udum  survived for shorter periods in the rh izosphere

soil of resistant plants than of suscept ib le ones . The reas on for this

was the presence of more fungistat ic organisms l ike  streptonyces  spp . ,

which are antagonist ic to  F. udum  in the rhizosphere of resistant pigeon-

*Pulse Improvement Program, ICRISAT.
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pea l ines. To find ou t how long  F. udum  survives in wi l ted pigeonpea

stubble buried in the so i l , a 5-year experiment was conducte d at ICRISAT

Center , and the results are presented in this paper.

Mate r i a l s and Me thods

This experiment was init iated in November 1974 . Stubble (r oot system

along wi th about 15-cm-long stem base) of natural ly infecte d pigeonpea

plants was obtained, weighed, and buried in 35-cm-diam eart hen pots.

Two sets were p r e p a r e d , one with Vert isols and the other with Alf isols

col lected from ICRISAT Center. Some propert ies of these two soils have

been indicated in Table 1. Sixty po ts , 30 with Vert isols and 3 0 with

A l f i so ls , were prepared and buried in the ground so that the t op of each

pot was in l ine with the ground sur face. Stubble from six pots (3 Ver t i -

sols + 3 Al f iso ls) was removed af ter every 6 mon ths , weighed,  and then

checked for the presence of  F. udum  through the use of modif ied Czapek's

Dox agar 1 select ive medium. The identity of the fungus was veri f ied

through microscopic observat ions and pathogenici ty tests . In addi t ion,

assistance was sought from the Commonwealth Mycological I nst i tute. Wea-

ther data (average maximum and minimum temperatures and ra infal l ) from

the Agrocl imatology Unit of ICRISAT were noted. The tempera tures during

5 years (November 1974 to November 1979) ranged from 5.4° to 27.2°C (mini-

mum) and 25.8° to 42.6°C (max imum) . The total rainfall was 4170 mm during

these 5 yea rs .

Results and Discussion

The data obtained af ter 6-month intervals have been present ed in Table 2.

We were able to detect  F. udum  in stubble fragments from Vertisols up to

2.5 years and from Alf isols up to 3 years . The rate of decompo sit ion of

stubble buried in Vert isols was higher than in A l f i so ls , as indicated by

the percent loss in weight of stubble at d i f ferent intervals (Table 2 ) .

This may explain why the survival of F. udum in stubble buried in Alf isols

extended to 6 more months than in Vert isols. In genera l , the rate of de-

composit ion of organic mat ter was faster in Vert isols than i n Al f iso ls .

Based on this s tudy, we were unable to understand how the fung us could

survive up to 8 years as suggested by McRae and Shaw (1933 ) .

Some studies by other workers need to be ment ioned in connect ion with

the survival of  F. udum.  Sarojini (1950) concluded through pot studies

that appl icat ion of zinc (20, 4 0 , and 80 ppm) to soil in which i nfected

stubble was buried resulted in the disappearance of the fung us in 5 to 6 

weeks . Boron and manganese were less ef fect ive. Dey (1948) c laimed

reduction in the w i l t incidence when sorghum was grown as an i ntercrop.

1. Modif ied Czapek's Dox agar containing, in addit ion to nor mal ingredi-

e n t s , PCNB 500 mg; malachite green 25 mg; Dicryst icin-S (St reptopeni-

cil l in of Sarabhai Chemicals Ltd., Baroda, India) 750 mg; a nd yeast

extract 2 g/l i tre of medium.
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Bose (1938) made a chance observat ion of reduced wi l t inci dence in a field

where tobacco was grown in the preceding season. McRae and Sh aw ( 1 9 3 3 ) ,

through observat ions in permanent manurial and rotation ex periments over

several y e a r s , reported (a) manuring with superphosphate ( 7-23 kg P 2 O5 / h a )

and with catt le manure increased the w i l t , (b) green manuri ng wi th

crotalaria juncea  (60 lb seed/acre) decreased w i l t , and (c) superphosphat e

and green manure together increased w i l t .
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Table 1. Some properties of Vertisols and Alfisols used in t he pigeonpea

wilt fungus survival study.

pH E.C.

Organic

carbon Avai lable P Mechanical analysis (%)

Soil type (1:2) mmho/cm (%) (ppm) Sand Sil t Clay
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294



t a n t t y p e s . I m p e r i a l C o u n c i l o f A g r i c u l t u r a l R e s e a r c h S c i e n t i f i c

M o n o g r a p h 7 : 1 - 6 8 .

N E N E , Y . L . 1 9 8 0 .  A w o r l d l i s t o f p i g e o n p e a and c h i c k p e a p a t h o g e n s .

I C R I S A T P u l s e P a t h o l o g y P r o g r e s s R e p o r t N o . 8 , P a t a n c h e r u , A . P . ,

I n d i a .

S A R O J I N I , T . S . 1 9 5 0 .  So i l c o n d i t i o n s and r o o t d i s e a s e s . P a r t I . M i c r o -

n u t r i e n t e l e m e n t s a n d d i s e a s e d e v e l o p m e n t by  Fusarium udum  on red

g r a m ( Cajanus cajan  [ L . ] M i l l s p . ) . J o u r n a l o f t h e M a d r a s U n i v e r s i t y

B 1 9 : 1 - 3 2 .

S U B R A M A N I A N , C . V . 1 9 5 5 .  S y m p o s i u m o n soi l m i c r o - o r g a n i s m s a n d p l a n t wel l

b e i n g . T w e n t i e t h A n n u a l M e e t i n g o f t h e I n d i a n A c a d e m y o f S c i e n c e s ,

B e l g a u m . D e c e m b e r 1 9 5 4 . I n d i a n A c a d e m y S c i e n c e B 4 1 : 9 7 - 1 5 4 .

295





Survey of Pigeonpea Diseases w i t h Special

Reference to W i l t and Steri l i ty Mosaic in India

J. Kanna iyan, M.V. Reddy, and Y.L. Nene*

Abstract

To study the prevalence of pigeonpea diseases, roving surveys 

were conducted in nine states of India during 1975-1980. Two 

diseases —wilt ( Fusarium uduitt,)  and sterility mosaic  (virus ? )

—w e r e more serious and widespread than others such as Phy-

tophthora blight, root rots, leaf spots, yellow mosaic, 

bacterial canker, and powdery mildew. 

The average percentages of wilt and sterility mosaic 

were, respectively: Andhra Pradesh 5.3 and 1.6; Bihar 18.3 

and 21.4; Gujarat 5.4 and 12.2; Karnataka 1.1 and 9.8; Madhya 

Pradesh 5.4 and 3.7; Maharashtra 22.6 and 1.1; Rajasthan 0.1 

and 5.4; Tamil Nadu 1.4 and 12.8; and Uttar Pradesh 8.2 and 

15.4. The incidence of wilt in farmers' fields varied between 

0 and 96%; of sterility mosaic, between 0 and 100%. 

The International Crops Research Institute for the Semi-Ar id Tropics

(ICRISAT) has a world mandate to improve five c rops , includi ng pigeonpea

(Cajanus cajan  [L.] M i l l sp . ) . Pigeonpea (PP) is an important pulse crop

in most of the semi-arid t ropics. About 9 0 % of the wor ld 's pi geonpea

crop area (2.4 mil l ion ha) is in India, where it is the secon d most

important pulse crop. It is also of importance in the Carribb ean and

Afr ica. Grain yield of the crop is affected by a variety of d iseases,

and more than 50 pigeonpea pathogens have been reported fro m 23 countries.

Most of these reports are from India (Nene 1 9 8 0 ) . Diseases su ch as the

wi l t caused by  Fusarium udum  Butler (Butler 1906, Kannaiyan and Nene 1981)

and steri l i ty mosaic (virus ?) have been reported serious in India but

reliable est imates of incidence of only the steri l i ty mos aic (SM) are

avai lable from two s ta tes , Tamil Nadu (Ramakrishnan and Kan daswamy 1972)

and Uttar Pradesh (Nene 1 9 7 2 ) .

From 1975 through 1980 , we conducted systematic surveys, in coopera-

tion with var ious state agricultural univers i t ies, in the states of Andhra

Pradesh, B ihar , Gujarat , Karnataka, Madhya Pradesh, Mahar ashtra, Rajasthan,

Tamil Nadu, and Uttar Pradesh; the information we obtained on the pre-

valence of w i l t , ster i l i ty mosa ic , and other diseases is pre sented in this

paper.
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Methodo logy

The survey teams traveled by road along routes planned to cov er the major

pigeonpea-growing areas of d i f ferent distr icts in each sta te. Observa-

tions were made approximately  every  30 or 40 km, except in nonpigeonpea

areas , where stops were made less frequently.

A single quest ionnaire (Appendix 1) was used to ensure unifo rm data

col lect ion on growing cond i t i ons—cropp ing system, soil ty pe, e t c . — a n d

diseases observed.

For w i l t , SM, Phytophthora bl ight ( P B ) , Macrophornina stem canker

(MSC) and yel low mosaic ( Y M ) , percentage disease incidence was calculated

by count ing 500 plants in random rows in a f ield. The perce ntage inci-

dence at each location in a distr ic t was used for calculat in g the distr ic t

average; the distr ic t averages in turn were used for calcula t ing the state

average. For other diseases the incidence was scored visual ly as low,

medium, or high.

Resul ts and Discussion

A n d h r a Pradesh

The area under pigeonpea in this state is 198 000 ha. The crop is grown

in various so i l s , intercropped with sorghum, groundnut , pe arl m i l le t ,

setar ia, cas tor , sunnhemp, ch ickpea, field beans , or paddy . It is rarely

grown as a sole crop.

Our survey covered 19 distr icts. We found that , on the who le , dis-

ease incidence in the state was low and the average incidence of wi l t and

SM was 5.3 and 1.6%, respect ively (Table 1 ) . The incidence of w i l t was

above 1 0 % in the distr icts of Medak, Nizamabad, Hyderabad, a nd Adi labad;

of these, three distr icts are adjacent to Maharashtra s tate , where w i l t

is the major problem. SM was below 1 0 % in distr icts where it wa s observed.

Other d iseases , observed less frequently were  Cercospora cajani  leaf spo t ,

powdery mi ldew, YM, Phyllosticta leaf spot , bacterial leaf spot and stem

canker , and MSC.

Bihar

Pigeonpea is grown on about 105 000 ha in Bihar , on loamy and red soi ls.

The survey was made in March 1980. More than 75% of the pigeon pea f ields

observed had some intercrops or mixedcrop(s) such as sorgh um, ma ize ,

sesame, pearl m i l l e t , f inger m i l l e t , mustard, paddy, or me sta .

Our survey, covering 3000 km in 26 d is t r ic ts , showed that S M and wi l t

are important in Bihar. The incidence of wi l t in individual f ields ranged

from 0 to 87 .4% with an overal average of 18 .3%. Wi l t was obser ved in 19

out of 26 distr icts surveyed, and was above 1 0 % in 15 d is t r ic t s ; maximum

incidence was in Muzaffarpur d is t r ic t ( 5 0 . 9 % ) . SM was obs erved in all the

26 d is t r ic ts , ranging from 0 to 100%, with an overall averag e of 21 ,4%.

Hazaribagh distr ic t recorded the highest overall incidenc e of SM (58.8%)

SM incidence was above 1 0 % in 21 d ist r ic ts.
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Macrophomina stem canker was the third important problem in B ihar ,

wi th average incidence 6.8%. Low incidence of YM, grey mi lde w, and A l te r -

naria leaf spot was also observed. Al ternar ia leaf spot is a p otent ia l ly

important d isease on postra iny-season pigeonpea.

G u j a r a t

Gujarat has 111 000 ha under p igeonpea. The crop is cul t ivat ed in black

and loamy so i ls ; about 7 0 % of i t intercropped or mixed wi th so rghum,

pearl m i l l e t , paddy, lab lab, sugarcane, sesame, co t ton , m es ta , m a i z e ,

groundnut , or c lusterbean. Postrainy-season pigeonpea is cul t ivated

main ly in the hi l ly d is t r ic t of Dangs.

The survey, made in January-February 1980 , covered 11 d is t r ic ts .

Wi l t ranged from 0 to 4 5 . 2 % wi th an overall average of 5.4%; it was above

1 0 % in Baroda, Broach, and Godhra d is t r i c t s , SM was observed in all the

11 distr ic ts surveyed and ranged from 0 to 9 2 . 2 % , wi th an ov erall average

of 1 2 . 2 % . I t was above 1 0 % in the d ist r ic ts of Baroda , Bu lsar , Gandhi -

nagar , Khai ra, and Surat . Low incidence of M S C , bacterial st em canker ,

Phoma stem canker , leaf spo ts , and grey and powdery mi ldew, a nd whi te

root rot was observed.

K a r n a t a k a

Pigeonpea in Karnataka occupies about 303 000 ha, most ly on b lack and red

soi ls . As in Andhra Pradesh and B ihar , pigeonpea in Karnatak a is grown

as an intercrop or mixed wi th sorghum, pearl m i l l e t , paddy, horsegram,

rag i , f i e ldbeans , sugarcane, groundnut , setar ia , or tomat o.

Our s u r v e y — m a d e in December 1976 , covering 14 d i s t r i c t s — r e v e a l e d

that SM is the major disease problem. The incidence of this d i sease

ranged from 0 to 9 5 % and the state average was 9.8%. B i d a r , Be l gaum, and

Chi t radurga dist r ic ts showed above 1 0 % SM inc idence, with B idar being

highest ( 4 9 . 7 % ) . Very low incidence of w i l t was observed i n the ent i re

s ta te : 0 to 1 7 % , w i th an average of 1.1%. The incidence of o t her d i s -

eases such as Cercospora leaf spot and powdery mi ldew was low .

M a d h y a P r a d e s h

The crop is cul t ivated on 503 000 ha, on black and loamy so i l s , inter-

cropped with ch ickpea, sorghum, cot ton, pearl m i l l e t , g rou ndnut , paddy,

sesame, se tar ia , m e s t a , green gram, tomato, ma ize , or whea t .

Our survey (December 1977 and January-February 1978) cover ed 40

distr ic ts and revealed that w i l t , SM, MSC, and f ros t damage w ere the

common problems. The incidence of w i l t ranged between 0 and 9 6 . 6 % wi th

an average of 5.4%. Wi l t was observed in 27 out of 40 d ist r ic ts surveyed;

i t was above 1 0 % in e ight of these, wi th maximum incidence in K hargone

( 4 3 . 2 % ) . The SM incidence varied between 0 and 99 .6%, wi th an average of

3.7%. Four d is t r ic ts recorded above 1 0 % SM, and Bi laspur had the highest

overall incidence ( 4 9 . 4 % ) . High f rost damage was observed in the districts
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of Damon and Shahdol (up to 5 0 % ) . Severe incidence of MSC was s een in

Gwal io r , Morena , G u n a , and Betul d is t r ic ts . The incidence o f root ro t ,

powdery mi ldew, bacterial stem canker , Cercospora and Phyl lost icta leaf

spo ts , and grey mi ldew was low.

M a h a r a s h t r a

The surveys in Maharashtra were conducted in December of 197 5 and 1976 in

19 d i s t r i c t s , where pigeonpea was grown main ly on black so i l , intercropped

with cotton or sorghum. Total pigeonpea area in this state is 660 000 ha ,

the largest in India.

Wi l t seems to be the major disease problem and was recorde d in 14

out of the 19 distr ic ts surveyed. The incidence varied betwe en 0 and 9 3 %

— o v e r a l l averarae of 2 2 . 6 % — a n d highest incidence was recor ded in Yeotmal

d is t r ic t ( 6 8 . 8 % ) , where a wi l t -MSC complex was seen. Wi l t in cidence above

1 0 % was found in 11 distr icts and was observed more frequentl y in medium

to heavy black soi ls than in l ighter ones . The incidence of SM was very 

low, ranging from 0 to 4 0 % with an overall average of only 1% . The inci-

dence of col lar r o t , bacterial stem canker , powdery m i l dew, and Cercospora

and Phyl lost icta leaf spots was also low.

R a j a s t h a n

The area under pigeonpea in Rajasthan is only 33 000 ha, most ly in eastern

and northern Rajasthan, more than 8 0 % of i t intercropped or mixed w i th

such crops as sorghum, pearl m i l l e t , g roundnut , green gram , mustard , mes ta ,

sesame, wheat or chickpea.

The survey, cover ing 12 d is t r i c ts , showed that steri l i ty mosaic was

an important d isease in Rajasthan, ranging from 0 to 6 8 . 2 % , with an over-

all average of 5.4%. SM incidence was above 1 0 % in the distr i cts of

Bharatpur and Tonk. Low incidence of w i l t , M S C , YM, powdery m i ldew, and

Cercospora, Phyl lost ic ta , and Al ternar ia leaf spots was ob served. Frost

injury (2-20%) was observed in A lwa r , Bharatpur , Ja ipur , and Tonk districts.

T a m i l N a d u

Pigeonpea is cult ivated on 101 000 ha on red and black so i l s , i ntercropped

with g roundnut , sorghum, paspa lum, pearl m i l l e t , f ield bea ns , horse gram,

or castor .

In the 11 d is t r ic ts surveyed in December 1976, SM seems to be the

major problem. It was observed in ten out of the 11 d is t r i c ts , wi th more

than 1 0 % incidence in s ix , maximum incidence was in Pudukott ai d is t r ic t

( 3 7 . 5 % ) . Wi l t was observed only in Dharmapuri and North Arc ot d is t r i c ts ,

where incidence varied from 0 to 6 5 . 4 % , with an overall avera ge of 1.4%.

Low incidence of Rhizoctonia root r o t , powdery mi ldew, Phy l lost icta and

Cercospora leaf spo ts , and bacterial leaf spot and stem cank er was

observed.

301



U t t a r P r a d e s h

The area under pigeonpea in Uttar Pradesh is 504 000 ha , most ly c layey

loam or loamy soi ls . More than 9 0 % of the f ie lds observed h ad some inter

or mixed c r o p ( s ) , such as sorghum, pearl m i l l e t , g roundnut , paddy, sesame,

setar ia , m a i z e , co t ton , black gram, mes ta , sunnhemp, cas to r , o r tomato.

In the 44 d ist r ic ts surveyed in ear ly 1979 , SM, w i l t , M S C , YM, and

PB are important prob lems. Wi l t was seen in 33 ou t of the 44 d i s t r ic ts

surveyed (average incidence 8 .2%, maximum incidence in Pr atapgarh distr ict ,

4 7 . 4 % ) . SM was observed in 40 out of 44 d is t r i c ts , individua l f ields

showing up to 9 3 . 2 % SM wi th an average of 15 .4%. The h ighest o verall

incidence of SM [67.3%) was observed in Azamgarh d is t r ic t .

The next important problem was M S C , which was observed in 18 ou t of

44 d is t r i c ts , ranging up to 4 5 . 8 % , wi th an average of 2.5%. YM was

recorded in 30 d ist r ic ts (average 1 . 8 % ) ; PB in 17 distr ic ts (average 1 . 3 % ) .

Low incidence of bacterial stem canker and Cercospora and Ph yl lost icta

leaf spots was also recorded.
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Appendix 1. Pigeonpea Disease Survey Questionnaire, ICRIS AT 1975-1980.

1. Route 2. Date 3. State

4. Distr ic t 5. Place (nearest vi l lage/town

indicate distance)

6. Total area of the field (approx.)

(a) Sole/ intercrop (descr ibe)

(b) Percent area under PP

7. Stage of crop growth (i) podding (i i) podding and f lower ing

(i i i ) f lowering (iv) pre- f lower ing

8. Diseases observed

(i) (a) percent (overal l )

(b)  % out of 500 plants

(i i) (a) as above

(b) as above

(In case of s igni f icant leaf spot/powdery mi ldew inc idence , indicate

sever i ty)

9. Type of soil

10. Samples col lected ( i ) , ( i i )

(Tick mark appropr ia te ones)

11. Other observa t ions : Information given by farmer

Was the f ield under PP in previous years?

Is d isease pattern s imi lar in nearby f ie lds?





Est imat ion of Yield Loss in Pigeonpea

Due to Steri l i ty Mosa ic

M.V. Reddy and Y.L. Nene*

Abstract

The effect of sterility mosaic on yield and yield components 

of the early, medium and late maturing cultivars of pigeonpea 

was studied in both field and pot trials. In a field trial 

in 1975-76, the effect of the disease on yield and yield com-

ponents of a medium-maturing susceptible cultivar (ICP-1), 

when infected at different ages, was analyzed. The incuba-

tion period was found to be longer in older plants. Infec-

tions up to 45 days mostly resulted in complete sterility, 

but susceptibility of the plant was found to decrease with 

the age. Early infections caused considerable increase in 

the number of secondary branches, prolonged the duration of 

the crop, and caused yield loss to the extent of 95%. The 

loss decreased with the increase in age at infection. Simi-

lar results were obtained when the experiment was repeated 

in the 1977-78 season. An increase in the number of tertiary 

branches was also found in plants infected early. In a pot 

trial with cv T-21, an early-maturing cultivar, similar 

results were obtained. The reduction in yields of a late-

maturing cultivar, NP (WR)-15, which shows mild mosaic symp-

toms, was less. 

Steri l i ty mosaic of p igeonpea  (Cajanus cajan  [L . ] Mi l lsp.) is widely pre-

valent in the Indian subcont inent and up to 100% incidence w as observed

in certain f ields (Kannaiyan et a l . , these Proceed ings) . Oc currence of

complete and partial ster i l i ty in infected plants is common , but there

was no precise information on the extent of loss in y ie ld cau sed by

ster i l i ty mosaic in p igeonpea. Field and pot experiments w ere conducted

at ICRISAT in two seasons (1975-76 and 1977-78) to analyze th e ef fect of

ster i l i ty mosaic infect ion on y ie ld and y ie ld components of pigeonpea

cul t ivars of di f ferent matur i ty groups.

Mate r i a l s and Methods

1 9 7 5 - 7 6 S e a s o n

ICP-1 , a medium-durat ion suscept ib le cu l t ivar , was plant ed in 8 isolation

* Pulse Improvement Program, ICRISAT.
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1977-78 Season

Early Cultivar (T-21)

Early cv T-21 was planted in 30-cm earthen pots f i l led with r ed so i l - farm-

yard manure mix ture (1 p lant /p lo t ) and inoculated at 1 5 , 3 0 , 4 5 , 6 0 , and

75 days a g e . The number of plants inoculated at each age range d from 29

to 35 . A group of plants w i thout inoculat ion served as cont r o l . Obser-

vat ions on incubation per iod, in fec t ion, symptom sever i ty , number of pri-

mary and secondary b ranches , 100-seed w e i g h t , and y ie lds we re recorded.

Medium-duration Cultivar (ICP-1)

ICP-1 was planted in five isolat ion plots of ten 8-m rows each in Vertisol

during the third week of June (75 x 30 c m ) . Inoculat ions wer e made 3 0 ,

6 0 , 9 0 , and 120 days a f ter p lant ing (one p lo t / t r ea tmen t ) . Th e number o f

p lants /p lo t ranged f rom 161 to 213 . Observat ions on incubat ion per iod;

in fect ion; height o f the p l a n t ; number o f pr imary, secondar y, and tert iary

b ranches ; 100-seed we igh t ; and y ie ld were recorded.

Late Cultivar ( N P [ W R ] - 1 5 )

Cult ivar NP(WR)-15 was planted in an Alf isol f ield where i r r igat ions were

provided whenever needed. Diseased plants in pots kept aro und the p lot

served as source o f inoculum. Plants showing infect ion a f te r 4 5 , 9 0 , 1 3 5 ,

and 180 days of plant ing were tagged for analys is o f ye i l d l oss . The

number of plants tagged at each age ranged from 25 to 79 . A grou p of

healthy p lants tagged at the t ime of matur i ty served as con t ro l . Obser -

vation on the number o f p r imary , secondary , and tert iary b ra nches , 1 0 0 -

seed we igh t , and y ie ld we re recorded.

Results

1 9 7 5 - 7 6 S e a s o n

The incubat ion period in 15-day-old plants was 7 days as com pared with

13 to 16 days in plants 30 days old or more . The infect ion obta ined was

up to 9 9 % in y o u n g e r p lan ts , bu t th is decreased steeply a f te r 75 days
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plots w i th four 5 m rows each , in Ve r t i so l , dur ing the third we ek of June .

The in ter- and in t ra- row spacing was 75 and 30 cm, respect iv e ly . Plants

were ar t i f ic ia l ly inoculated (Nene and Reddy 1976) a t inter vals o f 1 5 , 3 0 ,

4 5 , 6 0 , 7 5 , 9 0 , and 105 days (one p lo t / t r ea tmen t ) . The p lo t w i thou t ino-

cu la t ion served as cont ro l . Observat ions on incubat ion pe r iod , in fec t ion,

symptom sever i ty , height and spread of the p lan t , number of p r imary and

secondary b ranches , f lowers , and y ie ld were recorded. The p ercent loss

in y ie ld was calcu lated by using the fo l lowing formula:

Percent loss in y ie ld = 
Yield in control - Yield in t reatment

Percent loss in y ie ld = 
Yield in control

X 100 



and onwards . Plants when infected at 45 days age  or  ear l ie r  mostly showed 

complete s ter i l i ty ; infect ion at later stages most ly resul ted in part ial

s ter i l i ty . There was no appreciable ef fect of infection on p lant he ight ,

but infect ion at the age of 60 days resulted in a sl ight ly h i gher spread.

There was no par t icu lar e f fec t of infect ion on the number of p rimary

branches , but in plants infected ear ly , the number of seco ndary branches

increased cons iderably . Early infect ions also prolonged t he durat ion of

the crop, as indicated by the number of f lowers present at the time of

matur i ty . Early infect ions resulted in heavy y ie ld loss com pared w i th

late in fect ions. Table 1 shows the results of this season.

1977-78 Season

Early Cultivar T-21 (Table 2)

The incubation period increased wi th the age of the p lant at i nfect ion and

the percent infect ion decreased. The number of secondary b ranches marked-

ly increased in plants inoculated at 15 and 30 days ' age . Th ere was no

part icu lar e f fect on 100-seed we igh t . Infection at 15 and 30 days age

caused severe loss in y ie ld and the reduction in la ter infec t ions was

marg ina l .

Medium-duration Cultivar ICP-1 (Table 3)

Inoculat ions at 30 and 60 days ' age resulted in near 100% infe ct ion, but

with later inoculat ions infect ion rate dropped sharp ly . T he height of

the plants was sl ight ly reduced in ear ly inoculated p lan ts . General ly ,

the number of secondary and tert iary branches in early infec ted plants

increased. There was no apprec iab le change in the 100-seed w e igh t . Plants

inoculated at 30 and 60 days af ter sowing showed high reduct i on in y ie ld .

Late Cultivar NP(WR)-15 (Table 4)

The number of pr imary branches increased sl ight ly in the inf ected plants

and there was no par t icu lar e f fec t on the secondary and tert iary branches

or 100-seed we igh t . Early infect ion considerably reduced y ie l ds . Late

infect ion gave less y ie ld reduct ion.

Discussion

Ster i l i ty mosaic infect ion in the ear ly stages of crop growt h was found

to cause heavy y ie ld loss in early and medium-matur ing susce pt ib le cul t i -

vars of p igeonpea. The loss in la te-matur ing, mi ld mosaic c ul t ivars was

less . The reduct ion in y ie ld resulted main ly from the ster i l i ty of the

p lants . The plants were suscept ib le during all stages of g ro wth , but the

increased incubat ion period and decreased infection in o ld er plants ap-

peared to be due to the longer t ime taken by the pathogen to m ove through

the p lant system. This is supported by the near -100% infect i on that is
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obta ined in the ra tooned growth of la te- inocu la ted p lan ts .

The bushiness of the infected plants in ear ly and medium-mat ur ing

cul t ivars was due to the increased number of secondary and te r t iary

b ranches . The reason for re lat ively less reduct ion in y ie ld s when the

plants were infected at 30 to 90 days a g e , depending on the mat ur i ty

t y p e s , appeared to be an increased number of secondary and t er t ia ry

branches and partial ra ther than comple te s te r i l i t y . The l a te in fect ions

did not a f fec t y ie lds in the main c rop , but would be of s ign i f icance wher-

ever crop ratooning is a t tempted.

S ince the observa t ions on the e f fec t of the d isease on y ie ld and

y ie ld components were based on p lants grown in nonrep l icate d isolated

plots or p o t s , the f igures do not represent abso lu te values but only indi-

cate the t rends .
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D e v e l o p m e n t of a M e t h o d o l o g y for Open-F ie ld

Sc reen ing for Insec t Pest

Res is tance in P igeonpea

S . S . La tee f and W . R e e d *

Abstract

Pigeonpea,  Cajanus cajan [L. ] M i l l sp . ,  suffers large losses to

many insect pests but particularly to the pod borer,  Hel io th is

armigera (Hb.)  and the pod fly,  Melanagromyza obtusa ( M a l l . ) .

Most farmers who grow this crop do not use pesticides, so the 

development of less susceptible cultivars would be of great 

benefit to them. This paper describes the development of a 

methodology for the pest resistance screening program 

initiated at ICRISAT in 1975. As the major pests affect the 

crop only at the podding stage when the plants are large, 

open field screening appeared to be the only possible initial 

approach, particularly since the pests behaved atypically in 

field cages. Because we found considerable variation in pest 

damage amongst cultivars of different maturities, screening 

is done in narrow maturity groups within which relevant check 

cultivars are used as standards. Balanced lattice square 

designs have been found to give increased precision; hence, 

these are used to test the advanced selections, which are 

also compared under pesticide protection. The search is not 

only for resistance but also for the ability to yield well 

in spite of pest attacks and particularly for the ability to 

compensate for early losses. Results so far show considerable 

and consistent differences between plant types and selections 

in susceptibility to both pod borer and podfly losses, in 

spite of problems introduced by the high incidence of out -

crossing and the considerable spatial and temporal differences 

in pest distribution. 

Pigeonpea,  Cajanus cajan  [L ] M i l l sp . , is of w idespread impor tance in the

subcon t inen t , East A f r i ca , some parts o f Lat in Amer i ca , and in the Wes t

Ind ies . More than 120 insect species have been recorded as f eeding upon

this crop (Davies and La tee f 1 9 7 5 , 1 9 7 8 ) . At tacks s tar t a t t he seedl ing

s tage when bee t l es , in pa r t i cu la r , can cause extens ive fo l i ar damage;

such severe damage dur ing the vegetat ive s tage may delay f l ower ing.

* Pulse Improvement Program, ICRISAT.
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However , the p lants recover well f rom a lmost comple te de fo l i a t i on , and

insect-caused p lant death is rare.

In India — where over 9 0 % of the wor ld 's recorded product ion  of

p igeonpea is grown — and in several o the r coun t r i es , ma jor loss is

caused by a complex of borers that at tack the f lowers and p o d s ,  Hel ioth is

armigera  [Hb . ] is by far the major component of the pod-borer compl ex ,

being most damaging in southern and central India but the po d f l y ,

Melanagromyza obtusa  [Mal l . ] causes equal or greater damage in the north

(Reed et a l . 1 9 8 0 b ) .

Of the o ther lep idopteran pod bo re rs , the p lume mo th ,  Exelastis 

atomosa  W . , can be par t icu lar ly damaging la ter in the season , and th e

b lue bu t te r f l i es , Lampides  boeticus  L.and  Catochrysops strabo  F., a re

damaging in some a reas . A hymenopteran p e s t , Tanaost igmod es  sp.  is

common in some a r e a s , but is not genera l ly not iced because of its small

s ize (Lateef 1 9 7 7 ) . Suck ing bugs , par t icu lar ly  ciavigraiia  spp . , are

also of impor tance in some a reas .

O u r surveys of p igeonpea-qrowing areas in 13 states in Indi a showed

general ly high levels of pest -caused losses . In sp i te of suc h great

l osses , only a few farmers (<5%) use pest ic ides on this c rop ,  so the

deve lopment of less suscept ib le cu l t ivars would be of a gr eat benef i t .

For this pu rpose , we started searching not only for res is t ance but also

for the abi l i ty of the plants to compensate for ear ly losses  and for

h igh-y ie ld ing plants that will p roduce a crop in unprotect ed condi t ions

even under high pest a t tacks . Work on the screening of the ava i lab le

germplasm and o ther mater ia ls for reduced suscept ib i l i t y to the pod

borers and podf ly was in i t iated at ICRISAT in 1975 (Lateef 1 9 7 7 ; Davies

and La tee f 1 9 7 8 ; Reed et a l . 1 9 8 0 a ) .

E f f e c t s o f C r o p T i m i n g a n d G r o w t h H a b i t o n L o s s e s t o P e s t s

When this work was in i t ia ted , there were few publ ished data o n the

in f luence o f growth hab i t , matu r i t y , and f lower ing o f p ige onpea

cul t ivars on levels o f pest damage (Sher i f f and Rajagopalan 1 9 7 1 ) .

From 1 9 7 5 , tr ials o f cu l t ivars w i th determinate and indeter minate

growth h a b i t s , represent ing three matur i ty groups (ear ly,  med ium,

and l a t e ) , were grown in randomized b locks wi th four rep l ica tes in

a Vertisol a rea. The crops were pes t i c ide - f ree , and deta i led

entomological counts were taken dur ing growth. At harvest a ll pods

from f ive randomly se lected plants f rom each p lo t were co l l ec ted ,

and damage was assessed by examin ing each pod. The resul ts f rom the

1975-76 trial are furn ished in Tab le 1. Data w i th s imi la r t re nds were

obta ined from tr ia ls in subsequent y e a r s .

I t was found that the re la t ive pest s tatus of the lep idop teran and

o ther pod borers was cons iderab ly a f fected by days to f lowe r ing. Damage

caused by the lep idopteran borers to pods of ear ly and mid-ma tur ing

cul t ivars was h igh , par t icu lar ly to those of de termina te (pod c lus ter )

hab i t . Podf ly was much more impor tant on la te-matur ing cu l t i va rs . In

1975 and in subsequent y e a r s , i t was found that  H.armigera  a t tacks were

at a peak in November , wh i le podf ly and hymenopteran at tack s tended to
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increase f rom December onwards . T h u s , cul t ivars could appe ar more or less

suscept ib le to pests accord ing to w h e t h e r they were frui t in g dur ing the

peak pes t -a t tack per iods or no t . This in format ion could be useful in

d i rect ing our se lect ion for cu l t ivars o f su i tab le matur i ty for areas

where the pests are known to be cons is tent in the i r peak in fe s ta t ions ,

but i t compl ica tes the search for res is tance. The obv ious me ans of

overcoming this prob lem was to screen mater ia ls of each matu r i ty group

in a separa te t r i a l , using a we l l -known cu l t i var w i th in tha t matur i ty

group as the check.

Conf i rmatory ev idence of the suscept ib i l i ty of' de te rmina te t ype to

lep idopteran borers was obta ined from o ther t r i a l s , in wh ic h cu l t ivars

that w e r e segregat ing for p lant habi t we re compared, as show n in Table 2.

In all th ree cu l t ivars the determinate types w e r e more heav i ly a t tacked
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Table 1. Comparison of borer and podfly damage in determina te and indeterminate
pigeonpea cultivars of differing maturities in unprotecte d trials on Vertisol
at ICRISAT Center, 1975-76.

Days to

f lower ing

Percentage o f p o d s damaged
Days to

f lower ing
Determinate Indeterminate

Days to

f lower ing
Borer Podf ly Borer Podf ly

60 64.3 1.5

63 45.7 2.7
103 51.1 3.1

106 41.4 3.2

112 82.5 0.6

116 89 .3 0.7

117 72.8 3.0

121 87.8 2.1 76.1 3.3

123 76.8 0.5 68.0 4.1

126 74.2 5.0

128 66.6 17.6

134 61.8 12.7

136 39.5 15.5

137 58.5 20.6

150 59.0 8.4

189 24.1 17.7

Overal l

mean
69.4 6.0 57.2 7.6

CV(%) Borer damage : 16.95

Podf ly damage : 15 .24

LSD (0.05%)

Borer damage : 51.96

Podf ly damage : 5.01

CV(%) Borer damage : 16.95

Podf ly damage : 15 .24

LSD (0.05%)

Borer damage : 51.96

Podf ly damage : 5.01

CV(%) Borer damage : 16.95

Podf ly damage : 15 .24

LSD (0.05%)

Borer damage : 51.96

Podf ly damage : 5.01

CV(%) Borer damage : 16.95

Podf ly damage : 15 .24

LSD (0.05%)

Borer damage : 51.96

Podf ly damage : 5.01

CV(%) Borer damage : 16.95

Podf ly damage : 15 .24

LSD (0.05%)

Borer damage : 51.96

Podf ly damage : 5.01
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by lepidopteran borers . More pods surv ived until harvest on the i n d e t e r

minate t y p e s , but podf ly a t tack was greater in these. S imi l a r observa-

t ions were recorded by Pawar and Jawa le ( 1 9 7 7 ) .

S c r e e n i n g Techn iques Used a t I C R I S A T

S c r e e n i n g i n N e t H o u s e s

At tempts to screen pigeonpea l ines in a large net house wi th the re lease

of laboratory-bred  Heliothis  moths fa i led , for the moths were rest ing for

most of the t ime on the net and egg- lay ing was nonuni form an d indiscr imi-

nate. A l s o , the plants w e r e et io lated and required a longe r t ime to pod

set t ing and matur i ty . Even i f the plants and pests had react ed norma l l y ,

such screening 'would prove to be of l imited va lue , for the p lants are

large and take a long t ime to grow to the suscept ib le s tage , so  enormous

areas of ne t house would be required to accommodate the many t housands of

cu l t ivars and col lect ions that must be screened. So a method ology for

open- f ie ld screening was deve loped, in which we genera l ly r elied upon the

natural pest populat ions but also introduced laboratory-r eared  H.armigera 

moths where egg- lay ing was seen to be low. Usua l l y , however , the at tacks

by this pest have been greater than we require for d iscr imina tory

screen ing.

O p e n - F i e l d S c r e e n i n g

Init ial screening of more than 7000 germplasm accessions o ver the last 5 

years has been in unrepl icated small p l o t s , w i th in festor r ows of

cul t ivars of mixed matur i t ies sown 2 weeks before the test p l o ts . The

pod damage and y ie lds of plants from each test entry were co mpared wi th

those from check cu l t ivars of comparab le matur i t i es . All th ose entr ies

that y ie lded less and also suf fered greater pest damage tha n the checks

were rejected at this s tage . This method of se lect ion by re j ect ion

largely overcomes the problem of "escapes" but leaves us w i th compara-

t ively large numbers of ent r ies- to test in subsequent seaso ns .

The high inc idence of outcross ing has plagued ou r screenin g. Many

of the entr ies we re obv ious ly segrega t ing , as shown by plots that contain

plants o f d i f fer ing growth hab i t s , f lower and seed co lo rs ,  and matur i t i es .

This great ly compl icates our task , for in many cases we have to retest

entr ies sp l i t for such charac te rs . Where individual p lants a re not iceably

h igher y ie ld ing or less at tacked than o ther plants in any ent ry , we

harvest the seed from such plants separate ly and test the pr ogeny of the

s ing le-p lant se lec t ions in subsequent seasons . At the la te r stages of

sc reen ing , we sow part of each select ion in a pest ic ide- t rea ted area and

se l f each p lant w i th in a mus l in bag , but this does not comple te ly ove rcome

the prob lem of ou tc ross ing and subsequent segregat ion .

The re l iance upon open- f ie ld screening against pests that a t tack at

the f ru i t ing s tage on such a s low-growing crop has l imited ou r test ing to

only one generat ion per y e a r , severely restr ic t ing our rate o f p rog ress .
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We hope to ident i fy the mechanisms involved in res is tance , f o r this

would enable us to reduce o u r dependence upon open- f ie ld scr eening and

migh t enable us to screen more than one generat ion in each y e a r .

Most p igeonpea plants can lose all of thei r f i rs t f lush of f lo wers

and pods to pests but then grow on to produce a compensatory c r op ,

provided the c l imate and soil wa te r condi t ions are favorab le . This

abi l i ty to compensate is of obv ious va lue to farmers who do no t use

pes t i c ides . We have at tempted to se lect for this charac ter by harvest ing

pods from the ear ly and mid-matur ing cul t ivars a f te r the f i rs t f lush; we

then harvest again a f te r the second f lush. This has great ly i ncreased

our volume of work but has been inva luab le , for we have found m arked

di f ferences in the abi l i ty of se lect ions to compensate for e ar ly losses.

Such ab i l i ty to compensate may be termed "recovery res is tan ce. "

All se lect ions of in terest from the unrepl icated screening are then

tested in t r i a l s , each of a narrow matur i ty range , wi th incr easing

repl icat ion in each y e a r . Each trial conta ins re levant chec k cul t ivars

and l ines of known high suscept ib i l i t y . We re ject the less pr omis ing

mater ia ls at each s tage. In addi t ion to the germplasm we hav e also been

screening mater ia ls generated by ou r b reede rs , inc luding i ntergener ic

der iva t ives obta ined from crosses of p igeonpea w i th  Atyiosia  s p p . , the

wi ld re lat ives of p igeonpea , wh ich have marked res is tance t o some of the

pes ts .

Advanced stage test ing is in balanced lat t ice square design tr ia ls

wi th 16 or n ine entr ies in each (Table 3 ) .

This design has been found  to  g ive  an increase  in e f f i c iency , wh ich

is  very  we lcome in this wo rk , where spatial and temporal var iat ion s in

pest a t tack resul t in high coef f ic ients of var ia t ion. Adva nced se lec-

t ions are also compared under pest ic ide p ro tec t ion .

S u m m a r y

The general sequence developed for pest res is tance se lect i on at ICRISAT

is now as fo l lows:

First y e a r Unrep l ica ted screening of germplasm and b reede rs ' mater ia ls

Second y e a r Two - rep l icate observat ion of se lec t ions .

Third y e a r Three - repl icate test ing of se lect ions sprayed a nd

unsprayed , w i th test mater ia l separated accord ing to

matur i ty . Advanced mater ia ls f rom the breeders are also

in t roduced at this s tage.

Fourth  year  Four-  or  f ive- rep l icate balanced la t t ice square test ing

of promis ing se lec t i ons , sprayed and unsprayed.

Fifth y e a r Cont inued test ing fo r conf i rmat ion o f resul ts o bta ined

prev ious ly , mu l t i loca t ion tes t ing , and use by breeders

in c ross ing program.
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Table 3. Data from a balanced lattice square design trial wit h five replications, of mid-

maturity pigeonpea selections, sown 26 June, 1978 in the pe sticide-free area of

ICRISAT Center.

Table 3. Data from a balanced lattice square design trial wit h five replications, of mid-

maturity pigeonpea selections, sown 26 June, 1978 in the pe sticide-free area of

ICRISAT Center.

Pedigree/

ICP No.

Characters a

1977-78

season

Pods /

p lant (30

plants

sampled)

Pod damage Mean {%) Mean p lo t b

y ie l d (g )
Ped igree/

ICP No.

Characters a

1977-78

season

Pods /

p lant (30

plants

sampled)

Borer Podf ly Hymenoptera

Mean p lo t b

y ie l d (g )

4185-E1-EB LB 173 26.5 12.9 4.6 425 .0
4745-2-E8-EB HY,LB 175 31.3 16.2 24.2 221.3
896-4-E1-EB L P f ,  HB 145 48.3 3.1 3.4 81 .4

PPE-36-2-B HH 245 23.0 23.5 26.2 433 .4
4257-E1-EB HY 278 33.9 23.1 8.3 394.9

5036-E1-EB H P f , HY 236 35.9 24.1 4.5 500.8

7946-E1-EB LPf,HY 280 40.8 1.5 1.9 134.0

7088-E1-EB HPf 182 36.5 24.6 15.1 282.1
8036-E1-EB HY 255 30.1 24.1 11.5 376.2
4745-9-E1-EB HY,LB 125 29.1 12.0 9.1 309.5

7176-22-E18-EB LPf 130 37.6 9.2 10.0 155.8

4745-9-E13-EB LB 140 25.7 14.2 9.0 296.8

8102-E1-EB LB,HY 1 5 0 30.1 19.7 13.1 384.7

7176-29-E9-EB HB,LPf 184 33.5 14.1 3.6 312.6

7197-EB Check 109 38.3 11.9 11.4 196.5

C-11-EB Check 148 48 .2 14.5 1.7 276.3

S E m ± 3.09 2.24 2.25 38.77

Eff ic iency compared wi th RBD(%) 120 112 109 1 4 0

a. LB = Low bo re r , LPf = Low podf ly , HH = High hymenoptera

HB = High bo re r , HPf = High podf ly , HY = High y ie ld

b.  Net p lot harvested = 7.88 m 2

a. LB = Low bo re r , LPf = Low podf ly , HH = High hymenoptera

HB = High bo re r , HPf = High podf ly , HY = High y ie ld

b.  Net p lot harvested = 7.88 m 2

a. LB = Low bo re r , LPf = Low podf ly , HH = High hymenoptera

HB = High bo re r , HPf = High podf ly , HY = High y ie ld

b.  Net p lot harvested = 7.88 m 2

The large p lant s i z e , lengthy growing season , compensator y hab i t ,

and high inc idence of outcross ing have all posed problems i n the se lec t ion

and screen ing p rocess . We have found no p lants tha t are anyw here near

immune to any of the ma jor pes ts . Resul ts so far d o , however ,  show

cons iderab le and cons is ten t d i f ferences between p lant ty pes and selec-

t ions in suscept ib i l i t y to both pod-borer and podf ly losses . We now have

several promis ing l ines that have some to lerance to pest at t acks and y ie ld

a reasonable crop under heavy pest threats in the unsprayed s i tua t ion .

These se lec t ions are now being tested at var ious locat ions i n India and
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abroad. Efforts a re be ing made to ascer ta in the mechan isms o f res is tance

in o u r labora tory .
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P a t t e r n o f Podf ly and Pod -Bo re r D a m a g e

in La te P igeonpeas

A . R . R e d d y , S . V e n k a t e s w a r l u , a n d O . N . S i n g h *

Abstract

The pattern of podfly and lepidopteran borer infestation was 

studied in 16 elite late pigeonpea lines at Varanasi, Uttar 

Pradesh, India, in 1978-79. There were two flushes of 

podding, with the yield from the second flush being much 

higher than that from the first. Damage by lepidopteran 

borers was very low in the first flush but increased in 

the second. The podfly,  Melanagromyza obtusa  was the major 

pest in both flushes, being found in more than 60% of the 

pods. There were significant differences in podfly damage 

among the cultivars. 

Most p igeonpeas ( Cajanus cajan  [L.] M i l l sp . ) are grown in India for gra in

purposes . In gene ra l , low y ie lds are obta ined because of th e damage

caused by pests and d iseases . Pigeonpea is a long-durat ion crop and is

at tacked by many insect pests from sowing to harvest Of these , the

podf ly ,  Melanagromyza obtusa  (Mall.) in north India ( U t t a r P radesh ,

B iha r , Madhya Pradesh, and certa in parts o f M a h a r a s h t r a ) , w here medium

and late cu l t ivars are g rown , and gram pod bo re r ,  Heliothis _armigera

(Hb.) in south Ind ia , cause ser ious damage to this c rop .

At our cen te r in Varanasi we observed that in most of the late

cu l t i va r s , a second flush of f lowers is usual ly obtained as a  resul t

o f the w in te r ra ins . Th is second f lower ing general ly co inc ides wi th

the f i rst f lush pod- f i l l ing s tage. The observat ions record ed so far

reveal that the podf ly is ac t ive in both f l ushes , caus ing co ns iderab le

damage to the c rop .

The present invest igat ion was undertaken to compare the da mage done

by podf ly and lep idopteran borers in the f i rst and second f lower ing.

M a t e r i a l s a n d M e t h o d s

A pre l iminary study of la te p igeonpea cu l t ivars matur ing in more than

*  Pu lse Research Labora to ry , Inst i tute of Agr icul tural Sc i ences ,

Hindu Un ivers i ty , Varanas i , India.

Banaras*  Pu lse Research Labora to ry , Inst i tute of Agr icul tural Sc i ences ,

Hindu Un ivers i ty , Varanas i , India.

Banaras
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200 days was conducted to observe the pest in festat ion dur in g the khar i f

(rainy season) 1978 at Banaras Hindu Un ive rs i t y , Varanas i , U .P . , India.

The trial was planted on sandy loam soil in plots of seven row s , 5 m long

and 75 cm apa r t , w i th seeds spaced at 30 cm, in a randomized b lock des ign

wi th two rep l ica t ions. In each p l o t , f ive plants we re selec ted at random

and labeled for recording observa t ions . When the f i rst f lu sh was m a t u r e ,

all the pods of each of the f ive sampled plants from each plot w e re

picked separa te ly . The pod damage caused by lep idopteran po d borers was

analyzed by count ing the total number of pods and the number o f pods

showing charac ter is t ic bore ho les . The pod damage by podf l y was assessed

by open ing 100 randomly selected pods from each plot and se ed damage was

recorded by count ing the total number of seeds and damaged se ed from the

opened pods . The same procedures were also adopted for the se cond f lush

of f lowers . Data on pods per p lan t , seeds per pod, and seed y i e ld per

plant were also recorded for each f lower ing.

E x p e r i m e n t a l F ind ings

The pest damage assessment of d i f fe rent p igeonpea cu l t ivar s in the two

f lushes is given in Tab le 1.

The damage caused by pod borers ranged from 0.6 to 3 .3% in th e f i rst

and 1.8 to 9% in the second f lush. Overal l pod-borer damage sh owed no

s ign i f icant d i f fe rences among cu l t i va rs , but a s ta t is t ica l ly s ign i f i cant

d i f fe rence between the two f l ushes , and a s ign i f i can t in te ract ion of

cu l t ivars wi th f lower ing flush was recorded.

The podf ly damage to pods ranged f rom 31.0 to 8 6 . 5 % and 48 .0 to

7 9 . 0 % in the f i rst and second f l ushes , respect ive ly . In both f l ushes ,

highly s ign i f icant d i f fe rences w e r e observed among the cu l t i va rs . The

d i f fe rence between the f lushes was nons ign i f icant but th e in teract ion

of cu l t ivars wi th f lushes was s ta t is t ica l ly s ign i f i can t .

The d i f fe rences among cu l t ivars in seed damage caused by podf ly we re

highly s ign i f icant in both the f l ushes , ranging from 11.5 to 6 3 . 1 % in the

f i rst and 25.3 to 4 6 . 1 % in the second. I t was fur ther observ ed that the

d i f fe rence in seed damage between the f lushes was s ign i f i c an t , and the

in teract ion o f cu l t ivars w i th f lushes was h igh ly s ign i f i c ant .

T h e data on y ie lds and the i r components are presented in Tab l e 2.

Di f ferences in pods per p lant and seeds per pod were s ign i f i c ant ly

d i f fe rent among cu l t i va rs , f l ushes , and the i r in te rac t ion . Number o f

pods per p lant ranged from 49 to 231 .5 and 101 to 550 in the f i r st and

second f lushes respect ive ly . The average pod number in the s econd f lush

(376.7) was more than th ree t imes that in the f i rst ( 1 2 3 ) . See d y ie ld

per p lant ranged from 11.1 to 49 .2 g and 26 .0 to 196.9 g in the f i rs t and

second f l ushes , respect ive ly . The average seed y ie ld per p l an t from the

second f lush (84.3 g) was h igher than from the f i rst (31.7 g ) .

Discuss ion

The present invest igat ion was under taken to study the ext ent o f damage
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caused by podf ly and pod borers in the f irst and second f lushe s of la te

p igeonpeas in north India and to examine the feasib i l i ty of u t i l iz ing the

second f lush for op t imum grain y i e l ds . Ear l ier work was conf ined to the

ratoonabi l i ty of p igeonpeas e i ther for forage fol lowed by gra in y ie ld

(Ki l l inger 1968) or for seed (Sharma et a l . 1 9 7 8 ) .

This study showed that the overall damage in the second f lus h was

higher than in the f i rs t , for a l though there was l i t t le d i f fe rence in the

percentage of damage caused by pests in the two f l ushes , the m uch greater

pod number in the second f lush resulted in a much greater loss in y ie ld .

This may be corre lated wi th the high pest populat ion during t he second

f lush. Ahmad (1938) recorded that the percent pod damage by podf ly was

very low (11.0) in December and January but rose to a max imum ( 42.7) in

A p r i l . In north India (part icular ly eastern U.P. and wester n B ihar ) the

occur rence of w in te r rains usual ly helps the p igeonpea crop to overcome

mois ture stress, and induces a second f lower ing. The r ise i n tempera ture

dur ing March hastens the deve lopment of the newly formed p o d s , wh ich may

mature about 2 weeks la ter .

Sharma et a l . (1978) reported only vegetat ive growth for th e la te-

matur ing cul t ivars (ACT-3 group) at Hyderabad in the second  f lush (af ter

r a t o o n i n g ) . However , in the present s tudy , higher y ie lds were obta ined

from the second flush than from the f i rs t , due to the increase d pod

number per p lan t .
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Podf ly Suscept ib i l i ty in P igeonpea :
S o m e Aspects o f Ov ipos i t ion Pre fe rence

S . S i t h a n a n t h a m , S .S . Lateef , and W . R e e d *

Abstract

Podfly,  Melanagromyza obtusa ( Mail .) , is a major pest of

pigeonpea in most areas of India and in other countries of 

Asia. The ecology of this pest is being studied at ICRISAT, 

and methods for recording populations are being developed. 

Oviposition preferences in pods of differing ages and in 

different areas of the pod wall are described. Preliminary 

studies indicate that the abundance of glandular hairs, the 

concentration of tannin-like substances beneath the outer 

epidermis, and the thickness of a fibrous cell layer above 

the inner epidermis may influence differences in oviposition 

preference both in pigeonpea and in  A ty los ia  spp. A water 

spray on the pods of some varieties led to a marked increase 

in oviposition and infestation. This is considered to be 

related to physical or chemical changes in the pod surface 

rather than to a simple humidity effect. This factor could 

be of importance in the relative susceptibility of cultivars 

in areas where rain or heavy dew are likely during the pod-

formation period. 

The pod f l y ,  Melanagromyza obtusa  ( M a l l . ) , (Diptera: Agromyz idae) is a 

major pest of p igeonpea in mos t areas of India and is known .t o occur

in several o ther countr ies in Asia (Santok Singh and Ipe 1 9 7 3 ) .

Di f ferences in the suscept ib i l i ty of var ious cu l t ivars to a t tacks by

this pest have been reported by Bindra and Jakhmola ( 1 9 6 7 ) , S r ivastava

and Sr ivastava ( 1 9 7 1 ) , Veda e t a l . ( 1 9 7 5 ) , Kooner e t a l . ( 1 9 7 6 ) , and

Davies and La tee f ( 1 9 7 6 ) . The ava i lab le ev idence indicate s that there

is a good chance of se lect ing for useful plant res is tance aga ins t this

pest .

Very  l i t t le has been repor ted concerning the re la t ionsh ip of t he

var ious plant characters and suscept ib i l i ty to th is pes t , b ut Veda et

a l . (1975) found a weak posi t ive corre lat ion between pod w id th and podf ly

in fes ta t ion . As the egg is laid into a pod and the insect deve lops to

the adu l t inside that pod , the on ly stage at which this insect can se lec t

a hostp lant is the adul t s t a g e , up to egg- lay ing . Consequent l y , we

studied ov ipos i t ion in re la t ion to pod characters in a w i d e  range of

* Pulse Improvement Program, ICRISAT.
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p igeonpea geno types . The prel iminary results f rom these s t ud ies a re

briefly described in this report. 

E g g D i s t r i b u t i o n i n P o d s

In a pre l iminary study in December 1 9 7 8 , all the pods f rom e i gh t p lants of

Pusa A g e t i , 11 of T -21 , and 19 of ICP-1 were str ipped and exam ined for

eggs . There were few podf ly eggs at this t ime , but there was an apparent

tendency for more eggs to be laid in the pods on the upper por t i ons of the

p lan t , for we recorded 1.1, 1.3, and 1.7 eggs per p lant f rom th e pods

col lected from the bo t tom, m i d d l e , and top of the plant respe ct ive ly .

In studies of egg d is t r ibut ion in pods of d i f fe ren t a g e s , we found

20 eggs per hundred tender pods (up to 10 days a f te r f l o w e r ) , 2 1 eggs

per hundred part ly mature pods (11-20 d a y s ) , and none at al l in mature

and dry pods . We therefore decided to concent ra te ou r studie s of o v i -

pos i t ion and egg d is t r ibu t ion on young pods up to 20 days af te r f lower

open ing .

S i t e o f O v i p o s i t i o n w i t h i n t h e P o d

Pods in samples of 50 e a c h — t o t a l 7200 tender and 6650 part ly m a t u r e — w e r e

taken from a range of cu l t ivars at d i f fe ren t t imes and examin ed for pod-

fly e g g s ; the port ion of the pod wall through which each egg ha d been

inserted was carefu l ly recorded. For this purpose we d iv ide d the pod

sur face area into three roughly equal po r t i ons : the dorsal s u r face , which

lies each s ide of the suture f rom which the seeds grow; the l ateral

sur faces or s ides of the p o d s ; and the ventral sur face each si de of the

ventral su tu re . We recorded the fo l lowing d is t r ibu t ion of e ggs per

hundred pods examined:

Dorsal Lateral Ventral SE(m)

Determinate

Cul t ivars

Tender pods

Part ly mature pods

0.7

0.9

5.0

4.9

10.5

14.5

±1.46

±1.64

Indeterminate

Cul t ivars

Tender pods

Part ly mature pods

O.b

0.7

2.6

3.0

9.1

12.6

±0.64

±0.82

Thus more than two- th i rds of the eggs laid were inserted thr ough the

ventral th i rd of the pod wall in both ages of p o d s , in determin ate and in-

determinate cu l t i va rs .

In a ser ies of laboratory t es t s , pods that were at tached to b ranches ,

but held in abnormal or ienta t ions were exposed to ov ipos i t i ng f l ies in

laboratory cages . Here we found a tendency for the f l ies to o v ipos i t

into the anatomica l ly ventral port ion of the pod w a l l , rega rdless of

whe the r that port ion was held ven t ra l l y , do rsa l l y , or la ter a l ly . When the

egg is laid through the ventral sur face of pods up to 20 days o ld , i t is

laid into an unobstructed l umen , w i th l i t t le chance of the ob v ious ly

f ragi le egg be ing squashed against the deve lop ing seeds . T his behav ior

may be crucial for the successful oviposit'ion of th is i nse c t , fo r we have
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observed eggs and o ther stages of this insect in legumes tha t have pods

With l umens , such as  Tephrosia purpurea, Rhynchosia minima,  and  R.aurea, 

but not in legumes wi th pods that have litt le or no lumen. We regard

wi th susp ic ion the reports of this pest from plants such as  Abeimoschus 

escuientus  and  Sesamum orientale  where the egg would have to be laid into

solid t i s sue , even though we have recovered f rom the pet io les of these

plant f l ies that look super f ic ia l ly l ike  M. obtusa. 

P o d - W a l l C h a r a c t e r s i n P l a n t s w i t h D i f f e r i n g S u s c e p t i b i l i t i e s t o Pod f l y

Extens ive screening of the avai lab le germplasm in open fi eld tests from

1975 to 1978 gave us select ions of p igeonpea that w e r e cons is tent ly more

and less suscept ib le to podf ly in festat ion. Four select ion s f rom each

of the more and less suscept ib le categor ies were grown in a  trial dur ing

the 1978-79 ratny season. Samples of young pods (1 week a f ter  f lower

open ing) were fixed on 3% g lu tera ldehyde (in a phosphate b uf fer of

pH 6.8) post f ixed in osmium te t raox ide and then embedded i n glycol

methacry la te . Transverse sect ions to two microns thick w ere cut w i th

glass knives and then stained wi th to luedene b lue .

On examina t ion , the sect ions showed some d i f ferences t hat appeared

to coinc ide wi th the known di f ferences in podfly suscept ib i l i ty among

the se lect ions (Table 1 ) . The pods from the less suscept ib le se lect ions

general ly had fewer g landular hairs and more intense sta i n ing in the

subepidermal layer . The intense sta in ing was thought to be associated

wi th greater contents o f po lypheno ls . The d i f ferences wer e not ent i re ly

cons is tent for ICP-7176, had very l i t t le polyphenol in th e

subep ide rm is , so d i f fer ing markedly from the o ther thre e less suscept ib le

se lec t ions . I t was also recorded that the number of g landu l ar hairs per

unit length of pod wall and the intensi ty of s ta in ing of the subepidermal

cells both tended to be less in the o lder pods (7 to 14 day s a f ter

f l o w e r ) . In these pods , however , the wal ls of the subepide rmal cel ls

had th ickened and some of these cel ls were darkly s ta ined, i ndicat ing

the presence of polyphenol concent ra t ions .

We also examined pods from three species of the wi ld re lat iv es

of p igeonpea:  Atyiosia albicans  ( re lat ive ly suscept ib le to p o d f l y ) ,

A. scarabaeoides , and  A. cajanifolia  (both re la t ive ly r e s i s t a n t ) . There

were a few g landular hairs on pods of  A.cajanifoiia  but none on the o ther

two spec ies . All three had dark-s ta in ing cel ls in the sub epidermis and

m e s o p h y l I , but these were re la t ive ly fewer in  A.cajanifoiia.  A thick

layer of f iber cel ls just beneath the inner epidermis was e v ident in

A.cajanifoiia  and  A.scarabaeoides,  wh i le in  A.albicans  this layer was

much th inner . This layer m igh t o f fe r a bar r ier to ov ipos i t i on . In the

mesophyll o f  A.albicans , we not iced s tone cel ls ( s c l e r e i d s ) , which were

not seen in the o ther two spec ies .

E f f e c t s o f W a t e r S p r a y s o n t h e P o d s

Early at tempts to increase the podf ly inc idence in screen ing t r ia ls by

spray ing pods wi th honey and yeas t showed that pods f rom t he water -sprayed
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Table 1. Anatomical characters observed in the pod walls of s elections of pigeonpea

known to be more and less susceptible to podfly.

Podf ly Anatomical charac ters of 7-day-old pods

Pigeonpea damage

cul t ivar in p o d s a

(%)

Abundance grading of

g landu lar hairs on

ep idermis b

Presence of polyphenols

in subepidermis c

Less Suscept ible.

ICP-3193-12 7.9 1 2

ICP-4427 3.5 1 2

ICP-7176-1 11.2 1 0

ICP-7176-3 7.2 1 2

Suscept ib le

ICP-2223-4 31.6 2 1

HY3C-7-26 32 .5 2 0

ICP-6443 23.9 2 0

ICP-4745-9 24.1 2 1

a. Mean for 3 y e a r s ' assessment in unsprayed c rops .

b.  Scor ing based on visual scor ing: O-N i l , 1-Few, 2-Many.

c.  Scor ing based on b lue staining in subep idermis : 0-Ni l , 1- L i t t le , and

2-Much.

a. Mean for 3 y e a r s ' assessment in unsprayed c rops .

b.  Scor ing based on visual scor ing: O-N i l , 1-Few, 2-Many.

c.  Scor ing based on b lue staining in subep idermis : 0-Ni l , 1- L i t t le , and

2-Much.

a. Mean for 3 y e a r s ' assessment in unsprayed c rops .

b.  Scor ing based on visual scor ing: O-N i l , 1-Few, 2-Many.

c.  Scor ing based on b lue staining in subep idermis : 0-Ni l , 1- L i t t le , and

2-Much.

cont ro ls had the greates t inc idence of podf ly . In many subse quent tests

we have in general found that there is an increase in ov ipos i t ion by

podf ly in-pods that have been washed by a water spray. Dat a f rom one of

the m a n y tr ia ls a re presented in Tab le 2. Here we placed f ine m esh net

bags over groups of f lower ing termina ls on p l an t s , keeping t hese in p lace

for 3 days to ensure that no podf ly eggs could be laid. We then

removed the bags and sprayed some groups of terminals w i th w a t e r , leaving
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Table 2. Podfly oviposition in pods of water-washed and nonw ashed terminals on five

pigeonpea cultivars, Entomology nursery, ICRISAT Center , 1978-79.

Cul t ivar No . o f repl icat ions

Mean eggs laid by four adu l ts /3 days

(est imates/100 pods)No. o f repl icat ions

Water-washed Nonwashed

Pusa Ageti 6 3.8 0.4

T-21 6 18.4 2.1

ICP-1 13 3.7 0.3

ICP-6915 10 8.9 6.6

NP(WR)-15 9 1.0 0.6

Mean

9

7.2 2.0

the o thers as unsprayed con t ro l s . The bags were then rep lace d, but this

t ime each conta ined four pairs of pod f l ies . Three days la te r , all the

terminals were harvested and carefu l ly examined for podf ly eggs . More

eggs were laid in washed pods in all the cu l t i va rs , but there w ere clear

d i f fe rences between cu l t ivars in the response to wash ing: i n T-21 there

was near ly a tenfold d i f fe rence between washed and unwashed p o d s , but in

ICP-6915 the d i f fe rence was less than two fold.

In another trial we studied the ef fects of a ser ies of wash in gs at

week ly intervals on who le p lants of f ive cu l t ivars and comp ared the data

from these w i th records from untreated p lan ts . The number of develop ing

stages of podf ly (eggs, la rvae , and pupae) were counted f rom samples of

50 pods col lected just before each week ly washing. The fo l lo wing mean

data were observed:

Mean number of developing stages of podf ly observed in sampl es of 50 pods

col lected in each week af ter the f i rs t wash ing.

Treatment
Week

MeanTreatment 1 2 3 4 5
Mean

Washed

Control

18

14

7

4

15

6

24

15

16

7

16

9
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Thus at every sampl ing da te there were more podf ly in the pod s from

the washed p lan ts .

In spi te of very large var ia t ions in the inc idence of podf ly

infestat ions recorded wi th in the samples from individual t rea tmen ts ,

water spraying of young pods invar iably led to some enhanc ement of the

number of podf ly eggs laid in those pods . Increased humidi ty around the

pods might not have played a ro le , because fewer eggs are laid on unwashed

pods even when f l ies were caged d i rec t ly on the p o d s , and also because the

pods soon dry a f ter washing but the ef fects of the washing a ppear to

pers is t for several days . Washing apparent ly has some comp arat ive ly long-

term ef fec t on the pod-wall e i ther phys ica l l y , perhaps by ma king the pod

wall sof ter and so more easi ly penet rab le by the podf ly 's ov i pos i to r , or

chemica l l y , perhaps by washing of f or d isrupt ing a deter ren t exudate.

Ipe (1974) indicated that the f ly makes a cho ice of pod by hov ering over

pods for a cons iderab le per iod , but once the f ly has sett led i t invar iably

at tempts to ov ipos i t . Th is may indicate that a shor t - range o l fac tory

st imulus or de ter ren t is involved. Th is factor is of obv iou s impor tance

in our screening studies for the suscept ib i l i ty of some sel ect ions to

podf ly at tack may be af fected cons iderab ly by rainfal l at th e young pod

stage.

We intend to fo l low up these pre l iminary s tudies wi th fur the r

studies on the e f fec t of washing on a range of cu l t ivars in f i eld and

laboratory tes ts . We also hope to study the chemica ls that mi ght be

involved.

Conc lus ions

These pre l iminary s tudies indicate that there may be sever al factors

involved in the inherent suscept ib i l i ty of individual cu l t ivars of

p igeonpea and  Atyiosia  spp. to podf ly a t tacks . There is a c lear need

for much more deta i led observat ion of the insec t , the p lan t s , and their

in teract ion. An understanding of the mechan isms inf luenc ing the suscep-

t ib i l i ty of any cu l t i var to podf ly a t tack would be inva luab le in ou r

screening and breeding for res i s tance , for i t m igh t enab le  us to screen

more e f fec t ive ly and in more than one generat ion of p lants ea ch y e a r .
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Relat ive Suscept ib i l i t y of P igeonpea

Cul t ivars Aga ins t Podf ly  Melanagromyza 

obtusa Ma I l och under Field Condi t ions

C.A.R. D ias , S .S . La l , and C.P. Yadav*

Abstract

Melanagromyza obtusa  is a major pest of pigeonpea in India. 

As the chemical control of this podfly is difficult and costly, 

a search for pigeonpea plants that are less susceptible to this 

pest is being undertaken at Kanpur, India. In an initial 

attempt to screen germplasm in 2 years, the infestation in the 

pods of germplasm accessions varied from 0 to more than 80% in 

each year. However, all of the accessions with little or no 

podfly infestation in the first year's test had moderate to 

high infestations in the second year of testing. It was con-

cluded that the screening for resistance will not be easy and 

that the high incidence of outcrossing in this crop leads to 

variability in the progeny of the selections .  There is a need 

to select single plants and then to test the selfed progeny 

from these. 

Varying est imates of losses due to podfly attack have been repor ted.

Ahmad (1938) est imated the grain damage was as high as 40 to  6 0 % in Pusa

(Bihar) and 6 3 % in Delh i . Gangrade (1963) assessed the grain damage to

be 11.4 to 8 6 . 4 % , and Bindra and Jakhmola (1967) recorded the .average

grain damage of 11.2 to 1 5 . 8 % .

One method of contro l l ing the podf ly and o ther pod borers i s through

the repeated use of insec t i c ides ; however , factors such as t he undesi rab le

effects on the env i ronment and the high cost l imit use of ins ec t ic ides .

Luginbil l (1969) stated that the ideal method of combat ing i nsect at tack

on plants is to grow insect - res is tant var ie t ies . There fo r e , ident i f ica-

tion and development of res is tant /or to lerant cul t ivars wo uld go a long

way in the deve lopment of an e f fec t i ve , economica l , and saf e control

measure for the podf ly . Consequent ly , an ef for t has been mad e to study

the host -p lant react ions of some of the avai lable germplas m to podf ly

infestat ions at Kanpur in nor thern India. This paper embod ies the

results obta ined from initial studies conducted during 197 8-79 and

1979-80 .

* Project Di rectorate ( P u l s e s ) , IARI Regional S ta t ion , K anpur, India.
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M a t e r i a l s and M e t h o d s

Pigeonpea germplasm l ines were screened for natural podf l y in festa t ions.

The degree of infestat ion among these unrepl icated l ines wa s evaluated by

recording percent pod damage. Four to f ive hundred mature po ds col lected

from 4 to 5 plants by st r ipping all the pods from five or six bra nches

per p lant we re examined for each cu l t ivar . Based on the chara cter is t ic

damage symptom of the "window" or ex i t ho le , podf ly-damaged pods were

counted and those wi th no external damage symptoms were then opened and

the contents examined. Of the 659 germplasm l ines that we re s creened

dur ing 1978-79 , 58 l ines that had pod damage below 5% were r eevaluated in

a three-rep l icate trial dur ing 1979 -80 , together wi th 21 p igeonpea l ines

reported to be fair ly res is tant to this pest received from o t her

inst i tutes in India. Cul t ivar T-17 was used as a check. Perc ent podf ly

damage was assessed f rom five plants selected at random from each plot

and recorded separate ly . The pre l iminary screening was al so cont inued

dur ing 1979-80 w i th the eva luat ion o f 4 3 0 more germplasm ac cess ions .

ICRISAT provided 18 cul t ivars o f ear ly , med ium, and late g r oups , wh ich

were also tested together wi th relevant checks at Kanpur du r ing 1979-80.

Resu l ts a n d Discussion

Summaries of the data on percentage of pods damaged by podf ly in the

unrepl icated germplasm l ines are given in Tab le 1. Of 659 ent r ies

tested, samples from nine accessions were free from damage a nd 49 others

had less than  5% damaged pods. The major i ty of the accessions (72%) had

5 to 2 0 % pod damage.

In 1 9 7 9 - 8 0 , ou t of 430 accessions sampled, nine had no dama ge and 47

others had less than 5% of the pods damaged. In this yea r aga in , most

accessions (68%) were in the 5 to 2 0 % pod-damage range.

In the 1979-80 repl icated test of the 58 l ines selected f rom t he

1978-79 germplasm t r i a l , 21 promis ing l ines received from o ther centers

and check T -17 , all the entr ies had  more  than 2 0 % of the i r pods damaged.

The mean percentage of pods damaged in these entr ies ranged f rom 22.8 to

6 3 . 5 ; in the check en t r y , T - 1 7 , 3 6 . 7 % . The coef f ic ient o f var iat ion for

percent damage was high at 7 5 . 7 % , showing  very  large d i f ferences between

samples o f each se lec t ion. Only NP-56 ( 2 2 . 8 % ) , Benipoda ( 2 3 . 4 % ) , and

C0-3(24.0%) had s ign i f icant ly less damage than the chec k. T h u s , this

test ing revealed an inconsistency in resul ts from y e a r to y e a r , wi th

entr ies selected for low damage in the f i rs t y e a r giving var i able and

relat ively high damage levels in the second.

This inconsistency may be a t t r ibuted to the heterozygous n ature of

the p lants . To check on t h i s , we selected 12 plants f rom 10 c ul t ivars

from this t r i a l , all of which were recorded to have less than  5% damage.

The progenies of these p lants will be sel fed for two generat i ons in an

at tempt to produce near-homozygous l ines and these wil l the n be retested

and selected.

In another trial in 1979-80 we tested 18 l ines -- sent to us by

ICRISAT — that had been found to have d i f fer ing suscept ib i l i t ies to pest
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Table 1. Results of pigeonpea germplasm screening against p odfly during 1978-79
and 1979-80 at Kanpur, India.

Range o f

pod damage

(%)

1978-79 1979-80

Class

Range o f

pod damage

(%)

No. o f germ-

plasm l ines

in each class

% in each

class

No. o f germ-

plasm l ines

in each c lass

% in each

class

1 NIL 9 1.4 9 2.1

2 0.1 - 2.5 10 1.5 9 2.1

3 2.6 - 5.0 39 5.9 38 8.8

4 5.1 - 10.0 222 33.7 121 28.1

5 10.1 - 20 .0 254 38.5 170 39.5

6 20.1 - 4 0 . 0 87 13.2 70 16.3

7 40.1 - 80 .0 24 3.6 12 2.8

8 80.1  -  100.0 14 2.1 1 0.2

Total 659 100.0 4 3 0 100.0
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damage. In this trial we found that none of these l ines gave lo wer pod-

fly damage ratings than our check cu l t i vars .

Conc lus ions

The data from these tr ials indicate that the wide ly prevai l i ng concept

amongst en tomo log is ts , that one or two seasons ' screening of p igeonpea

cul t ivars will result in the ident i f icat ion of res is tant ma te r ia l , is at

least open to quest ion . The fact that 3 to 4 0 % outcross ing occ urs in

p igeonpea (Sen and Sur 1964 ; Khan 1973) makes select ion for res is tance

very  d i f f i cu l t . The major i ty of the germplasm accessions teste d were

obviously  very  var iab le . I t would therefore seem more prof i tab le to

se lec t s ingle plants that show less suscept ib i l i ty and then reselect

wi th in the sel fed progenies der ived from these p lan ts . A pr ogram along

these l ines is now being fol lowed at Kanpur.
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Entomological Studies in In tercropped

Pigeonpea Systems at I C R I S A T Center :

Future Deve lopments and

Col laborat ive Research Needs

V . S . Bha tnagar and J . C . Dav ies*

Abstract

This paper highlights some research results on pest numbers, 

pest/parasitoid/'predator relationships and insect induced 

yield losses in intercropped pigeonpea in various crop combi-

nations and with different plant populations, pesticide use, 

soil type, locations, and seasons. The role of kharif 

sorghum in the buildup of parasites of major pests of pulses 

is mentioned. The influence of climatic effects affecting 

migration in  He l io th is armigera  (Hubner) and causing dis-

equilibrium with native biotic control agents on pigeonpea 

is discussed. Attention is drawn towards the need to gather 

more base entomological data from replicated and representa-

tive intercropping trials in both research stations and on 

farmers' fields. These will initially be surveys on small 

farmers' holdings, concentrating on a few typical situations 

and using large blocks and locations as replications under 

low fertility situations. Future developments and col labo-

rative research needs on intercropped pigeonpea systems are 

discussed.

The pract ice of in tercropping or mixed cropping of red gram,  cajanus cajan 

(L.) Mi l l sp . is common on the Indian subcont inent and is a ru le rather

than an except ion (ICAR 1 9 7 0 ) . On dryland fa rms , co t ton , g ro undnut , and

cereals are commonly grown as companion crops w i th red gram. Despite the

predominance of low- input tradit ional intercrop systems i n developing

count r ies in the t rop i cs , such systems have received inade quate research

at ten t ion . The be l ie f that intercropping as t radi t ional ly pract iced is

ou tda ted , unproduc t ive , and is only a transit ional phase i n agricultural

deve lopment still pers is ts . The trend in research on sole cr ops is still

so strong that agr icul tural scient ists of most developing c ountr ies still

g ive l i t t le a t tent ion to research on intercropping systems . For tunate ly ,

there is a growing real izat ion of the importance of cater ing to the needs

of the subsis tence farmer and this demands far more input in to the study

of tradit ional systems of crop product ion.

* ICRISAT, Patancheru , A . P . , India.

341



The insect-pest and vector re lat ionship in intercrops is  very  com-

plex and highly dynamic. Of all research cont r ibut ions on th e entom-

ological aspects in pigeonpea in the last decade , we could f ind on ly

three (Bhatnagar and Davies 1979 ; Satpathy et a l . 1 9 7 7 ; Sin gh and Singh

1978) that deal t w i th the pest s i tuat ion in in te rc rops , dem onst ra t ing the

imbalance that still ex is ts in sett ing up the pr ior i t ies a nd d i rect ion of

entomological research on p igeonpea. One of these papers re viewed the

pest -paras i te s i tuat ion in intercropping sys tems , its in f luence on crop

losses , pest ic ide use , and l ikely pest -management s t rateg ies in intercrop

subs is tence farming. The other two papers presented resul t s of exper i -

ments wi th a var iety of grain legumes and cereals intercropp ed wi th pigeon-

pea in small p lots ranging from 0.025 to 0.075 ha.

Given the cerea l / legume bias of ICRISAT's mandate and co ns ider ing

the national and international importance of  Heliothis armigera  ( H u b n e r ) ,

this noctuid was selected for deta i led study. I t was neces sary to concen-

trate on a few crop combinat ions to establ ish appropr ia te p lo t and sam-

pl ing methodolog ies and to a t tempt to obta in some basic in format ion on the

pest s i tuat ion in mono - and in ter -c rops. At tent ion was foc used on p igeon-

pea/cereal combinat ions in v iew of their importance in the Indian sub-

cont inent . Hopefu l ly , these research f indings will serve a s a base for

formulat ion of future v iable pest -management systems fo r intercrops in

the semi-ar id t ropics. Such data are being accumulated and h ave been

per iod ica l ly detai led e lsewhere (Bhatnagar 1 9 8 0 ; ICRISA T 1976, 1 9 7 7 , 1978 ,

1979 , 1 9 8 0 ) .

M e t h o d o l o g y

Exper imentat ion using several crop combinat ions in 1974-7 6 demonstrated

the importance of studying p igeonpea cu l t ivars grown in a f ew combinat ions

typical of the region i f data of practical value and re lev ance were to be

obta ined. Subsequent ly , plots o f monocrop , mixed (within l i n e s ) , and

intercrop (between l ines) combinat ions of sorghum and pige onpea were sown,

using locat ions as rep l ica t ions . Plant populat ions were ca refu l ly con-

t ro l led. Damage caused and y ie ld losses in so le , m ixed , and i ntercrops

were s tud ied, using sui table methodo log ies , pest numbers , and pest rpara-

si te ra t ios .

The need for large plots that act as "ecological un i ts " and p rovide

a more real is t ic " f ie ld" s i tuat ion l imits exper imentat ion on intercropping

systems. However , on these large plots (minimum size 0.35 ha ) real pest

and paras i te /predator sh i f t s , di f ferent ial pest and paras i te levels bet-

ween crop sys tems, and insect- induced y ie ld losses were sam pled and asses-

sed w i thou t af fect ing pest l eve ls . Sampl ing procedures for several pest

spec ies , par t icu lar ly for the podf ly ,  Melanagromyza obtusa  (Mal l . ) are

often des t ruc t i ve , and this again necessi ta ted large p lo t s .

Data f rom ICRISAT Center we re compared wi th those obtained from plots

sown on fa rmers ' f ie lds in the ad jacent v i l lage s i tes . All plots were of

comparable s ize and were sown under typical low-fer t i l i ty c ond i t ions .

During 1 9 7 7 - 7 8 , m ixed crops were grown only at ICRISAT Cen te r , as the

local farmers refused to use hybr id sorghum in a mixed crop co mbinat ion.

These farmers a lso refused to grow sole-crop pigeonpea unle ss sui table
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protect ion measures were provided. Useful additional com parisons were

made using data f rom f requent of f -stat ion surveys in the d istr icts of

Andhra Pradesh , Maharash t ra , and Karnataka, and those obta ined from the

f ie lds in v i l lages where , ICRISAT is current ly conducting i ntensive socio-

economic and anthropological surveys.

S u m m a r y of Resul ts

Pest S i t u a t i o n a n d Losses

The numbers of eggs and larvae of  H. armigera  on pigeonpea and of adul ts

trapped in l ight t raps , were higher on Vert isols than on A l f i so ls at the

ICRISAT Center . Oviposi t ion per 100 terminals was heavier on wide ly

spaced p igeonpea. On pigeonpea (cv ICP-1) at the research f arm and in

the adjo in ing Vi l lages s i tes , the f i rst peak of ov ipos i t ion occurred in

ear ly November over 3 years (1977 -80 ) . In some seasons , this resul ted in

a total loss of the f i rst f lower f lush on the pest ic ide- f ree V ertisol

areas of the research farm, as the high larval populat ion con sumed b u d s ,

f l owers , and developing pods. A second f lower f lush in inte rcrops and

even a third f lush in sole-crop pigeonpea were observed in th ese s i tua-

t ions. Consequent ly , there was a greater reduct ion in y ie l d in the pes t i -

c ide- f ree areas of Vert isols than in A l f i so ls at the researc h fa rm,

despi te the fact that far more pods were produced in the crops on the

Ver t i so ls .

Pest ic ides indirect ly af fected and altered the f lower ing t rends , pest

numbers , and parasi t ism levels in intercropping t r i a l s . Du ring 1 9 7 7 - 7 8 ,

sprayed pigeonpea (ICP-1) intercropped wi th sorghum (CSH -6) on deep Ver t i -

sols was harvested in 169 to 170 days compared w i th 260 to 270  days on

unsprayed p lots .

There were no s igni f icant d i f ferences in pest numbers , and i nsect-

induced final y ie ld losses between mixed and intercrops of p igeonpea at

equal plant popu la t ions . However , s ign i f icant d i f ference s in relat ion to

these factors were observed between sole-crop and intercro pped b locks ,

even when plant populat ions of p igeonpea were equa l . S igni f icant ly more

eggs and larvae of  H. armigera  per 100 pigeonpea terminals and a greater

percentage of pod damage were recorded f rom the intercrops than from the

sole-crop b locks. However , as the y ie lds from sole-crop b locks of p igeon-

pea were higher than from intercrop b locks , the actual weig ht losses were

greater from sole-crop b locks. Data were obtained on seed-w eight loss on

intercropped pigeonpea at two p lant populat ion levels dur i ng 1978-79 using

the actual we ights of damaged and undamaged pods and seeds and calculat ing

the potential y ie lds i f all pods had been undamaged. Losses were s ign i -

f icant ly higher (P < 0.05) on intercrops at 50 thousand (81 .0%) than at

30 thousand plants/ha (70.0%) for the pods produced as a resu l t of the

f i rst f lower f lush in low-fer t i l i ty unsprayed areas. Howev er , the d i f fe r -

ences in final losses in y ie ld (56 and 50%) were not s tat is t ic a l ly signi-

f icant . The compensatory abi l i ty of pigeonpea cul t ivars is therefore

l ikely to be an important a t t r ibu te of cu l t ivars selected fo r subsistence

crop sys tems.

At the adjo in ing v i l lage s i t es , pes t numbers , paras i t ism le ve ls , and
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y ie ld losses on p igeonpea were lower than at ICRISAT Cente r . At one si te

in 1 9 7 7 , i r r igat ion of hybrid sorghum at f lower ing (late S eptember)

resul ted in increased f lower product ion on p igeonpea compa red wi th that

in noni r r igated f ie lds . The i rr igated crop also carr ied hig her numbers

of  H. armigera  eggs and larvae. This increased the insect- induced y ie ld

loss s ign i f icant ly (P < 0.05) on the i r r igated (45.0%) compa red wi th that

on noni r r igated (18.0%) intercropped p igeonpea. A lower y ie ld of p igeon-

pea was obta ined from the irr igated f ield (446 kg/ha) compar ed w i th un-

irr igated si tes (534 k g / h a ) .

Pest-Parasite Relations

Data obta ined at ICRISAT showed that a few important hymenop teran egg and

larval paras i tes build up in  H. armigera  on sorghum. These parasi tes give

l i t t le advantage to the associated pigeonpea as they do not s ubsequent ly

t ransfer in apprec iab le numbers on to  Heiiothis  in p igeonpea. Egg para-

si t ism levels on p igeonpea were a lways low (less than 1%) in c ont rast to

the levels on sorghum (up to 8 0 % ) . A s imi lar trend was not iced in our

survey data . Of 27 paras i te species recovered from ten pes t species of

sorghum (excluding  Heiiothis)  on ly one was subsequent ly found, in  very  low

numbers , on two of the 16 o ther pest species studied on p ige onpea.

On p igeonpea, the dipteran parasi tes on  Heiiothis  larvae were more

common than hymenopteran ones . These dipterans did not red uce larval

populat ion and damage on p igeonpea apprec iab ly , and were of lesser impor-

tance s ince they most ly ki l led  Heiiothis  in the prepupal or pupal phase ,

a f ter the larvae had al ready caused pod damage. Overall par as i t ism levels

w e r e higher at the research center than in the adjoin ing v i l l age s i tes ,

wi th peaks occurr ing late in the season. A presumed entry of immigrant

moths in the w in te r months in some seasons fur ther created a d isequ i l i -

br ium wi th the nat ive parasi t ic fauna, leading to a rapid in crease in

larval populat ions on p igeonpea.

Surveys on Parasite Levels

Surveys in Andhra Pradesh, Karnataka, and Maharashtra stat es in India con-

f irmed that d ipterans were the dominant larval parasi tes of  Heiiothis  on

pigeonpea wh i le hymenopterans were predominant in sorghum (August -October)

and chickpea (November -March ) . C rops , cropping pa t te rns , cropping inten-

si ty over large a r e a s , and seasons had an important e f fect o n distribution

and abundance of pa ras i tes . Parasi t ism levels by d ipterans were lower in

paddy-growing areas but higher in cot ton-growing regions o f Andhra Pradesh

and Maharash t ra , possib ly because of a t ransfer of pa ras i t es , wh ich deve-

lop on the bol lworm complex in co t ton , to intercropped p igeo npea.

Use of insect ic ide drast ica l ly af fected paras i t ism l eve l s . The

levels were par t icu lar ly low on intercropped pigeonpea in the Gulbarga

and Bel lary d is t r ic ts of Karnataka, and the Tandoor region of Andhra

Pradesh, where farmers commonly apply two or more insectic idal sprays

aga ins t  Heiiothis.  Farmers indicated that the commonly used insect ic ides

were not a lways e f fec t i ve . Poss ib le reasons are adu l te ra t i on , use of o ld
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s tock , and faul ty (time and method) spray app l ica t ions. Ano ther possi-

b i l i ty is the development of res is tance in  Heiiothis  populat ions against

wide ly used pes t i c ides , part icular ly as a resul t of inten sive insect ic ide

use on hybrid cotton and possible subsequent immigrat ion of moths to

p igeonpea. However , there is no research ev idence on resist ance in

Heiiothis  to pest ic ides in India.

Data obta ined from a few vi l lages in Andhra Pradesh and Mahar asht ra ,

in col laborat ion wi th the economics group of ICRISAT, have i ndicated that

low p lant populat ions wi th high pest numbers , absence of eg g pa ras i tes ,

and low larval parasi t ism by hymenopterans were main ly resp onsib le for

heavy y ie ld losses resul t ing in low y ie lds on intercropped p igeonpea.

Fu tu re Deve lopments and C o l l a b o r a t i v e Research Needs

Results obta ined so far have helped to clar i fy the status of  Heiiothis  in

the wide ly grown ce rea l / l egume intercrop systems of the Ind ian subconti-

nent and reveal and ident i fy some of the basic reasons for the ser ious

insect damage caused to intercrop p igeonpea. However , fur t her ecological

s tud ies , including those on pest-parasi te re la t ions , are c rucia l ly impor-

tant to understanding pest problems in intercrop pigeonpea sys tems. More

attent ion needs to be paid to col laborat ive surveys of biot i c control

agents of key pests in re lat ion to other specif ic intercro ps to explore

the possib i l i ty of ut i l iz ing these in future on- farm co l la borat ive pest-

management projects in intercrops in the real-world s i tuat ion.

It is essential that co l laborat ive mul t id isc ip l inary rese arch and

surveys in intercropping are immediately intensi f ied. The research and

survey approach descr ibed in this paper will have to be exten ded to other

important crop combinat ions such as cot ton/p igeonpea and g roundnut /p igeon-

pea on large p l o t s , using locat ions as rep l i ca t ions . Sole- crop plots are

needed to moni to r d i f ferences in status of pests and d isease s , i f they

ex i s t , and compar isons made wi th of f -s tat ion s i tua t ions . Var ious cultural

pract ices in both ex is t ing and improved intercrop systems are major

factors in insect-pest and d isease-vector populat ion dyna mics and need

immediate at tent ion and invest igat ion. In pre l iminary f i e ld-sca le experi-

mentat ion dur ing 1 9 7 9 - 8 0 , a s igni f icant ly high (P < 0.05) in cidence of

ster i l i ty mosaic d isease was observed in intercrop b locks c ompared wi th

sole p igeonpea blocks (Bhatnagar , unpubl ished d a t a ) .

Studies relat ing to the ef fects of cropping sys tems , plant p heno logy ,

cu l t i va rs , p lant popu la t ions , spatial a r rangemen ts , fer t i l izer and pesti-

c ide levels and methods of appl icat ion on key pests such as le gume borers

and podf ly , their rat ios to parasi tes and p reda to rs , and lo sses in inter-

crops are vital for the formulat ion of future integrated pe st management

on present and proposed intercrop sys tems. The suggested w ork needs to

be intensi f ied in co l laborat ion wi th national coordinated research programs

and agricultural un ivers i t ies , and there is a special need for c loser

col laborat ion between sc ient is ts for a real is t ic mul t id i sc ip l inary research

approach to intercrop systems.

Development of pest management recommendat ions on  Heiiothis  and eval-

uat ion of ef fects in a few important pigeonpea intercrop sy stems need
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immediate a t tent ion. Subsequent ly , on- farm opera t iona l - sca le pest -manage-

ment tests under the fa rmers ' level of technology will be ess ent ia l . A 

strong temptat ion to run "on- farm" tests with researchers ' level manage-

men t mus t be res is ted; in the final ana lys i s , i t is the farme r , wi th

l imi ted resources , who will manage the farm.

There is every indicat ion that one or two insect ic ide sprays may be

necessary for obta in ing the full benef i t f rom growing pigeo npea as an

intercrop. In this con tex t , t iming of sprays and the use of c ontro l led

drop le t appl icat ion could be of cons iderab le importance in min imiz ing

dis turbance of the ecosystem. The assessment o f pest ic ide appl icat ion

will be comp lex , because long- term trends may be invo lved, p ar t icu lar ly

i f sprays are recommended and used over large a reas .

Future research on the status of parasi tes in the p igeonpea crop is

obv ious ly important in v iew of the resul ts obta ined. It will be necessary

to determine and relate the complex role of physical and che mical factors

involved in preferent ial paras i t izat ion by d ipterans com pared wi th hymen-

op te rans , and the reasons for lack of nat ive egg parasi tes in p igeonpea.

The understanding of these re la t ionships is crucial to the d eve lopment of

fu ture integrated pest -management pract ices in in tercrop s.

More ecological work and fur ther gather ing of base data from the

real-wor ld s i tuat ion on farms are essential also to fill gap s in our know-

ledge of speci f ic c rop systems and immigrat ion of  Heliothis.  A l ight - t rap

grid will hopeful ly become ful ly operat ional in India in the next few

y e a r s ,  so  that informat ion on migra tory movements  of H. armigera can  be

obta ined. The descr ibed approach is essential for the res earch and deve-

lopment necessary fo r management of key pests in present a nd proposed

intercrop systems in the t rop ics . There are no shor tcuts .
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Synthet ic Pyrethroids for t he Control

of the Pigeonpea Pest Complex

K.S. Chhabra , B.S. Kooner, and J . S . Brar*

Abstract

Field trials of different insecticides were conducted on 

pigeonpea at Ludhiana, Punjab, India, 1977 to 1980. The 

insecticides were directed against jassids  Empoasca  spp. dur-

ing the vegetative stage and against the pod-borer complex, 

which is dominated by  Hel ioth is a rmigera , Exelast is a tomosa,

and the podfly,  Melanagromyza obtusa.  The use of pesticides 

generally resulted in substantial increase in yield. How-

ever, pyrethroids gave a higher reduction in pest damage 

than all the conventional insecticides. 

Pigeonpea,  Cajanus cajan  (L.) Mi l l sp . , is one of the main pulse crops of

India. I t is genera l ly grown dur ing the rainy season; the war m humid

weather is conducive to the development of insec ts , and a num ber of insect

pests damage the pigeonpea crop. During the vegetat ive grow th of the

p lan t , sap-sucking insect pes t s , including jassids  Empoasca moti  P. and

E. terminalis  D., somet imes assume the pest status and cause damage to

the growing p lan ts ; however , the ma jor losses are caused by the pests

occur ing during the late growth stage of the plant. Amongst t hese are the

pod-borer Complex compr is ing  Heliothis armigera  H. ,  Exelastis atomosa  W. , 

Lampides boeticus  L . ,  Melanagromyza obtusa  Ma l l . , and  Cydia critica  M.

A number of insect ic ides have been tested for their ef f icacy against

pigeonpea pes ts , and monocro tophos , qu ina lphos , carbary l , phosa lone, and

endosul fan have been found promis ing. In the ear ly 1970s , ce rtain chemi-

cals of p lant or ig in were also found ef fect ive aga ins t crop p es ts .

However , natural pyrethr in and related synthet ic pyrethro ids such as a l le -

th r in , b ioa l le th r in , resmethr in , b ioresmethr in , c ismeth r in , and ethano-

chrysanthemate are unstable in air and l ight. Hence the inse cticidal

propert ies of some photostable synthet ic pyrethroids have been evaluated

by El l io t t et a l . (1973, 1974 , 1 9 7 8 ) . Pyrethroids have a long record of

safe use , despi te surpr is ing ly high in t ravenous, but low o r a l , toxic i ty

to mammals (Barnes and Verchoyl 1974 ; Wickman and Chadwick 1 9 7 5 ) . By the

midd le of the 1970s , about hal f a dozen synthet ic pyrethroi ds such as

fenva le ra te , decamethr in , permethr in , and cypermethr in became avai lab le .

These synthet ic pyrethro ids have been tested on a number of c rops by

var ious researchers , e.g. by Cantu and Wol fenberger ( 1 9 7 0 ) , Breese ( 1 9 7 7 ) ,

* Punjab Agr icul tural Un ivers i ty , Ludhiana, India.

349



Lhoste and Piedal lu ( 1 9 7 7 ) , Ruscoe ( 1 9 7 7 ) , and Sukhi ja et a l . (1980) on

co t ton ; aga ins t  Heliothis armigera, Pectinophora gossypiella,  and  Antho-

nomus grandis  by Voon and Chung (1979) on tobacco against  H. armigera;  by

Col l ingwood and Bourdouxhe (1980) on tomatoes aga ins t  H. armigera;  and by

Di lbag Singh (1980, unpubl ished) on brinjal and tomatoes ag a ins t  Leuci-

nodes orbonalis  Gues. and if.  armigera. 

We therefore decided to test some of the avai lab le synthet ic pyre-

throids aga ins t the insect pests of p igeonpea at Ludh iana , P un jab , to

assess their e f f icacy in compar ison wi th conventional ins ect ic ides.

M a t e r i a l s and M e t h o d s

A set of e ight convent ional insect ic ides was tested dur ing t he crop sea-

son of 1 9 7 7 , aga ins t the pigeonpea borer complex. S imi la r ly , during the

1978 crop season, a set of 11 insect ic ides, including the e i gh t of 1 9 7 7 ,

was tested against p igeonpea bo re rs . All the insect ic ide s s igni f icant ly

brought down borer a t tack , monocro tophos , qu ina lphos , ca r bary l , phosa lone ,

and endosul fan being the mos t promis ing. During the crop sea son of 1979 ,

a f ield trial was laid out wi th these f ive insect ic ides and f our avai lab le

synthet ic p y r e t h r o i d s — p e r m e t h r i n (Ambush 50 E C ) , cyperme thr in (Cymbush

25 E C ) , decamethr in (Decis 2.5 E C ) , and fenvalerate (Sumic idin 20 E C ) .

The trial was repeated dur ing the 1980 crop season (Table 1 ) . All t r ia ls

were sprayed twice w i th manual ly operated knap-sack spraye rs . The f i rst

spray was given when the crop at ta ined 5 0 % f lower ing and the s econd 15

days af ter the f i rst app l ica t ion .

Since the p igeonpea j ass i ds ,  E. moti  and  E. terminalis,  dur ing cer -

tain years assume the status of ser ious pes t s , a parallel f i eld trial was

also laid ou t dur ing the 1979 crop season to test the ef f icacy of the

fenvalerate (Sumicidin 20 EC) in compar ison wi th nine promi sing conven-

tional systemic insect ic ides for the control of j a s s i d s . Th e tr ia ls were

laid ou t in a randomized block design ( R B D ) , wi th three repl i cat ions for

the borer complex and four for j ass ids . Plot s ize for all t r i a ls was

between 15 and 20 m 2 . 

To assess the inc idence of pod-borer damage , 200 pods from ea ch plot

were col lected a t harvest and examined for damage (Table 1 ) . The data

have been stat is t ica l ly analyzed by conver t ing the percent borer damage

using angular t ransformat ion.

In the tr ia ls for jassid con t ro l , the populat ion of the pes t was

recorded wi th the help of a sp l i t cage (60 cm he igh t , 50 cm d ia meter )

made of a wooden f r a m e , covered w i th black c loth on all s ides e xcep t , o n e ,

which had a glass pane. During observa t ions , this glass sl i de was kept

facing the sun , so that the j ass i ds , being phototact ic in beh av ior , migrat-

ed towards the pane, enabl ing count ing . Jassid populat ion w as recorded

from three spots of each rep l ica t ion , selected randomly , o ne in the midd le

and one on e i ther s ide of the p lo t . The pest popu la t ion , comp r ised most ly

of adu l t j a s s i d s , was recorded tw ice , 48 hours and 7 days a f te r the t reat -

ment (Table 2 ) . The data have been stat is t ica l ly analyzed by t ransforming

the jassid populat ion in
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Table 2. Efficacy of insecticides for the control of pigeonp ea jassid.

Dose

(a. i . g/ha)

Jassid popu la t ion /cage*

Treatment

Dose

(a. i . g/ha) 48 hours af ter spray 1 week af ter spray

Fenvalerate 175 1.1 (1.42) 6.2 (2.68)

Monocrotophos 175 1.3 (1.53) 4.5 (2.34)

Formothion 175 3.0 (2.00) 3.2 (2.05)

Dimethoate 175 3.3 (2.03) 3.5 (2.12)

Methy ldemeton 175 3.2 (2.03) 4.2 (2.27)

Quina lphos 175 5.6 (2.56) 6.8 (2.78)

Phenthoate 175 7.7 (2.93) 7.9 (2.96)

Phosphamidon 175 7.8 (2.94) 8.6 (3.08)

Endosul fan 175 10.5 (3.36)
15.6 (3.94)

6.7 2.76)

Malath ion 175
10.5 (3.36)
15.6 (3.94) 10.3 (3.33)

Control - 38.1 (6.20) 24.8 (5.73)

LSD (5%) (0.75) (0.49)

* Figures in parentheses denote the means of jassid populat ion t ransformed

Results and Discussion

As table 1 shows , the incidence of the borer complex dur ing 19 77 and 1978 ,

w i th conventional insec t ic ides , was s igni f icant ly lower t han with no

t reatment . During 1979 and 1980 , the incidence of borers in the t reat -

ments ranged from 3.5 to 12.1 and 0.7 to 2 2 . 9 % in compar ison wi th 15.2

and 2 5 . 9 % , respec t ive ly , wi th no t reatment . All the pyreth roids were

super ior to the conventional insect ic ides in reducing bor er damage.

In the case of jass ids the use of all the insect ic ides under test was

signi f icant ly better than no t reatment ; 48 hours af ter t re a tment , fenva l -

erate was s ign i f icant ly bet ter than all the convent ional in sect ic ides

except monocro tophos wh ich was at par wi th i t . However , th e pers is tence

ef fec t of pyrethro ids (tested 1 week af ter the initial t reat ment) was

lower than that of the tradit ional insect ic ides.

The resul ts of these t r ia ls indicate that in the f ield the pyrethroids

control l ep idop te rous , d ip te rous , and heteropterous pest s several t imes

more ef fect ive ly than the mos t potent compounds of other pri ncipal groups

of insect ic ides. El l io t t e t a l . (1978) have inferred that th e recent more

stab le pyre thro ids , harmless to mammals and b i rds and no tph y to tox ic ,

combine the high insecticidal act iv i ty of the ear l ie r pyret hro ids wi th

su i tab le pers is tence , so that they could be expected to cont rol well a 

broad spectrum of p lant pes ts . S im i la r l y , Voon and Chung ( 1979) have

concluded that synthet ic permethr in is  very  e f fec t ive aga ins t the larvae

of many pest species of Lep idop te ra , including  H. armigera  on tobacco.

Col l ingwood and Bourdouxhe (1980) have recorded tha t decam ethr in showed

high insecticidal act iv i ty aga ins t H . amigera  on tomatoes . Di lbag Singh
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(unpub l i shed ) 1 observed high mortal i ty of tomato borer  H. armigera  wi th

permeth r in , cypermethr in , decamethr in , and fenvalerate. The resul ts we

have obtained also conf irm the f indings of previous researc hers that the

pyrethroids ef fect ive ly reduced damage due to the borer com plex in p igeon-

pea.

The f indings of various research workers reveal that syn thet ic pyre-

throids may soon const i tute a powerful group of insect ic ide s for crop pest

contro l . However , toxici ty of pyrethroids to some benefici al insects ,

including honeybees cannot be ruled o u t , and appropr ia te f ield precaut ions

will have to be observed in their use (Breese 1 9 7 7 ; El l io t t e t a l . 1 9 7 8 ) .

S imi la r ly , due considerat ion will have to be given to the cos t of apply ing

pyrethroids compared wi th conventional insect ic ides.
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Pests of Pigeonpea on the

Northern Coast of Peru

Oscar Soto Pf lucker

Abstract

Pigeonpea is a minor crop in Peru, but of increasing impor-

tance; total area under pigeonpea at present is estimated at 

480 ha. The insect pests of this crop have received little 

attention. This paper reviews the available literature and 

adds to the present knowledge of the status of the pests on 

this crop. 

Pigeonpea, which is known in Peru as "Frijol de palo" or " lent eja," is

grown as a minor crop on t..e northern coast from sea level up  to 80 m. It

is usual ly grown in hedgerows or in small garden patches of less than half

a hectare each. Stat is t ics publ ished by the Ministry of Agr icu l ture and

Food (1976) record that the Lombayeque and Piura regions gro w a total of

110 ha of this crop under i r r igat ion, wi th y ie lds of 1400 an d 3000 kg/ha,

respect ive ly , for consumpt ion as green peas . Former ly, thi s crop was

largely ignored in spite of its relat ive tolerance of drough t and sal ini ty,

these being two major problems in this area. More recent ly , b oth growers

and consumers are taking a greater interest in the crop fo r this high

protein food is being increasingly used as a green vegetab l e , mixed with

r i ce , m e a t , and f ish. Genera l ly , the insect pest problems o n the crop

have been considered to be relat ively smal l , but there are in dicat ions

that some of the pests will have to be control led with pest ic ides.

Rev iew o f A v a i l a b l e L i t e r a t u r e

There are only a few references to the pests of pigeonpea in Peru. Wi l le

(1934) ment ioned that  cajanus cajan  could act as a secondary host for the

cotton bo l lworm,  Heliothis virescens.  Subsequent ly , there appears to be

no publ ished repor t on the insects of this crop until 1963 , wh en an Agri-

cul ture Min is t ry bul le t in reported "Frijol de palo" as a se condary host

of  Eutinobothrus gossypii  (P i e r ce ) , a root-mining weevil that is a de-

struct ive pest of co t ton .

Korytkowski and Torres (1966) provide us with the only deta i led

descr ipt ion of the entomofauna of this crop; a translated su mmary of their

repor t fo l lows.

* C e n t r o d e I n v e s t i g a c i o n A g r o p e c u a r i a del N o r t e , C h i c l a y o , P e r u .
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T h y s a n o p t e r a

Leucothrips theobromae  (Thr ip idae) and  Liothrips  s p . , possib ly  L. ilex 

(Phoe th r i p idae ) , are found on the lower surfaces of l eaves , on buds and

f lowers and inside pods when these have been damaged by podbo rers . These

thrips are not considered to be of any impor tance, except on newly emerged

seedl ings where they can cause damage.

Homoptera

Cercopidae

Clastoptera variabilis  adul ts are sma l l , 3 to 5 mm long, brown-grey in

color . They are found feeding on the upper secondary branche s and jump

when d is turbed. The nymphs excrete a foamy l iquid which s urrounds and

protects them. Large infestat ions will lead to ye l lowing a nd even death

of the upper branches of the p lant but the lower por t ions wil l remain

heal thy.

Membracidae

Aconophora concolor  (Da rn i nae ) ,  Enchenopa monoceros  and  Spongophorus  sp.

(Membracinae) can be in ju r ious , the f i rst being of greates t importance

because of its large popu la t ions ,  A. concolor  adul ts are g reen, 7 mm

long, with a character is t ic sharp horn pro ject ing forward f rom the proto-

thorax.  E. monoceros  adul ts are a l i t t le la rger , ye l low-brown in co lor ;

spongophorus  sp. has a s imi lar protothorac ic horn which is curved up and

back. All these insects lay masses of eggs on the basal surfac es of the

branches. The nymphs and adul ts feed by punctur ing and sucki ng the young

branches ; this causes ye l lowing of the upper leaves.

Cicadellidae

Two s p e c i e s o f C i c a d e l l i d a e w e r e o b s e r v e d ;  Empoasca fabae ( J a s s i n a e ) a n d
Dikraneura s p .  ( T y p h l o c y b i n a e ) ,  t h e  l a t t e r  b e i n g  more  n u m e r o u s  a n d  common.
The i n j u r y c a u s e d b y t h e s e i n s e c t s a p p e a r s t o b e o f n o e c o n o m i c i m p o r t a n c e .

Aleurodidae

Specimens were found on the lower sur faces of l eaves , usual ly on o lder

p lan ts . The genus and species could not be de termined, but th ey were

classi f ied in the A leurod idae. The adul ts were about 2 mm lon g, ye l l ow ,

wi th wh i te w i n g s . The nymphs were b lack , but were covered wi t h cot ton-

l ike waxy whi te threads.

Coccidae

Four species Of Cocc idae were found,  Saissetia hemisphaerica, Ceroplastes 
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sp. (Lecanunae)  Hemichionaspis minor  and I cerya purchasi.  These could be

of economic importance. Severe attacks were seen on the bas al por t ions

of stems and these could result in plant death.

Coleoptera

Chrysomelidae

Cry ptocephaius castaneus  (Chrysomel inae) was found feeding on fo l iage.

The adults were 3 to 5 mm in length, brown-yel low, with a typ ical spot on

the pro to thorax. The elytra had dark red punctuat ions. The d amage caused

by these pests is of no economic importance.

Curculionidae

Zurus aurivilianus  adul ts are about 4 mm long and covered wi th attractively

colored sca les . The females lay their eggs in the pods in whi ch the

larvae deve lop ; they are also found in buds.

Lepidoptera

Phalaenidae

Heliothis virescens  is the most injurious insect on p igeonpea. The fe-

males lay great numbers of eggs on buds , f lowers , and young p ods . The

small larvae feed upon the f lowerbuds and young pods. The lar ge larvae

feed on and in the large pods.

Saturnidae

The larvae of  Automeris  sp feed on fo l iage , eat ing the leaf let borders

and leaving a small port ion around the central ve in. The adul t is a large

m o t h , up to 80 mm long. The fore wings have three str ipes and th e hind

wings each have a large c i rcu lar spot . The larvae are black wi th l ight -

g reen , long poisonous ha i rs .

Korytkowski and Casanova (1966) recorded heavy parasi t ism by

Campoletis perdistinctus  in larvae of  H. virescens  col lected from pods of

Cajanus cajan  in 1963-64 .

A la ta (1973) suppl ied a large l ist of destruct ive insects t hat have

been recorded on "Frijol de pa lo" but none are considered to be of

economic impor tance.

A u t h o r ' s O b s e r v a t i o n s

Recent observat ions by the au thor , conf i rmed by the fa rmer s , indicate

that the insect pests found on p igeonpea have changed l i t t le s ince 1966 ,
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wi th the except ion of  clastoptera variabilis,  wh ich is now found more

f requent ly .

Eutinobothxus gossypii  was also found in the 1979-80 summer , wi th

larvae in jur ing the roots of this crop in an area of co t ton , wh ich was

also severely infested. This is the f i rs t reported case o f such damage

since 1 9 6 3 , and the injury to the pigeonpea was not much . I t  does confirm,

however , that p igeonpea can act as a secondary host for thi s pest which

was former ly ser ious only on cot ton.

The adul ts of  E. gossypii are  up to 3.5 mm long, dark red or b lack.

The head is tucked under the pro to thorax , which is covered wi th punctu-

at ions and ha i rs . The elyt ra are furrowed wi th l ines and als o have punc-

tuat ions and ha i rs . The adul ts cannot f ly and they feed on fo l iage and

stem bark. The females lay their eggs beneath the bark near th e soil

sur face; taking advantage of bark w o u n d s , the l a rvae , wh ic h are ye l lowish

wh i te w i th a dark brown head, feed and form gal ler ies betwee n the phloem

and xy lem. The life cyc le is about 1 month on cotton in the sum mer t ime

and is probably s imi lar on p igeonpea.

It appears that  Heiiothis virescens  a t tacks on p igeonpea are in c lose

relat ion to the at tacks on co t ton . In recent y e a r s , cot ton-g rowing areas

have diminished because of d rough ts , and infestat ions of  H. virescens  have

also decreased. It is also possib le that the entomofauna on p igeonpea

grown near cotton is af fected by the aerial app l icat ion of pe st ic ides on

the crop. Th is can also be expected to a f fec t parasi t ism leve l s , but i t

is Still possib le to find  Campoletis perdistinctus  in  H. virescens  larvae

on the cot ton.
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Seasonal Occurrence and Populat ion Dynamics

of  tur Pod Bug,  Clavigralla gibbosa Spinola

V . K . M i s h r a a n d S . C . O d a k *

Abstract

Studies at Jabalpur, Madhya Pradesh, India, showed that the  tur

(pigeonpea) pod bug,  Clavigral la gibbosa  Spin., remained active 

from 1 October 1978 to 14 April 1979 and fed on maturing crops 

of pigeonpea in succession. As one crop matured, the bug migra-

ted to another crop bearing flowers and green tender pods. The 

weather appeared to play an important part in regulating the 

populations of the pest. Nymphal colonies of the bug were killed 

by heavy precipitation. It was found that different meteorolo-

gical parameters appeared to influence the population buildup of 

pod bug, either singly or in combination. Average temperatures 

ranging from 21 to 26°C in combination with average humidities 

ranging from 35 to 75% and a little rainfall were found to be 

most conducive for the population buildup. Maximum temperatures 

below 24°C and above 34°C, average temperatures below 21°C and 

above 26°C, average humidities below 35 and above 75% and heavy 

rainfall adversely affected the populations. 

The tur pod bug,  clavigralla gibbosa  Sp in . , is one of the important pod-

damaging insects of p igeonpea,  cajanus cajan  (L.) Mi l lsp. Next to the

grain pod b o r e r ,  Heliothis armigera  H b . , and podf ly ,  Melanagromyza obtusa 

( M a l l . ) , i t is the mos t serious pest causing losses to pigeon pea in Madhya

Pradesh (Odak et a l . 1976 ) . Feeding by nymphs and adults of th is bug

causes premature shedding of f lower -buds , f lowers and p o d s , deformat ion of

p o d s , and shr ive l ing of g r a i n s , resulting in substant ia l l osses to pigeonpec

crops. (B indra 1 9 6 5 ; Mishra and Odak 1979 ) .

The act iv i ty of this pest on p igeonpea has been reported fro m October ,

or pod fo rmat ion , to the matur i ty of the crop (Gangrade 1961 ; Kapoor 1966;

Chaudhary 1 9 6 7 , 1 9 7 3 ; B indra and Harcharan Singh 1971). The re is l i t t le

or no l i terature report ing the activity of this bug on p igeon pea types of

d i f ferent matur i t ies . Studies on the population dynamics o f o ther b u g s ,

including coreid and lygaeid bugs ( V e m a et a l . 1978) and the g reen st ink

bug,  Nezara viriduia  (Zi le Singh 1 9 7 3 ) , are avai lable. But only one report

is avai lable on the populat ion of dynamics of the tu r pod bug , in a study
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of the seasonal occurrence of all pests of an early pigeonpea type (Singh

and Singh 1978) .

The present study was therefore conducted to determine the act iv i ty

and seasonal occurrence of t u r pod bug on ear l y , med ium, and l ate types of

p igeonpea. Its populat ion f luctuat ion in relat ion to di f f erent meteoro lo -

gical condi t ions was also studied to determine the condi t i ons favor ing the

development and mul t ip l icat ion of the pes t .

Mater ia ls and Methods

Populat ion counts of the t u r pod b u g ,  c. gibbosa,  w e r e recorded by tak ing

biweekly observat ions on the number of e g g s , n y m p h s , and ad ults on 25 ran-

domly se lected plants o f each matur i ty g roup of p igeonpea : ear ly ( T - 2 1 ) ,

medium (No. 148) and late (NP[WR]-15 and GWL-3) each grown on a 180 m 2 area

in the same f ie ld of the L ivestock Farm of J.N. Krishi Vishwa Vidya laya,

Jaba lpur . Observa t ions w e r e taken dur ing the period f rom 3 Oct 1978 to

14 Apr 1979.

The average week ly populat ions of eggs and bugs (total of nym phs and

adul ts) per 25 plants were calcu lated and are presented in Ta b le 1, along

wi th the average week ly meteoro logica l data. The weeks from 1 Oct 1978

to 14 A p r 1979 w e r e represented as standard w e e k s .

Results and Discussion

The bugs w e r e f i rst recorded on the ear ly-matur ing crop of p i geonpea in

the last week of Sep tember 1978. Regular observat ions wer e therefore

star ted from the first week of Oc tober , i .e., the 40th standa rd week. Eggs,

n y m p h s , and adul ts of the bug were recorded on the ear ly type f rom the

40th to the 51st w e e k ; on the medium type from the 45th to 5th w e e k ; and

on the late type from the 4th to the 15th week (Table 1 ) . Gangr ade ( 1 9 6 1 ) ,

B indra and Harcharan Singh ( 1 9 7 1 ) , and Chaudhary (1973) ha ve also reported

the act iv i ty of the bug to cont inue f rom Oc tobe r , or pod fo rma t ion , to the

harves t o f the c rop. Kapoor (1966) and Chaudhary ( 1 9 6 7 ) , how ever , repor-

ted its act iv i ty beginning the last week of November .

It was observed that the pest appeared in sequence in these va rying

matur i ty crops of p igeonpea. No sooner had one crop star ted m a tu r i ng ,

the bugs migra ted to the next crop bear ing f lowers and green p ods.

Thus the populat ion seemed to be in f luenced pr imar i ly by the s tage of

crop, and there was a dispersal throughout the act ive season , with adults

seeking crops wi th b u d s , f l owers , and/or developing pods. Verma et a l .

(1978) a lso recorded a direct re lat ionship between the abun dance of a 

lygaeid bug and the number of f lowers on its host p lan ts .

During the f irst 7 w e e k s , i .e. , f rom the 40th to 46th s tanda rd w e e k ,

there was a progressive increase in the number of eggs and pop ulat ions of

nymphs and adul ts . Dur ing this per iod, max imum temperature s f luc tuated

between 30 and 31.8°C and average temperatures between 22.5 and 2 6 . 3 ° C ,

wh i le the average re lat ive humidity showed a decreasing t re nd, dropping to

5 8 . 3 % in the 46th w e e k , and rainfall was very l igh t .
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There was an abrupt reduction in the number of e g g s , nymphs , and

adults during the 49th and 50th w e e k s , probably because of he avy rainfall

dur ing the 48th and 49th weeks . The ear ly ins tar nymphs might have been

knocked down and ki l led by the heavy ra in , result ing in redu ced bug popu-

lat ions on the ear ly- and medium-matur ing crops during the 49th to 51st

w e e k s . From the 52nd week onwards , the populat ion of the bug s tar ted

decreasing on the medium-matur ing c rop, perhaps because of the  very  low

average temperatures (below 2 0 ° C ) . Further reduction in th e number of

e g g s , nymphs , and adults on the medium-matur ing crop from the third week

onwards may be at t r ibuted both to rainfall and to the matu r i ty of the crop.

On the late-matur ing crop, i t was probably the rainfal l tha t kept the

populat ion of nymphs and adults low from the fifth to the e igth week.

From the ninth week o n w a r d s , there was an increase in the bug p opula t ion,

which may have been caused by the h igher average temperat ures and scanty

rainfall in the preceding weeks . Singh and Singh (1978) rep orted the

effect of rainfall during the preceding per iod on the popul ation bui ldup

of insect-pests of p igeonpea, including  c. gibbosa.  During the 14th and

15th w e e k s , there was again a matur i ty e f fec t , coupled with very low humi-

dity (below 35%) and  very  high average temperature (above 3 0 ° C ) , which

adversely affected the bug populat ion on the late-matur ing crop of

p igeonpea.

It is thus ev ident tha t average temperatures ranging from 21 to 2 6 ° C ,

coupled wi th relative humidi t ies ranging from 35 to 7 5 % an d l ight ra in fa l l ,

favor the development and mul t ip l icat ion of  C. gibbosa.  On the other hand,

average temperatures below 21°C or above 26°C and  very  high or  very  low

average humid i t ies (above 75 or below 3 5 % ) , coupled with hea vy ra in fa l l ,

adversely affect the populat ions of the bug .

Of the various meteorological factors considered, rainfal l seemed to

have the greatest inf luence on the populat ion bu i ldup of the pest. A 

little rainfall was conducive to the development of the bug whereas heavy

rainfall reduced the populat ions. Zi le Singh (1973; also r eported a 

s imi lar effect of heavy monsoon rains on the populat ion of  Nezara viriduia 

on soybean. Singh and Singh (1978) on the o ther hand , report ed that un i -

formly distr ibuted rainfall inf luenced the populat ion bui ldup of c.

gibbosa  on ear ly-matur ing variet ies of p igeonpea. The i r f indings regarding

the favorable inf luence of a h igher range of temperature (ar ound 28 ± 2°C)

and a h igher range of humidity (80 ± 5%) on pest bu i ldup of p ig eonpea are

s imi la r to those reported in the present s tudy , which also ag ree with the

f indings of Verma et al. (1978) on a coreid b u g ,  Leptocorisa acuta. 
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Populat ions of Cowpea Group  Rhizobium 

in Semi -Ar id Tropic Soils

J . V . D . K . K u m a r R a o a n d P . J . D a r t *

Abstract

The numbers of cowpea group of Rhizobium, which nodulate 

pigeonpea in some Alfisol and Vertisol fields at ICRISAT 

Center, were estimated by the most probable number (MPN) 

method, using a serial dilution-plant infection technique 

with siratro (Macroptylium atropurpureum) in test tubes. 

Pigeonpea, especially the small-seeded cultivar ICP-7332, 

grown in test tubes was also found to be suitable for the 

MPN method. There was usually a large variability in Rhizobium 

numbers between sites within fields. Generally, the Alfisols 

contained more rhizobia than the Vertisols. Soil type and 

depth also affected the population. Some soils on ICRISAT site 

had fewer than 100 cowpea rhizobia per gram soil. 

There have been some reports of p igeonpea nodulat ing poorly in f ield

surveys (Rewari 1979 ; IARI 1 9 7 1 ; Kumar Rao and Dart unpub l i shed) .

In establ ish ing the need for legume seed inoculat ion in any s ituation,

the natural occurrence of the appropr ia te nodule bacteria i s a valuable

diagnost ic aid. Many determinat ions have been made of  Rhizobium  numbers

in arable soi ls in temperate regions. 5 In New York so i ls ,  R. leguminosarum 

numbers ranged from less than 10 to 10 5 / g , whereas the numbers of JR.

trifolii  ranged from 2500 to 10 6 / g (Wilson 1 9 3 9 ) . Weaver et a l . (1972)

found a w i d e r a n g e in the counts of  R. japonicum  (from less than 10 to

more than 10 6 /g of so i l ) in soi ls at 52 sites in Iowa. As far as we know,

there are no such studies made in tropical reg ions. The prese nt study

reports the number and distr ibut ion of the cowpea group of  Rhizobium, 

which are general ly known to nodulate pigeonpea in some Alf isol and Verti-

sol f ields typical of the semi-ar id t ropics, in an at tempt to help us

predic t the response to  Rhizobium  inoculat ion.

Mater ia l s and Me thods

Soil samples were col lected as fo l lows:

1. A spl i t soi l -sampl ing tube of d iameter 2.5 cm and 45 cm len gth was

used to col lect samples from 0-30 cm depth when the soil was

relat ively loose. Sampling caused l i t t le soil compress ion .

* P u l s e I m p r o v e m e n t P r o g r a m , I C R I S A T .
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2. Pits were dug manual ly up to the desired depth when the soil was

hard , e.g., the A l f iso ls in the dry season.

3. When the soil was not hard, a Gidding's mechanical corer ( 4 cm

dia) was used to co l lec t samples to a depth of about 160 cm.

4. Some pits were dug by a mechanical shove l .

Af ter co l lec t ion , soil samples were refr igerated until ana lys is .

Populat ions of cowpea group rhizobia in each sample were es t imated using

a serial d i lu t ion-p lan t in fect ion-most probable number me thod wi th siratro

(Macroptylium atropurpureum)  as the test p lant . Siratro seedl ings were

grown asept ical ly from ster i l ized seed sown in 18 x 150 mm tes t tubes

contain ing Jensen's n i t rogen-f ree agar medium (Vincent 1 9 7 0 ) . Each tube

was inoculated with a 1-ml a l iquot of a tenfold serial d i lut ion of soil

and incubated in a l ight chamber with a 16-hr l ight and 8-hr d ark period

at a temperature of 28 + 2°C for 30 days. The most probable numb ers of

rhizobia present in the soil samples were est imated from the pattern of

nodulat ion that deve loped, using sui table tables develop ed from Fisher and

Yates (1963) or Brockwell e t a l . ( 1 9 7 5 ) . Rhizobial populat ions are ex-

pressed as log 10 MPN per g dry weight of so i l . Moisture percent of the

soil samples was est imated by drying to a constant weight i n a hot a i r

oven at a temperature of 105°C.

Siratro is normal ly used as a trap host for cowpea rhizobia. Initial

tests of p igeonpea as a trap host favored the use of a smal l - seeded cu l t i -

va r , ICP-7332, but subsequent ly ICP-1 was also found to grow and nodulate

sat is factor i ly in 25 mm x 200 mm tubes. During the la t ter sta ges of these

invest igat ions i t was found that some isolates from siratro  nodules did

not nodulate p igeonpea. In view of this apparent spec i f ic i t y , i t is

poss ib le that numbers of rh izobia infect ing pigeonpea may b e overest imated.

Resul ts and Discussion

Rhizobium D i s t r i b u t i o n in D i f f e r e n t F ie lds

During September 1976 , soil samples of 23 d i f fe rent f ields  compris ing 15

Vert isols and 8 Al f iso ls at ICRISAT Center were col lected. F rom each

f ie ld, four samples each weighing about 100 g,were col lecte d at random

from wi th in a 0.1 ha area from the top 0 to 30 cm depth and mixed w e l l .

From th i s , a subsample of 100 g was used for count ing  Rhizobium  popu-

lat ions and measur ing the mois ture content . The informat i on on standing

crops and the  Rhizobium  populat ions and mois ture content a re presented in

Table 1 and Table 2. Genera l ly , A l f iso ls contained more rhi zobia than

the Ver t i so ls , 5 ou t of 15 Vertisol f ields examined had fewer than 100

rhizobia/g of so i l . In A l f i so ls , the populat ion was general ly more than

10 4 and could be as high as 10 6 rh izobia/g of so i l . In both the Vert isols

and Al f iso ls examined, the  Rhizobium  populat ion does not appear to be

related to the mois ture content as populat ions of about 1 0 V g of dry soil

were observed when the mois ture content was as low as 4 .8% in t he Vertisol

and 2 .8% in the A l f i so l . At 15 bar p ressure , these Vert isols c ontain

about 2 0 % wate r (w/w) and the Al f iso ls about  7%.  S imi lar ly , there was no

relat ion between  Rhizobium  count and the type of c rop , be it a legume or
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a ce rea l , or in tercropping. In the fal low f ie ld, the populat ion was as

high as 10 4 /g dry soil and comparable to cropped f ie lds . This is an indi -

cat ion that the cowpea group of rhizobia possessed a high de gree of sapro-

phytic competence in some s i tua t ions , i.e., the abi l i ty to survive in the

absence of the host p lant . At the same t ime , i t is hard to unde rstand the

reasons for very low populat ions in some of the Vertisol f ie l ds , al though

sal ini ty is probably one of the factors responsib le for the low numbers

observed in field B-10 (E.C. = 3.5 m m h o s / c m ) . Simi lar ly , t he reasons for

relat ively high Rhizob ium numbers in Al f isols are also not c lear .

Table 1. Populations (MPN) of cowpea group rhizobia in some V ertisols at ICRISAT

Center, Hyderabad, India, rainy season, 1976.

Table 1. Populations (MPN) of cowpea group rhizobia in some V ertisols at ICRISAT

Center, Hyderabad, India, rainy season, 1976.

Field Log 10 MPN % Moisture Crop or crops at sampl ing t ime

BW-2 6.07 25.2 Maize/pigeonpea intercrop

BA-25 5.09 34.0 Pigeonpea

ST-1 5.08 31.8 Pigeonpea

BW-4 4.27 25.3 Fallow

BW-7 4.26 23.0 Maize/pigeonpea intercrop

B-5 4.25 22.0 Pigeonpea

M-14 4.19 4.8 Sorghum/pigeonpea intercrop

BW-6 3.71 21.4 Maize

BW-3 3.26 24.7 Maize/p igeonpea intercrop

B-2 3.08 29.1 Pigeonpea

B-4 2.29 29.0 Pigeonpea

BW-5 2.28 26.1 Maize

BW-8 2.02 15.5 Maize/pigeonpea intercrop

No crop (sal ine so i l )B-10 1.68 18.3

Maize/pigeonpea intercrop

No crop (sal ine so i l )

BW-1 0.00 21.4 Maize/pigeonpea intercrop

Mean 3.44

Table 2. Populations (MPN) of cowpea group rhizobia in some A lfisols at ICRISAT

Center, Hyderabad, India, rainy season, 1976.

Table 2. Populations (MPN) of cowpea group rhizobia in some A lfisols at ICRISAT

Center, Hyderabad, India, rainy season, 1976.

Field Log 10 MPN % Moisture Crops at sampl ing t ime

RW-2D 5.4 8.5 Pigeonpea

RA-17 5.01 11.0 Pigeonpea

RA-25 5.03 15.5 Pigeonpea

RW-2 4.99 5.4 Mi l le t /p igeonpea intercrop

R-10 4.98 2.8 Pigeonpea

RA-26 4.66 8.1 Pigeonpea (heal thy)

RA-26 4.21 9.6 Pigeonpea (unheal thy--mosaic virus)

R-1 4.21 10.7 Pigeonpea

Mean 4.81
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V a r i a b i l i t y in  Rhizobium N u m b e r s w i t h i n F ie lds

In genera l , there is great var iabi l i ty in  Rhizobium  numbers between depths

at a given s i t e , and a given depth between s i tes wi th in a f ie ld. A similar

trend was observed in the o ther f ields examined. The reasons for such

var iab i l i ty in  Rhizobium  numbers wi th in a g iven field  are  not c lear , a l -

though var iat ions in ef fect iveness of f ield populat ions of  R. trifoli i i

were reported by Gibson e t a l . ( 1975 ) .

Soi l D e p t h a n d  Rhizobium N u m b e r s

Pigeonpea is a deep-rooted c rop , and roots can grow to a dept h of 200 cm.

We examined the d ist r ibut ion of  Rhizobium  at soil depths ranging from 0 to

160 cm at d i f ferent si tes (Table 3 ) .

Table 3. Population of cowpea group rhizobia (log 10 M P N g -1  dry wt soil) at different

depths of two Alfisol and two Vertisol fields.

Table 3. Population of cowpea group rhizobia (log 10 M P N g -1  dry wt soil) at different

depths of two Alfisol and two Vertisol fields.

Soil depth

(cm)

Alfisol Vert isol
Soil depth

(cm) Field A a Field  B b Field C c Field D d

0-5 3.20 ( 9 . 7 ) e 4 . 5 3 f  ( 9 . 4 ) 3.23 (20.6) 5.40 f  (21.4)

5-10 4.31 (10.2) 3.17 (25.2)

20-30 5.02 (6.9) 3.97 (9.2) 3.77 (24.1) 4.91 (20.9)

50-60 4.67 (11.0) 2.48 (11.7) 2.77 (28.3) 4.64 (14.1)

100-110 4.22 (13.0) 1 . 6 8 g (11.5) 1.57 (33.7) 3 . 0 4 g (12.9)

150-160 3.32 (13.3) 0.00 (17.0) 1.62 (29.8) 2.80 (19.0)

a. Average of two repl icat ions on a 4 x 16 m grid cover ing 0.1 h a in RW2b

f ie ld, ICRISAT S i te , Patancheru.

b. Average of ten repl icat ions in nursery f ie ld, ICRISAT, Pa tancheru.

c. Average of four repl icat ions on a 4x16 m grid cover ing 0.1 ha in BW-4

f ie ld , ICRISAT S i te , Patancheru.

d.  Average of three repl icat ions in M-11 f ie ld, ICRISAT S i te , Patancheru.

e. Value in parentheses is mois ture percent of sample on a dry wt bas is .

f.  Sample col lected from 0-10 cm soil depth.

g.  Sample col lected from 90-100 cm soil depth.
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In o rder to study the d is t r ibut ion and var iabi l i ty in popula t ions of cow-

pea rh izob ia , soil samples were col lected f rom di f ferent A lf isol and

Vertisol f ie lds of ICRISAT Center as fo l lows : n ine si tes in a n area of

0.1 ha in each f ie ld were sampled at three d i f ferent d e p t h s ~ 0 to 10 cm,

11 to 20 cm, and 21 to 30 c m — p e r s i te . Thus a total of 27 samples p er

f ield were co l lected and ana lyzed. The mean numbers and rang es (log MPN

g-1 so i l ) of rh izobia est imated at var ious depths from nine si tes wi th in

each of two ICRISAT f ields in March-Apri l 1977 were as fo l low s:

0-10 cm 11-20 cm 21-30 cm

Vertisol 3.65(2.76-4.26) 3.69(2.23-5.26) 2.72(1.23-3.77)

Alf isol 4.55(3.23-5.26) 4.72(4.26-5.26) 4.83(4.26-6.26)



In one Alf isol f ie ld , the  Rhizobium  populat ion was less af fected by

soil depth , remaining high (10 4 /g dry so i l ) throughout the pro f i le , wi th

a s l ight reduct ion at a depth of 150 to 160 cm ( 1 0 3 / g ) . In another f ie ld,

however , the populat ion decl ined wi th depth , the reduct ion being more pro-

nounced below 100 cm in the soil prof i le . Simi lar patterns ha ve been

observed in Vertisol f ie lds. It would be d i f f icu l t for p igeo npea to nodu-

late at lower depths in those fields where  Rhizobium  numbers decl ined with

depth . I t is not known whether pigeonpea rhizobia would trav el along w i th

the root system in the rhizosphere as the root grows through t he so i l .

Studies on pigeonpea rhizosphere and nonrhizosphere coun ts of cowpea group

Rhizobium  indicated that there was a marked rh izosphere ef fect of p ig eon-

pea on cowpea rh izobia, numbers increasing from 1.3 x 10 3 /g in the bulk

soil (mean over 110 cm depth) to 9.1 x 10 4 /g (Table 4 ) .

The present study on dist r ibut ion of cowpea group rhizobia i n soi ls

indicated that the populat ions varied in the same field and also w i th soil

type and depth . Hence seed inoculat ion with an ef fect ive  Rhizobium  is a 

prerequis i te for good nodulat ion especial ly in those soi ls having few

rh izobia . Even in those soils where the soil rhizobial popul at ions are

relat ively h igh, i t is current ly considered adv isable to i noculate the

seed at sowing, as an insurance against poor nodu la t ion , pa rt icular ly in

view of great var iabi l i ty observed in the same f ield.

Table 4. Population of cowpea group rhizobia (log 10 M P N g-1  dry wt of soil) in

rhizosphere and nonrhizosphere of pigeonpea cv ICP-1 gro wn in a 

Vertisol, kharif 1978.

Soil depth (cm) Rhizosphere Non-rh izosphere

0- 20 5.71 4.01

2 0 - 30 7.27 2.29

30 - 40 6.15 4.28

4 0 - 50 4.34 3.60

50 - 60 4.73 3.79

70- 80 4.34 2.89

8 0 - 90 4.31 2.29

90-100 2.90 2.66

100-110 5.19 3.17

Mean 4.96 3.12

ICP-1 inoculated with  Rhizobium  at sowingt ime and sampled 180 days af ter

sowing.
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Evaluat ion of  Cajanus cajan (L.) Rhizobia

J . S . D a h i y a , A . L . K h u r a n a , a n d S . S . D u d e j a *

Abstract

Five  Rhizobium isola tes , PBH- 8/ 7 , PBH- 8/2 (HA U) , F-4 (IARI) , 

IHP-159, and IHP-149 (ICRISAT) were  selected for test ing

under pot culture and field conditions. Based on nodule 

number, nodule dry weight, plant nitrogen, nitrogenase acti-

vity, and grain yield, isolate PBH-8/7 was found to be the 

most effective. The ability of PBH-8/7, F-4 and IHP-149 to 

compete with native rhizobia on cv UPAS-120 was studied by the 

immune diffusion technique in pots with unsterilized soil 

from the same field where the field experiment was laid out; 

PBH-8/7 isolate was found to have the best competitive 

ability over native rhizobia. 

The legume-.Rhizojbium symbiosis is probably the major so urce of f ixed nitro-

gen on a global bas is . Pigeonpea is infected by rhizobia taxo nomical ly

grouped wi th the cowpea misce l lany group. The success of th e inoculant

strain depends upon the ef f ic iency and compet i t ive domina nce. Once a 

strain becomes establ ished in the so i l , i t is d i f f icul t to replace com-

pletely with a more sui table one. A survey of p igeonpea gr owing areas

has revealed that in general the nodulat ion status wi th rega rd to nat ive

rhizobia is poor. It is impor tan t , there fore , that an ef f ic ient cul ture

be screened and used, part icular ly when the crop is being ne wly introduced

to this area.

Among kharif  ( ra iny-season) pu lses , p igeonpea has the h ighest y ie ld

poten t ia l . This khar i f legume is grown mainly as a border cr op or mixed

crop in the irr igated or relat ively high rainfall areas of Ha ryana State .

However , the cul t ivat ion of the late-matur ing variet ies is l imited to

Gurgaon and Ambala d is t r i c ts . In recent y e a r s , wi th the rele ase of two

ear ly-matur ing var ie t ies , Prabhat and UPAS-120, sole-cr op pigeonpea cult i-

vat ion is gather ing momentum in the s ta te , and the area und er this crop

is steadi ly increasing. The present invest igat ion was cond ucted wi th the

object ive of select ing the most e f f ic ient and compet i t ive r hizobial strain

suited to local agroc l imat ic cond i t ions .

*Department of Microb io logy , Haryana Agricul tural Unive rs i ty ,

Ha ryana , India.

H issar ,
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Mater ia l s and M e t h o d s

C u l t u r e s

Three standard p igeonpea rh izobia isolates were obta ined f rom ICRISAT,

Hyderabad ( IHP-149, I H P - 1 5 9 ) , and IARI , New Delhi ( F - 4 ) . Two o ther cul-

tures under study were PBH-8/7 and P B H - 8 / 2 , isolated from Bhiwani distr ict .

All inocula were prepared as s ingle s t ra ins in a charcoal bas e or as a 

cell suspension.

S c r e e n i n g E x p e r i m e n t s

These were conducted in modi f ied Leonard jars (Leonard 1943 ) and also in

"chillurn" jars in which the normal inverted bot t le is repla ced by an

ear thenware conta iner o f essent ia l ly s imi lar shape. Use of this material

al lows for cool ing of the assembly by evaporat ion from the ear thenware

sur face. Measurements in summer have shown reduct ion of soi l temperature

from 46.5°C to 34°C.

Seeds of p igeonpea cv UPAS-120 were rinsed wi th 9 5 % ethanol steri-

l ized mercur ic ch lor ide and washed thoroughly. Prior to sow ing , seeds

were treated wi th a thick  Rhizobium  suspension of each iso late. Seven

seeds were planted in each unit and thinned to f ive af ter germ inat ion .

Ster i l ized Jensen's (1942) nutr ient solut ion was suppl ied to each uni t at

2-day in terva ls .

P o t E x p e r i m e n t s

Surface soil was col lected from the f ield where the subsequ ent f ield ex-

per iment was laid o u t . Clay pots 25 cm in d iamete r , holding 4. 5 kg soil

each, were used. A basal dose of superphosphate 40 kg P205/ha was added

to the soil at the t ime of sowing. Seven seeds sown into each of three

repl icate pots were reduced to f ive a f te r germinat ion. Inoc ulated seeds

of cv UPAS-120 were f i rs t t reated with molasses solut ion an d then coated

wi th charcoal -based inoculants of each Rhizobium st ra in . All p lants w e r e

sampled 60 days a f ter sowing for nodule number , nodule dry w e i g h t , plant

dry w e i g h t , and p lant n i t rogen. The plants and nodule sample s were dried

a t 80°C.

For the compet i t ion study in which three strains were used, two plants

from each t reatment were col lected and all the nodules remov ed. Rhizobia

were isolated from each individual nodu le by st reaking the crushed nodule

f luid on yeas t ex t rac t mannitol agar p la tes , and isolates we re mainta ined

at 4°C on p la tes . T i ter value o f ant isera developed aga ins t P B H - 8 / 7 , F -4 ,

and IHP-149 by using Kremer and Wagner 's (1978) protocol for immunizat ion

was determined by the standard tube agglut inat ion method. T he t i ter

values were 1 /12,800, 1/64 00 and 1/6400 for P B H - 8 / 7 , F-4 , an d IHP-149,

respect ively.

Field E x p e r i m e n t

A f ield exper iment was conducted dur ing the khar i f season (J u ly -September)
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1978 to observe the ef fect of the same five strains of pigeonp ea rhizobia

on grain y ie ld of cv UPAS-120. The exper iment was sown at Har yana Agr i -

cultural Univers i ty , H issa r , in a randomized block design wi th three repli-

ca t ions . The plot size was 5 m x 2 m 2 wi th rows spaced 50 cm and plants

spaced 20 cm apar t . A basal dose of P2O5 at the rate of 40 kg/ ha was

given to each t reatment .

Plants were sampled from each repl icate 60 days a f ter sowing , and the

same measurements made as in the pot exper iment.

N i t r o g e n a s e Assay

Nitrogenase act iv i ty of nodule samples was measured by acet y lene reduct ion

assay (Hardy et a l . 1 9 6 8 ) . Nodules were removed gently from t he roots of

pigeonpea plants of each t reatment sown in po ts , washed, dri ed in folds

of f i l ter paper , we ighed to record nodule fresh we igh t , and t ransferred

to screw-capped 20-ml test tubes fitted with a serum cap or se ptum. One

ml of a i r from each tube was taken out and 1 ml of acetylene was in jected

wi th a syr inge. These tubes were incubated at room temperatu re for half

an hour , then tested for acety lene reduction by gas chrom atography, using

a f lame ionization detector .

Exper imenta l Resul ts and Conclusions

S c r e e n i n g E x p e r i m e n t s

In view of previous problems with obtain ing nodulat ion usi ng the usual

modi f icat ion of the Leonard jar technique under our cond i t i ons , initial

screening was done wi th both Leonard jar and chill urn jar . Th e screening

was done on f ive strains dur ing Ju ly-September in a screenh ouse. On the

basis of nodule number , nodule dry w e i g h t , p lant n i t rogen, and p lant dry

weight a f te r 45 d a y s , PBH-8/7 was ranked f i rst in both assemb l ies , al though

super ior results obta ined wi th chill urn jars are shown in T able 1.

Pot E x p e r i m e n t s

PBH-8/7 was ranked bes t on all cr i ter ia (Table 2) and was sign i f icant ly

super ior to the o ther st ra ins in nodule number and dry we igh t , shoot dry

we igh t , and shoot n i t rogen. All the o ther strains gave comp arable results

and were super ior to the uninoculated con t ro l .

The abi l i ty of these stra ins to compete wi th the nat ive soil s trains

was also examined in po ts .

Observat ions recorded by the immune dif fusion method are summarized

in Tab le 3. The results indicated that 8 1 . 4 8 % , 71 .05%, and 6 9 . 0 5 % of the

nodules formed in inoculated pigeonpea plants were by isola te PBH-8 /7 ,

F -4 , and IHP-149, respect ively. Thus i t was inferred that is olate PBH-8/7

possesses the h ighes t compet i t ive abi l i ty over nat ive rh iz ob ia .
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Fie ld E x p e r i m e n t

In all the t reatments there was a s igni f icant increase in gr ain y ie ld

over the uninoculated cont ro l . The maximum grain y ie ld was observed wi th

treatment PBH-8/7 (2700 k g / h a ) , which was a 4 5 % increase ov er the un ino-

culated con t ro l , and the strain was again super ior on all o th er cr i ter ia

(Table 4 ) .
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Table 3. Competitiveness of inoculated pigeonpea rhizobia with native rhizobia under

pot culture conditions studied by immune gel diffusion tech nique.

Isolate n o .

Number o f Number o f

nodule homologous

isolates isolates

Number o f

hetero logous

isolates % homology

PBH-8/7 (HAU)

F-4 ( IARI)

IHP-149 ( ICRISAT)

Control

54 4 4

38 27

42 29

5

10

11

13

5

81 .48

71.05

69.05
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Field Populat ions of Rhizobia and

Response to Inocu la t ion, Molybdenum

and N i t rogen Ferti l izer in Pigeonpea.

A . L . K h u r a n a a n d S . S . D u d e j a *

Abstract

In farmers' fields and soils collected from these fields in 

Haryana, nodulation of pigeonpea was generally poor. On one 

field at Haryana Agricultural University (HAU), the applica-

tion of molybdenum or inoculation increased nodulation, total 

plant nitrogen, total dry matter and grain yield significantly; 

however, the interaction of molybdenum and inoculation was non-

significant. Nitrogen application did not produce significant 

nodulation or grain yield responses, although positive trends 

were present. 

Among the khari f pulses grown in India, pigeonpea is th e most important.

With the release of early-maturing varieties (UPAS-120,  Prabhat , and

T-21) that have the potential to replace a part of the area i n cot ton,

ba j ra , and other kharif c rops , its cult ivation is gainin g momentum in

Haryana, Punjab, and Rajasthan. Intensive research work  is under way

to study various aspects of increasing production of thi s crop. Seed

inoculat ion with eff ic ient strains of pigeonpea rhizob ia to establ ish

an effect ive l egume-Rhizobium  symbiosis is one of the cheapest and most

important inputs in pulse cul t ivat ion. Molybdenum may lim it nitrogen

f ixat ion, since it is required in greater amounts for symbi otic nitrogen

fixation than for host legume growth under all c ircumsta nces (Robson 1978 ) .

Increased y ie ld with application of molybdenum along wi th inoculat ion in

different pulses are reported by several workers (Hula mani et a l . 1972;

Dhil lon et a l . 1977 ; Kabeerathumma et a l . 1 9 7 7 ) . Respon se of the pigeonpea

crop to inoculation and nitrogen fert i l izer is also var iab le , depending on

the nat ive rhizobia present in the soil and its nitrogen  level . There-

fore the present report deals with the field populat ion of rhizobia and

response to inoculat ion, molybdenum, and nitrogen fert i l izer under field

condi t ions.

*  D e p a r t m e n t o f P l a n t B r e e d i n g , H a r y a n a A g r i c u l t u r a l U n i v e r s i t y ,

I n d i a .

H i s s a r ,
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The formation of nodules on pigeonpea by nat ive rhizobia was studied in a 

survey of farmers ' f ields in the distr icts of Hissar , Bh iwa n i , Mohinder-

garh, Amba la , Gurgaon, and Sirsa in Haryana. Soil samples ( top 15 cm so i l )

were also col lected during 1977-80 from various locat ions of H issar ,

Bh iwan i , Mohindergarh, and Rohtak d is t r ic t , where pigeonp ea was growing

during the khari f season. The soil samples were moistened a nd placed in

polythene bags and pigeonpea seeds (UPAS-120) were sown i nto these bags

and al lowed to grow. A f te r 45 d a y s , the plants were uprooted a nd the

degree of nodulat ion was determined. The majori ty of the so il samples

produced few nodu les ; by the same cr i te r ion, the nodulat ion status of

plants observed in farmers' fields was considered poor (Tab le 1 ) .

Table 1. Modulation status of pigeonpea grown in farmers' fi elds and in soils collected

from Haryana.

Nodulat ion status

Distr ict Poor Moderate Good

F S F S F S 

Hissar 8 112 1 5 

Bhiwani 3 61 1 2 

Sirsa 4

Ambala 5

Mohindergarh 3 39 2

Gurgaon 3

Rohtak 36 5

Poor = Nodule number below 1 0 ;

Moderate = Nodule number 11-20;

Good = Nodule number 21-30.

F = Farmers ' f ie ld; S = Soils col lected from various d is t r ic ts .



R e s p o n s e o f P i g e o n p e a t o M o l y b d e n u m

A field trial was conducted wi th cv UPAS-120 at HAU Farm, His sar. The

farm soil was of pH 7.4 wi th organic carbon 0.27%, medium nitr ogen and

phosphorus leve ls , and high potassium levels. The effect of  molybdenum

in the form of sodium molybdate as used by Iswaran, Rao, and S en (1971 ) ,

Dhi l lon et a l . ( 1 9 7 7 ) , and Kabeerathumma et a l . 11977) (at 0 .48 kg Mo/ha)

was evaluated. Molybdenum (at 0.45 kg/ha) was applied in soi l along with

the seed, and fol iar spray (at 1.25 kg/ha) was done after 15 da ys of

plant ing. A basal dose of 40 kg P205/ha was added at sowing t i me. The

seeds were inoculated wi th strain F4 ( IARI, New Delhi) and st rain PBH 8/7

(HAL), H i s s a r ) . The treated seeds were sown in randomized pl ots measuring

5 x 4 m 2 at the seed rate of 15 kg/ha in four repl icat ions. Spacing

between rows was 50 cm and between seeds in the row, 20 cm.

Observat ions on nodule number and nodule dry weight were rec orded

af ter 45 days. The plant nitrogen was estimated by the micro- Kjeldahl

method (A0AC 1 9 5 5 ) . The crop was harvested after 131 days. Th e results

indicated that there was a signi f icant increase in nodule n umber, nodule

dry we igh t , total plant ni trogen contents , and total dry-m atter product ion

by inoculat ion ei ther a lone or in combinat ion with molybde num (Table 2 ) .

The increase in grain y ie ld wi th appl icat ion of molybdenum o r rhizobial

inoculation was s igni f icant ; however, their interaction w as non s ign i -

f icant (Table 3 ) . The increase in grain yield wi th strain F4 was higher

(32.6%) than with strain PBH 8/7 (23.5%) in combinat ion wit h molybdenum

(soil and fol iar app l i ca t ion ) . Pigeonpea responded more to soil appl ica-

tion of molybdenum as compared with fol iar appl icat ion. No t oxic effect

of fol iar spray on plants was observed.

R e s p o n s e o f P i g e o n p e a t o N i t r o g e n

A field exper iment was planned to observe the response of pig eonpea to

nitrogen with and wi thout inoculat ion. The seeds of pigeon pea cv T-21

were inoculated with a peat-based cul ture of the F4 st ra in , a nd 25 kg

N/ha in the form of urea and a basal dose of 40 kg P205/ha as .a s ingle

superphosphate were suppl ied. The field soil was sandy loa m, with soil

pH 7.4, soluble salts (EC) 0.24 mmhos/cm with organic carbo n 0.42%. The

levels of n i t rogen, phosphorus, and potassium were 3 2 3 , 4 7 , and 634 lbs /

ac re , respect ively. The observat ions on nodule number, nod ule dry we igh t ,

and plant ni t rogen were recorded af ter 40 days of sowing.

A trend towards sl ightly higher nodule number and nodule dr y weight

with inoculat ion was not s igni f icant (Table 4 ) . S imi lar ly , total nitrogen

per plant tended to be higher than in the noninoculated cont ro l . Simi lar

trends towards increased y ie lds wi th ei ther inoculat ion o r ni t rogen app l i -

cation were ev ident , but results were not s igni f icant ly d i f ferent .
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Table 3. Effect of molybdenum application and  Rhizobium inoculation on grain yield of
pigeonpea.

Treatment
Grain y ie ld (kg/ha)

Treatment
Uninoculated PBH8/7 F4 Mean

No Molybdenum 1141 1268 1232 1214

Soil Mo lybdenum 1178 1341 1503 1341

Spray Molybdenum 1159 1250 1449 1286

Soil + Spray Molybdenum1268 1404 1513 1395

Mean 1187 1316 1424

Ino Mo Ino x Mo

SE 0.22 0.26 0.45

LSD(5%) 0.64 0.74 NS

Ino Mo Ino x Mo

SE 0.22 0.26 0.45

LSD(5%) 0.64 0.74 NS

Ino Mo Ino x Mo

SE 0.22 0.26 0.45

LSD(5%) 0.64 0.74 NS
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Table 4. Response of pigeonpea to nitrogen and  Rhizobium inoculation.

Treatment
Nodu les /

plant

Nodule

dry w t /

p lant

(mg)

Nitrogen

uptake/

plant

(mg)

Yield

(kg/ha)

Increase

in y ie ld

over control

(%)

Noninoculated

control

5.9 ±1.5 12.1 ±4.0 51.75 1941

Inoculat ion 7.0±1.1 15.3 ±2.0 73.75 2341 20.6

25 kg N/ha 5.0±1.3 12.8±3.0 70.50 2254 16.1

Inoculat ion + 

25 kg N/ha

6.4±1.8 13.5 ±3.2 67.83 2223 14.5

SE 0.349

LSD(5%) NS

SE 0.349

LSD(5%) NS
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Studies on the Response of Ear ly-Matur ing

Cult ivars of Pigeonpea to Rhizobial Inoculat ion

B. R. G u p t a *

Abstract

In field studies conducted at Kanpur, India, inoculation of 

pigeonpea cultivar Prabhat responded to rhizobial strain KA-I

with significantly increased grain yield during kharif 1975. 

During kharif 1976, pigeonpea cv T-21 responded significantly 

to six  Rhizobium  strains, KA-1, Bactofel, E-6, E-2, E-3, and 

KA-8. During kharif 1978, under demonstration trials on 

cultivators' fields, inoculation of cv T-21 with strain KA-1 

and addition of phosphate increased grain yield by 167 and 

175 kg/ha at two sites. 

India is the ma jo r producer of p igeonpea and contr ibutes mor e than 9 0 % of

the total world product ion (Sharma and Green 1 9 7 5 ) . Inocula t ion of pulse

crops with ef fect ive strains of rhizobia has now become a co mmon pract ice

in temperate and tropical countr ies for gett ing opt imum y i e lds of pu lses .

However , in some cases the inoculat ion response is meager an d uncer ta in ,

which warrants cons tant efforts to find more ef f ic ient s t ra insof rh izob ia .

In the present invest iga t ion , some rhizobial strains have b een screened

for thei r e f fect iveness under natural f ield condi t ions on t wo early cu l t i -

vars of p igeonpea, Prabhat and T-21 , grown in Uttar Pradesh . The best

strain obta ined has been demonstrated on cu l t ivators ' f ie lds for its

per formance in assoc ia t ion wi th phosphate appl icat ion.

M a t e r i a l s a n d M e t h o d s

During khar i f 1 9 7 5 , f ive Rhizobium strains (E -2 , E-3 , E - 4 , E -6 , and KA-1)

were tested on cv Prabhat under f ield condi t ions at Researc h Stat ion Pura

(Kanpu r ) . During khar i f 1 9 7 6 , the same strains plus a fur th er two strains

(Bactofel and KA-8) were tested at the same stat ion on cv T-21 . A basal

dose of 50 kg P205/ha in the form of s ingle superphosphate was appl ied.

During khar i f 1 9 7 8 , two demonstrat ions as unrepl icated tr i a ls were conduc-

ted in the vi l lages of Tons and Singaranpurwa in Kanpur distr ic t wi th T-21

and stra in KA-1 . Inoculat ion response was adjudged with and wi thout

* C . S . A z a d U n i v e r s i t y o f A g r i c u l t u r e a n d T e c h n o l o g y , K a n p u r , I n d i a .
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phosphate at the rate of 50 kg P205/ha as s ing le superphospha te . At all

s i t e s , the soil was sandy loam in tex tu re , pH 7.0 to 7.5, total n i t rogen

ranging from 0.040 to 0.058 and avai lab le P from 4.0 to 6.8 p pm. In the

demons t ra t ions , n i t rogen at the rate of 10 kg N/ha was given i n the form

of u rea , appl ied basal ly .

R e s u l t s a n d D i s c u s s i o n

Considerable var iat ions among strains was observed in the inoculat ion

response of the crop (Table 1 ) . In 1 9 7 5 , wi th cv Prabhat , only strain

KA-1 increased the y ie ld s igni f icant ly over no inoculat io n. However ,

during 1976 , wi th T - 2 1 , six s t ra in , including K A - 1 , were e f f ec t ive over

nat ive f lora. Strains E - 3 , E - 4 , and E-6 were e f fec t ive wi th T -21 in 1976

bu t inef fect ive w i th Prabhat in 1975 , showing the speci f ic i ty of the inter-

act ion between pigeonpea cul t ivars and rhizobial s t ra ins . A s ign i f icant

interact ion between variety and strain has also been report ed in o ther

pulse crops (Bajpai and Gupta 1 9 7 7 ) . This f inding suggests t hat st ra ins

should be screened for a par t icu lar cu l t i va r , a l though str ic t compar isons

should be made during the same season to avoid further intera ct ion w i th

da tes . The strain KA-1 appeared to be a broad-spect rum s t ra i n .

In demonstrat ion tr ia ls (Table 2 ) , inoculat ion of p igeonp ea cv T-21

wi th strain KA-1 increased the y ie ld by 125 and 175 kg/ha wi t hout and wi th

phosphate at one locat ion and 95 and 167 kg/ha at the o ther loc at ion in

the same o r d e r , respect ive ly , indicat ing thereby that ef f i c iency of

Rh izob ium was increased by the phosphate app l ica t ion . The r esults suggest

that full benef i t of inoculat ion can best be achieved when th e pigeonpea

is fer t i l ized with phosphorus .

Table 1. Strain variability of pigeonpea rhizobia in relati on to crop response.

Khar i f 1975 (cv Prabhat ) Khar i f 1976 (cv T-21)

Strain Yield (kg/ha) Strain Yield (kg/ha)

Uninoculated 1200 Uninoculated 1590

KA-1 1800 KA-1 2480

E-2 1230 E-2 1840

E-3 1250 E-3 1850

E-4 1300 E-4 1720

E-6 1380 E-6

Bactofel

KA-8

2290

2030

1950

'F' test sig. s ig.

S Ea 140 120

LSD (5%) 310 250

a. Standard error of d i f ference of two treatment means .
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Table 2. Performance of strain KA-1 on cultivators' fields in pigeonpea cv T-21,

kharif 1978.

Yield (kq/ha)

Locat ion

With With 50 kg

Control inoculat ion P 2 O5 / ha

With 50 kg P 2 O5

+ inoculat ion

Vi l lage T o n s ,

Kanpur

Vi l lage S ingaranpurwa,

Kanpur

1631 1756 1842

1263 1358 1397

2017

1564





In te rac t ion Studies Be tween Stra ins
of  Rhizobium and Pigeonpea Genotypes

A . S . K h u r a n a a n d R . P . P h u t e l a *

Abstract

The interaction between.three strains of  Rhizobium  (F-4, K-1, 

IHP-195) and three cultivars of pigeonpea (T-21, P-4-4 and 

P-8-9) was studied under field conditions during kharif 1978 

at Punjab Agricultural University, Ludhiana. In 1979, the 

experiment was repeated with two additional strains (A-l-36 

and Badnapur). On an average,  Rhizobium  inoculation increased 

the grain yield by 9.3 and 28% over the uninoculated control 

in 1978 and 1979, respectively. The interaction between 

pigeonpea cultivars and  Rhizobium  strains was significant. 

The best combinations were T-21 x F-4, P-4-4 x IHP-195, and 

P-8-9 x F-4 in 1978; T-21 x Badnapur, P-4-4 x IHP-195, and 

P-8-9 x Badnapur in 1979. 

Symbiot ic ni trogen f ixat ion takes place more ef fect ively i f an inter-

relat ionship is establ ished between a part icular legume c ul t ivar and a 

specif ic strain of  Rhizobium  (Dart et a l . 1 9 7 6 ) . The genetic const i tut ion

of the host plant in relat ion to that of microsymbiont determ ines its

nodulat ion character is t ics (Nutman 1 9 5 6 ) . Var iable compa t ib i l i ty o f

Rhizobium  strains with thei r host genotypes is known in pigeonpea (Si ngh

et a l . 1 9 7 9 ) . Pigeonpea promises to be the future khari f pul se crop of

Punjab state because of its high potential and compet i t ive abi l i ty wi th

other khar i f c rops ; there fore , we have attempted to find the best s t ra in-

genotype combinat ion through studies of the interact ion be tween di f ferent

strains of  Rhizobium  and pigeonpea genotypes.

M a t e r i a l s a n d M e t h o d s

Field exper iments were laid out for two consecut ive y e a r s , 1 978 and 1979 ,

at the experimental farm, Punjab Agricultural Univers i ty , Ludh iana, on a 

loamy sand soil (pH 8.2-8.4) in a spl i t -p lot design (net p l o t area 8 n r )

with three var iet ies of p igeonpea (T-21, P 4 -4 , and P 8-9) in t he main

plots and Rhizob ium strains along with an uninoculated con trol in the

subplo ts . Pigeonpea seeds were inoculated w i th peat-base d Rhizobium 

* Punjab Agricul tural Univers i ty , Ludhiana, India.
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cul tures pr ior to sowing. In 1 9 7 8 , three strains of  Rhizobium  (F-4 from

IARI , KA-1 from Kanpur , and IHP-195 from ICRISAT) we re inclu ded in the

t r ia l ; in 1979 , two addit ional strains (A-l-36 of Durgapur a and Badnapur

s t ra in ) we re used. A basal dose of 50 kg P2d5/ha was suppl ied.

R e s u l t s a n d D i s c u s s i o n

Data on anc i l lary characters of p igeonpea are presented in T able 1. In

1 9 7 8 , inoculat ion wi th all the three strains of  Rhizobium  increased

signi f icant ly the number and dry weight of nodules over the non- inoculated

cont ro l . The di f ferences in p lant height were nons ign i f i c an t , but dry

weight of p lant increased s igni f icant ly wi th the strain F-4 only. Wh i le

nodule dry we igh t was s ign i f icant ly h igher in P 4-4 and P 8-9 than in

T - 2 1 , the varietal d i f ferences wi th respect to nodule numbe r , p lant

he ight , and plant dry we igh t were nons ign i f i cant . Interac t ion between

strains and genotypes for all the characters except p lant he ight was

s ign i f icant .

Dur ing 1979 , nodule number increased s igni f icant ly wi th i noculat ion

by all the strains of  Rhizobium  except KA-1. L i kew ise , inoculat ion

increased the nodule dry we igh t s ign i f icant ly wi th all exce pt A - l -36 .

Howeve r , inspi te of t h i s , s ign i f icant d i f ferences were fou nd in p lant

height wi th F-4 and A - l - 36 . Plant dry weight responses wer e also

observed wi th F-4, KA-1 and Badnapur s t ra ins . Interact ion o f p igeonpea

cul t ivars and stra ins of  Rhizobium  was s ign i f icant with respect to all

the charac ters .

There was a s ign i f icant increase in.y ield in 1978 with all the three

Rhizobium  s t ra ins , giving an average increase of 9.3% (Table 2 ) . No

sign i f icant d i f ferences among cul t ivars were observed. S tra in F-4

resulted in the highest average increase in y ie ld ( 1 3 . 2 % ) . A s imi lar

trend was observed in its ef fect on anci l lary characters (Ta ble 1 ) .

During 1979 , all the f ive strains of  Rhizobium  increased the y ie ld

s ign i f icant ly , wi th an average increase of 2 8 % . The highes t average

increase of 4 9 . 1 % was obtained wi th the Badnapur s t ra in . Di f ferences in

grain y ie ld among var iet ies was also s ign i f i cant .

Genotype x stra in interact ion was s ign i f icant dur ing both  y e a r s . The

genotype-st ra in speci f ic i ty reported in pigeonpea by Sing h et a l . (1979) is

also well establ ished in crops l ike soybean (e.g. Johnson an d Means 1 9 6 0 ) ,

chickpea (Bapat et a l . 1 9 7 7 ) , mung bean (Nagaraj Rao 1 9 7 8 ) , and cowpea

(Gowda 1 9 7 8 ) .

The genotype-st ra in speci f ic i ty is of immense impor tance f or ef fec-

t ive symb ios i s , as evidenced by the genet ic compat ib i l i ty o f strain F-4

with cvs T-21 and P-8-9 in the f i rst yea r . However , in the sec ond y e a r ,

F-4 per formance was not super ior to IHP-195 wi th cv T - 2 1 , and w i th P-8-9

none of the four s t ra ins , F -4 , KA-1 , IHP-195 and A- l -36 was b et ter than

the cont ro l . During both y e a r s , strain IHP-195 was speci f ic for P-4-4.

T h u s , wh i le var iat ion in symbiot ic e f f ic iency leads to the p ossib i l i ty of

select ing genotypes responsive to  Rhizobium  for improved crop y ie lds from

y e a r to y e a r , var iat ion possib ly associated wi th s i te- to-s i te var iat ion

remains to be exp la ined. The cons is tent per formance of th e Badnapur
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strain in one y e a r raises the hope of select ion of a w ider spe ctrum st ra in .
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Allantoin Content and Nitrogen
Accumulation in Relation to Dry Matter

Accumulation and Yield in  Cajanus cajan 
Cv Prabhat

R e n u K h a n n a - C h o p r a a n d S . K . S i n h a *

Abstract

Dry matter accumulation, nitrogen accumulation, and allantoin 

content were studied in different plant parts of  Cajanus cajan

cv Prabhat during growth and development to analyze the cause 

of low yields. Crop growth rate and nitrogen accumulation 

were very slow upto 7 weeks. Subsequently,  a  sharp rise in 

both crop growth rate and nitrogen accumulation was observed 

until flowering. During pod development, nitrogen accumula-

tion did not keep pace with the crop growth rate. Allantoin 

accumulation was observed in all plant parts 30 days after 

sowing. The rate of allantoin accumulation increased until 

flowering and declined drastically during pod development. 

Allantoin was not detected in any plant part 37 days after 

flowering. This is suggestive of the importance of soil 

nitrogen during pod development. 

Avai lab i l i ty of reduced ni trogen is a major factor l imit in g dry mat ter

product ion and y ie ld in grain legumes (Sinha 1 9 7 8 ) . Biologi cal ni trogen

f ixat ion and ni t rate ass imi lat ion represent the major sour ces of reduced

ni t rogen for p lant growth and seed y ie lds in legume crops. T he re lat ive

contr ibut ion of the two processes varies at d i f ferent stag es of growth

and development in d i f ferent legumes (Thibodeau and Javors ky 1975;

Franco et a l . 1 9 7 9 ) . The ureides al lantoin and al lantoic ac id feature

predominant ly in the soluble ni t rogen of vegetat ive and re product ive

Organs Of nodulated plants Of  Glycine max  and  Vigna unigiculata  (MatSU-

moto et a l . 1977 ; Herr idge et a l . 1978) and in xylem sap of nodu lated

plants Of  Pisum  sp . and  Phaseolus vulgaris  (Pate 1971) and  Vigna 

unguiculata  (Herridge et a l . 1 9 7 8 ) .

cajanus cajan  is an important pulse crop in India. It is most ly

grown under unir r igated condi t ions and is a poor y ie lder . Th e object ives

* Water Technology Cent re , Indian Agricultural Research

New Delh i , India.
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of this work wi th f ie ld-grown  cajanus cajan  early cu l t i var Prabhat were

to: (1) determine the seasonal prof i les of dry mat te r accumu la t ion , leaf

area index , and ni t rogen accumula t ion , and (2) to study the r e lat ionship

between al lanto in accumulat ion and ni t rogen accumulat ion .

M a t e r i a l s and M e t h o d s

Pigeonpea cv Prabhat was sown in the field on 11 July 1979 wi th a basal

fer t i l izer dose of 20 N : 40 P : 40 K/ha. The seed was treated w i th

Rhizobium  cu l ture before sowing and sown in rows 40 cm apar t . Plant

populat ion was mainta ined at 30 p lan ts /m 2 . I r r igat ion was given to

supplement the long breaks in the monsoon in August and earl y September

at the vegetat ive and f lower ing s tages , respect ively.

D r y - M a t t e r A n a l y s i s

Sampl ing for dry we igh t analysis in d i f ferent p lant parts wa s done on a 

uni t area basis at for tn ight ly in te rva ls , s tar t ing with 1-m onth-old

p lan ts . The plant parts were separated and oven-dr ied at 80° C. All

observat ions were recorded in t r ip l icate and analyzed s ta t is t ica l ly .

L e a f A r e a

T h e leaf area of randomly se lected leaves w a s measured on an a utomat ic

area me te r , model A A M - 7 . The same leaves were oven-dr ied at 80°C and dry

weight was recorded. Leaf area per uni t land area (LAI) was c omputed.

N i t r o g e n E s t i m a t i o n

Total n i t rogen content in d i f ferent p lant parts was est imat ed by fo l lowing

Novozamsky et a l . ( 1 9 7 4 ) . A l lanto in content in d i f ferent p lant parts was

measured fo r tn igh t ly , s tar t ing from 36-day-old p lants . Th e plant extract

was prepared fo l lowing the procedure of Matsumoto et a l . ( 19 77 ) . One

gram fresh we igh t of p lant material was ground wi th 10 ml of 0. 05M

phosphate bu f fe r , pH 7.5, and 0.05g PVP. The homogenate was c entr i fuged

at 10 000 x g for 5 m inu tes . The clean supernatant was assaye d for

a l lanto in . A l lanto in and a l lanto ic acid were est imated ac cording to the

method of Young and Conway ( 1 9 4 2 ) , by which the sum of a l lanto in and

al lantoic acid is measured.

Resu l ts and Discussion

D r y M a t t e r A c c u m u l a t i o n

Dry mat te r accumulat ion and leaf area deve lopment was v ery  s low up to 7 

weeks of growth. S ix-week-o ld plants accumulated 25g -2  dry mat ter

3 9 8



having LAI of 0.26 only. Subsequent ly a sharp increase was ob served in

both the characters up to f lowering staqe. Maximum dry mat te r accumula-

tion occurred in the for tn ight preceding f lower ing, resul t ing in the

highest CGR of 13.78g -2  d a y - 1 . LAI was highest (3.96) a t the f lowering

s tage ; subsequent ly , a continuous decl ine was observed in L A I , until i t

became negl ig ib le at the t ime of harvest . This was due to sh edding of

leaves dur ing pod development . However , dry mat ter cont in ued to

accumulate a f ter f lower ing, though at a slower ra te . Of the total dry

mat te r , 5 5 . 2 % accumulated before f lower ing, 4 4 . 8 % af ter f l owering.

N i t r o g e n A c c u m u l a t i o n

Nitrogen accumulat ion examined during growth and develop ment revealed a 

pattern s imi lar to that observed for dry mat ter accumulat io n. However ,

the h ighest rate of n i t rogen accumulat ion preceded the high est crop

growth rate ( C G R ) . Ni t rogen accumulat ion rate was highest in plants

between 8 and 10 weeks o l d , wh i le CGR was highest in plants 1 0 to 12

weeks o ld . The plant accumulated 9 g N M -2  dur ing its ent i re growth

period. Of t h i s , 68 .5% was assimi lated before f lower ing, wh i le only

31 .53% was assimi lated during pod development . Hence nitro gen accumula-

tion did not keep pace with CGR af ter f lower ing.

A l l a n t o i n A c c u m u l a t i o n

Al lanto in accumulat ion was observed in 36-day-old p lants . The al lantoin

content in the var ious plant parts was added up to g ive al lant oin content

per p lant . Al lanto in content increased from 0.430 mg/plan t in 36-day-old

plants to 3.48 mg/p lant in 86-day-old plants at f lowering. S ubsequent ly ,

during pod deve lopment , a sharp decl ine was observed. Forty -six days

a f te r ' f l ower ing , a l lanto in was not detected in any plant p ar t . This

indicates t h a t d u r i n g pod deve lopment , biological nitroge n f ixat ion is

gradual ly becoming nonfunct iona l .

In  Glycine  m a x , a l lantoin concentrat ion is s igni f icant ly correlate d

with nodule we igh t part icular ly during the reproduct ive s tages. Decrease

in a l lanto in accumulat ion was parallel wi th the poor format ion of nodules

(Matsumoto et a l . 1 9 7 7 ) . Hence the accumulat ion of al lantoi n in the

aboverground parts of the p igeonpea plant could become a cr i ter ion to

determine the presence or absence of biological nitrogen f ixat ion. How-

eve r , the accumulat ion per se would be inf luenced by the met abol ism of

the compound in d i f ferent p lant par ts .

A l lan to in and ni trogen accumulat ion in d i f ferent p lant pa rts examined

dur ing growth and development is shown in Table 1. Ni t roge n content in

stem and leaf was low dur ing f i rst 4 weeks af ter sowing. Subs equent ly ,

a h igher rate of n i t rogen accumulat ion was observed until f l ower ing.

A f te r f lower ing , the sharp dec l ine in ni trogen content of le aves and

pet io le coincided wi th the rapid increase in n i t rogen conte nt in develop-

ing pods. A l lanto in accumulat ion was highest in the stem bef ore f lowering

and in the leaves a f te r f lowering (Table 1). Dur ing the mid and late stages

of pod deve lopment , a l lantoin was not detected in any plant p ar t .
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Table 1. Allantoin content (mg/plant) in plant parts during growth and development in

Cajanus cajan cv Prabhat.

Days a f ter sowing Root Stem Leaf Fruits Total

36 4.0 8.5 418.0 430.5

46 22.5 451.0 287.0 760.5

56 58.0 628.0 517.4 1198.4

71 128.0 1139.0 672.0 1939.0

86 134.0 2345.0 997.0 3476.0

104 0 267.0 313 .0 281 .0 1007.0

132 0 0 0 0 0

Conclusions

This study reveals that in pigeonpea cv Prabhat , the dry-mat ter accumula-

tion and ni t rogen accumulat ion is very poor until 6 weeks af t er sowing.

Al lanto in accumulat ion starts 5 weeks af ter sowing. Subseq uent ly , crop

growth rate picks u p , due to the increased rate of dry-mat te r and ni t rogen

ass im i l a t i on . Log phase of growth and ni t rogen accumulat i on is observed in

6- to 10-week-old p lan ts . Subsequent ly , n i t rogen accumul at ion rate is

unable to keep pace wi th the crop growth rate during f lower in g and pod

deve lopment . This results in mobi l izat ion of n i t rogen from the vegetat ive

plant parts to the developing pods . Leaves and f lowers are sh ed; leading

to a cons iderable loss of carbon and lowering of LAI . Crop gro wth rate

also decl ines dur ing pod deve lopment . A l lanto in accumula t ion is observed

dur ing ear ly frui t deve lopment , subsequent ly , however , a l lanto in is not

detected in any plant par t .

Hence there appears to be a reasonable corre lat ion between al lanto in

con ten t , n i t rogen ass imi la t ion , and dry -mat ter accumulat ion. S ince most

of the al lantoin is present in the upper port ion of the p l an t , i t may be

possib le to use a l lanto in content as a measure of reduced n i t rogen

assimi lat ion capaci ty . This would be use fu l , because of the d i f f icu l ty

in excavat ing the root system to determine nodulat ion in th is p lant .
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Effect of Di f ferent Plant Growth Media

on Modulat ion, Growth and Nutr ient

Uptake of Pigeonpea

J . V . D . K . K u m a r Rao and P .J . D a r t *

Abstract

A sand:vermiculite:grit (SVG 1:2:2 v/v) medium in pots produced 

better nodulation, plant growth and nutrient uptake of pigeonpea 

than sand alone or an Alfisol or Vertisol soil. Addition at the 

rate of 35 kg P/ha single superphosphate (on a surface area basis) 

stimulated pigeonpea nodulation, plant growth and nutrient uptake 

(N and P) in both Alfisol and Vertisol soils. Application of 

farmyard manure (FYM) at 10% (v/v) inhibited nodulation, although 

it significantly increased root and shoot weight in Alfisol, 

Vertisol and sand. It also increased N and P uptake significantly, 

the increase being substantial in Alfisol and sand but less in 

Vertisol. The inhibitory effect of FYM on nodulation was greater 

at an application rate of 30% (v/v) than at 10%. 

Pigeonpea is grown in most tropical count r ies , although p roduct ion out -

side India is smal l . It is of ten grown on marginal lands wi th no fer t i -

l izer addi t ion. In exper iments where fert i l izers have been appl ied,

the response has been var iab le . Pietri et a l . (1971) observ ed no

response to fer t i l izers (N , P, K, M g , Ca and Si ) for pigeonpea grown

on an Oxisol (a clay s o i l ) . However , a small appl icat ion of N  (Dala i ,

1974) and moderate to heavy appl icat ions of P (Choudhury a nd Bha t i a ,

1971 ; Dalai and Qui l t 1977 ; Kalyan Singh et a l . 1978 ; ICRISAT Annual

Report for 1 9 7 8 - 7 9 ) , resul ted in increased grain y i e l ds . Ad di t ion of

soil wi th a high organic mat ter content to the sand growth med ium

st imulated pigeonpea growth (Dart et a l . 1 9 7 6 ) . The present study

compares nodu la t ion , growth and nut r ient uptake of p igeon pea in four

growth media - Alfisol and Vert isol soils character ist ic o f much of

the semi-ar id t r op i cs , sand, and a sand-vermicul i te-gr i t m ix tu re .

Mater ia l s and Me thods

The four growth media used - Alfisol so i l , Vertisol s o i l , sa nd a lone ,

and sand-vermicu l i te-gr i t mix ture (SVG) in the ratio of 1:2 :2 v/v

*
Microb io logy , ICRISAT.
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were amended and compared ( treatment detai ls in Table 1 ) .

Table 1. Effect of different culture media on nodulation a nd growth of inoculated pigeonpea

cv ICP-1 grown for 6 weeks in pots.

Medium Nodule

No/Plant

Nodule

dry w t .

(mg/plant)

Root dry

W t .

(mg/plant)

Shoot

dry w t .

(mg/plant)

1. Alf isol

1.1 Alf isol soil unamended 28 23 177 377

1.2 Alf isol + 35 kg P/ha a 44 58 250 812
1.3 Alf isol + 25 ppm N b 44 50 178 642
1.4 Alf isol + complete trace

e lement solut ion 42 24 185 437
1.5 Alf isol + Z n S O 4 . 7 H 2 O

(25 kg /ha) c

1.5 Alf isol + Z n S O 4 . 7 H 2 O

(25 kg /ha) c 51 40 174 492
1.6 Alf isol + 1 0 % v/v FYM d

38 24 329 997

2. Vertisol

2.1 Vertisol unamended 34 61 175 581
2.2 Vert isol + 35 kg P/ha a 36 84 206 720
2.3 Vertisol + 25 ppm N b 31 81 189 701

2.4 Vertisol + 1 0 % v/v F Y M d 22 38 253 734

3. S a n d e

3.1 Sand a lone 21 31 165 408
3.2 Sand + 25 ppm N 21 25 164 402
3.3 Sand + 200 ppm N 16 11 157 369
3.4 Sand + 1 0 % v/v FYM 6 51 269 1042
3.5 Sand + 3 0 % v/v FYM 1 1 280 1552

4.1 Sand+vermicu l i te+gr i t 57 75 247 767

CV % 31.6 25.2 14.8 12.9

C D . a t 5% 10 11 31 88

a

P added as s ing le superphosphate incorporated in the top 8 c m of soil in

the po ts . Amount calculated on a surface area bas is .

Pots were watered throughout wi th n i t rogen- f ree nutr ient s olut ion contain-

ing 25 ppm N as ammonium n i t ra te .

Z n S O4 . 7 H 2 O was dissolved in water and added to we t soil on the top of the

pots . Amount calculated on a sur face area bas is .

FYM (Farmyard manure) incorporated throughout the so i l .

e S and t reatments watered wi th n i t rogen- f ree nutr ient solut ion wi th add i -

tion of N as ammonium ni t rate as indicated.
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Pigeonpea seeds of cv ICP-1 were inoculated wi th a peat cult ure of

an ef fect ive  Rhizobium  strain IHP-195 and sown in 15 cm height x 15 cm

diameter p last ic pots on 3 Nov. 1978. The pots were kept in a p last ic

house i l luminated wi th three bulbs of 250W from 0500 hr to 070 0 hr and

again from 1730 to 2000 hr to delay f lowering. Pots were lai d out in

randomized block design with eight repl icat ions per treat ment. In the

week af ter sowing, deionized water was used for water ing al l the pots

until the seeds had germinated and emerged. From the second w eek on-

w a r d s , a modi f ied Long Ash ton , ni t rogen-free nutr ient solu t ion was used

for water ing t reatments , 1.3, 2 .3 , 3.1 to 3.5 and 4.1. The co mposi t ion

of the n i t rogen-f ree nutr ient solut ion is (g/l i tre of deion ized w a t e r ) :

M g S O4 . 7 H 2 O 0.233; K 2 H P O4 0 .175; Na Fe EDTA 0.0408; K 2 S O4 0.277; t race

elements solut ion 1.0 m l ; pH 6.8; stock trace element solut i on ( g / 1 ) ;

Mn C l 2 . 4H 2 O 1 .81 ; Cu S O 4 . 5 H 2 O 0.08; ZnSO 4 . 7H 2 O 0.22; H 3 B O3 2.86; N a M O 4 .

2H2 O 0.025; CoSO 4 . 7H 2 O 0.286. For treatments with ni trogen fer t i l izer

app l ica t ion , ammonium ni t rate was added to the nutr ient sol ut ion to g ive

25 or 200 ppm N. Treatment 1.4 was watered only with trace elem ents at

the same rate as in the complete nutr ient solut ion.

The water content of the pots was maintained at around two-th i rds of

the water-ho ld ing capacity of the medium. This was done by we ighing a few

pots from each t reatment and calculat ing the loss of weight f rom the

previous water ing . All pots receiving nutr ient solut ion (t reatments 1.3,

2 .3 , 3.3 to 3.5 and 4.1) were f lushed through wi th deionize d water once a 

week to prevent sal t accumulat ion.

The plants were harvested on 23 Dec. 1978 , 50 days af ter sowin g.

Nodules were separated from the roots and counted. Shoot , roo t , and

nodules were dried separately in an oven at 80° C and weighed . Shoot and

root samples were ground in a microhammer m i l l , whereas nod ules were

ground in a mor ta r wi th a pest le. The plant samples for total N  and P 

were digested wi th H 2 S0 4 - se l en ium catalyst (Technicon 1 9 7 2 ) .

Resu l ts and Discussion

Table 1 gives detai ls of the nodulat ion and plant growth i n the di f ferent

t reatments . Nodulat ion and growth of pigeonpea was greater in the SVG

medium than the unamended A l f i so l , Vertisol and sand. The gr eater water -

holding capaci ty and bet ter aerat ion of the SVG medium is a l i kely reason

for th is . The super ior i ty of the SVG medium was also ref lecte d in the

greater total uptake of N and P by the plants (Table 2 ) .
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Table 2. Effect of different plant growth media on nutrient u ptake by pigeonpea.

Shoot

TotalMedium N N P P Total Total

per- con- per- con- N P

cent tent cent tent (mg/plant)

1. Alf isol

1.1 Alf isol soil unamended 2.16 8.14 0.11 0.41 11.23 .67

1.2 Alf isol + 35 kg P/ha 2.63 21.36 0.15 1.22 27.63 1.63

1.3 Alf isol + complete

trace e lement solut ion 2.08 9.09 0.10 0.44 12.21 .6

1.4 Alf isol + 25 ppm N 2.69 17.27 0.20 1.28 21.69 1.59

1.5 Alf isol + ZnSO 4 .7H 2 O

(25 kg/ha) 2.54 12.50 0.13 0.64 16.08 .86

1.6 Alf isol + 1 0 % v/v FYM 2.88 28.71 0.31 3.09 36.31 3.77

2. Vertisol

2.1 Vertisol unamended 3.00 17.43 0.23 1.34 22.61 1.75

2.2 Vertisol + 35 kg P/ha 3.02 21.74 0.26 1.87 28 .20 2.47

2.3 Vertisol + 25 ppm N 3.18 22.29 0.31 2.17 28.97 2.9

2.4 Vertisol + 1 0 % v/v FYM 2.66 19.52 0.26 1.91 25 .50 2.51

3. Sand

3.1 Sand alone 2.22 9.06 0.16 0.65 12.67 .83

3.2 Sand + 25 ppm N 2.52 10.13 0.17 0.68 13.98 .87

3.3 Sand + 200 ppm N 3.60 13.28 0.13 0.48 16.67 .68

3.4 Sand + 1 0 % FYM 2.37 24.70 0.31 3.23 32.44 3.86

3.5 Sand + 3 0 % FYM 3.23 50.13 0.35 5.43 57.05 6.1

4.1 Sand + vermicu l i te + gr i t 2.81 21.55 0.22 1.69 29.68 2.2

Most grain legumes require a large amount of phosphorus fo r a good

growth , and this in turn requires a high concentrat ion of ava i lab le P in

the root med ium, usual ly induced by fer t i l izer appl icat ion or by develop-

ment of mycorrhizal assoc ia t ions. The Alf isol and Vertiso l soi ls used

in the present study were def ic ient in P (Table 3 ) .
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Table 3. Total N and P content of the Alfisol and Vertisol so ils and F Y M .

Medium % N % P 

Alf isol

Vertisol

Farmyard manure

0.92

0.57

1.17

0.013

0.020

0.390



Addi t ion of 35 kg P/ha (treatments 1.2 and 2.2) stimulated n odulat ion and

ni t rogen f i xa t ion , w i th a 115% increase in dry mat ter over pl ants grown

in unamended Alf isol so i l ; 2 4 % increase for the Vertisol so i l . Dalai and

Qui l t (1977) also reported a signif icant increase in respo nse to dry

mat ter product ion by pigeonpea at 6 weeks after sowing fol l owing super

phosphate appl icat ion (22-109 kg P/ha) before sowing.

Unamended Alf isol soils in the semi-arid tropics are gener al ly defi-

c ient in ava i lab le zinc for p lant growth. Adding zinc sulfat e to the

Alf isol soil increased nodulat ion by 7 8 % , plant growth by 3 1 % , N uptake

by 4 3 % , and P uptake by 3 9 % over unamended soi l . However , addi t ion of

trace e lemen ts , including z inc , did not af fect either nodu l a t ion , plant

growth or nut r ient uptake in A l f i so l , perhaps because the tr ace e lement

solut ion contained too l i t t le z inc.

Adding 25 ppm N to the nutr ient solution had no ef fect on plan ts

grown in sand, but nodulat ion, plant growth, and nutr ient ( N and P) uptake

were st imulated in both Alf isol and Vertisol so i ls . Surpr is ing ly , nodules

were formed in the presence of cont inuously suppl ied nut r ie nt solut ion

contain ing 200 ppm N. Al though the N concentrat ion in the d ry mat te r

(% N) for plants receiving 200 ppm N in sand cul ture was marg i na l ly higher

than that for nodulated plants supplied 0 ppm N, the plant gr owth was much

poorer , for reasons that are not c lear . I t could be that the no dules were

ine f fec t i ve , as evident from the small s ize , and also that t be root deve-

lopment was not as good as expected to ut i l ize more of avai lab le N.

Addi t ion of farmyard manure (FYM) stimulated both root and shoot

development considerably in A l f i so l , Ver t i so l , and sand, al though nodu-

lat ion was reduced in sand, with v i r tual ly no nodules formed wi th addit ion

of 3 0 % v/v FYM to sand. In Vertisol so i l , the nutr ient uptake was not

much affected by FYM add i t ion , whereas in Alfisol soil and sa nd, N uptake

was increased by three times and P uptake by six and four t imes , respecti-

ve ly . In sand, increasing FYM from 10 to 3 0 % doubled the nutr i ent uptake.

Dar t et a l . (1976) reported that  cajanus cajan  grew better in root media

high in organic mat ter . Possible explanat ions for increase d growth and

nutr ient uptake may be that more nutr ients (N and P as indica ted in Table

3) become avai lable and possibly the farmyard manure suppl ies a p lant

hormone or absorbs excess seedl ing-produced hormone. Thes e results

suggest that legume growth can be improved by supplying FYM, especia l ly

in tropical soi ls where organic mat ter levels are general ly low.
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Studies on Nodule Damage in Pigeonpea

S. S i t hanan tham. J . V . D . K . Kumar Rao,

W . Reed, and P J . Dar t *

Abstract

Pigeonpea nodules at ICRISAT Center were found to be damaged 

extensively by insects during 1976-77. Surveys in 1977-78 

revealed that this problem was also prevalent in farmers fields 

around all the three villages sampled. The major cause of 

damage has been identified as the larva of a platystomatid fly, 

Rivel l ia angulata  Hendel. This is probably the first report of

this species infesting pigeonpea, although several other species 

of this genus are known to cause damage in other legumes in 

different parts of the world. This species has now been found 

also infesting a weed legume,  Vigna t r i loba,  which is a new 

record.  Khari f  (rainy season) pigeonpea crops suffer more 

damage than  Rabi  (post rainy) crops, but crop maturity duration 

does not seem to affect the damage levels. The damage seems to 

be conditioned by the seasonal insect populations rather than by 

crop or nodule age at a given time. Pesticides applied to soil 

could be useful in effectively controlling the damage. Bioeco-

logical studies on the insect are being continued. 

Increasing the avai labi l i ty of biological ly fixed nitrog en to crops is one

of the important avenues for improving crop y ie lds (Hardy a nd Havelka

1 9 7 5 ) . In crop legumes, damage to nodules by soil fauna, par t icular ly

insec ts , reduces the amount of nitrogen f ixed. Larvae of the bean beet le ,

Ceratoma trifurcata  (Forster) were the f i rst to be recognized in such

damage (McConnell 1915a) and reduction in y ie ld (Leonard an d Turner 1918)

in cowpeas. Several o ther insects are now recognized as dam aging the

nodules including many groups of coleopteran (McConnell 19 15b; Mulder

1948 ; Masef ie ld 1958 ; Gupta and Janardan Singh 1978) and dip teran larvae

dominated by genus  Rivellia  (Seegar and Maldagne 1960; Diat lof f 1965;

Eastman and Wuensche 1 9 7 7 ; Nair 1978 ; Siddarame Gowda and Si ddappaj i

1 9 7 9 ) . Poor stands of blue lupine in South Carol ina were bel i eved to be

caused by  sitona  larvae eating the nodu les , thereby al lowing ready inva-

sion of the roots by other soil microorganisms (Farrar and An derson 1 9 5 3 ) .

We report here some studies made at ICRISAT during the period 1976-80

relating to nodule damage in p igeonpeas.

*  Pulse Improvement Program, ICRISAT.
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N o d u l e D a m a g e : E a r l y O b s e r v a t i o n s a t I C R I S A T C e n t e r

During 1976 -77 , damaged p igeonpea nodules were found in se veral f ield

exper iments . At that t ime there were no reports avai lable e i ther on the

occurrence of such damage in India or on the source of such dam age in

pigeonpea anywhere e lse .

Early observat ions in the khar i f f ield exper iments indicat ed that a 

few nodules were damaged wi th in 30 days a f ter p lan t ing , wi th  the propor-

t ion of damaged to total nodules per p lant increasing rapidl y af ter 60

d a y s , even though the total number of nodules also increase d. The extent

of nodule damage seemed to be greater in Vert isols than in Al f iso ls

(Table 1 ) .

Table 1. Nodule damage in pigeonpea (cv ICP-1) grown in Alfi sol and Vertisol fields at

ICRISAT Center, 1976-77 rainy season.

Crop age

(days)

Total nodu les /

plant

Damaged nodu les /

plant

Damaged nodules

(%)
Crop age

(days)
A V A V A V

30 41 29 2 3 4.9 10.3

60 60 25 10 5 16.7 20.0

100 NS 59 NS 2 8 NS 47.5

120 131 200 9 7 192 74.0 96.0

Mean 77 78 36 5 7 4 6 . 8 73.1

A = A l f i so l ; V = Ver t i so l ; NS = not sampled , as soil was dry and hard.

The extent and onset of damage fol lowed a s imi lar pat tern for medium-

durat ion ICP-1 and long-durat ion NP(WR)-15 in the khar i f an d rabi seasons

in the same y e a r .

The nodule number in both var iet ies was several t imes greate r in

khari f than in the rabi season. A greater number of damaged nodules per

p l an t , but less percent damage, were observed in the khar i f s eason than

in the dry rabi season for both the cu l t i vars .

S u r v e y s i n F a r m e r s ' F i e l d s

To obtain informat ion on the extent of this p rob lem, survey s were made

dur ing the 1977-78 rainy season in farmers ' f ie lds in three v i l lages in

cooperat ion w i th the ICRISAT Vi l lage Level Studies Progra m. Pigeonpea was
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intercropped wi th sorghum, groundnut , and co t ton , and nodu le damage was

observed in all the f ie lds , the range over the locat ions in the final

sampl ing (70 days) being 3.7 to 65 .2% (Table 2 ) . As found ear l ier at

ICRISAT, the greater the nodule number, the larger was the p ercentage of

nodules damaged, as in Kanzara vi l lage locations compared w i th the o ther

two v i l l ages , Aurepal le and Dokur. The nodule damage  (%)  increased wi th

the age of the crop between 20 and 70 days , as i t did also at ICRI SAT

Center .

F a u n a A s s o c i a t e d w i t h N o d u l e D a m a g e

The fauna associated wi th damaged nodules were surveyed at I CRISAT Center

dur ing 1977-79 . A dipteran larva was frequent ly assoc ia t ed, though we

also came across col lembola beet le la rvae , m i t e s , and nemat odes. The

dipteran larvae are general ly pear ly wh i te to cream colored , growing from

about 2 mm at hatching to about 10 mm pr ior to pupat ion. We re ared the

larvae on nodules in the laboratory and the adults emerged a fter about
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Table 2. Survey of pigeonpea nodule damage in farmers' field s at three locations,

1977-78 rainy season.

Vi l lege Locat ion

no.

Nodule no . /p lan t a Nodules damaged (%)
(Soil type)

Locat ion

no. 15 days 40 days 70 days 25 days 40 days 70 days

Dokur

(Al f isols)

1

2

3

4

Mean

1

2

3

Mean

1

2

3

4

Mean

13.2

6.6

5.4

7.3

9.3

10.1

10.5

11.0

19.9

73.9

13.5

15.6

1.5

1.5

0.0

12.3

7.5

5.0

1.9

10.9

6.5

3.7

7.4

9.0

1

2

3

4

Mean

1

2

3

Mean

1

2

3

4

Mean

8.1 10.2 30.7 3.8 6.3 6.7

Aurepa l le

(Al f isols/

Ver t iso ls )

1

2

3

4

Mean

1

2

3

Mean

1

2

3

4

Mean

5.5

3.8

13.9

4.2

6.6

20.5

6.8

10.7

23.3

3.6

0.0

0.0

9.5

16.7

5.4

23.5

16.8

10.7

1

2

3

4

Mean

1

2

3

Mean

1

2

3

4

Mean

7.7 10.4 13.6 1.2 10.5 17.0

Kanzara

(Vert isols)

1

2

3

4

Mean

1

2

3

Mean

1

2

3

4

Mean

29.0

19.8

32.4

36.8

33.5

45.5

31.5

48.9

38.2

19.8

32.5

32.7

1.7

6.1

4.9

19.6

10.4

18.9

14.0

10.4

14.9

65.2

18.5

20.2

1

2

3

4

Mean

1

2

3

Mean

1

2

3

4

Mean 29.5 39.9 30.8 8.1 13.4 29.7

Overall mean

1

2

3

4

Mean

1

2

3

Mean

1

2

3

4

Mean

15.1 20.2 25.0 4.4 10.1 17.8

a. Mean of 10 plants sampled/ locat ion.



10 days spent in the pupal s tage . Adul ts mated freely in the laboratory

cages and laid e longate oval eggs s ingly on any sur face ; the e ggs hatched

in 3 to 5 days .

The adults were ident i f ied as  Rivellia anguiata  Hendel by Dr. G.C.

Steyskal of the U .S . National Museum. This is probably the f i rst record

of  R.anguiata  damaging p igeonpea nodules-. Much work has been done at th e

research center at Gulbarga (Karnataka) on nodule damage in several

legumes such as cowpeas ( vigna unguicuiata ), mung bean ( phaseoius

radiatus) , urd bean  (phaseoius mungo) , and pigeonpea  (Cajanus cajan), 

dur ing the last 3 y e a r s , but the insect seems to have been id ent i f ied

only to genus level as  Rivellia  (Anonymous 1 9 7 9 ) . E lsewhere ,  Rivellia 

spp. are known to cause damage to nodules of groundnut in Afr i ca (Seegar

and Maldagne 1 9 6 0 ) , of the pasture legume  Glycine javanica  in Queensland

(Diat lof f 1965) and of soybeans in Louis iana (Eastman and W uensche 1 9 7 7 ) .

At I C R I S A T , we have reared  R.anguiata  on the nodules of cowpea and have

not iced its natural incidence in nodules of a weed legume,  vigna triloba. 

However ,  R. anguiata  has not so far been found to infest nodules of

chickpea and groundnut at ICRISAT.

N o d u l e D a m a g e a n d P l a n t i n g S e a s o n

During 1978-79, we raised pigeonpea during the rainy, late r a iny, and

post rainy seasons , p lant ing in J u n e , Augus t , and Oc tober , r espect ively

(Table 3 ) .

The postra iny crop at 80 days did not show any nodule damage ,

suggest ing that the act iv i ty of the pest ceases by the end of D ecember .

An indication to this e f fec t is avai lab le at ICRISAT Cente r , where adul t

populat ions trapped in the f ields are high in July and Augus t , tending to

decl ine from September onwa rds , and reaching very low numb ers in November.

We conducted a trial in the 1978-79 rainy season wi th four cu l t i va rs ,

Pant A - 2 , ICP-26 , ICP-1 , and ICP-6443 (represent ing ex t ra -ear ly , ea r l y ,

med ium, and late groups) at three locat ions . The nodules (to tal and

damaged) were examined a t 2 0 , 3 5 , 5 0 , 65 and 80 days (Table 4 ) . The mean
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Table 3. Effect of planting season on nodule damage at ICRISA T Center, 1978-79.

Plant ing Nodule damage (%) at d i f ferent p lant ages

season (month) 35 50 80 Mean

Rainy (June)

Late rainy (Aug)

Post rainy (Oct)

13 10

12 6 

14 8 

25 16

11 10

0 7 



Table 4. Nodule damage pattern in four pigeonpea cultivars s ampled at different ages at

ICRISAT Center, rainy season 1978-79.

Cul t ivar Age at which sampled (days)
20 35 50 65 8 0 Overall

A. No . of nodules per 10 plants a

Pant A-2

ICP-26

ICP-1

ICP-6443

153.8

128.2

201.7

166.7

247.5

204.8

255.5

243.7

87.7

145.3

153.8

181.8

112.7

97.2

209.5

157.5

50.7

72.3

134.3

70.7

130.5

129.6

191.0

164.1

Mean 162.6 237.9 142.2 144.2 82 .0 153.8

B. Nodules damaged (%)

Pant A-2

ICP-26

ICP-1

ICP-6443

0.3

0.9

1.3

0.7

4.7

8.9

9.5

9.9

11.6

11.0

10.9

13.0

22.9

28.7

20.5

22.1

25.7

21.0

19.5

20.0

13.0

14.1

12.3

13.1

Mean 0.8 8.3 11.6 23.6 21.6 13.1

LSD SE c v ( % )

Between cul t ivars A 44.3 15.4 41.5

B 3.0 61.8

Between periods A 60.0 18.4 38.6

B 4.8 2.4 31.1

Interact ion Ap

Ac

Bp

Bc

34.9

34.2

3.9

3.3

41.5

38.6

69.4

44.0

a .  Mean of three locat ions

b.  p = main t reatment ( pe r i ods ) , c = subtreatment (cul t ivars)

a .  Mean of three locat ions

b.  p = main t reatment ( pe r i ods ) , c = subtreatment (cul t ivars)

number of nodules formed increased wi th the matur i ty per iod . The extra-

ear ly cu l t ivar alone recorded dist inct ly less damage up to 35 days ; there-

a f t e r , there were no such varietal d i f fe rences. The infesta t ion  (%  damage)

fol lowed a pat tern of gradual increase (along wi th total no dules/p lant ) up

413



to 65 'days , af ter which there was a marginal reduct ion; the damage(%) was

sign i f icant ly d i f ferent for these intervals of sampl ing , but there was no

s ign i f icant interact ion w i th the cul t ivars tested. T h u s , season rather

than var iety seems to determine the level of damage , and pest populat ions

seem to be more inf luenced by c l imat ic condi t ions than p lant ing t ime or

matur i ty period of the crop.

C o n t r o l o f N o d u l e D a m a g e b y S o i l A p p l i c a t i o n o f P e s t i c i d e s

Observat ions made in a nematicidal trial (Khari f 1977-78) d id not show

any impact of soil appl icat ion of Nemagon or a ld icarb on nodu lat ion or

nodule damage. Ano ther trial was conducted in rabi (1977-78 ) in a 

randomized block design wi th four rep l i ca t ions , apply ing t hree insect i -

c ides- -a ld r in , phora te , and carbary l - -as soil t reatments 25 days af ter

sowing in furrows near seed rows at 1 kg tox icant /ha. Sampl i ng at three

for tn ight ly intervals revealed that apprec iab le control c ould be achieved

by the insec t i c ides , par t icu lar ly phorate (6 .8% d a m a g e ) , i n compar ison

with the untreated check (13.6% d a m a g e ) . However , this bein g a rabi -

season t r i a l , the overal l level of damage in this exper iment was low. We

need to do more exper imentat ion under khar i f cond i t i ons , wh en we expect

heavy damage leve ls , so that we can judge the ef f icacy of pe sticidal

app l ica t ions . Never the less , recent work at Gulbarga has r evealed that

soil appl icat ion of a ld i ca rb , d isu l fo ton , or carbofuran at 1 kg/ha

provides ef fect ive control of nodule damage in several pu ls es , including

p igeonpea, and also results in substant ial gains in grain y ie ld

(Sidderame Gowda and Siddappaj i 1 9 7 9 ) .

We are now making fur ther studies at ICRISAT on the seasonal p opula-

t ions of the insec t , on the poss ib le systems of ca r ryover , a nd on adul t

behav ior , so that we can cons ider a l te rnat ive methods of con t ro l .
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A Survey of the Methods of Mi l l ing and

Consumer Acceptance of Pigeonpeas in India

U. S i n g h a n d R . J a m b u n a t h a n *

Abstract

The three Indian states of Madhya Pradesh, Maharashtra, and 

Uttar Pradesh together account for about 75% of the total 

production of pigeonpeas in India. A survey was therefore 

conducted covering major pigeonpea producing areas of these 

three states. Several commercially operated dhal mills 

(large-scale processing units) were contacted, and their 

views on milling efficiency, yield losses, and grain pre-

ferences were recorded. Information on the kinds of village-

level processing units and consumer preferences were collec-

ted from many households in several villages of these states. 

The size, shape, and hardness of pigeonpea grains are consi-

dered to be the important factors that influence the dhal 

yield in both large- and small-scale processing methods. 

From the consumer's point of view, flavor (taste and smell) 

appears to be as important as the cooking time of pigeonpea. 

The effect of duration of pearling on dhal yield and 

protein losses of pigeonpea were studied using a Barley 

Pearler. The outer layers of cotyledons were observed to 

have a higher protein content, but these are the layers 

first removed as a fine powder during pearling. 

The per capi ta consumption of grain legumes in India ranges between 14 and

and 114 g (Parpia 1 9 7 2 ) . It is a matter of great concern to pol i cy makers

that the per capita avai labi l i ty of pulses in India has decl i ned over the

past 20 years due to several reasons. In India, a lmost all of the pigeon-

pea produced is processed into dhal (dehusked dry sp l i t c o t y l e d o n s ) , and

during this process i t undergoes quant i tat ive and qual i ta t ive losses .

The processing techniques involved in dehul l ing of grain l egumes have been

descr ibed by ear l ier workers (Kurien et a l . 1 9 7 2 ) . The obje ct ive of this

study was to understand the traditional mi l l ing procedures and factors

that inf luence the mi l l ing losses and consumer acceptance of p igeonpeas.

This paper reports the results of the survey.

*Grain Qual i ty and Biochemist ry ,

India.

ICRISAT, Patancheru, Andhra Pradesh,
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M i l l i n g P r o c e d u r e s

Pigeonpea is dehul led t radi t ional ly in two w a y s : one is the c ommercial

processing of large quant i t i tes o f p igeonpea using mechani ca l ly operated

mi l ls ( large-scale p r o c e s s i n g ) ; the second is the home-pro cess ing

method adopted by v i l lagers (smal l -scale p rocess ing ) .

Accord ing to the mi l l ing procedure that is commonly used fo r large-

scale processing of p igeonpea into d h a l , the material is f i rs t graded and

then passed through a ro l le r mach ine , which causes a mi ld a brasion

(tempering o p e r a t i o n ) . This causes s l ight scratches on the seeds and

enhances the o i l - and water -absorb ing e f f i c iency , leadin g to the loosen-

ing of the testa. The material is then treated wi th oil and w a te r and

then spread in the dry ing yard to dry under the sun. The ma terial is

st i r red occass iona l ly i f necessary . A f te r sun dry ing , the m aterial is

dehusked wi th a ro l ler mach ine. Var ious products l ike dehus ked sp l i t

( d h a l ) , dehusked unspl i t (pearled t u r ) , and undehusked ma terial o f spl i t

and unspl i t p igeonpea are obta ined. These products are sep arated accord-

ingly and the operat ion repeated i f requi red.

For smal l -sca le mi l l ing of p igeonpea , a basic mi l l ing unit t hat is

manual ly operated and commonly known as a  chakki,  compr ised of two small

gr ind ing stones is used. The t reatments given before the mi l l ing of

p igeonpea in the chakki vary from region to region. In Mahara sh t ra , soak-

ing of p igeonpea in wa te r for 4 to 12 hours is a common pract ic e. Soak-

ing of p igeonpea in water for 3 to 10 hours is a lso done in some cases in

Uttar Pradesh and Madhya Pradesh. In these s ta tes , some vi l l agers prefer

to g ive an oil t reatment to the material before mi l l ing . In so me house-

holds p igeonpea is hand-pounded to remove the seed coat . In such c a s e s ,

the p igeonpeas are f i rs t sp l i t using a chakki and then treat ed wi th o i l /

wa te r . Another procedure that is fo l lowed in Ut tar Pradesh i s to heat the

pigeonpea in an iron pan , wi th or w i thou t sand, before gr ind ing.

M i l l i n g L o s s e s o f P i g e o n p e a

During the processing of p igeonpea, four d i f fe rent f rac t io ns , name ly ,

d h a l , b rokens , powder , and husk of p igeonpea are obta ined . Table 1 shows

the ranges and mean values of these f ract ions reported to b e obta ined by

both the la rge- and smal l -sca le processing methods in the th ree states

surveyed. In smal l -scale m i l l i ng , the values for dhal y ie ld ranged be t -

ween 50 and 8 0 % , wi th a mean of 6 2 % . The h ighest dhal y ie ld (80% ) was

reported to be obta ined when the p igeonpea was heated in a n iron pan

before mi l l i ng . In large-scale m i l l i ng , the dhal y ie ld var i ed from 60 to

8 5 % wi th a mean of 70 .6%.

The h ighest dhal y ie ld was reported to be obta ined in modern d hal

mi l l s where the mater ial was heated in hot air before mi l l ing . I t is

c lear that there are la rger var iat ionsin the mi l l ing losses w i th smal l -

scale than wi th large-sca le processing techn iques. A l s o , t he losses in

terms of broken and powder f ract ions are h igher when a v i l lag e chakki is

used.

To determine the ex ten t of losses in terms of d i f ferent f rac t ions
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during m i l l i ng , a laboratory bar ley pear ler (Seedburo Equi pment Co . ,

Ch icago , USA) which is s imi lar to the ro l ler mach ine of a dha ll m i l l , was

used. Equal quant i t ies of seed samples of f ive cu l t ivars of p igeonpea

dr ied at 70°C for 30 min were subjected to d i f fe ren t per io ds of pear l ing .

The dhal y ie ld decreased and the broken and powder f ract ions increased

with increase in pear l ing t ime (Table 2 ) . There appear to be v arietal

d i f ferences w i th respect to such losses , but the results we re not tested

stat is t ica l ly . Protein content of these f ract ions was det ermined by the

Technicon auto ana lyzer procedure (Singh and Jambunathan 1 9 8 0 ) . A str ik-

ing d i f ference was observed in the protein content of the f in e powder

fract ion obtained at d i f fe rent t imes of pear l ing (Table 2) a nd the protein

percentage of this decreased as the pear l ing t ime increase d. This is due

to the removal of the inner port ion of the co ty ledons , which h ave a lower

protein con ten t , as the pear l ing t ime is increased. The pro te in content

of dhal that was prepared manual ly by soaking and dehusking w as found to

be h igher than that of dhal obta ined by the pear l ing method. This study

indicated that as a resul t of pear l ing, the ou te r prote in-r ich layers of

the coty ledons are success ive ly removed.

Fac to rs t h a t I n f l u e n c e M i l l i n g Losses

Several factors a re reported to inf luence the dhal recove ry (Table 3 ) .

Responses to our questionaire have been tabulated and shown in Table 3.

The percentages of responses in favor of suggested factors w ere calculated.

According to the dhal mill o w n e r s , the grain character is t ic s (s ize , shape ,

and h a r d n e s s ) , p re t rea tments , and mi l l ing operat ion are t he impor tant

factors that inf luence dhal y ie ld to a large ex ten t . Though t he dhal

y ie ld pr imar i ly depends on the type of mach ine and the abra sion pressure

employed dur ing m i l l i ng , o ther character is t ics such as s i z e , shape, and

hardness of the grain seem to play an important role in determ ining m i l l -

ing l osses . A major i ty of the dhal mill owners prefer oval o r round

grains of med ium to large s ize for processing. Large-seeded cul t ivars of

p igeonpea are reported to give h igher dhal y ie lds because o f thei r lower

content of husk. A l though the ro l ler mach ine could be adjus ted for oper -

at ion depending on the seed s i ze , oval or round seeds give an advantage

in dhal y ie ld of p igeonpea.

Some dhal mill owners a lso have preferences in seed co lo r , preferring

whi te p igeonpeas for two reasons : (1) dhal y ie ld is bet ter wh en compared

with o ther p igeonpeas ; (2) dhal wi th a lesser degree of dehus k ing but

less v is ib le wh i te spots of le f tover husk can be sold in the ma rke t at a 

h igher pr ice than dhal obta ined from colored seeds , where t he le f tover

part ic les of the hul ls are c lear ly v is ib le . However , this in format ion

was ret r ieved from the large-scale mi l le rs and most of the fa rmers are

not aware of the importance of dhal y ie ld in determing p r i ce s .

Besides these fac to rs , va r ie ta l , locat ion , and maturat io n d i f ferences

are observed to inf luence the dhal y ie ld in smal l -scale proc ess ing. Whole

grain stored over a long t ime is also reported to g ive a lower dhal y ie ld

as compared wi th fresh gra in .
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Table 3. Some factors reported to influence dhal yield and co nsumer acceptance of

pigeonpea a.

Dhal y ie ld Consumer

acceptance

(n=130)Factors

Large-scale

mi l le r (n=46)

Smal l -sca le

mi l l e r (n=130)

Consumer

acceptance

(n=130)

1. Crop

Variety  b 

Locat ion 40

Maturat ion (ear ly, medium & la te) 20

45

25

30

74

65

70

2. Grain character is t ics

Size

Shape

Color

Texture (hard/sof t )

Flavor ( tas te , sme l l , fee l )

Cooking time

84

72

50

65

b

b

55

45

42

40

b

b

50

b

60

55

60

40

3. Storage period (exceeding 1/2 yea r )

Dhal

Whole grain

b

40

b

68

76

70

4. Pretreatment

Oil

Water

Sa l t solut ion

100

100

b

30

85

25

25

36

30

5. Mi l l ing operat ion

Type o f mach ine ( ro l ler /chakki ) 80

Abrasion type 100

20

25

b

b

n = Total number of interviews reported.

a. Percent of responses conf i rming the inf luence of the fac tor .

b.  Factors not considered relevant by mi l le r /consumer .

n = Total number of interviews reported.

a. Percent of responses conf i rming the inf luence of the fac tor .

b.  Factors not considered relevant by mi l le r /consumer .

n = Total number of interviews reported.

a. Percent of responses conf i rming the inf luence of the fac tor .

b.  Factors not considered relevant by mi l le r /consumer .
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Factors tha t Inf luence Consumer Accep tance

The factors that were reported to inf luence consumer accept ance are shown

in Table 3. Consumers are aware of the role of locat ion , var ie ty , and

maturat ion of the crop as far as the cookabi l i ty and taste o f the product

is concerned. Late-matur ing and khari f p igeonpeas are pref erred by the

major i ty of fa rmers . Early-maturing cul t ivars are conside red to be of

poor cooking qual i ty as they require more cooking t ime. Som e farmers feel

that the p igeonpeas grown on l ight soi ls have bet ter cooking qual i t ies and

taste. L ight red or whi te pigeonpeas are general ly grown in t hese s ta tes .

Black pigeonpeas are also cult ivated in Uttar Pradesh. It w as observed

that farmers l ike the local var iet ies that are grown in thei r own f ie lds.

In genera l , dhal from red pigeonpeas is preferred over that from whi te

ones because of its taste and cooking character is t ics . In Ut tar Pradesh,

where they are being grown, black pigeonpeas are consider ed to have a 

bet ter taste. Bold seed size of pigeonpea is preferred in Mah arasht ra ,

whereas in Uttar Pradesh and Madhya Pradesh farmers l ike med ium seed

size for home consumpt ion.

Storage of p igeonpea affects the taste and cooking t ime of d ha l .

Dhal mi l led from freshly harvested pigeonpeas is observed t o taste bet ter

than dhal from pigeonpeas stored for a long t ime. The treat ments before

mil l ing are a lso reported to change the cooking qual i ty and t aste of the

dha l . In gene ra l , i t was observed that f lavor appeared to be equal ly

important to consumers as the cooking t ime.

Areas for Further Study

Although the dhal y ie ld varies from one mi l l ing unit to an other , depending

on the processing methods used, pigeonpeas of more uniform s eed size and

shape are reported to reduce y ie ld losses. The husk content o f pigeonpea

is a genet ic character is t ic , and development of cu l t ivars with lower husk

percentage would improve the dhal y ie ld . In a breeding prog ram, emphasis

should also be laid on the development of cul t ivars wi th th e f lavor and

cooking character is t ics preferred by consumers . A detai l ed study of

losses of dietary nutr ients (protein, amino ac ids , v i tami ns , and minera ls )

that occur during pigeonpea mi l l ing needs to be carr ied ou t .
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Nutr i t ional Evaluat ion of Pigeonpea

(Var iety Hyderabad 3A) Processed by

Tradi t ional Me thods

P. G e e r v a n i *

Abstract

A high-yielding variety of pigeonpea (Hyderabad 3A) procured 

from the All India Coordinated Dryland Project, Hyderabad, 

was evaluated for overall nutritional quality. Dehusked 

split gram was used for processing by boiling, pressure cook-

ing, and roasting. The protein was isolated from the dhal 

and tested for biological quality. 

Destruction of thiamine and riboflavin but not of niacin 

was considerable in all methods of processing. 

The PER of dhal increased significantly (P < 0.05) after 

processing. Digestibility coefficient, biological value and 

net protein utilization also increased significantly after 

process ing. Available lysine and methionine decreased more 

on roasting but available methionine increased on boiling 

or pressure cooking the dhal. Results of nitrogen balance 

studies done on preschool children with boiled and roasted 

red gram dhal as sole source of protein were in conformity 

with the differences in the biological quality observed due 

to processing in animal experiments. Effects of processing 

on inhibition activity were also assessed. 

One h igh-y ie ld ing variety of pigeonpea Hyderabad 3A, was pr ocured from

the Dryland Pro jec t , Hyderabad, for the study. The grain wa s dehusked

and sp l i t into dhal by the improved method developed at CFT RI , Mysore.

Dhal was used for all analyses. The nutr ient consumption pr esented in

Table 1 was not much d i f ferent from the traditional var ie t ie s .

Genera l ly , pulses are processed by three methods- -bo i l ing , pressure

cook ing , and r o a s t i n g — b e f o r e consumption in India. Hence t hese methods

of processing were selected for the study. Protein was isola ted from the

dhal fol lowing the usual procedure of acid precipi tat ion a t pH 4.2 to

4.5 and the isolate was also evaluated. Amino acids that are general ly

inadequate in the Indian d ie t , namely meth ion ine , cys t ine , t ryptophan,

threon ine, and lysine were determined by microbiological a ssay (Barton

1952) (Table 2 ) .

* Col lege of Home Sc ience, A . P . Agricultural Univers i ty , Hy derabad, India.
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Of the B-complex v i t am ins , legumes cont r ibu te a cons idera b le quant i ty

o f th iamine, r ibo f lav in , and n iac in . These three v i tamins b eing wa te r -

soluble and unstable to heat are also l ike ly to be reduced d ue to cook ing.

Thiamine and r ibof lav in (AVC 1951) and n iac in (Barton 1952 ) contents of

the dhal are given in Tab le 3.
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Table 1. Nutrient composition of pigeonpea variety Hyderab ad 3A.

Nutr ient

Mois ture (g/100 g)

Protein (N x 6.25) (g/100 g)

Fat (g/100 g)

Ash (g/100 g)

Calc ium (mg/100 g)

Phosphorus (mg/100 g)

Iron (mg/100 g)

8.7

17.9

1.11

3.24

102.0

125.0

10.2

Table 2. Amino acid composition of raw and processed pigeon pea dhal (g/16 g N ) .

Dhal /Process Meth ion ine Cyst ine Tryptophan Threonine Lysine

Unprocessed 1.18

*(0 .47-1 .92)

0.69

(0.4-1.92)

1.00

(0.2-0.9)

3.77

(3.4-4.7)

6.70

(4.0-7.4)

Boi led

(30 m inu tes )

0.88 0.56 0.95 3.62 6.58

Pressure-cooked

(15 lb p ressu re ,

10 m inu tes )

0.90 0.61 0.96 3.68 6.24

Roasted (160°C,

10 minu tes)

0.88 0.65 0.87 3.56 6.26

Protein isolates 0.82 0.58 0.76 3.42 4.12

*Values reported in l i te ra ture.

Both meth ion ine and tryptophan were higher compared w i th va r iet ies

reported in the l i terature (FAO 1 9 7 0 ) .

*Values reported in l i te ra ture.

Both meth ion ine and tryptophan were higher compared w i th va r iet ies

reported in the l i terature (FAO 1 9 7 0 ) .



The biological qual i ty of the protein of unprocessed dhals a nd the

percent ava i lab le l ys ine , meth ion ine , and cyst ine are give n in Tables 4 

and 5.

Table 4. Effect of processing pigeonpea dhal on the biologic al quality of protein.

Process PER DC BV NPU

Unprocessed 1.13 51

(0.24-1.66) (59-90)

65

(46-74)

32

Boi led 1.99 68 86 59

Pressure-cooked 2.25

(1.72)

70 83 58

Roasted 1.77 55 77 4 3

Protein isolate

Casein control

SEM

1.67

3.34

79

84

1.59

71

94

0.46

56

79

1.74

PER 1.13 1.67 1.77 1.99 2.25 3.34

DC 51 55 6 8 70 79 84

BV

NPU

65

32

71

43

7 7

56

83

58

86 94

59 79

All means not scored by the same l ine are s ign i f icant .

Figures in paranthesis are values reported in the l i teratur e (FAO 1 9 7 0 ) .
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Table 3. Thiamine, riboflavin, and niacin (mg/100 g) in pig eonpea dhal a.

Process Thiamine Ribof lavin Niacin

Unprocessed

Boi led
Pressure-cooked

Roasted

0.40

0.14

0.10

0.22

0.25

0.03

0.03

0.02

2.2

1.8

1.6

2.2

a. More than 70 to 8 0 % of thiamine and r iboflavin was lost due t o process-

ing. Niac in losses were much less. Losses in roasting were al so less

than in boi l ing and pressure cooking.



Avai lab le lys ine was determined by Carpenter 's (1960) meth od. Sulfur

amino ac id avai labi l i ty was determined on the basis of intak e and faecal

excre t ion . The PER increased s ign i f icant ly due to process ing, more due

to pressure cooking than the other me thods . The Digest ib i l i ty Coef f ic ient ,

Biological Value and Ne t Protein ut i l izat ion a lso increas ed s igni f icant ly

af ter process ing. However the improvement observed was les s for roasted

dhal compared wi th boi led and pressure-cooked dha ls . Ava i lab le lysine

and meth ion ine decreased more on roas t ing , but avai lab le me th ion ine

increased on boi l ing or pressure-cooking the dhal .

Ni t rogen balance studies were carr ied ou t on preschool ch i l d ren ,

wi th boi led and roasted pigeonpea dhal being compared wi th o ther dha l s .

The d i f fe rence observed in animal exper iments in the biolog ical va lue due

to boi l ing and roast ing was in conformity wi th the f indings o f N balance

study in preschool ch i ld ren. The e f fec t of processing was a lso the same

in the chickpea dha l , (Table 6 ) .

The s tarch was extracted from the dhal by method A of Schoch an d

Maywald ( 1 9 6 8 ) . Results of chemical analysis and physical propert ies of

p igeonpea starch are shown in Table 7.

Table 6. Nitrogen balance data of preschool children fed pr ocessed pigeonpea in

comparison with other pulses.

Source of prote in in

the d ie t

Absorbed Ni t rogen Retained Ni t rogen

Boi led p igeonpea dhal

Boi led mung dhal

Boiled chickpea dhal

Roasted mung dhal

Roasted ch ickpea dhal

68.9

70.9

6 4 . 8

70.6

56.5

26.2

27,2

28.4

16.5

14.7

4 3 0

Table 5. Available lysine, methionine, and cystine from unp rocessed and processed

pigeonpea.

Table 5. Available lysine, methionine, and cystine from unp rocessed and processed

pigeonpea.

Lysine Meth ion ine Cyst ine

Process (%) (X) (%)

Unprocessed 91 5 8 56

Boi led 79 69 72

Pressure-cooked 78.5 65 69

Roasted 73.4 58 6 4



Table 7. Chemical composition and physical characteristics of pigeonpea starch. 

Chemical composition (%) Physical characteristics 

Total starch 40.4 Size of starch 32 µ x 8 µ 

Moisture 8.7 Shape Ellipsoid 

Amylose 35.6 Gelatinization temp. 64°C-70°C to 82°C 

Nitrogen 0.28 Solubility at 100°C 26 

Fat 0.09 Swelling number at 100°C 26 

Ash 0.17 Paste clarity Translucent 

Phosphorus 0.019 Paste texture Firm & heavy 

Paste viscosity Pronounced set back 

Paste color Dull white 

Taste Bland 

The digestibility of carbohydrates both in vitro and in vivo showed 

a similar trend. Digestibility increased due to processing. The indigest

ible residue (Hellendorn 1973) determined after enzymatic digestion also 

corresponded with the values of digestibility (Table 8 ) . 

As starch forms the major component of legumes, the influence of 

pigeonpea starch on the utilization of casein was tested. The starch was 

steamed at atmospheric pressure before mixing in the diets. The results 

are presented in Table 9. 

In contrast to cornstarch, pigeonpea starch supplementation of casein 

reduced the PER, DC, NPU and available lysine and methionine. Only the 

BV was comparable, which indicates only the percent of absorbed N retained 

not the total N retained. 
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It is generally believed that consumption of a large quantity of 

legumes causes discomfort and indigestion. To test this hypothesis, the 

pH of the caecum of rats fed on processed pigeonpea dhal (15% dietary 

protein level) was recorded at intervals of 2 hours. Casein diet was 

used for comparison (Table 1 0 ) . 

Table 8. Digestibility in vitro and in vivo of unprocessed and processed pigeonpea dhal 

and the indigestible residue. 

Table 8. Digestibility in vitro and in vivo of unprocessed and processed pigeonpea dhal 

and the indigestible residue. 

mg maltose/ Indigestible 

Process 100 mg DC in vivo residue (%) 

Unprocessed 17.5 84.7 26.6 

Boiled 37.2 91.6 19.6 

Pressure-cooked 36.8 89.0 18.7 

Roasted 19.6 86.0 23.7 

Starch uncooked 30.5 - -

Starch cooked 88.9 - -



Table 9. Effect of pigeonpea starch compared with cornstar ch on P E R , D C , BV, and

N P U of casein and availability of lysine and methionine.

Source o f

DC BV NPU

Avai lab le  % 

starch PER DC BV NPU Lysine Meth ionine

Corn 2.71

Pigeonpea 2.25

82

7 4 +

90

87

74

6 5 +

94 92

8 8 + 8 1 +

+ Signi f icant (P < 0.05)

Table 10. Mean pH of caecum of rats reported at periodic inte rvals after feeding with

pulse diets (15% protein).

Source o f protein Hours

in the d ie t 0 2 4 6 8 10 12 14

Casein 6.9 6.5 6.3 6.3 6.8 6.8 7.2 7.3

Pulse

Unprocessed 6.8 6.0 5.8 5.0 5.0 5.2 5.4 5.4

Boiled 6.9 5.6 5.6 5.4 5.3 5.3 5.4 5.5

Roasted 6.8 5.9 5.5 5.3 5.5 5.7 5.7 5.6

There was no t much of d i f ference between the pH of the caecum of rats

fed wi th dhal processed by d i f ferent m e t h o d s . But the pH of th e caecum

of rats fed with casein was towards a lka l ine side and that o f dhal fed

rats was on the ac id ic s ide .

The pH of d i f fe ren t parts of the GI t rac t - -s tomach, duodenum , and

small in test ine was determined (Table 1 1 ) . The d ie t was th e same as in

the ear l ie r study.

Compared w i th rats fed the casein d i e t , rats fed dhal d ie t had lower

pH in the caecum. But the pH of s tomach and intest ine contents of dha l -

fed rats was higher. The mean we igh t of caecum of rats fed leg ume starch

was s igni f icant ly h igher (P < 0.01) than that of cornstarch- fed ra t s .

The presence of inhib i tors is considered to l im i t the ut i l i zat ion of

legume prote in and ca rbohydra tes . Three inh ib i to rs , namel y t rypsin inhi-

b i to r (Kakade e t a l . 1 9 6 9 ) , hemagglu t in ins (Liener and Hill 1 9 5 3 ) , and

amylase inhib i tors (Jaffee e t a l . 1973) were determined. T he trypsin
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inhibi tor act iv i ty was destroyed af ter boi l ing and pressur e-cooking but

not af ter roast ing. No hemagglut inat ing act iv i ty was detec ted in the

unprocessed dha l . Amylase inhibi tor act iv i ty detected in t he unprocessed

dhal was neg l ig ib le , and no act ivi ty was observed af ter proc essing.
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Pigeonpea Product ion, Processing and

Uti l izat ion in Andhra Pradesh

P. P u s h p a m m a a n d K . C h i t t e m m a R a o *

Abstract

A representative sample of about 2000 farm households were 

surveyed to collect the information on cropping pattern, 

yield, preferred varieties, marketing, storage, processing, 

and utilization of dryland crops. Pigeonpea is the most pre-

dominant legume in this area, usually cultivated as a mixed 

crop in the rainy as well as post rainy season. About 97% of 

the cultivators preferred the local variety. Red seed coat, 

bold seed, and thin pericarp were found to be the most pre-

ferred characters in this region. 

About 65% of the cultivators produce the grain for their 

own household consumption only. 

A positive association was found between the adoption 

of hybrid varieties and the education level of the cul t i -

vators.

Five traditional methods popularly used for processing 

pigeonpea were identified to evaluate extraction rate and 

qualitative changes in processing. Cooking quality of the 

split dhal was tested for identifying the best processing 

method.

Pigeonpea was found to be the legume most frequently 

consumed in the form of dhal, split and dehusked. It was 

also found that children below 2 years of age are not given 

dhal because they can neither eat nor digest it. However, 

pigeonpea is preferred overall other legumes for nursing 

mothers.

Among pulses pigeonpea occupies a very important p lace in th e Indian food

pat te rn , being nex t only to chickpea in the area and produc t ion . Pigeon-

pea product ion thus plays a crucial role in the avai labi l i t y of pu lses.

As pulse product ion has remained almost s ta t i c , in spi te of all the efforts

made to increase product ion of food grains for the growing po pu la t ion ,

there has been a gradual decl ine in the per capita avai lab i l i ty of pulses

from 64 g in 1950-51 to 45 g in 1978. Low avai labi l i ty of pulses  can

* C o l l e g e o f H o m e S c i e n c e , A . P . A g r i c u l t u r a l U n i v e r s i t y , H y d e r a b a d , Ind ia .
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adverse ly a f fec t the qual i ty of the cereal - legume-based In dian d ie t by

lowering the quant i ty and qual i ty of protein in i t . To stop s uch qual i ty

deter iorat ion of cereal -based diets there is an urgent need to step up

the product ion of pulses by providing all incent ives to pul se fa rmers .

Substant ial increases in y ie ld per unit of land through impr oved var iet ies

and appropr ia te agronomic pract ices  are  essential prerequis i tes to moti-

vate the farmers to expand the area under pulse crops. Inform ation on

produc t ion , varietal p re ference, s to rage, p rocess ing , an d ut i l izat ion of

pigeonpea was col lected from about 2000 farm famil ies of And hra Pradesh,

as par t of a study on dryland crops to ident i fy constra ints to improving

the dietary pat tern through increased consumpt ion of local foods.

P i g e o n p e a P r o d u c t i o n i n A n d h r a P r a d e s h

Pigeonpea is most ly cul t ivated as a mixed crop wi th sorghum a nd mi l le t

both in the rabi and khar i f seasons . Of the households in ter v iewed, 6 6 %

are cul t ivat ing p igeonpea and the area under the crop is usu al ly 1 ha or

l ess ; only abou t 2 0 % of the households are cu l t ivat ing pige onpea in bigger

plot s i zes . It is reported that in a normal yea r the y ie ld of p igeonpea

is about 130 kg per acre .

V a r i e t a l P r e f e r e n c e s

The main approach to increase product ion of any food crop is by increasing

the area under product ion and y ie ld per uni t a rea. Ach ieveme nt of higher

crop y ie ld depends on many fac to rs ; however , four of the ma jo r components

involved in the dr ive for h igher y ie ld a r e : improved seed, f e r t i l i zer ,

p lan t p ro tec t ion , and farm cred i t .

In the technology of the package for h igher y i e l d s , improved seed is

the bas ic e lemen t , as is well recognized through exper ience  gained wi th

var ious c rops . In sp i te of the e f fo r t that goes into developi ng h igh-

y ie ld ing var ie t ies , however , the spread of the var ie t ies i s no t automat ic .

The spectacular success hoped for in augment ing food produ ct ion in the

recent past through improved var ie t ies of w h e a t , r i ce , and maize has been

dampened by the real izat ion that the spread of these variet i es is l imited

by factors o ther than y i e l d .

In the pulse c rops , where there is not y e t a major breakthroug h in

developing h igh-y ie ld ing va r ie t ies , ident i f icat ion of th e factors respon-

s ib le for s low spread of avai lab le h igh-y ie ld ing var iet ie s can increase

the scope for evolv ing more promis ing va r ie t ies . We have th erefore made

an e f fo r t to ident i fy the characters that farmers prefer i n p igeonpea for

cul t ivat ion and consumpt ion.

The survey showed that only 3% of the farmers interv iewed w ere adop t -

ing h igh-y ie ld ing var ie t ies of p igeonpea. Educational sta tus of the

farmers showed a def in i te inf luence on the preference for hy brid var iet ies

(Table 1 ) . Among the reasons given for pre ference of the loca l var iety

the ma jor ones were ignorance of hybrid var ie t ies and lack o f or delay in

supply of hybr id seed. A good number of the farmers be l i eve , r igh t ly ,

that hybr id var iet ies require h igher inputs o f fe r t i l i ze rs , pes t i c ides ,
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etc . , which they cannot af ford. Most of the pigeonpea farmer s are sub-

s is tence, ra ther than m a r k e t , producers. So they normally p refer to stay

wi th a var iety they are used t o , being already condi t ioned t o its produc-

tion requi rements and its processing and taste.

In spi te of the ef for ts made to elucidate the information on p referred

charac te rs , the only answer obtained repeatedly was that th e local var iety was

bet ter than the hybrid for consumpt ion. Most farmers could n ot at t r ibute

exact reasons for their pre ference, because of their low lev el of educa-

tion and l imited vocabulary . The standard reply w a s , "We li ke the taste."

Their preferences for a few of the v is ib le characters of the g rain were

obtained with great d i f f icu l ty . The predominant preferenc e was for var ie-

ties with red seed, bold seed s ize , and thin per icarp (Table 2 ) .
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Table 1. Relationship of educational status of the head of the household a nd the varietal

preference for cultivation of pigeonpea.

Educational status of the

head of the household
Pigeonpea variety preferred (%)

Local Hybrid Both

I l l i terate

Upto pr imary school

Secondary school

Col lege and above

96.4

93.7

94.1

83.6

1.7

2.2

4.1

9.9

1.9

4.1

1.8

6.6

Table 2. Farmers' reasons for preference of local pigeonpea variety for cultivation a.

Reason for preference of local variety Percentage

Lack of or de lay in supply of hybrid seed 36.0

Ignorant of hybrid 31.2

Accustomed to cul t ivate local variety 10.4

Fert i le land needed for hybr id 10.1

Hybr id not popular 4.3

Higher levels of fer t i l izer needed for hybrid 4.3

Higher insect infestat ion on hybrid 2.2

Higher y ie ld 1.5

a. Our survey showed that 97 .4 % of the farmers interviewed preferred t he

local va r i e t y .

a. Our survey showed that 97 .4 % of the farmers interviewed preferred t he

local va r i e t y .



M a r k e t i n g

The informat ion on the market ing system for pigeonpea revea led that about

6 5 % of the cul t ivators of p igeonpea used the ent i re produce f or home

consumpt ion. Out of the remaining 3 5 % , one- four th d ispose o f a small

port ion of thei r produce in the same vi l lage and the rest in the nearest

town.

Only 5 0 % of the cul t ivators were found to store p igeonpea. Th is

clear ly indicates that the other 5 0 % is e i ther producing in s mall quanti-

t i e s , which they immediately process into dha l , or they are s el l ing their

produce due to problems of storage (Tables 3 and 4 ) .

Table 3. Land holding and period in which pigeonpea produce i s sold.

Time o f sa le

Farm s ize

Immediately af ter

harvest (%)

When pr ices

are  high (%)

When in need

of money  (%) 

Small

Medium

Large

49 .0

43.5

44 .3

23.6

32.0

35.2

27.3

24.5

20.5

Table 4. Land holding and place where pigeonpea produce is s old.

Place of sale

Farm size Nearby town (%) Same vi l lage ( %) Middle man (%)

Small 66.1 27.5 6.4

Medium 67.9 25.0 7.1

Large 92.1 6.8 1.1

Processing and Consumpt ion of Pigeonpea in Andhra Prade sh

H o m e - S c a l e Process ing

Avai lab i l i ty of any food can be increased no t only by increas ing the

product ion but a l so , to a measurab le ex ten t , by min imiz ing c rop losses,
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20 to 4 0 % l o s s , depending on crop and area. Losses occur at s everal

stages between harvest and consumpt ion: poor methods of ha rvest ing,

insect and fungal damage in s torage, improper conta iners , b ad handl ing

of t ranspor t , and inef f ic ient mi l l ing of grain. Low extrac t ion rates

dictated by cooking qual i t ies that consumers prefer are ano ther potential

contr ibut ing factor to postharvest losses in quant i ty and q ual i ty. Ex-

tract ion of nut r ients in processing provides food for anima ls rather than

humans . So a systemat ic study to est imate avoidable quant i t at ive and

qual i ta t ive losses would be of great help in augmenting food supply.

Pigeonpea is rarely consumed as whole gra in . The primary pr ocessing

consists of dehusking and spl i t t ing the grain into a produc t cal led d h a l .

Though pigeonpea is processed in large-scale dhal mi l ls for the urban

consumer , all farm famil ies who produce pigeonpea process b y conventional

methods for home consumpt ion. Most of these producers cul t i vate pigeonpea

in small p lo t s , for their own consumption rather than for ma rket ing. Thus

a cons iderab le port ion of pigeonpea is still processed in fa rm homes by

conventional methods . The ef f ic iency of these methods must be assessed

in o rder to improve home-scale processing.

The actual process of dehusking and spl i t t ing is found to be more or

less the same in all p laces , that i s , a stone chakki is used or t he grain

is pounded via stone mor tar with a wooden pest le. However , p igeonpea

requires pre t reatment to loosen the seed coat from the coty ledons for

dehusking. Among the famil ies surveyed, mainly f ive dist in ct types of

pretreatments were used in pigeonpea processing, varying c onsiderably

processing time and extract ion ef f ic iency. Time required f or total pro-

cessing var ied from 6 to 28 hours ; extract ion eff ic iency fro m 67 to 7 5 %

(Table 5 ) .

Di f ferences in the pretreatment given also produced consid erable

var iat ion in the degree of the nutr ient loss ; protein loss, f or ins tance,

ranged from 8 to 2 5 % , depending on the pretreatment. Simi la r variat ion

in processing losses was observed in vitamins such as th iami ne, n iac in ,

and r ibof lavin (Table 6 ) .

Table 5. Yield and cooking quality of pigeonpea dhal in hom e-scale methods of processing.

Famil ies Dhal Cooking Increase Increase

using the yield time in w t . in volume

Pret reatment method (%) (g/1000 g) (Min.) (%) (%)

Roast ing-dry ing 37.0 751 33.0 41.7 36 .3

Soaking-dry ing 14.0 738 33.7 46 .7 43 .0

Soaking-dry ing and 20.0 716 33.3 42 .0 37.3

Roast ing-dry ing

Soaking in red soil 20.0 703 37.3 44 .3 39.0

Soaking in red so i l , 8.0 672 37.3 4 9 . 0 40 .0

alkal ine soil and

rice bran
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This wide var iat ion in home-scale methods of pr imary proce ssing of

pigeonpea provides scope for developing an appropr ia te met hod in which

the quant i ta t ive and qual i ta t ive losses can be min imized .

Prel iminary t r ia ls indicated apprec iable d i f ferences in t he biological

qual i ty of carbohydrates and proteins depending on the pret reatment g iven.

C o n s u m p t i o n

Pigeonpea is the most f requent ly consumed legume, being co nsumed by 9 2 % of

the households surveyed. The low frequency and quant i ty of c onsumpt ion

of pigeonpea is mainly due to economic reasons rather than preference for

any o ther legume. I f the si tuat ion regarding the avai labi l i ty or purchas-

ing powder of consumer improves, an automatic increase in th e consumpt ion

of this legume can be expected. An ef for t towards increasin g the avail-

abi l i ty of a legume which is more accepted and f inds a sui tab le place in

the dietary pattern of the populat ion may be a more pragmat i c approach

to avoid the development /widening of the protein gap which i s bound to

happen i f the rate of decl ine of pulse product ion con t inues .
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Table 6. Nutrient contents of whole pigeonpea and processe d dhal.

Protein Thiamine Ribof lavin Niacin

Pretreatment (g/100 g) (mg/100 g) (mg/100 g) (mg/100 g)

Whole grain 20.2 0.36 0.48 2.76

Processed dhal

Roast ing-dry ing 23.3 0.32 0.25 1.40

Soaking-dry ing 23.3 0.59 0.35 2.45

Soaking-dry ing and 22.2 0.27 0.21 2.33

Roast ing-dry ing

Soaking in red soil 25.0 0.47 0.25 1.75

Soaking in red so i l , 24.5 0.43 0.52 1.68

alka l ine soil and

r ice bran



Appendix 1. Home-scale primary processing methods of pigeo npea.

Methods: (1) Roast ing-dry ing, (2) Soaking-drying, (3) Soa king-drying and

Roast ing-dry ing, (4) Soaking in red soil and (5) Soaking in r ed

alkal ine so i l , rice b ran , and savudu.

Steps involved in each process
Time required per

kg of pigeonpea

1. Roast ing-dry ing

Roast ing with a l i t t le ash

Drying

Grinding

Pounding

Winnowing

7 min

6 hrs

3 to 4 min

1 min

2 min

2 . Soaking-dry ing

Soaking

Drying

Grinding

Winnowing

10 hrs

16 hrs

4 min

2 to 3 min

3. Soaking-dry ing and Roast ing-drying

Soaking

Drying

Roast ing with a l itt le ash

Drying

Grinding

Winnowing

7 hrs

10 hrs

3 to 4 min

6 hrs

3 to 4 min

2 to 3 min

4. Soaking in red soil

Soaking in red soil

Drying

Grinding

Winnowing

7 hrs

16 hrs

4 min

2 to 3 min

5. Soaking in red a lka l ine so i l , r ice b ran , and savudu

Soaking in water mixed with red so i l ,

a lka l ine soil and rice bran along with

a small iron rod

Drying

Grinding

Winnowing

7 hrs

16 hrs

4 min

2 to 3 min
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A high y ie ld ing hybrid variety introduced in any area will be able to re-

place the local variety depending mainly on its yield potent ial but also

to some extent on o ther characters such as resistance to pes ts and d is -

eases , possib le postharvest losses, and consumer accepta bi l i ty. The

legumes, being staple food gra ins , are usually stored over a long t ime.

Recent invest igat ions have revealed that varietal di f fe rences exist not

only in the nut r ien t composit ion of the grain but also in resi stance to

insect infestat ion and consequent changes in qual i ty durin g storage.

Though the product ion of cereal grains is increasing steadi ly, legume

product ion is reported to be on the dec l ine , despi te the impo rtance of

legumes in the Indian d ie t . Besides augmenting production o f legumes,

min imiz ing postharvest losses will help increase the avai labi l i ty of

l egumes . There fo re , a pi lot study is being conducted to see w hether there

is any di f ference in storage qual i ty between di f ferent vari et ies of

p igeonpea.

Two local and three improved var ie t ies , namely, PM-1 , ICRIS AT-1, and
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Five varieties of freshly harvested pigeonpea (two local 

varieties, PM-1, ICRISAT-1, and Hyd-3) samples were collec-

ted and analyzed for their protein quality, vitamins, and 

cooking quality. A portion of each variety was fumigated 

and kept free from infestation to serve as control. The 

other portion was left untreated stored at room temperature 

under household storage conditions. Significant varietal 

difference was observed in the degree of insect infestation. 

Both the local varieties were less infested than the improved 

varieties. Among three improved varieties PM-1 was found 

to be most resistant. Qualitative changes such as protein 

fraction, NPR, and digestibility and amino acid content also 

varied during storage among varieties studied. Thiamine 

and Niacin losses were also recorded in stored samples. 

Qualitative changes were found to be associated with the 

degree of infestation. 

Effect of Insect Infestation and Storage

on the Nutritional Quality of Different

Varieties of Pigeonpea

M . U m a R e d d y and P . P u s h p a m m a *

Abstract

*Col lege of Home Science, A.P. Agricultural Universi ty, H yderabad, India.



H Y - 3 , we re co l lected immediately a f te r harves t and analyze d for nu t r ien t

compos i t ion . A port ion of each var iety was fumigated to pre vent insect

in fes ta t ion , this served as con t ro l . Ano ther por t ion of eac h sample was

le f t untreated. Both the control and the untreated samples w ere stored

in b ins at room temperature .

Var ie ta l D i f f e rences in Resistance to Insect I n fes ta t i o n
and Quant i ta t i ve Losses

The resul ts reported in Tab le 1 show the re la t ive suscept i b i l i ty to insect

infestat ion of d i f fe rent var iet ies of p igeonpea. A s ign i f i cant d i f fe rence

in the degree of insect in festat ion among d i f fe ren t var ie t i es of p igeonpea

is no t iceab le . In gene ra l , local var iet ies were more res is tant to insect

infestat ion than the improved var ie t ies . A f te r 1 y e a r of s to rage , insect

populat ion was 57 and 82 per 100 g in local-1 and local -2 va r i e t i es ,

respect ive ly , compared wi th 132 and 251 in improved var ie t ies PM-1 and

H Y - 3 , respect ive ly . In ICRISAT-1 , the infestat ion reached a high level

(210 insects /100 g) a f ter 9 months of s to rage , resul t ing in a n increase

in mois ture con ten t , which in turn favored fungal growth. Th e ent i re

sample was spoi led a f te r 9 months of s torage and the study cou ld not be

cont inued af ter tha t . Among the improved va r ie t ies , PM-1 ha d a bet ter

res is tance to insect infestat ion than HY-3 and ICRISAT-1. A s the in fest -

at ion increased, corresponding increase in kernel damage , uric acid con-

ten t , and we igh t l oss , and decrease in v iabi l i ty was observe d. The degree

of insect infestat ion was posi t ive ly cor re la ted wi th the in crease in

kernel damage (r = 0.721) and uric acid (r = 0 . 7 7 1 ) , and negat ive ly cor-

related with v iabi l i ty ( r = - 0 . 8 2 8 ) . The h igher degree of ins ect in fest -

at ion in ICRISAT-1 var iety may be due to its high mois tu re and high

prote in con ten t , which probably favored the growth and mul t ip l ica t ion of

the pulse beet le .

H y g i e n i c Q u a l i t y o f S t o r e d P i g e o n p e a

Accord ing to Venkat Rao et a l . ( 1 9 6 0 ) , gra in conta in ing ten i nsects per

100 g are cons idered to be unhygienic and thus unf i t for cons umpt ion .

Accord ing to s tandards set by the Prevent ion of Food Adul te ra t ion Act of

1 9 6 7 , food grains conta in ing above 10 mg uric ac id /100 g, ar i s ing as a 

resul t of insect in fes ta t ion , a re unf i t for human consumpt i on . In the

present s tudy , all the var iet ies of p igeonpea became unf i t for human

consumpt ion even a f te r 3 months of s to rage , as they had m o r e t han 10

insects and 10 mg of ur ic ac id /100 g.

Changes in Composi t ion o f S to red P igeonpea

C h a n g e s i n t h e Q u a n t i t y a n d So lub i l i t y o f P ro te i n D u r i n g  S t o r a g e

Changes in t rue p ro te in , f ree amino n i t rogen and solubi l i ty o f pro te ins

of d i f fe rent var ie t ies of p igeonpea in storage are given in Tab le 2.

Among the d i f fe ren t var ie t ies of p igeonpea, ICRISAT-1 had t he h ighest
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protein content ( 2 6 . 8 % ) . No apprec iab le change in the prote in content

was observed in t reated samples dur ing s torage. A s l ight in crease in the

protein content was seen in the untreated samples probably due to contami-

nat ion by insect bodies and their excreta . The increase in t he prote in

content was in correspondence with the degree of in festa t i on. A s imi lar

increase was reported by Daniel et a l . ( 1977 ) . A decrease in f ree amino

ni t rogen was seen in both the treated and untreated samples in all var ie-

ties dur ing s torage, due to the Mail lard react ion, and in t he case of

infested sample this decrease was related to the degree of i n fes ta t ion ,

showing that f ree amino acids were ut i l ized for the growth o f insec ts .

Simi lar resul ts were reported by Primo et a l . ( 1 9 6 8 a ) . Varie tal d i f f e r -

ences were also observed in the solubi l i ty of protein in var i ous so lvents

during s to rage . The decrease in solubi l i ty and increase in r esidual

protein was greatest in PM-1 , fol lowed by H Y - 3 , ICRISAT-1 , local-1 and

loca l -2 . Decrease in protein solubi l i ty was reported by Pri mo et a l .

(1968b) in r i ce , and Ben-Gera et a l . (1972) in soybean, co t to nseed, and

peanut mea l .

C h a n g e s in t h e B io log ica l Q u a l i t y o f P ro te in

The amino acid composi t ion and its changes dur ing s torage a re given in

Table 3. There was a s ign i f icant (P < 0.05) reduct ion in the amino acids

of infested samples . Loss of lysine was greater than loss o f meth ion ine

and t ryptophan. Losses of amino acids were re lated to degree of insect

in festa t ion. Daniel et a l . (1977) also reported decrease in amino acid

content of red gram during storage. Ben-Gera and Zimmerman ( 1972) reported

a s ign i f icant decrease in avai lable lysine content of var io us foods during

storage even when they were not infested.

We also assessed qual i ty o f protein b io log ica l ly (Table 4 ) . Initial

d i f ferences in NPR and d igest ib i l i ty were observed among t he d i f fe ren t

var iet ies of p igeonpea: HY-3 had the highest NPR and d igest i b i l i t y c o -

e f f i c ien t , fo l lowed by l oca l -2 , P M - 1 , l oca l -1 , and ICRISAT -1. S ign i f i can t

decrease in NPR digest ib i l i ty was observed dur ing s torage i n all var ie t ies ,

both in treated and untreated samples . Simi lar resul ts hav e been repor ted

by o ther researchers . Daniel et a l . (1977) repor ted a decr ease in PER

values of red gram and bengal gram. Yanni and Zimmerman (1970 ) reported

a decrease in PER, NPR, and NPU of soybean and chickpea dur ing s to rage in

uninfested samp les . Mitchell (1944) also showed a s ign i f i can t decrease

in d igest ib i l i ty of soybeans during s torage.

Losses in V i t a m i n s

Losses of th iamine and niacin in d i f ferent var ie t ies of p ige onpea dur ing

storage were s tud ied. Resul ts showed that the losses of thes e v i tamins

were higher in heavi ly infested samples than l ight ly in fest ed o n e s . A f te r

1 y e a r o f s torage the percent losses o f th iamine w e r e : 1 3 . 6 , 1 7 . 8 , 1 9 . 0 ,

1 3 . 0 , and 25.5 in treated samples o f loca l -1 , l o c a l - 2 , P M - 1 , ICRISAT-1 and

HY-3 var ie t ies o f p igeonpea, respect ive ly . Bu t in in fested s a m p l e s — i n

the same o r d e r — t h e losses were increased to 3 1 . 8 , 3 7 . 8 , 4 0 . 4 , 41 .3 (9

months o f s to rage) and 4 8 . 9 % . Both th iamine and n iac in losse s were s ign i -
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f icant between the var iet ies during s torage. Th iamine loss es were greater

than niacin l osses , which were 15 to 2 5 % in infested samples . S imi la r

losses of th iamine and niacin during storage of var ious foo d gra ins were

reported by Chitra e t a l . ( 1 9 5 5 ) , Daniel ( 1 9 7 7 ) , Morgan ( 1 9 4 5 ) , and

Pingale (1976 ) .

Suscept ib i l i t y of grains to insect infestat ion dur ing s tor age has

been studied by several invest iga tors . They have reported that the factors

responsib le for the degree o f insect in festat ion a r e : mo is t u re content o f

the g ra in , temperature and re la t ive humidi ty of s to rage , co rneous thick-

ness (Russel 1 9 6 2 ) , hardness o f the grain (Squire 1 9 3 3 ) , ovi posi t ional

preferences (Singh et a l . 1 9 7 7 ) , ou te r cover ing of the grai n (Breeze 1 9 6 2 ) ,

t rypsin inh ib i tor level in the gra in , and tannin content of t he g ra in .

Fur ther studies to ident i fy the phys ica l , phys io log ica l , and compo-

sit ional factors in the grain responsib le for impart ing res is tance to

insect infestat ion are in p rogress .
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