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Abstract

Pk a partialy orop with genetic male steriky. These charac-
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ls present and hybrid seed on in short-duration hybride ls possible. This
in hybrid pi h at ICRISAT Center. The data
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studies d yleid in

mmmumnwnuwmmwmmm Expert-
menis have also shown that the hybrids possess a high level of drought tolerance, thereby

Imparting yieid stabilty in droughted enviconments.

Introduction

Pigeonpea [Cajanus cajan (L.)
Millep.], a protein rich subsistence pulse
crop of tropical and sub-tropical regions,
is among the most important grain
legumes in the diet of the people of india.
Attempts fo improve this crop through
breeding started early In this century. Al
though several selections from hybridiza-
tion have been identiied, even today
most of the adapied cultivars are land
races of selections from these land races.
In experimental piots, it is possible to ob-
tain single harvest yields of these cul-
tivars in the  vicinity of 4000 kg/ha,
although yleids in tradtional farming sys-
fems remain around 600 kg/ha due to
various abiotic and biotic constraints.
Recent breeding efforts have incor
porated resistance to major disesses(e..
fusarium, wit, steriity mosalo) inio poten-
tially high yieiding adapted cukivars,
which could substantially help in reducing

this yleid gap. However, Iittie progress is
apparent n this regard.

Pigeonpea Is a partially cross-pol-
linated crop and traditionally, additive
genetic variation has been exploited
through pedigree selection for developing
high ylelding pure lines in ditferent
maturity groups. A review of the quantita-
tive genetic studies In pigeonpea by
Saxena and Sharma(1990) shows the
presence of a substantial level of non-ad-
ditive genetic variation for yield which can
be exploited profitably through heterosis
breeding to obtain a quantum jump in
grainyield. The recently identified sources
of stable genetic male steriity (Reddy ot &.
1978, Saxena ot &/, 1683) and the presence
of partial natural out-crossing have made it
possibie to expiore this potential breeding
avenue inpigeonpea. AtICRISAT Center,
considerable research efforts have been
devoted for identifying heterotic cross
combinations and developing economic
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and some physioclogical aspects of
pigeonpea hybride.

Pre-requisites for practiocal
heterosis breeding

For any visble commercial hybrid seed
production programme there are Wwo pre-
recquisites, sufficient natursl out-crossing
and stable mele sterlle systems. in pigeon-
poa, nakiral out-orossing was first notiosd
by Howard ot al. (1919 ) but ks utiization
In a hybrid breeding programme was ruled
out (Royes 1978, Singh 1874) mainly due
9 the non-avaliabiity of male sterity.
However, these two necessary
rechaniems are now avalisble and this
has opened up the possibilty of deveiop-
ing hybride in this orop.

Natura! out-crossing

In pigeonpea natural out-crossing
takes place as a resul of trequent insect
vigits from one flower 10 another within
and across the fieids. Onim (1981) leted
24 species of insects which are capable
qf effecting cross-fertiiization In pigeon-

pea. Ot these, Megachile sp. and Apls.

meiifera are the main poliinating vecton
(Onim 1981, Willams 1977). Howerd ot al
(1916) were the first 10 report 14 per oent
nalural out-crossing in pigeonpes and
iater several reports have appesred in
igerature from India and elsswhere
(Saxena of &l 1990). Studies 8t ICRISAT
have shown that this level of natural Gut-
crossing is sulficient for ecohomic hybrid

seed production in pigeonpes.
Male stertiity

Two sources of stable genetic male
steriiity have been reported. One source
Is characlerized by ransiucent anthers
(Reddy ot al. 1878) and another by dark
brown arrow-head shaped anthers
(Saxena ot al. 1963). Male sterfity in each
of these souroes is governed by & non-al-
lalic singie recessive gene pair (Saxena
ot aL 1983) and thersfors, shouid be
maintained as & heterozygote by harveet-
ing seecis from male sterlie plants pol-
linated by fortiie heterozygotes. The
prominent anther characteristios in these
male steriies provide an effective and
oasy way of identilying male sterlie plants
In the field before anthesie.

Yield advantage in hybrids

Production and testing of experimen-
sl pigeonpea hybrids for the identification
of heterotic cross combinations began at
ICRISAT in 1977. The seeds for thess
experimental hybrids were procuced by
hand poliinating the maie sterlie plants.
Saxena of &l (1908) have summarized
the performance of some medium-dura-
tion experimental hybrids tested during
the years 1977-1961. Standaxi heterosis
(superiority over a control cultivar) for
000d yisid in different croeses varied from
38.3 10 36 per cant. Of the 108 combine-
tions tested, § showsd helerosls of more
than 20 per oers. The best hybrid (ICPH 2)
mecomdad 32 per cant superiority over the

‘control culivar. This hybrid performed

wel in muliicostional trisls also. In AR



india Coordinafid Trisls, conducted over
7 locations in 1980, ICPH 2 out ylelded
the standard control by 23 per cent. in
1981(8 locations) and 1982 (16 locations)
this advantage declined 1o 11.1 and 8.4
per cent respeciively over the oontrol.
This reduction inthe performance of ICPH
2 was due 10 is high susceptibility to wik
disease (Saxena et &l. 1966). Therefore,
In spite of the high performance, ICPH 2
hybrid was withdrawn from further testing
before reaching farmers’ fields. However,
its performance demonstrated the
presence of exploktable hybrid vigour in
pigeonpea. it aiso showed that, in
medium-curation hybrids resistance to
major diesases such as wik and sterility
mosaic is sssential for yield stabiity.

Since short- durstion pigeonpea is
becoming important because of ks ability
1o fit info a wide variety of cropping sys-
tems and its adaptation to higher
iattudes, emphasis in the pigeonpea
breeding programme at ICRISAT has
shifted towards developing short-duration
hybrids. To achieve this, the two male
sterile genes have been successtully
transferred into promising short- duration
genotypes (Saxena et a. 1988, Saxena ef
&, 1981). Presently at ICRISAT about 200
short- duration experimental hybrids are
made every year using four newly con-
verted male sterlie lines. As expected, the
level of standard heterosis in various
cross combinations varied greatly. The
superiority of some promising experimen-
tal hybrids over the best check cultivas is
given intable 1. Some of the hybrids such
a8 IPH 496, 526, 583 and 732yleided over

5000 kg/a, pointing towards a possible
breakthrough In yield potential of pigeon-
pea. These ylekds were obtained from
small piot size (2.16 m?) and therefore,

Table 1. Performance of some short -dura-

tion pigeonpea hybrids at ICRISAT Center
during 1988 rainy ssason.

Hybrid Daysto  Yield (hpha)

mature

IPH 498 18 8000
1PH 503 13 a2
T2t (C) 121 431
UPAS 120 (C) 100 2491
o€ 211 2714
CV (%) 18 2
1PH 526 116 6282
1PH 540 " 4787
UPAS 120 (C) 107 2438
T21(0) 100 2181
8E 210 1820
CV (%) 13 2
1PH 583 12 8326
IPH 858 2 @18
ICPL 181 (C) 19y ane
UPAS 120 (C) 18 7
8E 12 2898
cV %) 1.8 »
PR 782 1% L]l
PH 719 "? 431
T2 () 12 209
UPAS 120 (C) 108 170
3 12 +60
cv%) 14 ”




Table 2. Grain yield of short-duration pigeonpes hybrid ICPH 8 and control cultivars in
different zones over years.

Zone  Tra Your  No.of viels Yield (kg ha'') % increase over’
ICPH8  UPAS  Manak UPAS  Mensk
120 120
North West EACT* 108788 [] 1689 1488 - 271 -
plaine EPHYT 198485 4 2628 2230 2418 173 87
EPHYT 196586 2 152 1886 2680 689 172
EPHYT 198788 4 232 1913 1811 250 321
Saon 198182 1 3900 2228 - 753 -
Trisls 1083-84 1 3580 2880 2718 388 EIX}
1084-85 2 W62 2738 N7 443 454
1068-06 2 742 1483 - 9.1 -
1006-87 7 263 2114 2137 %7 382
196788 8 11 2479 2823 316 3.2
2Zonal weighted mean 30 2881 2100 2342 38.0 31.0
Cerral EACT ' 198647 10 820 840 % 08 3.1
EACT 1087-88 4 M 1656 - 3.7 .
EPHYT  1984-85 8 2318 1730 1284 238 803
EPHYT 196586 4 1198 (V] 841 284 4“9
EPHYT  1987-88 3 1500 1147 1047 08 433
EPHYT  1986-87 1 2134 1270 1312 8.1 636

2onal weighted mean 0 1568 1183 030 2 528

South EACT 1088-87 4 606 4% 347 58.3 1008
EACT 190708 ? o8 50 -— 28 -
EPHYT  1984-85 3 1421 1085 824 73 728
EPHYT  1985-08 3 1620 1308 1377 136 21
EPHYT  1987-88 3 19114 1182 1272 108 31
Station 1085-8¢ 1 1408 1301 - 148 -

Trials 1906-87 3 1813 1079 1810 68.0 201
1087-88 " 1678 1686 1813 oe 39

Zonal weighted mean %0 1422 1218 1262 238 273
2 1584 1499 1194 43 310

North West  EACT 1008-87
L]

NothWest EACT 108748 1 17 JET ) - 48 -

™

West EACT 198688 1 . 2067 1413 1588 458 Y o
Oversl weighted mean 100 1980 1525 1364 308 342

81



may have been over-estimated to some
oxtent. Yet, a clear superiority of the
hybrids over the control cultivars, grown
under the similar conditions, was evident.

Among the short-duration hybrids
developed at ICRISAT Center, ICPH 8
appears to be the most promising.
Saxena et al. (1989) summarized the per-
formance of this hybrid in 100 yleld trials
conducted in diverse environments from
1981 101987 (Table 2). In north-west
piains of India, ICPH 8 was evaluated in
38 trials and on average the hybrid (2851
kg/ha) was found 10 be 35 per cent supe-
rior over UPAS 120 (2100 kg/ha) and 31
per cent supserior over Manak (2342
kg/ha). inthe central zone the hybrid 1568
kg/ha) expressed 33 per cent and 53 per
cent superiority over UPAS 120 and
Manak, respectively. in the 30 yield triais
conducted in southemn zone, ICPH 8 was
24 per cent superior 1o UPAS 120 and 27
per cent over Manak. Over all the triais
oonducted in different zones the superiorty
of the hybrid over UPAS 120 was 31 per
cent and over Manak 34 per cent.

The degree of superiority expressed
in the experimental hybrids shows that a
high level of heterosis is present in this
crop which could be encashed by sdopt-
Ing appropriate breeding procedures.

Hybrid seed production sys-
tems

For producing large quantities of
hybrid seed of selected cross combina-
tions, the male sterile and polien parents
must be grown in isolation. On account of

the wide range of out-crossing among
pigeonpea genotypes reported (Saxena
ot al. 1990), the Isolation specifications
are also equally variable. The FAQ (Agric.
Series No. 55), however, recommends an
Isolation distance from a minimum of 180
mto a maximum of 360 m (Arlyanayagam
1976). No information Is avallable on
Isolation requirement for male sterile
genotypes. H our experi of
ICRISAT center indicates that a distance
of 150 to 200m Is safe for hybrid seed
production and maintenance of male
sterile lines in pigeonpea.

Experiments conducted at ICRISAT
Center indicated that full seed set Is ob-
tained if one fertile row is planted after
each six male sterlle rows (Saxena et a/.
1986). Since male sterillty in pigeonpea
is genetic In nature, manual iabour for
roguing of fertile segregants within the
male sterile rows is required. For this the
first bud that appears on each piant must
be opened and the male sterile plants
tagged, while the fertlie segregants must
be rogued out before anthesis. In the ab-
sence of sufficient pod load In the begin-
ning of the reproductive phase, the sterile
plants continue to flower for a consider-
able period. In the pollinator rows, where
tiowering stops after its full potential pod-
set is achieved, the flowering stage can
be maintained by periodic removal of im-
mature pods and providing imigations.
Thus the tlowering period of the parents
can be increased and even with a low
population of pollinating insects sufficient
hybrid seed can be obtained. it is possible
to produce more than one hybrid in a




Tabie 3. Multiple harvests of cross-pol-
linated seed of hybrid ICPH 8 in a seed
production isolation biock at ICRISAT Cen-
ter during 1985-88 season.

Harvest Date of Seed
number harvest yiold
(kg/plot)

1 October 19, 1985 280

2 November 25, 1988 248

3 January 22, 1966 7.3

4 March 10, 1968 133
Total 731

* High pod fiy damage

Area 1 01he

Rlanting date  : June 25, 1966

Spacing L T8X B om

Ratio 1 1 Male : 8 Female

single Isolation block by using a common
male parent and more than one male
sterlle lines with similar flowering be-
haviours,

For hybrid seed production, identifica-
tion of fertile sibs at an early flowering
stage Is costly but essential. The problem
oould be solved ¥ there were some marker
genas closely linked with the male sterile
gene, as reported in lettuce (Lindquist
1960) and watermelon (Watts 1962). At
present no such linked marker is known in
pigeonpea.

Under conducive environments, mo
pigeonpea plants can proch
tiushes of pods within a season ina mul-
tiple harvest system (Chauhan et al.
1987). The perennial nature of this crop

can aiso be exploited profitably 10 prock
quality hybrid seed at low cost. At
ICRISAT, in an experiment designed to
assess the feasibility of multiple harvests
of cross-poliinated seeds in the 1985/86
season, four harvests were taken within a
cropping season (Table 3). ina 0.11 ha
hybrid seed production block of ICPH 8, &
total of 73 kg of hybrid seed was har-
vested {rom four pickings, thus reducing
the cost of hybrid seed production sub-
stantially by eliminating the need to rogue
fertiles fromthe sterile rows in subsequent
crops. The same seed production nursery
can be left for use in the following year(s).
However, the plants under this system
should be ratooned at a manageable
height as they will grow 3-4 meters tall
making insect control and harvesting very
difficutt. This system, however, can be
applied only in frost and disease free con-
ditions or with disease resistant parental
lines. Recently a joint study has been
initiated by ICRISAT and Tamil Nadu
Agricuttural University (Coimbatore) on
the cost of hybrid seed production in
pigeonpea. The data indicated that in a
single harvest one kilogram of seed
was produced at the cost of Rs. 6.25
(Murugarajendran, et al. 1990)

Physiological basis of hybrid
vigour

Understanding the physiological
basis of heterosis is important as it will not
only help in rapid identification of heterotic
cross combinations but also in the
development of improved varieties. In
pigeonpea, such an information has been




Total dry matter (Vha)
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lacking. To determine the physiological Gwalior, Hisar and Patancheru. The max-
basis of heterosis in hybrids, the growth  imum advantage in the yield of the hybrid
and yieki characteristics of the hybrid was seen at Gwalior where it yielded 76
ICPH 8 were compared with its parents  per cent more than the best parent (Fig.
and other shon-duration genotypes at 1). The Increased yield of hybrid was

O s 20 1oPL &7 ICPL181 ICPH8  MSP  ICPL 151
Genotypes

Fig.1  Seed yield of six short-duration pigeonpea genotypes (1 = UPAS 120; 2 = ICPL 87,3=ICPL 161;4
= ICPH 8; 5 = MS Prabhat; 8 = ICPL 151) Gwalior, rainy season 1986/87

\
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UPAS 120 ICPL 87 - ICPL 181 ICPH 8 MSP 1ICPL 151
Genotypes

Fig.2  Biomass production of six short-duration pigeonpea genotypes (1- = UPAS 120; 2 =-ICPL 87; 3=ICPL
161;4 = ICPH 8; 5=MS Prabhat; 6= ICPL 151) Gwalior, rainy season 1986/87



Total shoot dry matter (gm'z)

primarily related to its high biomass
production potentiai (Fig. 2). The high
blomass production in turn was the result
of consistently higher growth rates than
any of its parents (Fig. 3). In comparisons
of initial growth vigour, hybrids have been
found to be superior to many improved
genotypes. Thig trait is very useful for
monocropping of pigeonpea as it may
enable quick establishment of plants and
better utllization of light and water resour-
ces and reduced the effect of weed com-

provement in harvest index, probably
through increased number of pods per m?
as well as number of seeds per pod (Table 4).
Hundred seed mass, however, was lower
than in the parents.

One of the major advantages of
hybrids resulting from this vigour in dry
malter is increased plasticity in terms of
plant spacing. Even at populations as low
as 16 plants/m2, full yield potential was
realized In dillerent experiments (Fig. 5).

-------- ICPH 8
1500 ~ ]
~—=- MS Prabhat UPAS 120 ;
—— ICP
Lt icpH 8 [ ]
1000 -
500
0
0 20 40 00 KO 100 120 10 m;\‘
Days after sowing :
Fig3  Total shoot cry matter (g/m?) acoumulation =3

with time of pigeonpea hybrid ICPH 8 and its ©

parents ICPL 161 and MS Prabhat grown at -2

.:l

Gwalior, rainy season 1086,

(o]
o
petltion. As a result of high biomass G

production, stalk yleld, which Is a useful
source of fuel wood, was aiso high(Fig. 4).

The hybrid vigour in biomass was not
the only character responsible for high
yleld as there was also a marginal im-

Fig.4

L

o Location

Grain and wood yield of hybrid ICPH 8 and
controlcultivar UPAS 120 atHisarand Karad
during 1087




“able 4. Growth p of the shor-d!

pigeonpea hybrid ICPH B and its parents

CPL 161 and MS Prabhat, Gwalior, rainy season 1986.

3rowth parameter’ ICPHB ICPL 161 MS Prabhat SE
Yield {tha'") 2 134 157 =0.26
Total cry matier (tha™; 13.62 9.23 9.86 w108
Harvest index (%) 109 144 18.4 -9
Pods M? 1170 500 930 123
100-seed mass (g) 67 89 73 =0.35
Seed pod”! k) 25 24 «0.17

1. Values averaged over populations of 17,33, and 66 plants m?

Seed yield (t/ha).
3r N
!
5
2
5
1
.5
¢} ] R ,
Gwallor Hisar Vertisol{IC) Alfisol{IC)
Location .
16 p/m2  E33p/mz 66 p/m2
Fig 5. Response of hybrid to plant population (16,33 and 66 plants/m?) at Gwalior, Hisar and Patanchery

(Alfiso! and Vertisol, rainy season 1986/87).

This means that a considerable saving
can be effected through economizing on
the costly input, hybrid seed itself. A
population of 16 plants/m? can be
achieved by planting at 60 cm row-to-row
and 10 cm plant- to-plant spacing.

66

Drought tolerance of hybrids

Pigeonpea Is generally grown under
rainfed conditions and is naturally sub-
jected to both intermittent and terminal
stresses. Short-duration pigeonpea has
less root mass than the traditional



medium and long-duration types and thus
s more prone to drought stress (Chauhan,
1992). Incorporation of tolerance lo
drought is an important requirement I

=~ |CPHB -+-ICPH 9

Seed yleld (Vha)

—+ICPL 87

line source sprinkier irigation.

In both seasons marked genolypic

differences to applied Irrigation were ap-

~8~ UPAS 120

! Il J

0 5 10 18 20 2
Water applied (cm)
Fg & Responso of ICPL 87, ICPL 81, ICPH 8 and UPAS 120 1o apphed Inigation through kne sourco,

ICRISAT Center, rainy 100687

short-duration pigeonpea is to succeed
under :ainfed conditions. Hybrids. of
various crops such as malze and sorghum
have been foundto performwellunder dry
conditions. Comparative performance of
pigeonpea hybrids under water-imited
conditions, however, was not previously
known. While scresning short-duration
pigeonpea genolypes for drought
response in 1986 and 1987, the hybrids
ICPH 8 and ICPH 9 were also Included,
The screening was done at ICRISAT Cen-
ter during dry periods In the rainy season
by crealing a gradient of solt moisture with

parent. Both the hybrids ICPH8 and ICPH
9 perlormed betlerthan thelr male parents
or check genolypes, UPAS 120 and ICPL
87, at all levels of molsture applied (Fig.
6). This indicated that hybrids performed
well not only under optimum soll molsture
conditions but also under drought stress.
The greater drought tolerance of hybrids
may be related 1o the vigour of their root
system (assuming root growth vigour ac-
companies shoot growth vigour) In ena-
biing them to have a greater access to
stored soll water. In one of the experi-
ments comparing growth of hybrids with




parents, we found 27 percent moreroots 6. M jendran,c., Rang y, S.,
in hybrid ICPH 8 over its male parent ICPL Saxana. KB.and Rangaswamy, P. 1950.
161 but further quantitative root data are Cost of hybrid seed production in pigeon-
quired to confirm this hypoth I Pigeanpea N '
. o 11:12413,
The better performance of hybrid 7 i JF §
ICPH 8 at a range of soil moisture levels g:';'" o ‘M'L1?::(‘°:'°.°°: pea 'T,p""’;
Is In agreement with its widespread supe- N o c:n >
flor performance In muttilocation trials 15-19 Doc. 1980, ICRISAT, Patancheru,
when soil moisture availability would have A. P., India Vol. 1: 427-436.
also varied. It, therefore, appears 6 Roddy, BV.S.. Grean. J. M. and Bis
reasonable to as: that in pigeonp g ¥, B.V.5., Green, J. M. and Blssen,
hybrids we may ::“:my achieve Ngh.:r $.S. 1978. Ganetic male sterility in
eonpea. Crop Science, 18: 362-364.
yleld potential but also a greater ability to Pigeonpas. Grop
adapt to drought, a characteristic whichis 9.  Royes, W.V. 1976, Pigeonpsa. In Evolu-
otherwise ditficult to improve through tion of crop plants Ed. N.W. Simmonds,
breeding. Longman, N.Y. pp. 154-156.
10. Saxena, K.B., Faris, D.G., Reddy, LJ.,
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