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Foreword

ICRISAT organized a grain legume workshop in January 1975, soon after the
initiation of the Institute's pulse improvement research program. The object
was to bring together grain legume workers oftheworld and to focus attention
on the status of pigeonpea and chickpea research. Several aspects of
production agronomy, phenology, and quality factors were discussed and
ICRISAT scientists proposed a program forimproving the genetic potential for
yield. After 3 years of work, ICRISAT planned two international workshops,
one on chickpea in February 1979 and the other on pigeonpea in December
1980.

The pigeonpea workshop committee sought to provide a forum to review
significant research results in pigeonpea improvement, discuss present
utilization ofpigeonpeasandtheir potential forthefuture, identify priorities for
further research and development, and recommend a future course of action.

Because of the strong interest ofthe Indian Council of Agricultural Research
(ICAR) in pigeonpea improvement, the Council joined with ICRISAT to
organize and cosponsor the International Workshop on Pigeonpeas. The
Workshop was held at ICRISAT Center from 15 to 19 December 1980. In all
there were 220 participants from 17 countries. ICRISAT's international role in
pigeonpea improvement as well as its current plans of research were
endorsed. A few eminent scientists were asked to prepare a critique and
synthesize the presentations and discussions. This critique and synthesis,
presented in a plenary session atthe end, will form the basis of future research
on pigeonpea by ICRISAT.

The program committee not only invited papers on specific topics to ensure
a broad coverage ofthe subject matter but also opened the doors to voluntarily
contributed papers to further widen that coverage. The response was
overwhelming, and it was not possible to put together all the papers in one
volume. Therefore, these proceedings are published in two volumes: the first
includes all the invited papers and discussions and the second volume
includes all the contributed papers. We believe these volumes will be a
valuable reference work for pigeonpea research scientists.

All the papers were reviewed for technical content prior to the Workshop.
ICRISAT scientists who assisted in reviewing the paperswere D. G. Faris, R. W.
Willey, W. Reed, J. A. Thompson, L. J. G. van der Maesen, R. Jambunathan,
N. P. Saxena, L. J. Reddy, Umaid Singh, and J. B. Smithson. | sincerely
appreciate their valuable contribution to the Workshop.

Y. L. Nene
Workshop Coordinator
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Taxonomy of the Genus Cajanus DC
K.Thothathri and S.K. Jain*?
Abstract
The taxonomic history of the genus Cajanus in general and
pigeonpea (C. cajan [L.] Millsp.) in particular from the pre-
linnean to the post-linnean period is reviewed. The origin,
distribution, and phytogeography of the genus are discussed.
The Genus Caj anus

Taxonomic History

Cajanus

as a genus was founded in 1813 by A.P. De Candolle, based on tw

species, c. flavus and c.
to India, with a note stating that

bicolor. De Candolle attributed both species

c. fiavus also occurs cultivated in

America. He cited Cytisus cajan L. (1753) under cajanus
making it clear that the Linnaean plant is the same as his
fact, he should have used the Linnaean epithet

citing Cytisus cajan,
this should be "Linn. sp. 739."
cajan (L.) Millsp., based on

cajan for
The type species of the genus i
Cytisus cajan L.

However, there existed an earlier, validly published gener
Cajan, described by Adanson in 1763. He gave a short description a
cited cytisus of Plum. ic.114 and of Burman's Thesaurus Zeylanicus
a cross-reference to cytisus cajan L.

It is therefore evident that the name
1763. But under the rules of the International
clature (Lanjouw et al. 1978), cajan cajan
made by Huth in 1893), being a tautonym. Hence the next availa
Cajanus A.P. DC. (1813) was conserved against cajan
International Code of Botanical Nomenclature 1952). The
name Cajanum Rafinesque (Sylva Tellur. 25, 1838), based on
pseudocajan Jacq., is also a superfluous name.

Cajan
Code of Bota

Distribution

Adans.

flavus,
c.
fiavus.

thereby
fiavus.
In

In

De Candolle's reference reads, "Linn. sp. 1041";

s C ajanus

ic name
nd
(1737

was validly published in

nical Nomen-

is illegitimate (a combination

ble name
(1763)(vide
third generic
cytisus

The genus includes two species: c. cajan (L.) Millsp., now distributed
pantropically, and c. kerstingii Harms, endemic in West Africa.
* Botanical Survey of India, Howrah, India.



Origin

It is interesting to sum up briefly the views of the native ho me of the
genus, van Rheede (1686), Linnaeus (1737, 1747, 1748), B urman (1737),
and Jacquin (1770) mentioned pigeonpea, the plant on which the genus was
founded, as native to the (East) Indies (including Ceylon) . Rumphius
(1750) suggested that it was native to Malaya. A.P. De Candol le (1813),
while establishing the genus, mentioned "India Orientalis " as its home
and tropical America as another area of cultivation. A. de Ca ndolle
(1885) pointed to the absence of pigeonpea occurring wild in India and

to several finds of wild pigeonpea in Africa.

Some of the modern workers (Good 1964; Purseglove 1968; Zev en and
Zhukovsky 1975) are of the opinion that cajanus is probably a native of
Africa, from where it spread to India as a secondary center . Ronald Good
(I.C.), while grouping the genera found entirely or predomi nantly in the
tropical regions, excluding those occurring pantropicall y, places cajanus
under the subgroup Africa, Asia. Sturtevant (1972) mentio ned that
Schweinfurth during his travels in Africa between 1868-18 71 reported the
presence of a seed of pigeonpea in Egyptian tombs of the 12th Dynasty
(2200-2400 B.C.). It can therefore be tentatively conclu ded that cajanus
is a native of Africa, with India as a secondary center of ori gin.

The generic name cajan is derived from "Katjang" or "Catjang",
being the vernacular name in the Malay language (Watt 1889; Bailey 1954)

and meaning pod or bean.

The Species in Cajanus

Cajanus cajan (L.) Miilsp.

In the pre-linnaean period (before 1753) van Rheede (1686) referred to
pigeonpea (Cajanus cajan [L.] Miilsp.) as Thora paerou, with a detailed
description and a good illustration. Thora paerou is the local name in
Malayalam, in India, meaning common dhal. Plukenet (1691 , 1696) described
the plant as "Phaseolus erectus incanus, siliquis torosis, Kayan dictus"

and mentioned that it is a Cajan, native of India. He cited not only

Rheede's reference on Thora paerou but also a number of othe r names such
as Kajan, Katsjan, Kadjang, Pigeonpea, etc. A good figure of the plant
with flowers and pod supplemented his description. Sloane (1696) followed
Plukenet in referring to the plant as cajan and pigeonpea, with descrip-

tion and reference to Rheede's work (1686). He mentioned Jam aica and the

Caribbean as areas of occurrence.

Linnaeus in a series of publications (1737, 1747, 1748) refe rred the
plant to cytisus, with a good description, and suggested its home was
Malabaria (India), Zeylonia(Ceylon), and Caribaeis (West Indies). A
reference to Rheede's "Thora Paerou" was also made in all th e works cited
above. Burman (1737) called the plant cytisus  zeyianlcus and provided a
good figure. Rumphius (1750) named the plant phaseolus balicus, with an
elaborate discription and a good illustration. In additio n to his
reference to Burman (1737) and Linnaeus (1737), he attribu ted to it local



names such as Katjang Baly (Malay), Undi and Undis (Balinese ).

The post-linnaean period (from 1753) started with the bin omial
Cytisus cajan L. (Linnaeus 1753), for pigeonpea. Linnaeus' short descri p-
tion included references to his own earlier works (1737, 174 7, 1748),
Plukenet (1696) and Burman (1737). Another name c. pseudocajan was given
by Jacquin in 1770 when he described pigeonpea mentioning t hat it was a
variety of c. cajan. A good illustration was provided by him. De
Candolle (1813) while founding the genus cajanus described two species
(c. bicolor and c. fiavus) and distinguished between them by the color of
the vexillum, number of seeds per pod, and length of the stipe llae. He
treated cytisus pseudocajan Jacq., Thora paerou Rheede, and Plukenet's
Phaseolus under  Cajanus bicoior and placed Cytisus cajan L. under Cajanus
fiavus. In fact, he should have used the earliest epithet cajan for his
fiavus.

Sprengel (1826) proposed another name, cajanus indicus, for pigeonpea
and mentioned as synonyms cytisus cajan L., c. pseudocajan Jacq., cajanus
bicoior DC. and C. fiavus DC. Cajan cajan Huth (1893), Cajanus pseudo-
cajan Schi. & Guill. (1920), and c. cajan Druce (1917) are some of the
more recent names and authorities proposed for pigeonpea.

All these names are superfluous, as they all cite the type an d name
of Cytisus cajan L. The valid name is Cajanus cajan (L.) Millsp. (1900).

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

1902; Prain 1903; Duthie 1903; Haines 1922; Gamble 1918; Ka njilal et al.
1938), the pigeonpea is known by the name cajanus indicus Spr. and the
above floras should have used at least one of De Candolle’ S names (c.
fiavus), if not the linnaean epithet. In the Flora of Java (Backer and
Bakhuizen van den Brink 1968), the authority for cajanus cajan is ascribed
to Huth (1893), which is again not correct. In reality, Huth made the
combination cajan cajan just to discuss tautonyms. The binomial cajanus
cajan cannot be treated as a tautonym, as the specific epithet cajan does
not spell entirely identical to the generic name cajanus.

The correct nomenclature of pigeonpea is as follows: Cajanus cajan
(L.) Millsp. in Field Columb. Mus. Bot. 2:53. 1900. cytisus cajan L. Sp.
Pl.2: 739. 1753. c. pseudocajan Jacq. Hort. Vind. 2:54. t. 119. 1772.

Cajanus fiavus DC. Cat. Hort. Monsp. 85. n. 43. 1813. c. bicoior DC. l.e.
1813. c. indicus Spr. Syst. Veg. 3: 248. 1826. Baker in Hook. f. FI.

Brit. Ind. 2: 248. 1876. Cajan cajan Huth in Helios 11: 133. 1893, nom.
niegit.  cajanus cajan (L.) Druce in Rep. Bot. Exch. CI. Brit. Isls. 1916.

64.1917, nom.superfi. c.pseudocajan Schinz & Guill. in Sarasin & Roux, Nov.
Caled. 1:159.1920. Thora Paerou Rheede, Hort.Ind.Malab. 6:23.t.13. 1686.

Type

According to Westphal(1974), Steam lectotypified the pige onpea with the I,
Fol 14 specimen in Paul Hermann's herbarium at BM. Of four spe cimens,
this is the only one with flowers and developed fruits and it carries
Linnaeus' diagnosis in his handwriting for the Hortus CIiff ortianus:
Ceylon: "Cytisusracemisaxillaribuserectis ................ intermediolongius

petiolato.” Westphal (1974) followed this choice and pointed out that



Verdcourt (1971) only referred two other specimens (lI, Fol
Fol. 30) as being syntypes.

Distribution

Pigeonpea is widely cultivated in the tropics of both the Ne
World (America, Hawaii Islands, West Indies, India, Afric

In India it is mainly cultivated in Uttar Pradesh, Madhya Pra
Maharashtra, Andhra Pradesh, and Tamil Nadu. It grows well e
elevations up to 3000 m.

Cajanus  kerstingii Harms

In 1915, Harms published the description of c. kerstingii
The type (Kersting 570 from Sokode-Basari) at Berlin was bur
isotypes have not been located. The description is very cle
no illustration. The species is quite close to the pigeonpea
did not see ripe seeds which have a prominent strophiole. Th
a strophiole is generally considered to be the only characte
ing Cajanus from the related genus Atylosia W.& A.
is endemic in the West African savannas, from Senegal to Nige
Its possible role in the origin of the pige
progenitor was already stressed by Harms; except for Verdc
later authors rarely referred to it.

rare occurrence.
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Taxonomy of Cajanus

L.J.G. van der Maesen*

Abstract

The taxonomy of Cajanus and Atylosia has been revised. Based
on herbarium and field studies on morphology from 1975 to 1980,
strengthened by breeding and cytological and  chemotaxonomical

evidence, Atylosia is judged to be congeneric with Cajanus.
Dunbaria heynei w. & A. also belongs in Cajanus, while some
taxa previously described in Atylosia are excluded from
Cajanus.

The revision is to be published elsewhere (Communications
of the Agricultural  University, = Wageningen, the Netherlands)
with  the necessary nomenclatorial  changes. Geographical
distribution, detailed descriptions, and sectional arrange-
ments, as well as vernacular names and eventual use, are now
available. Some results on interspecific hybridization are
mentioned. This paper is as preview for the benefit of the
users of pigeonpea genetic resourses.

Wild species related to cultivated crop species belong to th e germplasm of
those crops. To serve present and future breeders, ICRISAT n eeds to

obtain a comprehensive collection of pigeonpea. This need i nduced a
proper stock-taking of locations to search for wild species , of which only
four were available at the end of 1974 (van der Maesen 1976). T he sources
of information were to some extent the published floras, but detailed
information had to be obtained from preserved material in he rbarium
institutes. It soon appeared that several species needed re classification,
nomenclatorial changes, and even description as species ne w to science.

A taxonomical revision of the two genera was therefore under taken. In
Cajanus De Condolle (1813), only two validly published species re mained,
Cajanus cajan (L.) Millsp. and c. Kkerstingii Harms. A closely related

genus, Atylosia Wight & Arnott (1834) harbors most of the species once
also described as cajanus.

Are Cajanus and Atylosia Congeneric?

Cajanus and Atylosia have always been considered very close. Many

authors advocated merging the two, although only von Muell er (1860 and
later) actually listed Australian Atylosia spp. as cajanus. cajanus

* Genetic Resources Unit, ICRISAT.



was mostly considered to be monotypic because c. kerstingii Harms

(described in 1915 from West Africa), was unknown to most ag ricultural
scientists working in the Asian region. Harms would have c lassified his
new species in Atyiosia rather than in cajanus, but seeds were unavailable
to him. c. kerstingii seeds have large strophioles, an important charac-

ter used to distinguish between the genera. Seeds of Cajanus are
generally described with strophioles absent, c. kerstingii is quite rare
and so is Atyiosia cajanifolia Haines (described in 1920 from the Puri

forests in India), which also has large strophioles, but is o therwise so
similar to the pigeonpea that casual observers might assum e it is
pigeonpea escaped from cultivation, A. cajanifolia is morphologically

the closest relative of pigeonpea.

In reality the strophiole is not altogether absent in pigeon peas;
unripe seeds always have one, and in more than 144 cases pige onpea
accessions at ICRISAT do possess a small strophiole. In man y legume
genera, species with and without strophiole exist (e.g. Rhynchosia).

Several  Atyiosia species are cross-compatible with pigeonpea and produc e
fertile hybrids, as work at Pune, Kharagpur, ICRISAT, an d elsewhere has
proven. This is also an important consideration for congen ericity,

although morphology is the most important one.

Cytological research has proven that homology between pi geonpea and
Atyiosia spp. is remarkable (Reddy 1973; Pundir, personal commun ication).
Seed protein profiles are also very similar (Ladizinsky in press; Pundir,
personal communication; Jambunathan, personal communica tion), but differ
enough between c. cajan and A.cajanifolia to warrant separate status as
species, not as genera. In leguminosae successful generi ¢ hybrids are
rare, while those reported are subject to doubt (McComb 197 5). McComb
considered that the generic boundaries assigned to Cajanus-Atyiosia were
unwarranted. All breeders and cytologists working with th e pigeonpea so
far have advocated a merger of the two genera, with the bioc hemists
following suit. Lackey (1977) expressed the relation as fol lows:

"cajanus is quite possibly nothing more than a cultigen of Atyiosia."

I have also come to the conclusion that Atyiosia is congeneric with
cajanus and present my views in more detail (van der Maesen, in press ).
Descriptions, synonyms, distribution, and sectional clas sification are
treated presenting the diversity in one consolidated publ ication. In
this text the necessary new combinations will not be mentio ned, to avoid
confusion about the actual merger carried out in the taxono mical revision.
cajanus DC. (1813) has priority over Atyiosia W. & A. (1834). A revision
of the Australian species was prepared by Reynolds and Pedl ey (personal

communication) but this has not been published so far.

Other Genera in the Subtribe Cajaninae

The subtribe cajaninae Benth. is a natural group in the tribe phaseoieae
Benth. of the Papilionoideae subfamily of Leguminosae. Two kinds of
genera are distinguished on a rather artificial basis: see ds two or less
and three or more per pod. Of course border cases exist. Cross ability
barriers between Cajanus and genera other than Atyiosia are definitely
stronger than between cajanus and Atyiosia, although few hybridization
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attempts have been made so far. Rhynchosia rothii,

seeded pods, has always failed to produce hybrids with the pi
many shrubby species exist in Rhynchosia
chance of crossing with pigeonpea. This, however, does not a
the necessity to merge Rhynchosia  and cajanus.
genus Rhynchosia (+200 species)is generally well
almost monotypic cajanus
of traditional considerations. The unique status of a monot
however, is warranted only in cases where no close relatives
the case of cajanus,
should be changed.

The genus Dunbaria
Very close. On Dunbaria, D. heynei W. & A., belongs in
pods are not really flat but have delineations, an importan

ing character between Cajanus sensu largo and Dunbaria.

Eriosema
with shrubby species having two-seeded pods.
interest for studying in relation to
less known, cajaninae.
and some have only one to three species.
cajaninae is long overdue (Lackey 1977).

This genus may
cajanus, as are

Thus a generic revi

Geography of Cajanus

cajanus cajan (L.) Millsp., the pigeonpea, is now spread pantropical
and is most adapted and productive in the semi-arid tropics

from India, still its main area of cultivation, it moved more

years ago to Africa, where in East Africa a secondary center
developed. From Africa the pigeonpea travelled to the West |

spread all over tropical America (van der Maesen 1981l1a). In't

area the crop has considerable economic importance; in othe

South America, West Africa, and Southeast Asia, the plant is

hedge crop and not grown in large quantities (van der Maesen 1
presence of so many close wild relatives (15) and the divers
pigeonpea point to Indian origin; in Africa, only two rela

which A. scarabaeoides (L.) Bth.

On the other hand, the diversity of wild species in North Aust
is also remarkable, but pigeonpea is of recent introductio
less than 13 endemic species and some varieties can be distin
Northern Australia (van der Maesen, in press). More knowled
their distribution is needed, as some seem to be restricted t
area and have been collected only a few times. A common geo
origin of progenitors can be postulated.

After the separation of Asia and Australia in the Pliocene,
different species evolved in the two main areas of the genus
bution of several species is probably more limited now than
as the habitat was apparently reduced due to climatic chang
geological era and due to human interference in historica
habitats are under such pressure that a total wipe-out is po

The natural
appreciated, while the
was kept apart from its relatives, probably out

Fiemingia
There are no more than 30 species in any of these,

is probably a recent introduction.

a climber with two-

geonpea, but

and these may have a better

t all imply
entity of the

ypic genus,
exist; in

knowledge now accumulated indicates that this status

(pods flat, seeds three or more per pod) is also
cajanus

since the
t distinguish-

is a genus (+ 100 species) from Africa and the Americas,

also be of
and other,

sion in

ly,
Originating
than 4000
of diversity
ndies and
he Caribbean
r areas such as
a garden or
981b). The
ity of the
tives occur, of

ralia
n there. No
guished in
ge about
0 a small
graphic

The distri-
in the past,
es in a recent
| times. Certain
ssible

11



(e.g. A. elongata Benth. in Meghalaya, India). Only A. scarabaeoides is

widespread and can be considered as a beneficial element of many grass-
lands. Most other species have retreated to sanctuaries suc h as reserve
forests, unapproachable ledges at high altitudes, and uni nhabited areas.
Many species palatable to cattle cannot stand heavy grazing . Pressure of
insects and diseases seems, in general, not to be v ery harsh, although no
species is known even in nature to escape pod borer ( Heiiothis spp.) or
podfly (Meianagromyza spp.) attack. Some species definitely avoid or

resist drought, judging from the locations where they are fo und.
Infraspecific Taxonomy of Cajanus Cajan

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

DC. (tur and arhar respectively, with yellow and red-stri ped yellow
flowers) could not be kept separate. With many genotypes ava ilable, the
range is indeed continuous, and these groups cannot be maint ained even
as varieties. Based on a few genes, the characters are impra ctical for
infraspecific classification. The classification by Sha w et al (1933)
into 86 "types" was an attempt to categorize the germplasm av ailable
then. Probably more such "types" could be distinguished now , and these
would be termed cultivar groups to conform to modern termin ology.
Grouping by maturity is a rather artificial but practical a pproach.
However, photoperiodic influence on plant habit and maturi ty is marked,
and this complicates classification. Apart from maturity, habit,
flowering pattern, and seed color and size, few characters s eem to matter
to eventual users of any classification. Based on several ye ars of
evaluation, data clustering is feasible, if demand by the us ers(e.g.

breeders) existed.

Conclusion

Van der Maesen (in press) distinguishes 32 species in cajanus (including
Atyiosia), of which five are newly described, one from the Philippines
and four from Australia. Sixteen species are distributed ov er the Indian
sub-continent and Burma. In Australia, 13 species are endem ic,
A. scarabaeoides(l.) Bth., being the most widespread, has a variety
endemic in Australia. The pigeonpea is a pantropical specie S.
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Ethnobotanical Aspects of Pigeonpea

D.C.S. Raju

Abstract

Ethnobotanical aspects relating to ancient usage, vernacular
names, origin of the crop, and various types of historical
and modern classifications are described. Morphology,
breeding behavior, and uses by primitve people all are
pointers to the course of evolution, and data gathered may
further usage of germplasm of pigeonpea and allied taxa.

Origin of Pigeonpea

The pigeonpea, known as red gram in India, is of ancient cult

is supposed to have been in use for over 4000 years. All kinds o
from the Old World, including pigeonpea, are valued in culti
banana, eggplant, cucumber, grapes, mulberry, rice, soybe

from times immemorial. Vavilov (1940) considered the India
primary center of oriain of cultivated pigeonpea, but exis
populations of cajanus cajan
popular names such as Congobean or Congopea lend some suppor
view of Zeven and Zhukovsky (1975), and many earlier author
primary center of origin of pigeonpea is Africa.

Names of the Pigeonpea and Some Derivations

In religious ceremonies, including the Hindu marriage, it

sow pigeonpea as one of the nine seedcrops (nava dhanya) for p
Though pigeonpea is known as Adhaki in Ary

of the human race.
literature, many call it Tuwar. The religious-medical work
mentions it only as a supplementary diet article. The split
main pulse food of Indians and treated as "meat" for Hindu pr
Andhra cuisine, pigeonpea goes into a variety of well-spic
improve the appetite.

Ancient cultivation and usage induced names of townships |
in Andhra Pradesh. (It is an interesting coincidence that Ka
local name for pigeonpea) is located within a 25-km distance
ICRISAT campus, where the International Pigeonpea Worksho
Two more towns, Kanduru (Chittoor district) and Kandukuru (
are also located in the SAT area.

ivation and
f beans
vation with
an, and tea
n region as a
tence of wild

(L.) Millsp. in Angola and the existence of

t to the
s, that the

is customary to
erpetuation
an
Ayurveda
dhal is the
iests. In
ed curries to

ike Kandi
ndi, (the
from the
p is being held.)
Ongole district),

* Botanical Survey of India, Howrah, India.
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Surnames have also been taken from the vernacular: for examp
Kandukuri Veeresalingam and Kandula Nagabhushanam. Three
cultivar names of pigeonpea are known: Billa kandi (flat pe
Deccan, Mabbu kandi (grey pea) from the Coromandel coast, a
kandi(red hill pigeonpea) of Visakhapatnam district in th
of India.

There are numerous vernacular names for pigeonpea in India
Africa, Madagascar, and in the Americas where the pulse cro
cultivated (see Table 1). These names, which are associated
ent ethnic groups, indicate economic aspects of consumptio
tion, which are separate from classification and cultivati
India we have not yet recorded the data on uses and vernacula
pigeonpea from the Nicobar Islands, Arunachal Pradesh, Ma
Meghalaya, Sikkim, and Kangra Valley, where it is also culti

le,
local Telugu
a) from the
nd Erra konda
e Eastern Ghats

, Malaysia,
p is widely
with differ-
n and communica-
on. Within

r names for
nipur, Nagaland,
vated.

Table 1. Somevernacular names of pigeonpea.

Asia

Burma: Pe Zingon
China: Shan Tou Ken
Red gram (English)

Andhra Pradesh: Kandi, Kandulu (Telugu)

Assam: Garmah, Koklaingmah

Gujarat, Maharashtra: tur, Arhar (Hindi & Marathi)
Karnataka: Togare (Kannada)

Kerala: Thuvara (Malayalam)
Nadu: Thovary (Tamil)
: Adhaki

Indonesia: Goode, Katjang goode

India:

Tamil
Sanskrit

Sunda Isles: Heeris
Japan: Ki mame
Malaysia: Katjang eeris, Kachang dal
Nepal, Bhutan: Arhar
Philippines: Kadios, Gablos, Kaldis, Kidis, Tabios
Sri Lanka: Paripu

Europe

France: Embrevade

Germany: Angolische Erbse, Straucherbse
Great Britain: Pigeonpea, Pigeon pea
Spain: Guisante de paloma

Africa: Angola bean, Angola pea, Pois d'Angole
Angola: Ervilha de Congo

Ethiopia: Yewof-ater

Continued
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Table 1. Continued.

Madagascar : Kadjoo

Mauritius: Ambrevade

Niger: Ohle

Nigeria: Waken Kurawa

Sierra: Leone, Guinea: Congo pea
Sudan: Lubia adassi, Ads Sudani
Somalia: Salbocoghed
Tanzania: Mbazi

Uganda: Apenga, Burusau
Zambia: Impose

Zanzibar: Nkol

America: Pigeonpea, Guandu
Costa Rica: Timbolillo
Cuba: Frijol Gandu

Mexico: Chicaro de arbol
Nicaragua: Garbanzo falso
Peru: Puso poroto

San Salvador: Alberga
Venezuela: Chinchoncho

Various Classifications of Pigeonpea

The religious-medical accounts of the Hindus show that pig eonpea is
included in many practical classifications. According to Majumdar (1927),
in one of the oldest classifications based on dietary food va lue by
Charaka, an ancient surgeon, pigeonpea is listed under "Sam idhanya varga"
(category of grain crops) of second rank, whereas Susruta, another ancient
author, recognized beans under "Simva" (pulses) as the eigh th category in
his system. Bhavaprakasha synthesizes both old systems and recognizes

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

In Europe and the Middle East, ancient and medieval botanist S
described the crop plants of those days in Greek, Latin, and Arabic.
With the advent of scientific botany, botanical classifica tions developed
mainly in Latin, enabling the western scientists to commun icate with one
another. Greek and Latin polynomials appeared in botanical literature,
and Plukenet, for example, classified red gram from India in his bean
group as "Phaseolus erectis incanus, siliquis torosis, kayan dictus."

Swedish biologist Linnaeus (1753) placed pigeonpea under Diaiephia
decandria  with the binomial cytisus cajan, and the diagnosis reads:

"Cytisus racemis axillaribus erectis, foliolis  sublanceolatis tomentosis;

intermedio longius petioiato," based on a collection from Ceylon(Sri

Lanka). The Swiss botanist De Candolle reclassified the pl ants of the
world and included many beans in the tribe Phaseoieae. Pigeonpea is
assigned to this tribe under cajanus DC. as c. flaws DC. and c. bicolor

The
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D C, later considered to be a single species, and finally corr
Cajanus cajan (L.) Millsp.

A simple key is given below to show how various cultivated b
their wild relatives can be grouped. More details can be foun

ectly named

eans and
d in various

floras. It is clear from Table 2 that many of the edible beans are
classified in the large tribe phaseoieae, a category that can be equated
with the Simbi of ethnobotanical lore.

Table 2. A key to some cultivated beans in the tribe Phaseol eae.

(Anthers uniform, pod two-valved, not articulate, leaves p innately

trifoliolate)

A. Style bearded (subtribe phaseolinae = Euphaseoleae)
Lablab  purpureus (L.) Sweet Lablab Bean,
Batao, Shimbi
or Indian bean
Macrotyloma uniflorum (Lam.) Horse Gram
Verdc. = Dolichos uniflorus
Lam.
Pachyrrhizus erosus (L.) Urban Sinkamas, or
Yam Bean
Phaseolus lunatus L. Lima Bean
P. vulgaris L. Common or Wax
Bean
Psophocarpus tetragonolobus L. Winged Bean
Vigna radiata (L.) Wilczek Mung Bean,
Green gram
V. umbellata (Thunb.) Ohwi & Rice Bean,
Ohashi Anipay
v. aconitifolia(Jacqg.)Marechal Moth Bean
V. unguiculata (L.) Walp. Cowpea
V. unguiculata ssp. Asparagus Bean,
sesquipedalis (L.) Verdc. Barbati or
Stringless
Bean, Sitao
AA. Style glabrous (not bearded)
B. Nodes of raceme swollen (subtribes Diocleinae and  Erythrininae
resp.)
Canavalia  ensiformis (L.) DC. Barasem, Jack

Bean

Continued.
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Table 2. Continued.

AA. Style glabrous (not bearded)

B. Nodes of raceme swollen (subtribes Diocleinae and Erythrininae
resp.)
c. gladiata (Jacqg.)DC. Sword Bean
Mucuna pruriens (L.) DC. wvar. Velvet Bean
Utilis (Wall. ex Wt.) Baker
ex Burck.

BB. Nodes of raceme not swollen

C. Leaves not gland-dotted (subtribe Glycininae)
Glycine max (L.) Merr. Soybean
CC. Leaves copiously gland-dotted (subtribe Cajaninae)

D. Ovules 1-2 (Wild 1 to 2-seeded relatives of pigeonpea)

DD. Ovules 4 to many (Pigeonpea and close wild relatives)

E. Seeds with aril Atylosia, Dunbaria.
e.g. Atylosia scarabaeoides Walkollu
(L.)Bth.

EE. Seeds without aril

Cajanus cajan (L.) Millsp. Pigeonpea,
Congo Bean

While it is useful to record all analytical characters for ev aluation,
haphazard interpretation of limited numbers of either qu antitative and
gualitative data often hinder biological improvement, par ticularly of
cajanus cajan cultivars. Baker described gland-dotted species of
Cajaninae in  six genera: Atylosia, Cajanus, Cylista, Dunbaria, Eriosema
and Rhynchosia with some 50 species. The number of ovules and hence
seeds is the only major character delineating Atylosia, Cajanus, and
Dunbaria from the other few-seeded taxa. Whereas quantitative char acters
like depression of the pod valves between seeds are taken to segregate
Dunbaria  from the closely allied Atylosia and cajanus, the latter has been
sorted out by absence of the seed aril, a qualitative charac ter. Several
wild relatives of pigeonpea were once described in cajanus and later
transferred into Atylosia, confusing plant breeders searching for genetic
resources of pigeonpea. Species like cajanus cinereus F.v. Muell., c.
grandifolius F.v.Muell. from Australia (also transferred to Atylosia)
and c. Kkerstingii Harms (Hepper 1958) from West Africa have received very
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little attention ever since they were first discovered in th eir native
habitats.

Morphology and Distribution

In searching for pigeonpea germplasm resources, not only th e entire range
of morphological range of variability or related taxa, but also the
habitat range should be studied for biological assessment . Features such
as floral biology and morphology indicate the extent of intr ogression
among closely related species, while the distribution patt ern gives us

the ecological amplitude. These two aspects are of great sig nificance

to pigeonpea breeding to select biotypes for extension of cu Itivation.
Considering the morphology and breeding behavior, it has b een suggested
that several taxa like Atyiosia  voiubilis (Blanco) gamble, Dunbaria
heynei W & A, A. grandiflora Bath.ex Bak., A. lineata W & A

A. trinervia [DC.) gamble, A. sericea Bth.ex Bak. and A. villosa Bth. ex.
Bak. should be brought nearer to c.cajan to make the classification more

useful and natural, A. cajanifolia Haines from Bailadilla in Madhya

Pradesh, a SAT area, occurs close to the habitat of the pigeon pea cultivar
Yerra konda kandulu of the Northern Cirears (Visakhapatnam), collected by

Cleghorn some 100 years ago. The Podu cultivation by tribals of Koraput

in Orissa and usage of other wild legumes are suggestive of p rimitive
agriculture and domestication of wild beans. The name Bilia kandi of
Andhra Pradesh is suggestive of Dunbaria, which is allied to pigeonpea.

If the arillate condition of the seed is regarded as primiti ve, the
nonarillate pigeonpea should be a mutant with advantages of selection by
man, and hence propagation as a crop. It is worth mention ing here that
monkeys, both Rhesus and Langur, eat green pigeonpeas from standing crops

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

When habit and seed-bearing capacity are considered, spec ies like
Atyiosia albicans W & A, A. lineata W & A and A. trinervia (DC.) gamble
can be placed at one end of the range and c.cajan with maximization at
the other. Indeed two- to three-seeded cultivars of pigeonp ea, such as
found in the southern Andamans, and the substrophiolate see ds of
Rhynchosia beddomei Baker, R.pseudo-cajan Cambess. (semi-erect plants)
and Dunbaria ferruginea W. & A. (climber) fill the gaps in the
evolutionary network of cajanus by intermediate taxonomic characteristics.
Pigeonpea scientists could confirm these views by biosyst ematic research
for better interpretation of species rellationship and ben efit of growing

populations in the semi-arid tropics.

The patterns of distribution and consumption of pigeonpea i n various
countries of the world are significant for two reasons: (1) to indicate
the climatic conditions and soil types to which the pigeonpe a is adapted
and the phenotypic expression of genotypes; and (2) to evalu ate selection
methods and methods of crop cultivation knowledge by ethnic groups in
relation to rural economy and local traditions. Data on cons umption of
pigeonpeas produced locally or obtained through trade cha nnels are
important to study the pattern of utilization with releva nce to crop

production and improvement.
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Such studies are better made in herbarium collections to sa ve labor

and time. A preliminary survey of pigeonpea accessions in t he Calcutta
Herbarium confirms that the crop is cultivated both in the tr opics and
the subtropics. Records of cultivation from the Szemao Moun tains of
Yunnan (Henry 1899) and Kwantung in China, the mountains of J ava and
Philippines, Timor(Masters 1883), Rio de Janeiro in Brazi I, Vera Cruz in
Mexico, and the Latin American countries of Venezuela, Bol ivia, and
Colombia indicate the adaptation of the species to medium ( 2U00 m)
altitudes and associated soils. Occurrence of the crop at the fringes of
the Nubian desert and in Arunachal Pradesh in India indicate the tolerance
of the species to variations in precipitation (250 to 2500 mm rainfall).
The pods are broad in Madhya Pradesh (India), large in Yun nan and
the Andamans, and many-seeded (5-7) in the Philippines and S adiya(Assam).
Bunches are large in Cadellganj (Assam). The plants are grow n near houses
in Siang Frontier; in the "Jhoom" cultivation areas of Tripu ra and the
Garo Hills of Megnalaya; in the Tangya system of Burma, in a ssociation
with cotton on teak plantations; and as a perennial crop on "h oomas" or
paddy terraces in the Philippines. Pigeonpea is extensivel y grown by
Indian farmers, including the Santals of Bihar and the Manip uris, but it

is limited to some extent in Nagaland.

Some Uses of Pigeonpea

The uses of pigeonpea are manifold. Dhal is the ubiquitous p rotein-rich
dish eaten by most Indians. Ochse and van den Brink (1931) men tion
various uses of the pigeonpea. Green pigeonpeas are relish ed both as
cooked and smoked pods. In Java young pods are used in prepa rations
called "Sayor" and "Roodjak", large quantities of which ar e believed to
be soporific but harmless. Husks of pods are used as cattle f eed; the
green foliage as green manure or fodder; dried stalks as fue | or thatch;
roots for soft coal; the whole plant as host for the lac insect , and
foliage for rearing of silkworms. Pigeonpea wood is even use d to strike

a light by the Wahiyon.

Much more light is yet to be thrown by scientific study on eth no-
botanical aspects of pigeonpea which is a promising crop of t he future in
the semi-arid tropics.
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Pigeonpea Germplasm of Assam and the

Garo Hills

B.N. Medhi, M.H. Hazarika, and D.

Abstract

Local germplasm lines of pigeonpea, Cajanus
from different regions of Assam and the Garo Hills
have been grouped based on metroglyph analysis.
diverse genotypes, including 47 local perennial and
improved cultivars, have been grouped into broad
the basis of vyield potential.
genotypes is characterized by late maturity, large
pods per plant and of seeds per pod. The medium and
yielding groups consist of 14 and 24 genotypes,
Material districts north of the Brahmaputra
more on the average than material
The prospects of combining the high pod number of the
maturing perennial  types with the early-maturing annual
are discussed.

from river

A basic prerequisite to continuous and long-term progress o
improvement program is the establishment and evaluation of
germplasm collection. Classification analysis by various

as D 2 statistics (Mahalanobis, 1936), multiple range tests (Ar
et al. 1965) and other statistical techniques adopted (Murt
involve heavy computations. A simple technique known as me
analysis, suggested by Anderson (1957), serves as a valuab
grouping of a large number of germplasm accessions accordin
characters. In this paper, grouping of a pigeonpea germplas
from three different regions of Assam and Garo Hills (Megha
attempted based on metroglyph analysis.

Materials and Methods

Fifty-two diverse genotypes of pigeonpea (47 local perenni

Borthakur*

cajan
of Meghalaya
Fifty-two
five

categories
The high-yielding group with 14
number

of

low-
respectively.
produced

from south of the Brahmaputra.

late-
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(L.) Millsp.,

f a plant
a diverse
approaches such
unachalam
y et al. 1967)
troglyph
le aid for
g to their
m collected
laya) has been

al ones and 5

improved ones) were collected from districts north of the Br ahmaputra,
south of the Brahmaputra, and the hill districts of Assam and the Garo
Hills of Meghalaya. The material was sown during kharif 1978 at the
*Department of Plant Breeding and Genetics, Assam Agricul tural University,

Jorhat, Assam, India.
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research farm of the Assam Agricultural University, Jorhat (26°47'N,
94°12'E, 86.6 m altitude) in Assam, India.

The experiment was laid out in a randomized block design wi th two
replicates. Seven characters were recorded: plant height ( cm), days to
50% flowering, days to maturity, pods per plant, seeds per p od, 100-seed
weight (g), andyield per plot (g). For metroglyph depiction , yield per
plot and days to maturity were taken as X and Y axes, respectiv ely. With
increased duration, the pod number, seed size, and yield gen erally
increase, indicating a positive relation between yield a nd maturity
duration (Reddy et al. 1975). Hence, the number of days to mat urity is
taken to represent the Y ordinate. The index values for the th ree classes
of each character (Table 1) have been presented by varying le ngths of
rays, i.e. low (no ray), medium (short ray) and high (long ray ).

Results and Discussion

The fifty-two genotypes showed a clustering into three broa d groups on
the basis of theiryielding ability. The first group consist ed of
genotypes with grain yield ranging from 400 to 1000 g per plo t, the
second with yields between 1000 and 1600 g per plot, and the t hird with
yield more than 1600 g per plot; these are designated low-, me dium-, and

high-yielding groups, respectively(Figure 1).

The low-yielding group consisted of 24 lines. Most of the lin es were
characterized by dwarf to medium plant height and low pods pe r plant.
Seed number per pod varied from low to medium. Hundred-seed w eight was

described as low, medium and high.

The medium-yielding group was represented by 14 lines char acterized
by medium to tall plant height, low to medium number of pods pe r plant and
medium to high number of seeds per pod. Hundred-seed weigh t ranged from

low to medium.

The high-yielding group also consisted of 14 lines, mostly of medium
to tall plant height. No dwarf line was found in this group. Th e lines
were mostly characterized by medium to high number of pods pe r plant,

number of seeds per pod, and 100-seed weight.

On the basis of days to maturity, the collection was groupe d into
three categories: early, medium, and late.

Twelve lines represented the early-maturing group. The pla nt height
ranged from dwarf to medium tall. None of the lines in this gr oup was
tall. The lines were low yielders because of low number of pod s per plant

and low to medium number of seeds per pod.

The medium-maturing group consisted of 17 lines covering d warf,
medium-tall, and tall plants with medium to high number of s eeds per pod.

The maximum number of lines (23) have been included in the la te
maturing group. This group was represented by most of the hig h-yielding
lines characterized by medium-tall to tall plant height. No dwarf line

was found in this group.
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Table 1. Index values of the variables in a pigeonpea collec tion from Assamand
the Garo Hills of Meghalaya.
Index values
Low Medium High
Character nd Ind
Index ndex naex
Symbol S bol
value symbol value y value ymbo
Plant heightcm) € 150 0 151-220 0 2 221 6
Days to flowering .\<‘ 115 0 116-150 0 2 151 0/
Days to maturity \<\ 175 176-225 ) 226
Pods/plant £ 485 0 486-840 D 2 841 \0
Seeds/pod < 38 0 3.81-4.37 0 24.38 0
100-seed wt (g) £ 740 0 7.41-9.05 0 29.06 ?
Yield/plot (g) <1000 1001-1600 2 1601
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Figure 1. Metroglyph diagram in pigeonpea showing distribu tion of characters

in genotypes grouped into low-,

early, medium, and late

medium- and high-yielding a
maturity lines.
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Thus the results have indicated that maturity duration com bined with
plant height, pods per plant, seeds per pod, and 100-seed wei ght give a
good indication of the yielding ability of the lines.

Material from districts north of the Brahmaputra river sho wed a
higher mean and range of variability foryield (Table 2), com pared with
material originating from districts south of the Brahmaput ra. The mean
value for days to maturity was highest for material from nort h of the
Brahmaputra and lowest for those originating from hill dis tricts. A
similar trend was observed for plant height, days to 50% flo wering and
number of pods per plant. However, the mean value for 100-se ed weight
was higher in material from the hill districts compared with material

from north of the Brahmaputra.

The index scores of the five top-yielding lines—serial num bers 20,
22, 23, 26, and 46, have been presented in Table 3. A perusal of this
table indicates that days to maturity, number of pods per pl ant, and
number of seeds per pod are relatively more important than pl ant height
and 100-seed weight. Lateness and pod number are important components
of grain yield (Reddy et al. 1975). The role of plant height is
significant in altering the plant size and harvest index ra ther than

directly influencing yield.

In Assam, ratooning of pigeonpea is a common practice with th e
well-adapted late (duration >250 days) and perennial types . These

Table 3. Scores of five top-yielding lines of pigeonpea f or different characters.

Character No.22 No. 20 No.LiZnSe No. 46 No. 26
Plant height (cm) 3 3 3 2 2
Days to flowering 3 3 3 2 3
Days to maturity 3 3 3 3 3
Pods/plant 3 3 3 3 3
Seeds/pod 3 3 3 3 3
100-seed wt (g) 3 2 3 3 2
Yield/plot (9) 3 3 3 3 3
Total score 21 20 21 19 19

Score: 1l=low, 2=medium and 3=high
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cultivars are characterized by high podding ability, resul ting in high

grain yield per plant, but their profuse vegetative growth h abit combined
with long duration substantially reduces theiryield per h ectare per day.
In early and medium-maturing cultivars the regrowth after the first grain
harvest develops flowers and pods quickly, whereas in late- maturing types
new growth is mainly vegetative (Sharma et al. 1978). Hence, breeding
possibilities aiming at combining the higher pod number of late-maturing
perennial types with early ratooning potential of the early and medium-
maturing types need to be investigated. This will constitu te an
appropriate step towards developing genotypes with increa sed grain yield

per hectare per day under ratooning practices.
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The Wild Gene Pool of Cajanus at
ICRISAT, Present and Future

P. Remanandan*

Abstract

This paper summarizes the present status of and future plans
for the (genetic resources activities on wild pigeonpeas at
ICRISAT. The scope of exotic germplasm in generating more
variability in  pigeonpea, building resistance against pests
and diseases, and upgrading nutritional value is discussed
with  specific examples. The worldwide distribution of the
closely related taxa is presented, and the center of origin
and diversity of pigeonpea is discussed. With the ever-
increasing trend of genetic erosion, several wild species

are now under threat of extinction. The need to collect them
is stressed, and priority areas are indicated.

Utility of Exotic Germplasm in Pigeonpea Improvement

The genetic potential of wild relatives in crop improvement is now a well-
demonstrated fact. Even with a world germplasm collection of the crop
species at hand, breeders often reach almost dead ends for la ck of some
unique characters, for example, annuality or insect resist ance in
pigeonpea. Wild relatives are not a ready answer, but we now h ave some
lead that indicates that the wild relatives of pigeonpea c an make a
substantial contribution to overcome these problems. The t ransfer of
annuality from wild relatives such as Atyiosia piatycarpa, Rhynchosia

minima, R. aurea, etc. to pigeonpea would result in a breakthrough in

pigeonpea breeding. ICRISAT entomologists have already fo und mechanisms
of pod-borer resistance and varying degrees of resistance to podfly,
Hymenoptera , and bruchids in wild relatives of pigeonpea. The antimetab o-
lic nature of protease inhibitors, as reported (Singh and Ja mbunathan
1980b) in the closely related species Rhynchosia rothii (314% increase
over cajanus) could provide physiological resistance against certain

insects. Atyiosia piatycarpa and A. sericea accessions that are immune

to blight are now in the ICRISAT collection.

The variability for protein content in pigeonpea germplas m is
limited. Eight wild relatives, including six Atyiosia species, were
analyzed by ICRISAT biochemists. Strikingly, all of them ha d higher
protein content; 28.3 to 30.5%, compared with 24.2 in pigeo npea (Singh

* Genetic Resources Unit, ICRISAT.
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and Jambunathan 1980a). No appreciable differences were re corded in the

values of protein digestibility for cajanus and Atylosia (U. Singh,
personal communication). The efforts of the breeders at IC RISAT to
develop high-protein lines by utilizing Atylosia germplasm have resulted
in the selection of high-protein derivatives with desirabl e agronomic
traits (Reddy et al. 1978). The attempts of the biochemists t o identify
pigeonpea cultivars with high sulfur amino acids (which ar e the limiting
essential amino acids in pigeonpea) in. the world dollectio n have so far
not been successful. However, the analysis of eight closely related
species resulted in the identification of one species of Fiemingia which
showed a high percentage of methionine and cystine. At prese nt, 28 more
closely related species are available, with 121 accession s, and interest-

ing biochemical results may be expected.

It is recognized that wild species are able to tolerate wate r stress
relatively better than crop plants. The identification, co Ilection, and
subsequent transfer of drought tolerance to pigeonpea wou Id be a signifi-
cant advance in breeding of pigeonpea for the SAT regions. Th e recently
collected Australian species, Atylosia acutifolia (still in transit) is
very drought tolerant. Apart from these desirable traits, a un ique
quality like cytoplasmic male sterility, which is not easil y available in
the pigeonpea germplasm, has been obtained by exploiting t he exotic
germplasm (L.J. Reddy, personal communication). Atylosia germplasm has
been successfully introgressed into a number of locally ada pted pigeonpea
cultivars and the breeders are making extensive use of the hy brids and

backcross progenies to reach their targets.

Close Relatives of Pigeonpea, Their Distribution,

and Center of Diversity

Pigeonpea belongs to the subtribe cajaninae (tribe Phaseoleae, family
Leguminosae), which is a natural assemblage of about 13 <closely related
genera distributed mainly in tropical regions (Table 1). The generic dis-
tinctions are sometimes not based on sharp and well-defined morphological
characters, and biosystematic relationships of these genera are not yet

completely understood. The number of species included in each genus varies
from flora to flora and author to author. For example, Hooker (1876) clas-
sified 20 species in Atylosia and 80 in Rhynchosia, while Shaw (n Willis
1973) included 20 in Atylosia and 300 in Rhynchosia. However, there s

widespread agreement on the <close relationship of -caanus and Atylosia.
Von Mueller [in Bentham 1864) proposed the merger of the two genera.
Supporting this suggestion Lackey (1977) considered cajanus to be a
cultigen of Atylosia. Deodikar and Thakar (1956) suggested the merger of
the two genera on the basis of morphological, taxonomic, and cytological
evidence and the high degree of fertility of intergeneric hybrids.

Electrophoretic patterns of salt-soluble proteins revealed close
similarities between cajanus and Atylosia species (Singh and Jambunathan
1980a). Further, in A. cajanifoiia, the taxon <closest to pigeonpea in
morphological characters, the protease inhibitor activity of trypsin and

30



euty) ‘uedep ‘ediayy
‘eoiasuy |eoLdou)

(eLpuy ‘uedep ‘euly))
eLSY pue ‘edtuly ‘esLdswy

-qns pue |edLdod} eLPU] teardosiqns pue (eatdouj 002 * eTsoyoubiyy

eILJlY 3Se3aylIAouU

pue yinog ©(evas ueLgedy)
BLPUT  BJINbng ‘eulydopuy ‘etpuj 9 xATeorIRg
eatudy Lestdosl eLpug eLSY pue e3layy testdoa) G¢ * eTHUTWUS T
2ILAJY yinog L (eL9bey)exzesnrog

BLIRUQSNY B BOLaSUY eL|ed1sny pue

{eordoay ‘estuyy RLSY [BO31do4) ‘edidduy pue
yihog pue (estdod] OLALY YInos pue jedrdoa) 0fL ¥ PuSSOTIY
BULYI0pUT Z snrTRWOPUY

eautny

MaN ‘elleajsny ‘elejey
eLpu] uedep ‘eipuj (eoidou) GL F ¥ rrequng
eL{RATSNY ‘Eoluly °§ g SeTOSOSAILYD
eobuy ] BOSSTIVE)

puepiey} ‘eAuay ‘ejue]
eLSy 35S “edluady LUS “euung ©|edsy ‘elpuj edLUsy ‘elpul ¢ snuefe)
JAeosebepey { gayneg
("PLD)

eLredlsny ‘pueLeyl ‘ejueq eLuopa|e)

LS “(seAejemtty MN ‘sieyn M3N ‘aeasebepel ‘estualy
ellajy ‘el|eaysny uidgse] pue uualssmleLlpul  ‘ereaisny ‘ersy [edLdouy G¢ ¥ ersorh3y
2oL}y jestdou] gL ¥ soyorTopouspy

seade po93291 )02 salLoads

‘deujuE/ED 3qIAQNS JOo UONNQiNSI] L Alqe ]

31



chymotrypsin was strikingly similar to that of cajanus (Singh and
Jambunathan 1980b). These biochemical results support the merger of the

two genera.

The interrelationship of cajanus and Atyiosla has a close bearing on
the origin and center of diversity of cajanus, which is now a debated
issue. Harms (1916) proposed cajanus kerstingii as a precursor of the
cultivated form, and Westphal (1974) believes that the pig eonpea
originated in Africa. Bentham (1865) and de Candolle (1883 ) suggested
an Asiatic origin, which has been upheld recently by van der Maesen
(1980). On the basis of a study of 25 known species of Atylosia, De
(1976) concluded that an erect Atyiosia is the progenitor of pigeonpea
and the upper Western Ghats area of India is the possible cent er of
origin of pigeonpea. The intimate involvement of cajanus  with  Atyiosia,
the great diversity in cajanus cajan grown in India, and the abundance of
Atyiosia spp. in the subcontinent, especially in the Western Ghats,
support the view that cajanus  originated in India.

Building up of a Wild Gene Pool at ICRISAT

Though the genetic resources activities on wild relatives a re basically
the same as on crop plants, the methods used are not exactly th e same.
The planning and the collection strategy involves elaborat e preparations.
Data on geographic distribution, precise location, time of fruiting, etc.,
are gathered from floras and herbaria, and through corresp ondence. The
priority areas are decided on the basis of the possible utili ty of the
wild relatives and threat of genetic erosion. The location d ata are
often very old and not precise. Genetic erosion is a major pro blem in the
Indian subcontinent, where wild plants are disappearing a t an alarming
rate. The Western and Eastern Ghats, and the northeastern hi IlIs are the
most important gene centers of cajaninae. Deforestation and overexploita-
tion of land is a major problem in the Western Ghats, where mos t of the
natural vegetation has already been replaced by secondary f orests or
cash crops. Areas of the Eastern Ghats, and the northeaster n hills
suffer from shifting cultivation, in which tribals burn th e forest,

cultivate on virgin soil, and shift to other virgin lands.

Because the wild relatives are rather uncommon plants in nat ural
vegetation, it is not always feasible to follow the recommen ded sampling
strategy for crop plants. However, every effort is made to gather seeds
from as large a population as possible and from as diverse habitats as
possible. Each sample from each location is assigned a sepa rate number
and maintained separately. Maintenance is not difficult ex cept in some
temperate species. The seeds are kept in cold storage (x4°C) and are

available to researchers all over the world.

The evaluation involves multidisciplinary participatio n. The
important data on morphological characters are recorded and the seeds are
sent to the ICRISAT Pathology, Entomology, Biochemistry, a nd Microbiology
sections for special screenings and evaluation. Our experi ence reveals
that there is considerable heterogeneity within the specie s and that it
is desirable to obtain a large number of accessions of each s pecies.
Accessions with desirable traits are identified and includ ed in intro-

gression attempts.
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ICRISAT has made a beginning in building up an exotic g ene pool for

pigeonpea and its subsequent utilization. The gene ba nk has now enough
seed of 129 accessions belonging to 35 species and six genera (Table 2).
The  cajanus-Atylosia hybrids and backcross progenies that have resulted

from introgression efforts are listed in Table 3.

The interspecific crosses between Atyiosla species are carried out
with the primary objectives of combining desirable trai ts in the wild
species and to understand the biosystematic relationsh ips of these
species. Seeds of wild species and introgression materi als are available

for distribution in limited quantities.

The introgression work is not without problems. Sever al species
like A. platycarpa t A. volubilis , and A. grandifolia so far have not
crossed with cajanus. A. txinexvia crosses easily, but the F 1 s
partially sterile. However, efforts continue to involv e more and more
exotic germplasm in introgression. A one-way crossing b arrier was
noticed between Atylosia species and cajanus  when Atyiosia was used as
female parent. This barrier was very strong when A. sericea and A.
scarabaeoides were used as female parents without any success, while with
A. Llneata and A. albicans the percentages of success of the reciprocal
crosses were 9 and 30, respectively. The exact nature o f this one-way

incompatibility is now under investigation.

Future Plans

Out of the 13 genera with about 450 species of the subtrib e cajaninae,
only five genera with 35 species and 129 accessions are available at
ICRISAT. Hence we are still at the initial stage. The mai n future
thrust has to be on collection, as genetic erosion, which i S now a
worldwide phenomenon, is threatening the wild species. T he priority

areas of collection are indicated in Table 1.

The collected accessions will be evaluated with multidisci plinary
participation, and efforts will continue to introgress the wild species
into cajanus to generate more variability and to transfer desirable
traits. The generated materials will be passed on to va rious disciplines

for screening and utilization in breeding work.
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Genetics of Cajanus cajan (L.)

Millsp. x Atylosia Spp.

L.J. Reddy, J.M. Green, and D.

Abstract

The genus Atylosia W. & A. is closely related to Cajanus DC
'(plgeonpea) . Attempts were made to cross five diverse

pigeonpea cultivars with eight species of Atylosia. A.

platycarpa and A. volubilis could not be crossed with any

of the pigeonpea cultivars tried. Inheritance studies of

hairy pods, strophioled seeds and mottled seeds from F 2
and F 3 generations indicated that they are governed by

one or two major genes.

Pigeonpea belongs to a small genus, Cajanus, in which at present only two
species-- the cultivated cajanus cajan (L.) Millsp. and the wild cajanus
kerstingii Harms. -- are classified. The genus Atylosia is closely

related to cajanus and is separated from the latter on the basis of the

presence of arillate seeds (Baker 1876). The close affinity between
Atylosia and cajanus has been substantiated by their successful

hybridization (Deodikar and Thakar 1956; Kumar and Thombre 1958; Kumar et
al. 1958, 1966; Sikdar and De 1967; Reddy 1973). Some of the Atylosia
species possess very valuable characteristics that are lacking in

pigeonpea cultivars. For instance, A. scarabaeoides (L.) Bth. possesses
both physical and antibiosis type of resistance to the podborer, Heiiothis
armigera, while A. sericea Bth. ex Bak. and A. albicans W. & A. are rich

in protein (Reddy et al, 1979). A. grandifolia (F.V. Muell.) Bth.

(misspelled as A. grandiflora Bth. ex Bak.) has been reported to be hardy

and fire-tolerant (Akinola et al. 1975). In view of the prod uction of
normal fertile hybrids between cajanus and Atylosia the latter can be

utilized in breeding superior cultivated pigeonpeas. At IC RISAT a study
is being made to assess the usefulness of various Atylosia species in
upgrading economic characters in the cultivated forms. Int his direction,
several collections of Atylosia species have been made by our Genetic
Resources Unit, and attempts made to hybridize these with di verse types of
pigeonpea cultivars. The present paper deals with the cross ability of
eight Atylosia species with five pigeonpea cultivars and the genetics of

some contrasting characters of taxonomic importance.

* Pulse Improvement Program, ICRISAT.
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Materials and Methods

Five diverse pigeonpea cultivars, Pant A-2, Baigani, ICP- 6997, ICP-7035.

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

Table 1.

Table 1. At yl osi aspecies used in crosseswith five pigeonpea cultivars.

Atylosia species Habitat Habit

A. lineata W. & A. Western Ghats, Maharash- Erect shrub
tra, India

A. sericea Benth. ex Bak. Western Ghats, Maharash- Erect shrub
tra, India

A. scarabaeoides (L.) Benth. Kharagpur, West Bengal, Herbaceous creeper
India

A. volubilis (Blanco)Gamble Hundru Falls, Ranchi, Perennial climber
Bihar, India

A. platycarpa Benth - Herbaceous creeper

A. albicans (W.&A.) Benth Kodaikanal, Bangalore Perennial climber

and Tirumalai, India

A. trinervia (DC.) Gamble Ootacamund, Tamil Nadu, Bushy shrub
India
A. cajanifolia Haines Bailadila area, Bastar, Erect shrub
Madhya Pradesh, India
Crosses were made in different years, as and when the new Atyiosia
species became available. In the first year, the first five Atyiosia
species were crossed with all the five pigeonpea cultivars , and crosses
were made in both directions. Based on the first year's exp erience that
the hybrids are produced more readily only when Atyiosia species are used
as male parents, the subsequent crosses with other Atyiosia species were
made only in that direction. In the case of A. trinervia, pollen was
brought as flower buds from Ootacamund on ice in a thermos fla sk and the
pollinations were effected 48 hours after flower collectio n.
Pollen viability of the F 1S was determined with 1% acetocarmine stain.

For each hybrid plant, five flowers were collected, and for each flower
pollen counts were made under three different fields of a | ight microscope.
The-inheritance pattern of three characters—hairiness of pods,

presence of strophiole, and mottles on the seed coat—was stu died in the
F2 populations of different crosses, and the ratios were con firmed from
the F3 progeny studies for the strophioled seed and mottled seed condition.
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Probabilities of goodness of fit with the proposed hypothes (is was found

from chi-square (Fisher 1941) using the standard formula: Qz =Z§ 0-E!2
where 0 and E stand for the observed and expected frequencies , E
respectively. The genes were symbolized according to the pr inciples laid

down by Tanaka (1957).

Results

Crossability

The percentages of pod-setting in different Atyiosia species crosses with

five pigeonpea cultivars are given in Table 2. Only a few flo wers of A,
lineata and A. trinervia were available, limiting the number of

pollinations carried out. A. lineata gave the highest percentage of
pod-Setting, followed by A. albicans, A. trinervia, A. cajanifolia,

A. sericea, and A. scarabaeoides . However, in the case of A. albicans a
large percentage of germinated crossed seeds were found to be selfs. It

is surprising to note that the success of pod-set in the cross es between
various pigeonpea cultivars and A. cajanifolia, which is closest to

Cajanus on the basis of morphological characters, is less than that

Obtained with other species Of Atyiosia, A. lineata, A. trinervia, and A.
albicans. Although a small percentage of pod-set was obtained in cros ses
involving A. piatycarpa, all the crossed seeds were found to be selfs

after germination. Thus no crosses were obtained with A. piatycarpa and
A. volubilis. Successful Crosses of A. lineata, A. sericea, and A.
scarabaeoides with pigeonpea have been reported earlier (Deodikar and

Thakar 1956; Reddy 1973). A. albicans, A. trinervia, and A. cajanifolia
have been successfully hybridized for the first time with di fferent

pigeonpea cultivars.

Pollen Sterility

Percentage of pollen sterility in different F 1S of pigeonpea x Atyiosia
spp. crosses is given in Table 3. The pollen sterility in the normal
pigeonpea cultivars (ICP-6997) is around 9.9%, while in the different
hybrids it ranged from 12.1 to 67.4%. Of the five Atyiosia species
hybrids tested for their pollen sterility, hybrids of A. scarabaeoides
showed the largest variation in sterility across differen t pigeonpea
cultivars.

Inheritance of Qualitative Characters
The inheritance patterns of the following characters have been determined

from crosses of different cultivars and Atyiosia species.

Strophioled versus Nonstrophioled Seeds

In the Fis of all the crosses involving different Atyiosia species and
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Table 3.

Pollen sterility in F

1S of

Atyl osi a spp. x

Caj anus caj an.

No. of plants Percent sterility
Male parent Female parent .
studied Mean Range

A. scarabaeoides X

ICP-6997 5 22.5 13.6-26.3

Pant A-2 15 43.1 19.4-67.4

Baigani 10 26.4 21.0-36.7

ICP-6915 6 23.7 21.1-27.3

ICP-7035 2 24.1 21.8-26.5
A. sericea X

ICP-6997 8 37.6 30.8-47.9

Pant A-2 6 35.4 31.8-39.6

Baigani 7 36.5 28.4-47.0

ICP-6915 14 37.3 29.8-49.2

ICP-7035 9 37.3 33.3-40.5
A. lineata X

Pant A-2 1 41.5

ICP-6915 4 27.5 24.9-30.9
A. albicans X

Pant A-2 12 19.2 12.1-24.9

Baigani 3 23.3 19.0-25.5

ICP-6997 5 16.3 14.0-21.0

ICP-6915 3 25.2 18.3-31.7
A trinervia X ICP-7035 3 29.0 21.2-32.6
ICP-6997 (Check) 7 9.9 4.1-16.0
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pigeonpea cultivars, the strophioled seed character of Atyiosia was
dominant over the nonstrophioled seeded condition of pigeonpea cultivars.

In the F, generation a good fit was observed for inhibitory gene action

with a 13.3 ratio in the crosses of ICP-6997 and 6915 with A.scarabaeoides

and A. sericea (Table 4J. However, the crosses of A. albicans showed a
good fit for 3:1 and 9:7 ratios with Pant A-2 and ICP-6997 respectively,
the other two crosses of A. scarabaeoides with Pant A-2 and ICP-7035 did

not show a good fit to any of the ratios tested.

Table 4. Segregation pattern of strophioled vs nonstrophioled seeds in C. cajan x

Atylosia spp. crosses.

Number of F plants with

. ] Probable ) Do
Cross Strophioled Nonstrophi- iy x ' value Probability
ratio
seeds oled seeds

Pant A-2 X

A. scarabaeoides 269 125 3:1 9.51 0.01-0.001
ICP-6997 X

A. scarabaeoides 178 48 13:3 0.92 0.5-0.3
ICP-6915 X

A.scarabaeoides 205 36 13:3 2.30 0.2-0.1
ICP-7035 X

A.scarabaeoides 185 90 9:7 13.58 <0.001
ICP-6997 X

A.sericea 123 27 13:3 0.06 0.90-0.75
ICP-6915 X

A. sericea 94 26 13:3 0.67 0.50-0.25
Pant A-2 b4

A. albicans 232 68 3:1 0.87 0.5-0.25
ICP-6997 X

A. albicans 65 39 9:7 1.65 0.25-0.1

To confirm the F, observations on the inheritance of strophioled
seeds, 23 F, families derived from F, plants with strophioled seeds and

19 F, families derived from those with nonstrophioled seeds of ICP-6997 x

A.scarabaeoides were studied. Of the 23 families of first category,eight
bred true, ten families gave a good fit for 3:1 ratio (Hetero x = 9.54;
P = 0.8-0.7) and two families gave a very good fit for 13:3 (Hetero x° =
0.065; P = 0.8-0.7); the remaining three families did not give a
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satisfactory fit for either of the ratios. However, 1in the second

category of 19 families, five bred true and 14 gave a good fit to 1:3

ratio (Hetero X’ = 7.88; P = 0.90-0.75), thus confirming the inhibitory
gene action governing the strophioled seeds. The discrepancy in the first
category could be due to mistakes in classification. The genes proposed

are nsSD I for strophioled seeds and NSsd i for nonstrophioled seeds.

Mottled versus Nonmottled Seeds

The mottledness of A.scarabaeoides seeds was dominant over the uniform
color of pigeonpea seeds in the F, s. In two crosses, ICP-6915 x A.
scarabaeoides and ICP-7035 X A.scarabaeoides, the F, data fit to a 9:7
ratio indicating the involvement of two complementary genes in the
expression of mottledness (Table 5) . However, the data from ICP-6997 x A.
scarabaeoides indicated duplicate factor inheritance with a good fit to a

15:1 ratio.

Table 5. Segregation pattern of mottled vs nonmottled seeds in C. cajan x

A. scarabaeoides crosses.

Number of F, plants

with Probable 2 o
Cross . X value Probability
Mottled Nonmottled rati 0
seeds seeds

Pant A-2 x
A. scarabaeoides 290 101 13:3 12.87 <0.001
Baigani x
A. scarabaeoides 297 182 9:7 6.44 0.02-0.01
ICP-6997 x
A. scarabaeoides 212 16 15:1 0.23 0.7 -0.5
ICP-6915 x
A. scarabaeoides 151 97 9:7 2.17 0.2 -0.1
ICP-7035 x
A. scarabaeoides 141 129 9:7 1.78 0.2 -0.1

To confirm the F2 behavior, 35 F3 families of ICP-6915 x A.
scarabaeoides and 39 F3 families Of ICP-6997 X A. scarabaeoides were
studied. Out of the 35 families of the first cross, 24 were derived from
the F2 plants with mottled seeds and 11 from those with nonmottled seeds.
The latter 11 families bred true. From the former group, 3 bred true, 17
segregated into 3:1 (Hetero x° = 7.65; P = 0.98-0.95), and 4 into 9:7
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(Hetero x° = 0.75; P = 0.75-0.50) ratios. These observations confirm that
the mottledness of seeds 1s controlled by two complementary genes. The
genes proposed are Msd a Msd for mottling and mSd a msdb for nonmottling

of seeds.

In the second cross, ICP-6997 x A. scarabaeoides the F, families did
not show good fit to any of the expected ratios. Hence the duplicate
factor inheritance of mottledness of seeds 1in this cross could not be

confirmed.

Hairy versus Glabrous Pods

The hairiness of Atyiosia pods was dominant over glabrous pods in the F, s

of all the crosses. The F, data on ICP-6997 x A. scarabaeoides (Table ©6)
showed a good fit to a 13:3 ratio, suggesting inhibitory gene action 1in
the nonexpression of glabrous pods. However, the F, data from ICP-6915 x
A. scarabaeoides showed a good fit to 3:1, 1indicating that hairy pods are
governed by a single dominant gene. These observations need confirmation
from the studies on F, families. The F, data on the A. scarabaeoides

crosses with other pigeonpea cultivars did not fit any of the ratios

tested.

Joint Segregation Studies

Joint segregation studies on hairy pods and mottled seeds of Atyiosia

showed 1independent segregation 1in ICP-6997 x A. scarabaeoides and linked
inheritance 1in ICP-6915 x A. scarabaeoides (Table 7)) . In ICP-6997 XA.
scarabaeoides, nonstrophioled and nonmottled seeds of the Cajanus parent

were found to be linked, whereas inpendenti segregation was observed 1in
ICP-6997 x A. scarabaeoides (Table 8) . The glabrous pods and non-
strophioled seeds were observed to be linked in both the crosses, ICP-6997
X A. scarabaeoides and ICP-6915 X A. scarabaeoides (Table 9) .

Conclusions

Attempts have been made to cross five diverse pigeonpea cultivars (Cajanus
cajan)with eight species Of Atyiosia: A. lineata, A. sericea, A. scara-
baeoides, A. albicans, A. trinervia, A. cajanifolia, A. platycarpa, and

A. volubilis. The latter two species, A. platycarpa and A. volubilis,
could not be crossed with any of the five pigeonpea cultivars. Although
the pollen sterility in different crosses ranged from 12 to 67%, highly
fertile hybrids could be obtained with most of the species, suggesting
that the present relegation of these species into two different genera 1is
not Jjustified. Also, in view of their easy crossability, wvarious Atyiosia
species can very well Dbe utilized in breeding superior strains of c.

cajan.

F, and F, data from crosses of pigeonpea x Atyiosia spp. indicated
that some characters of Atyiosia were governed by either one or two major

genes. Studies on F, populations and F, progenies showed that the
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strophioled and mottled seed characters were governed by in hibitory and

complementary gene actions respectively. The hairiness of pods was
controlled by a single dominant gene in ICP-6915 x A. scarabaeoides
However, it was inferred from F o data of ICP-6997 x A. scarabaeoides that
the glabrous pod character (allelic to hairiness) of pigeon pea was
inhibited by a gene present in the Atyiosia parent. This observation

needs confirmation from F 3 studies. From the joint segregation studies it

was concluded that the genes governing glabrous pods and n onstrophioled

seeds in Cajanus parents were linked.
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Atylosia in Australia

L. Pedley*
In Australia Atylosia is represented by ten species, nine of them endemic;
namely:
A. acutifolia (F. Muell. ex Benth.) Reynolds & Pedley ined. (Rhynchosia
acutifolia F. Muell. ex Benth.)
A. cinerea F. Muell. ex Benth.
A. lanceolata W.V. Fitzg.
A. latisepaia Reynolds & Pedley ined. (A. grandifoiia F. Muell. ex. Benth.
var. Calycina Benth.)
A. mareebensis Renolds & Pedley ined.
A. marmorata Benth.
A. piuriflora F. Muell. ex Benth.
A. pubescens (Ewart & Morrison) Reynolds & Pedley
(Tephrosia pubescens Ewart & Morrison)
A. reticulata (Dryander) Benth. ( A. grandifoiia F. Muell. ex Benth.)
A. scarabaeoides (L.) Benth.
The species are widely distributed in northern Australia, o nly three
species extending for a short distance into the subtropics ( Fig.1).
A. scarabaeoides is also widely spread in the tropics of the Old World.
They are plants of open woodlands, often on infertile, well drained soils.
Theugh widely ranging some species are not at all common. Mo st are
shrubby in habit, but A. scarabaeoides, A. marmorata, and A. mareebensis

have trailing stems.

It is plain that Atylosia, cajanus, and Rhynchosia are closely
related and that, despite recent herbarium studies (Reynol ds & Pedley,
in press) the taxonomy of Atylosia and related genera is far from clear.
Some of the species recognized differ from each other only in size of
flowers and inflorescences and in type and density of indume ntum.
Variability within some species is considerable and interg rades between
species occur. Some infraspecific taxa have been recognize d, but in most
cases field studies and more intensive collecting of herba rium material is

needed to elucidate patterns of variation.

Most species have a "trans-Australian" distribution but A. plurifiora
and A. mareebensis are found only in northeastern Australia, the latter
with an extremely narrow range, and A. lanceolata and A. latisepaia only
* Queensland Herbarium, Brisbane, Australia.
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in the northern part of Western Australia and the adjacent p arts of the

Northern Territory. From the distribution patterns it appe ars that

A. pubescens extends farthest into arid regions, but herbarium specime ns
may not reflect the true ranges of all species. Collections t owards the
end of the wet season are needed, particularly from Western A ustralia.

A. scarabaeoides A.marmorata

A. mareebensis A. pluriflora

A. lanceolata A. acutifolia

A. cinerea A. latisepala

A. reticulata A. pubescens

Figure 1. Distribution of Atylosia species in Australia.
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Genetic Analysis of Plant Height in Pigeonpea

H.K. Sharma*

Abstract

Diallel analysis for plant height for nine cultivars of pigeonpea

( Cajans cajan [L.] Millsp.) having a wide range of variability
in different characters was conducted to determine genetic
parameters for plant height. The D and H 1 components indicated

the importance of both additve and dominance gene effects and
that the degree of dominance was in the over-dominance range.
Plant height may have complex inheritance with low heritability.
The scatter of parental arrays indicated that genes controlling
tall stature were dominant over genes controlling short stature.

Among pulse crops, pigeonpea occupies an important place in Indian agri-
culture. However, the production of this crop per unit area is still
below that of cereals. Genetics of important yield-contrib uting charac-
ters provide a basis for sound breeding programs. In pigeonp ea, genetics
of seed-size, flowering initiation, and protein content ha ve been
reported. Plant height has also shown significant positiv e correlations
with yield. This paper deals with the genetic analysis of pla nt height.

Materials and Methods

Nine varieties of pigeonpea — S-5, T-21, Baigani, No.148, C- I, R-3,
NP-69, NP(WR)-15, and Gwalior-3 -- were intercrossed in all possible com-
binations excluding reciprocals. The 36 crosses (F 1 S)and their parents
were grown in a randomized block design in two replications. Each entry
was grown in a single row 5 m long with 1-m spacing betwee n rows and 30
cm between plants. Observations on plant height were record ed on five
representative plants in each entry. The data were analyze d according to

Jinks and Hayman (1954).

Results and Discussion

The mean values of plant height for parents and F 1S are shown in Table 1.
The mean plant height ranged from 169-5 cm to 291 cm in parents and
* R.A.K. College of Agriculture, Sehore, M.P., India.
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Table 1. Mean values for plant height (cm) for parents and F 1 hybrids in pigeonpea.

NP (WR) Gwal-

Cultivar S-5 T-21 Bai - No0.148 C-11 R-3 NP-69 .

gani -15 ior-3
S-5 169.5 269.5 254.0 250.5 269.5 293.0 272.0 272.5 271.5
T-21 239.5 258.5 262.5 285.5 294.0 278.0 288.0 287.5
Baigani 239.0 259.5 255.0 290.0 277.5 265.0 272.5
No.148 232.5 257.5 268.0 238.5 252.5 262.5
Cc-11 254.0 291.5 267.0 272.5 284.0
R-3 291.0 290.0 280.0 274.5
NP-69 225.5 272.0 257.5
NRWR) -15 260.5 274.0
Gwalior-3 276.5
238.5 cmto 294 cm in F 1S. The hybrids had higher mean values than the
parents. Significant differences were shown among parent s and F ;s in the
analysis of variance of the experiment (Table 2). The block d ifferences
were also significant; therefore the Wr and Vr values were ca Iculated
separately for each replication and the genetic components were derived

from the mean values over the two replications.

Table2. Analysis ofvariance for plant height.

Source df SS MS F
Blocks 1 2867.38 2867.38 15.34**
Parents 8 19400.80 2425.10 12.98**
Fis 35 13113.28 374.67 2.0004*
Parent V F;s 1 11446.92 11446.92 61.25*%*
Error 44 8223.62 186.90
* = Significant at 5% level; ** = Significant at 1% level

The homogeneity of Wr-Vr, which indicates confirmation of t he hypo-
thesis postulated for the diallel cross, was tested by the a nalysis of
variance of Wr-Vr. In this analysis the mean squares for arra ys were not
significant. Also, the regression coefficient for Wr, Vrwa s significant-
ly different from zero but did not deviate from unity (0.896 + 0.087),

showing absence of epistatic interaction.

The parameter estimates are shown in Table 3. D (1144.9 + 135.9)
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Table 3. Estimates of genetic parameters and ratios

Components/ratio Estimates Standard Error
D 1144.961 + 135.99 P .01
F 1293.562 + 317.49 P .01
Hy 1326.763 + 300.23 P .01
H, 808.714 t+ 258.16 P .05
r? 2545.047 T 173.18 P .01
E 188.900 + 4281 P .01
{H1/D}3 1.130
Ho/4H 4 0.152
4 +
DH] )% F 3.208
DH1Ps - F
h2/H ? 3.147
shows the additive component of variation while H 1 (1326.7 + 300.2) shows
the component of variation due to dominance effects of the ge nes. In the
present study, both D and H 1 are significant and have almost equal values,
the magnitude of H 1 being slightly higher than D. This clearly shows that
both additive and dominance effects are involved in the expr ession of this
character. The large and highly significant values of h 2 show that domi-
nance is largely unidirectional. The h 2 indicates the overall dominance
effects of the heterozygous loci. The mean degree of dominan ce given by
the ratio(H 1/D) '/ was in the overdominance range (1.130). This confirms
the importance of dominance effects in the expression of pl ant height.
The estimate of H » showing variation due to non-additive effects corrected
for gene distribution was less than H 1. Also, the ratio H ,/4H ; deviated
from 0.25, suggesting asymmetry in distribution of positiv e and negative
alleles. The ratio (4DH 1) Y »+FI/(4DH 1 ) ¥ ~F, which estimates the proportion of
dominant and recessive genes in the parents, was 3.208. Si nce this ratio
differs significantly from unity, it implies inequality b etween the number
of dominant and recessive alleles in the parents, the domina nts being more
than the recessives. The ratio h 2/H,, showing the number of gene groups
controlling the character and exhibiting dominance to some degree was 3.14.
This suggests that at least three of the genes controlling pl ant height
exhibit some degree of dominance.
The Wr, Vr graph shows that the line of unit slope cuts the limi ting
parabola below the origin, thereby confirming the degree of dominance to
be in the overdominance range. The dispersion of parental ar rays along
the regression line shows that parent 6 viz. R-3 has maximum d ominant
genes, since it lies on the extreme end towards the origin, wh ereas the

57



1400

1300

1200

1100

1000

900

800

700

600

500

400

300

200

100

58

t | ] I L i
///100 300 500 700 900

Figure 1. Vr, Wr graph for plantheight for 9 varieties of pige

1

1100

I '

1300

onpea

1

1500

Vr



parent S-5 has the maximum recessive genes, since it is at th e farthest

end of the regression line. Since parent 6 was the tallest an d parent 1
the shortest of the parents, it is inferred that the genes co ntrolling
tallness are dominant over shortness. Parents 4, 5, 8, and 9, i.e.
No.148, C-Il, NP(WR)-15, and Gwalior-3 have more dominant g enes and fewer
recessives since these parents lie near the origin. Parent s 2, 3, and 7,
i.e. T-21, Baigani, and NP-69 also have more dominant genes b ut less than
parents 4, 5, 8, and 9, since their position on the regressi on line is
above these parents. Thus the dispersion of parental arrays confirms that

these parents have more dominant alleles than recessives.

We observed that parents 6 and 7 are not very near the regressi on
line, and concluded that this probably shows the presence of some
nonallelic interactions, although this remains undetecte d in the analysis
of variance of the Wr-Vr and Wr, Vr regression. A long gap on th e regres-
sion line is seen between parent 1 and the other parents, sugg esting that
the parents included in the study do not represent the whole range of
variability for plant height, and that studies with more di verse parents
are needed for a better understanding of the gene action invo lved in the

expression of plant height.

The estimate of heritability in the narrow sense, calcula ted by the
formulal/4D/1/4D+1/2H1- F+ E (Crumpacker and Allard 19 62) was 35.1%.
This low heritability indicates that selection for plant he ight by simple
selection on a single-plant basis may not be very effective.
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Inheritance of Days to Flower
and of Seed Size in Pigeonpea

S.C. Gupta, K.B. Saxena, and D.

Abstract

Crosses involving a large-seeded parent, [ICP-8504, and

small-seeded parent, Prabhat, were made, and the inheritance

pattern was studied by growing parents, F 1S,
Crosses. The results are discussed in this paper.

Pigeonpea (Cajanus cajan
the semi-arid tropics. At present, early-maturing varieti

are receiving considerable attention, as these escape fros
into a multiple-cropping system. Seed size in thiscrop is a
istic important to increasing yield and market acceptabil

in general, the early-maturing types have small seeds and re
variability for this character. Early-maturing cultivars
UPAS-120, recommended for cultivation in rotation with whe

Sharmat*

and back-

[L.] Millsp.) is an important grain legume of

es of pigeonpea
t and can fit
character-
ity. However,
latively low
Prabhat and
at in irrigated

areas of northern India, have small seeds (6.3 and 7.9 g/100 seeds, res-
pectively). Our studies on the relationship of seed size an d yield indi-
cate that there is no correlation between yield and seed siz e in the
range of 9 to 12 g/100-seed weight. The lines with improved se ed size
appear to have better yield potential than the early types av ailable so
far. However, information on the genetics of days taken to fl ower and of
seed size in pigeonpea is not adequate. This information is e ssential
for organizing a systematic breeding program to develop va rieties with
desired maturity period and seed size. Therefore, the prese nt study was
undertaken to determine the inheritance of seed size and day s taken to
flower, which is a reliable index of the maturity period.

Materials and Methods

The parents used for this study were ICP-8504 (P ; = late-flowering and
large-seeded) and Prabhat (P » = early-flowering and small-seeded). The

F., F »,, B iF; (F ; of backcross toP 1),and B ,F; (F ; of backcross to F 2)

of the cross Prabhat x ICP-8504, and the selfed parental lin
in a randomized block design with three replications durin
season) 1978. In each replication 60 rows of F

and 10 each of parents and F

es were grown
g kharif (rainy

2S, 20 each of backcrosses,
1S were grown in rows 3 m long and 75 cm

* Pulse Improvement Program, ICRISAT.
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apart, accommodating 13 plants 25 cm apart. Two hundred and f ifty com-
petitive plants of the F », 100 each of the backcrosses, and 30 each of

the parents and the F 1 were selected in each replication for recording

the data on days taken to flower and 100-seed weight (g).

The biometrical procedures outlined by Mather (1949) and fo llowed
by Warner (1952) were used in analyzing the data. The joints caling
test of Cavalli (1952) was applied, using the weighed least s quare
method suggested by Hayman (1960) and Nelder (1960), to te st for epistasis
and to estimate the parameters of the model, m, d, and h. Gener ation
means were analyzed using the method of Jinks and Jones (1958 ) to fit a
six-parameter model for determining gene action. Standard errors of the
estimates were obtained as suggested by Mather and Jinks (19 71). Herita-
bilities were computed using both Burton's (1951) and Warne rs (1952)
approach. Effective factors were estimated using procedur es suggested by
Castle (1921), Mather (1949), and Sewell Wright (Burton 1 951).

Results and Discussion

The range, mean, variance, and coefficients of variabilit y for different
generations of the cross, Prabhat x ICP-8504, are summari zed in Table 1
for days to flower and in Table 2 for seed size.

Tablel. Range,mean, and variances fordays to flower in pig eonpea.
Number of Mean Expected

Population plants Range + SE mean Variance CV (%)
P, (ICP-8504) 90 98-114 106.6+£0.23 107.1 4.61 2.01
P, (Prabhat) 90 80-92 85.5+0.79 81.7 5.59 2.76
(= 90 83-107 87.0+0.34 87.4 10.63 3.74
F2 750 83-111 90.4+0.23 90.9 40.25 7.01
B:F; 300 83-110 96.9+0.39 97.3 46.45 7.03
B,F; 300 81-98 84.9+0.13 84.6 5.15 2.67
Mid-Parent - — 96.00

The average number of days taken to flower both for F . and F , was
less than the mid-parental value, indicating that alleles f or earliness
are partially dominant (Table 1). For seed size, both F 1 and F , means
were similar to mid-parental value (Table 2), suggesting th at gene action
for seed size is primarily additive. Both for days to flower a nd for
seed size, F 2 ranges did not give any indication of transgressive segre-
gation, suggesting the possibility that plus and minus fac tors were iso-

directionally distributed in the parents.

The probability values of less than 0.005 in the joint scalin g test
revealed that the three-parameter model used was not adequa te to explain
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Table2. Range, mean, and variances for 100-seed weight(g) i n pigeonpea.

Number of Expected
Population plants Range Mean * SE mean Variance CV(%)
P, (ICP-8504) 90 8.30-14.00 11.198+0.130 11.54 1.524 11.02
P, (Prabhat) 90 4.60-9.00 6.857+0.101 6.46 0.933 14.08
F, 90 9.00-11.20 9.304+0.068 9.32 0.426 7.01
F, 750 5.00-13.20 9.069+0.047 9.16 1.648 14.15
B.iF: 300 6.00-14.00 10.623+0.064 10.43 1.220 10.39
B,F, 300 4.60-11.00 7.432+0.068 7.89 1.381 15.81
Mid-Parent — — 9.027
the entire variation. The genetic components of variance a nd degree of
dominance are summarized in Table 3, and estimates of herita bility and
number of effective factors are presented in Table 4. The add itive,
dominance, and (additive x dominance) interactions were s ignificant for
days to flower. The estimate of the additive component was hi gher in
magnitude than the estimate of the dominance and (additive x dominance)
components. This indicates that predominantly additive ge ne effects
govern the inheritance of days to flower. The high heritabil ity esti-
mates of 71.8 and 73.6% for days to flower (Table 4) also sho w that a
considerable amount of genetic variability is due to additi ve gene effects.
The degree of dominance for days to flower was 0.55, suggesti ng partial

dominance for earliness.

The analysis of variance components from all the three model S
(Table 3) clearly indicates that seed size is primarily gove rned by
significant additive effects of genes. However, additive x dominance
and dominance x dominance interaction components were a Iso significant.

The heritability estimate for seed size obtained by Warner' S procedure
was 42%. This low heritability value may be due to the high co efficient
of variability. The degree of dominance was zero, indicatin g the complete

absence of dominance for seed size.

The mean days to flower and seed size of F +., F >, B 1Fy, and B ,F; did
not deviate markedly from their expected means. This, in add ition to
higher and significant estimates of D and d (Table 3), clear ly indicates
that predominantly additive gene effects govern the inheri tance of these
characters. Pandey (1972), Sharma etal. (1972, 1973a), and Dahiya and
Satija (1978) also found additive genetic variance with par tial dominance
for earliness. Additive gene effects for seed size have also been
reported by Pandey (1972), Sharma et al. (1972, 1973b). Her itability for
days to flower have been reported ranging from 31 to 99% (Muno z and
Abrams 1971; Pandey 1972; Khan and Rachie 1972; Sharma et al . 1973a;
Kumar and Haque 1973; Rubaihayo and Onim 1975; and Singh et a I. 1979).
Sharma et al. (1972) reported a heritability value of 82% for seed size.
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Table3. Geneticcomponentsofvarianceand degree ofdomina nce fordays to flower
and 100-seed weightin pigeonpea.
Days to 100-seed
Components flower weight (Q) Gene effects
A. Mather (1949):
D 57.816 1.390 Additive
H 17.616 -0.028 Dominance
E 6.940 0.960 Environmental
m (Degree of dominance) 0.552 0.000
B. Cavalli (1952):
M + SE 94.42+0.218 9.00+0.062
d 12.74* 2.54* Additive
h -6.99* 0.32 Dominance
M(Average dominance) 0.549 0.126
C. Jinks and Jones (1958):
m + SE 94.00+1.31 9.45+0.277
d 10.50* 2.15* Additive (A)
h -7.40* -1.25 Dominance (D)
i 2.00 -0.40 A XA
J 3.00* 2.10* A x D
1 0.40 1.10% DxD
*Significant at 5% level.
Table 4. Heritability and number of effective factors for da ys to flowerand 100-seed
weightin pigeonpea.
Heritability (%) Number of effective factors
Warner Burton Mather Castle Sewell Wright
Character (1952) (1951) (1949) (1921) (1951)
Days to flower 71.82 73.59 4.6 1.9 2.6
100-seed wt. (Qg) 42.17 74.15 2.7 1.9 1.9
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An effective factor has been described by Mather (1949) as th
smallest unit of hereditary material that is capable of bei
by the methods of biometrical genetics. It may be a group of cl
linked genes or a single gene. The number of effective fact
by three different methods varied from 1.9 to 4.6 for days to f
1.9 to 2.7 for seed size (Table 4). Simple genetic control of
has also been reported in pigeonpea (Sharma etal. 1972), lim
(Allard 1956), and wheat (Sharma and Knott 1964; Knott and Ta

The high heritability, predominantly additive genetic va
comparatively low number of effective factors controllin
flower and seed size suggest that effective selection in a se
population on an individual plant basis is possible for deve
maturing lines with bigger seeds. These lines with improved
may have better yield potential than the existing small-see
maturing cultivars.

Summary

The inheritance of days taken to flower and of seed size (g/10
was studied in six generations of the cross, Prabhat x ICP-85
analysis of the characters was carried out by using means an
of different generations, following the methodology deve
(1949), Cavalli (1952), and Jinks and Jones (1958). Heritab
number of effective factors were also estimated. Partial d
observed for earliness. Additive gene effects were found to
important in the expression of both earliness and seed size.
these characters were found to be under comparatively simpl
control. The study indicated the possibility of improving
early-maturing cultivars by simple selection procedures.
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Induced Mutagenesis in Pigeonpea with
Gamma Rays, Ethyl Methane Sulfonate
(EMS) and Hydroxylamine (HA)

S. Venkateswarlu*, R.M. Singh*, and L.J. Reddy**

Abstract

Pure seeds of R-60 and NP(WR)-15 pigeonpea cultivars were

iradiated with 5, 10, 20, 30, and 40 kR 0C, gamma rays;
treated with 0.02, 0.04, and 0.06 molar solution of ethyl

methane sulfonate (EMS) and 0.1, 0.2 and 0.3 molar solution

of Hydroxylamine (HA). Gamma irradiation as well as
treatment with chemical mutagens reduced germination,
seedling height, pollen fertility, and survival at maturity,

which was linear from low to higher doses/concentrations.

R-60 was the least, NP(WR)-15 the most, sensitive to both
gamma rays and chemical mutagens. The chlorophyll mutation
rate was characterized by linearity at low to medium doses

and saturation as well as by erratic behavior at high doses.

The potential of mutagens in enhancing the frequency of
chlorophyll mutation was in the order of gamma rays > EMS>

HA. The spectrum in gamma rays was Xantha >viridis>  chlorina,
whereas in EMS and HA it was viridis > chlorina > Xantha.

Genetic variability has been induced through mutagenesis i n a large
number of crops, but the information available in pigeonpea (cajanus cajan
[L.] Millsp.) is meager (Khan et al. 1973, Khan and Veeraswam y 1974;
Venkateswarlu et al. 1978). Gamma rays and EMS induced a humb er of
chlorophyll and viable mutations in variety Co-1; EMS was le ss effective
than gamma rays (Khan and Veeraswamy 1974). Cultivar R-60 wa s the least,
NP(WF)-15 the most, radiosensitive (Venkateswarlu et al. 1 978). Attempts
have also been made to establish the correlation between mal e sterility
in the M ; and frequency of chlorophyll mutations in the M > (Caldecott
1961; Kavi 1965; Sharma and Bansal 1970). The present stud y aims to
investigate (1) the relationship between biological effec ts in M ; and the
chlorophyll mutation frequency in M 2; (2) the sensitivity of two pigeonpea
cultivars to different mutagens; and (3) the efficiency of g amma rays
compared with that of Ethyl methane sulfonate (EMS) andHyd roxylamine (HA).
Institute of Agricultural Sciences, Banaras Hindu Univers ity, Varanasi,

India; ** Pulse Improvement Program, ICRISAT.

67



Materials and Methods

Pure and dry (8-9% moisture content) seeds of R-60 and NP(WR) -15 pigeonpea
cultivars were irradiated with 5, 10, 20,30, and 40 kR 60Cc0 gamma rays.
Treatment with the chemicals EMS and HA was done separately on seeds pre-
soaked in distilled water for 5 hours using 0.02, 0.04, and O .06 molar
solutions of EMS and 0.1, 0.2, and 0.3 molar solutions of HA, for 4 hours
at room temperature (30°C) and washed in running tap water f or 4 hours.
One hundred seeds were treated with each dose or concentrati on. Half of
the seeds were sown in the field in two replications at the Ag riculture
Research Farm, Banaras Hindu University, during the 1974-7 5 crop season.
Germination (after 10 days), pollen fertility, and surviva | at maturity

of M ; were scored in the field. The remaining seeds were sown in p etri
dishes in the laboratory to record observations on seedling height on

the seventh day. Ten randomly selected plants were consider ed for
recording the pollen fertility from each variety and each do se/concentra-
tion. The M , generation was raised from the M ;1 seeds and chlorophyll
mutations were scored and expressed as a percentage of M > plants.

Results and Discussion

Biological Effects

e .
Germination of the M1 was severely reduced at higher doses ( 30 and 40 kR)
of gamma rays in both the cultivars R-60 and NP (WR)-15 (Tabl e l).
Germination Us a percentage of the control) was observed to be less than
2.0 in NP(WR)-15 as against 18.2 or less in R-60 at the above do ses. At
the remaining doses, the germination ranged from 42.4 to 57 .1% of the
control for R-60 and 37.0 to 40.5% for NP(WR)-15. For the che mical
mutagens the reduction in germination was apparent and line ar with

increasing concentration, except 0.06 M EMS in NP(WR)-15.

Seedling Height

Seedling height in general decreased with increasing dos es of gamma rays/
chemicals in both the strains but this decrease was more pr onounced in
NP(WR)-15 than R-60 (Table 1). Seedling height was most affe cted at 30
and 40 kR of gamma rays and 0.04 M and 0.06 M EMS in NP(WR)-15 a nd also
0.06 M EMS in R-60. HA was not as effective in reducing seedlin g height
as EMS.

Pollen Fertility

Treated populations showed lower pollen fertility than the respective
controls (Table 1). The pollen fertility decreased with th e increasing
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Table 1. Relative germination, seedling height (laboratory), pollen fertility, and survivatl to maturi

strains irradiated with 9Co gamma rays and treated with EMS and HA.

ty in Mq populations of pigeonpea

R-60 NP{WR)-15
Survival Survival
Germina-  Seedling Pollen to Germina-  Seedling Pollen to
tion height fertility maturity tion height fertility maturity
(%) {cm) (%) (%) (%) (cm) (%) (%)
Gamma ' rays
0 kR 100.0 2 100.0  100.0 _ 100.0 _ 100.0 100.0 A 100.0 190.0
(84.0) (9.2)%  (97.7) (80.0) (80.0) (13.7)%  (97.6)% (79,2)2
5 kR 57.1 97.6 86.8 26.3 36.8 48.6 95.6 22.3
10 kR 42.4 96.4 75.6 27.0 4G.5 46,1 84.8 25.3
20 kR 43.0 76.5 62.1 20,3 30.3 37.0 ww.mu 14.8
30 kR 18.2 57.5 72.2 8.3 1.5 21.8 - b
40 kR - - 16.7 52.7 45.0 8.0 0.5 11.8 45.4 0.5
Chemicals
EMS 0.02M 72.4 52.0 53.5 25.0 73.3 27.6 51.5 20.0
0.04M 68.8 50.8 47.7 21.9 66.7 12.8 37.5 7.5
0.06M 44.8 21.8 41.8 9.4 16.7 11.3 31.8 2.5
HA
3.1 M 100.0 110.0 65.9 81.3 86.7 93.3 83.2 67.5
0.2 M 89.7 89.9 48.0 65.6 83.3 69.9 56.4 62.5
0.3 M 82.8 87.5 34.3 34.9 83.3 53.6 22.8 40.0

a. Actual control values.

b, No plants reached maturity.

Note: Data are expressed as a percentage of the

control values,
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doses of gamma rays/chemicals except for 30 kR of gamma rays i

40 kR of gamma rays and 0.06 M EMS in NP(WR)-15, where a relativ
fertility was observed than for the next lower dose. This co

to sampling error, since only a few treated plants were avai

study. No plant survival was observed in NP(WR)-15 at 30 kR. A
reduction in pollen fertility was obtained with all the tre

and 0.2 and 0.3 M HA in both cultivars.

Survival at Maturity

The reduction in plant survival at maturity was more pronoun

the cultivars at all the doses of gamma rays and EMS than the H
Higher doses of gamma rays (30 and 40 kR) and EMS (0.06 M) furth
reduced the survival, which was

Higher doses of gamma rays as well as chemicals greatly affec
biological parameters studied. The reduction in various pa
more with the increasing doses of gamma rays/chemicals. Dra
tion in germination and survival occurred at the higher dose
reduction was greater in the cultivar NP(WR)-15 than in R-6
from the data that cultivar NP(WR)-15 showed more sensitivi
mutagens than R-60 for all characters. Thus it appears that
strains differ considerably in their radiosensitivity (V
1978) as well as their reaction to various chemicals. It may b
out that a 54% reduction in seedling height occurred in NP(WR
against only 2.5% in R-60 at 5 kR, indicating a remarkable di
response between these two strains.

Chlorophyll Mutations

Controls (i.e. untreated plant progeny) did not show any ch
mutations (Table 2). Three types of chlorophyll mutations,
xantha, and viridis, were recovered in the M2 of the treated
Cultivar R-60 produced chlorophyll mutations at 10, 20, and

of gamma rays, whereas NP(WR)-15 produced such mutations on
and 40 kR. The highest frequency of chlorophyll mutations (
produced by NP(WR)-15 at 20 kR.

In the case of EMS and HA, the highest mutation frequency, in g
was observed at the middle doses.

The potential of mutagens for enhancing the frequency of chl
mutations was in the sequence of Gamma-rays > EMS > HA. Cultiv
produced more chlorophyll mutations than R-60. The data o
mutation frequency (Table 2) clearly show that the cultivar
that has produced the maximum number of chlorophyll mutati
be more sensitive to the different mutagens when compared w

Chlorophyll mutations of three types, chlorina, xantha an
were recovered in the treated populations. The spectrum in g
(Table 3) was xantha >viridis > chlorina. In EMS and HA it wa
chlorina > xantha.
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Table 2. Chlorophyll mutation frequency in the M 2 generation of pigeonpea.

Cv R-60 Cv NP(WR)-15
Mutant Mutant
Dose/conc. Total M2 Percent Total M2 Percent
seedlings mutants seedlings mutants
plants plants
Control 2050 1850
Gamma rays 5 kR 1045 971 2 0.21
10 kR 2139 4 0.19 1450
20 kR 1408 9 0.64 2193 145 6.61
30 kR 956 8 0.84 1321
40 kR 978 595 1 0.17
Total 6526 21 0.32 6530 148 2.67
EMS 0.02 M 1565 3 0.19 1662 8 0.48
0.04 M 1172 2 0.16 1793 58 3.23
0.06 M 1485 5 0.33 1456 24 1.65
Total 4222 10 0.24 4911 88 1.79
HA 01 M 1675 1478 3 0.20
0.2 M 1742 8 0.46 1382 25 1.81
0.3 M 1360 2 0.14 1655 13 0.78
Total 4777 10 0.21 4515 41 0.91
The spectrum of chlorophyll mutant types varied with the tre atment.
All three types of mutants for a single treatment was only obs erved in the
chemical mutagens. Each gamma ray treatment produced only o ne or two
types of chlorophyll mutations. In otherwords, chemical mu tagens
induced a wider spectrum of chlorophyll mutations than gamm a rays at a
given dose, which supports the findings of Aradhya and Menon (1979). The
optimum dose treatment estimated on the basis of chlorophyl I mutation is

around 20 kR of gamma rays, 0.04 M for EMS and 0.2 M for HA for the
sensitive cultivar NP(WR)-15.

It is significant that xantha mutants formed the major cla ss of
chlorophyll mutations with gamma rays; viridis mutants wit h the chemical
mutagens. Xantha are lethal mutations resulting from drast ic effects on
chromosomes, but viridis and chlorina can survive and repro duce. These
observations support the proposal that radiation produce s extreme

mutations, such as xantha and albino, compared with mutage nic chemicals,



Table 3. Spectrum of chlorophyll mutations in the M

> generation of pigeonpea cultivars

R-60andN P (WR)- 15.
Spectrum of chlorophyll mutations
Dose/
Mutagen c (% M, plants)
onc. Xantha Viridis Chlorina Total
Gamma rays R-60
10 kR 0.14 0.06 0.19
20 kR 0.50 0.14 0.64
30 kR 0.74 0.10 0.84
NP(WR)-15
5 kR 0.21 0.21
20 kR 6.39 0.22 6.61
40 kR 0.17 0.17
Total 8.01 0.60 0.06 8.66
EMS R-60
0.02 M 0.13 0.06 0.19
0.04 M 0.08 0.08 0.16
0.06 M 0.07 0.13 0.13 0.33
NP(WR)-15
0.02 M 0.12 0.24 0.12 0.48
0.04 M 1.00 1.17 1.06 3.23
0.06 M 0.55 0.69 0.41 1.65
Total 1.74 2.44 1.86 6.04
HA R-60
02 M 0.17 0.12 0.17 0.46
03 M 0.07 0.07 0.14
NP(WR)-15
01 M 0.13 0.07 0.20
0.2 M 0.51 0.72 0.58 1.81
0.3 M 0.18 0.36 0.24 0.78
Total 0.93 1.33 1.13 3.39
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which produce the viridis and chlorina mutations (Westerg aard 1960).

References
ARADHYA, R.S., and MENON, P.M. 1979. Induced mutagenesis in finger
millet (Eleusine coracana. Gaertn), with gamma-rays and ethyl-
methane sulphonate. 1. Chlorophyll mutation frequency an
spectrum. Experimental and Environmental Botany 19: 123-1 26.
CALDECOTT, R.S. 1961. Effects of ionizing radiations on seeds. Pages
2-24 inProceedings, Symposium on lonizing Radiations 19 60, Karlsruhe,
Germany.
KHAN, MOHAMEDALI, W., SIVASWAMY, N., and RAMASWAMY, K. 1973 . Sensitivity
of two red gram strains to different mutagens. Madras Agric ultural

Journal 60: 406-407.

KHAN, MOHAMED ALI, W., and VEERASWAMY, R. 1974. Mutations induced in
red gram (C ajanus cajan [L.] Millsp.) by gamma radiation and EMS.
Radiation Botany 14: 237-242.

KIVI, E.l. 1965. Some aspects of sterility on the basis of gamma- and X-
ray-treated barley. Pages 1-7 in Proceedings, Symposium on the use
of induced mutations in plant breeding, FAO/IAEA, Rome, lta ly.

SHARMA, R.P., and BANSAL, H.C. 1970. Influence of radiation and
chemically induced sterility on mutation frequency and spe ctrum
in barley. Indian Journal of Genetics 30: 544-550.

VENKATESWARLU, S., SINGH, R.M., SINGH, R.B., and SINGH, B.D . 1978.
Radio sensitivity and frequency of chlorophyll mutations in
pigeonpea. Indian Journal of Genetics 38: 90-95.

WESTERGAARD, M. 1960. A discussion of mutagenic specificity 1.
Specificity on the geographical level. Chemische Mutagene se.
Erwin-Baur-Gedachtmisvorlesungen 1, Akademie-Verlag, B erlin.

73






Spontaneous Mutations with Pleiotropic
Effects in Pigeonpea

K.B. Wanjari*

Abstract

Sharma and Green (1975) enumerated the following problems in
pigeonpea breeding: (1) \Variation in the outcrossing creates
difficulty in maintenance of true-to-type seed. (2) Multi-

plicity of cropping systems pose the problem of relating the
environment of the breeding nursery to that of the farmer's
field. 3) Long period of growth and maturity limit work to
one breeding generation per year.

Pleiotropism and linkage of desirable and undesirable char acters adds
complexity to the crop breeding program. The present paper r eports plei-
otropic effects observed in spontaneously occurring pige onpea mutants.

Materials and Methods

A broad-leaved variant isolated from the F3 of T-21 x EC-107 656 in 1976-77
(Wanjari et al. 1978) has been designhated as a compact mutan t. This
compact mutant and a unifoliate mustard-like mutant isolat ed from improved
variety No. 148 formed the material for the present study. A dvance F 4, and
Fs selfed single-plant progenies of the F 3 line producing compact mutants

were studied for segregation of the mutant genotypes. The u nifoliate

mutant was used as pollen parent for crossing with several ¢ ultivars and
study of the F 1 plants is in progress.

Results and Discussion

Compact Mutant

The morphological characters of the compact mutant along w ith one of the
parents (T-21) are given in Table 1. F 3 segregation was found to be in

the proportion of 15 normal: 1 compact (Table 2). Single-p lant progenies
of the compact plant carried from F 3 to F4 showed its true-breeding be-

havior, confirming it as a spontaneous mutation. However, the progenies
of normal plants from the same F 3 line of a cross (T-21 x EC-107656)

" Punjabrao Krishi Vidyapeeth, Akola, Maharashtra, India.
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Table 1. Some plantcharacteristics ofa compactmutantin p igeonpea compared with

cv T-21.
Compact Compact
Plant character bushy erect T-21
Plant height (cm) 62.80+4.72 64.606.42 130.00£12.25
No. of primary branches 5.40+2.68 4.80+1.80 7.20 £ 1.67
Leaflet size (cm)
Left Length 5.72+1.96 5.40+1.71 5.99+0.78
Breadth 3.64+0.86 3.56x0.73 1.92 £ 0.36
Central Length 7.22+0.45 7.14+0.44 7.50 £ 0.99
Breadth 4.29+0.64 4.26+0.56 2.52+0.32
Right Length 5.88+1.54 5.56+1.84 5.95 + 0.96
Breadth 3.76+0.86 3.68+0.59 1.94 + 0.45
No. of pods/plant 9.60+4.38 11.60+7.69 30.00+14.59
Pod length (cm) 5.52+2.31 5.40+1.88 5.10 £ 0.24
No. of seeds/pod 4.03+3.50 3.76x0.52 4.20 +1.20
10-seed weight (g) 1.23+0.32 1.17+0.86 0.72 £ 0.02
Seed weight/plant (g) 6.61+4.13 7.23t4.79 12.74+ 451
Pollen fertility (@0 88.90 85.60 95.20
Table2. F 3 progeny showing compactmutant in pigeonpea.
Segregation
Progeny no. Normal Mutant X% (15:1) P
16 57 5 0.3484 0.80-0.90
showed both true breeding for normal plants and segregating lines for

normal and compact types (Table 3). The segregation confirm
tation that the compact type was the expression of double re
tion of duplicate gene factors.

The compact plants in segregating F4 lines showed two distin
bushy and erect, which were found to be monogenically inheri
nance of bushy characters (Table 4).
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Table 3. F, behavior of progenies from F, of normal plants arising from the compact

pigeonpea mutant.

No. of progenies Expected
Nature of segregation observed proportion x° and P
All normal leaf 25 7 x® = 0.3120
15 normal : 1 compact 15 4 P = 0.80-0.90
3 normal : 1 compact 17 4

Progenies of all F, compact type plants bred true.

Table 4. Segregation of erect and bushy pigeonpea types among compact mutant in F,

and F,.

Segregation of mutant Observed no. x?
types for growth habit of progenies (1:2:1) P
F4

All Bushy 11 0.0476 0.95-0.98

3 Bushy : 1 erect 21

All erect 10

All Bushy 39

3 Bushy : 1 erect 84 0.1464 0.90-0.95

All erect 41

Both the bushy and erect types, however, had all other characters of

the compact type, 1.e., short stature, short internodes, broad, thick

leaves with mucronate apex, short petiole, and irregular floral organs.

Thus mutant genes had pleiotropic effects.

The mutants can be accommodated in very limited space with a good
amount of biomass production. Pollen fertility, number of pods, and yield
were found to increase in later generations (Table 5), showing improvement
in its acclimatization.
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Table5. Some characteristics of compactmutants of pigeonp

ea in different generations.

Generation
Character = F. Fs Fe
Pollen fertility 87.50 88.56 88.20 88.90
No. of pods/plant 4.50 8.90 9.40 9.60
No. of seeds/pod 1.80 3.50 3.80 4.03
Grain weight/plant (9) 1.90 4.10 4.62 4.62

Unifoliate Mustard-like Mutant

The unifoliate mutant occured spontaneously during 1978-7
with an average frequency of 2.3585 per 100 000 plants (Table
of dwarf stature, with much less foliage than the normal pla
foliage consisted of unifoliate leaves on the basal portion
ches. The upper part of the branches showed reproductive gr
of the floral buds were rudimentary. Many flowers grew well
to set seed. The plant thus appeared like a mustard plant. Li
tative growth and a large amount of reproductive growth in th
a desirable character for breeding pigeonpea. High harvest
important for crop breeding (Jain 1975). However, the asso
other undesirable characters is a constraint in further bre

Jeswani and Deshpande (1962) reported a similar variant in C
which was reported to be monogenic recessive. The mutant rep
had a large number of flowers with the standard covering the w
The pollen from the mutant plant were used for crossing with s
strains, and hybrid seed could be secured. The hybrids are un
observation in the field.

Jeswani and Deshpande (1962) also reported a sepaloid muta
cleistogamous mutant. They concluded that in all probabili
and floral modifications were the pleiotropic effects of si
Joshi and Ramanujam (1963) reported a simple-leaf mutant
association with sepaloidy, pointing to close linkage or pl
nonbranching single-stem spontaneous mutant reported by D
(1979) seems to be distinct from the parental stock in some ch
such as leaf size, maturity, and plant height. Deshmukh (19
reported similar mutation associated with female sterilit

Pleiotropy causing undesirable characteristics is observ
in spontaneously occurring mutants, which restricts thei
they have some desirable characters that would be useful in a

program. Similarly pleiotropy is a major constraint to us
breeding in pigeonpea. Hence this phenomenon needs attenti
breeders.
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Table6. Frequency of unifoliate mustard-like mutant in pig eonpea.

Year Population raised No. of mutants observed
1978-79 48 510 1
1979-80 36 289 1
1980-81 84 700 2

Total 100 000
Average mutants/100 000 2.36
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Genetic Analysis of a Diallel Cross of

Early-Flowering Pigeonpea Lines

K.B. Saxena, D.E. Byth, E.S. Wallis, and

Abstract

The full half-diallel cross of seven early-flowering pigeonpea

I.H. De Lacy*

lines was evaluated in the F ; and F , generations at Redland
Bay (27°S), Australia. The F ; trial was space planted
(Im x 1m); the F o trial was in higher density (0.5 x 0.2 m).

There was a clear effect of method of evaluation on the

expression of genetic differences among the progenies. The

implications of this and of the inclusion of a parent with

only moderately different phenology are discussed in relation

to the accuracy and meaningfulness of genetic parameters

estimated in this and similar studies. Despite these biases,

it is shown that GCA variance predominated for all characters
considered. SCA variance was significant for some characters,

but was small compared with GCA. This paper discusses

the

implications of these results — and those of other workers—

for  breeding strategies.

The pigeonpea is a quantitative short-day plant, and its phe
strongly influenced by photoperiod (Spence and Williams 1
photoperiod temperature interactions (L.V. Turnbull, p

tion). Genotypes ranging from photoperiod-insensitive t

day in response exist, and a wide range of phenology and ext
diverse production systems are possible. Aspects of breedi
based on these production systems were discussed by Byth et a
proceedings).

In general, average yields of seed in the traditional cropp
systems are relatively low. However, the crop is capable of h
yield under favorable management, and significant improve
production can result from both agronomic and breeding res
date, improvement in yield via breeding has been limited (Si
perhaps because of the relatively poor understanding of the
gical adaptation of the crop and the consequent difficult
clear quantitative breeding objectives.

Relatively little genetic knowledge of agronomic and econo
characters exists, and this complicates the definition of

nology is
972) and by
ersonal communica-
o strongly short-
remely
ng strategies
I. (these

ing
igh seed
ments in
earch. To
ngh 1971),
ecophysiolo-
y of defining

mic
breeding

* University of Queensland, St. Lucia, Queensland, Australia.
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objectives and selection strategies appropriate to the cro p. Most

cultivars are landraces maintained by open-pollination wi thin somewhat
restricted germplasm bases, hut both pure-line and hybrid c ultivars have
been proposed and researched. Quantitative analysis has in dicated that
both additive and nonadditive genetic variances are import ant for yield,

its components, and most agronomic characters (Sharma et al 1972; Sharma
1973; Dahiya and Brar 1977; Reddy et al. 1977b; Reddy et al. 1979a,
1979b).

Relatively little genetic analysis has been carried out on e arly-
flowering short-season pigeonpeas. In quantitative breed ing of any crop
in which phenology is sensitive to environmental influence s, a basic
problem is that interpretation of the results of mating des igns is
complicated by physiological changes associated with ph enological
differences. Thus, the inheritance of yield and associate d characters is
confounded with the pleiotropic effects of genes influenci ng phenology.
Further, since plant size and habit are strongly influence d by phenology,
the agronomic system used in evaluation can have a major diff erential
influence on the performance of entries. This effect confou nds any

genetic interpretation.

The present study was designed to investigage genetic vari ability,
gene action, and breeding value for various agronomic and yi eld characters
in a population of early-flowering, short-season pigeonpe as. Material of
this phenology is of interest in the development of short-s eason and off-
season production systems (Byth et al., Wallis et al. these p roceedings),

particularly where mechanical culture is intended.

Materials and Methods

The seven lines used as parents were all relatively early flo wering.
QPL-1, QPL-2, QPL-3, and QPL-4 were derived from a photoper iod-insensi-
tive population in Australia. Prabhat, UPAS-120, and 3D-81 03 are photo-
period-sensitive but relatively early-flowering cultiva rs at this

latitude.

A full half-diallel of these lines was evaluated in the F . and F >
generations, together with the parents, at Redland Bay, Aus tralia(27°S).
Both the trials were randomized complete block designs wit h three repli-
cations, and were sown on 20 December 1979, The F ; trial was space
planted (1 m x 1 m) in two-row plots 5m long. The F » trial was in six-
row plots, 3 m long, with 0.5 m x 0.2 m plant spacing. Each plo t was
bordered by Prabhat, at the same spacing, to provide unifor m competition.
The site was a humid coastal environment with a deep, high c lay Oxisol
(Krasnozem) soil. Fertilizers were applied to correct all k nown deficien-
cies, and spray irrigation was used as necessary to avoid mo isture stress.
The plants were protected from weed competition and insect d amage through-

out the trial.

The following characters were observed in both trials: days to
flower, pod number, seed size, seeds per pod, seed weight per plant, and
plant height (only in F 1). In the F 1, Observations were made on each
plant. For the F > plots, ten competitive plants per plot were sampled
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at random. In crosses segregating for plant habit, five pl

type were included. Number of days to flowering was recorded

ants of each
on a plot

basis for the F > trial, and a bulk harvest was done for the plot yield.

Analysis of the data followed method 4, model |, of Griffing (

Results and Discussion

Analysis of the 7 x 7 Diallel Cross

Significant differences existed among the progenies in th

all characters (Table 1). Substantial genetic variation ex
plant height, yield per plant, and days to flower, but the gen
coefficient of variation (GVC%) values were relatively low
and seeds per pod.

General combining ability (GCA) variance was significant f

of the characters measured. Specific combining ability (SC
was significant for days to flower and plant height only. The
traits also exhibited high precision of determination (3.5
coefficient of variation or CV, respectively). The varianc

1956).

e F, trial for
isted for
etic
for seed size

or all
A) variance
se two
% and 4.9%
e component

due to GCA was substantially greater than that due to SCA for a Il the
characters, indicating a preponderance of additive gene ac tion.

In contrast, significant differences existed among the pr ogenies
in the F , trial only for days to flower, seed size, and yield per plot
(Table 1). The extent of genetic variation among the progen ies was
considerably lower than in the F 1 foryield per plant, but was similar
to the F , for all other characters. There was substantial genetic
variability for yield per plot in the F 2. GCA variance was significant
for days to flower, seed size, and yield per plot, while SCA wa S signi-
ficant for days to flower and yield per plot. For each of thes e
characters, the GCA variance component was large compare d with the SCA
variance component. The coefficients of variation for each character
were similar for the F 1 and F ,, implying that the characters had
similar precision of determination in these trials.

The crosses differed significantly in pod number and yield per
plant in the F 1, but not in the F ». The cause of this is not known.

However, we consider that the expression of genetic variabi
characters was influenced by the differences in interplant

lity for these
competition

between the trials. In the F o trial, the use of higher plant density

resulted in greater competition, and this suppressed exp
potential for certain characters. In contrast, in the space
trial, plants were virtually noncompetitive throughout g
consequence full expression of growth potential was possi
resulted in much larger plants of some crosses, particularl
involving the later flowering parents, and thus in the reali
relatively higher variance components (Table 1). Conseque
expression of genetic differences was confounded with the n
test environment in these trials. This automatically limit
inferences that can be drawn from these data. Similar influ

ression of genetic
-planted F
rowth and in
ble. This
y those
zation of
ntly, the
ature of the
s the
ence of

1
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environment on the expression of genes was also found by Y ermanos and
Allard (1961).

there was a close association between the GCA effects for a p arent
and actual parental performance in the F ; trial (Table 2); that is,
parental performance per se was good predictor of breeding v alue for most
characters. Thus the earliest flowering parents, QPL-1, QP L-2, QPL-3,
and QPL-4, conditioned relatively early-flowering, short plants, low pod
number, and low yield per plant, whereas the progeny of the la ter
flowering 3D-8103 tended to be relatively late flowering a nd taller, with
large pod number, small seed size and high yield per plant in t heF ;
trial. In contrast, there was close positive association be tween GCA
effect and parental performance only for days to flowering i n the F ,
trial. For seed yield, this reflects a marked difference in GCA between
yield per plant in the F 1 and yield per plot in the F 2. Cultivars 3D-
8103, UPAS-120, and Prabhat conditioned high seed yield pe r plant in the
Fi, but 3D-8103 was inferior in GCA to the other two lines for yi eld per
plot in the F 2.

Further, QPL-1 to QPL-4 had similar negative GCA effects for yield
per plant in the F 1, but QPL-3 and QPL-4 had large positive GCA effects
for yield per plot in the F 2. These differences reflect the effects of
differential interplant competition in these trials, and i ndicate that
cautious interpretation of genetic parameters is necessar y for all
characters responsive to such competition. Evaluation of m ating designs
should be in cultural conditions simulating normal practic e, at least for
plant density. However, since GCA variance predominated in both trials
for most characters (Table 1), it can be inferred that subst antial
additive genetic variance and/or additive x additive epist asis can be

exploited in the improvement of early-maturing pigeonpeas

Most of the SCA effects for most characters in the F ., and F »
trials were not significantly different from zero, however , for cross
UPAS-120 x 3D-8103, there was a significant negative SCA ef fect for days
to flower (F ;1 and F ) and for plant height (F 1), indicating significant
contribution of nonadditive gene action in the expression of these traits
in this cross. None of the crosses involving Prabhat or QPL | ines had a
significant SCA effect for days to flowering. This probably reflects the
relatively narrow genetic base for genes influencing flowe ring in these
early-flowering parents, and suggests that the prospects f or selecting

even earlier material in their progeny are low.

Analysis of the 6 x 6 Diallel Cross

In view of the potential influence of differences among the parents in
phenology on quantitative genetic analysis and of paramete r estimates

from such analysis, the diallel cross was reanalyzed as a 6 x 6 diallel,
eliminating the latest flowering parent 3D-8103. The preci sion of the
data was similar for the 7 x 7 and 6 x 6 mating designs (Tables 1 ,3),
and there were only relatively small changes in the overall m ean for most

characters (Table 3).

Elimination of the 3D-8103 progenies had no influence on the
significance of differences among the progenies (Table 1,3 ), but SCA
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variance for days to flower and GCA and SCA variances for yiel d per plot

were not significant in the 6 x 6 design. For most characters , there was
a substantial reduction in the size of the GCA and SCA compone nts, e.g.,
in the GCA and SCA for days to flower and plant height, and in SC A for
pod number and yield per plant. As in the 7 x 7 design, GCA varia nce
predominated for all characters exhibiting significant di fferences among
the progenies but the ratio of the GCA to the SCA component w as even

greater in the 6 x 6 design.

Character Associations

Phenotypic and genotypic correlations among the character s in the F 1 and
F, trials were generally similar in magnitude and direction, and only
phenotypic correlations will be considered here (Table 4). In the F
trial of the 7 x 7 design, yield per plant and days to flowering were
moderately to strongly associated with each other and with all other
characters. Seed size (100-seed weight) was statistically independent

of seeds per pod and pod number.

For the 7 x 7 F » diallel, yield per plot was negatively associated
with days to flower and positively associated with seed siz e and seeds
per pod. In contrast, yield per plot and days to flower were st rongly
positively associated (R = 0.70**) in the 6 x 6 F o diallel. This marked
change in association resulted from deletion of the progeni es of the
latest flowering parent, 3D-8103, and occurred because th ese progenies
formed a quite distinct and relatively low-yielding, late- flowering
group in the F o trial.  The low yield of the 3D-8103 progenies in the F
trial may be related to two causes: first, these F 2 progenies segregated
for plant habit between the tall 3D-8103 type and the short, i nsensitive
parent; second, interplant competition was greater for the tall, vegeta-
tive 3D-8103 proaenies at the relatively high plant densit y used for the
F, trial. It should be noted that in the F . trial, 3D-8103 had the
highest GCA effect for yield per plant, indicating that its p rogenies

were, on average, the highest yielding entries.

General Discussion

The study was restricted to a set of pigeonpea lines that were relatively
early flowering. Crosses among these parents differed sign ificantly for
most of the agronomic characters measured. There was a clea r effect of
method of evaluation on the expression of genetic differenc es among the
progenies, and the inclusion of a parent with only moderatel y different
phenology resulted in a change in the magnitude of the diffe rences and
of the genetic parameters, these results emphasize the impo rtance of
conducting evaluation trials under a cultural system simil ar to that used
in commercial production, and the need to restrict parentag e of mating
design to a relatively narrow range of phenology. Failure to accomplish
these restrictions inevitably prejudices the accuracy and meaningfulness

of the genetic parameters estimated for such trials.

Despite these biases to estimation inherent in the mating de signs
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Table4. Phenotypic correlations among various characters

in 7x7 and 6 x6 diallels.

Character Diallel 2 3 4 5 6 Yield/
plot
7 x7 LT5%* .69** LQ7 ¥ L51** .86**
Yield/plant
6 x 6 LT4%x .68%** .97 ** 43 L92%x
7x7 99 7T 55** A45%  (-.46%)
Days to flower
6 X 6 .QQ**
X (06 6% 79% .48 (.70%*)
7 x7 JT3%% .50* .39
Plant height
6 x 6 .66** .80** 41 (.68**)
7x7 .39 L 78%* -
Pod Number
6 x 6 31 L93**
7 x7 12 (.59**)
Seed size
6 x 6 .06 (.34)
7xX7 (.69**)
Seeds/pod
6 X 6 -

a. Mean square nonsignificant for one variate.
b. ()F 2 generation.
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and evaluations reported in this study, it was shown that GC
predominated for all characters considered. SCA variance w

for some characters, but was small compared with GCA. These r
similar to those of Sharma etal.(1972), Sharma et al. (1973)
and Brar (1977) for later maturity groups of pigeonpea. They

substantial additive genetic variation and additive x addi

tions can be exploited in the improvement of early-floweri

In contrast, Reddy et al. (1977b, 1979a, 1979b) reported pr

of SCA variances for all characters studies, including phen
height, and seed yield and its components. The cause of this m
difference between these studies is not known, but it may be r
the genetic material used or the method of evaluation. Howev
logy, plant height, and seed size are known to be relatively
heritable characters in pigeonpea (Munoz and Abrams 1971; K
1972; Sharma et al. 1972, 1973), and this is incompatible wi
indicating a preponderance of SCA variance for such traits (
1977 b, 1979a, 1979b).

Estimates of the form of genetic variation have quite funda
influence on the definition of breeding strategies and meth
the relevance of particular types of cultivars. Thus, furth
is urgently required to validate the nature of gene action op
determine agronomic characters in pigeonpea populations
maturity classes. Such research should be conducted within
narrow phenological groups, and evaluation methods shoul
closely in the design of such trials.

On the basis of their estimates of gene action, Sharma et al.(
suggested the development of composite varieties; Dahiya
preferred the use of bulk population improvement over pedig
and Reddy et al. (1979b) advocated the exploitation of nona
action via hybrid cultivars.

In view of the conflicting literature on gene action, it is
possible to define breeding strategies directed exclusive
exploitation of additive versus nonadditive genetic vari
it is unnecessary to do so. The reproductive biology of pige
permits both options. Varietal hybrids based on genetic mal
(Reddy et al. 1977a, Wallis et al. vol.2, these proceeding
exhibited considerable heterosis for seed yield (Green et a
Conversely, pedigree or bulk-breeding methods can be used
pigeonpea, directed towards pure-line or multiline cultiv
outcrossing can be utilized in the improvement of predomina
pollinated plants (Frey 1975; Khan 1973). Byth et al.(these
reported a modification of floral morphology, which enforc
nation in pigeonpea, and proposed its use with genetic male
allow population improvement of pigeonpea as a self-polli
the production of pure-line cultivars. They considered tha
tation of heterosis in hybrid cultivars was not incompatibl
general approach to pigeonpea improvement.

Considerable research into the strategies of breeding appr
pigeonpea is required. Objective decisions on this fundame
cannot be made now, in view of the limited and conflicting lit
genetic variation in this crop.
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Some Combining Ability Analyses

in

Pigeonpea (Cajanus cajan (L.) Millsp.)

L.J. Reddy, K.B. Saxena, D.

Abstract

General (GCA) and specific combining ability (SCA) variances
were determined from a 10 x 10 group diallel, a 28 x 28 variety

diallel, and a 7 x 7 variety diallel. All the diallels have
indicated predominance of additive gene action for most of

characters  studied; however, highly significant, SCA variances

were observed for yield in all the diallels. Therefore,

breeding programs should aim at exploiting both additive gene
action through pedigree, mass selection, and population impro-

Sharma, and J.M. Green*

vement, and nonadditive gene action through F 1 hybrids and

bulk hybrid advance by single-pod descent. In general, a high

rank correlation was observed between the mean performance

se and the GCA of the parents, indicating that the parents can

be chosen for a crossing program on their per se performance.

The GCA variances were affected relatively more than the SCA

variances by the phenological diversity of the parents involved

in the crosses.
Diallel crosses have been extensively used in both self- an d cross-
pollinated crops for estimating genetic variances and com bining ability
of the parents; however, there are very few reports on this aspect in

pigeonpea. These studies are limited to a very small number o
and to a few characters; often, conflicting reports have be

gene action for yield and other agronomic characters (Chaud
1980; Reddy et al. 1979a, 1979b; Dahiya and Brar 1977; Sharm
1973a, 1973b). In view of the scanty information available o
potential of cultures in a maturity group or plant type of pig
would be desirable, for speedy evaluation, to determine the

a particular ecotypic or racial group rather than to evalu
cultures. Such an approach becomes all the more important in
as pigeonpea, where the number of cultures with unknown bac
into several thousands, with a possibility of many duplicat
Center a 10 x 10 group diallel and two variety diallels, 28 x

7 x 7, were made and evaluated. Our objectives were to assess ¢
(GCA) and specific combining ability (SCA) for different ch
discuss the efficiency of parental performance as an indi

f genotypes
en made on the

hari et al.
a et al.
n the genetic
eonpea, it

potential of
ate individual
crops such
kground run
es. At ICRISAT
28 and
eneral
aracters, to
cator of progeny

* Pulse Improvement Program, ICRISAT.
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performance, and to study the effect of phenological divers ity of parents
on the GCA and SCA variances.

Materials and Methods

Group Diallel (10 x 10)

The entire germplasm collection (3480 cultures,) availa ble during 1973-74
at ICRISAT was classified into ten broad groups, based on imp ortant plant
characters such as plant height, plant spread, maturity per iod, and seed
weight. Each group was formed by mixing equal number of see ds for each
culture of a similar type. Crosses were effected both betwee n and within
the groups, and 45 inter- and 9 intra-group crosses obtained . Care was
taken to collect pollen from all the available plants of the m ale parent
and to use all the plants of the female parent for emasculati on and polli-
nation to minimize the sampling error. The Fls of all the crosses and

the parents were grown in an 8 x 8 simple lattice with four re plications.
Observations were recorded on 30 randomly chosen competiti ve plants per
plot. For diallel analysis only intergroup crosses and par ents were
considered.

Variety Diallel (28 x 28)

During 1974-75, a diallel set involving 28 diverse parent s was planted in
parental arrays in two replications. Observations were mad e on different
characters on an individual plant basis.

Variety Diallel (7 x 7))

During 1976-77 a seven-parent diallel was made and all the 2 1 F ;s along
with their parents were planted in two replications. Observ ations on 20
competitive plants per plot were recorded for all the charac ters.

For the diallel analysis all the three experiments were tre ated as
Randomized block designs and the error variance obtained wa s used as the
error component in the analyses of combining ability. The an alyses of
general and specific combining ability was done according t 0 method 2,

model 1, of Griffing (1956).

Results and Discussion

Group Diallel ( 10 x 10 )

The analysis of variance for all the characters revealed si gnificant
differences among genotypes (Table 1). Both GCA and SCA mean squares
were highly significant for all the characters. However, th e magnitude
of SCA variance estimates was lower than that of GCA estimat es for all
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the characters except plant height, indicating the prepon derance of addi-
tive gene action for days to 50% flowering, primary and secon dary branches,
yield, and harvest index.

The estimates of GCA effects for all the ten parental groups f or
various characters are given in Table 2. The early-maturity groups 1 and
2 were the best general combiners for earliness. Groups 1, 2, and 7,
with dwarf stature, showed significant negative effects fo r plant height.
Also the high-yielding parents, G-8, G-9, and G-10 showed h ighly signi-
ficant positive effects foryield. Similarly, groups 1 and 2 with high
harvest index were the best general combiners for this chara cter.

Table2. General combining abiity effects of parents forva rious charactersin a

10 x 10 group diallel of pigeonpea.

Character

Days to 50% Plant Primary Secondary Yield/ Harvest index
Parent flowering height branches branches plot (Transformed)
G-1 -16.58** -17.59** -0.41* -4.25%* -0.35** 1.81%**
G-2 -11.76%* -10.57** -0.58** -3.02** -0.40%** 1.26%*
G-3 - 2.22%* 5.85** -0.31* -3.06** -0.17 0.09
G-4 - 4.72%* 2.43 0.46** 2.11** -0.15 -0.20
G-5 - 3.26** - 2.98 0.09 -0.14 -0.37** 0.23
G-6 10.36** 4.70%* -0.50%** -1.35* -0.45** -2.66**
G-7 - 8.20%** - 4.63** 0.25 1.25 -0.08 0.27
G-8 13.28** 11.23** 0.30 1.11 0.59** -0.31
G-9 11.90** 7.14%* 0.38* 4.03** 0.71** -0.04
G-10 11.20** 4.14* 0.25 3.32** 0.67** -0.27
SE (gi) 0.5656 1.7423 0.1683 0.6853 0.1042 0.4268
CD (5%) 1.6526 5.0907 0.4918 2.0021 0.3046 1.2471

(9 )

*Significant at 5% level; **Significant at 1% level.

G-1 : Early maturity, dwarf, compact and determinate growth habit

G-2 : Early maturity, spreading and semispreading and indet erminate
growth habit

G-3 : Medium maturity, tall and compact growth habit

G-4 : Medium maturity, tall and semispreading

G-5 : Medium maturity, tall and spreading growth habit

G-6 : Large-seeded, medium and late maturity

G-7 : Medium maturity and dwarf plant type

G-8 : Late maturity, tall and compact growth habit

G-9 : Late maturity, dwarf, spreading and semispreading gro wth habit

G-10: Late maturity, tall, and spreading and semispreading growth habit
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Variety Diallel ( 28 x 28 )

It can be argued that the parentage of a mating design should
ted to a relatively narrow range of phenology in order to get m
estimates of genetic parameters. For this reason the entire
was divided on the basis of parental phenology into early x e
medium, medium x medium, medium x late, and late x late cros
and the combining ability analysis was carried out separate
these subsets (Table 3). The genotypic differences were not
for days to flowering and yield per plant in medium x medium ¢
Excepting for these, the GCA mean squares were highly sign
various characters in different subsets. For seeds per pod
squares were not significant both in the main set and in all th
The SCA mean squares were not significant for seed size in me
crosses but were significant in early x early, early x medi

late and medium x late and late x late crosses. In all the sub
except early x medium crosses, SCA mean squares for yield we
nificant. It is interesting to note that the estimate of SCA
yield was higher than that of GCA variance in the early x early
In general, the relative increase in the magnitude of GCA va
mates, as compared with the SCA variance estimates, was gre
diversity of the parents involved in the crosses increase

Variety Diallel (7x7)

The analysis of variance for different characters reveale
differences among the genotypes (Table 4). Both GCA and SCA m
were highly significant for plant height, seed weight, andy

SCA mean squares for days to flowering and GCA mean squares fo
pod were not significant. The magnitude of GCA estimates wa
that of SCA estimates for plant height and seed weight but not

per plant. These observations suggest predominance of add
action for days to 50% flowering, plant height, and seed wei
nonadditive gene action for seeds per pod andyield per plant

Estimates of GCA effects of all the seven parents for variou
ters are given in Table 5. All the four late-maturity parents
ICP-1900-11, ICP-3193-12, and JA-3--showed significant p
for lateness (days to 50% flowering) and the two early-matur
UPAS-120 and Prabhat--showed significant negative effect
parents were equally good general combiners for earliness.
yielding parents, UPAS-120 and Prabhat, were found to be poo
biners and the highest yielding parent, ICP-1900-11 was the
combiner foryield. Similarly, the larger seeded parents, B
showed significant GCA effects for seed weight.

Parental Performance vs GCA Effects

In all the three diallels, the parents were ranked for paren
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Table 3. Analysisofcombining abilty variances in a 28 x

subsets.

28 diallel of pigeonpeaand its

Mean squares

Source of variation Days to 50% Seeds/ 100-seed Yield/
flowering pod weight plant
28 x 28 diallel (entire set)
GCA 27 7130.46** 1.38** 65.35** 19877.52**
§CA - 378 35.93** 0.03 0.61** 435.60**
G2gca/a*sca 11.10:1 5.96:1 4.35:1
Subsets
Early x early crosses
GCA 6 157.00** 0.103** 5.15** 121.00**
SCA 21 6.00** 0.007 0.14* 52.00**
2 2
g“gca/o“sca 4.17:1 6.73:1 0.31:1
Early x medium crosses
GCA 13 918.00** 0.28** 12.00** 2706.00**
SCA 91 8.00** 0.01 0.23** 132.00
g“gcaj/ocsca 17.61:1 8.67:1
Early x late crosses
GCA 20 7749.00** 1.08** 63.00** 18428.00**
§CA n 210 31.00** 0.03 0.66** 445.00**
g%gca/o*sca 18.49:1 6.26:1 4.28:1
Medium x medium crosses
GCA 6 N S? 0.30** 4.00** NS
SCA 21 NS 0.009 0.38 NS
22 ~2
g“gca/o®sca
Medium x late crosses
GCA 20 3240.00** 1.27** 51.00** 8946.00**
SCA 210 39.00** 0.04 0.66** 490.00**
~2 ~2
o“gca/gsca 7.76:1 6.28:1 2.39:1
Late x late crosses
GCA 13 426.00** 0.92** 53.00** 5861.00**
SCA 91 25.00 0.04 0.62** 409.00**
-~y a'\z
a*gca/a®sca 21.58:1 1.63:1

a. NS = Genotypic differences were not significant.

*Significant at 5% level;**Significantat 1% level.
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Table 4. Analysis of variance for various charactersina 7 x 7

variety diallel of pigeon pea.

Mean squares

Days to 50% Plant Seeds/ 100-seed Yield/
Source df flowering height pod weight plant
Replication 1 7.14 301.79* 0.05 0.08 5.17
Genotypes 27 405.10** 1043.60** 0.05* 2.99** 179.61**
Error 27 7.00 54.71 0.02 0.08 30.92
6CA 6 886.98** 2016.50** 0.02 5.98** 235.32**
SCA 21 7.00 94.74** 0.03* 0.22** 48.23**
Error (Me) 27 3.50 27.36 0.01 0.04 15.46
o’gca 98.16 221.0 0.66 24.4
a’sca 67.38 0.02 0.18 32.77
§%gca/a?sca 3.28:1 3.67:1 0.74:1
*Significant at 5% level; **Significant at 1 % level.
Table5. General combining ability effects of parents for va rious charactersin the

7 X 7 variety diallel.
Days to 50% Plant 100-seed Yield/

Parents flowering height weight plant
UPAS-120 -13.79** -13.27** -0.15 -6.84**
Prabhat -13.79** -24.60** -0.85** -6.86**
3193-12 6.19** 9.12** -0.10* 1.29
1900-11 6.49** 16.40** -0.78** 6.03**
6982-6 10.21** 14.06** -0.43** 4.83**
JA-3 5.16** 1.56 1.06** 1.23
BDN-1 - 0.45 - 3.27 1.15** 0.32
SE (g) 0.58 1.61 0.04 1.21
CD (5%) (g i) 1.81 5.07 0.20 3.80

*Significant at 5% level; **Significant at 1% level.




effect and array mean (mean of a set of crosses involving a particular
parent), and rank correlations were calculated to determin e the relation-
ship of GCA effect with parental and with array means (Table 6 ). Rank
correlation coefficients were highly significant in both ¢ omparisons for

all the characters in all the three experiments. In genera I, slightly

higher values of correlations were found between array mean and GCA effects
than between parental mean and GCA effects. However, foryie Id, parental
performance appears to be a better indicator of the general combining
ability of the parents than the array mean performance in both the 10 x 10

group diallel and the 7 x 7 variety diallel.

Specific Combining Ability Effects

In view of the large number of F
in this paper. However, mention may be made of an interestin
on SCA effects foryield in all the three experiments. In the 2
variety diallel, out of 29 crosses that showed significant
effects for yield, 18 crosses involved parents with signifi

GCA effects. In the 10 x 10 group diallel, the lowest yieldin
G-6, produced the highestyielding cross. Similarly in the
UPAS-120 and Prabhat, which were poor general combiners fo
duced the highestyielding hybrids. These observations sug
x low crosses produce the highest yielding hybrids in pigeon

General Discussion

In all the three experiments, the analyses of variance showe
mean square values for both GCA and SCA for most of the traits s
indicating the presence of both additive and nonadditive ge

days to 50% flowering and 100-seed weight, preponderance of
action was indicated in all the experiments. However, obser
yield and plant height in the different experiments were not

with each other. While additive gene action for yield was mor

in the 10 x 10 group diallel and the 28 x 28 variety diallel, non
gene action was of higher magnitude in the 7 x 7 variety dialle
early x early crosses of the 28 x 28 variety diallel.

Similarly for plant height, the 10 x 10 group diallel reveale
predominance of nonadditive gene action. The disagreement
experiments on the gene action might have resulted from gene
ences of the parents in each diallel and high genotype (G) x en
(E) interactions. Similar conflicting reports have been m
workers on the gene action for yield and other agronomic char
(Table 7).

For days to 50% flowering and seed size, while most worker
reported additive gene action, Reddy et al. (1979a, 1979b)
a v ery high magnitude of nonadditive gene action.

Likewise, conflicting observations have been made on the i
of additive and nonadditive gene action for yield. These dif
might have resulted from (1) different methods employed by

100
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g observation
8 x 28
positive SCA
cant negative
g parent,
7 x 7 diallel

ryield, pro-
gest that high
pea.

d significant
tudied,
ne action. For
additive gene
vations for
in agreement
e important
additive
| and

da
among different
tic differ-
vironment
ade by different
acters

s have
have reported

mportance
ferences
various authors



Table6. Rankcorrelations of general combining ability (G C A) effects with parental mean
and array mean for various characters in pigeonpea.

Correlation of GCA effects with

Character Parental mean Array mean
10 x 10 group diallel a

Days to 50% flowering 0.988** 1.000
Plant height 0.967** 0.903**
Secondary branches 0.855** 1.000
Yield/plot 0.903** 0.879**
Harvest index (transformed) 0.794%** 0.806**
28 x 28 variety diallel

Days to 50% flowering 0.962** 0.993**
Seeds/pod 0.860** 0.980**
100-seed weight 0.960** 0.998**
Yield/plant 0.870** 0.997**
7 x 7 variety diallel a

Days to 50% flowering 0.929** 0.964**
Plant height 0.964** 1.000
100-seed weight 0.964** 0.964**
Yield/plant 0.964** 0.857*
*Significant at 5% level, **Significant at 1% level.

a. Significant levels of r s were determined from Kendall's table.

for estimating genetic parameters; (2) genotypic differen ces among parents
(which were often very few in number); and (3) high G x E intera ctions.
For example, Sharma et al. (1973a) inferred the magnitude of additive and
nonadditive variances by comparing 6CA and SCA mean squares , which is not
a correct procedure (Arunachalam 1976). Similarly, Reddy e tal. (1979a)
used F , data for their diallel analysis, which needs considerable p re-
cautions especially because the segregation observed in di fferent crosses
is, as a rule, not comparable (Arunachalam 1976). Combining ability
analysis based on the F » data is questionable in view of large sampling

errors and differential segregations in the F » that confer unknown advan-
tages on certain cross combinations. Also, when complete ge netic homo-
geneity is not certain, an unconscious selection in the F 1 would result in
biased estimates. Likewise, Chaudhari et al. (1980) carned out a combin-
ing ability analysis, although the genotypic differences f oryield in the

experiment were not significant.
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It should be possible to use successfully the pedigree meth
breeding for earliness and large seed size in view of the high
of additive gene action reported by most workers. However, b
the importance of both additive and nonadditive genetic va
ing procedures for yield in pigeonpea should be aimed at ex
these variances. Additive genetic variance for yield can
through pedigree, mass selection, and population improve
Nonadditive gene action should be exploited through F1 hybr
reciprocal recurrent selection procedures. Moreover, bec
occurrence of high heterotic effects for yield in pigeonpea
1973a; Shrivastava etal. 1976; Reddy et al. 1979a, 1979b) an
bility of an economically feasible commercial hybrid prod
through the use of genetic male sterility (Green et al. 1980)
tial of heterosis breeding should be thoroughly explored. |
it seems advisable to delay selection to advanced generati
sufficient number of epistatic combinanations fixed to per
of superior near-homozygous progenies. The bulk hybrid adv
by single-pod descent might be helpful in achieving this ob
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A New Source of Genetic Male Sterility
in Pigeonpea

E.S. Wallis, K.B. Saxena, and D.E. Byth*

Abstract

The identification of a new source of genetic male sterility
in pigeonpea is reported. This source differs from that
reported by Reddy et al. (1977), and cytological examination
indicates that the abnormal anther development involves de-
generation of the pollen mother cells at the young tetrad

stage. This form of male sterilty has been recovered in
phenological classes ranging from 52 to 80 days to flower

for December sowings at 27°S. The character is being main-
tained in ten phenological groups. This new source of

genetic male sterility will widen the genetic base for
hybrid  production in  pigeonpea.

Several forms and sources of genetic male sterility in pigeo npea were
identified by Reddy et al. (1977). The most interesting of t hese forms
was characterized by translucent anthers caused by nonsepa ration of

tetrads associated with a persistent tapetum (Reddy et al. 1978). \Varietal
hybrids between this material and elite male parents of vari ous maturities
have exhibited up to a 30% increase in yield over the pollen pa rent (Green
etal. 1979). Hybrid seed can be produced by cross-pollinati on, using
bees as the vector. However, crossing blocks would require isolation,

and manual identification and removal of fertile plants wit hin sterile
rows is necessary. There are prospects for commercial use of hybrid cul-
tivars, but the labor-intensiveness of seed production may restrict this

to countries with low labor costs. Procedures for more effic ient hybrid
seed production were discussed briefly by Byth et al. (th ese proceedings).

Identification of a New Source of Male Sterility

Cultivar Royes (formerly designated UQ-50) has recently b een released in
Australia for mechanized production of dry seed in frost fre e areas of the
tropics and subtropics (Wallis et al. 1979). Itwas derive d from a West
Indian accession (Q-8189) identified as " cajanus cajan O.P. dwarf (4)."

It is a botanically determinate cluster type of medium-late maturity, with
red flowers, large pods, and large white seed. During prerel ease testing
*University of Queensland, St. Lucia, Brisbane, Australia.
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in 1976, itwas grown at Tamworth (31 °S) by J. Holland, New Sou th Wales

Department of Agriculture. He identified an off-type plant that was
earlier flowering than cv Royes (approximately 80 days) and had yellow
flowers, but was otherwise very similar to cv Royes in habit. Open-

pollinated seed from that plant was designated B15B. The pl ant was also
crossed to a line of photoperiod-insensitive pigeonpea. Si ngle-plant
progenies of B15B and the cross were evaluated at Tamworth an d Redland

Bay for three generations.

At Redland Bay in 1980, it was noted that some plants withi n the B15B

progeny produced very few pods and flowered over a prolonged period.

Anthers of these plants were brown, shrivelled, nondehisc ent and arrow-
shaped, and contained no pollen grains (Dundas et al. 1980). In contrast,
all other plants in the B15B had normal pod set, and normal ant her deve-
lopment and behavior. Subsequently, over 100 male-sterile plants were
identified in the progenies of the B15B x photoinsensitive | ine. This
confirmed that this male-sterile character arose initiall y in cv Royes,

and the original off-type plant used for hybridization in 19 76 presumably
was heterozygous for the gene(s) determining male sterili ty.

Characteristics of This Source

We have now recovered male-sterile plants in B15B and its p rogenies at
several locations. The abnormalities of the anthers descri bed above were
common to all sites, and pod set on such plants was universall y low. This
indicates that this form of male sterility is stable in expr ession across
a number of environments in subtropical Australia and in Fiji.

Cytological examination of microsporogenesis in male-s terile plants
from Redland Bay indicates that the abnormal anther develop ment involves
degeneration of the pollen mother cells at the young tetrad stage (Dundas
etal. 1980). This differs from the translucent anther type of male
sterility in pigeonpea described by Reddy etal. (1977, 1978 ). Anther
wall development was also different between these two forms

Preliminary evidence suggests that the new form of male st erility is
controlled by a single recessive. Detailed study of the inhe ritance is
continuing.

It is significant that this male sterility arose in cv Royes. This
cultivar has a modified floral structure involving overlap of the lobes
of the standard petal. Byth et al. (these Proceedings) consi dered that
this "wrapped flower" character effectively enforces sel f-pollination,
probably by mechanical exclusion of bees until after anthes is. The
presence of wrapped flowers in cv Royes and B15B allowed easy recognition
of male sterility, owing to extremely low pod set on steril e plants.

Since the insensitive parent used in crosses to B15B has simp le flowers,
progenies of this cross segregated for both wrapped/simple flowers and
male fertility/sterility. Pod set on sterile/wrapped plan ts was invari-
ably poor, but was virtually normal on sterile/simple plant s. This
confirms the effectiveness of wrapped flowers in enforcing selfing (Byth

et al. these Proceedings). They also suggested the use of wr apped flowers
to establish self-pollinated breeding methods, and of wra pped/simple
flowers and fertility/sterility to allow recurrent select ion in pigeonpeas.
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Significance of this Source

This form of male sterility has been recovered in a range of
classes and is being maintained in ten genetic backgrounds r

52 to 80 days to flower for December sowings at 27°S in Austra
(Table 1). Plants flowering in less than 60 days from sowing

as photoinsensitive (Wallis et al. 1980). This range of back
allow the production of hybrids ranging from insensitive t
flowering types.

All of the steriles being maintained are botanically determ
cluster types. In fertile sibs, seed size ranges from 7 to 11 ¢
and both white and brown seeds have been identified in these
(Table 1). The potential for seeds per pod is moderate to high
cases. These seed and pod characteristics are important wit
the use of these male steriles in breeding. Single-cross hy
large podded, with large white seed, can be produced by the ap
choice of the male parent.

This new form of male sterility is a useful addition to that
MS3A/4A in that it avoids canalization of breeding on one ¢
of sterility. Further, the genetic backgrounds of the B15B a
sources differ significantly in origin, growth habit, phen
and pod characteristics. This allows establishment of a br
base for hybrid cultivars.

phenological
anging from
lia
are regarded
grounds will
o medium-late

inate
/100 seeds,
backgrounds
in all
h respect to
brids that are
propriate

of
enetic source
nd MS3A/4A
ology, and seed
oader genetic

Table 1. Some characteristics of new genetic male-sterile |
maintained at the University of Queensland, Australia.

ines of pigeonpea being

Days to Height Seed Maximum

Identification Source flower (cm) color seed/pod
QMS-1 B15B 80 140 White 6
QMS-2 B15B 70 150 Brown 5
QMS-3 Q7701° 62 125 White 4
QMS-4 Q7701 62 120 Brown 5
QMS-5 Q7701 66 105 White 5
QMS-6 Q7701 60 100 White 5
QMS-7 Q7701 56 125 White 6
QMS-8 Q7701 59 155 White 5
QMS-9 Q7701 52 90 White 4
QMS-10 Q7701 52 100 White/Brown 5
Standards

Insensitive 55 75 Brown 4

Royes 110 160 White 6

B15B 80 140 White 5
a. QMS = Queensland Male Sterile

b. Q7701 = B15B x Photoinsensitive line
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We are maintaining this character in the nominated backgrou nds, and

will distribute them on request as soon as possible. Detaile d study of

the genetic relationship between the B15B and MS3A sources i s in progress.

We are also evaluating the relative combining abilities of t hese sources.
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Partial Correlations and Path Coefficient Analysis

of Seed Yield Characters in Pigeonpea

B.P.S. Malik, R.S. Paroda, and B.D. Chaudhary*

Abstract

Thirty promising genotypes of pigeonpea (Cajanus cajan

evaluated in a randomized block design with four replications
for 3 years, were used to compute correlations, first order

partial correlations, and a path coefficient analysis. Invaria-
bly, similar trends were observed for correlation coefficients

in the 3 years and between genotypic and phenotypic correlations

in each year. Genotypic correlations were invariably higher
than the corresponding phenotypic correlations. Correlation
studies showed that all the eight characters under study were

components of yield, whereas partial correlations and path co-

efficient analysis revealed that spreading plants with more

L),

branches contributed more to plant vyield. Reduced plant height
appeared to be desirable. Fruiting branch length appeared to be
influenced more by environment. Results showed that for improve-

ment of grain vyield in pigeonpea, the ideal plant should be short

and bushy, with profuse branching and podding, medium seed number
and seed weight, more seeds per pod, and medium to late maturity.

Selection of such plants in pigeonpea breeding material is
therefore suggested.

Several approaches are being used by plant breeders to ident
plant ideotypes. These are: (1) the statistical approach o
analysis (Cattell 1965); (2) the use of isogenic lines (Atk
Mangelsdorf 1942); varieties (Tsunoda 1959), or hybrids

and (3) the identification of a morphological framework thr
tion or association analysis (Donald 1968), regression tec
1936), partial and multiple correlations, and path coeffi
(Dewey and Lu 1959). In the present paper, an attempt has bee
study the plant ideotype using genotypic correlations, fi
correlations, and path-coefficient analysis in pigeonpea

L.).

ify suitable
f factor
ins and
(Ramanujam 1975);
ough correla-
hnigue (Smith
cient analysis
n made to
rst-order partial
(Cajanus cajan
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Materials and Methods

Thirty promising genotypes of pigeonpea (Cajanus cajan L.), selected from
All India Coordinated and Advanced Breeding Trials were gro wn in a rando-
mized block design with four replications at the Research F arm of Haryana
Agricultural University during 1977, 1978, and 1979. Norm al cultural
practices were used. Datawere recorded on ten representati ve plants in
each replication for days to maturity, plant height, plant s pread, fruit-
ing branch length, branches per plant, pods per plant, seeds per pod,
100-seed weight, and seed yield per plant. Mean data were an alyzed to
compute the genotypic and phenotypic correlation coeffic ients following
Al-jibouri et al. (1959), direct and -indirect effects foll owing path-
coefficient analysis of Wright (1921), and first-order par tial correla-

tions using formulae given by Goulden (1962).

Results and Discussion

Genotypic correlation coefficients were found to be higher than the corres-
ponding phenotypic correlation coefficients for all the ¢ haracters in 3
years of testing as has also been reported by Veeraswamy et al . (1973).
Also, the genotypic and phenotypic correlations depicted a similar trend
and hence only the estimates of genotypic correlations are g iven in Table
1. The significance level of the phenotypic correlation co efficients is
marked on the estimates of genotypic correlations. Seed yie Id was found
to be positively and significantly correlated with all the c haracters
under investigation. Similar results have been reported ea rlier by Beohar
and Nigam (1972), Ganguli and Srivastava (1972), Singh et al . (1972),
Joshi (1973), Kumar and Haque (1973), Singh and Malhotra (19 73), Mukewar
and Muley (1974). Gupta et al. (1975), and Ram et al. (1976). S eed size
was negatively associated with all the characters except s eed yield.
Secondly, seed size showed positive or negative associatio ns, depending on
year, with plant spread, branches per plant and seeds per pod indicating
that these associations are more under the influence of env ironment and

hence cannot be used in an indirect selection program.

Partitioning of genotypic correlations into direct and i ndirect
effects revealed a more interesting picture regarding cha racter associa-
tions (Table 2). More or less similar trends were evident in the 3years
of testing for most of characters. However, for fruiting bra nch length
and seed weight, there were slight deviations with season in direct and
indirect effects. Plant spread and branches per plant wer e the cardinal
components of yield, having highest positive direct as well as indirect
effects. The remaining characters, i.e., days to maturity, plant height,
and pods per plant depicted negative direct and indirect eff ects.
Veeraswamy et al. (1973) also reported similar results. How ever, seed
size had negative direct effect and positive indirect effe ct in our
material.

The indirect effect of plant spread and branches per plant o n yield
via other characters and the indirect effects of all the rem aining charac-
ters through plant spread and branches per plant differed fr om each other
not only in magnitude, but also in direction. Such unequal re ciprocal
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effects indicate that the extent of the impact of these trait
other is not the same. Discussing such reciprocal effects, t
higher residual effects, particularly in 1977 and 1979, ind
variability has been left unaccounted.

First-order partial genotypic correlations were computed
below diagonal) to estimate the contribution of various
tions after eliminating the remaining characters. Invaria
trend was observed in the three seasons except with fruiting
For direct and indirect effects, fruiting branch length an
depicted dissimilar behavior, whereas, for partial corre
showed a similar pattern over all the 3 years.

Considering yield associations, it was observed that plant
branches per plant, and seed size contributed positively. T
when tested with simple genotypic correlations all the char
positive associations with seed yield, the picture became c
coefficient and partial correlations were used. Plant sp
per plant were the most important components of seed yield in
Next in orderwas seed weight. In the present material, most o
ties represent highly evolved types. While they have an ap
tion for various morphological characters, the seed weigh
variability. In the literature also, seed weight has been ob
show an inconsistent association with seed yield. A positi
has been reported by Wakankar and Yadav (1975) and Dahiya et
and negative by Beohar and Nigam (1972), Ganguli and Srivast
Kumar and Haque (1973),and others, between seed weight and s
Perhaps use of a larger number of genotypes for such studies w
arriving at some definite conclusion regarding the role of
determining seed yield in pigeonpea.
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The Role of Genetical Studies in
Developing New Cultivars of Pigeonpea

for Nontraditional Areas of North India

P.S. Sidhu and T.S. Sandhu

Abstract

Pigeonpea  ( Cajanus cajan [L.] Millsp. ) has long been grown as a
border crop around cotton and sugarcane fields in the Punjab.

With the release of variety cv T-21 some pigeonpea began to be

grown as a pure-crop. Pigeonpea is now becoming popular with

the farmers because of its high vyield potential, stable

performance, low input requirements, and remunerative market

price. The area of this crop in the state has increased from

1900 ha in 1972 to 7700 ha in 1979.

The low grain yield of pigeonpea is because of its poor
harvest index, although its biological vyield is comparable
with that of cereals. Until  recently, improvement has been
largely made through single plant selections from locally
adapted cultivars and pedigree selections among single
intervarietal ~ crosses. Very few genetical investigations have
been made. The overall result has been marginal gains.

The main emphasis now is on developing early-maturing
varieties with an improved plant type that will not only fit
well into rotation with wheat but will also play an important
role in raising the vyield plateau in pigeonpea.

This paper reviews the current status of knowledge on
genetic parameters of economic characters such as grain yield
and various developmental and biochemical traits, with the
ultimate aim of developing knowledge for improving the
efficiency of breeding precedures. The role of early-maturing
cultivars with less susceptibility to the pod-borer complex
and other insect-pests for extending the cultivation of
pigeonpea to nontraditional, irrigated areas of the Punjab
for use in rotation with wheat is dicussed.

Department of Plant Breeding, Punjab Agricultural Univer sity,
Ludhiana, India.

117



India is a leading grower of pigeonpea and commands about 90 t
the world's pigeonpea area and production. Pigeonpea, or ar
for 10 to 12% of the area and 15-16% of the production of all pu
in India. However, the contribution of Punjab, which is not

a pigeonpea-growing state,to the total production of this

Status of Pigeonpea in Punjab

In the Punjab, arhar has long been grown as a border crop aroun
and cotton fields. Until the last decade it remained a negle
because the local varieties took 8 to 9 months to mature, thu

the crop to winter frost, common in December-January. The la
of arhar also interfered with the timely sowing of wheat.

Systematic developmental work on arhar at Punjab Agricult
University started with the introduction of the All India C
Project on pulse crops during 1969. Since then, a number of
varieties have been made available and tested in the state.
indicated a distinct possibility of introducing arhar on a
using early maturing varieties. For example, cv T-21, whic
against cv Pusa Ageti at different locations (Table 1), was
general cultivation in the state starting a new trend of sole
pigeonpea cultivation. The pigeonpea crop is becoming popu
farmers because of its high yield potential, low input requ
remunerative market price, and its ability to survive unde
other stress conditions. As a result of these advantages, t
this crop has increased from 1900 ha in 1972 to 7700 ha in 1979
Punjab.
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Table 1. Yield performance of T-21 compared with Pusa Ageti a
stations in Punjab 1969-1972.

t different experimental

Yield (kg/ha)

Stati -

Year ation T-21 Pusa Ageti
1969 Ludhiana 2628 1880
1970 Ludhiana 2951 2332
Gurdaspur 2833 2321
Average (1970) 2892 2327
1971 Ludhiana 1326 892
1972 Ludhiana 1185 963
General Mean 2000 1616

Percent increase of T-21 over Pusa Ageti = 32.45
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Role of Genetical Studies in Developing New Cultivars

There is a general belief that pulses give loweryield than ce
that pulses may have a lower genetic potential foryield tha
However, there is no factual evidence at present to suggest t
so. On the contrary, the available evidence indicates that t
crops have as high or a higher genetic potential foryield th
cereals (Jain 1975;. The recent studies on pigeonpea (Swami
Jain 1975; Sharma and Green 1975) have shown that although t
yield of pigeonpea is comparable with that of cereals, the |

is because of poor harvest index. Basically, the low harvest
attributable to the fact that pigeonpea has been subjected t
human selection and consequently, natural selection has dr
greater adaptability to adverse conditions and has led to po
yields. Jain(1975) observed that the per day productivity o
crops compares well with that of wheat. Although at present
yields in pigeonpea appear low, per day yields comparable t
"efficient" crops may be realized by developing short-dura
with higher grain yield.

Improvement in pigeonpea yields has been achieved mostly t
single-plant selections from locally adapted cultivars an
pedigree selections among single intervarietal crosses. V
genetical investigations have been conducted to support t
(Singh 1978). The margin ofyield improvement has ranged fr

What is needed for pigeonpea varietal improvement is to reo
the growth behavior of this crop, reducing its duration to in
yield efficiency and making this crop suitable for multiple
systems. For this, basic information on genetic parameters
characters such as grain yield, and various developmental a
traits is required to determine the most appropriate and ef
breeding methodology for each trait. Such information h
in pigeonpea, and research on these aspects has only recentl
attention (Pandey 1972; Sharmaetal. 1972, 1973; Singh e
Dahiya and Brar 1977). Findings from these studies have show
important traits are primarily controlled by quantitative

Several workers have reported genetical studies in pigeon
(Table 2). In the next section, special attention will be foc
study by Sidhu and Sandhu (1980). This study involved a dia
analysis using eight parents differing in maturity, grain
morphological characters. In this analysis, the authors ob
importance of both additive and nonadditive gene effects fo
like days to 50% flowering, days to maturity, and plant heigh
Nonadditive gene action was important for affecting grain y
of pods per plant, whereas inheritance of grain size (100-se
controlled by additive gene effects only. Low heritability
observed for all characters except days to 50% flowering and

The combining ability analysis that the authors (Sidhu and S
1980) also conducted showed that variation due to general co
ability (GCA) effects was highly significant for all the cha
study except number of seeds per pod. The variance due to spe
combining ability (SCA) effects was significant for days to

reals, and
n cereals.
hat this is
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an the
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he biological
ow grain yield
index is
o little
iven it towards
or economic
f some pulse
per day
0 more
tion varieties

hrough
d through
ery few

hese procedures
om 10 to 20%.

rientate
crease grain
cropping
of economic
nd biochemical
ficient
owever, is scanty
y received
1973;
n that
genes.

t al.

pea
used on a
llel cross
yield, and other
served the
r characters
t (Table 2).
ield and number
ed weight) was
estimates were
maturity.

andhu
mbining
racters under
cific
50% flowering,

119



Table2. Summary ofresults of genetlcal studies in pigeonpe

Herit-
Character ability Geneaction Reference
Plant height 36-74 - Munoz and Abrams (1971)
48-85 - Khan and Rachie (1972)
61 nonadditive Pandey(1972), Reddy et al
(1979)
88 - Joshi (1973)
- additive Sharma et al.(1973)
82 - Rubaihayo and Onim (1975)
92-97 - Sheriff and Veeraswamy(1977)
- additive and
nonadditive Kapur (1977)
27 additive and
non additive Sidhu and Sandhu (1980)
Plant width 13-47 — Munoz and Abrams (1971)
29 - Pandey (1972)
- additive Sharma et al.(1973)
- additive and
nonadditive Kapur (1977)
Days to maturity 60-86 - Munoz and Abrams (1971)
78-90 - Khan and Rachie (1972)
79 additive Sharma et al. (1973)
- nonadditive Reddy et al. (1974)
95 - Pandey (1972)
72 - Rubaihayo and Onim (1975)
66 additive Dahiya and Brar (1977)
53 additive and
nonadditive Sidhu and Sandhu (1980)
Pods/plant 76 - Joshi (1973)
12 - Rubaihayo and Onim (1975)
36 - Dahiya and Brar (1977)
78-82 - Sheriff and Veeraswamy(1977)
- additive and
nonadditive Kapur (1977)
7 nonadditive Sidhu and Sandhu (1980)
Seeds/pod 82 additive Pandey (1972)
16 Joshi (1973)
additive and
nonadditive Kapur (1977)
16 - Sidhu and Sandhu (1980)

Days to maturity

additive
additive

Pandey (1972)
Sharma et al. (1972)

Continued
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Table 2. Continued
Heritabi-
Character lity (%) Gene action Reference
Days to maturity additive and
nonadditive Kapur (1977)
49 additive and
nonadditive Sidhu and Sandhu (1980)
100-seed weight - additive Pandey (1972)
82 additive Sharma et al. (1972)
additive Sharma et al. (1973)
28 additive and
nonadditive Dahiya and Brar (1977)
- - Kapur (1977)
91-99 - Sheriff and Veeraswamy(1977)
- nonadditive Reddy et al. (1979)
23 additive Sidhu and Sandhu (1980)
Grain yield/plant 36-75 - Munoz and Abrams (1971)
43-87 - Khan and Rachie (1972)
76 additive x
additive Pandey (1972)
dominance and
dominance
28 - Joshi (1973)
12 - Rubaihayo and Onim (1975)
82-89 - Sheriff and Veeraswamy(1977)
61 - Malhotra and Sodhi (1977)
- nonadditive Dahiya and Brar (1977),
Kapur (1977), Reddy et.(1979)
15 nonadditive Sidhu and Sandhu (1980)
Protein content 59 additive x
additive
dominance and
dominance Pandey
23-34 nonadditive Sharma et al. (1973)
23 (F ;) nonadditive Sharma et al.(1974)
34 (F ,) additive and
nonadditive Sharma et al.(1974)
17 - Rubaihayo and Onim (1975)
34-62 - Dahiya et al. (1977)

nonadditive

Kapur (1977)

highly significant for days to maturity, plant height, num

ber of pods per

plant, and grain yield, and nonsignificant for number of see ds per pod
and grain size.
The genetical studies so far conducted at Punjab Agricultur al

University have revealed that parents Prabhat, Pant A-3, UP
(AL-15) and AL-31 are very good combiners for earliness, whe
P 8-8, PS-39, T-21, and S-8 are good combiners for lateness. W

AS-120, P 8-9
reas parents
here
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dwarfness is required, parents like P 8-9 (AL-15), Prabhat,

A-3, P 1-3, were better and for tallness PS-39, P 8-8, S-8, and
desirable parents. For higher number of seeds per pod P 8-9 (A

P 1-3, S-8, and BS-1 are better parents. P 1-3 and Pant A-3 can b
considered desirable for high 100-grain seed weight, wher

and S-8 are better for high grain yield per plant. For prote

T-21, S-8, and BS-1 are good combiners.

Breeding Strategy

Pigeonpea is one of the exceptions among grain legumes of ha
tendency towards outcrossing (5-48%) and could be classifi
cross-pollinated crop. For improvement purposes, the bre
handled this crop as self-pollinated. Thus, the convention
procedures such as single-plant selections and pedigree se
found the main basis for improvement. The limitations of s
for making further advancements have been discussed by Gill
Singh (1978) also reported narrow genetic base, limited eff
generate wide genetic variability, and lack of planned hand
segregating populations as being largely responsible for |
yields in pigeonpea. Recently, some new concepts in breedin
have been advocated, largely based on the genetic parameter
various studies.

Table 2 shows similarities between different genetical stu
pigeonpeas. The slight variation may be due to different mat
in the experiments. The inheritance of different characte
the importance of both additive and nonadditive gene effect
genetic variance can be exploited by simple progeny selecti
for quantitatively inherited characters, it becomes more d
combine all desirable genes in a pure line due to linkages an
limitations. Various authors have therefore recommended p
improvement to deal with the problems when working with quan
inherited characters. Various techniques that can be us
the frequency of genetic recombination and maximize the ex
genetic variability are discussed below.

Recurrent Selection

Hanson et al. (1967) in soybean and many other workers in dif
have demonstrated that recurrent selection helps in break
linkage blocks and results in shifts in the genetic correlat
Different approaches of recurrent selection have been sug
different workers in self-pollinated crops.

Sib-pollinated Line Selection Technique

Andrus (1963) suggested this technique, which ensures ful
both additive and nonadditive gene effects and may lead to th
of the character at a desirable level.
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Biparental Cross Technique

This approach, suggested by Joshi and Dhawan (1966), offe rs similar
gains; in addition it may help in breaking undesirable linka ges. Gill et
al. (1974) observed in wheat that the biparental cross appro ach is
efficient in breaking undesirable linkages and exploitin g a portion of

the additive x additive type epistasis. For exploiting add itive genetic
variance, Saini and Paroda (1975) suggested the biparenta | cross approach
or the inter se mating among desirable lines. They suqqgested that this
method, be used with one of the North Carolina designs or with the
population-building approach suggested by Doggett (1972) and Eberhart

(1972) for sorghum.

Diallel Selective Mating System

Jensen (1970) proposed a diallel selective mating techniq ue for breeding
self-fertilized crops. The diallel selective mating syste m is being
currently used by some breeders in pigeonpea at ICRISAT and i n some
other national programs. Kapoor (1977) suggested that of al | the
approaches of recurrent selection discussed above, Jensen 's diallel
selective mating technique would be the best for populatio n improvement

in pigeonpea.

Hybrid Varieties

A hybrid program can be based on the presence of dominance g enetic
effects. Utilization of hybrid vigor as a method of breedi ng in
self-pollinated crop species became possible after the dis covery of
the cytoplasmic male-sterility and fertility-restoring g enes or with
genetic male-sterile lines. With the discovery of genetic m ale-sterile
lines MS-3A and MS-4A in pigeonpea, ICRISAT scientists have suggested
that these lines be utilized to explore the possibility of increased
yields in F 1 hybrids. They have reported a 30% yield increase over the

best parent in one F 1 hybrid (All India Kharif Pulse Workshop Baroda,

April, 1978).

Formation and Maintenance of Composites

A new approach to the breeding of pigeonpea through the forma tion and
maintenance of composities has been suggested by Khan (1973 ). These
composites can be improved further through natural selecti on, mass
selection, and recurrent selection. Stratified mass selec tion as

suggested by Gardner (1961) may be more useful.

Mutation Breeding

In addition to the conventional methods, another method of ¢ reating
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variation is by induced mutations. Induced mutagenesis has become an

important plant-breeding tool, and improvement in various characters
in pigeonpea through mutagenesis has been observed by Chop de (1969),
Sharma and Shrivastava (1974), Polke (1976); Jain (1977) a nd Bhagwat
et al. (1980).

Wide Hybridization

Though some remarkable achievements have been made with cer tain crops,
intergeneric hybridization in most crops is still in its inf ancy. Easy
crossing of cajanus  with genus Atyiosla has led some workers to consider
grouping the two genera together, Cajanus is photoperiod sensitive and
susceptible to pod borer. The successful incorporation in to Cajanus of
genes from Atylosia for earliness, photoinsensitivity and pod-borer
resistance has been reported by Ariyanayagam and Spence ( 1978).

All these breeding techniques will contribute to crop impro vement;
however, in the future, improvement will have to be based not only on
changes in morphological architecture, but also on impro vements in

metabolic capacity.

Improvement in Harvest Index and Plant Type

The importance of a favorable harvest index for high yield s has been
recognized (Swaminathan 1972; Jain 1975). The concept of de veloping
improved plant types in pulse crops is another factor that c ould
considerably improve the harvest efficiency (Jain 1971, 19 77). The
incorporation of semi-dwarfing genes and of characteristi cs such as
thermo- and photo-intensitivity in wheat and rice has been r ewarding.
Based on earlier as well as his own findings, Kapoor (1977) re ported
that the ideal plant in pigeonpea would be one with medium spread, early
maturity, and high yield. This ideal type combined with phot operiod
insensitivity and high harvest index would give the desire d results in
improving yields. Jain (1971, 1974) also suggested that pig eonpea
varieties having this constitution should possess determi nate and compact
growth habit. According to Jain (1975), when selecting for a high harvest
index in pulses, the important requirement is to increase t he relative
proportion of effective pods per plant. This may or may not b e associated
with photoinsensitivity. However, photo-insensitivity h as the merit of
enabling varieties to fit into a multiple-cropping patter n. The main
factor responsible for the lower grain yields in pigeonpea— compared with
wheat--is the poor harvest index of pigeonpea. For major adv ances in
improvement of pigeonpea, therefore a genetic reconstruct ion of plants in

the direction of high harvest index is essential.
Pigeonpea Improvement Work at Punjab Agricultural Univer Sity

As pigeonpea is a new crop in the Punjab, there has been little opportu-
nity to try new breeding techniques for developing new cult ivars for this
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area. Any progress in the development of new lines for the a
made through conventional breeding methods. Cultivar T-21
in 1973 for general cultivation in the Punjab. It matures in m
which delays the sowing of wheat in the state. Therefore all t
work on pigeonpea so far carried out has been aimed at evolvi
with very early maturity and high yield with stable perform
being sought is resistance to the pod-borer complex and the p
the release of cv T-21, improved lines so far developed have
through single-plant and pedigree selections.

The comparative performance of some of the lines developed
center is given in Tables 3 and 4.

rea has been
was released
id-November,
he breeding
ng varieties
ance. Also
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been developed

at our

Table 3. Performance of pigeonpea strains developed throug
Punjab Agricultural University.

h single-plant selection at

Yield (kg/ha) Days
1976 1977 1978 1979 to
Ludhiana Faridkot Ludhiana Ludhiana Faridkot maturity
T-21 540 419 833 906 2937 165
P 8-9 (AL-15) 611 586 1063 1093 3667 136
P 1-3 668 518 837 887 139
p 4-4(AL-16) 704 685 948 1077 3742 150
LSD (5%) 7 18 111 196 691
CV (%) 10.73 36.17 15.67 15.01 13.02

Table 4. Performance of pigeonpea lines developed through p
Agricultural University.

edigree selection at Punjab

Yield (kg/ha)

var- 1976 1977 1978 1979 Days
ety Cross Ludh-  Ludh- Ludh- Ludh- Farid- to
iana iana iana iana kot maturity
AL-25 Pant A-3 x Prabhat 676 569 993 746 3509 142
AL-26 UPAS-120 x KH-2 890 947 2979 151
AL-29 Pant A-3 x No0.148 1393 833 3694 152
AL-28 T-21 X P 4-4 1327 1069 147
AL-30 T-21 x L1 1247 780 172
AL-27 T-21 x P 14-7 1240 1284 169
AL-1 Prabhat x P 19-8 628 4060 130
T-21 509 419 1267 906 2937 160
LSD (5%) 7 18 223 196 691
11.40 36.17 12.35 15.01  13.02

CV (35)
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All the lines developed by single-plant selection were earl
showed better performance than T-21 (Table 3). Line AL-15 ap
particularly promising. Similarly, almost all the lines d
pedigree selection performed better than T-21 (Table 4); a
except AL-27 and AL-30 were earlier in maturity than T-21.

Very few genetical studies have been conducted at this institut
and the information obtained from such studies has not been p
utilized. However, recent emphasis on research work has shi
direction. Different approaches, such as diallel cross mat
tester analysis, and biparental progeny analysis are being
addition, the generation mean analysis and the triple testc
both of which have been used to estimate the genetic paramete
guantitative characters, are being added to our program. Fo
superior lines, information regarding the genetics of diff

would be of considerable help to pigeonpea breeders. In addi
new breeding approaches for pigeonpea population improvem
the introduction of new cropping systems, such as sole-cro
sequential plantings of wheat and pigeonpea. These differ
traditional ones that were developed under subsistence fa
competitive agriculture of today, particularly in the nont
irrigated areas of the Punjab where pigeonpea can be introdu
scale, new cropping systems must be considered. To fit thes
reconstruction of the conventional pigeonpea plant would

give a new improved type with a higher harvest index.
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Estimates of Natural Cross-Pollination

in Cajanus cajan (L.) Millsp.:

Several Experimental Approaches

G.K. Bhatia, S.C. Gupta, J.M. Green, and D.

Abstract

Although  pigeonpea floral  biology favors self-pollination, some

hybrid seed is usually produced, as a result of bee visits.

Several experimental approaches have been utlized to determine
the extent of outcrossing through the wuse of characters which

help in' the identification of natural hybrids among the plants

of a recessive strain. The extent of outcrossing on plants in

different arrangements and the effect of plot size on the
amount of outcrossing between lines have been discussed.

Breeding procedures are determined by the reproductive sys

Sharma

tem of a crop.

The floral biology of the pigeonpea, cajanus cajan (L.) Millsp., favors

100% self-pollination, but in fact there is usually some hyb
produced on unprotected plants as a result of bee visits to t
Williams (1977) observed insects of many orders on the flowe

rid seed
he flower.
rs of pigeon-

pea and found that Megachile spp. were probably responsible for most of

the cross-pollination. Various studies (Howard et al. 191

Dave 1931; Deshmukh and Rekhi 1962; Abrams 1965; Khan and Rac
have shown different outcrossing rates under field conditi

nayagam (1976) measured the degree of outcrossing in a pige

tion by using marker plants and reported a probability of 3

beyond 43 feet. He recommended 27 feet of guard rows in adjoin
as an adequate barrier.

The outcrossing mechanism helps in the production of hybrid
in population improvement breeding schemes, but poses prob
loping pure lines and in maintaining purity of released cul
estimates are available of crossing percentage of individu
those surrounding them and the extent of outcrossing in succ
in adjacent blocks. The present study was conducted to obtai
mation.

Materials and Methods

The extent of natural crossing may be determined by the selec

9: Mahta and

hie 1972)

ons. Ariya-
onpea popula-
% outcrossing
ing plots

seed and
lems in deve-
tivars. No
al plants with
essive rows
n such infor-

tion of such

*Pulse Improvement Program, ICRISAT.
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characters (e.g., leaf shape, stem color, etc.) that the nat
can be readily distinguished among plants of the recessive
green stem marker used in this study was distinctive, readil

and simply inherited.
was assumed to be homozygous.

It had undergone three generations of
There were no obvious variatio

biology of green and purple-stemmed lines that might exert a
cross-pollination.  Scoring the frequency of domin
progeny from the recessive plants gave the estimate of natur

natural

A rectangular field layout was planned during

1978 at 12 locations in India for estimating the extent of ou

within a population.

Row-to-row and plant-to-plant distan

1 meter and within each third row every sixth plant was green s

the remainder were purple stemmed.

Data, however, were avai

from Varanasi, Badnapur, Coimbatore, and ICRISAT Center. T
plant progenies were planted in the off-season of the nexty
scored 6 to 7 weeks after planting for green and purple stem. T
frequency of purple-stem plants for the individual green-s
genies gave an estimate of the minimum percentage of natural
To confirm the observations, the trial was repeated at ICRI
Hyderabad, during kharif 1979 in two different layouts--a r
arrangement (Fig. la) and a hexagonal arrangement (Fig. Ib)
gonal arrangement all the plants were spaced equidistant

In 1979 kharif, another experiment was planted to determin

of plot size on the amount of outcrossing between lines. Plot
planted with green- and purple-stem plants alternately in f
eight-row plot blocks of 10-m row length, with a distance of 7

row to row and 25 cm from plant to plant.
Each row in the green-stem plots wa

pigeonpea blocks was 10 m.
separately, and bulk seed from each row was planted in the fi

off-season.

Distance between adja

The average frequency of purple-stem plants wa

for each green-stem plot and each row within a plot to determi
centage of natural outcrossing in different arrangements.

Experimental

Observations and Discussion

Data on percent outcrossing in individual green-stem plant
different locations in India are presented in Table 1. At |
Hyderabad, the cross-pollination ranged from 0 to 42.1%,

of 11.6% for the first harvest, and 13.2 to 41.7%,with an aver

for the second harvest.

The average outcrossing was conside

in the second harvest, suggesting that the pollinators were

during that period.

mean of 20.4%. Kadam et al.
Varanasi location the percentages ranged from 10.0 to 41.4 w
These observations generally agree with those made at |
Contrasting results were obtained from Badnapur and Coimba

pur the percentage of outcrossing ranged from 0 to 8.0, with a
and at Coimbatore from 10.0 to 70.0 with a mean of 40.2. Data o
from the present study gave conclusive evidence that crossi
normal fertile flowers is neither constant from plant to pla
location to location, thus illustrating the randomness o

27%.
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Figure 1. Field layouts to determine extentofoutcrossing o n individual plants in apigeonpea
population: (a) rectangular layout; (b) hexagonal layout

- S S SO SR SO
DRI I DR | IR DR & SR
DV SRR |- SRS ISR b DD I D

L DY SR T ST Y ST B,

Dot = Purple-stem plants; 1 to 27 = Green-stem plants.

Dot = Purple-stem plants; 1 to 35 = Green-stem plants
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Table 1. Percentoutcrossing in individual green-stem plan

India, kharif 1978.

tprogenies atfour locations in

Hyderabad ?

Green-stem First Second

plant no. harvest harvest Overall Varanasi ° Badnapur Coimbatore P
1 D D D 31.5 8.0 51.6
2 42.1 33.9 34.4 25.5 5.0 30.8
3 10.0 28.9 23.6 25.0 2.0 29.2
4 14.9 20.5 17.6 28.1 7.0 50.6
5 14.1 14.1 30.1 2.0 48.5
6 13.4 22.6 16.4 36.4 4.0 70.0
7 16.7 22.3 22.1 34.0 0.5 34.8
8 14.5 41.5 29.3 35.8 1.0 60.0
9 7.2 30.6 12.9 17.5 2.0 51.6
10 L 24.7 24.7 33.3 0.0 33.3
11 L 29.6 29.6 19.5 1.0 40.0

12 D D D 10.0 6.0 43.5

13 4.2 35.0 26.2 26.6 2.0 25.0
14 7.8 7.8 24.4 3.0 10.0
15 13.5 28.8 15.9 27.5 1.0 20.0
16 8.1 23.6 12.0 10.3 3.0 43.8
17 L 35.1 35.1 19.3 2.0

18 5.6 29.1 23.3 23.6 1.0

19 0.0 13.2 7.8 41.4 3.0

20 D D D 6.1

21 13.1 41.7 15.3 8.0

22 5.3 32.7 28.2 2.5

23 17.8 28.3 22.3 21

24 7.0 26.3 12.9 11

25 9.6 26.8 19.5 1.5

26 L 26.0 26.0 11

27 7.6 20.5 12.8 1.5

Mean 11.6 28.2 20.4 27.0 2.9 40.2
Range 0.0-42.1 13.2-41.7 7.8-35.1 10.0-41.4 0.0-8.0 10.0-70.0
a. At ICRISAT Center pod picking was done twice, with an inte rval of 15
days.
b. Green-stem plant numbers are not in accordance with the pre scribed

layout.

L = Late in flowering; D = Dead.
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At ICRISAT Center during the 1979 kharif season, the extent o
crossing in the rectangular layout ranged from 0 to 7.0%, wit
of 2.0% for the first harvest and 0 to 21.4%, with an average o
the second harvest (Table 2). The mean of outcrossing was com
high in the second harvest, thus confirming the 1978 results
bees were more active during that period. In the hexagonal |
percent of outcrossing ranged from 9.1 to 54.9, with an avera
(Table 2). Although the proportion of purple-stem plants in
lar layout was more than double that in the hexagonal one, the
outcrossing was much more in the latter. This was associate
marked difference in days to flowering of green-stem and pur
in the two layouts. In the rectangular layout the green-ste
flowered a few days earlier than the purple-stem plants, wh
hexagonal layout the purple-stem plants flowered earlier
different purple-stem marker lines were used in the two layo

fout-
h an average
f 7.3%, for
paratively
showing that
ayout the
ge of 24.0
the rectangu-
extent of
d with a
ple-stem plants
m plants

ereas in the
This was because

uts. The

higher crossing in the hexagonal layout very probably resulted from the

presence of an abundance of flowers on the purple-stemmed p
time flowering started in the green lines. No comparison of
arrangement was possible because of the confounding effect
purple stocks in the two layouts.

This group of tests has served to emphasize the wide differen
the amount of natural crossing. The results showed differe
locations as well as substantial differences among years wi
Sidheswar Prasad et al. (1972) have also reported a range of
crossing in seven varieties of pigeonpea, depending on vari

In the test to determine the effect of plot size on the amoun
outcrossing between lines, the percentage of purple-stemm
recovered from each row within the green-stemmed plots was p
the same in four-,six-, and eight-row plots (Table 3). The av
the central two rows in the four-row plot, the central two an
in the six-row plot, and the central two, four, and six rows i
row plot was similar to their respective overall means. The p
crossing from adjacent plots ranged from 36.3 to 40.4, with a
in the four-row plots; 17.0 to 28.4, with a mean of 20.8, in the
plots, and 34.3 to 43.3,with a mean of 38.2, in the eight-row p
level of outcrossing was similar in the four- and eight-row p
six-row plots showed just over half as much outcrossing. Th
related to the greater insect activity in the 4- and 8-row pl
although this was not obvious at the time; or it may be related
fact that sparse flowering due to a poorer plant stand in the
area attracted fewer pollinators. The fact that crossing wa
in the outer rows of the blocks was both surprising and disapp
Further work is needed on effective isolation with the polli

This procedure did not permit recovery of any hybrids that wo
resulted from natural crossing among the recessive green-s
it is assumed that an equal amount of outcrossing was undetec
total amount of outcrossing would be considerably greater
of factors determine the amount of outcrossing in pigeonpea
ing may be affected by the number of insect pollinators pres
tion to number of flowers; the flowering habit of the varieti
location of the field in relation to insect habitats; the
unlike varieties; barrier crops, and other environmental

lants at the
planting
of different

ces in
nces among

thin locations.

25.7% out-
ety and site.

t of

ed seedlings

ractically
erage of
d four rows
n the eight-
ercent out-
mean of 38.5,
six-row
lots. The
lots, while
is may be
ot areas,
to the
six-row plot
s not reduced
ointing.
nators present.

uld have

tem plants. If

ted, then the
A large number
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distance between
factors.
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Table 2. Percentoutcrossing in individual green-stem pla ntprogenies in two layouts at
ICRISAT Center, kharif 1979.

Rectangular layout a

Green-stem First Second Hexagonal
plant no. harvest harvest Overall layout
1 7.0 7.0 10.5
2 4.2 13.0 4.9 D
3 2.6 11.1 3.3 D
4 D D D 25.0
5 D D D 9.1
6 D D D 18.8
7 3.3 0.0 3.2 D
8 0.0 11.6 4.7 D
9 2.3 2.3 21.9
10 D D D 16.4
11 1.0 6.7 1.3 19.6
12 1.7 3.6 1.9 17.3
13 1.9 0.0 1.9 26.6
14 0.0 0.0 0.0 18.5
15 0.0 5.6 11 28.2
16 0.0 0.0 22.2
17 0.0 21.4 9.4 32.0
18 0.0 9.4 7.7 23.5
19 2.8 5.2 31 33.0
20 15 11.5 2.6 D
21 2.9 0.0 2.8 30.9
22 1.7 1.7 D
23 3.6 3.6 19.0
24 2.0 2.9 2.4 18.0
25 0.0 12.5 15 26.4
26 4.0 3.2 3.7 16.5
27 3.5 13.3 4.7 29.0
28 29.3
29 22.1
30 D
31 D
32 D
33 54.9
34 27.6
35 26.2
Mean 2.0 7.3 3.3 24.0
Range 0.0-7.0 0.0-21.4 0.0-9.3 9.1-54.9

a. Pod picking was done twice with an interval of 15 days.

D = Dead.
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Table 3. Averageof purple-stemmed plants within each gree

n-stem plot and within each row.

Row Total Purple-stem Purple-stem
Plot size no. plants plants (no.) (%)
Four-row
1 6 196 2 504 40.4
2 6 275 2 412 38.4
3 5 627 2 184 38.8
4 6 724 2 443 36.3
Row 2 and 3 11 902 4 596 38.6
Total 24 822 9 543 38.5
Six-row
1 1 340 380 28.4
2 1 479 344 23.3
3 1 767 368 20.8
4 2 047 348 17.0
5 1 906 331 17.4
6 1 828 387 21.2
Row 3 and 4 3 814 716 18.8
Row 2,3,4 and 5 7 199 1 391 19.3
Total 10 367 2 158 20.8
Eight-row
1 5 625 2 022 36.0
2 4 822 1 667 34.6
3 3 898 1 336 34.3
4 5 233 1 882 36.0
5 5 314 1 942 36.5
6 5 088 2 126 41.8
7 5 265 2 278 43.3
8 5 728 2 387 41.7
Row 4 and 5 10 547 3 824 36.3
Row 3,4,5 and 6 19 533 7 286 37.3
Row 2,3,4,5,6 and 7 29 620 11 231 37.9
Total 40 973 15 640 38.2
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These data indicate that enough natural crossing occurs th at must be

considered in maintaining genetic purity of various lines in a breeding
nursery and in maintaining varietal purity during seed mult iplication.
Genetic purity of small stocks can be readily maintained by d ifferent
methods of artificial self-pollination. In field-size pla ntings the use
of barrier crops and of adequate isolation are at present th e only

practical methods.
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Variation in Harvest Index and

its

Utilization in Breeding of Cajanus cajan

C.B. Singh and M.P. Shrivastava*

Abstract

One hundred and ninety-six genotypes from local germplasm col-
lections of Cajanus cajan were grown in a randomized block design

with  three replications. Harvest index revealed significant
variation in the population; also, the heritability estimates

in the broad sense were very high for harvest index. A further
experiment consisting of three genotypes selected on the basis

of plant geometry, harvest index, and maturity was conducted
under five planting systems. Results indicated that these
genotypes did manifest marked variation in harvest index and

growth  characteristics under different planting systems. High
harvest index observed under lower population density did not

exhibit high vyield per unit area. It was therefore suggested
that selection for high harvest index be practiced under high
population density to isolate high-yielding genotypes of
pigeonpea.

Besides several physiological and genetic barriers, the lo

of pulses can also be ascribed to their lower harvest index as
with soybean and cereals. The crops with a higher harvest ind
than 30% (bread wheats), are well known to exhibit high yiel
As for improvement of narvest index in pulses, it has been e
selection for higner harvest index is possible on a phenotyp
However, it may be argued that breeding for higher harvest in
to breeding for higheryield (Jain 1975).

In the present study, 196 genotypes locally collected from
Pradesh were screened for their harvest index. Further, thr
showing variation in narvest index and maturity group were e
five different population densities foryield. The result
presented and discussed in this report.

w productivity
compared
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d potential.
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dex amounts
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ee cultivars
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s obtained are

*

Jawaharlal Nehru Krishi Viswa Vidyalaya (JNKVV), Jabalpur
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Materials and Methods

Pigeonpea collected from different regions of Madhya Prade sh - 196 geno-
types, including variety NP(WR)-15 -- were grown in a rando mized block
design with three replications during the rainy season 1975 -76 at the
Experimental farm of JNKvV, Jabalpur. Eacn plot consisted o f single rows
of 6-m length, spaced at 1 m between rows and 30 cm between pla nts. Data
on harvest index were recorded from five randomly selected plants in eacn
row. Mean, range of variation, and ANOVAwere computed to ass ess tne va-

riation in narvest index.

Three genotypes were selected; on the basis of their maturi ty and
harvest index. These were Khargone-2 (early), JA-3 (medium ;, and NP(WR)-15
(late), which exhibited narvest index around 20.0, 25.0 and 30.0% respec-
tively. The material, comprised of three varieties under f ive planting
systems, was grown in a complete randomized block design, wi tn four repli-
cations in 5 m x 3 m plots. Five planting systems were follow ed:

1. One plant per hill; hills spaced at 1 m apart;

2. Five plants per hill; hills spaced 1 m apart;

3. Ten plants per hill; nilis spaced 1 m apart;

4. One plant per hill; hills spaced 20 cm apart; and

5. Continuous planting, 30 plants per m.

The expected plant populations under the five planting syst ems would
be 10000, 50000, 100000, 50000, and 300000/ha, respective ly.

Observations were recorded on plant height (cm), plant widt n (cm),
number of primary and secondary branches, pod number per pla nt, 100-seed
weight (g), grain yield per plant (g), grain yield per plot ( g), and
harvest index. Character means were calculated and analysi s of variance
carried out to determine the effect of harvest index on yield under diffe-

rent planting systems.

Results and Discussion

Data on harvest index of 196 genotypes indicated a very wide variation
ranging from 8.97 (vidisha collection) to 57.75% (Bilaspur collection).
The analysis of variance (Table 1) revealed highly signific ant differences
due to genotypes. However, variation due to environmental factors was
non-significant, probably because only three replication s were used in the
experiment. A high heritability estimate in the broad sens e was obtained
for harvest index — 99%. These results suggest that selecti on for high
harvest index is possible in pigeonpea and that this trait could be a

highly heritable character.

Further, results of the test using three genotypes indicate d a signi-
ficant effect of planting systems on plant height, yield pe r plot (except
within JA-3), and seed yield per plant (except within Khargo ne-2). There
was a nonsignificant effect of planting systems on plant w idth, primary
branches, 100-seed weight, pod number per plant (except wit hin NP[WR]-15).
These genotypes, however, differed significantly from eac h other for all

the traits (Table 2).
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Table 1. ANOV A for pigeonpea harvest index.

Source of variation df ms Heritability ( %)
Replications 2 0.54 99.54
Genotypes 195 208.52**
Error 390 0.95
** P < 0.01

Data on mean harvest index, growth characteristics, and yie Id are
presented in Table 3. The harvest index calculated under fiv e planting
systems varied, ranging from 25% to 36% in Khargone-2, from 2 4.0% to 40.0%
in JA-3, and from 20.0 to 23.0% in NP(WR)-15. It can be observ ed that
higher harvest index exhibited by planting system 4 did not result in
higher yield per ha as compared with planting system 5 (i.e. , high popula-

tion density;. Further, there was considerable reduction
primary and secondary branches, pod number per plant and yi
under high population density (planting system 5), whereas
and 100-seed weight remained more or less unaffected under a
systems.

These findings suggest that density of plant population pla
important role in production of yield per unit area. High ha
simply observed for a genotype may not be regarded a sole cri
selection for high yield. It was therefore suggested that se
high harvest index under a high population pressure should
isolate high-yielding genotypes of pigeonpeas.

Conclusions

A wide range of variation exists for harvest index in the loca
of pigeonpea (8.90 to 57.75%). Selection for higher harvest
possible, since there were high heritability estimates fo

Harvest index can be modified to some extent by different pl

systems, resulting in different population densities (100
plants/ha). There is marked reduction in harvest index and g
teristics, such as width of plant and number of primary and
branches, under higher population density.

Grain yield per ha was observed to be many times more under h

(300000 plants/ha)than under low (10000 plants/ha) popula

It is suggested that selection for high harvest index be prac

under high population density in order to exploit high-yie
of pigeonpeas.
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Flowering Responses of Thirty-Seven
Early-Maturing Lines of Pigeonpea

E.S. Wallis, D.E. Byth and K.B. Saxena*

Abstract
Early-maturing pigeonpea (Cajanus cajan [L.] Millsp.)
promise in  several production systems, including broad-scale
mechanized agriculture. Insensitivity to daylength may provide
a means for obtaining uniform canopies with constant
phenological development across latitudes and sowing dates.

Thirty-seven relatively  early-flowering  lines introduced  from

India

or selected in Australia were grown in natural daylength

for December sowings at 27°S and under a 16-hour daylength in

which  natural daylength was extended wusing incandescent bulbs.
The flowering responses of the lines showed that selection for
earliness at any particular site does not necessarily provide

a correlated selection for daylength insensitivity. Field
extension with incandescent bulbs may be a useful technique in
selection of daylength-insensitive lines. Further studies are

required to determine the importance of spectral balance of

has shown

the artificial  lighting used.

Pigeonpea is generally grown as a relatively long-season cr
without intercropping. The ecophysiological adaptation o
the potential roles it can play in cropping systems have been
in recentyears. Much of this has involved the concept of the
short-season crops. Some of the options in production syste
described by Byth et al. (these Proceedings). Short-seaso
generated either by culture in short days (off-season sow

use of genetically early-maturing cultivars. Material in
photoperiod (or nearly so) is likely to be the optimal solut
objective, since it would condition short-season crops reg
sowing date or latitude, and will allow rapid ratoon croppin
the conditions are favorable. Thus earliness and insensiti

op, with or
f pigeonpea and
reevaluated
use of
ms were
n crops can be
ings) or by the
sensitive to
ion of this
ardless of
g whenever
vity to photo-

period are of basic importance in broadening the adaptation and flexi-
bility of use of this crop. The objective of this study was to i nvesti-
gate the extent to which earliness in flowering is associat ed with
insensitivity to photoperiod.

University of Queensland, St. Lucia, Queensland, Austral ia.
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Materials and Methods

Thirty-seven lines of cajanus cajan
introduced from ICRISAT and Haryana Agricultural Universi

or were selected at the University of Queensland. Each of the
selected because it was classified as early flowering at it
origin. A maturity group classification of pigeonpea was d
Green et al. (1979) and is used in this study. Two sites of cla
tion were used, and were at a similar latitude: Hissar (India
Redland Bay (Australia) 27°S

The lines were sown in the field at Redland Bay, Australia (27
17 December 1979. Two different photoperiods were imposed a
maintained throughout the trial period: the natural photop
et al. 1980) which was a maximum of 14.8 hours including civi
and natural photoperiod extended to 16 hours using incandes
The lights were spaced at 3 m x 3 m, and were suspended 50 cm a
canopy.

In 16-hour days, single-row plots 3 m long and 75 cm apart
used, with plants 25 cm apart in the row. Multiple plots wer
wherever seed was available. In the natural daylength area
plots were grown using the same plant spacing. The two areas w
separated by approximately 50 m and no shading was necessar
the areas. Previous experimentation at this site indicat
environmental differences between fields exert no identi
on the occurrence of flowering.

Irrigation, nutrients, and insecticides were applied as n
throughout the trial period.

Flowering was recorded on a plot basis when 50% of plants were

flowering. Where multiple plots of a line existed, the stand
was calculated on a line mean basis.

Results

In view of the latitude of the test site (27°S) and since sowin
occurred just prior to the longest day, this material was exp
natural daylengths equal to or longer than those which exist
areas of pigeonpea culture internationally. Thus in terms o
responsiveness alone, we would expect flowering to occur at
rapidly in shorter daylengths at lower latitudes or at othe
dates; that is, this test should provide a reasonable discr

the lines for sensitivity to long days. Temperature and phot
temperature interactions can influence flowering, but c

here since the test sampled only one temperature regime (Tab

For the purposes of this trial, we defined lines as "early fl
if 50% flowering was attained within 65 days from sowing unde
photoperiod. Further, we regarded lines as "early/insensi
lengths up to 16-hour days if flowering was not delayed more t
as a result of extension of daylength, or if flowering occurr
than 65 days under 16-hour days.
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Table 1. Mean weekly maximum and minimum temperatures (°C) a t Redland Bay,
Queensland, Australia (27°S), December 1979 toMarch 1980.

Week Ending Maximum Minimum
(°C) (°c)
22 Dec 1979 29.8 22.8
29 Dec 1979 28.8 21.6
5 Jan 1980 28.3 20.2
12 Jan 1980 28.1 20.6
19 Jan 1980 29.6 20.3
26 Jan 1980 29.6 23.0
2 Feb 1980 29.7 23.1
9 Feb 1980 28.5 22.6
16 Feb 1980 25.6 20.0
23 Feb 1980 27.6 20.9
1 Mar 1980 27.0 19.2
8 Mar 1980 27.5 19.3
15 Mar 1980 25.1 18.4
A classification of the 37 lines into early flowering, early /
insensitive, and relatively late groups is presented in T able 2. The

pedigrees (if available) of the lines are in Table 3.

As expected from their origin, all of the lines were relativ ely
early flowering under natural daylengths, and most flower ed in less than
65 days (Table 1) . However, earliness under natural dayleng ths does
not imply insensitivity to 16-hour days, and flowering of so me early-
flowering lines was delayed by up to 25 days by exposure to t he extended
daylength. Equally, some of the lines which were later flow ering under
natural daylengths showed little response in flowering w hen daylength was
extended.

In general, genetic origin or parentage was not associated c losely
with the classification of lines on flowering response in this study; for
example, lines derived from UPAS-120 x Baigani and Prabhat x Baigani
occurred in two of the three groups (Table 1). However, all lines derived
from the ODT composite from ICRISAT were insensitive. The o rigin of this
material is of interest. The composite was formed by bulking equal
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ven Caj anus caj an lines
land Bay (27°S).

Table 2. Classification based on days to flower of thirty-se
grown under natural and extended (16 hours) daylength at Red

Cross ICRISAT @

Code . Days to flower Differ-
Cross Maturity  Source Natural 16 Hour ence
Group day length photoperiod

(1) Early/Insensitive
QP-68 UPAS-120 x Baigani ODT ICRISAT 50+ 3.9 60 10
QP-108 52 56 4
QP-109 49 56 7
QP-111 56 60 4
QP-112 ODT composite ODT ICRISAT 56 62 6
QP-113 selections 49 59 10
QP-114 56 56 0
QP-115 56 64 8
QP-116 50 63 13
QP-117 48 56 8
QP-134 UPAS-120 x Baigani ODT ICRISAT 62.5 £ 0.5 67.5+2.5 5
QP-135 Baigani x Pant A2 ODT ICRISAT 60.2 +0.4 66 6
QP-138 57.3 + 1.8 64 7
QP-139 ICP-6997 x Prabhat ODT ICRISAT 52 59 7
QP-140 56+ 2.3 59 3
QP-141 56 56 0
Insensitive Bulk from ICP-7179 uQ 55.3 £ 05 66.3+6 11
(2) Early °
QP-61 Prabhat x Baigani ODT ICRISAT 53.2 £2.3 78 25
QP-64 Prabhat x Baigani ODT ICRISAT 58.6 = 0.9 80 21
QP-67 UPAS-120 x Baigani ODT ICRISAT 63.5 =15 76 13
QP-69 UPAS-120 x Baigani ODT ICRISAT 56.2 + 5.2 79 23
QP-70 UPAS-120 x Baigani ODT ICRISAT 61.5 0.4 76 15
QP-124 HAU 62 81 19
QP-125 HAU 65 84 19
QP-126 HAU 61 73 12
QP-127 Prabhat x UPAS-120 HAU 64 84 20
QP-132 UPAS-120 x Baigani ODT ICRISAT 62.5 £45 86 24
Prabhat IDT ICRISAT 62.9 £0.3 80.8+4.6 18
QP-65 Prabhat x Baigani ODT ICRISAT 66.2 + 3.3 78 12
(3) Relatively Late (>65 days to flower, natural photoperiod)
QP-66 Prabhat x Baigani ODT ICRISAT 78 79 1
QP-119 T-21 x Prabhat HAU 82 83 1
QP-120 HAU 84 89 5
QP-122 T-21 x UPAS-120 HAU 72 90 18

Continued
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Table?2. continued

ICRISAT Days to flower .
. Differ-
Code Cross Maturity Source Natural 16 Hour ence
Group day length photoperiod
QP-123 HAU 70 90 20
QP-L5 UQ50-6 uQ 84.7+ 1.2 88.5+0.7 4
QP-45 UQ50-5 uQ 79.1 + 3.2 81.4+3.1 2
QP-44 UQ50-4 uQ 82.3+ 2.9 88.6+1.7 6

a. Field classification by ICRISAT at Hissar.

b. Early/Insensitive = flowers in less than 65 days in nat ural light or
extended light or with less than a ten day delay
under extended light.

c. Early = flowers in less than 65 days in natural light.
HAU = Haryana Agricultural University, India; UQ = Univer sity of
Queensland; QP = University of Queensland accession numbe r
Table 3. Pedigreesof some lines planted in two photoperiods atRedland Bay (27°S).
Identification Pedigree
QP-61 74068-11-B-B-HODT ;-B-QB?-B
QP-64 74068-IDT-B-11-1-HODT ,-B-QB-B
QP-65 74068-IDT-B-11-2-HODT ;-B-QB-B
QP-66 74068-1DT-B-11-2-HODT ,-B-QB-B
QP-67 74075-5-B-3-1-HODT ;-B-QB-B
QP-68 74075-5-B-3-1-HODT ,-B-QB-B
QP-69 74075-5-B-3-1-HODT 3-B-QB-B
QP-70 74075-5-B-3-1-HODT ,4-B-QB-B
QP-119 H74-44°
QP-120 H73-20
QP-122 H76-23
QP-123 H76-27
QP-124 H76-48
Continued
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Table 3. continued.

Identification

Pedigree

QP-125 H76-11
QP-126 H76-51
QP-127 H76-42
QP-132 74075-5-B-3-2-HODT ;-B-QB-B
QP-134 74075-8-B-6-1-HODT ,-B-QB-B
QP-135 74078-20-B-4-2-HODT ,-B-QB-B
QP-138 74065 (DTM-95)76-3-HODT 1-B-QB-B
QP-139 74065 (DTM-95) 76-3-HODT 2-B-QB-B
QP-140 74065 (DTM-105) 76-3-HODT 1-B-QB-B
QP-141 74065 (DTM-105) 76-3-HODT 2.-B-QB-B
QPL-5 UQ-50-6 ¢
QP-44 UQ50-4
QP-45 UQ50-5

a. QB = Bulked at Queensland University.

b. HAU accession number.

c. Selections from UQ-50, now released as cv. Royes.

quantities of seed of each of 27 crosses of Prabhat and Pant A -2 with a

wide range of other parents (Saxena 1977). The composite wa
three generations under open pollination at Hissar, India (
being truncated into maturity groups I, Il, and Ill. The grou
was split into group 0 and | maturity material in the third c
lines tested here were derived by self-pollination of indiv
plants from the fourth cycle. The long history of controlle
and the self-pollinated origin of the lines is significant

lines entered in this trial were derived as bulk seed from ear
plots, mainly by open-pollination. In consequence, such li
genetically heterogeneous and/or heterozygous for genes c
flowering. This could have influenced the estimation of flo
this study, both by delaying attainment of 50% flowering and
the difference between natural and extended daylengths.

None of the HAU lines was insensitive, although some were ear
flowering under natural daylengths. This was surprising in
origin from rigorous selection under field conditions at H
reason for this is unknown, but it may be related to the maint
breeding material by open-pollination.

148

s cycled for
29°N), after
p | composite
ycle. The
idual early
d breeding
All other
ly-flowering
nes could be
onditioning
wering in
by inflating

ly
view of their
issar. The
enance of



All selections from ICP-6997 x Prabhat (QP138-141) were cla
early/insensitive (Table 1). The cause of this is unknown. P
group | and ICP-6997 group VI in maturity, and each would norm
expected to flower later than 60 days, particularly in exten
Clearly, transgressive segregation for flowering respons
cross, and the tested lines are a select group. This suggests
Prabhat and ICP-6997 contained genes conditioning earline
insensitivity, and that they were complementary when combi
progeny. This suggests that several genes are involved in de
of insensitivity.

Discussion

The classification of lines into three groups (early/insen

and relatively late) in this study must be regarded as somewh
No firm physiological arguments can be advanced for using a ¢
days to flowering as a separation of early from relatively |

the use of a difference of 10 days between natural and extende
for separating sensitive and insensitive responses. The 65
flowering limit is justified solely on the basis that experi
early-flowering pigeonpea suggests this as a natural trun
Some interval is required to judge response to extended day
have used 10 days for two pragmatic reasons: first, itis a re
interval that can be identified statistically on the basis o
standard errors (Table 2); secondly, differences of less t

have little meaning agronomically, regardless of the under
physiological mechanisms involved.

The response to extended daylength must be interpreted caut
in relation to the method of extension. Incandescent bulbs w
the response of lines may be, in part, a function of the s
the daylength. Photomorphogenic responses were induced, w
the extended daylength invariably being taller than in natu
In this study, we cannot separate any possible light source (
effect on flowering from that of daylength per se.

It is significant and surprising that most of the relatively
flowering lines showed little response in flowering to exte
This could be used to infer that such lines are insensitive to
but this is unlikely to be so. Similarly, cv Royes showed rela
little response (97 days vs 112 days to flower under natural a
daylengths), despite the fact that it is known to exhibit mar
in days to flowering for different sowing dates (Wallis e
Proceedings). Further, the response of Prabhat (Table 2)
with other evidence (Turnbull, personal communication), w
that it was early flowering and insensitive. The cause of the
responses in flowering of the later flowering material and t
responses of Royes (under the same conditions in adjacent pl
Prabhat in this trial is unknown and requires further study
is known to influence floral development (Turnbull, person
and the test year involved relatively high night temperatur
growth (Table 1). The possible effect of an imbalanced light
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to the incandescent source requires investigation.

Conclusions

1. Selection for earliness of flowering in the field at 27 to 29° lati-
tude does not necessarily identify material insensitive t o daylength;
for example, no lines derived from HAU and only some ODT lines from
ICRISAT were insenstitive in this trial. Repeated truncat ion on
earliness and controlled pollination has apparently inc reased the
probability of earliness being associated with insensitiv ity.

2. Most of the lines classified as early/insensitive were deri ved from
crosses of relatively early parents (except ODT composite) , which
probably have only low degrees of sensitivity to daylength . However,
the recovery of insensitive lines from ICP-6997 x Prabhat pr obably
involves transgressive segregation. This suggests that s everal genes
are involved in insensitivity, and that lines sensitive to d aylength

may contain some of those genes.

3. Since earliness does not necessarily imply insensitivity, classifi-
cation into maturity groups under natural daylengths is of limited
value. The ODT classification in the field is pragmatic but s ubject
to influence by sowing date, latitude, temperature, etc. T he maturity
classification proposed by Green et al. (1979) could be ext ended on
the basis of this study to include an additional group of line S
insensitive to photoperiod. The definition of this group wo uld
require controlled testing under extended daylengths. We p ropose a
daylength of sixteen hours for testing which would identify germplasm
insensitive to photoperiods to the extent of current pigeon pea
production areas. Temperature interactions will confound this

definition under field conditions.
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Evaluation of a Population of Early-

Maturing Pigeonpea Lines Derived from

a Triple Cross Introduced from

D.E. Byth, K.B.

Abstract

From a triple cross

ICRISAT

Saxena,and E.S. Wailis*

( ICP-8504 x Prabhat ) x ICPL-10 made by ICRISAT,

26 early, determinate, large-podded F. plants were selected at

Hissar in 1978. This population is now in the F

(after quarantine in Australia) and this paper reports the
variability —and interrelationships in phenology and vyield
components within  and among progenies of various subsets
on maturity within  this population.

Until very recently, early-maturing pigeonpea

received little attention in production or plant improveme
nationally. Most pigeonpea scientists appear to have cons
material to have relatively low yield potential, and to be ge
inferior in seed size, physical quality of the seed, and pod
ever, the low seed yield of early lines compared with later ma
(for example, Green et al. 1979] is due, in part, to evaluati
density that is nonoptimal for the early maturity groups.
potential of a small-seeded early-flowering population wa

by Wailis et al. (1981 a) using high plant density in favorabl
conditions. Most early-maturing Indian cultivars havesma
no published evidence of a close genetic association betwee
and early maturity has been seen by us.

Production systems have been identified recently that requ
use of early-maturing and/or insensitive cultivars (Byth e
Incorporation of larger seed, improved physical quality of
greater numbers ofseeds perpod in early-maturing cultiva
the commercial potential of such systems.

This paper is a preliminary report on the performance of sel
Fs; pigeonpea lines derived from a triplecross. The cross was
ICRISAT in an attempt to generate a wide range of segregatio
phenology, seed size, and seeds per pod.
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Materials and Methods

The triple cross used in this experiment involved the follo wing
parentage: (ICP 8504 x Prabhat) x ICPL-10. Prabhat is early f lowering
(Group 1) and small seeded (7 g/100 seed); ICP-8504 is medium flowering
(Group V1), with large pods and seed (13.3 g/100 seed); ICPL- 10 is an
early-flowering (Group Ill) line derived from JA-275 x Pus a Ageti, with
large pods and relatively large seed (11.7 g/100 seed).

A population of the triple cross F ;1 was grown at Hissar (29°N) in
1978. Twenty-six determinate plants flowered in less than 7 5 days and
produced pods containing six or more seeds. Open-pollinat ed seed of
these 26 plants was introduced to Australia in 1979, and F 2 plants were
grown in isolation in quarantine. Four hundred and seventy F 3 progenies
derived by self-pollination from individual F 2 plants of the 26 families
were sown at Redland Bay, Australia (27°S) on 20 December 19 79. Each F 3
line was evaluated in an unreplicated single row 3 m long sow n at

0.5 x 0.2 m spacing.

For this study, five F 3 lines within each of 15 families were
sampled at random. Days to flower (up to day 65 after sowing) , plant
height, pod number, seeds per pod, seed size, and seed yield w ere
recorded for each plant. Estimates of experimental error we re derived
from replicated plots of three lines of photoinsensitive material (QPL-1,
QPL-2, QPL-4) grown in the same field in the same cultural co nditions.
Irrigation, nutrients, and insecticides were applied as ne cessary

during this trial.

Results

Agronomic Performance ofthe Triple-Cross Families

The means over the F2 derived lines in the F 3 within each of the 15

families for some phenological and agronomic characters ar e presented in
Table 1. Seven of the 15 families attained 50% flowering in 6 5 days or
less, and this suggests that some of them may be insensitive to daylength
at27°S (Wallis etal. 198 1). Individual plants within the ot her lines
also flowered in 65 days or less, but it is not possible to pres ent days
to flowering for these lines because collection of floweri ng data was
terminated for practical reasons at 65 days from sowing. The implication
is that virtually all of this population was relatively ear ly flowering,
and further advances in earliness could be made by selection among and

within the F 3 lines.

The F 3 families were, on average, considerably taller and vege tatively
more vigorous than the photoinsensitive lines used as check s. The fami-
lies ranged from 10.1 to 13.2 g/100 seeds in comparison with the checks
at 6.9 to 7.6 g/100 seeds and Prabhat at 7 g/100 seeds. The tri ple-cross
material had considerably greater numbers of locuies per po d than did the
insensitive checks. However, actual number of seeds per pod was only
marginally superior to the checks in most families (2.4-4. 8 vs 2.6-2.8
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seeds per pod in the triple cross and checks, respectively) . Therewas a

wide range in seed yield and pods per plant among the famili es, and some
families were equal in yield to the insensitive checks. Pod number per
plant of the triple-cross families was considerably lower t han for the
insensitive checks with equivalent seed yield, reflecting the larger pod
and seed size of the F 3 lines.

Partition of Variance within the Triple-Cross F 3 Population

Mean squares among families and among lines within families are presented
in Table 2 for six characters. For these analyses, the seven f amilies
attaining 50% flowering within 65 days from sowing (Table1l )were regarded

as early, and the other eight families as late flowering.

No significant differences existed among the early and lat e families
for any character. The early and late groups of families dif fered in
plant height and seeds per pod only, with the late families being
slightly taller, with greater numbers of seeds per pod. Sign ificant
differences also existed among the combined families for po d number but
this reflected increased precision of the test, not a differ ence between

the early and late families.

There were significant differences among the lines within t he
combined families for all characters except seed size, but t he lines were
significantly different only for plant height and pod numb er in the late
families.

Considerable variation was documented among plants within the lines
for most characters; for example, many plants had seed size i n excess of
15 g/100 seeds. This clearly implies transgressive segrega tion for seed
size. However, plant-to-plant variation will not be consi dered here.

Discussion

The triple-cross material introduced to Australia from ICR ISAT is a highly
select group in that it represented only the earliest flower ing and large-
podded fraction of the F ; population grown at Hissar. Thus any inferences

drawn from this study must be restricted to that triple cros s and to this

particular segment of it.

The initial visual impression of the population of F 3 lines
evaluated at Redland Bay was one of relative uniformity amon g and within
lines for all phenological and agronomic characters. This i mpression was
confirmed by subsequent analyses of data; that is, although significant
differences did exist both among families and among lines wi thin families,
the size of these differences was, in most cases, relatively small. This
may be surprising in view of the diversity of parentage in the triple
cross and the open-pollinated origin of the triple-cross F > seed intro-
duced to Australia. However, we consider that the relative uniformity
of the population can be explained on two bases. First, the ma terial
evaluated was rigorously selected by us in the F 1 for earliness and pod
size. The relative lack of subsequent segregation implies that the F 1S
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selected by us were homozygous (or nearly so) for genes influ
phenology and pod size; that is, that earliness and large pod
determined by recessive genes and our selections were homoz
recessive for most of the genes influencing these characte

we have discovered subsequently that most of the plants with
lines tested exhibit the "wrapped flower" character descri

al. (1981), which acts to enforce self-pollination. Thus th
pollinated" seed introduced to Australia probably was der
pollination. It is significant that Byth et al. (1980) note

the Australian collection, the wrapped character is invari
associated with large pods and large seed. |ICP-8504 has wrap
it is probable that selection in the triple cross F1 for large
resulted in correlated selection of wrapped-flower genoty

The form of evaluation used (0.5 m x 0.2 m) clearly was subop

for pigeonpea material of this habit and maturity (Wallis

Despite this, mean seed yield was relatively high (2600 kg/
suggests that the test environment was relatively nonlimit
context, the low average number of seeds per pod (3.3, Table

to the average number of locules per pod (more than five) in th
population is of considerable concern; that is, numbers of s
filled per pod was considerably lower than the potential ini
available. The cause of this high rate of ovule abortion in th
cross material is unknown. It may reflect environmental lim
were not observed by us, and if so may be corrected by manageme
ever, it may be related to inherent limitations of this gene

that is, it may reflect a source limitation to yield in this m

The latter prospect is rather disturbing and requires furth
Earlier studies have suggested that yield in pigeonpea is si
not source-limited (Narayanan and Sheldrake 1976). Modera
association was reported (Anonymous 1978) between seed siz
pod in each of 2 years, but there was no association between
abortion and number of ovules, locules, or seeds per pod. Ho
research was done using quite different genetic material an
favorable and lower yielding conditions. The present resea
first known to be conducted on early pigeonpea material wit
genetic potential for sink size (large numbers of seed per
relatively large seed size). The fact that high ovule aborti
under conditions of high seed yield could be indicative of so
limitation. Studies will be initiated in 1980-81 to examine
gquestion, which is of basic importance to improvement of ear
culture in high-input environments.

Despite the reservations expressed above about this breedi
it does represent the most promising early-maturing pige
Australia. It has demonstrated high actual yields and the p
even greater yields, and seed size and physical quality are s
superior to that of the early cultivars currently available
that most plants have wrapped flowers is an additional bonus
to conduct further testing of these lines at higher density i
with the intention of prerelease of elite cultivars in the ne
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Performance of Early Generation Lines Under Different
Cropping Systems and its Bearing on the Selection

Procedure in Pigeonpea Breeding

Y.S. Nerkar*

Abstract

In the arid and semi-arid regions of Maharashtra State,

pigeonpea is normally grown as a companion crop with sorghum.
However, in the pigeonpea breeding program,selections are

under sole-crop conditions, on the assumption that the geno-
types that do well under solecropping will also do well under
Where this assumption does not hold true,

intercropping.

made

breeding program will be handicapped.

An alternative selection procedure was  therefore developed,
consisting of: (1) raising the F, population as a sole crop
and making single-plant selections, (2) growing the Fs

progeny rows as an intercrop with sorghum and selecting
superior plants in superior families on the basis of yield,
maturity, etc., (3) growing the subsequent generations as
intercrops, and selecting on the basis of family performance,
4) evaluating selected lines under intercropping conditions.
A total of 79 families was tested in the early generations

under both inter- and sole-crop conditions. This paper

discusses the results in relation to the procedure outlined.

In the arid and semi-arid regions of Maharashtra State pige

cajan [L.] Millsp.) is normally grown as an intercrop with sorghu

some pockets, intercropping of pigeonpea with cotton or gro
practiced. Pigeonpea is rarely grown as a sole crop; howeve
pigeonpea breeding program, selection and evaluation ar

crop conditions, on the assumption that genotypes that do w
cropping will also give superior performance under intercr
breeding program may thus be handicapped in cases where thi
does not hold true. Some pigeonpea cultivars released for co
cultivation after selection and evaluation under solecrop
become popular because under the intercropping system prac
farmer, these cultivars have not proved their superiority o
cultivars. Preliminary studies by Singh et al. (1978) indi

onpea ( Cajanus

m. In
undnut is also
r, in the

e made under sole-
ell under sole
opping. The
S assumption
mmercial
ping have not
ticed by the
ver the local
cated that for
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the intercropping system, the yield of pigeonpea cultivars

only on their genetic yield potential
compete with millet.

but also on their abili
To test this hypothesis and to develop a

tive selection procedure, we conducted an experiment under

and intercrop systems.

Materials and Methods

The experimental material was comprised of 79 single-plant

made in the F , generation, raised as a solecrop, and four released
cultivars, C-1lI, No.148, BDN-1, and BDN-2.

The single-plan

were made on the basis of agronomic traits in the field among
populations originating from single crosses involving 23 d
Final selection was done on the basis of grain yield per plant

These 83 entries were tested in adjacent replicated trials w
replications under two cropping systems — solecropping and

with sorghum cv CSH-6.
of a single row, 4.5 m long.
75 cm; and between plant spacing, 30 cm.
was sown in between paired rows of sorghum.

For each entry, the experimental plo
Under solecropping, between-ro
Under intercropping

The sorghum paire

60 cm apart; the pigeonpea row spacing was 90 cm, with plant-t

spacing of 30 cm.

The intercrop sorghum was supplied with 80 kg N and 40 kg P

The sole crop of pigeonpea was given a basall
fertilizer dose of 20 kg N and 50 kg P

205/ha.

This was the recommended fertilizer dose for sorghum. For t

all of the the P

205 and half of the N were applied as a basal

the remaining N was applied 1 month after sowing. Intercult
protection operations were done uniformly in both systems.
analysis of pigeonpea grain yield was done by a simple facto

analysis.

Results and Discussion

The grain yield of pigeonpea under both cropping systems and
analysis of variance are presented in Table 1 and Table 2, re
The analysis revealed that differences due to entries, crop
and interactions were highly significant (Table 2). The hig
ficant interaction effects indicate that these early-gene
expressed differential response to the two cropping syste

In general, the medium- and late-maturing pigeonpea breedi
matured about 30 days earlier with intercropping than with s
It was observed that medium-duration pigeonpea lines that
days after the sorghum is harvested are better suited for int
in the Parbhani region (e.g. Lines No.27, 113, 114, 130, 56
56-50). Entries that appeared to be better suited for interc
the ones whose canopy covered the land after the sorghum was h

Some breeding lines that gave high yield under solecropping

high yield under intercropping (e.g. Lines No.113, 114, 12
However, many lines giving high yield under intercropping d
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Tablel. Averagegrainyield of pigeonpeabreeding linesun

dersoleand intercropping

systems.

Line brain yield (kg/ha) Line Grain yield (kg/ha)

No. Sole crop Intercrop No. Sole crop Intercrop
Good under both systems Good under intercropping

1 1367(+10) *® 809(+15) 9(C-11) 1209(-3) 887(+26)

27 1563(+26) 1041(+47) 21 816(-34) 816(+15)
72 1791(+44) 788(+12) 24 1184(-5) 720(+2)
97 1501(+21) 824(4-17) 31 991(-20) 816(+15)
101 2804(+125) 770(+9) 33 1206(-3) 827(+17)
109 1319(+6) 880(+25) 36 633(-49) 844(+19)
113 1764(+42) 916(+30) 41 1178(-5) 776(+10)
114 1754(+41) 998(+41) 118 721(-42) 810(+15)
116 1627(+31) 716(+1) 130 1127(-9) 993(+40)
127 2280(+83) 816(+15) 137 1055(-15) 732(+4)
131 1797(+45) 907(+28) 153(BDN-2) 865(-30) 880(425)
149 1393(4-12) 748(+6) 157(BDN-1)1093(-12) 729(+3)
161 1321(+6) 942(+33) 160 988(-20) 824(417)
184 2003(+61) 766(+8) 172 996(-20) 745(45)
207 1393(+12) 800(+13) 205 1036(-16) 809(+15)
56-9 1559(+26) 787(+11) 220 684(-45) 775(+10)
56-13 1806(+45) 876(+24) 56-23 933(-25) 830(+17)
56-17 1262(+2) 739(+5) 56-30 1119(-10) 1110(+57)
56-19 1382(+11) 781(+11) 56-41 1000(-19) 833(+18)
56-22 1443(+16) 884(+25) 56-45 1089(-12) 1212(+71)
56-25 1253(+1) 874(+24) 56-49 633(-49) 744(+5)
56-33 1985(+60) 782(+11) 56-50 776(-37) 911(+29)
56-51 1367(+10) 876(+24) Poor under both systems
Good under sole cropping 18 840(-32) 452(-36)
39 1767(+42) 539(-24) 30 594(-52) 213(-70)
43 1538(+24) 505(-28) 38 1163(-6) 699(-1)
85 1310(+6) 684(-3) 45 793(-36) 671(-5)
94 2121(+71) 594(-16) 73 1058(-15) 644-9)
96 1570(+26) 641(-9) 78 674(-46) 381(-46)
98 1221(+2) 708(0) 80 844(-32) 513(-27)
125 1753(+41) 582(-18) 86 1102(-11) 393(-44)
155 1375(+11) 496(-30) 105 916(-26) 474(-33)
166 1292(+4) 582(-18) 145 1160(-7) 440(-38)
168 1399(+13) 558(-7) 174 1067(-14) 533(-24)
170 1319(+6) 643(-9) 180 991(-20) 492(-30)
204 1256(+1) 708(0) 189 957(-23) 628(-11)
210 2021(+63) 621(-12) 194(No.

213 1321(+6) 558(-21) 148) 1078(-13) 677(-4)
56-7 1399(+13) 701(-1) 209 927(-25) 524(-26)
56-47 1361(+10) 550(-22) 219 662(-46) 440(-38)
56-56 1357(+9) 332(-53) 229 677(-45) 501(-29)

contd.
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Tablel. contd.

Line Grain yield (kg/ha) Line Grain yield (kg/ha)
No. Sole crop Intercrop No. Sole crop Intercrop
Poor under both systems
231 843(-32) 410(-42)
56-3 1043(-16) 428(-39)
56-31 876(-29) 641(-9)
56-44 687(-46) 636(-10)
General mean 1246 709
CD: for line means = 459 kg/ha
for system means = 71 kg/ha
for interaction = 649 kg/ha
CV: 24%
a. Figures in parentheses indicate % increase or decrease o ver general

mean

Table2. Pooled analysis of variance of pigeonpea yield/(g/

cropping systems.

plot) under sole- and inter-

Source of D.F.

. SS MS F
variation
Blocks 2 7092 3546 0.283
Entries (E) 82 2209377 26944 2.151**
Systems (S) 1 2722603 2722603 217.339**
Interaction (ES) 82 1691659 20630 1.647**
Error 164 2054356 12527
Total 331 8685085

necessarily do so under solecropping.
under intercropping were average yielders under solecropp
These findings indicate that th
generation breeding lines of pigeonpeas differ in their com

No. 27, 130, 56-30, 56-45).
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ability when intercropped with sorghum. Thus for use as an i
pigeonpea lines selected in the early generations under int
conditions are more likely to give better performance than
made under solecropping. This implies modification in the p
selection and evaluation procedure followed in pigeonpea

An alternative selection procedure for pigeonpea breedin
involve selecting single plants for yield potential in the
raised as a solecrop and selecting for companionship in the
rows grown as an intercrop. Subsequent family selection and
should also be done under intercropping; however, there is n
accumulate more data in this regard.
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Breeding for Vegetable-Type Pigeonpeas

K.C. Jain, D. Sharma, S.C. Gupta

LJ. Reddy and U. Singh*

Abstract

Pigeonpeas are normally eaten as fresh green peas in the

Caribbean and the Latin American countries. Because of the

importance  of vegetable-type  pigeonpeas internationally, a
separate project was initiated at ICRISAT for the develop-
ment of superior breeding lines and cultivars for vegetable

purposes. We have made a large number of crosses between

late vegetable types and very early grain types to generate
more variability in the material for range of maturity and
seed size and to incorporate resistance to sterility mosaic

disease and wilt. A large number of lines with a range of
120 to 209 days' maturity and 10 to 20 @/100 seed-weight
have been selected. These lines are being evaluated in

vegetable-type pigeonpea trials of early (VPPIT-1) and

medium maturity  (VPPIT-2) in different countries. The market
value and consumer preference of vegetable-type pigeonpeas

depend on the appearance, size, stage of maturity, and

nutritional qualities of the peas. Fresh peas were analyzed

for protein, crude fiber, sugar, and starch content, and
results are discussed in this paper.

Pigeonpeas are consumed as fresh green peas in many Caribbe
American countries and to some extent in India, Kenya, Tanza
Zambia. In India there is a great demand for pigeonpeas as veg
certain areas, particularly in Gujarat State. Vegetable-t

are, in general, late-maturity types, and their cultivatio

limited to kitchen backyards. In recentyears there has been
for early and medium-maturity types, so that with a range o

a continuous supply of fresh green pods for the market and the
can be assured over a longer period of time.

The main objectives of breeding vegetable-type pigeonpeas
have been to: (1) generate breeding populations and develop
pigeonpea cultivars suitable for vegetable purposes, and (
superior breeding lines and populations to breeders throug
arid tropics.
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Priority of Vegetable-Type Pigeonpeas in the ICRISAT P rogram

Efforts to conduct research on pigeonpeas for use as vegetab les were
started during 1976-77, when an unreplicated internationa | vegetable-type
pigeonpea nursery consisting of 38 advanced lines was sent to 11 countries.
Considering the encouraging response from many countries and the
importance of vegetable types internationally, a separa te project was
initiated in 1978 Kharif (rainy season) for the development of breeding

populations and cultivars for vegetable purposes. During t he same year,
two sets of vegetable-type pigeonpea international trials , VPPIT-1 (early)
and VPPIT-2 (medium), based on maturity groups, were consti tuted and sent

to 15 locations in eight countries.

Progress at ICRISAT

Germplasm Collection and Crossing Program

The success of any plant-breeding program depends on extens ive collection
and utilization of germplasm. ICRISAT has assembled 8775 | ines from
various pigeonpea-growing countries of the world. For th e breeding
program, 23 large-seeded lines were crossed with lines sele cted on the
basis of their yield potential and other special traits. Dur ing 1978-79,
most of the crosses were made using a line x tester design. F our good
parents were used as testers, so that the value of each parent could be
determined on the basis of its mean performance across test ers. Largely
single crosses were attempted but three-way crosses were al so made.

Selection  Among Crosses

Resources can be utilized effectively if poor crosses are e liminated in
early generations. However, F ; testing cannot be considered final,

because of nonadditive genetic effects; yield testing is no t practical at
that stage due to the difficulty of getting enough seed. Mol | and Stuber
(1974) reviewed studies on components of variance in diffe rent crops and
concluded that because the major portion of genetic varian ce was additive
in nature, performance of parents and F 1S should be related to performance

of later generations. Observations reported by Green et al. (1979) on
early-generation testing in pigeonpea indicated that diff erences among
generations for days to flower, seeds per pod, and seed size were
nonsignificant, except for one cross. Cregan and Busch (19 77) also
suggested that F ; performance could be a good indicator of the potential

of a cross, but that high-yielding F 1S should be tested in the F 2
generation, since F » performance is a better indicator of performance in

succeeding generations.
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Breeding Methods

Investigations at ICRISAT were made to compare the effici
methods--pedigree, mass selection with intermating, and b

for combining large seed size with earliness, because the e
types have small seed. Two crosses involving an early, but s
cultivar (T-21), as female parent and two late large-seeded

and EC-100467) as male parents were taken as the base popula
compare the three methods. In each case, selection was firs
for earliness and then for large seed size among the plants s
earliness. On the basis of mean number of days to flower and se
of final selections, it appeared that in both crosses the ped

and mass selection with intermating were better than the ba

for combining earliness and large seed size.

The effectiveness of the pedigree method can be further illu
by citing an example of a specific cross (ICP-8503 x ICP-7979
tion size in the F2 generation of this cross was 2746 plants. O
objective in this population was to exercise selection pres
larger seed size than the large-seeded.female parent (ICP-
18 g/100 seeds and larger pod size than the large-podded male
(ICP-8503), which is characterized by 6 to 9 seeds per pod. Fi
discarding plants with poor branching and those having fewe
seeds per pod, 70% of the plants were rejected. The second-st
selection was done after harvest on the basis of 100-seed wei
this stage another 18% of the plants were rejected as having
(less than 18 g/100 seeds). Only 5% of the plants were retain
desirable for vegetable purposes. These selections were pl
Hyberabad in four row plots with a check every
progenies, 86 (57%) having more than six seeds per pod and w
than 18 g/100 seeds were selected. All single-plant selecti
the F3 generation have been planted in 1980 in four row plots w
frequent checks for yield evaluation. Based on these observ
breeding methods for early maturity and large seed size, and
effort required for mass selection with intermating, the pe
was found to be the most practicable of the three methods. Alt
pedigree method was effective for days to flower and seed si
effectiveness can be questioned for characters with low her
such as yield.
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Performance of Advanced Lines in Different Maturity Gro ups

Observation Nursery

Over the years 1973 to 1977, observation nurseries were requ
ICRISAT by several countries. A few of the vegetable-type
these nurseries showed promise. In 1977 we sent a uniform ve
pigeonpea international observation nursery consisting
developed at ICRISAT to 11 countries. Results from some cou
encouraging. For example, some of the entries, in spite of ea

ested from
cultivars in
getable

of advanced lines

ntries were

rly matu-
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rity, outyielded the late-maturing local check entries in Panama and were
at par in Puerto Rico (Table 1).

Table 1. Performance of selected entries in the vegetable-t ype pigeonpea international
nursery (VPPIN 1977) in Panama and Puerto Rico.

. Days to 100-seed Yield
Location/Entry .
flower weight(g) (kg/ha)
Panama
39-77(local check) 120 13.0 4702°%
40-77(local check) 240 11.5 5122%
73060-12-1-B 111-1-B(W) 100 12.5 5265°%
73060-12-1-B 111-1-B(B) 88 12.5 5214°%
73073-10-1-1-2-B(B) 114 14.0 4740°
Puerto Rico
2 B-Bushy (local check) 103 16.0 1017
Kaki (local check) 132 21.0 1124
73047-19-7-12-B(W) 79 12.3 1065
73043-37-8-3-B(B) 79 16.6 1044
73043-1-17-2-B(B) 77 13.8 1045
a. Yield of green peas.
International Trials
Based on the encouraging results obtained in the observatio n nursery sent
in 1977, two sets of international trials (VPPIT-1 and VPPIT -2) were
constituted in 1978 and distributed to 15 locations in eigh t countries.
Of these 15 locations, results have been obtained from six. Yield data

from some of the locations are reported in Table 2.

In kenya, several entries of VPPIT-1 were superior to one of t he
local checks in yield, and superior to both local checks in s eed size.
The entries in VPPIT-2 were at par with the best local check in yield,
and also had the advantage of large seed size. Many of these li nes in
both trials were found suitable for release in Kenya, becau se of earliness
and increased pod and seed size. During 1979 two more sets of t rials
(early and medium) were sent to 13 locations in nine countr ies. Since
planting time in different countries extends from July to M ay, it is
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Table2. Performance of vegetable-type pigeonpeas in diffe

rent countries during 1978.

Days to

Country Entry 50% 9/100 Yield
. seeds (kg/ha)
flowering
VPPIT-1
Kenya NPA 203/1 @ 62 8.2 2316
NPP 199/10 2 63 9.8 743
ICPL-21 64 10.8 1407
ICPL-26 60 10.4 1095
Puerto Rico 2BB? 91 nd 190
ICPL-10 89 nd 375
ICPL-27 84 nd 314
India Local check 78 7.1 978
(Coimbatore) ICPL-25 72 11.0 813
ICPL-16 65 13.5 770
India UPAS-120° 94 nd 500
(Junagarh) ICPL-30 93 nd 761
ICPL-28 96 nd 676
VPPIT-2
Kenya 12-NPP-203/1 @ 66 8.3 1331
ICP-6997 65 13.9 1393
ICP-7035 61 18.5 1231
Puerto Rico 69-68 ? 113 nd 581
ICP-6997 107 nd 593
ICPL-36 110 nd 468
Zambia ICP-7035 111 41.3° 5322°
HY-3C 106 42.6° 4961°
India
(Coimbatore) Local check 80 7.5 433
ICPL-35 89 14.4 592
ICPL-37 68 14.2 491
India ICP-7035 137 20.1 2198
(Hyderabad) ICP-6997 2 125 11.4 1957
ICPL-41 139 15.9 1923
ICPL-39 101 11.1 1836

nd = No data reported.

1T

Local check.
Seed weight of green peas.
Yield of green peas.
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difficult to get the results from all the locations at one tim
results have been obtained from four locations only. Some of
in all the four locations were either earlier or larger in see

or higher yielding than the local check(s). At Junagarh, Ind
entries in trial VPPIT-1 were large in seed size, and four en
superior to the local check in yield. Similarly, at Coimbat

all the entries except two were larger in seed size than both
checks in trial VPPIT-2. During 1980, similar trials have be
18 locations in eight countries.

Quality Characters of Vegetable-Type Pigeonpeas

The seed quality of a crop is a function of several physical, c
and biochemical factors. Of the physical factors, size, sh
appearance of the seed receive considerable attention. T
contribution of a crop can be raised by improving the protei

by lowering the levels of antinutritional factors such as pr
bitors, oligosaccharides, and polyphenolic compounds. In
preliminary results on protein, soluble sugars, crude fibe
contents of vegetable types are reported. Seed samples were
from the field and oven-dried overnight at 60°C. The dried sa
ground in a Udy cyclone mill using 0.4 mm screen and used for a

Protein content and crude fiber were determined according t
official analytical procedures of the AOAC (AOAC 1970). S
and starch content were determined as described by Singh et
except that the soluble sugars were extracted using hot dist

The protein content ranged between 17.5 and 22.3%, with a me

of 19.7% (Table 3). The protein content of vegetable types wa
to that of grain types. Singh et al. (1977) had reported that p
content of green developing seeds of vegetable types ranged
and 22.9%.

Although there is considerable interest in breeding vegeta
for higher sugar content than the existing levels, the prog
area has been very slow. Earlier workers analyzed a few vege
for sugar content and found a range of 6.9 to 8.6% (Singh et al.

The results of sugar analysis of lines of VPPIT-1 and VPPIT-
showed differences between early and medium-maturity vege
early types, sugar content varied from 10.7 to 14.8%, while i
maturity types it ranged from 7.3 to 12.9% (Table 3). The sta
ranged between 36.4 and 47.5% in early types and 48.6 to 53.7%
types (Table 3). The crude fiber content ranged between 11.4
early types, whereas it varied from 7.9 to 10.0% for medium-m
(Table 3). The levels of principal constituents like protei
hydrates change according to the stage of seed development
1980). The acceptance of pigeonpeas as a vegetable depend
the pods at an early enough stage of maturity to provide good
The present preliminary results indicate that there are als
quality differences among maturity classes and among lines
classes, which should be exploited in a breeding program. Fu
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Table 3. Somechemical characters of vegetable-type pigeo npeas developed at ICRISAT.

Trial Character(%) Mean Range CV.
VPPIT-1 Moisture 65.3 62.8 - 67.9 2.0
Protein 19.7 17.5 - 22.3 4.7
(26.3) 2 (24.7 - 28.2) (2.5)
Sugar 13.0 10.7 - 14.8 11.5
(21.1) (19.1 - 22.6) (6.0)
Crude fiber 13.2 11.4 - 15.1 8.5
(21.3) (19.7 - 22.9) (4.4)
Starch 41.4 36.4 - 47.5 7.9
VPPIT-2 Moisture 67.7 64.7 - 72.8 3.2
Protein 20.9 18.7 - 22.7 4.6
(27.2) (25.6 - 28.4) (2.5)
Sugar 10.3 7.3 - 12.9 8.5
(18.7) (15.7 - 21.0) (4.4)
Crude fiber 8.7 7.9 - 10.0 6.6
(17.1) (16.6 - 18.4) (3.4)
Starch 50.1 48.6 - 53.7 4.0
a. Values in parentheses are reported after arc sine transfo rmation.
are required in this direction. It is also important to inve stigate the
levels of some antinutritional factors present in these veg etable types.

Future Approaches

As discussed earlier, the pedigree method utilizing visual selection has
been effective for highly heritable characters such as seed size and
number of seeds per pod. Selection for individual plants in t he F , for
yield has not been effective in pigeonpea (Green et al. 1979) . This may
be due to the plasticity of plant growth. The plasticity of pl ant growth
in pigeonpea is such that individual plant selection for yie Id has little
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value. Therefore, we may need to depend on F3 or F4 bulk yield

performance, which may be related to the performance of sele cted lines in
later generations. We plan to restrict our selection for yie Id to
progeny testing of derived lines. All the advanced lines dev eloped for
vegetable purposes will be screened for Fusarium wilt, Phyt ophthora

blight, and sterility mosaic disease.

Characters such as large pod size, more seeds per pod, and lar ge
seed size have received our attention in the past. Recently w e have
screened 20 early and 28 medium-maturity lines for protein, sugar, crude
fiber, and starch contents. We will put more emphasis in our breeding
program on these as well as other quality characters. Genoty pe-environ-
ment interactions play a v ery significant role during the field-testing
phase of a plant breeding program, especially in a breedin g program that
has a global responsibility to improve the productivity of a particular
crop. Due to the inadequate information obtained from trial s in the past,
it has not been possible for us to make extensive analyses of t he data.
With the cooperation of national programs, we expect to be a ble to
collect and analyze data that will provide basic informati on regarding

the adaptation of different lines.
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Review of Pigeonpea Breeding in

Maharashtra State

P.G. Thombre and I|.A. Madrap*

Abstract

The pigeonpea breeding program in Maharashtra State focuses on
identifying and developing early types for multiple cropping,

and medium to late types suitable for particular intercropping
systems in different parts of the state. High vyields, and
resistance to pests and diseases are also aimed at, since the
broad objective of the program is to increase stability and

yield levels under rainfed conditions. This paper outlines
breeding strategy followed and lists cultivars found especially
promising in Maharashtra.

Cajanus cajan L. (Millsp.) (common names pigeonpea, tur or arhar) is on e
of the major pulse crops of Maharashtra State. The total area under this
crop in Maharashtra State is about 614000 ha, with an annual p roduction of
301000 tonnes. In Maharashtra State this pigeonpea general ly grown as a
rainfed crop (rainfall 400-1000 mm), without any applicati on of fertilizer
or suitable plant protection measures. Hence, yields are ve ry low, about
400 to 500 kg/ha. On deep, water-retentivesoil, pigeonpea i s grown as a
companion crop with sorghum, cotton, pearl millet, and gro undnut, medium
to late cultivars generally being used with tall companion crops.

The most serious disease is Fusarium wilt, which is observed in
pockets in almost all pigeonpea-growing districts of the s tate. Pod-boring
insects pose a serious threat to pigeonpea production with spraying required
for control in many areas. Thrips have been shown to be a facto r causing

flower drop.

This pulse is consumed as dhal. Bold-seeded, white grained v arieties
of pigeonpea are preferred to small-seeded, red-grained on es. The broad
objective of the pigeonpea breeding program is to increase t he stability
and level of yield under rainfed conditions; to this end, the program aims
at:

. Identification of early types suitable for multiple cropp ing.

. Identification of high-yielding medium to late-maturing , drought
resistant types suitable for intercropping.

* All India Coordinated Project for the Improvement of Pulse s, Agricul-

tural Research Station, Badnapur, Maharashtra, India.
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. Development of disease-resistant, particularly wilt-re
varieties.

. Development of insect-resistant varieties or of pest-ma
systems.

. Development of cultivars with acceptable or superior nut

cooking quality.

Earlier Work on Pigeonpea Improvement

In Maharashtra State, work on pigeonpea improvement at Niph
the release of medium-late strain No. 84, suitable in the Na
subsequently No. 290-21 was released for other districts of
Maharashtra (Table 1). A medium-late prolific type KA-132,
from Uttar Pradesh, was found suitable in the Deccan Canal
result of breeding work carried out in the Vidarbha region
varieties such as No. 148 and Hyderabad-185 were evolved. |
wada region breeding work was initiated at Parbhani. Variet
PT-301 have been recommended for general cultivation.

At Badnapur, work was started under the All India Coordinate
Improvement Project in 1970 in agronomy, breeding, entomol
and pathology; now with the establishment of four agricult
in Maharashtra State, research on pigeonpea breeding work
(1) Mahatma Phule Krishi Vidyapeeth, Rahuri; (2) Punjabrao
peeth, Akola; (3) Marathwada Agricultural University, Par
Konkan Krishi Vidyapeeth, Dapoli, under separate schemes t
the regional requirements.

As a result of concerted efforts made at Badnapur two improv
ties of pigeonpea viz. BDN-1 and BDN-2 have been evolved: B
and BDN-2 (white seeded). These are medium-late in maturity
and high yielding compared with the traditional late variet
productivity per day per hectare being 7.4 kg as against 4.7
BDN-1 has shown stable yield performance in the All India Co
Trials in the peninsular region for the past 4 years, and at th
Pulses Workshop in 1978, BDN-1 was identified as a superi
the peninsular region. In addition to high and stable yield
BDN-1 has been highly resrstant to
when compared with other cultivars.
been found to be v
of Maharashtra State. These strains (BDN-1, BDN-2, and T-21
recommended for the Marathwada region.

Similarly, the early s

As a result of selection practiced in segregating populati
crosses, selections from the cross combination BDN-20 (PT-
BDN-3 (T-21 x S-5), BDN-46 (Kaki x Prabhat), BDN-46-1 (Kaki
BDN-68 (C-ll x Pant A-3), BDN-71 (C-ll x ICP-6997) and BDN-
Hy-3A) have shown superior performance over C-Il, No. 148, a
material has been included in the advanced yield trials for f

With a view to evolving high-yielding types with other attri
white and bold grain, compact growth habit, resistance to th
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complex and to wilt, a diallel crossing program using ten div
was attempted during 1976. The F4 population is under study
included in this diallel set were C-Il, No. 148, BDN-2, Hyder
BS-1, Prabhat, Kaki, Perennial, 15-3-3, and Pant A-3.

Future Program of Work

In view of the limited genetic potential in pulse crops, effo
way in all four Maharashtra agricultural universities to g
cient variability for isolating high-yielding lines. Elit
ICRISAT has been obtained for evaluation. Similarly, breed
being generated through backcrossing, diallel crossing, a
sing for incorporating desirable yield and yield-contrib

A mutation breeding program has also been initiated, using 5
kr/[gamma ray doses.

Recently, sterility mosaic disease, transmitted through m
achieved importance in the pigeonpea crop in Maharashtra. T
crossing program for the incorporation of multiple resista
sterility mosaic, and Phytophthora blight has been underta

strains. The following crosses have been attempted during
. BDN-1 x ICP-7035

. BDN-1 x ICP-8858

. BDN-1 x ICP-1336

. BDN-1 x ICP-8861

. BDN-1 x ICP-7336

. BDN-1 x ICP-5133-2-2

. BDN-1 x ICP-7249-1-1

. BDN-2 x ICP-7035

. BDN-2 x ICP-8861

Promising Material at Hand

The following entries and some crosses selected from segre
have shown superior performance in regional trials:

ICP-193 ICP-1535
ICP-730 ICP-2956
ICP-1631 ICP-1458
ICP-3867 ICP-3318
ICP-2881 31-1-1
ICP-7936 43-2

24-1

These entries are included in large-scale replicated trial

erse parents
Parents
abad-185,

rts are under
enerate suffi-
e material from
ing material is
nd multiple cros-
uting characters.
, 10, and 15

ites, has
herefore a
nce to wilt,
ken in adapted
kharif 1979-80:

gating material

46-1
20-9-4
20-6-11
20-9-9
20-20-10

20-10-8
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Imbibition by and Effects of Temperature

on Germination of Mature Seed of Pigeonpea

P.L.M. de Jabrun, D.E. Byth,

Abstract

This study was conducted to determine the
for germination of mature pigeonpea seed of
The effects of technique of germination on
temperature on germination  behavior were

optimum
imbibition and of
studied.

The three genotypes ranged in seed size

seeds) and maturity group
sowings at 27° S).

(7-24 g/100

Germinability of all
wide range of temperatures
germinating seedling was

genotypes was at an optimum over
(19-43° ©)
greatest between 29° and 36° C.

Evidence of differences- between genotypes for germi-
nation at high and low temperatures were identified and the
implications  of this response discussed.

The effect of temperature on the germination behavior of pig
(Cajanus cajan
systems. Pigeonpea is grown traditionally as a summer-so
recent development of off-season cropping has occurred in
involves sowings in November-December at cooler temperat
lopment of short-season production systems based on photop
genotypes (Wallis et al., these Proceedings; Byth et al., th
ings) allows sowings to be made at any time of the year, provid
temperatures are suitable for germination.

Observations in Australia indicate that although active p
will occur at relatively low ambient temperatures, germina
gence may be inhibited by those temperatures.

We have found no published information on the response of
to germination at low soil temperature. However, other wa
legumes have been shown to germinate at relatively low tem
example, soybean attained 95% germination at 10°C (Wilson 1

conditions
three genotypes.

(55-130 days to flower in December

although growth of the

and E.S. Wallis*

eonpea

[L.] Millsp.) has implications for commercial cropping

wn crop, but
India. This
ures. The deve-
eriod-insensitive
ese Proceed-
ed soil

lant growth
tion and emer-

pigeonpea
rm-season grain
peratures; for
928; Edwards

*Department of Agriculture, University of Queensland, St.
Queensland, Australia.

Lucia,
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1934; Bharati 1976) and mung bean and chickpea showed 90% ge
the fifth day at 13°C (Slater unpublished).

The International Seed Testing Association (ISTA) recomme
of the between-paper (BP) methods with paper either as rolls
in trays at 25°C for testing pigeonpea, with the test lasting
(Anonymous 1976).

This study was conducted to determine the optimum conditio
germination of mature pigeonpea seed of three genotypes. Th
technique of germination on imbibition and of temperature o
behavior were studied.

Materials and Methods

Two separate studies were conducted, on the effects of germi
nique on imbibition, and of temperature on germination beh
pigeonpea genotypes were used in each study:

1. Photoperiod-insensitive (INS) bulk population derived
pollination of an off-type plant in an accession from India (
Wallis et al., these Proceedings); early-flowering short
days from sowing to flowering); 100-seed weight approximat

2. C-322, a mid-season accession from Jamaica, flowering in
for December sowing at 27°S; 100-seed weight approximately

3. UWI-35, a medium-late flowering accession from the Unive
the West Indies (130 days for December sowing at 27°S); 100-s
approximately 24 g.

The seed used in these studies was produced at Redland Bay Uni
farm (27°S) during the 1978 growing season. After threshing
dried in a forced draft oven at 40°C = 2°C for 3 days, graded to r
the extreme sizes and damaged seeds, and stored 9°C + 2°C and 3
relative humidity until Seed lots were removed from sto
prior to use and equilibrated to ambient temperatures in th
The moisture content of each seed lot was determined before u
standard method (Anonymous 1976): oven drying at 105°C = 1°
+ 1 hour and expressed on a wet-weight basis.

use.

Seed was prepared for germination tests as follows. All see
treated with Captan (50% w/w N-Trichloromethylthiotetra

dust at the rate of 1.5 g/200 g of seed to reduce the incidence o
contamination (Bharati 1976; Ellis and Paschal 1979). Four

each of 50 seeds, were used in each study. Seed was placed betw
towels (Kleenex deluxe roll towels code 4400), either in pl

lined with germination paper (1.5 mm thick Ebwip UTO germina

or spaced down the center of cotton towels which were subseq
longitudinally. Before use, the trays were thoroughly wash

rinsed in absolute alcohol, and the towels were washed and au
120°C for 20 minutes. Deionized water equilibrated to the de
temperature was used throughout the trials. Initially, 85 m

added to each tray and 200 ml to each roll, and additional wate

as necessary during the trial.
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Imbibition Study

Imbibition was studied in the three genotypes at 25°C + 1°C, u
BP tray and towel methods. Seed was sampled at eight time int
sowing (0, 1, 2, 4, 8, 12, 18, and 24 hours). Ateach sampling ti
amount of water imbibed was determined by the standard metho
previously.

Two cabinets were used, each with two replications. The desi
a split/split/split plot with cabinets as whole plots, gen
methods as subplots, and sampling time as sub-subplots. No s

effects due to cabinets existed, and cabinets are ignored in

Effect of Temperature on Germination Behavior

A multirange temperature incubator with five compartments
separate runs were used to obtain 15 "mean temperature cond
12.7° and 46.5°C. The highest temperature compartment of o
adjusted to approach the temperature of the lowest temperat
of the next run. Two low-temperature treatments (7.1°C and
studied in separate germination cabinets, giving a total of
conditions.

Germination tests were done with the three genotypes, using
rolled-towel method only. Germination was defined as the vi
of the radicle (Heydecker 1972; Lang 1965) and was recorded d
days. All germinated seed was removed except for 15 seeds, wh
retained for 48 hours after the commencement of germination
radicle-hypocotyl elongation. The following germination
calculated for each temperature:

1. Germinability (cumulative germination): average of th
percentage germination over 10 days (Timson 1965; Bharati

2. Mean days to germination (MDG): calculated from the coef
rate of germination (CRG) (Heydecker 1972; Harrington 196

MDG = 100/CRG,

_In_
CRG = 5p= X 100,

and n is number of seeds germinated on day D after sowing.

3. Radicle-hypocotyl elongation (RHE): measured (in mm) 2
germination using 15 seedlings per treatment.

Results and Discussion

Imbibition Study

Highly significant differences existed among genotypes an

for genotype x method interaction (Table 1). As expected, th
water imbibed increased with sampling time, but there was s
interaction between sampling time and genotype, method, an
method.
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Table 1. Meansquares for imbibition rate for three genotype sevaluated in two methods overa

24-hour interval.

Source df MS
Genotypes (G) 0.261**
Methods (M) 1 2.607**
Gx M 0.157**
Error 1 18 0.003
Sampling time (S) 7 4.750**
G xS 14 0.041**
Mx S 7 0.174**
GXxSxM 14 0.032**
Error 2 126 0.004
* k% P < 0.05 and 0.01, respectively.

For all three genotypes, imbibition per gram of dry seed weig ht was
greater for the BP roll method than for the BP tray method thro ughout the
duration of the trial. However, the genotypes differed grea tly in their
rate of imbibition. In both methods, the insensitive genoty pe (INS)
imbibed water at a faster rate during the first 12 hours than d id the other
genotypes. In contrast, the large-seeded UWI-35 imbibed wa ter relatively.
slowly and at a consistent rate over 24 hours in the BP tray met hod, but
was similar in rate of water uptake to the insensitive small -seeded geno-
type in the BP roll method. C-322 had the lowest imbibition ra te in the
roll method and responded erratically in trays.

The marked differences between genotypes in rate of imbibi tion may
be related to seed size. Small seed has a larger surface are a per gram
of seed, and this would influence the relative area of surfac e contact
between seed coat and water. This may facilitate water movem ent to the
micropyle. The large imbibition rate differences betwee n genotypes in the
BP tray method were not observed in the BP roll method in which all geno-
types had absorbed a similar amount of water per gram of dry s eed after
18 hours. It.is probable that this occurred because the rol | method
provided a more intimate contact between the seed and the wat er. As such,
the BP roll method may simulate more closely the seed-soil ¢ ontact.

Regardless of the cause, it is clear that the use of BP trays fo
germination studies in pigeonpea can result in substantial
germination behavior due to a seed size x imbibition rate i
This effect is essentially eliminated in the BP roll method.

Effects of Temperature on Germination Behavior

No germination occurred at 7.1°C and 46.5°C, and these trea
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excluded from analysis. Temperature had significant infl
nability, mean days to germination (MDG) and radicle-hypoc
(RHE) (Table 2). Differences existed between the genotypes
type x temperature interaction for germinability and RHE, b

In all three genotypes, germinability revealed a clear opti
ponse with an extended plateau of approximately 85 to 95% ger
between 19°C and 43°C. Germinability declined abruptly at h
lower temperatures. These results are similar to those of B
in soybean and Slater (unpublished) in mung bean and chickpe
higher germinability at both the high and low temperatures t
genotypes. UWI-35 was inferior in germination to INS at temp
than 19°C but was superior to it at 44.5°C. Considerable inte
genotype and temperature occurred in the 19°C to 43°C tempe
with UWI-35 generally showing slightly lower germinabilit
genotypes. However, these changes were small and of little ¢

MDG declined rapidly with increase in temperature from 7.1°
and was at a minimum and generally similar within the tempera
26° to 43°C. There was a small increase in MDG at the higher t
particularly for the INS genotype. However, no genotype or
temperature effects were significant.

RHE revealed an optimum response in all three genotypes, wi
elongation occurring at the temperature range of 29° to 36°
a progressive reduction in RHE at temperatures less than 29°
reduction at temperatures greater than 36°C. Averaged over
the small-seeded INS genotype revealed greater elongati
axis than did C-322 or UWI-35, and this was most marked at th

uence on germi-
otyl elongation
and for geno-
ut not for MDG.

mum res-
mination
igher and
harati (1976)
a. C-322 had
han the other
eratures less
raction of
rature range,
y than the other
onsequence.

C to 19°C,
ture range

emperatures,
genotype x

th maximum
C. There was
C and a rapid
temperatures,
on of the plant
e moderate to

high temperatures (27°-43°C). The largest seeded genotype , UWI-35, had
the lowest RHE in this temperature range.
Table2. Mean squares from analysis of three germination ch aracters measured for three
genotypes at fiteen temperatures.
Germinability RHE

Source df MDG (days) (mm/2 days)
Temperature (T) 14 6792.01** 67.94** 3175.09**
Error A 45 18.35 0.61 25.41
Genotypes (G) 2 1172.50** 1.04 427.25**
G xT 28 260.39** 0.52 34.74%
Error B 90 30.15 0.62 18.78
CV {%) 6.9 31.7 20.1
*** P < 0.05 and 0.01, respectively.
Mean over temperatures Genotype
INS UWI-35 C-322
Germinability 79.2 75.7 84.5
MDG 2.6 2.4 2.5
RHE 24.3 19.0 21.4
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These data indicated that for all three genotypes, germinat

ion did

not occur at temperatures of 7.1°C and 46.5°C. As temperatu re was in-
creased from 7.1°C, there was progressively more rapid germ ination, in-
creased germinability and more rapid RHE. Germinability a nd MDG both
revealed wide temperature plateaus at temperatures equal t 0 or greater
than about 19°C. In contrast, optimal RHE was not attained wi th about
28°C, and there was a narrow temperature plateau.

In general, the differences among the genotypes were rela tively small.

However, the seed of genotype C-322 (medium-sized) had supe
ability at both suboptimum and superoptimum temperatures, and was inferior
in RHE at optimal and superoptimal temperatures. In contra st, the INS
genotype had superior RHE at optimal and superoptimal tempe
Except for RHE at temperatures greater than 27°C, there was
dence of association between the response of a genotype for a
and the seed size of that genotype. However, seed size and bac
genotype are totally confounded in this study, and no genera

on the effects of seed size are possible.

Conclusions

1. Germination tests should be conducted using the BP rolled

2.

method. The technique was superior to the BP tray method in th
it resulted in similar imbibition rates per gram of dry see
genotypes of different seed size.

In all genotypes, germinability was at an optimum over a wi
range of temperatures (19-43°C). Germination was at its mos
rapid between 26-43°C, but still occurred rapidly down to 1
approximately. Growth of the germinating seedling was gr

in the relatively narrow temperature range of 29-36°C.

3. The differences between genotypes were small relative to

ature. However, evidence exists of genetic superiority t

nate at both low and high soil temperatures, and for rate of gr
of the germinating seedling at temperatures in excess of abo
27°C. The small-seeded genotype grew most rapidly, and the |
seeded genotype slowest, but a general conclusion on the ef
of seed size per se is not possible from this study.

4. On these data, we conclude that:

a. Sowings should not be made at soil temperatures less than 1

b. Rapid, even germination and emergence is fostered by soil
temperatures of 26-43°C, and particularly at 29-36°C.

c. Selection for germinability at low and high soil temperat
and for RHE at moderate to high soil temperatures, should be
effective.
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Association of Maturity, Duration
and Seed Size with Seedling Attributes in Pigeonpea

A.S. Tiwari and B.R. Singh *

Abstract

Thirteen pigeonpea  genotypes, including four standard checks of
extra-early (Pant A-3), early (T-21), medium (No.148), and late
(Gwalior-3) maturity groups were studied for their root and

shoot characteristics in the seedling stage. These genotypes
also differed in seed size and origin. The study was designed
to assess seedling vigor in relation to seed size and duration

of maturity. Highly significant differences were found among
genotypes for root length, seedling height at which cotyledonary
leaves and normal leaves occur, leaf length and width, and oven-

dry weight of root and shoot. Genotypes belonging to the late-
maturity group exhibited significantly higher rates of root and
shoot growth wunder pot conditions. The implications of these

findings are discussed in relation to the role of pigeonpea
genotypes of varying maturity under mixed farming and rainfed
conditions.

Pigeonpea ( Cajanus cajan [L.] Millsp.) is predominantly a rainfed crop in

India. Generally it is grown as a mixed crop with one or more cr op
species. Pigeonpea has a tremendous variation for maturi ty period (120

to 256 days) and seed size (4.6 to 15.1 g/100 seeds). Associat ions among
yield components are well known in this pulse crop; however, associations
of maturity period and seed size with seedling characters ar e not known.
The present paper deals with such a study under rainfed condi tions.

Materials and Methods

Thirteen pigeonpea cultivars, including four standard ch eck varieties of
extra-early (120 days), early (145 days), medium (185 d ays), and late
(above 200 days) maturity were studied for ten seedling cha racters in pots
and for three adult plant characters in field trials. Experi ments in pots
and field were planted on 4 July 1977 at Jabalpur. The observa tions in pots
Pulse and Oilseeds Project, Agricultural Research Institu te, Gwalior,
and Department of Plant Breeding and Genetics, JNKVV, Jabal pur, India,

respectively.
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were recorded on three randomly selected plants. In the fiel
there were four replications in a randomized block design.
consisted of two rows, 5 m long and 90 cm apart; intrarow spaci
20 cm.

Results and Discussion

Germination and Cotyledonary Leaf Characters

Data on mean, range, and LSD of germination and cotyledon cha
presented in Table 1. Germination varied from 75.0 to 95.0% (
Gwalior-3 (100-seed weight 7.0 g) showed highest germinati

a fair positive association between heights at which cotyle
appeared and that at which true leaves appeared. The first t
appeared at the lowest height in JNAL-516, a cultivar with 1

7.2 g and maturity duration of 242 days, and at the highest in S
with 100-seed weight of 15.1 g but maturity duration simila
However, no definite trend of relationship of this characte

either seed size or maturity duration.

Seedling Characteristics

The mean, range, and LSD of six seedling characters are given
Cultivars differed significantly for these traits. Consid

was recorded for all the seedling characteristics and also

growth of root and shoot during the first and second 10-day-p
Tallest seedlings were produced by Sehore-11, the cultivar

seed. Dry weight of shoot was maximum in Sehore-11 and Gadarw
cultivars respectively on the tenth and 20th days after sowi

tively. Root length was also maximum in Sehore-11. However,
of root was maximum in the Gadarwara local (100-seed wt 13.4 g
maturity). Fastest rate of root growth, in terms of length, b
tenth and 20th days after sowing was recorded by JNAL-445, a
conventionally grown on paddy bunds, and shoot growth was fa
Sehore-11. Early and medium-duration cvs Pant A-3, T-21, an
showed a fairly high rate of shoot growth. Rate of root growt
was slower in these cultivars, particularly in T-21.

Correlation coefficients were also computed among the abov
characteristics and are presented in Table 3. Seed size was p
and highly significantly associated with five seedling c
particularly with length and width of true leaf and dry weigh
and shoot. Maturity period also had appreciable positive as
with root length, dry weight of root and shoot, and leaf lengt
duration had a weak and nonsignificant positive associati
size. Seedling characters were closely associated with ea

The present study indicates that late-maturing and bold-se
cultivars are faster in root and shoot growth in the first 2
and consequently produce more dry matter. Germinability wa
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Gwalior-3 (late-maturing, medium seed size) and fastest ra
growth was shown by JNAL-445 (late-maturity, medium seed s
maturing in more than 200 days in general gave significantly
yields. For intercropping and mixed cropping under rainfe

it appears that late-maturing cultivars are preferable si
produce longer roots and therefore may not compete with ¢
species for underground water and nutrients during the earl
period.
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Asymmetry and Yield in Pigeonpea

Cajanus cajan (L.) Milisp.

Bir Bahadur, K. Lokender Rao, and M. Madhusudana Rao*

Abstract

Asymmetry in plants, wherein a plant or its organs are
described as left- or right-handed, based on the direction
of the spiraling or overlapping of plant parts, has been
recognized for over 70 years. Davis(1972), studying this
phenomenon in COCOS nucifera and several malvaceous species,
found a correlation between asymmetry and vyield; a right-
spiraled palm gave 20% more copra than left-spiraled ones.
Bible (1976) also found similar results in tomato and pepper.
In the present investigation on 15 cultivars of pigeonpea,
plants developed from right-handed seedlings were found to
be metabolically superior,  with higher fruit/seed vyield,
nodule index, and harvest index. Since the inheritance
pattern of asymmetry in plants is found to be non-Mendelian,
different workers on this subject have expressed different
views regarding the causal aspects of handedness.

The present investigations have been carried out to
explore the relationship between handedness and vyield in
light of morphological and physiological differences in
plants developing from left- and right-handed seedlings.

Asymmetry, or left- and right-handedness, in plants and pl ant organs has
been investigated by a number of workers. Compton (1910) fir st reported
seedling handedness in cereals and millets. However, sim ilar handedness
in pigeonpea ( Cajanus cajan ) was discovered only recently by Rao and
Bahadur(1980). In continuation of our work, we report the e ffect of
handedness on yield in pigeonpea, a common pulse crop of the semi-arid
tropics.

Materials and Methods

Seed material of 15 cultivars of c.cajan obtained from ICRISAT was used
in the present study.

Left and right-handed seedlings were scored following the p rocedure
of Rao and Bahadur (1980). If the overlapping of the seedlin g leaves
* Department of Botany, Kakatiya University, Warangal, India.
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faces towards the left, it is left-handed and conversly if it faces

towards the right it is right-handed. The former is the clock -wise
direction and the latter is counter-clockwise. Mature plan ts developing
from left- and right-handed seedlings were used for further investigations

of morphological, physiological, andyield parameters.

Primary root length and nodule number were recorded at the a ppro-
priate time, and nodule index was calculated following Rang aswami and
Chakraborty (1966).

Chlorophyll contents of seedlings and mature leaves of lef t- and
right-handed plants of the same age and position were estima ted by
spectrocalorimetric and spectrophotometric methods, fol lowing Witham et
al. (1971) and Mackinney (1941), respectively. Stomatal in dex and size
in seedling and mature leaves of left- and right-handed pla nts of the
same age and position were studied, following Cutter (1969 ).

The usual yield attributes have also been recorded and analy zed for

different cultivars.

Results and Discussion

Seedlings of 15 cultivars of c.cajan (total 5057 seedlings) were

examined; 2645 (52.34%) of these were right-handed and 2380 (47.06%)
left-handed; the rest were neutral seedlings (0.6%). In som e cultivars,
there was appreciable difference in the number of left- and right-handed
seedlings while in others the numbers were similar. This obs ervation is

in conformity with the law of occurrence of bioenantiomorph s (Dubrov
1978). Rao(1980) reported an excess of right-handed seedli ngs in a number
of species of phaseoius and vigna. An examination of the root system

showed a profusely branched and longer root system in the.. right-handed
plants than in the left-handed ones,which had a shorter and | ess branched
root system. Data on nodule indices (NI=Number of nodules/r oot length) of
two cultivars (Table 1) show higher nodule index in right-ha nded plants

but the excess is not significant unlike the one noted by Rao ( 1980) in
left-handed plants of Vigna radiata, V.mungo, and Phaseoius vulgaris. It
was observed that the root nodules of right-handed plants o ccur in clusters;

such clustering was of lower order in left-handed plants.

As Table 2 shows, right-handed plants had more chlorophyll( a, b, and
total) than left-handed plants. Chlorophyll quantity of b oth seedlings
and mature plants was also studied under a spectrophotome ter and it was
found that the chlorophyll of both types of seedlings show ed peaks at
640 nm in the visible light spectrum. The transmittance per centage was
higher in the right-handed seedlings than in the left-hande d ones,
indicating thus a significant excess of chlorophyll in the f ormer. In
mature leaves also higher peaks were observed in right- than in left-
handed plants. Bahadur et al. (1978) in coconut (cocos nucifera) noted
that the higher yield in right-handed plants of the specie s obtained by
Davis (1972) may be explained as due to the greater amount of ¢ hlorophyll
in these plants besides other morphological and physiologi cal attributes.
They substantiated their findings by studying the absorpti on spectra of
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Table 1. Comparison of nodule indices in kft- and right-han ded pigeonpea cultivars.

Cultivar Left-handed Right-handed
HY-2 8.48 9.01
7406 8.49 9.09

a. Mean of 25 readings.

Table 2. Comparison of chlorophyll content in left- and righ t-handed pigeonpea cultivars

(mg/g tissue).

Left-handed Right-handed
Cultivar Chloro- Chloro- Total Chloro- Chloro Total
phyll phyll Chloro- phyll phyll Chloro-
a b phyll a b phyll
HY-2 0.189 0.134 0.320 0.192 0.152 0.352
7406 0.172 0.139 0.310 0.189 0.140 0.326
6972 0.171 0.128 0.297 0.201 0.138 0.336
6930 0.162 0.125 0.286 0.182 0.132 0.313
7220 0.159 0.139 0.289 0.192 0.134 0.324
chlorophylls, and concluded that the right-handed coconut plants are
indeed physiologically superior and hence contribute to th e higher photo-
synthetic activity and better utilization of solar energy ( unpublished).
Rao (1980), however, working with different Phaseolus and vigna species,
showed higher yields from left-handed plants, due to great er quantity
and perhaps better quality of chlorophyll. This may also ho Id true for
the cultivars of c.cajan we studied. NMR (Nuclear Magnetic Resonance)
data on chlorophylls of left- and right-handed seedlings an d plants may
provide a clue.
Data on stomatal indices (No. of stomata/no. of stomata + no . of
epidermal cells), stomatal and pore size of seedling and ma ture leaves
of left- and right-handed plants of c.cajan cultivars is given in Table 3.
In cv 7406, the left-handed seedling leaves show a higher st omatal index
than the right-handed seedling leaves. In the mature leave s developing
from such seedlings the reverse holds true. Further, in rig ht-handed
seedling and mature leaves, the pore size was comparatively bigger than
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Table 3. Comparisonofstomatal index, stomatal size, and po

handed pigeonpea cv 7406.

re size(m) in kef-and right-

Mature
leaves

Left-handed

Right-handed

Left-handed

Right-handed

Stomatal
index 29.24 27.08 29.94 32.75
Stomatal
size 27.2 x 17.6 33.6 x 24.0 22.4 x 16.0 28.0 x 18.4
Pore
size 18.4 x 24.8 x 6.8 14.4 x 4.0 18.4 x 4.0
in left-handed ones. In addition, differences in the size of epidermal
cells are also obvious. Hence it may be said that right-hand ed seedlings
and mature leaves in general show characters superior to th ose of left-
handed ones.

Rao(1980) reported that the left-handed plants showed high er stomatal

indexes and bigger stomatal size in different species of
phaseolus and concluded that the higher yield

perhaps dependent on these characters.

Yield Attributes

Total Pod Yield

in

left-handed plants

Data in Table 4 show that mean number of pods per plant varies
to 266.9 in the left-handed plants, while in the right-hande

varies from 48.3 to 314.7.

The mean number of pods per plant in

cultivar was compared between the left- and right-handed pl

applying the 't' test.

Cultivars 7118, 7086, and 7220 showed

ficantly higher number of pods per plant in the right-handed

left-handed plants (P<0.05).

In a few cultivars (e.g. 6972

left-handed plants showed a higher number of pods per plant

right-handed ones but the differences are statistically no

Pod Weight

Table 5 shows the mean weight of pods produced; this varies fr
60.9 g in the left-handed ones; from 41.7 g to 79.6 g in the righ
ones. In each of the cultivars, the mean pod weight per plan

compared among the left- and right-handed plants.

Cultivar

and 7086 showed highly significant excess of pod weight in ri
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Table 4. Comparisonofmean number ofpods per plantin lef- a
cultivars.

nd right-handed pigeonpea

Left-handed Right-handed

Culti-
var Mean SD cv Mean SD cv 't" value P value
(%) (%)

HY-2 266.9 112.7 42.2 314.7 136.3 43.3 1.4555 >0.05
7406 227.3 115.9 51.0 259.2 155.0 59.8 0.8911 >0.05
6915 37.8 21.1 55.9 48.3 27.9 57.9 1.6121 >0.05
6972 137.0 60.3 51.6 126.2 53.1 42.1 0.6161 >0.05
7118 109.5 44.9 41.0 262.3 148.5 56.6 5.3003 **<0.01
6930 104.4 83.3 79.7 126.7 75.9 59.9 1.0657 >0.05
7220 115.0 93.3 81.1 167.3 83.3 49.8 2.2504 *<0.05
7086 111.0 62.4 56.2 166.8 81.3 48.7 2.4300 **<0.01

* Significant at 5% level; ** Significant at 1% level.

Table5. Comparisonofmeanweight(g) ofpodsin let-andr

ight-handed pigeonpea cultivars.

Culti- Left-handed Right-handed
't" value P value
var Mean SD CvVv Mean SD (03]
7406 54.0 29.6 54.8 64.3 38.1 59.2 1.1442 >0.05
7182 60.9 36.5 59.8 66.6 36.7 55.2 0.3989 >0.05
7086 22.1 19.2 86.8 41.7 29.9 71.7 2.9685 **<0.01
7117 36.9 26.9 73.0 52.4 34.5 65.9 1.8890 >0.05
2628 48.3 44.6 92.2 79.6 48.6 61.0 2.5561 *<0.05
7118 25.9 17.2 44.8 57.6 37.1 64.5 5.9345 **<0.01
* Significant at 5% level; ** Significant at 1% level.
plants compared with left-handed ones. While in cv 2628, the right-
handed plants had only a significant higher pod weight. The remaining

cultivars did not show any statistically significant diffe
though the number of pods showed statistically significan
in the left- and right-handed plants, the pod weight did not
similar significant differences in the same cultivars.

Seed Weight

The mean seed weight varies from 9.1 to 29.8 g in left-handed
9.8 to 39.8 g in right-handed plants in different cultivars
each cultivar the mean seed weight was compared; cvs 7118, 72

rences. Al-
t differences
show

plants and
(Table 6.) In
20, and 7086
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Table6. Comparisonofmean weight(g) ofseeds ofleft- and right-handedpigeonpea cultivars

Culti- Left-handed Right-handed + value P value
var Mean SD CV Mean SD CV

7118 9.6 49 50.5 39.8 25.9 65.2 6.1572 **0.01

7220 9.1 6.8 75.4 17.6 9.3 52.7 3.9713 **0.01

7086 21.1 12.4 58.9 34.3 16.8 52.0 3.2738 **0.01

7065 18.2 13.3 72.8 9.8 9.2 93.7 2.8249 **0.01

7117 26.1 20.9 80.1 20.5 16.6 80.8 1.1169 0.05

6930 29.8 27.9 93.8 34.1 20.8 61.0 0.1632 0.05
* Significant at 5% level; ** Significant at 1% level.

showed highly significant differences in seed weight betwe en left- and

right-handed plants, the right-handed being higher than t he left-handed.

In cv 7065, however, left-handed plants showed a highly sig nificant greater

seed weight than the right-handed plants. Even though inc v 7117 the mean

number of pods per plant was found to be significantly higher in left-

handed than in the right-handed plants, the pod weight and se ed weight

did not show any difference. Similarly in cv 6930, the numbe r of pods

and pod weight per plant was significantly higher in right-h anded ones

but the seed weight did not show any significant difference. Rao (1980),

however, noted that in the majority of the cultivars of phaseoius and

vigna, the left-handed plants gave higher fruit number associate d with

seed weight.

Davis (1972) earlier showed that right-handed plants of €oCos
nucifera on an average produced more Copra than the left-handed pla nts.
Bible(1976) found that right-handed plants of tomato and pe pper gave
nearly 20% more fruits than left-handed plants. Similar ly, right-handed
plants of the cultivars of c.cajan give higher yield and this may be due
to combination of many morphological and physiological cha racters.
Conclusions
Our study indicates that left- and right-handed seedlings and the plants
developing from them show differences in a number of morphol ogical,
physiological, and yield attributes.

It is interesting that although seedling handedness does n ot obey
Mendelian inheritance (Compton 1910; Davis 1972; Rao 1980) such an impor-
tant attribute as yield appears to depend, astonishingly, on handedness.

Kundu (1968) reported the dependence of fruit yield on the fo liar
arrangement, right-handed plants giving higheryields. S he noted higher
yield of fruits and seeds in normally right-handed vigna sinensis and
Dioscorea escuienta by forcing the vines to grow vertically or by twisting
them in the reverse direction. According to Vol'kenshetein (1970) the
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asymmetry of the biological molecules gives rise to more sp ecific

reactions, namely an asymmetric molecule interacts differ ently with left
and right objects. Further, Lehmann (1978) states that the D-forms of
thyroxine display considerable activity but less than the L-forms.
Dubrov (1978) states that the rates of germination and growt h were
greatest when the seeds were oriented in the direction of t he earth's
south magnetic pole. Furthermore, geomagnetic orientatio n of disymmetric
objects affects not only the growth but also very diverse fu nctional and
biochemical characteristics, which ultimately is reflect ed quantitatively
in crop yield. Kihara (1972, p.136) opines that the use of R/L characters
will enable us to achieve clear theoretical and practical results and
consequently fuller understanding of the vital processes, stating, "As
there is possible relationship between foliar arrangement and yield of
crop plants, it is necessary to examine the differences betw een R and L
strains in their utilization of solar energy.” In the ligh t of present
findings on differences in chlorophyll content, stomatal i ndex, and size
of L and R plants in c.cajan and in Cocos nucifera, Kihara's(1972)
prediction that the L and R strains differ in their utilizat ion of solar
energy is confirmed. Kundu and Sarma (1965) first tried to e stablish the
superiority of right-handed plants in jute but failed to es tablish this
character. Similarly, seedling handedness in c.cajan could not be
established although experiments were conducted for a per iod of 3 years.
It is relevant to remark that the inherent superiority of r ight-handed
plants of c.cajan cannot be exploited until this character in the

species gets fixed. If this can be done, it may supplement m utation

breeding in making an agricultural advance.
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Growth, Development and Yield Physiology of Pigeonpea

R. K. Pandey*

Abstract

Field experiments to study the physiological aspects of growth,
development, and seed vyield of pigeonpea showed that peak crop
growth occurred between the onset of flowering and early pod
formation, when canopy was fully developed and captured solar

radiation efficiently. Total dry-matter production in early
genotypes ranged from 7.7 to 12.1 tonnes/ha; 47 to 77% of
this was produced after onset of flowering. Removal of 33

or 66% of leaf area linearly decreased seed yield, and shading
of plants also decreased yield. The regulatory control of
flower and pod drop was studied through manipulation of source
and sink size. Removal of flowers up to 80% enhanced flower
production but did not affect seed vyield. Removal of leaves
decreased the total flower production and flower drop. The
retention and transformation of flowers into pods is
predominantly determined by availabilty of assimilates. The

implications of these findings for crop evolution and varietal
development  are discussed.

Pigeonpea is the second most important grain legume of Indi a, which
accounts for 90% of world production of this crop. It is mostl y grown in
intercropping systems in the semi-arid tropics and forms an important
component of the vegetarian diet. Physiological studies on pigeonpea
have been started only recently at several places and the in formation
available on this crop is therefore limited. The purpose of this paper

is to report the physiological research on growth processe s, flower and
pod set, partitioning of assimilate, and physiology of yie Id carried out

at the G.B. Pant University of Agriculture and Technology, P antnagar.

Growth Analysis and Seed Yield

Four genotypes of the early-maturing group were grown in a ra ndomized
block design with four replications. The crop was planted in 10-row
plots, 6 m long, with row spacing of 50 cm and plant spacing of 2 0 cm.
* G.B. Pant University of Agriculture and Technology, Pantna gar,

Nainital, India.
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Five plants were sampled from randomly allotted sections of
different intervals for growth analysis. The weight of th
materials was included in the total plant components.

Root Growth, Leaf Area Index and Dry Matter Production

The first 30 cm of pigeonpea roots were dug out and were accoun
total dry matter production. Since pigeonpea roots may go a
130 cm under Pantnagar conditions, the recovered roots rep

a part of the total root system and calculations may involve s
The root dry weight increased up to harvest. Most of the nod
found to be confined to the first 30 cm depth. Sheldrake and N
(1979) reported that under Hyderabad conditions, roots ext

150 cm and that root growth continued during the reproduct

The leaf area development in pigeonpea remains slow during t
vegetative growth stage (upto 60 days after sowing) and incr
with advancement of crop age. The maximum LAI, ranging betw
was attained just after flowering. Leaf senescence is enhan
progressive delay after flowering. The total leaf fall may b
as 1.8 to 2.1 tonne/ha and may contain 24 to 30 kg N/ha.
reproductive phase, the rate of leaf fall exceeds the rate at
leaves are produced, and the LAI declines sharply.

During

Development of leaf area and addition of dry matter continue
after flowering in all the cultivars. The total dry-matter p
among genotypes ranged from 7.7 to 12.1 tonne/ha. A large po
dry matter (46-77%) was produced after the onset of flowerin
genotypes. The stems increased in weight substantially dur
half of the reproductive phase. At maturity, there was a dec
stem weight due to remobilization of a part of stored assimi

The crop growth rate (CGR) in all genotypes was low during the
2 months or so and increased with advancement of crop age, rea
maximum value (15-20g m
The crop growth rate declined during late pod-filling stag
low crop growth rate is a disadvantage in sole-crop systems,
may not be able to compete with fast-growing weeds. In mixed
when pigeonpea is grown in association with early-maturing
radiatalt urd ( vigna mungo)
disadvantage, as the pigeonpea is able to grow rapidly afte
crop is harvested. In appropriate combinations, seedyield
as high as pure-crop yield, resulting in extra economic gain

These results suggest that for sole cropping, the pigeonpea
should select lines with high CGR in the early period, and for
cropping, lines with high CGR in later growth periods.

Partitioning of Dry Matter into Seed Yield

The analysis of dry-matter partitioning into plant compone
revealed that stems accumulated the largest amount of dry ma
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followed by pods and leaves. The degree of partitioning into pods ranged

from 20 to 25%. It is interesting to note that after floweri ng, stems
accumulated almost the same amount as or more dry matter than pods. The
dominance of stem growth led to reduced supply of photoass inrilate to pod
setting and ultimately to seed production. Although such i ndeterminate
characteristics are common in many grain legumes, degree of assimilate
diversion towards stem growth in pigeonpea is much larger a nd results in
greater competition with pod setting. This appears to be due to the

perennial nature of pigeonpea.

14 CO, Assimilation and Distribution

Plants of cv Pant A-1 were grown in pots in a glasshouse. Plan ts were
watered well before 14 c assimilation at each stage. The whole plant was
supplied '*CO, liberated from 300 uci Na 2\ 14CO; (sp. act. uCi/m mole)
by addition of 1N lactic acid from 1100 to 1130 firs, in bright sunshine.
14Cc 0, was circulated uniformly in the assimilation chamber by a n electric
fan placed inside the chamber. The fallen leaves, flowers, a nd pods were
collected and added to individual plant component weight. Four plants
were harvested at different intervals and separated into pl ant parts and
oven-dried at 70°C for 48 hrs. The dry weight was recorde d, and samples
were ground through 40 mesh screen in an electric grinder. A sample of
20 mg of each plant part in replicates was macerated in 0.5 ml methyl
alcohol, dried and counted by proportional counter (Ong and Marshall 1975).
The percent distribution of total recovered 14 c was computed.

When plants were allowed to assimilate 14Cc0o, at 40 days after sowing,
only 8% of total recovered 14C at maturity was found to be in pods and the
rest was utilized in the vegetative structure (stem, leave s, and roots).
Similarly, plants allowed to assimilate 14Cc o, at flowering stage, could
transfer only 20.5% of total recovered carbon at maturity to wards pod
growth and the remainder was utilized in the stem, leaf, an d root growth.
At initial pod formation, the highest amount of recovered 14C at maturity
was in pods, followed by stem, leaves, and roots. Similarly a t mid-pod-
filling stage, pods showed the highest recovery of assimil ate. Cheema and
Pandey (1980) observed an increased demand for 14C in stem growth during
the early reproductive phase. The loss of 14C through respiration ranged
from 30 to 40% at different stages of assimilation. The se val ues are
similar to those reported by Hume and Criswell (1973) in soyb ean. These
results show that as crop age advanced after flowering, pod s accumulated
a larger portion of assimilate, followed by stem, leaves, an d roots; it
is interesting to note, however, that stems accumulated a | arger portion
during the early reproductive phase. This pattern is simila r to that

observed in growth analysis.

Sources of Photosynthate to Developing Pods

The relationship of different leaf positions seed yield wa s investigated
by defoliation at 50% flowering stage: (1) basal leaves (all leaves below
the first flowering node on main stem and branches) were remo ved;
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(2) floral leaves (all leaves at flowering nodes) were remov ed; (3) all
leaves on the plant were removed. Treatments were repeated a t 7-day
intervals when new leaves appeared.

Table 1. Influence of sources of photosynthate on seed yield as shown by defoliation.

Pods/ Seeds/ 100-seed Seed yield
Treatment
plant pod wt (g) (g/plant)
Control 128 3.2 7.6 23.9
Basal leaves removed 118 3.1 7.7 22.6
Floral leaves removed 48 2.9 6.1 6.3
All leaves removed 7 2.0 6.4 1.2
S.Em = 8.7 0.04 0.28 0.70
C.D. 5% 26.4 0.12 0.83 2.15
It is evident from Table 1 that removal of floral leaves signi ficantly
reduced seed yield. Basal leaves on branches and main stem do not
contribute substantially towards pod development, except by maintaining
growth of root, nodules, and stem. In the absence of floral | eaves, lower
leaves may divert some assimilate towards pod growth and in such a
situation, developing seeds may also largely depend on pod -wall or stem
photosynthesis or on stem reserves. This is the reason why so me yield is
obtained when floral leaves are removed from plant. Complet e defoliation
proved very detrimental to seed yield. These data suggest that axillar y
leaves are the primary source of assimilate for pod growth; t herefore,
the size and efficiency of these leaves deserves considerat ion in crop
improvement.
Effect of Source and Sink Size on Flower Production, Flow er Drop,
and Seed Yield
The effect of leaf and flower removal on flower production, f lower drop,
and seed yield was investigated under field conditions. One -third and
two-thirds of the leaves were removed when 50% plants had a f lower, and
the treatment repeated at weekly intervals when new leaves appeared.
Flower removal was done at 3-day intervals from anthesis ti Il maturity;
40 and 80% of total newly opened flowers on an inflorescence was removed
in such a manner that sink load was uniformly distributed. Fl owers and
pods were collected on a cloth sheet surrounding the plants and supported
on wooden legs. The plants in the vicnity were removed to avoi d
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contamination. The total flowers (dropped on cloth and manu
were counted, and the percent flower drop computed against t
and pods.

ally removed)
otal flowers

The reduction of photosynthetic area by one-third or two-th irds
severely reduced flower production, but the percent flower drop remained
unaffected. The seed yield and pods per plant were reduced co nsiderably.
The removal of flowers enhanced flower production and reduc ed percent
flower drop, but did not affect seed yield. Shekdrake and Na rayanan(1979)
have also reported increased flower production with flowe r removal. It

appears that flower production is regulated by the capacit
to supply photosynthate and by the intrinsic characterist
The increased production of flowers acts as an insurance a
climatic and biotic factors.

y of the plant
ics of the plant.
gainst adverse

Table 2. Effect of source and sink size on pigeonpea flowe

r drop under field conditions.

Total

100-
flower Flower Pod Total Pods/ Seeds/ seed Seed
Treatment produc- drop drop drop plant pod wt wt/
tion/ ©6) ) plant
plant (9)
Control 633 81.1 4.3 85.4 97 3.3 7.4 22.5
1/3 leaf removal 472 83.5 5.3 88.8 59 3.2 7.6 16.7
2/3 leaf removal 360 85.0 5.4 90.4 35 3.2 7.4 10.1
40% flower removal 750 75.8* 4.4 80.2 99 3.3 7.3 20.3
80% flower removal 881 64.1* 2.5 66.6 98 3.2 6.7 19.8
SE * 50 - - 3.9 4.1 0.1 0.4 1.7
LSD (5%) 91 - - 10.9 12.6 - - 5.3
* Flowers removed by hand were not taken into account in compu tation of
flower drop.
Effect of Shading
Shading studies were carried out to determine the effect on s eed yield of
varying degrees of shade during the reproductive period. Sh ading was

provided by using cloth of differing guages which permitted light
transmission of 65 and 40%.

g treatments,
n resulted in
upply to pods

The seed yield declined significantly with both the shadin
Thus even a 35% reduction in photosynthetic active radiatio
decrease in photosynthetic rate, reducing the assimilate s
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Table 3. Effectofshading at reproductive stage on pigeonpe a seed vyield.
Solar Pods/plant Seeds/pod 100-qrain_wt(q) Grain yield
radiation 1976 1977 1976 1977 1976 1977 1976 1977
Pant UPAS- PantUPAS- Pant UPAS- Pant UPAS-
) A-1 120 A-1 120 A-1 120 A-l 120
Full sunlight(100%) 114 132 2.8 34 5.1 7.5 17.3 39.4
65% of solar radiation 67 94 25 3.4 6.0 6.7 10.3 27.1
40% of solar radiation 47 52 2.4 3.4 5.9 5.9 6.7 13.3
SE + 45 14 0.13 0.16 0.3 0.66 1.17 3.6
LSD (5%) 13.2 43 - - 2.29 3.47 11.4
and leading to a drastic reduction in pods per plant and in t otal seed

yield. However, shading did not significantly affect numbe
pod, and 100-seed weight was reduced only in 1977. Light thu
limiting factor in pigeonpea yields when skies are cloudy or
the leaf area index of the crop is high.

r of seeds per

s could be a
overcast and
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Performance of Pigeonpea in the

Post-rainy Season

A. Narayanan, S.R.K. Murthy, and M.A.
Abstract
The major food crops of Andhra Pradesh are rice, sorghum,
pearl millet, maize, and pulses. Rice is grown in the rainy
season and in the postrainy season where irrigation is avail-
able. Where it is not, pigeonpea can be grown without irri-
gation and with a minimum of fertilizer and cultural opera-
tions. Of 13 crops planted following cereals to grow on
residual moisture, pigeonpea yielded the highest (2500 kg/ha)
in experiments. Medium or long-duration types fared better
in Hyderabad than early ones.
Pigeonpea was also tested as a postrainy crop after

kharif fallow and gave an average vyield of 1000 kg/ha. Fodder

yields from the ratooned crop ranged from 7800 to 12 800

kg/ha; however, all three cultivars tested were severely
infected by sterility mosaic disease and gave no second
grain  harvest. SM-resistant cultivars are needed for this
cropping system.

Pigeonpea ( Cajanus cajan

[L.] Millsp.) is generally grown during the

Khader*

kharif (rainy) season in India, either as a sole crop or as an intercrop
with cereals like sorghum (Mahta and Dave 1931; Pathak 1970) The possi-
bility of growing pigeonpea as a postrainy winter (rabi) cro p in penin-
sular India has been stressed by Narayanan and Sheldrake ( 1979) and
Narayanan and Murthy (1980). The optimum plant population for the rabi
crop is three to four times higher than that normally used in kharif,
because of the influence of low temperature and short photop eriod. How-
ever, the temperatures during the rabi season in peninsula r India are
relatively high, favoring the growth and development of pi geonpea. The
influence of daylength varies with the genotype; thus it is p ossible to
select genotypes for a better performance.

There are three possible ways in which pigeonpea can be fitte d into
the existing cropping system.

1. Sorghum, pearl millet, and maize planted in Vertisols dur ing the

rainy period (in June or July) are harvested in the beginning
*College of Agriculture, Andhra Pradesh Agricultural Univ ersity, Rajendra-

nagar, Hyderabad, India.



October in many parts of Andhra Pradesh. Pigeonpea can be one
the alternate crops grown in the rabi (post-rainy) season t o]
utilize the residual soil moisture and nutrients.

of

2. Rice is one of the major food crops of Andhra Pradesh and is gro wn
both in the rainy and postrainy seasons. But if the irrigati on is
limited during the postrainy period, it is not possible to g row
rice. Under such conditions, pigeonpea can be grown withou tirri-
gation and with minimum fertilizer and cultural operations

3. In some of the Vertisol areas of Andhra Pradesh, only postra iny
cropping is done, keeping the land fallow during the rainy se ason.
It is possible to introduce pigeonpea as a postrainy crop ei ther
at the end of September or beginning of October, depending on the
rainfall. When the grain is harvested in March, the crop can b e
ratooned at a proper height so as to leave the maximum numbe r of
branches. Thus the established crop continues to grow durin g the
summer months because of its deep root system which enables m ois-
ture to be extracted from the deep soil layers for the mainten ance
of crop growth. Premonsoon showers generally received in June
induce profuse vegetative growth. The foliage may be harve sted
as fodder and the crop allowed to reproduce so that a harvest of
grain is possible in November or December. Under favorabl e condi-

tions it is possible to take a further ratoon crop.

Pigeonpea as a Rabi Crop in Deep Vertisols

Relative Performance

In experiments conducted at Hyderabad, the performance of v arious winter
crops like cowpea, mung bean, urd bean, and safflower was ass essed and
compared with pigeonpea during 1977-78. These crops were p lanted in a

deep Vertisol, after harvest of the monsoon crop of sorghum, and grown
with minimum tillage under residual soil moisture. The gr ain yield of
pigeonpea was almost twice that of other crops (Narayanan and Murthy 1980).
Therefore it may be concluded that pigeonpea appears to be m ore profitable

than other rabi crops in deep Vertisols after a cereal crop.

Varietal Performance

Three cultivars of pigeonpea—T-21, C-11, and ICP-7065--0of short, medium,
and long duration in the normal monsoon season were sown in de ep Vertisols
at four locations in Andhra Pradesh during 1977-78. They we re planted in
a randomized block 2design with four replications; spacing was 40 x 10 cm

and plot size 60 m 2. The date of planting varied from location to loca-

tion (Table 1).

A basal dose of 50 kg P205/ha was given, but no nitrogenous fer ti-
lizers. No irrigation was applied through the entire crop gr owth period.
The grain yield obtained for the three cultivars at differen t loca-
tions are given in Table 2. The average grain yield for the thr ee culti-
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vars over locations indicates that cv C-11 gave the highest yield.  Simi-

larly high yield potential of cv C-11 was reported by Narayan an and Shel-
drake (1979) at Hyderabad. In the same studies they report th at the best
yield potential seems to be in cultivars of medium or late mat urity. How-
ever the response of cultivars varied considerably at vario us locations.
The yield levels of cvs T-21 and ICP-7065 at Nandyal were at pa r and
differed significantly from cv C-11. The late cv ICP-7065 ga ve the maxi-
mum yield at Tandur, whereas the early and medium cultivars s howed no
difference in yield. This may be attributed to environmenta | factors,
particularly the distribution of rainfall. Table 3 indicat es that at
Nandyal the rainfall in October and November contributed t o the better
yields of the early and medium cultivars, whereas moisture s tress during
the period December to March seems to have affected the grain yield of

cv ICP-7065. The poor yield obtained at Rudrur is due to late planting
(Table 2) and also to the lower rainfall during the growing s eason (Table
3). It may be noted that the yield obtained at Amaravathi was o nly from
the second flush of reproductive growth. Yet the varietal di fferences
were in favor of early and medium cultivars. Therefore, it se ems likely
that the cultivar response depends on the location, rainfal I, and the time
of planting.

Performance in Farmers' Fields

Based on trial results, two cultivars namely C-11 and BDN-1 w ere selected
for planting at three locations in the farmers' fields. At Bo ravelly the
planting was done on 10 September 1979, whereas at the other t wo locations
it was done in the middle of October 1979. At Boravelly the mo nsoon crop
raised was irrigated groundnut, which was harvested by the e nd of August;
thus the field was free for planting pigeonpea. At other loc ations the
fields were kept fallow during the monsoon season because of failure of
monsoon during July-August. The data on grain yield of pigeo npea at these
locations are given in Table 4. Cv BDN-1 yielded 1900 kg/ha wh ereas cv
C-11 ranged between 1470 and 1750 kg/ha. It shows clearly tha t within the
medium-duration group, yield potential varies when pigeon peas are planted

in the postrainy season.

Table 1. Plantingdates ofrabi pigeonpea atvarious locatio nsin Andhra Pradesh, 1977.
Location Date of planting
Amaravathi 6 October 1977
Tandur 15 October 1977
Nandyal 20 October 1977
Rudrur 11 November 1977
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Table 2. Grainyield (kg/ha) ofpigeonpea cultivars at diffe rent locations.

Cultivar
Location T-21 C-11 ICP-7065 Mean
Nandyal 792 989 713 831
Tandur 628 671 859 719
Rudrur 127 227 194 182
Amaravathi ? 367 425 136 309
Mean 478 578 475
CV @ 21.0 LSD (5%) for interaction = 155
for locations = 89
for cultivars = 78
a. Due to cyclonic rains on 19 November 1977, all the flowers a nd pods
were shed. The yields given are from the second flush.
Table 3. Meanmonthly rainfall (mm) at different locations d uring rabi 1977-78.
Rainfall (mm)
Location Oct Nov Dec Jan Feb Mar
Amaravathi 24.8 480.4 Nil Nil 45.6 18.7
Rudrur Nil 24.9 Nil Nil 14.9 4.2
Nandyal 95.0 96.6 Nil Nil 5.9 2.6
Table4. Performanceofpigeonpeacultivars infarmers' fie Ids, 1979.
Area sown Yield
Location Cultivar Date of planting (ha) (kg/ha)
Boravelly c-n 10 September 1979 2.0 1500
Suryapet C-11 16 October 1979 0.2 1750
BDN-1 25 October 1979 0.3 1900
Nizamabad C-11 21 October 1979 0.5 1470
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Pigeonpea as a Rabi Crop in Rice Fallows

To determine the feasibility of growing pigeonpea in rice f allows, a pre-
liminary experiment was carried out 'during rabi 1977 at th e All India
Coordinated Rice Improvement Project, Hyderabad. After th e harvest of
rice in the first week of October, pigeonpea cv C-11 was plant ed between
the stubble rows without land preparation. The spacing ado pted was 40 x
10 cm, which was equivalent to two rows of rice; total area wa s 54 m?
Neither fertilizer nor irrigation was given. The grain yiel d obtained was
2388 kg/ha.

Encouraged by this preliminary experiment, we laid out a de tailed
trial in rice fallows at the experimental station at our Univ ersity, to
determine the best method of planting of pigeonpea and to inv estigate the
effect of rhizobial inoculation and phosphorus applicati on. The experi-
ment was carried out in a split-plot design with four replic ations, on a
plot size of 100 m 2. In one treatment pigeonpea was planted between rows
of standing rice 15 days before the rice harvest. In anothe r, the plant-
ing was done as soon as the rice was harvested. Seeds were trea ted with
rhizobial culture and a soil application of 50 kg P 205/ha was given.

The grain yield obtained is given in Table 5. The earlier plan ting
of pigeonpea in standing rice gave significantly highery ields than plant-
ing after rice harvest, because the growth and development o f pigeonpea
is affected by low temperature and short photoperiod. The yi eld was signi-
ficantly high for rhizobial inoculation plus phosphorus application treat-
ment. This indicates that under rice fallow conditions the re is a need
for phosphorus application, which in turn will help in the fu nctioning of
nodules. It is evident that the pigeonpea grown in rice fal lows can tap
the residual nutrients as well as soil moisture from the dee per layer of
soil.

Table 5. Effectof planting time, rhizobial inoculation, an d phosphorusapplication on

grain yield of rabi pigeonpea, 1977-78.
Yield (kg/ha)
Rhizobial
Rhizobial 50 kg inoculation +

Planting date Control inoculation P,Os/ha 50 kg P ,0s/ha Mean
In standing rice 1053 1084 1135 1166 1109
(13 October 1977)

At rice harvest 887 939 982 1015 956
(28 October 1977)

Mean 970 1011 1058 1090

LSD (5%) for planting time = 70
for treatment = 99
for interaction = NS
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Pigeonpea as a Rabi Crop in Kharif Fallow

Large areas of deep Vertisols in the western part of Andhra Pr
not cultivated during the monsoon season.
is used for growing a rabi crop such as sorghum; this crop is h
during the rabi season itself and the land remains fallow dur
ensuing kharif. In order to use the land during this season, a
with pigeonpea as a rabi crop was tried at the Fruit Research
Sangareddy, using three cultivars, BDN-1, C-Il, and No. 148
14 October 1978. Plot size was 150 m
40 x 10 cm. No nitrogenous fertilizer was used, but a basal dos
P205/ha was applied. No irrigation was given; however, some
showers were received. The crop was harvested on 2 March 197
were ratooned, leaving the major portion for regeneration.

the highest yield of 1048 kg/ha, which was significantly hig

other two cultivars (Table 6).

The ratoon crop continued to grow on residual soil moisture a
summer showers. The plants produced good new vegetative gro
of the long-day conditions of the summer months. The foliage
harvested by ratooning the crop in August 1979 (Table 7). Cv B
4063 kg of foliage/ha, significantly higher than the other t

Thus cv BDN-1 seems to be both a good grain yielder and a good
foliage yielder under this system, and as already reported,
has a high degree of ratoonability compared with other culti
(Narayanan 1979).

After harvesting of the foliage the crop was allowed to grow d
the monsoon in order to obtain a second grain crop. All the thr
vars were badly infected by sterility mosaic virus and the cr
grow further. These studies indicate clearly that the syste
pigeonpea as a rabi crop in the kharif fallow to get both grai
yield is possible. It appears that two more additional grain
be harvested provided we have a cultivar that is resistant to
mosaic virus.

The accumulated soil

adesh are

moisture

arvested
ing the
system
Station,

, planted on
2 with five replications; spacing

e of 50 kg
winter
9; plants
Cv BDN-1 gave
her than the

nd
wth because
was then
DN-1 gave
wo cultivars.

cv BDN-1 also
vars

uring
ee culti-
op did not
m of growing
n and forage
crops could
sterility

Table 6. Average yield of pigeonpea cultivars grown after k

harif fallow at Sangareddy, 1978.

Grain yield
Cultivar (kg/ha)
BDN-1 1048
c-11 899
No. 148 813

LSD (5%) = 100
cv = 8%
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Table 7. Forage yield of three pigeonpea cultivars.

Forage yield

Cultivars (kg/ha)
BDN-1 4063
C-11 2832
No.148 2451

LSD (5%) = 744.8

cv = 14.7%
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The Influence of Temperature and
Photoperiod on Floral Development of
Early Flowering Pigeonpea

L.V. Turnbull, P.C. Whiteman, and D.E. Byth*

Abstract

Three early flowering lines of pigeonpea QPL2, QPL3 and Pra-
bhat, were grown in controlled environment cabinets under 8,
16 and 24 hour photoperiods in combination with various day/
night  temperature regimes.

In all lines floral initiation occurred earliest under
low temperatures (24/16°C) in a 16 hour photoperiod for QPL2
and QPL3 and either a 16 or 24 hour photoperiod in Prabhat.
Reduction in daylength to 8 hours or increase in temperature
both resulted in delays in floral initiation in all lines.

In all lines, the rate of development of the floral
primordia increased with increase in both daylength and

temperature.
In the evaluation of a range of cajanus cajan accessions in Australia, a
short-statured, early-flowering plant was isolated from a n Indian acces-
sion, ICP-7179, introduced from ICRISAT (Wallis etal. 1979 ). In the
field, progeny of this plant flowered in approximately 55 da ysS over a
range of sowing dates from October to March. Flowering of lat e April and
May sowings took 60 to 70 days. This delay appeared to be due to slower
floral bud development (Turnbull, unpublished data). The response may
have been due to either declining daylength or temperature , but it was not
possible to separate these effects in the field. Determina tion of day-
length sensitivity from flowering response to field sowin g dates also
assumes that both floral initiation and floral bud developm ent respond in
a similar manner to daylength and to the temperature regime s associated
with that daylength. This may not be so. Consequently, deta iled studies
of floral development were undertaken in controlled enviro nment cabinets

to assess the role of photoperiod and temperature.

The work reported in this paper compares the effects of phot operiod
and temperature on floral initiation and floral bud develop ment in two
lines, QPL-1 and QPL-2, of the early-flowering isolate, wit h that of an

early-flowering Indian cultivar, Prabhat.

*Department of Agriculture, University of Queensland, St . Lucia, Queens-
land, Australia.
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Materials and Methods

Growing Conditions

Controlled environment cabinets were programmed for the r equired photo-
period and temperature conditions. Temperature was const antly monitored

in each cabinet and varied not more than + 1°C. For the durati on of each
photoperiod, a combination of incandescent and cool white f luorescenet
lighting provided photosynethetically active radiation ( PAR) varying from
400 UE m 2 sec ! at pot surface to 800 PE m 2 sec ! directly beneath the
light bank. Day to night transitions of temperature and phot operiod were
abrupt and coincident. Relative humidity was maintained wi thin the range

of 65 to 75% during the photoperiods and 75 to 80% at night.

Seed inoculated with Rhizobium  strain CB-756 was sown in 15 cm pots
filled with a modified Californian mix of peat, sand, and a ¢ omplete
nutrient source.

The pots were watered twice daily with deionized water.

Measurements

Eight plants of each pigeonpea line were sampled each week. Sampling
commenced 14 days after plant emergence and continued unti | all plants in

the weekly sample had initiated floral buds. Floral initia tion was deter-
mined by microscopic examination of dissected apical buds . Only main

stem apices were examined, as an earlier study (Turnbull, u npublished data)
had determined that this was the first site at which floral initiation
occurred. Initiated apices were scored according to stage o f floral deve-
lopment (Turnbull 1977) and the rate of growth of the primord ia determined
for each treatment. Using this information, time of floral i nitiation was
recorded for the same (minimal) stage of development of the p rimorida in

all treatments.

In selected treatments, daylength and temperature condit ions were
maintained until flowering had occurred. The date of first open flower,
for a minimum sample of 8 plants, was recorded for each line in these
treatments.

Experimental Treatments

Experiment 1

The three pigeonpea lines were grown under 8 and 16 hour photo periods, in
factorial combination with day/night temperature regime s of 24/16°C and
32/24°C. Dates of floral initiation and flowering were reco rded for each
line.

Experiment 2

Plants were grown in a 24-hour photoperiod (i.e., continuou s PAR), with a
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temperature regime for each 24-hour period of 16 hours at 24°
at 16°C. This enabled a direct comparison of the influence o

C and 8 hours
f photoperiod

with the 16-hour, 24/16°C treatment in Experiment 1. Floral initiation

and flowering dates were recorded for each line.

Experiment 3.

A constant photoperiod of 16 hours was used with each of the fo llowing day/

night temperature regimes: 24/20°C, 24/24°C, 24/28°C, 28/
Days to floral initiation were recorded in all treatments.

Statistical Analyses

24°C, and 32/16°C.

Analyses of variance were computed for data on time to floral initiation,
duration of floral bud development, and flowering time, usi ng a completely
randomized block design. Where significant F values occurr ed, the LSD

test was used to determine significant differences among t

Due to the unequal sample numbers between treatments, requ

LSD values for each mean pair comparison, the largest LSD va
been quoted. This in no way alters the significance of the res

The percentage of total sum of squares accounted for by photo
by temperature was used as a measure of the relative importa
sources in influencing floral behavior.

Results and Discussion

Floral Initiation

reatment means.
iring separate
lue only has

ults stated.
period and

nce of these

In all lines, floral initiation occurred earliest under low temperatures
(24/16°C) in a 16-hour photoperiod for QPL-1 and QPL-2, and e ither a 16-
or 24-hour photoperiod in Prabhat (Tables 1 and 2). Reduct ion in day-
length to 8 hours (Table 1) or increase in temperature both re sulted in
delays in floral initiation in all lines. In all treatments , Prabhat

initiated floral primordia significantly later (P < 0.05
QPL-1 or QPL-2 (Tables 1 and 2).

) than either

Table 1. Effectof photoperiod on the number ofdays from em
(Day/nighttemperature, 24/16°C).

ergence tofora initiation

Days from emergence to floral initiation

Line (L) Photoperiod (P) 8 hours 16 hours 24 hours Mean (L)
QPL-1 27.4 20.6 24.0 24.0
QPL-2 28.4 21.3 25.2 25.0
Prabhat 34.0 28.0 27.8 30.0
Mean (P) 29.9 23.3 25.7

LSD (0.05) L = 0.8; P =0.9; LxP = 2.0
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Table 2. Effectof temperatureon the numberofdaysfrom eme rgenceto flora initiation

(Photoperiod, 16 hours).

Day/night

tempera- Days from emergence to floral initiation
Line (L) ture (T) 24/16 24/20 24/24 24/28 28/24 32/16 32/24 Me an (LJ
QPL-1 20.6 28.8 29.4 30.6 32.3 42.6 35.0 31.2
QPL-2 21.3 35.6 31.3 32,9 34.8 41.6 34.6 33.4
Prabhat 28.0 40.8 42.0 37.3 40.4 50.2 38.0 39.5
Mean (T) 23.6 34.4 33.2 33.3 35.4 44.8 36.0
LSD (0.05) L=0.7; T=1.2; LxT = 2.7

The delay in initiation under an 8-hour photoperiod (Table 1 ) was

probably due to the slow growth rate observed in these plan ts, a function
of the lower mean daily temperature and PAR input. Growth ra te during

the juvenile phase has since been shown to affect floral inia
in these lines (Turnbull, unpublished data).

Under continuous (24-hour) photoperiods, floral initiat
and QPL-2 was delayed by 3.4 and 3.9 days respectively (Tab
these differences were statistically significant, they ar
unimportant in terms of a quantitative daylength response

Increasing the photoperiod from 16 to 24 hours had no effect
time of floral initiation in Prabhat (Table 1). These data st
suggest that Prabhat is day-neutral and that QPL-1 and QPL-2
meaningful biological response to daylength.

Temperature was the dominant factor influencing the number
from emergence to floral initiation, accounting for approx
the total variation (sum of squares), compared with 10% due
Floral initiation occurred earliest under the lowest tempe
tested, a day/night combination of 24/16°C. Increasing eit
the night temperature delayed floral initiation (Table 2).
delay was caused by the most widely divergent day/night temp
nation tested (32/16°C, Table 2).

Floral Bud Development

In all lines, the rate of development of the floral primordia

with increase in both daylength and temperature. These was n
difference between the cultivars in this pattern of respon

from floral initiation to flower opening varied from 40 day
8-hour photoperiod at 24/16°C, to 22 days under a 16-hour pho
32/24°C.

The rate offloral primordia development increased with inc
photoperiod. The duration of floral bud development was red
to 24 days by increasing the photoperiod from 16 to 24 hours wi
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same temperature regime of 24/16°C. The 50% increase in tota I PAR input
probably contributed to the more rapid rate of development u nder the
24-hour photoperiod.

Increased the day/night temperature regimes from 24/16°C t 0 32/24°C
reduced the duration of floral bud development by 12 days un der an 8-hour
photoperiod and 9 days under a 16-hour photoperiod.

Flowering

As a consequence of this change in floral response to temper ature, i.e.,
high temperatures delaying floral initiation but promotin g floral bud
development, the variation in days to flowering between tre atments was
reduced. In some cases, the rapid rate of floral bud developm ent compen-
sated for the delay in floral initiation, so that temperatur e appeared to
have no effect on flowering time, e.g., Prabhat, 24/16°C ver sus 32/24°C.

Conclusions

Ariyanayagam and Spence (1978) stated that, "the search amo ng the world
collection of pigeonpea cultivars for genes conferring ins ensitivity has
been without success." The work reported in this paper confi rms the
presence of day-neutrality in cajanus cajan, at least under the 24/16°C
temperature regime tested. The response to 24-hour photop eriod at higher
temperatures remains to be determined. For this material th e importance
of the difference in temperature response during floral in itiation and
floral bud development cannot be overstated. The potential for the plant
breeder to manipulate flowering time is considerable. Gene ration turn-
over could be accelerated by manipulation of pre- and post- initiation
temperature conditions. Obviously, more work needs to be ca rried out to
determine the temperature responses of a range of maturity types before
this could be used with success. These results also highlig ht the danger
in attributing floral responses in the field to daylength al one. It is
possible that in some of the so-called "daylength-sensitiv e" cultivars,
temperature may be the main determinant of flowering time ( Turnbull, un-
published data). Analysis of phenology that does not includ e determina-
tion of floral initiation has grossly limited value in pro viding an under-
standing of the physiological mechanisms involved in flowe ring.

The implications of this with regard to genetic manipulatio ns are

considerable.
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Response of Short-Duration Pigeonpea

Cultivars to Sowing Time and Row Spacing

A.S. Faroda and R.C. Singh*

Abstract

Short-duration pigeonpea as a kharif crop preceding wheat

becoming increasingly popular in the wheat-growing belt of
northern India. To determine optimum sowing times and find

cultivars best suited to this cropping pattern, four

cultivars of pigeonpea were tested under three sowing dates

and four row spacings. Cultivar T-21 was found best for
June planting and UPAS-120 for July planting. Maximum
yield was obtained with June planting; minimum vyield, with

July planting. A row spacing of 37.5 cm was found optimum

under Haryana conditions.

Pigeonpea is the second most important grain legume of Indi
first being chickpea. Having a wide adaptability to climat
soil, it is cultivated all over the country with the excepti
excessively wet or frost-prone areas. In the wheat-growing
the short-duration varieties of pigeonpea are becoming p

a rainy-season crop preceding rabi wheat. It is essential
select a pigeonpea cultivar suited to this cropping patter
that wheat can be sown in time; however, information on optim
sowing times for pigeonpea in the wheat-growing belt of nort
India is lacking, the studies reported in this paper were
undertaken to fill that gap.

Materials and Methods

A field experiment was conducted at the Haryana Agricultu

a, the
e and
on of
areas,
opular as
to
n, so
um
hern

ral University,

Hissar, India, during the rainy seasons of 1975, 1976, and 19 77. The
treatments consisted of three sowing dates (June 15, July 1, and July 15)
four row spacings (25, 37.5, 50, and 62.5 cm) and four genotyp es
(Prabhat, UPAS-120, T-21, and Pant A-2). The treatments wer e replicated
thrice in a split-plot design with sowing dates and row spaci ngs in the
main plots and genotypes in the subplots.

*  Haryana Agricultural University at Bawal and at Hissar, res pectively.
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The soils of the experimental plots were sandy loam in text
in nitrogen, medium in available phosphorus, and rich in a
A basal dose of 40 kg P
ing. The seed was treated with Rhizobium  culture.
was kept constant across the different row-width treatmen
plant-to-plant distance. Presowing irrigation was given
necessary. One postsowing irrigation was also given in each
plant protection measures were followed. The harvestings w
the second fortnight of October to the first fortnight of De
different years, depending on sowing time and variety.

Results and Discussion

Effect of Sowing Time

Sowing time had significant effect on growth and developmen
plant height, number of pods per plant, and test weight were
with the first date of sowing (June 15). Sowing dates diffe
significantly from each other in these parameters, exceptn

in 1975 and test weight in 1977 where the first two dates of so
statistically different (Table 1). Though the maximum grai
recorded with the first sowing date, the differences with o
dates were significant only in 1976. Dahiya et al. (1974) obt
similar results.

In grain yield, the first two sowing dates (June 15 and July 1)
not significantly different but they were significantly be
last date of sowing (July 15) during all 3 years as well as i
data (Table 2). Singh etal.(1971), Saxena etal. (1973), Rat
(1974), Ahlawat et al. (1975), Kaul and Shekhon (1975) and Ra
Tripathi (1978) have also reported similar results.

Effect of Genotypes

The genotype T-21 produced significantly taller plants tha
varieties in all 3years. Theminimum plant height was record

ure, poor
vailable potash.

20s and 20 kg N/ha was applied at the time of sow-
The plant population
ts by adjusting

wherever
year. Proper
ere done from
cember during

t.  Maximum

recorded
red
umber of pods
wing were

ns per pod were

ther sowing
ained

were
tter than the
n the pooled
hi et al.
thi and

n other
ed in

Prabhat. This cultivar produced significantly fewer pods p er plant than
all other varieties during 1976, than UPAS-120 in 1975, and t han UPAS-120
and T-21 in 1977. However, the number of grains per pod were m aximum in
Prabhat during 1975 and 1976. In 1977, cv T-21 had maximum nu mber of
grains per pod. T-21 produced the boldest seeds, followed b y UPAS-120,
Pant A-2, and Prabhat, in that order (Table 1).

On an average the genotype UPAS-120 was most suitable under Hary ana
conditions, followed by T-21, Prabhat, and Pant A-2 in that o rder

(Table 2). However, data in table 3 show that when the sowing
the middle of June, T-21 produced significantly more than ot
When sowing was done in July, genotype UPAS-120 was best, clo
by Prabhat. Cv Pant A-2 gave the lowest yield.
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Table 2. Effectofsowingdates, genotypes, and row spacings
under Haryana conditions.

on the grainyield ofpigeonpea

Treatments

Grain yield (OOkg/ha)

1975 1976 1977 Pooled
Sowing date
June 15 14.17 24.40 19.41 19.46
July 1 14.50 22.82 18.43 19.07
July 15 11.16 19.99 12.48 14.47
SEm + 0.27 0.73 0.56 0.27
CD at 5% 0.77 2.14 2.18 1.06
Genotype
Prabhat 13.42 22.62 15.92 17.32
UPAS-120 13.95 23.64 19.19 18.92
T-21 14.59 22.14 15.78 18.06
Pant A-2 12.17 21.22 17.48 16.38
SEm 0.35 0.84 0.47 0.26
CD at 5% 1.01 NS 1.30 0.71
Row spacing(cm)
25 14.44 21.98 17.16 18.12
37.5 14.33 24.87 18.02 19.26
50 12.74 21.67 16.03 17.03
62.5 11.60 21.10 15.87 16.25
SEm 0.61 0.26 0.42 0.26
CD at 5% 1.68 0.72 1.16 0.71
Table 3. The effectof genotype X sowing date interaction on the grain yield of pigeonpea
(pooled data).
Genotype Grain yield (OOkg/ha) at sowing date
June 15 July 1 July 15 Mean
Prabhat 18.02 18.72 15.22 17.32
UPAS-120 19.65 21.42 15.68 18.92
T-21 21.73 18.16 14.30 18.06
Pant A-2 18.46 17.99 12.71 16.38
Mean 19.46 19.07 14.47
SEmzt 0.45
CD at 5% 1.23
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Effect of Row Spacing

There was no definite trend in growth and development due to v ariation in
row spacing. The differences were nonsignificant in plant h eight in 2
years, number of grains per pod in all 3years, and testweight in 2years.
For number of pods per plant, where the differences were sign ificant in

all the 3 years, 50-cm and 62.5-cm row spacings were better th an narrower

row spacings in the last 2 years (Table 1).

The row spacing of 37.5 cm gave significantly more grain yie Id than
50-cm row spacing in the last 2 years and the 62.5-cm row spac ing in all
3years (Table 2). However, the differences between 25-cm a nd 37.5-cm
row spacings were significant only in 1976. The row spacing o f 25-cm was
also significantly better than 62.5-cm in all 3years. On an a verage,
maximum grain yield was obtained with 37.5-cm row spacing, followed by

25, 50, and 62.5-cm in that order.

Summary

Four cultivars (Prabhat, UPAS-120, T-21, and Pant A-2) wer e tested under
three sowing dates (June 15, July 1, and July 15) and four row spacings
(25, 37.5, 50, and62.5-cm). Cv T-21 was best for June plant ing, and
UPAS-120 for July planting. June 15 planting gave maximumy ield; July 15
planting minimum yield. A row spacing of 37.5-cm was found optimum under

Haryana conditions.
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Phenological Behavior and Yield of
Pigeonpea Genotypes under Different
Dates of Planting and Row Spacings

K.K. Dhingra, Satnam Singh, and H.P.

Abstract

Phenological studies in relation to grain vyield of two
pigeonpea genotypes (T-21 and AL-15) wunder four dates of
sowing and four plant populations were carried out at
Punjab  Agricultural University, Ludhiana, during  1979.
Cultivar T-21 on an average took 18, 12, and 25 days
more than AL-15 for flower initiation, 75% flowering,

and maturity respectively. The temperature requirement of
AL-15 for all these phenophases was less than that of
T-21 under all the dates of sowing. Significant positive
correlation was found between temperature at maturity and
seed vyield. Both genotypes gave the highest seed yield
and dry-matter production when sown on June 1, because of
longer maturity period and high effective temperature.
Effective temperature requirement and length of all the
phenophases were considerably reduced when sowing was
delayed to June 10, 20, and 30, which ultimately resulted
in significant reduction in seed vyield and dry-matter
production. Plant population did not indicate any major
influence on phenological behavior of the crop; however,
seed vyield was increased significantly with increase in
plant population.

Pigeonpea is an important pulse crop of India with an area of 2
ha and an average yield of 720 kg/ha. In Punjab state it has lon
grown around cotton and sugarcane as a protective hedge, but
adopted as a sole crop because of its long duration and intol
severe winters. Introduction of the medium-duration vari

the mid-1970s encouraged the cultivation of pigeonpea in th

T-21 matures before winter sets in and can be followed by wint
Though the pigeonpea area in the state is fast increasing, d
maturity is a major obstacle to its becoming a main pulse cr
Punjab.
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Time of sowing--because of its effect on the vegetative and
reproductive phases of the crop—is an important factor inf
duration. Riollano et al. (1962) and Gooding (1960) report
influence of date of sowing on phenology of pigeonpea. Hamme
and Singh et al. (1971) reported that dates of sowing had a dir
on time of maturity. Another important factor that influenc
and development of pigeonpea is the plant population. Sheld
Narayanan (1977) reported the effect of plant population on
behavior of pigeonpea and Kaul et al (1980) have reported ear
under high plant population. This paper summarizes an exper
to study the phenological and morphological behavior of pi
types under different dates of sowing and plant populations
India.

Materials and Methods

The experiment was conducted at Punjab Agricultural Univer

luencing crop
ed significant
rton (1976)
ect bearing
es the growth
rake and
branching
ly flowering
iment planned
geonpea geno-
at Ludhiana,

sity, Ludhiana,

during the Kharif (rainy) season 1979, on a loamy sand soil, low in organic

carbon (0.09), medium in available-phosphorus and potassi um (21.0 and
187.5), with a pH of 8.2. The experiment was laid out in a sp lit-plot
design with four dates of sowing (June 1, 10, 20, and 30) and t wo culti-
vars (T-21 and AL-15) in the main plots and row spacings (25, 37.5, 50
and 75 cm) in the subplots. A uniform plant-to-plant spacing of 25 cm
within the rows was maintained, thus obtaining 160 000, 106 0 00, 80 000,
and 53 000 plants per ha under the four row spacings, respecti vely. A
basal dose of 15 kg N and 40 kg P 20s/ha was applied before sowing. Data

on weather during the crop season, 10% flowering, and 75% flo wering and
podding were recorded. The total of cumulative temperature units for

each phenophase was calculated as a summation of the daily m
ture during the period. For dry-matter accumulation,five p

at ground level and the leaves, stem, and reproductive struc
separated and dried in an oven at 65°C.

Results and Discussion

Phenological Behavior

Cultivar T-21 was of comparatively longer duration than c¢

on an average 100, 107, and 149 days for flower initiation, fl
completion, and maturity, respectively, as compared with 8
days, respectively, in AL-15 (Table 1).

The number of days taken for completion of each phenophase
greatly with date of sowing. Days to flower initiation, 75% f
and maturity were highest in the crop sown June 1, in both cu
were consistently reduced when the sowings were delayed to J
and 30. The differences were much larger in cv T-21, where the
phase was reduced by 24 days with the delay of 30 days in sowing
1 to June 30 as compared with only 6 days' reduction in AL-15. T
indicates that T-21 is more photosensitive, as it started fl
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Table 1. Days taken to flowering and maturity as affected by d ate of sowing of pigeonpea

cvs T-21 and AL-15atLudhiana, India.

Days to Days to Days
Date of sowing 10% 75% to
flowering flowering maturity
T-21
June 1 112 118 159
June 10 104 110 153
June 20 97 103 146
June 30 88 96 138
Mean 100 107 149
AL-15
June 1 87 98 134
June 10 82 96 127
June 20 81 91 122
June 30 81 87 113
Mean 83 93 124
week of 19 to 25 September with all dates of sowing, resulting in a
reduced vegetative phase in the late-sown crop. In contrast , flower
initiation in AL-15 ranged from 26 August to 19 September und er different
sowing dates and thus the vegetative period was curtailed by only 6 days,
which indicated its relatively photo insensitive response However, in
AL-15 the reproductive phase was reduced from 47 days to 32 da ys when
sowing was delayed from June 1 to June 30, while there was no ef fect on
T-21. Thus ultimately the 30 days' delay in sowing reduced t he life span
of the crop by 21 days in both varieties; however, the matur ity of the
crop was delayed by 9 days. Row spacing failed to influence th e number
of days to flower initiation, 75% flowering, and maturity in both culti-

vars. This may be because there was little variation in the
under different row spacings.

Temperature Requirements

Cumulative temperature at the completion of each phenophas
almost the same pattern as phenological period (Table 2)

microclimate

e followed
CV AL-15, being
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Table 2. Accumulated temperature at different phenophases under different datesofsowing
of pigeonpea cvs T-21 and AL-15.

Days to Days to Days
Date of sowing 10% 75% to
flowering flowering maturity
T-21
June 1 3373 3526 4518
June 10 3115 3269 4300
June 20 2880 3034 4044
June 30 2558 2764 3734
Mean 2981 3398 4149
AL-15
June 1 2681 3002 3940
June 10 2517 2918 3706
June 20 2467 2735 3506
June 30 2387 2534 3189
Mean 2513 2797 3585
of short duration, required fewer temperature units than c v T-21 at each
phenophase under all dates of sowing. On an average, T-21 re quired 3734
to 4518 temperature units from sowing to maturity, whereas A L-15 required
3189 to 3940 units, depending on sowing dates, at Ludhiana. A significant
positive correlation was obtained between accumulated t emperature units at
maturity and seed yield of both cultivars (r = 0.91 for T-21 and 0.97 for

AL-15). The regression equations are:

T-21:y =-2465.00+ 0.877 x

AL-15:y = -783.836 + 0.523 x

Growth Pattern

Rate of dry-matter accumulation was higher in AL-15 during t he initial

stages but at a later stage (130 days), T-21 recorded higher dry-matter
accumulation. Cv AL-15, being short duration, headed for ma turity after

110 days, while variety T-21 continued to grow even after thi s and
ultimately recorded more dry-matter and branches per plan t. Naryanan

and Sheldrake(1976) also reported similar behavior in lat e-maturing genotpes
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The common feature in both cultivars was that during the firs t 50

days the dry-matter accumulation was slow; it increased rap idly after 70
days, and continued to increase up to maturity. The rate of in crease was
fast up to 130 days in T-21 and up to 110 days in cv AL-15; after this,

it slowed down. Partitioning of dry matter into different pl ant parts-
leaves, stem, branches, and reproductive structures—ind icated that dry-
matter accumulation was more in the leaves during the first 7 0 days;
thereafter the comparative increase was more in the stem; ho wever, after
the start of pod formation dry-matter accumulation in both stem and

leaves declined due to leaf senescence and translocation o f photosynthates

to reproductive parts.

In accordance with accumulated heat units and duration of t he vege-
tative phase, the dry-matter accumulation was highest in the crop sown
June 1, and significant reduction was recorded when sowin gs were delayed
to June 10, 20, and 30. On an average, 32.8% reduction in the fi nal dry

matter was obtained with the last date of sowing.

Total dry-matter production decreased consistently with increase in
the row spacing. The highest dry-matter yield (12 215 kg/ha ) was from
the closest row spacing of 25 cm, which was 6930 kg/ha more tha n that
from the 75-cm row spacing. This may be attributed to the incr eased plant
population per unit area and taller.plants under closer r ow spacing.

Yield and Yield Attributes

Different dates of sowing significantly influenced the see d yield of both
cultivars. The highest seed yield (1452 kg/ha) was obtained when the
crop was sown on June 1 (Table 3); with sowing delayed to June 1 0, 20,
and 30, the seed yield was reduced by 18, 33, and 37% respecti vely.
Similarly, the yield-contributing characters,--seed we ight per plant,
branches per plant, and number of pods per plant—were reduce d signifi-
cantly with each delay in sowing. The highest seed yield (14 25 kg/ha)
was obtained under the closest row spacing of 25 cm and was con sistently
reduced with wider row spacing. Although individual plant parameters,
namely, seed weight, branches, and pods, were higher with wi der row
spacing, this increase could not compensate for the increa se in plant
population from 50 000 to 160 000 obtained by reducing the row spacing

from 75 cm to 25 cm.
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Table 3. Yield and yield attributes under different dates of sowing and plant populations
of pigeonpeacvs T-21 and AL-15 atLudhiana, India.

Seed Seed wt/
.ee eed w Branches/ Pods/ 100 seed wt
Treatment yield plant
plant plant ©
(kg/ha) (9)
Date of sowing
June 1 1452 37.4 20.6 178 6.9
June 10 1196 33.7 17.3 164 6.5
June 20 970 24.2 15.5 129 6.1
June 30 914 18.7 15.5 115 5.8
LSD (5%) 116 4.6 1.8 7.2 0.34
Row spacing(cm)
25 1421 18.6 16.6 128 6.3
37.5 1125 23.7 16.5 143 6.5
50 1095 29.9 17.5 145 6.2
75 890 41.8 18.5 170 6.3
LSD(5%) 111 2.5 1.2 NS NS
Cultivar
T-21 1174 30.2 18.2 159 6.2
AL-15 1092 26.7 16.0 134 6.4
LSD(5%) NS NS 1.3 51 NS
SINGH, L., MAHESHWARI, S.K., and SHARMA, D. 1971. Effect of date of
planting and plant population on growth, yield, yield compo nents
and protein content of pigeonpea {cajanus cajan [L.] Millsp.).
Indian Journal of Agricultural Sciences 41 (6): 535-538.
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Planting Density Effects on the Dry-Season Productivity

of Short Pigeonpeas in the West Indies:

I. Growth and Development

G. Hughes, J.D.H. Keatinge,

Abstract

Keatinge and Hughes (1980) have reported mean
of short pigeonpeas to be 1.1
density of 200 000 plants/ha under dry
Trinidad. Work currently in progress is designed
whether increasing stand density to extremely high values
(3000 000 to 600 000 plants/ha) will result in he inter-
ception of a significantly greater proportion of seasonal
incoming solar energy due to the earlier attainment of
critical leaf area index values and thus increase dry-matter
production and seed Vvyield.

season conditions in

The response of pigeonpea ( Cajanus cajan
period has been noted by Spence and Williams (1972).
33" N latitude), short, determinate cultivars planted dur
reached a height of about 1.5 m and produced a crop in about 15
days, flowering in response to short daylength. Planted du

and thus immediately subjected to flower-inducing conditi

grew to about 1 m and produced a crop after 110 days. In India (
Hyderabad, 17° 32' N latitude), Narayanan and Sheldrake (1

a similar response of growth habit and duration of pigeonpea
during October-November (short daylength) rather than in t

July. The shorter growth habit of pigeonpea cultivars plan
short-day conditions enabled the investigation of high den

as a method of increasing productivity.

In Trini

and S.P.

dry seed vyields
tonnes/ha when grown at a stand

to examine

Scott

[L.] Millsp.) growth to photo-

dad (at 10°
ing May-June
0 to 180

ring December,

ons, the plants
at
979) have noted
planted
he normal June-
ted during

sity row cropping

In both Trinidad and India, the nontraditional short-day pl anting
times coincide with the onset of the dry season, within which the crop
then reaches maturity. Thus moisture-stress may be a facto r limiting
pigeonpea growth and yield from such plantings. Keatinge et al. (1980)
noted that both leaf area index and grain yield (averages ov er three
cultivars) were increased by the application of supplement al irrigation to
a Trinidad dry season crop. |If moisturestress is indeed limi ting, then

Faculty of Agriculture, University of the West Indies, St. Augustine,

Trinidad, West Indies.
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very high planting density may not result in increased yield . Sinha and

Savithri (1978) suggested that dense initial stands of pige onpea may
accentuate moisture-stress effects on yield by depleting s oil moisture
before reproductive development occurs. Low plant densiti es were

recommended for the conservation of soil moisture.

However, high plant densities remain a possible solution t o the
problem of poor interception of solar radiation by pigeonpe a canopies,
particularly during the period of slow early growth. Hughe s et al. (1980)
have shown that the length of time spent at high fractional ra diation
interception is an important determinant of yield in pigeon pea. In this
paper we describe an investigation of the effects of, and int eractions
between, planting density and moisturelevel on pigeonpea growth and
development in dry-season conditions in Trinidad. Partic ular attention
is paid to the development of leaf area index and the intercep tion of

solar radiation by canopies at different densities.

Materials and Methods

The experiment was located at Texaco Food Crops Farm, St. Jos eph,
Trinidad. A split-plot design was adopted, and laid out in th ree 4 x 50m
blocks. The main plots comprised the factorial combinatio ns of two
cultivars, UW-17 and UW-26, which have been described by Bra thwaite(1978),
and two moisturelevels (supplemental irrigation, I, and n 0 supplemental
irrigation, C). The | plots received supplemental spray ir rigation at

intervals of about 5 days throughout the experiment.

The subplots comprised five high stand densities:

200 000 plants/ha (167 mm between rows x 300 mm within rows) ; 300 000
plants/ha (167 x 200 mm); 400 000 plants/ha (167 x 150 mm); 500 000 plants/
ha (167 x 120 mm) and 600 000 plants/ha (167 x 100 mm).

Planting date was 22 Jan 1980 (photoperiod 11.6 h). Seeds, pr e-
inoculated with Rhizobium UW-10030, were planted by hand wi th four to six
seeds per hole. A compound fertilizer (12:12:17) was broadc ast to give a

rate of 40 kg/ha of nitrogen and phosphate.

During the first 15 days all plots were irrigated in order to f acili-
tate seedling establishment. After 20 days, plants were thi nned to one
per hole in order to establish the required density levels.

Weed control was maintained by use of a preemergence herbici de
(Amiben-Gramoxone mixture) and by regular hand weeding Da mage by pod-boring
larvae was controlled by application of Belmark pyrethroi d insecticide at
intervals of 5 days, starting at flowering. Three spray appl ications of
the fungicide Dithane M45 were made in order to control pigeo npea rust,

Uredo cajani.

For the purposes of growth analysis, three plants were harve sted
twice a week from each treatment. Leaf area for each sample w as deter-
mined with an automatic area meter. Average per plant leaf a rea was
converted to leaf area index by multiplying by established s tand density.
Logarithmic polynomial regression equations were fitted to the relation-

ships between leaf area index (L) and time.
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Results

Previous results (Hughes et al. 1980) have indicated a neg ative

correlation between the time taken to reach L = 1 and dry see dyield for
pigeonpea in stands of 200 U0OO plants/ha. Analysis of the ef fect of
increasing stand density, up to 600 000 plants/ha, on the ti me to reach

L = 1 showed that this time decreased, but the magnitude of the decreases
fell off with higher density levels. The effect of suppleme ntal irriga-

tion was not significant at this stage of growth, nor were the re any
significant interactions between density and moisture lev el. That is to

say, supplemental irrigation did not significantly increa se early canopy
growth and development, nor did lack of it modify such increa ses

resulting from increased stand density.

Keatinge and Hughes (1980; reported positive correlatio n between
maximum L and dry seed yield for pigeonpea in stands of 200 000 plants/ha.
The effect of increasing stand density on maximum L was modif ied by
interactions with moisture-level and cultivar effects. In the absence of
supplemental irrigation there was no difference between t he cultivars,
maximum L increasing from about 2 to about 3 as stand densit y increased
from 200 000 to 600 000 plants/ha. Under irrigation, increa ses in
maximum L with increasing density were larger. In addition, there was
generally a greater response to irrigation by cv UW-26. Whi le the
response of cv UW-26 continued to increase at the highest den sities,
maximum L for cv UW-17 was higher at 500 000 than at 600 000 plan ts/ha.

Fractional daily solar radiation interception (F) by a canopy is a
nonlinear function of L. Unit increases in L have smaller in creasing
effects on F as L increases. Hughes et al. (1980) estimated t hat 50%
interception by crops of short pigeonpeas occurs when L = |, and 95%
interception when L = 4.4, Further increases in L can obviou sly contribute

little to interception.

Hughes et al. (1980) reported an increasing relationship b etween the
proportion of incident radiation intercepted during the gr owing season
(F, the average_of the daily F values) and pigeonpeayield. T he pattern
of increase in F with increasing stand density was similar i n all four
moisture-level and cultivar combinations, the increases t ending to fall
off in magnitude with higher density levels. Over the growi ng season,
increasing stand density from 200 000 to 600 000 plants/ha increased
radiation interception by about 15 percentage points on th e F scale for
each of the main-plot treatments. Thus the larger response of maximum L
to increasing stand density when under irrigation does not p roportionately
enhance interception. With respect to F, there were no appar ent large-

scale interactions between density and moisture-level.

The larger F response of cv UW-26 to irrigation appears to b e a
duration effect, the growing season being extended further than that of
cv  UW-17 under irrigation. When corrected for length of seas on, the
increasing effect of supplemental irrigation on F is simil ar for the two
cultivars.
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Discussion

As stand density was increased in the range of 200 000 to 600 00
ha, the time taken to reach L = 1 was reduced and there was an i
in maximum L. The absence of supplemental irrigation did not
cantly retard early canopy development even at high density
irrigation however, maximum L was higher at each density, a
more with increasing density. Because of the nature of the re
between interception and L, the response to irrigation in te
interception was similar at each density. Irrigation resul
increased overall interception, the differences between c¢

largely attributable to their different responses to irrig

respect to growing season.

In Table | a comparison is made between irrigated crops of ¢

0 plants/
ncrease
signifi-
With
nd increased
lationship
rms of overall
ted in
ultivars being
ation with

owpea

(vigna anguiculata) (Littleton et al., 1979a, 1979b; and pigeonpea with

respect to interception of solar radiation. The pattern of v

L with time for cowpea shows that the crops reached maximum L
between 2.9 and 4.7 in 34 to 48 days. Our maximum L values for p
were generally higher than those for cowpea but took much lon
(61-83 days). Although interception by the pigeonpea canop
first 50 days was doubled as stand density was increased fro
600 000 plants/ha, the 50-day value achieved at high density
that of cowpea crops at 160 000 plants/ha (Table 1). Towards
the growing season, the pigeonpea crops reached and maintai
leading to high fractional daily interception. However, on
density was the proportion of radiation intercepted over th
season by the pigeonpea crops comparable with the values for
cowpea. Increased early development of L is clearly an impo
in increasing overall interception.

ariation of
values
igeonpea
ger to reach
ies over the
m 200 000 to
was below
the end of
ned L values
ly at very high
e growing
the crops of
rtant factor

Table 1. The fraction of solar radiation (ﬁ) intercepted by crops of pigeonpea

and cowpea. °

Stand density T" at 50 days ‘F at maximum
Crop c
(plants/ha) after emergence dry matter

Cowpea 160 000 0.472 0.519
Pigeonpea 200 000 0.173 0.433
Pigeonpea 300 000 0.241 0.474
Pigeonpea 400 000 0.279 0.498
Pigeonpea 500 000 0.305 0.543
Pigeonpea 600 000 0.345 0.547
a. The tabulated values of F are means of plotsof cvs.UW-17 and UW-26 from

the present trial which received supplemental irrigation.
b. The tabulated values of F are means of five crops of cv.TVu 4 552 grown

at Ibadan, Nigeria, under supplemental irrigation (Little ton et al.,

1979a, 1979b).
c. Estimated from fitted regression equations. Times range
days for cowpea and 68 to 89 days for pigeonpea.

from 56 to 72
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The next stage of the analysis (Keatinge and Hughes 1981; inv olves an

assessment of the extent to which increased radiant energy i nput to the
pigeonpea crops, achieved by the use of dense stands, can be translated
into increased yield. Although the use of dense stands did no t accentuate
moisture-stress effects on interception of radiation, gra in yield depends
further on the efficiency of conversion of intercepted radi ant energy into
chemical energy storable as assimilated dry matter, and th e way that dry
matter is partitioned between vegetative and reproductiv e parts. Yield

may thus be influenced by density and moisture-level effect s on these
processes.

Acknowledgment

The first author acknowledges financial support from the Pr ogram
Committee, ICRISAT/ICAR International Workshop on Pigeo npeas; the
Research and Publications Fund Committee, University of We st Indies(UWI);
and a UWI study and travel grant. The second author was spons ored by

British ODA research scheme R3245.

References
BRATHWAITE, C.W.D. (ed.) 1978. The grain legume programme. Faculty of
Agriculture, University of the West Indies, St. Augustine, Trinidad.
HUGHES, G., KEATINGE, J.D.H., and SCOTT, S.P. 1980. Pigeonpea as a dry
season crop in Trinidad, West Indies II. Interception and ut ilization
of solar radiation. Tropical Agriculture (Trinidad). (In press)
KEATINGE, J.D.H., and HUGHES, G. (1980). Pigeonpea as a dry season crop
in Trinidad, West Indies |I. Yield and yield components. Trop ical

Agriculture (Trinidad). (In press)

KEATINGE, J.D.H., and HUGHES, G. 1981. Planting density effects on the
dry-season productivity of short pigeonpeas in the West Ind ies. II.
Yield and moisture supply. These Proceedings.

KEATINGE, J.D.H., HUGHES, G., and SCOTT, S.P. 1980. Productivity of
short pigeonpea varieties under semi-arid conditions in th e West

Indies. Tropical Grain Legume Bulletin. (In press)

LITTLETON, E.J., DENNETT, M.D., ELSTON, J., and MONTEITH, J .L. 1979a.
The growth and development of cowpeas ( Vigna unguicuiata) under
tropical field conditions. 1. Leaf area. Journal of Agricu Itural

Science (Camb.) 93: 291-307.

LITTLETON, E.J., DENNETT, M.D., MONTEITH, J.L., and ELSTON , J. 1979b.
The growth and development of cowpeas ( Vigna unguicuiata ) under
tropical field conditions. 2. Accumulation and partition of dry
weight. Journal of Agricultural Science (Camb.) 93: 309-3 20.

NARAYANAN, A., and SHELDRAKE, A.R. (1979). Pigeonpea ( Cajanus cajan )
as a winter crop in peninsular India. Experimental Agricult ure
15: 91-95.

239



SINHA, S.K., and SAVITHRI, K.S. 1978. Biology of yield in food legumes.
Pests of grain legumes: ecology and control (eds. S.R. Singh
H.F. van Emden, and T.A. Taylor). New York: Academic Press.

SPENCE, J.A., and WILLIAMS, S.J.A. 1972. Use of photoperiod response
to change plant design. Crop Science 12: 121-122.

240



Planting Density Effects on the Dry-Season Productivity
of Short Pigeonpeas in the West Indies:

[I. Yield and Moisture Supply

J.D.H. Keatinge and G.

Abstract

The varied levels of moisture stress imposed on
crop, as a result of the faster transpiration induced by

Hughes*

the pigeonpea

increased stand density, are monitored to determine their

effect on yield. In association, treatments receiving supple-
mental irrigation to reduce moisture stress are included in

the trial to enable assessment of the extent to which current
UWI-bred varieties possess  drought-tolerant  or drought-avoidant
characteristics.

In a previous Trinidad dry-season trial, reported by Keati
(1980), average dry seedyield for short pigeonpea cultivar
UW-26 was about 1000 kg/ha from unirrigated plots and about 1
from plots receiving supplemental irrigation. Stand dens
plants/ha, was much greater than generally used in traditio

of tall pigeonpeas. Nevertheless, interception of solar ra

leaf canopies, an important determinant of yield, was poor,
during early growth (Hughes et al. 1980). In a subsequent dry
trial (Hughes et al. 1981] the use of stand densities up to 60
ha improved seasonal interception in both irrigated and uni

In this paper we present an analysis ofyield data from this

The increase in interception of solar radiation notwithst
yields from dense stands of pigeonpea may still fail to be imp
because of decreased soil moisture availability, particul
reproductive phase (Sinha and Savithri 1978). Experiments
pigeonpea cultivars in India and Australia provide some sup
view. In an unirrigated dry-season trial with six cultivars
(Narayanan and Sheldrake 1979), yield decreased as stand de

nge and Hughes
s UW-17 and
600 kg/ha
ity, at 200 000
nal cultivation
diation by the
particularly
-season
0 000 plants/
rrigated plots.
trial.

anding,
roved
arly during the
with short
port for this
at Hyderabad
nsity increased

in the range of 125000 to 1000000 plants/ha. In trials with a s hort
photoperiod-insensitive cultivar in Queensland, Wallis e t al (1979)
Faculty of Agriculture, University of the West Indies, St. A ugustine,

Trinidad, West Indies.
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reported yield increases with increasing stand density in t

100 000 to 500 000 plants/ha.

However, this was achieved with

supplemental irrigation (E. Wallis, personal communicati

ing irrigated and unirrigated treatments in a trial with a r
stand densities, we hope to be able to assess the extent to whi
factors, and any interactions between them, influence pige

under dry-season conditions in Trinidad.

Materials and Methods

The trial was set out in a split-plot design.

The main plots co

the factorial combinations of two cultivars (V: UW-17 or UW
moisture levels (M:with, I, orwithout, C, supplemental ir
subplots comprised different stand densities (200 000, 300
500 000, and 600 000 plants/ha). Full
general crop husbandry have been given by Hughes et al. (1981

At final harvest, three previously unsampled 4-m rows were t
Plants were selected that were fully gu

from each treatment.

growing at the established subplot density.

details of these fact

The number of p

the number of pods per plant, and the number of seeds per po

orded. Seed weight was measured after oven drying at 80°C for

Seed yields per unit area were calculated as the products of m

per plant and established stand density.

During the trial, soil moisture levels were monitored to 10

the profile, in 15-cm intervals, with a Wallingford 1H Il n

Recordings were made twice weekly in all

unirrigated and so

treatments. Volumetric soil moisture percentage data were
moisture stress values (MPa) using soil moisture character

for the site.

Results

Individual plant yield (dry seed, g/plant) decreased nonli
increasing density and also significantly decreased in th

supplemental irrigation (Table 1).

The significant moist

interaction shows that the increasing effect of supplemen
on individual plantyield was largest at low density. In ad
1 indicates that the responses of productivity assessed as
per plant were similar to those of seed yield per plant.

The effect of the experimental

factors on the yield compone

variables (number of peas per pod and 100-seed weight) is sh
Table 2. Neither stand density nor moisture level appears to

the number of seeds per pod.

Four seeds per pod was the averag

all treatments. Moisture stress resulted in significantly

weights, the reduction being more marked in cv UW-26 than in ¢

One hundred seed weight was greatest at the lowest density us
trial, but there were no significant differences between
recorded for the higher densities.
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Table 1. Analysis of variance of yield per plant

Analysis of variance Pods/plant Dry seed (g/pl)
Source df MS F P MS F P
Blocks 2 644.018 54 < 5% 68.410 4.7 <10%
\% 1 682.763 5.7 <10% 44.842 3.1
M 1 1874.886 15.8 < 1% 241.161 16.6 < 1%
V*M 1 203.873 1.7 35.346 2.4
Residual 6 118.888 14.535
D(Ist order) 1 1186.923 90.3 < 0.1% 90.845 60.2 <0.1%
D(2nd order) 1 104.975 8.0 < 1% 6.796 4.5 < 5%
Deviations 2 8.173 <1 0.882 <1
D(1st)*M 1 109.443 8.3 < 1% 23.030 15.3 < 0.1%
D(2nd)*M 1 17.875 1.4 4.934 3.3 <10%
Deviations 2 5.053 <1 1.255 <1
D*V 4 21.773 1.7 1.994 1.3
D*V*M 4 16.600 1.3 2.899 1.9
Residual 32 13.143 1.509
Pods per plant Dry seed (g/plant)
D*M interaction table D*M interaction table
i i level Densit Moisture -level Densit
Density Moisture- c y Density y
means | C means
200 000 35.0 18.3 26.6 200 000 10.49 3.77 7.13
300 000 25.4 14.2 19.8 300 000 7.14 3.31 5.23
400 000 22.8 11.7 17.2 400 000 6.52 2.70 4.61
500 000 18.9 10.6 14.8 500 000 5.32 2.47 3.89
600 000 17.7 9.1 13.4 600 000 4.86 2.03 3.45
Moisture- Moisture-
level means 24.0 12.8 18.4 level means 6.87 2.86 4.86

M means (comparisons have 6 df)

SE .=1.99; SE . of difference =
2.82

D means (comparisons have 32 df)

SE .=1.05; SE . of difference =
1.48

M means (comparisons have 6 df)

SE .=0.696; SE. of difference =
0.984

D means (comparisons have 32df)

SE .=0.345; SE . of difference =
0.501
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Table 2. Analysis of variance of yield components.

Analysis of variance 100-seed weight (g)

Seeds per pod

Source df MS F P MS F P

Blocks 2 2.284 2.8 0.366 8.9 < 5%

\% 1 0.114 <1 0.227 5.5 <10%

M 1 21.313 26.0 <1% 0.132 3.2

V*M 1 6.613 8.1 <5% 0.178 4.3 <10%

Residual 6 0.819 0.041

D 4 0.476 3.6 <5% 0.022 1.0

D*main plots 12 0.150 11 0.018 <1

Residual 32 0.134 0.021

100-seed weight (g)
M*V interaction table Table of D means
. Moisturelevel Cultivar Density Mean
Fultlvar
C means

Uw-17 6.67 6.14 6.41 200 000 6.69
300 000 6.26

UW-26 7.25 5.39 6.32 400 000 6.32
500 000 6.37

Moisture-

level means 6.96 5.77 6.36 600 000 6.17

SE (V and M means) = 0.165 SE = 0.106

SE of difference = 0.234
comparisons have 6 df.

SE of difference=0.149
comparisons have 32 df.

When seed yield is examined on a unit area basis (Table
be seen that moisture level and stand density have significa
both being simple additive effects. Over the range of densit
trial the effect of an addition of 100 000 plants/ha was to inc
yield by 0.16 t/ha. However, this increase was small in scale
compared with the 1.41 t/ha reduction in yield resulting fro
imposition of soil moisture stress. Keatinge and Hughes (1
that cv UW-26 responded more to supplemental irrigation th
with respect to dry seed yield per unit area. In the present a
where examination of cultivar x moisture-level interactio
relatively low priority, no statistically significant di
response of the cultivars to irrigation was detected. Howe
examination of the treatment means (Table 3) suggests that c
in fact yield more than cv UW-17 under supplemental irrigati

The large reduction in yield in response to moisture-stress
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Table 3. Analysis of variance of seed yield per unit area.

Analysis of variance Dry seed (t/ha)

Source df MS F P
Blocks 2 8.780 4.6 <10%
Y, 1 6.055 3.2
M 1 29.878 15.8 < 1%
V*M 1 4.483 2.4
Residual 6 1.889
D(1st order) 1 2.974 19.4 <0.1%
Deviations 3 0.031 <1
D*main plots 12 0.214 1.4
Residual 32 0.153

Dry seed (t/ha)

Table of D means Table of M means
Density mean Moisture-level mean
200 000 1.47
300 000 1.57 2.48
400 000 1.84
500 000 1.95 C 1.07
600 000 2.07
SE = 0.113 SE = 0.251
SE of difference = 0.160 SE of difference = 0.355
comparisons have 32 df. comparison has 6 df.

Table of treatment means

Main plot treatment

Density 171 17C 261 26C
200 000 1.48 0.81 2.72 0.88
300 000 1.79 0.94 2.50 1.04
400 000 2.06 0.99 3.15 1.17
500 000 2.28 1.16 3.04 1.31
600 000 1.86 1.25 3.98 1.19
95% confidence interval of a difference between two main plo t treatments

at the same or at different density levels = 1.36

conditions indicates the relative sensitivity of the cult ivars employed in
the trial to the environmental factors associated with drou ght. Table 4
shows the levels of moisture stress experienced. These appe ar to have
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Table 4. Mean moisture stress (MPa) imposed per 15 cm layer of

the surface soil (0-45cm).

Moisture stress imposed within
Cultivar Density Moisture- Vegetative Reproductive
x 100 000 level phase phase
UW-17 2 C 0.24 0.85
3 Cc 0.19 0.85
4 Cc 0.24 0.75
5 Cc 0.31 0.95
6 C 0.31 1.13
3 | 0.06 0.29
5 | 0.07 0.21
UW-26 2 C 0.15 0.74
3 C 0.27 0.66
4 Cc 0.35 1.11
5 C 0.33 1.00
6 Cc 0.40 1.22
2 | 0.08 0.38
6 I 0.14 0.47

been approximately three times greater in the reproductive
those imposed in the vegetative phase. In addition, the high
stress values experienced in the reproductive phase coinci
highest density levels.

Discussion

The results given in Table 3 indicate that the potential yie
selected cultivars was significantly influenced by soil mo

and by stand density within the range 200 000 to 600 000 plants
increase in stand density from the smallest to the largest va
resulted in ayield increase of 0.64 t/ha. In plots where sup
irrigation was not applied, this represents an approximate
yield. This is achieved by the higher plant numbers per unit a
than compensating for the reduction in 100-seed weight and p
productivity associated with closer plant spacing. Howeve

in yield achieved by increasing stand density from 200 000 to
plants/ha under moisture-stressed conditions was conside
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that achieved by applying supplemental irrigation. At a p

of 200 000 plants/ha, yields of more than 2 t/ha were obtained
supplemental irrigation. Similaryields were recorded by W
(1979). Tables 1 and 2 indicate that the loss ofyield due to
stress was a consequence of a reduction in the number of pods p
with a subsdiary reduction in 100-seed weight. From the valu
in Table 4 it is possible to infer that if, during the reprodu

the mean moisture stress imposed in the upper 45 cm of the so
exceeds a value of 0.5 to 0.6 MPa, it is unlikely that yield pot
will be realized. Available moisture at depths below 45 cm s
reduced value to the cultivars, as withdrawals from deep
profile were insignificant. This implies either that root

depth was inadequate to supply moisture demand or that nut
ability was impaired by dry conditions in the surface soil la

Hughes et al. (1981) reported that the denser stands employe
this trial increased the seasonal proportion of solar radi
cepted by the canopies. However, the yield response to this e
intercepted radiation is lower than expected on the basis
ship between seasonal interception and yield reported by Hu
(1980). This indicates that stand density and moisture lev
the efficiency of conversion of intercepted radiant energy
and the partitioning of dry matter within the plant.

In conclusion, it appears that under dry-season conditions
Trinidad, increases in stand density from 200 000 to 600 000
result in seed yields increasing up to 1500 kg/ha. Within thi
the highest densities used did not
stress effects. Reduction of moisture stress resulted in su
increases in seed yield per unit area.
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Response to Row-to-Row

and Plant-to-Plant Spacing in Pigeonpea

I. Madhusudana Rao, N. Venkataratnam, and A.R.

Abstract

Two field experiments were conducted at ICRISAT Center during
the rainy seasons of 1978 and 1979 to evaluate the response of
pigeonpea ( Cajanus cajan [L.] Millsp.) to spacing. In 1978,

the effects of six different plant-to-plant spacings within
widely spaced rows were compared with cvs T-21  (early), C-11
(medium), and NP (WR)-15 (late) sown on a Vertisol. In 1979,
the effects of combinations of three within-row and three
between-row spacings were investigated with cvs T-21 (early)

and BDN-1 (medium) on an Alfisol, and with cvs BDN-1 and C-11

(medium) on a Vertisol. In 1978, vyields were significantly
reduced at the lowest populations tested (13 000 and 27 000
plants/ha). In 1979, spacing had remarkably little effect on
yield over a very wide range of populations (33000 to

1 333 000 plants/ha). Although raising the population density
above that normally recommended resulted in little extra seed
yield, the production of stem material and fallen leaves was
very considerably enhanced. Since both these products are of
increasing value as firewood becomes scarcer and nitrogenous
fertilizers costlier, there may be economic advantages in
growing pigeonpeas at unusually high plant populations.

A number of spacing trials have been carried out with pigeon
(cajanus cajan [L.] Millsp.) in different countries, with different
cultivars, different soil types, and in different seasons (

Jana 1956; Mukherjee 1960; Singh et al. 1971; Hammerton 1971
and Williams 1972; Akinola and Whiteman 1974; Saxena and Yad
Edwards 1975; Rathi and Tripathi 1978). In some, yield fell
population densities above 20 000 to 40 000 plants/ha (e.g. M
1960; Akinola and Whiteman 1974; and Hammerton 1971). In ot
maximum yields were obtained with populations of over 400 0
(Edwards 1975). The large variations in the results obtain
reflect the differences in the conditions under which the ex

were conducted.

Sheldrake*

peas

Sen and
; Spence
av 1975;
off at
ukherjee
hers,
00 plants/ha
ed presumably
periments

* Pulse Improvement Program, ICRISAT.
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In India, pigeonpeas are normally sown at the beginning of th
season, often as an intercrop with rows several meters apart
crops of medium and late types are generally grown with row sp
75 to 135 cm. Early-maturing cultivars are grown as a sole ¢
distinct rows in cotton (Pathak 1970). The spacing normall
for medium-duration cultivars in the Hyderabad area is 75 x 3
75 x 25 cm, giving plant populations of 44 000 and 53 000 plant
respectively. These are the spacings usually used in yield
breeding material in the rainy season at ICRISAT Center.

We carried out studies to evaluate the response of pigeonp
to-row and plant-to-plant spacings in order to clarify the
between yield and the density and geometry of planting under
tions in which pigeonpeas are being bred and tested at this |

Materials and Methods

During the rainy season, two field experiments, one in 1978

and another in 1979 on an Alfisol and a Vertisol were condu
Center, Patancheru, India (17.5°N, 78.5°E, at 545 m altit

are poor in nitrogen and phosphate but generally have adequa
potash. The mean annual rainfall at ICRISAT Center is 760 m
distribution with an average of 86% falling between June and
Annual rainfall during 1978 and 1979 was 1142 and 732 mm resp
In 1978, the rainfall was unusually heavy in July and Augus

the September rainfall was well above the long-term average
months.

In 1978, the trial was sown on 2 July on a Vertisol with three
cultivars, T-21 (early); C-11 (medium), and NP(WR)-15 (la
planted with 75 cm between rows, whereas C-ll and NP(WR)-15 w
with 150 cm between rows. The plant-to-plant spacing treat
2.5, 5,10, 20, 30, and 50 cm. All the cultivars were planted as
experiments in four replicates (Plot size 4.5 x 8.2 m, harve
26 m 2). Data from each cultivar were analyzed separately as a ran
block design.

In 1979, two medium-duration cultivars (C-11 and BDN-1) wer
on 28 June on a Vertisol. One early (T-21) and one medium-du
(BDN-1) cultivar were planted on 9 July on an Alfisol. The de
experiment was split plot with cultivars as main plot trea
spacings as subplot treatments in three replicates (plot
harvested area 36 m
(30, 60, and 120 cm) and plant-to-plant (2.5, 10, and 25 cm) sp
give a range of eight different populations 133 000 to 1 333
with nine possible combinations of spacing (Table 1). At the
harvest, yield, yield components, stem weights (main stem +
and fallen leaf weights were recorded for each subplot. The h
was corrected to take the fallen leaves into account and was d

e rainy
, though sole
acings of
rop or as
y recommended
0 cm or
s/ha
trials of

ea to row-
relationships
the condi-
nstitute.

on a Vertisol
cted at ICRISAT
ude). The soils
te available
m in a bimodal
October.
ectively.
t, and in 1979
for those

te). T-21 was
ere planted
ments were:
separate
sted area
domized

e planted
ration
sign of the
tments and
size 9 x 6 m,

2). The spacing treatments were varying row-to-row

acings to
000 plants/ha)
time of
branches),
arvest index
etermined by

the formula: grain dry weight + total dry weight including fallen leaves.

A basal dose of 18 kg/ha N and 206 kg/ha P
was applied to the newly developed field used in 1978; and 18 k
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Table 1. Summary of treatments and methods for two spacing t
ICRISAT Center.

rials with pigeonpea at

Year Soil Spacing Plant populatio.n(OOO/ha)
(cm) Planned Final
1978 Vertisols T-21
75 x 2.5 533 441
75 x5 267 217
75 x 10 133 132
75 x 20 67 61
75 x 30 44 43
75 x 50 27 25
C-11  NP(WR)-15
150 x 2.5 267 242 234
150 x 5 133 123 118
150 x 10 67 67 65
150 x 20 44 33 33
150 x 30 27 22 21
150 x 50 13 13 13
1979 Vertisols Vertisol Alfisol
and
Alfisols C-ll BDN-1 T-21 BDN-1
30 x 2.5 1333 1002 1015 777 746
30 x 10 333 317 322 277 263
30 x 25 133 126 127 126 114
60 x 2.5 666 563 526 458 411
60 x 10 166 165 164 140 156
60 x 25 66 65 65 63 63
120 x 2.5 333 270 269 226 281
120 x 10 83 81 82 73 74
120 x 25 33 33 33 31 31

46 kg/ha P ,0s as diammonium phosphate was applied to the fields used in

1979, which had been under other crops in previous years. Th
kept weed-free by periodic hand weeding. Insect pests were ¢
by four sprays of 0.35% endosulfan.

Results
In 1978, when the plants were grown only in widely spaced rows

was significantly higher at the closer plant-to-plant spac
In the early cv T-21, the yield continued to increase right

e area was

ontrolled

, the yield
ings (Table 2).

up to the
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Table2. Effects of plant-to-plantspacings on seed yield of three cultivars of pigeonpea
grown on Vertisol, rainy season 1978.

Plant-to-plant Seed yield (kg/ha)

spacing
cv T-21 cv C-11 -
(cm) cv NP (WR)-15
2.5 1449 1738 1096
5 1144 1737 997
10 1077 1594 1105
20 863 1511 1079
30 850 1300 855
=0 730 1157 777
SE+ 99 53 36
LSD (at 0.05) 300 160 109
CV (%) 20 7 7
closest spacing, whereas in the medium cv C-11 there was no s ignificant
difference in yield between 10, 5, and 2.5 cm plant-to-plan t spacings,
while the late cv NP(WR)-15 had an adequate population at 20 cm plant-to-
plant spacing. These results indicate that the plants with | onger growth
duration had a better ability to compensate for low planting densities.

In 1979, on the Vertisol there was no significant differenc e in the
mean yields of over a remarkably wide range of population d ensities, from
33 000 to 666 000 plants/ha. Only at the very close spacing of 30 x 2.5
cm, giving a population density of 1 333 000 plants/ha, was t he yield
significantly reduced (Table 3).

In agreement with the results for cv C-ll planted in wide rows in
1978 (Table 2), this cultivar grown at 120 cm between-row spa cing gave a
significantly lower yield at the widest plant-to-plant sp acing of 25 cm
than at the narrow spacing of 2.5 cm; these yields were 1132 an d 935 kg/ha
respectively.

On the Alfisol in 1979, as on the Vertisol, the plants showed a very
considerable plasticity in response to spacing, and the yie Ids were
similar over the whole range of population densities (Table 3). The one
exceptional feature of these results was that cv BDN-1 produ ced a
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significantly higher yield at a spacing of 60 x 10 cm than at a
spacing. This may indicate a sharply defined optimum (Table
may be due to random factors.

On both Vertisol and Alfisol, although the yield remained mo
less constant over a wide range of populations, the weight of
and fallen leaves increased with increasing population den
quently, the harvest index decreased (Table 3).

Between-row spacing had a clear effect on stem weight thoug
relatively little effect on yield. The stem weights were low
than at 30- or 60-cm row spacing at similar population densi

The yield levels were generally higher on Alfisol than Verti
were the weights of the stems. By contrast, the weights of fa
were greater on Vertisol than Alfisol. On both soil types, sp
little effect on seed number per pod or 100-seed weight, alt
was a slight reduction in the former on Vertisol, and in the la
Alfisol at the closest spacings.

Discussion

The results show that under the conditions tested, pigeonp
remarkable ability to adapt themselves to a wide range of
densities and planting geometries. However, the late rains
the relatively deep soils on which they were grown may not en
conclusions to be generalized to conditions under which wa
severely limiting, for example in shallow Alfisols, where h
populations may lead to yield reductions.

Perhaps the most interesting feature of the results is that a
populations were increased above the 40 000 plants/ha, comm
recommended for medium-duration cultivars, although ther
effect on grain yield, the yields of stalks and fallen leave
(Table 3). Both these products are of economic value; the sta
as firewood, and the fallen leaves, which have a nitrogen c
around 1.5% (Sheldrake and Narayanan 1979), as a means of en
soil. Only detailed economic calculations would show wheth
conditions the economic returns from these products would
of higher seed rates profitable. But in view of the rising cos
firewood and nitrogenous fertilizer, this possibility may
consideration, at least in situations where this crop is g
tively deep soils.
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Intercropping Studies with Pigeonpea

A.N. Giri, M.V. Yadav, S.S. Bainade, and

Abstract

A field experiment
pigeonpea was
Badnapur, of

to study the suitability of intercrops in
conducted at the Agricultural

Marathwada  Agricultural University,
medium black soils in  1979-80. Results indicated
yield of pigeonpea was not affected adversely by
such as mung bean, soybean, and groundnut, while pearl
as an intercrop in normal as well as

of pigeonpea retarded the vyield significantly.

that

Further showed that
increased  significantly
paired row two

treatments

analysis grain yield equivalent
by groundnut  intercropping
rows of groundnut) (2:2) over all
except pigeonpea paired row + one
(2:1)  treatment. Pigeonpea paired row/one
(2:1), pigeonpea groundnut one row each alternate
pigeonpea paired row/one row of mung bean (2:1) were
best treatments, proved significantly superior to normal
well as paired row planting of pigeonpea and the other
intercropping treatments.

the

row of pearl
(1:1)

Intercropping of short-duration, high-yielding genotype

or oilseed crops has become feasible. Earlier experimenta
indicated that intercropping of mung bean (Giri and De 1977,
bean (Kalyan Singh etal.1978); mung and urd (IARlI 1971; Sara
1975); mung, urd, and soybean (Surinder Singh and Singh 1976
Singh et al. 1977; Saxena et al. 1977; Saxena and Yadav 1979;
Singh et al. 1979; in between pigeonpea rows 50 to

adverse effect on seedyield of pigeonpea. On the contrary,
crops give an additional yield varying with crop and seaso
information in view and considering the importance of groun

S.G. Jondhale*

Research  Station,
Parbhani,
grain

intercrops

on

millet

in paired-row planting

was

(pigeonpea
remaining
row of groundnut

millet
and

the next
as

s of either pulse
| results
1978); urd
f et al.
; Mahatim
Mahatim
70 cm apart had no
these inter-
n. With this
dnut and pearl

millet in the kharif cropping pattern of the Marathwada reg ion of
Maharashtra, an experiment was carried out to find which of t he

intercrops--mung, soybean, groundnut, or pearl millet-- w as best

suited to the planting pattern chosen.

Materials and Methods

The experiment was conducted during 1979-80 under the All In dia

* Agricultural Research Station, Badnapur, Maharashtra, India.
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Coordinated Pulse Research Project at the Agricultural Res
Badnapur, of Marathwada Agricultural University, Parbhan
the experimental plotwas medium black, well drained, poor i
in P ,0s5 and rich in K ,O content.
pigeonpea, cv BDN-1, normal planting (50 cm x 20 cm) and pair
(30/70 x 20 cm), and pigeonpea intercropped in various plant

with mung, soybean, groundnut, and pearl millet (Table 1). T
treatments were replicated four times in a randomized bloc

plant population of 100 000 plants/ha of the main crop (pige
maintained in all the treatments. The plant populations of m
groundnut, and pearl millet were maintained 200 000, 220 00

and 220 000 plants/ha, respectively, regardless of plantin

adjusting plant-to-plant distance. Fertilizers were dril

of 25 kg N + 50 kg P 2Os/ha to all the treatments prior to sowing.

The main crop and intercrops were sown on 28 June 1979; harve

of mung, soybean, groundnut, pearl millet, and pigeonpea wa

1 Sept 1979 (65 days after sowing); 15 Oct 1979 (110 days afte
15 Oct 1979 (110 days after sowing); 15 Oct 1979 (110 days aft
and 15 Dec 1979 (170 days after sowing), respectively. Duri
of experimentation 859.10mm precipitation was received in

Results and Discussion

Grain yield of pigeonpea, intercrops, grain yield in terms o
(grain equivalent) and data on growth and development of pig
different intercropping treatments are shown in Table 1.

Grain yield of pigeonpea showed significant differences a
treatments. Intercropping with mung (2:1), with soybean (1
and with groundnut (1:1 and 2:2) did not affect the pigeonp
significantly in comparison to solid pigeonpea normal plan
cropping in the remaining planting ratios reduced the grai
pigeonpea significantly over solid pigeonpea. Intercrop
millet in all the ratios (1:1, 2:1, and 2:2) also reduced gr
over pigeonpea paired row planting. As Table 1 indicates, i
such as mung, soybean, and groundnut did not interfere with
growth of pigeonpea, while quick-growing pearl millet comp
pigeonpea. The reduction in yield of pigeonpea may be attrib
shading effect of pearl millet foliage on pigeonpea. Simila
pigeonpea with cereals intercrops such as sorghum and maiz
earlier by Saraf et al.(1975). Further, they also observe
of pigeonpea was not adversely affected by intercropping of
cowpea, and soybean because these are short in stature, and o
competition for light and available moisture. These observ
successively confirmed by Surinder Singh and Singh, (1976
etal. (1977); Saxenaetal.(1977); Saxena and Yadav (1979)
Singh et al.(1979).

The total grain yield of pigeonpea (grain yield equivalent
of actual yield of pigeonpea in the mixture and the yield of in
converted into pigeonpea equivalent on the price value basi
influenced significantly by different intercropping tre
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paired row + two rows of groundnut (2:2) resulted in a significantly

higher grain yield equivalent (1901 kg/ha) than all other t reatments,
except pigeonpea paired row + one row of groundnut (2:1), wh ich was the
next best combination (grain yield equivalent 1795 kg/ha), Lowest grain
yield equivalent (945 kg/ha) was obtained from pigeonpea p aired row + two
rows of soybean (2:2), which may be due to low yields of pigeon pea as

well as soybean.

Thus in general, pigeonpea intercropped with groundnut (2: 2) appears
to be most remunerative, followed by pigeonpea intercropp ed with groundnut
in 2:1 and 1:1 ratios and with pearl millet in 2:1 ratio.
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Pigeonpea Genotype Evaluation for Intercropping

M.R. Rao*, R.W. Willey*, D. Sharma**,

Abstract

Three years' data are presented from a wide
genotypes intercropped with  sorghum. The relative
of a number of plant characters as possible determinants of
yield in intercropping is examined. The extent to which
intercrop performance of a given genotype can be predicted
from its sole-crop performance is considered.

Intercropping research has mainly emphasized the identifi
compatible crops and optimum plant populations and spatial
relatively little attention has been paid to identifying su
genotypes. The improvement of crop genotypes has mostly bee
testing and selection under sole cropping, irrespective of
system in which the genotypes are finally to be grown. Such an
is questionable, particularly in the case of intercroppin
competition of an associated crop can alter genotype behavi

Some studies have indicated that the intercrop performance
dominant species can be highly correlated with sole-crop pe
(Baker 1974; Francis et al. 1976); for the less competitive o
species, intercrop yields have been poorly correlated with
yields (wein and Smithson 1979; Francis et al. 1976). This su
that higher yielding genotypes in sole cropping are not nec
the higheryielders in intercropping and it emphasizes the n
selecting genotypes specifically for intercropping. How
al. (1978a, 1978b) have emphasized the advantages of sole-c
because of higher yields and greater yield differences, an
convenience in handling. Wein and Smithson (1979) suggest
generations of cowpea for intercropping with maize could
under sole cropping for characters such as disease and insec
plant vigor, etc., but later generations should be tested w

Pigeonpea is intercropped with diverse crops, but sorghum
is especially important in rainfed areas of India, where sor
staple food. Thus a series of experiments was established

*Explore the scope for selecting pigeonpea genotypes suita
for intercropping with sorghum,
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. examine to what extent selection under sole cropping is va
for intercropping, and

eidentify plant characters associated with good intercrop

performance.

Materials and Methods

Pigeonpea genotypes of contrasting growth patterns were ev
during 1977-79 in sole cropping and intercropping with a sta

cv CSH-6. The 1977 experiment was flat-planted on a medium V
included 17 pigeonpea genotypes in main plots, divided into

for sole cropping and intercropping. Intercropping was in a
arrangement of 1 pigeonpea:2 sorghum at optimum sole-crop p
both crops. The 1978 experiment was on a Vertisol on a 150-cm
and-furrow system. A single row of pigeonpea was planted in t
of the bed, and in intercropping one row of sorghum was added
side at45 cm. The design was the same as in the previous year, b
few genotypes were changed, and the total was increased to 1
both a Vertisol and an Alfisol experiment were conducted on b
The layout was slightly modified, the sole and intercroppin

being in main plots and the genotypes in subplots. The Vertis
ment contained 16 genotypes; the Alfisol, 12, of which eig
maturing and common to both trials and the remaining four we
(140-160 days) and well adapted to Alfisols. All experimen
replicates, except the Alfisol experiment in 1979, which h

All experiments were planted during the fourth week of Jun
both crops were sown at the same time. In 1977, pigeonpea was
29.5 cm in rows, which gave a population of 25 000 plants per ha
a population of 40 000 plants per ha was used in later years. S
thinned to a stand of 167 000 plants per ha in sole and the same p
tion was maintained in intercropping by adjusting within-r
trials were fertilized basally with 52 kg P
topdressed at 80 kg N/ha. Sorghum was harvested 100 to 105 da
-sowing. The area was kept weed-free by hand weeding, and Th
was sprayed on pigeonpea two or three times at podding stage t
Heliothis borer. Harvest areas were not less than 20 m

Besides yield and yield components, a number of plant chara
were measured on pigeonpea in sole cropping. These included
number, branch length, angle of branch, canopy width at di
and light interception just before active growth and at full

Results and Discussion

Grain Yield

Grain yield of sorghum and pigeonpea genotypes in each of the

experiments are presented in Tables 1 and 2. Sorghumyields
in 1977 and 1978 (Table 1), and exceptionally good in 1979 (Ta
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result of well-distributed rainfall July to September. A

yield of sorghum was not always obtained in intercropping,

of pigeonpea did not cause statistically significant redu
sorghum yield, even when pigeonpea growth was excellent and
high as 1500 to 2000 kg/ha were obtained. The mean relative yi
equivalent ratio or LER) of sorghum in intercropping was hig
wetyear of 1978 (0.95) and lowest on the Alfisol in 1979 (0.8
yield with the different pigeonpea genotypes varied from 7
sole-crop yield and, though not statistically significant
evidence of a negative correlation between sorghum yield an
yield. Thus it seem likely that the lower sorghum yields with
genotypes could have been due to greater pigeonpea competi

Pigeonpea yield was quite good with all except the
(HY-3A, ICP-7035; and early genotypes (T-21, Pusa Ageti, DL
Yields were generally better in the high-rainfall season of
Intercropping reduced pigeonpea yield significantly, but
yield reduction varied among genotypes and also between sea
yields for different genotypes ranged from 1058 to 1700 kg
to 885 kg in intercropping. The genotype x system interact
significant, but intercropping yields as a proportion of
varied from 36 to 73%. Taking ICP-1 as a check genotype thatw
throughout all four trials, four genotypes yielded higher t
sole cropping, while five yielded higher in intercropping
above ICP-l in both the systems. In the 1978 experiment, yie
between 830 and 1970 kg/ha in sole crop and 790 and 1625 kg in
intercropping; the interaction of genotype x system was ag
significant. The relative yield of pigeonpea in intercropp
compared with the previous year and the range for different g
much less (73 to 95%); these high relative yields were no dou
the better moisture conditions in the early part of the postr
In sole cropping, 11 genotypes yielded higher than ICP-I but
intercropping five others were also higher yielding.

The system x genotype interaction was significant in both
of 1979, suggesting differences in the behavior of genotype
intercropping. In the Vertisol trial, three genotypes ga
than ICP-lI in sole cropping; only two of these maintained sup
intercropping, but six others were also higheryielding th
intercropping. In the Alfisol trial, except for the early cu
the medium ones outyielded the check, although the relative
these genotypes was different in sole cropping and intercr
relative yields in intercropping varied widely in 1979 (0.3

Considering the performance over three seasons, the genoty

ICP-185-9, ICP-6982-6, ICP-1-6, and ICP-2233-3 had high
over the ICP-1 check and over the well-proven cultivars C-11
The genotype ICP-185-9 was top in sole cropping in 2 years bu
rank so high in intercropping; the genotypes ICP-6982-6, IC
ICP-2233-3 were particularly promising for intercropping
equivalent ratios of the medium-duration genotypes genera
similar order in 1977 and 1979 and varied within 1.23 and 1.67
depending on the contribution of pigeonpea. They were
ranging from 1.61 to 1.88, because of high pigeonpea contrib
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Relationship between Intercrop and Sole-crop Performance

Regressing the pigeonpea yields in intercropping on the yi elds in sole
cropping showed that intercrop performance was to some exte nt a

reflection of sole-crop performance. However, sole-cropy ields accounted
for only 40% of variation in intercrop yields in 1977, 51% in 1 978, 42%
in Vertisols 1979 and 46% in Alfisols 1979, so considerable variation in
intercrop yield remained unexplained. This suggests that specific plant
characters might be associated with intercrop performance . The corre-
lation between the rank orders of the genotypes in sole and in tercropping
was significant only in 1977 and 1978 (r = 0.67**) suggestin g that,
especially in a dry year such as 1979, the best genotypes in sole cropping

are not always the best in intercropping.

The land equivalent ratios of pigeonpea in intercropping s howed no
relationship with sole-crop yields, indicating that the pr oportion of
sole-crop yield that a genotype produces in intercroppi ng is not dependent
on the level of its sole-crop yield. This may indicate that i ntercropping
performance is at least partly dependent on some plant chara cters not
associated with sole-crop yield. For example, all the fourt op yielders
in 1977 had an average LER of 0.55 but the lowest yielder, ICP -1900-11,
which was more compact initially and spread later, gave th e highest LER
of 0.73; however, compactness per se did not favor high LERs b ecause the
two selections of HY3C which did not spread at all gave poor LE Rs. Such
a clear distinction was not apparent in 1978 because of less v ariation in
LERs, but a similar pattern could still be seen. The ve ry compact HY-3C
gave the lowest LER of this season and the semispreading 7 4252-FAM and
ICPL-77 gave the highest LERs. Genotypes like ICP-6982-6, C -1l, and
LEG-30, which are highly spreading and bear long fruiting br anches, gave
intermediate values. In the experiments of 1979, the averag e LER value
of compact (HY-4, HY-3, and ICP-7035) and determinate (IGDT -1 and IGDT-2)
genotypes was much lower than that of the spreading genotype s (ICP-6982-6,
C-11, and LRG-30). The drastic change in LER of ICPL-77 bet ween 1978 and

1979 was due to segregation of the material.

Identification of Plant Characters

The identification of plant characters associated with goo d intercropping
performance could be useful for selecting genotypes while e valuating under
sole cropping and for identifying appropriate breeding par ents. Thus the
characters measured in the sole crops of the three Vertiso | experiments
were correlated with pigeonpea yield. Few correlations be tween individual
characters and intercrop pigeonpea yield were significa nt in 1978,

probably because of the good growing conditions and high cor relation with
sole-crop yield. In the other experiments, some of the char acters
correlated with intercrop yield were: branch number (prima ry, secondary at
final harvest or total number at sorghum harvest), primary b ranch length,
and light interception. Multiple correlations showed that the 40 to 51%
variation in intercrop yield that could be accounted for in t erms of sole-
crop yield could be increased to 66 to 88% with the inclusion of primary
or secondary branches and height or harvest index. The numb er and length
of branches and the canopy spread, as indicated by light int erception and
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canopy width, seemed important in determining the land equi valent ratio
(relative yield) of pigeonpea. All these relationships sug gest that
genotypes that produce more and longer branches and spread w ell are better
suited to intercropping.

It was mentioned earlier that there was some eivdence of a neg ative
relationship between intercrop sorghum yield and intercro p pigeonpea
yield, suggesting that the decreases in sorghumyield might be due to
greater pigeonpea competition. Thus it might be important t 0 ensure that
pigeonpea genotypes selected for higher yields in intercro pping do not
offset their advantages by producing greater decreases in s orghum yield.
Tables 1 and 2 give, for each genotype in the Vertisol experi ments, the
residuals of the linear regression line of pigeonpea interc rop yield on
sorghum intercrop yield. A positive residual indicates th at a genotype
lies above this line, i.e., it has a higheryield than expect ed for a
given decrease in sorghumyield. This could be a parameter to consider
in identifying intercropping genotypes; thus, purely as a n example, the
two highest yielders in sole cropping in Table 2, ICP-185-9 a nd BDN-1,
gave very similar yields in intercropping but the higher pos itive
residual of BDN-1 (due to less reduction in sorghumyield) m ight make

it the better overall prospect.

Efficiency of Selection under Sole Cropping

Using the data presented here, and additional data from the | CRISAT
pigeonpea breeding program, Green et al.(1980) have indica ted that selec-
tion under sole cropping at selection pressures of 20% and 3 3% are only
41% and 55% effective, respectively, i.e., only 41% and 55% o f the geno-
types identified in sole cropping were those identified in i ntercropping.
Even with a low selection pressure of 50%, only 65% efficienc y was achieved
with the present data. Bearing in mind that these efficienc ies do not take
into account any effects on the yield of the other crop, the ca se for
selecting actually in the intercropping situation needs to be given due
consideration; it should also be appreciated that using an " additional”
sorghum intercrop as described here, means that no greater land areas are
required for selecting in intercropping compared with sole cropping.
Perhaps a suitable compromise would be selection in sole cro pping in the
early generations but in intercropping from, say, the F 3 generation.
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Pigeonpea Trials in the Nira Valley of Maharashtra

S.H. Kshirsagar and A.D. Karve*

Abstract

The Nira River Valley of Maharashtra receives only about 200 mm
of rainfall from June 1 to September 15, and an additional

250 mm from 15th September to about the end of October. As a
result of this peculiar rainfall pattern, the monsoon crops not
only need irrigation during their growth period, but they are

also damaged by the late rains of September and October, just
when they are ready for harvest. Trials conducted in this

region from 1975 to 1979, showed that early pigeonpea varieties
that matured in the first week of November were ideal as a
monsoon crop in this area. With yield levels of around 2000
kg/lha and price levels exceeding Rs.250/100 kg, pigeonpea was
found to be economically more remunerative than practically

all the other traditional monsoon crops such as hybrid sorghum,
hybrid pearl millet, hybrid maize, groundnut, or sesame.

The Nira River Valley of Maharashtra, comprised of some low r ainfall
areas of Pune, Satara, and Sholapur districts, has an unusua I rainfall
pattern. The precipitation during the southwesterly monso on (1 June to
15 Sept.) totals only about 200 mm, while the short period bet ween 15
Sept. and 31 Oct. is marked by very heavy rains, accounting for almost

250 mm (Table 1). Because this region is irrigated by the Nira Canals
and also by a number of lift-irrigation schemes, the culti vators are
not much hampered by the low precipitation during the monsoo n months.
The heavy late rains, however, invariably damage a Kharif (rainy-season)
crop just when it is ready for harvest. As a result of this rai nfall
pattern, the farmers are generally reluctant to grow any crop during the

rainy season.

With a view to determining the proper kharif crop for this ar ea, a
multilocational trial was conducted by the Nimbkar Agricul tural Research
Institute during the 3 years from 1977 through 1979. The crop s tested
were hybrid sorghum, hybrid maize, hybrid pearl millet, Sp anish groundnut,
jute, and pigeonpea. Table 2 gives the monetary value of thes e crops in
Rs/ha, immediately after harvest. Pigeonpea consistently gave the highest
gross returns in all 3 years; net profit from pigeonpea would be propor-
tionately even higher, because the cost of growing of pigeon pea would be

lower than all the other crops.

* Nimbkar Agricultural Research Institute, Phaltan, Maha rashtra, India.
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Tablel. Averageweeklyrainfal atPhaltan, 1975t01978.

International . International .
Month meteorological Rainfall Month meteorological Rainfall
week (mm) week (mm)
14 32 10.05
15 2.95 33 5.25
Apr 16 5.50 Aug 34 2.77
17 35 20.60
18 1.47
19 9.55 36 4.20
20 37 5.60
May 21 9.75 Sept 38 31.70
22 11.35 39 89.32
23 30.60 40 48.65
24 28.57 41 12.67
June 25 19.60 Oct 42 20.72
26 12.30 43 12.85
44 28.17
27 7.20 45 7.30
28 23.30 46 1.62
July 29 6.60 Nov 47 39.62
30 20.40 48 14.07
31 5.89
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Table 2. Grossvalue of kharif crops tested over different

locations and years.

Gross value (Rs/ha) at

Crop Rajale Taradgaon Widni

1977
Maize 1922 1904 1900
Pearl millet 2328 1914 3015
Sorghum 2531

Peanut 7912 4125

Pigeonpea 8528 3490 3957
LSD 1384 882 827
Widni Tambmal

1978
Maize 1602 1339
Pearl millet 1996 1665
Sorghum 2080
Pigeonpea 3520 4040
LSD 509 400
Tambmal

1979
Maize 2160
Jute(JRO 878) 4184
Jute(JRO 7447) 4758
Pigeonpea (TT-6) 6325
Pigeonpea (T-21) 5846
LSD 1310
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Because irrigation is available in this region, farmers lik
two crops a year; but since the local pigeonpea matures only a
of January, this crop is not grown extensively, as it makes do
ping impossible. We therefore conducted a trial to compar
ance of two early varieties (T-21 and TT-6) with the local one
early varieties matured in the first week of November, which
possible to raise a second crop of wheat, gram, or sunflower a
harvesting pigeonpea. The results of this trial, presente
show that both the early-maturing varieties yielded higher
variety.

e to grow
t the end
uble crop-
e the perform-
The
makes it
fter
d in Table 3,

than the local

Large-scale demonstration plots have been planned for the 1 980 kharif
season in order to popularize pigeonpea in this region.
Table3. Comparison of two early-maturing varieties with la te-maturing local variety
of pigeonpea.
. Seed yield 100-qgrain wt Days to
Variety (kg/ha) 50%
(9) flower
TT-6 2174 8.53 64
T-21 1958 6.90 59
Local 1488 7.20 71
LSD 333 0.49
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Field and Greenhouse Techniques

to Screen Pigeonpea for Resistance to Wilt

J. Kannaiyan and Y.L. Nene*

Abstract

Efficient field and greenhouse techniques were developed

screen a large number of pigeonpea germplasm accessions
breeding materials for resistance to the wilt disease caused
For field screening, uniform wilt-sick

by Fusarium Udum.
plots were developed in Vertisols (3 ha) and in Alfisols
(0.5 ha) by repeatedly incorporating chopped wilted plant
stubble into the soil and growing susceptible cultivars

the greenhouse, a pot technique consisting of transplanting

pigeonpea seedlings in pots filed with infected soil was
standardized so as to supplement field screenings.

Wilt Of pigeonpea ( Cajanus cajan
Butler is a serious disease in the Indian subcontinent (Butl

in East Africa and causes severe losses in yield.

borne and survives in the leftover host stubble up to 3 years
method of controlling such a disease would be to develop res
vars. The utility of a "sick-plot" in screening against wilt
soilborne diseases is well known. Butler (1908) initiated i

of wilt-resistant genotypes as early as 1905 at Poona in Indi
quently, several research institutions in India succeeded
resistant or tolerant pigeonpea cultivars (Swaminathan et
However, many of these cultivars did not perform uniformly a
locations. Moreover, systematic screening of the world ger
tion on a large scale was not carried out in a uniform sick pl
We have developed effective and uniform sick plots both in Ve
(3 ha) and in Alfisols (0.5 ha) to screen a large number of pi
germplasm collections available with the Genetic Resource
and the breeding material generated by breeders for resista

A pot technique was also standardized to confirm resistance
conditions. In this paper we present, step by step, details o
screening techniques.

[L.] Millsp.) caused by

Fusarium udum
er 1906) and

Fusarium udum is soil-

he best
istant culti-
s and other
dentification
a. Subse-
in developing
al. 1970).
t different
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rtisols
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*Pulse Improvement Program, ICRISAT.



Materials and Methods

Field Technique

At first we multiplied the fungus on materials other than pi geonpea

stubble, but later realized that the best way is to incorpor ate the

stubble from wilted plants into the soil and to grow wilt-su sceptible

cultivars. The procedure consists of the following steps:

1. A plot is chosen, preferably in a corner of the farm, isol ated from
other pigeonpea fields, to avoid spread of the fungus inocu lum to
other plots. Such a plot should have had a pigeonpea crop be fore,
and have shown at least traces of wilt incidence.

2. Wilted pigeonpea stubble is incorporated into the soil at the rate
of 27 m 3/ha. A sole crop of a highly wilt-susceptible line (e.g.

ICP-2376 or ICP-6997) is planted in this plot, ensuring good plant
population,and normal agronomical operations are carrie d out.

3. By the end of the season, we should obtain a minimum of 25% wi Ited
plants. By chopping off the tops of the living plants we allow
fresh (ratoon) growth and many plants will show wilt after th e new
flush.

4. Thirty days after ratooning, the whole crop is chopped an d all the
stubble mixed with the soil. This will help to increase th e level
of the fungus inoculum (to make the soil "sick").

5. In the next season a susceptible line is planted again and steps 2
and 3 are repeated. We should be able to obtain more than 80% wi It
incidence.

6. In the third year screening is initiated. After every two rows of
test material, every third row is planted with the susceptible line.

These susceptible lines will serve as checks and help in mon itoring
as well as maintaining wilt sickness of the plot. These rows s hould
show between 90 and 100% wilt.

7. From the fourth year onwards, we can plant one susceptible check row
after every four test rows. This will permit screening of mor e test
material and at the same time maintain the desired level of si ckness.

8. Observations on wilt incidence (percentage mortality) a
2 weeks before harvest in all the maturity groups.

We do not recommend planting any other crop in this wilt-sick

Greenhouse Technique

The field technique described above is useful for large-sca
but for confirming resistance as well as for race studies, w
technique. We studied several aspects such as soil type, see
age, and quantity of inoculum for standardizing this techn
these results, the greenhouse-screening procedure was dev
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1. A pure culture of pathogenic Fusarium udum is first obtained from
infected pigeonpea in the area.

2. The fungus is multiplied on sand-pigeonpea meal medium (S PMM) (10 g
pigeonpea meal, 90 g riverbed sand, and 20 ml water per 250 ml flask,
autoclaved at 15 Ib for 20 min). The medium in the flasks is inocu-
lated and the flasks incubated at room temperature (30°C) fo r 15 days.

3. The fungus multiplied on SPMM is mixed (200 g) with 2 kg auto claved
Alfisol (obtained from a pigeonpea field where wilt was see n) and
this mixture is filled in 15-cm diameter plastic pots. The po ts are

watered and incubated for 2 days.

4. Concurrently with step 2, polythene bags (25 x 16 cm) are fi lled with
autoclaved riverbed sand and 50 pigeonpea seeds are sown in each bag.

5. The seedlings are removed from sand when they are 7 to 10 da ys old,
and their'roots injured by trimming off the lower 2 to 3 cm. U p to
five seedlings are transplanted into each plastic pot fille d with the

infected soil (step 3).

6. A susceptible (ICP-2376) and a resistant (ICP-8863) chec k, both ino-
culated and noninoculated, are kept with each batch of tes t material.

7. Typical wilt symptoms usually appear in 2 to 3 weeks.

8. Final observations are taken 2 months after transplant ing.

Results and Discussion

By using the field-screening technique, we screened more th an 11,000
materials (including breeding population, germplasm acce ssions, lines
resistant to sterility mosaic and Phytophthora blight) wer e screened for
resistance to wilt. Thirty-one lines have been identified a S resistant

in repeated tests. Resistance of these lines is being confi rmed through
greenhouse screening. The greenhouse (pot culture) techni que is also
being used to determine the existence of races in F. udum.

In addition to the regular screening for resistance to wilt i n sick
plots, a 4-year crop rotation and intercropping study has al so been
initiated.

In the wilt-sick plots we have observed increased populatio ns of the
cyst nematode, Heterodera cajani Koshy. Availability of wilt-sick plot
will allow us to study Fusarium-Heterodera interactions.
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Greenhouse and Field Techniques to Screen
Pigeonpea for Resistance to Phytophthora Blight

J. Kannaiyan and Y.L. Nene*

Abstract

More efficient greenhouse and field techniques to screen
pigeonpea germplasm and breeding material for resistance
Phytophthora blight were needed. We are reporting simple

to

and efficient techniques developed for use in both greenhouse

(soil drench) and field (stem inoculation) screenings. The

greenhouse screening procedure has worked very satisfactorily
and a good correlation between greenhouse and field screening

has been obtained.

Phytophthora blight of pigeonpea is caused by Phytophthora  drechsleri  f.

sp. cajani in India (Kannaiyan et al. 1980). It has been reported from

several states of India. In general, the blight occurs du ring the wet
season and in waterlogged conditions and causes considera ble loss in grain
yields in pigeonpea. A similar disease caused by p. parasitica has been
reported from Puerto Rico (Kaiser and Melendez 1978). One of us (YLN) was
told during a trip to Central America in November 1977 that P hytophthora
blight incidence is commonly observed in the Dominican Repu blic and
Trinidad.

The most effective method of controlling the disease would b e to
develop resistant cultivars. Pal et al. (1970) used a "leaf scar" tech-
nigue to screen a number of pigeonpea lines and identified t hree lines,
AS-3, 2357, and 4419 as moderately resistant. At ICRISAT, it was felt

that more efficient greenhouse and field techniques were ne
a large number of pigeonpea germplasm accessions and segreg
generated by breeders.

Materials and Methods

Greenhouse (Soil Drench) Technique

We considered several aspects such as soil type, seedling ag
source, age,and quantity of inoculum for developing this te
on the above experimental results, the greenhouse (soil dre
procedure was worked out as follows:

eded to screen
ating populations

e, water
chnique. Based
nch) screening

*Pulse Improvement Program, ICRISAT.
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1. Phytophthora drechsleri f. sp. cajani (P2 isolate) isolated at

ICRISAT Center is grown on autoclaved V-8 juice agar (V-8 jui ce 100
ml, CaCO ; 2 g, agar 20 g, distilled water 900 ml) or pigeonpea infu-
sion agar (infusion from 40 g pigeonpea seed meal, agar 20 g , distil-

led water to make up 1000 ml) for one week at 28-30°C.

2. Five-millimeter discs of the fungus growth are transfer red to 100 ml
autoclaved V-8 juice broth or pigeonpea infusion broth (com position
as above minus agar) in 250 ml flasks and incubated at 28 to 30° C

for 2 weeks.

3. Twenty-centimeter diameter plastic pots are filled wit h field Alfisols
and 25 seeds sown in each pot

4. Mycelial mat from each flask is removed and washed twice wi th water.
It is then macerated in 100 ml water in a Waring blender for 1 t 0?2
minutes by operating the blender intermittently. This susp ension is
diluted with another 100 ml of water to get a final dilution o f one

mycelial mat in 200 ml water.

5. Five- to 10-day-old seedlings are inoculated by pouring 100 ml
inoculum (step 4).

6. Susceptible (e.g. HY-3C) and resistant (e.g. ICP-2376) ¢ hecks, both
inoculated and noninoculated, are kept with each batch of t est

material for monitoring the effectiveness of inoculation.

7. After inoculation, seedlings are liberally watered (tw 0 or three
times a day)to enhance development of the disease.

8. Symptoms usually start appearing in 48 hours. Final obse rvations
are taken 10 days after inoculation.

Field Screening (Stem Inoculation) Technique

The stem inoculation technique consists of seven steps:

1. The test materials are planted in a well-drained Alfiso | field,
following normal sowing procedures. Every tenth row is plan ted with
a susceptible line or cultivar. This helps in monitoring th e success
of the inoculation procedure. All plants are inoculated th e first time

about 1 month after planting.

2. Isolate P2 of P. drechsleri f. sp. cajani is grown in V-8 juice agar
or pigeonpea infusion agar (compositions given elsewhere) in petri
dishes for 1 week at 28 to 30°C (1 week before field inoculatio n).
3. The mycelial mats along with medium are removed from petr i dishes
and the inoculum is mixed well with the medium by hand (cover ed with

gloves) after adding 0.2% Carborundum (600 mesh).

4. A small amount of the mycelial mash (step 3) is rubbed by hand at
the base of the stem of individual 1-month-old plants in the field.

5. The field is flood-irrigated immediately afterwards and again 1 week
later. A second irrigation is required if dry weather prev ails.
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6. Typical blight symptoms appear in about 10 days after inoc
plants showing no symptoms after the first inoculation are r
lated (repeat steps 2 to 5) 1 month later.

7. Final observations are taken 1 month after the second ino

Results and Discussion
Greenhouse (Soil Drench) Technique

The technique has worked extremely satisfactorily. A tot

pea germplasm accessions and cultivars, and seven Atyiosia
relatives of pigeonpea) were screened for resistance to Ph

blight by following this simple technique. Of these, 119 ge

sions and three cultivars of pigeonpea, and two species of

found resistant. Resistance of more than 90% accessions and

was confirmed under field conditions by using the field scr
inoculation) technique. This showed an excellent agreeme
greenhouse and field screenings.

This screening technique was also used to determine the mode
heritance of resistance and to evaluate the efficacy of the f
Ridomil to control the blight in seedling stage through seed
In the early stages of our screening, we observed that the inc
the blight varied considerably on known genotypes. Repeat
of the pathogen resulted in reduced virulence; therefore, i
that the fungus should be isolated afresh from diseased seed
guently) to maintain the original virulence. The isolate s
for proper virulence on known susceptible and resistant gen
use.

Optimum temperature conditions are important for proper de
of the disease. Kannaiyan et al. (1980) found that 27 to 33°C
for in vitro growth of the fungus, and consistent results cou
only at temperatures between 25 to 35°C in the greenhouse.

Field Screening (Stem Inoculation) Technique

This technique also worked satisfactorily. In the initial s
development of this technique we came across a certain perc
escapes even in the known susceptible cultivar HY-3C, and no
90% blight incidence in HY-3C. This is a somewhat laborious
we are attempting to simplify it.

At ICRISAT Center, this technique has been used in 1- to 2-ha f
nurseries from the 1977 kharif season onwards. A large numbe
gating populations generated by the pigeonpea-breeding un
block entries, male-steriles, All India Coordinated Proje
germplasm accessions found resistant to blight in the green
ing, wilt- and SM-resistant materials were all screened for
blight by using this field-screening technique.
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In addition, F > and F 3 generations of nine crosses involving nine
susceptible parents and the resistant cultivar, ICP-7065 , were screened
under field conditions to determine the mode of inheritance of resistance
to blight in pigeonpea.

The greenhouse screening technique is time-saving, enabl ing a batch
of material to be screened within a 3-week period; whereas field screening
requires a full season, varying with genotypes from 4 to 7 mon ths. Normally
the blight appears in the field after wet spells any time but mostly

within 3 months after sowing.
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Some Aspects of Field Screening of

Pigeonpea for Resistance to Sterility Mosaic

M.V. Reddy and Y.L Nene*

Abstract

The ‘“infector row" or "spreader row" system was found to be

very effective for large-scale field screenings of pigeonpea
for resistance to sterility mosaic. The system consists of
advance planting of a susceptible cultivar at frequent inter-

vals in the field or at one edge of the field and artificially
inoculating it through a "leaf stapling" technique. Test
materials are planted at the normal sowing time, with disease-

indicator rows. Plants not showing infection 30 days after

planting are inoculated by the “leaf-stapling" technique.

When disease development is delayed, plants not showing symp-

toms are topped, and the fresh regrowth is examined for symp-

toms. Early observations, 30 to 45 days after planting,

are

essential to properly detect the mild mosaic and ring spot

reactions, as these might get masked with age in certain

genotypes.

Sterility mosaic is one of the major disease problems of pige
Indian subcontinent. The incidence of the disease seems to
increase and needs immediate remedial measures (Kannaiyan
proceedings). Development of resistant cultivars appear
effective method of control. To meet this objective, a lar
screening program was undertaken in 1975 at ICRISAT, and s
lines have been identified (Nene and Reddy 1976b, Nene et al,
ceedings.) Some aspects related to the field screening for s
mosaic resistance are discussed in this paper.

Leaf-Stapling Technique

The leaf-stapling technique that we described earlier (Ne

1976a, 1976b) was found to be very effective in screening of m

in pots and in the field. But for large-scale field screening
technique was found laborious and needed large amounts of

eased leaves carrying the eriophyid mite, Aceria cajani

Availability of inoculum at the beginning of the season (Jun

onpea in the

be on the

et al, these

s to be the most
ge-scale field-
everal resistant
these pro-
terility

ne and Reddy
aterials both
s, the
inoculum (dis-
Channabasavanna).
e-July)

*Pulse Improvement Program, ICRISAT.
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becomes a limiting factor unless one maintains a sufficient
diseased plants with good mite population throughout the pr
months (March-May). Itwas found essential to keep potted p
tial shade in the summer months to maintain a good mite popula
resulted in heavy colonization of the diseased plants by sp
severe defoliation and death of several plants. This limits
bility of inoculum for large-scale field inoculations in Ju

Infector-Row or Spreader-Row Technique

To overcome the problems of labor and shortage of inoculum in
stapling technique, a spreader-row or infector-row system

and has been successfully used for large-scale field scree

past 3 years (1977-80). The system consists of advance plant
sterility mosaic-susceptible cultivar at frequent interv

field and artificially inoculating these plants through |

Both the disease and the mite vector population increase i

help in the uniform spread of the disease on to the test materi
planted. The distance between the two infector rows is not cr
the windborne mites seem to spread the disease fast. In the pa
9 to 18 m distance was tried and the disease spread was found t
factory. Within 1 month after planting the disease incidenc
cator rows was more than 85% indicating heavy disease press
system. Plants that do not show infection after 30 to 45 days a
lated by leaf-stapling. Some of the points to be noted for suc
operation of the infector-row technique are:

1. Locate the plot in an insecticide-free area, where the fie
vicinity are not likely to be heavily sprayed with insectici
mites are sensitive to many insecticides.

2. Select an isolated plot downwind to avoid the problem of di
spread to other pigeonpea fields.

3. Plant the infector or spreader rows well before the onset
summer, so that the mite population builds up sufficiently b
the temperatures start rising and humidity decreasing.

4. For infector rows, select a cultivar (e.g., BDN-1, NPWR
not susceptible to other diseases like wilt, so that the stan
not affected. If the infector rows are to be retained for mo
one season, plant a cultivar (e.g. NPWR-15) with a parenni

5. Plant the infector rows across wind direction that prev
first 2 to 3 months after planting.

6. Avoid spraying of any insecticides on infector rows and pr
sufficient irrigation, especially in summer months.

7. Prune infector rows at regular intervals to keep their gro
check and to encourage fresh growth.

Disease Spread Under Infector-Row System

During the 1976-77 and 1977-78 seasons, disease developmen
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tible cultivar (ICP-1) when planted at monthly intervals t

year was studied (Table 1). To obtain some information on th
affecting disease spread, the disease incidence and mite
infector rows in relation to weather data were studied. The
cated that disease incidence was related to mite population

tor rows and that weather factors did not play a large role. S
can be carried out at any time of the year, provided there is an
mite population.

Hedge System

Although the infector-row system works very well, it has so
Planting of the infector rows throughout the field means mor
initial inoculation, and more irrigation during the summer

the rows occupy up to one-tenth of the total area and at least
rows on either side of them (up to 150 cm) make

of severe moisture competition from the older plants in infe
The nonuniform growth makes yield evaluations difficult. T
these problem, a "hedge" system was tried during the 1980-8
system consists of growing of a four-row strip of a suscept
like NPWR-15 at only one edge of the field across and up the wi
The system has worked very well. Spread of the disease was go
to 79% incidence could be obtained on the row 216 m away from th
within two months period. If the distance from the source is r
system should work very well. Also by the end of the crop seaso
susceptible checks would normally show close to 100% incide

very

Inoculations on Ratoon Growth

If the reaction of the line could be obtained by inoculating t
growth after the main crop has been harvested, it would be use
breeding program. Inoculations on the ratoon growth of th
(rainy-season) crop in the field did not result in good dise
ment. These results were contrary to those obtained on pott
the greenhouse. It was felt that the failure in the field cou

to the high temperatures prevailing at the time of inoculati
whether the age of the plant at ratooning also had any effect o
development in the ratoon growth, an experiment was conduct
using the susceptible cultivar ICP-1. Plants were ratoone

and 120 days' age and the ratoon growth inoculated by the lea
technique. The infections on the whole decreased with incr
ratooning. It was also found that the success of infection d
the extent of succulence and abundance of the ratoon growth
depended on the moisture availability in the soil. The inc
also increased with age. The results suggested that the rat
different from the seedling growth and the reactions of two w
the same.

Disease Obhservation

It is desirable to record disease observations at least twic
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seedling stage and the other before maturity. The early obs ervation is

essential, especially to properly monitor ring spot or mil d mosaic reac-
tions. In some genotypes like ICP-6748, it was found that the se mild
symptoms get masked with age. For critical studies such as in heritance
of resistance, it is necessary to observe plants at frequent intervals
from the early stages of infection, record the symptomsas a nd when they

show, and uproot the plants.

In case of late infections, it is possible that the symptoms m ay not
appear in the first growth or may not be very clear. In such cas es top-
ping the plants helps in better expression of the symptoms on the regrowth
and thus better evaluation. During the 1979-80 season, whe n the disease
development was delayed due to a low mite number in the infect or rows, the
average disease incidence in the indicator rows in the main crop and
ratooned growth was 25.93% (range 0.00 to 100.00%) and 96.45 % (range 68.08

to 100.00%), respectively.
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Survival of Pigeonpea Wilt

Vertisols and Alfisols

Fusarium in

J. Kannaiyan, Y.L. Nene, and M.V. Reddy*

Abstract
Wilt caused by Fusarium udum is a major disease of pigeonpea.
The capacity of the pathogen to survive in soil in the wilted

plant stubble over a 5-year
detected in

3 years.

period was investigated.

udum could be Vertisols up to 25 years and in

Alfisols up to

Wilt caused by Fusarium udum
identified and described by Butler in 1906 from India. Later
rence was reported from other countries (Booth 1971; Nene 19
fungus is soilborne on plant remains, and Subramanian (1955
it survives only on the tissue that it colonized as a parasite
not find in the published literature any work done specifica
certain how long the fungus survives in wilted plant stubble
Shaw (1933) made the following statement:

Exposed in the open the fungus in many of the stems and roots d
but when kept in a cooler room in the shade most of it survives.
The source of infection then exists in the uncut portions of r
below the ploughing depth. From such parts of roots

fungus has been isolated after two years though with diffic

even here it would appear that the fungus dies out, though mor
slowly. Disinfected rahar (pigeonpea) seed sown in land,f

a arhar crop from eight to twenty years generally produces a
with little or no wilt, while with a shorter interval the crop

up more or less severely wilted according to the shortness of
interval.

This indicates that the fungus survives for something less t
years. Agnihothrudu (1954) has shown that
debris in the soil but can survive only in tissues it had alre
as a pathogen. It then follows that the stubble fragments may
the fungus to survive in soil up to 8years. Agnihothrudu (195
reported that F. udum
soil of resistant plants than of susceptible ones. The reas
was the presence of more fungistatic organisms like
which are antagonistic to F. udum

streptonyces
in the rhizosphere of resistant pigeon-

Fusarium

Butler as a major disease of pigeonpea was

, its occur-
80). The
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pea lines. To find out how long F. udum survives in wilted
stubble buried in the soil, a 5-year experiment was conducte
Center, and the results are presented in this paper.

Materials and Methods

This experiment was initiated in November 1974. Stubble (r

along with about 15-cm-long stem base) of naturally infecte

plants was obtained, weighed, and buried in 35-cm-diam eart

Two sets were prepared, one with Vertisols and the other with
collected from ICRISAT Center. Some properties of these two

been indicated in Table 1. Sixty pots, 30 with Vertisols and 3
Alfisols, were prepared and buried in the ground so that the t

pot was in line with the ground surface. Stubble from six pots

sols + 3 Alfisols) was removed after every 6 months, weighed,
checked for the presence of F. udum through the use of modifi
Dox agar ! selective medium. The identity of the fungus was verified
through microscopic observations and pathogenicity tests

assistance was sought from the Commonwealth Mycological |

ther data (average maximum and minimum temperatures and ra

the Agroclimatology Unit of ICRISAT were noted. The tempera

5 years (November 1974 to November 1979) ranged from 5.4° to
mum) and 25.8° to 42.6°C (maximum). The total rainfall was

these 5 years.

Results and Discussion

The data obtained after 6-month intervals have been present

pigeonpea
d at ICRISAT

oot system
d pigeonpea
hen pots.
Alfisols
soils have
0 with
op of each
(3 Verti-
and then
ed Czapek's

In addition,
nstitute. Wea-
infall)  from
tures during
27.2°C (mini-
4170 mm during

ed in Table 2.

We were able to detect F. udum in stubble fragments from Vertisols up to
2.5 years and from Alfisols up to 3 years. The rate of decompo sition of
stubble buried in Vertisols was higher than in Alfisols, as indicated by
the percent loss in weight of stubble at different intervals (Table 2).
This may explain why the survival of F. udum in stubble buried in Alfisols
extended to 6 more months than in Vertisols. In general, the rate of de-
composition of organic matter was faster in Vertisols than i n Alfisols.
Based on this study, we were unable to understand how the fung us could
survive up to 8years as suggested by McRae and Shaw (1933).
Some studies by other workers need to be mentioned in connect ion with
the survival of F. udum. Sarojini (1950) concluded through pot studies
that application of zinc (20, 40, and 80 ppm) to soil in which i nfected
stubble was buried resulted in the disappearance of the fung us in 5 to 6
weeks. Boron and manganese were less effective. Dey (1948) c laimed
reduction in the wilt incidence when sorghum was grown as an i ntercrop.
1. Modified Czapek's Dox agar containing, in addition to nor mal ingredi-
ents, PCNB 500 mg; malachite green 25 mg; Dicrysticin-S (St reptopeni-
cillin of Sarabhai Chemicals Ltd., Baroda, India) 750 mg; a nd yeast

extract 2 g/litre of medium.
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Table 1. Some properties of Vertisols and Alfisols used in t

wilt fungus survival study.

he pigeonpea

Organic
pH E.C. carbon Available P Mechanical analysis (@)
Soil type (1:2) mmho/cm D) (ppm) Sand Silt Clay
Alfisols 5.90 0.10 0.20 2.10 59.60 7.20 33.20
Vertisols 7.85 0.15 0.38 1.60 38.80 20.00 41.20

Bose (1938) made a chance observation of reduced wilt inci

dence in a field

where tobacco was grown in the preceding season. McRae and Sh aw (1933),
through observations in permanent manurial and rotation ex periments over
several years, reported (a) manuring with superphosphate ( 7-23 kg P ,0s5/ha)
and with cattle manure increased the wilt, (b) green manuri ng with
crotalaria juncea (60 Ib seed/acre) decreased wilt, and (c) superphosphat e
and green manure together increased wilt.
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Survey of Pigeonpea Diseases with Special
Reference to Wilt and Sterility Mosaic in India

J. Kannaiyan, M.V. Reddy, and Y.L. Nene*

Abstract

To study the prevalence of pigeonpea diseases, roving surveys

were conducted in nine states of India during 1975-1980. Two

diseases —wilt (  Fusarium i) and sterility mosaic (virus ? )
—were more serious and widespread than others such as Phy-

tophthora blight, root rots, leaf spots, yellow mosaic,

bacterial canker, and powdery mildew.

The average percentages of wilt and sterility mosaic
were, respectively: Andhra Pradesh 5.3 and 1.6; Bihar 18.3
and 21.4; Gujarat 54 and 12.2; Karnataka 1.1 and 9.8; Madhya
Pradesh 5.4 and 3.7; Maharashtra 22.6 and 1.1; Rajasthan 0.1
and 5.4; Tamil Nadu 1.4 and 12.8; and Uttar Pradesh 8.2 and
15.4. The incidence of wilt in farmers' fields varied between
0 and 96%; of sterility mosaic, between 0 and 100%.

The International Crops Research Institute for the Semi-Ar id Tropics
(ICRISAT) has a world mandate to improve five crops, includi ng pigeonpea
(Cajanus cajan [L.] Millsp.). Pigeonpea (PP) is an important pulse crop

in most of the semi-arid tropics. About 90% of the world's pi geonpea
crop area (2.4 million ha) is in India, where it is the secon d most
important pulse crop. It is also of importance in the Carribb ean and
Africa. Grain yield of the crop is affected by a variety of d iseases,
and more than 50 pigeonpea pathogens have been reported fro m 23 countries.
Most of these reports are from India (Nene 1980). Diseases su ch as the
wilt caused by Fusarium udum Butler (Butler 1906, Kannaiyan and Nene 1981)

and sterility mosaic (virus ?) have been reported serious in India but
reliable estimates of incidence of only the sterility mos aic (SM) are
available from two states, Tamil Nadu (Ramakrishnan and Kan daswamy 1972)

and Uttar Pradesh (Nene 1972).

From 1975 through 1980, we conducted systematic surveys, in coopera-
tion with various state agricultural universities, in the states of Andhra
Pradesh, Bihar, Gujarat, Karnataka, Madhya Pradesh, Mahar ashtra, Rajasthan,
Tamil Nadu, and Uttar Pradesh; the information we obtained on the pre-
valence of wilt, sterility mosaic, and other diseases is pre sented in this
paper.

*Pulse Improvement Program, ICRISAT.
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Methodology

The survey teams traveled by road along routes planned to cov er the major
pigeonpea-growing areas of different districts in each sta te. Observa-
tions were made approximately every 30 or 40 km, except in nonpigeonpea

areas, where stops were made less frequently.

A single questionnaire (Appendix 1) was used to ensure unifo rm data
collection on growing conditions—cropping system, soil ty pe, etc.—and
diseases observed.

For wilt, SM, Phytophthora blight (PB), Macrophornina stem canker
(MSC) and yellow mosaic (YM), percentage disease incidence was calculated
by counting 500 plants in random rows in a field. The perce ntage inci-
dence at each location in a district was used for calculatin g the district
average; the district averages in turn were used for calcula ting the state
average. For other diseases the incidence was scored visual ly as low,

medium, or high.

Results and Discussion

Andhra Pradesh

The area under pigeonpea in this state is 198 000 ha. The crop is grown
in various soils, intercropped with sorghum, groundnut, pe arl millet,
setaria, castor, sunnhemp, chickpea, field beans, or paddy . ltis rarely

grown as a sole crop.

Our survey covered 19 districts. We found that, on the whole, dis-
ease incidence in the state was low and the average incidence of wilt and
SMwas 5.3 and 1.6%, respectively (Table 1). The incidence of wilt was
above 10% in the districts of Medak, Nizamabad, Hyderabad, a nd Adilabad;
of these, three districts are adjacent to Maharashtra state , where wilt
is the major problem. SM was below 10% in districts where it wa s observed.
Other diseases, observed less frequently were Cercospora cajani leaf spot,
powdery mildew, YM, Phyllosticta leaf spot, bacterial leaf spot and stem

canker, and MSC.

Bihar

Pigeonpea is grown on about 105 000 ha in Bihar, on loamy and red soils.
The survey was made in March 1980. More than 75% of the pigeon pea fields
observed had some intercrops or mixedcrop(s) such as sorgh um, maize,
sesame, pearl millet, finger millet, mustard, paddy, or me sta.

Our survey, covering 3000 km in 26 districts, showed that S M and wilt
are important in Bihar. The incidence of wilt in individual f ields ranged
from 0 to 87.4% with an overal average of 18.3%. Wilt was obser ved in 19
out of 26 districts surveyed, and was above 10% in 15 district S; maximum
incidence was in Muzaffarpur district (50.9%). SM was obs erved in all the
26 districts, ranging from 0 to 100%, with an overall averag e of 21,4%.
Hazaribagh district recorded the highest overall incidenc e of SM (58.8%)

SM incidence was above 10% in 21 districts.

298



£6-0 £9-0 A 98-0 Lv-0 e’8 80t 12 ysapedd Je3in
¢6-0 8£-0 8¢l §9-0 vL-0 bl 9t Li npey |Luwey
89-0 £v=0 1 -0 L-0 L0 L€ 21 ueyjsefey
Ly-0 0L-0 (| £6-0 69-0 9°2¢ 28 bl eJjysedeyey
66-0 6v-0 L't 96-0 Ev-0 ] 9! or ysapedd efypey
G6-0 6v-0 86 L1-0 6-0 Ll LE 12} eyejeude)y
26-0 GE-€70 [ARAY 9%-0 £¢-0 v°s A bl 3edaelny
00L-0 64=L"0 v 1e £8-C L5-0 €8l 8¢ 9z JBYLY
€v-0 8-0 9°1 26-0 G¢-0 £°¢ ¢0t 6l ySapedd edypuy
(% (%)
abuea 3beuany S JEI abupd 3besany pauLwexd  paksAuns ajeas
splals abeusare uL sbuey abeddAe SUOLY  S3IL43SLp
uL abuey 30L43S10 10141810 -B30( 40 30 "oN
JLesow A3 {L493s 1M "ou |e3o)

"0861-5.6) ‘BIPU{ JO SBILIS SNOLIEA UL BOUBPIOGUI dleSow A})|148)s pue }|im eaduocabid jo Aiewung °| ajqe)

299



Macrophomina stem canker was the third important problem in
with average incidence 6.8%. Low incidence of YM, grey milde
naria leaf spot was also observed. Alternaria leaf spotis a p
important disease on postrainy-season pigeonpea.

Gujarat

Gujarat has 111 000 ha under pigeonpea. The crop is cultivat
and loamy soils; about 70% of it intercropped or mixed with so
pearl millet, paddy, lablab, sugarcane, sesame, cotton, m
groundnut, or clusterbean. Postrainy-season pigeonpea is
mainly in the hilly district of Dangs.

The survey, made in January-February 1980, covered 11 dis
Wilt ranged from 0 to 45.2% with an overall average of 5.4%; it
10% in Baroda, Broach, and Godhra districts, SM was observed
11 districts surveyed and ranged from 0 to 92.2%, with an ov
of 12.2%. Itwas above 10% in the districts of Baroda, Bulsar,
nagar, Khaira, and Surat. Low incidence of MSC, bacterial st
Phoma stem canker, leaf spots, and grey and powdery mildew, a
root rot was observed.

Karnataka

Pigeonpea in Karnataka occupies about 303 000 ha, mostly on b
soils. As in Andhra Pradesh and Bihar, pigeonpea in Karnatak
as an intercrop or mixed with sorghum, pearl millet, paddy,

ragi, fieldbeans, sugarcane, groundnut, setaria, or tomat

Our survey—made in December 1976, covering 14 districts—re
that SM is the major disease problem. The incidence of this di
ranged from 0 to 95% and the state average was 9.8%. Bidar, Be
Chitradurga districts showed above 10% SM incidence, with B
highest (49.7%). Very low incidence of wilt was observed i
state: 0 to 17%, with an average of 1.1%. The incidence of ot
eases such as Cercospora leaf spot and powdery mildew was low

Madhya Pradesh

The crop is cultivated on 503 000 ha, on black and loamy soil
cropped with chickpea, sorghum, cotton, pearl millet, grou
sesame, setaria, mesta, green gram, tomato, maize, orwhea

Our survey (December 1977 and January-February 1978) cover
districts and revealed that wilt, SM, MSC, and frost damage w
common problems. The incidence of wilt ranged between 0 and 9
an average of 5.4%. Wilt was observed in 27 out of 40 districts
it was above 10% in eight of these, with maximum incidence in K
(43.2%). The SM incidence varied between 0 and 99.6%, with
3.7%. Four districts recorded above 10% SM, and Bilaspur had
overall incidence (49.4%). High frost damage was observed
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of Damon and Shahdol (up to 50%). Severe incidence of MSC was s
Gwalior, Morena, Guna, and Betul districts. The incidence o
powdery mildew, bacterial stem canker, Cercospora and Phyl

spots, and grey mildew was low.

Maharashtra

The surveys in Maharashtra were conducted in December of 197
19 districts, where pigeonpea was grown mainly on black soi
with cotton or sorghum. Total pigeonpea area in this state is
the largest in India.

Wilt seems to be the major disease problem and was recorde
out of the 19 districts surveyed. The incidence varied betwe
—overall averarae of 22.6%—and highest incidence was recor
district (68.8%), where a wilt-MSC complex was seen. Wilt in
10% was found in 11 districts and was observed more frequentl
to heavy black soils than in lighter ones. The incidence of SM
low, ranging from 0 to 40% with an overall average of only 1%
dence of collar rot, bacterial stem canker, powdery mildew,
and Phyllosticta leaf spots was also low.

Rajasthan

The area under pigeonpea in Rajasthan is only 33 000 ha, most
and northern Rajasthan, more than 80% of it intercropped or
such crops as sorghum, pearl millet, groundnut, green gram
sesame, wheat or chickpea.

The survey, covering 12 districts, showed that sterility
an important disease in Rajasthan, ranging from 0 to 68.2%,
all average of 5.4%. SM incidence was above 10% in the distri
Bharatpur and Tonk. Low incidence of wilt, MSC, YM, powdery m
Cercospora, Phyllosticta, and Alternaria leaf spots was ob
injury (2-20%) was observed in Alwar, Bharatpur, Jaipur,

Tamil Nadu

Pigeonpea is cultivated on 101 000 ha on red and black soils, i
with groundnut, sorghum, paspalum, pearl millet, field bea
or castor.

In the 11 districts surveyed in December 1976, SM seems to be
major problem. It was observed in ten out of the 11 districts
than 10% incidence in six, maximum incidence was in Pudukott
(37.5%). Wiltwas observed only in Dharmapuri and North Arc
where incidence varied from 0 to 65.4%, with an overall avera
Low incidence of Rhizoctonia root rot, powdery mildew, Phy
Cercospora leaf spots, and bacterial leaf spot and stem cank
observed.
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Uttar Pradesh

The area under pigeonpea in Uttar Pradesh is 504 000 ha, most ly clayey
loam or loamy soils. More than 90% of the fields observed h ad some inter
ormixed crop(s), such as sorghum,pearl millet, groundnut, paddy, sesame,
setaria, maize, cotton, black gram, mesta, sunnhemp, casto r, or tomato.

In the 44 districts surveyed in early 1979, SM, wilt, MSC, YM, and
PB are important problems. Wiltwas seen in 33 out of the 44 di stricts
surveyed (average incidence 8.2%, maximum incidence in Pr atapgarh district,
47.4%). SM was observed in 40 out of 44 districts, individua | fields
showing up to 93.2% SM with an average of 15.4%. The highesto verall
incidence of SM [67.3%) was observed in Azamgarh district.

The next important problem was MSC, which was observed in 18 out of
44 districts, ranging up to 45.8%, with an average of 2.5%. YM was
recorded in 30 districts (average 1.8%); PB in 17 districts (average 1.3%).
Low incidence of bacterial stem canker and Cercospora and Ph yllosticta

leaf spots was also recorded.
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Appendix 1. Pigeonpea Disease Survey Questionnaire, ICRIS AT 1975-1980.

1. Route 2. Date 3. State

»

District 5. Place (nearest village/town

indicate distance)

6. Total area of the field (approx.)

(a) Solel/intercrop (describe)

(b) Percent area under PP

7. Stage of crop growth (i) podding (ii) podding and flower ing

(iii) flowering (iv) pre-flowering

8. Diseases observed

() (a) percent (overall)

(b) % out of 500 plants

(i) (a) as above

(b) as above

(In case of significant leaf spot/powdery mildew incidence , indicate
severity)

9. Type of soil

10. Samples collected (i), (ii)
(Tick mark appropriate ones)
11. Other observations: Information given by farmer
Was the field under PP in previous years?

Is disease pattern similar in nearby fields?
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Estimation of Yield Loss in Pigeonpea
Due to Sterility Mosaic

M.V. Reddy and Y.L. Nene*

Abstract

The effect of steriity mosaic on yield and yield components
of the early, medium and late maturing cultivars of pigeonpea

was studied in both field and pot trials. In a field trial

in 1975-76, the effect of the disease on yield and vyield com-
ponents of a medium-maturing susceptible cultivar  (ICP-1),
when infected at different ages, was analyzed. The incuba-
tion period was found to be longer in older plants. Infec-

tions up to 45 days mostly resulted in complete sterility,

but susceptibility of the plant was found to decrease with

the age. Early infections caused considerable increase

the number of secondary branches, prolonged the duration of
the crop, and caused vyield loss to the extent of 95%. The
loss decreased with the increase in age at infection. Simi-
lar results were obtained when the experiment was repeated
in the 1977-78 season. An increase in the number of tertiary
branches was also found in plants infected early. In a pot

trial  with cv T-21, an early-maturing cultivar, similar

results were obtained. The reduction in yields of a late-
maturing cultivar, NP(WR)-15, which shows mild mosaic symp-

toms, was less.

Sterility mosaic of pigeonpea (Cajanus cajan [L.] Millsp.) is widely pre-

valent in the Indian subcontinent and up to 100% incidence w

in certain fields (Kannaiyan et al., these Proceedings). Oc
complete and partial sterility in infected plants is common

was no precise information on the extent of loss in yield cau
sterility mosaic in pigeonpea. Field and pot experiments w

at ICRISAT in two seasons (1975-76 and 1977-78) to analyze th
sterility mosaic infection on yield and yield components of
cultivars of different maturity groups.

Materials and Methods
1975-76 Season

ICP-1, a medium-duration susceptible cultivar, was plant

as observed
currence of
, but there
sed by
ere conducted
e effect of
pigeonpea

ed in 8 isolation

* Pulse Improvement Program, ICRISAT.
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plots with four 5 m rows each, in Vertisol, during the third we ek of June.

The inter- and intra-row spacing was 75 and 30 cm, respectiv ely. Plants
were artificially inoculated (Nene and Reddy 1976) at inter vals of 15, 30,
45, 60, 75, 90, and 105 days (one plot/treatment). The plotw ithout ino-
culation served as control. Observations on incubation pe riod, infection,
symptom severity, height and spread of the plant, number of p rimary and
secondary branches, flowers, and yield were recorded. The p ercent loss

in yield was calculated by using the following formula:

. . Yield in control - Yield in treatment
Percent loss in yield = X 100

Yield in control

1977-78 Season

Early Cultivar (T-21)

Early cv T-21 was planted in 30-cm earthen pots filled with r ed soil-farm-
yard manure mixture (1 plant/plot) and inoculated at 15, 30 , 45, 60, and
75 days age. The number of plants inoculated at each age range d from 29
to 35. A group of plants without inoculation served as contr ol. Obser-
vations on incubation period, infection, symptom severity , humber of pri-
mary and secondary branches, 100-seed weight, and yields we re recorded.

Medium-duration Cultivar (ICP-1)

ICP-1 was planted in five isolation plots of ten 8-m rows each in Vertisol
during the third week of June (75 x 30 cm). Inoculations wer e made 30,
60, 90, and 120 days after planting (one plot/treatment). Th e number of
plants/plot ranged from 161 to 213. Observations on incubat ion period;
infection; height of the plant; number of primary, secondar y, and tertiary

branches; 100-seed weight; and yield were recorded.

Late Cultivar (NP[WR]-15)

Cultivar NP(WR)-15 was planted in an Alfisol field where ir rigations were
provided whenever needed. Diseased plants in pots kept aro und the plot
served as source of inoculum. Plants showing infection afte r45, 90, 135,
and 180 days of planting were tagged for analysis of yeild | oss. The
number of plants tagged at each age ranged from 25 to 79. A grou p of
healthy plants tagged at the time of maturity served as con trol. Obser-
vation on the number of primary, secondary, and tertiary bra nches, 100-

seed weight, and yield were recorded.

Results

1975-76 Season

The incubation period in 15-day-old plants was 7 days as com pared with
13 to 16 days in plants 30 days old or more. The infection obta ined was
up to 99% in younger plants, but this decreased steeply after 75 days
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and onwards. Plants when infected at 45 days age
complete sterility; infection at later stages mostly resul
sterility. There was no appreciable effect of infection on p
but infection at the age of 60 days resulted in a slightly hi
There was no particular effect of infection on the number of p
branches, but in plants infected early, the number of seco
increased considerably. Early infections also prolonged t
the crop, as indicated by the number of flowers present at the
maturity. Early infections resulted in heavy yield loss com
late infections. Table 1 shows the results of this season.

1977-78 Season

Early Cultivar T-21 (Table 2)

The incubation period increased with the age of the plant at i
the percent infection decreased. The number of secondary b
ly increased in plants inoculated at 15 and 30 days' age. Th
particular effect on 100-seed weight. Infection at 15 and 30
caused severe loss in yield and the reduction in later infec
marginal.

Medium-duration Cultivar ICP-1 (Table 3)

Inoculations at 30 and 60 days' age resulted in near 100% infe
with later inoculations infection rate dropped sharply. T

the plants was slightly reduced in early inoculated plants

the number of secondary and tertiary branches in early infec
increased.
inoculated at 30 and 60 days after sowing showed high reducti

Late Cultivar NP(WR)-15 (Table 4)

The number of primary branches increased slightly in the inf
and there was no particular effect on the secondary and tert
or 100-seed weight. Early infection considerably reduced y
infection gave less yield reduction.

Discussion

Sterility mosaic infection in the early stages of crop growt

to cause heavy yield loss in early and medium-maturing susce
vars of pigeonpea. The loss in late-maturing, mild mosaic c
less. The reduction in yield resulted mainly from the steril
plants. The plants were susceptible during all stages of gro
increased incubation period and decreased infection in old

peared to be due to the longer time taken by the pathogen to m

the plant system. This is supported by the near-100% infecti

There was no appreciable change in the 100-seed w

or earlier mostly showed
ted in partial
lant height,
gher spread.
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ndary branches
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obtained in the ratooned growth of late-inoculated plants.

The bushiness of the infected plants in early and medium-mat uring
cultivars was due to the increased number of secondary and te rtiary
branches. The reason for relatively less reduction in yield s when the
plants were infected at 30 to 90 days age, depending on the mat urity
types, appeared to be an increased number of secondary and t ertiary
branches and partial rather than complete sterility. The | ate infections
did not affect yields in the main crop, but would be of signif icance wher-

ever crop ratooning is attempted.

Since the observations on the effect of the disease on yield and
yield components were based on plants grown in nonreplicate d isolated
plots or pots, the figures do not represent absolute values but only indi-

cate the trends.
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Development of a Methodology for Open-Field
Screening for Insect Pest
Resistance in Pigeonpea

S.S. Lateef and W. Reed*

Abstract
Pigeonpea, Cajanus cajan [L.] Millsp., suffers large losses to
many insect pests but particularly to the pod borer, Heliothis
armigera (Hb.) and the pod fly, Melanagromyza obtusa (Mall.).

Most farmers who grow this crop do not use pesticides, so the
development of less susceptible cultivars would be of great
benefit to them. This paper describes the development of a
methodology for the pest resistance screening program
initiated at ICRISAT in 1975. As the major pests affect the
crop only at the podding stage when the plants are large,
open field screening appeared to be the only possible initial
approach, particularly since the pests behaved atypically in
field cages. Because we found considerable variation in pest
damage amongst cultivars of different maturities,  screening
is done in nparrow maturity groups within which relevant check
cultivars are used as standards. Balanced lattice square
designs have been found to give increased precision; hence,
these are used to test the advanced selections, which are
also compared under pesticide protection. The search is not
only for resistance but also for the ability to vyield well

in spite of pest attacks and particularly for the ability to
compensate for early losses. Results so far show considerable
and consistent differences between plant types and selections
in susceptibility to both pod borer and podfly losses, in

spite of problems introduced by the high incidence of out-
crossing and the considerable spatial and temporal differences
in pest distribution.

Pigeonpea, Cajanus cajan [L] Millsp., is of widespread importance in the
subcontinent, East Africa, some parts of Latin America, and in the West
Indies. More than 120 insect species have been recorded as f eeding upon
this crop (Davies and Lateef 1975, 1978). Attacks start att he seedling
stage when beetles, in particular, can cause extensive foli ar damage;
such severe damage during the vegetative stage may delay fl owering.

* Pulse Improvement Program, ICRISAT.
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However, the plants recover well from almost complete defol
insect-caused plant death is rare.

In India — where over 90% of the world's recorded production
pigeonpea is grown — and in several other countries, major
caused by a complex of borers that attack the flowers and pods
armigera [Hb.] is by far the major component of the pod-borer compl
being most damaging in southern and central India but the po
Melanagromyza obtusa [Mall.] causes equal
(Reed et al. 1980b).

Of the other lepidopteran pod borers, the plume moth,
atomosa W., can be particularly damaging later in the season, and th
blue butterflies, Lampides boeticus L.and Catochrysops strabo
damaging in some areas. A hymenopteran pest, Tanaostigmod
common in some areas, but is not generally noticed because of
size (Lateef 1977). Sucking bugs, particularly ciavigraiia
also of importance in some areas.

Our surveys of pigeonpea-qrowing areas in 13 states in Indi
generally high levels of pest-caused losses. In spite of suc
losses, only a few farmers (<5%) use pesticides on this crop,
development of less susceptible cultivars would be of a gr
For this purpose, we started searching not only for resist

iation, and

of
loss is
, Heliothis
ex,
dfly,

or greater damage in the north

Exelastis

F., are
es sp. is

its small
spp., are

a showed
h great
so the
eat benefit.
ance but also

for the ability of the plants to compensate for early losses and for
high-yielding plants that will produce a crop in unprotect ed conditions
even under high pest attacks. Work on the screening of the ava ilable
germplasm and other materials for reduced susceptibilit y to the pod

borers and podfly was initiated at ICRISAT in 1975 (Lateef
and Lateef 1978; Reed et al. 1980a).

1977; Davies

Effects of Crop Timing and Growth Habit on Losses to Pests
When this work was initiated, there were few published data o n the
influence of growth habit, maturity, and flowering of pige onpea
cultivars on levels of pest damage (Sheriff and Rajagopalan 1971).
From 1975, trials of cultivars with determinate and indeter minate
growth habits, representing three maturity groups (early, medium,

and late), were grown in randomized blocks with four replica tes in

a Vertisol area. The crops were pesticide-free, and detai led
entomological counts were taken during growth. At harvest a I pods
from five randomly selected plants from each plot were coll ected,

and damage was assessed by examining each pod. The results f rom the
1975-76 trial are furnished in Table 1. Data with similar tre nds were
obtained from trials in subsequent years.

It was found that the relative pest status of the lepidop teran and
other pod borers was considerably affected by days to flowe ring. Damage
caused by the lepidopteran borers to pods of early and mid-ma turing
cultivars was high, particularly to those of determinate (pod cluster)
habit. Podfly was much more important on late-maturing cult ivars. In
1975 and in subsequent years, it was found that H.armigera attacks were

at a peak in November, while podfly and hymenopteran attack
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Table 1. Comparison of borer and podfly damage in determina te and indeterminate
pigeonpea cultivars of differing maturities in unprotecte d trials on Vertisol
atICRISAT Center, 1975-76.

Percentage of pods damaged

Days to - -
flowering Determinate Indeterminate
Borer Podfly Borer Podfly
60 64.3 15
63 45.7 2.7
103 51.1 31
106 41.4 3.2
112 82.5 0.6
116 89.3 0.7
117 72.8 3.0
121 87.8 2.1 76.1 3.3
123 76.8 0.5 68.0 4.1
126 74.2 5.0
128 66.6 17.6
134 61.8 12.7
136 39.5 15.5
137 58.5 20.6
150 59.0 8.4
189 24.1 17.7
Overall 69.4 6.0 57.2 7.6
mean
CV(%) Borer damage : 16.95
Podfly damage : 15.24
LSD(0.05%)
Borer damage : 51.96
Podfly damage : 5.01
increase from December onwards. Thus, cultivars could appe ar more or less
susceptible to pests according to whether they were fruitin g during the
peak pest-attack periods or not. This information could be useful in
directing our selection for cultivars of suitable maturity for areas
where the pests are known to be consistent in their peak infe stations,
but it complicates the search for resistance. The obvious me ans of
overcoming this problem was to screen materials of each matu rity group
in a separate trial, using a well-known cultivar within tha t maturity
group as the check.

Confirmatory evidence of the susceptibility of determina te type to
lepidopteran borers was obtained from other trials, in whic h cultivars
that were segregating for plant habit were compared, as show n in Table 2.
In all three cultivars the determinate types were more heav ily attacked
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by lepidopteran borers. More pods survived until harvest on
minate types, but podfly attack was greater in these. Simil
tions were recorded by Pawar and Jawale (1977).

Screening Techniques Used at ICRISAT

Screening in Net Houses

Attempts to screen pigeonpea lines in a large net house with

the indeter
ar observa-

the release

of laboratory-bred Heliothis moths failed, for the moths were resting for

most of the time on the net and egg-laying was nonuniform an
nate. Also, the plants were etiolated and required a longe
setting and maturity. Even if the plants and pests had react
such screening'would prove to be of limited value, for the p
large and take a long time to grow to the susceptible stage, so
areas of net house would be required to accommodate the many t
cultivars and collections that must be screened. So a method
open-field screening was developed, in which we generally r
natural pest populations but also introduced laboratory-r
moths where egg-laying was seen to be low. Usually, however,
by this pest have been greater than we require for discrimina
screening.

Open-Field Screening

Initial screening of more than 7000 germplasm accessions o
years has been in unreplicated small plots, with infestor r
cultivars of mixed maturities sown 2 weeks before the test pl
pod damage and yields of plants from each test entry were co
those from check cultivars of comparable maturities. All th
that yielded less and also suffered greater pest damage tha
were rejected at this stage. This method of selection by rej
largely overcomes the problem of "escapes” but leaves us wi
tively large numbers of entries-to test in subsequent seaso

The high incidence of outcrossing has plagued our screenin
of the entries were obviously segregating, as shown by plots
plants of differing growth habits, flower and seed colors,
This greatly complicates our task, for in many cases we have
entries split for such characters. Where individual plants
higher yielding or less attacked than other plants in any ent
harvest the seed from such plants separately and test the pr
single-plant selections in subsequent seasons. At the late
screening, we sow part of each selection in a pesticide-trea
self each plant within a muslin bag, but this does not comple
the problem of outcrossing and subsequent segregation.

The reliance upon open-field screening against pests that
the fruiting stage on such a slow-growing crop has limited ou
only one generation peryear, severely restricting our rate

d indiscrimi-
r time to pod
ed normally,
lants are
enormous
housands of
ology for
elied upon the
eared H.armigera
the attacks
tory

ver the last 5
ows of

ots. The

mpared with

ose entries
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ection
th compara-
ns.

g. Many

that contain
and maturities.
to retest
are noticeably
ry, we
ogeny of the
r stages of
ted area and
tely overcome

attack at
r testing to
of progress.
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We hope to identify the mechanisms involved in resistance, f or this

would enable us to reduce our dependence upon open-field scr eening and
might enable us to screen more than one generation in each ye ar.

Most pigeonpea plants can lose all of their first flush of flo wers
and pods to pests but then grow on to produce a compensatory cr op,
provided the climate and soil water conditions are favorab le. This
ability to compensate is of obvious value to farmers who do no t use
pesticides. We have attempted to select for this character by harvesting
pods from the early and mid-maturing cultivars after the fi rst flush; we
then harvest again after the second flush. This has greatly i ncreased
our volume of work but has been invaluable, for we have found m arked
differences in the ability of selections to compensate for e arly losses.
Such ability to compensate may be termed "recovery resistan ce."

All selections of interest from the unreplicated screening are then
tested in trials, each of a narrow maturity range, with incr easing
replication in each year. Each trial contains relevant chec k cultivars
and lines of known high susceptibility. We reject the less pr omising
materials at each stage. In addition to the germplasm we hav e also been
screening materials generated by our breeders, including i ntergeneric
derivatives obtained from crosses of pigeonpea with Atyiosia spp., the
wild relatives of pigeonpea, which have marked resistance t o some of the
pests.

Advanced stage testing is in balanced lattice square design trials

with 16 or nine entries in each (Table 3).

This design has been found to give an increase in efficiency, which
is very welcome in this work, where spatial and temporal variation s in
pest attack result in high coefficients of variation. Adva nced selec-

tions are also compared under pesticide protection.

Summary

The general sequence developed for pest resistance selecti on at ICRISAT
is now as follows:

First year Unreplicated screening of germplasm and breede rs' materials
Second year Two - replicate observation of selections.
Third year Three - replicate testing of selections sprayed a nd

unsprayed, with test material separated according to
maturity. Advanced materials from the breeders are also
introduced at this stage.

Fourth year Four- or five- replicate balanced lattice square testing
of promising selections, sprayed and unsprayed.

Fifth year Continued testing for confirmation of results o btained
previously, multilocation testing, and use by breeders
in crossing program.
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Table3. Datafroma balanced lattice square design tial wit h five replications, of mid-
maturity pigeonpea selections, sown 26 June, 1978 in the pe sticide-free area of
ICRISAT Center.

Pods/

Pedigree/ C;lg;z;(f;egrs a plant(30 BOI:eord daPn;Z(f}le Mean {%) Meanplot b

ICP No. plants y Hymenoptera yield(g)

season
sampled)

4185-E1-EB LB 173 26.5 12.9 4.6 425.0
4745-2-E8-EB HY,LB 175 31.3 16.2 24.2 221.3
896-4-E1-EB LPf, HB 145 48.3 31 3.4 81.4
PPE-36-2-B HH 245 23.0 23.5 26.2 433.4
4257-E1-EB HY 278 33.9 23.1 8.3 394.9
5036-E1-EB HPf, HY 236 35.9 24.1 4.5 500.8
7946-E1-EB LPf,HY 280 40.8 15 1.9 134.0
7088-E1-EB HPf 182 36.5 24.6 15.1 282.1
8036-E1-EB HY 255 30.1 24.1 11.5 376.2
4745-9-E1-EB HY,LB 125 29.1 12.0 9.1 309.5
7176-22-E18-EB LPf 130 37.6 9.2 10.0 155.8
4745-9-E13-EB LB 140 25.7 14.2 9.0 296.8
8102-E1-EB LB,HY 150 30.1 19.7 13.1 384.7
7176-29-E9-EB HB,LPf 184 33.5 14.1 3.6 312.6
7197-EB Check 109 38.3 11.9 11.4 196.5
C-11-EB Check 148 48.2 14.5 1.7 276.3
SEmz 3.09 2.24 2.25 38.77
Efficiency compared with RBD(%) 120 112 109 140

a. LB = Low borer, LPf = Low podfly, HH = High hymenoptera
HB = High borer, HPf = High podfly, HY = High yield

b. Net plot harvested = 7.88 m 2

The large plant size, lengthy growing season, compensator y habit,
and high incidence of outcrossing have all posed problems i n the selection
and screening process. We have found no plants that are anyw here near
immune to any of the major pests. Results so far do, however, show
considerable and consistent differences between plant ty pes and selec-
tions in susceptibility to both pod-borer and podfly losses . We now have
several promising lines that have some tolerance to pest att acks and yield
a reasonable crop under heavy pest threats in the unsprayed s ituation.
These selections are now being tested at various locations i n India and
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abroad. Efforts are being made to ascertain the mechanisms o f resistance

in our laboratory.

Acknowledgment

This work involves the meticulous recording of a large volum e of data
in the field and we are fortunate in having a dedicated team wh o have
conscientiously carried out this task. We also wish to ackn owledge
the generous cooperation of our colleagues in the All India C oordinated

Pulse Improvement Project.

References

DAVIES, J.C., and LATEEF, S.S. 1975. Insect pests of pigeonpea and
chickpea in India and prospects for control. Pages 319-331 in
Proceedings, International Workshop on Grain Legumes. IC RISAT

13-16 January 1975, Hyderabad, India.

DAVIES, J.C., and LATEEF, S.S. 1978. Recent trends in grain legume
pest research in India. Pages 25-31 in Pests of grain legumes:
Ecology and control, ed. S.R. Singh. London: Academic Pres S.
LATEEF, S.S. 1977. Pest control strategy in the semi-arid tropics with
specific reference to pigeonpea (Cajanus  cajan Millsp.) and chickpea
(deer arietinum L). Pages 106-116 in Chemicalisation of plant
production in the tropics and sub-tropics, Vol.3. Leipzig, GDR:
KMU.
LATEEF, S.S. 1977. A new hymenopteran pest, Tanaostigmodes sp. (Hymenop-
tera: Tanaostigmatidae) recorded on pigeonpea {cajanus cajan Millsp.)
at ICRISAT, Hyderabad, India. Tropical Grain Legume Bullet in 7: 6-7.
PAWAR, V.M., and JAWALE, M.D. 1977. A note on the performance of early
maturing varieties of arhar against damage by pod borers. Re search
Bulletin of the Maharashtra Agricultural University. 1(8 ):127-128.
REED, W., LATEEF, S.S., and SITHANANTHAM, S. 1980b. Constraints to
effective pest management in pigeonpea. Presented at the Co nference
on the Future of Integrated Pest Control. Rockefeller-10BC , 30 May

-4 June, 1980, Bellaggio, Italy.

REED, W., REDDY, K.V.S., LATEEF, S.S., AMIN, P.W., and DAVI ES, J.C. 1980a.
Contribution of ICRISAT to studies on plant resistance to in sect
attack. Presented to the Scientific Working Group on the Us e of
Naturally Occurring Plant Products in Pest and Disease Cont rol.

12-15 May, 1980, Nairobi, Kenya.

SHERIFF, M.N., and RAJAGOPALAN, C.K. 1971. A comparative study of the
intensity Of infestation of the podfly, Melanagromyza(Agromyza)
obtusa Malloch. on different varieties of red gram ( Cajanus cajan
[L.]). Madras Agricultural Journal 58(11): 842-843.

322



Pattern of Podfly and Pod-Borer Damage

in Late Pigeonpeas

A.R. Reddy, S. Venkateswarlu, and O.N. Singh*

Abstract

The pattern of podfly and lepidopteran borer infestation was
studied in 16 elite late pigeonpea lines at Varanasi, Uttar

Pradesh, India, in 1978-79. There were two flushes of
podding, with the vyield from the second flush being much
higher than that from the first. Damage by lepidopteran

borers was very low in the first flush but increased in

the second. The podfly, Melanagromyza obtusa was the major

pest in both flushes, being found in more than 60% of the
pods. There were significant differences in podfly damage
among the cultivars.

Most pigeonpeas ( Cajanus cajan [L.]Millsp.) are grown in India for grain

purposes. In general, low yields are obtained because of th
caused by pests and diseases. Pigeonpea is a long-duration
attacked by many insect pests from sowing to harvest Of these

podfly, Melanagromyza  obtusa (Mall.) in north India (Uttar Pradesh,
Bihar, Madhya Pradesh, and certain parts of Maharashtra), w
and late cultivars are grown, and gram pod borer, Heliothis

(Hb.) in south India, cause serious damage to this crop.

At our center in Varanasi we observed that in most of the late
cultivars, a second flush of flowers is usually obtained as a
of the winter rains. This second flowering generally coinc
the first flush pod-filling stage. The observations record
reveal that the podfly is active in both flushes, causing co
damage to the crop.

The present investigation was undertaken to compare the da

e damage
crop and is

the

here medium
_armigera

result
ides with
ed so far

nsiderable

mage done

by podfly and lepidopteran borers in the first and second f lowering.
Materials and Methods

A preliminary study of late pigeonpea cultivars maturing in more than

* Pulse Research Laboratory, Institute of Agricultural Sci ences, Banaras

Hindu University, Varanasi, India.
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200 days was conducted to observe the pest infestation durin
(rainy season) 1978 at Banaras Hindu University, Varanasi,

The trial was planted on sandy loam soil in plots of seven row
and 75 cm apart, with seeds spaced at 30 cm, in a randomized b
with two replications. In each plot, five plants were selec

and labeled for recording observations. When the first flu

all the pods of each of the five sampled plants from each plot w
picked separately. The pod damage caused by lepidopteran po
analyzed by counting the total number of pods and the number o
showing characteristic bore holes. The pod damage by podfl

by opening 100 randomly selected pods from each plot and se
recorded by counting the total number of seeds and damaged se
opened pods. The same procedures were also adopted for the se
of flowers. Data on pods per plant, seeds per pod, and seed yi
plant were also recorded for each flowering.

Experimental Findings

The pest damage assessment of different pigeonpea cultivar
flushes is given in Table 1.

The damage caused by pod borers ranged from 0.6 to 3.3% in th

and 1.8 to 9% in the second flush. Overall pod-borer damage sh
significant differences among cultivars, but a statistica
difference between the two flushes, and a significant inte
cultivars with flowering flush was recorded.

The podfly damage to pods ranged from 31.0 to 86.5% and 48.0 to

79.0% in the first and second flushes, respectively. In both
highly significant differences were observed among the cu
difference between the flushes was nonsignificant but th

of cultivars with flushes was statistically significant.

The differences among cultivars in seed damage caused by
highly significant in both the flushes, ranging from 11.5 to
first and 25.3 to 46.1% in the second. It was further observ
difference in seed damage between the flushes was signific
interaction of cultivars with flushes was highly signific

The data on yields and their components are presented in Tabl
Differences in pods per plant and seeds per pod were signific
different among cultivars, flushes, and their interaction
pods per plant ranged from 49 to 231.5 and 101 to 550 in the fir
second flushes respectively. The average pod number in the s
(376.7) was more than three times that in the first (123). See
per plant ranged from 11.1 to 49.2 g and 26.0 to 196.9 g in the f
second flushes, respectively. The average seed yield per pl
second flush (84.3 g) was higher than from the first (31.7 g)

Discussion

The present investigation was undertaken to study the ext
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caused by podfly and pod borers in the first and second flushe
pigeonpeas in north India and to examine the feasibility of u
second flush for optimum grain yields. Earlier work was conf
ratoonability of pigeonpeas either for forage followed by
(Killinger 1968) or for seed (Sharma et al. 1978).

This study showed that the overall damage in the second flus
higher than in the first, for although there was little dif
percentage of damage caused by pests in the two flushes, them
pod number in the second flush resulted in a much greater loss
This may be correlated with the high pest population during t
flush. Ahmad (1938) recorded that the percent pod damage by
very low (11.0) in December and January but rose to a maximum (
April.  In north India (particularly eastern U.P. and wester
occurrence of winter rains usually helps the pigeonpea crop
moisture stress,and induces a second flowering. The rise i
during March hastens the development of the newly formed pod
mature about 2 weeks later.

Sharma et al. (1978) reported only vegetative growth for th
maturing cultivars (ACT-3 group) at Hyderabad in the second
ratooning). However, in the present study, higher yields
from the second flush than from the first, due to the increase
number per plant.
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Podfly Susceptibility in Pigeonpea:
Some Aspects of Oviposition Preference

S. Sithanantham, S.S. Lateef, and W. Reed*

Abstract
Podfly, Melanagromyza obtusa ( Mail.), is a major pest of
pigeonpea in most areas of India and in other countries of
Asia. The ecology of this pest is being studied at ICRISAT,

and methods for recording populations are being developed.
Oviposition preferences in pods of differing ages and in
different areas of the pod wall are described. Preliminary
studies indicate that the abundance of glandular hairs, the
concentration of tannin-like substances beneath the outer
epidermis, and the thickness of a fibrous cell layer above
the inner epidermis may influence differences in  oviposition

preference both in pigeonpea and in Atylosia spp. A water
spray on the pods of some varieties led to a marked increase

in oviposition and infestation. This is considered to be

related to physical or chemical changes in the pod surface

rather than to a simple humidity effect. This factor could

be of importance in the relative susceptibility of cultivars
in areas where rain or heavy dew are likely during the pod-

formation period.

The podfly, Melanagromyza obtusa (Mall.), (Diptera: Agromyzidae) is a
major pest of pigeonpea in most areas of India and is known .t 0 occur
in several other countries in Asia (Santok Singh and Ipe 1973 ).
Differences in the susceptibility of various cultivars to a ttacks by
this pest have been reported by Bindra and Jakhmola (1967), S rivastava
and Srivastava (1971), Veda et al. (1975), Kooner et al. (197 6), and
Davies and Lateef (1976). The available evidence indicate s that there
is a good chance of selecting for useful plant resistance aga inst this

Very little has been reported concerning the relationship of t he
various plant characters and susceptibility to this pest, b ut Veda et
al.(1975) found a weak positive correlation between pod wid th and podfly
infestation. As the egg is laid into a pod and the insect deve lops to
the adult inside that pod, the only stage at which this insect can select
a hostplant is the adult stage, up to egg-laying. Consequent ly, we
studied oviposition in relation to pod characters in a wide range of
* Pulse Improvement Program, ICRISAT.
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pigeonpea genotypes. The preliminary results from these st
briefly described in this report.

Egg Distribution in Pods

In a preliminary study in December 1978, all the pods from ei
Pusa Ageti, 11 of T-21, and 19 of ICP-1 were stripped and exam
eggs. There were few podfly eggs at this time, but there was an
tendency for more eggs to be laid in the pods on the upper porti
plant, for we recorded 1.1, 1.3, and 1.7 eggs per plant from th
collected from the bottom, middle, and top of the plant respe

In studies of egg distribution in pods of different ages, we
20 eggs per hundred tender pods (up to 10 days after flower), 2
per hundred partly mature pods (11-20 days), and none at al
and dry pods. We therefore decided to concentrate our studie
position and egg distribution on young pods up to 20 days afte
opening.

Site of Oviposition within the Pod

Pods in samples of 50 each—total 7200 tender and 6650 partly m

udies are

ght plants of
ined for
apparent
ons of the
e pods
ctively.

found
1 eggs
| in mature
s of ovi-
r flower

ature—were

taken from a range of cultivars at different times and examin ed for pod-
fly eggs; the portion of the pod wall through which each egg ha d been
inserted was carefully recorded. For this purpose we divide d the pod
surface area into three roughly equal portions: the dorsal s urface, which
lies each side of the suture from which the seeds grow; the | ateral
surfaces or sides of the pods; and the ventral surface each si de of the
ventral suture. We recorded the following distribution of e ggs per
hundred pods examined:
Dorsal Lateral Ventral SE(m)

Determinate Tender pods 0.7 5.0 105 +1.46
Cultivars

Partly mature pods 0.9 4.9 14.5 +1.64
Indeterminate Tender pods O.b 2.6 9.1 +0.64
Cultivars

Partly mature pods 0.7 3.0 12.6 +0.82

Thus more than two-thirds of the eggs laid were inserted thr ough the
ventral third of the pod wall in both ages of pods, in determin ate and in-
determinate cultivars.

In a series of laboratory tests, pods that were attached to b ranches,
but held in abnormal orientations were exposed to ovipositi ng flies in
laboratory cages. Here we found a tendency for the flies to o viposit
into the anatomically ventral portion of the pod wall, rega rdless of
whether that portion was held ventrally, dorsally, or later ally. When the
egg is laid through the ventral surface of pods up to 20 days o Id, it is
laid into an unobstructed lumen, with little chance of the ob viously

fragile egg being squashed against the developing seeds. T
may be crucial for the successful oviposit'ion of this inse
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observed eggs and other stages of this insect in legumes tha t have pods

With lumens, such as Tephrosia purpurea, Rhynchosia minima, and R.aurea,
but not in legumes with pods that have little or no lumen. We regard
with suspicion the reports of this pest from plants such as Abeimoschus
escuientus and Sesamum orientale where the egg would have to be laid into

solid tissue, even though we have recovered from the petio les of these
plant flies that look superficially like M.obtusa.

Pod-Wall Characters in Plants with Differing Susceptibil ities to Podfly
Extensive screening of the available germplasm in open fi eld tests from
1975 to 1978 gave us selections of pigeonpea that were consis tently more
and less susceptible to podfly infestation. Four selection s from each
of the more and less susceptible categories were grown in a trial during
the 1978-79 ratny season. Samples of young pods (1 week after flower
opening) were fixed on 3% gluteraldehyde (in a phosphate b uffer of

pH 6.8) postfixed in osmium tetraoxide and then embedded i n glycol
methacrylate. Transverse sections to two microns thick w ere cut with

glass knives and then stained with toluedene blue.

On examination, the sections showed some differences t hat appeared
to coincide with the known differences in podfly susceptibi lity among
the selections (Table 1). The pods from the less susceptible selections
generally had fewer glandular hairs and more intense stai ning in the
subepidermal layer. The intense staining was thought to be associated
with greater contents of polyphenols. The differences wer e not entirely
consistent for ICP-7176, had very little polyphenol in th e
subepidermis, so differing markedly from the other thre e less susceptible
selections. It was also recorded that the number of glandul ar hairs per
unit length of pod wall and the intensity of staining of the subepidermal
cells both tended to be less in the older pods (7 to 14 day s after
flower). In these pods, however, the walls of the subepide rmal cells
had thickened and some of these cells were darkly stained, i ndicating

the presence of polyphenol concentrations.

We also examined pods from three species of the wild relativ es
of pigeonpea: Atyiosia albicans (relatively susceptible to podfly),
A. scarabaeoides , and A. cajanifolia (both relatively resistant). There
were a few glandular hairs on pods of A.cajanifoiia but none on the other
two species. All three had dark-staining cells in the sub epidermis and
mesophyll, but these were relatively fewer in A.cajanifoiia. A thick
layer of fiber cells just beneath the inner epidermis was e vident in
A.cajanifoiia and  A.scarabaeoides, while in A.albicans this layer was
much thinner. This layer might offer a barrier to oviposi tion. In the
mesophyll of A.albicans , we noticed stone cells (sclereids), which were

not seen in the other two species.

Effects of Water Sprays on the Pods

Early attempts to increase the podfly incidence in screen ing trials by
spraying pods with honey and yeast showed that pods from t he water-sprayed
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Table 1. Anatomical characters observed in the pod walls of s elections of pigeonpea
known to bemore and less susceptible to podfly.

Podfly Anatomical characters of 7-day-old pods
Pigeonpea damage Abundance grading of
. . a . Presence of polyphenols
cultivar in pods glandular hairs on . . . c
_ b in subepidermis
(% epidermis

Less Susceptible.

ICP-3193-12 7.9 1 2
ICP-4427 3.5 1 2
ICP-7176-1 11.2 1 0
ICP-7176-3 7.2 1 2

Susceptible

ICP-2223-4 31.6 2 1
HY3C-7-26 32.5 2 0
ICP-6443 23.9 2 0
ICP-4745-9 24.1 2 1

a. Mean for 3 years' assessment in unsprayed crops.

b. Scoring based on visual scoring: O-Nil, 1-Few, 2-Many.

c. Scoring based on blue staining in subepidermis: 0-Nil, 1- Little, and
2-Much.

controls had the greatest incidence of podfly. In many subse quent tests

we have in general found that there is an increase in oviposit ion by

podfly in-pods that have been washed by a water spray. Dat a from one of

the many trials are presented in Table 2. Here we placed fine m esh net

bags over groups of flowering terminals on plants, keeping t hese in place

for 3 days to ensure that no podfly eggs could be laid. We then

removed the bags and sprayed some groups of terminals with wa ter, leaving
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Table 2. Podfly oviposition in pods of water-washed and nonw
pigeonpea cultivars, Entomology nursery, ICRISAT Center

ashed terminals on five
,1978-79.

Mean eggs laid by four adults/3 days

Cultivar No. of replications (estimates/100 pods)
Water-washed Nonwashed

Pusa Ageti 6 3.8 0.4
T-21 6 18.4 2.1
ICP-1 13 3.7 0.3
ICP-6915 10 8.9 6.6
NP(WR)-15 9 1.0 0.6

Mean 7.2 2.0
the others as unsprayed controls. The bags were then replace d, but this
time each contained four pairs of podflies. Three days later , all the
terminals were harvested and carefully examined for podfly eggs. More
eggs were laid in washed pods in all the cultivars, but there w ere clear
differences between cultivars in the response to washing: i n T-21 there
was nearly a tenfold difference between washed and unwashed pods, but in
ICP-6915 the difference was less than two fold.

In another trial we studied the effects of a series of washin gs at
weekly intervals on whole plants of five cultivars and comp ared the data
from these with records from untreated plants. The number of developing
stages of podfly (eggs, larvae, and pupae) were counted from samples of

50 pods collected just before each weekly washing. The follo
data were observed:

wing mean

Mean number of developing stages of podfly observed in sampl
collected in each week after the first washing.

es of 50 pods

Week

Mean
Treatment 1 > 3 4 5
Washed 18 7 15 24 16 16
Control 14 4 6 15 7 9
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Thus at every sampling date there were more podfly in the pod
the washed plants.

In spite of very large variations in the incidence of podfly
infestations recorded within the samples from individual t
water spraying of young pods invariably led to some enhanc
number of podfly eggs laid in those pods. Increased humidity
pods might not have played a role, because fewer eggs are laid
pods even when flies were caged directly on the pods, and also
pods soon dry after washing but the effects of the washing a
persist for several days. Washing apparently has some comp
term effect on the pod-wall either physically, perhaps by ma
wall softer and so more easily penetrable by the podfly's ovi
chemically, perhaps by washing off or disrupting a deterren
Ipe (1974) indicated that the fly makes a choice of pod by hov
pods for a considerable period, but once the fly has settled i
attempts to oviposit. This may indicate that a short-range
stimulus or deterrent is involved. This factor is of obviou
in our screening studies for the susceptibility of some sel
podfly attack may be affected considerably by rainfall at th
stage.

We intend to follow up these preliminary studies with furthe
studies on the effect of washing on a range of cultivars in fi
laboratory tests. We also hope to study the chemicals that mi
involved.

Conclusions

These preliminary studies indicate that there may be sever
involved in the inherent susceptibility of individual cu
pigeonpea and  Atyiosia spp. to podfly attacks.
for much more detailed observation of the insect, the plant
interaction. An understanding of the mechanisms influenc
tibility of any cultivar to podfly attack would be invaluab
screening and breeding for resistance, for it might enable
more effectively and in more than one generation of plants ea
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Relative Susceptibility of Pigeonpea

Cultivars Against Podfly Melanagromyza

obtusa Malloch under Field Conditions

C.A.R. Dias, S.S. Lal, and C.P. Yadav~*

Abstract

Melanagromyza obtusa is a major pest of pigeonpea in India.

As the chemical control of this podfly is difficult and costly,

a search for pigeonpea plants that are less susceptible to this

pest is being undertaken at Kanpur, India. In an initial
attempt to screen germplasm in 2 years, the infestation in the

pods of germplasm accessions varied from 0 to more than 80%

each vyear. However, all of the accessions with little or no
podfly infestation in the first year's test had moderate to
high infestations in the second year of testing. It was con-

cluded that the screening for resistance will not be easy and
that the high incidence of outcrossing in this crop leads to

variability in the progeny of the selections . There

to select single plants and then to test the selfed progeny
from  these.

Varying estimates of losses due to podfly attack have been
Ahmad (1938) estimated the grain damage was as high as 40 to
(Bihar) and 63% in Delhi. Gangrade (1963) assessed the grain
be 11.4 to 86.4%, and Bindra and Jakhmola (1967) recorded the
grain damage of 11.2 to 15.8%.

One method of controlling the podfly and other pod borers i
the repeated use of insecticides; however, factors such as t
effects on the environment and the high cost limit use of ins
Luginbill (1969) stated that the ideal method of combating i
on plants is to grow insect-resistant varieties. Therefor
tion and development of resistant/or tolerant cultivars wo
way in the development of an effective, economical, and saf
measure for the podfly. Consequently, an effort has been mad
the host-plant reactions of some of the available germplas
infestations at Kanpur in northern India. This paper embod
results obtained from initial studies conducted during 197
1979-80.
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Materials and Methods

Pigeonpea germplasm lines were screened for natural podfl

The degree of infestation among these unreplicated lines wa
recording percent pod damage. Four to five hundred mature po
from 4 to 5 plants by stripping all the pods from five or six bra
per plant were examined for each cultivar. Based on the chara
damage symptom of the "window" or exit hole, podfly-damaged
counted and those with no external damage symptoms were then
the contents examined. Of the 659 germplasm lines that were s
during 1978-79, 58 lines that had pod damage below 5% were r
a three-replicate trial during 1979-80, together with 21 p
reported to be fairly resistant to this pest received from ot
institutes in India. Cultivar T-17 was used as a check. Perc
damage was assessed from five plants selected at random from
and recorded separately. The preliminary screening was al
during 1979-80 with the evaluation of 430 more germplasm ac
ICRISAT provided 18 cultivars of early, medium, and late gr
were also tested together with relevant checks at Kanpur du

Results and Discussion

Summaries of the data on percentage of pods damaged by podf
unreplicated germplasm lines are given in Table 1. Of 659 ent
tested, samples from nine accessions were free from damage a
had less than
5to 20% pod damage.

In 1979-80, out of 430 accessions sampled, nine had no dama
others had less than 5% of the pods damaged. In this year again
accessions (68%) were in the 5 to 20% pod-damage range.

In the 1979-80 replicated test of the 58 lines selected from t
1978-79 germplasm trial, 21 promising lines received from o

and check T-17, all the entries had more than 20% of their pods damaged.

The mean percentage of pods damaged in these entries ranged f rom 22.8 to
63.5; in the check entry, T-17, 36.7%. The coefficient of var iation for
percent damage was high at 75.7%, showing very large differences between
samples of each selection. Only NP-56 (22.8%), Benipoda (2 3.4%), and
C0-3(24.0%) had significantly less damage than the chec Thus, this
testing revealed an inconsistency in results from year to ye ar, with
entries selected for low damage in the first year giving vari able and
relatively high damage levels in the second.

This inconsistency may be attributed to the heterozygous n ature of
the plants. To check on this, we selected 12 plants from 10 ¢ ultivars
from this trial, all of which were recorded to have less than 5% damage.
The progenies of these plants will be selfed for two generati ons in an

attempt to produce near-homozygous lines and these will the
and selected.

In another trial in 1979-80 we tested 18 lines -- sent to us by
ICRISAT — that had been found to have differing susceptibili
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Table 1.

Results of pigeonpea germplasm screening against p
and 1979-80atKanpur, India.

odfly during 1978-79

1978-79
Range of No. of germ No. of germ
Class pod damage ' g % in each ' g ' % in each

. plasm lines class plasm lines class

(%) in each class in each class
1 NIL 9 1.4 9 2.1
2 0.1- 2.5 10 1.5 9 2.1
3 26 - 50 39 5.9 38 8.8
4 5.1- 10.0 222 33.7 121 28.1
5 10.1- 20.0 254 38.5 170 39.5
6 20.1- 40.0 87 13.2 70 16.3
7 40.1- 80.0 24 3.6 12 2.8
8 80.1 - 100.0 14 2.1 1 0.2
Total 659 100.0 430 100.0
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damage. In this trial we found that none of these lines gave lo wer pod-
fly damage ratings than our check cultivars.

Conclusions

The data from these trials indicate that the widely prevaili ng concept
amongst entomologists, that one or two seasons' screening of pigeonpea
cultivars will result in the identification of resistant ma terial, is at
least open to question. The fact that 3 to 40% outcrossing occ urs in
pigeonpea (Sen and Sur 1964; Khan 1973) makes selection for resistance
very difficult. The majority of the germplasm accessions teste d were
obviously very variable. It would therefore seem more profitable to

select single plants that show less susceptibility and then reselect
within the selfed progenies derived from these plants. A pr ogram along

these lines is now being followed at Kanpur.
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Entomological Studies in Intercropped
Pigeonpea Systems at ICRISAT Center:

Future Developments and
Collaborative Research Needs

V.S. Bhatnagar and J.C. Davies*

Abstract

paper highlights some research results on pest numbers,

pest/parasitoid/'predator relationships and  insect induced

losses in intercropped pigeonpea in various crop combi-

nations and with different plant populations, pesticide use,

type, locations, and seasons. The role of kharif

sorghum in the buildup of parasites of major pests of pulses

is mentioned. The influence of climatic effects affecting

migration in Heliothis armigera (Hubner) and causing dis-
equilibrium with native biotic control agents on pigeonpea

is discussed. Attention is drawn towards the need to gather

more base entomological data from replicated and representa-

intercropping trials in both research stations and on

farmers' fields. These will initially be surveys on small
farmers' holdings, concentrating on a few typical situations

using large blocks and locations as replications under

low fertility situations. Future developments and collabo-
rative research needs on intercropped pigeonpea systems

discussed.

The practice of intercropping or mixed cropping of red gram,
(L.) Millsp. is common on the Indian subcontinent and is a ru
than an exception (ICAR 1970). On dryland farms, cotton, gro

cereals are commonly grown as companion crops with red gram.

predominance of low-input traditional intercrop systems i
countries in the tropics, such systems have received inade
attention. The belief that intercropping as traditionally
outdated, unproductive, and is only a transitional phase i
development still persists. The trend in research on sole cr
so strong that agricultural scientists of most developing ¢
give little attention to research on intercropping systems
there is a growing realization of the importance of catering
of the subsistence farmer and this demands far more input in
of traditional systems of crop production.
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The insect-pest and vector relationship in intercrops is
plex and highly dynamic. Of all research contributions on th
ological aspects in pigeonpea in the last decade, we could f
three (Bhatnagar and Davies 1979; Satpathy et al. 1977; Sin
1978) that dealt with the pest situation in intercrops, dem
exists in setting up the priorities a
One of these papers re
its inf

imbalance that still
entomological research on pigeonpea.
pest-parasite situation in intercropping systems,
losses, pesticide use, and likely pest-management strateg
subsistence farming. The other two papers presented result
ments with a variety of grain legumes and cereals intercropp
pea in small plots ranging from 0.025 to 0.075 ha.

Given the cereal/legume bias of ICRISAT's mandate and co
the national and international importance of
this noctuid was selected for detailed study. It was neces
trate on a few crop combinations to establish appropriate
pling methodologies and to attempt to obtain some basic in
pest situation in mono- and inter-crops. Attention was foc
pea/cereal combinations in view of their importance in the
continent. Hopefully, these research findings will serve a
formulation of future viable pest-management systems fo
the semi-arid tropics. Such data are being accumulated and h
periodically detailed elsewhere (Bhatnagar 1980; ICRISA
1979, 1980).

Methodology
Experimentation using several crop combinations in 1974-7
the importance of studying pigeonpea cultivars grown in a f
typical of the region if data of practical value and relev
obtained. Subsequently, plots of monocrop, mixed (within |
intercrop (between lines) combinations of sorghum and pige
using locations as replications. Plant populations were ca
trolled. Damage caused and yield losses in sole, mixed, and i
were studied, using suitable methodologies, pest numbers,
site ratios.

The need for large plots that act as "ecological units" and p
a more realistic "field" situation limits experimentation
systems. However, on these large plots (minimum size 0.35 ha
and parasite/predator shifts, differential pest and paras

ween crop systems, and insect-induced yield losses were sam
sed without affecting pest levels. Sampling procedures for
species, particularly for the podfly, Melanagromyza

often destructive, and this again necessitated large plot

obtusa

Data from ICRISAT Center were compared with those obtained
sown on farmers' fields in the adjacent village sites. All
comparable size and were sown under typical low-fertility ¢
During 1977-78, mixed crops were grown only at ICRISAT Cente
local farmers refused to use hybrid sorghum in a mixed crop co
These farmers also refused to grow sole-crop pigeonpea unle
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protection measures were provided. Useful additional com parisons were

made using data from frequent off-station surveys in the d istricts of
Andhra Pradesh, Maharashtra, and Karnataka, and those obta ined from the
fields in villages where, ICRISAT is currently conducting i ntensive socio-

economic and anthropological surveys.

Summary of Results

Pest Situation and Losses

The numbers of eggs and larvae of H. armigera on pigeonpea and of adults
trapped in light traps, were higher on Vertisols than on Alfi sols at the
ICRISAT Center. Oviposition per 100 terminals was heavier on widely
spaced pigeonpea. On pigeonpea (cv ICP-1) at the research f arm and in
the adjoining Villages sites, the first peak of oviposition occurred in
early November over 3 years (1977-80). In some seasons, this resulted in
a total loss of the first flower flush on the pesticide-free V ertisol
areas of the research farm, as the high larval population con sumed buds,
flowers, and developing pods. A second flower flush in inte rcrops and
even a third flush in sole-crop pigeonpea were observed in th ese situa-
tions. Consequently, there was a greater reduction in yiel d in the pesti-
cide-free areas of Vertisols than in Alfisols at the researc h farm,
despite the fact that far more pods were produced in the crops on the
Vertisols.

Pesticides indirectly affected and altered the flowering trends, pest
numbers, and parasitism levels in intercropping trials. Du ring 1977-78,
sprayed pigeonpea (ICP-1) intercropped with sorghum (CSH -6) on deep Verti-
sols was harvested in 169 to 170 days compared with 260 to 270 days on
unsprayed plots.

There were no significant differences in pest numbers, and i nsect-
induced final yield losses between mixed and intercrops of p igeonpea at
equal plant populations. However, significant difference s in relation to
these factors were observed between sole-crop and intercro pped blocks,
even when plant populations of pigeonpea were equal. Signi ficantly more
eggs and larvae of H. armigera per 100 pigeonpea terminals and a greater
percentage of pod damage were recorded from the intercrops than from the
sole-crop blocks. However, as the yields from sole-crop b locks of pigeon-
pea were higher than from intercrop blocks, the actual weig ht losses were
greater from sole-crop blocks. Data were obtained on seed-w eight loss on
intercropped pigeonpea at two plant population levels duri ng 1978-79 using
the actual weights of damaged and undamaged pods and seeds and calculating
the potential yields if all pods had been undamaged. Losses were signi-
ficantly higher (P < 0.05) on intercrops at 50 thousand (81 .0%) than at
30 thousand plants/ha (70.0%) for the pods produced as a resu It of the
first flower flush in low-fertility unsprayed areas. Howev er, the differ-
ences in final losses in yield (56 and 50%) were not statistic ally signi-
ficant. The compensatory ability of pigeonpea cultivars is therefore
likely to be an important attribute of cultivars selected fo r subsistence

crop systems.

At the adjoining village sites, pest numbers, parasitism le vels, and
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yield losses on pigeonpea were lower than at ICRISAT Cente r. At one site

in 1977, irrigation of hybrid sorghum at flowering (late S eptember)
resulted in increased flower production on pigeonpea compa red with that
in nonirrigated fields. The irrigated crop also carried hig her numbers
of H. armigera eggs and larvae. This increased the insect-induced yield

loss significantly (P < 0.05) on the irrigated (45.0%) compa red with that
on nonirrigated (18.0%) intercropped pigeonpea. A lowery ield of pigeon-
pea was obtained from the irrigated field (446 kg/ha) compar ed with un-

irrigated sites (534 kg/ha).

Pest-Parasite Relations

Data obtained at ICRISAT showed that a few important hymenop teran egg and
larval parasites build up in H. armigera on sorghum. These parasites give
little advantage to the associated pigeonpea as they do not s ubsequently
transfer in appreciable numbers on to Heiiothis in pigeonpea. Egg para-
sitism levels on pigeonpea were always low (less than 1%) in c ontrast to
the levels on sorghum (up to 80%). A similar trend was noticed in our
survey data. Of 27 parasite species recovered from ten pes t species of
sorghum (excluding Heiiothis) only one was subsequently found, in very low
numbers, on two of the 16 other pest species studied on pige onpea.

On pigeonpea, the dipteran parasites on Heiiothis larvae were more
common than hymenopteran ones. These dipterans did not red uce larval
population and damage on pigeonpea appreciably, and were of lesser impor-
tance since they mostly killed Heiiothis in the prepupal or pupal phase,
after the larvae had already caused pod damage. Overall par asitism levels
were higher at the research center than in the adjoining vill age sites,
with peaks occurring late in the season. A presumed entry of immigrant
moths in the winter months in some seasons further created a disequili-
brium with the native parasitic fauna, leading to a rapid in crease in

larval populations on pigeonpea.

Surveys on Parasite Levels

Surveys in Andhra Pradesh, Karnataka, and Maharashtra stat es in India con-
firmed that dipterans were the dominant larval parasites of Heiiothis on
pigeonpea while hymenopterans were predominant in sorghum (August-October)
and chickpea (November-March). Crops, cropping patterns, cropping inten-
sity over large areas, and seasons had an important effect o n distribution
and abundance of parasites. Parasitism levels by dipterans were lower in
paddy-growing areas but higher in cotton-growing regions o f Andhra Pradesh
and Maharashtra, possibly because of a transfer of parasit es, which deve-
lop on the bollworm complex in cotton, to intercropped pigeo npea.

Use of insecticide drastically affected parasitism levels . The
levels were particularly low on intercropped pigeonpea in the Gulbarga
and Bellary districts of Karnataka, and the Tandoor region of Andhra
Pradesh, where farmers commonly apply two or more insectic idal sprays
against Heiiothis. Farmers indicated that the commonly used insecticides
were not always effective. Possible reasons are adulterati on, use of old
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stock, and faulty (time and method) spray applications. Ano
bility is the development of resistance in Heiiothis
widely used pesticides, particularly as a result of inten

use on hybrid cotton and possible subsequent immigration of
pigeonpea. However, there is no research evidence on resist
Heiiothis to pesticides in India.

Data obtained from a few villages in Andhra Pradesh and Mahar

in collaboration with the economics group of ICRISAT, have i
low plant populations with high pest numbers, absence of eg
and low larval parasitism by hymenopterans were mainly resp
heavy yield losses resulting in low yields on intercropped p

FutureDevelopmentsand Collaborative ResearchNeeds

Results obtained so far have helped to clarify the status of
the widely grown cereal/legume intercrop systems of the Ind
nent and reveal and identify some of the basic reasons for the
insect damage caused to intercrop pigeonpea. However, furt
studies, including those on pest-parasite relations, are ¢

tant to understanding pest problems in intercrop pigeonpea
attention needs to be paid to collaborative surveys of bioti
agents of key pests in relation to other specific intercro

the possibility of utilizing these in future on-farm colla
management projects in intercrops in the real-world situat

It is essential that collaborative multidisciplinary rese
surveys in intercropping are immediately intensified. The
survey approach described in this paper will have to be exten
important crop combinations such as cotton/pigeonpea and g
pea on large plots, using locations as replications. Sole-
needed to monitor differences in status of pests and disease
exist, and comparisons made with off-station situations.
practices in both existing and improved intercrop systems
factors in insect-pest and disease-vector population dyna
immediate attention and investigation. In preliminary fi
mentation during 1979-80, a significantly high (P < 0.05) in
sterility mosaic disease was observed in intercrop blocks c
sole pigeonpea blocks (Bhatnagar, unpublished data).

Studies relating to the effects of cropping systems, plant p

cultivars, plant populations, spatial arrangements, fert

cide levels and methods of application on key pests such as le
and podfly, their ratios to parasites and predators, and lo
crops are vital for the formulation of future integrated pe

on present and proposed intercrop systems. The suggested w
be intensified in collaboration with national coordinated

and agricultural universities, and there is a special need
collaboration between scientists for a realistic multidi
approach to intercrop systems.

Development of pest management recommendations on
uation of effects in a few important pigeonpea intercrop sy
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immediate attention. Subsequently, on-farm operational- scale pest-manage-

ment tests under the farmers' level of technology will be ess ential. A
strong temptation to run "on-farm" tests with researchers’ level manage-
ment must be resisted; in the final analysis, it is the farme r, with

limited resources, who will manage the farm.

There is every indication that one or two insecticide sprays may be
necessary for obtaining the full benefit from growing pigeo npea as an
intercrop. In this context, timing of sprays and the use of c ontrolled
droplet application could be of considerable importance in minimizing
disturbance of the ecosystem. The assessment of pesticide application
will be complex, because long-term trends may be involved, p articularly

if sprays are recommended and used over large areas.

Future research on the status of parasites in the pigeonpea crop is
obviously important in view of the results obtained. It will be necessary
to determine and relate the complex role of physical and che mical factors
involved in preferential parasitization by dipterans com pared with hymen-
opterans, and the reasons for lack of native egg parasites in pigeonpea.
The understanding of these relationships is crucial to the d evelopment of
future integrated pest-management practices in intercrop S.

More ecological work and further gathering of base data from the
real-world situation on farms are essential also to fill gap S in our know-
ledge of specific crop systems and immigration of Heliothis. A light-trap
grid will hopefully become fully operational in India in the next few
years, so that information on migratory movements of H. armigera can be
obtained. The described approach is essential for the res earch and deve-
lopment necessary for management of key pests in present a nd proposed

intercrop systems in the tropics. There are no shortcuts.
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Synthetic Pyrethroids for the Control
of the Pigeonpea Pest Complex

K.S. Chhabra, B.S. Kooner, and J.S. Brar*

Abstract

Field trials of different insecticides were conducted on

pigeonpea at Ludhiana, Punjab, India, 1977 to 1980. The

insecticides were directed against jassids Empoasca spp. dur-
ing the vegetative stage and against the pod-borer complex,

which is dominated by Heliothis armigera, Exelastis atomosa,

and the podfly, Melanagromyza obtusa. The use of pesticides
generally resulted in substantial increase in yield. How-

ever, pyrethroids gave a higher reduction in pest damage

than all the conventional insecticides.

Pigeonpea, Cajanus cajan (L.) Millsp., is one of the main pulse crops of

India. It is generally grown during the rainy season; the war m humid
weather is conducive to the development of insects, and a num ber of insect
pests damage the pigeonpea crop. During the vegetative grow th of the

plant, sap-sucking insect pests, including jassids Empoasca moti P. and
E. terminalis D., sometimes assume the pest status and cause damage to

the growing plants; however, the major losses are caused by the pests
occuring during the late growth stage of the plant. Amongst t hese are the
pod-borer Complex comprising Heliothis armigera H., Exelastis atomosa W. ,
Lampides boeticus L., Melanagromyza obtusa Mall., and Cydia critica M.

A number of insecticides have been tested for their efficacy against
pigeonpea pests, and monocrotophos, quinalphos, carbaryl , phosalone, and
endosulfan have been found promising. In the early 1970s, ce rtain chemi-
cals of plant origin were also found effective against crop p ests.
However, natural pyrethrin and related synthetic pyrethro ids such as alle-
thrin, bioallethrin, resmethrin, bioresmethrin, cismeth rin, and ethano-
chrysanthemate are unstable in air and light. Hence the inse cticidal
properties of some photostable synthetic pyrethroids have been evaluated
by Elliott et al. (1973, 1974, 1978). Pyrethroids have a long record of
safe use, despite surprisingly high intravenous, but low or al, toxicity
to mammals (Barnes and Verchoyl 1974; Wickman and Chadwick 1975). By the
middle of the 1970s, about half a dozen synthetic pyrethroi ds such as
fenvalerate, decamethrin, permethrin, and cypermethrin became available.

These synthetic pyrethroids have been tested on a number of ¢ rops by
various researchers, e.g. by Cantu and Wolfenberger (1970) , Breese (1977),
*Punjab Agricultural University, Ludhiana, India.
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Lhoste and Piedallu (1977), Ruscoe (1977), and Sukhija et al
cotton; against Heliothis armigera, Pectinophora gossypiella,
nomus grandis by Voon and Chung (1979) on tobacco against

Collingwood and Bourdouxhe (1980) on tomatoes against H.

Dilbag Singh (1980, unpublished) on brinjal and tomatoes ag
nodes orbonalis Gues. and it armigera.

We therefore decided to test some of the available synthetic
throids against the insect pests of pigeonpea at Ludhiana, P
assess their efficacy in comparison with conventional ins

Materials and Methods

A set of eight conventional insecticides was tested during t

son of 1977, against the pigeonpea borer complex. Similarly
1978 crop season, a set of 11 insecticides, including the ei
was tested against pigeonpea borers. All the insecticide
brought down borer attack, monocrotophos, quinalphos, car

and endosulfan being the most promising. During the crop sea
a field trial was laid out with these five insecticides and f
synthetic pyrethroids—permethrin (Ambush 50 EC), cyperme
25 EC), decamethrin (Decis 2.5 EC), and fenvalerate (Sumic
The trial was repeated during the 1980 crop season (Table 1
were sprayed twice with manually operated knap-sack spraye
spray was given when the crop attained 50% flowering and the s
days after the first application.

Since the pigeonpea jassids, E. moti and E. terminalis,

tain years assume the status of serious pests, a parallel fi

also laid out during the 1979 crop season to test the efficacy
fenvalerate (Sumicidin 20 EC) in comparison with nine promi

tional systemic insecticides for the control of jassids. Th

laid out in a randomized block design (RBD), with three repli

the borer complex and four for jassids. Plot size for all tri

between 15 and 20m 2.

To assess the incidence of pod-borer damage, 200 pods from ea
were collected at harvest and examined for damage (Table 1).
have been statistically analyzed by converting the percent
using angular transformation.

In the trials for jassid control, the population of the pest
recorded with the help of a split cage (60 cm height, 50 cm dia
made of a wooden frame, covered with black cloth on all sides e
which had a glass pane. During observations, this glass sli
facing the sun, so that the jassids, being phototactic in beh
ed towards the pane, enabling counting. Jassid population w
from three spots of each replication, selected randomly, o
and one on either side of the plot. The pest population, comp
of adult jassids, was recorded twice, 48 hours and 7 days afte
ment (Table 2). The data have been statistically analyzed by
the jassid population in /n+ 1,
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Table 2. Efficacy of insecticides for the control of pigeonp eajassid.

Dose Jassid population/cage*

Treatment (a.i. g/ha) 48 hours after spray

1 week after spray

Fenvalerate 175 11 (1.42)
Monocrotophos 175 1.3 (1.53)
Formothion 175 3.0 (2.00)
Dimethoate 175 3.3 (2.03)
Methyldemeton 175 3.2 (2.03)
Quinalphos 175 5.6 (2.56)
Phenthoate 175 7.7 (2.93)
Phosphamidon 175 7.8 (2.94)
Endosulfan 175 10.5 (3.36)
Malathion 175 15.6 (3.94)
Control - 38.1 (6.20)
LSD (5%) (0.75)

6.2 (2.68)
4.5 (2.34)
3.2 (2.05)
35 (2.12)
4.2 (2.27)
6.8 (2.78)
7.9 (2.96)
8.6 (3.08)
6.7 2.76)
10.3 (3.33)
24.8 (5.73)

(0.49)

ion transformed

*Figures in parentheses denote the means of jassid populat

vVon o+ 1.

Results and Discussion

As table 1 shows, the incidence of the borer complex during 19
with conventional insecticides, was significantly lower t
treatment. During 1979 and 1980, the incidence of borers in
ments ranged from 3.5 to 12.1 and 0.7 to 22.9% in comparison
and 25.9%, respectively, with no treatment. All the pyreth
superior to the conventional insecticides in reducing bor

In the case of jassids the use of all the insecticides under
significantly better than no treatment; 48 hours after tre
erate was significantly better than all the conventional in
except monocrotophos which was at par with it. However, th
effect of pyrethroids (tested 1 week after the initial treat
lower than that of the traditional insecticides.

The results of these trials indicate that in the field the
control lepidopterous, dipterous, and heteropterous pest
more effectively than the most potent compounds of other pri
of insecticides. Elliott et al. (1978) have inferred that th

77 and 1978,
han with no
the treat-
with 15.2
roids were
er damage.

test was
atment, fenval-
secticides
e persistence
ment) was

pyrethroids

s several times

ncipal groups
e recent more

stable pyrethroids, harmless to mammals and birds and notph ytotoxic,
combine the high insecticidal activity of the earlier pyret hroids with
suitable persistence, so that they could be expected to cont rol well a
broad spectrum of plant pests. Similarly, Voon and Chung ( 1979) have
concluded that synthetic permethrin is very effective against the larvae

of many pest species of Lepidoptera, including
Collingwood and Bourdouxhe (1980) have recorded that decam

high insecticidal activity against H . amigera on tomatoes.
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1

(unpublished)
permethrin, cypermethrin, decamethrin, and fenvalerate.

observed high mortality of tomato borer H.

have obtained also confirm the findings of previous researc
pyrethroids effectively reduced damage due to the borer com
pea.

The findings of various research workers reveal that syn
throids may soon constitute a powerful group of insecticide
control. However, toxicity of pyrethroids to some benefici
including honeybees cannot be ruled out, and appropriate f

armigera with

The results we
hers that the
plex in pigeon-

thetic pyre-
s for crop pest
al insects,
ield precautions

will have to be observed in their use (Breese 1977; Elliott e tal. 1978).
Similarly, due consideration will have to be given to the cos t of applying
pyrethroids compared with conventional insecticides.
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Pests of Pigeonpea on the
Northern Coast of Peru

Oscar Soto Pflucker

Abstract

Pigeonpea is a minor crop in Peru, but of increasing impor-
tance; total area under pigeonpea at present is estimated at

480 ha. The insect pests of this crop have received little

attention. This paper reviews the available literature and

adds to the present knowledge of the status of the pests on
this  crop.

Pigeonpea,which is known in Peru as "Frijol de palo" or "lent
grown as a minor crop on te northern coast from sea level up
is usually grown in hedgerows or in small garden patches of

a hectare each. Statistics published by the Ministry of Agr
Food (1976) record that the Lombayeque and Piura regions gro
110 ha of this crop under irrigation, with yields of 1400 an
respectively, for consumption as green peas. Formerly, thi
largely ignored in spite of its relative tolerance of drough
these being two major problems in this area. More recently, b
and consumers are taking a greater interest in the crop fo
protein food is being increasingly used as a green vegetabl
rice, meat, and fish. Generally, the insect pest problems o
have been considered to be relatively small, but there are in
that some of the pests will have to be controlled with pestic

Review of Available Literature

There are only a few references to the pests of pigeonpea in
(1934) mentioned that cajanus cajan
cotton bollworm, Heliothis  virescens.
no published report on the insects of this crop until 1963, wh
culture Ministry bulletin reported "Frijol de palo" as a se

of Eutinobothrus gossypii (Pierce), a root-mining weevil that
structive pest of cotton.

Korytkowski and Torres (1966) provide us with the only deta
description of the entomofauna of this crop; a translated su
report follows.

eja," is
to 80 m. It
less than half
iculture and
w a total of
d 3000 kg/ha,
S crop was
t and salinity,
oth growers
r this high
e, mixed with
n the crop
dications
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Peru. Wille

could act as a secondary host for the
Subsequently, there appears to be

en an Agri-
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*Centro de
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Thysanoptera

Leucothrips theobromae (Thripidae) and Liothrips sp., possibly L. ilex
(Phoethripidae), are found on the lower surfaces of leaves, on buds and
flowers and inside pods when these have been damaged by podbo rers. These
thrips are not considered to be of any importance, except on newly emerged

seedlings where they can cause damage.

Homoptera

Cercopidae

Clastoptera variabilis adults are small, 3 to 5 mm long, brown-grey in

color. They are found feeding on the upper secondary branche s and jump
when disturbed. The nymphs excrete a foamy liquid which s urrounds and
protects them. Large infestations will lead to yellowing a nd even death
of the upper branches of the plant but the lower portions wil I remain
healthy.

Membracidae

Aconophora  concolor (Darninae), Enchenopa monoceros and  Spongophorus sp.
(Membracinae) can be injurious, the first being of greates t importance
because of its large populations, A. concolor adults are green, 7 mm

long, with a characteristic sharp horn projecting forward f rom the proto-
thorax. E. monoceros adults are a little larger, yellow-brown in color;

spongophorus  sp. has a similar protothoracic horn which is curved up and

back. All these insects lay masses of eggs on the basal surfac es of the
branches. The nymphs and adults feed by puncturing and sucki ng the young

branches; this causes yellowing of the upper leaves.

Cicadellidae

Two species of Cicadellidae were observed,; Empoasca fabae (Jassinae) and
Dikraneura sp. (Typhlocyhinae), the latter being more numerous and common.
The injury caused by these insects appears to be of n 0 economic importance.
Aleurodidae

Specimens were found on the lower surfaces of leaves, usual ly on older
plants. The genus and species could not be determined, but th ey were
classified in the Aleurodidae. The adults were about 2 mm lon g, yellow,
with white wings. The nymphs were black, but were covered wit h cotton-

like waxy white threads.

Coccidae

Four species Of Coccidae were found, Saissetia hemisphaerica, Ceroplastes
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sp. (Lecanunae) Hemichionaspis minor and | cerya purchasi. These could be
of economic importance. Severe attacks were seen on the bas al portions
of stems and these could result in plant death.

Coleoptera

Chrysomelidae

Cry ptocephaius castaneus (Chrysomelinae) was found feeding on foliage.
The adults were 3 to 5 mm in length, brown-yellow, with a typ ical spot on
the protothorax. The elytra had dark red punctuations. The d amage caused

by these pests is of no economic importance.

Curculionidae

Zurus  aurivilianus adults are about 4 mm long and covered with attractively
colored scales. The females lay their eggs in the pods in whi ch the
larvae develop; they are also found in buds.

Lepidoptera

Phalaenidae

Heliothis  virescens is the most injurious insect on pigeonpea. The fe-

males lay great numbers of eggs on buds, flowers, and young p ods. The
small larvae feed upon the flowerbuds and young pods. The lar ge larvae

feed on and in the large pods.

Saturnidae

The larvae of Automeris sp feed on foliage, eating the leaflet borders

and leaving a small portion around the central vein. The adul t is a large
moth, up to 80 mm long. The fore wings have three stripes and th e hind
wings each have a large circular spot. The larvae are black wi th light-

green, long poisonous hairs.

Korytkowski and Casanova (1966) recorded heavy parasitism by
Campoletis perdistinctus in larvae of H. virescens collected from pods of
Cajanus cajan in 1963-64.

Alata (1973) supplied a large list of destructive insects t hat have
been recorded on "Frijol de palo"” but none are considered to be of
economic importance.

Author's Observations

Recent observations by the author, confirmed by the farmer s, indicate
that the insect pests found on pigeonpea have changed little since 1966,
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with the exception of clastoptera variabilis, which is now found more

frequently.

Eutinobothxus gossypii was also found in the 1979-80 summer, with
larvae injuring the roots of this crop in an area of cotton, wh ich was
also severely infested. This is the first reported case o f such damage
since 1963, and the injury to the pigeonpea was not much. It does confirm,
however, that pigeonpea can act as a secondary host for thi s pest which

was formerly serious only on cotton.

The adults of E. gossypii are up to 3.5 mm long, dark red or black.

The head is tucked under the protothorax, which is covered wi th punctu-
ations and hairs. The elytra are furrowed with lines and als o have punc-
tuations and hairs. The adults cannot fly and they feed on fo liage and
stem bark. The females lay their eggs beneath the bark near th e soil
surface; taking advantage of bark wounds, the larvae, whic h are yellowish
white with a dark brown head, feed and form galleries betwee n the phloem
and xylem. The life cycle is about 1 month on cotton in the sum mer time

and is probably similar on pigeonpea.

It appears that Heiiothis virescens attacks on pigeonpea are in close
relation to the attacks on cotton. In recentyears, cotton-g rowing areas
have diminished because of droughts, and infestations of H. virescens have
also decreased. It is also possible that the entomofauna on pigeonpea
grown near cotton is affected by the aerial application of pe sticides on
the crop. This can also be expected to affect parasitism leve Is, but it
is Still possible to find Campoletis perdistinctus in  H. virescens larvae

on the cotton.
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Seasonal Occurrence and Population Dynamics
of tur Pod Bug, Clavigralla gibbosa Spinola

V.K. Mishra and S.C. Odak*

Abstract

Studies at Jabalpur, Madhya Pradesh, India, showed that the tur
(pigeonpea) pod bug, Clavigralla gibbosa Spin., remained active
from 1 October 1978 to 14 Aprii 1979 and fed on maturing crops

of pigeonpea in succession. As one crop matured, the bug migra-

ted to another crop bearing flowers and green tender pods. The

weather appeared to play an important part in regulating the

populations of the pest. Nymphal colonies of the bug were killed

by heavy precipitation. It was found that different meteorolo-

gical parameters appeared to influence the population buildup of

pod bug, either singly or in combination. Average temperatures

ranging from 21 to 26°C in combination with average humidities

ranging from 35 to 75% and a little rainfall were found to be

most conducive for the population buildup. Maximum temperatures

below 24°C and above 34°C, average temperatures below 21°C and

above 26°C, average humidities below 35 and above 75% and heavy
rainfall adversely affected the populations.

The tur pod bug, clavigralla gibbosa Spin., is one of the important pod-

damaging insects of pigeonpea, cajanus cajan (L.) Millsp. Next to the

grain pod borer, Heliothis armigera Hb., and podfly, Melanagromyza obtusa
(Mall.), it is the most serious pest causing losses to pigeon pea in Madhya
Pradesh (Odak et al. 1976). Feeding by nymphs and adults of th is bug
causes premature shedding of flower-buds, flowers and pods , deformation of
pods, and shriveling of grains, resulting in substantial | osses to pigeonpec

crops. (Bindra 1965; Mishra and Odak 1979).

The activity of this pest on pigeonpea has been reported fro m October,
or pod formation, to the maturity of the crop (Gangrade 1961 ; Kapoor 1966;
Chaudhary 1967, 1973; Bindra and Harcharan Singh 1971). The re is little
or no literature reporting the activity of this bug on pigeon pea types of
different maturities. Studies on the population dynamics o f other bugs,
including coreid and lygaeid bugs (Vema et al. 1978) and the g reen stink
bug, Nezara viriduia (zZile Singh 1973), are available. But only one report
is available on the population of dynamics of the tur pod bug , in a study
*Jawaharlal Nehru Krishi Vishwa Vidyalaya, Jabalpur, M.P ., India.
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of the seasonal occurrence of all pests of an early pigeonpea
and Singh 1978).

The present study was therefore conducted to determine the
and seasonal occurrence of tur pod bug on early, medium, and |
pigeonpea. Its population fluctuation in relation to diff
gical conditions was also studied to determine the conditi
development and multiplication of the pest.

Materials and Methods

Population counts of the tur pod bug, c. gibbosa,
biweekly observations on the number of eggs, nymphs, and ad
domly selected plants of each maturity group of pigeonpea
medium (No.148) and late (NP[WR]-15 and GWL-3) each grown on
in the same field of the Livestock Farm of J.N. Krishi Vishwa
Jabalpur. Observations were taken during the period from

14 Apr 1979.

The average weekly populations of eggs and bugs (total of nym
adults) per 25 plants were calculated and are presented in Ta
with the average weekly meteorological data. The weeks from
to 14 Apr 1979 were represented as standard weeks.

Results and Discussion

The bugs were first recorded on the early-maturing crop of pi

the last week of September 1978. Regular observations wer
started from the first week of October, i.e., the 40th standa
nymphs, and adults of the bug were recorded on the early type f
40th to the 51st week; on the medium type from the 45th to 5th we
on the late type from the 4th to the 15th week (Table 1). Gangr
Bindra and Harcharan Singh (1971), and Chaudhary (1973) ha

the activity of the bug to continue from October, or pod forma
harvest of the crop. Kapoor (1966) and Chaudhary (1967), how
ted its activity beginning the last week of November.

It was observed that the pest appeared in sequence in these va
maturity crops of pigeonpea. No sooner had one crop started m

the bugs migrated to the next crop bearing flowers and green p
Thus the population seemed to be influenced primarily by the
crop, and there was a dispersal throughout the active season
seeking crops with buds, flowers, and/or developing pods.
(1978) also recorded a direct relationship between the abun
lygaeid bug and the number of flowers on its host plants.

During the first 7 weeks, i.e., from the 40th to 46th standa
there was a progressive increase in the number of eggs and pop
nymphs and adults. During this period, maximum temperature
between 30 and 31.8°C and average temperatures between 22.5
while the average relative humidity showed a decreasing tre
58.3% in the 46th week, and rainfall was very light.
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There was an abrupt reduction in the number of eggs, nymphs, and

adults during the 49th and 50th weeks, probably because of he avy rainfall
during the 48th and 49th weeks. The early instar nymphs might have been
knocked down and killed by the heavy rain, resulting in redu ced bug popu-
lations on the early- and medium-maturing crops during the 49th to 51st
weeks. From the 52nd week onwards, the population of the bug s tarted
decreasing on the medium-maturing crop, perhaps because of the very low
average temperatures (below 20°C). Further reduction in th e number of
eggs, nymphs, and adults on the medium-maturing crop from the third week
onwards may be attributed both to rainfall and to the matu rity of the crop.
On the late-maturing crop, it was probably the rainfall tha t kept the
population of nymphs and adults low from the fifth to the e igth week.
From the ninth week onwards, there was an increase in the bug p opulation,
which may have been caused by the higher average temperat ures and scanty
rainfall in the preceding weeks. Singh and Singh (1978) rep orted the
effect of rainfall during the preceding period on the popul ation buildup
of insect-pests of pigeonpea, including c. gibbosa. During the 14th and
15th weeks, there was again a maturity effect, coupled with very low humi-
dity (below 35%) and very high average temperature (above 30°C), which

adversely affected the bug population on the late-maturing crop of
pigeonpea.

It is thus evident that average temperatures ranging from 21 to 26°C,
coupled with relative humidities ranging from 35 to 75% an d light rainfall,
favor the development and multiplication of C. gibbosa. On the other hand,
average temperatures below 21°C or above 26°C and very high or very low
average humidities (above 75 or below 35%), coupled with hea vy rainfall,

adversely affect the populations of the bug.

Of the various meteorological factors considered, rainfal | seemed to
have the greatest influence on the population buildup of the pest. A
little rainfall was conducive to the development of the bug whereas heavy
rainfall reduced the populations. Zile Singh (1973; also r eported a
similar effect of heavy monsoon rains on the population of Nezara viriduia
on soybean. Singh and Singh (1978) on the other hand, report ed that uni-
formly distributed rainfall influenced the population bui Idup of c.
gibbosa on early-maturing varieties of pigeonpea. Their findings regarding
the favorable influence of a higher range of temperature (ar ound 28 * 2°C)
and a higher range of humidity (80 + 5%) on pest buildup of pig eonpea are
similar to those reported in the present study, which also ag ree with the
findings of Verma et al. (1978) on a coreid bug, Leptocorisa acuta.
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Populations of Cowpea Group Rhizobium

in Semi-Arid Tropic Soils

J.V.D.K. Kumar Rao and P.J. Dart*

Abstract

The numbers of cowpea group of Rhizobium, which nodulate
pigeonpea in some Alfisol and Vertisol fields at ICRISAT
Center, were estimated by the most probable number (MPN)
method, using a serial dilution-plant infection technique
with siratro  (Macroptylium atropurpureum) in test tubes.
Pigeonpea, especially the small-seeded cultivar ICP-7332,
grown in test tubes was also found to be suitable for the

MPN method. There was wusually a large variability in Rhizobium
numbers between sites within fields. Generally, the Alfisols
contained more rhizobia than the Vertisols. Soil type and

depth also affected the population. Some soils on ICRISAT site

had fewer than 100 cowpea rhizobia per gram soil.

There have been some reports of pigeonpea nodulating poorly in field
surveys (Rewari 1979; IARI 1971; Kumar Rao and Dart unpubli shed).

In establishing the need for legume seed inoculation in any s ituation,
the natural occurrence of the appropriate nodule bacteria i s a valuable
diagnostic aid. Many determinations have been made of Rhizobium  numbers
in arable soils in temperate regions. sin New York soils, R. leguminosarum
numbers ranged from less than 10 to 10 °/g, whereas the numbers of JR.
trifolii ranged from 2500 to 10 6/g (Wilson 1939). Weaver et al. (1972)
found a widerange in the counts of R. japonicum (from less than 10 to
more than 10 ®/g of soil) in soils at 52 sites in lowa. As far as we know,
there are no such studies made in tropical regions. The prese nt study
reports the number and distribution of the cowpea group of Rhizobium,
which are generally known to nodulate pigeonpea in some Alf isol and Verti-
sol fields typical of the semi-arid tropics, in an attempt to help us
predict the response to Rhizobium  inoculation.

Materials and Methods

Soil samples were collected as follows:

1. A split soil-sampling tube of diameter 2.5 cm and 45 cm len gth wa
used to collect samples from 0-30 cm depth when the soil was
relatively loose. Sampling caused little soil compression

S

*Pulse Improvement Program, ICRISAT.
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2. Pits were dug manually up to the desired depth when the saoil was
hard, e.g., the Alfisols in the dry season.

3. When the soil was not hard, a Gidding's mechanical corer ( 4 cm
dia) was used to collect samples to a depth of about 160 cm.

4. Some pits were dug by a mechanical shovel.

After collection, soil samples were refrigerated until ana lysis.
Populations of cowpea group rhizobia in each sample were es timated using
a serial dilution-plant infection-most probable number me thod with siratro
(Macroptylium atropurpureum) as the test plant. Siratro seedlings were
grown aseptically from sterilized seed sown in 18 x 150 mm tes t tubes
containing Jensen's nitrogen-free agar medium (Vincent 1 970). Each tube
was inoculated with a 1-ml aliquot of a tenfold serial dilut ion of soil
and incubated in a light chamber with a 16-hr light and 8-hr d ark period
at a temperature of 28 + 2°C for 30 days. The most probable numb ers of
rhizobia present in the soil samples were estimated from the pattern of
nodulation that developed, using suitable tables develop ed from Fisher and
Yates (1963) or Brockwell et al. (1975). Rhizobial populat ions are ex-
pressed as log 10 MPN per g dry weight of soil. Moisture percent of the
soil samples was estimated by drying to a constant weight i n a hot air

oven at a temperature of 105°C.

Siratro is normally used as a trap host for cowpea rhizobia. Initial
tests of pigeonpea as a trap host favored the use of a small- seeded culti-
var, ICP-7332, but subsequently ICP-1 was also found to grow and nodulate
satisfactorily in 25 mm x 200 mm tubes. During the latter sta ges of these
investigations it was found that some isolates from siratro nodules did
not nodulate pigeonpea. In view of this apparent specificit y, it is
possible that numbers of rhizobia infecting pigeonpea may b e overestimated.

Results and Discussion

Rhizobium Distribution in Different Fields

During September 1976, soil samples of 23 different fields comprising 15
Vertisols and 8 Alfisols at ICRISAT Center were collected. F rom each
field, four samples each weighing about 100 g,were collecte d at random
from within a 0.1 ha area from the top 0 to 30 cm depth and mixed w ell.
From this, a subsample of 100 g was used for counting Rhizobium popu-
lations and measuring the moisture content. The informati on on standing
crops and the Rhizobium  populations and moisture content are presented in

Table 1 and Table 2. Generally, Alfisols contained more rhi zobia than
the Vertisols, 5 out of 15 Vertisol fields examined had fewer than 100
rhizobia/g of soil. In Alfisols, the population was general ly more than
10* and could be as high as 10 ® rhizobial/g of soil. In both the Vertisols

and Alfisols examined, the Rhizobium population does not appear to be

related to the moisture content as populations of about 10V g of dry sail
were observed when the moisture content was as low as 4.8% in t he Vertisol
and 2.8% in the Alfisol. At 15 bar pressure, these Vertisols ¢ ontain
about 20% water (w/w) and the Alfisols about 7%. Similarly, there was no
relation between Rhizobium count and the type of crop, be it a legume or
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a cereal, or intercropping.
high as 10
cation that the cowpea group of rhizobia possessed a high de
phytic competence in some situations, i.e., the ability to
absence of the host plant.
reasons for very low populations in some of the Vertisol fiel
salinity is probably one of the factors responsible for the

observed in field B-10 (E.C. = 3.5 m mhos/cm).

In the fallow field, the populat
4/g dry soil and comparable to cropped fields.

At the same time, it is hard to unde

Similarly, t

relatively high Rhizobium numbers in Alfisols are also not ¢

ion was as
This is an indi-
gree of sapro-
survive in the
rstand the
ds, although
low numbers
he reasons for

lear.

Table 1. Populations (MPN) of cowpea group rhizobia in some V
Center, Hyderabad, India, rainy season, 1976.

ertisolsatICRISAT

Field Log 1o MPN % Moisture Crop or crops at sampling time

BW-2 6.07 25.2 Maize/pigeonpea intercrop

BA-25 5.09 34.0 Pigeonpea

ST-1 5.08 31.8 Pigeonpea

BW-4 4.27 25.3 Fallow

BW-7 4.26 23.0 Maize/pigeonpea intercrop

B-5 4.25 22.0 Pigeonpea

M-14 4.19 4.8 Sorghum/pigeonpea intercrop

BW-6 3.71 21.4 Maize

BW-3 3.26 24.7 Maize/pigeonpea intercrop

B-2 3.08 29.1 Pigeonpea

B-4 2.29 29.0 Pigeonpea

BW-5 2.28 26.1 Maize

BW-8 2.02 15.5 Maize/pigeonpea intercrop

B-10 1.68 18.3 No crop (saline soil)

BW-1 0.00 21.4 Maize/pigeonpea intercrop
Mean 3.44

Table2. Populations (MPN) of cowpea group rhizobia insome A

Center, Hyderabad, India, rainy season, 1976.

lfisolsatICRISAT

Field Logio MPN % Moisture Crops at sampling time
RW-2D 5.4 8.5 Pigeonpea
RA-17 5.01 11.0 Pigeonpea
RA-25 5.03 15.5 Pigeonpea
RW-2 4.99 5.4 Millet/pigeonpea intercrop
R-10 4.98 2.8 Pigeonpea
RA-26 4.66 8.1 Pigeonpea (healthy)
RA-26 4.21 9.6 Pigeonpea (unhealthy--mosaic virus)
R-1 4.21 10.7 Pigeonpea
Mean 4.81
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Variability in Rhizobium Numbers within Fields

In order to study the distribution and variability in popula tions of cow-
pea rhizobia, soil samples were collected from different A Ifisol and
Vertisol fields of ICRISAT Center as follows: nine sites in a n area of
0.1 ha in each field were sampled at three different depths~0 to 10 cm,
11 to 20 cm, and 21 to 30 cm—per site. Thus a total of 27 samples p er
field were collected and analyzed. The mean numbers and rang es (log MPN
g-1 soil) of rhizobia estimated at various depths from nine sites within
each of two ICRISAT fields in March-April 1977 were as follow S:
0-10 cm 11-20 cm 21-30 cm

Vertisol 3.65(2.76-4.26) 3.69(2.23-5.26) 2.72(1.23-3.77)

Alfisol 4.55(3.23-5.26) 4.72(4.26-5.26) 4.83(4.26-6.26)
In general, there is great variability in Rhizobium numbers between depths
at a given site, and a given depth between sites within a fie Id. A similar
trend was observed in the other fields examined. The reasons for such
variability in Rhizobium  numbers within a given field are not clear, al-
though variations in effectiveness of field populations of R. trifoliii

were reported by Gibson et al. (1975).

Soil Depth and Rhizobium Numbers

Pigeonpea is a deep-rooted crop, and roots can grow to a dept h of 200 cm.
We examined the distribution of Rhizobium at soil depths ranging from 0 to
160 cm at different sites (Table 3).

Table 3. Population of cowpea group rhizobia jloglOMP N g 1 dry wtsoil) atdifferent
depths of two Alfisol and two Vertisol fields.

Soil depth Alfisol Vertisol
(cm) Field A * Field BP® Field C °© Field D ¢
0-5 320 (9.7) ¢ 4.53 " (9.4 3.23 (20.6) 5.40 f (21.4)

5-10 431 (10.2) 3.17 (25.2)

20-30 5.02 (6.9) 3.97  (9.2) 3.77 (24.1) 491 (20.9)

50-60 4.67 (11.0) 2.48 (11.7) 2.77 (28.3) 4.64 (14.1)
100-110 4.22 (13.0) 1.68 9 (11.5) 1.57 (33.7) 3.04 9 (12.9)
150-160 3.32 (13.3) 0.00 (17.0) 1.62 (29.8) 2.80 (19.0)

a. Average of two replications on a 4 x 16 m grid covering 0.1 h a in RW2b
field, ICRISAT Site, Patancheru.

b. Average of ten replications in nursery field, ICRISAT, Pa tancheru.

c. Average of four replications on a 4x16 m grid covering 0.1 ha in BW-4
field, ICRISAT Site, Patancheru.

d. Average of three replications in M-11 field, ICRISAT Site, Patancheru.

e. Value in parentheses is moisture percent of sample on a dry wt basis.

f. Sample collected from 0-10 cm soil depth.

g. Sample collected from 90-100 cm soil depth.
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In one Alfisol field, the Rhizobium  population was less affected by

soil depth, remaining high (10 4/g dry soil) throughout the profile, with

a slight reduction at a depth of 150 to 160 cm (10 8/g). In another field,
however, the population declined with depth, the reduction being more pro-
nounced below 100 cm in the soil profile. Similar patterns ha ve been
observed in Vertisol fields. Itwould be difficult for pigeo npea to nodu-
late at lower depths in those fields where Rhizobium numbers declined with
depth. It is not known whether pigeonpea rhizobia would trav el along with
the root system in the rhizosphere as the root grows through t he soil.
Studies on pigeonpea rhizosphere and nonrhizosphere coun ts of cowpea group
Rhizobium indicated that there was a marked rhizosphere effect of pig eon-
pea on cowpea rhizobia, numbers increasing from 1.3 x 10 3/g in the bulk

soil (mean over 110 cm depth) to 91 x 10 “lg (Table 4).

The present study on distribution of cowpea group rhizobia i n soils
indicated that the populations varied in the same field and also with soil
type and depth. Hence seed inoculation with an effective Rhizobium is a
prerequisite for good nodulation especially in those soils having few
rhizobia. Even in those soils where the soil rhizobial popul ations are
relatively high, it is currently considered advisable to i noculate the
seed at sowing, as an insurance against poor nodulation, pa rticularly in

view of great variability observed in the same field.

Table 4. Population of cowpea group rhizobia (log 10 MPN g? drywtofsoil) in
rhizosphere and nonrhizosphere of pigeonpeacv ICP-1 gro wnina
Vertisol, kharif1978.

Soil depth (cm) Rhizosphere Non-rhizosphere
0- 20 5.71 4.01
20- 30 7.27 2.29
30- 40 6.15 4.28
40- 50 4.34 3.60
50- 60 4.73 3.79
70- 80 4.34 2.89
80- 90 4.31 2.29
90-100 2.90 2.66
100-110 5.19 3.17
Mean 4.96 3.12
ICP-1 inoculated with Rhizobium at sowingtime and sampled 180 days after
sowing.
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Evaluation of Cajanus cajan (L.) Rhizobia

J.S. Dahiya, A.L. Khurana, and S.S. Dudeja*

Abstract

Five Rhizobium isola tes, PBH8/7, PBH8/2 (HAU), F-4 (IARI),
IHP-159, and IHP-149 (ICRISAT) were selected for testing
under pot culture and field conditions. Based on nodule
number, nodule dry weight, plant nitrogen, nitrogenase acti-
vity, and grain yield, isolate PBH-8/7 was found to be the

most effective. The ability of PBH-8/7, F-4 and IHP-149 to
compete with native rhizobia on cv UPAS-120 was studied by the
immune diffusion technique in pots with unsterilized soll

from the same field where the field experiment was laid out;
PBH-8/7 isolate was found to have the best competitive

ability over native rhizobia.

The legume-.Rhizojbium symbiosis is probably the major so urce of fixed nitro-
gen on a global basis. Pigeonpea is infected by rhizobia taxo nomically
grouped with the cowpea miscellany group. The success of th e inoculant
strain depends upon the efficiency and competitive domina nce. Once a
strain becomes established in the soil, it is difficult to replace com-
pletely with a more suitable one. A survey of pigeonpea gr owing areas
has revealed that in general the nodulation status with rega rd to native
rhizobia is poor. It is important, therefore, that an effic ient culture
be screened and used, particularly when the crop is being ne wly introduced

to this area.

Among kharif (rainy-season) pulses, pigeonpea has the highest yield

potential. This kharif legume is grown mainly as a border cr op or mixed
crop in the irrigated or relatively high rainfall areas of Ha ryana State.
However, the cultivation of the late-maturing varieties is limited to
Gurgaon and Ambala districts. In recentyears, with the rele ase of two
early-maturing varieties, Prabhat and UPAS-120, sole-cr op pigeonpea culti-
vation is gathering momentum in the state, and the area und er this crop

is steadily increasing. The present investigation was cond ucted with the
objective of selecting the most efficient and competitive r hizobial strain

suited to local agroclimatic conditions.

*Department of Microbiology, Haryana Agricultural Unive rsity, Hissar,
Haryana, India.
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Materials and Methods
Cultures

Three standard pigeonpea rhizobia isolates were obtained f
Hyderabad (IHP-149, IHP-159), and IARI, New Delhi (F-4)
tures under study were PBH-8/7 and PBH-8/2, isolated from
All inocula were prepared as single strains in a charcoal bas
cell suspension.

Screening Experiments

These were conducted in modified Leonard jars (Leonard 1943
"chillurn” jars in which the normal inverted bottle is repla
earthenware container of essentially similar shape. Use of
allows for cooling of the assembly by evaporation from the
surface. Measurements in summer have shown reduction of soi
from 46.5°C to 34°C.

Seeds of pigeonpea cv UPAS-120 were rinsed with 95% ethanol

lized mercuric chloride and washed thoroughly. Prior to sow

were treated with a thick Rhizobium suspension of each isolate.

seeds were planted in each unit and thinned to five after germ
Sterilized Jensen's (1942) nutrient solution was supplied
2-day intervals.

Pot Experiments

Surface soil was collected from the field where the subsequ
periment was laid out. Clay pots 25 cm in diameter, holding 4.
each,were used. A basal dose of superphosphate 40 kg P205/ha
to the soil at the time of sowing. Seven seeds sown into each of
replicate pots were reduced to five after germination. Inoc

of cv UPAS-120 were first treated with molasses solution an

with charcoal-based inoculants of each Rhizobium strain.

sampled 60 days after sowing for nodule number, nodule dry we
dry weight, and plant nitrogen. The plants and nodule sample

at 80°C.

For the competition study in which three strains were used,
from each treatment were collected and all the nodules remov
were isolated from each individual nodule by streaking the
fluid on yeast extract mannitol agar plates, and isolates we
at 4°C on plates. Titer value of antisera developed against P
and IHP-149 by using Kremer and Wagner's (1978) protocol for
was determined by the standard tube agglutination method. T
values were 1/12,800, 1/64 00 and 1/6400 for PBH-8/7, F-4, an
respectively.

Field Experiment

A field experiment was conducted during the kharif season (J
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1978 to observe the effect of the same five strains of pigeonp ea rhizobia

on grain yield of cv UPAS-120. The experiment was sown at Har yana Agri-
cultural University, Hissar, in a randomized block design with three repli-
cations. The plot size was 5m x 2 m > with rows spaced 50 cm and plants
spaced 20 cm apart. A basal dose of P205 at the rate of 40 kg/ ha was

given to each treatment.

Plants were sampled from each replicate 60 days after sowing , and the
same measurements made as in the pot experiment.

Nitrogenase Assay

Nitrogenase activity of nodule samples was measured by acet ylene reduction
assay (Hardy et al. 1968). Nodules were removed gently from t he roots of
pigeonpea plants of each treatment sown in pots, washed, dri ed in folds

of filter paper, weighed to record nodule fresh weight, and t ransferred
to screw-capped 20-ml test tubes fitted with a serum cap or se ptum. One
ml of air from each tube was taken out and 1 ml of acetylene was injected
with a syringe. These tubes were incubated at room temperatu re for half
an hour, then tested for acetylene reduction by gas chrom atography, using

a flame ionization detector.

Experimental Results and Conclusions

Screening Experiments

In view of previous problems with obtaining nodulation usi ng the usual
modification of the Leonard jar technique under our conditi ons, initial
screening was done with both Leonard jar and chillun jar. Th e screening
was done on five strains during July-September in a screenh ouse. On the
basis of nodule number, nodule dry weight, plant nitrogen, and plant dry
weight after 45 days, PBH-8/7 was ranked first in both assemb lies, although
superior results obtained with chillun jars are shown in T able 1.

Pot Experiments

PBH-8/7 was ranked best on all criteria (Table 2) and was sign ificantly
superior to the other strains in nodule number and dry weight , shoot dry
weight, and shoot nitrogen. All the other strains gave comp arable results

and were superior to the uninoculated control.

The ability of these strains to compete with the native soil s trains
was also examined in pots.

Observations recorded by the immune diffusion method are summarized
in Table 3. The results indicated that 81.48%, 71.05%, and 69.05% of the
nodules formed in inoculated pigeonpea plants were by isola te PBH-8/7,
F-4, and IHP-149,respectively. Thus it was inferred that is olate PBH-8/7
possesses the highest competitive ability over native rhiz obia.
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Table 3. Competitiveness of inoculated pigeonpea rhizobia with native rhizobiaunder

pot culture conditions studied by immune gel diffusion tech nique.

Number of Number of Number of

nodule homologous heterologous
Isolate no. isolates isolates isolates % homology
PBH-8/7 (HAU) 54 44 10 81.48
F-4 (IARI) 38 27 11 71.05
IHP-149 (ICRISAT) 42 29 13 69.05
Control 5 5

Field Experiment

In all the treatments there was a significant increase in gr ain yield

over the uninoculated control. The maximum grain yield was observed with
treatment PBH-8/7 (2700 kg/ha), which was a 45% increase ov er the unino-
culated control, and the strain was again superior on all oth er criteria
(Tabled).
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Field Populations of Rhizobia and
Response to Inoculation, Molybdenum
and Nitrogen Fertilizer in Pigeonpea.

A.L. Khurana and S.S. Dudeja*

Abstract

In farmers' fields and soils collected from these fields in

Haryana, nodulation of pigeonpea was generally poor. On one
field at Haryana Agricultural University (HAU), the applica-

tion of molybdenum or inoculation increased nodulation, total
plant nitrogen, total dry matter and grain yield significantly;
however, the interaction of molybdenum and inoculation was non-
significant. Nitrogen application did not produce significant
nodulation or grain vyield responses, although positive trends
were present.

Among the kharif pulses grown in India, pigeonpea is th e most important.
With the release of early-maturing varieties (UPAS-120, Prabhat, and
T-21) that have the potential to replace a part of the area i n cotton,
bajra, and other kharif crops, its cultivation is gainin g momentum in
Haryana, Punjab, and Rajasthan. Intensive research work is under way
to study various aspects of increasing production of thi s crop. Seed
inoculation with efficient strains of pigeonpea rhizob ia to establish
an effective | egume-Rhizobium symbiosis is one of the cheapest and most
important inputs in pulse cultivation. Molybdenum may lim it nitrogen
fixation, since it is required in greater amounts for symbi otic nitrogen
fixation than for host legume growth under all circumsta nces (Robson 1978).
Increased yield with application of molybdenum along wi th inoculation in
different pulses are reported by several workers (Hula mani et al. 1972;
Dhillon et al. 1977; Kabeerathumma et al.1977). Respon se of the pigeonpea
crop to inoculation and nitrogen fertilizer is also var iable, depending on
the native rhizobia present in the soil and its nitrogen level. There-
fore the present report deals with the field population of rhizobia and
response to inoculation, molybdenum, and nitrogen ferti lizer under field
conditions.
* Department of Plant Breeding, Haryana Agricultural Unive rsity, Hissar,
India.
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Distribution of Native Pigeonpea Rhizobia

The formation of nodules on pigeonpea by native rhizobia was

survey of farmers' fields in the districts of Hissar, Bhiwa

garh, Ambala, Gurgaon, and Sirsa in Haryana. Soil samples (

were also collected during 1977-80 from various locations
Bhiwani, Mohindergarh, and Rohtak district, where pigeonp

during the kharif season. The soil samples were moistened a
polythene bags and pigeonpea seeds (UPAS-120) were sown i
and allowed to grow. After 45 days, the plants were uprooted a
degree of nodulation was determined. The majority of the so

produced few nodules; by the same criterion, the nodulation
plants observed in farmers' fields was considered poor (Tab

in Haryana So ils

studied in a
ni, Mohinder-
top 15 cm soil)
of Hissar,
ea was growing
nd placed in
nto these bags
nd the
il samples
status of
le 1).

Table 1. Modulation status of pigeonpeagrown infarmers' fi
from Haryana.

elds and in soils collected

Nodulation status

District Poor Moderate Good
F s F F S
Hissar 8 112 1
Bhiwani 3 61 1
Sirsa 4
Ambala 5
Mohindergarh 3 39 2
Gurgaon 3
Rohtak 36
Poor = Nodule number below 10;

Moderate=e Nodule number 11-20;

Good = Nodule number 21-30.

F = Farmers' field; S = Soils collected from various distric

ts.
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Response of Pigeonpea to Molybdenum

A field trial was conducted with cv UPAS-120 at HAU Farm, His
farm soil was of pH 7.4 with organic carbon 0.27%, medium nitr
phosphorus levels, and high potassium levels. The effect of

in the form of sodium molybdate as used by Iswaran, Rao, and S
Dhillon et al. (1977), and Kabeerathumma et al. 11977) (at O
was evaluated. Molybdenum (at 0.45 kg/ha) was applied in soi
the seed, and foliar spray (at 1.25 kg/ha) was done after 15 da
planting. A basal dose of 40 kg P205/ha was added at sowing ti
seeds were inoculated with strain F4 (IARI, New Delhi) and st
(HAL), Hissar). The treated seeds were sown in randomized pl
5x 4 m 2 atthe seed rate of 15 kg/ha in four replications. Spacing
between rows was 50 cm and between seeds in the row, 20 cm.

Observations on nodule number and nodule dry weight were rec
after 45 days. The plant nitrogen was estimated by the micro-
method (AOAC 1955). The crop was harvested after 131 days. Th
indicated that there was a significant increase in nodule n
dry weight, total plant nitrogen contents, and total dry-m
by inoculation either alone or in combination with molybde
The increase in grain yield with application of molybdenum o
inoculation was significant; however, their interaction w
ficant (Table 3). The increase in grain yield with strain F4
(32.6%) than with strain PBH 8/7 (23.5%) in combination wit
(soil and foliar application). Pigeonpea responded more to
tion of molybdenum as compared with foliar application. No t
of foliar spray on plants was observed.

Response of Pigeonpea to Nitrogen

A field experiment was planned to observe the response of pig
nitrogen with and without inoculation. The seeds of pigeon

were inoculated with a peat-based culture of the F4 strain, a

N/ha in the form of urea and a basal dose of 40 kg P205/ha as .a s
superphosphate were supplied. The field soil was sandy loa

pH 7.4, soluble salts (EC) 0.24 mmhos/cm with organic carbo
levels of nitrogen, phosphorus, and potassium were 323, 47,
acre, respectively. The observations on nodule number, nod
and plant nitrogen were recorded after 40 days of sowing.

A trend towards slightly higher nodule number and nodule dr
with inoculation was not significant (Table 4). Similarly,
per plant tended to be higher than in the noninoculated cont
trends towards increased yields with either inoculation o
cation were evident, but results were not significantly dif
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Table 3. Effectof molybdenum application and

Rhi zobi uminoculation on grain yield of

pigeonpea.
Treatment . Grain yield (kg/ha)
Uninoculated PBHS8/7 F4 Mean
No Molybdenum 1141 1268 1232 1214
Soil Molybdenum 1178 1341 1503 1341
Spray Molybdenum 1159 1250 1449 1286
Soil + Spray Molybdenum1268 1404 1513 1395
Mean 1187 1316 1424
Ino Mo Ino x Mo
SE 0.22 0.26 0.45
LSD(5%) 0.64 0.74 NS
Table4. Response of pigeonpea to nitrogen and Rhi zobi uminoculation.
Nodule Nitrogen Increase
Nodules/ dry wt/ uptake/ Yield in yield
Treatment
plant plant plant (kg/ha) over control
(mg) (mg) (%)
Noninoculated 5915 12.1 +4.0 51.75 1941
control
Inoculation 7.0+£1.1 15.3+2.0 73.75 2341 20.6
25 kg N/ha 5.0+1.3 12.8+3.0 70.50 2254 16.1
Inoculation + 6.4+1.8 13.5+3.2 67.83 2223 14.5
25 kg N/ha
SE 0.349
LSD(5%) NS
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Studies on the Response of Early-Maturing

Cultivars of Pigeonpea to Rhizobial

B.R. Gupta*

Abstract

In  field studies conducted at Kanpur, India, inoculation of

pigeonpea cultivar Prabhat responded to rhizobial strain

with  significantly increased grain vyield during kharif 1975.
During kharif 1976, pigeonpea c¢v T-21 responded significantly
to six Rhizobium strains, KA-1, Bactofel, E-6, E-2, E-3,
KA-8. During kharif 1978, under demonstration trials on
cultivators' fields, inoculation of cv T-21 with strain KA-1
and addition of phosphate increased grain yield by 167 and

175 kg/ha at two sites.

India is the major producer of pigeonpea and contributes mor
the total world production (Sharma and Green 1975). Inocula
crops with effective strains of rhizobia has now become a co
in temperate and tropical countries for getting optimum yi
However, in some cases the inoculation response is meager an
which warrants constant efforts to find more efficient stra

In the present investigation, some rhizobial strains have b

for their effectiveness under natural field conditions on t

vars of pigeonpea, Prabhat and T-21, grown in Uttar Pradesh
strain obtained has been demonstrated on cultivators' fie
performance in association with phosphate application.

Materials and Methods

During kharif 1975, five Rhizobium strains (E-2, E-3, E-4, E
were tested on cv Prabhat under field conditions at Researc
(Kanpur). During kharif 1976, the same strains plus a furth

Inoculation

e than 90% of

tion of pulse

mmon practice
elds of pulses.

d uncertain,
insof rhizobia.
een screened
wo early culti-

The best
Ids for its

-6, and KA-1)
h Station Pura
er two strains

(Bactofel and KA-8) were tested at the same station on cv T-21 A basal
dose of 50 kg P205/ha in the form of single superphosphate was applied.
During kharif 1978, two demonstrations as unreplicated tri als were conduc-
ted in the villages of Tons and Singaranpurwa in Kanpur distr ict with T-21
and strain KA-1. Inoculation response was adjudged with and without

* C.S. Azad University of Agriculture and Technology, Kanpu r, India.



phosphate at the rate of 50 kg P205/ha as single superphospha
sites, the soil was sandy loam in texture, pH 7.0 to 7.5, total
ranging from 0.040 to 0.058 and available P from 4.0 to 6.8 p
demonstrations, nitrogen at the rate of 10 kg N/ha was given i
of urea, applied basally.

Results and Discussion

Considerable variations among strains was observed in the
response of the crop (Table 1). In 1975, with cv Prabhat, only
KA-1 increased the yield significantly over no inoculatio

during 1976, with T-21, six strain, including KA-1, were eff
native flora. Strains E-3, E-4, and E-6 were effective with T
but ineffective with Prabhat in 1975, showing the specific
action between pigeonpea cultivars and rhizobial strains.
interaction between variety and strain has also been report
pulse crops (Bajpai and Gupta 1977). This finding suggests t
should be screened for a particular cultivar, although str
should be made during the same season to avoid further intera
dates. The strain KA-1 appeared to be a broad-spectrum strai

In demonstration trials (Table 2), inoculation of pigeonp
with strain KA-1 increased the yield by 125 and 175 kg/ha wit
phosphate at one location and 95 and 167 kg/ha at the other loc
the same order, respectively, indicating thereby that effi
Rhizobium was increased by the phosphate application. The r
that full benefit of inoculation can best be achieved when th
is fertilized with phosphorus.

te. At all
nitrogen
pm. In the
n the form

inoculation
strain
n. However,
ective over
-21 in 1976
ity of the inter-
A significant
ed in other
hat strains
ict comparisons
ction with
n.

ea cv T-21
hout and with
ation in
ciency of
esults suggest
e pigeonpea

Table 1. Strain variability of pigeonpea rhizobia in relati

on to crop response.

Kharif 1975 (cv Prabhat)

Kharif 1976 (cv T-21)

Strain Yield (kg/ha) Strain Yield (kg/ha)
Uninoculated 1200 Uninoculated 1590
KA-1 1800 KA-1 2480
E-2 1230 E-2 1840
E-3 1250 E-3 1850
E-4 1300 E-4 1720
E-6 1380 E-6 2290
Bactofel 2030
KA-8 1950
'F' test sig. sig.
SE?® 140 120
LSD (5%) 310 250

a. Standard error of difference of two treatment means.
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Table 2. Performance of strain KA-1 on cultivators' fields

in pigeonpeacv T-21,

kharif 1978.
Yield (kg/ha)
With With 50 kg With 50 kg P 205
Location Control inoculation >,Os/ha + inoculation
Village Tons, 1631 1756 1842 2017
Kanpur
Village Singaranpurwa, 1263 1358 1397 1564
Kanpur
References

BAJPAI, P.D., and GUPTA, B.R. 1978.
on kharif pulses during 1977.
Pulses Workshop.

SHARMA, D., and GREEN, J.M. 1975.
breeding program. Pages 19-30 in

on Grain Legumes.

Report on the microbiological studies
Presented at the All India Kh arif

GAU, 24-27 April 1978, Parbhani, Maharash tra, India.

Perspective of pigeonpea and ICRISAT's
Proceedings, International Workshop
ICRISAT, 13-16 January 1975, Hyderabad,

India.

389






Interaction Studies Between Strains
of Rhizobium and Pigeonpea Genotypes

A.S. Khurana and R.P. Phutela*

Abstract

The interaction between.three strains of Rhizobium (F-4, K-1,

IHP-195) and three cultivars of pigeonpea (T-21, P-4-4 and

P-8-9) was studied under field conditions during kharif 1978

at Punjab Agricultural University, Ludhiana. In 1979, the

experiment was repeated with two additional strains  (A-l-36

and Badnapur). On an average, Rhizobium inoculation increased

the grain yield by 9.3 and 28% over the uninoculated control

in 1978 and 1979, respectively. The interaction between

pigeonpea cultivars and Rhizobium strains was  significant.

The best combinations were T-21 x F-4, P-4-4 x [HP-195, and

P-8-9 x F-4 in 1978; T-21 x Badnapur, P-4-4 x IHP-195, and

P-8-9 x Badnapur in 1979.
Symbiotic nitrogen fixation takes place more effectively if an inter-
relationship is established between a particular legume c ultivar and a
specific strain of Rhizobium  (Dart et al. 1976). The genetic constitution
of the host plant in relation to that of microsymbiont determ ines its
nodulation characteristics (Nutman 1956). Variable compa tibility of
Rhizobium strains with their host genotypes is known in pigeonpea (Si ngh
et al. 1979). Pigeonpea promises to be the future kharif pul se crop of
Punjab state because of its high potential and competitive ability with
other kharif crops; therefore, we have attempted to find the best strain-

genotype combination through studies of the interaction be
strains of Rhizobium and pigeonpea genotypes.

Materials and Methods

Field experiments were laid out for two consecutive years, 1
at the experimental farm, Punjab Agricultural University,
loamy sand soil (pH 8.2-8.4) in a split-plot design (net pl

tween different

978 and 1979,
Ludhiana, on a
ot area 8 nr)

with three varieties of pigeonpea (T-21, P 4-4, and P 8-9) int he main
plots and Rhizobium strains along with an uninoculated con trol in the
subplots. Pigeonpea seeds were inoculated with peat-base d Rhizobium

* Punjab Agricultural University, Ludhiana, India.
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cultures prior to sowing. In 1978, three strains of Rhizobium  (F-4 from
IARI, KA-1 from Kanpur, and IHP-195 from ICRISAT) were inclu ded in the
trial; in 1979, two additional strains (A-1-36 of Durgapur a and Badnapur
strain) were used. A basal dose of 50 kg P2d5/ha was supplied.

Results and Discussion

Data on ancillary characters of pigeonpea are presented in T able 1. In
1978, inoculation with all the three strains of Rhizobium increased
significantly the number and dry weight of nodules over the non-inoculated
control. The differences in plant height were nonsignific ant, but dry
weight of plant increased significantly with the strain F-4 only. While
nodule dry weight was significantly higher in P 4-4 and P 8-9 than in
T-21, the varietal differences with respect to nodule numbe r, plant
height, and plant dry weight were nonsignificant. Interac tion between
strains and genotypes for all the characters except plant he ight was
significant.

During 1979, nodule number increased significantly with i noculation
by all the strains of Rhizobium except KA-1. Likewise, inoculation
increased the nodule dry weight significantly with all exce pt A-1-36.
However, inspite of this, significant differences were fou nd in plant
height with F-4 and A-1-36. Plant dry weight responses wer e also
observed with F-4, KA-1 and Badnapur strains. Interaction o f pigeonpea
cultivars and strains of Rhizobium was significant with respect to all

the characters.

There was a significant increase in.yield in 1978 with all the three
Rhizobium strains, giving an average increase of 9.3% (Table 2). No
significant differences among cultivars were observed. S train F-4
resulted in the highest average increase in yield (13.2%). A similar
trend was observed in its effect on ancillary characters (Ta ble 1).
During 1979, all the five strains of Rhizobium increased the yield
significantly, with an average increase of 28%. The highes t average
increase of 49.1% was obtained with the Badnapur strain. Di fferences in

grain yield among varieties was also significant.

Genotype x strain interaction was significant during both years. The
genotype-strain specificity reported in pigeonpea by Sing h et al.(1979) is
also well established in crops like soybean (e.g. Johnson an d Means 1960),
chickpea (Bapat et al. 1977), mung bean (Nagaraj Rao 1978), and cowpea
(Gowda 1978).

The genotype-strain specificity is of immense importance f or effec-
tive symbiosis, as evidenced by the genetic compatibility o f strain F-4
with cvs T-21 and P-8-9 in the first year. However, in the sec ond year,
F-4 performance was not superior to IHP-195 with cv T-21, and with P-8-9
none of the four strains, F-4, KA-1, IHP-195 and A-1-36 was b etter than
the control. During both years, strain IHP-195 was specific for P-4-4.
Thus, while variation in symbiotic efficiency leads to the p ossibility of
selecting genotypes responsive to Rhizobium  for improved crop yields from
year to year, variation possibly associated with site-to-s ite variation
remains to be explained. The consistent performance of th e Badnapur
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strain in one year raises the hope of selection of a wider spe ctrum strain.
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Allantoin Content and Nitrogen
Accumulation in Relation to Dry Matter
Accumulation and Yield in Cajanus cajan

Cv Prabhat

Renu Khanna-Chopra and S.K. Sinha*

Abstract

Dry matter accumulation, nitrogen accumulation, and allantoin

content were studied in different plant parts of Cajanus cajan
cv Prabhat during growth and development to analyze the cause

of low vyields. Crop growth rate and nitrogen accumulation

were very slow upto 7 weeks. Subsequently, a sharp rise in

both crop growth rate and nitrogen accumulation was observed

until  flowering. During pod development, nitrogen accumula-

tion did not keep pace with the crop growth rate. Allantoin

accumulation was observed in all plant parts 30 days after

sowing. The rate of allantoin accumulation increased until

flowering and declined drastically during pod development.
Allantoin was not detected in any plant part 37 days after
flowering. This is suggestive of the importance of soil
nitrogen  during pod  development.

Availability of reduced nitrogen is a major factor limitin g dry matter
production and yield in grain legumes (Sinha 1978). Biologi cal nitrogen
fixation and nitrate assimilation represent the major sour ces of reduced
nitrogen for plant growth and seed yields in legume crops. T he relative
contribution of the two processes varies at different stag es of growth
and development in different legumes (Thibodeau and Javors ky 1975;
Franco et al. 1979). The ureides allantoin and allantoic ac id feature
predominantly in the soluble nitrogen of vegetative and re productive
Organs Of nodulated plants Of Glycine max and Vigna unigiculata (MatsSU-
moto et al. 1977; Herridge et al. 1978) and in xylem sap of nodu lated
plants Of Pisum sp. and Phaseolus vulgaris (Pate 1971) and Vigna

unguiculata (Herridge et al. 1978).

cajanus cajan is an important pulse crop in India. It is mostly
grown under unirrigated conditions and is a poor yielder. Th e objectives
* Water Technology Centre, Indian Agricultural Research Institute,

New Delhi, India.
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of this work with field-grown cajanus cajan
to: (1) determine the seasonal profiles of dry matter accumu
area index, and nitrogen accumulation, and (2) to study the r
between allantoin accumulation and nitrogen accumulation

Materials and Methods

Pigeonpea cv Prabhat was sown in the field on 11 July 1979 with
fertilizer dose of 20 N : 40 P : 40 K/ha. The seed was treated w
Rhizobium culture before sowing and sown in rows 40 cm apart.
population was maintained at 30 plants/m Z,
supplement the long breaks in the monsoon in August and earl
at the vegetative and flowering stages, respectively.

Dry-Matter Analysis

Sampling for dry weight analysis in different plant parts wa
unit area basis at fortnightly intervals, starting with 1-m
plants. The plant parts were separated and oven-dried at 80°
observations were recorded in triplicate and analyzed stat

Leaf Area

The leaf area of randomly selected leaves was measured on an a
area meter, model AAM-7. The same leaves were oven-dried at
weight was recorded. Leaf area per unit land area (LAI) was c

Nitrogen Estimation

Total nitrogen content in different plant parts was estimat
Novozamsky et al.(1974). Allantoin content in different
measured fortnightly, starting from 36-day-old plants. Th

was prepared following the procedure of Matsumoto et al. (19
gram fresh weight of plant material was ground with 10 ml of 0.
phosphate buffer, pH 7.5, and 0.05g PVP. The homogenate was c¢
at 10 000 x g for 5 minutes. The clean supernatant was assaye
allantoin. Allantoin and allantoic acid were estimated ac

method of Young and Conway (1942), by which the sum of allanto
allantoic acid is measured.

Results and Discussion

Dry Matter Accumulation

Dry matter accumulation and leaf area development was v

weeks of growth. Six-week-old plants accumulated 25g 2
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having LAI of 0.26 only. Subsequently a sharp increase was ob served in
both the characters up to flowering stage. Maximum dry matte r accumula-
tion occurred in the fortnight preceding flowering, resul ting in the
highest CGR of 13.78g 2 day "!. LAl was highest (3.96) at the flowering

stage; subsequently, a continuous decline was observed in L Al, until it
became negligible at the time of harvest. This was due to sh edding of
leaves during pod development. However, dry matter contin ued to
accumulate after flowering, though at a slower rate. Of the total dry
matter, 55.2% accumulated before flowering, 44.8% after fl owering.

Nitrogen Accumulation

Nitrogen accumulation examined during growth and develop
pattern similar to that observed for dry matter accumulatio

the highest rate of nitrogen accumulation preceded the high
growth rate (CGR). Nitrogen accumulation rate was highest
between 8 and 10 weeks old, while CGR was highest in plants 1
weeks old. The plant accumulated 9 g N M 2
period. Of this, 68.5% was assimilated before flowering, wh
31.53% was assimilated during pod development. Hence nitro
tion did not keep pace with CGR after flowering.

Allantoin Accumulation

Allantoin accumulation was observed in 36-day-old plants.
content in the various plant parts was added up to give allant
per plant. Allantoin content increased from 0.430 mg/plan
plants to 3.48 mg/plant in 86-day-old plants at flowering. S
during pod development, a sharp decline was observed. Forty
after'flowering, allantoin was not detected in any plant p
indicates thatduring pod development, biological nitroge
gradually becoming nonfunctional.

ment revealed a
n. However,
est crop
in plants

0to 12

during its entire growth

ile only
gen accumula-

The allantoin
oin content
t in 36-day-old
ubsequently,
-six days
art. This
n fixation is

In Glycine max, allantoin concentration is significantly correlate d

with nodule weight particularly during the reproductive s

in allantoin accumulation was parallel with the poor format
(Matsumoto et al. 1977). Hence the accumulation of allantoi
aboverground parts of the pigeonpea plant could become a cri
determine the presence or absence of biological nitrogen f
ever, the accumulation per se would be influenced by the met
the compound in different plant parts.

Allantoin and nitrogen accumulation in different plant pa
during growth and development is shown in Table 1. Nitroge
stem and leaf was low during first 4 weeks after sowing. Subs
a higher rate of nitrogen accumulation was observed until fl
After flowering, the sharp decline in nitrogen content of le
petiole coincided with the rapid increase in nitrogen conte
ing pods. Allantoin accumulation was highest in the stem bef
and in the leaves after flowering(Table 1). During the mid
of pod development, allantoin was not detected in any plant p

tages. Decrease
ion of nodules
n in the
terion to
ixation. How-
abolism of

rts examined
n content in
equently,
owering.
aves and
nt in develop-
ore flowering
and late stages
art.

399



Table 1. Allantoin content (mg/plant) in plant parts during
Caj anus cajan cv Prabhat.

growth and development in

Days after sowing Root Stem Leaf Fruits Total
36 4.0 8.5 418.0 430.5
46 22.5 451.0 287.0 760.5
56 58.0 628.0 517.4 1198.4
71 128.0 1139.0 672.0 1939.0
86 134.0 2345.0 997.0 3476.0
104 0 267.0 313.0 281.0 1007.0
132 0 0 0 0 0

Conclusions

This study reveals that in pigeonpea cv Prabhat, the dry-mat
tion and nitrogen accumulation is very poor until 6 weeks aft
Allantoin accumulation starts 5 weeks after sowing. Subseq
growth rate picks up, due to the increased rate of dry-matte
assimilation. Log phase of growth and nitrogen accumulati

6- to 10-week-old plants. Subsequently, nitrogen accumul
unable to keep pace with the crop growth rate during flowerin
development. This results in mobilization of nitrogen from
plant parts to the developing pods. Leaves and flowers are sh
to a considerable loss of carbon and lowering of LAI. Crop gro
also declines during pod development. Allantoin accumula
during early fruit development, subsequently, however, al
detected in any plant part.

Hence there appears to be a reasonable correlation between

content, nitrogen assimilation, and dry-matter accumulat

of the allantoin is present in the upper portion of the plant,
possible to use allantoin content as a measure of reduced ni
assimilation capacity. This would be useful, because of the
in excavating the root system to determine nodulation in th
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Effect of Different Plant Growth Media

on Modulation,

Uptake of Pigeonpea

Growth and Nutrient

Dart*

J.V.D.K. Kumar Rao and P.J.
Abstract
A sand:vermiculite:grit  (SVG 1:2:2 vlv) medium in pots produced
better nodulation, plant growth and nutrient uptake of pigeonpea

than sand alone or an Alfisol or Vertisol soil.
rate of 35 kg P/ha single superphosphate
stimulated pigeonpea nodulation, plant growth
(N and P) in both Alfisol and Vertisol soils.
farmyard manure (FYM) at 10% (v/v) inhibited nodulation,
it significantly increased root and shoot weight in Alfisol,
Vertisol and sand. It also
the increase being substantial
Vertisol. The inhibitory effect
at an application rate of 30%

and

in Alfisol and sand but less
of FYM on nodulation was
(v/iv) than at 10%.

Pigeonpea is grown in most tropical countries, although p
side India is small. It is often grown on marginal lands with
lizer addition. In experiments where fertilizers have been

the response has been variable. Pietri et al. (1971) observ
response to fertilizers (N, P, K, Mg, Ca and Si) for pigeonpea
on an Oxisol (a clay soil). However, a small application of N
1974) and moderate to heavy applications of P (Choudhury a
1971; Dalai and Quilt 1977; Kalyan Singh et al. 1978; ICRISAT
Report for 1978-79), resulted in increased grain yields. Ad
soil with a high organic matter content to the sand growth med
stimulated pigeonpea growth (Dart et al. 1976). The present
compares nodulation, growth and nutrient uptake of pigeon
growth media - Alfisol and Vertisol soils characteristic o

the semi-arid tropics, sand, and a sand-vermiculite-grit m

Materials and Methods

The four growth media used - Alfisol soil, Vertisol soil, sa
and sand-vermiculite-grit mixture (SVG) in the ratio of 1:2

Addition at the
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were amended and compared (treatment details in Table 1).

Table 1. Effectofdifferent culture media on nodulation a nd growth of inoculated pigeonpea
cv ICP-1 grown for6 weeks in pots.

Nodule Root dry Shoot
Medium Nodule dry wt. Wt. dry wt.
No/Plant (mg/plant) (mg/plant) (mg/plant)
1. Alfisol
1.1 Alfisol soil unamended 28 23 177 377
1.2 Alfisol + 35 kg P/ha a 44 58 250 812
1.3 Alfisol + 25 ppm N b 44 50 178 642
1.4 Alfisol + complete trace
element solution 42 24 185 437
1.5 Alfisol + ZnSO 4.TH >0
(25 kg/ha) °© 51 40 174 492
1.6 Alfisol + 10% v/iv FYM d 38 24 329 997
2. Vertisol
2.1 Vertisol unamended 34 61 175 581
2.2 Vertisol + 35 kg P/ha a 36 84 206 720
2.3 Vertisol + 25 ppm N b 31 81 189 701
2.4 Vertisol + 10% v/iv FYM d 22 38 253 734
3. Sand °©
3.1 Sand alone 21 31 165 408
3.2 Sand + 25 ppm N 21 25 164 402
3.3 Sand + 200 ppm N 16 11 157 369
3.4 Sand + 10% v/iv FYM 6 51 269 1042
3.5 Sand + 30% v/v FYM 1 1 280 1552
4.1 Sand+vermiculite+grit 57 75 247 767
CV % 31.6 25.2 14.8 12.9
CD. at 5% 10 11 31 88
a
P added as single superphosphate incorporated in the top 8 ¢ m of soil in

the pots. Amount calculated on a surface area basis.

Pots were watered throughout with nitrogen-free nutrient s olution contain-
ing 25 ppm N as ammonium nitrate.

ZnS0O,.7H ;0 was dissolved in water and added to wet soil onthetop of the
pots. Amount calculated on a surface area basis.

FYM (Farmyard manure) incorporated throughout the soil.

¢ S and treatments watered with nitrogen-free nutrient solut ion with addi-
tion of N as ammonium nitrate as indicated.
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Pigeonpea seeds of cv ICP-1 were inoculated with a peat cult ure of

an effective Rhizobium  strain IHP-195 and sown in 15 cm height x 15 cm

diameter plastic pots on 3 Nov. 1978. The pots were keptinap lastic
house illuminated with three bulbs of 250W from 0500 hr to 070 0 hr and
again from 1730 to 2000 hr to delay flowering. Pots were lai d out in
randomized block design with eight replications per treat ment. In the
week after sowing, deionized water was used for watering al | the pots
until the seeds had germinated and emerged. From the second w eek on-
wards, a modified Long Ashton, nitrogen-free nutrient solu tion was used
for watering treatments, 1.3, 2.3, 3.1 to 3.5 and 4.1. The co mposition
of the nitrogen-free nutrient solution is (g/litre of deion ized water):
MgSQ.7H,0 0.233; K ,HPQO, 0.175; Na Fe EDTA 0.0408; K 2SS0, 0.277; trace
elements solution 1.0 ml; pH 6.8; stock trace element soluti on (g/l);

MnCl ,.4H ,01.81;Cu SO 4.5H,0 0.08; ZnSO 4.7H,0 0.22; H 3;BO; 2.86; NaMO 4.
2H,0 0.025; CoSO ,4.7H,0 0.286. For treatments with nitrogen fertilizer

application, ammonium nitrate was added to the nutrient sol ution to give
25 or 200 ppm N. Treatment 1.4 was watered only with trace elem ents at
the same rate as in the complete nutrient solution.

The water content of the pots was maintained at around two-th irds of
the water-holding capacity of the medium. This was done by we ighing a few
pots from each treatment and calculating the loss of weight f rom the
previous watering. All pots receiving nutrient solution (t reatments 1.3,
2.3, 3.3 to 3.5 and 4.1) were flushed through with deionize d water once a

week to prevent salt accumulation.

The plants were harvested on 23 Dec. 1978, 50 days after sowin g.
Nodules were separated from the roots and counted. Shoot, root, and
nodules were dried separately in an oven at 80° C and weighed . Shoot and
root samples were ground in a microhammer mill, whereas nod ules were
ground in a mortar with a pestle. The plant samples for total N and P
were digested with H 2S04-selenium catalyst(Technicon 1972).

Results and Discussion

Table 1 gives details of the nodulation and plant growth i n the different
treatments. Nodulation and growth of pigeonpea was greater in the SVG
medium than the unamended Alfisol, Vertisol and sand. The gr eater water-
holding capacity and better aeration of the SVG medium is a li kely reason
for this. The superiority of the SVG medium was also reflecte d in the

greater total uptake of N and P by the plants (Table 2).
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Table 2. Effectof different plantgrowth media on nutrientu

ptake by pigeonpea.

Shoot
Medium N N P P Total Total
per- con- per- con- N P
cent tent cent tent (mg/plant)
1. Alfisol
1.1 Alfisol soil unamended 2.16 8.14 0.11 0.41 11.23 .67
1.2 Alfisol + 35 kg P/ha 2.63 21.36 0.15 1.22 27.63 1.63
1.3 Alfisol + complete
trace element solution 2.08 9.09 0.10 0.44 12.21 .6
1.4 Alfisol + 25 ppm N 2.69 17.27 0.20 1.28 21.69 1.59
1.5 Alfisol + ZnSO 4.7TH ;0
(25 kg/ha) 2.54 12.50 0.13 0.64 16.08 .86
1.6 Alfisol + 10% v/v FYM 2.88 28.71 0.31 3.09 36.31 3.77
2. Vertisol
2.1 Vertisol unamended 3.00 17.43 0.23 1.34 22.61 1.75
2.2 Vertisol + 35 kg P/ha 3.02 21.74 0.26 1.87 28.20 2.47
2.3 Vertisol + 25 ppm N 3.18 22.29 0.31 2.17 28.97 2.9
2.4 Vertisol + 10% v/v FYM 2.66 19.52 0.26 1.91 25.50 251
3. Sand
3.1 Sand alone 2.22 9.06 0.16 0.65 12.67 .83
3.2 Sand + 25 ppm N 2.52 10.13 0.17 0.68 13.98 .87
3.3 Sand + 200 ppm N 3.60 13.28 0.13 0.48 16.67 .68
3.4 Sand + 10% FYM 2.37 24.70 0.31 3.23 32.44 3.86
3.5 Sand + 30% FYM 3.23 50.13 0.35 5.43 57.05 6.1
4.1Sand+vermiculite+grit 2.81 21.55 0.22 1.69 29.68 2.2
Most grain legumes require a large amount of phosphorus fo r a good
growth, and this in turn requires a high concentration of ava ilable P in
the root medium, usually induced by fertilizer application or by develop-

ment of mycorrhizal associations. The Alfisol and Vertiso | soils used
in the present study were deficient in P (Table 3).
Table 3. Total N and P content of the Alfisol and Vertisol so ilsand FYM.
Medium % N % P
Alfisol 0.92 0.013
Vertisol 0.57 0.020
Farmyard manure 1.17 0.390
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Addition of 35 kg P/ha (treatments 1.2 and 2.2) stimulated n
nitrogen fixation, with a 115% increase in dry matter over pl
in unamended Alfisol soil; 24% increase for the Vertisol so
Quilt (1977) also reported a significant increase in respo
matter production by pigeonpea at 6 weeks after sowing foll
phosphate application (22-109 kg P/ha) before sowing.

Unamended Alfisol soils in the semi-arid tropics are gener
cient in available zinc for plant growth. Adding zinc sulfat
Alfisol soil increased nodulation by 78%, plant growth by 31
by 43%, and P uptake by 39% over unamended soil. However, addi
trace elements, including zinc, did not affect either nodul
growth or nutrient uptake in Alfisol, perhaps because the tr
solution contained too little zinc.

Adding 25 ppm N to the nutrient solution had no effect on plan
grown in sand, but nodulation, plant growth, and nutrient (
were stimulated in both Alfisol and Vertisol soils. Surpris
were formed in the presence of continuously supplied nutrie
containing 200 ppm N. Although the N concentration in the d
(% N) for plants receiving 200 ppm N in sand culture was margi
than that for nodulated plants supplied 0 ppm N, the plant gr
poorer, for reasons that are not clear. It could be that the no
ineffective, as evident from the small size, and also that t
lopment was not as good as expected to utilize more of availab

Addition of farmyard manure (FYM) stimulated both root and
development considerably in Alfisol, Vertisol, and sand,
lation was reduced in sand, with virtually no nodules formed
of 30% v/v FYM to sand. In Vertisol soil, the nutrient uptake
much affected by FYM addition, whereas in Alfisol soil and sa
was increased by three times and P uptake by six and four times
vely. In sand, increasing FYM from 10 to 30% doubled the nutri
Dart et al. (1976) reported that cajanus cajan
high in organic matter. Possible explanations for increase
nutrient uptake may be that more nutrients (N and P as indica
3) become available and possibly the farmyard manure suppl
hormone or absorbs excess seedling-produced hormone. Thes
suggest that legume growth can be improved by supplying FYM,
in tropical soils where organic matter levels are generally
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Studies on Nodule Damage in Pigeonpea

S. Sithanantham. J.V.D.K. Kumar Rao,

W. Reed, and PJ. Dart*

Abstract

Pigeonpea nodules at ICRISAT Center were found to be damaged
extensively by insects during 1976-77. Surveys in 1977-78
revealed that this problem was also prevalent in farmers fields
around all the three villages sampled. The major cause of

damage has been identified as the larva of a platystomatid fly,
Rivellia angulata Hendel. This is probably the first report of
this species infesting pigeonpea, although several other species
of this genus are known to cause damage in other legumes in
different parts of the world. This species has now been found
also infesting a weed legume, Vigna triloba, which is a new
record. Kharif (rainy season) pigeonpea crops suffer more
damage than Rabi (post rainy) crops, but crop maturity duration
does not seem to affect the damage levels. The damage seems to
be conditioned by the seasonal insect populations rather than by
crop or nodule age at a given time. Pesticides applied to soll
could be useful in effectively controlling the damage. Bioeco-
logical studies on the insect are being continued.

Increasing the availability of biologically fixed nitrog en to crops is one
of the important avenues for improving crop yields (Hardya nd Havelka
1975). In crop legumes, damage to nodules by soil fauna, par ticularly
insects, reduces the amount of nitrogen fixed. Larvae of the bean beetle,
Ceratoma trifurcata (Forster) were the first to be recognized in such

damage (McConnell 1915a) and reduction in yield (Leonard an d Turner 1918)
in cowpeas. Several other insects are now recognized as dam aging the
nodules including many groups of coleopteran (McConnell 19 15b; Mulder
1948; Masefield 1958; Gupta and Janardan Singh 1978) and dip teran larvae
dominated by genus Rivellia (Seegar and Maldagne 1960; Diatloff 1965;

Eastman and Wuensche 1977; Nair 1978; Siddarame Gowda and Si ddappaji
1979). Poor stands of blue lupine in South Carolina were beli eved to be
caused by sitona larvae eating the nodules, thereby allowing ready inva-

sion of the roots by other soil microorganisms (Farrar and An derson 1953).
We report here some studies made at ICRISAT during the period 1976-80

relating to nodule damage in pigeonpeas.

* Pulse Improvement Program, ICRISAT.
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Nodule Damage: Early Observations at ICRISAT

During 1976-77, damaged pigeonpea nodules were found in se
experiments. At that time there were no reports available ei
occurrence of such damage in India or on the source of such dam
pigeonpea anywhere else.

Early observations in the kharif field experiments indicat
few nodules were damaged within 30 days after planting, with
tion of damaged to total nodules per plant increasing rapidl
days, even though the total number of nodules also increase
of nodule damage seemed to be greater in Vertisols than in Alf
(Table1).

Center

veral field

ther on the
age in

ed that a
the propor-
y after 60

d. The extent
isols

Table1l. Noduledamageinpigeonpea(cvICP-1) grown in Alfi
ICRISATCenter, 1976-77 rainy season.

sol and Vertisol fields at

Total nodules/ Damaged nodules/

Crop age

Damaged nodules

(days) Aplant v . plant v - @) '
30 41 29 2 3 4.9 10.3
60 60 25 10 5 16.7 20.0
100 NS 59 NS 28 NS 47.5
120 131 200 97 192 74.0 96.0
Mean 77 78 36 57 46.8 73.1

A = Alfisol; V = Vertisol; NS = not sampled, as soil was dry and hard.

The extent and onset of damage followed a similar pattern
duration ICP-1 and long-duration NP(WR)-15 in the kharif an
in the same year.

The nodule number in both varieties was several times greate
kharif than in the rabi season. A greater number of damaged
plant, but less percent damage, were observed in the kharif s
in the dry rabi season for both the cultivars.

Surveys in Farmers' Fields
To obtain information on the extent of this problem, survey

during the 1977-78 rainy season in farmers'fields in three v
cooperation with the ICRISAT Village Level Studies Progra
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intercropped with sorghum, groundnut, and cotton, and nodu
observed in all the fields, the range over the locations in
sampling (70 days) being 3.7 to 65.2% (Table 2). As found earl
ICRISAT, the greater the nodule number, the larger was the p
nodules damaged, as in Kanzara village locations compared w
two villages, Aurepalle and Dokur. The nodule damage

the age of the crop between 20 and 70 days, as it did also at ICRI
Center.

le damage was
the final
ier at
ercentage of
ith the other
increased with
SAT

Table2. Surveyofpigeonpeanoduledamage infarmers' field
1977-78 rainy season.

s atthree locations,

Villege Location Nodule no./plant a Nodules damaged (%)
(Soil type) no. 15 days 40 days 70 days 25 days 40 days 70 days
Dokur 1 13.2 9.3 19.9 1.5 7.5 6.5
(Alfisals) 2 6.6 10.1 73.9 15 5.0 3.7
3 5.4 10.5 13.5 0.0 1.9 7.4
4 7.3 11.0 15.6 12.3 10.9 9.0
Mean 8.1 10.2 30.7 3.8 6.3 6.7
Aurepalle 1 5.5 4.2 6.8 3.6 9.5 23.5
(Alfisols/ 2 3.8 6.6 10.7 0.0 16.7 16.8
Vertisols) 3 13.9 20.5 23.3 0.0 5.4 10.7
Mean 7.7 10.4 13.6 1.2 10.5 17.0
Kanzara 1 29.0 33.5 38.2 1.7 10.4 14.9
(Vertisols) 2 19.8 45.5 19.8 6.1 18.9 65.2
3 32.4 31.5 32.5 4.9 14.0 18.5
4 36.8 48.9 32.7 19.6 10.4 20.2
Mean 29.5 39.9 30.8 8.1 13.4 29.7
Overall mean 15.1 20.2 25.0 4.4 10.1 17.8

a. Mean of 10 plants sampled/location.

Fauna Associated with Nodule

Damage

The fauna associated with damaged nodules were surveyed at |
during 1977-79. A dipteran larva was frequently associat

also came across collembola beetle larvae, mites, and nemat
dipteran larvae are generally pearly white to cream colored

about 2 mm at hatching to about 10 mm prior to pupation. We re
larvae on nodules in the laboratory and the adults emerged a

CRISAT Center
ed, though we
odes. The
, growing from
ared the
fter about
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10 days spent in the pupal stage. Adults mated freely in the laboratory
cages and laid elongate oval eggs singly on any surface; the e ggs hatched
in 3 to 5 days.

The adults were identified as Rivellia anguiata Hendel by Dr. G.C.
Steyskal of the U.S. National Museum. This is probably the fi rst record
of R.anguiata damaging pigeonpea nodules-. Much work has been done at th e
research center at Gulbarga (Karnataka) on nodule damage in several
legumes such as cowpeas ( vigha unguicuiata ), mung bean ( phaseoius
radiatus) , urd bean (phaseoius mungo) , and pigeonpea (Cajanus cajan),
during the last 3 years, but the insect seems to have been id entified
only to genus level as Rivellia (Anonymous 1979). Elsewhere, Rivellia
spp. are known to cause damage to nodules of groundnut in Afri ca (Seegar
and Maldagne 1960), of the pasture legume Glycine javanica in Queensland
(Diatloff 1965) and of soybeans in Louisiana (Eastman and W uensche 1977).
At ICRISAT, we have reared R.anguiata on the nodules of cowpea and have
noticed its natural incidence in nodules of a weed legume, vigna triloba.
However, R. anguiata has not so far been found to infest nodules of

chickpea and groundnut at ICRISAT.

Nodule Damage and Planting Season

During 1978-79, we raised pigeonpea during the rainy, late r ainy, and
post rainy seasons, planting in June, August, and October, r espectively
(Table 3).

Table 3. Effectofplanting season on nodule damageatICRISA T Center, 1978-79.

Planting Nodule damage (@) at different plant ages
season (month) 35 50 80 Mean
Rainy (June) 13 10 25 16
Late rainy (Aug) 12 6 11 10
Post rainy (Oct) 14 8 0 7

The postrainy crop at 80 days did not show any nodule damage,

suggesting that the activity of the pest ceases by the end of D ecember.
An indication to this effect is available at ICRISAT Center, where adult
populations trapped in the fields are high in July and August , tending to
decline from September onwards, and reaching very low numb ers in November.
We conducted a trial in the 1978-79 rainy season with four cu Itivars,
Pant A-2, ICP-26, ICP-1, and ICP-6443 (representing extra -early, early,
medium, and late groups) at three locations. The nodules (to tal and
damaged) were examined at 20, 35, 50, 65 and 80 days (Table 4). The mean
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Table 4. Noduledamage pattern in four pigeonpea cultivars s ampled atdifferentages at
ICRISAT Center, rainy season 1978-79.

Cultivar Age at which sampled (days)
20 35 50 65 80 Overall
A. No. of nodules per 10 plants 2
Pant A-2 153.8 247.5 87.7 112.7 50.7 130.5
ICP-26 128.2 204.8 145.3 97.2 72.3 129.6
ICP-1 201.7 255.5 153.8 209.5 134.3 191.0
ICP-6443 166.7 243.7 181.8 157.5 70.7 164.1
Mean 162.6 237.9 142.2 144.2 82.0 153.8
B. Nodules damaged (%)
Pant A-2 0.3 4.7 11.6 22.9 25.7 13.0
ICP-26 0.9 8.9 11.0 28.7 21.0 14.1
ICP-1 1.3 9.5 10.9 20.5 19.5 12.3
ICP-6443 0.7 9.9 13.0 22.1 20.0 13.1
Mean 0.8 8.3 11.6 23.6 21.6 13.1
LSD SE cv(%)
Between cultivars A 44.3 15.4 41.5
B 3.0 61.8
Between periods A 60.0 18.4 38.6
4.8 2.4 31.1
Interaction Ap 34.9 41.5
Ac 34.2 38.6
Bp 3.9 69.4
Bc 3.3 44.0

a.

Mean of three locations

b p = main treatment (periods), ¢ = subtreatment (cultivars)

number of nodules formed increased with the maturity period . The extra-

early cultivar alone recorded distinctly less damage up to 35 days; there-
after, there were no such varietal differences. The infesta tion (% damage)
followed a pattern of gradual increase (along with total no dules/plant) up
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to 65'days, after which there was a marginal reduction; the damage(%) was

significantly different for these intervals of sampling, but there was no
significant interaction with the cultivars tested. Thus, season rather
than variety seems to determine the level of damage, and pest populations
seem to be more influenced by climatic conditions than plant ing time or

maturity period of the crop.

Control of Nodule Damage by Soil Application of Pesticid es

Observations made in a nematicidal trial (Kharif 1977-78) d id not show
any impact of soil application of Nemagon or aldicarb on nodu lation or
nodule damage. Another trial was conducted in rabi (1977-78 ) in a
randomized block design with four replications, applying t hree insecti-
cides--aldrin, phorate, and carbaryl--as soil treatments 25 days after
sowing in furrows near seed rows at 1 kg toxicant/ha. Sampli ng at three
fortnightly intervals revealed that appreciable control ¢ ould be achieved
by the insecticides, particularly phorate (6.8% damage), i n comparison
with the untreated check (13.6% damage). However, this bein g a rabi-
season trial, the overall level of damage in this experiment was low. We
need to do more experimentation under kharif conditions, wh en we expect
heavy damage levels, so that we can judge the efficacy of pe sticidal
applications. Nevertheless, recent work at Gulbarga has r evealed that
soil application of aldicarb, disulfoton, or carbofuran at 1 kg/ha
provides effective control of nodule damage in several puls es, including
pigeonpea, and also results in substantial gains in grainy ield

(Sidderame Gowda and Siddappaji 1979).

We are now making further studies at ICRISAT on the seasonal p opula-
tions of the insect, on the possible systems of carryover, a nd on adult
behavior, so that we can consider alternative methods of con trol.
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A Survey of the Methods of Milling and

Consumer Acceptance of Pigeonpeas in

U. Singh and R. Jambunathan?*

Abstract

The three Indian states of Madhya Pradesh, Maharashtra, and
Uttar Pradesh together account for about 75% of the total

production of pigeonpeas in India. A survey was therefore
conducted covering major pigeonpea producing areas of these
three states. Several commercially operated dhal mills

(large-scale processing units) were contacted, and their
views on milling efficiency, vyield losses, and grain pre-
ferences were recorded. Information on the kinds of village-
level processing units and consumer preferences were collec-
ted from many households in several Vvillages of these states.
The size, shape, and hardness of pigeonpea grains are consi-
dered to be the important factors that influence the dhal

yield in both large- and small-scale processing methods.
From the consumer's point of view, flavor (taste and smell)
appears to be as important as the cooking time of pigeonpea.

The effect of duration of pearling on dhal yield and
protein losses of pigeonpea were studied using a Barley
Pearler. The outer layers of cotyledons were observed to
have a higher protein content, but these are the layers
first removed as a fine powder during pearling.

The per capita consumption of grain legumes in India ranges

and 114 g (Parpia 1972). It is a matter of great concern to poli
that the per capita availability of pulses in India has decli
past 20 years due to several reasons. In India, almost all of

pea produced is processed into dhal (dehusked dry split coty
during this process it undergoes quantitative and qualitat
The processing techniques involved in dehulling of grain |
described by earlier workers (Kurien etal. 1972). The obje
study was to understand the traditional milling procedures
that influence the milling losses and consumer acceptance
This paper reports the results of the survey.

India
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cy makers
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*Grain Quality and Biochemistry, ICRISAT, Patancheru, Andhra Pradesh,

India.
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Milling Procedures

Pigeonpea is dehulled traditionally in two ways: one is the ¢
processing of large quantitites of pigeonpea using mechani
mills (large-scale processing); the second is the home-pro
method adopted by villagers (small-scale processing).

According to the milling procedure that is commonly used fo
scale processing of pigeonpea into dhal, the material is f
then passed through a roller machine, which causes a mild a
(tempering operation). This causes slight scratches on the
enhances the oil- and water-absorbing efficiency, leadin
ing of the testa. The material is then treated with oil and w
then spread in the drying yard to dry under the sun. The ma
stirred occassionally if necessary. After sun drying, the m
dehusked with a roller machine. Various products like dehus
(dhal), dehusked unsplit (pearled tur), and undehusked ma
and unsplit pigeonpea are obtained. These products are sep
ingly and the operation repeated if required.

For small-scale milling of pigeonpea, a basic milling unit t
manually operated and commonly known as a chakki,
grinding stones is used. The treatments given before the mil
pigeonpea in the chakki vary from region to region. In Mahara
ing of pigeonpea in water for 4 to 12 hours is a common practic
ing of pigeonpea in water for 3 to 10 hours is also done in some
Uttar Pradesh and Madhya Pradesh. In these states, some vill
to give an oil treatment to the material before milling. In so
holds pigeonpea is hand-pounded to remove the seed coat. In
the pigeonpeas are first split using a chakki and then treat
water. Another procedure that is followed in Uttar Pradesh i
pigeonpea in an iron pan, with or without sand, before grind

Milling Losses of Pigeonpea

During the processing of pigeonpea, four different fractio

dhal, brokens, powder, and husk of pigeonpea are obtained

the ranges and mean values of these fractions reported to b

both the large- and small-scale processing methods in the th
surveyed. In small-scale milling, the values for dhal yield

ween 50 and 80%, with a mean of 62%. The highest dhal yield (80%
reported to be obtained when the pigeonpea was heated in a

before milling. In large-scale milling, the dhal yield vari

85% with a mean of 70.6%.

The highest dhal yield was reported to be obtained in modern d
mills where the material was heated in hot air before milling
clear that there are larger variationsin the milling losses
scale than with large-scale processing techniques. Also, t
terms of broken and powder fractions are higher when a villag
used.

To determine the extent of losses in terms of different frac
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during milling, a laboratory barley pearler (Seedburo Equi
Chicago, USA) which is similar to the roller machine of a dha
used. Equal quantities of seed samples of five cultivars of
dried at 70°C for 30 min were subjected to different perio

The dhal yield decreased and the broken and powder fractions
with increase in pearling time (Table 2). There appear to be v
differences with respect to such losses, but the results we
statistically. Protein content of these fractions was det
Technicon auto analyzer procedure (Singh and Jambunathan

ing difference was observed in the protein content of the fin
fraction obtained at different times of pearling (Table 2) a
percentage of this decreased as the pearling time increase

to the removal of the inner portion of the cotyledons, which h
protein content, as the pearling time is increased. The pro

of dhal that was prepared manually by soaking and dehusking w
be higher than that of dhal obtained by the pearling method.
indicated that as a result of pearling, the outer protein-r

the cotyledons are successively removed.

Factors that Influence Milling Losses

Several factors are reported to influence the dhal recove
Responses to our questionaire have been tabulated and shown
The percentages of responses in favor of suggested factors w
According to the dhal mill owners, the grain characteristic

and hardness), pretreatments, and milling operation are t
factors that influence dhal yield to a large extent. Though t
yield primarily depends on the type of machine and the abra
employed during milling, other characteristics such as siz
hardness of the grain seem to play an important role in determ
ing losses. A majority of the dhal mill owners prefer oval o
grains of medium to large size for processing. Large-seeded
pigeonpea are reported to give higher dhal yields because o
content of husk. Although the roller machine could be adjus
ation depending on the seed size, oval or round seeds give an
in dhal yield of pigeonpea.

Some dhal mill owners also have preferences in seed color,
white pigeonpeas for two reasons: (1) dhal yield is better wh
with other pigeonpeas; (2) dhal with a lesser degree of dehus
less visible white spots of leftover husk can be sold in the ma
higher price than dhal obtained from colored seeds, where t
particles of the hulls are clearly visible. However, this in
was retrieved from the large-scale millers and most of the fa
not aware of the importance of dhal yield in determing price

Besides these factors, varietal, location, and maturatio
are observed to influence the dhal yield in small-scale proc
grain stored over a long time is also reported to give a lower
as compared with fresh grain.
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Table3. Some factors reported to influence dhal yield and co

pigeonpea 2.

nsumeracceptance of

Dhal yield Consumer
Large-scale Small-scale acceptance

Factors miller (n=46) miller (n=130) (n=130)
1. Crop

Variety b 45 74

Location 40 25 65

Maturation (early, medium & late) 20 30 70
2. Grain characteristics

Size 84 55 50

Shape 72 45 b

Color 50 42 60

Texture (hard/soft) 65 40 55

Flavor (taste, smell, feel) b b 60

Cooking time b b 40
3. Storage period (exceeding 1/2 year)

Dhal b b 76

Whole grain 40 68 70
4. Pretreatment

Oil 100 30 25

Water 100 85 36

Salt solution b 25 30
5. Milling operation

Type of machine (roller/chakki) 80 20 b

Abrasion type 100 25 b

n = Total number of interviews reported.

a. Percent of responses confirming the influence of the fac

b. Factors not considered relevant by miller/consumer.

tor.
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Factors that Influence Consumer Acceptance

The factors that were reported to influence consumer accept
in Table 3. Consumers are aware of the role of location, varie
maturation of the crop as far as the cookability and taste o

is concerned. Late-maturing and kharif pigeonpeas are pref
majority of farmers. Early-maturing cultivars are conside
poor cooking quality as they require more cooking time. Som
that the pigeonpeas grown on light soils have better cooking
taste. Light red or white pigeonpeas are generally grown in t
Black pigeonpeas are also cultivated in Uttar Pradesh. Itw
that farmers like the local varieties that are grown in thei

In general, dhal from red pigeonpeas is preferred over that
ones because of its taste and cooking characteristics. In Ut
where they are being grown, black pigeonpeas are consider
better taste. Bold seed size of pigeonpea is preferred in Mah
whereas in Uttar Pradesh and Madhya Pradesh farmers like med
size for home consumption.

Storage of pigeonpea affects the taste and cooking time of d
Dhal milled from freshly harvested pigeonpeas is observed t
than dhal from pigeonpeas stored for a long time. The treat
milling are also reported to change the cooking quality and t
dhal. In general, it was observed that flavor appeared to be
important to consumers as the cooking time.

Areas for Further Study

Although the dhal yield varies from one milling unit to an

on the processing methods used, pigeonpeas of more uniform s
shape are reported to reduce yield losses. The husk content o
is a genetic characteristic, and development of cultivars
percentage would improve the dhal yield. In a breeding prog
should also be laid on the development of cultivars with th
cooking characteristics preferred by consumers. A detail
losses of dietary nutrients (protein, amino acids, vitami

that occur during pigeonpea milling needs to be carried out
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Nutritional Evaluation of Pigeonpea
(Variety Hyderabad 3A) Processed by
Traditional Methods

P. Geervani*

Abstract

A high-yielding variety of pigeonpea  (Hyderabad 3A) procured
from the All India Coordinated Dryland Project, Hyderabad,

was evaluated for overall nutritional quality. Dehusked
split gram was used for processing by boiling, pressure cook-
ing, and roasting. The protein was isolated from the dhal

and tested for biological quality.

Destruction of thiamine and riboflavin but not of niacin
was considerable in all methods of processing.

The PER of dhal increased significantly (P < 0.05) after

processing. Digestibility  coefficient, biological value and
net protein utilization also increased significantly after
processing. Available lysine and methionine decreased more
on roasting but available methionine increased on boiling

or pressure cooking the dhal. Results of nitrogen balance

studies done on preschool children with boiled and roasted
red gram dhal as sole source of protein were in conformity
with the differences in the biological quality observed due
to processing in animal experiments. Effects of processing
on inhibition activity were also assessed.

One high-yielding variety of pigeonpea Hyderabad 3A, was pr ocured from
the Dryland Project, Hyderabad, for the study. The grain wa s dehusked
and split into dhal by the improved method developed at CFT RI, Mysore.
Dhal was used for all analyses. The nutrient consumption pr esented in
Table 1 was not much different from the traditional varietie S.

Generally, pulses are processed by three methods--boiling , pressure
cooking, and roasting—before consumption in India. Hencet hese methods
of processing were selected for the study. Protein was isola ted from the
dhal following the usual procedure of acid precipitation a t pH 4.2 to
4.5 and the isolate was also evaluated. Amino acids that are generally
inadequate in the Indian diet, namely methionine, cystine , tryptophan,
threonine, and lysine were determined by microbiological a ssay (Barton

1952) (Table 2).

*College of Home Science, A.P. Agricultural University, Hy derabad, India.
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Table 1. Nutrient composition of pigeonpea variety Hyderab

ad 3A.

Nutrient

Moisture (g/100 g) 8.7

Protein (N x 6.25) (g/100 Q) 17.9

Fat (g/100 g) 1.11

Ash (g/100 g) 3.24

Calcium (mg/100 g) 102.0

Phosphorus (mg/100 g) 125.0

Iron (mg/100 g) 10.2

Table2. Amino acid composition of raw and processed pigeon peadhal (g/16 gN).

Dhal/Process Methionine Cystine Tryptophan Threonine Lysine

Unprocessed 1.18 0.69 1.00 3.77 6.70
*(0.47-1.92) (0.4-1.92) (0.2-0.9) (3.4-4.7) (4.0-7.4)

Boiled 0.88 0.56 0.95 3.62 6.58

(30 minutes)

Pressure-cooked 0.90 0.61 0.96 3.68 6.24

(15 Ib pressure,

10 minutes)

Roasted (160°C, 0.88 0.65 0.87 3.56 6.26

10 minutes)

Protein isolates 0.82 0.58 0.76 3.42 4.12

*Values reported in literature.

Both methionine and tryptophan were higher compared with va rieties

reported in the literature (FAO 1970).

Of the B-complex vitamins, legumes contribute a considera ble quantity
of thiamine, riboflavin, and niacin. These three vitamins b eing water-

soluble and unstable to heat are also likely to be reduced d
Thiamine and riboflavin (AVC 1951) and niacin (Barton 1952

the dhal are given in Table 3.
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Table 3. Thiamine, riboflavin, and niacin (mg/100g) in pig eonpeadhal 2.
Process Thiamine Riboflavin Niacin
Unprocessed 0.40 0.25 2.2
Boiled 0.14 0.03 1.8
Pressure-cooked 0.10 0.03 1.6
Roasted 0.22 0.02 2.2
a. More than 70 to 80% of thiamine and riboflavin was lost due t 0 process-
ing. Niacin losses were much less. Losses in roasting were al so less
than in boiling and pressure cooking.
The biological quality of the protein of unprocessed dhals a nd the

percent available lysine, methionine, and cystine are give

and 5.

n in Tables 4

Table 4. Effectofprocessing pigeonpeadhal on the biologic

al quality of protein.

Process PER DC BV NPU
Unprocessed 1.13 51 65 32
(0.24-1.66) (59-90) (46-74)
Boiled 1.99 68 86 59
Pressure-cooked 2.25 70 83 58
(1.72)

Roasted 1.77 55 77 43
Protein isolate 1.67 79 71 56
Casein control 3.34 84 94 79
SEM 1.59 0.46 1.74
PER 1.13 1.67 1.77 1.99 2.25 3.34
DC 51 55 68 70 79 84
BV 65 71 77 83 86 94
NPU 32 43 56 58 59 79

All means not scored by the same

line are significant.
Figures in paranthesis are values reported in the literatur

e (FAO 1970).
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Table 5. Available lysine, methionine, and cystine fromunp

rocessed and processed

pigeonpea.
Lysine Methionine Cystine
Process @) (X) )]
Unprocessed 91 58 56
Boiled 79 69 72
Pressure-cooked 78.5 65 69
Roasted 73.4 58 64
Available lysine was determined by Carpenter's (1960) meth od. Sulfur

amino acid availability was determined on the basis of intak
excretion. The PER increased significantly due to process

to pressure cooking than the other methods. The Digestibili
Biological Value and Net Protein utilization also increas

after processing. However the improvement observed was les
dhal compared with boiled and pressure-cooked dhals. Avai
and methionine decreased more on roasting, but available me
increased on boiling or pressure-cooking the dhal.

Nitrogen balance studies were carried out on preschool chil
with boiled and roasted pigeonpea dhal being compared with o
The difference observed in animal experiments in the biolog
to boiling and roasting was in conformity with the findings o
study in preschool children. The effect of processing was a
in the chickpea dhal, (Table 6).

The starch was extracted from the dhal
Maywald (1968). Results of chemical analysis and physical
pigeonpea starch are shown in Table 7.

by method A of Schoch an

e and faecal
ing, more due
ty Coefficient,
ed significantly
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dren,
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f N balance
Iso the same

d
properties of

Table 6. Nitrogen balance data of preschool children fed pr
comparison with other pulses.

ocessed pigeonpea in

Source of protein in Absorbed Nitrogen

the diet

Retained Nitrogen

Boiled pigeonpea dhal 68.9
Boiled mung dhal 70.9
Boiled chickpea dhal 64.8
Roasted mung dhal 70.6
Roasted chickpea dhal 56.5

26.2
27,2
28.4
16.5
14.7
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Table 7. Chemical composition and physical characteristics of pigeonpea starch.

Chemical composition (%) Physical characteristics
Total starch 40.4 Size of starch 32 1 x 8y
Moisture 8.7 Shape Ellipsoid
Amylose 35.6 Gelatinization temp. 64°C-70°"C to 82°C
Nitrogen 0.28 Solubility at 100°C 26
Fat 0.09 Swelling number at 100°C 26
Ash 0.17 Paste clarity Translucent
Phosphorus 0.019 Paste texture Firm & heavy
Paste viscosity Pronounced set back
Paste color Dull white
Taste Bland

The digestibility of carbohydrates both in vitro and in vivo showed
a similar trend. Digestibility increased due to processing. The indigest-
ible residue (Hellendorn 1973) determined after enzymatic digestion also
corresponded with the wvalues of digestibility (Table 8) .

As starch forms the major component of legumes, the influence of
pigeonpea starch on the utilization of casein was tested. The starch was
steamed at atmospheric pressure before mixing 1in the diets. The results

are presented in Table 9.

In contrast to cornstarch, pigeonpea starch supplementation of casein
reduced the PER, DC, NPU and available lysine and methionine. Only the
BV was comparable, which indicates only the percent of absorbed N retained
not the total N retained.

It 1s generally believed that consumption of a large gquantity of

legumes causes discomfort and indigestion. To test this hypothesis, the
pH of the caecum of rats fed on processed pigeonpea dhal (15% dietary
protein level) was recorded at intervals of 2 hours. Casein diet was

used for comparison (Table 10) .

Table 8. Digestibility in vitro and in vivo of unprocessed and processed pigeonpea dhal
and the indigestible residue.

mg maltose/ Indigestible
Process 100 mg DC in wvivo residue (%)
Unprocessed 17.5 84 .7 26.6
Boiled 37.2 91.6 19.6
Pressure-cooked 36.8 89.0 18.7
Roasted 19.6 86.0 23.7
Starch uncooked 30.5 - -
Starch cooked 88.9 - -
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Table9. Effectofpigeonpea starch compared with cornstar
N P U of casein and availability of lysine and methionine.

chonPER,DC, BV, and

Source of Available %
starch PER DC BV NPU Lysine Methionine
Corn 2.71 82 90 74 94 92
Pigeonpea 2.25 747 87 65° 88" 81 *

+ Significant (P < 0.05)

Table 10. Mean pH ofcaecum of rats reported at periodic inte
pulsediets(15% protein).

rvals after feeding with

Source of protein Hours
in the diet 0 2 4 6 8 10 12 14
Casein 6.9 6.5 6.3 6.3 6.8 7.2 7.3
Pulse
Unprocessed 6.8 6.0 5.8 5.0 5.0 5.4 5.4
Boiled 6.9 5.6 5.6 5.4 5.3 5.4 5.5
Roasted 6.8 5.9 5.5 5.3 5.5 5.7 5.6
There was not much of difference between the pH of the caecum of rats
fed with dhal processed by different methods. But the pH of th e caecum
of rats fed with casein was towards alkaline side and that o f dhal fed
rats was on the acidic side.
The pH of different parts of the GI tract--stomach, duodenum , and

small intestine was determined (Table 11). The dietwas th
the earlier study.

Compared with rats fed the casein diet, rats fed dhal diet
pH in the caecum. But the pH of stomach and intestine contents
fed rats was higher. The mean weight of caecum of rats fed leg
was significantly higher (P < 0.01) than that of cornstarch-

The presence of inhibitors is considered to limit the utili
legume protein and carbohydrates. Three inhibitors, namel
bitor (Kakade et al. 1969), hemagglutinins (Liener and Hill
amylase inhibitors (Jaffee et al. 1973) were determined. T
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inhibitor activity was destroyed after boiling and pressur
not after roasting. No hemagglutinating activity was detec
unprocessed dhal. Amylase inhibitor activity detected in t

e-cooking but
ted in the

he unprocessed

dhal was negligible, and no activity was observed after proc essing.

Table 11. Mean pH of stomach, duedenum, small intestine and caecum ofrats fed
pigeonpeadhal (15% protein).

Source of

protein in Stomach Duodenum Small Caecum Weight of

the diet intestine caecum (g)

Casein 4.5 6.5 6.8 6.6 2.24

Unprocessed dhal 5.8 6.7 7.4 5.0 3.53

Boiled dhal 5.6 6.6 7.0 5.8

Roasted dhal 5.4 6.6 7.3 5.5

Table 12. Effectof processing of the trypsin inhibitor act ivity of legumes.

Method of TIU/mg dhal TIU/g of protein Activity

processing X 102 X 107 destroyed ( %)

Unprocessed 7.352 4.153 -

Boiled 0.675 0.343 91.7

Pressure-cooked 0.177 0.089 97.8

Roasted dhal 2.840 1.494 64.0

References

ASV (ASSOCIATION OF VITAMIN CHEMISTS). 1951.

Methods of vitamin assay

(2nd ed.). P. 111, 166.
BARTON, WRIGHT. 1952. The microbiological assay of the vitamin B complex
and amino acids. Pitman., p. 46.

CARPENTER, R.J. 1960. Available lysine. Journal of Biochemistry 77: 604.

FAO (FOOD AND AGRICULTURAL ORGANIZATION). 1970. Amino acid content of
food and biological data of proteins. FAO Technical Report S eries
24, Rome, Italy.

HELLENDORN, E.W. 1973. Enzymatic determination of insoluble indigestible

433



residue of bean, in Nutritional improvement of grain legumes by
breeding, (ed. M.M. Milner). Protein Advisory Group of the U nited
Nations, pp. 321.

JAFFEE, W.G., MORENO, R., and WALLIS, V. 1973. Amylase inhibitors in
legume seeds. Nutrition Report International 7: 169.

KAKADE, M.L., SIMMONS, N., and LIENER, I.LE. 19609. An evaluation of
natural Vs synthetic substrates for measuring the antitryp tic acti-
vity of soya bean samples. Cereal Chemistry 46:516.

LIENER, I|.E., and HILL, C.G. 1953. The effect of heat treatment on the
nutritive value and hemagglutinating activity of soyabean oil meal.

Journal of Nutrition 49: 609.

RAO, S. 1969. Studies on digestibility of carbohydrates in pulses.
Indian Journal of Medical Research 57: 2151.

SCHOCH. T.J., and MAYWOLD, E.C. 1968. Preparation and properties of
various legume starches. Cereal Chemistry 45: 564.

434



Pigeonpea Production, Processing and

Utilization in Andhra Pradesh

P. Pushpamma and K. Chittemma Rao*

Abstract

A representative sample of about 2000 farm households were

surveyed to collect the information on cropping pattern,
yield, preferred varieties, marketing, storage, processing,

and utilization of dryland crops. Pigeonpea is the most pre-
dominant legume in this area, usually cultivated as a mixed

crop in the rainy as well as postrainy season. About 97%

the cultivators preferred the local variety. Red seed coat,
bold seed, and thin pericarp were found to be the most pre-

ferred characters in this region.

About 65% of the cultivators produce the grain for their

own household consumption only.

A positive association was found between the adoption

of hybrid varieties and the education level of the culti-
vators.

Five traditional methods popularly used for processing

pigeonpea were identified to evaluate extraction rate and

qualitative changes in processing. Cooking quality of the
split dhal was tested for identifying the best processing
method.

Pigeonpea was found to be the legume most frequently

consumed in the form of dhal, split and dehusked. It was
also found that children below 2 years of age are not given
dhal because they can neither eat nor digest it. However,
pigeonpea is preferred overall other legumes for nursing
mothers.

Among pulses pigeonpea occupies a very important place in th
pattern, being next only to chickpea in the area and produc

pea production thus plays a crucial role in the availabilit

As pulse production has remained almost static, in spite of

made to increase production of food grains for the growing po
there has been a gradual decline in the per capita availabil

from 64 g in 1950-51 to 45 g in 1978. Low availability of pulses

e Indian food
tion. Pigeon-
y of pulses.

all the efforts

pulation,
ity of pulses

can
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adversely affect the quality of the cereal-legume-based In dian diet by

lowering the quantity and quality of protein in it. To stop s uch quality
deterioration of cereal-based diets there is an urgent need to step up

the production of pulses by providing all incentives to pul se farmers.
Substantial increases in yield per unit of land through impr oved varieties
and appropriate agronomic practices are essential prerequisites to moti-

vate the farmers to expand the area under pulse crops. Inform ation on
production, varietal preference, storage, processing, an d utilization of
pigeonpea was collected from about 2000 farm families of And hra Pradesh,
as part of a study on dryland crops to identify constraints to improving
the dietary pattern through increased consumption of local foods.

Pigeonpea Production in Andhra Pradesh

Pigeonpea is mostly cultivated as a mixed crop with sorghum a nd millet
both in the rabi and kharif seasons. Of the households inter viewed, 66%
are cultivating pigeonpea and the area under the crop is usu ally 1 ha or
less; only about 20% of the households are cultivating pige onpea in bigger
plotsizes. It is reported that in a normal year the yield of pigeonpea

is about 130 kg per acre.

Varietal Preferences

The main approach to increase production of any food crop is by increasing
the area under production and yield per unit area. Achieveme nt of higher
crop yield depends on many factors; however, four of the majo r components
involved in the drive for higher yield are: improved seed, f ertilizer,

plant protection, and farm credit.

In the technology of the package for higheryields, improved seed is
the basic element, as is well recognized through experience gained with
various crops. In spite of the effort that goes into developi ng high-
yielding varieties, however, the spread of the varieties i s not automatic.
The spectacular success hoped for in augmenting food produ ction in the
recent past through improved varieties of wheat, rice, and maize has been
dampened by the realization that the spread of these varieti es is limited

by factors other than yield.

In the pulse crops, where there is not yet a major breakthroug h in
developing high-yielding varieties, identification of th e factors respon-
sible for slow spread of available high-yielding varietie S can increase
the scope for evolving more promising varieties. We have th erefore made
an effort to identify the characters that farmers prefer i n pigeonpea for

cultivation and consumption.

The survey showed that only 3% of the farmers interviewed w ere adopt-
ing high-yielding varieties of pigeonpea. Educational sta tus of the
farmers showed a definite influence on the preference for hy brid varieties
(Table 1). Among the reasons given for preference of the loca | variety
the major ones were ignorance of hybrid varieties and lack o f or delay in
supply of hybrid seed. A good number of the farmers believe, r ightly,
that hybrid varieties require higher inputs of fertilizers , pesticides,
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Table 1. Relationship of educational status of the head of the household a nd the varietal
preference for cultivation of pigeonpea.

Educational status of the Pigeonpea variety preferred (%

head of the household Local Hybrid Both
Illiterate 96.4 1.7 1.9
Upto primary school 93.7 2.2 4.1
Secondary school 94.1 4.1 1.8
College and above 83.6 9.9 6.6
etc., which they cannot afford. Most of the pigeonpea farmer s are sub-
sistence, rather than market, producers. So they normally p refer to stay
with a variety they are used to, being already conditioned t 0 its produc-

tion requirements and its processing and taste.

In spite of the efforts made to elucidate the information on p referred
characters, the only answer obtained repeatedly was that th e local variety was
better than the hybrid for consumption. Most farmers could n ot attribute
exact reasons for their preference, because of their low lev el of educa-
tion and limited vocabulary. The standard reply was, "We li ke the taste."
Their preferences for a few of the visible characters of the g rain were
obtained with great difficulty. The predominant preferenc e was for varie-
ties with red seed, bold seed size, and thin pericarp (Table 2 ).

Table 2. Farmers' reasons for preference of local pigeonpea variety for cultivation 2,
Reason for preference of local variety Percentage
Lack of or delay in supply of hybrid seed 36.0
Ignorant of hybrid 31.2
Accustomed to cultivate local variety 10.4
Fertile land needed for hybrid 10.1
Hybrid not popular 4.3
Higher levels of fertilizer needed for hybrid 4.3
Higher insect infestation on hybrid 2.2
Higher yield 1.5
a. Our survey showed that 97.4 % of the farmers interviewed preferred the

local variety.
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Marketing

The information on the marketing system for pigeonpea revea led that about
65% of the cultivators of pigeonpea used the entire produce f or home
consumption. Out of the remaining 35%, one-fourth dispose o fa small
portion of their produce in the same village and the rest in the nearest
town.
Only 50% of the cultivators were found to store pigeonpea. Th is

clearly indicates that the other 50% is either producing in s mall quanti-
ties, which they immediately process into dhal, or they are s elling their

produce due to problems of storage (Tables 3 and 4).

Table 3. Land holdingand period in which pigeonpea produce i s sold.

Time of sale

Immediately after When prices When in need
Farm size harvest (%) are high (@) of money (%)
Small 49.0 23.6 27.3
Medium 43.5 32.0 24.5
Large 44.3 35.2 20.5
Table 4. Land holding and place where pigeonpea produce iss old.

Place of sale

Farm size Nearby town (%) Same village ( %) Middle man@o)
Small 66.1 27.5 6.4
Medium 67.9 25.0 7.1
Large 92.1 6.8 11

Processing and Consumption of Pigeonpea in Andhra Prade sh

Home-Scale Processing

Availability of any food can be increased not only by increas ing the
production but also, to a measurable extent, by minimizing ¢ rop losses,
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20 to 40% loss, depending on crop and area. Losses occur ats
stages between harvest and consumption: poor methods of ha
insect and fungal damage in storage, improper containers, b

of transport, and inefficient milling of grain. Low extrac
dictated by cooking qualities that consumers prefer are ano
contributing factor to postharvest losses in quantity and g
traction of nutrients in processing provides food for anima
humans. So a systematic study to estimate avoidable quantit
qualitative losses would be of great help in augmenting food

Pigeonpea is rarely consumed as whole grain. The primary pr

consists of dehusking and splitting the grain into a produc
Though pigeonpea is processed in large-scale dhal mills for
consumer, all farm families who produce pigeonpea process b
methods for home consumption. Most of these producers culti
in small plots, for their own consumption rather than for ma

a considerable portion of pigeonpea is still processed in fa
conventional methods. The efficiency of these methods must
in order to improve home-scale processing.

The actual process of dehusking and splitting is found to be

less the same in all places, that is, a stone chakki is used ort
is pounded via stone mortar with a wooden pestle. However, p
requires pretreatment to loosen the seed coat from the coty
dehusking. Among the families surveyed, mainly five distin
pretreatments were used in pigeonpea processing, varying c
processing time and extraction efficiency. Time required f
cessing varied from 6 to 28 hours; extraction efficiency fro
(Table5).

Differences in the pretreatment given also produced consid

variation in the degree of the nutrient loss; protein loss, f
ranged from 8 to 25%, depending on the pretreatment. Simila
in processing losses was observed in vitamins such as thiami
and riboflavin (Table 6).
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Table 5. Yield and cooking quality of pigeonpea dhal in hom

e-scale methods of processing.

Families Dhal Cooking Increase Increase
using the yield time in volume
Pretreatment method () (9/1000 g) (Min.) @)
Roasting-drying 37.0 751 33.0 41.7 36.3
Soaking-drying 14.0 738 33.7 46.7 43.0
Soaking-drying and 20.0 716 33.3 42.0 37.3
Roasting-drying
Soaking in red soil 20.0 703 37.3 44.3 39.0
Soaking in red soil, 8.0 672 37.3 49.0 40.0
alkaline soil and
rice bran
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Table 6. Nutrient contents of whole pigeonpea and processe d dhal.

Protein Thiamine Riboflavin Niacin
Pretreatment (g/100 Q) (mg/100 g) (mg/100 Q) (mg/100 Q)
Whole grain 20.2 0.36 0.48 2.76
Processed dhal
Roasting-drying 23.3 0.32 0.25 1.40
Soaking-drying 23.3 0.59 0.35 2.45
Soaking-drying and 22.2 0.27 0.21 2.33
Roasting-drying
Soaking in red soil 25.0 0.47 0.25 1.75
Soaking in red soil, 24.5 0.43 0.52 1.68
alkaline soil and
rice bran
This wide variation in home-scale methods of primary proce ssing of
pigeonpea provides scope for developing an appropriate met hod in which

the quantitative and qualitative losses can be minimized

Preliminary trials indicated appreciable differences in t
quality of carbohydrates and proteins depending on the pret

Consumption

Pigeonpea is the most frequently consumed legume, being co
the households surveyed. The low frequency and quantity of ¢
of pigeonpea is mainly due to economic reasons rather than
any other legume. If the situation regarding the availabili

ing powder of consumer improves, an automatic increase in th
of this legume can be expected. An effort towards increasin
ability of a legume which is more accepted and finds a suitab
the dietary pattern of the population may be a more pragmati
to avoid the development/widening of the protein gap which i
happen if the rate of decline of pulse production continues
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Appendix 1. Home-scale primary processing methods of pigeo

Methods: (1) Roasting-drying, (2) Soaking-drying, (3) Soa

king-drying and

Roasting-drying, (4) Soaking in red soil and (5) Soaking inr ed

alkaline soil, rice bran, and savudu.

Steps involved in each process
1. Roasting-drying

Roasting with a little ash

Time required per
kg of pigeonpea

7 min
Drying 6 hrs
Grinding 3 to 4 min
Pounding 1 min
Winnowing 2 min
2. Soaking-drying
Soaking 10 hrs
Drying 16 hrs
Grinding 4 min
Winnowing 2 to 3 min
3. Soaking-drying and Roasting-drying
Soaking 7 hrs
Drying 10 hrs
Roasting with a little ash 3 to 4 min
Drying 6 hrs
Grinding 3 to 4 min
Winnowing 2 to 3 min
4. Soaking in red soil
Soaking in red soil 7 hrs
Drying 16 hrs
Grinding 4 min
Winnowing 2 to 3 min
5. Soaking in red alkaline soil, rice bran, and savudu
Soaking in water mixed with red soil, 7 hrs
alkaline soil and rice bran along with
a small iron rod
Drying 16 hrs
Grinding 4 min
Winnowing 2 to 3 min
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Effect of Insect Infestation and Storage
on the Nutritional Quality of Different

Varieties of Pigeonpea

M. Uma Reddy and P. Pushpamma*

Abstract

Five varieties of freshly harvested pigeonpea (two local
varieties, PM-1, ICRISAT-1, and Hyd-3) samples were collec-
ted and analyzed for their protein quality, vitamins, and

cooking quality. A portion of each variety was fumigated
and kept free from infestation to serve as control. The
other portion was left untreated stored at room temperature
under household storage conditions. Significant  varietal

difference was observed in the degree of insect infestation.
Both the local varieties were less infested than the improved
varieties. Among three improved varieties PM-1 was found
to be most resistant. Qualitative changes such as protein
fraction, NPR, and digestibility and amino acid content also
varied during storage among varieties studied. Thiamine
and Niacin losses were also recorded in stored samples.
Qualitative changes were found to be associated with the
degree  of infestation.

A high yielding hybrid variety introduced in any area will be
place the local variety depending mainly on its yield potent

to some extent on other characters such as resistance to pes
eases, possible postharvest losses, and consumer accepta
legumes, being staple food grains, are usually stored over
Recent investigations have revealed that varietal diffe

only in the nutrient composition of the grain but also in resi
insect infestation and consequent changes in quality durin
Though the production of cereal grains is increasing steadi
production is reported to be on the decline, despite the impo
legumes in the Indian diet. Besides augmenting production o
minimizing postharvest losses will help increase the avai
legumes. Therefore, a pilot study is being conducted to see w
is any difference in storage quality between different vari
pigeonpea.

Two local and three improved varieties, namely, PM-1, ICRIS

able to re-
ial but also
ts and dis-
bility. The
a long time.
rences exist not
stance to
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rtance of
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AT-1, and
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HY-3, were collected immediately after harvest and analyze
composition. A portion of each variety was fumigated to pre
infestation, this served as control. Another portion of eac
left untreated. Both the control and the untreated samples w
in bins at room temperature.

d for nutrient
vent insect
h sample was
ere stored

Varietal Differences in Resistance to Insect Infestatio n

and Quantitative Losses

The results reported in Table 1 show the relative suscepti
infestation of different varieties of pigeonpea. A signifi

in the degree of insect infestation among different varieti

is noticeable. In general, local varieties were more resis
infestation than the improved varieties. After 1 year of sto
population was 57 and 82 per 100 g in local-1 and local-2 vari
respectively, compared with 132 and 251 in improved variet
HY-3, respectively. In ICRISAT-1, the infestation reached
(210 insects/100 g) after 9 months of storage, resulting in a
in moisture content, which in turn favored fungal growth. Th
sample was spoiled after 9 months of storage and the study cou
continued after that. Among the improved varieties, PM-1 ha
resistance to insect infestation than HY-3 and ICRISAT-1. A
ation increased, corresponding increase in kernel damage,
tent, and weight loss, and decrease in viability was observe

of insect infestation was positively correlated with the in
kernel damage (r = 0.721) and uric acid (r = 0.771), and negat
related with viability (r = -0.828). The higher degree of ins
ation in ICRISAT-1 variety may be due to its high moisture and
protein content, which probably favored the growth and mult
the pulse beetle.

Hygienic Quality of Stored Pigeonpea

According to Venkat Rao etal. (1960), grain containing ten i
100 g are considered to be unhygienic and thus unfit for cons
According to standards set by the Prevention of Food Adulte
1967, food grains containing above 10 mg uric acid/100 g, ari
result of insect infestation, are unfit for human consumpti
present study, all the varieties of pigeonpea became unfit
consumption even after 3 months of storage, as they had more t
insects and 10 mg of uric acid/100 g.

Changes in Composition of Stored Pigeonpea
Changes in the Quantity and Solubility of Protein During
Changes in true protein, free amino nitrogen and solubility

of different varieties of pigeonpea in storage are given in
Among the different varieties of pigeonpea, ICRISAT-1 had t
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protein content (26.8%). No appreciable change in the prote
was observed in treated samples during storage. A slight in
protein content was seen in the untreated samples probably
nation by insect bodies and their excreta. The increase in t
content was in correspondence with the degree of infestati
increase was reported by Daniel et al. (1977). A decrease in
nitrogen was seen in both the treated and untreated samples
ties during storage, due to the Maillard reaction, and in t
infested sample this decrease was related to the degree of in
showing that free amino acids were utilized for the growth o
Similar results were reported by Primo et al. (1968a). Varie
ences were also observed in the solubility of protein in vari
during storage. The decrease in solubility and increase in r
protein was greatest in PM-1, followed by HY-3, ICRISAT-1,
local-2. Decrease in protein solubility was reported by Pri
(1968b) in rice, and Ben-Gera etal. (1972) in soybean, cotto
peanut meal.

Changes in the Biological Quality of Protein

The amino acid composition and its changes during storage a
Table 3. There was a significant (P < 0.05) reduction in the

of infested samples. Loss of lysine was greater than loss of
and tryptophan. Losses of amino acids were related to degree
infestation. Daniel et al. (1977) also reported decrease in
content of red gram during storage. Ben-Gera and Zimmerman (
a significant decrease in available lysine content of vario
storage even when they were not infested.

We also assessed quality of protein biologically (Table 4).
differences in NPR and digestibility were observed among t
varieties of pigeonpea: HY-3 had the highest NPR and digesti
efficient, followed by local-2, PM-1, local-1, and ICRISAT
decrease in NPR digestibility was observed during storage i
both in treated and untreated samples. Similar results hav
by other researchers. Daniel et al. (1977) reported a decr
values of red gram and bengal gram. Yanni and Zimmerman (1970
a decrease in PER, NPR, and NPU of soybean and chickpea during
uninfested samples. Mitchell (1944) also showed a signif
in digestibility of soybeans during storage.

Losses in Vitamins

Losses of thiamine and niacin in different varieties of pige
storage were studied. Results showed that the losses of thes
were higher in heavily infested samples than lightly infest

1 year of storage the percent losses of thiamine were: 13.6,
13.0, and 25.5 in treated samples of local-1, local-2, PM-1,
HY-3 varieties of pigeonpea, respectively. But in infested

the same order—the losses were increased to 31.8, 37.8, 40.4
months of storage) and 48.9%. Both thiamine and niacin losse
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ficant between the varieties during storage. Thiamine loss es were greater

than niacin losses, which were 15 to 25% in infested samples. Similar
losses of thiamine and niacin during storage of various foo d grains were
reported by Chitra etal. (1955), Daniel (1977), Morgan (19 45), and

Pingale (1976).

Susceptibility of grains to insect infestation during stor age has
been studied by several investigators. They have reported that the factors
responsible for the degree of insect infestation are: moist ure content of
the grain, temperature and relative humidity of storage, co rneous thick-
ness (Russel 1962), hardness of the grain (Squire 1933), ovi positional
preferences (Singh et al. 1977), outer covering of the grai n (Breeze 1962),
trypsin inhibitor level in the grain, and tannin content of t he grain.

Further studies to identify the physical, physiological, and compo-
sitional factors in the grain responsible for imparting res istance to

insect infestation are in progress.
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