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Abstract

India is a w orld leader in e xploitation of heter osis in F ;
hybrids in diff erent cr ops and veg etables. Pigeonpea is
often cr oss pollinated species and witha  vailability of male
sterility it became amenab le for F4 hybrid breeding. Initial
efforts in h ybrid de velopment in pig eonpea star ted in the
1980’s with g enetic male sterility (GMS) b ut for more than
past tw o decades the thrust is on h ybrids based on
cytoplasmic-g enic male sterility (CMS). Among five
diff erent available sour ces of c¢ ytoplasmic male sterility
viz., A; to Ag, only A, and A, have been used in h ybrid
pig eonpea breeding. A wide rang e of variation in maturity ,
plant type etc. isnow available inthe CMSlinesandf ertility
restorer s (FR). Encoura ging perf ormance of the h ybrids
in evaluation trials has been recor ded. Heterotic h ybrids
like AKPH 11303 and AKPH 11324 ha ving more than 30
percent yield superiority will be useful f or commer cial
exploitation. Various aspects of impr ovement of the
parental lines, development of heter otic h ybrids and h ybrid
seed pr oduction tec hnology f or better seed a vailability are
reviewed.
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Intr oduction

Pigeonpea is one of the major pulse crops of dry land
agriculture because of its deep tap root system and
inherent drought resistance. Its ability to produce high
amount of biomass per unit area makes it useful as
fodder, fuel and for thatching for the rural masses. Large
guantities of foliage drop add to the organic matter of
the soil. The deep and well spread root system helps in
soil aeration after decomposing. Hence, it is highly
valued by the farmers. Pigeonpea accounts for about
14 per cent of the area under pulses and 20 per cent of

the pulses production in India. The country has
witnessed a large increase in pigeonpea area from 2.8
million ha in 1950 to 3.8 million ha in 1996 with an
average annual growth rate of 2 per cent [1] and now it
is about 4 million ha. Major area (about 78.9 per cent)
lies in Maharashtra, Karnataka, Andhra Pradesh,
Madhya Pradesh, Uttar Pradesh and Gujarat.

Population structure and out crossing

Flowers of pigeonpea normally open during early
morning and remain open for about 36 to 48 hours [2].
Fertilization frequently occurs prior to opening of the
flowers [3, 4]. Less than 1 per cent cross pollination
was reported at Hawaii [5] while it was up to 25 per cent
at Nagpur in Central India [6]. Howard et al. [7] reported
14 per cent out crossing. The degree of open pollination
in pigeonpea has been reported in various studies from
zero to 70 per cent [5-8]. As the pigeonpea is an often-
cross pollinated crop, the landraces are populations with
good amounts of genetic variation. Pigeonpea
improvement in India during the 1950s was mainly
based on mass selection from landraces. Mahata and
Dave [4] identified a few elite early and late maturing
high yielding types of pigeonpea. More than two dozen
cultures were developed and released during this period
in different states which include popular varieties like
Type 21, Cll, UPAS 120 [9].

Later, mainly for incorporating resistance to major
diseases like Fusarium wilt and sterility mosaic,
hybridization followed by pedigree selection was
resorted to. The first scientific breeding effort by Shaw
et al. [10] described the morphological and agronomic
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traits of 86 elite field collections in which some
accessions were found to have high levels of resistance
to Fusarium wilt disease. Such successful attempts to
breed for Fusarium wilt resistance, resulted in the
genotypes viz., NPWR 15, NPWR 16, NPWR 19 and
NPWR 38[11] from a cross, NP 51 x NP 24. They served
as the resistant sources for further breeding.

Development of hybrid pigeonpea

Stable genetic male sterility (GMS) [12] and cytoplasmic-
genetic male sterility (CMS) [13, 14], high heterosis for
grain yield [15] and abundant natural out-pollination [16-
18] prompted the breeder to attempt hybrid breeding in
last few decades. Saxena et al. [15] reported 50 to 100
per cent yield advantage of hybrids over the open
pollinated varieties with a high degree of resistance to
wilt and sterility mosaic diseases. Germplasm presented
wide range of genetic diversity needed for heterosis
breeding.

Though, attempts at F; hybrid breeding started in
the late nineties using GMS [19-22] the hybrids could
not become popular. Niranjan et al. [23] concluded that
the cost of hybrid pigeonpea seed is within the affordable
limits and the hybrid advantage is salable but the
technology itself suffered from major bottlenecks, in
large-scale seed production. Imperfection in hybrid seed
production technology for large scale multiplication,
inherent low yielding ability of early maturing seed
parents, cost of rouging 50 per cent fertile plants from
the GMS parent, heavy loss due to pod borers,
difficulties in determining genetic purity and in quality
control, were some of the major limitations.
Subsequently, CGMS system could be established
[13, 14].

Development of CGMS system

Ariyanayagam et al. [24] reported development of
maternally inherited male sterility through chemical and
physical mutagensis Kaul [25] showed that wide
hybridization involving interspecific and intergeneric
crosses could be a good source for CMS system. So
far, seven CMS systems have been reported with
varying degree of success [26]. Reddy and Paris [27]
crossed Cajanus scarabaeoides, a wild species with
fertile F, plants of Cajanus cajan x C. scarabaeoides.
The resulting BC,F; plants were fertile but in BC,F,
generation some male-steriles segregated but the male-
sterility was linked with female-sterility. Ariyanayagam
[28] crossed Cajanus sericeus with a short-duration
advanced breeding line of pigeonpea. The F; progeny
was partially male-sterile and the backcrosses (BC{F-
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BCsF;) with limited population size (2-19 plants) were
found segregating for male-sterility. The maternally
inherited male-sterility in the BC,F; (15 plants) ranged
between 8-99 per cent. The CMS derived from it (ICPA
88034 and ICPA 13092) were temperature sensitive
[29]. In the last decade of twentieth century, six national
centres viz., Indian Institute of Pulses Research, Kanpur;
Indian Agricultural Research Institute, New Delhi; Sardar
Patel Agricultural University, Sardar Krushinagar;
Panjabrao Deshmukh Krishi Vidyapeeth, Akola;
Tamilnadu Agricultural University, Coimbatore and
Punjab Agricultural University, Ludhiana joined the
efforts to develop CMS through inter-specific crosses.
Some male sterile plants were found in crosses involving
C. sericeus and C. mollis with cultivated C. cajan at
Bhabha Atomic Research Centre, Trombay and
Banaras Hindu University, Varanasi respectively.
Wanjari [30] used the wild species C. sericeus,
C.volubilis, C. cajanifolius, C. lineatus, C. lanceolatus
as the probable sources of alien cytoplasm. Male sterility
isolated from the derivatives of C.volubilis x C.cajan var.
ICPL-83024 [31] was found to have cytoplasmic
inheritance. However, the effort to identify the fertility
restorer was not successful. Another CMS with the
cytoplasm from C. lanceolatus was recorded [32]. It has
been diversified into six agronomic backgrounds viz.,
AKT9827, AKWR-376, AKMR-875, AKMR-840,
MDDRL-11, AKT-8811 [33]. First stable cytoplasmic
male-sterile line viz., CMSGT 288A was established with
cytoplasm from C. scarabaeoides and nuclear genome
of ICPL 288 [13]. It was stable across environments
[29]. This source was used for development of diversified
CMS lines at various centers. Another reports appeared
on CMS derived with the cytoplasm from Cajanus
scarabaeoides [14] and also from C. cajanifolius [34].
Saxena et al. [35] enlisted five sources of cytoplasmic
male-sterility as A, from Cajanus sericeus [28], A, from
Cajanus scarabaeoides [13, 14], A; from Cajanus
volubilis [31], A, from Cajanus cajanifolius [34] and Ag
from Cajaus cajan [36].

Fertility restorers for CMS lines based on different
cytoplasm

Search for the fertility restorers from the population
derived from the cross Cajanus scarabaeoides x
Cajanus cajan and some cultivated germplasm led to
the establishment of 18 fertility restorers in different
maturity groups viz., GTR 1 to 18 against CMS based
on C. scarabaeoides at Sardar Krushinagar [29]. Saxena
and Kumar [14] reported eight fertility restorers for the
CMS based on C. scarabaoides. [IPR Kanpur and AICRP
centers at Akola, Sardar Krushinagar and Faizabad
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made extensive efforts using hybrid combinations with;
more than 2400 germplasm lines and identified 223
fertility restorers with variation in the degree of fertility
restoration [37]. Environment played an important role
in fertility restoration [38]. Efforts were made to look for
fertility restorers in F, populations derived from fertile
hybrids and the fertility restoration mechanism with the
Kenyan germplasm line ICP-10875 was discovered
against the CMS based on C. scarabaeoides [39, 40].
AK-200355 has been found to be a better source of
restorer [40]. However, this line was associated with
undesirable agronomic traits such as late flowering/
maturity, determinate flowering, highly affected due to
terminal drought resulting in shy pod setting. It was
indicated that selection per se for fertility in the
derivatives can be a good criterion for obtaining better
fertility restorer lines. Lad and Wanjari [41] studied F3
and BC;F, progenies derived from the fertile plants in
F, and BC; respectively and reported that better anther
dehiscence has been largely associated with higher
pollen fertility in the derivatives. Such derivatives when
used for hybridization with CMSGT 288 produced highly
fertile hybrids with better autogamous seed setting.
About 60 stable fertility restorer lines have been
established from the derivatives of the hybrids involving
ICP-10875.

Ariyanayagam et al. [28] identified fertility restorers
for the CMS derived from C. sericeus. Later, ICPL 129,
ICPL 89 and HPL24 were identified as good fertility
restorers [29]. Search for fertility restorers for CMS
based on C.volubilis cytoplasm using more than 250
germplasm lines was not successful [30, 39]. Saxena
et al. [34] reported that among the crosses of CMS lines
based on C. cajanifolius with more than 500 genotypes
as pollinators, about 12 per cent behaved as maintainer
and 9.2 per cent restored fertility well and rest had mixed
unclear effect. The fertility restorers in different genetic
backgrounds could be used to develop base populations
and heterotic gene pools for improvement of restorer
lines for better combining ability.

Some of the restorers produced hybrids, which
did not set seeds when placed inside the net-cages
because of the likelihood failure of effective self
pollination. Auto-gammy would be highly desirable in
the hybrid to make it practically more stable in
productivity in the event of lack of sufficient population
of insect vectors for pollination. The fertility restorer
source from a Kenyan germplasm line viz., TCP-10875
[39] enables autogamous pod setting in hybrids. Their
derivatives are very much desirable in this respect.
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Inheritance of fertility traits and selection for fertility
restoration

Lad and Wanjari [42] presented interesting segregation
in the selfed progeny of fertile F, plants of CMS-GT288
x ICP10875 in F,, F; and BC,F, generations. On the
basis of segregation pattern in different plant-to-row
progenies for each of these traits, the possibility of
involvement of complex epistasis of more than three
genes for each of the three fertility traits viz., anther
color (translucent white vs. yellow), dehiscent vs. non-
dehiscent anther and quality of dehiscence (good vs.
poor) was recorded. There is a possibility of effective
selection of highly fertile plants in the segregating
generations for use as better fertility restorer [41, 43].
The selection for pollen fertility can be improved if
dehiscence of the anthers is used as a secondary
criterion [40].

Saxena [34] presented an observation that the
majority of hybrids based on C. cajanifolius CMS had
no perfect fertility restoration due to intra-accession
variation in the cultivated genotypes used as male
parent. It was attributed to differential inter-genomic and
cytoplasmic-genomic interactions which may involve
complex epistasis. Dalvi et al. [44] studied genetics of
fertility restoration in five crosses in CMS based on C.
cajanifolius. In three crosses a single dominant gene
restored the fertility, while in other crosses two dominant
genes with duplicate gene action or two dominant genes
with complimentary action governed the fertility
restoration. Saxena [45] reported that fertility restoration
in CMS system based on C. cajanifolius was not perfect
and a large variation ranging from 50 to 95 per cent of
pollen fertility was observed. This variation could be due
to differential intergenomic or cytoplasmic genomic
interactions. Abdalla and Hermsen [46] opined that
polymorphism arising due to different genes can also
yield inconsistent expression of both male sterility and
fertility restoration.

Hybrid seed production technology

GMS based hybrids are not used now but the
experiences in hybrid seed production with GMS would
be useful in commercial seed production of CGMS
based hybrids. The hybrid seed yields based on early
duration GMS lines were low firstly because of inherent
lower productivity of determinate male sterile line like
ms Prabhat or ms GT 288 within a limited flowering span
and secondly for the fact that fertile segregates of
genetic male sterile lines have better seedling vigor and
which suppresses sterile plants and have delayed
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flowering when sterile and fertile plants grow close to
each other [47]. In GMS parents the recovery of male
sterile plants was lower, when more than one seed
germinated in a single hill, than when a single seed
grew in a hill. If one of the two seedlings in a hill happens
to be a fertile plant, it will suppress the growth and vigor
of male sterile seedling. Moreover, while uprooting the
fertile plant in rouging the root system of sterile plant is
disturbed. Thus, there was double disadvantage for the
male sterile plants. Intra-row spacing of 10 to 15 cm
with sowing single seed per hill was found to be
desirable [47]. Based on these observations, the seed
production technology package for hybrid seed
production has been developed [48].

Saxena et al. [35] maintained that for seed
production in pigeonpea an isolation distance of 500 m
may suffice. However, later it was found that the isolation
distance of 500 meters cannot be universal and need
to be reviewed. Row proportion of female: male at 4:1
was reported to give a good seed yield. It can be 8:1
(female: male) at the location with high activity of
pollination vectors. Use of honey bee hives can promote
the hybrid seed yield from the seed plots [49].

The database of seed production research needs
to be critically developed for each hybrid to be promoted.
Synchronization of flowering and extended flowering in
male is necessary to coincide with the flowering in
female line. It needs to be ensured and managed with
irrigation and nutrient management. Some more
research will be needed on the use of growth regulators
(retardants as well as promoters) to improve seed yield
from the seed production plots. Promotion of the seed
production of a single hybrid on very large area at one
place may help coping with the problem of isolation
distance.

GMS or CGMS based hybrid seed production can
be assisted by the use sterility linked seedling markers.
Similarly, the seedling linked markers can be better used
in identification of the parents and hybrids in grow out
test. Patil et al. [50] established seven seedling markers.
They include epicotyls pigmentation (purple vs green),
stem pigmentation (present vs absent), first primordial
leaves (broad vs narrow, long vs short, normal vs tiny),
unifoliate first leaf immediately after the first primordial
pair of leaves and two unifoliate leaves in sequence
after the first primordial pair of leaves. They are likely to
be useful in identification of the hybrids, particularly when
they are monogenically inherited. Wanjari et al. [51]
reported that the epicotyl pigmentation is governed by
single dominant gene however, it was not linked with
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the male sterility gene ms; responsible for GMS [12].

Heterotic performance of CMS based hybrids

Saxena et al. [15] reported encouraging performances
of the hybrids based on A, cytoplasm over seven
locations with as high as 119 per cent and 52 percent
standard heterosis over the check variety in early and
mid-late groups, respectively. In the Indian national
program the pigeonpea hybrids are being developed
with CMS based on A, cytoplasm. During 2011-12 few
promising hybrids expressed more than 20 per cent
standard heterosis at Akola. In Medium maturity group
AKPHM-11303 was promising in Co-ordinated
Advanced Hybrid Trial as well as in Multilocation Hybrid
Trial with about 39 and 25% yield superiority
respectively, over the best check variety. It was also
superior to standard check by about 41 per cent in an
experiment under Emeritus Scientists project (Table 1).
The hybrids from early maturity group viz., AKPHE-
04012 and AKPHE 02402 expressed 14 to 29 per cent
superiority over the check (Table 2). In another
experiment conducted under Emeritus Scientist’s project
also AKPH 04012 expressed 37% heterosis over
standard check [52].

Recently, Rane [53] observed that CMS lines
grown inside the insect proof cages did not set pods in
the absence of hand pollination, from first few flushes.
However, in a later part of their life cycle beyond late
December there were a few plants to set more than ten
pods. The observations on the progenies raised from
such seed pointed to the possibility of apomictic
development of pods without sexual reproduction
although only a few of the progenies bred true to the
mother traits.

Table 1. Promising medium duration hybrids at Akola
during kharif 2011-12

Trial® Best Promising Yield Heterosis
check hybrids (kg/ha) over best
(kg/ha) varietal
check

AHT Maruti AKPHM-
Medium (1562) 11303 2171  38.98

MHT BSMR-736 AKPHM-11324 4221* 33.74
Medium (3155) AKPHM-10277 4159*  31.79
AKPHM-11303 3936* 24.72

Emeritus PKV TARA AKPHM-11303 3451  40.79
Scientist (2451) AKPHM-11324 3222  31.47
Project AKPHM-13359 3191 30.21

®AHT=Advanced Hybrid Trial, MHT= Multilocation Hybrid Trial,
* Significantly superior to the check at p=0.05
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Table 2. Promising early duration hybrids at Akola during
kharif 2011-12
Trial® Best Promising Yield Heterosis
check hybrids (kg/ha) over best
(kg/ha) varietal
check
AHT GTH-1 AKPHE-04012 1447 19.85
Early (1206)
MHT AKT-8811 AKPHE-04012 2103 28.84
Early (1632)
AKPHE-02402 2014  23.40
AKPHE-05178 1860 13.95
AKPHE-02002 1826 11.92
Emeritus AKT-8811 AKPHE- 10402 2612 48.46
Scientist (1551) AKPHE-04012 2415 37.28
Project AKPHE-05178 2284  29.82

@AHT=Advanced Hybrid Trial, MHT= Multilocation Hybrid Trial

To conclude, the CMS based hybrid pigeonpea
research has a short history, but it has been successful
in producing a large number of CMS lines and their
fertility restorers with promising high yielding hybrid
combinations. The bottleneck lies in commercial seed
production, mainly because of the dependence on
pollination vectors. The effort to identify heterotic hybrid
combinations, to diversify nuclear base of parental lines,
to train human resource and expand seed production
and marketing systems may continue. Breeding new
stable parental lines with better combining ability and
heterotic cross combinations with grower friendly seed
production technology need careful planning in future.
Apomixis will be useful in species like pigeonpea where
commercial hybrid seed production is facing difficulty.

Acknowledg ements

The financial support extended by Indian Council of
Agricultural Research and physical co-operation
rendered by Dr. Panjabrao Deshmukh Agricultural
University, for the Emeritus Scientist Project during
2010-2012 are gratefully acknowledged.

References

1. RyanJ.G. 1997. A global perspective on pigeonpea
and chickpea sustainable production system: present
status and future potential. In: Recent Advances in
Pulses Research, A. N. Asthana and Masood Al (ed.).
Indian Institute of Pulses Research (IIPR), Kanpur,
pp. 1-32.

2.  Poehlman John Milton and Bor thakur D. 1969.
Breeding Pulses. In: Breeding Field Crops, Holt,
Rinehart and Winston, Inc., New York, pp. 300-307.

Exploitation of heterosis through F; hybrid in pigeonpea - Review Paper

3.

e

10.

11.

12.

13.

14.

15.

16.

17.

18.

261

Prasad M. M. K. D. and Mur ty B. L. N. 1963. Some
observations of anthesis and pollination in red gram
(Cajanus cajan L.). Andhra Agricultural J., 10:
161-167.

Mahata D. N. and Dave B. B. 1931. Studies in
Cajanus indicus. Memoirs of the Department of
Agriculture in India. Botanical Series, 19: 1-25.

Krauss F. G. 1932. The pigeonpea (Cajanus cajan
L.), its improvement, culture and utilization in Hawaii.
Hawii Experiment Station Bulletin, 64: pp. 46.

Deshmukh N. Y.and Rekhi S. S. 1962. Study of cross
pollination in pigeonpea (Cajanus cajan (L.) Millsp.),
Proceedings of Bihar Academy of Agricultural
Science, 8-9, (1959-60): 135-139.

Howard A., Howard G. C. and Khan A. R. 1919.
Studies in pollinationof Indian crops. I. Memaoirs,
Department of Indian Crops. India. (Botanical Series),
10: 195-200.

Saxena K. B., Singh L. and Gupta M. D. 1990.
Variation for natural out-crossing in pigeonpea.
Euphytica, 46: 143-148.

Singh D. P., Singh B. B. and Shiv K umar. 2005.
Varietal improvement in Pulses. In: Pulses, Guruigbal
Singh, H. S. Sekhon and J. S. Kolar (eds.), Agrotech
Publishing Academy, Udaipur, India p. 145-172.

Shaw F.J.F.,Khan A. R. and Singh H. 1933. Studies
in Indian Pulses 3. The type of Cajanus indicus
Spreng. Indian J. agric. Sci., 3: 1-36.

Deshpande R. B., Jeswani L. M. and Joshi A. B.
1963. Breeding wilt resistant varieties of pigeonpea.
Indian J. Genet., 23: 58-63.

Reddy B. V. S., Green J. M. and Bisen S. S. 1978.
Genetic male-sterility in pigeonpea. Crop Sci., 18:
362-364.

Tikka S. B. S., Parmar L. D. and Chauhan R. M.
1997. First report of cytoplasmic-genic male-sterility
in pigeonpea (Cajanus cajan (L.) Millsp.) through wide
hybridization, GAU Res. J., 22: 160-162.

Saxena K. B. and Kumar R. V. 2003. Development
of Cytoplasmic-nuclear male sterility system in
Pigeonpea using C. scarabaoides (L.) Thouars. Indian
J. Genet., 63: 225-229.

Saxena K. B., Kumar R. V., Madhavi Latha K. and
Dalvi V. A. 2006. Commercial pigeonpea hybrids are
just a few steps away. Indian J. Pulses Res., 19:
7-16.

Kadam B. S., Kulkarni R. M. and Patel S. M. 1945.
Natural crossing in Cajanus cajan (L.) Millsp. in
Bombay-Deccan. Indian J. Genet., 5: 60-62.

Abrams R. 1967. Studies on natural cross pollination
in pigeonpea (Cajanus cajan). J. Agri. Univ. Purto Rico,
51: 1-21.

Saxena K. B. and Sharma D. 1990. Pigeonpea



262

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

20.

30.

K. B. Wanjari and S. T. Rathod

Genetics. In: The Pigeonpea, Y. L. Nene, S. D. Hall
and V. K. Sheila (eds.). CAB International, Wallingford,
UK: 137-157.

Rathnas wami R., Kalaima gal T., Ravikesavan R.,
Balamurugan G. R., Devanand P. S., Muthaiah A.
R. and Rangas wami M. 1997. High yielding red gram
hybrid COH-2. Madras Agril. J., 84: 162-163.

Wanjari K. B., Patil A. N. and Manapure P . 1998.
Selection of male sterile populations for development
of parental lines for exploitation of heterosis in
pigeonpea. Indian J. Pulses Res., 11: 6-10.

Wanjari K. B., Patil A. N. and Patel M. C. 1999.
AKPH-4101 : a short duration pigeonpea hybrid for
Central Zone of India. International Chickpea and
pigeonpea Newsletter, 6: 39-40.

Khor gade P.W., Wankhade R. R. and Wanjari K. B.
2000. Combining ability analysis in pigeonpea using
male sterile lines. Indian J. agril. Res., 34: 112-116.

Niranjan S. K. D. F. F,, Bantilan M. C. S., Joshi P. K.
and Saxena K. B. 1998. Evaluating hybrid technology
for pigeonpea. In: Proceedings of the International
Workshop on Joint Impact Assessment of NARS/
ICRISAT Technologies for the Semi-Arid Tropics, 2-4
December 1996 at ICRISAT Center, A P, India. Pp.
231-240.

Ariy anayagam R. P., Rao A. N. and Zaveri P. P. 1993.
Gene cytoplasmic male-sterility in pigeonpea.
International Pigeonpea Newsletter, 18: 7-11.

Kaul M. L. H. 1988. Male-sterility in Higher Plants. In:
R.Frankel, M. Grassman, P. Maliga and R. Riley (eds.).
Monograph, Vol. 10. Springer-Verlag, Berlin,
Heidelberg, Germany.

Saxena K. B., Kumar R. V., Dalvi V. A., Pandey L. B.
and Gad dikeri G. 2010. Development of cytoplasmic-
nuclear male sterility, its inheritance, and potential
use in hybrid pigeonpea breeding. DOI:10.1093/j
hered/esq028.

Reddy L. J. and Paris D. G. 1981. A cytoplasmic
genetic male sterile line in Pigeonpea. International
Pigeonpea Newsletter, 1: 16-17.

Ariy anayagam R. P., Rao A. N. and Zaveri P. P. 1995.
Cytoplasmic-genic male-sterility in interspecific
matings of Cajanus. Crop Sci., 35: 981-985.

Saxena K. B., Tikka S. B. S. and Majumder N. D.
2004. Cytoplasmic genie male-sterility in Pigeonpea
and its utilization in hybrid breeding programme. In:
Pulses in New Perspective, Masood A. H., B. B. Singh,
Shiv Kumar and Vishwa Dhar (eds.). Indian Soc.
Pulses Res. Development, IIPR, Kanpur, p. 132-146.

Wanjari K. B. 1998. Utilization of alien species for
development of cytoplasmic male sterility in
pigeonpea. A paper presented to Late Vasantrao Naik
Memorial National Seminar on “Exploitation of
heterosis”, College of Agriculture, Nagpur, March.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

[Vol. 72, No. 3

Wanjari K. B., Patil A. N., Manjayya J. G., Patel M.
C. and Manapure P. R. 1999. Cytoplasmic male
sterility in pigeonpea with cytoplasm from C. volubilis.
Annals of Plant Physiol., 13: 170-174.

Wanjari K. B., Patel M. C. and Sable N. H. 2003.
Cytoplasmic male sterility in pigeonpea derived from
Cajanus lanceolatus. National Symposium on “Pulses
for crop diversification and natural resource
management”. IIPR, Kanpur, 20-22 Dec. 2003. Abst.
p. 65.

Anon ymous. 2007. Annual report of a ICAR-ISOPOM
project “Enhancement of productivity of pigeonpea
through utilization of heterosis breeding”, 2006-07,
IIPR, Kanpur.

Saxena K. B., Kumar R. V., Srivastava N. and
Shiying B. 2005. A cytoplasmic-nuclear male sterility
system derived from a cross between Cajanus
cajanifolius and C. cajan. Euphytica, 145: 291-296.

Saxena K. B., Srivastava N., Wanjari K. B., Gowda
C.L.L., Sarode S. V., SinghI. P., ShivK umar, Kumar
R.V.and A. H. 2009. M. Hybrid pigeonpea - the seeds
of excellence. In: “Legumes for Ecological
Sustainabiliry”. M. AH, S. Gupta, P. S. Basu and
Naimuddin (eds.). Indian Society of Pulses Research
and Development, IIPR, Kanpur, pp. 392-407.

Mallikarjuna N. and Saxena K. B. 2005. A new
cytoplasmic nuclear male-sterility system derived from
cultivated pigeonpea cytoplasm. Euphytica, 142:
143-148.

Anon ymous. 2003. Development of hybrid crops -
Pigeonpea. Consolidated Progress Report 2002-03.
Indian Institute of Pulses Research, Kanpur, India.

Saxena K. B., Srivastava D. P., Chauhan Y. S. and
Masood Ali. 2005. Hybrid Pigeonpea. In: Advances
in Pigeonpea Research, M. Ali and Shiv Kumar (eds.).
IIPR, Kanpur, pp. 96-133.

Patel M. C. 2001. Study of male sterility in pigeonpea.
Ph.D. Thesis, Dr. Panjabrao Deshmukh Krishi
Vidyapeeth, Akola.

Wanjari K. B. and Patel M. C. 2003. Isolation of fertility
restorer for CMS based on C. scarabaeoides. PKV
Res. J., 28: 2003.

Lad P. A. and Wanjari K. B. 2004. Fertility traits in
Pigeonpea: Recovery in segregating populations
derived from CMSGT288 x ICP10875. PKV Res. J.,
28: 213-214.

Lad P. A. and Wanjari K. B. 2005. Fertility traits in
pigeonpea: Segregation pattern and mendelian
inheritance in selfed plant to row progenies. Annals
of Plant Physiol., 19: 88-91.

Tagde U. B. 2004. Development of fertility restorer
for cms based on Cajanns scarabaoides in pigeonpea.
M.Sc. (Agri.) Thesis, Dr. Panjabrao Deshmukh Krishi
Vidyapeeth, Akola.



August, 2012]

44,

45.

46.

47.

48.

Dalvi V. A., Saxena K. B. and Madrap |. A. 2008.
Fertility restoration in cytoplasmic-nuclear male-sterile
lines derived from three wild relatives of pigeonpea.
J. Heredity, 99: 671-673.

Saxena K. B. 2008. Genetic improvement of
pigeonpea - a review. Tropical Plant Biol., 1: 159-178.

Abdalla M. M. F. and Hermsen J . G. T. 1972.
Plasmons and male sterility types in Solatium
verrucosum and its interspecific hybrid derivations.
Euphytica, 21: 209-220.

Chavhan R. R. 2001. Studies on hybrid pigeonpea
seed production technology. M.Sc. Thesis, Dr.
Panjabrao Deshmukh Krishi Vidyapeeth, Akola (India)
pp. 102.

Vishwa Dhar , Singh N. B., Farindra Singh, Wanjari
K. B. and Majumder N. D. 2002. Pigeonpea: Nucleus
and breeders seed production. Indian Institute of
Pulses Research, (ICAR) Kanpur, pp. 23.

49.

50.

51.

52.

53.

Exploitation of heterosis through F; hybrid in pigeonpea - Review Paper 263

Wanjari K. B., RautB. R., Patil A. N., Gawande U.Y.
and Waghmare S. S. 1991. Some aspects of hybrid
seed production in pigeonpea. Seed Research Suppl.,
1: 125-133.

Patil A. N., Wanjari K. B., Manjayya J. G., Gadekar
P. S. and Patel M. C. 1998. Seedling markers useful
in hybrid seed production of pigeonpea. A paper
presented to national symposium on “Management
of biotic and abiotic stresses in pulse crops” ISPRD,
Kanpur, June 26-28,1998. p. 179 (abst).

Wanjari K. B., Patel M. C. and Patil A. N. 2002.
Inheritance of epicotyl colour in pigeonpea (Cajanus
cajan (L.) Millsp.). Indian J. Genet., 62: 161.

Anonymous. 2012. Annual Report on Pulses
Research, 2011-12, Dr. Panjabrao Deshmukh Krishi
Vidyapeeth (Agricultural University), Akola, India.

Rane T. A. 2009. Seed setting behaviour in CMS lines
without insect pollination in pigeonpea. A thesis
submitted to Dr. Panjabrao Deshmukh Krishi
Vidyapeeth, Akola, for the degree M.Sc. (Agri). pp.
122.



