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‘of Indsan subcomment, East Afnca :md the C.u'lbbean tradl
pure line cultivars and land races are eultivated, In the
decndes 2 steady. progressin pigeonpea; pmductmn hsis been e ¢
hut the pmductlv:ty has remamed low. T € i m3

crop through hybnd breedmg. SIX hybr;ds with: abo
superlonty over mbred vanenes have: been releascd for com"

productmn pmb]ems assoclated with genet:c male-stenhty by
developing cytoplasmic male-sterility in pigeonpea. This: paper -

highlights the advances made in hybrid pigeenpea research.

B Plgeonpea (Cajanus cafan{L.) M1}.!sp) isone -
.~.of the major, pulse crops of the tropics and’

ubtroplcs Endowed- with. séveral unique

‘ charactenstlcs it finds an nnport'mt place
“in’small holder farmuag systems, Research.
..on the gcnetlc improvement of pigeonpea .

S started in the early part of this century with
- the: selection of disease resxstant genotypes”

from landraces and Iater some cultivars were
aIso developed from hybridization

. programmes These varietiés either had-
} g.horter matufity, sharter. plant types or -

7 sed resistance to one or-more diseases

casing yleld potential of theé crop has not

resulted. in. mcreased producnon at.,

; e .natmnal level ‘but- over.decades ‘the h
s ,producuwty of ‘lie. crop has remained
-+ unchanged - around 750. kg/ha This

1T :
hl‘ghllgllts the point, that breeding for effective pollen transfer

+ ‘essential which is provided b)r inisgct-aided

met-with success. For developing such pure -

~line cultivars traditionally additive genetic
“variation“has been’ e.\plmted :through
‘pedigree: selection and the substanhal level
- of non-additive genetic variation present in :
«crop (18) has not been exploited profitably - =1 - -
-for genetic nnprovement ‘of yicld as has been
‘demomnstrated in- many cereals and

vegetables

C0n51dermg ev iﬁ'c'reasmg»

‘demand of pigeonpea in the ‘country, it is -
.gssential* to make concerted “efforts to-
-enhance. its; producthty i

hybrids is a potenual aveno ] achieve this
breakthrough. ¢ To: accomplish this an'
iechanisi is

natural cross- polhnanon The’ uuhzauon of

ISPRD 2000 Advanceses in-Manigément of Biotic and’ Ablotic Stresses in Pulse Crops.(eds.
Masood Asthana, AN, Raihore, Y.8., Gurha, s N Chnturved:, 8.K. and Guptn, Sanjeev)

“bréading - for - -
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nalire cross-polllmtmn in commercnal
hybrid; breeding program was.ruled: ‘out
7 mainly doe 1o ihe non- avatlabxilly of malé-

" research 6ffots have been devated lo develop:.
stable male-sterility systems and hybrld seed

izing the present status d SES
prospects of heterosis breedmg tcchnology
in p1 geonpea

‘depression in pigeonpea, bcyond E;’
* ... generation dgminance does not appear o be
yortant gcnetlc component 1n
determining yield . in this “€rop..

: iyteld nd-yield components has’ been
ved (15).. Importancc of both additive,

been'1
non-additive gene action “has. also been,

.+ ..of additive- gene action is known for seed
.- size, ddys to flower and plant ‘height
(4,7,21,22,23).

. : . Although critical information on
o the occurrance and magnitude of thé non-’
- additive variance (dominance and epistasis).

- values have been observed: by severai
workers for grain yield and other £CONOMIC
‘characters. Hybrid vigour up ta 24.5% over
‘the better parent for grain yield has been
reported (25). Subsequently, :2 number of

plgeonpea hybrlds has been obscrved (17)

“suffer from-biag due to gengs

‘ consndcrably accenluated ifap

n pigeonpea (14, 74y Both af * phenological group is- better ada

ICRISAT 4s well as at ICAR considerable,

2 produc:uon technology. This paper bes1des ‘.

" have shown’ ‘high. yicld in the

Smce [here is ]ittle in eedmg _
. “lines belonging, to diverse mamr

redominarice of additive gene action for. -

-additive gene actions 0" yicld 11‘15
ported (12). The preammnance af -

observed,(15). In plgeonpea predmmmnce ;

s responmble for the manifestation of heterosis
.- islacking in pigeonpea, considerable liybrid :
. vigorover the mid-parent and better parent .

- : reports have appeared on the- existence of -

~hybrid vigour foryield and yield components -
1€18):In: multllocatmnal irials 20,10 49%. -
-Theterosm over 111e recommended ‘Eontrol
" oeultivar.in- medmm and- short duration -

_Place Mean
Pusa . . oo
“Nagdr - :125.0
Nipbad ©- . -~ 7 #16.0
West Bengal - -30.0
Ranchi--. = -~ = = o
E Counbatora L <
Varanagi . ¢ — 4
Badnapur .. — R
Coimbatore .~ — 0
Hyderabad .27.9 L1
Itivars

‘ : Most of the mfomlatmn on: hybnd
v gour are from experiments conducted ina
smgle env1ronmen[ and such estlmates‘

environment 1ntcr'1cnon Thi

particular {est cnwronmen[ Henc

location study ‘widy’ give an 1mpressmn of -

pseudo 11eler051s
Componenl 'malyses 0

crosses (o bé clasely associated with heterosns

for yield- components such as number of. .
E pods numberofpr:mary branches and piant
licigh, that all cantribute to incre

biomass {2,27,17). To realize. sngmﬂcant'
‘hybrid vigour foryield. selection ofparental
Toups
has been sugges;ed

lé dcgrcc of natuf Grass-
(Table 1) Tlus reated‘

(%) in plgeonpea recorde
various locations in India ™

purity in germplasm and released:

There are 24 insect species  that affgctcross:
) femll?amn (10) “and the degree
cross-pollination at-any partmular‘ ocation
* depends on the prescnce and activity ofthese =.. [«
- pollinating veclors (19). The-hybrid seed: = |
-produgstion’ feasibility studies conducted at- - .+ |«
. ICRISAT revealéd that the’ present level of- o )

natural cross-potlination is suffic

dtotal %,

natural =+

Brcakmg Yield Barrmr in, Plgeonpea

through Hybrid Breeding= *. 57

] ogram”In the sterile, plants
mcant‘ﬂower drop :
tin‘a few weeks nonml pod-set due’t
'happens

lowever,-.f

B ﬂ OWers | until nough pods were set by insect-
nation to ease ﬁm:her ﬂowermg

LE-STERILITY | YSTEMS

: 1dem.tﬂab1e genetic male—sten[e source (ins)
v c_b_amctenzed by tmnslucent anther

. : q

: -another .genetic male-sten]e solrce (msz)
with:;brown arrowhead. shdped anthiers was
i€ 1scovered at the Umver51ty of Qucenshnd

-genes,.‘: M:crosporogenems smdles rcvealed .

and male sterility is caused“-;by the.
egencranon of tetrads at’an. ear!y prophase
-stage.(5); These.male sterile genes have sq.
far not been fourid h:lked o any marker trait

sterile plants,

;<. .Considérable efforts have béen made to *

certhrough | mutagenesw’ and
 hvbridization. High levels of maternal

-+ dérived lines: liave been recovered. In the
“1selécted progenies of the’ sodium azide

" plants were récorded at TCRISAT. A
-.:-preliminary electrophoretic assay of estérase -

L .‘mutauon‘we_re different Trom, the! ms, male- .

' the. muta gemc Lreatment 'has an eﬁ'ect on the :

“reffective’ hybrid: sged, production -

‘observed-initially. .

ossing. seryed: Th .. accessionswuhm spccxes For in
‘because these plants continue 4o"produice -

B et dlﬂﬁl EIICCS dmoﬂg aCCCSSIDn Wlth]l‘l these : -
: .

... of. male- sterlllty Such.
B mamtamed by: crossmg wn‘.ll a4
- Imes CT’]b]e 2)

T "]_‘
..=arecontrolied by non-alfelic smg]e recesslve ECHNOLOGY -
‘.:.Male sten]e lmes. ]

er:l A smgie recesswe geni

-seeds from male sterile plantspollinated by
. femle heterozygote To mult.lply male sterlle

.- to assist pre-flowering identificatiot of male- - Table 2. Segregation 01' male-

Cytoplasmic male sterility: -

-develop cytoplasm male-sleriliy. (CMS) -+
“wide .

.. -inheritance for-male sterility. within the . -

"L (0/025%) treated QMS 1, 87% mialé sterile

. % steriles
2601 - .93
2692703 T80
2693 100
2694 100
2695 . 100

indicated that sterile lifes developed through - 3

: e!ectroplmrehc assay together suggested that- _ o

) :ﬂoWeﬁng zi young bud frd;

+inade.to- place pigeonpea
cytoplasm. The investigation
dlffercnces 111‘the OCCUFLENC
between. specle

-use of Ch/dnis sericeus; -
and C acutifolinsas the femalc parent gave
rise to a higher frequency of st
“than-C.: albicans. ‘Similarl; :

thiee promising species:. The advanced lines -
available at ICRISAT have shpwn hxgh level--

_SEED PRUDUCTIO-

maintained as.a heterozygo

sterility in advanced CMS Iinies
at ICRISAT durmg 1998 99
amy season

Progeny - “Total,

ammedfor‘- p
lcn grains. |




At matunty “seeds from male sterile plants
~ alone ‘are harvested. Immature pods are

" 'ihe-maintenance of male siérile stocks is-

* incorrect identification of fertile and sterile .

- plants. Thisis largely due to the bushy nature

of ‘the-plants’ and . the; consequent
"'_'_Intenmngllng of branches of neighbouring

plants This problem is overcome by widely

- ~spacing of plants and maintaining rows of. -

‘male-sterile ‘and pollinator.plants. in.a

c ‘propurtwn of 6:1, respectively.- For '
- madintaining seeds of cytoplasmic male--
- sterile lines after every six rows of * A’ line -
" one row of ‘B’ Tine should be planted in -

. isolation. This ratio may be changed to'suit” .
--.an msuﬂ':ment number of pollmat;ng insect

Jlocal environment and poliinator activity.

- Polli, iatoF limes:Gengtic purity of -
) 3 Isoldtmn Spec;f“ catmn
;specxflcatlons of p1geonp
“considerably. on account’ of t
“degrees of _natura] cross-polh

. palhnators is.also essentlal for umform_'_‘,

' explessiofn of ‘hybrid vigour. To prevent
",gcnctxc contarrunatmn “diie o matural-
cutcrossing the pollinator pustbe grown in

“igolation and off-types, if ‘any, should be

_irogued ‘before the commencement. of

" flowering. Small quantities of pollinator.

" gegds ¢an be produced under msecf-proof

" capes.

. Hybrids: Identification of heterotic
_ crosses generally requires testing a large

" number of combinations, Seeds for these
* experimental hybrids is best'produced by

hand-pollinating male sterile plants.”A
trained person can pollinate about 400 floral
.buds in a day and 30-40% pod set cafi be
“expécted which ylelds enough seed to
“in¢lude the hybrid in a small'replicatéd yield
trial, "Fo produce large quantities of hybnd
seed, seeds from male-sterile plants in the

" maintenance block are planted in isolation
“with the required polien parent. ‘AtICRISAT
' full‘pod set has béen obtained 'if one
b pollmator Tow' is plantcd ‘after every ‘sin’
_“male-sterile rows. Inusing the geneﬂc male

‘sterility, hybnd seed productlon réquires

fertlle segregants within female rows tobe-
 ouged. The first floral bud that appears on

. each, plant* has to be examjned and male-

1" storile plants tagged while fertile segregates -

*phust be rogued before apening of flowers to

“removed: from fertile  ségregants, .if
necessary, ‘to- extend the period of pollen"
* gvailability, A problem often encountered in .

~ratio.of male: feruale rows m‘lyi
-changed if the recommended 6 female 1 e

plants 111 polhnator rows

“terminates whcn the potential p d load is " SN
“realized: I the absence of sufficie] od load. .

-synchrony of flowering in:parenfs, gierile . -
_planis continue to flower till the; potential
number ‘of ‘pods: are set.: To ensurc an- -
in.the .
' poltinators can be extended by diealty: ;-

adequate -hybrid ;yield, floweri

removing young developing pods and

frequently irrigating the plants. In the hybrid
- seed . pro _QthIl w:th cytoplasmi
“sterility, 1

line and'one-row of ‘R” line s

male ratio is found to be not optlmal due to

quality variety seed production,
foust be separdted by at least 100"

essential if the seed is to bie used by breeders:
(6) The studies at ICRISAT suggested that
although uniform isolation standards are
difficult to specify, the FAO specifications
are suitable; both, for the production. of
‘hybrid pigeonpea seeds and the maintenance
of male-stcnle and pollinator lmes

Estimated. cost of bybnd seed .
: product:on. Seed cost plays animportant
Tole in ‘the wide scale adoption: of hybrid

plgeonpea ‘and management practlces are
‘clearly a critical factor in determing
production costs: Studies jointly conducted

by ICRISATand Tamil Nadu Agricuttural

University-((FNAU) to determifie the cost

cof producmg seed of pigeonpea hybrld ICPH -
-8 was Rs 6.25-per kg during :1988, and ~
rouging:contributed 45. 12% to the
-producuon cost (9). Slmllar studiesﬂ'—‘ .
-conducted at Punjab Agricultural Umver51ty R
(PAU) Ludhiana showed a large variation- - -
in the production’costs of male sterile’ and” .
the estimated production cost of: hybnd PPH:

4 was Bs'13.8 per kg (26). These studles

cimale

© - "be usédin'subsequent years (17). Planis i
" sieh'a seed production’ system should be ~
~ ‘ratooned ata manageable height as they tend
+ 10 -grow tall makmg"'nsect contmi and '

S whilst -
" a distance of 200 m between Vaneties is

: l_ireakmg Yield Barner in Pigeonpea through Hyhbrid: Breedmg

to:both farmers and seed growers i

‘prodice quality Lybrid sced at fow cost”

as thére'is no need fo' fogue after the fir
¢rop and same seed pmducnon nursery ca

harvesnng dxﬂicult

cultivation in the central zone of India in-
1991, Evaluation from 10¢ trials showed

- vICPH 8 to bie supérior to controls, UPAS 120~
s zand Manak by 30.3 and 34: 2%, respectwely :
- The performance of TCPH 8 in diversé’

A-.;-‘.genvxronments from>19%1 10 1989 is
‘ summanzed in Tab}e 3. Extenswe testmg

‘ef.aled that with: good -managererit. the «
_genetic male sterility'Gould be exploited for’
- production of hybrid seed at a cost dcceptable

- The productlon costs can be”
supenonty'onS 6 and 60.7% over ICPL 87 -

duced” by adoptmg & multiple harvest "
-multip arid Ig:PL }51‘respectwely‘f-PPH4 ashort- -

systern. In tropical enyironumients with warni .
‘winters; pigeonpea produccs geveral flushés :"
of pods within-a ycar and ‘thé perennial ;-

‘matuie ‘of ‘tiis' crop:can be exploited to™
P . Ms Prabhat (DT) with ICPL 81 (AL 688).

Multiple' harvests hélp'to* substantmlly'-”’On’farm trials- conduct.ed 12 1994-(28) - -

redifée-the cost of* hybnd 'Seetd’ productlon,

P tnals conducted in 1994

';PIGEONPEA‘ "

C’o""mSICJaI bybnds aﬂd l‘bs;rl yiele
potgﬂtzaf ‘Among the hybrlds developedat -
:ICRISAT ICPH 8, a.cross befween ms -
~Prabhat (DT) and ICPL 161, was found to-
- - -be most promising. It was released for

‘PAU. This hybnd was developcd by crossmg

duratmn hybnd CoHl (IPH 732) developed

reledsed by TNAT-in-1994:4n
_Hl_‘_fe;corded a
'oritrol‘VBN 1

32% lngher ylelcl over th

evaluated at different agm-ecologlcal zones :
-in India. Some of the short--and medium- . -
- ‘duration Hybrids which . produced.

significantly high yield over the controls in
different trials are listed in Table 4, A few
hybrid sich.as IPH 550 (5:08 t/ha)-and IPH
732 (5.58.v'ha) demonstrated a gréat yield

g petentlal ‘Such genetic combinations can

form a.solid scientific, _platform to
accomphsh a possnb]e breakthrough in yleld

Table 3. Zonal Welghted mean seed- y:eld of hybnd ICPH 8 and

. controls UPAS 120 and Manak in different zones in Indla, 1981-89.

% mcrease aver

-0 ICPH §-in the northwest plams centraj

by.crossing:ms T-21-and IC:E’L 87109 was : - o

pombmatwns Dun'ng'ﬂie'past few: yeérs LI
minnber’.of-promising’ hybnds have beer -




. unde

may -help in understanding- the’
of yigld'in pigéonped, whichcan
| in breeding high yiclding pure -

be utilized

* “line cultivars;’

L

" Hybrids for higher stress tolerance
""", As pigeonpea is generally grown

. -intermittént drought stresses. Drought
. Tesistance, therefore, is an important’
ement in the crop for realizing ifgher
“ICPL 87 and UPAS 120%ar€ two

E p'opul'ar

. recent years. The hybrid ICPH § was found = | hybrads : /
. i [ - - yield potential as.high as 5 ¢/ha Taye-also

_exhibited high stability and tole

. ' to perform well both under excessive and -
_ deficit-moisture regime against these

.. cultivars, Hybridshave also becni shown to
have & mot€ vigorous root system and this
may accols

igedfipes  disedses. -.cause.
abie’ éconornic losses. The annual®
due to wilt disease alone has been-

Ons
“erop

o egtimiated at US$ 41 million (13): Under . 55" Ro.M8 h ‘
iy : o - growth vigor  of hybrids:

+ pronounced with time and makes |

" 'severe disease situationg, wilt resistant

" hyborids have shown greater yield advantage-
aver Tesistant varieties. In an experiment
conducted for two years, it was observed

_ that the advantage of hybrids over varieties
" “increased ‘more than three-folds . under
'+ disease stress conditions (Table 5). '

- In India, pulses are 4 major source
" of vegetarian cuisine especially among

- middle and lower income masses. To meet

"the increasing national needs of the pulscs

4 proportional increase in their production -

is essential, Pigeonpea production in India
hds recorded a significant increase over the
last few decades but it has mainly - come
-through jncrease in its area and not through
_increasing, its, productivity. The atteinpts
- made by breeders in the past fo develop high.
- yielding:cultivars did not produce desired.
+results and a breakthrough:in the Jyield
~potential of the.crop is long awaited to cater
_the nutritional needs for 21* century.
:Heterosis, a commaonly known- genetic

. mechzanism for phenomenal yield increases;:

“of pigeonpea. Studies' on these =
. Fortunately, pigeonpea flowers al

infed conditions, -it is subjected to- €es tulized
! ! : ‘programs 1o-.enhance yieli

. heterosisbreeding, both ICRISAT and ICAR. .
- -gxplored. this breeding.avenue andifhe; e

.+ shorf duration cultivars released in *

nt for their superior performanceg. - -0 L0 .
SR o growlle.in. its carly stages, whic

diration photoperiod insensitive genotypes,

" (16). Higher crop growth rite of the hybrids

. higher crop growth while reta

; dgmo_nsmlted (L

. hybrids they could not find high

and-vegetables.and in pigeonp
similariunconventional breeding
‘i5 needed 10 achieve breakthiougli:

opportunity due (oa buill-in mechanism of .
natural out-crossing. Therefore, inithiis crop
both additive as well as nonadditt i
variances .can be utilized in.

Considering the prospects and pofential of

ds,i.deve_lbged "c.lf-_I-C:RISA

‘Yield (tha'y. 7 vl

hybrid TCPH: 8. wa reledsed in:1991: T]
experimental hybrids, besides demonstrating '

i

3 nee:to- - ]
stress factors such as drought anddiseases..- . - % "r o

S Pigsonpea is known fo

biomass accumiulation especiall¥

period .

Despite their smalk séeds and p
higher..

insensitivity the hybrids produ
seedling vigor ihan their parents

suitable for high productivity;as t
establish quickly and utilize light and water
resources more efficiently. Short duration
hybrids have also shown good plasticity at
plant densities ranging from 16 to 66 plants/
m? without adversely affecting its:seed yield”

ultimately Tesults in as high as™20 t/ha
biomass production (1). A significant
proportion (18-20%) of this harvestable
biomass 15 “lost” die to leaf fall but could be.
“considered to add. to the orgaric matter.
reserve of the soil. Also large quantity. of
harvestable stems provide iseful fuel wood.
In pigepnpex variation in yieid is‘primarily
accounted for differences in growih rdtes. .

High yield in pigeonpea hybrids due to_
g their]

‘:)Ejfleld}:potéqtlali of some of the ex'}_]jel"iimental' ﬁigeohﬁéa hybr

-partioning ability at least at the s
as that of tradilional varieties have been

lab_le-‘ 4;

-Inspite of highyield po

Hybrid

Height ;-
sem).” - L

- Plages

116
130
127
129

118

120
112

<t~ n
7F"1 '—¢‘r—1

120
119
196
193
196

110
“ 113
S 115
199

‘Days to -

136
_K.‘B. Saxena, ICRISAT

50"% F]owering - Maturity

71
76

.
-

JIPH 1380 5

":Shortfdu-rgt_i76;'1‘: '
JPH 1227 .

wHT2

PHTSZ

“IPH 784

IPH 483
Sou;"ce

‘e
<
LR
o
R
'.'jm- :
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due to the genetic nature of the

1l'1ty ‘which poses. practical.

. es in; large scale seed production.”

-1, To strtp ffy seed production technology, the .
, Tesolrces have now.been shifted Towards.

o developmg cytoplasmic male-sterility in

© .. pigeonpea; Todateas1gmﬁcantprogress has

'Table 5. Yield (t ha'!) of some disease resistant hybrids an
! dlsease free and: su:k fields at: Patancheru, ram

‘1993-and 1994

combmatlons

been made in developing cytoplasiiic male-
.-sterile lines and concerted effort§:n )
* be confinued in 1dent1fymg hetérotic ¢ross
in  diverse. tgenetic -
_'backg,rounds and to develop efficient seed ~
production technoiogy to achigve |
ultimate goal of increasing produ vity of

Disease-free field

Sick f'iéid -

. 0-1993 . 1994 ::Mean To93: . 1994
26 25 253 210 12
22 23 122 2.0 1.5 .-
24 18- 213  -19 . 15
240 220 2310 20 14
'[Icph g7110 26 . 19 225, . 107 . 07
ICPL 87051 15, 16 - 160 o132 09
Mean - 2.05 175 193 120 - 08
Advantage of
hybrid (%) 17.1 25.7 19.7 66.7 750  68.0
Source : K.B. Saxena, ICRISAT
' ' 38: 193-200.
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