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HETEROSIS BREEDING FOR HIGHER - -
“YIELD IN PIGEONPEA -

KB 'Sai-(eﬁa;i, Y5 Chauhan‘,RV Kumar‘, R.P. Ariyanayagafn‘, '
© - D.P. Srivastava? C.Johansen'-and A.N. Asthana® :

- ABSTRACT
Since the identification of genetic. male sterility in 1974, a considerable progress . -
has-been made in developing commercial pigeonpea hybrids by taking the
_ advantage of its partial cutcrossing characteristic. The first pigeonpea hybrid
CPH 8 was released recently and some more promising new hybrid combinations
have been identified. Experimental plot.yields as high as 5 t ha’ have been
" obtained from some of hybrids which signify a breakthrough in yiéld. This paper
besides summarizing the performance: of experimental hybrids, reviews the
progress made in identification of heterotic combinations, diversifying male
sterile base, understanding the physiological basis of heierosis and stability of
" yield. Limitations posed by genetic male sterility in-hybrid seed production and
some viable alternatives to reduce the seed production cest are also discussed.

1. INTRODUCTION

f P1geonpea (Ca]anus cajan (L.) Mﬂlspaugh) is d short-lived perenmal shrib and is

culhvated as an annual ¢rop in South and South-East Asia, East Africa, the

 Caribbean region, and Southern and Central Americas. It is chiefly grown for its

seeds which are consumed either as dry split peas (dal) or as a green vegetable
and its stems provide a good source of fuel wood. Research on the genetic

" improvement of pigeonpea started with the selection of disease resistant genotypes
- from landraces in the early part of this century and later some cultivars were also

developed from hybridization programmes. However, at present, most of the
adapted cultivars are landraces or selections from these landraces.jIn experimental

. plots, these cultivars can give yield up fo about 3.t ha?, although yields in the

traditional farming systems remain around 700 kg ha™ mainly due to a number
of yield reducing abiotic and biotic constrainis) There has been a tremendous
success in incorporating resistances to major pigeonpea diseases {e.g. fusarium
wilt, sterility mosaic) into potentially high yielding adapted cultivars, which could
substantially help in reducing this yield gap. However, litile progress in the
genetic improvement of yield potential is apparent.”]
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Scientist {Agronomnny), International Crops Research Ins titute for the Semi-Arid TI'DPICS (ICRISAT),
Patancheru 502 324. A.P., India :
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109




. i
A ot

- genetic stadies in pigeonpea by Saxena and Sharma. (1990) shows the presence

_ of a substantial level of non-additive genetic variation for yield which can be
- exploited prohtably through heteros:s breeding for a possrble quantu.m ]ump in '

- gram yxeld J

For any viable commercial hybnd seed productlon programme there ate twot L

pre-requisites: an efficient mass pollen transfer mechanism and a stable male

sterile source. In pigeonpea, natural out-crossing was noticed as earlyas 1919 but - - - + B

its utilization in-commercial hybrid breeding programme was ruled out-(Singh
1974 Royes 1976) mamly due to the- -non-availability of male sterility.

- The recently identified sources of genetic male sterility and the presence of .
partial natural out-crossing have made it possible to explore this potential breeding. - -

avenue in pigeonpea. At ICRISAT Center, considerable research efforts have been
. devoted to-identify heterofic cross combinations and to develop their economic
- ~hybrid seed production technology. With a view to strengthen research and
development on hybrids Indian Council of Agricultural Research (ICAR) launched
& special project in 1989 at nine centers in India. The work has been initiated on
diversification of male steriles, synthesis and evaluation of hybrids, seed production
technology research, and on-farm research. Emphasis is being glven to the

- identification of heterotic combiners and .population improvement for “the

improvement of parental lines. This paper, besides discussing the prospects for
hybrid pigeonpea, summarizes the present status of research in identifying heterotic
combinations, diversification of male sterile base, seed preduction technology,
and transfer of the technology.

2. CROSS-POLLINATION

Pigeonpea is a predominantly self-pollinated crop with considerable level of
cross~polhnatlon Researchers in India (2-70%), Kenya (12-50%), Trinidad (26%),

. Uganda /8-22%), and Australia (2-40%) have reported a considerable range of -
natural cross-pollination. Onim (1981) listed 24 insect species which are capable - -

of transferring pollen from one flower to another within and across fields. In a

" recent review Saxena et al. (1990) concluded that in pigeonpea natural cross-

" pollination is a universal event and its extent varies from one envuonment to
: another, depending o activity and availability of pollinating insects.

Natural cross-pollination in pigeonpea is considered to be a major bottleneck

inpure line breeding and varietal maintenance programmes since itnot onIy leads
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_ -).- P1geonpea is a partially cross-pollinated crop and traditionally additive genetic .. . -
{variation has been exploited” through pedigree selection for- developing high' i . 7
,yleldmg pure lines in different maturity groups. A review of the quantitative. . :;

"pedtgree sélechon under open polhnatlon “The disc

3. MALE STERILITY

3.1 Types' 3

W1th the sple ob;ectxve of explmtmg natural cross—poﬂ.matlon for economic gains;
- a-deliberate search for male sterility was made in germplasm at ICRISAT Center '~ *

in 1974, In ICP 1596, a line from Maharashira (India), male-sterility assocmted

with franslucent anthers was 1dent1f1ed This form of male sterility was controlled .

- ‘bya single recessive gene ms, (Reddy ef al. 1978). Later; a different source of male o
. gterility, characterized by brown arrow-head” shape anthers, and controlled bya -
e -smgle recessive gene ms,, was identified in Austialia (Saxena et al. 1983) Both -
the male stenle types have prominent anther morphology which provides an . _

‘ effechve and easy way of identifying male sterile plants in flelcl before anthesis, - -

3, 2 Marker ]mked wﬂ:h male stenhty

The use of genetlc male stenhty poses practical lmutattons in the commercial seed

produchon of hybrids since it requires manual roguing of fertile plants from the
. rows of the female parent. This problem could be eased o some extent if there
‘were:some marker: genes closely linked with the male sterile:gene, as reported L

in lettuce (Lindquist 1960) and water melon: (Watts 1962).

Attempts made at ICRISAT and elsewhere have not been successful in 1den—
tifying any such linked marker in pigeonpea. A chanceé observation made by

. Singh et al. {1993), however, indicated a possible linkage between male sterile gene -

ms, ‘and temperature’ sensitivity. In the population of a male sterile line ms ICP

3783 the pod set was found to be influenced under low temperatures. They .

" repirted that when the minimum temperatiire dropped below 10°C and the mean

day temperature ‘below 18°C, the male sterile plants shed floral
- ‘buds whereas. the fertlle segregants ‘seem to have greater tolerance to low
temperaf:ure T : i

. The floral bud abscr.ssmn at the temperatures beIow 10°C was excluszvely on
the male sterile plants, suggests that this trait may be linked to the male sterile
“gene ms,. More experunents under varied field and’ controlled environmental . -

‘ condmons are’required to conflrm these préliminary observatlons and to 1dent1fy
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‘ery of male stenhty, how—, o
) “ever, has changed t.he scenano and soon after its 1dent1f1cat10n programmes were.: < -
. developed to use out-crossing in genetic mprovement of the crop through hybnd AR

breedmg and recurrent select10n R - Cean s




. crmcal day/mght temperatures Wthh can mduce complete ﬂoral bud absc1551on
"~ in.male sterile plants. These findings, i confirmed, may have significant impact
on the hybrid seed production technology by enabling effective and economical

3 rogumg of fertlle plants and thereby ensurmg the producnon of h1gh quahty seed..

3.3 Dwermﬁcatmn_ of male sterile base

“Traditionally pigeonpea is grown in a number of cropping systems requiring -

cultivars’ differing -in plgnt type and maturity. Resistance to wilt and sterility

mosaic diseases are alsd essential to stabilize p1geonpea yields. In our efforts to
find such desirable’types we continue to ook for new spontaneous male sterile
" mutants in germplasm and breeding materials. In addition, the ms gene hasbeeri

transferred through backcrossing into promising diverse genotypes Tohasten the

process of conversion, the backcrosses are made onto-the heterozygote BCEsor . .-

can mdnndual plant basis which are identified by a selfed progeny-row test. We
are mamtalmng at present 11 male sterile lines at ICRISAT Center (Table 1). These

. include two lines w1th hlgh level of resisiance to both wilt and sterility. mosaic =

chseases

Tablel: Importam characteristics of pigeonpea male sterile lines developed at ICRISAT Center
through backcrossmg

1

o Disease reaction .
B o ms Growth “Plant Days to Plant Seeds/ 100-5eed seed -
"Line " 777 gene habit’ “spread {lawer height” ‘pod mass color Wit ~ SM
N, S ey e {g) :
IMST ms, DI C 3 75 35 74 B S s
IMS-1(Imp) ~ms, DT C 3% % 0. 100. B s ]
QMs-9 ms, DI C 6 8 39 73 B s 5
‘msPrabhat (DT) ms, DI C 6 111 37 75 B s s
QMS:-2 . ms, DI C 6 W5 36 104 B .5  §
. QMS-7 ms, NDT S8 70 "~ 117 - 33 77 B s 5
msICPLB7091 ms.. DT~ C 72 115 65 134 Crn - S s
msICPL288-  ms, NDT cC 7 174 . 32 93 Cr R R
ms Prabhat (NDT)ms, NDT - 88 ~ 8 158 45 69 B S 8
msT21 ms, NDT S5 99 25 '35 89 B 5 S
msICP3763 ms, NDT 55 18 180 40 92 Cr. . R R

DT = Determinate; NDT = Indeterminate
C = Compact; 55:= Semi-spreading

B = Brown; €r =Cream. .

5 = Susceptible; R = Resistant
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_ .. Studies on the combmmg ability conducted on six male sterile lines showed .
“that for y1eld QMS 7, ‘s ICPL"288; ms T 21" werg good general combinérs.
. eneral comb:mng ab111ty effects were also recorded for earliness in 1

“QMS 2, OMS, 9 and ms$ Prabhat (DT) and fot plant hexght and seed size in ms_: '

" ICPL 288 (Table 2

o ’I‘able 21'Gerieral combinimg abll:ty effects of six pigeonpea male sterile lines

" Daysta Pl.fa_nt 1005eed. Geeds Pods * Yield  Yietd
—— he1ght weight ooper perr -per  (kg/ha)
509 0. - 75%mat. - {em) - (g . pod . plant. . plant

CUoMs2 L a0 28 1697 70.'6‘4*’.*- 002 Bsb A7 sEBaLY

ToMs7 0 9s1v 98z 174 030 003 1.5 291 56506
QMS9 | BE7™ -6A3 297 098w 005 1L04  A7IY 83407

i N rnq]."‘rabhat (DT),LLQEH 75.85** _18.63% ‘ -094** _6.08- '0_.62 -24.-4 —268 94*'
U msICPL28S . BI7 L0419 126t 004 264 268 40l 68"

CmsT21 . 6177 6UET 21E% 022 003 - 793 . 273 82959
SE(gh - 40530 20439 22456 0004 10065 4131 1314 290.408
SE(gig) 0750 4062 3473 #0172 +00%2 5842 #1859 +127.856

The need for diversifying male sterile base has also recewed a high priority .
. by ICAR at nine research centers enga ged in hybrid pigeonpea research in India.
v At present the male sterile gene i§ bemg transferred into 28 lines embracing

significant diversity for plant type, mahmty adaptanon and resistance to unpor—
tant diseases.

3.4. Progress in developing cytoplasmic male sterility

Concerted efforts are being made at ICRISAT Center to develop cytoplasmic male
sterility (CMS} through mutagenesis and wide hybridization. Gamma radiation

~ as well as mutagenic chemicals specific to cytoplasm organelles such as strep-
tomycin sulphonate, mitomycin-C, sodium azide, ethidium bromide and ethyl

methane sulphate were applied at varying dosages on male sterile lines ms

" Prabhat (DT), ms Prabhat (NDT), QMS 1, and QMS 9 and pigeonpea tultivars
ICPL 87, Prabhat, ICPL 89029 and JCPL 88039. It has been possible to recover

high levels of matemal inheritance within the derived lines (Table 3). In one of
the M, progenies of 31 plants, 27 were sterile. A preliminary electrophoretic assay
of esterase indicated that the sterile lines developed through mutation were

.. different from ms, type male steriles. This information together with the segre- '
. gation pattern Suggests that the mutagenic treatment ‘has had some effect on . ..

¢ inducing maternal inheritance of sterility. -
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~ Table 3: Per cent male stenle plants observedmsome Imes appeared pronusmg for gene— 5 G #?ﬁf@ff{-%-_IQPX-.BB.UQZ_?-lU.;J.: :
IR cytoplaszmc maie stenhty N FEGN1?1-20§? o
e . ‘f.@?r.iérétidns ST _,
:L_i‘hgn%r"emén‘t:_ Dedigree M, M, . M. . M, M,
- Sodium-azide: 1894-1-1-1. 717 88.9 90.0. - - 875 85.7 ) S TS
0025% - - (38:15) -7 (B @D T (12:2_) T
- 48hr. SR o , ‘ SN
oM . 1&_33@»4—1-1 D7y . 69.2 . 857 100
- T (38:15) (9:4) &1 . (11:0) ; 7 o 1
1894211 717 v 7787700 846 875 L o T gleeres 0 Backcross1
‘ - (38:15) (7:2} (112} . 7D C o o T - e e ;
1894-3-1-1 . 717 58.3 711 87 ) ) . ) ‘
. : R - (3815 LISy - @7Ib. e T T . iCcPLS7 -_iébb‘gduas' ICP 9880 P c""se;fcexrs' . ICPX880227-10-1
 Spepromycin . 1392141 800" 522 917 833 - L Gaaam 27970%) (17 1%) o {4967 ST Pt
sulphonate” 64 (1211 1) @D - ' SN . S : " 6270%) .
500 ppm. ' S - L.
24 hr. . -— ‘ -
(OMS-1) S a ’ Co ‘ . - ICPL8S030  ICPLBY7 _ Backeross 2
o B . , (4.8, 97,982 100°%)(6.5, 15.2, 42.1, 98.6%) ICPX 880227-10-11 . CPL87
"I order to induce CMS through wide hybridization the aim has been to place @ - - o T e ot T (11 s N, 9617)
the pigeonpea geneme in foreign (wild) cytoplasm. To achieve this, the wild - - .. S IR B : - oo
- species were used as a female parent in crossing programme. Some derivatives - . .1 A TOEN Y NN Pt R - R e — - |
from: the crosses involving C. sericeus look very promising. The results are sum- , T el R ) S Backerass3
marized in Fig. 1. The level of male sterility has shown progressive increase with - - ol S R T Soou CreRLasoas 0 sszer
- each backcross generation. The range of male sterility available is from 64 to 100%. R 1 L 42,907 S B
In one case 75% of the progeny expressed almost complete sterility (R.P. o ‘ K T -
Ariyanayagam, personal communication). N
' : Seg. * *
The work on isolation of CMS is also in progress at various ICAR centers and o - ICPL8S030 ICPLODO35 ICPL8S030 - - S - IJCPL 90035 TCPL 85030 ICPL 90035
Bhabha Atomic Research Center (BARC), Trombay. At BARC, male sterile plants ‘ ' Coe ©(7-83%%) {6-76%) s '(100%) (100%) (98,98 91 W (B89N
- : have.bee.n isolated from eross C. sericeus x T_'TS. The iIlﬂ]_E Sterﬂity in the. dertved . -A | B 1. Is PIOE-E“}’ displayed 97% male sterlht}’ was temPenture-senS:twe Partnall}' abnormal for leaf
lines was réstored by some segregants of the same cross. Some of the segregants b ¢ -+ morphology, and reverted to partial sterility at low temperature. -
’ ) appea;ed to maintain the male sterility (S.E. Pawar,*pefsonal comz;nuhis_:aﬁonl i ’ ] . _ 2. Efr g:;ginu{ displayed 98% male sten]lty was morphologically normal, and retained Etel'ﬂlt}'
4, I'HGH Y]:ELD]NG HYBRH)S 7 . . .' o , E ’ J ;S _ ;:gﬁg:t}a:::gl:t}éiﬁligmrorrglizr:mtyhad Dneortwobranchesm‘rlthabnormalleafmorphology
) - H . N .= Normal; * Gene-cytoplasmic male-sterile progeny.
41 ICPH 8-the first pigeonpea hybrid . T
lAmorlg the short-duration hybrids developed atICRISAT Center, ICPHS 8 Crose - _ ‘ : . B RN E B SR
between ms Prabhat (DT) and ICPL 161 was found to be the most promising. It " . cpewser o inr 6L Fig 1 Interspecific hybiidization betiveen C. sericess and C cajein.’
. 114 ' ) . L 115




is an indeterminate which matures in about 140 days. This hybrid was released

T g cultivation in ‘central zone of India in 1991. The’ performance of ICPH Bin S
diverse Lndlan environments from 1981 o 1989 is simmarized in Table 4. The .

hybrid ICPH 8 was evaluated in 100 trials and on an average it was 30.5% superior

to UPAS 120 and 34.2% superior to Manak used as standard controls. In North.

_ West plains, Central and Southern zones where ICPH 8 was tested. extenswely
it clearly established its superiority over the controls. . ‘ :

Table 4 : Zonal weighted mean yield of ICPH 8 in differént zones in India over years

Yield (t/ha) . % increase over :

. No. of - - .

Zone © Years trials ICPH8 UPAS120 Manak UPAS 120 Manak
North-west plains 6 36 2.85 2.10 2.34 350 31.0

Central 4 30 15 116 . 093 329 . 525

Southern 4 30 142 1.22 1.26 236+ 273
" Northi-western hills - 1 1.56 150 119 43 31.0
North-castern hills 1 1 1.68 1.15 - 456 -
Western 1 1 2.06 1.41 1.59 45.6 29.5

Overall mean . 00 1.9% 153 135 305 342

- 4.2 New expenmental hybrids

At ICRISAT Center, so far a total of 1737 expenmental pigeonpea hybrids have -
‘been made and evaluated. These include 1224 short-,282 medium-, and 231 long- .
duration hybrids. The performance of some selected hybrids is summarized in

. Liole 5. IPH 550,526, 583, 732 and 495 yielded over 5tha in the small experimental
plots. Of these, JPH 732 has been ideniified by Tamil Nadu Agricultural University
(TNAU), Coimbatore, India for release iz the State.

Hybrids have aiso demonstrated high yield potential in All India Coordinated

Pulses Improvement Programme’s (AICPIP) Advanced Varietal Trials (AVT)..

During 1991-92, in 4 out of 9 varietal-cum-hybrid trials the hybrids ranked first
and percentage superiority over best control ranged between 14.6% and 40.0%.
Similarly, in 6 out of 12 trials during 1992-93, the hybrids ranked first and the
‘superiority of the hybrids ranged between 10.7% and 82.3% (Table 6).

5. PHYSIOLOGICAL STUDIES IN P_I_GEQNI'?EAA_HYBRIDS

5.1 Initial growth vigor .
Pigeonpea is a slow growing crop in the early stages which make it a less efficient

crop for monocropping. Limited screening of germplasm and lines have revealed
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-Table 5 Yle]d of some’ promlsmg short—and mednun—durahon plgeonpea hybnds at :
"—.V;JICRISAT Genter : : Ce - RS

e Yle]d (t/ha) T Giperiority -
- Year: ' Hybrid Ne. .. :..::- ;... over best control
RN I-bencl _Control ...
i Short-duration” I
“'1988 +° IPHSBSD 0 508 ' 1750 - 189
TPH 575 o481 "213° . 125
IPH 526 5280 31977 7 eg
IPH 583 LT B33 - o278 91
COIPHGSE - a8z T amg it T s
1PH 732 551 2.38 131
. IPH700 . 449 o 2150 109
. IPH719 LT 4830 T o215 T 0 U130
IPH503 482 243 o8 .
IPH 465 500 o243 R 14 ;
1989 IPH752 - 453 . - 244 76
IPH 786 _ 4.64 - 299 .55
IPH 784 : 410 - 2.99 o 37
. IPHI227 . 3.80 2.57 48
Medium-diration -
. 1988 (IPH487 . 435 . 261 .. . .67
IPH479 . . 418 261 60
. IPH4s2 Coam D ) .
CIPH481- - Y 353 - 261 T35
IPH 480 - - 3.78 2.61 45
IPH 483 390 2.61 " 5D
IPH 490 3.76 2.61 44

- that pigeonpea hybrids despite their low average seed size have higher seedling

vigor. The differences in growth vigor which begin to appear during the early

_seedling stage become pronounced with time (Table 7). This attribute of hybrids -

makes them more suitable for sole cropping than varieties as it enables them to
establish quickly and utilize light and water resources more efficiently.

5.3 'Pdpﬁéfion réépoﬁées. _
¢ :Seed rate is an important agronomic consideration for obtaining high and stable
. ylelds: For hybrids it assumes additional importance in view of the high cost of

_' .+ seeds. Pigeonpea hybrids such as ICPH. 8 and ICPH 9 show. very high plasncxty
=-and do not exhibit any declme in yield even when grown at half of the recom-
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Zone S AR -
PR {No. of ' K * Yield - % superiority ..
" Year Tnal locatlons) Hybrid' - «i (t/ha) . overbest control.
199T97EACT(AVID) CZ | MTH23 Ce1ad 400
(8 . ICPH & (control) - . 0.89
ACTZ AVTD CZ. MTH 26 242 160
: @ BDN 2 (control) 2.0
ACT 2 (AVT 1) SZ MTH 26 1.84 - 146
S @ BDN 2 11.61 -
' Pre-Rabi (AVT 1), CZ MTH 12 156 27.2
. 3 Bahar (control) 123
1992-93 EACT (AVT 2) cz - MIH 23 o, 151 ‘ 255
S : €3] - UPAS 120 (contral). " 1.20 h '
EACT(AVI1) NWPZ  PPH4 202 10.7
6] HB8z2-1 1.82
EACT (AVT 1) CZ MYPH 28! 140 237
(49 UPAS 120 {control) 113
EACT (AVT 1) sz MYPH 1115 1.48 823
_ (1) UPAS 120 (controd)-  0.81
ACT1(AVT 1} 52 MTH 15 Coen 0 209 . 676 -
. o @ T21 (control) 125 . .
Pre-Rabi (AVT2) CZ - MTH 12! © 152 : 49.6
: (1) ~ C11 (control} ©1.02

... Table6.: I_-,Iy};rids_pb_teinjng Eirgt rank in the AICPIP adyanced varietal frials. .

T

1. Selected for final yield trial (AVT 2) during 1993-94.

- mended population of 33 plants m? for short-duration pigeonpea (Saxena ef al.
" 1992). This suggests that optimum seed rates of hybrids are much less than those

of varieties.

‘ ) 5,3 Phyéiolp_gieal. Basis of heteresis
. In cereals and some of the legumes such as groundnut much of the variation in

yield among genotypes and environments is accounted for by differences in -

partitioning. By contrast, in pigeonpea variation in yield is chiefly accounted for

by the differences in crop growth rates.. The hybrids are higher yielding mainlty -

due to their higher crop growth rates than the varieties. It is interesting to note

. that higher crop growth rates can also be achieved by intreasing plant population,

- but this does not necessarily result in increased yield because of its negative effect
- . onpartitioning. However, hybrids have highercrop growth rates while maintain-. -
-ing their partitioning at least at the same level as-that of varieties (Chauhan et
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-.Genotype .-

+.» ‘Table 7 1 Shoot .and. root weight {g/plant) of ghort-duration plgeonpea genotypes and‘ RS
'_ihybnds in pots of Alﬁsol at different days after sowing (DAS) -

19DAS : 30DAS - - . 46DAS. . . 50 DAS-
“"Shoot  Root" ‘51'-1‘001.:'5 “Rodt - Shoot ~Root - Shoot” . Root

i IcPLer 035 0089 11100 0285 2933 0747 62127 1693
TICPLIS1 . 0160 0060 1333 ’0305 3365 0951 5913 1562

ICPHS 0260 - 0106 1597 0407 4023 1144 7690  2.055

UPAS120 0170 - @}.032 1195 0315 3097 0921 5985 1553 .

T21 - . 0173 - -0.066 1.083  -0.260 3.273 0.853 5483. 1.516

SE ©£00566 00143 07857 00723 £0.6320 ¥03330 £0.7140 il-é@@-'sbo%

al. 1994). An improvement in-the density of pods and seeds per pod has been—

recorded in hybrlds (Saxena et al. 1992).

5. 4 Biomass productnon
Higher crop growth rates of pigeanpea hybnds eventually result in higher bio-
mass production. Total biomass production in excess of 20 tha has been recorded

in hybrids in sub-tropical environments (Chauhan ef al. 1994). A significant
proportion (18-20%) of this Biomass is returned to the soil in the form of fallen

leaves thus contributing to the pool of organic matter. In addition the harvested
stems also pmmde useful fuel Wood : ‘

\5 5 Drought ‘resistance

Pigeonpea is generally grown under ramfed conditions and is sub]ected to both -
intermittent and terminal drought stresses. Enhancing drought resistance is
‘therefore an important requirement to stabilize its production under rainfed
conditions. Hybrids of the crap such as maize and sorghum have been found to
perform well under dry conditions. In a comparison of pigeonpea hybrids with
parents and other cultivars for drought resistance, two of the pigeonpea hybrids

) TCPH 8 and ICPH 9 exhibited higher yield levels than parents and controls
B xrrespectlve of soil moistire regimes (Fig. 2). This suggests that pigeonpea hybrids

have potential to perform well in both dry as well as optimum soil moisture

"énvironments. Beftet performance of hybnds in dry environments may be related
" to their supetior ability to maintain relative water content (Lopez et al. 1994). This~
o m turn may ‘be related to thelr v1gorous root system (Table 7)

The ‘better performance of hybrid ICPH 8 (Fig. 2)ata range of soil moisture .

i .. levels is consistent with-its superior performance in multilocation trials where - . .
" ., mojsture avaﬂabi]rfy invariably.differs. Thus hybrids could be suitable for irrigated -+ - =~
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, .areas as well as the areas where raipfall s unpredictable and, soil moisture is:
frequently hrmtmg . . -

—=OPH 8 <+ ICPH O = ICPL 87 —H— URAS 120
Sead yiald ( ha ) '

. . -8 0 15 20 : 26
. Waler gpplled {em}

Fig. 2. Response of ICPL 87 ICPL 81, ICPH 8 and UPAS 120 to apphed 1rngatmn through line

Source : ICRISAT Center, 1986/87.
‘5. HYBRID SEED PRODUCTION SYSTEM

_ 6.1 Recommended method

" For producing large quantities of hybrid seed of selected cross combinations, the
male sterile and pollen parents must be grown in isolation. On account of the
wide range of out-crossing reported among pigeonpea genotypes the isolation

specifications are also equa]ly variable (Saxena et al. 1990). An isolation distance . .
from a minimum of 180 m to a maximum of 360 m is, however, recommended -

(FAO Agric. Series No. 55).

Experiments conducted 4t ICRISAT Center indicated that full seed set is
obtained if one fertile row is planted after each six male sterile rows (Saxena et
al. 1986). Since male sterility in pigeonpea is genetic in nature, manual labour for

* roguing of fertile’ segregants within the male sterile rows is essential, For this the

o flrst bud that appears on each plant must be opened and the male sterile plants
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tagged, while the fertile _s:egregenteirﬂuet be Togued out Befgre_'anthes'iié._h;ﬂie
absence of sufficient pod load ‘in the beginning of the reproductive phase, the
sterile plants continue to flower for a considerable period. In the pollinator rows,

- flowering terminates once full potential pod-load is achieved. This, in certain

situations, may result in poor pod-set on'male sterile plants. The flowering period
of pollinators, however, can be extended by periodic removal of young develop-
ing pods and frequent irrigations. In certain environments the recormmended 1
male : 6 female ratio may not optimize the hybrid seed yield due to variation in

- the popnilation of pollinating vectors and therefore local recommendatlons with

appropriate modifications need to be developed.

6.2 Estimated cost nf hybrid pigeonpea seed

* Information on ihe prodection cost of hybrid seed is.essential for their acceptance.

by seed producers and farmers. Hence, on this aspect, a joint study was under-

" taken to determine the cost of producing hybrid pigeonpea seed by Tamil Nadu

Agricultural University (TNAU) and ICRISAT during the 1988 rainy season.

The parents of the released hybrid ICPH 8 were sown according to the
recommended procedure in an isolated block measuring 0.1 ha. In this exper=
iment 813 kg ha? hybrid seed was obtained in a single harvest and the estimated
cost of producing one kilogram seed was Rs. 6.25 only.

The 1 major proportion (45.12%) of the production cost, as expected, was at-

“tributed to roguing. The estimates showed that for roguing a seed production

block of 1 ha, 200 labour days equivalent to the employment of 15 Workers for

-a fortnight would be required {(Murugarajendran et al. 1930).

Studies conducted on the production costs of male sterile and hybrid seeds
at Punjab Agricultural University (PAU), Ludhiana showed a large variation. In
male sterile line ms Prabhat (DT), 275 kg ha?! seed was harvested in 1990
with production coét of Rs. 39.41 kg™. In 1992, however, they harvested 1040 kg
ha yield which resulted .in a significant reduction in the cost of Rs. 3.7 kg
(Table 8). For hybrid PPH 4, the estimated produchon cost was Rs. 13.8 kg®

‘(Snvastava and Asthana’ 1993)

The effec’aveness of management of a seed productmn crop, espema]ly with .
' respect to insects and diseases, plays an n:nportant role in y1e1d mamrmzatlon and
.consequently in determmmg its cost of producnon

These studles clearly suggest’ that under good management the. cost of

- produemg Pzgeonpea hybrid-seed. is not-as high.as -feared in. the initial stages
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..~ because of the utilization of genetic male sterility and it should be acceptable to

both seed grower—farmers as well as seed compames

Table 8: Cost (Rs ) of producing hybrid (PPH 4) and male strile (rns Prabhat (DTJ) seeds

~at Punjab Agricultural University, Ludhiana .

Item . o ms Prabhat (DT) " PPH 4

. 1290 1991 1992 1992
Gross expenditure 13194 13194 13194 13194
Seed vyield (kg/ha) : - 275 630 1040 800
Fertile plants yield (kg /ha) 315 720 1275 - 257
Value of cotmumercial grains . 2205 - 5040 8924 1799
Vaiue of by product 375 375 375 375
Value of total seed N 10614 . 7779 . 38%4 0 .11020
Cost of one kg seed & 39.4 123 37 138 -
Notes :

1. Estimated eost does not include fixed cests such as land rent, land revenue, deprema-
- tom, and interest on fixed cost

2. Netseed yield after 15% losses in deaning and grading

3. Source Snvastava and Asthana (1993)

6 3 Use ef mult:ple harvests in reducing productmn cost

_The cost can be reduced further by adopting a multiple harvest system, more

appropriate agronomy (mainly spacing), effective management of pod borers,
and limiting the roguing operation for 15 days form flowering. In tropical envi-

rontnents with warm winter, pigeonpea plants can produce several flushes of |

pods within a year (Chauhan ef al. 1987). The perennial nature of this crop can
also be exploited profitably to produce quality hybrid seed at low cost. AtICRISAT,
in an experiment designed to assess the feasibility of multiple harvests of cross-
pollinated seeds in the 1985/86 season, four harvests were taken within a year.
In a 0.11 ha seed production block of ICPH 8, a total of 73 kg of hybrid seed was

obtained from four harvests (Table 9). Multiple harvests therefore can help in

reducmg the cost of hybrid seed production substantially because there is no
further need for roguing in the subsequent crops. The same seed production
- nursery can also be retained for use in the subsequent year(s). However, the plants

under this system should be ratooned at a manageable height as they might grow

tall making insect control and harvesting diffieult. This system, however, can be
_ apphed only in frost and disease free conditions or with disease resistant parental
' lmes
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* ~Table 9 { Multiple harvests of cross—pollmated seed of hybrid ICPH Bin a seed- producnon' -
“block at ICRISAT Center during 1985-86 season. ‘

‘. -Harvest = - - Dateof - ~- = 7 i o % Geed yield’
© number: - - ++. harvest . L e (kg) :
i October 10,1985 .~ ~* . 280 -
2 o November25,1985 . 245
3 _ January 22, 1986 7.3*

4 March 10,1986 133
o Total - ma

* High pod fly damage
“Area : "011ka .- -

Planting date  :  June25,1985
Spacing ¢ 75x25am ‘
Ratio : 1Male: 6 Female

7. GENERAL DISCUSSION AND CONCLUSIONS -

Pigeonpea is a unique puilse crop because its reproductive biology permits the
options of utilizing both -additive as well as non-additive genetic variance in
breeding. programmes. However, being predominanily a,self-pollinated - crop,
breeding methods tailored to exploit additive genetic variance have been used

in the past for developing high yielding pure line cultivars. The substantial

amount of non-additive genetic variance and hybrid vigor, available in this crop,

- could not be profitably tapped for upgrading its yield levels mainly because of

non-availability of stable male sterility system.

A successful search for easily identifiable stable male sterility at ICRISAT in
1974 paved the way for the commercial exploitation of hybrid vigor in pigeonpea
and the first hybrid ICPH 8 was released for cultivation in 1990. Physiological
studies have shown that pigeonpea hybrids are superior to pure line cultivars
with respect to seedling vigor, crop growth rate, biomass production, drought

: ‘re515tance, and yleld In addition, they also reqmre less seed rate.

A hybrld programme based on genef:m male sterility suffers from an inherent
bottleneck in its Jarge scale seed productlon because of the manual requirernent

“in roguing which accounts for about 50% of the produchon cost. Limited studies ° ;
" ‘on the seed production teclmology using genetic male sterility, however, suggest
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practices enstires high hybrid seed yields. . -

I appeaf_s that adoption of the technology in the past two yearé ha.s: not ,ﬁle‘c |

with the expected success, Informal discussions with various public and private

seed companies revealed that there is a tremendous demand for hybrid seeds and -

farmers have willingly purchased the hybrid pigeonpea seeds even at prices as
high as Rs, 100 kg™. From a seed production point of view it was observed that
seed grower-farmers faced no difficulty in rouging and the family ‘members
including children could easily distinguish between fertile and sterile plants. The
reluctance of some farmer-growers in removing the fertile segregants and delay
in payments due to lack of a quick grow-out fest appeared to be the main reasons

for the discouragement. In general the following bottlenecks were observed in -

the technology transfer:

(i) Limited seed availability of male sterile parent

{ii) Poor insect management in the seed production plots resulting in low yields .

(i) Reluctance of some grower-farmers tq remove fertile segregénts )
(iv) Inadequate knowledge of multiple and perennial seed production syste.n{

{v) Competition from other high remunerative crops

. Availability of cytoplasmic male sterility holds the key for full commercial -
. exploitation of hybrid vigor in this crop. Preliminary work done in this direction -

using chemical mutagens and wild relatives of pigeonpea has shown a consid-
erable promise and once it is established the seed production will become very
easy. Indication of linkage between male sterility gene ms, and low temperature
sensitivity also holds some promise and this could be used in producing quality
hybrid seed in certain specific environments.

Pigeonpea hybrid research and development programme is still in its initial
* stages and the results of recent research activities are very encouraging. However,
to exploit the present technology on a large scale concerted efforts are
required to modify the seed production technology to suit local conditions. Even
* greater efforts are needed to demonstrate the technology to seed producers and
farmer-growérs. h o ' -
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