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Review article

Centres of origin and genepool diversity in edible oilseeds : A global

perspective

R.K. Arora, E. Roshini Nayar’ and Anjula Pandey’

IPGRI Office far Scuth Asia, C/fo NBPGR, Pusa Campus, New Delhi-110 012

(Received; March, 2003; Revised: April, 2003, Accepted: April, 2003)

Abstract

Edible oilseed crops include 10 major and minor
crops that are ancient domesticates in the 12 world
centres of diversity. Diversity is high in most of these
crops, associated with sympatric distribution with
related wild species and introgression resulting in
build-up of diversity. Sesamum and Glycine are
probably the exceptions where domestication has
occurred outside the primary ceptire of concentration
of wild species. The long history as domesticates is
reflected in distinct primary genepools in each of the
crop groups. Moreover, these show build-up of
secondary and tertiary centres of diversity in adjacent
regions. The edible oilseed crops represent systems
where the demand for crop improvement is high and
diversity required for this is available in the farmers’
fields. Only a part of this is represented in ex-situ
storage. Areas with high build-dp of diversity would
be important for in-situ conservation of diversity.
Working out progenitor species and complexity of
relationships between the crop and wild species and
among the latter needs to be done using tools of
biosystematics.

The oil quality and quantity of oilseeds are amenable
to rapid change through breeding. To meet ever-
increasing demands of the food industry, the crop
base needs to be widened. A wide array of potential
edible oilseed species have also been discussed.
Overall strengthening of the work at a national {evel
on such alternative sources of edibie oilseed plants is
envisaged following which selected plants may be

added to the tist of globally important crops of edible
oilseeds,

Key words: Qilseeds, edible, genepools, diversity,

centres, conservation

Introduction

Plants yielding oils have been in tuse since the distant past
beth for edible oils ana for other multipurpose uses
(Weiss, 1983 Robbelen ef af, 1989 Zohary and Hopf,
1853). Several of these are ancient domesticates. Their
antiquity is corroborated by archaeclogical findings and
other substantiating evidences [Bedigian and Harlan,
1986, Damania et &/, 1998) Edible oilseeds/oil crops
canstitute a major group of cultivated plants. The group is
composed of over ¢ne tenth of the maijor oilseed craps
originating both in the Cld and New \Woerlds {argely in
tropical habitats except for sunflower and possibly some
Brassicas. This paper deals with the gecgraphical origin
and distributicn of species diversity in edible oilseed
plants; and the genepools in oilseed crops and related
wild species particularly in the primary centres which hold
rich native diversity thai has not been well collected,
studied and exploited vis-a-vis conserved. Such
infermation is alsp presented in diversity existing in
secondary/ or tertiary cenfres it also attempts to point out
use of wild genepocls in crop improvement. A synthesis
is also presented on the major ex-sifu collections held at
various institutes located in primary and secondary
centres of diversity of these oilseed crops, presenting a
global scenario on the total extent of diversity in major
oilseeds canserved/maintained at different locations. Need
for basic studies in oilseeds and understanding diversity
in areas of crop origin and demestication is stressed, and
concern highlighted for its censervation. Implementing on-
site measures {o mitigate the impact of genetic erosion by
priority-collecting and Jn-sifu approach and through
complementary conservation strategies is suggested.

Global diversity in oilseeds

The Oictionary of Economic Plants (Uphef, 1959) reporied
abuut 138 species of annual and perennial plants
providing diverse kinds of cils used for cooking/ edible

National Bureau of Plant Genetic Resources, Pusa Campus, New Dethi-110 012,
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purposes, for medicine and indirectly used for other
purposes. The edible oils come from diverse plant
families. Several of these such as the
Cruciferae/Brassicaceae (rapeseed/mustard),
Compositae/ Asteraceae (sunflower, safflower niger),
Leguminosae/Fabaceae (soybean, groundnui),
Palmae/Arecaceae (coconut, oil palm), Linaceae
{linseed), Oleaceze (olive), Pedaliaceae (sesame),
Malvaceae {cctton), are considered rnore ymportant
{8immonds, 1978, Robbelen ef al/, 1985 Table {1
presents this diversity numbering over 115 species which
may be categorised into the major groups: major cilseeds
which are well-known for their commercial value, with
other relatively minor ocilseeds under cultivation and
gaining importance, and species ©of potential value,
presentiy less-known but locally used and deserving study
for expleiting diversity for better economic use (Uphof,
1058 S8immonds, 1876 Zeven and de Wet, 1882 Waeiss,
1983, Robbelen et &/, 1889 For each category, the
species are arranged alphabetically, and major
use/economic importance is indicated.

A: Major and Minor Oilseeds

Centres of origin and domesticatiocn, genepool
components and distribution of diversity

Qilseed crops have oniginated in the distant past, as is
evident from the archaeoiogical and ethnological data
available. These include crops of both Qld and New
Warlds (Zeven and de Wet, 14982) Synthesis of
infermation on centres of origin, domestication and
development of secondary diversity in major edible
cilseed crops is presented in Table 2. Despite the
imperiance of cilseeds for food, the relative neglect of this
group of crops in the global scenario is brought out from
this analysis. One or the other cilseed crop has been
domesticated in each of the larger landmasses.
Helianthus and Arachis are native of North and South
America, respectively, Brassfca is native to the
Mediterranean region and European area, Guizotia, and
Sesamum in the African and the Indian regions, and
Glycine and Cocos in the Chinese and Australian regions,
respectively. Majority of these crops are therefore
domesticates of the Old Worid. They are mostly crops of
the tropical region grown in marginal lands and by small
farmers in impoverished areas. Primary centre of diversity
of the genus is noted in the same region as thet of the
crop with few exceptions, such as Cocos, Glycine and
Sesamum. Brassica is one crop widespread and with

multiple centres of diversity. For others, secondary

centres of diversity are noted in adjacent regicns: China,
India and Eurcpean regions adjecining the Mediterranean

region have secondary centres of diversity for maximum

number of species. Adoption In newer climates and
habitat situations is yet to be done for the majority of the
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crops. The wild counterparts or related wild species
usually occur in open disturbed habitats (Vavilov, 1951
Zeven and de VWet, 1982). Table 3 presents the synthesis
of such information determining the centres of origin and
development of primary and secondary centres of
diversity in major edible oilseed crops; the location of
these along with wild genepcool in twelve centres of
diversity of cultivated plants {Zeven and de Wet, 1982). A
brief account for the major and minor oilseed crops is
given befow

Arachis hypogaea {Groundnut)

Arachis hypogaea is an cld domesticate dating back to
3000 BC or earlier (Simmonds, 1976; Smartt, 1990).
Qriginating in the area southeast of Peru, secondary
centres have deveioped within the same region (in
Argentina and Bolivia), and tertiary centre in Congo in
West Africa (Zeven and de Wet, 1982, Staiker, 1892). The
Arachis genepool is composed of several species of which
20 have so far been described. Both the area of
domestication and distribution of wild species occur in
South America. The species occur over a wide range of
habitat conditions ranging from ard to semi-aguatic
conditions. Several species of section Arachis oceur here
apart from A hAypogaea, namely A moniicols, A
batizocoi, A. cardensii, A. chacoense, A, correnting, A.
helodes, A duranensis, A ipaensis, A viflosa; several of
these occur in nerthwest Argentina. A, monticola may
have a commaon parent with A. hypogaea. Supportive
evidence from isozymes, RAPDs, seed storage proteins
and chloroplast DNA suggests that A. duranensis may be
the parental species (Moess et a/, 15849, Smartt, 1890).

During subsequent adaptation and diversification of the
crop, a great deal of variability in plant habit and seed
characters has accumulated so that valencia, spanish and
fastipiata types show restricted distribution and smat
areas of independent domestication and variation within
each group.

Brassica: oleiferous species {Rapeseed and Mustard)

The olaeiferous Brassicas belong to two groups, the
rapeseeds and the mustards. Five cultivated species are
impertant; B. campestris and B. napus in rapeseeds, and
B. juncea, B. nigra and B carinata in mustards
(Simmonds, 1978; Weiss, 1983, Rcobbelen et af, 1985;
Chatterjes, 1692).

Rapeseed: 8. campesfrs has the widest distribution
among the oleiferous species of Brassica with a primary
centre of diversity in the Indian gene centre, namely in the
Himaiayan region (Hedge, 1878). Diversity build-up is
related to gecgraphicai location, The oldest among these
is the brown sarson (foria and lotni forms). Yellow sarson
{mare related to torfa) yielding higher oil is represented by
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two-valved erect forms which are more commonly
available than the pendent and many-valved forms, the
variety toria including the B. tournefortigroup {Simmeonds,
1976, Chatterjee, 1982).

Multipie domestication is indicated by differences in
morphelogy and oil compositicn in the Asian and
European regicns, considered to be secondary centres of
diversity (Zeven and de Wet, 1982 Robbelen et al., 1989).
Brassica napus originated in southern Europe near the
Mediterranean region where the parental B. oleracea
oceurred. During spread to Asian region (1900s), it
showed build-up of diversity through introgression and
crossing with the local B. campestris particularly in the
Chinese region. Variety sivestris of B. campestris is a
weed of the Asian, Eurcpean and North African regions
(8immaonds, 1878).

Mustard: This group includes B. nigra, which has been
cultivated, since ancient times initially widespread in use
as a condiment and spice (Zeven and de Wet, 1982)
Hemingway (1976) has suggested its centre of
domestication to be in Asia Minor or Iran. it shows
variation in erect to semi-erect pattern growth but has not
been drastically modified since domestication. It is the
parental species of 8. carhata (x 8. oferacea) restricted to
Ethiopia and North Africa. However, build-up of diversity
has occurred in more than one centre; and within the
secondary centres of diversity through crosses with local
B. campesiris (or B. nigra) in the Chinese, northeastern
India and Caucasus regicns (Chatterjee, 1992).

The variability in wild forms of B. cleracea, B. campestris
and cultivated species are all important in build-up of the
Brassica genepool Also among the wild species used for
incorporating desirable traits into the crop genepool,
species/related genera Sinapis. Raphanus, Diplotaxis,
Eruca, Moricanda and lesquerella (mostly of
Mediterranean region) have been considerad significant.

Carthamus tinctorius (Safflower)

Ashri and Knowles (1960) placed the centre of origin of
safflower in the Near East because of the similarity of
cultivated safflower to the closely refated wild species- C.
persicus (C. flavescens) found in Turkey, Syria and
Lebanon; and C. pafaestinus found in deserts of North
Iraq and (srael. In this region, introgression may have
occurred between the cultivated and wild types. Great
V_ariation occurs in the Afghanistan area within the
distributional range from Middie East towards Pakistan.

The crop is grown in many areas of the Old World and in
Nerth America

lmrig and Knowles (1971) suggested that the weedy
SpeF:les C. persicus and C. oxyacanthus and the
Cultivated C. tinctorius are derived from the weedy species
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C. palasstinus. The four species are introgressible,
producing fertile hybrids. introgression of the weedy and
cultivated species may still cccur in natural conditions
{Zeven and de Wet, 1982)

The Indian region is a secondary centra of diversity for
saffiower, and the crop is old in this region {10™ century).
Several sub-centres of diversity have been described in
Europe, the Far East, Ethiopia, Egypt, Sudan and
introgression of prevalent diversity through breeding
programmes has been possible,

Carthamus genepool is composed of over 15 species,
annual species are largely distributed in central and west
Asia. The distantly related groups are composed of C
curdicus, C. gypsicola, C. oxyacanthus, C. palaestinus, C.
persicus (C. flavescens) and C. tinctorius. C. nitidus
seems to be isclated from these. Section
Odonthagnathius includes C. bofssieri C. dentatus, C.
divaricatus, C. glaucus, C. leucocaulos and C. tenuis; and
section Atractylis includes C. lanatus, C. creticus (C.
baeticus), and C. turkestanicus. These species also differ
in their ploidy levels.

Wild genepool of species such as C. Janatus, C
oxyacanthus and C. palaestini:s have been identified as
good sources of resistance or tolerance to varicus
diseases and pests (Kumar and Agrawal, 1989). Drought
hardiness and resistance to alternaria leaf blight have
been partly incorporated into cultivated types through
repeated backcrossing and selection.

Cocos nucifera (Coconut)

Cacos nucifera on the basis of variation in small-fruited
forms, multitude of local names and maximum uses in
southeast Asia, and fossi evidences (in New Zealand) is
considered native to parts of Australia (Robbelen ef af
1989). Due to the littoral habitat and distribution by sea it
is pantropical in distribution. Variability in oil-yielding
plants is of taller types typica and dwarf types riana and
hybrids between them through breeding programmes.

The genus is moenotypic; other species (30) of tribe
Cocoideze occwr in Central and South America,
Interestingly several neotropical palms of potential value
are also available in these regions such as Orbignya,
Jessenia, etc.(Uphof, 1953, Pareek ef af, 1898).

Elaeis guineensis {Qil palm)

Elaeis guineensis is native to the African regior with great
variation in shape of fruit, appearance of trees and
productivity of fruit bunches in Africa. The species is
distributed in the ccastal belt from Sierra Leone to Angola
wherewild and semi-domesticated diversity occurs Great
variaticn is noted in fruit shape, size, bearing, etc The
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- western ang
popu|aﬂon3bcentfal parts show high variation within

the twe aregg iferences have been recorded between
{Robbelen g a,S“bStantiated by biochemical evidences
East {one ang ., 1989). Cultivaticn has spread tc the Far
with few large half centuries ago) of the dura piant type
maturation g, , \"ches of fruits, showing homogenous
been domest;q low vertical growth. The oii palm has

®d only at a few places. Large plantations

are found in Africa, Southeast Asia and Central America
(Zeven and de Wet, 1982).

E. oleifera with lower vertical growth is distributed in
Central America, Cclombia and in the Amazon area. It
has been crossed with the African ol paim producing
partially fertile hybrids £ odora is ancther less-known oil
palm species (Zeven and de Wet, 1982)

Table 1 List g, .
T Genus -\.f m_ajor and minor edible oilseed crops and other potentially important oilseed plant species
ﬁaj;r;;ld_rﬁ"""“ ___ Species Family_ T Oil characteristics
drmchis M oiseedcrops T T T T T T T
A. hypogasa Fabaceae/ Ol lacking flavours after cooking, good keeping quality.
Brassica Leguminosae 43% ofl (42-52%), good source of Vit E
*B. campestris Brassicaceae/ Mustard/Rapeseed oii, linoleic acid from 3-10% 40% oii
8. cannata Cruciferae on dry weight basis
"R, juncea
B. nigra
Cannabjis B. napus
Carthamus C. sativa Cannabinaceae Qi used for culinary purposes locally
C. tinctorius Asteraceae Oil with high levels of oieic and linoleic acids makes it
Cocos Compositae closer to olive oil.
C. nucifera Arecaceae/ 65-72 % ail, in seed
Fiaejs Palmae
E. guineensis Arecaceae Edible oil rich in carotene. Comparable tc better grade
£. oleifera cod liver oil.
Eruca £ odora
Glycina E. safiva Brassicaceae T used in pickiing and mixing in mustard oil.
Gossypium G. max Fahaceae Qil 20% of seeds. Linaleic acid 3-8%
G. barbadense Malvaceae Substitute for lard, margarine, cooking, salad oit
G. herbaceum
Guizotia G. hirsutum etc.
G. abyssinica Asteraceae Qil, having sweet/ pleasant aromatic odour, 52-75%
Helianthus linoleic acids
H. annuus Asteraceae Premium cil on basis of edour, flavour, High linoleic acid
Linum (80% of total oits)
Olaa L. usitatissimum Linaceae Cooking medium on a local scaie
*O. europaea Oleaceae Chiefly used as salad ofl. Greenish- yellow oil resembles
O. ferruginea sesame oil. Quality and use is based on its acidity
Papaver O. glandulifera
P. somniferum Papaveraceae Used for culinary purposes and manufacture of
Sesarmum margarine
*S. indicurm Pedaliaceae Stahie oil. 47% oleic acid and 39% linolaic acid with anti-
Sinapis oxidant sesamol
Zea S. alba Brassicaceae White musiard oil source of ‘hot’ principle
Potential oilseay Z. mays Foaceae/Gramineae ‘Hidden' oii, potential for human consumption
Acrocomia species
A aculeata Arecaceae Kernel rich in oil {35-60%) identicai to coconut oil. 27,9
Actinodaphne A totai % fat in edible part.
Aisandra A hooken Lauraceae Pisa oil. Geod substitute for coconut oil
A. butyracea Sapotaceae Substitute for cocea butter, ghee. Oil with goed keeping
Argania quality (42-47%)
A. sideroxylon Sapotaceae Argan ail, used like olive il
Astrocaryum A. spinosa
&)  Aculeatum Arecaceae Qil from fruit (33-40%) is like that from Jessenia
A, jauar
A mururnur
A tucuma
A. vulgare
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Genus Species Family Oil characteristics
7;’4_.#3193 A. agrestnis Arecaceae Edible cil from kernels
a} cohune
A. excelsa
A. funifera
a) oleifera
A. spectabilis
Baclris b)  minor Arecaceae Scurce of Pupunha or peach palm oil
B gasipaes
Berntholletia B. excelsa Lecythidaceae 65% fat in editle part
Buchanania B fanzen Anacardiaceae Chironji oil, substitute for olive and almond oils in
cenfectionary
Butia B. capitata Minar source of ol
Butyrospermum B. parkii Sapotaceae Greenish-yellow fat from seeds, pleasant odour and
taste (50%). Substitute for cocoa butter, in chocolate
manufacture, cooking medium
Cananum C. indicumn Burseraceae 73.2-75.9% oil from kernels
C. ovatum
C. schweinfurthif
Catya C_ifinoensis Juglandaceae 71.5% fatin kernels
Caryocar C. amygdaliferum C. Caryocaraceae Suari fat from seed.
brasiliense Fruit pulp and kernels rich in edible oil (67/70%)
C. nuciferum
C. tomentosum
C. villosum
Caryodendron C. ofinocense Euphorbiaceae Qil {(45-54%} from nuts
Ceratotheca C sesamoides Fabaceae Qilseed crop
Corylus C. gvellana Betulaceae 50-60% golden yellow fat of pleasant odour
: C. sieboldiana
Couepia C. longipendula Chryscbalanaceae Cil from kernels
Coula C. edulis Olacaceae Gii from kernels
Cucurbita C. foetidissima Cucurbitaceag Polysaturated edible oil. Compares favourably with
soybean/ groundnut oils
Dacryodes D. edulis Burseraceae Fruit pulp oil suitable for commercial production of
cooking o/ margarine
Dipteryx D. odorata Fabaceae Tonka beans: oil frem kernels
Euterpe £ edulis / E.oleracea Arecaceae. Qil from kernels
~ Fagus F. onientalis Fagaceae Cil of good quality from kernels
Garcinia G. cambogia Clusiaceae/ Guttiferae Kokum butter (31%), white fat of good quality, substitute
G. indica for cocoa butter 23-26% fat (G. indica)
Hesperia H. matronalis Brassicaceae Edible oil used locally
Hodgsonia H. heteroclita Cucurbitaceae Seed ol for cooking
irvingia {. gabonensis Irvingiaceae Substitute for cocking oil/ margarine
Jessenia J. bataua/). polycarpa  Arecaceae Oil, almost identicat to olive oil
Juglans J. mandshurica Juglandaceae

Clear oil yellow, sweet in taste for cooking/salad oil



*- Major and minor crops
Sources: Uphof, 1959; NAS, 1976; Simmonds, 1976, Zeven and de Wet, 1982; NOVODB, 1985; CSIR, 1986, Robbelen et al,, 198%;

Table 1 (Contd...)
éenus

}.;z.:);thfs
Macadamia

Madhuca

Manicana
Mauritia
Mimusops
Nepheiium

Oenocarpus

Orbignya

Pandanus

Pentaciethra
Persea
Pistacia
Profium

Prunus

Pyrulatia
Quercus
Roystonea
Schieichera

Shorea

Simarouba

Staphylea

Telfaira
Terminalia

Treukia

Species

L. oltahia

M. integrifolia

M. indica
M. longifolia

M.
M.

saccifera

vinifera

M. djave

N.

T
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lappaceum

. bacaba

. circumtextus
. discolor

. distichus

. minor

. tarampabo

cuatrecasana
matrtiana

boninensis
brosimas
whitmeeanus

. macrophylla

P schiedeana

P
F.

P.
P.

P
Q.
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T

vera
brasmense

armepjaca
sibifica

pubera
virginiana
oleracea
olecsa

apfera
robusta

glauca

. bofanden
_ trifolia

_ accidentalis

. catappa

africana
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Family
Lecythidaceae
Proteaceae

Sapotaceae

Arecaceae
Arecaceae
Sapotaceae
Sapindaceae

Arecaceae

Arecaceae

Pandanaceae

Fabaceae
Lauraceae
Anacardiaceae
Burseraceae

Rosaceae

Santalaceae
Fagaceae
Arecaceae
Sapotaceae

Dipterocarpaceae

Simaroubaceae

Staphyleaceae

Cucurbitaceae
Combretaceae

Moraceae

Oil frem seeds

Oil from nuts

QOil characteristics

51.1% fatty oil rich in olejc acid {46% of total); substitute

for cocoa butter

Ubusou oil similar to coconut oil
Yellow oil (20%) from fruits

Seed fat used in cooking

37-43% solid fat

Edibie oil frem fruits

60-70% oil similar o coconut off

Qil used for perfuming coconut oil

Misc. use as food

Fruit good source of all

Edible oil, fow melting point

Qil like olive oil

Oit bitter and sweet and resembles olive oi!

Oil from kernels

Sweet oil in cookery
Fruits yield edible ail
40 % oit from seeds

Sal butter {19-20% fat), substitute foi
cocoa butter. 50-70 % (S. aptera)

Aceitung of! used as cacaa butter substitute

Qil from seads sweet in taste

Qil from seeds

Indian almond. Kernel with 55% oil

Seed rich in ail

Chadha, 1991; Macmillan, 1991; Rehm and Espig, 1991, Pareek ef.al., 1998.
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Tabie 2 Centres of diversity and domestication of edible oilseed crops

S ————
: Centres of diversity

T e . Archaeological

Cro| evidences
rop 1 2 3 4 S B 7 8 g 10 11 12

Arachis hypogaea # +@ A (2-3000 Peru)

Brassica campestns @ + + @ B
Brassica cafinata + -
Brassica juncea @ @ * ‘ @ C
Brassica hapus ot c
Brassica nigra + C
Cannabis sativa @ @ +
Carthamus tinctorius @ + A (1600 Egypt)
Cocos nucifera ' @ + A (N, Zealand)
Elaeis guineensis A +
FEruca sativa : @ + _ -
Giycine max + * A (>11 China)
Guizotia abyssinica . @ + -
Hefianthus annuus . @ + A (>1USA)
Linum usitatissimum + @ A (>1000 Egypt &
Middle East)
Olea eyropasa . + A

{4 Mediter-ranean)

Papaver somniferum + N

Sesamum indicum @ + > _ A(4000 Harappa,
Babylon, Assyria)

Sinapis alba o + -

Primary centre for crops 1 1 2 3 3 4 3 1 1 i 1

Secondary/tertiary centres for<crops 4 1 5 1 1 3 1

Centre of diversity for wild spp. 1 1

* Primary centre for crop and wild species @ Secondary centre for crop/wild species # Tertiaty centre for crop species * Cantre of diversity
for wild species '

gentyes of diversity as per Zeven and de Wet, 1982: 1 China, 2 indochina-Indonesia, 3 Australia-New Zealand, 4 [ndian sub-continent, 5
< Asia, 6 Wi_ast As@, 7 Mediterranean, 8 Africa, § Euro-Siberia, 10 South America, 11 Central America, 12 North America

Ségh;g)ologlcal evidences: A-Archaeclogical records (1-3000 BC or earlier), B-Indian texts (1500-2000 BC), C-Greek and Roman recerds (200-

Sources: Simmonds, 1976; Zeven and de Wet, 1982; Robbelen et al., 1889; Damania et a/., 1998.
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Table 3 Centres of origin and diversity of potentially important edible cilseed species

Cenfres of diversity T T
1 2 3 4 S 6 7 8 9 10 1 12
Acrocomia (2) +
Acfinodaphne +
Aisandra +
Argania (2) +
Asfrocaryum (S} +
Aftalea (8)
Bactns (2)
Bertholletia
Buchanania +
Butia +
Butyrospermum +
Canarium (3} + : * :
Carya +
Caryocar (S} . +
Caryodendron . +
Ceratotheca ' ‘ +
Corylus (2) + - +
Couepia : +
Coula +
Cucurbita +
Dacryodes +
Dipteryx
Euterpe (2)
Fagus +
Garcinia (2) +
Hespetia (S
Hodgsonia +
{rvingia + .
Jessenia (2) +
Juglans (2) + + .
{ ecythis +
Macadamia +
Madhuca (2) +
Manicaria
Maurifia
Mimusops ’ +
Nephelium + '
Cenocarpus (B) +
Orbignya (2}
Fandanus (3} +
Pentaclethra o+
Persea ’ +
Pistacia +
Protium . ' +
Prunus (2) +
Pyruiaria ‘ +
Quercus +
Roystonea +
Schleichera +
Shorea (2) +
Simarouba 4+
Staphylea (2) ‘ +
Telfairia ‘ +
Terminafia +
Treufia +
Total genera 5 5 1 6 2 1 2 10 2 20 3 3
* Species as per Table 1; Centres of diversity as per Zeven and de Wet, 1982: 1 China, 2 Indochina-Indonesia, 3 Australia- New Zealand, 4 Indian sub-continent,

5 C Asia, 6 West Asia, 7 Mediterranean, 8 Africa, 9 Euro-Siberia, 10 South America, 11 Central America, 12 North America Sources: Simmonds, 1976; Zeven
and de Wet, 1982; Robbelen et al., 1989; Damania ef al., 1998.

Genus

+ o+ o+ +
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Glycine max {Soybean)

Soybean is an old crop domesticated around the 11"
century BC in eastern/northern China. Since the 1%
century AD it became widely introduced and landraces
developed in China, Korea, India and cther parts of Asia
(Hymowitz, 1870, Zeven and de Wet 1962) its wild
pragenitor G. soja is widely distributed in the primary
centre of diversity in north and northeastern parts
adjoining central China, adjacent Russia andin parts
of Eastern Asia/Korea, Japan and Taiwan. The annual
G. gracilis cccurs in this region and the cuitivated soybean
and wild and weedy species exhibit sympatric distribution

and populations represent derivatives of hybrids
between wild and cultivated soybean (Hymowitz and
Newell, 1981).

Since its domestication and spread as a protein- rich
legume species, it aiso developed into an oilseed crop,
and the increase in seed size is associated with increase
in oif and decrease in protein content. Overall selection
has been for large erect herbs with low shattering pods,
and relatively larger seeds. Variability in the area of origin
is associated with its multipurpose use for food, in native
rituals and as medicine. The genepoo! of perennial wild
species occurs in the Australian region, where severa! of
the species are endemic, e.g. G. argyrea, G. canescens,
G. clandestina, G. cyrioloba, G. falcata, G. latifolia. Other
species have wider distributton - G. tabicina in China,
Taiwan and Australia and G. fomenteila also in Papua
New Guinea and the Philippines interestingly associated
with variation in ploidy levels.

Thebarrier to crossakility between the perennial subgenus
Glycine and annual subgenus Soja is complete and
successful introgression of the genepool is possible
following unconventicnal methods (Singh, 2000).

Guizotia abyssinica {Niger)

Niger originated in the highlands of Ethiopia (Baagoe,
1974). %t iz an old crop which spread to East African
highlands after domestication and around 2000 BC to
India. The Indian region is a secondary centre of diversity
for this crop (Zeven and de Wet, 1982). The genepoacl is
camposed of about six species of Guizofia, including
both annuals and perennials, largely distriouted in
Ethiopia (Robbelen ef al, 1989; Getinet and Sharma,
1998). G. arborescens and G. viffosa are confined to north
and south western highlands of Ethiopia. G. zavattarii is
endemic to southern Ethiopia and G. reptans to East
Africa. Much variation oceurs in G. scabra subspecies
scabrawidely distributed in East Africa, extending to West
Africa, and subspecies schimperi confined to Ethiopia
occurring as a commeon annual weed {Getinet and
Sharma, 1996) and similar to cultivated type but
possessing higher oil content (24-35%). Crop
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improvement and domesticaticn in the indian centre of
cultivated plants has been for the shorter plant habit, non-
shattering heads and seeds with thin tiuff.

Helianthus annuus (Sunflower)

Sunflower is an ancient native of North America probably
selected from weedy camp-following species. It got
diversified and domesticated in the central and western
parts of this regfon, and this area constitutes its primary
centre (Heiser, 1978, Seiler and Rieseberg, 1997). This is
also supported by archaeolegical findings (Simmonds,
1976, Robbelen et a/., 1989). Diversity devefoped in the
ornamental types following its introduction into Europe in
early 167 century, and its selection and improvement for
high oil around the 18" century and in the development of
a secondary centre in Russia (Heiser, 1978).

The genepoal of Helianthus includes 39 species of which
about 15 are annuals and the rest perennials {Schilling
and Heiser, 1981, Seiler, 1992, Seiler and Riesebery,
1997} This diversity occurs in central and western parts
of North America However, dwarf species are also
distributed /lccalised in eastern parts. The species vary
much in habit, life span and ploidy levels. Annuai species
of the section Annui are mostly occupants of drier habitat
conditions and sandy soils (Rogers ef al, 1982)
Enormous variation occurs in A annuus within its
distributional range and several subspecies have been
recognised; some are widely distributed (subspecies
annuus and lenticuiaris), and others more restricted
(subspecies texanus and jaeger). H. argophyfius is a
closely related species and a probable progenitor of wild
H. annuus. Among the allied genera are Hellanthopsis,
Phoebanthus, Tithonia and other components of Viguiera
group mostly distributed in North America (Heiser, 1976,
1978, Robinson, 1979; Schilling and Heiser, 1981).

In general, self-incompatibility is widespread in Hefianthus
annuus, H, agrestis and other species. Introgression into
the crop species during domestication and furher
improvement in Eurcpe upon introduction has resulted in
widening its diversity and development of cultivars suited
to diverse requirements, possessing high oil content. The
potential of wild species as sources of disease and pest
resistance has in part been successfully utilised (Whelan,
1978, Chandler and Beard, 1383). Even distant species
like H. tuberosus have been used as source of disease
resistance in Europe and H. petiolaris as a source of CMS
lines (Robbelen et &f., 1988).

Linum usitatissimum (Linseed)

Linum usitatissimum is an old crop, which originated in
the Central Asian region. It was domesticated in the
Near East before 5200 BC, and its progenitor L. blenne
occurs in this region. The genepool of Linum has over 200
species, of which L. usitatissimum, L. bienne and L.
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angustifoiutm constitute an allied group. L. Hfenne is
pelymorphic cccurring as two distinct geographic races.
One s the Atlantic-Mediterranean coastline race, a
perennial also described as L. angustifolium and
possessing highest seed oil contents and seed weight
among all wild species (Seetharam, 1872). The second is
“a winter annual grown in the mountains of south
Germany, which may have arisen from the small-seeded
linseed, cultivated by prehisteric central European
dwellers its parental type is prostrate and multi-stemmed,
cultivated since ancient times along the north coast of
Turkey, the Caspian coast of Azerbaijan and areas
adjoining the Black Sea and the continental winter annual
of the semi-arid foothills of Irag, Kurdistan and lIran.
During domestication and further development, types both
for cil and for fibre have developed (Zeven and de Wet,
1982). Subspecies indo-abyssinicum of India and
adjoining areas is similar to linseed of Ethiopia and may
have originated from the latter. [t hybridises with
subspecies mediterraneum  resutting In a  hybng
- subspecies hindustanicum.

Variability is high in the Linum usitatissimum group.
More variability in oilseed type occurs in Mediterranean
area. In ltaly, hybrid forms of subspecies transitorinne,
subspecies eurasiacum and subspecies mediterraneum
are found. Large-seeded forms are cultivated in North
Africa. Those from Algeria are reported to be a source
of fusarium resistance (Zeven and de Wet, 1882
Robhelen et af., 1989}

Thus overall, in the cultivated and related wild genepools
trends are indicative of build-up of diversity over a wide
area, with Mediterranean area being the primary zone of
diversity. :

Olea europaea (Olive)

Qlive {Olea europaea) is one of the important cldest
domesticates probably of the Near East (Turrill, 1951).
North Africa has also been suggested as a centre of
origin. Early artifacts associated with the cil extraction
process (during bronze age, Liphschitz ef af, 1881} and
the exploitation of wild forms bhefore domestication (since
palaeolithic times, Zohary and Spiegel-Roy, 1975) are
available.

The Olea europaea genepool includes four subspecies
(Besnard et af., 1998). C. europaea subspecies eurcpaea
is distributed in the Mediterranean basin, and includes var.
syfvestiis {cleasterss feraf and wild forms) and var. sativa
(cultivated formsiwhich are cross compatible (Zohary and
Spiegel-Roy, 1975). The subspecies faperriniis distributed
in the Saharan mountains and its variants close to
subspecies cuspidata (= O. macroccana) in the Atlas
mourtains, Morocca and Canary and Madeira (slands
{Robbelen at al., 198S). Subspecies cuspidata includes

189

variants i Asia (O, cuspidatal, in Arabia and Edhiopia (O.
chrysophylla) and eastern and southern Africa (O.
africana).

News variation in cultivated forms propagated in the entire
Mediterranean basin has been suggested to have
originated through crosses between these and the local
wild forms (Simmends, 1976) The distributional range of
these forms could overlap with that of the cultivated forms
{Zohary, 1884). Secondary centre for large-fruited forms
and selections from local wild forms has been noted
The present cultivars of olive therefore may have been
derived from cleasters of different Mediterranean areas
from three sources: a) wild x cultivated, b) selection of
superior lines and parents; c) improved yield and quality
{Robbelen et af | 1989),

Sesamum indicum (Sesame)

Sesamum indicum was domesticated and disseminated
very early in the historical perspective of its cultivation so
much so that its primary centre is not readily
determinable. Equally high variability cccurs inthe African
and the Indian regions. A secondary centre alse occurs in
China of dwarf types, under subspecies quadricarpefium
(Zeven and de Wet, 1582).

The genepool of Sesamum is composed of about 36
species, largely distributed south of the Sahara, in Africa;
about five species cceur in the Indian region. Sesame has
heen under cultivation since ancient times in India,
Sumeria, Egypt and throughout the Greek Roman regions
for its seeds and as an oilseed crop (Simmonds, 1976,
Damania ef al., 1998) It is the oldest oilseed plant used
by humans, with archaeciogical evidences from ndus
Valley Civilisation (Harappa between 3050-3500 BC) and
other sites such as Egypt (1350 BC}), Armenia (900-600
BC), Jordan (800 BC) and Turkey (700 BC).

Among the wild species of Sesamum, S malabaricum s
cross compatible with the crop species, exhibiting close
morphological, genetical and phytochemical affinity and
to the cultivated crop. Bedigian (1881) supported the
contention that the domesticated sesame arose from this
progenitor in the Indian subcontinent. Zohary and Hopf
{1883) concurred with Bedigian and Harlan (1986) and the
botanical evidences support a relatively tate introduction
intc the northeast and Mediterranean region. Also,
crosses were possible with S prostratum and S.
schenckii, species present in both the African and the
Indian regions. The latter has been proposed as the
ancestral genome (Nayar and Mehra, 1970, Simmonds,
1576). Furthermore with species of African region, such
as S. alatum, S. capense and S. angolense, barriers to
crossing were noted. Thus the group of African wild
species appear to be more distant, which again
supports the Indian region as a primary centre of diversity
(Rana et al, 1894, Thangavelu, 1994}
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Miscellaneous miner crops

Several ancient domesticates are sources of editle oil
which however have remained of local importance or in
limited demand. Their cultivation has not increased and
they are grown on a iimited scale for specific traits, such
as ‘'hot' principle and pungency which makes oils of
Sinapis alba (White mustard) and Fruca sativa (Rocket),
respectively important for specific uses such as pickling.

Crops of secondary importance as sources of edible oil
constitute another category. Gessypium spp. (Cottonseed)
and Zea mays (Corn kernels) are major crops gaining
importance particularly in USA as edible oilseeds
{Robbelen et &/, 1989). Hopi cottons in the New World
are glandless types, a desirable character in edible cilseed
forms. In india, domestication of cotton was for animal
feed. Here glandless types are subject to pest damage.
Hence, probably it is important for oll mainly in the New
World unless genetically moedified for disease and pest
resistance. In corn, the ‘hidden' oil quantity is higher in
edible types associated with high embryc to endosperm
ratic. The oils that are desirable in non-ruminant diets
may with better processing improve the quality of il

This group of plant species include increasing numbers of
other cereals and fruit plants, such as Kernel cil from
Mangifera indica (Mango)}, Cannabis sativa (Hempseed)
and Oryza sativa (Rice bran) in the Indian region (Watt,
1889-1893, Rat, 1998). Similarly, Papaver somniferum
var. migrum (Poppy) is an ancient docmesticate of the
Middle East where ctherwise agriculture has not
deveioped (Robbelen et al., 1989} Dry fruits and nuts of
Prunus, Juglans, Pistacia, etc. are other sources of good
quality oil.

B: Potential/ Less-known Oilseeds

This includes both local domesticates and those gathered
for use from the wild by the native pecple, and plants in

" local use for their olly nuts or kernels. Their oil quality and
quantity generally match with those of the major crops
{Table 1). Also the aroma and flavour of oils of several
species are as good as or better than major oils like
coconut oil, palm cil or olive oil. Table 3 gives the centres
of origin and diversity in potentially important edible
oilseed plants South American region for neotropical
palms, and Indian region for Aisandra-Bassia-Madhuca
group of Family Sapotaceae are some important areas
with diversity in edible oilseed plant species. In view of
these points, the global diversity is described and
ciassified under the following heads:

a) Potentially important plants as substitutes for
major edible vilseed crops: Several of the plants
have been indicated to have oils comparable to
coconut oil and olive oif (Takle 1) The nectropical
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palms are mostly multi-purpase plants usually
collected from the wild. These predominate in the
South American centre of diversity, inhabit marginal
habitats or forestiands, and also establishing well in
cleared lands, and hence may he important backyard
cultigens. Caryocar brasiiense and related species are
available over a wide range of conditions. Interestingly
hybrids between species or with other genera In
natural conditions provide a wide range of material for
domestication and improvement. Other genera are
available over a wide range of habitat conditions,
Orbignya-Attalea in dry areas, Jessenta-Oenocarpus
in wet or waterlogged areas. Other important palms
again of the New World include Acrocomia,
Astrocaryum, Bactris, Mauritia, etc. (NAS, 19876
Robhelen et af, 1989, Pareek et a/, 1998). Cucurbita
foetidissima (Buffalo gourd) is a species of desert
areas of Central America with potential for being
developed as an edible oiiseed crop (NAS, 1976)
Carya, Staphylea and Quercus are important in North
America as edible cil yielders.

Similarly in the Indian region Shorea robusta is
important as a predominant component of the sub-
tropical areas, used for edible oil extraction on a local
scale. In this regicn edible vil-yielding species of the
Afsandra-Madhuca-Bassia group are important
components of the sub-tropical areas and alsc in
social agro-forestry. Garcinia species are important as
source of edible oil of high commercial value.

Several species of edible cilseed plants are found in
tropical West Africa- Cerafotheca sesamoides, Coula
edulis, lrvingra Gabonensis and Dacrycdes edulis
{Zeven and de Wet, 1982 Pareek et al, 1938}
Canarium schweinfurthiiand Butyrospermum parkii are
species of central parts of Africa.

Crops with secondary use as edible oilseed: This
category of potentially useful plants may be extended
to include many fruit and nut yielding plants such as
Mangifera indica, Prunus and Persea species (Uphof,
1959).

Potential oilseeds with low/local demand: This
category includes Pandanus sgp., which is used for
perfuming coconut oil and Canarium ovatum used in
the Philippines for extracting oil {Zeven and de Waet,
1982).

Thus, the list of potentially important oliseeds is long and
probably only a few qualify for demestication, with
attributes such as rapid regeneration capacity, easy
extraction of high quality oM, quantity of oil extracted
especially its keeping quality, stability, etc,
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Exploring edible oilseed genepools. Some global
concerns

The earlier part of the paper has brought out the salient
features of the distribution patterns and diversity build-up
" in various oilseed crops under cultivation and others with
scope for domestication and use. However, cilseeds have
remained less important as compared to other groups of
food crops in terms of breeding for crop improvement.
This is so despite a diverse range of uses envisaged to
meet nutritional, dietary and economic considerations.
Constraints in attaining the required goals are several

2) Occupation of marginal lands: With few excepticns
such as sunflower, brassicas and soybean in parts of
thelr cultivation range, edible oilseeds are successful
occeupants of marginal and degraded lands. Crops
such as Cocos, remain backyard cultigens in
developing countries and despite their multipurpose
uses, these are getting further marginalised.

b} Narrow genetic base [imiting range of culfivation:
Most oilseed crops In the course of domestication
have developed a wider genetic base as compared to
the parental material. This has heen achieved, in thQ
course of the development of the annual domaesticates
from the perennial species through hybrid origin as in
sunflower and some Brassica species, or subsequent
polyploidation in groundnut. Introgression with the wild
species in centres of diversity in safflower, soybean,
sunflowar, sesame, etc. has also added to the
diversity base of the crops.

However, due to the antiquity of origin, the primary
genepool of the crop Is separated from the secondary
and tertiary genepocls. This is due to wide geographic
separation as in Glycine or Helianthus, or local
topegraphic and other habitat features or genetical
factors in Arachis and Carthamus (Moss et al.,, 1989
Smartt, 1990; Dajue and Mundel, 1998; Seiler and
Rieseberg, 1997; Singh, 2000). Such a trend is also
supported by cytogenetical, or biochemical evidences.
In potentially important species the problem of the
future is likely to be that of a narrower genetic base as
commercial cultivation based on few high yielding
cultivars replaces the native diversity. This may be
true especially for groups such as the neotropical
palms where a long time is required to monitar for
promising attributes from generation to generation,
unless hybrids are used or selected as the primary
material for domestication.

¢} Local adaptation of variants within species: Even
withinthe crop species, secondary and tertiary centres
of diversity are recognisable in species of Brassica,
subspecies of Arachis, or races of Carthamus
(Simmonds, 1976, Zeven and de Wet, 18982). These
have been associated with crossability barriers and
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hence are reproductively isclated from the primary
genepool. Paralle! trends in habit and marphology
have been noted in Arachis and Brassica, in pianting
sedsons In Guizota, geodraphical features affecting
growth pattern in Giycine {Zeven and de Wet, 1982,
Robbelen ef ai, 1989, Smartt, 1930} In such cases
crosses within the genepool of the crop species has
potential value in Guizotfia from Ethiopia and India,
and in Arachis for better yield, uniformity on
maturation, disease resistance and breaking specific
linkages among economically important characters
(Wynne and Gregory, 1981). Such programmes as
are already underway in Brassica species, are needed
in the other crops.

Limitation of sources of disease and pest
resistance: With the occurrence of muttiple centres of
diversity in oilseed crops, resistanceto major diseases
is available within the crop genepool. Resistance to
rusts in Helianthus has been recorded in the
secondary centre in Eurcpe, as also to downy mildew
and verticillium wilt (Fick, 1878; Robbelen ef af, 1988;
Seiler, 1992). In Carthamus resistance fo major
diseases is available in world collections of safflower.
Resistance to the fungus Leptosphaeria maculans
attacking Brassica campesiris and B. napus is
available in the latter and in B. juncea; resistance to
Albugo candida has been identified in different lines
and races of B. campesirs, 8. juncea and B napus
{Robbelen et af, 1889). Wild species have been
identified as scurces of resistance to diseases and
particuiarly for pests in Heffanthus (Rogers et al,
1682}, perennial species of Glycine and African
species of Sesamum (Arora and Riley, 1984,
Robbelen ef af, 1G88).

Sub-optimal quality and quantity of oil: Scope
exists for dramatic increase in cil content, which is
even |ower than in the wild species in groundnut
{Wynne and Gregory, 1981). Wild species similarty
are important in other crops - Helianthus petiolaris has
been identified as a potential donor for higher oleic
acid in oil; Olea ferruginea when used for grafting of
the cultivated type in China is more productive
(Robbelen of al,, 1989).

Need for working out nrature and extent of
genepools: In some crops such as Sesamum, several
of the species have not been studied cytologically or
cytogenetically. Even their distribution ranges are not
well worked out and so grouping of species is a
priority for future study and utilisation. The next case
is that of Arachis where simitarity in habit and
morphology has made it difficuit to delineate species
through herbarium-based studies. Hence there is
confusion regarding even the number of species in the
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genus (Smartt, 1990; Arora and Riley, 1994, Seiler
and Rieseberg, 1997). Poor establishment and low
seed production in field-grown situations make it
difficult to resolve the problem.

On the other extreme is Brassica where {ransgenics
for resistance to lepidoptera pests have been tried
{Robbelen et al, 1988). introduction of phaseclin gene
has been attempted in sunflower from Phaseclus
vilgaris {Robbelen et al, 1989). Thus, use of new
technologies fc resolve problems are finding
application in the major edible oilseed crops.

Hence the diversity used or of potential use in
-improvement of edible oilseed crops may be available
from the related crop or wild genepcol  Since
incorporating desirable traits or resistance may be done
using various technologies, the major concern is that
suitable and diverse sources of material should be
available for use vis-a-vis exploitation of diversity.

Conservation of Genetic Diversity

The priority for conservation is for areas and germplasm
where the threat to habitat is threugh introduction of other
productive crops or reappropriation of lands for other
purposes due to their marginal status. For Glycine max
the centre of domestication is thought to be in what is now
a major wheat growing area in northeastern China. Except
for the major crops such as Brassica, diversity is still
largely avaifable for collection and conservation.

Ex- situ conservation: Table 4 indicates the wide range
of materials reported to be conserved in gene banks of the
world. Significantly among the crops listed, protein-rich
feguminous crops are hetter represented. For others the
collections reflect the area under cuitivation. Furthermore,
for wild species, except in Arachis where collections are
conserved in the area of diversity, consolidated
information on collections is not available.

OQilseeds are recalcifrant with comparatively shorter
longevity of seeds as compared to non-oilseed groups of
plants. Hence, these have been prime candidates for
cryopreservation. Again information on these is not
available. Moregver, such facilities too are available at few
places.

{n-situ conservation: This is important in two groups of
craps namely Arachis and Cfea. In Arachis, the secondary
cerires of diversity have buill up over short distances.
Topographical differences have significantly affected the
diversity build-up. Though it is known that the geocarpic
mode of dissemination may be related to distributional
patterns (Smartt, 1890), significant differences within and
hetween species in relation to habitat features make these
important for in-situ conservation. Moreover, the species
do not produce repeatable performance in field conditicns.
In Ofea where old clones and native diversity may be
available (Robbelen et al., 1989), 'on-farm’ conditions of
censervation may be the required method of conservation.

As was noted from the patterns of diversity build-up,
adaptation to the iocal conditicns has occurred in several
crop species. However diversification of species and
development of endemics is significantly high only in
seiected areas- Guizotia in  Ethiopian highlands,
Carthamus species in the Middie East and to the east of
it; Helianthus and Arachis in central North America and
river valleys in South America, respectively. Regional
surveys ahd screening of diversity would help to pinpoint
areas with higher diversity for in-situ conservation.

Besides these conventicnal methods, ‘en  farm’
conservation and particularly paricipatory breeding
programmes are ideal methods for adoption in diversity
studies of genepoois of edible oilseed crops for
conservation and use, especially in the annual crops.

Table 4 Ex-situ collection in oilseed crops : Germplasm holding with different centres/organisations

Countries holding maximum material

Argentina, Bréﬁ*;zhﬁr",ilgia]aonesia, Philippines, Russia,

USA* Zambia, Columbia, S. Africa*

Canada, China, Philippines
Australia, Netheriands

China, India, Mexico, USA*; Germany

Australia, Brazil, China, France, Germany, India, Indonesia, Japan, Korea,
Mexico, Nigeria, Philippines, Romania, Russia, Taiwan, USA, Zimbabwe

China, Romania, USA, Yugosiavia, Russia

Oilseed crop No. pf orgahisations Tota_l

) holding germplasm accessions
Arachis hypogaea 109 85670
Brassicaceae 1 . 1900 Spain
Brassica campestris 19 9639
B. juncea 3B 15481
B. carinata 16 537 China, France
Carthamus tinctotius as 13671
Glycine max 129 149613
Guizotia abyssinica - 10 1296 Ethiopia, India
Helianthus annuus 57 26784
Linum usitatissimum 42 27048 Romania, Russia
Sesamum indicum 51 33640

* Highest values of total holdings: * Rich in related species diversity

China, India, israel, Kenya, Mexico, USA®, Venezuela, UE

Source . IPGRI Database 2000
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Abstract

Rust (Phakopsora pachyrhizi Sydow.} and yellow
mosaic (mungbean vyellow mosaic virus) are
economically important diseases of soybean. On
account of recent resurgence of rust and yellow
mosaic in India, substantial yield losses have been
experienced. To overcome these vyield losses it
becomes imperative to screen for resistant genes and
transfer them in susceptible but agronomically
superior varieties 1o have effective and eco-friendly
management. In the present review an attempt has
been made to compile and synthesize the information
available con yield losses, races, resistant genes and
breeding for resistance along with the approaches
required for soybean improvement and for the
management of diseases.

Key words:  Soybean rust, yellow mosaic, mungbean
yellow mosaic virus, Phakopsora

pachyrhizi, resistance genes
Introduction

Taxenomically genus Glycine is divided into twe
subgenera, (i) Glycine, in which 16 perennial spp. are
grouped and (ii) Soja (Moench) F.J. Herm. which includes
two annual species, G. sgja Siebold & Zucc. and G. max
(L.} Merrill (Kollipara et al, 1997). Thus, cultivated
soybean [Glycine max (L.) Metrill, 2n = 40] falls under the
subgenus Soja and the wild annual relative Glycine soja,
is considered ancestor of cultivated soybean. Giycine sofa
hybridizes easlly with the cultivated soybean Wild
perennial relatives, totaling about 16, belong to subgenus
Glycine have low crossability rate with cultivated soybean
{Singh and Hymowitz, 1899).

Soybean is the third largest cilseed crop of india. The
mature seeds contain 20% oil and 40% protein of good
quaiity with essential amino acids. The total world
soybean production is 178 million tennes (ASA, 2001) and
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india ranks 5" globally having 6 million ha area under
soybean cultivation with annual production of 8.80 millian
tonnes (IASRI, 2002). Specht et af. (1899) suggested the
theoretical limit of soybean production to be 8 t/ha based
on the amount of light energy available in the field. The
world average yield of soybean Is 2 27 fonnes/na [ Tiwan
et al., 1999), whereas the average productivity in India is
arcund 1.1 tha (NRCS, 2002z) This relative low
productivity is mainly ascribed to a short growing period
available in the Indian sub-tropical conditions and the
narrow genetic base of soybean cultivars resulting in
susceptibility to biotic and abiotic stresses (Singh and
Hymowitz, 2001). Among bictic stresses, diseases are
one of the major factors responsibie for taking a heavy toll
of the yield of soybean.

Presentty maore than 100 pathogens have been reporied
to infect the crop in different parts of the country {Gupta,
2001} Thirty-five of them are economically important.
Annual yield losses from diseases in soybean are to the
tune of 12% of the total production. The total yield loss
due to diseases in soybean during 1994 in top 10
countries, inctuding India, was estimated to be 14.99
million metric tonnes, valued at $ 3.31 billion (Wrather et
al. 1997). On account of recent and sudden resurgence
of rust and yellow mosaic in india {Figure 1) it is
imperative to screen for resistant genes and transfer them
in susceptible but agronomically supericr varieties. The
approach will be cost effective and eco-friendly.

1. Soybean rust

The soybean rust fungus belongs tc genus Phakopsora,
family (Phakopsoraceae, order Uredinales) and is caused
by two described species, P. pachyrhizi Sydow, which is
predominant in Australia and Asia and P. meibomiae,
which is found in south of Nerth America, Caribbean area
and South America down to Argentina {Carvalho and
Figueired, 2000} The causal agent of rust in Africg has
net been described taxonomically (Hartman et af., 1939).
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P. pachyrhiziis more aggressive than P. meibomvae. This
text pertains with the rust species P pachyrhizi. The
disease is more severe under conditions of moderate
temperatures (18° to 26° C} and extended leaf wetness.
Long pericds of temperatures above 28° C are
unfavorable for rust development (Bromfield, 1984}
Heavily infected plants have fewer pods and lighter sead
{Hartman et al, 1891, Yang et ai, 1991) Marketable
yields are even less because of poor seed quality
{Tschanz and Wang, 1980).

[Karnataka

Rust caused by P. pachyrhizi was reported in India in
1970 {Sarbhoy &t &/, 1972) at Pantnagar and low hills of
Uttar Pradesh and West Bengal After 1974 the rust
disappeared till 1980 when it was experienced in
northeastern states and became endemic to that area.
From rainy season of 1994, the rust scenario took a turn
and since then the rust has been reported from the states
of Madhya Pradesh. Maharashtra, Karnataka, Tamil
Nadu, Kerala, Andhra Pradesh and Rajasthan (Rao et &l
1955 Patil et &/, 1997, Mathivanan et a/, 2000).

Aranachal Pradesh

‘ttaranchal

Rust
YMVY

Fig-1 Distribution of rust and yellow mosaic of soybean in India

1.1. Yield losses

The yield losses have been reported from 30 to 100 % in
India (Sarbhoy and Pal, 1897). Significant losses have
been reported from different parts of the world, 10—40% in
Thailand, 10-50% in southern China, 23-80% in Taiwan,
and 40% in Japan (Hartman et al, 1989). A study
conducted at Asian Vegetable Research and Development
Center, Taiwan (AVRDC, 1990b) revealed that the
percentage of estimated totai green leaf area loss was
highty correlated (r? = 0.8) 'wih yield loss in both
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susceptible as well as resistant cultivars. When Shin and
Tschanz (1886) compared tolerant ‘SRE-B15A' and
susceptible 'Taita Kaohsiung 5 under artificial field
infection, symptoms appeared earlier and spread was
more rapid on the latter than the former Defcliation
increased rapidly after the later half of the ped filling
stage. Infection increased the number of empty pods and
imperfect seeds, decreased oil content and some yield
components, but did not affect protein content. Yield
losses due to infection were 22 3% in 'SRE-B15A" and
68.7% in 'Taita Kaohsiung 5'.



Ramteke ef al.

1.2. Races

The races of pathocgen have been described on the basis
of infection types. These infections are of three types: (i)
TAN = TAN lesions (0.4 mm? with 2-4 uredinia per lesion};
{iiy RB=reddish brown iesions (0.4 mm?with 0-2 uredinia
per lesion) and; (iii) 0 = absence of macroscopically
visible signs or symptoms (Bromfield, 1984). Using a set
of five differentials cultivars/lines, three races among 50
single uredinial cultures were identified by Yeh {1883). In
later studies, (AVRDC, 1985), 42 purified isolates were
inoculated on ‘Ankur’, Bl 200482, Pl 230970, PI 230971,
P1 235871 A P1239871 8, PI1459024 and Pl 458025, 'TK-
5, 'TN-4', and 'Wayne'. Most isclates caused TAN —type
lesions on at jeast seven of the lines and these isolates
were classified in to nine races, The data suggested that
the predominant races are complex and these races
possess multiple virulence factors for compatibility on
mest of the lines. Other isolates from Taiwan were
reported to cause rust on all known or suspéected solrces
of specific resistance including P1200482 P1 230870, PI
459025 and Pl 462312 (Tschanz ef al, 1988) The
presence of multiple virulence genes in the pathogen
pcpulation and the absence of multiple specific resistance
genes in the host could make techniques like gene
rotation and pyramiding of specific resistance genes
ineffective.

1.3. Specific rust resistance genes and approaches
for improvement of soybean

1.3.1. Resistance genes and their genetics

Soybean genctypes differ in their reaction to rust isclate
(Nene, 1969; Lu, 1970; Sarbhoy et al, 1972, Sathe, 1872,
Tsal ef al, 1974; Mclean and Byth, 1978, Thapliyal and
Choudhary, 1876; Bremfield et a/., 1880;). Information on
the genetics of resistance will help in enhancing and
stabifizing the yields through the development of soybean
cultivars resistant to the diseases. On the basis of studies

undertaken to identify the rust resistant genes against
different isolates, P1 230970 and P| 230971 were
ciassified as resistant when inoculated with the rust
isclates  Australia-72-1  India-73-1, Taiwan-72-1and
Philippines-77-1. Inheritance studies showed that these
two lines have singfe dominant gene conferring specific
resistance to rust (Bromfield and Hartwig, 1980).

Other studies revealed that the lines Pl 462312 {Ankur)
and Pl 200492 (Komata) are also resistant (Cheng and
Chan, 1988 Singh and Thaplival, 1977 McLean, 1979).
MclLean and Byth {1980} concluded that P 200492 carried
a single dominant gene giving resistance to an Australian
rustisclate and assigned the gene symbol Rpp. Singh and
Thapliyal (1877} used Pl 462312 in breeding studies at
Pantnagar, India and reported that it also carried a  single
dominant gene for resistance Genetic basis for rust
resistance in P 200492, Pl 230970 and Pi 462312 were
further elucidated by Hartwig and Bromfield (1983)
Studies showed that each of the soybean genotypes had
a major dominant gene Rppl, Rpp2 and Rpp3
respectively. Subsequently, the soybean line Pl 459025
was also identified to have a broad type resistance to rust
isclates Taiwan-82-2 as well as India 73-1 and Taiwan 72-
1and had 4" major dominant gene Rpp4 (Table 1). All the
four independent dominant genes had different locus
(Hartwig, 1986)

Other soybean lines, Tainung-4, Pl 459024 and one G.
soja line (Pi 239871R) are reported to have additional
specific genes for resistance (Bromfield and Melching,
1982; McLean and Byth, 1980). Specific resistance has
been also reported in wild Glycine spp. and some of these
have been used as differential hosts for the identification
of rust pathotype (Burdon and Speer, 1984) Additional
research indicated that Pl 239871A, TK-5, and Tainung-4
might also have single dominant genes for resistance
{Tschanz et &l 19886)

Table 1 Reaction of different rust isolates to soybean differentials possessing resistant genes*

Strains/differentials

Fungal isclates

with gene

Taiwan 72-1 India %3-1 Taiwan 80-2
_l;l 200492 (Kom-'c.ata) Rpp1). Susceptible V“_lmmun_r; S—u;;p;(;ﬂe N
.
P{ 230970 (Rpp2} ’ . Resistant Resistant Susceptible
Pl 462312 (Ankur) (Rpp3) | Susceptible Resistant Susceptible
P1 459025 (Rpp4) Resistant Resistant Resistant

* modified after Hartwig (1986)
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The inheritance of resistance to rust in soybean was
studied by inoculating the pathogen onto detached leaves
of Fy F;, B,C, and B,C; hybrids cf diallele crosses of the
four cultivars with different levels of resistance. It was
cbserved that the four cultivars had significantly different
genstic backgrounds for resistance. Resistance in P
459025 was controlled by a dominant gene while in
cultivars AGS 129 and AGS 181 it was conditioned by
multiple genes  {Tan et al, 1991) At Taiwan
{AVRDC,1990a) crosses were made between soybean
accession Pi 459025 and AGS 129 and backcrossed to
AGS 129 four times. Pregeny from each generation,
except the BC, F, and F. were then field evaluated for
resistance. SRE-C58A was the most resistant but this
accession had a low stable yield of only 2.0 tha,

Rate reducing resistance has afso been demenstrated
{Tschanz et a/, 1980; Tschanz and Tsai, 1982). However,
it was difficult to evaluate it because the rate of rust
development was dependent on soybean development
and maturity  Currently, evaluation for this type of
resistance is time consuming and this limitation prevents
the use of this method for screening large populations
{Hartman, 1996).

1.3.2Resistant sources/ genes
species

in wiid perennial

Evaluation of wild perennial Glycine species for resistance
to P. pachyrhizi revealed that accessions of G tabacina
and G tomenfella wera resistant to soybean rust (Singh st
al., 1974b). At Taiwan, (AVRDC, 1990c¢) it was reported
that G. tomentelia (diploid and tetraploid), G argyrea, G.
clandestine, and G. tabacina (2n=80) contained resistance
genes. This was also confirmed by Hartman et al (1992}
after conducting trial with a total of 294 accessions. Of
these, 23% were resistant, 18% were moderately resistant
and 58% were susceptible. In other two experiments, 59
and 40% of the accessions of G. tabacina (2n=80) were
resistant. Resistance was also observed inthe accessions
of G. argyrea, G canescens, G. clandestina, G. latifolia,
G. microphyfla and G. fomenteila, but nct in the
accessions of G. arenaria, G. cyrtoloba, G. curvataand G.
falcata. However, In G. tomentella the resistance in
aneuploids (2n=78) was controlled by single dominant
gene and in tetraploid (2n=80) by two or three gene loci
{Schoen ef ai, 1852).

Singh et al {1898) reported the production, identification
and breeding behaviour of monosomic alien addition lines
{(MAALs) each with 2n = 40 chromosomes of soybean and
one chromosome from G. - tomentefla (accession
Pl483218, 2n = 78). G. fomenteila contained genes
confrolling several economically useful traits such as
resistance to soybean rust (P. pachyrhizi) and soybean
cyst nematode (Hetsrodera glycines) and tolerance to salt

198

and drought. Some 287 plants with 2n = 41 chromosomes
were isolated fram BC, and BC, progenies. On the basis
of distinguishing morphological features, these lines were
grouped into 22 MAALs {mcnesomic alien addition lines)
and were designated as MT-I to MT-XXII.

1.3.3. Breeding for resistance

Taking cognizance of economic importance of socybean
rust, efforts have been made abreoad as well as in India to
search resistance sources of rust in existing varieties,
lines and germplasm. Breeding work to transfer the
resistance gene in order to develop resistant varieties has
also been taken up.

1.3.3.1. Breeding for resistance (abroad)

Soybean germplasm was evaluated during 1986-95 in
China by Tan et a/ {1997). Out of total 8711 soybean
accessions from 14 Southern Chinese Provinces 0.9%
were moderately resistant, 44.20% were moderately
susceptible and 55% were highly susceptible to soybean
rust

In Thailand, Potan and S5Shanmugasundaram {1987)
reported lines 7508-50-10 and 7608-25-4 as highly
tolerant to rust, those alsc appeared to be moderately
tolerant to anthracnose (Glomereffa cingulata?) and
bacterial pustule (Xanthomonas campestris}). They
irradiated seeds of 11 cultivars at 15 and 30 kR and
grown during 1979. In 1980, M, bulk and single
populations and M, bulk populations were screened for
resistance to P. pachyrhizi at two locations. After further
selection, 16 lines with good seed yield and a low
percentage of shriveled seeds were obtained as F.
pachyrhizi tolerant mutants. Wongpiyasatid et a/ (1993} .
selected advanced lines 2128, 2133, 2156 and 2160 from
crosses between the variety ‘Doi Kham' and mutant line
58608 of ‘Dol Kham'. Lines 2128 and 2133 had larger
seeds, higher seed yield and were more toterant to rust
and downy mildew (Peronospora manshurica) than the
others and were recommended as varieties for general
cultivation. 'Doi Kham' showed race-specific resistance to
soybean rust.

In rust resistant germplasm line D 86-8286 derived from
the cross ‘Forrest’ x PI 230970 by Hartwig (1988), the
resistance was found to be controlled by the single
dominant gene Rpp2 (from Pl 230970). It is believed that
Rpp2 is linked to a major gene for seed shattering

Kilen (1997) identified a breeding line resistant {o rust
derived from the cross '‘Hardee' x'P! 4538025 with the
objective of transferring the gene Rpp4 for resistance to
rust from primitive Pl 459025 to a better-adapted
genotype. Resistant plants in the F, generation were
grewn to maturity and seeds were harvested. In 1987, an
advanced rust resistant F; line was used as a male parent
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in a cross with cv. 'Lamar. Twenty-five lines uniformly
resistant to rust were advanced to the F; generation. The
best yielding line, D 91-5987, averaged about 80% of the
seed vield of cv. ‘Braxton’ and had the lowest incidence of
rust,

1.3.3.2. Breeding for resistance (India)

In India, extensive breeding efforts have been attemptad
for rust management. Singh et al. (1974b} identified six
lines as resistant viz., P1 200465, Pl 200466, Pl 200477,
P1 200400 Pl 200492 P 224268, 13 lines vz, EC 11695,
EC 50081, P| 88816-5, Pl 181567, P! 200456, P1200474,
P1 200476, P1224270 EC 26694, EC 368956, P 200487,
Pl 285089 and P} 341359 as moderately resistant that
exhibited a hypersensitive reaction. This moderately
resistant reaction was corresponded to the resistant
reaction described by Bromfield et a/ {198C). Thapliyal
and Choudhary {1876) rated ‘Ankur’ and ‘PK 71-39" as
highly resistant. Entries D3-7(122} DS 53(122}, D3
97(121 and F, (JS 80-21x G76-5) (122} were reported as
tolerant (Madane ef al, 19%6) Patil and Basavaraja
{1997} screened 20 saybean varieties and found the lines
viz., EC-392530, EC-372538 and EC-392539 as
moderately resistant.

The varieties 'PK 1024’ 'PK 1029, 'Ankur’, 'JS 80-21 and
‘indira soya-9', {Gupta et a/,, 1999; Gupta, 2001)and lines
AGS 93, DS97-11, DSh 2, DSh 5, JS 80-29, JS 94-65,
MAUS 48-2 MAUS 61-2, PK 1049, PK 1182, PK 1157,
PK 1251, RAUS 87-2, SL 428, 75 98-21, TS 99-12, TS
99-76, EC 383180, EC 389165 and EC 389332 were
found moderately resistant/tolerant during the testing
undertaken at various centres of All India Coordinated
Research Project on Soybean from 1895 onwards
{Srivastava and Gupta, 20013 Lal ef al (2001) also
identified resistant lines wiz., SL 427, DS-97-P40-4-1, DS-
97-P40-4-5, DS-97-MMB7A-5, DS-97-MME7A-7, DS-97-
MIM101-3, DS 967, TS-21, PK 1228 and HIMSO-1578.

in recent years, DNA markars in combination with PCR
have enabled marker-assisted selection (MAS) to hecome
a practical breeding method. Marker assisted selection
was carried out for soybean rust resistant gene by Vodkin
(1996) who isolated a RAPD marker located near the
Rpp1 gene resistant to soybean rust. This RAPD marker
would provide a means for screening for resistance gene
at the ptaces where rust is not endemic.

2. Yellow mosaic

Yellow mosaic disease 15 caused by mungbean yellow
mosaic virus, which is a member of gemini viruses group.
The diseaseis reported from \ndia, Thailand, Bangladesh,
Pakistan, Philippines and Sri Lanka {Thottappilly and
Rossel, 1987) {n india it is the most severe in North (ndia
and in some parts of Madhya Pradesh. The disease
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flourishes under high temperature and humidity and is
transmitted by whitefly Bemisia fabac/ Genn. (Nene,
1969). It is noi transmitted by seed, soil or sap. The
infection starts with vein yellowing along leaflets that later
develops in to a severe bright yellow mesaic. Other
reported hosts are mungbean, urdbean, cowpea and
pigeon pea (Dhingra and Chenulu, 1985} Although
indirect chemical methods of contrclling the disease
incidence by reducing whitefly population are avallable,
the cost benefit ratio and chemica! hazards invoived
indicated that the maost desirable approach would be to
exploit the genetic resistance.

2.1. Yield losses

Surveys in Uttar Pradesh (india) from 1971-72 and 1575-
77 detected the disease in almost every area of the state,
with incidence ranging from 20-80% (Nene, 1972, Suteri,
1874; Suteri and Srivastava, 1975 Yisld was reduced
from 15 8 tc 72.9% in eight cultivars naturally infected at
pre-bloom stage. Yield ioss was of lower magnitude with
infection at post-bioom stage. in Ludhiana {Punjab) yield
loss was reported 36.6% (Gill and Rataul, 1991).

2.2. Isolate variability

Isolate variability in soybean strain of mungbean yellow
mosaic virus has not been explored well. However, strains
found In india and Thailand are reported to differ in their
host range. The Thal strain is also transmissible by
mechanical inoculation, while the Indian strain is not
(Honda, 18846}

2.3 Specific rust resistant genes and
approaches for improvement of soybean
231, Resistant genes and their genetics

The resistance to yellow mosaic virus (YMV)in P1 171443
(UPSM 534) is governad by twa recessive gene pairs for
which gene symbols rym1 and rym2 have been assigned
by Singh and Matick {1878} Bhattacharya ef al {1599}
also studied inheritance of resistance to YMV in the
crosses of G. sofa (Syn G. formosana) with susceptible
cultivars *Ankur', ‘Bragg', 'PK 472" and 'Kalitur’ of G max.
and reported that the resistance in G. soja was controlled
by a single dominant gene.

2.3.2. Sources of resistance

Sources of resistance to yellow mosaic are wel! identified
and documented in Indian varieties and germplasm. Singh
ef al. (1674a) identified P 171443 (an introduction from
China) as the resistant source for YMV. Resistance has
also been observed in wild species viz. G. formosana, G
tabacina, G. fomentella, and G wightii [Singh sf af,
1974b).
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2.3.3. Breeding for resistance

No concerted efforts have been made abroad on breeding
for YMV resistance. However, a meagre work on
evaluation for resistance to YMV has been done in
Pakistan (Aftab et al., 1990; llyas et al., 1992). In India
substantial work has been taken up on this aspect Ram
et al (1984) developed resistant lines PK 515 and PK 586
by single back crossing of G. soja with the variety ‘Bragg’.
Amongst the 60 genotypes evaluated by Sharma and Phul
{1992) in 1988 and 1989, 'PK 416" had the lowest
incidence of disease and was closely followed by Himso
1548, SL 104, SL 160 and 'PK 584, In contrast, DS 81-
1619 and DS 84-10 were highly susceptible. Koranne and
Tyagi (1985) reported cultivars EC 107014, EC 107003
and EC 100777 as resistant. Kundu ef al, (1995)
screened 35 high yielding varieties from different zones for
reaction 1o YMV. Eleven of the 12 varieties from
Pantnagar were highly resistant to YMV. The most
resistant variety was 'PK 1046 Siddiqui and Trimohan
(1999) evaluated some indigenous lines in the field. Nine
lines DS-93Br (OT) 2, PK1060, PK1061, PK1069,
PK1042, PK 1189, PK 1180, SL 443 and SL 444 were
found consistently the most promising sources of
resistance. Currently, a large number of varieties
possessing YMV resistance viz. ‘PK 416, 'PK 564’ 'PK
1024’, 'PX 1029, 'PK 1042’ 'Sl. 298 etc., are availahle
(Gupta and Karmakar, 1999). Lines Himso 1588, MACS
730, MACS 740, PK 1188, PK 1189, SL 284, 5L 328, SL
443, S 459 and §1 517 were cbserved to be resistant at
various AICRPS centres (Srivastava and Gupta, 2001). In
India, extensive crosses are being affected utilizing
resistance sources viz, ‘PK 418" and ‘PK 564" and also
rust resistant lines for pyramiding the resistance genes for
rust and YMV (NRCS, 2002b).

3. Approaches for soybean improvement for
management of rust and yellow mosaic virus

The approaches so far attempted have been consisted of
hybridization, back crossing, mutation, use of wide or
interspecific crosses etc. The future approach for scybean
improvement should be targeted to develop high yielding
location specific varieties with broad genetic base
possessing resistance to biotic and abiotic stresses. In
order to achieve the target the current efforts have to be
diversified by strengthening and facilitating conventional
breeding programme undergoing at different locations in
the country through distribution of the donors/ parenta!
lines and segregating materials of soybean for rust and
yellow mosaic resistance. NRC for soybean has
undertaken a special pregramme on breeding for
resistance against rust and yellow mosaic virus. The
breeding lines possessing resistance were being identified
through screening at hot spots at Dharwad for rust and
Ludhiana, Pantnagar, Delhi and Jabalpur for yellow
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mosaic virus. Screening at hot spot was found to be
laborious, expensive and time coensuming.

Phenotypic evaluation of breeding populations may be
often misleading. Therefore, there is a need to search an
alternative way of selection for breeding populations.
Marker-assisted selection (MAS) has a potential to
become a practical breeding methed. DNA markers in
combination with PCR have become important tools for
marker-assisted selection. MAS offers unique
opportunities to circumvent many traditional problems
associated with phenotypic selection for traits of interest.
MAS increases the efficiency and flexibility of breeding
programme by selecting for marker genotypes linked to
target gene (Mohan et al., 1997). Work on molecular
mapping and tagging of resistant gene{s) for other
diseases and insects in soybean have been carried out
(Baltazar and Mansur, 1992; Heer et a/., 1998; Lewers et
al., 1898; Hayes et al., 2000; Kios et al., 2000). Keeping
the importance of MAS in view, NRC Soybean, Indare,
has started work on this aspect particularly for rust and
yellow mosaic diseases.

4, Conclusion

Soybean rust and yellow mosaic diseases substantially
reduce the yield of soybean crop. Several workers have
identified resistance genes and deciphered their behaviour
and inheritance pattern. Use of disease resistant varieties
developed by transfer of identified resistance genes in
agronomically superior lines has been the most desirable
approach forthe management of diseases. Such resistant
varieties have been proved to be environment friendly and
cost effective. Efforts have been made in many countries
to develop lines/ varieties known to. have specific
resistance genes. In India, rust tolerant varieties ‘PK
1029, 'PK 1024','JS 80-21' and ‘Indira Soya 9" and yellow
mosaic tolerant/resistant varieties 'PK 416’, 'FK 564', 'PK
1024’ 'PK 1029, 'SL 528’ etc. have been developed. So
far, through conventional breeding programme it has not
been possible to develop immune and race/strain specific
resistant varieties against rust and YMV. Therefore, there
is an urgent need to lay special emphasis on alternative
way of selection for breeding populations. Molecular
breeding is the answer to it and is warranted to give a fillip
o the current breeding programme and thus, marker-
assisted selection (MAS) has a potential to become a
practical breeding method.
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Abstract

Two-thousand nine hundred and forty three
germplasm accession of cultivated groundnut have
been characterized for 17 qualitative and 21
quantitative traits. The working collection represented
four habit types viz., 464 virginia bunch, 348 virginia
runner, 1530 spanish and 601 valencia. A core
collection was developed based on qualitative traits,
quantitative traits, country of origin, special attributes
and reaction to pests and diseases. The core group
comprised 213 accessions drawn based on cluster
analysis and random selection to represent entire
variability available in the working collection. The
core group developed had 41 virginia bunch, 18
virginia runner, 85 spanish and 69 valencia types. The
core set thus selected showed entire spectrum of
variability for both qualitative and quantitative traits
and had representation of all countries. The
quantitative traits alse showed adequate
representation, which was tested by testing the mean
of population and core set. Among the countries of
origin, the representation of 12 countries was mare
than 50 accessions. The Peruvian accessions had
maximum representation followed by Bolivia and
Sudan. The higher degree of variability for qualitative
and quantitative traits was obsetved in these
collections as groundnut had originated in South
American countries. It was also reported that
considerable range of secondary variation is available
in African countries, which resulted in representation
of the same in core collection as shown in collection
of Sudan.

Key words: Groundnut, core collection, variability,
virginia bunch, virginia runner, spanish,
valencia

Introduction

The size of germplasm collection often restricts the quality
of their management and it's utitization in research and
breeding activities. To improve the management and
Characterization of germplasm, a limited number of
8ccessions representing the entire variability of the
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collection would be more ideal. Such a selection would act
as a good base when searching for new traits (Vaughan,
1991} and also offers a wider avenue for critical
evaluation and to understand the entire collection in a
better way (Knupffer and Van Hintum, 1995). The caore
collection approach offered a very effective tool for gene
bank management (Brown, 1989}. Now over a thousand
gene banks worldwide have adopted the concept of core
collection as a very useful tool to improve the
conservation and utilizaticn of germplasm {Brown and
Spillane, 19989). For selecting members to a core
coltection various approaches have been used in different
crops, subjected to the availability of information on
germpiasm, either passport or characterization data
{Holbrook et ai, 1993; Bisht ef a/., 1998; 1999).

The Naticnal Research Centre for Groundnut, Junagadh
is a naticnal repositery of groundnut germplasm holds
ahout 4350 accessions in the working coilection for
evaluation and subsequent utilization in the crop
improverment programmes. These accessions have
originated from more than 77 countries. The ccllection
has a wide spectrum of variability for both qualitative and
guantitative traits {Bhagat et a/, 1951,1993, Rajgopal et
al, 2001) and alsc has duplicates as most of the
germplasm were acquired from various centers
simultanecusly For better management, systematic
screening, minimize redundancy and easy accessibility,
limited number of accessions representing entire
variability of the working collection would be ideal. Hence,
an attempt has been made tc develop a core collection
from 2943 germplasm accessions extensively
characterized during three kharif seasons. The passport
information available, and information generated on
characterization were used for stratification and clustering
for the formation of a core sub group.

Materials and methods

The genetic resources of cultivated groundnut comprise
mainly four botanical types wz. virginia bunch (HYB),
virginia runner (HYR) of ssp. hypogaea var. hypogaea,
spanish  (VUL) and valencia (FST) of ssp. fastigiala,
where the spanish belongs to the var. vuigaris and the
valencia types Yo var. fastigiata {Krapovickas and
Gregory, 1894},
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Two thousand nine hundred and forty three accessions
belonging to four botanical types, representing 77
countries were grown during three kharif seasons viz.,
1898 and 1899 and 2000 for detailed characterization.
Each accession was sown in a row of § m in augmented
block design at the onset of monsoon with check varieties
of respective habit types. Recommended agronomic
practices were followed during the crop period. The detail
of the characterization trial is as follows:

Accessions sown

Date of
sowing

HYB HYR VUL FST

59 28 481
42

Year Date of harvest Spacing

1998
1999
2000

75X10 cm
75X10 cm
75X10 ¢cm

207 June,1998 Sept-Oct 1998
36 463 55 June, 1999 Sept-Oct 1999
363 284 586 339 June2000 Sept-Oct 2000
464 348 1530 601

Total

Characterization was done uniformiy during three seasons
as suggested in Descriptors for Groundnut (IBPGR and
ICRISAT, 1992) for 17 qualitative traits (Table 1} and 21

quantitative traits at various phenophases. Observation on
sample population/plot basis was used for computing the

mean vatues for quantitative traits. The data generated
was subjected t0 cluster analysis based on squared
euclidean distance as a distance of measure, using SPSS
software package. Clustering was done using qualitative
characters and guantitative characters separately. For the
guantitative characters the values were standardized (so
as to get 5d = 1 and mean = 0) before analysis.

Five sels cf accessions were drawn as indicated below
based on qualitative traits, quantitative traits, geographical
representation, special features of accessions and for
traits related tc abiotic and biotic stresses.

Set |

The entire coliection was grouped in to two parts; cne
consists of ssp. hypogea (HYB and HYR types) and other
ssp. fastigiata (VUL and FST type). Twenty-five arbitrary
clusters for ssp. hypogaea and 50 clusters for ssp.
fatigiata were made based on qualitative characters in
accordance with their total representation in the working
collection, and one accessicn per each cluster was drawn.
Thus 75 accessions were drawn in this group.

Table 1 Descriptors and descriptors states scored for qualitative traits

Descriptors
Growth habit

Branching pattern

{4} Irregular without fliowers on main stem
Stem pigmentation {0) Absent, (1) Present

Stem hairiness

(1) Decumbent- 1, (2] Decumbent- 2, {3) Decumbent- 3, {4) Erect

Doscriptor states -

{1) Alternate (2) Sequential with flowers on main stem (3} Irregular with flowers on méin stem

{1) Glabrous, (3) Sub-glabrous, hairs in one or two rows along the main stem,

(5) Moderately hairy, three or four rows along the main stem, {7} very hairy, {§) Waoolly

Type of inflorescence
Flower colour
Peg pigmentation (1) Absent, {2)Present

Leaflet colour

(1) Simple, (2) Compound {more than one flowers/node)

(13, Yeilow, (2} Orange (3] Dark arange, {4) Garnet

{1) Yellowish green, (2) Light green, (3) Green, (4] Dark green

)
)
Leaflet shape {1) Oblong, {2) Lanceolate
Leaflet hairiness (1) Almost glabrous, (2) Almost glabrous above, hairs below
{3) Almost glabrous above, hairs and bristles below
Leaflet tip {1) Obtuse (2} Acute
Pad beak (1) Absent, (2) Slight, {3) Moderate, {4) Prominent, {5} Very proaminent

Pod constriction
Pod reticulation

Testa colour

{1) None, (2) Slight, {3) Moderate, {4) Deep, (5) Very Deep
{1) None, {2} Slight, {3) Moderate. (4} Prominent, (5) Very brominent
(1) Off white, (2) Light tan, {(3) Tan, (4) Rose, (5} Salmon. (6) Saiman with white flecks, {7} Saimon with light tan

flecks, (8) Salmon with purple flecks, (9) Salmon with dark purple flecks, (10) Light red, (11) Red, (12) Red with
white flecks, (13) Red with salmon flecks, (14) Dark red, (15} Purple, (168} Purpie with salmon flecks, (17} Dark

purple
(1) Round, {2} Fusiform, {3} Elongated
(1) Thin, (2) Moderate, (3) Thick

Seed shape
Shell jhickness _
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Set i

A second set of accessions was drawn from the groups on
the basis of quantitative traits as mentioned in the previous
step. The representatives were taken from each cluster. If
the cluster was already represented by a sample in the
previous siep, such ciuster has been omitied. In this way
26 accessions from ssp. fastigaiata and 13 accessions
from ssp. hypogaea were selected.

Set ill

The samples selected in previous two steps covered
representation from 47 countries cut of 77 present in total
collection. One representative sample was drawn from rest
of the countries which were not represented in the
previous steps thus a total of 30 accessions have been
added into this group.

Set IV

In our earlier evaluation programme carried out, a few
accessions have been identified with desirabie agro-
economic traits. Preference has been given to cover these
accessions in the previcus steps. However, 27 such
accessions that were omitied in the previous steps were
also included.

Set V
This set covered 25 accessions to represent
resistant/tolerant lines to various bigtic and abiatic

stresses. As in above set, these accessions were
identified by screening by multi-disciplinary research
programme at the Centre.

Results and discussion

The working collection comprised 15.8 % HYB, 11.8%
HYR, 52.0% VUL and 20.4 % FST accessions. The
qualitative traits and quantitative traits have been treated
as separate entities for sub-grouping. Twenty-five
accessions of HYB and HYR of ssp. hypogaea and 50
accessions of ssp. fastigiata were selected from each
cluster in the first group (Table 2). The core collection
developed on sesame germplasm {(Zhang ef al., 1999) has
considered varietal type, ecotypes and origin of
accessions as criteria. The exitreme values for 17
quailitative traits available in the warking collection were
thus captured in fofo in the core collection (Table 3). The
maximum number of descriptor states was observed for
testa colour followed by pod characters.

Though selection of entries were made at random from
each clusters, care was taken fo.have representation of
maximum number of clusters based onh quantitative
characters. Similarly, 75 clusters formed based on
quantitative traits have covered samples from 36 clusters
based on qualitative traits. Hence, to have complete
representation based on quantitative traits, 39 more
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accessions have been selected which were not available
in the previous grouping. Thus a total of 114 accessions
were drawn for core group based on both gualitative and
guantitative traits.

The sub group based on both gualitative and guantitative
traits had a representation of 30 countries from where
groundnut germplasm had been collected. To have
complete representation of rest of the countries, a third set
of 47 accessions has been selected. The core collection
developed by Holbrook et al. {1993) on 7432 accessions
of groundnut has taken countries of origin as a main
criteria for clustering whereas in present grouping the
priority was given te habit types (sub-specific level) as
informaticn on detailed characterization was available.

In the working coliection, the representation of 12
countries was more than 50 accessions. The accessions
from Peru had maximum representation of 18 .4 % followed
by Bolivia {8.4 %) and Sudan (9.3 %) (Table 4}. The higher
degree of variabllity for gqualilative and quantilative trails
was observed in this collection as groundnut had
originated in Soutn American countries {Gregory et &,
1980}, It was also reported that considerable range of
secondary variation was avallable in African countries,
which resulted in representation of the same in core
collection as shown in colflection of Sudan. Although 742
accessions of indian origin were available in the collection,
it's representation in core coflection was a mere 1.8 %
indicating low degree of variability in the genepool being
a recently introduced crop.

Table 2 Habit group wise representation of core group

No. of accessicns

Graup -

HYB HYR VUL FST Totai
Qualitative traits 18 7 3 19 75
Quantitative traits g 4 8 18 39
Geographical 3 3 30 11 47
representation
Agro-morphaological traits 7 2 8 12 27
Special features related to 4 2 10 9 25
biotic and abiotic siresses
Total 41 18 BS il 213

88) (52) (55 {11.5) (7.2)

*Figures in parenthesis indicale percentage représentatian of lotal collechon
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Table3  The minimum, maximum code value for gqualitative traits
and percentage availability in core collection
Qualitative Total Core
traits - e —————
- 7Min. Max Min. Max. % availability
Growth habit 1 4 1 4 100%
Branching pattern 1 4 1 4 100%
Stem pgmentation Q 1 o] 1 100%
Stem hairiness 0 9 0 9 100%
Type of inflorescence 1 p 1 2 100%
Flower colour Q 3 o] 3 100%
Peg pigmentation 0 1 0 1 100%
Leaflet colour 1 4 1 4 100%
Leaflet shape 1 2 1 2 100%
Leafiet hairiness 0 7 0 7 100%
Leaflet tip 1 2 1 2 100%
Pod beak 0 9 0 9 100%
Pod censtriction 0 9 0 9 100%
Pod reticulation 0 9 0 9 100%
Testa colaur 1 17+11 1 .1 7+11 100%
Seed shape 1 3 1 3 100%

Shell thickness 1 3 1 3

100%

In any germplasm collection the accession identified for
specific agro-merphological traits has it's own importance,
as it was an immediate candidate for selection as parent
in crop improvement programme. Over the vears of
evaluation programme carried out at the Centre, ample
elite accessions have been identified with desirable agro-
morphological traits and tolerant/resistant to various biotic
and abiotic stress factors (Rajgopal and Bandyopadhyay,
1999). To encompass the variability from such a subset,
17 accessions with desirable agro-maorphalagical traits,
and 25 accessions which were resistant/tolerant to abiotic
and biotic stresses factors were also supplemented.

Thus the core coliection formed finally comprised 213
accessions representing 77 countries from where
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germplasm was collected and accessions numbering 41,
18, 85 and 69 comprising HYB, HYR, VUL and FST
respectively. These numbers represented 8.8%, 5.2%, 5.5
% and 11.5 % in that order for total representation in each
group. The core set of accessions accounting 7.2 % of the
tetal collection is an idea! size for extensive screening for
different economically important traits. Similarly in the core
collection developed for sesame germplasm in India and
China the passport information and agro-morphological
data were used for selecting 10% of the totat collection.

Table 4 The distribution of accession in major countries and the
representation in core collection

Country of erigin Total No. in %

No. Care set representation
india _ 742 _.—?3 - 1.;7i__
United states of America 308 20 65
Zimbabwe 178 6 27
Peru 174 32 18.4
Argentina 124 10 8.1
Boiivia 106 10 9.4
Nigeria 99 7 71 .
Brazil 92 4 4.3
Tanzania 80 5 63
Zambia 93 4 33
Senegal 58 4 6.8
Sudan 54 5 8.3

The mean, range and standard deviation of both the
colfections for 21 quantitative traits were given in Table 5.
The mean values of various guantitative traits of total
population and the core collection were subjected to
paired "t” test showed no significant differences indicating
the true representation in the core group.
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Table 5 Minimum, maximum, average and standard deviation (SD) values for 21 quantitative traits for total collection and core

collection

Quantitative . Total ;olleclion 7 Core coliection
trait -

Min max Average sSo Min Max Average 3D
E)ays to germination 50 797{;_— 7‘0- 09 50 8.0 - 71 0?
Days to initial flowering 12.0 270 18.6 27 14.0 26.0 18.3 2.5
Days 10 50% flowering 14.0 30.0 217 33 15.0 28D 207 30
Days to maturity 92.0 130.0 106.3 8.8 94.0 130.0 108.1 9.1
Leaflet length (cm) 3.6 8.7 6.0 0.8 40 8.7 6.1 0.9
Leaflet width (cm) 1.6 4.5 24 04 1.8 4.5 26 0.4
Leaflet length/widih 1.4 32 2.3 0.2 14 3.1 24 0.3
Pod yield {g)/ plant 1.2 445 11.5 52 1.3 442 116 66
Pod vield {g)/M? 10.0 282.0 108.0 457 26.1 268.0 100.7 46.0
Hundred pod mass {g) 38.0 2741 93.6 29.4 44.7 2741 104.4 359
% of one-seeded pods 0.0 98.0 16.9 1.7 0.0 91.7 37.2 15.0
% of two-seeded pads 0.0 100.0 71.6 224 [ 100.0 §0.8 28.8
% of three-seeded pods 0.0 100.0 11.0 21.9 00 100.0 192 29.6
% of four-seeded pods 0.0 638 06 36 0.0 63.8 2.5 8.7
Pod length {mm) 13. B35 26.3 51 13.9 83.5 28.8 7.5
Pod width {mrm) 8.8 19.0 116 1.2 90 19.0 121 1.5
Seed length (mm)} 856 21.0 12.4 1.9 9.0 20.0 13.0 22
Seed width {mm} 5.0 9.9 77 08 &0 93 7.6 [¢X5]
Shelling out turn (%} 371 91.6 66.4 8.0 40.0 80.5 636 87
Sound mature kernel {%) 50.0 100.0 873 7.9 50.0 §7.8 86.8 B.4
Hundred seed mass (g} 18.0 B8.0 37.5 5.1 200 £8.0 37.2 16.0
Extensive cuitivation of the crop often predisposes itself to identification of molecular markers owing to it's

infestation by new pests and diseases. Peanut bud
necrosis disease (PBND) has been a problem in different
agro ecological regions and recently peanut stem Necrosis
(PSND) has also been a cause of concern in the states of
Andhra Pradesh and Karnataka. As against the working
collection, the core group is an ideal size to systematically
screen the accessions to identify promising sources of
resistance against these diseases and also Aspergillus
flavus colonization as suggested by Holbrook et al. {1993).
The core collection can be further screened for
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manageable size. The selection of parents in crop
improvement programme will be easier with the core set of
groundnut  germplasm. The germplasm used for
developing core group represented less than 50% of the
total germplasm with the Centre. After characterizing the
femaining accessions the core set will be supplemented
with more accessions and will be validated in future.
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Abstract

A collection of Brassica napus L. (gobhi sarson)
comprising 29 genotypes of different eco-
geographical origin was evaluated for nine
quantitative iraits with the nationa! check B. juncea
{L.) Czern & Coss. (Kranti). Based on D? analysis the
collection was divided into 13 genetically diverse
clusters. Genetic diversity of the genotypes was
attributed to secondary branches/plant, days to 50%
flowering, 1000 seed weight, oil per cent, siliquae/plant
and plant height. Cluster V and Xl stood genetically
most divergent excluding the cluster X {Kranti),
Cluster V exhibited higher mean for seeds/siliqua,
1000 seed weight, oil content and seed yield, while
lower plant height and days to 50% flowering, Cluster
X1 reflected higher mean for primary branches/piant,
secondary branches/piant, siliguae/plant,
seeds/siliqua, oil content and seed yield/plot. This
suggested the potential of genotypes TERHR) 3903
and GSC 864-61 (Cluster V) and GS 1 (Cluster XI} as
parents in hybridization so that transgressive
segregates could obtained in segregating generation.

Key words: Brassica napus L., genetic divergence,

cluster analysis
Introduction

For an efficient hybridization programme selection of
genetically diverse parents and superior genotypes is
important, which ensures the better recombination of
genes and exhibit transgressive segregants in selfing
series. Gobhi sarson {Brassica napus L.} is high yielder,
hardy enough to tolerate cold weather and can be a
potential alternative to the brown sarson, the only crop
under cultivaticn in Kashmir valley. Very little work has
been done to estimate and categorise the genetic diversity
in Gobhi sarson under temperate conditions of the valley.
Hence, an effort was made to assess the existing genetic
diversity in a collection of Gobhi sarsen under temperate
conditions.

Materials and methods

The experimental material consisting of 29 clusters of
Brassica napus L., Gobhi sarson collected fram different
parts of the country were grown in a randomized complete
biock design with national check {NC) B. juncea (L.) Czern
& Coss., variety Kranti at Experimental Farm, Khudwani
campus of Sher-E-Kashmir University of Agricultural
Sctences & Technology (Kashmir) during rabyi, 1999-2000
and 2000-2001. Each eniry was sown in a plot consisting
of 5 rows of 5 m length and replicated thrice. The inter and
intra row spacing was maintained at 30 x 10 cm,
respectively. All the recommended agronomic praclices
were followed fo raise the good crop. Data were recorded
on 10 randomly selected competitive plants from each plot
for quaniitative and qualitative fraits. Days to 50%
flowering and seed yield were recorded on net plot basis.
Qit content was estimated by NMR. Pooled data of two
years were subjecied 1o Mahalanobis D? analysis
(Mahalanobis, 1928} as elaborated by Murty and
Arunachalam (1966) and the cultivars were grouped into
different clusters following Tocher's method as described
by Rao (1952).

Results and discussion

The analysis of variance showed highly significant
differences among the genotypes for ali the traits in both
the years as well as pooled analysis. Adopting Tocher's
procedure, group constel'ation resulied in distribution of 30
genatypes into 13 diverse clusters (Table 1). Cluster | was
the largest, comprising nine genotypes, followed by
Cluster 11 and 1) with four genotypes each. Cluster IV, V
and V! accounted fro two genotypes each, while other
clusters had one genotype each, as these could not club
with any other genotypes. Cluster X1l included Kranti (NC)
and exhibited highest genetic distance from other clusters.
The randem distribution of cultivars was evident from
cluster | having maximum cultivars including Delhi (5),
Haryana (2) and one each from Uttar Pradesh and Punjab.
The grouping pattern  indicated that geographical
distribution does not necessarily be indicator of genetic
divergence, which is also emphasized by many workers
(Mitra and Saini, 1998; Verma and Sachan, 2000). The
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possible reason could be the free exchange of germplasm
among the breeders of different regions andfor
unidirectional selection practiced by breeders in tailoring
the promising cultivars for different regions. On the other
hand, the study revealed the existence of genetic diversity
within the region, as the cultivars of the same region could
be distributed into different clusters. It was also cbserved
that genotypes of quite different pedigree such as TERI
(OE) R-15[(B. napus x Raphanobrassica) x B, papus] and
TER! (OE)R-986 [TBN5 x Cyclone] fall inte same cluster,
indicating that unidirectional selection pressure could bring
the product genetically closer then that of their parents.
Similarly, it is also true that selection could produce
genetically diverse genotypes of same pedigree.
Therefore, it si revealed that pedigree record does not
necessarily be an indicator of genetic diversity.

The intra-cluster distances (D values) ranged from 4.67
(cluster V) to 9.54 (Cluster V1) excluding single genotype
cluster (Table 2). Cluster X1l (Kranti) reflected higher inter-
cluster distance from most of the clusters, owing to
species differentiation as it belonged to B. juncea. Among
the other clusters, the maximum inter-cluster D? value was
recorded in between cluster VIl and XI (27.73) followed by
Clusters VIl and Xi {25.65), clusters V and X| {25.03) and
clusters V and Xl (24.99), which indicates that the
cultivars included in these clusters had much divergence.
The minimum genetic distance {9.70) indicated close
relationship among the genotypes included in the clusters
land Il

The cluster mean for nine characters (Table 3) indicated
considerable differences between clusters for all the
characters. Cluster VIl had the maximum seed yield/plot
(525 g), siliquae/plant (89) and minimum days to 50%
flowering (150 days). Lowest cluster mean for plant height
{70 cm) was recorded in cluster V1L Highest cluster mean
for primary branches/plant {5) and secondary
branches/plant (11) was exhibited by Cluster XI,
seeds/siliqua (17) and 1000 seed weight {3.8 g) by cluster
V and oil content (43.3%) by cluster 1X. Secondary
branches/plant, followed by days to 50% flowering, 1000
seed weight, cil per cent, siliquae/plant and plant height
contributed most towards the total divergence of the
collection. Mitra and Saini (1998) and Verma and Sachan
(2000) also reported the similar findings. These characters
could form the basis in selection of parents for
hybridization from distantly placed clusters to obtain high
frequency of heterotic combinations.

In the present study, though the higher inter cluster
distance was registered by cluster Xl (Kranti) from most
of the other clusters but the superior derivatives can not be
expected from their crossing due to species barrier and F,
sterility. The crossing between the genotypes of Cluster V
and XI would be the logical choice for obtaining heterotic
combinations which was attributed to higher inter cluster
distance as well as high per se perfarmance for primary
branches/plant, secondary branches/plant, siliquae/piant,
seeds/siliqua, 1000 seed weight, oil content and seed
yield.

Table 1 Group constellation of Gobhi sarson collections based on divergence analysls

Cluster C:?i‘vzisDesignation Ongin®

I ] NPN_AO—{.‘ TERKOE)R-986, TERI{OE)R-15, NPN 04, NPN  Delhi (5), Haryana (2), Uttar Pradesh {1) and Punjab (1}
02, HNS 9802, HNS 9605, PBN 9901, GSC 865-2

)l 4 TERKOO)R-986-5, NPN 03, GL-2, RSPN-25 Delhi {2}, Punjab (1} and J&K {1)

I 4  GSL-1, GS-2, G3-3,G8-5 Punjab (1) and J&K {3)

v 2  TERI(OE)R-983, HNS 9603 Delhi (1) and Haryana (1)

v 2 TERI(R) 9903, GSC 864-6 Delhi (1) and Punjab {1)

A 2 4-08-A-41, GSC 864-61 Punjab (2}

Vil 1 TERI(OE)R-984 Dethi (1}

wvill 1 RKN 9806 Uttar Pradesh (1)

IX 1 TKG-G-24 Madhya Pradesh (1)

X 1 GSL-2 Punjab (1)

Xl 1 G841 JEK{N)

Xt T GS4 J&K(1)

Xl 1 Kranti Uttar Pradesh (1)

* Figures in parenthesis indicate the number of cultivars
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Tahle 2 Average intra and inter cluster distances (D values} for 13 clusters of gobhi sarson genotypes

Vil

Xli

Xl

Cluster | If il v Y VI VI IX X Xl
| 7.34 10.61 9.70 11.18 13.64 11.91 1415 13.19 14;42 12.52 17.03 17.35 15.45
Il 6.52 12.49 13.39 16.91 15.74 12.96 16.17 17.20 12.87 18.18¢  20.16 18.45
I} 6.26 14.76 15.59 11.22 13.46 16.87 14.82 10.35 16.42 13.16 15.92
IV 4.67 18.96 12.85 13.71 18.90 15.47 19.28 2343 14.67 17.41
v 6.41 18.57 12.86 19.89 20.23 22.01 25.03 2499 25.55
Wi 9.54 18.93 14.93 2%.19 19.06 23.01 2212 27.83
Vil 0.00 12.91 20.27 20.16 2565 22.99 12.95
VIt 0.00 21.88 20.61 27.73 21.19 30.34
IX 0.00 24.94 17.36 20.89 16.20
X 0.00 2434 14.94 22.98
X 0.00 1819  21.06
Xl 0.00 29.08
Xl 0.00
Table 3 Cluster mean for nine quantitative traits in gobhi sarson

Character Days o Q%’Et onmary - Secondal  giiquae/  Seeds! 1000 seed  Oil content ~ Seed yleld/

Cluster flowering {cm) plant plant plant siliqua weight (g) (%) plot (g}

| 154 79 3 5 56 13 37 407 309

Il 153 98 4 4 75 15 33 411 4086

1l 156 92 3 8 74 14 3.0 389 338

v 150 86 2 7 52 16 35 426 275

v 155 77 2 g 59 17 38 421 456

\| 153 82 2 6 36 16 34 378 211

Vil 150 83 3 9 89 16 35 41.5 525

VIl 151 70 2 4 61 12 39 389 258

1X 154 97 2 8 61 7 3.0 433 250

X 157 101 4 3 88 16 3.0 39.3 3948

Xl 158 88 5 11 71 12 2.9 40.8 323

XN 157 86 3 9 84 14 2.0 - 408 253

Xill 153 98 3 11 86 11 4.1 43.1 478

% CTD 12 11 9 17 11 8 12.2 113 8.7

% CTD = Per cent contribution towards divergence

Murty, B.R. and Arunachalam, V. 1966. The nature of genetic
divergence _in relation to breeding system in crop
plants. Indian Journal of Genelics and Plant Breeding,
26 : 188-189.

Rao, C.R. 1952. Advanced stfatistical methods in Bio-metrical
Research, John Wiley and Sons Inc., New York.
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Abstract

The development of extra-early genepoo! in castor
(Ricinus communis L.} was aimed at enhancing the
genetic base for developing extra-early maturing lines
with enhanced seed yield and other desirable traits.
Based on evaluation for four contiguous years, 21
stable extra-early maturing (75-110 days) accessions
were selected and were random-mated for five
generations in isolation. Consequently the range and
mean of the major yield contributing traits and yield
were considerably increased while the days to, 50%
flowering, 50% maturity and node number to primaty
spike were comparable to parents. The genetically
enhanced genepool of castor would certainly provide
broad base for developing diverse high yielding extra-
early maturing cultivars.

Key words: Extra-early maturity, diversity,

genepool
Introduction

The productivity of traditional castor cuitivars in the
marginal drylands is considerably low owing to the long
duration of crop. Castor is essentially indeterminate in
fruiting habit and sets spikes over a period of time. in
general, the late types set less number of spikés due to
limited availability of moisture in drylands. After
appearance of first spike the spikes of other orders will
develop in succession. Early maturity in castor is desirable
in order to make the best use of available moisture. In the
castor germplasm repository of 2856 accessions
maintained at the Directorate of Qilseeds Research,
Hyderabad, A.P., 21 extra-early maturing accessions were
identified. These accessions matured in 75-110 days
whereas the existing cultivars took about 150 to 180 days
to maturity. But the productivity of extra-early accessions
was very low because of low expression of major yield
parameters. Keeping in view that the crop is cultivated
mainly in dryland areas, we have decided to develop an
extra-early maturing genepool with wide genetic base for
developing extra-early maturing lines with enhanced vyield
and other desirable fraits.
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Materials and methods

Twenty three accessions which flowered within 35 days
after sowing in three contiguous years (1991,1992 and
1993) at Hyderabad were initially selected as source
material for extra-early maturity. These were further
evaiuated in Randomised Block Design with three
replicalions in 1994 to know yield potential of individual
parent, and then selected twenty one stable exira-early
maturing accessions for making the genepool. While
selecting accessions, variability for other morphological
characters and the geographical origin of the accessions
were not considered.

Equal quantity of seed from each 21 extra-early maturing
accessions was bulked thoroughly. The bulked seeds
were planted in March, 1995 at a spacing of 45 cm x 90
cm. Early summer (March) sowing was preferred to meet
the required isoiation distance of 1000 m. One thousand
progenies of 21 parents were allowed to random mate.
Since the initiation of flowering of primary and other
spikes, all plants were shaken by hand 1o ensure near
100% open poliination in the population for achieving
equilibrium. Seed was harvested from each plant and
bulked thoroughly. Random sampling was done from this
bulk seed to plant next generation in March, 1996. Among
2808 plants grown in 1996, about 43 plants flowered late
while the remaining planis were in the range of early
maturity. The late flowering plants were removed before
flower initiation itsell. The remaining plants were allowed
to random mate under isolation. Third, fourth and fifth
cycles of random mating were allowed in 1997, 1998 and
1999, respectively following the same month of sowing,
method of harvesting, sampling of genepoot and isoiation
distance. The population size of third, fourth and fifth
cycies of random mating was 2959, 2978 and 2998 plants,
respectively. Late maturing plants were removed every
year. Qccurrence of late maturing plants decreased after
every random mating, After 5 random mating in 19989,
the genepool was sown along with its 21 parents in July
2000. The data on plant height, numbes of nodes to
primary spike, days to 50% flowering, days to 50%
malurity, total length of primary spike, length of primary
spike covered by capsules, total number of spikes/plant,
100-seed weight, oil content and seed yield/plant after 120
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days of planting, were recorded on 200 randomly taken
ptants and 50 selective plants from genepool and 5 plants
of each 21 parents.

Results and discussion

Increase in variation was observed for many traits in
genepool after random mating {Table 1). Mean values of
days to 50% flowering and days to 50% maturity of
genepool were considerably closer to that of original
parental accessions after random mating. The slight
increase in range of these traits may be due to increase in
node number range. Node number to primary spike has
positive relation with days to primary spike initiation and
is considered as an indication to days to maturity in castor
{Domingo, 1945). The late flowering cr high node types in
genepoc! might have occurred due to expression of double
recessive late flowering genes after random mating
(Zimmerman, 1958). He indicated that two genea pairs were
responsible for earliness and parents carried different
genes for earliness. The mean values of days to 50%
flowering and days to 50% maturity of genepool indicated
the predominance of extra-eariy maturing genes in the
population. Patel and Jaimini (1991) observed that under
rainfed condition the relation between seed yield and days
to flewering and nodes upto primary spike was negative.
This indicated the significance of early flowering
genotypes over late maturing cnes in utilizing the minimal
maoisture available in their short period of growth under
rainfed situation. The range in variation and means of the

Table 1 Diversity in extra-early genepool and parents

major yield contributing fraits such as total length of
primary spike, length of primary spike covered by capsules
and number of spikes/plant and yield/plant were greatly
increased in genepool after random mating. This increase
may be due to heterotic effect/ or recombination. These
parameters showed high positive correlation with seed
vield (Muthiah et al., 1982). Therefore, any increase in
their value will help the breeder to select high yielding
genotypes from genepool. The variability in seed weight
and oil content could not be enhanced after random
mating. The increased plant height of genepool was
desirabie for the improvement of yield components as it
had significant positive association with major yield
parameters (Girirgj et al., 1973}

The range of variation for various yield parameters and
yield/plant was alsc high among the 50 plants selected
based on phenotype from genepoo! (Table 1). The means
of these traits were also considerably higher than those of
parental accessions. The selected plants were comparable
with the parents with regard to node number, days to 50%
flowering and days to 50% maturity. Individual potentiaiity
of each selecled plant against that of 21 parents is
depicted in Fig.1. Though, the selected plants showed
node number ranging from 7-13, most of them had 9-10
nodes to primary spike, indicating the earliness of the
material.  Similarly, the frequency of plants showing
considerably higher values than the parental lines was
high for all the yield parameters and seed yield/ptant,
baring seed weight. This proved that the genetic base for
desirable traits was enhanced in the genepool.

Character
TPlantheightom) T Range
MeantSE
No. of nodes to primary spike Range
MeantSE
Days to 50% flowering Range
MeanzSE
Days to 50% maturity Range
MeanzSE
Total length of primary spike {cm) Range
MeanzSE
Length of primary spike covered by capsules {fem)  Range
: Mean+SE
Total No. of spikes/plant Range
MeantSE
100-seed weight (g) Range
Mean+SE
Yield/plant {g) at 120 days Range
Mean+SE
Qil content (%) Range
Mean+SE

Genepool .
Selective ptanis™

r i 551 o
Parentat accessions Random planis'

T 2340 135-80.5 16.7-66
31.6£0.9 33.6106 40.121.2
6-0.6 5-20 7-13

8.5+0.17 9.740.12 9x0 .16
28-35 25-55 27-40
32£0.18 3610.42 36+0.35
75-110 72-130 75-110

95+0.98 98+0.35 96+4.6
7.4-29.6 4560 10.520.8 -
16.2¢1.0 211048 2310.8
3196 228 2.5-30
2.9+0.8 14+0.4 18+0.3
9-26 333 4.34
17.320.86 21+0.3 25404
18.9-38 15-35 17-38
28.3£1.0 28.240.3 28.8:0.3
28-96 34-252 35.5-148
70.5¢4 7 101.6£3.7 100.2%3.4
45-51 40-50 41-50
48:0.3 462-0.1 47£0.2

*'200 randomly taken plants from genepool after 5 random mating: ** 50 selective plants from genepool after 5" random mating
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Generally the majer problem in germplasm material is a
high ilevel of duplication with iittle difference between
many of the accessions. Burton {(1978) and Witcombe
{1984) suggested development of trait-specific genepools
to reduce effective number of accessions drastically. In our
repository duplication of extra-early material is not a
problem, but their low productivity was undesirable.
Therefore, the frait-specific (extra-early) genepoo! was
made to enhance the genetic base for selecting diverse
high vielding extra-early genotypes. This genepcol is
certainly better than individual parental accessicns
because of its high diversity and broad genetic base.
Since, the genepoo! was developed by intercrossing, it
may have homozygeus loci at low frequency but has an
advantage of allowing gene recombinations. The extra-
early genepool would certainly provide broad genetic base
for developing diverse, high yielding extra-early maturing
cultivars and obtaining heterotic hybrids. The genepoot
was distributed to breeders and was being used by them
as a population for improvement by single plant selection,
recurrent selection and mass selection.
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Abstract

Estimates of gene effects based on analysis of
generation mean were obtained for eight characters in
five crosses of castor. Results indicated presence of
additive, dominance and epistatic gene effects. Among
non-allelic interaction dominance x dominance (I}
interactions was of greater magnitude than main gene
effects for almost all the characters, indicating the
importance of heterosis breeding ta utilize non-
additive gene effects. The additive gene effects (d}
also contributed significantly for different traits like,
capsules on primary, capsules on §,T, raceme and
effective length of primary raceme in VP1 x RG 299
and RG184 x RG 299 crosses, for capsules on 5T,
raceme and effective length of S,T, raceme in cross
MCP 2 x RG 125. Selection in segregating generations
of these crosses will be effective for development of
inbreds possessing longer spikes and higher number
~of capsules on primary and S,T, raceme. However to
exploit additive as well as non-additive gene effects
reciprocal recurrent selection procedure may be
adopted.

Key words: Castor, gene effects, generation mean,

gene action
Introduction

Castor, Ricinus communis L., an important non edible
oilseeds is one of the cash crops grown in dry lands as
well as irrigated situations. Muttiple pathways involving
different yield contributing characters influence seed yield.
Hence seed yield can be also improved through improve-
ment of yield contributing characters (Sclanki and Joshi,
2000). The estimation of gene effects involved in the
inheritance of yield contributing or quantitative characters
are helpful in planning breeding programs. Though gene
effects for seed yield and other traits have been estimated
in castor, information on epistatic gene effects is
negligible. Thus the present investigation, genetic
parameters namely additive, dominance and epistatic

gene effects were estimated through generation mean
study for eight quantitative traits in five crosses of castor,

Materials and methods

The experiment material comprised of six generation i.e.
P,. P, F, F;, BC,{F, x Pyjand BC,{F,x P;) of five crosses
namely VP1 x RG299, VP1 x RG184, RG184 x RG299,
MCP2 x RG125 and RG125 x 846. The six generations of
each cross were grown separately in randomized block
design with two replications. In each replication parents
and crosses were randomized separately, P,, P, and F,
were grown in two rows of 4.5 m length. The inter and intra
row spacing was 60 cm and 45 cm respectively. Plant
population in segregating generations was varying from
62-220 plants the crop was raised as per standard
practices for irrigated crop. Observations on individual
plants were recorded for eight quantitative characters
(Tabie 1). The data were subjected to different biometrical
techniques namely Scaling test (Mather and Jinks, 1982)
and generation mean anaiysis by Haymans' six parameter
model { Hayman, 1958} .

Results and discussion

Significant scaling test for different traits was observed in
almost all crosses indicating the presence of digenic or
higher order interactions. The non significant scaling test
(Tahlet) indicated the absence of nen allelic interactions
for effective length of primary raceme in cross RG125 x
846, capsules on primary raceme in cross MCP2 x RG125
and nodes up to primary raceme in cross VP1 x
RG184.Thus inheritance of these characters in above
referred crosses could be explained on the basis of simple
additive-dominance model. The estimates of genetic
parameters m, d, and h in these crosses indicated that
both additive (d) and dominance (h) gene effects were
responsible for inheritance of traits in two crosses RG 125
x 846 and MCP 2 x RG 125. Ahsence of non allelic
interaction for some characters also reported earlier like
effective length of primary, number of capsules on main
raceme and nodes up to primary raceme (Deepika Bhat
and Reddy, 1986 , Patel, 1998).

1
Dean, S K.N. College of Agriculture, Jebner, Jaipur, Rajasthan
Agricullural Research Station, Navgaon, Alwar, Rajasthan.
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Table 1 Estimates of genetic components in castor

Cross o __'D_om_@ﬂen(s of generation mean (Hayman, 1958} ] Scaling tests o
i d h i j ! A 8 c
" P1xRG 184 T - - N
Effective length of primary raceme 33,78  9.38" -970 -1.75 6.23" 40.66**  -13.4" -25.90* 3790
Total length of primary raceme 41 .89 280 -11.18 -2.48 -0.0% 40,37 -15.50 -15.307 -21.40%
Capsules on primary racems 56.37* -0.23 -50.18""  -51.23* 311 37.68 2.90 3.60 64.80"
Effective length of 8.7, raceme 2506 1030 £ D83 5.H5% 24,95 -7 18,500 -26.200
Total length of §,T, raceme 3310 5.647" 3.78 0.21 484 20,83 -5.40 -15.10" 2040
Capsules on 5,T, racemsa 2720 479" Rric:) -10.95 2.44 28.61*" -B.40 -11.30% 670
Nodes up to primary raceme 14,37+ -0.14 -0.15 - - - 1.90 2.20 1.40
Height up to primary racemsa 9g.21** -38.3% 1815 -43.45" 28D 52.03" -1.50 -7.10 3486
VPT x RG299
Effective length of primary raceme 34.49"" 20827 -8.60 1151 72T 30.55* -2.20 -16.80™  -7.50
Total length of primary raceme 4377 11.08" -2.61 1281 548" 40.94™ 870" -18.60* 1570
Capsuies on primary raceme 4852 2286 671 -7.98 17.46™ 4.73 23.8* 110 20,70
Effective length of 5,T, raceme 19.877 1100 981 13017 207 5,12 120 6.6 -20.80™
Total length of §.T, racems W3 601" 17.33 2038 18.73™ 431 6.10 -2.50 -13.10
Capsuies on 8,T, raceme 22.71* 5.23* 4.04 -0.80 528 33.04** -10.80°  -21.407 -31.40%
Modes up ta primany raceme 13650 oY 304 067 -4 g2 -3.34 240 070 5107
Height up to primary raceme 10251 -8.37 -21.23 -10.61 2857 14.52 4240 -17.00 3570
RG184 x RG 2449
Effective length of primary raceme 27 .36 9.53* -6.78 -0.26 -8 58 41.25* -18.80" 16,10 -24.10*
Total length of primary raceme 39.29" 7.89* -2.54 -12.84 479 5510 -16.30° -2590™ 2040
Capsules on primary raceme 4278 13.94* 11,96 -4.70 534 32.86 870 -19.40*  -23.40
Effective length of $,T, raceme 17590 2.22% 1.28 z2.08 -2.97 22,567 -15.30" 930" -26.70
Total length of S,T, raceme 28,20~ -0.25 -1.34 244 -1.95 306.66*" -16.00"  -r2.40" 2570
Capsules on ST, raceme 22.056* B.47" -18.47 341 807 34.83 -4.60 -16.8¢" 790"
Nedes up to primary raceme 15,117 031 5.42** -1.02 0.56™ 14.26™  -6.00** -7.20" 12,207
Height up o primary raceme 12380 988 1242 14.62 -7.59 -55.26" 12,70 27.90" 26.04"
MCP-2 x RG-125
Effective length of pisnary raceme 3048 A3.33 0 62 -28.02 S28.53 SBTOv -42.9% 1420 070
Totai length of primary raceme 30.83 -B.16* -1.52 -7.57 -16.26*  28.G1™ 2650 6.00 -12.80
Capsules on primary raceme 44 57+ -33.200 7.3 - - - 4.90 3.00 12.30
Effective length of 5,T, raceme 21.69" 3.76* -1.81 -8.18 -2.69 23.26™ -10.20"™  -4.80 -5.90
Total length of S,T, raceme 27.38 -0.05 -1.58 -7.35 -1.15 19,15 -7.00* -4.70 -4.50
Capsules on 5,T, raceme 30.64" 818" -9.88 -14.98 s 4471 -2260* 7.0 -14.70
MNodes up 'O primary Tatime 1598 2 44+ -0.51 -2 -1.45 -4 .90 240" 5.40™" 10.70*
Hesight up to primary raceme 111.80"  21.43** 3880 390 -26.56* -33.22 -11.90 41.20" 2540
RG-125 % B46
Effective length of primary raceme 11.97%  2.64* -1.29* - - - 0.20 -1.30 -0.20
Total length of primary raceme 24 61 870 -10.07 112 4.58* 2.90 2.50 -6.60™ -5.10
Capsules on primary raceme 1721 -6.73 -382 -4.32 -2.73 -5.20 2.00 7.50"" 13.80*
Effective length of .1, raceme ' 1153 019 3.55 $.65 2.40 475 -5 A0 -0.30 -6.00%
Totai length of S,T, raceme 24.33" -2.28 -1.87 -0.32 -1.88 15.49* -9.50* -5.70™ -14.80*"
Capsules on 5,7, raceme 13,17 0.48 1.01 0.78 -2.36 5.24 -5.40™ 0.70 -6.80
dies up to prirrEWLaceEe 12.25% -3.46* -3.45" .35 -0.76 5.7 2.30™ 3.80* 6.40*"

*Significant at P = 0.05 and ** Significant at P = 0.01
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The estimates of genelic parameters for different yield
contributing traits in cross VP1 x RG184 revealed that
additive gene effects (d) governed the inheritance of
effective length of primary raceme, effective and total
length of ST raceme, capsules on S,T, raceme and
height up to primary raceme, Epistatic gene effects
additive x dominance gene effects (j) were more important
for inheritance of the traits, effective length of primary
raceme, effective length of $, T, raceme and total length of
primary raceme. In same cross dominance x dominance
(1) gene effects were more pronounced than additive gene
effects for all the characters except effective iength of
5,7, raceme.

Additive gene effects {d) governed the inheritance of all
the traits except nodes up to primary raceme and height
up to primary raceme in VP1 x RG 299 cross. Non allelic
interactions viz., dominance x dominance (!) and additive
x cominance (j) were involved in the inheritance of
effective length of primary raceme, total length of primary
raceme, total length of S, T, raceme and capsules on 5,7,
raceme. Epistatic interaction like additive x dominance
gene effects ( j ) was also observed for expression of the
number of capsules on primary raceme and nodes up to
primary raceme .

Additive gene effects (d) governed the inheritance of
mostly vield contributing traits in cross RG184 x RG299
like, effective length of primary raceme, capsules on
primary raceme, effective length of ST, raceme and
capsules on 8,T, raceme. in this cross dominance x
dominance gene effects {I) were also responsible for
inheritance of traits namely effective length of primary
raceme, capsuies on primary raceme, effective iength of
5,T, raceme and height up to primary raceme. However,
non allelic gene effects like additive x dominance (j ) also
controlled the inheritance of capsules on S, T, raceme.

Cross MCP2 x RG 125, exhibited the importance of
additive gene effects {d) for inheritance of two characters
i.e., effective length of S, T, raceme, and capsules on 3, T,
raceme. Dominance gene effects governed the inheritance
of earlinegs in this cross. Epistatic gene effects namely
dominance x dominance { | ) governed the expression of
effective length of primary raceme, total length of primary
raceme, effective length of S,T, raceme and capsules on
S,T, raceme. Non allelic interaction viz., additive x
dominance gene effects (j) controlled the inheritance of
plant height up to primary raceme.

The roie of non afielic interaction as indicated by scaling
test was not confirmed by estimates of genetic parameters
in cross RG125 x 846 for the characters viz., effective
tength of primary raceme and 8,T, raceme. [t might be due
to presence of higher order interactions for inheritance of

S
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these traits. In cross RG125 x B48 inheritance of earliness
in emergence of primary raceme was governed by additive
as well as dominance (h) gene effects.

The magnitude of epistatic interaction namely dominance
x dominance () gene effects for most of the traits was
higher in almost all traits under study. Such non additive
gene effects may be exploited by heterosis breeding.

' Additive gene effects observed in the inheritance of

important yield contributing characters like effective length
of primary raceme, capsuies on primary raceme and
capsules on S, T, raceme in crosses VP1 x RG29%, RG184
x RG2899 and VP1 x RG184 can be utilized in hreeding
programe by selection methods.

Complementary type of gene action observed in cross VP1
x RG 299 for capsules on 3.7, raceme, and for capsules
on primary raceme in cross RG184 x RG299 can be
utilized in breeding programme. Duplicate type of gene
action observed for other traits is not easy to use for
breeding programme.

It is therefore concluded that heterosis breeding may be
used where large magnitude of non- fixable gene effects
is observed. A sizabie amount of additive gene effects
observed indicated that segregating generations of
crosses VP1 x RG 299, RG184 x RG299 and VP1 x
RG184 may be handled to develop inbred/varieties
possessing longer spikes coupled with higher number of
capsules at primary and higher order of raceme. Such type
of inbred/varieties are likely to provide higher seed yield
also. Considering importance of additive as well as non
additive gene effects observed in present study reciprocal
recurrent selection may be used to exploit both types of
gene effects.

References

Deepika Bhat, and Reddy, Tummala P. 1986. Genetics of seed
yield and its components in castor (Ricinus communis
L.). Genetica Agarica, 40: 193-204.

Hayman, B.l. 1958. The separation of epistatic from additive and
dominance variation in generation means. Heredity, 12:
193-204.

Mather, K. and Jinks, J.L. 1982. Biometrical Genetics. Chapman
and Hall Ltd. (3" Edition}. pp 382

Patel, A.A. 1996. Genetic analysis in castor (Ricinus communis
L.). M. 8c (Ag.) Thesis Gujarat Agricultural University,
S.K. Nagar.

Solanki, 8.5. and Joshi, P. 2000. Combining abitity analysis
over environments of diverse pistilate and maie
parents for seed yield and other traits in castor (Ricinus
communis L.). Indian Journal of Genefics and Plant
Breeding, 60 (2). 201-212,



J. Oilseeds Res., 20(2): 220-224 (2003)

Combining ability and heterosis for seed yield and yield components in

castor, Ricinus communis L.

C. Lavanya' and Y. Chandramohan®

Directorate of Oilseeds Research, Rajendranagar, Hyderabad-500 03¢, AP

(Received: December, 2002; Revised: May, 2003; Accepted: June, 2003)

Abstract

A line x tester analysis involving three pistillate lines,
nine mate lines and the resulting 27 hybrids was
carried out to study the heterosis and combining
ability for seed yield, its components and oil content.
The estimated components of gca and sca variances
showed predominance of non additive gene action for
days to 50% flowering, number of nodes to primary,
plant height, seed yield in first, second, third picking
and total seed yield. Additive gene action was
predominant for effective spikes per plant, hundred
seed weight and oil content. The female line, M 619 for
plant height, 100-seed weight, seed yield in all the
three pickings and total seed yield, while M 584 for
effective spikes per plant, yield at first picking and oil
content were good combiners. Among the males, JI
240 for seed yield in all the three pickings, total seed
yield and oil content, JI 220 for seed yield in second
and third pickings, SKI 233 for effective spikes per
plant and SKi 228 and JI 225 for 100-seed weight were
good general combiners. The crosses exhibited
heterobeltiosis from -13.45 to 206% for seed vield, -
2.76 to 3.72% for oil content, -22.5 to 20.54% for
effective spikes per plant and -18.96 to 12.06% for 100
seed weight. Standard heterosis for seed yield varied
from 35.4 to 215% over GCH 4 and -4.2 to 123 % over
DCH 32. The hybrids, M 619 x JI 240, M 619 x Ji 220, M
584 x JI 240, M571 x JI 240 and M 619 x SKI 232 with
>150% heterobeltiosis and 200% standard heterosis
(over GCH 4) for seed yield are of commercial value.

Combining ability, gca, sca, heterosis,
castor

Key words:

Introduction

Genetic improvement of castor entered a new era with the
introduction of TSP 10R, an exoctic pistillate line and
subsequent deveiopment of an indigenous stable pistillate
fine VP-1. VP-1 with its unique marphological characters

like dwarf stem, condensed nodes, ¢cup shaped leaves and
triple bloom was also found to be a good general combiner
for seed yield and yield components (Pathak ef al., 1989).
However due to its susceptibility to Fusarium wilt, hybrids
developed with VP-1 became susceptible to will. Several
wilt resistant, mutant V-1 lines were developed through
irradiation with 55 Kr gamma rays at Directorate of
Oilseeds Research, Hyderabad (Lavanya et al., 2000).
However, information on the general combining ability
(gca), specific combining ability (sca) and magnitude of
heterosis of hybrids developed from these mutant pistillate
lines and fusarium wilt resistant male lines was lacking.
The present study aims al assessing the extent of
heterabelticsis, standard heterosis, combining ability and
type of gene action for yield, its components and oil
content through line x fester analysis of wilt resistant
pistillate and male lines.

Materials and methods

Three mutant VP-1 pistiliate lines (M 571, M584 and M
619), nine pollen parents (PCS 1, PCS 121, J1 220, J1 225,
JI 240, JI 260, SKI 229, SKI 232 and SKI 233) were
selected on the basis of desirable agronomic,
morphological characters and resistance to fusarium wilt
and cressed in line x tester fashion during Rabi 2000-01.
The resulting 27 hybrids along with 12 parents and two
standard checks - DCH 32 and GCH 4 were evaluated in
a RBD with three replications at Directorate of Oilseeds
Research, Hyderabad during Kharif 2001-02 under rainfed
cenditions. Each plot consisted of 40 plants with a spacing
af 80 cm x 45 cm. Observaticns were recorded on five
randomly selected plants for six characters viz., days to
50% flowering, number of nodes to primary spike, plant
height upto main spike (cm), effective spikes per plant,
100-seed weight (g) and cil content (%). Seed vield per
plot was recorded picking wise and cumuiated as total
seed yield and expressed in kg/ha. Heterosis over better
parent (heterobelticsis) and heterosis over checks
(standard heterosis) were calculated as per standard

! Scientist (38), Plant Breeding
2 Senior Research Fellow, NATP Hybrid Castor Scheme
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formulae. Combining ability analysis was performed as per
Kempthorne (1957). During the period of study, continuous
rainfall during the month of September led to the incidence
of Botrytis tc the extent of 60-80% (Anonymous, 2001)
resulting in complete loss of primary spikes in some
entries. The ability of such entries to recover from losses
by putting forth more number of effective spikes per plant
or capsules per spike resulted in pormal yields in the
second of third picking. Hence mean vaiues for seed yield
were calculated as seed yield in three individual pickings
along with the tolal seed yield to identify good combiners
for different pickings. Predictability ratio was calcuiated as
per the formula (26°g/2 6°g + o%s) given by Baker (1978).

Results and discussion

The analysis of variance for combining ability revealed the
existence of significant differences among femates for
effective spikes per plant, 100-seed weight and oil content.
among males, significant differences were observed for
100-seed weignt, yield at second and third picking, totai
seed vield and oil content (Table 1). However, mean
sguares due o females vs. males were significant for all
the traits studied barring oil content. Predictability ratios
were near to unity for oil content, 100-seed weight and
effective spikes per plant, indicating the preponderance of
additive gene action. For the traits, days to 50% flowering,
number of nodes to primary spike, plant height, seed vield
jn all the three pickings and tofal seed yield the
predictability ratios were far from unity, inferring the

redominance of non-additive gene action governing the
traits. Similarly, Chakrabarthy (1997) and Pathak ef a/.,
(1 989) reported predominance of non-additive gene action
for seed yield. However, Kandasamy el al, (1983)
documented the predominance of non-additive gene
action for effective spikes per plant in castor.

There was no correlation between mean vaiues of parents
and the gca effects for majority of the traits (Table 2)
parting 100 seed weight and oil content. Thus, selection of
the parents should be based on both per se performance
and gea effecis of parents. The present finding was in
gontrast to the reports of Patel et al,, (1984) and Pathak
et al, (1989).

The estimates of combining abiiity effects (Table 2)
indicated that M 619 was the most desirable female parent
with significant positive gca effects for majority of the
gharacters viz., 100-seed weight, seed yield in all the three

jckings and total seed yield. M 584 was also a good

eneral combiner for dwarfness, effective spikes per plant,
5366‘ yield in first picking and oil content, while M 571 was
good combiner for effective spikes per plant.
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Among the males, early flowering, low number of nodes to
primary and good branching types with more number of
effective spikes per plant are desirable trails to develop
short duration hybrids suitable for rainfed areas. Such
short duration types often complete their life cycle during
the periods of mansoon by producing high seed yields in
the first or second pickings. JI 225, the early duration male
parent was a goad general combiner for early flowering,
number of nodes to primary spike. 100-seed weight, seed
yield at first picking and total seed yield. Ancther short
duration male parent, SKi 229 was also a good general
combiner for less number of nodes to primary spike, high
100-seed weight and high seed yield in the first and third
picking and ol content.

Ji 240 was the most desirable medium duration male
parent with good combining ability for seed yield in all the
three pickings, total seed yield and oif content. JI 220 was
a desirable short duration male parent with positive gea
effects for seed yield at second and third pickings and fotal
seed yield, while SKi 233 was good general combiner for
effective spikes per plant.

The estimates of sca effects for total seed vield were
significant for eight hybrids of which two hybrids viz., M
619 x SKI 232 and M 619 x SKI 233 were good specific
combiners for seed yieid in all the three pickings (Table 3).
The cross, M 584 x SKI 229 was a good combiner for seed
yield in second and third pickings, total seed yield and
hundred seed weight, while the crosses, M 571 x PCS 121
and M 571 x JI 225 were good specific combiners for seed
yield at first and third pickings and total seed yield. M 584
x PCS 121 with good specific combining ability for early
duration, short plant height, effective spikes per plant,
seed yield in second and third pickings and total seed
yield, indicated its ability to recover from the losses of
Botrytis. Two crosses, M 619 x PCS 121 and M 619 x JI
220, were good combiners for oil content and may be used
for selection and generation advancement to exploit its
non additive nature.

The magnitude of hetercbeltiosis for final seed yield
ranged from 19.75% to 206 %, while standard heterosis
ranged from 35.4% to 215.2 % and 26.2% to 123.1% over
GCH 4 and DCH 32, respectively {Table 4). The hybrid, M
619 x JI 240 exhibited significant negative heterosis far
days to 50% flowering and significant positive heterosis for
100-seed weight, total seed vield and il content over
check, DCH-32. The highest significant positive heterosis
over checks, GCH 4 and DCH 32 was recorded in hybrid,
M 619 x JI 240 followed by M 619 x J1 220, M 584 x J§ 240,
M571 x Ji 240 and M 619 x SKI 232, These top five
hybrids have good commercial value and could be
exploited.
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Table 1 Analysis of variance of combining ability for seven characters in castor

No. of

Seed yield

Source Daysto |\ desto Plant T 1e0Y€ 100 goed S &
DF 50% : ‘ spikes/ ; . )
‘ primary height weight First Second Third Total content
flowering . plant L o L |
spine picking picking picking yield

Replications 2 214.8* 1.62 26.3  0.265 2513 57066 248225 414088 1809016 0.839
Females 2 10.72 044 7978 2194 8712 172877 1348303 452821 4498800 12.73™
Males 8 17.81 396 4548 1.9¢ 27.78* 133238 2190690 1890996 * 6763494 732

Females x Males 16 2391 183 * 2202™ 159" 611~ 88414 511126*  5374727* 1281106 0.583

Error 32 10.06 D.96 4232 0.58 2.64 4759 29309 64273 110348 0.628
L -0.54 0.02 22860 0.58 2.80 3581.31 699095 3524546 241668.9 . 0.50
oo, 461 029 5926 033 116 2788515 1606057 1577332 3902527  -0.01
Crr Tya 8.54 1450 262 Q57 041 7.76 2.30 447 161 002
Predictability ratio -0.31 0.12 0.43 Q.78 0.83 0.20 .47 0.31 .55 1.01
*** Significant at 5% and 1% levals, respactively. DF - degrees of freedom

Table 2 Mean values and gca effects of parents for seed yield and its components in castor

Daysto  No. of nodes Plant Effective 100 seed

Seed yield (kg/ha) Oil
Parenits 50% to pricarcy height spikes/ weight  — — - o - cantent
flowering spike {cm) plant {9} First picking

Second picking Third picking  Total yield %)

Males Mean gca Mean gca Mean gca Mean gea

Mean gca Mean gca Mean gca Mea gca Mean geca  Mean gea
n

PCS1 553 006 {26 -0.55"43.7 -038* 56 028 241 015 256 435 1086 -195.7** 1060 -553.97* 2413 -7451™* 514 4]

PGS 121567 1.28 185 0.94**104.0 13.62> 6.4 -0.89* 196 -2.04* 148 -216.0** 418 -5B5.3"" 1380 267.2** 1954 -515.17" 483 -0.92*"
Jizzg 573 400 136 -0.15 550 -4.05 69 018 228 -080 244 -120 638 306.5" 503 849.77* 138511443 §51.2 -0.93"
J225  57.3-284" 113 059" 07 094 55 004 283 170" 210 1828 937 142 565 720 1712 26817 504 -0.5%
1240 57.7 -1.60 150 002 733 -0.72 B 062 278 074 292 13197 723 115261163 396.0** 21768 1680. 1™ 534 0.86*
J1z2e0 GRY 051 124 008 440 3.28* BE5 -0.10 ZB5 224" 139 249 795 -30.2** 1185-250.1"* 2086 -256.0"* 49.8 -0.63"
SKi22g 583 0.06 122 -0.68™ 36.0 1227 67 039 346 3.32" 221 59.2* 1154 -206.8"* 1050 2454~ 2425 4829 54.3 161
SKlI 232 56.0 128 135 1201183 540 7.0 023 250 -038 79 -1145* 543 .2296" 912 85 1535-336.0"" 53.2 0.84*
SKI233 550 095 144 -0.256 903 -294 6.9 053" 277 -045 77 -60.0*" 365 15467 375 -544.0* 817 -7585™ 518 -0.33
Females

MB71 567 D64 156 -008 483 291 67 029 246 001 83 -824 1387 -1638™ 1546-104.1** 3015 -360.2"" 50.4 0.08
M584 553 062z 146 -007 297 627 71 072 203 180 38 485" {95 -00.8™ 1147 409 2080 -832 617 064
MB19 570 002 179 015 61.00 336" 6.2 -1.01" 280 1.79" 184 439 368 254 6™ 1373 145.0%.1925 44347 492 072
Correlation -0.214 .537 . 0325 0416 0.802* (3.485 0,109 -0.02 0073 (LR

between mean
and gea

*, * Significant a1 5% and 1% levels, respectively

222



Lavanya and Chandramohan

Table 3 Specific combining ability effects of crosses for yield and yield component characters in castor

Cross Poye 10 ngi;é; to Plant E;;‘?fé‘;’f 100 seed . | Seedveld G
flowering primary height plant weaight First Second Third Total cartent
spike picking picking picking yield
M-—571 X P(;S:-;_ 1.86 —_660 -4,91_;_- - -O,é2 . 0.76 -102.9 " -205.8-.*.* 271.08 * ~3.7-.4 _OIT
M-571 x PC5-121 -0.36 -0.56 475" =101 208 9225 -0.86 358.98 "% 449.94* -0.34
M-571 x JI-220 -1.47 0.40 -2.25 046 0.23 109.6 **  190.02* .3528* -b3 4 -0.72
M-571 x JI-225 1.2 1.38* 7.64" -0.21 -1.53 * 85.14 = 3786 5452 251727 0.04
M-571 x JI-24¢ 2.2 -(3.42 -11.25* 0.22 -1.87* 38.36 -204.1* 97.2 -68.62 0.39
M-571 x JI-260 -0.58 -1.37* -9.91 -0.16 -0.15 -1559 7 618.02™ 25402 20849 0.08
M-571 x SKI-22¢ 0.8 0.60 598 ™ 0.21 -1.92* 2.36 242 02 -36.8 207.38 0.06
M-571 x SKI-232 -4.68 * 0.35 12.64 ** 087 1.01 18.47 2v7.2tt A7t 730517 0.14
M-571 x §KI-233 264~ 0.23 -2.69 0.44 139 -87.42* 16.47 -157.1 -227.82 -0.06
-584 x PCS-1 -0.4 -G3.07 -4.06 359" -3.63 2163 14988 * 1387 227.35 .31
M-584 x PCS-129 -26 * -(.36 -5.40 * 0.89* -0.64 -34.94 23343* 349.49*  b4g.01** -0.4
M-584 x JI-220 1.6 0.06 4.94 - .38 -0.75 -1346 " -B0.35 4.05 -221.32 0.08
M-584 x JI-225 -1.4 -0.40 449 0.52 145" 39.62 -43.01 21.72 18.79 -0.02
M-584 x JI-240 273" -0.16 0.27 012 1.08 2598 * 25354* -358.3* 15446 -(0.21
M-584 x JI-260 0.83 0.79 " 8.27* -0.3 -1.08 -51.72 * 676" 51.49 -676.43* 0.25
M-584 x SKI-229  -0.4 0.63 0.83 -0.12 1.82*  -21.82 51032 29509 77579 0.07
M-584 x SKI1-232 2.05 -0.22 -6.84* -0.37 -0.48 -182.1 % 116.2 -75.51 -374.43* 0.08
M-584 x SKi-233 3.05* -0.27 -0.51 -0.53 -0.77 -8227 2216 1483 -452.21* -0.15
M-619 x PCS-1 -1.47 -0.52 g.gg* 1.41* -0.12 -113.4 % 5588 -132.4 -189.95 -0.72
MB819x PCS3-121 298 * 0.92* 0.64 012 4440 67137 232687 7085 -G497G5M 0.73
M-618 x Ji-220 -0.14 -0.46 -2.69 -0.85" 0.52 25.36 -99.68 34875 27472* 0.65
M-619 x JI-225 0.2 -0.98™ -12.14* -0.31 0.09 -124.8 ™ 42165* -5669* -270.51* -0.02
M-619 x JI-240 0.53 0.59 10.98* -0.35 0.79 -298.2 ** 4946 262.09 ™ -85.84 -0.18
M-619 x JI-260 -0.25 0.58 3.64 047 1.23° 2076 * 57.99 20253 *  4B7.94*" -0.32
M-619 x SKI-229 1.2 —0.02I -6.80** -0.09 0.1 2747 -752.4" 2583 " -98317* -3
M-619 x SKi-232 264 * -0.14 580" -0.5 -0.54 163.6 " 39343* 54727 1104.94* -0.22
M-619 x SKI-233 -569 ** 0.04 3.20 0.1 -0.62 168.7 ** 2051 30542 6&79.83* 0.21

e Significant at 5% and 1% levels respectivel}
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Tabile 4 Heterobeltiosis and standard heterosis for five characters in top five crosses in castor

Character

Heterebeltiosis

Days to 50% flowering

" _Standard heterosis Over GCH-4

Over DCH-32

Effective spikes/plant

Heterebeltinsis

Standard heterosis

100-seed weight

Heterebeltiosis

Standard heterosis

Seed yield/plant

Heterebeltiosis

Standard heterosis

Oil content

Heterobeltiosis

Qver GCH-4

Over DCH-32

Over GCH-4

QOver DCH-32

Over GCH-4

Over DCH-32

Standard beterosis Over GCH-4

Over GCH-32

| Significant at 5% and 1% leve! respectively, SH - Stancard heterosis

-8.67 1o 10.91
-8.831t0 7 64

-15.30 10 0.60

-22.50 10 20.94
-18.23 10 42.53

-18.60 to 36.80

-18.96 10 12.06
-22.4%140 1475

-13.52 to 27.98

-13.45 to 208.32

354310 21522

-4.15t2 123.09

-2.76t0 3.72

-591101.56

Cross
M 571 x 240 M 5B4 x M 240 MBI x 5220 M E19x ) 240 M 61293; SKI
-2.31 -8.67 0.8 -2.92 774
-0.54 -7.06 -0.01 -2.36 6.46
-7.65 -13.66" -7.10 -9.29% -1.08
0.00 -0.94 -17.30 -22.16" 221,43
16.35 22.16* 099 -16.23 -4 01
11.68 17.25 -14.57 -19.60 -7.87
-8.26 -4.19 0.60 7.02 -1.67
-2.06 -3.97 1.43 7.81 0.85
2.54 7.10 13.12* 20.35 10.57*
7536 165,77 208.32™ 178.92* 172.56"
174.41** 200.26™ 208.12°* 21522 172.38%
g4.21* 112.57** 116 65** 123.08™ Q.77
0.00 -0.06 -0.33 -2.56 -2.32
-0.30 -0.37 -4.66™ -2.86" 2.98*
K47+ (.86 263"

046510 7 .44
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Abstract

Castor pistillate lines viz., VP 1, DPC 9 and LRES 17
were sown at monthly intervals starting from January,
2001 to December, 2001 with an aim to characterise
the expression of pistillate, monoecious and staminate
flowers to standardise the time of sowing for hybrid
seed production and maintenance of parental lines for
need based manipulation. From the study, maximum
expression of pistillateness was found in the
September 15" sowing whereas it was lowest in March
15" sowing. With respect to interspersed staminate
flowers {ISF) which maintain pistillate lines, the
expression was maximum in February 15" sowing.
Arnong different genotypes studied VP 1 produced
highest number of pistillate whorls while DPC 9
produced maximum number of ISF irrespective of
dates of sowing. Primary spikes produced maximum
number of pistillate whorls compared to secondary,
tertiary, quaternary and pentenary spike orders
whereas, maximum number of 1SF was produced in
the secondary spikes.

Castor, sex expression, pistillate lines,
pistillate whorls, ISF

Key words:

Introduction

Castor (Ricinus communis L.} is grown under varied agro-
climatic conditions for its non-edible oil, which has
diversified uses especially in lubricants, printing inks,
varnishes, detergents, wax, etc. India is the principal
producer of castor by growing in an area of 0.71 m. ha
with a production of 0.85 mt (Damodaram and Hegde,
2002). The seed vyield in castor is directly/indirectly
influenced by several facters out of which sex expression
i.e., per cent pistillate whorls is very important. Castor is a
sexually polymorphic species with different sex forms viz.,
monoecious bearing staminate (male) flowers at bottom
and pistillate {female) flowers at the top of the spike,
pistiflate spike with only pistillate flowers along the entire
spike, pistiliate with interspersed staminate flowers (ISF),
sex reversals in which 100 % pistillate spikes will be
reverted to monoecists in different order spikes. Sex

expression in castor is known to be influenced by several
environmentai factors namely temperature, photo period
and rainfall besides age of the plant, nutrition, etc.
(Shifriss, 1960; Zimmerman and Smith, 1966).

Several castor varieties were developed and released for
cammercial cultivation in India by simple selection fram
local populations during 1960s which could not make any
significant contribution to  increase the productivity
because of their fong duration and susceptibility to
diseases. Subsequently, early maturing, high yielding and
disease resistant varieties ke Kranti, Jyothi, Jwala, etc.,
were developed which made a significant impact in the
castor production under rainfed conditions. In addition to
the cultivar developmenl, heterosis breeding gained
impartance and several hybrids have been developed in
India based on pistillate lines and released for commercial
cultivation. Due to fack of cytoplasmic and genetic male
steritity lines in the crop, the hybrid breeding i1s dependent
on pistillate mechanism wherein the pistiliate lines are
maintained by the interspersed staminate flowers, the
expression of which is highly environmentally sensitive
(Ramachandram and Ranga Rao, 1988).

Keeping in view the influence of environment on sex
expression, the present investigation was undertaken at
College Farm, College of Agriculture, ANGRAU,
Rajendranagar, Hyderabad during 2001-02, to sfudy the
influence of environmental factors in the expression of
female and male flowers in order tc identify the ideal
environment with respect to time of planting for hybrid
seed production and multiplication and maintenance of
parental lines.

Materials and methods

The present study was conducted using three pistillate
linres of castor viz., VP 1, DPC @ and LRES 17 cbtained
from the Directorate of Oilseeds Research,
Rajendranagar, Hyderabad. These lines were sown at
monthly intervais starting from January, 2007 to
December, 2001 in randomized block design with three
replications. All the sowings were done using seed
material from a single lot and uniform package of inputs

1 . : . .
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were supplied throughout. Ten pistillate plants in each
entry were selected by confirming the sex in primary spike
and were tagged. Observations were recorded on these
plants for number of pistillate whorls and number of iISFs
upto pentenary order spike. The data were analysed
through Factorial experiment laid out in RBD.

Results and discussion

The analysis of variance for pistillate whorls and ISF
expression (Table 1) indicated the presence of significant
differences among the genotypes and sowing dates while
interaction of genotypes and dates of sowing was found to
be non-significant in primary, secondary, teriiary order
spikes and significant in quaternary, pentenary order
spikes. The interaction effect was found tc be significant
for expression of ISF in all the spike orders studied.
Among the genotypes, VP 1 produced highest mean
vaiues for number of pistilate wharls (112.43) over all
spike orders over different dates of sowing followed by
LRES 17, while DPC @ produced maximum mean values
for number of ISF over different order spikes (62.27),
showing variability ameng genotypes for the expression of
characters viz., number of pistillate whorls and number of
ISF.

Table 1 Analysis of variance for sex characters in castor

Mean sum of squates

Char | Fs

e Rtt-liglrwéa— {gencft;pes) (g::ﬁrs‘gc;f F,xF, Error
Primary ;pike -
No. of pistillate whorls 0.063 1178.77" 9.53" 426 361
No. of ISF 197 261.20* 788.36* 24.60** 262

Secondary spike
Nao. of pistillate whorls 0.4162 1068.10" 0.63 226 148

No. of ISF 1.26 249.22* 90112 26236 1.48
Tertiary spike

No. of nistillate whorls 0.60 218.50* 239" 142 101
No. of ISF 3.36 20479 763.48" 32.32v 222

No. of staminate whorls  0.028 33.33° 33.33* 3333 028
Quaternary spike

No. of pistillate whorls 0.48 306.49° 184 238" 071
No. of ISF 1.02 135.70* 790617 44.04* 095
Mo of staminate - - - - -
Pentenary spike

No. of pistillate whorls 0.45 244 45" 208" 177 047
No. of ISF 1.04 129057 352.51° 3849 0.72

No. of staminate whorls - - - - -

T T=a15% significance

The mean maximum temperatures recorded 15-20 days
prior to the emergence of primary, secondary, tertiary,
quaternary and pentenary spikes during September and
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October sowings were considerably low i.e., about 30°C or
even lower at which the production of I1SFs were also
comparatively low which is very favourable for quality
hybrid seed production by reducing the selfed seed. while
the mean maximum temperatures recorded during
emergence of primary, secondary, tertiary, quaternary and
pentenary spikes were 34,5°C, 35.5°C, 38.3°C, 37.8°C
and 36.5°C respectively during February 15" sowing
{Tahle 2) which can be considered the best time for taking
up pistiltate line multtiplication. These resulls are
inconsonance with the findings of Shifriss (1960),
Zimmerman and Smith (1966}, Sharma and Premnath
{1971) and Ankineedu and Rao (1973).

Table 2 Mean maximum temperatures recorded 15-20 days prior to
the emergence of primary, secondary, tertiary, quaternary
and pentenary spike orders of VP 1, DPC 9 and LRES 17
under different dates of sowing

Mean maximum temperatures (*C}

Date of
sowing Primary Secondary Tertiary Quaternary Pentenary
spike spike spike spike spike
150101 342 345 355 383 378
15.02.01 345 35.5 38.3 37.8 36.5
15.03.01 355 383 37.8 365 285
15.04.01 383 378 36.5 285 33.0
15.05.01 3r.g 315 28.5 330 an.2
15.06.01 36.5 285 330 30.2 30.4
15.07.01 285 330 30.2 30.4 308
15.08.01 330 303 304 308 29.3
15.08.01 30.3 30.4 30.8 293 293
15.10.M1 30.4 30.8 29.3 293 31.2
15.11.01 30.8 293 29.3 31.2 355
15.12.01 29.3 29.3 31.2 355 | 346

Mean 325 321 318 318 318

Among different dates of sowing studied, highest mean
values for number of pistillate whoris over different order
spikes (Table 3) were recorded with September 15"
sowing (93.5) whereas February 15" sowing produced
highest mean values for number of ISF (120.11) in
different order spikes irrespective of genotypes (Table 4).

Primary spikes produced maximum mean values for
number of pistitate whorls (24.8} compared o different
spike orders studied while secondary spikes produced
highest number of ISF {12.1) over all genotypes and dates
of sowings (Table 3 and 4). Similar observations were also
noticed by Zimmerman (1958) and Shifriss (1860).
Interestingly, it was noticed that there was no significant
reduction of pistillate flowers with increasing temperatures
but effect was very praminent an the expression of I1SFs
with its peak with higher temperature and decreased with
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Table 4 Mean values for number of ISF in different order spikes of VP 1, DPC 9 and LRES 17 under different dates of sowings

Primary spike Secondary spike Tertiary spike Quaternary spike Pentenary spike
Date of - = - c o> "'—“I c - = T—: c - <] ; = - @ - = Total
s0wing o O o 2 o O 9] T O w « O w ® o o ]
a W a W ¥ o a w @ o Ui o o a | @
5 ¥ = > & & = = &5 & = > 5 & = > & ¢ =

15012001 261 160 160 193 318 286 185 262 320 266 195 260 215 2380 381 292 125 240 150 174 1181
15-02-2001 28.0 20.0 17.5 248 332 320 190 280 345 380 210 311 225 30.0 361 295 15 150 17.0 145 120.1
15032001 262 250 150 220 204 240 120 187 166 150 &5 133 &0 130 107 99 95 95 45 78 718
15.04.2001 205 20.5 140 183 250 250 19.0 23.0 147 150 135 144 80 120 95 98 87 65 50 67 723
15052001 227 230 180 212 150 180 160 163 120 160 142 140 100 68 70 81 55 43 45 47 .645
15062001 150 185 92 142 100 124 93 106 8C 69 71 73 82 30 60 47 50 15 37 34 403
15072001 100 108 90 99 85 84 70 79 62 71 55 63 30 45 55 43 48 12 20 26 32
15.08-2001 80 60 56 63 55 40 40 45 60 35 00 31 00 25 50 25 40 15 00 18 183
15082001 00 40 00 13 00 30 00 10 00 28 00 09 31 35 20 32 28 60 18 36 101
15102001 0.0 00 00 00 00 00 00 00 35 41 39 38 45 75 36 52 50 156 70 92 182
15412000 00 00 00 00 44 50 00 31 40 92 45 59 68 158 3B B8 55 205 132 130 308
15-12.2001 3.0 7.0 00 33 46 85 48 59 90 166 80 112 135 205 140 160 20.0 262 165 209 57.4

Wean 133 133 86 117 124 122 118 124 122 134 88 114 BT 122 118 109 79 e 75 8B

CD (P=0.05)

GenotypesiF.) LY 459 .89 045 .33

Dates of sowings (F,) 1.49 112 1.38 0.90 0.78

In\?EF‘ﬂo_n_(waF‘?) : 2.59 1.94 2.39 1.56 < 1.36

References Sharma, R.R. and Premnath, 1971. A comparative study of
. L sex-expression and sex-ratio in common melons.

Ankineedu, G. and Rao, N.G.P. 1973. Develcpment of pistillate Madras Agricuitural Journal, 58(2) : 578-586.

castor. Indian Joumal of Genetics, 33(3) : 416-422.
) T . L Shifriss, 0. 1960. Conventional and unconventional systems
Damodaram, T. and Hegde, D.M. 2002, Oilseeds sifuafion - A controlling sex variations in Ricinus. Journal of

Stafistical Compendium. Directorate of Oilseeds Genetics, 5T : 361-388
Research {ICAR}, Hyderabad. T )

Zimmerman, L.H. 1958. Castor beans : A new cil crop for
Ramachandram, M. and Ranga Rao, V. 1988. Maintenance and ! r P

mechanized production. Advances in Agronomy, 10 :

multiplication of varieties and parental lines. {In) Ssed 257.288
production in castor, Directorate of Qilseeds Research, ’
Hyderabad, pp.39-45. Zimmerman, L.H. and Smith, J.D. 1966. Production of F, seed

in castor beans by use of sex genes sensilive to
envirenment. Crop Science, 6 : 406-409.
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low temperatures. Therefore, it can be concluded that
September 15" sowing is ideal to take up hybrid seed
production as it is conducive for the preduction of highest
number of pistillate flowers with minimum expression of
ISF. When September sowing is not possible due to other
reasons, one may also take up during October with
additional care in observing and removing I1SFs as and
when noticed especially in the later order branches. It was
observed that a few plants with |SFs irrespective of sowing
time appeared which shows involvement of some inherent
factors in sex expression and may create problems during
hybrid seed preduction leading to more amount of selfed
seed in the hybrid seed lots. So, there is a need to isclate
100 % pistillate lines that are sensitive to expression of
ISF at higher temperatures by stringent selection pressure
to avoid the problem of seifed seed in hybrid seed
production and to improve the quality of seed. Regarding
the sensitive expression of ISF in order to maintain the
pistilate parents, February 15" sowing produced more

number of ISF which provides ideal environment for
multiplication and maintenance of female parents in castor
through refined method of pistillate line maintenance. The
studies are in concurrence with those of Ramachandram
and Ranga Rao, 1988.

It was also observed in the present study that the
expression of good number of interspersed staminate
flowers even upto May sowing in different order spikes
which gives an idea that the pistillate lines can also be
maintained in early kharif sowings.

Though the present study provided valuable information in
respect of planting for maintenance of pistillate lines and
for hybrid seed production, itis very much essential to take
up further investigation under controlled conditions of
temperature and photoperied to understand the sex
mechanism and the expressicn of male and female flowers
to improve further, the castor hybrid seed production
technology.

Table 3 Mean vaiues for number of pistiliate whorls in different order spikes of VP 1, DPC 9 and LRES 17 under different dates of sowings

Secondary spike

Primary spike Tertiary spike Quaternary spike Pentenary spike Mean of
Date of . P~ ~ ~ . different
> I} E = > o 5 = > o % = > & 5 = > a % =
15-1-2001 33.0 223 230 261 280 188 195 221 185 139 16.2 162 170 122 147 146 140 113 107 120 91.0
15-2.2001 301 190 208 233 201 175 185 217 197 143 165 168 191 125 143 153 16.7 107 115 13.0 802
15-3-2001 287 19.1 200 226 285 181 190 218 185 14.0 156 16.0 197 120 142 153 170 102 110 127 88§
15-4-2001 331 189 230 250 297 181 195 224 187 139 182 16.9 195 126 145 155 167 104 120 13.0 8930
15-5-2001 325 201 250 258 301 184 187 224 190 134 142 155 192 122 139 151 152 106 117 125 915
15-6-2001 310 215 248 267 29.0 185 201 225 191 135 159 16.1 19.0 124 142 152 151 108 121 127 824
15-7-2001 300 21.2 237 245 280 188 197 222 195 141 159 165 190 128 141 153 150 110 19 126 &6
15-8-2001 300 225 225 250 270 191 200 220 194 14.0 159 16.4 189 126 152 155 151 111 105 122 @912
15-9-2001 325 183 228 245 292 178 186 222 206 150 16.9 175 191 129 148 156 175 105 426 135 935
16-10-2001 220 221 228 256 275 182 189 222 180 137 165 16.0 160 130 145 145 145 109 M0 121 4§05
15-11-2001 31.0 199 225 244 273 182 200 218 182 141 170 164 165 128 142 145 147 105 109 120 892
15-12-2001 31.5 198 227 244 270 189 198 219 17.7 140 167 16.1 162 127 144 144 149 108 108 121 89.1
Mean 31.2 203 254 248 283 184 195 221 189 139 163 164 182 125 144 150 155 107 114 125
CD (P=0.05}
Genotypes(F,) 0.88 0.56 0.47 0.39 0.32
Dates of sowings (F;) 176 112 0.93 078 0.63
3.04 1.94 1.61 1.35 1.09

Interaction (F,xF,)
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stem, capsules on primary branches and harvest index.
This indicated the additive or synergistic effect of the
component characters on seed yield as also reported by
Dikshit and Swain (2000).

Combining ability: The ANOVA for combining ability
(Table 2) revealed that general and specific combining
ability were highly significant for all the characters
indicating that both additive and non-additive gene actions
were important for the characters studied. In general, the
variances due o sca were larger than those due to gea for

Jayalakshmi et al. (20G0). Biparental or selective mating or
any other forms of recurrent selection in early generations
were more useful to exploit non-additive gene action in the
improvemant of these characters. Additive gene action
was important for plant height. These results are in
agreement with those of Pathirana (1999). Pedigree
method of selection would be more useful for
accumulation of this character. Both additive and non-
additive gene effects were equally important for
capsule length. Similar results were reported by Fatteh

majority of the traits except for plant height and capsule et al. (1995). ) Br%d'ng methods I'k,e rgmprocal
length, indicating the significance of non-additive gene recurrent se.'ectzon‘ mlght be efiective in  the
action in their inheritance as was also reported by improvement of ths trait.
Table 1 Heterobeltiosis in 28 F, progenies for 13 characters in sesame
m n 100C- See

e e N e iy Cae seew %0 o5 beres

flowering branches branches stem branches branch weight ptant :
Madhavi X o 7 . 7 ) N o
YLM-14 -6.62* 279" 21.89™ 1667 126.32" 8.87 -52.14™ 373z 2.34* 4238 402 791" 0.32
Vinayak -6.00" -2.3%° -214 3580 -36.73" 43. 70" 59.78™ -60.94* 1513 1177 -8.897 1292 432
Rajeswari 0.00 -4.10" 2097 23.08" 5.67 80.24+* 40.44" 988" -13.54* -1529"  -2.98*  23.24%  19.43%
Krishna -6.48™ 478" 1373 17.95" 148.677  36.44 -8.48™ -17.74* -3.24 728 648 1249 -14.03"
YLM-17 -2.17 239" 2327 46.15* 83.33* -10.49*  .12.32* 2814 -1.30 -8.74™ T2 1.8% -0.30
NSI-4 -14.52*  -563* -11.03" 2115 -44 83" 65.40~ -7.50" -79.40™ -0.25 -5.10™ -0.51 14.90* -B.75"™
T-Brown -5.05"" 189 712 3750 D.op -0.89 -35.95* 10,18 3.127 4.85" 264" -1.46 1.02
YLM-11 X
Vinayak 0.00 12.44** 6.15* 11.90™ -30.61% 18.83 22.36™" -48 71 3317 B4 12147 93T 7 AgTT
Rajeswari <213 -3.38* 1582 -714 31.58* =257 -0.57 124 10" 066 2407 639" 295 -2.85"
Krishna A8 1L 2024 26.19% 152.63™ 2128  -26.64* -10.08" -11.47* 192" -9.15* 1145 287
YLM-17 1.09 11,597 3570 11.90* 147.37**  -21.68* 543" 40.26" 521 787 -7A7TT T.96* 3.13"
NSI-4 -16.13"  -5.28* -36.67 -30.77 -34.38* -4.68* 2536 -60.30™ 1.75* 077" -5.417  -20.53" -1857*
T-Brown 5.05" 327 592 11.907 16.22* -26.38*" -1.79 56.25*" -0.78 -9.21 607 1284 190
Vinayak X
Rajeswari 6.00" -5.60* 10.36™ 2647 -22.45 56.69* 9332+ -53.22**  -11.14™ 1627 -11.83* 1275 1063
Krishna -12.04* 1081 -2.33 5BG2™ -79.59" -4.66™ 43.39% -74.25" -7.33*  -13.87 -8.38* 379 -6.79"
YLM-17 4.00 10.30" 8.61* 5789 4082 -1002™ 9.01* 4721 -3.31™ 831 -11.68* -5.01* 0.75
NSi-4 565 634" -0.66 0.00 -24.49* -0.29 -2.38 -57.51* 473" -3.46* -9.82" -2.65  -3.45™
T-Brown 0.00 571 277 -2.50 -65.31 2018 B0 -71.46™ -1.65"  -4.16*" 464" -2051* -586™
Rajeswari X
Krishna -6.48*  -4.10" 17.25"" 58.82™ 4667 -5.54* 49.31" -70.97 -1223* 631 -840 1688 513
YLM-17 0.00 -3 73" 20890 3421 50.00™ -32.26*  -14.44% 20.78* 1026 340" 462" 1297 209
NSI-4 371 4237 1821 -13.468 -62.07* 2.05 -4.75* -84.92" 0.37 11.48* 38" 14.83**  .2.65"
T-Brown 3.03 -1.87* 605  -32.50* -86.49*" 4.36% -68.31** -72.66 -9.83  6.56* -579" 3235 161
Krishna X
YLM-17 -0.83 11167 2970 18.42* 88.89*" -1t 16.03 -25.00* -1.00 -0.53 -8.69** -1.09 0.60
NSI-4 -5.65*  -6.34™ -42.78** -11.54" 51.72™ 5.25% 25.96™ -46.37™ 5.4g* 37 1082 11.86" -g.02*
T-Brown -1BS TIET 094 -2.50 S27.03 AR 2864 -27.347 -5.997 330 831 -7.38 630
YEMAT X
NSi-4 242 -2.11* 3913 -7.69* 6552 -36.60 1576 3374 -250*  8.82* 669 -1.45  -11.54"
T-Brown 10.10"™  8.94™ 4713 750 5.41 -23.39*  -39.64™ 40.04™ 0.53 8.67 183" 024 -8.35™
NSI-4 X '
T-Brown 0.00 -2.82™ -12.47*  23.08* 21.62™ -41.28* -9.85" 5.48* 11.00™ 1734 155" 284 -2.65"
CD (P=0.05) 1.64 1.75 4.09 0.25 0.21 0.79 0.83 C.71 ¢.03 0.34 0.02 0.45 0.53
CD (P=0.01) 217 2.02 4.73 0.34 0.28 105 1.11 0.95 0.05 0.45 0.03 0.60 0.70

= Slgnificant at P=0.01;

= Significant at P=0.05
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Abstract

The extent of heterosis and combining ability was
studied in a diallei cross of sesame for yield and its
components. The crosses Madhavi x Rajeswari and
Rajeswaril x Krishna were the best combinations for
seed yield, which also expressed heterosis for piant
height, primary branches, capsules on main stem,
capsules on primary branches and harvestindex. Non-
additive gene action played the major role in
determining majority of the characters except for plant
height and capsule length. For piant height additive
gene action was important where as both additive and
non-additive gene actions were equally important for
capsule length. The parents YLM-17 and Madhavi were
good general combiners for yield and some of the
yield components. The crosses YLM-11 x T-Brown,
Rajeswari x YLM-17 and Rajeswari x Krishna were
found to be best combinations for most of the yijeld
and yield components on the basis of sca effects,
heterosis and per se perfarmance.

Key words: Sesame, heterosis, combining ability,

gene action
Introduction

Sesame {Sesamurm indicum L.} is an important oilseed
crop of the tropics as well as sub-tropics. Choice of the
parents for a breeding programme is important o improve
quantitative characters like seed yield and its compoenents.
The reproductive biology of sesame like cotton crop offers
good scope for exploitation of neterosis. The present study
was undertaken to estimate heterosis and combining
ability of selected sesame cultivars.

Materials and methods

The materials comprised of eight paremts viz., Madhavi,
YLM-11, Vinayak, Rajeswari, Krishna, YLM-17, NSi-4 and
T-Brown and their 28 F,s (excluding reciprocals) obtained
through diatlel cross. The trial with parents and 28 crosses
was laid out in completely randomized block design with
three replications during summer, 2001. Five plants
selected randomly from each treatment were used to

record observations on 13 characters (Table 1). Heterosis
was estimated as per Hayes et al. {1985) and combining
ability as per model | and method Il of Griffing {1965b).

Resuits and discussion

Heterosis: Heterosis over better parent exhibited a wide
range for seed yield and its impaortant attributes (Table 1).
For seed vyield/ptant, 13 out of 28 crosses showed
significant positive heterosis aver bettar parent. The
crosses Madhavi x Rajeswari and Rajeswarl x Krishna
showed maximum heterosis over better parents. Similar
results were also repcrted by Backiyarani et al. (1998). For
the characters that contributed to vegetative growth viz.,
plant height, number of primary branches and secondary
branches, significant positive heterobeitiosis  was
expressed in Y{.M-11 x YLM-17, Rajeswari x Krishna and
YLM-11 x Krishna. A desirable degree of vegetative
growih was essential fro releasing high yield as total
drymatter production is one of the components deciding
high grain yieid in crops (Kavitha et al., 2000). The cross
combinations Madhavi x Rajeswari, Vinayak x Rajeswari
and YLM-11 x Rajeswari exhibited significant positive
heterobeltiosis for the yield related trait viz., capsiles on
main stem, capsules on primary branches and secondary
branches which was in agreement with the results of
Navadiya et al. (1995). The high values of heterobeliosis
for these yield components were due to dominance or
epistasis or both. Qut of 28 crosses, 15 and 12 showed
significant negative heterobeltiosis for days to maturity and
days to flowering, respectively. These results were in
concurrence with” Alam ef al. (1999). Six crosses for
capsule length, 11 crosses for seedicapsule and six
crosses for harvest index exhibited significant
heierobeltiosis. But, the extent of heterosis was moderate
which is in agreement with the findings of Anitha and
Dorairaj (1991). As regard to test weight only two out of 28
crosses showed significant heterosis over better parent
but the extent of heterosis was limited. Ray and Sen
(1992) also reported similar results,

Hybrids, Madhavi x Rajeswari and Rajeswari x Krishna
recorded high heterosis for yield also expressed high
heterosis for vield components viz., plant height, number
of primary and secondary branches, capsules on main

1 !
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The estimates of sca effects (Table 4) revealed that the
hybrids YLM-11 x T-Brown and Rajeswari x YLM-17
exhibited good specific combining ability and high per se
pecformance for seed yield/plant.

The relationship of per se performance of parents with
gca., per se performance of hybrids with sca and
heterobeltiosis with sca effects (Table 5) reveaied that the
parents with high per se performance for most of the
characters also exhibited high gca effects indicating per se
performance was a good indicator of its general combining
ability. The hybrids exhibiting high per se performance
also recorded high sca effects similarly the cross
combinations which are showing high sca effects also
showed high heterotic performance over the better parent
implying the role of specific combining ability effects in

hybrid vigour or heterotic performance.

NSI-4 x T-Brown, Rajeswari x Krishna, YLM-11 x Vinayak
and Madhavi x T-Brown involved atleast one good general
combiner whereas the cross Vinayak x Rajeswari invoiving
both poor combiners exbibited significant sca effects for
grain yield. Most of the crosses invelved atleast cne good
general combiner in their parentage and could be
expected to throw transgressive segregants. Itis therefore,
suggested that the adaptation of biparental approach
followed by recurrent selection {or} selective diallel mating
system in these crosses was a judicious approach to
exploit hoth additive as weil as non-additive kinds of gene
effects (Goyal and Sudhir Kumar, 1981). The further,
exploitation of such segregants would through lines
possessing high yielding ability.

Table 4 Specific combining ability effects for thirteen characters in a 8 x 8 diallel cross of sesame

T 1000- Seed |

Days to Mumber of Number of Capsules Capsules Capsules on
Hybrid 5%% azrjr:tiz ::3' i;:t primary  secondary onpmain on grimary sepcondary (;I:g;;:e ;izc:jé seed wield! H;L\'sft
_ . Poweing [TTT PP branches pranches  siem  branches  branch 77 TPUUT weight  pant T
Madhavi X -1.189" -1.389"* 18880 0.144 (.828™  -1.872* -17.327" 1.106**  (.086" -3.151" 0.041* -1.916" 0.543*"
YLM-11 -0.322 -0.356 -13.227"" 0.438™ 0.048 -0.345 13990  -3.197  -0.242* (.949* -0.055*" 0.822** -1.193**
Winayak 0.744 0956 8.567** 0.258" -0.085 5.604™ 9470 2.342* 0420 5851 LDD0 0748 170
Rajeswari 1.011  4.778"™ 11113~ 0044 0.728* 5508  -4.327** 2590~ 0.048" -0678™ 0.062* 0994™ -1.737™
Krishna -1.122** 0978 15400 0511* 0.188* -0.5427  2.916" 3.336™ 0.023  0.442* 0077 0516 1.100*
YLM-17 -0.68%  -0.889 11.420"* 0818 £.845" 12075 -1.237" 5997 D034 0BIB DO DT2D™ D853
NSI-4 -1.022  -0.522 2560 0.598"* 0.465* 1.822" 0.270 4163 0.114* 1.889™ -0.088" 1.056"" 1.770*
T-Brown
Yim-11 X
Vinayak 1.244* 407 5.013"  0.204" -0.122 3642 14.603" -0.237 0.054* 1.682" -0.188™" 1.380™ 1.427
Rajeswari -G.356  1.478* -15.193" -0.176* 0.185- -4.742™  5450** 3503  0.276*" 1.016™ -0.100°" 0.542* -1.003™
Krishna 1.244% 2214 12193 06878 1404 -2.638*  -3857 3016 -0.290% 1.789% -0.048 0399 1154
YLM-17 -1.2227 3744 16573  0.011 0.761"" 1311 3.730% 4.363"  -0.121** -1.291*" -0.047* 0.634" 1.021*
NSI-4 -1.689*  1.2117 -16.840™ -0.782"  -1.005 1195  -B.157" -5.204**  -0.018 Q.502** 0009 -2.182* -2.659
T-Brown -1.878* 0578 24677 0.2317 0.535" -0.592% 12,483 11490 00307 2778 -0071Y 2.204™ 0.257
Vinayak X
Rajeswari 2.511 0178 -2.233 0.118 1.041* 5318 122107 2290 0179t -5084* 0.225* 0.927* 0.927**
Krishna <3222 091 4887 0.238 A2 0.2 10.270 7497 0068 Attt 033 0270 0786
YLM-17 1.311% 3.444* 6733 0.904" -0.419**  2.571*"  10.623** 4.184"  0.084* -1.524™ .0.245™ -0.085 -0.684"
NSI-4 0.844 0.911 27187 0311 0.215* 0.122 -2.397* -0.617*  0.128** -0.998** -0.087* -0.678™ 1.337r**
T-Brown -1.256"  3.278™ 8707 0.276' 1479 086599 -18.080* -8.957 0109 0211 050077 2225 -0.446°
Rajeswari X
Krishna 0.11 0.644 23.280** 0.924** 0.255* -0.629*  13.850°* 3124 .0.116* 2.756*" 00217 1.602" 1617
YLM-17 1311 0822 178583  0.458* 0315 3306 0.403 5.290" 00271 3142 0009 1988 0.754"
NSI-4 -0.156  -1.689* -2.420** -0.002 -0.852**  1.138"*  -1.684" -4.544*  0.130" 5602 0.284** 0.835" 1.307
T-Brown -0.256  0.011  -D447  -0922*  -1112™  B751 -20.444*  -6.884**  -0.036%* 4.122* .0.1427 2699 0.2
Krishna X
YLM-17 -2.156%" 3,244 16.447*  -0.022 0.195** 1.158"  -2.604* -3.864*  0.101** 0.449*™ -0.106*" -0.823** 0.307
NSGI-4 27117 0.044 22167 -0.016 0.961** 0.508 7.310* -0.6308°  0.091** 0509 -0.121** 0.851*" -0.406"
T-Brown 2278 4077 12340 02027 -0.232% 4278 5584 2404 0054 1098 0047 -0.6637 -0.8B9”
YLM-17 X
NSI-4 2711 2.244 -25.6583" -0.149 0.955™  -5876™ -2.270" 4716  -0.100* 0.562'* -D.028*" 0137 -1.569"
T-Brown 2278 168117 14213 02027 0295 -3.262* 116307 2.843" 0.008 1616 04417 0434 1708
NSI-4 X :
T-Brown 2478 0744 11173 1.138™ 0.795**  -7.845™ 12.350"* 2.876™  0.238** 3.809* -0.087"* 1823 0701
SEmx 0.53 0.49 1135 0.08 0.07 0.26 0.27 0.23 0.0 0.1 0.08 0.15 017
CD {P=0.05) 1.05 0.97 2.28 0.16 0.13 0.51 0.53 0.45 0.02 0.21 0.0 0.29 0.34
CD (P=0.01) 1.39 1.27 3.02 0.21 0.18 0.67 0.71 0.60 0.03 0.28 0.02 038 045

** Significant at P=0.01, * Sgnificant at P=0.05
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Table 2 Analysis of variance for combining ability for thirteen characters in a 8 x 8 diallel cross of sesame

Character

Mean squares

IEJ;yS to 56% roWéring___'
Days to maturity

Plant height

Number of primary branches
Number of secondary branches
Capsules on main stem
Capsules on primary branches
Capsules on secondary branches
Capsule length

Seeds/capsule

1000-seed weight

Seed yield/ptant

© Harvest index
* Significant P=0.05;

GCA SCA Error > 2
df=7 di=28 df=70 T8 T
41.90% 2,85 0.33 415 2.31
69.94"* 12.39* 0.29 6.96 12.10
1386.43™ 258.47* 1.59 138.48 256.87
0211 0.34* 0.008 0.02 0.33
0.89* 0.68* 0.005 008 C67
26.03* 23.75% 0.06 259 2367
110,46 129.10% 0.08 11.00 129.01
85 22" 33,64 0.06 8.51 33.63
0.09* 0.01* 0.00 0.009 0.01
29,67 11.06" .01 2.96 11.05
0.03** 0.02+ 0.00 0.003 0.02
3.68* 1.99* 0.02 0.38 196
0.03 0.54 1.83

5.50™

A perusat of gca effects (Table 3) indicated that the parent
YLM-17 was a good general combiner for seed yield,
capsules on primary branches and secondary branches.
Madhavi was the good general combiner for days to 50%
flowering, primary branches and capsules on main stem.
Vinayak was good general combiner for days to maturity
in desirable direction followed by YLM-11. In case of
capsule length and seeds/capsule highest gca was

1.86™

recorded by Rajeswari. Similarly, Krishna for 1000-seed
weight; NSI-4 for plant height and harvest index. High
general combining ability effects were related to additive
or additive x additive gene effects Griffing (1956a) which
represented the fixable genetic components of variance.
Thus, YLM-17 was appeared 1o be of worthy for
exploitation in breeding programmes aimed at yield
improvement through compenent characters.

Table 3 General combining ability effects of eight parents for thirteen characters in sesame

Plant
height

No. of No. of Capsules Capsules on Capsules on

primary secondary on main

branches

a5 Dol
flowering
Madhavi -2.275""  -0.408
YLM-11 -1.842* 2175
Vinayak -0.042 2875
R;jeswari -1.108" 1725
Krishna 0.958**  -2.008*
YLM-17 -0.578" -0.208
NSI-4 4.225™ 5325"
T-Brown 0.658"  0.625"
SE {gi) 017 0.08
SE (gi-gj) 026 0.24
CD{P=005) 0.52 0.48
CD (P=0.01) 0.6Y 0.63

** Significanl at P=0.01:

2.547""
-11.460*
3.347"
4.420"
15767
-6.3477
22.800"

0.160

1.48
© % Bignificant at P=0.05

0.142*

-0.025

-0.052

-0.205*

-0.125™

0.142™"

0.202*"

-0.078

0.03

0.04

0.08

0.0

branches  slem
0137 2.216*
0223~ -2.838*
0.203* -0.764*"
-0.663**  -1.247
-0.07™ 0.249
0.197**  0.700"*
0.087**  0.082
0157 1.602**
0.02 0.08
0.03 0.13
0.08 0.26
0.08 0.34

Seed

primary secondary C;:g;iﬂe ;%Z?j; 15%2?1- yield.‘ H::;V;St
branches branches weight plant
-4.468** -1.130™ -0.086™ 0.687* -0.050** -0.429* -1.102*
3.652** -0.280"  -0.049* 0.420** -0.057*" 0.193* -0.256""
-1.142% 3.057*  0.046™ -3.347** 0062** -0.668* -D452%
-3.022* -4217 071t 2.520™ -0.006  -0.5517 -0.222*
-0.815* -1.263"  -0.050™" 0.747** 0.1089** 0.546** -0.109
5.232* 4123 -0079* -1.173** 0.021™ 0.974™ (.321*
-1.015* -2.643*  0.104* 0.833'* -0.057** -0.456* 1.434™
1.878" 2.363*" -0.057"" -0.487** -0.021*% 0.391™ 0.384"
0.09 0.07 0.004 0.03 0.003 0.05 0.05
0.13 0.1 0006 005 0.004 0.07 0.08
0.26 0.22 0.012 0.09 0.008 0.14 0.16
0.34 0.29 0.13 0.010

0.016
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Abstract

Field experiment was conducted during two
consecutive rabi seasons of 2000 and 2001, to find out
the response of groundnut (Arachis hypogaea L) to
the residual effect of different nitrogen management
practices adopted to preceding kharif rice. Residual
effect of kharif rice treatments exerted marked
influence on the dry matter production, nodule dry
weight and nitrogen uptake of groundnut at different
stages of crop growth. Application of 100% N through
FYM to preceding rice crop has resutted in the highest
total dry matter production, nodular dry weight and
nitrogen uptake of groundnut.

Key words: Residual fertility, groundnut, drymatter

production, nadule dry weight
Introduction

Until recently, crop production research has been focusing
attention on individual crops, disregarding the fact that
each crap is only a companent of crapping system.
Nutrient prescription for crops is usually made based on
the respenses of individual crops without considering the
cropping system as a whole, with the result that the
recommendations often became unremunerative. Further,
the nutrient needs of a crop in a cropping system are
greatly influenced by the nature of preceding crop and the
quantity of nutrients applied to it. For maintaining balanced
nutrition in a cropping system, residual effect on the
succeeding crop deserved a careful docideratum and
quantitative evaiuation to sustain the level of productivity
as well as soil health. i

Materials and methods N
Field experiments were conducted during two consecutive
years (2000 and 2001) on sandy ioam soils of wetland
block of 8.V, Agricultural College Farm, Tirupati, with rice
during kharif and groundnut cv. K-134 comprising 12
treatments during rabi and laid out in randomized block
design replicated thrice (Table 1). The same layout was
followed during both the vyears of study. The

234

recommended dose of fertilizers was 80 kg N, 60 kg P,O4
and 40 kg K,O/a. The N content in different organic
matters was determined (dhaincha, 0.61%; neem leaf,
0.54% and FYM, 0.58%) and the amount of these
materials required o substitute the specified amount was
incorporated into the soil 10 days prior to transplanting of
rice.

Resuits and discussion

Supply of 100% N through FYM to preceding rice has
recorded the highest dry matter production (Table 1) and
N uptake {Table 3} at all the stages of groundnut crop viz.,
30, 60, 90 DAS and at harvest. At 30 and 60 DAS the dry
matter produced and N uptake with FYM N, (T;) was in
parity with all the N management practices, except F N,
(Ts). Azospirifum alone (T,) and no N (T,] imposed fo
preceding rice. This was due to substantial amount of
residual nitrogen {Table 4} left by the treatment of FYM
Ny (T5) applied to preceding rice crop on succeeding
groundnut crop.

At 90 DAS and at harvest, the highest dry matter
accumulation and N uptake registered with FYM N,y (Ts),
was comparable with FYM N +F Ng, (Tg) FYM Ny +F
NgotAzo. (T,5), GLM N, (T,) and GM Ny, (T,) abpiied to
preceding rice crop. This was due to the substantial
residual effect with the freatments of the combination of
FYM and the exclusive organic source of N, which was
camparatively higher than the other combinations of
organics and fertilizer N applied to preceding rice crop.
Within the organic sources, differential residual response
with different sources can be atlfributed to their pattern of
mineralization and proportion of their substitution. The
higher uptake of nitrogen by groundnut crop with
application of 100% N through FYM (T;) to preceding rice
crop might also be attributed to enhanced dry matter
praduction in addition to higher availability of nitrogen in
the soil. The economic yields recorded with groundnut
were in accordance with the dry matter production.

At 30 and 80 DAS, nodule dry weight (Table 2} was the
highest with 100% N through FYM (T;) applied to
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Table §  Relationship between the best parents, best hybrids (per se performance), high heterotic crosses (over better parent), best general
‘combiners and best specific combiners identified for thirteen characters in a diallel of sesame
Character Best parents Best hybrids {per se) Best helerofic crosses Best general Best specific combiners
est pa esthy P (over BP} combiners pecilic to
Days to 50% YLM-11 Machavi x YLM-11 YLM-11 x NSI-4 Madhavi Vinayak x Krishna
flowering YLM-17 Madhavi x YLM-17 Madhavi x NSi-4 YLM-11 Krishna x YLM-17
Days to maturity Vinayak Madhavi x YLM-11 Krishna x NSI-4 Vinayak Rajeswari x NSI-4
Krishna Vinayak x Krishna Vinayak x NSI-4 YLM-11 Madhavi x YLM-11
Plant height NSI-4 Vinayak x NSI-4 YLM-11 x YLM-17 NSI-4 Vinayak x NSI-4
T-Brown Madhavi x NSI-4 Krishna x YLM-17 Rajeswari Rajeswari x Krishna
No. of primary NSI-4 NSI-4 x T-Brown Rajeswari x Krishna Madhavi NSI-4 x T-Brown
branches YLM-11 Vinayak x YLM-17 Vinayak x Krishna YLM-17 Rajeswari x Krishna
No. of secondary Vinayak YLM-11 x Krishna YLM-11 x Krishna YLM-17 YLM-11 x Krishna
branches NSi-4 YLM-11 % NSI-4 YLM-11 x YLM-17 7 NSl-4 Vinayak x Rajeswari
Capsules on main T-Brown Madhavi x NSI-4 Madhavi x Rajeswari Madhavi nadhavi x NSi-4
stem YLM-17 Madhavi x Krishna Madhavi x NSI-4 T-Brown Rajeswari x T-Brown
Capsules on pritnary  T-Brown YLM-11 x T-Brown Vinayak x Rajeswari YLM-17 YLM-11 x Vinayak
branches YLM-17 YLM-11 x Vinayak Madhavi x Vinayak YLM-11 Madhavi x Vinayak
Capsules an Vinayak YLM-11 x T-Brown YLM-11 x Rajeswari YLM-17 YLM-11 x T-Brown
secondary branches  T-Brown YLM-17 x T-Brown YLM-11 x T-Brown Vinayak Rajeswari x YLM-17
Capsule tength Rajeswar Rajeswar x NSI-4 NSi-4 x T-Brown Rajeswari YLM-11 x Rajeswari
Vinayak YLM-11 x RAJESWARI Krishna x NSI-4 NSi-4 NSI-4 x T-Brown
Seeds/capsule Madhavi Rajeswari x N34 NSI-4 x T-Brown Rajeswari Rajeswari x NSi-4
Rajeswari Rajeswari x T-Brown Rajeswari x NSI-4 Krishna NSi-4 x T-Brown
1000-seed weight Krishna Vinayak x T-Brown Wimayak o T-Brown Krishna Vinayak x T-Brown
Vinayak Rajeswari x NSI-4 Rajeswari x NSi-4 Vinayak Rajeswari x NSI-4
Seed yield/plant T-Brown Rajeswari x YLM-17 Madhavi x Rajeswari YLM-17 YLM-11 x T-Brown
YLM-17 Rajeswari x NSi-4 Rajeswari x Krishna Krishna Rajeswari x YLM-17
Harvest index NSI-4 Rajeswari x NSl-4 Madhavi x Rajeswari MSI-4 Madhavi x T-Brown
T-Brown NSt-4 x T-Brown Vinayak x Rajeswari YLM-17

Madhavi x Rajeswari
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Drymatter preduction, nodule dry weight and N uptake of groundnut

Table 3 Nitrogen uptake (kg/ha) at various stages of groundnut as influenced by different nitrogerr management practices to
preceding rice

30 DAS 60 DAS 90 DAS At harvest

Treatment

2000 2001 2000 2001 2000 2001 2000 2001
T,:NoN 14.3 14.2 63.8 64.2 774 74.0 816 77.4
T, : Azospirflum alone 14.4 14.3 66.5 66.2 77.9 76.4 825 80.2
T,: GM Ny - 16.6 15.6 758 70.2 87.2 83.8 §91.2 88.6
T, : GLM Nygq 16.8 15.7 75.8 716 87.7 853 815 30.6
Ty FYM Ny 17.3 16.6 777 75.5 93.4 90.0 96.4 944
Te: F Ny . 14.5 14.4 68.3 66.8 795 76.8 84.1 80.7
T, : GM Ny + F N, 15.7 15.3 721 68.7 83.8 78.8 88.5 83.9
Ty GLM Ngg + F Ny, 16.4 156 74.1 89.9 85.0 80.7 897 86.5
T, FYM Ng + F N, 171 16.1 78.8 75.0 804 £88.3 96.2 - 930
Tt GM N + F N, + Azo. 15.8 15.4 726 ©68.8 B82.2 CTBA 7.9 829
T, :GLM N, + F N, + Azo. 16.3 155 - 73.8 659.5 84.8 80.1 89.6 85.0
T, i FYM Ny, + F N, + Azo, 16.9 - 16.0 76.5 74.4 88.3 87.0 94 .4 91.3
SEmt 0.57 0.65 2.19 248 245 2.56 2.08 217
CD {P=0.05} 1.7 19 6.4 7.2 7.2 75 6.0 6.4

Table 4 Residual nitrogen status after kharif rice and economic yield of rabi groundnut

Residual nitrogen (kg/ha) Pod yield of groundnut (kg/ha)
Treatment

2000 2001 2000 2001
T,:NoN 130.8 130.8 2223 © 1962
T, : Azaspiriftum alone 136.5 136.5 2243 2023
T, 1 GM Ny, 187.5 187.5 2433 2176
T, : GLM Ny, 1875 ' 187.5 2449 2228
T, FYM Ny, ' A 198.3 198.3 2653 2320
To:F Ny . 1665 166.5 - 2308 2040
T,: GM Ny + F Ny _ 170.8 170.8 2356 2069
T, : GLM Ny, + F Ng, 173.3 173.3 2397 ' 2093
To: FYM N + F Ny, ' 177.7 177.7 2544 2296
Tt OW N, + F Ny, + Ao, 1775 1775 2334 2067
Ty i GLM Ny + F N,, + Azo. 170.0 170.0 2489 2080
T.o: FYM Ny + F Ny, + Azo. ' 175.8 . 175.8 2475 2267
SEmz 9.82 6.65 546 76.9
CD (P=0.05) 28.8 18.5 160 .20
The above results clearly indicated that organic sources at References
higher proportions can sustain the nutrient status of sail to Paulraj, N.J. and Velayudham, K. (1995). Direct and residual
produce reasonable residual effect. Significant carry over effect of Musscorie rock phosphate, organic manures
effect due to substitution of nitrogen with higher and phosphobacteria in rice-black gram system,
proportions of organic sources to rice on the succeeding Madras Agricuftural Journal. B2(3y 220-221.
crops was also reported by Thimmegowda and Deva Thimmegowda, S. and Devakumar. (1984). Effect of residual
Kumar (1994) and Paulraj and Velayudham (1996). fertlity on yield of groundnut grown in rice failows.

Indian Agriculturist, 38{4) 287-290.
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preceding rice, which was at par with the N management
practices impased to kharif rice, except with F Ny, (T},

Azospirillum alone (T,) and no N (T,), while at 90 DAS and’

at harvest, there was no significant variation in nodule dry
weight due to different N management practices to
preceding rice. This was perhaps due to the residual

fertility, especially soil P with the treatments of
combinations of organic sources during the early stage of
crop growth, while during the later stages, the effect of
residual fertility might be insignificant and also the activity
of nodules would have been ceased. '

Table 1 Drymatter production (kgfha} of groundnut as influenced by different nitrogen management practices to preceding rice

30 DAS 60 DAS 90 DAS At harvest

Treatment

2000 2001 2000 2001 2000 20061 2000 2001
T,:NoN 660 864 2433 2468 723 4585 68453 5609
T, . Azospirilfum alone 681 669 2530 2554 4787 4628 6463 5642
T,: GM N,y 754 728 2843 2649 5253 4986 6893 6008
T, : GLM N, 758 731 2863 2651 5307 5026 6913 6163
T, FYM N, 796 779 2987 2882 5550 5390 7213 - 6441
T F Ny 688 682 2867 2569 4840 4684 6540 5787
T, GM N, + F N, 718 715 2781 2609 5143 4787 8730 5838
T GLM N, + F Ng, 746 721 2807 2643 5210 4827 6773 5997
Ty FYM N, + F Ny, 786 741 2913 2820 5410 5258 7170 8330
Tp: GM N, + F N, + Azo, 714 702 2690 2600 5077 4706 6653 5795
Ty GLM Ny + F N, + Azo, 742 718 2787 2616 5190 4821 6750 5978
T,y i FYM Ny, + F N, + Aro, 770 735 2883 2797 5343 5146 7003 6315
SEm#+ 29.0 27.3 78.1 104.0 122.4 139.8 148.0 148.0
€D (P=0.05) 85 80 224 305 359 410 437 434

GM = Green manure (dhaincha); GLM = green leaf manure; FYM = Farm yard manure

Table2 Nedule dry weight (mg/plant) of groundnut as influenced by different nitrogen management pra.ctices to preceding rice

Treatment 30 DAS 50 DAS _ G0 DAS At harvest
2000 2001 2000 2001 2000 2001 2000 2001
T,:NoN 33.0 36.0 126.0 126.0 108.0 116.3 99.7 1037
T, : Azospirilium alone 33.3 36.2 128.0 127.0 107.0 113.3 98.7 99.7
T, GM N, 35.0 39.1 134.7 136.7 1127 114.7 104.7 127
T, GLM N,y 35.3 39.2 135.3 138.7 1110 118.7 1057 1103
T,  FYM Ny 36.0 39.7 142.5 143.3 116.7 122.7 112.7 116.7
To: F Ny, 33.3 365 128.0 129.7 108.7 115.7 102.7 1047
T,: GM Ny + F Ny, 35.0 38.5 1307 134.7 112.3 117.3 103.7 113.0
Te: GLM N + F N,, 35.0 38.8 134.7 136.0 109.7 120.3 105.7 108.7
To: FYM N, + F N, 36.0 39.4 136.7 1427 1187 124.7 110.7 119.0
T, GM N+ F N, + Azo. 34.3 382 130.0 132.7 109.7 116.7 104.7 109.7
T, 1 GLM Ny + F Ny + Azo. 35.0 386 134.0 135.7 110.7 119.0 103.7 10.7
T FYM N + F N + Azo, 357 39.2 1353 139.0 117.7 123.7 117 1147
SEms 0.78 1.02 4,54 4.06 5.01 5.82 5.18 6.2
CD (P=0.05) 23 3.0 13.3 11.9 NS NS " NS NS
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treatments. Sulphur agplication increased plant vigour and recorded significantly higher mean seed yield (1075 kg/ha)
production of photosynthates through increased leaf area of taramira thanr rest of the treatments barring T,-(160 %
and chlorophyll contient of leaves {Tandon, 1991). The RF +10tFYM+ 40 kg S + 25 kg ZnSO,/ha)and T, {(100%
favourable nutritional environment in the root zone thus RF + 10t FYM + 40 kg Sfhal. The increased seed yield
created by the addition of FYM, sulphur and micronutrients was mainly due to higher number of siliquae/ plant,
resufted in increased absorption of these nutrients which seeds/siliqua and test weight with these treatments. This
could be responsible for increased growth and yield is evident from the fact that when the application of S, Zn
attributing characters of taramira. These findings are in and B was with held, there was significant reduction in
conformity with those reported by Singh (1963) and seed yleld. These findings are in agreement with those of
Barmah and Debnath {1999). Tiwari and Pathak {1982) and Rana et al. {2001).

Seed yield: The taramita crop responded well 1o Economics: The treatment T, was found the most
additional fertilization with sulphur, zinc, boron and FYM economical which offered the maximum net returns (Rs.
combined with the recommended doses of N and P 6487/ha) followed by T, (Rs. 6335/ha), while the Jowest
fertlizers (Table 1}. Application of 13G% RF + 10t FYM + net returns (Rs. 4333/ha) was obiained with 75% RF (T,).

40 kg S + 25 kg ZnBQ, + 1.0 kg baron/ha (T;) also

Table 1 Growth, yield attributes and seed yield of taramira as affectad by integrated nufrient management
{Pocled mean of three years)

Treatment hpe"izg;':r bz:vngﬁéys/ i?:ﬁgﬁ:g Siliquae/ S?" eos/ wz?gs:\t 3::: re"(\jj':ls
{em) plant plant plant siliqua {g) {kg/ha) {Rs/ha)

T,: 100% RF (30 kg N+20 kg P,Oy/ha) 106 6 9 467 18 33 768 5819

T,:7,+ 10t FYM/ha 110 7 10 185 19 3.0 870 5465

T,: T, + 40 kg Stha _ 112 7 10 202 20 35 993 6221

T,: T, +25 kg ZnSC4/ha 114 7 12 215 21 3.4 1035 335

T, : T, +1kg boron/ha 117 8 13 227 21 : 35 1075 6487

T, 75% RF ) 104 7 7 136 17 33 689 4333

T, T, + 10t FYM/ha 108 6 8 149 19 33 761 4426

Vs ¥, + 40 kg Siha 108 7 9 162 19 33 849 4790

T, Ty +25kg ZnSO,/ha . 111 7 10 175 19 3.4 861 4585

T,;: Ty + 1 kg beron/ha 112 7 11 187 20 3.4 909 4825

SEmzx 15 05 0.7 4.7 0.7 0.04 46.8 -

CO (P=0.05) 4.3 14 20 123 R T ST X -

Referances Singh, S.P. 1963. Effect of foliar spray of micro nutrients on

growth and yield of Brassica campestds vac, Sarson.

Muralidharudu, Y. and Singh, M. 1990. Effect of iron and zinc Indian Journal of Agrfcu,'turaf Sciences. 33 (4) - 233

application on yield, oil contents and their uptake by 239
sesame. Journal of the indian Scciety of Saif Seience, '
38971 Singh, B8.P. and Sharma, H.C. 1876, in poor soils grow taramira

for better return. Haryvana Farming. 5 {4): 5.
Rana, .8, Rana, D.S. and Kumar, P. 2001. Growth and vield o g4 954

of taramira {Eruca sativa) as affected by nifrogen and Tandon, H.L.S. 7199'1, Su.:'phurd Reggarch and Agricul‘tgra!
sulphur under dryland conditions. Indian Jourral of Production in india. 3% Edition, 140 pp. Fertiizer
Agronomy, 46 (1) 1 168-170, Development and Consultation QOrganisation (FDCO),

N Delhi.
Sarmah, P.C. and Debnath, M.C. 1999. Response of toria ewre

(Brassica campestris sub sp., oferfera var. loria} to Tiwarl, KN. and Pathak, A.N. 1982, Studies on the zinc
sources and levels of sulphuc fedilization. Indian requirements of different crop. Experimental
Journai of Agronomy, 44 {3) | 617-620, Agriculture, 18 {4) : 383-398.
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Abstract

Field studies conducted during rahi seasons of 1998~
99 through 2000-01 at 5.K.N. College of Agriculture,
Jobner to study the effect of integrated nuirient
management on growth and yield of taramira under
dryland conditions. The treaiment comprising 100%
RF+10tFYM + 40 kg S + 25 kg ZnS0, + 1.0 kg B/ha
resulted in significantly higher seed yield {1075 kg/haj
than other treatments except 100% RF + 10t FYM + 40
kg 8§ + 25 kg ZnS0O,/ha {1035 kg/ha} and 100% RF + 10
t FYM + 40 kg S/ha {993 kg/ha). The growth and yield
attributes viz., plant height, primary and secondary
branches/plant, number of silique/plant, seed/siliqua
and test weight were also influenced by integrated use
of organic manures and inorganic fertilizers. All the
above three treatmenis also recorded higher net
returns,

Key words: Integrated nutrient management,

taramira, growth and vyieid
Introduction

Taramira (Eruca sativa Mill.) is an important oilseed crop
among rapeseed and mustard group. Being highly drought
tolerant because of efficient root system to -extract
moisture from deeper soil horizons, it is specially suitabie
for ang and semi-arid regions of Rajasthan {Singh and
Sharma, 1976} During the periods of severe drought
coupled with late rabi rains, taramira is the only alternative
crap far soils having limited moisture supply. itis generaily
cultivated on marginal and sub-marginal lands of poor
fertility without fertilizers which is one of the most
important reasecns for its low productivity, Besides nitrogen
and phosphorus, giobat reports of sulphur deficiency and
consequent crop responses are quite ostensible {Tandon,
1991). Suiphur plays an important rcle in the formation of
amino acids, synthesis of proteins, chlorophyl) and oil.
Micro nuirients also influence the yield and ol content in
oillseed crops (Muralidharudu and Singh, 1990).
Systematic work on fertilizer requirement of taramira is
meager and needs immediate atiention to increase its
productivity in dryiands. Integrated nutrient management
by judicicus combination of organic manures and inarganic

fertitizers holds great promise in meeting the growing
demands of intensive agriculture and sustaining soil
health. Therefore, the present investigation was
undertaken to study the effect of integrated nutrient
management on growth and yield of taramira.

Materials and methods

A field experiment was canducted during winter season of
1998-99, 1999-2000 and 2000-2001 at S.K.N. Coliege of
Agriculture, Jobner (Rajasthan) to evaluate the effect of
integrated use of organic manures and inorganic tertilizers
in taramira. The soil of the experimental field was loamy
sand in texture, alkaline in reaction (pH 8.2) with EC-1.13
dS/m, organic carbon -0.19%. availaple N-125 kgiha,
P,0.-16.4 kg/ha and 5-8.4 ppm. Ten treatments were laid
out in randomized block design and replicated thrice
{Table 1). The recommended dose of fertilizers (RF) . 30
kg N and 20 kg P,O./ha was applied at the time of sowing
through urea and diammenium phosphate, respectively as
per treatments. Sulphur as elemental sulphur, Zine as zinc
sulphate and B as borax were also pre-plant incorporated
as per treatments. The taramira variety ‘RTM-314' was
sown in rows spaced 30 cm apart in the second fortnight
of October in all the three years. Except pre-sowing, no
irrigation was applied in standing crop and no rainfall was
received during the crop season. Adequate management
practices and plant protection measures were followed to
raise a goad crop. Observations were recorded on growth,
yield attributing characters and seed yield were statistically

- analyzed. Net returns were alsc computed taking into
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account the cost of inputs and returns through seed.
Resuits and discussion

Growth and yield aftributes: The data pooted ovet years
(Table 1} indicated that growth and yield attributing
characters of taramira viz., plant height, primary and
secondary branches/plant, number of siliquae/plant,
seeds/siliqua and test weight were favourably influenced
with the integrated use of organic manures and inorganic
fertilizers. These characters were significantly more with
the treatment T, {100% RFE+10 { FYM+40 kg S+25 kg
ZnSG, 1.0 kg boron/ha) in comparison to other
freatments. It was closely followed by T, and T,
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during June the amount of rainfall received was 19 mm
indicating delayed onset of monsoon. Rain of 52 mm
during July first week helped the sowing of crops. During
the entire season the soil moisture could not reach to a
level of 150 mm. The crops were exposed to extended
water deficits. The two years of experimentation was
different in terms of the meteorological environment in
particuiar with respect to the amount of rainfali and its
distribution (Figures 1 & 2).
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The rates and sources of nitrogen were imposed as main
plot treatments and the cropping systems {sole soybean,;
soybean/sunflower 4:1, sole pigeonpea; sorghum/
pigeonpea 2:1) were assigned to subplots. The bread bed
{120cm) and furrow (30cm) were tilled with a multi-purpose
taol bar immediately after harvesting the previous crop.
The treatments were allocated in the field in a spiit plot
design with three replications. FYM (1.2% N} was
incorporated into the top 10 cm soil @ 20 and 40 kg N/ha
as per treatments ahead of the sowing of crops. The
fertilizer N (as KNG,) was applied @ 20, 40 kg N/ha. A
basal dose of 250 kg/ha of single super phosphate (16%
P.0. was uniformly incorporated. The crop varieties used
were soybean-PK 472; pigeonpea-ICPL 87119. sunflower-
Morden and serghum-CSH 9. Crops were harvested from
an area of 27 m’. The yield data was analyzed in factorial
RBD (for soybean, pigecnpea) and by the analysis of
variance (for sunflower, sorghum). Critical differences or
least significant differences (LSD) were used to compare
the perfarmance of various treatments. Yield data aof the
two years of experiments were analyzed separately as
these {years) differed significantly in their rainfall patterns,
Pooled analysis also indicated that except soybean all other
crops differed significantly between wet year and dry year.

Results and discussion

Year 1 (1996-97) a wet year

Sole soybean: lrrespective of source and amount of
nitrogen applied seed yieid increased significantly over
control (Table 1 & 2). A significantly higher yield (P <0.05)
was obtained @ 40 N/ha kg (fertilizer) application
compared to all other treatments, The grain yield recorded
in 20 kg N/ha (FYM): 20 kg N/ha {fertilizer) treatment was
significantly higher than that of 40 kg N/ha (FYM) and 20
kg N/ha (FYM) treatments, however it was on par with the
20 kg N/ha {fertiizer) treatment. Amongst the 20 kg N/ha
treatments, supplementing N through fertilizer recorded
significantly higher yield than in the treatments where N
was applied through FYM. lrrespective of source of N, 40
kg N/ha recarded 12 and 27% higher yietd over 20 kg N/ha
and control. The increase in the crop yield (due to
appflication of N) also increased canopy leaf area, and led
to a higher N uptake in the plant (data not included).
These attributes facilitated a belter utilization of solar
energy by the crop and the synthesis of carbohydrates in
larger amounts. Patel and Chandravanshi (1996} hold the
view that soybean crop required a large quantity of N
especially during its inittal growth phase although it is a
leguminous crop. Our results are in line with those of
Asanuma et al (1992) who showed a high positive
correlation between total top weight of soybean and total
amount of N removed by plants and seed. Patel ef af
(1996) and Sharma and Mishra (1997) also reported
increased vield of soybean due to N application.
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Abstract

A field experiment was conducted at ICRISAT
Patancheru centre on a Vertisols watershed during the
rainy cropping seasons of 1996-97 and 1997-98 to
evaluate the productivity of four cropping systems viz;
sole soybean, soybean/sunflower, sole pigeonpea and
sorghum/pigeonpea in six nitrogen management
treatments under rainfed conditions. The N treatments
included three levels of N (0, 20, 40 kg N/ha) from two
sources (FYM and fertilizer). The rainfalf in 1996 (a wet
year) was 1062 mm, 18 % above the iong term average,
whereas in 1997 (a dry year) the rainfall totaled 743
mm, 18% less than the long term average. During the
wet year, the productivity of all the test crops was
significantly higher when N @ 40 kg/ha was added
through fertilizer. However in the dry year yields were
not affected by fertilizer N. Soybean yields were not
significantly differed between the years. Pigeonpea
yields were significantly higher in wet year compared
to dry year. Intercropped sunflower and sorghum
yielded significantly higher in the dry year than that of
wet year.

Key words: Nitrogen, soybean, pigeonpea, cropping

system, semi-arid tropics
Introduction

The crop-growing environment in the semi-arid tropics is
highly variable due 1o erratic spacing and timing of seasonal
rainfall. Thus the length and the patterns of the growing
season are irregular. In order to sustain crop production and
to contain risks of crop failures, a wide variety of sole and
inter cropping systems including combinations of cereais
and legumes are practiced. Introduction of grain legumes in
the rainfed cropping systems has aiways been given
prominence because these crops, apart from providing a rich
source of dietary protein, also contribute to the maintenance
and restoration of soil fertiity by biclogically fixing
atmospheric  nitrogen (BNF). Pigeonpea has been
traditionally grown in the SAT regions of india. Itis invariably
intercropped with cereals (e.g. Sorghum). Of late, the
cultivation of soybean has become popular, particularly in

the central peninsuiar india.

The vyields of soybean and sorghum based cropping
systems are limited by soil N in the SAT. It is known that
the efficiency of soil and applied N varies considerably in
rainfed agricuiture because it is modulated by the amount
and distribution of rainfall. Fertilizer N use in the rainfed
SAT can be profitable, particularly when improved fertilizer
and rain water management practices are combined with
the high vyielding varieties of crops in appropriate cropping
systems {Katyal, 1989). With this in view, an experiment
was conducted o evaluate the efficacy of some N
management systems in soybean and pigeonpea based
cropping systems.

Materials and methods

The study was conducted over a two year period,
{1996/97-1997/98) at ICRISAT Patancheru centre {17°35'
N, 78° 15' E) in India. The research farm of the centre is
located in the Deccan Plateau. it has a characteristic semi
arid tropical climate. The soil at the watershed site is deep
Vertisol (typic Pellustert) belonging to the Kasireddypalli series
{(Murthy and Swindale, 1993). The physical and chemical
properties of experiment site are presented in Table 1.

Table 1 Soil physical and chemical properties of the experiment site

Property Soil depth {cm) Mean
0-15 15-30 30-60 60-90 90-120
PH 82 83 83 83 B3 83
EC (ds/m} 0.15 0.17 019 022 0.22 0.19
Mineral N {mg/g soil} 3.8 25 1.9 1.8 16 23
Organic carbon {g/kg scil) 6.4 4.4 36 37 32 43
Availatle P {mglkg soil) 071 D0 0t 010 010 0.23
Available K (mg/kg soil} 180 109 157 159 188 155

In year 1 (1996), the annual rainfall was 1062 mm. All
crops were sown in June with sufficient moisture {rain 87
mm). Rairfall received during August (451 mm) caused
water logging. Soil moisture was estimated using Ritchie's
model. Thirty eight per cent of rainfali was lost as run off
and deep drainage. In the year 2, (1897) the seascnal
rainfall was irregular and maldistributed. It totaled 741 mm,

1 I .
Scientist, Directorate of Qilseeds Research. Rajendranagar, Hyderabad-500 030, AP,
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sunflower population was maintained under intercropping).
in addition at the flowering time of the crop heavy rains
occurred, which resuited in pollen wash, lower seed sef,
and thus low crop yield. These results, though in line with
the cbservations of Gimenez et al. (1994) and Mishra et al.
{1995} who found increased dry matter preduction due to
increase in the amourt of N applied in sunflower, yet show
that stable yields of sunflower crop can be cbtained only
when it is grown outside the main rainy season or its
sowing time is manipulated such that the flowering of the
crop did not coincide with the peak rainy period.

Sole Pigeonpea: A higher seed vield of pigeonpea was
recorded when 40 kg N/ha (fertilizer) N or 20: 20 kg (FYM:
Fertilizer} N/nha was applied compared to all other
treatments. Yield of pigeonpea did not differ significantly
when 20 kg N/ha was sourced either from FYM or fertilizer
{Table 2). The yield impraovement over control (G, N) when
20 and 40 kg N/ha (irrespective of source) was applied
was 25% and 41%, respectively. Chittapur ef al. (1994)
and Singh et al. {1994) had observed similar results in
experiments conducted on Vertisols in Maharashtra these
lend support to the data gathered in the present
investigation.

Sorghum/Pigeonpea: Seed yield of intercropped
pigeonpea showed a range from 906 to 1613 kg/ha and
was significamtly influenced by N application {Table 2).
Higher yield of pigeonpea was obtained when 40 kg N/ha
was applied either from fertilizer or FYM +fertilizer
compared 10 all other treatments. Application of 20 kg/ha
fertilizer N produced higher yield compared to the
application of 20 kg/ha N sourced from FYM (Table 2).

Nitrogen application significantly {P£0.05) increased grain
vield of sarghum (1076 kg/ha) when 40 kg (fertilizer} N/ha
was applied. The yield improvement when 20 kg N/ha and
40 kg N/ha (irrespective of source of N ) over control was
57% and 151% respectively. Several authors {Shaik
Mohammed et al., 1993; Dashora and Porwal, 1994;
Kasole et al, 1994 Rao et al., 1995) have reported similar
results with regard to the response of sorghum to N
application.

Year 2 (1997-98) dry year

In the dry year when several episodes of drought spells
occurred during the cropping season (Figure 2), no
response to N application was noted in any of the cropping
systems. The mean seed yields obtained in scle soybean,
and intercropped soybean/sunflower were 989, 672 and
396 kgr/ha respectively (Table 1 & 2). Soybean seed yields
did not vary much between sole and intercropped
systems. The vield of sunflower was 2-fold and sorghum
6-fold more than that of the yields recorded when these
crops were grown during 1996-97 cropping season (188;
630 kg/ha) in a wet year. The mean seed yields recorded
in the dry year (1997-98) were 1362, 620 and 3558 kg/ha
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for sole pigeonpea, intercropped pigecnpea and sorghum
respectively. Sole pigeonpea vyield did not show any
variation between the wet and dry years which indicated
that this crop was less affected by the excess of water or
by drought. But the intercropped pigeonpea yielded only
50 % that of sole or intercrepped pigeonpea production
recorded during the wet year 1996-97. This had occurred
as the intercropped sorghum utilized most of soil moisture
built in the profile during early rains. In the wet year of
1996 sorghum yield and quality was several folds lower
than that of the dry year (1997} mainly due to the
occurrence of waterlogging and a severe attack of grain
molds.

In conclusion, it can be stated that the results of this study
demonstrated that crop production in the SAT s
significantly exposed to environmental risks inherent to
this agroecological zone. Crop yields can be sustained by
including grain legumes in rotation and by inter cropping
of short and long duration crops. The evidence on N
fertilization showed that its application was necessary in
the tropical SAT soils due to their low N content and poor
organic matter status. But a judicious program of N
application which built soil N reserves by the addition of
organic farm manures, as primary scurces of N must be
adopied. Fertilizer N should be applied to supplement
organic N as and when opportunity presents itself during
the crop growing season. When soil moisture reserves are
sufficiently recharged, split application of fertitizer N is
suggested. The results of this study also demonstrated
that intercropping particularly with medium duration
pigeonpea wouid increase sustainability of crop production
in the rainfed SAT in central-peninsular India.
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'_I'able 1 Seed ylelds (kg/ha) of soybean and sunflower

1996 1997
Treatment Soybean/sunflower Soybean/sunflower
Soybean Soybean ~ —— o meme——o
Soybean Sunflower Soybean Sunflower
Controt {0 Ny 770 550 90 770 730 370
20 kg N/na FYm 760 550 120 970 675 365
20 kg N/ha Fertilizer 1000 710 155 1095 610 375
40 kg N/ha FYM 820 725 180 1080 740 385
40 kg N/ha Fertilizer 1135 845 300 1000 605 465
20:20 kg N/ha (FYM : Fertilizer) 980 790 275 1020 670 420
Mean 911 695 188 989 672 397
Soybean Sunflower Soybean Sunflower
N C NC CN N N C NC CN N
SEmt 38 15 45 35 14 43 25 61 61 25
CD {P=0.05) 119 45+ 135" 109 44+ 135% T 178" 187 79
Table Z Seed yields (kg/ha} of pigeonpea and sorghum
. 1996 . 1997
Treatment Soybean/sunflower Soybean/sunflower
Soybean  —- — —  Soybean Rt
Soybean Sunflower Soybean Sunflower
Control (0 N) 1165 905 325 1270 595 3215
20 kg N/ha FYM 1400 1085 330 1340 565 3565
20 kg N/ha Fertilizer 1510 1310 690 1515 715 3310
40 kg N/ha FYi 1460 1300 560 1380 515 3825
40 kg N/ha Fertilizer 1820 1615 1075 1345 640 3765
20:20 kg N/ha {FYM : Fertilizer) 1650 1535 800 1330 700 3680
Mean 1500 1290 630 1363 620 3560
Soy_bean Sunflower Soybean Sunflower
N C NC CN N N cC NC CN N
SEmz 60 33 83 81 63 106 42 129 104 187
CD (P=0.05} 188"  102** 243" 249 197+ 3aqns 130* 382" 319 589"°

CD at (P=0.05): **
C-Crops; NC & CN - interaction between nitrogen and crops

Soybean/Sunflower: Significantly higher (P<0.05) grain
yield of soybean was obtained in the 40 kg (fertilizer) N/ha
treatment followed by 20:20 kg {FYM: ferldizer) N kg/ha
{Table 1). The yield improvement over controt by the
application of 20 and 40 kg (FYM or fertilizer) N/ha was
15% and 43%, respectively. Seed yield of intercropped
soybean was significantly lower (-31%) compared to the
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(P=0.01); * = (P<0.05); NS - non-significant; N-nitragen levels and sources

sole soybean. Significantly higher vields of soybean were
obtained in the 40 kg N/ha treatments. The vyield of
soybean in the 20 kg N/ha and 40 kg N/ha treatments
irrespective of source of N was 33% and 183% higher
when compared to control. Relatively low yield of
sunflower observed in the present study was due primarily
to less than normal pianting papulation {1/3™ of the sole
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Abstract

On farm trials were conducted to study the effect of
nutrients and moisture conservation practices on
growth, yield and ecanamics of sunflower, Helianthus
annuus L. cultivars during rabi 2001-02 on Vertisols of
Raichur district (Karnataka). The results revealed that,
recommended method of moisture conservation along
with recommended fertilizer practice significantly
recorded higher seed yield (858 kg/ha), net returns
{Rs.5913/ha) and bhenefit: cost ratio {1.85) than
farmer's methad of moisture conservation and
fertilizer practice. KBSH-44 showed significant
favourable response with respect to growth and yield
besides recording highet economics than rest of the
cultivars.

Sunflower, nutrient, maoisture and
vertisols

Key words:

Introduction

Sunflower {Helianthus annuus L.) occuples an area of 1.61
lakh hectares in Raichur district (Karnataka) with the
production of 0.687 lakh tonnes and productivity of 425
kg/ha (Damodaram and Hegde, 2002). The low
productivity of the crop is atiributed to unfavorable weather
coupled with poor nutrient management practices. There
is a shift in recent years in area from kharif to rabi
sunflower due to unprecedented rainfall during Kharif
besides necrosis disease. Moisture and nobrition have
been identified as critical component in enhancing
sunflower productivity.

The yield losses were reported highest when moisture
stress occurred during 20 days before fo 20 days after
flowering (Pirjol et al.,, 1972) and combination of the stress
at vegetative and flowering stage affected the yields more
than the combination of stress at vegetative and grain
fithng stages (Subba Reddy et ai, 2000). Simiary,
fertilizer requirement of sunflower revealed that application
of 100 kg N, 100 kg P,Q, and 50 kg K,O/ha gave higher
seed yield under rainfed conditions (Vijay ef al,

1975).Since the farmers of this area have poor investment
capacity on cash inputs the choice of appropriate cultivar
for wvariable nufrient and moisture situation is  of
paramount importance to enhance the productivity of
sunflower in the region. Improvement in productivity of
sunflower under rainfed envicanment necessitated, the
present on-farm trial to evaluate the effect of maoisture
conservation and fertilizer practices on the performance of
sunflower cuftivars during rabi season in Vertisols.

Materials and methods

On-farm trials were conducted during rabi season of 2001-
02 in Vertisols of Raichur district (Karnataka) {o study the
effect of nutrients and moisture conservation practices on
growth, yield and economics of rabi sunflower. The
experimental site has covered five villages varying in sail
fertility. The soit of the experimental field was sandy clay
to clay with pH 8.13, organic carbon 0.36%, available
phosphorus 11 kg P /ha, and available potassium 445 kg
K/ha. The soil has field capacity of 28 % and permanent
wilting point of 13%with available water holding capacity
of 17.06 cm at 75 cm depth. The potential hybrid KBSH-44
and recommended hybrid KBSH-Twere evaluated against
check hybrid MSFH-17 under farmer’s and recommended
method of moisture conservation in combination with either
farmer's or recommended feriilizer application. The
experiment was laid out in Split Plot Design with three-
moisture conservation and fertilizer practice combination
as main plot and three cultivars as sub plots having seven
replications while keeping each farmer as a replication.
The sunflower crop was sown on 25.10.2001 at a spacing
of 60 cm x 30 cm with the application of recommended
dose of fertilizer (35:50:35 N: PO K, 0O kg/ha) or farmer's
fertilizer practice (17.5:25:17.5 N: P,0.K,O kg/hal.
Moisture conservation practices under farmer's method
were repeated harrowing and inter cultivation twice while
the recommended method of maisture canservation
consisted of key line cultivation and opening furrow
tetween two rows of sunflower after 30-35 days of sowing.
The rainfall received during Septe. nber (115.4 mm) and

1 .
Junior Agronomist {Sunflower), Regional Research Station, University of Agricultural Sciences, Raichur, Karnataka.
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Effect of nutrients and moisture conservation practices on growth, yield and economics of sunflower

The maximum additional net returns were obtained under
recommended methed of moisture conservation combined
with recommended dose of fertilizer followed by farmer's
method of moisture conservation and recommended dose
of fertilizer over farmer's method of moisture conservation
and fertilizer. The hybrids KBSH — 44 and KBSH - 1
registered more additional net returns over MSFH-17.
Interaction effect between moisture conservation and
fertiizer and culfivars was significant in respect of net

Table 1 Effect of moisture conservation and fertilizer on yield, growth and yield attributes of sunflower cultivars

Seed yield

returns where in maximum net returns was obtained in
KBSH—44 under recommended method of moisture
conservation and recommended fertilizer application
(Table 4).

Therefore, it can be concluded that KBSH-44 hybrid was
best suited under recommended method of moisture
conservation along with recommended dose of fertilizer to
achieve increased seed vield of sunflower under rainfed
Vertisols of northeastern dry zone of Karnataka.

Head Stem girth  Plant height at

Treatment Qil Oil yield 1000 weed

(kg/ha) content (kafha)  weight (g) diameter {cm) harvest (cm)

%) {cm)

Moisture conservation - MC a-;u_i_ fertilizeripractice -FP (.M). o -
Farmers method MC+FP 559 349 196 39.9 10.5 4.4 120
Farmers method MC+RDF 6592 36.3 253 40.8 11.8 4.8 131
Rec.MC+RDF 858 35.6 309 41.9 12.7 5.3 138
SED 40.5 0.83 8.3 1.01 026 0.14 2.46
CD({P=0.05) 88.2 1.80 39.9 NS 0.57 0.32 537
CV% 18.66 7.51 23.54 8.05 7.23 9.90 6.16
Cultivars (S)
MSFH-17 637 33.9 217 398 10.9 43 121
KBSH-1 704 396 281 41.0 11.5 4.9 131
KBSH-44 768 33.4 259 42.0 125 5.3 137
SED 10,5 0.70 5.29 0.59 0.43 0.19 1.69
‘CD(P=O.{)5) 21.3 1.43 10.73 1.20 0.88 0.38 3.43
CV % 5.84 6.41 6.79 4.68 12.02 : 12.75 4.22
MxS ‘
SED 43.1 1.30 19.80 1.31 0.66 0.31 343
CD({P=0.05} NS NS 42.71 NS NS NS 7.23
SxM
SED 18.2 1.22 9.16 1.02 0.75 0.33 2.92
CD(P=0.05) NS NS NS NS NS NS NS

NS: Not Significant; RDF: Recommended Dose of Fertilizer

*M x 8; Comparison of main plot {M) at the same level of sub-plot (S)
*3 x M; Comparison of sub-plot (V) at the same level of main plot (M) or different levels of main plot.
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October 2001 {233.0 mm) was favourable for growth and
yield of the crop. After establishment of the crop, there
were no rains. However, the crop survived on the residual
moisture. The oil content was estimated by using Nuclear
Magnetic Resonance (NMR).

Resuits and discussion
Growth and yield attributes

The growth parameters of sunflower cultivars such as
head diameter, stem girth and plant height at harvest
differed significantly due to moisture conservation, fertilizer
practice and cultivars (Table1). The recommended method
of moisture conservation along with recommended
fertilizer practice recorded significantly larger sized head
having higher head diameter of 12.7 cm, higher stem girth
(5.3 cm) and plant height at harvest (138 cm) compared to
rest of the treatments. The values for these parameters
were jowest with farmer's method of moisture conservation
and fertilization.

Hybrid KBSH-44 recorded significantly higher head
diameter (12.5¢m), stern girth (5.3 cm) and plant height at
harvest (137 cm) compared to rest of the hybrids. The
check hybrid MSFH-17 recorded significantly lower head
diameter (10.9 cm}, stem girth (4.3 cm} and plant height at
harvest (121 cm) than KBSH-1 and KBSH-44.

Yield parameters such as 100C seed weight was not
significantly influenced by the different fertilizer and
moisture conservation practices but greatly influenced by
the different cultivars. The hybrid KBSH-44 recorded
significantly higher test weight 42 g/1000 seeds as
compared to KBSH-1 (41g) and MSFH-17 (39.6g).(Table-
1). Plant height resulted in significant interaction where in
maximum plant height was recorded in KBSH-44 under
recommended moisture conservation and fertilizer practice
followed by KBSH-1 under same levei of recommended
practices.

Seed yield and oil yield

Seed yield of sunflower differed significantly due to the
combined effect of nutrient and moisture as well as
cultivars. Significantly higher seed yield of 858 kg/ha was
obtained under recommended method of moisture
conservation along with recommended dose of fertilizer as
compared to rest of the treatments (Table 1). The
magnitude of the seed yield increase under recommended
method of moisture conservation along with recommended
dose of fertilizer was 24% and 53.5% over the farmer's
method of motsture conservation along with recommended
dose of fertilizer and farmers method of moisture
conservation and fertilizer practice respectively. Significant
differences were observed in oil yield, which was similar to
that of seed yield. The extent of oil yield increase under
recommended method of moisture conservation combined
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with recommended dose of fertilizer was 22.1% and 57.7%
over the farmer's method of moisture conservation in
combination with recommended dose of fertilizer and
farmer's method of moisture conservation along with
fertilizer practice respectively.

The seed yieid of radi sunfiower differed significantly due
to different cultivars. The hybrid KBSH-44 recorded
significantly higher seed yield (768 kg/ha) followed by
KBSH-1 (704 kg/ha) and MSFH-17 (637 kg/ha). The
increase in seed yield of hybrid KBSH-44 was 9.1 % and
20.6 % over KBSH-1 and MSFH-17 respectively. The oil
content was markedly differed among the hybrids. KBSH-1
recorded higher oil content of 39,6 % followed by KBSH-44
(33.4%) and MSFH —17 (33.9 %) which were on par for il
content. Significant differences were observed in oil yield
where in KBSH-1 recorded highest oil yield {281 kg/ha)
followed by KBSH-44 (259 kg/ha) and MSFH-17 (217
kg/ha). The higher oil content and relatively higher seed
yield were responsible for increased oil yield in KBSH-1.

The interaction effect between cultivars as well as
moisture conservation and fertilizer application was not
significant for seed yield whereas oil yield resulted in
significant interaction where in maximum oil yield (346
kg/ha) was recorded in KBSH-1 under recommended
moisture conservation and fertilizer practice followed by
KBSH-44 under same level of recommended
practices{Table 2). The larger sized head resuiting in more
number of seeds coupied with increased test weight have
contributed to the higher seed vyield of KBSH-44.
Favourable response of sunflower hybrids under adequate
fertilization has been observed by Megur et. a/,1983; Devi
Dayal and Agarwal, 1998.

Economics

The maximum gross retums and cost of culfivation
(6957/ha) were obtained under recommended methed of
moisture conservation combined with recommended dose
of fertilizer (Table 3). Among different cultivars, KBSH-44
registered maximum gross returns while cost of cultivation
was maximum in MSFH-17 due to higher cost of seed.
The higher net returns and B: C ratio (1.85) were realized
under recommended method of moisture conservation
combined with recommended dose of ferlilizer whereas
lower net returns and B:C ratio (1.56) were realized under
farmer's method of moisture conservation and fertilizer
practice which was on par with the farmer's method of
moisture conservation and recommended dose of fertilizer.
Among cullivars, significantly higher returns and B: C
ratios (1.87) were realized in KBSH-44 than the rest of the
cultivars. Higher gross returns and lower cost of cuttivation
were responsible for increased netreturns in KBSH-1. The
lower net return and B: C ratios (1.49) were obtained in
MSFH-17.



Effect of nutrients and moisture conservation practices on growth, yield and economics of sunflower

ible 4 Interaction effect on net return (Rs/ha) of sunflower under variable nutrient and moisture

Sub Piot

Jain Plot MSFR-17 KBS3H-1 KBSH-44

‘armers method 2285 2969 3825

AC + FP

‘armers method 2506 3907 5076

AC + RDF

lec. MC: RDF 4?29 6029 7209
SED CD (P=0.05) CV (%)

Nain (M} - ' 612 : 1334 47

ub (5) _ | 154 313 ‘ 47

%38 650 1405

Cx M 267 541

x S : Comparison of main plot (M) at the same level of sub-plot (V)
«M : Comparison of sub-plot (V) at the same leve! of main plot (M) or ditferent levels of main plot
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Table 2 Interaction effect of moisture conservation and fertilizer on oil yield of sunflower cultivars

Sub Plot

MSFH-17 KBSH-1 KBSH-44

Farmers method MC+FP 175 211 201

Farmers method MC+RDF 215 285 259

Rec. MC +RDF 262 346 318

SED CD {P=0.05)

Main (M) 183 399

Sub (S) _ _ 53 10.7

Mx S 19.8 427

SxM ' 9.2 © 188

Table 3 Econemics of sunflower under variabie nutrient and moisture

Additional net

Gross return Cost of cultivation Net . . return over farmers
Treatment (Re/ha) (Rs/ha) return (Rs/ha) B:Cralio othod of MC+FP
{Rs/ha)

Moisture conservation - MC and fertilizer practice - FP (M}

Farmers method MC+EP 8393 5367 ] 3026 1.56 -
Farmers method MC+RDF . 10373 6507 . 3866 1.59 840
Rec.MC+RDF _ 12870 6957 5913 : 1.85 2887
SED : : | 612 . 0.9

CD(P=0.05) | , 1334 0.20

CN % ' . _ | 47 . 18

Cultivars ($)

MSFH-17 ) : 9653 6410 3143 1.49 ;
KBSH-1 ' 10562 | 6260 4302 1.69 1159
KBSH-44 o 11523 6160 5363 . 1.87 2220
SED ' ' 154 0.02

CD(P=0.05) o ' - 313 0.05

CV % ' _ | a7 48

MxS '

SED C ' : 650 0.09

CD(P=0.05) ' 1405 . NS

SxM o .

SED - 267 0.04

CD(P=0.05) | : 541 NS

NS: Not Significant; RDF: Recommended Dosé of Fertilizer
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Preduction potential of castor genotypes under farmers fieid conditions in sodic vertisols of semi-arid tropics

Table1 Chemicalcharacterization of soils selected for study
) EC Bxeh.  pvailable  AVENRDIR
Village PH (asim) (mSeZ?;LE”Sg) P,O, (ka/ha) (kgﬁﬁa)
Ammapally B4 080 106 3213 560
Lingampet 89 120 11.3 16.06 560
Kurvagaddapalli 8.4 1.08 11.8 11.02 168
ICRISAT Bt 100 108 1732 840

Twelve castor genotypes were selected for the study,
encompassing released varieties (DCS-9, 48-1, Aruna,
Kranti), hybrids (GCH-5 DCH-177, DCH-32, GCH-4} and
parental tines of hybrids (GC-2, DPC-9, DCS-5, DTS-33).
At Ammapaily and Lingampaet, the crop was spaced at 90
x 90 em and sown on 29-7-2000 and 31.7.2000,
respectively. At Kurvagaddapalli, it was sown at 80 x 80
cm on 6.102000, while at ICRISAT it was sown on
4.10.2000 with 75 x 75 cm spacing. The experiments were
conducted in RBD with three replications. At
Kurvagaddapalii and 1CRISAT, one life saving irrigation
was given, while at other locations it was raised as rainfed
crop. The observations were recorded on growth
parameters, physiclogical parameters like relative water
content {RWC) and csmotic potential and yield attributes
like test seed weight, seed yield and oil content. Qil
content was estimated by nuclear magnetic resonance
technique. For measurement of osmotic potential, the
electrical conductivity (EC) of the saturation extract of the
plant was used and the potential was calculated as A =
0 36 (EC x 10), where (EC x 10} is in mmhos/cm and A is
in bars (Richards, 1954). The relative water content of the
plant was calculated using the formula:

Fresh weight — Dry weight

Relative water content = x 100

Turgid weight- Ory weight

Results and discussion
Germination and growth

The germination of different castor genotypes across the
locations showed that the genoiypes Kranti (95.4%),
GCH-5 (94.7%), DCH-177 (92.6%), DCS-2 (91.3%} and
48-1 (83%) while being comparable gave significantly
higher germinaticn than the rest of the genotypes under
actual farm situations {Table 2) This indicated that these
genotypes could withstand the natural sodicity at different
locations and emerged better than rest of the genotypes.
Yadav (1975} also reported that alkalinity delayed and
reducad germination and there was consideragle variation
n tolerance of varieties. Raghavaiah et a. (2002)
abserved a decline in germinaticn with increasing sodicity,
and genotypes DCH-151, DCH-148, 48-1, DCH-32 and
JC8-86 showed befter germiration even at higher sodicity
evel of 10 dS/m.
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The plant height, a measure of crop growth, exhibited
differential response at various locations. At Ammapally
and Lingampet, the variation in plant stature cf different
castar genotypes was not discernible, whereas at
Kurvagaddapalli, GCH-5 and GC-Z while being
comparabie were taller than the rest. At ICRISAT, ali the
genotypes were significantly taller than BCS-2 and DCS-
5, which could be due to lower pH (8.2) (Table 2). By and
large, the genotypes raised in kharif season assumed
taller stature than those grown in rabi season, which could
be due to better availability of soil moisture because of
rains received intermittently resulting in better nutrient
availability to the crop, During rabi the crop growth was
probably conditioned by low temperatures and lesser
availahility of nutrients under receding soil maisture
conditions in Vertisols.

The dry matter production of various genotypes reccrded
at 30 days after sowing (DAS)} did not exhibit much
variation at Lingampet, Kurvagaddapally and ICRISAT. At
Ammagaliy, the hybrid DCH-32 produced substantially
higher dry matter than rest of the test genotypes.
However, Kranti and 48-1 offered the next best dry matter
production (Table 2). Sensitivity of castor pistillate lines
like VP-1, DPC-9 and LRES-17 in terms of shoot growth,
was reported due to sodicity (Raghavaiah et a/, 2002a).

Physiological parameters

The relative water content (RWC), which is a measure of -
plant turgidity, was not discernible between genotypes at
Ammapallly and Kurvagaddapally at 20 DAS. However,
DCS8-5, DCH-32, DCS-9 and GCH-5 at Ammapally, and
DCH-177, 48-1, Kranti at Kurvagaddapalli recorded the
highest RWC. At Lingampet, GCH-5 and DCS-33 were
inferior ta rest of the genatypes in RWC. At ICRISAT,
GCH-5, DPC-8, Kranti and GCH-4 maintained distinctly
lower RWC than rest of the genofypes (Table 3). The
refative water content of the ganctypes did not vary much
at 40 DAS at different locations.

The physiological response of living cells to water stress
is closely reiated to the free energy of water in the cells.
The availability of water for physiological processes
decreases as the potential s lowered. The osmotic
potential {-bars) of leaf tissue of castor raised at
Lingampet was significantly greater in 48-1(-36.9bars}
and Kranti {-36.9bars) genotypes, whereas it was lower in
GC-2, DPC-g, DCH-32, DCS-33 (about-20 bars). At
ICRISAT, Kranti and DCS-33 exhibited the highest
osmotic potential (-36.9bars), whereas relatively lower
values were observed in GCH-5, DCH-177 and 481
(Fig. 1} ‘In the current experiment the genotypes
possessing lower osmotic potentfal have higher water
availability for physiclogical processes vis—a-vis those
having higher osmotic potentials.
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Abstract

Three experiments conducted on farmers fields under
natural sodic conditions (Ammapally, Lingampet and
Kurvagaddapally villages) during 2000 in Jadcherla
mandal of Mahaboobnagar district and oie on-station
trail at ICRISAT, Andhra Pradesh, to evaluate 12
genotypes of castor showed that the genotypes viz,,
GCH-5, Kranti, DCS-9, DCH-177 and 48-1 exhibited
better seed germination than the rest. At
Kurvagaddapally GCH-5 and GC-2 were taller than the
rest, white at ICRISAT, DCS-8 and DCS-5 were
significantly taller than the rest. The drymatter
production of genotypes at 30 DAS was not
discernible at three locations, while at Ammapally
DCH-32 followed by Kranti and 48-1 preduced higher
dry mater than the rest of genotypes. The reiative
water content was significantly tfower in GCH-5, Kranti
and GCH-4 at iICRISAT. The osmotic potential of leaf
tissue at Lingampet was lower in GC-2, DPC-9, DCH-
32 and DCS-33 than the rest, while at ICRISAT the
genotypes GCH-5, DCH-177 and 48-1 had lower
osmotic potential indicating higher water avaiiability
for physiological processes. Across the locations, the
castor hybrids GCH-5, DCH-32, 48-1, DPC-9 and GC-2
offered significantly superior yield performance than
the other genotypes, which was due to enhancement
in test seed weight. By and large, with the increase in
soi! pH there was a reduction in oil content and test
seed weight of genotypes.

Key words:  Castor genotypes, sodicity, semi-arid

tropics
Introduction
- In India scodic soils are often encountered in different agro-
ecological zones with arid and semiarid climate as a result

~ of hydro-geo-chemical conditions and relief, and they
span over 8.6 million hectares (Singh et a/, 1988)

rendering them unproductive for farming of crops. With
ever-growing demography and limited natural resources,
it becomes imperative to utilize these problem soils for
crop production. Reciamation of these soils is fraught with
high cost and is always not feasible within the means of
the resource-poar peasants operating in these areas.
However, adoption of sodicity tolerant genotypes of
oilseed crops can form a viable alternative in such scils.
QOilseed crops may exhibit differential response to
alkalinity as they differ in their intrinsic ability to tolerate
atkalinity (Richards, 1954). Castoris an important oilseed
crop raised in Telangana region of Andhra Pradesh in the
districts of Mahaboobnagar (0.51 lakh ha), Nalgonda
(0.23 lakh ha) and Medak (0.16 lakh ha) where sodic soils
occur. Farmers usually raise castor on Alfisols leaving
sodic Vertisols for cuttivation of cotton, which has of late
become non-remunerative due to biotic stresses. This
prompted us to evaluate various genotypes of castor for
tolerance to sodicity and management technologies for
enhancing - castor preductivity under farmers field
conditions.

Materials and methods

The experiments were conducted on farmers fields during
kharif, 2000 in Jadcherla mandal of Mahaboobnagar
district of Andhra Pradesh, with a view to improve castor
preductivity through identification of castor genotypes and
management practices under sodic conditions. These
soils are Vertisols {(medium deep to deep black soils)
characterized by medium to high in clay content, poor
drainage, pH 8.5, low in availabie N, P and high in K, and
low in CEC. Forthis study, soils in 10 villages covering 24
farmers’ fields were characterized for chemical properties
(Table 1). The pH ranged from 8.4 t0 8.3, EC 06to 1.2
dS/m and exchangeable Na 10.6 to 11.9 Another
experiment was cojducted at ICRISAT, Patancheru,
which is characterized by pH8.1, EC 1.0 d5/m, 17 3kg/ha
available P,O; and 840 kg/ha available K,O.

Part of NATP ROPS-16 project funded by the World Bank under Rainfed-Agro-Eco System
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Production potential of castar genotypes under farmers field conditions in sodic vertisals of semi-arid tropics

Yield and yield attributes

AL Ammapalty, the genolype 48-1 produced the
highest yield of 401 kg/ha, follewed by DPC-9 (358),
DCH-177 (308) and DCS-9 (298) At Lingampet, the |
hybrid GCH-5 recorded the maximum yield (420 kg/ha), \
followed by DCH-32 (391) and DCS-5 (333) (Fig. 2). At

W across focations |

Kurvagaddapally, GCH-5 recorded the maximum yield | -.-{\ N
(510 kgr/ha) followed by DCS-9 (347), DCH-32 (343) and ' E i
GCH-4 (321) At ICRISAT, DCH-32 recorded the |
maximum yield (732 kg/ha) followed by GCH-5 (729), "_""j: ¢l
Kranti (695) (Fig. 2). Analysis of data across the locations . i
revealed that the hybrids GCH-5 (477 kg/ha) remaining . 6240
comparable with DCH-32 (430), 48-1 {411), and GC-2 |
(386) and DPC-9 (398) produced substantially higher \ f éem
bean yield than rest of the test genotypes. The ‘ e
enhancement in test seed weight in GCH-5, DCH-32, 48- | : i RS A ESSS

1, DCS-9, DCH-177 and GCH-4 has substantially . R -, )

contributed to increased seed yield compared with other '
genotypes. The genotypes Aruna (11.4 to 186g) and i
DPC-8 (11.2 to 29 8g) produced seeds of distinctly lower

test weight than other genotypes across the locations \ . .
(Table 3). Muralidharudu ef al (2000), based on a ‘ e

IHINY 2
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laboratory study, reported that castor genotypes such as ‘ —  cccnc
DCH-32, 48-1, DCS-9 and PCS-4 were tolerant to _ ¢ {’ VA
sodicity. e
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The oil content of genotypes was not altered much acrass LvHea
the locations, barring at ICRISAT where all the genotypes #5230
possessed significantly higher oil content compared to ! o TR
] SHIE

DCS-9 and DCS-5, which could be due to low soil pH 2 - — s — ——
(Table 3). The cil content at ICRISAT ranged from 47.2- ‘ ' Sl ot
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49.7 % whereas at Lingampet it varied between 30.2 and | gi |
416, and it oscillated between 37.1 and 48.7 % at ol ——
Kurvagaddapalli. Decrease in oil content with increase in ‘ —E HLNv
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Fig 1 Osmotic potential of different castor genotypes at various locations
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Fig:2 Seed yield (kg/ha) of castor genotypes on alkaline vertisols at different locations and across the locations
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Table-2 Germination (%), plant height (cm) and drymatter (g/plant) at 30 DAS of different castor genotypes at various locations in

sodic soils
Ammapally Lingampet ) Kurvagaddapally . ICRISAT o
GCH-5 a0 126 0.7 23 1 04. 09 94 89 1.4 7—‘96 88 1.3
GGC-2 78 155 g 93 98 19 79 835 1.4 79 93 18
DCS-9 81 101 08 93 60 26 95 58 1.0 96 56 13
CCH-177 91 126 0.5 8 B4 21 89 65 1.8 85 g3 11
48-1 a3 142 1.5 77 115 1.7 98 75 1.7 88 . ) 81 1.2
DPC-9 75 98 o5 94 72 1.4 79 61 11 94 93 1.0
DCcs-5 79 99 0.5 90 92 15 84 56 1.2 91 66 11
DCH-32 82 129 3.3 a7 90 23 80 B3 1.5 89 78 1.6
ARUNA 88 121 1.0 96 G2 18 a7 B5 c9 63 74 0.8
DCS-33 88 112 05 92 98 09 1 69 1.3 66 80 1.4
KRANTI 96 134 1.8 95 95 23 9 70 1.6 - 100 71 1.7
GCH-4 64 120 07 77 87 1.7 86 68 1.2 76 72 0.8
SEmt 54 13.7 o4 3.0 a5 0.4 3.79 43 02 6.9 7.4 03
CD(P=005 159 NS 1.2 8.9 NS NS 111 126 NS 20.2 218 NS

* Table3 Relative water content (%), test weight of seed (g) and oil content (%) of different castor genotypes in sodic soils at various

locations
Ammapally I:ingampet Kurvagaddapally ICRISA'I:U

Senenee RWC W-L?;:]t co(n)tlént RWC wTa?gs :11 co(n)tint RWC w-lc;?gsttwt co(r?tlnlant RWC w-';?;i co(n)t”ent
GCH-5 91.3 25.0 45.4 77T 222 39.1 57.1 255 446 80.7 32.0 51.86
GC-2 87.3 238 46.8 96.0 21.3 39.5 392 261 46.5 84.9 26.8 51.2
DCs-9 92.3 26.0 44.1 91.3 17.0 37.6 £64.9 24.8 40.8 87.4 27.7 472
DCH-177 72.0 258 45.8 93.7 202 37.3 823 257 441 857 30.4 52.1
48-1 - 807 29.8 48.7 84.7 253 40.5 B1.4 22.7 41.5 94.4 321 5186
DPC-9 70.3 218 46.2 95.3 11.2 30.2 55.7 15.5 37.1 61.9 29.8 52.9
DCs-5 83.0 21.4 43.2 92.3 18.2 37.8 69.7 24 4 47.1 894 26.1 49.8
DCH-32 92.3 287 48.7 85.7 222 41.5 67.2 259 48.3 83.4 29.3 519
ARUNA 880 - 180 46.2 92.0 11.4 39.3 58.6 18.6 44 .1 92.8 18.1 581.5
DCS-33 61.0 212 47.2 78.3 16.1 38.6 73.0 18.9 421 84.9 28.0 511
KRANT! 75.0 221 459 1.7 19.7 41.6 79.7 23.2 43.0 65.8 26.7 516
GCH-4 87.7 251 45.4 880 231 41.4 59.7 305 487 79.4 31.5 522
SEm# 9.7 2.0 2.4 3.4 1.8 2.1 10.2 1.9 26 4.55 0.5 0.4
cb NS 59 NS 9.8 5.3 NS NS 55 NS 13.35 1.6 1.3
{P=0.05)
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Abstract

Evaluation of 13 Spanish groundnut genotypes along
with resistant checks (ICGV 86590 and ICGV 87165)
under artificially inoculated conditions for stem and
rot, Sclerotium roffsiiindicated significant differences
among genotypes, seasons and genotype x season
interaction for disease, yield and vyield-related
parameters. Five ruling cultivars of Karnataka (TMV 2,
JL 24, Dh 40, KRG 1 and R B808) and three leaf spot
resistant mutants (VL1-28-2, VL1-45 and VL1-110)
were susceptihle, While, a released cultivar Dh 8 was
either comparable with or superior to the resistant
checks. Resistant genotypes had undesirable
agronomic features necessitating need for
improvement through hybridization.

Key words: Sclerofium rolfsii, stem-and pod-rots

Introduction

The stem and pod rots incited by Sclerotium roifsii have
been assuming the status of disease of serious concern
in almost all regions of groundnut production. The
reported yield losses due to S. rolfsii range from 10 to
25% but may reach upto 80% in severely infected fields
(Mehan and Mc Donald, 1290). Various cultural, chemical
and biocontrol practices have been recommended for the
control of this disease but, individually they are not
completely effective (Sherwood ef al., 1985). integrated
disease management incorporating different approaches
has been suggested for effective management of the
disease. Hast nlant resigtance is an imporiant component
of such an approach. Spanish bunch varieties of
groundnut are the most popular in India as these
possess desirable pod features and mature early, thus
facilitating double cropping under rainfed conditions. But,
there is no information on the degree of resistance
available in Spanish bunch cultivars currently cultivated in
India. Screening for resistance in the field is complicated
by the non-uniferm spatial distribution of the pathogen
(Shew et al., 1984). As a result, consistent and reliable
data is difficult to obtain in fields under natural infestation.
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The present study reports the evaluation of a set of
Spanish bunch cultivars under artificial epiphylotics over
two seasons.

Materials and methods

Thirteen genotypes viz., released cultivars (TMV 2, JL 24,
Dh 3, Dh 40, R 8808, KRG 1), foliar disease resistant
mutants (VL 1-45, VL 1-28-2, VL 1-110), germplasm {IC3
5125 and ICG 5247) along with resistant checks (ICGV
87165 and ICGV 86590) were evaluated over post-rainy
and rainy seasons. The crop was raised in 3.38 m? plots
with four replications in randomized block design under
artificially inoculated conditions. The recommended
package of practices for groundnut cultivation for
respective seasons was adopted. Harvesting was done
according to the maturity of different entries.

S. roifsii was isolated from diseased groundnut plants
grown in vertisols and mass multiplied on sand-corn meal
medium for 3 to 4 weeks (Abeygunawardena and Wood,
1957}, Inoculum containing mycelium and sclerotia was
applied to the soil surface at the base of groundnut plants
@ 125 g/2.5 m row, between 50-60 days after sowing.
Sorghum stubbles (3-4 cm jong pieces) were also spread
along the rows to enhance the fungal growth. After two
weeks, the inoculation was repeated. During post-rainy
season, the fieldd was irfigated until pod fermation at seven
days interval to promote stem rot development The
interval was later increased to 15 days tc promote pod
infection. In rainy season the crop was raised completely
under rainfed condition.

Plants showing stem rot, pod rot, stem and pod rot
symptoms were counted and percentage incidence was
computed from the total number of plants in each plot.
Heaithy pods from all the plants were collected and dried.
The seed yield was expressed in kgha. As an index of
seed yield potential, pod yield of healthy plants was
expressed as g/plant. Hundred seed mass and shelling
out turn were computed from a sample of pods. ANOVA
was dane for each season and over seasons using pooled
analysis.
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Results and discussion

Analysis of variance revealed significant differences
among genotypes, season and genotype X season
interaction for all the characters (Table 1). ICGV 87165
and ICGV 86590 showed very low incidence of stem and
pad rof thus confirming their resistance (Mehan et al,,
1995). Ail the Spanish bunch cuitivars of Karnataka (TMV
2, JL 24, Dh 40, KRG 1 and R 8808) except Dh 8 and
germplasm lines (ICG 5125 and ICG 5247) were
susceptible by recording significantly more disease than
the checks. Dh § (22.6%) was comparable to the resistant
checks. All the foliar disease resistant Spanish bunch
mutants viz., VL 1-28-2, VL 1-45 and VL 1-110 were
susceptible and among these, VL 1-45 recorded highest
incidence (81.4%). VL 1-45 was earlier reported to be
resistant to late ‘eaf spot (Motagi et al., 1996) and to
Spodopfera and thrips (Rajendraprasad, 1997), Us
extreme susceptibility to stem and pod rots revealed the
impeortance of assessing potential cultivars for non-target
diseases and pests to avoid emergence of new disease
and pest outbreaks. The genotype R 8808 recorded tow
disease incidence {49.6%) in post-rainy season than in
rainy season (83.0%) emphasizing the need for evaluation
over seasons and locations for confirming the resistance
and its stability. Though, Spanish types have been
reported to be more susceptible than Virginia-bunch and
runner fypes {(Grichar and Smith, 1892), present siudy
showed a possibility of identification of sources of
resistance among Spanish types through extensive
testing.

The resistant genotypes, in spite of lower yield potential
(Table 2) compared !0 ruling cultivar (JL 24), yielded more
than the susceptible cultivars emphasizing the importance
of resistant cultivars in enhancing the productivity in the
stem and pod rot endemic areas (Grichar and Smith,
1992). But the resistant fines identified in the present study
possessed some undesirable agronomic features, hence,
can not be utilized directly for cultivation. Their low yield
potential, especially in post-rainy season, could be due to
photo-thermo sensitivity associated with maost resistant
germplasm (ICRISAT, 1989). ICGV 87165 matured late
(120-125 days) and has red kernels. iCGV 86590
possessed undesirabte pod features. Dh 8 also has low
hundred-seed mass and poor shelling out turn {Table 2)
limiting their direct use in cultivation. These genotypes
could however, be exploited for incorporation of resistance
in to agronomically superior backgrounds.
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Table-1 Mean performance of groundnut genotypes for
disease incidence and pod yield over seasons
T Disaasemcdence 0) Vo (ighe)
Genotype ':;TS]; Rainy Pooled F:;lf]; Rainy Pooled
TMV2  57.1de 72.1fh 66def 660 660 660
Dh 8 22.3a 2289ab 226a 1030 3210 2120
KRG 1 50.6cd 653ef 57.9c 550 930 740
JL 24 5G.2cd 64.3e 57.2¢c 760 1310 1040
R 8808 436cd 83.0i 66.3f 1040 640 840
ICG 5125 50.1cd 78.2hi 64.1df 880 780 830
iCG 5247  618ef 52.3d 57.0c 630 970 790
Dh 4G 67.2f 65.0e 66.1ef 470 1400 940
YL 1-45 76.8g 857 814g 540 3800 460
V0L 1-28-2 559e 651e 605ce 1000 1130 1070
VL 1-110  50.2cd 67.1efg 58 7cd 1260 1150 1190
ICGV 86580 32.2b 225 27.4a 1090 3330 2210
ICGV 87165 43.4c 308c 370b 790 3160 1970
SEm+ 328 240 2.03 46 5.5 3.6
CD (P=0.05) 941 6.88 5.70 132 157 100
Cv (%) 903 5.70 7.3_3 7.99F5ﬂ _6&
Nole: Values with same subscripts dao not differ at 5% levet of
significance

Table 2 Performance of groundnut genotypes for yield

components
Sheliin
Yield potential (g/plant) L?gszeg; ou:;turg
Genotype o I ¢
f;rs}; Rainy Pooled Pooled Pooled
T™Y 2 163c  10.8g 106ef 331 7494c
Dh8 759 134ce 104eg 286g 67.2ef
KRG 1 10.1cd  12.8df 11.5cd 36.4de 74.9bc
JL 24 9.0ce 17.2a 13.1a 389cd 74.4bc
R 8808 10.9ab 13.7cd 12.3b 41.8¢ 74 9bc
ICG 5125 8.7ef 15.5b 12.1bec 3z2.2f 76.8ab
ICG 5247 8.2eg 11.51g 9.8g 32.9f 79.2a
Dh 40 8.1eg 14.0c¢ 11.1de 342ef 70.3de
Vi 1-45 10.5¢ 9.4h 9.9fg 48.1ab 67 5ef
VL0 1-28-2 11.9ab 124ef 12.2bc  45.5b 723cd
V0L 1-110 12.8a 123ef 125ab 493a 57 .8ef
ICGV 86590 8.2eg 11.7fg  9.9fg 38.2d 65.4f
ICGV 87165  7.8fg  14.1c  10.8de 46.7ap  66.8ef
SEme 04 037 027 111 1.36
CD (P=0.05) 249 1.06 1.08 3.09 3.78
CV (%) 802 406 406 575 379
Note:  Values with same subscripts do not differ at 5% leve| of
significance
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Abstract

Post harvest losses caused by Bagrada hifaris (Burn.}
were estimated, under field and laboratory conditions
by creating infested and control treatments, in four
varieties of rapeseed-mustard i.e., BSH-1 (rapeseed,
Brassica campesiris var. brown sarson}, Varuna, RH-
30 and RH-8812 (Indian mustard, B. juncea). The
crops were protected against the incidence of painted
bug at seedling stage and mustard aphid, Lipaphis
erysimi {Kaltenbach) at reproductive phase. The
produce was left to the incidence of Bagrada for 21
days both under field and laboratory conditions. Loss
in oil content varied from 0.81 to 3.83, 0.68 to 3.32,
0.62 to 3.44 and 0.5%9 to 3.25% under field conditions
as against 0.05 to 1.32, 0.05 tc 1.19, 0.04 to 1.18 and
0.06 to 1.14% under laboratory conditions in BSH-1,
Varuna, RH-30 and RH-8812, respectively at 7 {o 21
days exposure period. Losses in protein content
varied from 0.96 to 3.81, 0.82 to 3.48, 0.79 to 3.37%
and 0.77 to 3.23% in BSH-1, Varuna, RH-30 and RH-
8812, respectively, at 7 to 21 days exposure pericd
under field condition. The losses in totai soluble
sugar sugars were 0.48% (RH-8812) to 2.93% (BSH-1},
1000 seed weight 0.25% (RH-30 and RH-8812) to 1.26
(BSH-1) and standard germination from 0.20%
{(Varuna} to 2.20% ({BSH-1, RH-30] under field
conditions with exposure of 7 to 21 days. Losses
under field conditions were more for all the
parameters studied because of heavy painted bug
population,

Key words: Post harvest loss, Brassica, Bagrada hifatis
Introduction

Painted bug, Bagrada hilaris (BRurn.) attacks rapeseed-
mustard at two stages of crop growth i.e., seedling and
maturity. Many a times, s infestation is carried to the
mature crop in the field and also on the harvested crop in
the threshing floor. There, the adults and the nymphs feed
an the grains in the pod and result in loss of grain weight

and quality {Singh et al, 1980). Therefore, the present
investigations were endeavoured to determine the post-
harvest iosses caused by B. fifflaris to rapeseed-mustard
cultivars under field and laberatory conditions.

Materials and methods

Feour varieties i.e, BSH-1 {Brassica campestris var. brown
sarson), Varuna, RH-30 and RH-8812 (B. Juncea) were
sown in the figld in & plot size of 56 m” sach during rabi,
1557-98 with a basai dose of 80 kg N and 30 kg P,O./ha
in three replicates. At seedling stage, the crop was
sprayed with malathion {0.05%) to protect from the
incidence of painted bug and at reproductive stage with
oxydemeton methyl {0.025%) to protect the crops from
aphid, L. erysimi {Kalt.} infestation. The care was taken to
ensure that no incidence of painted bug occurred from
maturity till harvest. After harvest the crop bundles of 50
ntantsibundie {for all the four varieties) were left in the
field for 21 days. Two sets of bundles were maintained
i.e, protected (application of malathion 0.05%) and .
unprotected i.e., open for painted bug infestation.

In the (aboratory, one thousand siliquae of each genotype
were Kept in giass chimneys and 50 pairs of field collected
painted bug were released in each chimney. Both the
apen ends of the chimney were covered with muslin cloth.
The bottorm end was placed in petridish of the size that
could accommodate its bottom end. The moisture was
pravided from both the ends of the chimneys by putting a
wet absorbent cotton swab on top and in the petri dish. A
control set (no bugs) was also run side by side The
experiment was replicated three times for each interval
ie, 0 7, 14 and 21 days exposure,

Seed samples from both the experiments ie, field and
laboratory were drawn from each variety under pratacted
and unprotected sets at 0, 7, 14 and 21 days after
sxposure and analysed for thousand seed weight, oil,
protein, total soluble sugars and standard germination
Rom the field experiment, eight hundred siliquae were
gently piucked from each bundle at each interval to get
desired quantity of seed for further analysis, whereas, in

1 Principal Scientist and Head (Crop Protection), Directorate of Oilseeds Research, Rajendranagar, Hyderabad-500 030, AP.
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each of laboratory experiment as the three replications for
each specified petiod were terminated, the seeds were
collected for analysis. The standard germination was
observed as per International Seed Testing Association
(ISTA, 1985 rules). Qil content was estimated by nuclear
magnetic resonance {NMR) technique. Nitrogen content
was estimated by traditiona! Kjeldhal method and pretein
content was calcuiated by multiplying the figures for
nitragen content with 6.25 and total soluble sugars were
estimated as per Hulme and Narain (1931) by taking 10g
seed for each biochemical parameter.

Results and discussion

The data on post-harvest losses caused by painted bug,
B. hilatis in four cultivars of rapeseed mustard [BSH-1
(rapeseed), Varuna, RH-30 and RH-8812 (mustard)] with
respect to oil, protein and total soluble sugar contents,
thousand seed weight and standard germination at weekly
interval under field and laboratory conditions are
presented in Table 1. The losses in terms of cil content
varied from 0.81 to 3.83, 0.68 to 3.32, 0.62 to 3.44 and
0.59 to 3.25% under field conditions as against 0.05 to
1.32, 0.05t0 1.19, 0.04 to 1.18 and 0.06 to 1,14% under
laboratory conditions in BSH-1, Varuna, RH-30 and RH-
8812, respectively, at 7 to 21 days exposure period.
Similarly, losses in protein content varied from 096 to

3.81, 0.82 to 3.48, 0.79 to 3.37 and 0.77 to 3.23% in
BSH-1, Varuna, RH-30 and RH-8812, respectively, at 7 to
21 days exposure under field conditions. The losses in
protein content under laboratory conditions were less as
compared to field conditions and the losses increased with
the increase in exposure period. The losses in fotal
soluble sugars were 0 48% (RH-8812) to 2.93% (BSH-1}
thousand seed weight 0.25% (RH-30 and RH-8812) to
1.26 (BSH-1) and standard germination from 0.20%
{Varuna) to 2.20% (BSH-1, RH-30} under field conditions
with exposure of 7 to 21 days. The losses under
laboratory conditions were less for all the parameters
studies, Obviously, it was because of heavy painted bug
population under field conditions as compared to that
under laboratory conditions. The extent of loss for each
parameter studied was more in BSH-1 {B. campestris)
when compared with other cultivars i.e., Varna, RH-30
and RH-8812 (B. Juncea). This suggested that the crop
should be threshed as early as possible after harvest as
leaving the harvested crop in the field will lead to losses
in seed quality due to painted bug incidence. The post
harvest lasses in terms of all the parameters studied are
in conformity with Singh et a/. (19280). However, Batraand
Sarup (1862) observed slightly higher losses in ol content
{4.5 %) when the mustard seeds were fed to the painted
bug under laboratory conditions.

Table 1 Post-harvest losses caused by painted bug, Bagrada hilaris in brassicae

Expasure Qil gontent Protein content Total soluble sugars Thousand seed weight  Standard germination
Period (%) (%) L)) )] (%}
(days) 1 2 3 4 1 2 3 4 1 2

3 4 1 2 3 4 1 2 3 4

Field condition

0.82

7 081 068 062 059 096 079 077 052 051 051 048 031 026 025 025 1.00 C20 080 080

14 182 172 163 153 165 199 188 178 159 144 139 132 074 064 062 062 140 080 160 1.60

21 383 362 344 325 381 348 337 323 293 281 268 257 126 115 112 108 220 160 220 140
Laboratory conditon 7 7

7 005 0.05 004 006 031 024 022 022 018 010 012 014 009 0.04 002 003 020 040 020 040

14 059 038 033 029 070 061 058 051 071 065 063 055 024 021 019 0.16 060 0.60 0.80 0.80
_21 1.32 , 119 118 114 124 114 109 1.03 138 129 126 113 049 071 088 040 180 080 140 100
T=BSH; 2= Varuna 3 = RH-30, 4 = RH-8812 Tt T
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Abstract

Mustarg variety, Varuna was sown for three winter
f"abf) seasons from 1993-94 to 1995-96 at two dates
d two spacings using two chemicals and one
Sotanical pesticide. Highest grain yield of mustard
1929 kg/ha was recorded from the sowing of October
10-15, in which no mustard aphid, minimum pressure
o mustard saw fly and white rust disease was
"ecorded. Slightly lower incidence of alternaria blight
¥as recorded in wider spacings (60x20 cm ). Likewise
Mensity of white rust was lower in closer spacing (45
X20 cm) however the difference was nonsignificant.
Closer spacing attracted higher number of mustard
$awfly and mustard aphid although it gave 7.91%
Nigher yield over wider spacing. Oxy-demeton-methyi{
and Dithane M-45 were found most effective for the
fontrol of aphids and diseases respectively. Soil
@Pplication of neem leaf powder @ 75 kg/ha at the time
of Sowing in furrows also reduced the population of
Mustard saw fly, mustard aphid, Alternaria klight and
#hite rust diseases and increase the grain yield 5.20%
over control.

Key words:

|"t'"0ductjgn

Pests, mustard, management

Jiseeds comes next to food grains in velume and value in
Fhe Country, The average oilseed productivity (815 kg/ha)
S quite fow when compared with developed countries (2.5-
30toneha) and even world average (1.5 tone/ha) (Singh
#lal. 2002a). The depreciation in oilseeds yield is mainly
die to bictic stresses specially insect-pests and diseases.
..arge scale use of insecticides has developed resistance
M Mustard aphid (Dhingra and Phokela, 2001). Spray of
f‘}“‘;icides for the control of diseases is also non-eco-
Mendly. Therefore the present studies were endeavoured
0find aut the eco-friendly management of insect-pests and
dseases of indian mustard.

Materials and methods

Alield trial was conducted during winter {rabi} seasons of
1993-94 to 199596 at Regional Research Station,
Manpuri (C.S. Azad University of Agriculture and
TeCh”O*Ogy. Kanpur, UP). The experimental soil was

e

sandy loam having 8.6 pH and low fertility status. The
experiment was laid out in split plot design with three
replications. The treatments comprised of two dates of
sowing, two pesticides (oxy-demeton-methy! and Dithane
M-45), one botanical pesticide {neem leaf powder), contro!
and two plant spacings {60 x 20 cm and 45 x 20 cm). The
indian mustard variety, Varuna was used during all the
three years of experimentation. An uniform dose of NPK @
80 : 40 . 40 kgrba was applied to the crop. Half dose of N
and fuli dose of P and K was applied at the time of sowing
and rest half dese of N was top dressed after final thinning
and first irrigation.

Weekly observations were recorded on the incidence of
musiard saw fly (Athalia proxime Klug.}, mustard aphid
[Lipaphis erysimi (Kalt.)], Alternaria blight (Alternara
brassicae Berk.} and white rust (Albugo candida (Pers. Ex.
Hook) Kuntze} on five tagged plants. incidence of mustard
leaf miner and downy mildew was economically
insignificant, therefore, not taken into account. Finally, the
yield data were recorded for the interpretation of the
results.

Results and discussion

Higher incidence of mustard saw fly (3.6 larvae/plant) was
recorded in second sowing date 25-30 October in
comparison to 10-15 October sown mustard crop (1.1
larvae/plant} (Table 1}). Eartier, Mathur and Singh (1986)
also observed that late sowing of mustard harboured mere
saw fly population than sown at normal time.

Mustard aphid (L. erysimi) incidence has a definite pattern
of distribution on the plants. Its number was higher on
upper and lower leaves than the middle leaves in the early
stage of the crop. Present observation is also in the
support of Mathur and Singh (1986). It was revealed that
10-15 October down crop escaped the aphid incidence
and gave highest yield (Table 1). Misra et al. (2001) also
reported that early sown crop had the lowest mustard
aphid and highest yield. Singh et al. {(2002) reported that
sowing of mustard by mid October helped in checking the
severe onslaught of aphids in late December/early
January, because crop completed flowering before the
arrival of aphids, thus created asynchrony between aphid

1
Present address: Senior Scientist, National Research Centre for Women in Agriculture. Bhubaneshwar, Orissa.
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infestation and vulnerable stage of the crop. Crop sown
petween Oclober 25-30, scored 15.5 aphids/plant {at 10
cm central twigs), which hampered the yield. Phadke and
Prasad (1987) and Bhadauria ef al. {1992) reported that
date of sowing of crop has significant influence on aphid
infestation. Lowest infestation of mustard aphid had been
noticed by Prasad and Lai {2C01) in timely sown crop.

It is quite clear from results presented in Table 2 that more
Alternaria blight disease (30.4%) was recorded in Oclober
10-15 sown crops than Octeber 25-30 sown crop (21.3%).
These findings are in suppoert of Howlider ef af. (1989) and
Mian and Akande (1989). inspite of more Alternaria blight
more yield was registered in Qctober 10-15 sown crop.
This high yield was contributed due to no incidence of
mustard aphid and less incidence of mustard saw fly grubs
(Table 1). Decreased incidence of Alternaria blight in late5

sowing date and higher crop vield in early sown crop also
has heen reported by Singh ef a/. (1998) and Godika et al.
(2001).

Minimum incidence of white rust {1.2%) was recorded in
October 10-15 sown crop. This lower incidence of white
rust was resulted in increased yields of mustard in October
10-15 sown crop {Table 2).

There was a significant difference of spacing on the
incidence of mustard aphid. It was higher in 45 x 20 cm in
comparison to €0 x 20 cm sown crop, but its impact on
incidence of mustard saw fly, Alternaria blight and white
rust disease of mustard was non-significant. Significantly
higher yield (7.9%) was recorded in 45 x 20 cm in
comparison to 60 x 20 cm, which is in agreement with the
findings of Chaniyara et al. (2002).

Table 1 Impact of sowing date, spacing and pesticide application on the appearance of insect-pests of mustard, B. juncea
No. of saw fly larvae/plant Average aphids/plant
Treatment - e T - - - -
1994 1995 1996 Average 1994 1995 1996 Average

Sowing date

October 10-15 1.05 1.64 Q.72 1.14 0.00 0.00 0.00 0.00
October 25-30 3.71 4.64 2.48 3.61 3.16 43.41 0.00 15.52
CD (P=0.05) 0.08 g.10 0.06 0.08 0.12 10.36 0.00 360
Spacing

45x 20 cm 2.40 3.25 1.68 2.44 4.01 46.93 0.00 16.98
60 x 20 cm 2.37 3.04 1.53 231 232 38.90 0.00 14.G67
CD (P=0.05) NS NS NS NS 0.06 0.30 0.00 0.10
. Pesticide

Oxy-methyl-demeton @ 1/ha 226 315 1.52 2.31 218 29.18 0.00 10.45
Neem leaf powder @ 75 kg/ha 1.83 2.54 1.09 1.82 346 44 659 0.00 16.05
Dithane M-45 @ 0.25% 2,16 3.04 1.33 2.18 255 40.76 0.00 14.57
Contro! (Untreated) 3.30 3.85 249 3.2 4.03 59.03 0.00 21.02
CD {P=0.05) 0.09 0.06 0.09 0.06 0.12 9.11 .00 3.14
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Table 2 Impact of sowing date, spacing and pesticide application on the incidence of diseases and grain yield of mustard

Alternaria disease (%)

White rust disease (%}

Grain yield (kg/ha)

Treatment - T T T T - T T T T T
1994 1985 1896 Average 1984 1985 1896 Average 1984 1985 1888 Average

Sowiné date

QOctober 10-15 353 309 251 30.4 0.9 2.1 0.5 1.2 1760 1590 2430 1920

: {36.4) (33.8) (30.1) (33.5) (55 (84) (41) (B2)

October 25-30 247 262 132 213 .7 8.7 51 8.5 1160 1430 1950 1520
(26.8) (30.1) (21.3) (275 (2000 (17 (131} {168}

CD (P=0.05) 25 1.1 27 23 0.5 03 0.2 0.3 340 130 250 240

Spacing

45 x 20 cm 289 288 199 262 6.2 53 2.8 4.8 1510 4580 2270 1970
{33.2) (32.4) (26.5) (308) (14.4) (13.3) (95 ({12.6}

60 x 20 om 299 284 184 256 6.4 55 29 49 142G 1450 2110 1660
(33.2) (32.2) (25.4) (304) {(147) (136} (9.8 {12.3)

CD (P=0.05) NS NS NS NS NS NS NS NS 70 130 140 120

Pesticide

Oxy-methyl-demeton @ 307 291 209 269 58 5.4 25 46 1550 1570 2230 1780

0.025% {336y (327 (2v.3) (31.3) (13.9) (134) (9.1) (12.4)

Neem leaf powder @ 75%g/hva 287 278 191 253 6.7 6.1 3.0 5.3 1430 1490 2180 1700
(32.4) (31.9) (259) (302} {14.8) (14.3} (10.0) {13.30}

Dithane M-45 @ 0.25% 258 243 16.4 222 4.5 3.0 11 2.9 1540 156G 2260 1790
(30.5) (295) (239) @81 {122y (99 (59 (©N

Control {Untreated} 347 328 204 292 8.3 71 4.7 6.7 1430 1420 2090 1620
{36.1) (349 (26.8) (327) (187y (154) {1258) (149

CD {P=0.05) 2.8 2.7 1.3 25 0.2 02 0.2 0.2 1020 80

Figures in parentheses are angular transfermed values.

Oxy-demeton-methyl proved effective fo bring down the
aphid population to a minimum 10.45 aphid/plant.
Similarly, application of Dithane M-45 showed a marked
reduction of white rust {2.9%) and Alternaria blight (22.2%)
which ultimately resulted in increase of grain yield.
Combination of axy-demeton-methyi and nicotine sulphate
has been reported by Vekaria and Patei (2000) in order to
manage mustard aphid population below econemic
threshold level, while application of mancozeb has been
found effective for the conirol of Alternaria and white rust
disease and increase in grain yield of mustard (Godika ef
al., 2001). Application of neem leaf powder in furrows
played a vital role for minimizing mustard saw fiy
population [1.8 grubs/plant), mustard aphid population
{16.1 aphids/plant), Alternaria blight (25.28%) and white
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rust (5.27%}) in mustard crop. Neem Jeaf powder was also
found effective to increase significantly the grain yield of
mustard over control. Pandey et af. (1979} aiso reported
high mortality of grubs from the plani-criginated pesticides
viz., either extract of Acorus calamus. Neem based manage-
ment viz., pre-sowing application of neem cake @ 300
kg/ha, foliar application of Azadirachtin/neem seed keme!
extract/neem oil at @ ml a.i/l also have been reported
effective against the mustard aphid {Chakraborti, 2001).

Thus, non-monetary inpuls like planting date and spacing
and fow monetary input fike application of neem leaf
powder was tound eco-friendly in the management of pest
and diseases of mustard and need fo be popularized for
Indian farmers who are generally starved of funds for
spending on costly insecticide chemicals.
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Abstract

f\ field experiment was conducted to evaluate
IMterspecific lines of sunflower, for disease reaciion,
Seed yield and yield components. All the genotypes
Showed moderate Per cent Disease Index (PDI) at 1%
Stage. However, after flowering, the disease progress
Was very fast and alt the genotypes recarded high
Severity at II" stage. Although significant differences
Were observed for PDI at both the stages, none of the
tested genotypes including interspecific lines showed
high tevel of resistance. Highest GCV and PCV were
Sbserved for seed yield/plant followed by seeds/head
and moderate variability for seed weight, oil content
and head diameter. The results also indicated additive
gene action for seedsrhead, test weight, head diameter
and plant height and non-additive gene action for seed
Yield and oil content. Three interspecific derived lines
SAN5.01S, SAR5-058 and SARS-06F recorded
Significantly higher seed yield and oil content than
Morden.

Key words: Sunflower, interspecific lines, Alternaria

leaf blight, epiphytotic
Introduction

Sunflower, Helianthus annuus L. is one of the most
Important oilseed crops in India. However, the yield level
of sunflower is one of the lowest in the world due to
Several bigtic and abiotic factors affecting the crop
{Hiremath et a/., 1990: Anon., 1997). Among biotic factors,
Alternaria hefianthi (Hanst.) is the most devastating. No
varieties or hybrids resistant to the diseass have been
Feleased yet. These efforts are obviously limited by the
Narrow genetic base of commercial sunflower, which has
to be broadened by the utilization of wild refatives of the
Cultivated type. Moderate to high level of resistance to A.
helianthi has been reported in H. tuberosus, H. rigidus and
H. hirsutus (Morris et al., 1983; Seiler, 1992; Sujatha et al.,
1997), which could be transferred to cultivated sunflower.
Atterpts were made to cross the cultivated and wild
Species in India and elsewhere leading to the development
of several interspecific germplasm lines (Seiler, 1992;
Sujatha et al., 1997). Itis required to test such interspecific
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derivatives for disease resistance, yield and vyield
components under epiphytotic conditions. In the present
study attemp! has been made fo evaluate several
promising interspecific lines, populations and germplasm
accessions of sunflower against Alternaria disease, yield
and yield components.

Materials and methods

Sixty two genotypes were selected for the siudy. Among
them 34 were backeross derivatives invaolving H. annuus,
H. debilis, H. argophylius, H. holandri, H. diserticola, H.
paradoxys, H. peliclaris and H. praecox ssp. funyanii
(Table 1) and the rest were promising breeding lines. The
interspecific lines were developed at Directorate of
Qilseeds Research, Hyderabad. The wild species were
crossed 1o Morden and the F,s or the selected F, plants
were backcrossed to Morden (Table 1). Six interspecific
iines viz., EC 413060, EC 413070, £C 413075, EC
413083, EC 413086 and EC 413090 were obtained from
United States. Department of Agriculture, USA. The
selected genotypes were grown in Randomized Block
Design with three replications during kharif, 1999. Each
genotype was grown in a single row of 3.3 m per
repiication. The spacing of 60 cm between rows and 30 cm
belween plants in a row was followed. Along all the
borders, the susceptible variety, Morden was grown to
provide encugh inocuium for the incidence and spread of
Alternaria disease. All the standard agronomic practices
except fungicidal sprays were foliowed 1o raise a good
crop. Some of the male sterile genotypes among the
interspecific derivatives were assisted through artificial
hand pollination for the normal seed set. Five plants were
randomly selected/replication to record observations. The
observations were recorded on piant height, days tc 50%
flowering, days tc maturity, head diameter, number of
seads/head, 100 seed weight, disease per cent indexed
(PDI) at two stages viz., 50% flowering (stage 1% and PO/
at physiological maturity (stage 2™) (Mayee and Datar,
1986), oil content and seed yield/plant by following
standard procedures. Dharwad is a hot spot for Alternaria
leaf blight. The minimum RH of 76% and the maximum
temperature between 24.39 °C and 30.04 °C prevailed
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during the crop growth pericd resulted in high disease
incidence.

Table 1 List of interspecific lines of sunflower with pedigree

Code Genera- Cross

Number  tion combination

SAR5-01S  BC.F. 234Ax H. argophyilus x Morden

SARS-02S  BCF, 234A x H argophyilus x Merden

SAR5-03S  BCF, 2344 x M argophylius x Morden

SARS3-045  BC.F, 234A x H. argophyilus x Morden

SAR5-058 BC.F.  234A x H. argophyiius x Morden

SARS5-065 BC,F, 234A x H. argophyiius x Morden

SAR5-07S  BC,F, 234A x H argophyitus x Morden

SARS-085  BC,F, 234A x H argophyiius x Morden

SARE-095  BCF, 234A x H. argophytius x Morden

SARS-105  BC,F,  234A x M. argophylius x Morden

ARSS-G1F  BC,F, H. argophyiius x Morden

ARSS-02F  BC,F, H. argophylus x Morden

ARSS-03F  BC,F, H. argophivitus x Morden

PESS-01F  BC,F, H. petiolaris x Morden

PESS-02F  BC,F, H. petiolaris x Morden

8ANS-015  BC,F, 234A x H. annuus (wild) x Morden

SANS-025  BC,F, 234A x H annuus (wild} x Morden

SANS-038  BC,F, 234A x H. annuus {wild) x Morden

SAN5-048  BC,F, 234Ax H. annuus {wild) x Morden

AMSS-01F  BCF, 234A x H. annuus (wild) x Morden

ANSS-02F  BC,F, 234A x M annuus {wild) x Morden

SDES-015  BC,F, 234A x H. debilis x Morden

SDES-02S  BC,F, 234A x H. debilis x Morden

SDES-038  BC,F, 234A x H debiiis x Morden

SDES-045  BC,F, 234A x H. debilis x Morden

ARANS-01F BC,F, H. argophylius x H annuus (W) x
Morden

ARANS-02F BC.F, H argophyilus x H. annuus (w} x
Morden

ARANS-03F BC,F, H. argophylius x H. annuus {w) x

) Morden

EC 413060 - H. argophytius

EC 413070 - H. argophyiius

EC 413075 - H. deserticola

EC 413083 - H. paracoxus

EC 413086 - H. bofanderi

EC 413090 - H. praecox spp. runyanii

1229 - Population

873 - Population

180 - Population

Morden - -

L101 - -

Breeding -

lines.

Results and discussion

The season was highly favourable for disease incidence
and all the genotypes showed moderate PDI values at 19
stage itself. After flowering the disease progress was very
fast and all the genotypes tested recorded high disease
ngerrty at stage ™. The mean disease incidence was as
high as 75% indicating the severity of the disease during
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the season. The differences were highly significant for all
the characters, indicating the availability of substantial
variability in selected genotypes (Table 2). However, there
was no high level of resistance in genotypes tested
including interspecific lines. The species H. argophyllus
was reported as resistant {Anil Kumar ef al., 1976; Morris
et al., 1983) and 18 lines derived from H. argophylius were
used in this study. These materials atso did not show high
level of disease resistance, may be due to absence of
resistance in the accessions of H. argophylius used for
deriving these lines or less of alleles during backcrossing.
Hence, it is highly essential to test the accessions of
different species (o Afternaria leaf blight before invoiving
them in crosses. Wide differences were observed for yield
and yieid components. The highest GCV and PCV values
were observed for seed yield/plant followed by seeds/head
{Tabte 3). Such high variability for these characters was
alsc reported in sunflower (Sheriff and Appadurai, 1985;
Khan and Islam, 1991).

Moderate level of variability was observed for seed weight,
oil content, head diameter that are major seed yield
components. Hence, there is scope for selection for these
traits. High heritability coupled with high genetic advance
iGA) was chserved for number of seeds/head, test weight
and moderate heritability with moderate GA for head
diameter. The results indicated that the traits viz., number
of seeds/head, test weight, head diameter and plant height
appeared to be governed predominantly by additive gene
action. These traits can be improved through selection
process. High heritability with low GA was observed for oil
content and seed vyield confirming the earlier reports.
These characters appeated to be predominantly controlled
by dominant gene action {Pathak, 1975). The presence of
non-additive gene action suggested the scope for
exploitation of these traits through heterosis. The hybrid
vigour for both seed vield and cil content has been
exclusively reporied and exploited in sunflower.

Twelve and seven genotypes were found fto be
significantly superior over Morden for seed yield and oil
content respectively (Table 4). Among which three
genotypes SAN 5018, SAR 5-015 and SARS -06F were
found superior to both seed yield and ail content. San 5-
018 and SAR 5-05S are the cytoplasmic male sterile
{CMS8) lines hence could be useful for the diversification of
CMS sources. However, there is a need to test these CMS
lines under varied environmental conditions for their
stability. The other genotype SAR S-06F has to be tested
in large-scale trails for its superiority. For disease reaction,
four genotypes viz.,, SAR 5-045 SAN 5-013, SARS-10F
and 873-07 recorded low PDI values at both the stages.
These lines are to be tested over seasons for their stability
for the disease reaction. Further study is in progress at
University of Agricultural Sciences, Dharwad.
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Table-2 Analysis of variance for ten characters in sunflower germplasm lines

Plant Days to Head

: Daysto Seeds/ 100 seed PDI
Sources Df height 50% .- diameter ; o
(em) flowssring maturity {erm) head weight (g) (Stage ™)
Replication 2 41.125 2.969 3.500 3.604 1848800 01062 30.273

Treatment 81 1542.38* 4216"  §3.89* 21818 286556.69*" 1.945"  132.696*"

Error 122 263.99 10.569 6.019 5127  20138.87 7.358 27.49

* Significant at 5% level, ** Significant at 1% level

PDI
(Stage 1I™)

412968 0.

Qil Seed

content  yield/plant

(%) (g}

27344 50453

31351 45.619* 930.521"

32641 082385 50.94

Table 3 The mean, range, phenotypic and genotypic coefficient of variance, heritability and genetic advance of different

characters in sunflower

Genotypic Phenotypic  GCV

PCV

~ Genetic

Range
Character Mean —'ME—_HQ_K— vanance  variance (%) (%) Heritability . zc‘it\::r:g:an)
Piant height {em) 14239 9767 19267 42633 69025 1450 1845 6170 2348
Days to 50% flawering b3.67 56.00 73.67 10.54 21.07 5.10 7.21 49.00 741
Days to maturity 95.78 82.00 112.33 2929 35.26 5.65 5.20 83.00 10.58
Head diameter {cm) 18.10 11.73 23.53 558 10.70 13.05 18.07 52.10 19.39
Seedsfhead 860.20 161.23 195883 8894317 10894 .29 34.64 38.37 81.50 64.43
100-seed weight {g) 5.04 3.56 7.65 0.62 0.69 1667 1656  89.40 30.55
PDI (Stage I*) 30.65 18.50 43.67 35.41 62.90 19.41 25.87 56.30 30.01
PDI ({Stage H™) 74.51 84.33 93.07 2310 54 64 845 G.92 42.30 §.66
Qil content (%) 3383 24.04 4228 15.00 1561 11.45 11.88 96.00 4.56
Seed yield (g) 4655  14.83 9498 29319 34417 3678  39.85 8520 16.79
Tabie 4 Promising genotypes of sunflower for seed yieid and oil content
Genotype asgg.yoel ) Stazg Iu"'*) o ??A,r}tem S{i:;?g;;:%d
 SARS-06F 25.12 7500 3930  aus
EC 413090 28.50 6590 75 85.87
180-08 27.93 659.03 29.34 85.63
SANS-015 21.83 67.33 40.65 84.83
ANSS-01F 4143 73.83 36.75 77.81
SARS5-025 25.20 71.97 ’ 34.34 77.18
180-14 33.37 66.12 3533 68.45
AR35-03F 37.37 70.97 30.85 £66.25
180-42 40.73 7477 34.02 65.44
ARSS-01F 27.72 76.80 35.88 63.49
SARS5-055 18.50 79.37 40.32 62.28
PESS-02F 24.80 76.73 32.32 60.52
SAN5-025 . 21.13 85.47 42.26 52.62
180-31 17.53 . 66.97 39.29 47 .31
180-12 20.80 72.63 39.47 4545
SDES-01S 33.30 - 71.63 40.36 41.49
Meorden {check) 24.43 71.33 37.71 47.91
_CD (P=0.05) 839 9.14 1.26 1152
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Arachis glabrata Benth., popularly known as rhizoma
peanut is a perennial tropical forage fegume grown widely
in Florida and the southern Gulf Coast of United States of
America. Rhizoma peanut grows well under a wide range
of soil types and pH levels, in well to moderately drained
soil. Yields approaching 14 t/ha have been reported
{French et af., 1994). The potential of these wild species
lies in its utilization in animal feeds and fodder and as
source of resistance to various pests and diseases
(Stalker, 1991). The nutritive value of Arachis glabrata {cv.
Florigraze) and A. pintoi (CIAT 17434) is higher than that
of most tropical legumes of commercial importance.
These species have high levels of digestible energy and
fermentable nitrogen (Lascane, 1994). A hagenbeckiiand
A. glabrata also reported to have high ieaf protein
percentage (Tiwari, 1985). Reed and Ocumpaugh (1891)
screened rhizoma peanut for adaptation to calcareous
solls and reported that some accessions of the species
could be well adapted to calcarecus soil. Studies also
indicated that A. glabrata possess high degree of shade
telerance under cocanut farming system (Mullen et af
1997). Singh and Shankar (2000) formulated an ideal
combination of goat pasture including A. glabrata as one
of the components.

Twenty-three accessions of A. glabrata {Table 1) were
grown in coencrete rings of 75 cm diamester at NRCG,
Junagadh, India. Observations on 17 qualitative traits and
nine quantitative traits were recorded on each accessions
following IBPGR (1990) descriptors list developed for
characterization of wild Arachis species for two
consecutive years 2000 and 2001 during kharif season.
The qualitative traits included branching pattern, stem
pigmentation, stem hairiness, leaflet colour, leaflet
hairiness, hairiness on leaflet margin, bristles on leaflet
margin, hairiness on petivle, bristles on peticte, hairiness
on stipule, bristles on stipule, groove of petiole canal,
leaflet shape of distal |eaflet, leaflet tip of distal leaflet,
leafiet shape of proximal leaflet, leaflet tip of proximal
leaflet and celour of standard petal. The quantitative traits
included, length of peticle, length of stipule, percentage
adnation of stipule, internodal length, leafiet length, leaflet
width, length of hypanthium, standard petal length and
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standard petal width. Both qualitative and quantitative
traits were used for statistical analysis. Hierarchical
cluster analysis based on average linkage method was
done using squared euclidean distance as measure of
distance (Sneath and Sokal, 1973).

Variation was cbserved for all the 17 qualitative and nine
guantitative traits studied. The branching pattern was
either irregular, or seguential with both reproductive and
vegetative branches arising form same node. Three
accessions were devoid of pigmentation on stem. Stem
hairiness ranged from glabrous fo sub-glabrous and
moderately hairy in one accession (ICG 8154) Leaflet
celeur, hairiness on lamina, feaf margin, stipule and
peticle and presence of bristles on leaflet, stipule and
petiole also showed variation ameng accessions. Leaflet
showed variation for shape and fip. Accession, ICG 8921
did not bear flowers. Cluster analysis based on 26
morphological traits resulted in the formation of twe
distinct clusters (Fig 1).

Table 1 Passport information of A. glabrafa accessions
selected for intra-specific diversity studies

TFCG Nc_)._” Country onrig'in ﬂ__Prbvince-

8145  Argentina Corrientes

8148 Brazil ---

8150  Brazil Mato Grosso do Sul
8151 Brazil Mate Grosso de Su!
3154 Argentina Misiones

8166  Paraguay Arroyo Pora

8157 Paraguay Arroyo Pora

8159  Paraguay Asuncion

8161 Paraguay Mato Grosso do Sul
8165 Brazil Mato Grosso do Sul
8166 Brazil Mato Grosso do Sul
5167 Brazil Mato Grosso do Sul
8169  Brazil Mato Grosse do Sul
8170 Brazil Mato Grosso do Sui
8171 Brazil Mato Grossa da Sul
8173  Paraguay Concepcion

8174  Paraguay Concepcion

8175 Paraguay Concepcion

8176  Paraguay Concepcion

8177  Paraguay Concepcion

8188 Brazil --

2921 Argentina Corrientes

8950  Brazil Mate Grosso Do Sul
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The first cluster comprised of all the accessions collected
from Argentina and two accessions from Paraguay and
three from Brazil. The only non-floweting accession ({CG
8621) found to be the last clustered accession in this
group. Accessions, ICG 8150 and {CG 8161 that were
collected from the same province showed minimum
coefficient and probably these accessions are duplicates
{Table 2). In the second cluster, accessions from
pParaguay and Brazil were clustered and the distance
coefficient was less among three accessions, The study
revealed that intra-specific variation in A glabratais
remarkabie and the collection from the same province
tend to cluster together indicating that wider the spread of
the species may result in more variation in species.
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Table2 Agglomeration schedule among A. glabrata
accessions during hierarchical cluster analysis

GG Ne, ICG No. Ceefficient
8150 8181 7.43
8159 8170 19.00
8150 8188 1915
8159 8171 20.68
8167 8350 24.98
8173 8176 25.85
8157 8175 27.75
8156 8177 37.52
8145 8166 40.20
8158 8173 40.70
2166 Bi74 46.25
B150 8165 5119

" 8189 8157 53.38
8156 8169 53.46
8150 8159 53.75
8148 8151 657 60
8180 5167 73.08
8145 8150 106.84
Bt48 8156 109.79
B177 8154 133.71
B145 8921 137.33
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Present investigation was undertaken to generate
information on the nature of combining ability in the
inheritance of yield and its compenent in indian mustard,
Ten varieties of Indian mustard viz., Kranti, Pusa bold,
Pusa barani, RLM-198, PHR-2 Divya, Zem1, EC-322090,
EC-322092 and Domo of diverse origin were crossed in all
possible combinations excluding reciprocals. The parents,
45 F, and 45 F, pragenies were grown in randomized
complete block design with three replications at Crop
Research Centre, G.B. Pant University of Agril. &
Technology, Pantnagar during rabi seascn 1998-98. The
parents and F,s were grown in single row and F,s in four
rows plots, 5§ m leng with the spacing of 30 x 10 cm
between rows and plants. The observations were recorded
on 10 randomly selected competitive plants from each
plot of the parents and F,s and 20 plants from F,s for
quantitative and qualitative traits. The character mean for
each plot was used for stafistical analysis. The combining
ability analysis was carried out following Method-II,
Model-| of Griffing {1956).

Analysis of variance for combining ability revealed
significant gca and sca variahces in beth Fy and F,
generations for days to maturity, primary branches/plant,
fength of siliqua, seed yield/plant, harvest index and 1000-
seed weight {except sca in F, generation for primary
branches/plant and 1000-seed weight), indicating the
presence of additive as well as non-additive gene action
in parents and hybrids for these characters (Table 1)
Only additive gene effects were important in the
inheritance of plant height, seeds/siliqua and oil contentin
both F, and F, generations. These finding were in
accordance with the results of Thakaral et a/ (1995);
Yadav and Yadava (1896), Luczkiewcz {1996); Sheikh
and Singh (1998} and Verma (2000). Higher magnitude of
gca variance than corresponding sca variance revealed
predominance of additive gene acticns for all these trails.

The gea estimates indicated that high yielding mustard
variety Kranti was good general combiner for all the
characters except oil content, whereas Pusa bold and
Pusa barani were good general combiners for early
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maturity, dwarf height, length of siligua and 1000-seed
weight. Early maturing dwarf mustard strain Divya was
goecd general combiner for early maturity, dwarf height
and oil content, whereas, RLM-1588 was good general
combiner for early maturity, seeds/siliqua, harvest index,
seed yield and cif content. Exotic accessions, Zem 1, EC-
322090, EC-322092 and Domo were good general
combiners for primary branches/plant. Parent PHR-2
which is Alternaria blight resistant was found best general
combiner for oil content.

The five top crosses selected on the basis of per se
performance revealed that performance ranking was not
consistent with the estimates of sca effect. The sca effect
of the cross exhibited no specific trend in cross
combination between parent having good, average and
poor gea effects. No cross combination showed sca effect
and high per se performance along with parents having
good general combining ability effects for all nine
characters. Based on sca estimate and per .se
performance Kranti x Domo and Zem1 x EC-322090 were
observed superior cross combinations for seed yield,
whereas, the crosses Divya x Zem1, PHR-2 x EC 322090
and Pusa barani x Domo were found superior on the basis
of sca effects only. On the basis of sca effects and per se
performances, the cross Zeml x EC 322090 was
observed superior for primary branches/plant, Pusa bold
x Pusa barani for early maturity, RLM-198 x Divya, Kranti
x Pusa barani for dwarf height and Kranti x Pusa bold for
seeds/siliqua, Kranti x Pusa bold for 1000-seed weight
and RLM-1588 x PHR-Z for oil content.

The crosses involving good x good gea parents indicated
the possibility of complimentary epistasis acting in
direction of additive effect of good combiners. The crosses
of good x poor gea parents with desirable direction sca
effects may be due to dominant x recessive interaction,
excepted to produce desirable segregants in F,
generation. However, crosses between poor x poor gea
parents indicated that non-additive genetic variation can
be exploited by heterosis breeding or multiple crosses
followed by intermating among desirable segregants,
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similar results were reported by Yadav ef al (1992),
Sheikh and Singh (19%8) and Sood sf al. (2000).

The present study resulted in the identification of Kranti,
RLM-198 and Divya as good general combiners for seed
yield and its components. importance of additive as weil
as non-additive gene effects in the inheritance of yield and

its component characters high lighted that the
improvement in these attributes may be effective by
biparental mating in selected F, on the basis of gca and
sca and further selection of segregating generations or
recurrent selection or diallel selective mating system.

Table 1 Estimates of general combining ability and general mean (&} of the parents
Parental Genera- Daysto Plant Prmary Length of Seeds/ Seedyield/ Harvest 1000 seed it
fines tion maturity heigtit brapr:;::te s/ siliqua siligua plant index weight content
K;n!i F, 4.29** W -7.-";6** -0.38:7—-&2;1: -0.39** 63;- 7 0.26* 0.15* 07."23
F. -4.04** -11.05** -0.54* 0.26"* 057 017 o.16™ 0.10** 0.02
Pusa bold F, -4.15* -13.45* -0.24 0.23 0.43™ -0.05 -0.01 022" 0.00
F, -3.48* -10.63* -0.17 0.25* Q.47 0.20 -0.03 0.26™" -0.25
Pusa barani F, -2.62** -9.97* -0.25 0.24* 0.65" 0.23 0.04 0.27"* -0.05
F, -3.07" -10.78* -0.18 0.29* 077 -0.06 0.03 025" 0.08
RLM-198 F, 251+ 3.03 0.00 0.13 0.50% 0.72* 0.21™ -0.02 0.31*
F, =234 -1.44 -1.14 0.08 0.66** 0.28 023 0.05 0.31*
PHR-2 F, 307 463" 0.22 -0.10 -033* -0.28 -0.03 048 037
F, 4.36*" 10.40% 0.24 -0.18* -0.48** 0.18 0.05 0.1 028
Divya F, -§.23* -27.35 -0.65"* .05 013 -4.8g <040 R Wil Q.74
F, -9.37 -28.09™ -0.50** 0.12 0.02 -1.08* -0.35** -0.16* 074"
Zem} F, 5.1 9.93* 0.08 -0.18* -0.37* 017 002 -0.09* 020 l
F, 3.43 9.35** 0.10 017 -0.36* 0.38* oM -0.04 0.24
EC-322080 F, 474 15.24* 0.55* 017 -0.24 0.09 -0.08 -0.03 013
F, 5.21** 20.49% 0.62+ -0.03 -0.42** 0.21 -0.06 0.01 0.05
EC-322092 F, 416 17.03* 0.39** -0.28* -0.42* -0.65* 0.06 -6.06 - -0.02
F, 3.7g* 12.31* 0.20 -0.23" -0.55** -0.01 -0.05 -0.08 -0.02
Domo F, 486" 831 0.27* -0.18* 0.74* 051 -0.07 009" . 025
F, 5.24* 944 0.37* -0a7 -0.65** 013 0.00 -D.1g* -0.03
General mean F, 148.77% 190.02+ 6.28+ 3.102 11.66% 6.95¢ 484+ 310+ 39.15¢
090 393 0.26 0.80 0.29 033 0.10 007 0.23
F, 149.41% 188.47+ 588+ 3.06¢ 11.69x 543+ 4.45¢ 312+ 3912+
0.90 383 0.26 0.80 028 0.33 010 0.07 0.23
SE gi F, 0.43 1.88 0.12 0.04 013 015 0.05 0.03 015
F, 0.43 1.89 012 0.04 013 g.15 Q.05 343 a1s
SE (gi-g)) F, 064 278 0.18 0.06 020 C.24 0.07 0.05 0.23
F. 0.64 278 018 0.06 0.20 0.24 .07 0,05 0.23

*, ** Significant at 5% and 1% fevel, respectively.
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Alternaria blight, white rust and downy mildew are three
major diseases of mustard which cause substantial yield
iosses. In order to develop high yielding mustard
genotypes which are resistant to these three major
diseases, it is essential to identify resistant strains with
good agronomic characteristics. In present investigation
mustard genotypes having resistance to Alternaria blight,
downy mildew and white rust were grouped on the basis
of their agronomic characteristics using metrogtyph
analysis (Anderson, 1957).

Sixteen genotypes of Indian mustard [Brassica juncea (L.)
Czern & Coss] including resistant/tolerant lines to
Alternaria blight, Alfernaria brassicae (Berk.) Sacc. and
Alternatia brassicicofa (Schw.) Wilts, white rust, Afbugo
candida (Lev.) Kunze and downy mildew, Psronospora
parasitica (Pers ex Fr.) and two national checks wviz.,
Kranti and Varuna were grown in a randomized block
design with twoe replications on November 27 2001 at a
fertifity fevei of 120:80:40 kg NPK/ha, respectively. Each
plot consisted of 3 rows of 3 m length spaced 30 cm apart
with plant-to-plant distance of 10 cm. Observations were
recorded on five randomly selected plants from each plat
and means of genotypes were used for imporant
agronomic atiributes for metroglyph analysis as per
Anderscn (1857). Yield/plot and plant height were taken
as x and y axis, respectively for metroglyph depiction. The
index vatues for these three classes of each character are
represented by varying lengths of rays, i.e., low (ho ray),
medium {shert ray) and high (long ray) {Table 1).

Analysis of variance showed significant differences among
the tested genotypes for various characters. On the basis
of their vielding ability genotypes were classified in to
three broad groups (Fig. 1). The yield/plot of first group
genotypes ranged from 120 to 178.3 g/plot {low group),
second group 178.3 to 263.7 g/plol (medium group) and
third group more than 236.7 g/plot (high).

The low yielding group consisted of four genotypes viz,,
PWR 9541, PWR 9817, EC 399301-1-5 and Varuna.
These genotypes were characterized by low to medium
plant height, number of seeds/ siliqua and oil content, low
to high number of primary branches, siliqua length, 1000-
seed weight, siliquae on main shoot and length of main
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shoot and medium to high number of days to maturity and
secondary branches/ plant.

The medium vyielding group, represented by eleven
genotypes viz, PAB 8750, EC 389234-3, PWR 8605,
PWR 9714, PWR 8725, PWR 8765, PWR 9854, EC
414321, EC 399301-2, EC 399301-3 and Kranti
characterized by low to high plant height, number of
primary branches, oil content, siliqua length, number of
seeds/siliqua, 1C00-seed weight, number of secondary
branches, main shoot length and siliguae e¢n main shoot
and medium to high number of days to maturity.

The high yielding group consisted of three genotypes viz.,
PAB 9334, PWR 9724 and EC 38%9294-8 which were
mostly dwarf to medium in height. These genotypes
possessed high number of secondary branches and
medium number, of primary branches, fow to medium
siligua length, number of siliquae on main shoot and
1000-seed weight, low to high number of seeds/ siliqua
and medium te high number of days tc maturity (lenger
duration) and length of main shoot and oil content. High
positive associations between seed yield and number of
secondary and primary branches were reported by Shalini
ef al. {2000). These high yielding genotypes were medium
to late in maturity, whereas low yielding genotypes were
early to medium in maturity. These results are in
conformity with the results of Ghosh and Gulati {2001).

Most of the high yielding genotypes had medium to high
length of main shoot and medium to high number of
seeds/ siliqua. From correlation studies Patel ef al.{2000)
observed significant positive correlation of seed yield with
length of main shoot whereas high positive association of
seed yield with seeds/ siliqua was reported by Shalini et
af.{2000). These high yielding genotypes had medium to
high oil content. Similar result was reported by Ghosh and
Gulati (2001).

Thus, on the basis of the present investigation it is
concluded that the characters viz., number of secondary
branches, primary branches, days to maturity, length of
main shoot and seeds/ siliqua should be given emphasis
along with resistance to white rust and downy mildew for
development of high yielding and resistant genotype of
mustard for stabilizing and increasing production.
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Fig 1 Metroglyph analysis in mustard
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List of genotypes depicted in metroglyph and their number
1. PAB 9334 2. PABB750 3. EC 399294 4. PWR 9541
5 PWR 9605 6. PWRS714 7. PWR§724 8. PWR 9725
8. PWR 4785 10, PWR 8817 11. PWR 9854 12. EC 414321
13. EC 399294-§ 14. EC 399301-2 15. EC 39%301-2 16,  EC 399301-1-5
17, Kranti {Check} 18. Varuna (Check)
Table 1 Index value for different characters in mustard
—C;r‘a'(;ﬂﬁg Rangeof ‘SPOTE 1 ~ ‘ms_core 2 Séqre 3
, means Value less than Sign \{a'lue From-to Sign Value more than Sign
 Days to maturity 120-133 1243 * 1243101287 . 1287 .
Plant height (cm) 125.8-171.4 i41 - 141 t0 156.2 - 156.2 -
Pritrary branches/plant 4.0-8.1 54 - 5487 . 8.7 .
Secondary branches/plant 3.9-133 71 . 710102 . 10.2 .
LLength of main shoct 33.8-511 385 . 395t0 453 . 433 -
Siliguae on main shoot 20.8-373 263 - 25310314 ] s .
Seeds per siligua 11.8-15.4 13 L 1310 14.2 . 142 .
1000-seed weight (g} 29-39 3.2 . 32t 38 . 36 .
Yield per plot {g) 120-295 178.3 - 178.3t0 236.7 - 236.7 L
Eil gpmﬂ(%) 36;2-38.6 37.0 L] 37.0l037.8 . 37.7 L]
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Mustard [Brassica juncea (L.) Czern & Coss] is grown
under rainfed as well as irrigated conditions, after the
harvest of rice, in Bastar Plateau Zone. Performance of
mustard varieties under three agro-climatic conditions,
depends upon their stability under varying farming
situation. Further, stability is one of the most important
parameters for the selection of varieties for diverse
situations Therefore the present investigation was carried
out to identify stable mustard variety(ies) for seed yield
and associated characters.

The experiments were conducted with twenty Indian
mustard varieties at S5.G. College of Agriculture and
Research Station, Jagdalpur (Bastar) in four different
environments [ e early sown rainfed (E, & E,)}, irrigated
late sown aftef paddy harvest (&, & E,) during rabi, 1599-
2000 and rabi, 2000-01, respectively. the experimenis
were laid out in randomized block design with 3
replications in a 1.5 m x 5.0 m with inter and intra row
spacings of 3C cm x 10 cm, respectively. The sowing
dates were: E, (28 Sept., 1899}, E, (07 Nov, 19898) and E;
and E, (both 13 Nov, 2000). the fertilizer doses of 40N :
20P ;20 K kg/ha and 80N . 40P - 40 K kg/ha was applied
under rainfed and irrigated conditions, respectively. Need
based plant protection measures were applied for
controlling the disease (powdery mildew) and pest
{aphids) of crops. Observations on quantitative traits {5
plant basis), seed yield (on piot basis) were recorded.
Stability parameters were worked out following Eberhart
and Russel (1966).

Mustard genotypes differed in their response to the
changes in environments as observed by the significant
mean sum of squares for genotypes and genotype x
environment {Linear} interaction. A large porticn of this
interaction was accounted for by linear regression on the
environmental means, although the non-linear component
was also significant indicating the possibility of prediction
across environments {Table 1),

Days to 50% flowering ranged from 44.6 (Pusa Bahar) to
53.4 days {RL-1359) with the overall mean of 49.1 days.
Pusa Bahar had unit regression coefficient indicating
average response over varying environments. Regression
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coefficient was negative and significantly different than
one for RH-30 suggesting its suitability of flowering under
the unfavourable environment conditions. Only six
varieties had non-significant deviation frem regression
indicating their stability In performance {Vardan, PCR-7,
GM-1, PBR-91, RL-1359 and Vaibhav). The mean days to
maturity was 99.8 days that varied between 87 8 to 103.4
days for B-9 and RL-1358, respectively. Pusa Bahar
(1.81}) and VSL-5 (-0.02) deviated significantiy from the
linear regression indicating their stability under favourable
and unfavourable environments, respectively. Mare than
50% of the varieties had stability for days to maturity,
which may be due to forced maturity caused by high
temperature prevailing during this pericd. Moreover, late
maturity (above average) varieties had significant
deviation from regression indicating their sensitivity to the
environments. Number of branches/plant varied between
2.7 (Raohini} ta 3.3 (GM-2) with the average of 3.0. Rohini
and RL-1352 expressed unit regression coefiicient,
however, PBR-81 and JM-1 were the most stable
genotypes. Yellow sarson variety B-9 (71.9) recorded the
least and Pusa Bahar (171.3) had the highest
siliquae/plant. Seven varieties recorded the above average
performance for this trait. PCR-7 (1.6) had the highest
linear regression indicating its suitability for favourable
climates. On the contrary, Vaibhav expressed the least
(0.61) regression coefficient and non-significant deviation
from regression suggesting its suitability for unfavourable
conditions and stability over the environments. Vardan
{(27.1) and RL-1358 (31.5) also had non-significant
deviation from regression indicating their stability over the
environment. Kranti was repcrted to be stable for
siliguae/plant by Patel et a/ (1997), the present findings
did not support this condition. Plant height ranges from
90.8 to 146.3 cm fer B-9 and GM-1, with the mean height
of 136.2 om of variety, Pusa Bahar (1.5} exhibited
significant linear regressior with the above average
response whereas, V3SL-G had the least (0.38) regression
indicating its suitability for unfavourable conditions.
Thirteen varieties had non-significantly deviation from the
linear regression indicating their stability to the
environment. 1000 seed weight ranged from 3.3 (B-3) to
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5.2 (Varuna) with the mean test weight of 4.5 g. Pusa response indicating their suitability under favourable
Bold and Rohini expressed unit regressicn coefficient environment condition. Mondal and Khajuria (1998) also
suggesting average response aver varying environment. reported that Varuna had above average response with
Except four varieties viz., Pusa Bold, Varuna, Kranti ang the suitability for the favourable environment. B-9 had the
Vardan, all other varieties had significant deviation from lowest linear regressicn suggesting its suitability under
the regression indicating change in seed weight according poor environment conditions. None of the variety had nen-
to environments. Stability of Varuna for 1060 seed weight significant deviation from regression, except PBR-91
was aiso reported by Patet ot al {1297). Harvest index indicating its stability with above average performance
varied between 180 to 26.1 for Vardan and VSL-5, and average response for seed yield of mustard at Bastar
respectively. Above average response of RL-1359 {1.84) Plateau Zone.

indicated its potential for higher harvest index under
favourable management conditions, on the contrary, VSL-
5 expressed the lowest (0.3) regression coefficients with
highest harvest index {26.1} indicating its suitability under
unfavourable conditions. Kranti (0.38), Varuna {1.41) and
GM-2(1.46)had non-significant deviation from regression
hence, are stable varieties for harvest index,

Pusa Bahar was the earliest in flowering with the highest
sitiquae/plant and seed yield suggesting that this could be
& good parent for crossing aimed for development of early
genotypes with high seed yieid. Varuna had the highest
test weight with the above average seed yield
performance indicating that it could be used for
developing the bold seeded genotypes under the new

The highest seed yield was recorded with Pusa Bahar climatic conditions. Similarly, VSL-5 had the highest
660.5 kg/ha followed by Varuna {544.8 kg/ha), Pusa Bold harvest index with above average seed yield performance,
(630 kg/ha) and BIC-902 {628.5 kg/ha). Aruna {1.23), RN- which indicated its suitability as parent for high harvest
393 (1.20} and BIO-902 (1.26) had above average index with high seed yield.

Table 1 Analysis of variance for stability of eight quantitative characters in Mustard

Sources ofvariation  df o to50% Daysto Branches!  Siigua/ o 1000seed  Harvest .
- - 7{|_ower|n_g ) Tpatunty_ - plant plant ght weight index Seed yield

Varieties 19 23.44** 40.74™ qf1z* 340.49+* 597.3* g.90* 12.12** 14653.62™

Env. + (Var. X Env.} 80 6.42** 3281 041 928.6 397.1* 1.35* 2027 87429.17*

Environments 3 15.72“7 520.85" 6 25* 130557+ 6856.3* 24.19** 242 67* 1579362.3**

Var. x Env. 57 593" ++ TA2Y++ 010" ++ 2913 ++ ST A ++ 0.15"++ BS7**++ 800637 ++

Env. (Linear) 1 47.24™ 1562.42" 18.75" 3g166.8** 20568.9** 72.59" 7280 4738079.4*

Var. x Env. (Linear} 19 877 10.83 012 146.7* 60.3" D.14** 5.05* 6365.12"

Pooled deviation 40 5.23* 5.01* 0.08** 345.5 527" 0.14** 9.81™ 966833

Pocled error __4527 1705‘_732 0.03 52.41 42.13 0.02 2.18 1566.7

** Significant at 1% fevel when lested against pooled error

++ Significant at 1% level when tested against pooled deviation

References Mondal, 8.K. and Khajuria, M.R. 1999. Stability analysis in
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Seed yield is a polygenically controlled complex character
and is determined by a number of yield components which
are also quantitatively inherited. A knowledge of
heritability and genetic advance of the characters
indicates the scope of improvement through selection
Correlation studies provides the association of
quantitative characters, especially of seed yield and its
attributes will be of immense practical value in crop
breeding programme. Path coefficient analysis measures
the direct influence of one variable upon ancther and
permits the separaticn of correlation coefficients into
direct and indirect effects. The present investigation
provides befter understanding about the bearing of the
compenent traits on seed yield and scope of seed yield
improvement through selection in sesame.

Ninety exotic germplasm lines representing 19 countries
and two indigencus released varieties as checks (RT-46
and TC-25) were grown in randomised block design with
two replications during the rainy season of 1997. Each
plot consisted of 2.5 m single row with a spacing of 30 ¢cm
x 15 cm between rows and plants. Data were recorded on
quantitative traits on five randomly selected plants per
genotype. Genotypic and phenotypic coefficient of
variance were estimated as per Burton (1952) and broad
sense heritability and genetic advance were estimated as
per Johnson et a/.(1955). The phenotypic and genotypic
correlations and the direct and indirect effects of
characters on seed yield were computed by path
ceefficient analysis as per Dewey and Lu (1959) using
both phenotypic and genotypic corretations.

Analysis of wvariance indicated highly significant
differences among genotypes for all the characters. High
magnitude of variation in the experimental material was
also reflected by high values of mean and range for
almost all the characters(Table 1). A ciose resemblance
between the corresponding estimates of PCV and GCV
suggested that the environment had little role in the
expressicn of different characters. Seed yield/plant,
branches/plant and capsuie/plant showed high PCV and
GCV estimates. There is enough scope for selection
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based on these characters, and the diverse genotypes can
provide materials for a sound breeding programme.

The heritability estimates obtained high for seed yield,
plant height, branches/plant, capsules bearing plant
height, capsules/plant and oil content while moderate for
days te flowering, days to maturity and 1000 seed weight.

Estimates of heritability and genetic advance in
combination are mora important for selecticn than
heritability alone. High heritability combined with high
genetic advance (as percent of mean) cbserved for seed
yield, branches/plant and capsules/clant showed that
these characters were controlled by additive gene effects
and phenotypic selection for these characters would likely
to be effective. Plant height and capsules bearing plant
height indicated that improvement for these characters
was also possible as these character had high heritability
and moderate genetic advance as percent of mean. Qil
content showed high heritability with low genetic advance.
Such situation may arise due to non-additive gene action.

Seed vyield/plant showed high positive correlaticns
{phenotypic and genatypic) with all the characters studied
except days to flowering and maturity. Days to flowering
had significant negative cerrelation with capsules bearing
plant height, 1000-seed weight and oil content but
significant  positive  corretation with  branchesfplant
Significant positive correlation also observed between
plant height with branches/plant, capsules/plant. In
addition capsules bearing plant height exhibited positive
correlation with capsules/plant, 1000 seed weight and cil
content. Branches/plant correlated positively  with
capsules/plant and 1000-seed weight with oil content. In
general, genotypic correlations exhibited higher than the
corresponding phenotypic correlations possibly due to the
modifying effect of environment association of characters
at genetic level.

While correlation coefficients generally describes
association between the characters in statistical terms,
they are inadequate in interpreting the cause and effect
relationship. Hence, correlation coefficients between
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various characters are partitioned into direct and indirect
relationship by the path analysis. Seed yield being the
complex outcome of different characters was considered
the resuitant variable and days to flowering, days to
maturity, plant height, branches/plant, capsules bearing
ptant height, capsules/plant, 1000-seed weight and cil
content as caused variable. A perusal of the results
obtained in genotypic path analysis revealed that the
maximum direct effect on seed yield was exhibited by
1000-seed weight followed by branches/plant, oil content,
capsules/plant, capsules bearing plant height, days to
flowering and days to maturity (Table 2). Kausal ef
af{1974) and Gupta and Gupta (1977) had reported that
capsules/plant had maximum direct effect on seed yield.
The negative direct effect on seed yield was exhibited only
by plant height. The positive and significant correlation
coefficients between plant height and seed yield/plant may
be due to high indirect effects via capsules bearing plant

height, capsules/plant, branches/plant and 1000-seed
weight. Correlation coefficients between branches/plant
and seed yield/plant is due to high positive direct effect
when compared with all characters under study. The high
positive correlation between capsules bearing plant height
and seed yield is due to high indirect effect of 1000-seed
weight and capsules/plant; the positive and high
correlation between capsules/plant and seed yield is due
to high positive indirect effect of branches/plant and
capsules bearing pfant height; the high correlation
between 1000-seed weight and seed yield/ptant is due to
high positive direct effect whereas, high correlation
between oil content and seed yield is mainly due to
indirect effects of 1000-seed weight. Thus, 1000-seed
weight, branches/plant, cil content, capsules/plant and
capsules bearing plant height appeared to be major
components for seed yield and selection for them will lead
to increase in seed yield.

Tabie 1 Estimates of variability, hieritability and genetic advance in sesame

Character Meant SE.  Range Gev PCV  Heritability (%) GA  GA as % of mean
Seed yield / plant 460402 0671232 546 55.0 %64 5.1 M5
Days to flowering 387410 35.04400 4.6 59 589 28 7.2
Days to rmaturity 829111 760850 26 3.2 867 36 44
Ptant height 1168115 7061548 129 130 979 307 %62
Branches / plant 430:05 1.0-7.8 278 s 778 22 505
Capstlles bearing plant height 624512 3701002 169 172 974 25 344
Capsules / plant 60.9:1.8 15.0-126.0 372 374 98.8 4864 762
1 000-seed weight 210801 1.37-288 16.0 188 722 06 280
Gil content 435403 306549.08 B.5 6.6 979 58 133
Table 2 Direct and indirect effects via various paths of eight characters on seed yield in sesame

Daysto  Daysto  Plant Branches! CoPsU®S Gapsulesipl 1000 | Correlation
C“araci‘i” fowering matorty  heght  plant p|§§$rr:;gm Pant weigsted Oil content W't;i Seed
Days to flowering 0.1432 00156 00082 01270 00383 .0033 02310 £.0887 00792
Days to maturity 0.0233 0.0961 -0.0041 0.0596 00148 00267 -0.1408 00382 0.0375
Plant height 00294 00037 0.0449 0.0834 0.1081 00947 00353 0069 03215
Branches / plant 0.0565 00178 00118 03216 0.0036 01334 01203 00258 03752
Capsules bearing plant height £.0363 0.0092 0.0312 0.0075 0.1553 0.0801 0.142g 0.0474 03750
Capsules / piant 0.0026 0.0142 00234 0.2361 0.0685 0.1816 c.0120 0.0072 0.4988
1000-seed weight L0733 0.0300 00035 £.0857 00452 D.0048 04515 00846 039786
Oil content 00661 00191 DOOIS 00431 00382 00068 01984 01924 03060
References Johnson, H. W., Robinson, H. F. and. Comstock, R. E. 1955.
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Inclusion of legumes in cropping systems increased the
soil fertility and consequently the productivity of
succeeding crops (Singh ef al, 1995). Besides the effect
of preceding legumes, the nutrients applied to themn also
have an impact on the succeeding crop (Gegoi and
Sandhu, 1984). This approach allows balanced fertilizer
use under resource constraints and for maintenance of
fertility. When the fertilizer availability and resources of
farmers are limited, it i3 necessary tc choose
appropriate yield target and fertility practice so that over
seasons the twin objectives of high yields and
maintenance of soil fertility could be achieved (Dev,
1897). Hence, an aftempt was made to study the fertilizer
management in soybean-wheat cropping system in Malwa
Plateau of Madhya Pradesh.

An experiment was conducted during 1994-95 to 1996-57
in soybean (Glycine max L.) - wheat { Triticum aestivum L.}
cropping system, under Al India Coordinated Agronomic
Research Project with an objective to grow crops with full
package of practices and compare with farmers practice
on farmers fields. Soybean-wheat cropping system was
tested in four districts (Ujjain, Dewas, Shajapur and
Biaora} in Madhya Pradesh under which six blocks (two
each of Ujjain and Shajapur and one each from Dewas
and Biaora) and in each block, four villages were selected
where experiment was carried out. The site and the
farmers’ were the same for three vyears of
experimentation. In rainy season, soybean {cv. JS-335)
and in succeeding winter season wheat (cv. Loc-1) was
taken in all the three years. Soybean at 80 kg seed/ha
wheat with 100 kg seed/ha were sown in rainy and winter
seasons with a row spacing of 30 and 225 cm,
respectively. Yield data of four villages were added for one
block and the mean vaiue of each block (total six blocks)
was used for statistical analysis. Therefore, the
experimenthaving five treatments was replicated sixtimes
in a randomized block design. The soil was analysed
before and after the completion of each season.

278

Soybean-wheat cropping system required the application
of 100% recommended fertilizer to both crops or 100%
recommended fertilizer to soybean and 75% of
recommended fertilizer to wheat crop along with 25 kg/ha
zinc sulphate + 3 kg/ha borax to soybean and 3 kg/ha
PSB + 1 kg/ha Azotobacter to wheat crop and any
reduction in the fertilizer and biofertilizers to any crop
reduced the productivity of the soybean (Table 1).

Application of 100% NPK through fertilizers and ZnSO, +
harax {25 kg + 3 kg/ha} to soybean crop and 100% NPK
through fertilizers and PSB + Azotobacter {3 kg + 1 kg/ha)
to wheat crop resulted in significantly higher grain yields
over the farmers’ practice and also considering the total
productivity of the system. Singh and Singh (1995) also
reported significant response to soybean yield due to 3
and Zn application in soybean - wheat system.

Application of biofertilizers helped to safeguard the
deterioration of nutrient removal due to continuous
cropping of soybean - wheat for 3 years under different
doses of fertilizers to both crops. A little enrichment of
organic carbon and nutrient balance were noticed when
crops were fertilized with 100% to soybean and 75%
fertilizers to wheat crop and along with biofertilizers
(Table 2). Similar trends was also reperted by Saxena and
Chandel (1997},

Maximum cost benefit of 1.8 was recorded when soybean
was fertilized with 100% recommended fertiliser + borax
3 kg/ha and wheat crop was fertilized with 75%
recommended fertilizer + PSB 3 kg/ha and Azotobacter 1
kg/ha, thus, saving of 25% costly chemical fertilizers
without deteriorating the fertility and profitability.

Thus, the farmers' of Malwa FPlateau who followed
scybean - wheat cropping system may fertilize soybean
with 100% recommended fertilizer along with ZnS0O, +
barax (25 kg + 3 kg/ha) and 75% recommended fertilizer
with PSB and Azofobacter (3 kg+1 kg/ha) to wheat crop.
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Table 1 Effect of different treatments on grain, straw and combined yield of soybean-wheat cropping system
{Pooled data of 3 years)

Treatment Grain yieid Total straw production . .
Fertilizer dose applied (kg/ha) {kgtha)} ield Benefit
- - T - ; T T T Tt (g ha) cost ratia
Rainy season Winter season ] Soybean Wheat Soybean Wheat 9
Farmers’ practice Farmers' practice 1090 2000 3280 6010 9300 13
(IUFYM + 923 kg N:P,Ogiha) {31 FYM + 18:46 kg N:P,0./ha)
Recommended Fertilizer (RF)  Recommended Fertilizer (RF) 1850 3080 o560 9240 14800 1.6
{25:75:20 kg N:P,O.K,Q/ha)  (100:50:30 kg N:P,O,:K,0O/ha)
RF + Zn8Q, (25 kg/ha) 50% RF + PSB + Azotobacter (3 1970 3230 5930 g700 15630 1.6
kg + 1 kg/ha}
RF + Borax (3 Kg/ha) 75% RF + PSB + Azotobacter (3 1960 3330 5880 9990 15870 1.8
kg + 1 kg/ha)
RF + ZnS0, + Barax ‘ RF + PSB + Azotobacter 2190 3340 6400 10610 17010 17
(25 kg + 3 kgha) (3 kg + 1 kg/ha)
CD (P=0.05) 401 268.0
RF = Recommended fertilizer ) o
Tabie2  Total P and Zn uptake (after each crop harvest) as influenced by soybean-wheat cropping system {pooled data of 3 years)
nitial stage ) _ Total uptake (grain + straw) )
Treatment __©OC (%} - € {ppm) ! Zn {ppm)
OC (%) S {ppm) Zn (ppm) : Rainy Winger Rainy }Vinter _ Rainy Winter
1* 0.56 7.2 0.30 055 0.55 5.58 7.47 0.08 0.04
2 0.56 7.5 0.32 0.35 0.55 8.1 9.75 011 0.12
3 0.56 7.8 0.33 0.56 055 6.59 10.97 0.16 0.12
4 0.56 7.7 0.34 0.57 0.56 7.45 10.47 0.13 0.23
5 0.56 7.7 .24 0.57 0.56 7.32 10.94 0.13 0.24

*{1teSasin Table 1)
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Sesame is a major oilseed crop of western Rajasthan,
grown in Kharif season. The crop usually grown as rainfed
experiences moisture stress at one or more stages of its
growth period, which severely reduces its productivity. To
mitigate moisture stress various moisture conservation
practices have been proved beneficial. The adoption of
any practice depends on its economics. Therefore it
became pertinent to find out a low cost non monetary
practice, that can easily be adopted by farmers. The
wetting drying treatment (seed hardening) of seed for
imparting resistance to drought and adverse conditions
developed by Heneckel (1964) along with other moisture
conservation practices have been tested in the present
studies.

A field experiment was conducted for three Kharif seasons
at Agricultural Research Station, Mandor. The soil was
loamy sand, poor in organic carbon (0.23 %), medium in
phosphorus (18 kg/ha), high in potassium (297 kg/ha) and
alkaline in reaction {pH 8.1). The treatments comprised of
(T,) broad ridge and furrow {four rows of sesame at 30 cm
distance in between two ridges of 15 cm height), (T,} ridge
and furrow at 60 cm interval, {T;) opening dead furrow at
five m interval, (T,) sowing of crop with out covering
furrow, (Ts) seed hardening (seed were soaked in water
for 10 hours then dried in shade before sowing) and (Tg)
normal drill sowing and covering the soil {control}. These
six treatments were replicated four times in randomized
block design. The crop was sown on July 7%, 18" and
August 2", respectively for three years with the onset of
monsoon. The 20 kg each of nitrogen and phosphorus/ha
was applied as basat dose at the time of sowing and 20
kg N /ha was applied as top dressing at 30 days after
sowing (DAS). Thinning was done at 15 DAS to maintain
10 cm distance between plants. Soil samples were
collected from four successive soil layers of 0-15, 15-30,
30-45 and 45-60 cm depth for determination of soil
moisture content by gravimetric method at sowing at
seven days interval, 24-36 hours after rain and at harvest.
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Consumptive use of water was computed for different
treatments by adding the moisture use values from
sowing to harvest suggested by Dastane (1972).

During first two years of experimentation, monsoon
withdrew earlier and crop experienced moisture stress
at the time of pod development stage, which caused
reduction in seed yield of sesame. The three seascns
pcoled see¢ yield data (Table 1) revealed that in
comparison to normal drill sowing of sesame seed yield
{441 kgfhal enhanced significantty by adopting moisture
conservation practices either by sowing in broad ridge and
furrow (544 kg/ha) or in ridge and furrow at 60 cm (554
kg/ha). This increase in seed yield due to ridge and furrow
sowing could be ascribed to better availability of moisture
in soil, which directly influenced plant growth and
productivity by enhancing number of capsules/plant, test
weight and harvest index. Better availability of moisture
enhanced nutrient availability, which indirectly helped to
increase consumptive use of water and water use
efficiency. Kaushik and Gautam {1991) and Kumar et &/
{1995) reported more availability of meisture in soil due to
ridge and furrow method of sowing in pearlmillet. They
also observed that moisture conservation practices were
beneficial only in scanty rainfall years.

Seed yield data (Table 1) further explicited that soaking
seed in water and then dried before sowing (i.e. seed
hardening process) preduced mean seed yield {524 kg/ha)
significantly superior to normai drill sowing, but at par to
ridge and furrow methed of sowing. The plant growth and
yield attributing characters recorded under this treatment
were found to be at par to those recorded with ridge and
furrow sowing methods. The highest net income of Rs
8600 /ha was obtained by seed hardening treatment.
Heneckel, 1964 observed that increase in seed yield due
to seed soaking was due tc the fact that it initiated the
formation of vital biomolecules, stimulated mitochondrial
activity and preserved celiular infrastructure, possibly
through depression of genes which would allow plants to
resist adverse edapho-climatic conditions. Although
consumptive use of water (269 mm) and water use



Chandawat ef al.

efficiency (1.86 kg/ha/mm) were low in seed hardening
treatment in comparison to moisture conservation
practices, but with seed hardening the crop escaped
drought by maturing earlier. Similar results were obtained
by Dayanand ef &/ (1872) who found that seed soaking
in water hastened the germination of wheat seed by 2-3
days and enhanced grain yield. Similarly Sengupta et al.
{1984) recorded seed yield improvement in black gram.

Jain et al (2000} compiled research work done oq
configuration and seed hardening practices in diffarent
part of india and found that seed hardening resutted in
highest net returns and cost benefit ratio

it is therefore concluded that seed hardening practice is as
effective as ridge and furrow sowing method to partialty
mitigate the effect of drought in sesame crop.

Table T Effect of different soil moisture conservation practices on seed yield, yield attributes of sesame and economics (pooled)

‘ ‘ ) . Net  Mean  Mean water
PJ?nt Primary . psules/ Test  Oil Seed yield (kg/ha) Harvest returns consumplive use Use
: height Branches/ weight content ——— —————— index ;
Practice o lant piant ) (%) o e I?  Pooled (%) {Rs/ha) of water efficiency
N e e om0 Peed Y g (kghaimm)
T 124 4 58 28 474 374 138 1119 544 174 8100 280 1.9
T, 125 5 60 28 474 376 183 1124 334 176 8150 292 1.91
Ts 118 4 53 27 472 31t 1100 831 457 168 6925 261 1.70
T 15 4 52 27 472 332 100 934 452 183 6800 260 1.66
T, 122 4 59 28 478 371 119 1080 524 17.3 8600 269 1.86
Ts 118 4 52 27 488 3 102 918 441 163 6525 2684 162
SEmz 1.8 02 28 0.01 0.1 34 10 42 19 0.2 - - -
CD (P=0.05) 37 NS 7.3 003 03 NS 29 127 53 05 - - -

NS = Non significant;
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Productivity of sunflower is often affected by various
stresses, of which moisture stress is the most important.
Seed development and seed filling of sunflower is largely
influenced by available moisture Hegde (1988). Significant
reduction was reported in plant height, leaf area indexand
dry matter accumulation when the crop was exposed to
moisture stress at flowering stage Chamundeshwari and
Praveen Rao {1988) The scanty information available on
effect of moisture stress on seed quality indicated its
importance on various quality characters. Hence, it is

desirable to identify and apply irmgation at correct crop
growth stages to improve seed yield and quality.

The experiment with five treatments was conducted in a
randemized block design with four replications during rabi,
2000-2001 (Table 1}, The data for growth parameters
i.e.. leaf area index (LA} and dry matter accumulation
(OMA) were recorded at 21, 43, 65, and 87 DAS while,
yield and yield companents were studied at maturity
{Table 1).

Table 1 Effect of moisture stress an growth parameters, yield and its companents and seed quality character in sunflower

Character DAS K
" Leaf Area Index (LA1} 21 0.14
43 1.4

65 32

87 24

Dry matter accumulation 21 1.32
43 16.2

65 99

87 132

Capituium diameter (cm) - 16.9
Seed filling (%) - 85
100 seed wt. (Q) - 4.0
Seed yield/plant (g) - 275
Harvest index {%) ' - 228
Seed recovery (%) - 92
Oil content (%) - 44
Kernei wt. {Q) - 37
Kernei to Hull ratio - 2.7
Sheliing (%) - 73
Germination (%} - a7
Rate of germinaticn - 207
Seedling vigour index - 1871

DAS : Days after sowing
T, : No stress;
T, . Moisture stress at flowering stage;

228
211
87
38
3.2
1.8

T, T, T,  SEmt (on_géj)
08 014 0.14 0.14 0.01 0.02
10 15 15 0.01 0.02
25 23 31 0.02 0.07
1.9 17 21 0.02 0.06
1.29 132 1.36 0.03 0.08
12.7 16.1 163 0.1 0.34
86 84 99 1.2 37
124 111 115 12 37
157 135 14.3 0.07 0.21
80 75 76 0.2 08
38 36 35 0.2 0.7
243 21.4 22.2 0.2 0.6
215 208 211 03 0.9
84 82 81 07 22
40 37 36 03 09
34 32 30 0.1 02
20 1.7 15 0.1 02
67 83 80 15 46
82 79 82 09 28
19.1 17.8 183 0.2 07
1704 1550 1616 13 39

T, : Moisture stress at vegetative stages;
T, : Moisture stress at seed filling stage

T, : Moisture stress at bud inttiation stage;

! Senior Scientist (Plant Breeding), Directorate of Cilseeds Research, Rajendranagar, Hyderabad-500 030, AP.
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The other parameters {e., harvest index (HI), seed
recovery (%) kernel weight, kernel to hull ratio, capitulum
diameter, shelling percentage and seed yield per plant
were estimated after harvest. Qil contentin the seeds was
estimated by Nuclear Magnetic Rescnance {NMR).
Germination test was conducted using between the paper
method {19TA, 1985) Data on germination (%), root
iength and shoot length were calculated as per Abdul Bak?
and Andersen(1873). Rate of germination was calculated
by adding the quotients of daity counts divided by number
of days of germination.

There was maximum decfine in LAl and DMA (28.1 and
15 2 % respectively) in plants subjected to moisture stress
at flowering stage. However, with the release of stress at
seed filling stage there was marginal increment in the
values of various growth parameters. Similarly, the
various yield atiributes like capitulum diamster, seed
filling %, seed yield per plant and HI were most affected
when moisture stress was imposed at flowering stage
(Table1). These observations are in accordance with
Hegde and Havanagi {1982} and Chamundeshwari and
Praveen Rac (1988}, This may be attributed to reduction

in LAl and inefficient photesynthetic activity leading to

poor transiocation of photosynthates from source to sink.
The reduced seed yietd may be atftributed to reduction in
various yield components (Stone et &/, 1996). However,
100 seed weight and seed recovery % (with decrease of
12.5 and 12.0%, respectively} were most affected in
plants subjected to meisture stress at seed filling stage.
This could be due to non-availability of moisture during
critical stage of seed filling which reflected in the size of
the seed.

The quality characters; oil content, kernel weight, kernel
to hull ratio and shelling percentage were reduced by
12.2, 18.9, 44.4 and 17 8% respectively, when moisture
stress was imposed at seed filling stage (Table 1).
Germination, rate of germination and seedling vigour
index declined by 8.2, 14.0 and 17.1 respectively in plants
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subjected to stress at flowering stage compared to no
stress.  Similar results were reported by Singh et af
{1304\,

The study revealed that various growth parameters, yield
attributes and quality characters showed signhificant
reduction when moisture stress was imposed during
flowering stage. The characters like 100 seed weight, seed
recovery (%), kernel weight, kernel to hull ratic and
shelling (%) were more effected when plants experienced
moisture stress during seed filling stage. However,
moisture at flowering stage had more effect on
germination %, rate of germination and seedling vigour
index as compared to seed filling stage.
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india is falling short of per capita daily requirement of
oilseeds, though 17 years have passed after launching
technology mission on cilseeds. The shortage of oilseeds
and pulses has aggravated the problem of malnutrition. In
the present era of industrialization and urbanization, the
scope of area expansion of cilseeds crops is limited. The
solution is therefore fo increase the productivity/unit area,
which can be achieved through intercropping. Earlier
intercropping systems were viewed in the perspective of
minimizing the risk of total crop failure rather than for
maximizing the yield. However, in the recent past these
systems were viewed to realize the beneficial effects of the
systermn where the production and management levels are
high Higher productivity in intercropping system depends
on the selection of compatible creps (Willey, 1979).

Sunflower possesses favourable characteristic and
adaptability to wide range of environment (Sindagi, 1982}.
Earlier studies conducted at Tirupati indicated the
possibility of raising sunflower as rabj crop with a fair
degree of success in alfisofs. But the compatibility
sunflower with pulses in intercropping system has not
been thoroughly evaluated. Hence, this investigation has
been conducted to find out suitable intercropping system
of grain legumes in rabi irrigated sunflower.

A field experiment was conducted at Tirupati campus of
Acharya N.G. Ranga Agricultural University on sandy clay
loam under irrigated conditions during Rabi 1998-99. The
pH and EC of the soil were 7.7 and 028 dS/m
respectively. Groundnut (JL 24), greengram (ML 2867},
blackgram {LB 20), cowpea (Pusa Phalguni) and soybean
(PK 471} were intercropped in sunflower at 111 row
proporticns keeping sole crops as check in a randomized
block design and replicated thrice. Sole crop of sunflower
was sown at80x20 cm, groundnut, greengram, blackgram
and cowpea at 22.5 x 10 cm and soybean at 30x5 cm
spacings between rows x plants. In intercropping
treatments 100% population was maintainedfor base crop
(60 x 20 c¢m) while, 5C % for intercrops by adjusting the

intra-row spacing with 7.5 cm for groundnut, greengram,
blackgram and cowpea and 5 cm for soybean which were
sown in hetween two sunflewer rows. Ferlilizers were
applied at the rate of 80:50:40 and 30:30:30 kg of N, P,O4
and K,C/ha. For scie crop of sunflower and legumes
respectively. In intercropping systems, full dose of
sunflower and half the recommended dose of intercrop
was applied. Necessary plant protection measures were
taken against pests and diseases. A total number of 12
irrigations were given to groundnut, 10 to sunflower and
9 to rest of the crops.

Size of the capituium, fota! filled seeds per capitulum,
filling percentage and thousand seed weight of sunflower
was recorded more with SF+ GN intercropping followed by
SF+ BG (Table 1). This might be due to better growth of
sunflower with higher leaf area index leading to better
photosynthetic efficiency as a result of less competition
offered by groundnut and blackgram ta sunflower
confirming the findings of {Yargattikar and Sheelavantar,
1986, Sarkar and Dhara, 1992). All these yield attributes
of sunflower were |ower with cowpea as intercrop due to
severe compefition between the two. This might be due to
weak growth of sunflower with lesser leaf area and
photosynthetic efficiency as a result of severe competition
between sunflower and cowpea.

Number of filled pods/plant of different intercrops
decreased in intercropping compared to their respective
sole crops (Table 2). Similar findings were reported by
Shivaramu and Shivashankar (1992) and Sarkar et al.,
(1897). Among different intercrops, relative decrease in
filled pods was more in cowpea (30.2%) followed by
greengram (23.5%) compared to their sole crops. The
decrease in filled pcds per plant in intercropping was less
affected in groundnut {20.5%) foliowed by plackgram.
Number of kKernels/seeds/pod and test weight of intercrops
were also of similar trend. Reduction in number of
seeds/pod was refatively higher in cowpea {11.8%) while,
lesser in groundnut. Similarly reduction in test weight

! Scientist (Agronemy), Agril. Research Station, ANGRALU, Nellore-524 004, AF.






