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Review Article

Etiology, epidemiology and management of Botrytis grey mold of castor,

Ricinus communis L. - A review

M.A. Raoof and Mehtab Yasmeen

Directorate of Oilseads Research, Rajendranagar, Hyderabad-500 03¢, AP
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Abstract

Grey mold caused by Botrytis ricini Godfrey is
becoming a serious threat to castor (Ricinus
communis L.} cultivation especially in peninsular
India where the crop is devastated during cyclonic
and incessant rains. Continuous wet and humid
conditions during flowering and capsule development
stages for 5-7 days leads to severe rotting of infected
spikes and epidemic spread of the disedse. Yield loss
is severe as cultivars with high level of disease
resistance are not yet available and chemical control
is not very eifective due tc Inclement weather. To
surmount the disease, a clear understanding of
survival, spread, existing and alternative management
strategies of the pathogen are very important. In this

review the information on eticlogy, epidemiology and

different methods of grey mold managementin castor
has been compiled and discussed in relation to grey
moeld diseases on other crops.

Key words Grey mold, Botrytis ricini, castor,

etiology, epidemiology, management

Introduction

Grey mold epidemic was first reported from Florida, U.S.A

in 1918 when a large part of the State was devoted for the
cultivation of castor (Ricinus communis L) crop during
war emergency to meet the increasing demand of castor
oil. A large quantity of castor seeds was imported during
that year to Florida from India and i appears that the
fields where the disease developed were those in which
imperted seeds were sown (Godfrey, 1623). The presence
ofgrey mold in Karnataka, India was confirmed by Dastur
(Anon. 1921). The occurrence of the disease was
recorded from Russia (Tropova, 1828), Germany {(Paim
1932), Brazil (Viegas, 1944), Morocco (Rieuf, 1953),
Jamaica (Wright, 1954), Rhodesia (Anon., 1858}, Bulgaria
(Vanev, 1880, Nigeria {Esutuoso, 1966), British
Columbia (Patino,. 1667), Australia {Anon., 1970} and
Thailand {Thammasak-Sommarty, 1683). An epidemic of
grey mold was reported from Mississippi, U.S.A during
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1858 (Stone and Culp, 1959). The disease first appeared
in epidemic form in Andhra Pradesh, India during 1987
(Moses and Ranga Reddy, 1988) and since then its
increased occurrence has been recorded in southern and
eastern India.

Eticlogy

Godfrey (1919) had first reported the fungus as a new
species of Botrytis parasitic en inflorescence, stem and
leaves of castor in the U.S.A and described the perfect
stage as Sclerotinia ricini Godfrey. Whetzel (1945) placed
the fungi belonging to family Sclerotineaceae whose
asexual comidiat StEUE IS RUUwWn Motk geEnus group
Botryotinia and whose asexual conidiai stage is unknown
were kept in type genus Sclerotinia. Accordingly, the
pathogen on castor was renamed as Botryolinfa ricini
(Godfrey) Whetzel [= Sclerotinia ricini Godfrey] (Orellana,
1958). Botryotinia ricini was first reported from India in
1921 (Anon., 1621). Buchwald (1948) first named the
imperfect stage of the fungus as Botrytis ricini (Gedfrey)
Buchwald. Golenia (1955) reported Botrytis cinerea Pers.
Ex. Fr. to cause grey mold of castor. The Botrylis species
tend to be concentrated in the temperate regions of the
world, where they ocCUr on a variety of crop plants. The
types grouped under B. cinerea have a very wide host
range and are Known to cause grey mold in grapes
(Nelson, 1951), strawberries (Jorden and Hunter, 1972),
sunflower (Mathur ef al, 1981), chickpea (Haware and
Nene, 1982}, blackberry and raspberry (Bristow, 1591},
cucumber (Elad and Yunis, 1993), roses (Elad et af,
1993), geranium (Sirjusingh ef al,, 1886), tomato (O'Neill
et al, 1887) and sweet cherry (Adaskareqg et al., 2000)
etc. The perfect stage of B. cinerea is Botryotinia fukeliana
(de Bary) Whetze! (Grooves and Loveland, 1853) that has
so far not been repoerted from India (Rathi and Tripathi,
1993). The genus Botrytis contains a large number of
host-specific pathogens such as B. fabae Sardina on
beans and B. aclada Fresenius on Alium spp. and other
species (Coley-smith, 1980). Though the branching
pattern of conidiophores and culture characteristics of
B. ricini and B. cinetea are similar they could be
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differentiated based on the conidia shape, B. ricini conidia
are globose whereas that of B. cinerea are oval to
elongate (Ellis, 1877} Raocf(Anon., 2000) confirmed the
host specificity of B. ricini by cross inoculation test under
artificial epiphytotic conditions. A detailed description of
B. ricini is given by Godfrey {1919; 1923), which is as
follows: The fungus forms wide spreading cob-webby
somewhat wooly mass, pale drab-grey to drab, dried
specimens dark olive grey; sterile hyphae procumbent,
hyaline, many septate often vacuolated frequently
anastomosing, fertile hyphae produce long, slender,
smooth, hyaline, septate hyphae slightly constricted atthe
base, olivaceous when mature, dichctomeusly branched
terminal branching compact, apices non-inflated, thin
walled collapsing when the conidia fall; conidia borne on
stevigmata, globose, smocth, hyaline, €-12 p and
compactly greuped {Fig.1); sclerctia black rough,
elongate, irregular, 1-25 mm in length, sub-erumpent to
superticial developing on axes and peduncies of old castor
inflorescences and on stalks, the fungus grows very
rapidly on antificial media, spreading and superficial at
first, with glistening appearance on the surface of the
medium, within 48 hr aerial hyphae begin to develop
which produce cenidia and the culture attains light grey
colour and gradually change to drab or even dark-olive
grey. about the fourth day sclerotia Yammito 3ord mmiin
length, at first pale smoke grey then gradually darker in
colour finally changing te black begin to form. Based on
the diffused and grey colour of the colonies cn Potato
Dextrose Agar (PDA), erect conidiophores, sesldom
branched, septate, 11-23 y thick, with several projections
on the tips on which thick beads of hyaline, globose,
conidia -9 p diameter Moses and Ranga Reddy (1989)
established the causal agent of castor grey mold in India
as B ricini. Mehtab Yasmeen (2004) cbserved the
formation of sclerotial bodies on PDA, castor leaf extract
medium and V, juice medium.

Godfrey (1919} also observed the production of perfect
stage Sclerotinia ricini from sclerctia under natural as weli
as laboratory conditiens. The following are the
characteristics of the perfect stage: A single sclerotium
preduces oneto several apcthecia (Fig.2) each measuring
5-30 mm high (usually 6-15 mm), infundibuliform to
cyathium and discoid, leng stipitate, cinnamaon brown to
chestnut brown, stalk concolorous, cylindrical, slender,
smooth, flexuous, attenuated below, without rhizoids; disc
at first closed, expanding to saucer-shaped with margin
sometimes recurved, exterior roughened, 1-7mm in
diameter {usually 1.5-4mmy}, asci cylindrical te cylindro-
clavate, apex slightly thickened, opening by a pore,
50-110 p by 6-10 p (usually 80 - 100 p by 8 p); with eight
spores, ellipsoidal, often sub-fusoid, hyaline, continuous,
bi-guttulate, 9-12 p by 4-5 p; paraphyses abundant,
filiform, seplate, hyaline, 1.5-2 p in diameter {Fig.3).
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Epidemiology

Bolrytis ricini survives in soll through mycelia or dormant
structures called 'sclerofia’ formed on the infected castor
crop debris/seeds {Godfrey, 1823). In the U.S.A
sporogenic and carpegenic germination of sclerotia were
observed under artificial as well as natural conditions. The
fungus was found to survive in infacted castor crop debris
for six and nine months under field and laboratory
conditions, respectively (Mehtab Yasmeen 2004}, Onthe
contrary B. cinerea was found to survive under field
conditions in infected chickpea plant debris at a depth of
25 cm for eight rmonths (Singh and Tripathi, 1992). In
India, sclerotia of B. ricini are rarely found on infected
castor plant parts. Even those formed on artificial media
germinate only by mycefliogenic/sporogenic means
{Mehtab Yasmeen, 2004). Godfrey (1923) observed the
grey mold growth both on the caruncle of the seed and
also beneath the seed coat with mycelial fragments on
and inside the seed surface and sclerotia formed on
infected seeds produced apothecia even after 17 menths.
The seed-borne nature of the pathogen was confirmed by
many workers (Kulkarni and Ramanamurthy, 1977
Srinivasulu ef af., 1994). Similarly seed-bcrne nature of
8. cinetea in chickpea has also been reported (Laha and.
Grewal, 1683). Latent infection in castor seeds collected
from apparently healthy capsules of infected plants was
also reported (Mehtab Yasmeen, 2004). Jarvis (1962)
found latent infection of B. cinerea in strawberries and
raspberry fruits while McClellan and Hewitt {1973)
observed quiescent infection in the stylar end of the
grapes. Tikhonov and Andreeva (1986) observed seedling
infection when the seeds from previously infected crop
were sown under humid conditions. Infected seedlings
and sprouts perish and tissues of seedlings, cotyledonary
leaves and stems turh brown, mold and soften and finaily
young plants die.

The disease appears at fiowering or capsule development
stage with the prevalence of continuous cyclonic weather
in southeast coastal regions of india for a few days, which
results in high humidity build up coupled with low
temperature conditions. Godfrey (1923) reported a
successicn of several continucus wet days with high
relative humidity (> 90%) and moderate temperatures
{25-28°C) as essential for grey mold development in
casior. Moses and Ranga Reddy {1939 reported
prolonged wet cenditions as congenial for disease
development, sporulation and spread. Abundant
sporulation en the infected racemes provides incocutum
that is readily disseminated by wind and splashing rain,
which facilitates the spread of secondary infection. Jarvis
(1962) found air currents and splashing rain to
disseminate spores of Bofrytis sp. in the field for
secondary infection.
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Fig.2: Apothecia of B. ricini Fig.3: Asci and ascopores of B. ricini

(Adopted from Godfrey, 1919)
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Host rangé

While Godfrey {1923) reported B. ricini infection on Jatropha
sp., Manihot utiissima and Euphorbia pulchernima, under
artificialincculated conditions Mehtab Yasmeen (2004) found
B. ricini to infect eight members of the family Euphorbiaceae
{Euphorbia hirta, E. genicufata, £ pulchernma, E. prostrata,
Jatropha curcus, J. intergertima, J. muftifida. J. podagrica and
J. gossypifolia) and five species belonging to different families
viz., Hibiscus rosa-sinensis (Malvaceae), Helianthus anhnuus
and Tagetus errecta {Asteraceae), Cicer anefinum and
Delonix regia (Fabaceae} and Bougainvilea spectabilis
(Nyctaginaceae) Similarly, Rathi and Tripathi (1991} alsa
observed B. cinerea to infect eight cultivated species and 21
weeds under artificial inoculated conditions,

Disease Management

Host resistance has been on top priority to manage castor
grey mold. However, to identify resistant sources reliable
screening techniques are prerequisite. At Directorate of
Oilseeds Research, Rajendranagar (Anon., 2000) two
screening technigques viz., 'detached spike technigue’ and
‘field screening technique' were developed for screening
castor germplasm and breeding material against grey
- mold disease. At G.B. Pant University of Agriculture and
Technology, Pantnagar ‘flower culture technique' was
used for artificial screening (Rathi and Tripathi, 1994). At
ICRISBAT ihree screening techniques viz., ‘cut-twig
screening technigue’ (Singh et al., 1998) 'growth room
-screening technique’ and ‘field screening technique'
{Pande et al, 2002) were developed to screen chickpea
germplasm and breeding material for grey mold
resistance. Thomas and Orellana (1963) reported
cultivars of castor with spiny capsules berne in compact
racemes 1o be more susceptible to grey maold than
spineless capsules in open raceme types. Sall ef al,
(1981) reported grape cultivars with tight cluster to be
susceptible to severe bunch rot caused by B. cinerea than
cultivars with loose fruit clusters. In chickpea, tall, erect
and compact genotypes exhibited resistance to grey mold
than bushy and spreading genotypes (Haware and Mc
Donald, 1893). Racef and Nageshwar Rao (1999) found
spineless castor variety 48-1 (Jwala) to be l[ess
susceptible to grey mold. Out of 145 castor germplasm
accessions screened against grey mold under artificial
epiphytotic conditions at Direclorate of Oillseeds
Research, Hyderabad only six accessions were identified
as moderately resistant {Anjani ef af,, 2004). In chickpea
genotypes too, high levels of resistance against grey mold
15 not available (Rathi ef &/, 1984). Work on inducticn of
host resistance in castor against grey mold using
mutaticns (gamma radiations] is in progress and
resistant/talerant mutant thus identified can be either
directly be released or used for breeding resistant cultivar
{Anon., 2005).
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Removal and burning of grey mecld infected castor
spikes/capsules has been recommended {Anon., 2002) for
reducing the inoculum load of the pathogen. Removal and
buria! or burning of decaying infected plant tissues were
proven as a practical measure to reduce Botrytis inoculum
levels in field in crops like tomatces, pecny, lettuce,
grapes and tulips (Maude, 1880) Wider spacing between
the plants and between rows {90 x 60 cm) has also been
recommended as one of the impartant companents for
castor grey mold management {Anon., 2002} as it
provides good aeraticn in the crop cancopy and reduces
the wetness of the tissue thus reducing disease
development. Broad bean crop sown at wider spacing (45
x 71 cm) were less severely attacked by B. fabae than
those sown more densely (30 cm apart and less). Wider
spacing between rows resulting in low incidence of
chickpea grey mold was reported from Nepal (Reddy
el al., 1988), India (Reddy ef a/., 1983} and Bangladesh
{Bakr et al. 1993), Adjusting sowing time such that the
crop maturation occurs during dry season helps in
disease escape (Raoof and Nageshwar Rao, 1999). Kark:
et al., (1989) also observed reduced grey mold incidence
in chickpea by adjusting sowing time.

Tropova {1928) reported that disinfection of castor seeds
with a higher concentration of formalin than usually used
for seed disinfection considerably reduced the incidence
of Botrytis along with other seed-porne fungi. Kanwar and
Khanna (1979) reported that seed treatment with benomyl
@ 0.25% completely centrolled all the fungi associated
with seeds of castor while Siddaramaiah ef al {1980)
found agallol (3g/kg) and thiram (3g/kg) to be effective.
Srinivasulu et al. (1994) tested six fungicides out of which
maximum control was obtained with carbendazim
followed by captan. Madhu Meeta ef a/. (1986) and Rewal
{1987) reported that spraying with carbendazim {0.1%) or
carbendazim + thiophanate methyl (0.1%} significantly
reduced grey mold intensity in chickpea. Fungicides viz,
lprodione, Vinclozolin, Procymidone, Dichlofluanid and
Folpet reduced grey mold incidence in grapes (Miikota st
al, 1996). Incorporation of weather forecasting in
integrated disease management module is essential for
timely management of grey mold in the fields as the
disease development is entirely weather dependant.
Forecasting system BOTMAN (Shtienberg and Elad,
1997) and predictive model (Bakr et al, 1999) were
developed for management of vegetable crops and
chickpea against grey mold, respectively. Depending cn
Area Cyclone Warning Centre's forecast, one spray of
carbendazim/thiophanate methyl 1g/l before onset of
cyclonic weather and cne more spray after disease
appearance were recommended as chemical control for
castor grey mald {Anon., 2002).
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Raoccf et al (2003) reported Trichoderma spp. and
Pseudomonas fluorescens to control castor grey mold to
an extent of 40-50% under artificial inocllation conditions.
Mukherjee and Haware (1993) isoiated and tested many
Trichoderma spp. against B. cinerea causing grey mold of
chickpea and obtained considerable success inlaboratory
as well as in field conditions. Induced systemic resistance
against castor grey mold was obtained by applying
salicylic acid at 10 mM concentration on the racemes one
week before incculation of B ricini under artificially
inoculated cenditions (Aswani Kumar, 2001). Similarly
salicylic acid reduced grey mold incidence in tomatoes
(Elad, 1893), pepper (Elad, 1883} and lilium
(Chen-Chaoying et &/, 1997). Synthesis of phytoalexins
through heterologous expression of resveratrol synthase
from grapevine rendered tobacco more resistant to
8. cinerea (Hain et al., 1883} Transgenics in cucumber
(Tabei et &/, 1898} and chrysanthemum (Takatsu et af,,
1999) were developed against grey meld by expressing
rice chitinase cDNA. Expression of pear
polygalacturonase inhibiter protein {PGIP) in transgenic
1omato plants enhanced resistance of tomato leaves and
fruits 1o B. cinersa (Powell et al., 2000) Efforts are also
under progress to develop transgenic chickpea by ultilizing
the gene encoding raspberty PGP (Anon,, 2002).
Recently Hinrichsen et &l (2005) reported that
introduction of Trichoderma harzianum anti-fungal genes
and anti-microbial peptide genes into  grapes
provided significant reduction in size of lesions caused by
B. cinerea on leaves.

Conclusion

Castor is a mainstay of rainfed production systems
especially when the monsoon outbreaks lately.
nformation on castor grey mold is very meager. Stable
and reliable sources of resistance need to be identified by
screening under varied agroclimatic conditions at hot spot
focations. it is also essential to study the basis of
resistance in castor for genetic engineering to develop
transgenic cultivars. Systematic studies on ecology and
epidemiological factors need to be carried out for
development of forewarning systems to manage the
disease in a cost-effective way, since many castor
farmers are resource-poor. Biocontrol agents need to be
-exploited for control of moderate infections. In the light of
its infectivity on J. curcus, care may be initiated to protect

the large-scale plantings being promoted for harvesting
bio-diesel from this Crop.
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Abstract

Genetic divergence was examined in 22 released
vatieties and one advanced line of Indian mustard
[Brassica juncea (L) Czern & Coss]. Considerable
variability was observed for 1000-seed weight, seed
yield, total biomass, plant height, harvest index and
days to flowering. The variability was low for oil
content, protein content, seeds/siliqua and maturity
duration. Genotypes were grouped intos 5§ clusters,
Varuna, Vaibhav, RL-1359 and Bio 902 were stable
varieties for seed yield. Vardan and Seeta were found
suitable for low input cuitivation, while, Krishna was
found suitable for input rich cultivation. Crossing of
the parents Bio 902, Varuna, RH 30 and Bio 772 with
Seeta would be desirable for combining earliness,
short plant height, bold seed and high oil content with
high seed yield.

Key words: Genetic divergence, stability,
variability, indian mustard, Brassica
juncea

Introduction

In India, rapeseed mustard occupies second place in
terms of area and production after groundnut. Rapeseed
- mustard has witnessed significant increase in area,
production and productivity since the inception of
Technology Mission on Qilseeds and Pulses in 1986. The
production and yield of rapeseed mustard have increased
from 2.68 m.t. and 674 kg/ha in 1985-86 to 3.7 mt. and
902 kg/ha, respectively, in 2002-03 (Anonymous, 2603).
Development and adoption of high yielding varieties have
been instrumental in increasing the yield and production.
Varjetal development programme, which initiated with the
release of T-11 in 19836, has resulted in the notification of
105 varieties of rapeseed mustard by 2005. Of these, 80
were developed after the inception of the All India
Coordinated Research Project on Qilseeds in 1987
{Chauhan ef &/, 2003).

Inthe present study 22 popular varieties of Indian mustard
[Brassica juncea (L.) Czern & Cess), which are widely
grown in different agro-climatic zones of the country along
with one advanced entry were chosen. The study was
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carried out for 3 years starting from the year 1998-99. The
variability among the varieties/genctype for seed yield and
nine yield related traits as well as stability of these
varieties was analysed.

Material and methods

Twenty two high yielding varieties of mustard developed
during 1975 to 1998 in India and one promising advanced
breeding strain selected from advanced yield evaluation
trials  during 1996-97 were chosen for present
investigation (Table 1). Breeder seeds of these varisties
were procured from the concerned breeders. All the 23
genotypes were grown in 10 rows of 5 m length in
Randemized Complete Block Design with 3 replications.
Fow to row and plant-to-plant spacings were maintained
at 30 and 10 om, respectively.

Observations were recorded for 10 traits including plant
height (cm), days to 50% flowering, days to maturity,
seeds per siligua, 1000 - seed weight (g), seed yield {kg),
total biomass (ky), harvest index (%}, oil and protein
content{%). Plant height and seeds/siliqua were recorded
en 10 randomly selected plants from each genatype,
while, days tc flower and maturity, seed and biomass
yield were recorded on the plot basis. 1000-seeds weight,
olt content and protein content were recorded by taking
random samples from plot yield. Harvest index was
computed as ratio between seed yield and biclogical yield
and expressed in perceniage. Variability was studied on
the basis of mean values pooled over 3 years data
Bartleti's test was applied to test the homogeneity of
variance and weighted anaiysis was used where year x
variety interaction was absent and error variance was
heterogenous, to make comparison amonrg varietal mean
{Panse and Sukhatme, 1985).

Stability analysis was conducted using 3 years data
following Eberhart and Russell {1968) to determine
stability regression co-efficients and deviations from
regression. The mean square  for devistions from
regression was tested against the residual mean square
using the appropriate test suggested by Eberhart and
Russell (1966), Genetic diversity amang the varieties was
determined by Using Mahalanobis's (1928) D statistics
and varieties were grouped into different clusters.
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Takle * Name, year of release, pedigree and area of adoption of mustard varieties

Year of . .
Name selease Pedigree Area of adoption
varuna 1875 Pureline selection from Varanas! Local Entire musiard growing region of te country
Seeta 1980 Pureline selection from germplasm coliected from West Rainfed and irrigated areas of Wes! Bengal
Bengal
Hranti 1682 Selection from Varuna frripated areas of Bibar, Delhi, Guiarat, Haryana, Onssa,
Punjaty, Rajasthan, Uttar Pradesh and West Bengal
Krishna 1983 Selection from Varuna lrigated areas of Bihar, Delhi, Haryana, Madhya Pradesh,
Crissa, Pubjah, Rajasthan and Uttar Pradesh
RH-30 1983 Selection from P 26/3-1 Rainfed and irrigated areas of Haryana, Jammu, Punjab,
North Rajasthan and Western Ultar Pradesh
RLM 619 1983 Gamma ray induced mutant olf RL 18 Irrigated areas of Gujarat, Haryana, Jammu, Punjab and
Rajasthan
RH 8113 1585 Derived from the cross Varuna x RC 781 Irrigated areas of Haryana, Himachal Pradesh, Jammu,
Punjab and Rajasthan
Roltini 1985 Selection from Varuna Madhya Pradesh and Ultar Pradesh
Vajbhav 1985 Derived through biparental mating invelving Varuna, Keshri, Rainfed and irrigated areas of Madhya Pradesh and Unar
CSU 10, 1B 1775, IB 1786 and 1886 Pradesh
Wardan 1985 Derived through biparental mating involving Varuna, Keshri, Irrigated areas of Madhya Pradesh and Uttar Pradesh
CSiU 10,18 1775, (B 1786 and 1886
RL 1359 1887 Derived from the cross RLM 514 x Varuna Norh-West Zone of India
RH 781 1830 Cerived from the cross RL 18 x 26/3-1 x RL 18 Irrigated areas of Haryana and Eastern zone of India
RH 812 1290 Derived fram the crass Prakash x Bulk pollen Rainled areas of North West Zone
Bio 902 419393 Sornacione of Varung Irrigated ateas of Gujatat, Maharashira and Western
Rajasthan
PCR7 1993 Puretine seleclion ficrm Kuteh germplasm line JMG 36-6 Rainfed and irrigated areas of Gujarat, Maharashira and
Weslern Rajasthan
PBR 91 1954 Derived from the three way cross (RLM 511 x PR 18) x CM-1 Punjab
PR £988 1995 Derived from the cross PR 8611 x Varuna North West Zane of India
RH 8812 1996 Derived from the ctoss PR 15 x RH 30 Haryana
cs 82 1997 Pureline selection from DIRA 343 Sodic and saline soils of Haryana, Rajasthan and Wtar
Pradesh
SEJ2 1897 Detived from the cross early maturing Brassica juncea x Irrigaled areas of Delhi, Haryana, Punjab and Rajasthan
synthetic amphidiploids (B. campestis var toria x B. nigra) and rainfed areas of Assam, Bihar, Jharkhand, Qrissa,
Chhattisgarh
R 393 1958 Derived from the cross Krishna x RS 50 Rainfed situation of Haryana, Punjab and Rajasthan
VELS 1058 Derived from the cross Varuna x Synthetic juncea Irrigated areas of Madhya Pradesh, Rajasthan and Uttar
Pradesh
Bio 772 - -

Results and discussion

Results of the present study are being discussed in terms
of variability existed in the varieties; performance ofthese
varieties/genctype. for different traits in comparison to
Varuna (national check) and strategy to combine the

desirable traits through hybridization followed by
-selection.

Variébﬁlity and genetic divergence: Phenotypic
coefficient of variation (Table 2) suggested existence of
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diversity among the 23 genotypes tested in this study.
Considerable variability was observed for plant height,
days to 50% flowering, fest weight, seed vyield and
hiomass yield but low for seeds/siliqua, harvest index,
protein and oil cortent. Variation in plant height, flowering
and maturity duration makes these varieties suitable for
cultivation under different agro-climatic zones. However,
there is heed of further improvement for seeds per siliqua,
harvest index, oil and protein centent, which will resultin
higher oil yield.
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Table 2 Mean values of different traits and stability parameters for seed yield in 23 genotypes of Indian mustard

Seed

voicy s Towesson TS Do Doio Davste Seeds T SRS My conent conton
(ka/ha) (SD) (cm) (9) {q /ha) ( %) (%) (%)
VARUNA, 1750 0.724 .73 171 56 133 12 6.1 " 894 252 3g.2 212
RH 781 1410 1.28 275" 183 59 136 13 4.1 61.4 231 399 22.0
VSL-5 1620 19 -0.68 165 53 132 13 4.3 68.4 239 396 220
RN 303 1530 0.66 1.15 181 62 140 13 42 713 215 395 223
RH 819 1410 0.29 2.67 1M 66 138 13 43 65,8 216 40.2 222
NARDAN ABEQ 28 o34 184 54 131 13 af 453 2348 409 217
VAIBHAY 1680 0.86 1.29 151 53 132 12 43 71.0 248 38.2 216
RBR-g1 1620 2.05 1.49 186 60 137 13 4.0 72.4 225 386 21.8
PCR-7 1650 225 6.28 185 65 139 13 48 742 222 396 217
KRISHNA 1640 1.45* 0.75 177 5§ 137 14 4.3 716 232 40.2 219
RH- 30 1430 1.59 1.41 175 56 135 12 57 62.5 228 39,5 215
SEETA 1260 -6.32 Q.71 143 47 125 13 3.1 509 24.9 #6217
RH 8113 1460 16 0.07 194 62 139 13 39 696 210 396 223
KRANT! 1540 255 2.56 178 54 137 13 4.0 69.7 218 400 220
PR 8988 1430 2.03 -0.68 187 59 136 12 45 64.7 223 39.6 218
o552 1510 0.25 -0.55 183 59 135 13 43 66.5 232 398 21.7
SEJ-2 1310 -0.44 -0.16 155 44 122 13 46 61.4 21.4 40.7 214
RL 1359 1680 1.3 -0.59 183 58 137 14 43 716 23.4 408 219
BIO 772 1670 1.72 D69 164 55 134 13 6.2 57.9 247 39.6 209
ROHINS 1390 0.44 -0.42 165 60 136 13 45 595 236 ap.1 214
RLM 619 1480 0.59% -0.29 177 58 133 13 48 60.0 248 39.9 215
RH 8812 1470 035 -0.04 182 59 139 14 5.0 658 22.4 403 219
BIO 902 1680 137 0.44 162 55 136 13 6.1 64.9 2589 388 212
CD (P=0.05) 130 145 6.45 241 207 039 20 2.4 1.47 098
PCV* 177 16.2 116 6.0 2.9 21.3 18.7 135 42 5.7

POV = Phenotypic coeflicient of variation

On the basis of D* values, 23 genotypes were grouped
into five clusters. Cluster 1 was the biggest cluster
comprising 16 varieties. Cluster || comprised of four
varieties while, clusters llI, IV and V consisted only onhe
varfety each (Table 3). The perusal of the Table 4
revealed that cluster 1 and 1V were mast distant from
each other followed by cluster IV and . In contrast cluster
[ and (Il were closely ptaced to each cther. This is to be
neted that cluster 1V comprises only one variety "Seeta”
which is adopted 1In West Bengal while the varieties of
cluster | and |l'are well adopted in the northern parts of
the country, suggesting the effect of geographical distance
an genetic diversity. Intra cluster distance was highest
among the genctypes falling in cluster 1, which was the
biggest cluster. Cluster means for 10 different traits are
presented in Table 5. Plant height ranged from 148.6
{Cluster 1V) to 178.7 (cluster [). Obviously tall varieties
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were grouped in cluster | while, cluster IV compnsed of
single variety viz., Sesta with shortest plant height. Days
to 50% flowering was lowest in cluster V (SEJ-2} and
highest in cluster |. On the basis of seed yleld and seed
weight, cluster Il had most valuable genotypes viz., Bio
772, Bio 902, Varuna and RH-30.

A perusal of the pedigree (Table 1) of these 23 genotypes
exhibited that nine genotypes were either selection from
Varuna or involved Varuna as one of the parents. Cut of
these nine genotypes, 8 fell in the same cluster | It was,
however, interesting to note that Varuna was in different
cluster (cluster il) with Bio 902, RH 30, and Bio 772, This
was 215t obvious that the genotype SEJ-2 which included
synthetic amphidiploids as one of the parents was single
genotype in the cluster V, representing its diversity from
the other genctypes. Genotypes Vardan and Vaibhav,
which have the similar ancestry, belanged to different
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clusters suggesting different genetic make up as a result
of biparentai mating On the basis of pedigree as well as
genetic diversity reflected by D* analysis, it would be
desirable to cross the parents from cluster | and |l with
that of cluster Ui, IV and V (each monogenotypic} to
create considerable magnitude of variability and ta identify
heterotic parental combinations

Fable 3 Number and name of genotypes in different clusters

Cluster No.of Genotype
genotypes N
Cluyster 16 Krishna, RL 1359, RN 3%3, CS 52, RH 781, PR
8388, RH 8113, Kranti, Rahini, RLM 619, PBR 91,
VSL-5, PCR-7, RH 8812, RH 819, Vardan
Cluster I} 4 Bio 772, Bio 802, Varuna, RH 30
Cluster Il 1 Vaibhav
Cluster iV 1 Seela
Cluster V 1 Sej-2
Tabled  Intra(cdiagonal) and inter cluster distance (D? values) of the
cluster
Cluster ! ] m Iy v
| 57 11.8 8.7 128 10.7
i 5.1 11.5 202 12.7
i 0.0 127 10.6
W 0.g 10.4
v 0.0

Stability analysis: Development of a stable varigty is one
of the major objectives of all breeding programmes.
Several models have been proposed for stability anaiysis.
According to Eberhart and Russell (1966) model a stable
variety is one, which has above average mean yield, a

regression coefficient of unity {=1.0} and non-significant
mean square for deviations from regression (SD = Q).
High value of regression {»1.0) indicates that the variety
js more responsive for input rich environment, while, low
value of regression (<1.0} is an indication that the variety
may be adopted in poor environments.

Analysis of variance for stability of yield (Table 6) revealed
the existence of substantial variability among varieties for
seed yietd. Significance of variely x year interaction
revealed that varieties interacted significantly with
envirenments {years). The partitioning of interaction
showed that both linear and nori-linear (pooled deviation}
components of interaction were highly significant.

The phenotypic stability of varieties was estimated by
mean performance over years (x), the regression
coefficient (b} and the deviation from regression. In
Everhart and Russel model'b'is considered as a measure
of responsiveness and S°di [pooled deviation), as a
measure of stability. Varieties viz., Varuna, Vaibhav, RL
1359, Bio 902 had regression near fo unity,
non-significant pooled deviation and above average yield
therefore, may be grouped as stable. Singh et al. (2002)
also recommended RLM 1359, RH 30, Varuna, Kranti,
Rohini and PCR-7 for cultivation under irrigated clay loam
soil of semi arid tract of eastern Rajasthan. Vardan and
Seeta had significant negative regression coefficient,
which indicated that these varieties may be adopted to
poor environments. On the other hand, the regression
coefficient of Krishna was more than one and significant
indicating thereby its responsiveness to favourable
environments. Deviation from regression was significant
for the varneties RH 781, RH 818, PCR 7 and Kranti
indicating their highly unpredictable response aver the
years.

Table 5 Cluster means of five clusters for 10 guantitative traits in Indian mustard

Cluster Plant height  Days to 50% Days to Seeds/ 100C-seed Seedvyield Biomass Harvest Oilcontent Protein
{cmj fliowering mafurity  sifiqua  weight (9} {¢'ha}  vyield (g/ha) index (%) {%) centent (%)
l 1787 £99 138.2 130 43 152 67.4 227 39.9 218
1 167.8 55.7 134.4 12.4 6.0 16.3 68.7 239 39.3 211
i 1511 528 132.0 12.0 43 18.7 709 24.8 39.3 218
Y 148.6 46.2 123.8 133 31 12.6 50.9 249 41.7 216
v 15851 44.9 1215 13.3 4.8 13.1 61.4 21.4 40.7 21.4

Stability analysis however, revealed that Varuna, Bio 902,
RL 1359 and Vaibhav were more stable varieties for seed
yield. It was also obvious from comparison of mean
values for 10 traits that few varieties performed better
than Varuna for plant height, days to flower, maturity
duration. oil and protein content but still none of the

154

released varieties could surpass it for seed weight,
biomass production and harvestindex. Therefore, it would
be desirable to create variability through hybridization
followed by selection to identify better genotypes for these
traits. The genetic diversity has a direct relation on the
creation of magnitude of variability through hybridization.
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Table 6 Analysis of variance for stability of yield

SV d.f. M.S.
Varieties 22 5.4
Environment + (Variety x Environment) 48 5.9*
Environments 2 66.6*"
Variety x Environment 44 32"
Environment (Linear) 1 133.3
Variety x Environment {Linear} 22 5.4+
Pooled deviation . 23 1.3*
Pooled Error 138 07
Total 68 57

The genotypes from diverse clusters should be used
rather than the genolypes of clusters having low
divergence to create variability for further selection in
subsequent generations and to identify heterotic cross
combinations for harvesting hybrid vigour. Singh and
Gupta (1985), Pradhan et a/. (1993}, Ali ef al {1995) and
Ghosh (2002; also suggested the use of diverse parents
for hybridization pregramme.

Results of present experiment showed that crossing
parents from cluster | and |l with varieties viz., Vaibhav,
Seeta and SEJ-2 which belong to cluster II, 1V and V,
respectively will result in considerable variability and
genotypes with combined traits for early maturity, short
plant height, high seed yield, bold seeds and high oil
centent may be deveioped.
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Abstract

Genetic diversity studied by using Mahalanobis D?
statistics indicated wider genetic diversity in the
population of Indian mustard. The 32 Indian mustard
genotypes studied, grouped into six clusters. Cluster
VI genotypes showed maximum value for plant height
(197 ecm}, number of siliquae/plant (368) and number
of seeds/siliqua (17). Whereas, genotypes of cluster
VI showed maximum value for seed yield/plant (27.2
g), number of branches/plant (32) and oil content
{38.5 %]}. Cluster | recorded genotypes with lowest
meaan values for days to 50 % flowering (42.4}. Plant
height contributed the maximum to the total
divergence (40.5%) followed by days to maturity. The
clustering pattern did not establish a clear-cut
relationship between genetic diversity and
geographical diversity. The cultivars included in the
diverse clusters can be used as promising parents for
hybridization programme for obtaining high heterotic
response and thus better segregants in
mustard.

Key words: Genetic divergence, Indian mustard

Introduction

Indian mustard [Brassica juncea {L.}) Czern & Coss] an
impurtant ollseed crop grown in north and northwast India
is the second mest important oilseeds crop after
groundnut in India. To accomplish success in mustard
improvement programme it is necessary to collect
infarmation an genetic diversity, as it provides the basis
for a efficient selection of genotypes for hybridization.
Many workers have long recognized the importarce of
genetic diversity in selection of parents for hybridization.
(Murty and Arunachalam, 1966; Jagadev et af, 1591;
Mahto, 1996 ).

Material and methods

Thirty-two genotypes of Indian mustard selected from the
germplasm maintained at the Main Castor- Mustard
Research Station, Gujarat Agricultural University,
Sardarkrushinagar, were grown in Randomised Block
Design with three replications during rabi, 2000-2001 at

Indian -
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Sardarkrushinagar. Each replication consisted of single
row of 3 m for each ertry, with row-to-row and
plant-to-ptant spacing being 45 cm and 15 cm,
respectively. The experimentat area was fertilized at the
rate of 50-50-00 Kg NPK/ha in the form of urea and
diammoenium phosphate. Other plant protection measures
were taken and irrigation applied as per the
recommendation for the crop.

Five competitive plants were randomly selected in each
entry for recording observation on total number of
branches (cm) number of siliquae/plant, number of
seeds/siliqua, test weight (g), seed yield/plant (g) and oil
content (%), However cbservaticns were recorded on plot
basis for characters days to £0% flowering and days to
maturity.

Following the analysis of variance the data were subjected
to multivariate analysis of genetic divergence using
Mahalanobis D? statistics (Mahalanobis, 1936). Grouping
of entries was dene by following Tocher's method.
{Rao, 1952}

Results and discussion

The analysis of variance revealed considerakle amount of
variability for the nine traits studied. Suggesting ample
scape to identify desirable genotypes. Based on the
relative magnitude of D? values 32 genotypes were
grouped into 6 different clusters. (Table. 1)

Grouping pattern showed no clear relationship between
gecgraphical diversity and genetical diversity. The cluster
Il followed by cluster Il was the largest comprising nine
and seven genotypes respectively. The result showed that
geographical diversity was not necessarily a direct cause
of genetic diversity. The gecgraphical diversity has been
disproved to be an index of genetic diversity in several
crops ( Mahto, 1996; Shalini et &/, 2000; Verma and
Sachan, 2000}. Frequent exchange of breeding materials
from one place to ancther and further selection may also
be responsible for distribution of gene complex over
distant locations. Thus, it is more appropriate to select
genotypes for nybridization based on genetic diversity
rather than geographical diversity.
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Table 1 The distribution of 32 genotypes of Indian mustard into different clusters on the basis of D” statistics

Ciuster  Genotype Source Parentage g:r:g‘;zeosf
JMG-135 Hissar -
SKM-5585 S.K.Nagar Selection from “valmi” GM 1
SKM-G803 S .K.Nagar RSK-11 x RSK-33 . s
¢ SKM-9821 S K.Nagar RSK-16 x GM-1
SKM-9904 S K .Nagar R3K-11 x REK-33
SKM-9936 S K Nagar GM-1 x EC-287711
Jawahar Mustard-1 Muorena Puisa Bold x L-6
Lalpur-12 5.K. Nagar Local seieciion
PCR-7 NRCM, Bharatpur -
i SKM-9033 §.K.Nagar R3K-11 x Pusa Barani 9
SKM-9346 S.K Nagar {Pusa Bold x T -6342) x Pusa Bold.
SKM-9826 S Magar SK-85-5 x Varung
SKM-8914 S K Magar REK-16 x RH-8020
SKM-83941 S.K Nagar RH-30 x ZEAM-
BlC-8Q2 Pusa,New Delhi Somoclonal Selection { Varuna)
Kranti Pantnagar Pureline Selection from varuna {PR-15}
&rishna Pantnagar Selection fram Vatuna
L3 RK-8402 #anpur - 7
Rahini Kanpur Yailow Sarson % Hyola-401
Vardhan Kanpur Culture of RK- 1467
Varuna Kanpuy Selection from T-59 population
v GM-1 S. K Nagar MR-71-3-2 x TM-4 2
Gh-2 5.K.Nagar Logal selection fram Vedancha Village
NOR-8501 Faizabad -
PBR-181, Ludhiana Ri.M-198 x Varuna R
v PM-67 Patan (Gujarat) Selection from Local material 6
Pusa Bold Pusa, New Delhi Varuna x BJC-178
PYM-7 NRCM, Bharatpur -
SKM-8232 8.K Nagar RSK-2 x Varuna
VI ZEM-1 Exotic —~ 1
Table 2 Average Intra {Bold) and inter cluster distance D (D=/D%
Cluster | N Hi v ' Vi
I 2.64 4725 521 4.66 576 20.08
i 4.48 544 6.01 5.82 18.83
W 515 6.84 558 1775
Y 2.88 7.4 2188
\ 6.53 18.13
Vi 0
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Table 3 Cluster means for different characters in Indian mustard

usirtio o0 See0 Daystosoh Daystowmerot (o "ol Nl coent seedwaign

{cm) plant siliqua (%) (g
| 5 21 43 17 24 116 292 13 38 5.0
I 9 20 45 118 24 127 292 14 38 51
i 7 21 T 46 125 27 128 an 14 37 50
& 2 27 44 113 32 17 355 15 39 5.1
v 5] 20 45 123 27 131 327 17 37 5.0
Wi 1 12 54 140 21 187 368 17 35 1.3

Theintra cluster distance ranged from O to 6. 53 {Table 2).
The inter ciuster distance (D) ranged from 21.9 10 4.3.
Maximum inter ¢luster D-value was observed between
cluster IV and VI (21.8).This further confirmed that
geographic arigin was not confirmed indicater of genetic
diversity, Similar finding have alsc been reported by Murty
and Arunachalam {1966), Mahto (1995). Shalini. ef af,
{2000} and Verma and Sachan (2000).

The average cluster means for 9 traits indicated that
genotypes included in cluster Vi was maximum divergent
for all the traits studied {Table 3). Cluster IV recorded the
highest mean value for seed yield/plant (27.2), number of
branches/plant (32 4% and oil percentage (38.5%) with the
minimum mean value for days to maturity (113). Cluster
I recorded the fowest mean value for days to 50%
flowering {42y and plant neight {116). The maximum mean
1000 seed weight (5.1) was recorded for cluster |

It was found that plant height contributed maximum to the
total divergence (40 5%) followed by days to maturity
{17.8) and branches/plant {14 3). Test weight having low
contribution {12 5) whereas other traits showed very low
contribution,

So, from the present study, the diverge clusters (1, IV and
V1Y hold gaod pramise for various hybridization based
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breeding programmes, genotypes from these clusters can
be used for gbtaining high heterotic response and thus
hetter segregants in Indian mustard.
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Abstract

Study of 40 genotypes of Indian mustard for 13
different characters revealed considerable variability
for all the characters under study. Close
correspondence between GCV and PCV was obtained
tor test weight, seed vield per plant, number of
siliquae per plant and days to 50% flowering. High
heritability and high genetic advance was observed
for days to 50% flowering, plant height and number of
siliguae, whereas, seed yield per plant and test weight
recorded high heritability with moderate genetic
advance.

Key words: Genetic variability, genetic advance,

heritability, (ndian mustard
Introduction

Indian mustard is an important winter oilseeds crop grown
in India. The knowledge of genetic parameters of
variation, provides an idea about the extent of genetic
improvement possibie for different characters.
Simultaneously, the knowledge of interrelationship of plant
characters with seed yield and among themselves alse
help the breeders in improvement of a complex character
like seed yield for which direct selection is not much
effective. The present investigation was therefare, under
takentoassesstheinterrelationship and genetic variabllity
for some quantitative characters in a set of selected
genotypes.

Material and methods

Forty genotypes of Indian mustard were grewn in
Randomized Block Design with three replications during
rabi, 2002-2003, maintaining row to row and plant to plant
distance of 45 em and 15 cm, respectively.
Recommended agronomic practices were followed. The
observations on 13 quaniitative traits were recorded in
each plot on ten randomly selected plants from each
replication. Genotypic and phenotypic variances were

computed according to method suggested by Johnsan et
al (1855). Heritability [H*(bs} and genetic advance as per
cent mean were calculated according to Allard (1960) and
Johnson et af. (1955), respectively.
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Results and discussion

The analysis of variance revealed significant differences
among the genotypes for all the characters under study
which indicated the presence of considerable amount of
variability in the matenals {Table 1). Better scope for
improvement through selection existed for former
characters and was confirmed through phenotypic and
genotypic coefficient of wvariation. Genotypic and
phenotypic coefficient of variation {GCV and PCV) were
high for test weight, seed vyield/plant, number of
siliquae/plant and days to 50% flowering (Table 2}
Bimilar results were also observed by Singh et al{2003).
Burton {1851) suggested that the genotypic coetficient of
varfation and herftability estimates give proper guideline
for further selection.

Table1 Analysis of variance {mean squares) for various

characters in {ndian mustard

Character Repiication  Genofype Error
Degree of freedom 2 39 78
Days to 50% flowering 152 186.98" 1.47
Days 1o maturily 6.25 70.73* 9.64
Plant height 38z.21 1875.18* 20803
Length of main branch 97.83 304.79* G274
No. of primary branches/plant 3.10 127 027
No. of secondary branches/plant 9.40 9.94* 3.64
No._ of silique/plant £007.20 14758.01*" 2811.79
Lenagth of siliqua 0.03 054 0.19
No. of seeds/siliqua 5.81 6.20* 2.00
Seed yield/plant M S2.17 6.02
1000 seed weight 0.016 336 0.08
Cil cantet 1.49 s547 0.56
Harvest index 5.56 106.65  41.87

*and ** significant at 5% and 1% levels, respectively.

High heritability observed for days to 50 % flowering, test
weight, oil content, seed yield/ptant, plant height and days
to maturity, these characters can be improved through
selection based on their phenotypes. These results were
in conformity with Singh et ai. (2003} for test weight, days
to 50% flowering, days to maturity and seed yield/plant.
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Table 2 Range, mean, genotypic, phenotypic, environmental variance, GCV, PCV, H’(bs) and GA as per cent of
mean for various characters in Indian mustard

Hiibs)

g e SopetE Phontnie Endlarars ooy poyy DY As
Days ta 50% flowering 34-78 4567 61.83 63.30 1.47 17.21 17.42 §7.76 16.01
Days to maturity 114-137 124.91 20.36 30.00 9.64 361 4.39 G67.86 3.7%
Plant height (cm) 127.26-248.20 183.80 555.72 763.74 208.02 12.42 14 .56 72.76 4139
Length of main branch {cm) 53.60-101.60 85.84 80.68 143.42 62.74 10.46 13.95 56.25 13.86
No. of prirmary branches/plant 3.40-6.66 422 0.33 L.06 0.27 13.88 18.42 55.00 0.87
No. of secondary branches/plant 7.13-15.73 10.45 240 574 3.64 13.85 22.92 36.00 1.77
No. of siliquae/piant 230.60-537.66 360.05 3982.07 6793.86 2811.79 17.52 2289 58.00 98.47
iength of siligua (cm) 418-582 520 011 0.30 0.19 §.49 5 10.72 36.00 1.07
Na. of seeds/siliqua 10.96-18.06 13.48 139 3738 200 898 1387 26.00 C.40
Seed yield/plant (g) 9.63-30.40 20.88 15.06 21.40 6.02 18.58 22.08 71.00 6.75
1000-seed weighl (g) 2.65-6.85 4.71 1.09 117 0.08 2216 22.09 §3.00 2.06
il content (%) 35.14-42.62 37.41 1.53 209 .56 313 387 7300 2.16
Harvest index{%) 14.12-43.29 32.83 21.59 63.45 41.86 1415 2426 34.00 5.57

Estimated genetic advance expressed as per cent of mean
revealed relative differences among the quantitative
characters studied. The traits like number of siliquaefpiant
and plant height has expressed high genetic advance as
per cent of mean. Moederate genetic advance was
recorded for days to 50% flowering and length of main
branch and remaining all other characters showed law
genetic advance. These resulls are in agreement with the
findings of Singh et al. (2003} for days to 50% flowering
and Mahala et &/ (2003) for plant height and days to 50%
flowering.

The higher estimates of heritability coupled with higher
genetic advance for plant height and number of
siiguaefplant indicating that heritability of trait is mainly
due to additive effects and selection is effective for these
traits. These results were in accordance with Ghosh and
Gulati {(2001) for days to maturity and Mahala ef af {2003)
for plant height. High heritability coupied with medium
genetic advance for seed yield/piant was indicative of both
additive and non-additive gene action,

High genotypic coefficient of variation, high heritability and
high genetic advances are helpful in making selection of
superior genotypes. This study indicated that the selection
on the basis of days to 50% flowering, pfant height, test
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weight, seed yield/plant and number of siliquae/plant
would be fruitful for development of elite genotypes of
Indian mustard.
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Abstract

Germplasm accessions of sunflower (100} were
evaluated for yield and yield components to study the
extent of variation for different quantitative traits. The
germplasm accessions were also characterized on the
basis of qualitative traits. Highest phenotypic and
genotypic coefficients of variation were recorded for
seed yield/plant {B4.9% and 79.4%, respectiveiy)
followed by seed filling, hundred seed weight, hull
content, number of leavesiptant and oil per cent. High
heritability was noticed for all the quantitative traits
studied. High heritability coupled with high genetic
advance over mean were recorded for seed filling
{94.9% and 89.2%) and seed yield (56.2% and 86.3%)
followed by hull content, oil content, plant height and
hundred seed weight. Qualitative traits also showed
wide variability among the accessions.

Key words: Helianthus annuus, characterization,

genetic variability
Introduction

Sunflower is cne of the important edible oilseed creps in
the world. The crop s spreading fo diverse agro-
production situations, crossing climatic and geographic
boundaries, which necessitated the development of more
productive hybrids of diverse duration. Cencerted
breeding efforts are needed to meet this demand. The
nature and magnitude of variability present in the
germplasm has significant impact on the success of plant
breeding. Furthermore, the assessment of heritable and
non-heritable components of telal vanabiiity will have
immense valug in the choice of the suitable hreeding
procedures. Characterization of germplasm lines is useful
in identifying suitable lines and to avoid duplication. Being
stable over generaticns and environments, the qualitative
characters are reliable for characterization of germplasm.
Hance, the current study was conducted to estimate the
amount of genetic variability, heritability and genetic
advance over mean for yield and yield compenents and to
charagterize the different germplasm accessions hased on
qualitative characters.

Materials and methods

The material for the present study comprised of 100
germplasm accessions (GMU-01 to GMU-100) of
sunflower and two checks viz., DRSF-108 and Morden.
The experiment was conducied at Directorate of Ollseeds
Research, Hyderabad during kharff, 2003. Each accession
was sown in five raws of 3 m length each, with a spacing
of 80 cm between rows and 30 ¢m between plants, The
experiment was laid out in Randomized Block Designwith
two replications. ln each accession, five plants were
randomly selected and used for collection of data on yieid
and yield related characters viz., leaf [amina jength, leaf
larnina width, petioia length, days to 50 per cent flowering,
days to maturity, plant height, number of leaves/plant,
head diameler, seed filing, 100 seed weight, seed
yield/plant and oil content. The phenctypic coefficients of
variation (PCV) and genotypic coefficients of variation
{GCV) were camputed and classified as suggested by
Burton and Dewane (1953), heritability (h?) as per Hanson
et al (1956) and expected genetic advance over mean
(GAM) as suggested by Jorhmson et al (1955)

The germplasm accessions were characiefised nfo 12
qualitative characters using Anon. (1885) descriptors viz.,
early plant vigour, leaf margin, leaf colour, stem and leaf
pubescence, leaf shape, disc and ray floret colour, leaf
base, head shape, head position and seed colour.

Results and discussion

The variation in the selected germplasm for alt the 13
characters is evident from the significant mean squares
(Table 1). Different parameters like range, phenotypicand
genotypic variance, phenotypic and genotypic coefficients
of variance, heritability estimates and predicted genetic
advance over mean for the characters are preseated in
Table 2. The PCV and GCV found to the highest for seed
yield/plant {§4.9% and 79.4%, respectively) followed by
seed filling {45.6% and 44 5%, respectively), 100 seed
weight (28.7% and 20.5%), hull (22% and 202%),
number of leaves/plant (30.5% and 10.0%) and oil (23.5%
and 20 .8%) indicating the presence of greater vanabnity,
which gives ample scope for improvement of these traits

1 .
Research Associate

161



Evaluation and characterization of sunflower germplasm accessions

by simple selection. The high PCV and GCV observed for
these traits is in cenformation with easlier reports of Suma
and Virupakshappa (1994). Moderate PCV and GCV have
been observed for ieaf lamina length, leaf lamina width,
petiofe length, plant height and head diameter and low
PCV and GCV for days fo 50% flowering and days to
maturity. Low variability for these characters emphasizes
the need for generating more variability. Low variability for
these characters has also been reported by Alam et al.
{1887)

High heritability has been ncticed in respect of all the
quantitative traits studied. High heritability coupled with
high genetic advance over mean has been recorded for
per cent seed filling (94.9 and 89.2) and seed yield {56.2
and 86.3) followed by hull per cent, ot percentage, plant
height, 100-seed weight suggesting better scope for
imprevement of these characters through direct selection.
Similar results were reported by Gangappa (1991} and
Jayaramaian et a/. (1994}. High heritability with moderate
genetic advance has been observed for days to 50%
flowering and maturity, low heritability with low genetic
advance over mean for leaf lamina length, leaf lamina
width, petiole length, head diameter and number of
leaves/plant indicating greater influence of environment in
the expression of these characters. Therefore, direct
selection fer improvement of these traits would be futile.

Whiie characterizing the germplasm, it has been noticad

that there has been wide variation for all the gualitative

characters among the accessions. Out of cne hundred
accessions (Table 3), most accessions showed poor
early plant vigour, high leaf serration, dark green leaves,
dense pubescent starmn, sparse pubescent leaves, cordate
leaf shape, yellow disc floret and ray floret colour,
auriculate leaf base, flat head shape, drooping head
position and black seed colour. This is in conformation
with earlier reports of Virupakshappa and Sindagi (1987).

The germplasm accession, GMU-17 recorded the longest
leaf [amira fength {29.8 cm) and the highest leaf lamina

Table 1 Analysis of variance for quantitative traits in sunflower

width (29.7 cm) and the accession GMU-32 {29.8 cm) and
the highest leaf lamina width {29.7 cm) and the accession
GMU-32 (21.0 cm) recorded the longest petiole length
The accessions GMU-91 and GMU-92 were early
flowering types (42 days) whereas accessions GML-83,
GMU-84 and GMU-65 were late types {58 days). The
accession, GMU-40 has recorded the lowest days to
maturity (76 days), whereas, accessions GMU-85 and
GMU-98 were {ate maturing types {97 days). These
accessions can be used in breeding for earliness. The
accessions GMU-43 found tc be the tallest (177 cm)
followed by GMU-85, whereas GMU-76 has a dwarf pfant
type (112 cm). Largest heads have been observed in
GMU-04 (17 cm) and GMU-19 (17.2 cm), whereas
smaliest head size of 8.6 cm has been noticed in GMU-53
and GMU-86. The highest number of leaves has been
observed in GMU-34 (41), whereas the least was in GMU-
86 (14.4). The accession GMU-05 (82.1%) recorded
highest seed filling which is followed by GMU-33 (81.5%)
and the least in GMU-78 {4.8%). The accession GMU-16
recorded lowest oil (9.8%) and highest hundred seed
weight (8.6 g) and hence could be a promising accession
for cenfectionery purpose. Maximum oif per cent was
cbserved in accession, GMU-20 {34.9%) The accession
GMU-46 recorded lowest hyi) (19%), whereas, accession,
GMU-14 recorded highest hull {85.1%). Maximum seed
yield/plant was observed in accession GMU-72 (17.2 q),
followed by GMU-34 (18 g}, whuich can be used for
breeding for high yielding varieties and hybrids.

Thus, it can be concluded that no germplasm accession
is found to be good for all the guantitative characters,
However, different accessions have baen identified as
promising for different traits as compared to the best
check ORSF-108 or Morden (Table 4). Thus, a gene pool
can be generated by censtituting the germplasm lines of
interest or by creating a broad based cross. Such material
could be useful as a base population to develop promising
populations and lines,

Leaf Leaf . Days to
Source di. Jamina  lamina T:r:lotl;? 50%
length width g flowering

Days to
maturity

Head No.of  Seed oil Hull  100-seed S;EE
diameter leaves filfing (%) (%) (%) weight :;Jant

Genotypes 99 175" 17.5™ 12.7* 47.8** 82.8™

Replication 1 0B 3.1 o5 0.02 8.00
Error 9g 0.6 1.0 D4 1.7 1.7
Cvy (P=0.0%) 37 6.1 36 49 2.8

8.3 576" G094 547 {19 3.3 34,1

2.4 01 55 06 453 25 5.7
0.5 0.5 34 18 22 05 0.3
55 29 103 10.9 83 147 9.0

" = Significant al 5% level
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Table 2 Range, mean, coefficients af variation, heritability and genetic advance for quantitative traits in sunflower germplasm

]

Character Range Mean PV GV POV (%) GCV (%} W GAam
Leaf Jarnina length (em) 18.0-29.8 227 13.8 15 153 50 107 34
Leal lamina width (cm) 9.7-29.7 227 16.4 1.1 178 46 6.8 25
Petivle fteagth (cm) 102-21.0 15.1 143 1.5 250 8.2, 108 586
Days to 0% flowering 42-38 495 26.9 209 105 9.2 ma 16.8
Days to maturity 75-97 85.2 44 .4 38.4 78 T3 86.5 13.¢
Plant height {cimi) 112-177 1333 3357 273.2 3.7 2.4 81.4 230
Head diameter {¢cm) 8.8-17.0 12.4 80 0s 227 49 58 2.4
No. of leaves/plant 14.4-41.0 237 52.0 56 305 100 10.8 57
Seed filing (%; 4.9-82 473 4666 442.8 456 44.5 849 89.2
Oil (%) 9.8-34.9 236 0T 240 235 208 784 38.0
Huil (%) 19.0-65.1 353 60.6 50.8 22.0 20.2 84.0 352
100-seed weight 1.4-8.6 5.2 2.4 1.2 29.5 205 4381 29.4
Seed yield/plart (g) 2.0-86 60 208 172 84.9 79.4 56.2 863
PV = Phenclypic variance; GV = Genotlypic variance; h* = Heritability; GAM = Genetic Advance Qver Mean

Table 3 Grouping of germplasm collections of sunflower on the basis of qualitative characters

S.No. Character No. of accessions S.No. Charatter Ne. of accessions

1.

Early plant vigour
Paor -

Good

Yery gaod

Leaf margin
Entire

Low serrate
Medium serrale
Highly serrate

Leaf colour
Light green
Greety

Crark green

Stem pubescence
Glabrous

Sparsely pubescent
Moderately pubescent
Densely pubescent

Leaf pubescence
Glabrous

Sparsely pubescent
Moderataly pubescent
Denssly pubescent

Leaf shape
Lancaclate
Triangutar
Cardate
Rounded

31
28
41

163

7.

10.

M.

12.

Disc floret colour
Yellow

Purple

Crange

Ray floret colour
Yellow

Pale yallow

Red

Leaf basge
Acute
Deitoid
Cordate
Auricufate

Head shape
Concave
Flat

Convex
Triangular

Head position
Erect
intermediate
Drooping

Seed colour

Whita

White with black strips
Grey with biack strips
Grey with white strips
Grey

Browh

Purple

Purplish black

Black with white strips
Black

B3
0
12

3
&7

23
76

30..-_.

w o~

18

31




Evaluation and characterization of sunflower germplasm accessions

Table 4 Promising accessions of sunflower for different characters {over best check)

Character

Germplasm accessions

PRI

Days to 50% flowering (<45 days)

Days to maturity (<80 days)
93, 94 and 95
>95 days

GMU-20, 62, 11, 74, 02, 06, 21, 33, 5C, 59, 66, 76, 80, 82, 86, 94, 99, G5 and 09

GMU-53, 62, 67, 18, 18, 10, 14, 21, 25, 30, 32, 37, 40, 42, 45, 46, 48, 52, 59, 76, 81, 82, 83, 84, 85, 81,

GMU-08, 47.51,58, 74, 77,50 and 72

Plant height (>145 days)
No. of leaves/plant (>36) GMU-42 and 75

100-seed weight (6 g)

Qil per cent (>32.2%) GMU-89, 74, 49 and 87
Hult per cent (<20%)

Head dismeter (<11.8 cm)

GMU-81,17,98, 38, 77, 34,58, 79,07, 78, 75,88, 72, 42, 43 and 48

GMU-86, 87,07, 14,63, 65, 82,10, 49, 77, 04,15, 17, 39,47, 96, 13, 38, 95, 09, 81, 33,19, 28, 42, 48,
60, 66, 74, 16, 57,81, 72, 75,62, 18,67, 27,35 and 99

GMU.46, 18, 20, 61, 95, 70, 38, 53, 62, 52, 27, 50, 87, 96, 22, 30, 100, 47, 83 and 86

GMU-18, 40, 32, B9, 82, 13, 38, 53, 88, 85, 54, 85 14, 83, 36, 45, 90, 37, 64, 70, 17, 29, 39, 44, 40, 89,

10,12, 21,30, 51,62, 87,01, 23, 34, 76,03, 15, 22, 28, 63 and 79

>(14.2 om)

GMU-92, G5, 07, 25,52, 42, 27, 50, 56, 74, 96, 35, 80, §1, 02, 94, 99, 65, 41 and 66
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Abstract

Sunflower genotypes (66) were evaluated for 13 yield
and yield attributing characters to study the genetic
diversity existing among them by using Mahalanobis
D? statistics. The genotypes grouped into various
clusters revealed that there was no relationship
between geographical distribution and genetic
diversity. Maximum inter-cluster distance was
observed between cluster VIN and IV {27.33) while,
lowest divergence was noticed between cluster | and
VII {12.32). Among the 13 characters studied, seed set
(%) under self-pallination contributed highesttowards
genetic divergence (36.64%) followed by total
drymatter/plant (24.38%) and seed yield/plant (15.91%).
Cluster IV exhibited highest means for plant height,
head diameter, days tc maturity, seed yield/plant, filied
seeds/plant, harvestindex and seed set per centunder
open polination. Cluster VIll exhibited lowest means
for piant height, total drymatter/plant and seed set (%)
under open pollination. The genotypes from cluster IV
and Vill, which have high and low c¢luster means for
the majority of the characters are suggested as
parents for hybridization programme to achieve novel
recombinants,

Key worids: Genetic divergence, D?, variabifity

Introduction

Genetic divergence among parents is essential since the
crossing programme involving genetically diverse parents
is likely to produce high heterotic effects and also more
vanability could be expected in the segregating
generations. Genetic diversity between populations!
genotypes indicates the differences in gene frequencies.
Multivariate analysis using Mahalanobis D? statistic (1938)
i a valuable tool to study genstic divergence at
intervarietal and sub-species fevel in classifying the crop
plants. This has been successfully utilized in sunflower to
classify the genotypes and determine their inter-
relationships by many workers Marinkovic ef al. (1992);
Sankarapandian ef af. (1996) and Teklewold et al. (2000).
The present study was carried out to ascertain the nature

and magnitude of genetic divergence among 66 sunflower
genotypes,

Material and methods

A field experiment was conducted with 63 inbred lines in
rabi, 2001 in a Randomized Block Design replicated thrice
at Directorate of Qilseads Research Farm, Hyderabad.
The spacing adopted was 60 x 30 cm. Each genctype was
sown in one row of 3.0 m ilength. Recommended
agronomic practices were followed to raise a healthy crop.
Qbsernvations were recorded on each entry on five
randomly selected plants for yield and yield atfribuling
characters viz., plant height (crm), head diameter {cm},
days to maturity, 100-seed weight (g}, leaf area index {LAl}
(Watson, 1952}, total drymatter/plant (g} (TOM), filled
seeds/plant, urfilled seeds/plant, seed yield/plant, harvest
index (%}, oil content (%) and seed set (%) under self-
pollination and seed set (%) under open pollination.
Genetic divergerce was estimated by Mahalanobis D7
statistic and the genotypes were grouped on the basis of
minimum generalized distances using ward's minimum
variance dendogram.

Resuits and discussion

The analysis of variance revealed significant differences
armong the genotypes for each character, indicating the
existence of variability among the genotypes for the
characters studied. Sixty three genotypes were grauped
into nine clusters based on D? values such that the
genotypes belonging to same cluster fiad on an average
smaller D? values than those belonging to different clusters
{Table 1). Qut of  clusters formed, cluster 1is the largest
group with 12 genctypes, followed by cluster I and V with
9 genotypes each, while cluster Vi had 8 genotypes,
cluster Il with B genotypes, cluster VIIl had 7 genotypes,
cluster VIl with 5 genotypes, cluster IX had 4 genotypes
and cluster IV had only 3 genotypes. The pattern of
group constellations proved that significant ameount of
variability existed. It is interesting to note that 63
genotypes representing differences in their origin were
grouped in the same cluster. This is an indication for the
absence of relationship between genetic diversity and
geographic diversity. Similar results have been reported

! Senior Sciemist, Directorate of Ollseeds Research, Rajendranagar, Hyderabad-500 0630, AP, 2 Scientist, iICRISAT, Palancheru.
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Analysis of genetic divergence in sunflower

py Anand and Chandra (1980}, Yadav et af. {1988) and
Shankara Pandian et al. (1996).

The average intra and inter cluster distance {Table 2)
revealed that the genetic diversity among the genotypes
\n cluster IV was minimum (6,242}, followed by cluster VI
(9 849). The maximum Intra cluster distance (10.836) was
observed in cluster VI, Selection with this cluster might be
axercised on the highest mean for the desirable traits.

Tabie 1 Distribution of 83 genotypes of sunflower in different clusters

No_ of

Cluster No. genoiypes Genotype

} 12 GP-691, RGP-267-3, RGP-88-2-2, Acc. No. 186,
222, 204, 164, 109, IB-28, GP-801, 403, 1063

It 6 GP-188, 925 RGP-239-1, Acc.No. 217, 153,
NDSY-2-2-4-3

113 2] GP-1840 GP-762, Acc No. 130 192, 333, 2116,
(3P-763, RGP-280-1, NDS-4, RGP-192.2-1-2

i 3 GP-761, Acc. No. 277, 116

Y 9 GP-6938, 536, 373, 580, 2068, 211, RGP-3-11-3,
2-49-2, Acc. No. 159

| 8 DRM-1-1, 65-4, R-272, X-15-NB-5, HAR-3, LIB-
02M-3, Acc.Nao. 1147-1, RGP-257-1

it 5 NDSI-7-3-1-1, Acc.Nos. 110, 200-1, 238, 1266

VIl 7 DRM-13-1, 128-2, 60-4, R-856, X-15-NB-10,
NDSI-7-1-2-4, LIB-Q2M-4

¥ 4 Acc.Mos. 356, 88-0, 882, GP-1969

Therelative divergence of each cluster from other clusters
(inter cluster divergence)} indicated high order of
divergence between cluster Vill and IV {27.33) followed by
cluster iX and 1V 26.77, 1X and V {22.74). Selection of

Table 2 Average intra and inter cluster distance (D* values}

parents from such clusters for hybridization programme
would help tc achieve novel recombinants. Hybridization
betwsen genetically distant genotypes to generate
promising breeding matesial has been suggested by
Shankarapandian ef al. {1998). The hybridization between
ihe genotypes falling in the most distant clusters i.e., VI
{DRM 13-1) and IV {GP-761} should result inte maximum
hybrid vigour and eventually may give rise desirable
recombinants.

3

The contribution of individual characters tewards the
divergence {Table 3} indicaled that seed set per cent
under self-pollination contributed highest towards genelic
divergence (36.64) followed by TDM/plant (24.38} seed
yield/plant (15.92) plant height (7.65) and head diameter
{4.10) towards total genstic divergence. The remaining
characters, days to maturity, harvest index, oil per cent,
filled seeds/plant, leaf area index and seed set per cent
under cpen pollination showed negligible contribution.
Thus, five characters wviz,, seed set {%) under self-
pollinatian, total drymatter/plant, seed yield/plant, plant
height and head diameter were important since they
fogether confributed 88.58% towards total divergence. In
sunflower, Narsaiah (1995) reported that, seed yield and
plant height ate the impartant contributing factors.

There was a wide range of varjation in the cluster mean
values for most of the characters under study {Table 4).
Cluster 1V had highest mean values far plant height, head
diameter, days to maturity, seed yield/plant, filled
‘seedsiplant, harvest index, seed set per cent under SP,
seed set per cent under OP. Cluster |li recorded highest
100 seed weight and total drymatter/plant. Ciuster Vil
exhibited lowest means for plant height, total
drymatterfplant and seed set per cent under open
pollination.

Cluster

1 cluster 2 cluster 3 cluster 4 cluster 5 cluster 6 cluster 7 cluster 8 cluster g cluster
1 cluster 10.041 12.857(M)  13.848(M}  17.449(H)  14.408(M) 15.976(H) 12.320(Mj 16.570(H) 16.107(H}
2 cluster 10.696 16.127(H)  22.288(H) 19.212(H) 18.667(H)  14.931(M} 13.652(M) 13.828(M)
3 cluster 10.328 16.127(H) 15.410(H)  20.502(H) 15.835(H) 22.430(H)  20.249(H}
4 cluster §.242 12846(M)  20.710(r1y  A17S51(H)  27.332(H) 26.77B(H)
S cluster 10.567 15.433(H)  12.824(M)  22.666(H) 22.742{(H)
6 cluster 10.836 12.538(M)  17.550(H) 21.487(H)
7 cluster 2.843 16.675(H)  18.817{H)
9 cluster 10.258 13.382(M}~
9 cluster 14731

fi=Highly divergent (above 15); M=Moderately divergent (10-15)
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Table3 Contribution of different characters towards genetic
divergence (D% in 66 genotypes of sunflower
Character Timest ranked % igw::ggion
first divergence
Plant height 164 7.65
Head diameter 88 4.10
Days ta maturity 47 219
100-seed weight 88 410
Leaf area index 9 0.42
Total drgmatieriplant ) T3 2438
Seed yield/plant 341 15.90
Filled seeds/plant 21 0.8
Unfilled seeds/plant ) D 0.00
Harvest index 42 1.95
Oil content 34 1.58
Seed set (%) under self-pollination 786 36.64
Seed set (%) under open pollination 2 0.09

Crosses amcng diverse parents are likely to yield
desirablecombinations. Therefore, a crossing programme
should be initiated between the genotypes belonging to
different clusters. The greater the distance between two
clusters, the wider the genetic diversity ameng the parents
to be included in hybridization programme. Parents
combining high yield potential with wide genetic diversity
are likely to yield superior segregants within short period.
Based on these facts, the genotypes, GP-751, Acc. No.
277 and 116 forming cluster |V and the genotypes GP-
1949, GP-763, Jwala-Mukhi, Acc. No. 182 and 333 of
cluster Il are expected to give promising seed yield
segregants in segregating generations as these genatypes
were found to possess higher cluster mean values for
desirable seed yield contributing characters and accupy
different clusters. The genctypes with high mean value
from any cluster can either straight away be used for
adoption or can be used in hybridization for yield
improvement.

Table 4 Mean of cluster from 86 genotypes of sunflower for 13 characters

Plant Head Total

Filled Unfilled

height  diameler Days lo 109-seed Lelaf aled o matter Seed yield/ scods!  seeds! _Harve;.si Qil cgmtent Soeed set Seed sel
m  (my  Mmaturly weight(@) index Tl plant(@) oo TNE index () (%) (%) (SP) (%) (OF)
1Cluster 135033 14.158 88472 5921 2436 28016 93581 434817 94861 24345 39402 43546 82224
2 Cluster 113138 11807 81190  6.238 2656 23571 107.748 344286 132,714 18108 38282  30.090  73.040
3Cluster 135087 13928 86485 6787 2905 35858 174348 523364 89576  17.098 39490 51194  84.269
4 Cluster 145178 16789  89.667 5997 3.088 57030 135678 915000 69333 29601 39281 67471 92577
5 Cluster 139.385 14.741 85000 5522 3310 37012 98359 683518 71519 27754 39723 67723 B3.841
6 Cluster 101.054 14029  86.625 3.404 2.404 20586 68817 597.250 66.167 23251 35457  64.029  88.564
7Cluster 110,293  10.900 85000 5794 2215 26769 82413 455267 77.267 25495 38206 57550  85.180
8 Cluster 98824  8.431 85190  3.701 2377 9.880 63600 229762 96.857  14.794 37252  20.667  71.220
9 Cluster 144.692 9.125 85083  4.280 2.947 7.745 95800 143167 85.333 8390 39139 24682  72.144
References Narsaiah, 5. 1995. Evaluation of autogamy, yield and yield attributes
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Abstract

Aline x tester set’of 56 F,s involving four cytoplasmic
male sterile lines belonging to two different sources of
cytoplasm and 14 common restorer lines along with
parents were studied to estimate combining ability.
The results indicated the importance of non-additive
gene effects in the inheritance of all the 11 traits
understudy. in general, the female parents CMS 7-1
and DCMS 42 and male parents DS1 724, DSI 729 were
found to be good general combiners for most of the
traits. The cross combinations DCMS 41 x DS! 753,
DCMS 42 x DS{ 718 anct DCMS 41 x DSI 716 were found
to be promising for most of the important agronomic
characters including seed yield and oil yield/plant.

Key words: Line x tester, gca, sca

Introduction

Sunflower, Helianthus annuus L. offers scope for
commercial exploitation of heterosis utilizing cyto restorer
system. To initiate the hybrid breeding programme
evaluation of inbred lines for combining ability is important.
Such studies can be usefully exploited in the development
of suitabie breeding methodology for the improvement of
different characters. Inthe presentinvestigation combining
ability of four lines and 14 testers has been studied in
sunflower.

Material and methods

The material comprised of 56 sunflower hiybrids developed
from four CMS lines belanging to the different sources of
cytoplasm, viz., CMS 7-1 and CMS 335 belonging to PET-
1 (Hefianthus pefiofaris) source and DCMS 41, DCMS 42
belonging to ARG (Helianthus agrophyllus) source were
used as female parents and 14 restorerlines viz., DSI 880,
686, 683, 695, 701, 716, 724, 725, 728, 729, 732, 736,
743 and 753. The hybrids along with parents were sown in
REBD with three replications during rabi, 2003-04 at DOR,
Rajendranagar, Hyderabad. The data were recorded for
days to 50% flowering. days to maturity, plant height, stem
diameter, head diameter, number of filled seeds/head,
number of unfilled seeds/head, 100-seed weight, oil
content, seed yield/plant and oil yield/ptant. The combining

ability analysis was carried out following motal propesad
by Kempthorne {1857},

Results and discussion

The analysis of variance (Table 1) for 11 characters
revealed significant differences between the genotypes,
indicating wide diversity in the material. Mean squares for
parents and crosses were also found to be significant for
allthe traits. The significance of variance due to parents vs
F.s suggested presence of heterosis in F,s for the
economic trait, oil yield/plant.

The mean sum of squares due to crosses were partitioned
into lines, testers and interactions. The fines were found to
be significant for days to maturity, stem diameter, number
of filled seeds/head and seed yield/plant, the testers also
showed significant mean sum of squares for all the above
fraifs and also for oil vield/pfant. The interacfion mean sum
of squares were found to be significant for ali the
characlers. The variance componeni due to specific
combining ability (sca) was greater in magnitude than that
of general combining ability {(gca) (Table 2) for all the
characters indicating predominance of non-additive type of
gene action which is in agreement with Radhika et al.
(2001).

A perusal of geca effects of 18 parents (4 lines and 14
testers) for 11 traits indicated that the line CMS 7-1 was
good general combiner for early flowering early maturity,
dwarfness and less number of unfiled seeds/head by
exhibiting significant gca effects in negative direction and
is also found to be good general combiner for stem
diameter, 100-seed weight, seed yield/plant and oil
yield/plant by exhibiting significant gca effects in positive
direction. The line DCMS 42 was found to be good general
combiner for important traits like number of filled
seeds/head, seed yield and oil yield. While the line CMS
335 was characterized by late maturity and also
possessed favourable alleles for tallness, oil content,
number offilled seeds/head by recording gea effects in the
positive direction. The fine JCMS 41 was poor combiner
for stem diameter, number of filled seeds/head, number of
unfilled seed/head. 100-seed weight. seed yield and cil
yield by showing lowest gca effects.

1
Senior Scientist, Direclorate of Oilsesds Research, Rajendranagar, Hyderabad-500 030, AP ‘ Scientist, ICRISAT, Patancheru
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Among testers, DSI 743 and DSi 729 were good general
combiner for majority ¢f the traits ie, days to 50%
flowering, early maturity, head diameter, number of filled
seeds/head, 100-seed weight, seed yield and oil yield by
showing significant gca effects. For economic traits like
seed yield and oil vield testers DIS| 724, 743, 736, 729,
732, 716 and 686 were found to possess favourable
zlieles by showing significant gca effects (Table 3).

It can be concluded that in lines CMS 7-1 and in testers
D3I 743 and D8I 729 possessed favourable alleles for
most of the traits hence use of these parents in future
breeding programmes is advised.

Setty and Singh (1977) observed that gea for yield was

Table 1 Analysis of varlance for combining ability for different characters

related tc gea for one or more yield components which
was in conformity with the present study. The parents
which were good general combiners far economtic traits
may be extensively used in hybridization programme.

The sca effects showed that no single cross showed
maximum sca effects for all the characters. The crosses
DCMS 42 x DS 686, DCMS 42 x DS 724, CMS 7-1 x DS
743, DCMS 41 x D3I 753 exhibited maximum sca effects
for the characters like for days to 50 per cent flowering,
plant height, 100-seed weight, number of filled
seeds/capituium, ol content, seed yield/plant and oil
yield/plant (Table 4},

Source a1 apn’ Daste  Plant dameter diometer Noéeoggis”/eci anfiloq 100-ceed contunt SeeS vieldi il yield
flowering maturity height (cm) (cm) (cm) head  seedsihead weight {g) (%) plant {g)  plant {g)
Replications 2 4.07 18.49*  40.76** 0.01 0.09 6093.8% 18.40 0.09 2.00 7.153 0.73
Treatments 73 36 46T 4096 101523 015 774" T3248.6* 636371 2.24™ 5581 189.63* 19.69*
Parents 17 19.58* 14.68* 1766.68" 0.16** 17.52™ 27968.85*" 6252.64" 1.69** 51.70°* 98.18" .45
Parents vs. Crosses 4 5.84 202 1359346 0. 5.59* 1077 151118 0.28 D02 B.47 533
Crosses 55 42 223%*  49.79™ 35427 015 4.76** 38575.84" 6240.%56™  2.45* 58.09* 22117 24 89"
Lines 3 62.05 358.30** 110989 Q.52* 4.50 79786.16* 2284.21 0.83 77.70 619.4* 34.63
Testers 13 44,70 82.40* 57764 0.25* 5.36 15130092 7138.17 2,678 40.56 368.45*  52236*
LxT 39 39.88* 15.19~ 503.76* QA0 457** 6337355 624534 2.49* 62.41*  141.46™ 14.99*
Errer 146 4.09 3.70 £69.03 0.00 0.53 1572.35 166.95 0.35 6.04 3.69 0.30

* ** Significant at 5% and 1% level

Table 2 Estimates of general and specific combining ability variance, proportionate gene action and degree of dominance

Crossas Dgéﬁf Days 1o Plant height dig:ﬁ;'er di':r‘jfe‘fer Mo of filed u':']%'ugg 100-seed co(:titlem Seed yield Ol yield!
flowering maturity {cm) (cm) (cm) seeds/ head seeds/head weight (g} 1<) plant(g)  plant {g)
« gea 0028 0421 0615 0007 1002 246625 10058 0006 0085 0971 0.120
o sca 11928 3288 144908 0032 1346 222570 202513 0745 18787 45923 4894
o' gea/ o sca 0002 0428 0004 0218 0744 0.011 00436 0008 0003 D021 0.025
Degree of dominance 1456 1976 10845 1011 08220 0717 10036 7.72 1202 4860 4515

Lol scal2a gea
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Table 3 Estimates of general combining ability (gca) effects for lines and testers for different characters

Days to ] . Stem Head No. of Qil . ] )
Source 50% ‘22:*:[:; Plar;;:;;lghl diameter  diameter ::;.dc;f‘ il::il unfilled \'Lgio-;tezad; content Seiilyl(eldﬂ OIIJ y:eldf

flowering (crm} (cm} seeds/head ght g (%) P §)  plant(g)
Parents
Lines
OMS 336 182~ 405" 7.47 o.a7 -0.44* 20.89™ 3.56 -0.12 151 541 -1.21%
CMS 7o -0.68 -0.02 -3.89" 0.01* -0.04 -24.62* -7 .55 Q.19 -0.62 2.7 0.85
DCMS 41 -0.54 -1.30"* -2.76% -0.06* G.30* -46.35™ 8.53 0.02 0.67 0.06 015
DCMS 42 -0.61 -2.73" -0.82 -0.13" 0.19 50.08** -4.55+* -0.09 -1.56* 3.28™ 0.50%
SE, 0.31 .29 1.28 0.00 0.1 8.1 1.89 0.09 0.37 0.29 0.08
Testers
DS| 673 0.57 6.80™ -1.76 -0.19= B Wil 2132.8% L3131 -0.42* -4.68* -9.78** -3.24*
DS 686 1.07 -1.70** 3.03 -0.04* -0.32 14.88 26.39 -0.17 -0.25 4.60* 1.91
DSI 680 232 -0.70 -9.54" 0.03 -0.18 59 .84 w2351 015 0.57 0.35 0.83*
DSl 701 2.82* 1.55* -0.56 0.14 -1.04* -45.13" -7.31 -0.45* -0.05 -3.07 -1.37+
DSl 695 -2.18™ 1.05 -7.81™ -0.23™ 0.07 -26.69* 2376 0.09 -0.53 -1.01 0.07
DSI 716 . 2.82* -2.70™ 4.50 -0.06™ -0.28 -33.00% -13.80** -0.76** 1.20 2.86™ 213
DSI 725 «2.18™ -1.95™ -4.36 -0.08* 0.82* -76.53 1.93 0.54*" -0.63 -0.81 -0.78™
DSI 732 -0.93 -1.95% 5.55* 0.28* -0.01 81.05™ -17.49*~ -0.10 -0.83 371 0.83*
DSl 729 -2.43 -2.45* 1.48 0.00 0.80™ 76.40% 18.20+* Q.95 0.40 4.93* 1.86*
DSl 726 0.07 0.80 9.9 0.03 0.12 147.21* 3879 -0.09 2.40" 1.44* 0.59*
DS 743 -1.68*  -2.45* -3.20 0.08* 122 74.16* 4817 0.66* 1.37 5.76* 2.26™
DS 728 -0.18 2.05™ 11.85* -0.08** -0.19 -83.20" 7.56* -0.25 1.85" -8.76* -3.64"
DSI 753 -1.93™  2.05" -9. 12 -0.12% 0.07 -230.50* -4.44 0.20 -2.28™ -7.63 -3.09™
DSI 724 2.32% -0.45 -3.22 022" D.05 17950™ .17.40% -0.36* 1.52* 7.39% 1.52
SE. 0.58 0.55 2.39 0.01 0.1 11.44 3.73 0.17 0.70 0.55 0.16

* ** Significant at 5% and 1% level

Table4  Promising cross combinations for different characters
based on sca effects
Characler Promising cross combinations

Days (o 50% flowering  DCMS 41 x DSI 680 {-6546*); DCMS 42 x
DSI 724 (-6.39™); DCMS 42 x DSI 686
(-5.45*"); DCMS 41 x 701 (-4.46*%)

CMS 335 x DSI 725 {-6.05*); CMS 335 x
DSI 673 (-3.807%); DEMS 42 x DS1 695
(:3.27*7); DCMS 41 x DSI 716 (-2.95)
CMS 335 x DSI 728 (-27.30");

DCMS 42 x DSI 686 (-21.15"

CMS 335 x DSI 728 (0.50%;

DCMS 41 x DS 743 (0.24*9)

CMS 7-1x DSI 728 (2.25);

DCMS 41 x DS 736 (2,237

CMS 7-1 x DSt 743 (305.78*;

CMS 335 x DSI 732 (263.427)

DCMS 41 x DSI 724 (-106 85™;

DCMS 42 x DS! 686 {-85.18™)

DCMS 42 x DS| 724 (2.16*7);

DCMS 41 x DSI 673 (1.65%)

DCMS 42 x DSI 724 (9.16%%);

CMS 7-1 x DS| 680 (7.08™)

DCMS 41 x DSI 753 (17.39"); DCMS 42 x
DSt 716 (9.19™); CMS 7-1 x DSI 743 (3.07*9)
DCMS 41 x DSI 753 (4.72*}; DCMS 47 x
DSI 716 (3.80™)

Days to maturity

Plant height

Stem diameter

Head diameter

No_of filled seeds/head
No ol unfilled seeds/head
100-seed weight

Oil content

Seed yield/plant

Qil yield/plant

For all the 11 traits under study, the crosses with
significant sca effects in the desirable direction involved
parents with high x high or high x fow or low x low gca
effects, indicating high performance of these crosses due
to additive, dominance and epistatic gene interaction. The
ideal cross combination to be exploited is one, where high
magnitude of sca is present in addition fo high geain both
or atleast in one of the parents. identification of heterotic
crosses involving high x low gca cross combinations as

170

revealed in the present study were earlier reported by
Kadkol et al. (1984); Limbore et al. (1597) and Singh et al.
(1999). In additicn, crosses with high sca effects invoiving
parents with high x high gca effects were aiso reported by
Limbore ef al. {1997}, low x low by Kadko! et at {1584}
and Giriraj ef al. (1987).
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Abstract

An investigation carried out at Main Castor and
Mustard Research $Station, Gujarat Agricultural
University, Sardarkrushinagar, Gujarat to assess the
nature and magnitude of components of variation by
employing 10 x 10 half diallel mating design in
sesame. The variance due to specific combining
ability was predominant for days to maturity, plant
height, number of capsules/plant, capsule length,
seeds/capsule and seed yield/plant. While, the
variance due to general combining ability (gca) was
predominant for days to 50% flowering, humber of
branches/plant, 1000-seed weight and oil content,
Sesame cultivars PT 64, TMV 3 and AT 103 were best
general combiners for seed yield and its major
components. The hybrid, TMV 3 x C 1013 emerged as
the best specific combiner for seed yield and its
components.

Key words: Genetic analysis, components of

variance, sesame
Introduction

Sesame (Sesamum indicum L) is the oldest oilseeds
known and used by man {Weiss, 1871). The crop has a
large diversity in cultivars and cultural systems in India.
Sesame crop is grown throughout the country and round
the yearwith an annuat production of about 7.9 lakh tones
{Directorate of Economics and Statistics, 200Z). india is
the largest producer and exporter of sesame in the world.
However, the increase in productivity of sesame in India
is not so impressive as compared to other sesame
growing countries of the world. The heterosis in sesame
has not been exploited by developing high yielding
heterotic hybrids to increase productivity. {tis essentiai to
choose of suitable parents for use in hybridization
programme for assessing their genetic value. Therefore,
the present investigation was carried to evaluate 10
genotypes of sesame for their combining ability.

Material and methods

A half diallel set was made using ten sesame genotypes
viz., AT 103, GT 1, PT 84, PT 65, Mrug 1, 7C 25,
2b Til 1, Vinayak, TMV 3 and C 1013 during kharif, 2001,
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The resultant 45 hybrids along with ten parents were
evaluated in Completely Randomized Block Design with
three replications at the main castor and mustard
research station, Gujarat Agricuftural  University,
Sardarkrushinagar, Gujarat during kharif, 2002 with 45 x
15 ¢m spacing. The observations were recorded on five
randomly selected plants of each genotype in each
replication for ten characters such as days to 50%
flowering, days to maturity, plant height, number of
branches/plant, number of capsules/plant, capsulelength,
number of seads/capsule, 1000- seed weight, oil content
and seed vyield/plant. The data were analyzed for
combining ability using Griffing {1956), Model 1 and
Method 2.

Results and discussion

There were highly significant variances for both gea and
sca in the present test material {Table 1). The ratio of gca
to sca variance was less than unity for seed yield/plant,
number of capsules/plant, plant height, capsule length,
seeds/capsule and days to maturity. This indicated that
non-additive type of gene actions were primarily involved
inthe expression of thesetraits. The characters, viz., days
to 50% flowering, number of branches per plant,
1000-seed weight and oil content were governed by
preponderance of additive gene action due to variance
ratio chserved more than unity.

Nature and magnitude of combining ability effects helps
in identifying superior parents and their utilization in
further breeding programme. The close examination of
gca effects of the parents revealed that, nene ofthe parent
was found to be consistently good general combiner for all
the characters (Table 2). However, the parents, AT 103,
FT 64 and TMV 3 were good general combiners for seed
yield and majority of its components. Amongthese, PT 64
was found to be best general combiner for seed
yield/plant, number of capsules/plant, whereas, it was also
good combiner for capsule length and seeds/capsule,
1000-seed weight and cil content. Parent, TMV 3 had
positive significant geca effects for seed yield, number of
branches/plant, number of capsules/piant and oil content,
fikewise, it was the best parent for number of
branches/plant, Parent AT 103 recorded significant
highest gea effects in desired direction for capsule length,
seeds/capsule and days to flowering and maturity and it
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was aiso good combiner for seed yield/plant, 1000-seed
weight and dwarf plant type. Therefore, above parents
were noted as good source of favorable genes for
increasing seed yield. itis evident from these resuits that,
high gca effects for seed yield/plant in parents PT 84,
TMV 3 and AT 103 were mainly due to direct yield
contributing characters. Therefore, it would be woerthwhile
to use above parental lines in hybridization programme.

Among the forty five crosses, the best specific
combinations were different for different characters (Table
2). The crosses, Vinayak x TMV 3, AT 103 x PT 65 and
AT 103 x GT 1 showed highly significant negstive sca
effects for days to 50% flowering and the crosses Mrug 1
x Vinayak, AT 103 x PT 84 and AT 103 x TMV 3 showed
highly significant negative sca effects for days to maturity.
These crosses can be used to isolate early flowering and
maturity segregants in later generations, respectively.
Likewise, the hybrid AT 103 x TMV 3 was the best specific
combiration for dwarf plant type and capsule length, it
was also good combination for number of branches! plant,
seeds/capsule and 1000-seed weight, The cresses viz,;
TMV 3 xC 1013, GT 1 x Pb Til 1 and AT 103 x Vinayak
showed highly significant positive sca effects for seed
yield and its contributing traits, These crosses can be
used for isclation of fransgressive segregants for seed
yield.

I¢ was also observed for most of the characters, the
parents exhibiting high mean performance had manifested
high general combining ability effects. Krishnaiah et al.
{2003) also noted a close association between mean

performance and general combining ability effects. Onthe
basis of per se performance and combining ability, the
maost promising parents were PT 64, TMV 3 and AT 103.
However the crosses with high mean did not posses high
sca effects for all the characters except seed yield/plant
suggesting that selection of good general combiners anly
an the basis of mean performance may not always be
reliable.

The crosses with high sca effects did not always had
parents with high gca effects. The crosses TMV 3 x C
1013, GT 1 x Pb.Til 1 and AT 103 x Vinayak expressed
high significant sca effects in desired direction for seed
yleld, resulted from good x poor, average x poor and good
x poot parent, respectively. A comparative study of
crosses on the basis of per se performance and sca
effects revealed that the most of the crosses, which
produced maximum seed yield had at least one parent as
good combiner for seed yiejd. This supperts the
importance of both additive and non-additive genetic
variance in controlling yield and its components.

An overall view of the results suggested that genetically
diverse parents with good per se performance and good
combining ability should be selected for breeding
programme aimed at improvement of sesame varieties.
Like wise, the crosses exhibiting high specific combining
ability effects for various traits suggested that the
possibilifies of an improvement of such traits by selection
and hybridization from the desirabie recombinants in the
segreganting generations.

Table 1 Analysis of variance for cambining ability in 10 x 10 half diallel crosses of sesame

Source of varm Dayi to Daysto  Plant No. of No. of Capsule Seeds/ 1000- Qil Seed
varation d.f. S0% . - branches/ capsules/ seed content  yield/
flowering maturity  height plant plant length  capsule weight (%) piant

General comhining abllity (gca) ¢ 3462 8B 37227 524 277917 048" 74889 038 887t 33
Specific combining ability (sca) 45 2.24 143 54.16™ 0.36" 40.95* 0.03** 11.83* 0.03* 108" 892
Error 108 0.64 0.65 2275 0.11 557 oo 5.19 0.01 0.59 0.93
o’ goa - 2.83 0.66 29.13 .43 2270 0.01 5.82 .03 0.69 3.13
o’ sca - 1.60 077 31.42 0.26 35.38 0.2 6.64 0.03 .49 7.99
o’ gcal o sca - 1.77 0.86 0.93 1.66 0.64 Q.75 0.88 1.27 1.41 0.39

= Significant at P=0.01 level
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Tahle 2 Correspondence of mean performance of three hest general combiners F,s and the best specific cross combinations in
desired direction for different traits of sesame

Character Best parents Best general combiner Best Fs Best cross combinations
Days to 50% flowering AT 103 AT 103 At103x GT 1 Vinayak x TMV 3
GTH Pb. TH1 AT 103 x Pb. Tit1 AT 103X PT 85
Pb. Til 1 TC 25 TC 25x Pb. Tii 1 AT 103xGT 1
Days to maturity AT 103 AT 103 AL103x Pb. Tl Mrug 1 x Vinayak
GT1 GT1 At103x PT 64 AT 103 x PT 64
C1013 Pb. Til 1 GT 1xPh. Ti1 AT 103xTMV 3
Plant height c 13 GT t AT 103x GT 1 AT 103 xTMV 3
GT1 AT 103 AT 103 % TMV 3 PT 85 x Mrug 1
AT 103 Pb. Tit 1 AT 103 x PT 65 -
Mo, of branches/plant ThMY 3 TV 2 TMY 3xC 13 PTB84xC 1013
‘C 1013 C 1013 GT1xTMV3 AT 103 x TMV 3
Vinayak Vinayak AT103x TMV 3 GT1xTMV3
No_ cof capsules/plant ™V 3 PT 64 TMV3xC 1013 GT1xPb Til1
GT 1 TMV 3 GT1xTMV3 TMV 3x C 1013
AT 103 GT 1 GT 1xPb. Til1 PT64xPT &5
Capsule length AT 103 AT 103 PT84xTC 25 AT103xTMV 3
PT84 PT 64 AT 103x PT 64 GT1xTMV3
GT1 - AT103xTC 25 PT 64 x Pb. Til 1
Seeds/capsule AT 103 AT 103 AT103xPT 64 GT1xTMV 3
PT 64 PT 64 AT103xGT 1 FT 64 x Mrug 1
GT 1 GT 1 AT 103xTC 25 AT 103 xTMV 3
1000-seed weight PY 64 PT 84 AT 103 x PT 64 PTG4xC 1013
TC 25 AT 103 PT 65 x Pb. Til 1 AT 103 x TMV 3
AT 103 TC 25 PTB4xTC 25 Mrug 1 x Pb. Til1
Cil content PT 64 PT 64 TMV3xC 1013 Pb. Til1xC 113
TMV 3 TMV 3 PTB64xPT 65 TMV3xC1013
PY 65 PT 65 PT64xTMV 3 GT 1 xPb. Til1
Seed yield/plant TMY 3 PT 64 TMV 3xC 1013 TMV3xC 13
PT 85 TMV 3 PT 64 x Pb. Til 1 GT 1 x Ph. Til 1
PT 64 AT 103 PT64xTC 25 AT 103 x Vinayak
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Abstract

Twenty five castor hybrids generated in a line x tester
(5 pistillate lines x 5 male parents) design were
studied along with parents for heterosis and
combining ability of seed vield and yield components.
Estimates of variance due to GCA and SCA indicated
predominant additive gene action for number of
nodes to secondary raceme (S,), hundred seed weight
and seed yield while non additive gene action was
predominant for number of nodes t¢ primary, plant
height, total spike length, effective spike length,
effective spikes/plant and number of capsules.
Among female parents, DPC 9 and DPC 10 were good
general combiners for number of nodes to primary
raceme, secondary racemes (S,,5,) and hundred seed
weight. DPC 10 and M 584 were good combiners for
seed yield. Among male parents RG 47, RG 297, RG
2445 were good combiners for number of nodes to
primary, secondary S, and S, racemes. The parent RG
47 was also a good combiner for hundred seed
weight. Standard heterosis for seed yield ranged from
-31.9% to 105.5% over the standard checks DCH-32
and GCH-4. Seven hybrids which exhibited >50%
standard heterosis can be used for commercial
purpose. Two hybrids viz., DPC 10 x RG 297 and DPC
10 x RG 2178 were both heterotic and wilt resistant
and are suitable for wilt endemic areas,

Key words: Hsterosis, combining ability, gene

effects, castor
Introduction

Development of castor hybrids initiated with the
introduction of an exotic pistillate line TSP 10 R and its
conversion to local germplasm as VP-1, a dwarf S type
pistillate line. Use of these pistillate lines facilitated the
development of hybrids GCH 3, GAUCH 1, GCH 2, GCH
4 stc., Cevelopment of new pistillate sources and male
combiners and testing for combining ability is =a
continuous process of heterosis breeding programme.
Severaf new pistiliate lines were developed by

cenventional breeding viz., LRES 17, DPC 9, DPC 10,
DPC 11, DPC 12, DPC 13, DPC 14, DPC 15, DPC 16
and mutation breeding viz., M 574, M 619, M 571, M 584
{Rao et &/, 2003). Regular screening of germplasm in wilt
sick plots under AICRP net work identified sources of wilt
resistance like RG 47, RG 71, RG 287, RG 2178 and RG
2445 from the germplasm stock. These wilt resisiant
sources have some undesirable agronomic traits like tall
plant height, long duration and perennial nature. An
attempt was made in the present study to test the
combining ability of wilt resistant sources to develop early/
medium duration high yielding wilt resistant hyhrids.

Material and metheds

Five pistillate lines viz., DPC-9, DPC-10, M-571, M-584,
M-619 and five pollen parents namely RG-47, RG-71,
RG-297, RG-2178, RG-2445 with desirable morphotogical
characters and resistance to Fusarium were selected.
Among the male parents, RG 297 was a registered {IC
296578} resistant source to Fusarium (Anonymous,
2003-04). These parents were crossed in line x tester
design during rabi, 2002. Twenty five hybrids alcng with
two standard checks DCH-32 and GCH-4 were evaluated
in a Randomized Block Design {RBD) with two
replications at Directorate of Oilseeds Research,
Hyderabad during kharf, 2003. Each entry was sown in
plots of 36 x 45 m with a spacing of 5C x 45 cm.
Standard agronomic management practices were adopted
to raise the crop. Observations were recorded on five
randomly selected plants for nine characters wz., humber
of nodes to primary spike, secondary one and two, plant
height {cm), total spike length {cm) and effective spike
length (cm), effective spikes/plant, number of capsules,
hundred seed weight (g) and seed yield/plot was recorded
picking wise and cumulated as total seed yield and
expressed in kg/ha. Heterosis over checks DCH-32 and
(GCH-4 was calculated as per standard procedure and
combining ability analysis was performed as per
Kempthrone {1957). Majority of the male lines used in this
study were resistant to Fusarium wilt and thus one set of
the resulting hybrids were evaluated in the wilt sick plot to
identify wilt resistant hybrid.

1
Student
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Results and discussion

Analysis of variance for combining ability revealed the
existence of significant differences among the hybrids
produced for all the characters. The estimates of
variances of genera! combining ability (GCA) were higher
than estimates of variances of specific cambining ability
{SCA) for the traits studied. Estimates of variances of
GCA for secondary raceme two (S;), hundred seed
weight, seed yield indicated the prependerance of additive
gene action. Similarly Patel ef al. {1986), Mehta et af.
(1991), Pathak and Dangaria (1987), Pathak et al. (1989)
and Chakrabarty (1987) also reported predominant
additive gene action for these characters,

In castor, the development of each node up to primary
spike takes 3-4 days as per Shifriss (1961) and it can be
used as an indicator of early/late emergence of raceme.
In addition, number of nodes to two secondaries (S, and
S,) is another good indicator of duration especially under
dreught or moisture stress. The lower the number of
nodes 1o secondary spikes (<5 of 8, and S,), earlieris the
maturity of secendary racemes, which is a desirable trait
for rainfed conditions. Among the female parents DFC 9
and DPC 10 were good genera! combiners for earliness at
primary as well as at 8,, 8, stage, shert plant height and
hundred seed weight. The pistillate line M 584 was a good
general combiner for earliness up to primary spike, short
plant height and number of effactive spikes/plant whereas
M 571, M 619 were good general combiners for medium
duration of secondaries (Table 1).

Among the male parents RG 47, RG 297 and RG 2445
were good general combiners for early duration as
depicted by GCA effects for nodes up to primary and

Setondaries (S, and $,), short plant heignt. RG 47 was
also a goog general combiner for effective spikes/plant
where as RG 2178 for hundred seed weight. None of the
parental lines were gocd combiners for total spike length,
nUMber of capsyles and seed yield (Table 1).

The estimateg of SCA variances for alt the characters
EXCEPL B, 100-seed weight and seed yield revealed the
Predominant non additive gene action for these traits,

Reports by Yaday ef al. (1978), Swarnalata ef al. (1984)
Fatteh ot o

(1995)

(1988), Vindhiya Verman and Ganesan
and Lavanya and Chandramohan (2003} also

indicated the predominance of non additive gene acticn
for all thege traits.

The sca effects for earliness in emergence of primary
spike was significant for eight hybrids-DPC 8 x RG 47,
DPC 9 x RG 2445 M 571 x RG 47, M 571 x RG 2445,
None of the hybrids were desirable specific combiners for
early duration to emergence of secondary raceme. Two
hybrlds Viz., DPC 9 x RG 2178, M 619 x RG 47 were
desirable specific combiners for total spike length,
effective spike length and number of capsules while M 571
X RG 297 for tota) spike length and effective spike length
These hybrigs could be utilized for improving the seed
yield through yield component analysis. Three hybrids
Y2, DPC 10 x RG 47, M 619 x RG 2178 and M 584 x RG
2178_Were desirable specific cross combinations for
effective spikes per piant, where as DPC 10 x RG 2178 for
hundred seeq weight. The cross DPC 10 x RG 207
revealed significant sca effects for seed yield (Table 2)
and this hybrid recorded low ( 9%) wilt incidence in wilt
sick plot {Anonymous, 2003-04)

Table 1 Estimates of general combining ability (gca) effects for different tharacters in castor

Parents PrimaryNo- o n:des © S :;;r:t :F?if; Efsf:;::e No. of Esf;?:;i:f 10(_J-seed Seed yield
1 2 length length capsules plant weight (g}

Lines

DPC 9 0.956%  -0.788™  -D.716" -2982" 3214 ) 250w 3 160" 0124 1944  -48.545
DPC 10 -1.016™ 0388 033" 712" 0196 1g3p 1300 0376 3854 89054
M 5T1 1.404* 0.292 0184 SO78 3346 193y (0240 0664 -2456 -154346
M 584 -0.056* 0332 0324 -3402" -4054 3570w 2860 1595 .3.886" 233.244
MB19 0.624** 0552" 0544 SO18 3726  ygyy 7100 1134 0554 -119.406
Testers

RG 47 0796  -0.428"  -0836" 4022 1466 1,39 4500 1916 -0186%  89.064
RG 71 1.404™  0.772** (864 1858  1.24g 3190 4760 D104 -1476*  20.734
RG 297 0.416™  -0.288" -0.196" -1.042'" 1174 70w 4 060" -1 164 0956  -86.036
RG 2178 1524 0592" 0524 13198 1SB6 4457 o080 .0004% 2754 101.474
RG 2445 716" 0648 0.556" 100927 3124 4pane g 1o0e L0444 -0436H -123436

*
'

significant at 1% and 5% respectively.
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Table 2 Mean, heterosis and specific combining ability (sca) effects for seed yield and yield components of top five castor

hybrids
Character DPFC 9x RG 47 DPC 10xRG 297 DPC 10x RG 2178 M 584 x RG 47
Mean Heterosis SCA | Mean Heterosis SCA | Mean Heterosis SCA | Mean Heterosis SCA
Na. of nodes te Primary 10.8 -6.91 -155* 126 9.57 -006 162 4087** 158 111 -3.48 214
No. of nodes to S, 35 2857 -051 3¢ 2041 065 69 4082 147 49 0 -0.23
Mo. of nodes to 3, 46 -13.21 -0.12 54 1.89 -0.14 7.0 32.08 0.74 54 755 -0.06
Plant height (cm) 40.4 466 -11.86" 521 3497 1.59 78 102.1™ 13.25% 424 9.684 | -9.44
Total spike length (cm) 3141 0.32 -3.47 334 6.77 224 424 3677 430 282 -8.03 -553
Effective spike length {cm) 290 175 -282 313 2082 -161 413 5915 5.83 23 -11.37 691"
No. of capsules N 23.02 352 33 30.95 22 308 2222 1.02 24 -4.76 -1082
Effective spikes/ plant 89 3597 050 67 5180~ 088 52 -6259* -158 106 4521 048
100-seed weight (Q) 3395 2682~ 171 3245 2019 -1.23 418 56.26* 4706* 27 0.93 059
Seed yield (kg/ha) 1143 486" 15079 1235 6061* 283.89* 1406 8281*" 26513 1426 8537 15285
Character M584x RG 71 M 584 x RG 2445
Mean Heteresis SCA Mean Heterosis SCA
No. of nodes ta Primary 16.7 4522 1.26* 15.4 33.91* 3.08*
No. of nodes to S, 6.2 26.53 -0.13 5.4 10.2 0.49
No. of nodes te 8, 8.9 3019 -0.38 6.2 16.98 0.36
Plant height {cm) 59 52.85* 1.18 667 72.80* 20.93*
Tota! spike length (cm) 338 8.03 0.29 337 8.71 458
Effective spike length {cm) 33.4 28.71 1.53 280 11.75 518
No. of capsules 45.8 81.75". 10.72 2841 11.51 39
Effective spikes/ pl 8.0 -42.45% -0.096 67 -51.80* -1.06
100 seed weight (g) 26.45 -1.12 1.03 27.2 1.68 1.04
Seed yield (ky/ha) 1271 65.18* 66.08 1070 39.08 -9.49

v, Significant at 1% and 5% respectively.

The magnitude of standard heterosis in comparison with
two checks vz, DCH 32 and GCH 4 ranged from
-31.88% to 85.37% and -24.6% to 105.49% respectively.
Five hybrids viz., DPC 9 x RG 47, DPC 10 x RG 297,
DPC 106 x RG 2178, M 584 x RG 47 and M 584 x RG 71
had shown considerable positive heterosis over DCH 32
and GCH 4 (Table 2). Among them, heterotic hybrids like
DPC 9 x RG 47 {48%), DPC 10 x RG 297 (60%) and M
584 x RG 47 (85%) with 11 to 12 nodes to primary spike
anq 3.5t0 5.4 nodes to S, and S, were early maturing and
suitable for rainfed conditions. The other two hybrids viz.,
DPC 10 x RG 2178 (82.8%), M 584 x RG 71 {65%) with
16 n.OdeS to primary and 6-7 nodes to S, and S, were
medium maturing and suitable for irrigated conditions.
The hybrids DPC 10 x RG 297 {OCH 861) and DPC 10 x
RG 2178 (DCH 875) exhibited high standard heterosis
and low wilt incidence and thus can be used for

Commercial purpose as high yielding and wilt resistant
hybrids,
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Abstract

Combining ability for 10 characters was studied using
line x tester mating design involving 4 females and 9
males in castor. Analyses of combining ability
revealed the existence of significant variation among
lines, testers and line x testers for all the characters
studied barring oil content in testers. The
components of gca and sca variances indicated the
predominance of additive gene action for days to 50
% flowering, days to maturity, number of nodes, plant
height, effective spike length, capsules/primary spike
and 100-seed weight, while non-additive gene action
was predominant for primary spike length, seed
rield/plant and oil content. The three lines, DCS-5,
3CS-27 and SH-72 and two testers, VP-1 and DPC-¢
vere identified as good combiners for seed yield per
slant. However, the three lines, DCS-5, DCS-9 and
1CS-85 and one tester, LRES-17 were found to be
yest combiners for earfiness and associated traits
tpart from oil content, The per se performance of
rosses is not correlated with the sca effects of
rosses resulted from the parents with either high x
ligh or high x low or low x low gca effects for yield
ind yield component traits.

{ey wards: Castor, Ricinus communis L.,

combining ability, gea, sca
htroduction

Jse of hybrids and high vielding varieties developed
isewhere have very low impact in increasing productivity
*specially under rainfed conditions. Constant efforts to
mprove yield through hybridization and selection of the
arents for heterotic breeding are important in crop
mprovement programmes. Hence, in any breeding
Yrogramme the appropriate selection of parents based on
heir combining abtiity is a prerequisite. Such studies
intended to determine the combining abiiity, not only
Provide necessary information regarding the choice of
Parents but also simultanecusly itlustrate the nature and
Mmagnitude of gene action involved. The line x tester
Mating design helps in realising the objective to estimate

the cotmbining ability of parents and there by selecting
supericr parents as well as cross combinations.
Accordingly, the present investigation was undertaken to
hiave the knowledge of nature of combining ability for yield
and other yield atiributing characters of some newiy
developed male and female lines of castor (Ricinus
communis L.).

Material and methods

Four pistillate lines {females) viz., VP-1, LRES-17, DPC-8
and Geeta were crossed with nine mcnoecious lines
{males) viz., DCS-5, DCS-9, DCS-27, DCS-84, DCS-85,
SH-72, 46-1, AVR-1 and Co-1 in a line x tester mating
design to obtain 36 hybrids during rabi, 2000-2001. The
36 crosses along with their parents were grown in a
Randomized Block Design with three replications during
radi, 2001-2002 at the College of Agriculture, ANGRAU,
Rajendranagar. Recommended package of practices was
followed with a spacing of 80 x 60 cms. Each plot
consisted of two rows with five meter length, Chservations
were recorded on five randomly selected plants/plot for six
characters viz., plant height, number of nodes, primary
spike length, effective spike length, capsules/primary
spike and seed yield/plant However days to 50%
flowering, days to maturity, 100-seed weight and oil
contentwere recorded on plot basis. The data were further
analysed as per the method suggested by Kempthorne
(1857). Predictability ratios were calculated using the
formula given by Griffing (1856} o’geal(25°geata’sca).

Results and discussion

The average performance of hybrids was different from
that of parents as evident from the significance of parents
vs. cross source of variation for all the traits and indicated
the presence of heterosis among the hybrids (Table 1).
The mean sum cf squares attributed to the male and
female parents of the hybrids which provide a measure of
their general combining ability and the interaction between
male and female parents as a measure of specific
combining ability (Rojas, 1951) were significant for all the
traits barring oil content in testers, indicating the role of
both additive and non-additive gene effects for the traits.
The estimates of components of variance and the

1
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predictability ratios indicated the predominance of additive
gene action for days to 50 % flowering, days to maturity,
nurnber of nodes, plant height, efiective spike length,
number of capsules per primary spike and 100-seed
weight. It implied that mprovement in these traits is
possible through selection in segregating generations
These results are akin to the reports of Dangaria et al.
(1987), Mehta et al (1881} and Mehta (2000). Howeaver,
for primary spike length, seed yield/glant and ail content
the magnitude of sca variance were higher than gca
vatiance indicating the predominance of non-additive gene
action suggesting the possibility of improvement through
hybridization in the traits. These results are in conformity
with the reports of Vindhiyavarman and Ganesan (1995),
Chakrabarty {1997), Kavani ef al. (20013, Tank et af
{2003} and Solanki ef al. (2004).

The resuits of goa effects (Table 2} revealed that the lines,
SH-72 and DCS-27 and the testers, VP-1 were found to
be good combiners, while the lines, DCS-85, Co-1 and
DCS-84 and the tester, LRES-17 were found to be poor

combiners for seed yield/plant, number of
capsules/primary spike, effective spike length and primary
spike length. Manive! and Hussain (1997) reported VP-1
as a good general combiner for seed yield and primary
spike lengih. For capsules/primary spike, the tester,
DPC-9recorded the highest significant positive gea effect.
The lines, Co-1 and AVR-1 and the tester, DPC-9
contributed maximum desirable alleles for 100-seed
weight as evidenced from high significant gca effects and
high per se performance. For oil content, DCS-85, DCS-§,
CCS-5, AVR-1 and the tester, LRES-17 were identified as
good general combiners. Since, earliness and dwarf
nature is desirable, parents with negative gca effects for
days to 50% flowering, days to maturity, number of
nodes, plant height were considered as best combiners.
Thus lines, DCS-§, DCS-5, DCS-85 and DCS-84 and the
tester, LRES-17 were found {o be good general
combiners, Similarty, Manivel et al. {1998) identified

- LRES-17 as a good general combiner for earliness.

Table 1 Analysis of variance for combining ability for yield and yield component characters in castor

Source df Daésp ‘:V(; n?:mysr iig r?:d.easf h‘::;g: spikeIp Ir;:;tr: sp\'kEeﬁl:?;{!? Cagjrsi:r:;zf Li?;?g; f’i:ﬁﬁ coni:'li:
flowering {cmy (cm) (cm) spike plant (g) (%)
Ranlication 2 113 aRa Q25 B4 49 14~ 85 23" G484 218 104 N Q44
Treatment 48 298.42* 28042 1541 654.58** 338.74* 237.95* 30564 20293 952083 18.76"
Parents 12 453,47 45582 526" 1511200 62857+ 480.10** A74.85" 58388 S0oAs.0™ 18 07
Crosses 33 170.83* 154.06* 10.79™ 34233 245.79% 155,43 23837 7818  7908.63" 19.08™"
Parents vs. Crosses 1 2903.38"  2583.75** 5877 1304.19™ 114.02* 220.49"%  554.90 581 1 19403.3" 457"
Lines 8 557.36" 403 .34 27.10* 625.74™ 381.01* 264.84** 60582* 25427 17902.25" o 33.38"
Testers 3 218.71* 4568.71* 27.29"  1515.08* 886.89* 580.17** 540.99™ 143.15** 14850.33" 31.84
Lines x Testers 24 36,007 31.69™ 33 10126 17 28 B8O B7** 9.5 1458 0BT 1289
Error 96 8.82 7.89 0.47 15.73 15.67 11.95 21.84 118 121.80 0.38
s'gca 18.05 20.74 1.22 49.70 26.75 19.98 2533 9.61 649,57 1.02
s'sca . 907 7.91 095 28.51 33.88 1065 19.21 3.38 1155.96 4.11
s’geals’sca 199 2.62 1.28 1.74 078 1.88 1.32 2.84 0.54 0.25
Degree of dominance a.50 044 062 053 Q.80 0.52 0.862 0.42 0.86 1.42
Predictability ratio 080 0.84 .72 0,78 Q.81 0.79 ¢ i 0.85% 052 033

* ** Significant at 5% and 1% level, respectively.
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Combining ability in castor

It was observed that per se performance of parents for

“majority of the traits in general, was related to their gca
offects. Thus, if a trait is unidirectianally controlled by a
set of alleles and additive effects are impartant, the choice
of parents based on per se performance may be effective.
These results are akin to the earlier reports (Sudhakar et
al, 1995 Mehta, 2000; Joshi et al, 2002). Further,
parents which exhibited significant gca effects for seed
yield per plant also possessed high significant gea effects
for some of the yield components.

The study of sca effects (Table 3) revealed that significant
and desirable effects were cbserved in § hybrids each for
days to 50 % flowering, days to maturity, effective spike
langth and capsules per primary spike, 6 hybrids for plant
height, 7 hybrids for 100-seed weight, eight hybrids each
for number of nodes, primary spike length, 13 hybrids for
seed yield/plant and 14 for oil content. Majority of the
crosses with significant sca effects involved the parents
having one good and one poor combiner parents for all
the characters indicating the significance of nen-additive
gene action in governing the traits. It is in confermity with
the results of Singh and Srivastava (1982) who observed

ability of a parent might be considered as a reliable guide
in the'prediction of yield potential of a cross.

Faor seed yield/plant, out of 13 crosses having significant
positive sca effects, 7 crosses (54%) had. parents with
high x low gca effects, while 3 crosses (23%) each had
parents with high x high and low x low gea effects. in the
present study it was observed that majority of the higher
sca effects involved both or at least one good combiner
indicating additive x additive or additive x dominance type
of gene action.

A comparison of hybrids and their sca effects (Table 4)
revealed that high per se performance of crosses was not
always related with their higher sca effects in majority of
the traits. Therefore, per se performance shouid be given
preferance over sca effects while choosing hest cross
combinations, since sca effects are merely a measure of
deviation of F, performance from prediction based on
parental gca effects, These results are akin to the reports
of Manivel ef al. (1598) and Mehta (2000). For oil content,
all the crosses except one exhibited significant positive
sca effects. The parents involved in these crosses were
either high x high or high x low general combiners

) e indicating the importance of both additive and
that most of the superior combinations showed at least g p.
. - non-additive gene action.
ane gacd general combiner and suggested that combining
Table 2 General combining abiiity effects of parents for ten characters n castor
Primary . .
/ s o]
Days to 50% Days to MNe. of P!ant spike Eﬁec{} ve Caps.ules 100-seed .eec' il
Farents flowerin maturit nodes height length spike primary weight {g) vield/ - content
9 ¥ {cm) (r:gn) length (ctn) spike ptant {g) (%}
Lines
DCs-5 -5.47 -5.64™ 133 g0 227 -0.09 -1.20 -1.99" 7.427 1,43
DCS-9 -5.89" 531 -1.32* 555" -2.74* -0.25 -3.86* 0.53 -0.09 1.64*
DCS 27 -0.97 0.61 0.20 2,60 271" 4.91™ 12.61™ -7.66" 39,97  .285"
DCs-24 43 314 -Dea™ 238 0.51 0986 431 149 664 -1.49%
DCs-85 -5.06" -3.47 -1.52=  -8.76" 517 427 -5.66" -1.85* -33.74™ 2.15™
SH-72 4,53 269" 132 1320 12.78* 9.03" 10.21 -0.27 63.95  -065*
481 0.03 -0.06 0.28 535+ 0.38 -1.02 -1.54 -1.07* 2.09 o.11
AVR-1 2.44 0.94 0.15 0.59 1.79 -2.69+ 821 461 225 0.73"
Co-1 1519 13.36* 3.10%* 384 -5.97* -6.5G* 1.96 880" .70.72*  .0.99*
SE+ 0.86 081 0.20 1.14 1.14 1.00 135 031 3.19 0.18
CD (0.05) 1.68 1.59 0.39 2.24 2.24 1.96 2.64 0.61 6.24 035
Ch .01 2.21 2.09 0.51 2.95 2,54 257 3.48 0.81 821 0.46
Testers
vP-1 027 -0.04 0.71*" 215" 852+ 6.49*" 283 -1.15*  28.56"  -1.48*
DPC.g -0.47 0.81 D7 255" -2.86** -1.70" 4.37 331 9.49% 0.19
LRES.17 .3.36™ -5.44*" -104*  .g66™ 374 439" -5.48* -1.88*  -22.24"™ 113
GEETA 356" 487 0.9 9.06™ -1.92* -0.40 1.72 -0.29 -15.81** 0.18
SE+ 0.57 0.54 0.13 0.76 0.76 067 0.90 0.21 212 0.12
CC (P=0.05) 1.12 1.06 0.26 1.50 1.49 1.30 1.76 0.41 4.16 6.23
CD (=0 01) 1.47 1.39 0.34 197 1.96 1.71 232 0.54 547 0.3

——

", ** Significant at 5% and 1% level, respectively.
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Table 3 Specific combining ability effects of parents for 10 characters in 36 crosses of castor

Cross Bt Daysto Noof hillzm P"?p?»fi Eﬁ'l"}lli Cag:;'gf; 100-seed
flowering maturity nodes (emy length length spike waight (g)
(crny (eray
VP-1x DCS-5 0.06 1.12 -0.46 3.53 -0.62 2.58 B.05* 1.30"
VP-1 xDCS-9 -1.19 -2.55 -1.10™  0.85 -6.56% -3.45 -2.96 G.43
VP-1 x DCS-27 -2.10 -0.46 -0.88* 554 .46 784" 770" 1.24”
WP-1 x DCS5-84 0.40 -1.05 -0.81% -3.32 -4.79* -2.34 -4.20 -124
VP-1x DCS-85 -1.69 -0.05 -1.10"  -1.00 -1.72 -0.77 -4.03 2.73*
VP-1x SH-72 1.73 -0.88 123" 403 4.06 -1.27 -5.43* 0.7
VP-1x 48-1 0.56 1.87 1.70* -5.25* -0.27 1.11 2.72 .35
VP-1 x AVR-1 -0.19 3.20* 0.46 -5.55* 7.58* 1.84 -2.20 -2.04*
VP-1x CO-1 2.40 «1.21 " 0.95° 1.20 -4.12 -5.52% 035 -3.53%
DPC-9 x DCE-5 -0.8g -3.06 -(.44 -2.83 -137 -163 -10.16* 0.87
DPC-9 x DCS-9 -0.11 0.27 0.28 3.49 5.25* 2.87 5.69* 0.39
CPC-8 x DCS-27 1.97 1.35 1.47+ 6.88* 438 2.80 5.56" 0N
DPC-8 x DCS-34 2.14 477 064 4.32 739 4.99 4.22 1.78"
DPC-9 x DCS-55 4.39* 4.44* 0.82~ -0.16 1.79 -0.05 1.4% -2.27
DPC-9 x §H.72 -2.86 8.27 -1.48* -1.68 =12.49* -8.61 211 -1.56
CPC-9 x 48-1 -0.03 -0.31 -1.58** 1.99 0.04 -0.6 -1.96 -3.22%
DPC-9 x AVR-1 -1.78 -1.98 0.34 -7.38% -551* -1.23 0.25 -0.83
DPC-5 x Co-1 +2.85 -5.73 0.27 -4.63* 0.46 174 -2.99 433
LRES-17 x DCS-5 503 5.86™ 1.53* 5417 4.71* 2.32 -1.18 0.14
LRES-17 xDCS-8 FA 053 -0.34 Q06 -5.49* -4 .44 -2.32 -0.71
LRES-11 x DCs-27 0.86 -1.39 0.34 -2.28 -0.67 -1.14 -4.45 -1.247
LRES-17 x DCS-84 2.36 -0.21 0.52 110 -5.72% -3.79 2.74 -0.65
LRES-17 x DCS-235 1.94 -0.64 D52 508 =392 -1.96 Q.58 -1.10
LRES-17 x §H.72 -4.64** -0.81 -0.45 -4,02 0.59 2.81 1.75 013
LRES-17 x 48-1 -1.47 -1.06 -0.34 277 6.26™* 3.92* 3.83 213"
LRES-17 x AVR-1 -3.56" -3.72% -1.35** 1.00 1.51 -0.28 -1.03 1.99*
LRES-17 x Co-1 -2.64 1.53 -0.43 -3.59 2.74 2.56 C.co -0.69
Geeta x DCS5-5 -4.23 -3.92* -0.63 611" -2.71 -3.27 330 -2.31*
Geeta x DCS-9 -0.81 1.75 116" -4.40 6.75* 5.03* -0.41 -0.11
Geeta x BCS-27 -0.73 Q.50 -083  -1014~  -10.16** -G 60 881* -0.31
Geeta x DCS-84 -4.90 -3.42* -0.35 -2.10 312 1.15 -2.75 0.12
Geeta x DCS-85 -4 65*" -3.75" -0.24 -3.91 3.85 2.78 1.86 0.64
Geela x SH-72 577 1.42 072 165 784 708 579 0.4
Geeta x 48-1 0.894 -0.50 0.22 604 -6.03™ -4.07" -4.59 0.74
Geeta x AVR-1 S5.52" 2.50 0.55 11.94* -3.58 -0.34 2.58 0.88
Geeta x Co-1 3.1c 5.42™ -0.79" 702 0.92 1.23 2.84 D11
SE t 1.71 1.62 0.39 229 228 2.00 2.70 0,63
CD (0.05) 3.36 3.18 0.77 4.49 4.48 391 5.29 1.23
CD (0.01) 4.42 4.18 1.02 590 5.89 5.14 6.95 1.61

Seed
Yield/
Hlant (g)

38 g2+~
346
471
438

1930

3531

1389
-5.76

~43.2g%

AT 47

47 53

23 49+
735
-5.03

21 B4

-53‘99..
-5.60

35 pg*
824

.42_71..
1362

‘26_35”

33,26

38.14*
-0.91

4767
-394

-29 3g=
-8.27

4 aom
15,92+
18.99+
19424
S1.01+

36,33+
1156

617
12.49
16.41

* ** Significant at 5% and 1% level, respectively
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Qil
content
(%)
1.58*
167
011
-1.143*
-2.88*
-0.11
253
1.63*
1.66"
0.50
-3.45%
2.10*
3.60™
170"
-0.83"
1.10™
-322"
-1.48*"
-2.44*
071"
-0.51
-0.75"
-0.93*
0.38
1.94™
0.61
d.99™
0.36
1.0
1.70
1.72*
2.12%
0.56
-0.52
0.98*
ST
438
0.70
0.92



Table 4 Performance of five superior crosses for each of the ten characters in castor

Combining ability in castor

Per se sca Per se = Fer ser gea
Cross perfarmance effect performance 969 effect performance effect
Days to 50% flowering
LRES-17 x DCS-9 4400 2.1 54.00 -336 ** 45.33 -5.89 ™
VP-1xDC8-9 4433 119 65,33 027 45.33 -5.89 *
DPC-9x DCS-5 4433 -0.88 61.33 -0.47 51.00 -5.47 **
VvP-1x DCS-85 4487 169 65.33 0.27 51.00 -5.06 *
DPC-2xDC5-9 4467 011 61.33 -0.47 4533 -5.89
Days to maturity '
LRES-17 x DCS-5 100.33 585 ** 114.33 544 106.33 -5.64 **
LRES-17 x DCS-85 10100 -0.64 114.33 -5.44 ** 109.00 -3.47 *
LRES-17 x DCS3-84 10167 -0.31 114.33 -5.44 * 115.67 =314
VP-1x DCS-9 10267 -255 127.33 -0.04 101.00 531
DPC-9 x DCS-5 10267 -3.086 124.33 0.81 106.33 564 *
Number of nodes
LRES-17x DCS-9 920 -034 11.53 -1.04 8.80 132
OPC-gx DCS-5 9.47 -044 12.93 -0.67 ** 10.73 -1.33
LRES-17 x AVR-1 967 -135 ** 11.53 -1.04 ™ 14,30 0.15
LRES-17 x DCS-85 987 052 11.53 -1.04 ** 11.33 152
DPC-9x 48-1 993 158 ** 12.83 -0.67 ™ 14.87 0.28
Plant height {cm)
DPC-9x DCS-5 33.07 -2.83 67.60 -2.55 ** 33.83 -8.90 **
LRES-17 x DCS-9 3320 006 2383 -8.68 ** 36.47 555 **
LRES-17 x DCS-85 3500 508 ** 23.93 -8.66 ** 3993 -8.76 ™
LRES-17 x DCS-5 3620 541 ' 23.93 -8.66 ** 33.93 -890 **
DPC-9 x DCS-85 3587 -061 67.00 -255 ** 39.93 -8.76 **
Primary spike fength (cm)
VP-1x SH-72 7120 406 61.47 852 ™ 59.13 12.78 **
Geetg x SH-72 6453 784 53.87 -1.82 59.13 1278
VP-1 x AVR-1 8373 758 ™ 61.47 852 ™ 57.07 1.79
VP-1x DCS-27 6353 645 ™ 61.47 852 ** 30.33 271
LRES-17 x SH-72 5547 0.9 54,33 374 59.13 1278
Effective spike length {cm)
VP-1x DCS-27 60.33 7.84 ** 5473 6.49 ** 28.33 491 =
Geeta x SH-72 5680 7.08 51.73 -0.40 48.73 g03 =
VP-1x SH-72 5533 127 54.73 6.43 ** 48.73 303 *
VP-1%x DCS-5 50.07 258 5473 6.49 ** 2433 -0.09
LRES-17 x SH-72 453 281 43.27 -4.39 49.73 8.03
No. of capsules/primary spike
VP-1x DCS-27 7020 770 49 53 283 ™ 41.00 1261 **
DPC-9x DCS-27 69.60 556 - 54.53 437 ** 41.00 12.61 **
Geeta x SH-72 6133 579 ~ 57.53 -1.72 65.33 1021 =
DPC-g x SH-72 5853 -211 54.53 4.37 ** 65.33 1021
VP-1 % DCS-5 5673 BO5 ** 4953 283 * 3013 -1.20
100 seed weight {g)
DPC-2x Co-1 5022 433 = 31.71 331 74.42 890 =
Geeta x Co-1 4217 011 29.40 -0.29 74.42 890 **
DPC-9x AVR-1 4077  -D.B3 317 33 46.82 461
LRES-17 x Co-1 4001 -069 2834 -1.88 ** 74.42 890 *
Gesta x AVR-1 38.82 (.89 2940 -0.28 46,82 461 **
Seed yield/plant (g)
LRES-17 x 8H-72 36046 3814 ** 182.26 2224 248.08 6395 **
VP-1 x DCS-5 35520 3862 * 205.65 2856 20053 742
VP-1x DCS-27 38384 471 20565 2856 ** 157.66 3997 =
DPC-9x DCS-27 35356 2349 ** 27605 9.49 *~ 157 66 39.97 **
‘ Geeta x SH-72 34786 1912 * 29276 1581 ** 248.08 63.95 *
Oit content (%)
Geeta x DCS-85 5304 212 43.87 0.18 49.45 215 =
DPC-9x DCS-85 5264 1.70 ** 52.27 0.19 49.45 215 *
LRES-17 x DCS-9 5208 071 -~ 5084 113 = 4877 1.64 **
LRES-17 x 48-1 51.79 194 * 50.84 113 48.07 0.1
Geeta x DCS-5 51.49 108 ** 48.87 0.16 46.77 164 *

*."™ Significant at 5% and 1% level, respetively
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Since, the degree of dominance for seed yield and oil
content were near o unity and superior crosses involved
the parents with gaod gea effects, it is recommended that
the crosses having desirable sca effects could be handled
through recurrent or reciprocal recurrent selection for the
improvement of yield and oil content. Further, the crosses
with high per se performance and substantial heterosis
over better check could be exploited through heterpsis
breeding.
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Abstract

Six crosses viz., VP-1 x DCS-9, VP-1 x 48-1, VP-1x
Co-1, LRES-17 X Co-1, DPC-9 x SH-72, DCS-9 x 43-1
involving parents with triple, double and zero bloom
were observed to know the mode of inheritance of
ploom nature in castor. The results revealed that
bloom nature is governed by single gene involving
multiple alleles. Allele for triple bloom is completely
dominant over allele for double bloom and partially
dominant over allele for zero bloom. Further, allele for
double bloom is alse partially dominant to allele for
zera hloom,

Key words: Castor, Ricintts communis L., bloom,

inheritance
Introduction

Castar (Ricinus communis L) plant is often characterized
by the presence of waxy coating, called bloom. Based on

distribution of bloom on different plant parts variocus .

classes (triple, double, single, zero) have been reported by
Harland {1920), Peat (1928), Patwardhan (1931) and
Narain {1952). Bloom s considered as desirable character
since the triple bloom varieties are mare resistant to
jassids (Natarajan et a/, 1988) and tolerant to drought.
Further, it can also be used as efficient diagnostic marker
in dentifying varieties, hybrids and their parents. Hence,
it is worthwhile to study the genetics of bloom nature.
However, most of the availabje Iiterature provides
infarmation on the inheritance of bloom by taking only two
tlasses as presence or absence of bloom. To know
tomplete inheritance, cbservations on the basis of triple,
double, single and zero bloom are essentially required
(Solanki and Joshi, 2001). Keeping this in view, present
study was aimed at studying mode of inheritance of
different classes of bloom in castor.

Material and methods

The material consisted of seven parents viz., VP-1 {triple),
LRES-17 (triple), DPC-9 (zero), DCS-9 {double), 48-1
(double), 8H-72 (double) and CO-1 (zero) with different
classes of bloom. In rabi, 2000-01, six crosses between
parental lines possessing different bloom classes, two

crosses each of the three aombinations viz,, triple vs.
double, triple vs. zerc and zero vs. double were made. F,
hybrids were selfed and backcrossed to both the parents
to obtain B, and B, generations during kharif, 2001. In
rabi, 2001-02, allthe six populations (P, P,, F4, F., B, and
B,) were evaluated for segregation of bloom frequencies
to test the goodness of fit to expected ratios. In each
cross, a population of 15 plants in parents and hybrids,
200 to 300 plants in F; and 100 te 200 plants each in B,
and B, generations were studied to record the segregation
pattern for each character. Recommended package of
practices was fcllowed with a spacing of 50 x 60 cms. The
study was catried out at the College of Agriculiure,
ANGRAU, Rajendranagar, Hyderabad.

Results and discussion

The crosses between triple vs. double bloom parents
(VP-1 x DCS-9 and VP-1 x 48-1) gave the F, plants with
{riple bloom. The F., populatioh of both the crosses
segregated in a ratio of 3 triple: 1 double bleom (Table 1).
The backcrass progenies invalving triple bloom parent
{VP-1) as recurrent parent showed all the plants with triple
bloom, whereas the backcross of F, plants with respective
doubie bloom parent gave the segregation with the good
fit o 1 triple: 1 double bloom ratio. It indicated that the
triple bloom is dominant over double bloom and is
controlled by single gene. Patwardhan (1931) also
reported dominance of triple bicom over double bleom.

In two crosses viz.,, VP-1 x Co-1 and LRES-17 x Co-1
involving triple bloom vs. zero bioom, the F, plants
appeared similar to double bloom, but had slight bioorn on
dorsal surface of the leaf, it was classified as partial triple
bloom. The F, ptants of both the crosses segregated at
the expected ratio of 1:2:1 of triple, partial triple and zere
blopm, respectively {Table 2). The backcross progenies
invelving zero bioom parent (CO-1) as recurrent parent
gave the plants with a segregation of 1 partial triple: 1
zero, whereas the back cross progeny involving respective
double bloom parent as recurrent parent segregated with
the expected ratio of 1 triple: 1 partial triple. These results
clearly showed that triple bloom is partially dominant over
zero bloom and is under single gene control. Narain
{1961) reported partial dominance of triple bleom over
single bloom.

Yo
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Table 1 Expression of hloom nature {triple vs. double) in F,, F, and backcross generations in two different crosses of castor

Segregalion

Cross F, phenotype  Generation Expected ratio ¥ value P-range
Triple Oouble Total
Triple x Double

VP-1x DCS-9 Triple F. 206 82 2388 an 1.85 0.20-0.10
B, {F, x VP-1) 112 - 172 - . .

B. (F, x DCS-9) 74 78 152 1:1 0.11 0.75-0.50

WP-1 x 48-1 Triple F. 198 70 268 31 017 0.75-0.50
B. (F, x ¥P-1) 199 - 199 - - .

B.(F. x48-1) 75 84 158 1:1 0.51 0.50-0.25

Table 2 Expression of bloom nature (triple vs, zero) in F,, F, and backcross generations in two different crosses of castor

Segregation
Cross F, phenotype Generation Expected ratio ¥ value P-range
Triple Partial Triple  Zero  Total
Tiiple x Zero
VP-1 x CO-1 Partial triple F, 68 128 62 256 1:2:1 0,34 0.50-0.75
B, (F, x VP-1} 91 96 - 187 1:1 0.13 0.75-0.50
8, (F,x CO-1) - 54 5% 113 13 022 0.75-0.50
LRES-17 x CO-1  Pattial triple F. 62 124 59 245 1:2:1 0.11 0.95-0.90
B, (F.x LRES-17) 84 65 - 148 11 2.42 0.25-0.10
B, (F, x CO-1) - 64 45 113 1:1 1.98 0.25-0.10

Table 3 Expression of bloom nature (zero vs. double) in Fy, F; and backcross generations in two different crosses of castor

Segregation

Cross F. phenotype Generation Expecied ratio 4 vahe P-range
Double Partial double  Zero  Total

Zero x Double
DPCA % SH-T2  Parial tiiple F. 78 151 59 286 121 478 0.10-0.05
B, (F, x DPC-9) oo 61 49 110 11 1.31 0.50-0.25
B. (F. x SH-72) 106 98 - 204 1:1 - 0.3 0.75-0.50
DPC-9 x 48-1 Partial friple F, 64 138 66 268 ‘ 1:2:1 0.27 0.90-0.75
B, (F. x DPC-9) - 61 63 124 1:1 0.03 0.80-0.75
B, (F. x 48-1) 57 59 - 116 11 0.03 0.90-0.75

Further, in the crosses involving zero blcom vs, double
bloom parents (DPC-9 x SH-72 and DPC-9 x 48-1), the F,
hybrids were simiar to single bloom but slight bleom was
alsc chserved on lower surface of leaf near to veins and
were grouped as partial double bloom, it indicated that
double bloom is partially dominant over zero bloom. The
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F, population of both the crosses gave a segregation of 1
double : 2 partial double ; 1 zero bloom ratio {Table 3)
inferring that the trait is governed by single gene. These
results are further confirmed with the back cross
segregation ratios. However, Peat {1928) observed the F,
ratio of 9:3:4 (recessive epistasis) of double, single and
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zero bloom, respectively from the cross involving parents
with double and zero bloom, whereas Zimmerman (1957)
and Solanki and Joshi (2001) reported that bloom nature
is monogenically dominant over zero bloom.

pased on the inheritance pattern gbserved in six crosses
invoiving triple, double and zero bloom parents, it could be
concluded that the bloom nature in castor is controlied by
single gene involving multiple alleles. Allele for triple
ploom is completely dominant to allele for double bloom
and partially dominant over allele for zera bioom, whereas
allele for double bloom is partially dominant over allele for
sers bloom. Harland (1920, 1928) reported either
cornpiete or partial dominance of bloom in F,.
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Abstract

Heterosis and inbreeding depression in 12 crosses
derived from seven diverse parents and genetic
variability studies in linseed was carried out during
rabi, 2002-03. The experimental material comprised
24 populations and seven parents for 11 different
characters reveaied considerable amount of
variability for all the characters. Most of the
characters were less influenced by environment as
minor differences recorded between genotypic and
phenotypic coefficients of variation, High heritability
with high genetic advance was observed for number
of capsules per plant, number of seeds/plant and
seed yield/plant, might be due to additive gene
effects. Heterosis and inbreeding depression was
observed positive in direction in most of the
characters. Maximum heterosis was recorded for
seed weight/plant followed by number of
capsules/plant and number of seeds/plant.

Key words: Linseed, heterosis, inbreeding

depression
Introduction

Linseed {Linum usitatissimurm L) is an important rabj
ocilseed crop of Chhattisgarh. In Chhattisgarh linseed is
grown mostly under rainfed as relay cropping "Utera" as
well as in open fields. Hence linseed plays an important
role in the double cropped area. improvement of genetic
architecture of any crop depends upon the presence of
nature and extent of genetic variability. The selective
advantage of any population depends t4pon an amount of
heritable variability present in the population. Heritability
estimates are useful in understanding the pattern of
inheritance of quantitative traits and genetic advance is
also a useful measure to predict gain in specified selection
intensity.

in the present study another objective was to assess the
extent of heterosis present in F, hybrids and to know the
possibility of exploiting heterosis in hybrid breeding
programme (Dubey and Singh, 1868). Another aim was
to find out whether there is a relationship between high
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heterosis in F, and superior segregants in F,. The extsnt
of heterosis of and inbreeding depression can also give an
idea about the genetic control of a particular character.

Material and methods

Seven divergent parents wz., Kiran, R-552, LCK-88062,
T-397, Polf-14, Polf-22 and SIKO-10and 12F, and 12 F,
populations were grown in Randomized Complete Block
Design with three replications at cilseed experimental area
in Research Farm of |GAU, Raipur during rabi, 2002-03.
These crosses were selected from the crosses developed
in earlier years by adopting the mating system of
diallel/line x tester. The parents and F,5 were grown in
single rows, whereas F, populations were grown in 6
rows, the row length being 4 m. A row-to-row distance of
30 cm and plant-te-plant distance cof 5 om was
maintained. Five compeatitive plants were randomly
tagged in the parents and F;s and twenty plants were
tagged in the F,s of all the twelve crosses to record
observations on yield traits (Table 1), Genetic parameters
of variation, heterosis over better parent and inbreeding
depression for all the characters were estimated (Johnson
et al, 1855, Grafius, 1859, Allard, 1860).

Results and discussion

High genotypic coefficient of variation were observed
for number of capsules/plant, seed yietd/plant, number
of seeds/plant and pnumber of secondary branches/plant
which indicative of the presence of considerable
amount of genetic variability in the experimental material
(Table 1).

Heritability estimates were high for all the characters
except number of primary and secondary branches/plant
and number of seeds/capsule. High heritability coupled
with high genetic advance along with genotypic as well as
phenotypic coefficients of variation observed for number
of capsules/plant, number of seeds/plant and seed
yield/plant might be due to additive gene effects indicate
a good scope for improvement of these traits while
selecting the populations. The results of the study are in
agreement with the findings of earlier workers Dixit and
Dubey {1985) and Mirza et & (1596).
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Heterosis over better parent and inbreeding depression
expressed in percentage over mean estimated for each
character and presented in Table 2. Al the crosses
except T-397 x SIKO-10 and LCK-88062 x T-397 showed
p05|tive heterosis for days to flower ranging from -5.42 to
20 50 Majority of the crosses showed positive inbreeding
depression. However, two crosses, LCK-88062 x T-387
and Polf-14 x Polf-22 showed negative nbreeding
depression as majority of the segregants cfthese crosses
flower earlier than their hybrids. All the crosses expressed
positive heterosis for days to maturity except three
crasses i.e., R-552 x LCK-88062, Polf-14 x SIKO-10 and
polf-22 x SIKO-10 showed negative heterosis. It is also
true in case of inbreeding depression as majority of the
segregates of these crosses mature earlier than their
hybrids.

All the crosses showed positive heterosis and inbreeding
depression for plant height. This population will provide
much scope for selection for dwarf types. Majority of the
crosses heterosis and inbreeding for primary and
secondary branches/plant were in positive direction. All
ihe crosses showed significant heterosis for capsules/
piant and significant negative heterosis for number of

seeds/capsule als0 coupled with negative inbreeding
depression. Except Kiran x LCK-B8062 and Polf-14 x
Polf-22, all the crosses showed positive heterosis coupled
with positive inbreeding depression for 1000-seed weight.
Number of seeds/plant showed paositive heterosis coupled
with positive inbreeding depression. The value of
heterosis for harvest index ranged from -26.90 to 43 42
and inbreeding depression ranged from -36.80 to 20,37,
The value of heterosis for seed yield are positive and
significant which ranged from 61.94 to 264.11 coupled
with positive inbreeding depression. Heterosis for seed
yield in linseed was reflected through heterasis in primary
and secondary branches/plant and capsules and number
of seeds/plant confirms the earlier findings of Rac and
Singh (1983), Verma and Mahto (1996), Rao et a/. (2001}
and Bhateria et al. {2001).

These studies could help the breeder ta concentrate on
only a few premising crosses rather than handling many,
since superior crosses showing heterosis were also
through superior segregants. Theimprovement ofiinseed
yields would be possible by adopting scheme of
inter-mating in the F,; and resulling generafion may be
advantageous.

Table 1 Genetic parameters of variation for yield and yield attributes in linseed

Character Mean  SEmt —— e —— GCV (%) PCV(%) N ibs) e o
Minimum  Maximum

Days to flower 57.4 1.32 51.3 69.7 9.56 10.39 852 300
Days to maturity 109.4 1.33 101.3 1173 4.27 476 80.4 12.7
Plant height{cm) 687 250 5457 8213 11.48 1322 751 324
Number of primary branches/ plant 4.2 057 273 £.13 15.07 25814 286 20.8
Number of secondary branches/ plant 158 2.89 8.40 304 29.79 43.54 46.8 58.4
Number of capsutes/ plant ‘ 55.7 6.17 16.1 116.8 41.98 46.16 827 1281
Number of seeds/ capsule 6.7 0.58 553 8.33 8.33 17.35 233 10.1
103C-seed weight (g) 58 024 4.64 746 12.36 14.34 74.4 . 347
Number of seeds/plant 3278 335 122.2 556.0 32.38 36.90 77.0 93.3
Harvest index (%) 248 1.36 1413 36.65 18.66 2257 821 62.1
Seed yield/ plant (g) 1.93 0.25 0.583 af 39.62 45.54 757 1126

GCV = Genatypic coefficient of variation; PCV = Phenotypic coefficient of variation; h2(bs) = Heritability in broad sense; GA = Genetic advance
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Table 2 Heterosis over better parent and breeding depression in 12 crosses in linseed for yield and its components

Narme of {he Cross Days to flower Days 1o maturity Plant height (cm) g: 2&2;522;2

Het{BP) 1D% He{{BP) 1G% Het(BP) ID% Hef(BP) ID%
Kiran x R-552 18.65* 16.86 527 129 17.03% 4.93 11.33 14.25
Kiran x LCK-88062 4728 Q.00 0.00 0.00 2820 1485 7.86 2428
Kiran x T-387 14.90* 16.21 4.18** 4.01 17.52* 9.91 2417 30.80
R-552 x LCK-88062 6.35* 0.54 -2.61 -2.68 2529 12.80 476 -4.54
R-552 x T-397 10.19* 10.47 1.47 1.45 912 13.83 817 16.79
LCK-88062 % T-397 -5.42 -574 0.89 0.89 25.02* 278 42.86* 28.33
Polf-14 x Polf-22 19.81* -1.60 3,84 3.69 31,41 2.61 32.71" 40.34
Polf-14 x T-397 26.04* 16.79 261 255 314 472 31.39 10.57
Polf-14 % SIKO-10 2334 32.02 441 142 15.58" 13.51 70.28™ 4176
Polf-22 x T-397 29.50** 20.51 1.24 1.22 9.51 10.05 -8.33 15.91
Polf-22 x 51KO-10 711 7.18 -2.15 -2.19 6.49 3.00 833 27.50
T-397 x SIKO-10 -4.13 0.00 0.00 0.00 10.25* 6.4C 917 11.70

No. of secondary No. of capsules/plant  No. of seeds/capsule 1000 seed weight (g)

Name of the cross branches/plant

Het(BP) ID% Het(BP) 0% Het(BP) ID% Het(BP) D%
Kiran x R-552 132.33" 53.05 132.40* 51.80 0.0 -057 12.47* 1088
Kiran x LCK-88062 110.47* 58,75 155.49* 50.14 0.00 2037 -0.62 7.18
Kiran x T-397 3665 3856 £6.06** 38.49 -22.33* 634 27.83 5.93
R-552 x LCK-BBDSZ 52.99" 4207 196.00* 4318 =21 82" -4.14 B.43 2386
R-552 x T-397 2582 52.46 126.93* 69.01 -30.73* -2.25 7.63 9.29
LCK-88062 x T-397 249.74™ 77.869 17.91* 16.94 -36.37** -37.73 4.07 15.36
Polf-14 x Polf-22 16.59 38.48 62.93** 47.23 13.05 534 -7.49 10.36
Polf-14 x T-397 0.00 28.37 £2.81 57.28 5.8) 11.42 18.44* 13.73
Polf-14 x SIKO-10 50.88 24.28 102.32*" 61.69 -28.24% -56.79 7.18 10.79
Polf-22 x T-397 -1238 12.09 36.00" 28.31 -21.13* -0.g1 285 9.86
Poif-22 x SIKO-10 18.55 4115 69.73" 54.92 -8.29 -7.46 403 9.76
T-397 x SIKG-10 -2.32 28.69 62.56* 52499 -33.61* -33.27 30.86* 2154

No. of seeds/plant Harvest index (%) Seed yieldiplant (g)
Name cf the cross
Het(BP} D% Het{BP) D% Hetl(BP} ID%

Kiran x R-552 8121 45,69 43.42* 2037 12089 55.42
Kiran x LCK-88062 187.99** 37.76 11.31 297 264.11** 43.89
Kiran x T-397 39.49** 569 -6.07 -6.46 88.10** 11.85
R-552 x LCK-88082 85 54* 2520 -12.85 -14.75 99.80** 44.31
R-552 x 7-397 51.54™ 50.70 -7.69 -8.33 92.68"* 50.65
LCK-88062 x T-397 24.29 43 ~26.90* -36.6u 95.54* 19.47
Poif-14 x Polf-22 61.97** 39.66 -0.70 071 72.38* 50.39
Polt-14 x T-397 3383 41.00 -11.58 -3 §g.10 5214
Polf-14 x SIKO-10 110.29™ 58.02 2.89 2.81 127.26* 64.02
Palf-22 x T-357 53.79* 3114 287 2.89 113.85** 3882
Polf-22 x SIKO-10 64.04** 4279 6.79 8.35 93.46" 5252
T-387 x S5IKQ-10 16,16 36.85 -5.28 -6.69 61.94" 43.92

Het (BP) = Heterosis over better parent; 1D = Inbreeding depression
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Abstract

One hundred germplasm accessions were used to
assess the nature of genetic diversity in Niger,
Guizotia abyssinica (L.} Cass by using Mahalanobis'
D? statistics using all ihe 10 characters studied. Plant
height, days to 50% flowering and days to maturity
were observed to be the major contributors to the
genetic divergence in the germplasm. Grouping of
genotypes into clusters using Tocher's tmethed
resulted in formation of seven clusters. Maximum
intracluster distance was shown by cluster IV while
clusters | and ll showed highest inter cluster distance.

Key words: Guizotia abyssinica, D statistics,

genetic divergence
Introduction

MNiger is an important minor cilseed crop cultivated in India
on an area of 0.45 millicn ha with a production of 0.11
million tones Giriraj (2003). Seeds centain 35 te 40% oil
which is of high quality and is mainly used for culinary
purpose, manufacture of cosmetics, soaps, paints,
lubricating and lighting. Oilseed meal is used as cattle and
poultry feed.

In earlier days, morphological dissimilarity, eco-
geographical diversity, phylogenetic relationship and other
criteria were used in discriminating any divergent
pepulation. Later, a method utilizing multiple measure-
ments which are subjected to multivariate analysis based
on generalized distance as indicated by D? statistic proved
to be worth in guantifying the degree of divergence
between populations (De et &f., 1988, Biswas and Samsal,
1990). The task of breeding for better varieties needs
generation of genotypes with desirable attributes. Getting
such genotypes basically depends on choice of genetically
distant parents for hybridization. Selection of parents
based on the extent of genetic diversity was successfully
utitized for genetic improvement of different crops. In the
present study, an attermnpt was made to know the genetic
divergence among the 100 germplasm accessions
through Mahalanobis D? statistics.

Material and methods

The material used for the present study comprised of 100
germplasm lines obtained from AICRP on Sesame and
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Niger, Jabalpur. A field experiment to study genetic
variability was laid out in simple Lattice Design with two
replications at Department of Genetics and Plant
Breeding, College of Agriculture, Dharwad during kharif
2002. Each repiication consisted of 10 sub-blocks each
having 10 varieties of one line each. Each variety was
allotted at random in each sub-biock. Each treatment was
grown in a single row of 3 m length with a spacing of 30
x10 om. All recommended agronomic practices were
tollowed during the crop growth period. Five plants were
tagged at random in each replication. The observations
were recorded on days to 50% flowering, days to maturity,
piant height, number of primary branches/plant, number
of capituta, capitulum diameter, number of
seeds/capitufum, seed yield/plant, test weight and harvest
index. The genetic divergence was estimated using
Mahalanobis D? statistics (1938).

Results and discussion

Al 100 genotypes used for the study were grouped into
seven clusters based on D? statistics (Table 1). Inter
cluster D? values ranged from 74.02 to 227.96. The intra
cluster distance showed range from 0 {solitary cluster) to
39.94.

The analysis for estimating the contribution of various
traits towards expression of genetic divergence reveated
that plant height, days to 50% flowering and days to
maturity were the major contributors. Seed yield/plant and
harvest index made negligivle contribution. Earlier Anand
and Chandra (1%80) reported that sunflower genotypes
had shown the flowering time as the major contributor to
genetic diversity. Sankarapandian et al (1596) have
concluded that days {0 50% flowering and plant height
contributed more to the genetic diversity in sunflower. A
study ot genetic diversity in niger by Sohanram and
Kerketta (1298) has revealed that days to maturity and
plant height were major contributors and days to flower
also contributed substantially to the genetic diversity The
present cbhservations made are in accordance with the
above conclusions. Same study also revealed that
capitulum diameter also made a notable contribution
along with a substantial contribution of yield/plant and
number of branches, These contradictory reports may be
due to use of different kind of material for studies. Studies
of Manjula (1997} in sunflower also supported the results
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that plant heightis a major contributor to genetic diversity
with significant contribution frem days to 50% flowering.

it was observed that genotypes forming cluster | (17
entries} were genetically more divergent from those in ail
other clusters except genotype in cluster Vil {GA-23)
(Table 2). QOther cluster combinations with very high
intercluster D2 values were 11 and i, i and IV, I and Vi,
Nand 1V, llLand V, ill and VI, IV and V, IV and VI, V and
vi, V owith VI ang VI with Vil Rest of the cluster
combinations can be ceonsidered as less divergent cnes
looking into their D? values.

Cluster V was found to be superior with respect to seed
yieid/piant along with other desirable traits like higher

Table 1 Clustering pattern of 100 germplasm of niger

plant height, higher number of capitulafplant, higher
number of seeds/capitulum, higher test weight and higher
number of primary branches at harvest. But, genotypes of
this cluster were of late maturing type with low capitulum
diameter and harvest index. Genotype constituting cluster
VI was found to be having desirable characters like early
flowering, early maturation, higher capitulum diameter
and a higher harvest index. Inter crossing between
genotypes belonging to cluster V and cluster VI may
generate large variability and can be expected to produce
desired genotypic combinations and transgressive
segregants and form a good source material in population
improvement programme {Tabje 3).

Cluster MNo. of entries  Entry
[ 17 GA-24, 25, 26, 27, PHW-2004-2, No.1, 5, 14, 36, CH-4, 7, EC-158870, 158671,
158672, 158673, NC-63587, 63582
Il 23 N-2, 4,86, 8 9,10, 11,12, 13, 14 15,16, 17,18, 19, 20, 22, 23, 24, 28,20, 30 32
m 27 5-28, 564, 5-78, 11-5, 18-64, 2263, 34-14, 41-50, 41-52, 52-28, 5§1-30, 65-26,
i 71-14,78-23, 82-8, GA-1,2, 3,6, 7,8 9,10, 11, 14, 15, 22
Y 27 N-34, 35, 36, 37, 38, 46, 47, 48, 49, 50, 51, 52, 57, 58, 70, 71, 75, 76, 79, 80-8,
§7-14, BHC-120, Comp-lf, 5-1, 5-4, 5-6, 5-9
v 4 N-25, 26, 27, 31
Vi 1 N-33
Vil 1 GA-23

Table 2 inter and infra clusfer distance values for 7 clusters with 18 characters in niger

Cluster i n i W v VI Vi
! 30303 227.959 178.198 201.257 220825 203.741 85.412
i 38.693 187.981 180.019 74.020 84.681 188.296
i 32.728 178.837 211.830 172.053 B84.128
v 38.536 200.017 101.808 168.015
vV 11.57% 113.687 195.669
Vi 0.000 165.844
pY)| 0.000

Diagonal values indicate intra cluster distance; Above diagonal values indicate inter cluster distance
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Table 3 Cluster mean values for 10 different characters in niger

Chuster X‘ Xz A Ay xs xs X Xa Xg )(1 n
[ 156.706 14.765 55.176 63.118 86.618 1.065 30.735 3.576 2.275 0.088
li 143.783 13.348 55.326 61.565 85.956 1.017 24,261 3.583 1.994 0.079
m 140.148 11.482 46.815 63.389 86.704 1.041 22167 3.333 1113 Q.c80
W 153.682 16.388 56.063 62.148 B5.444 1.055 28.481 3.496 3.031 0.080
W 169.625 19.125 114.000 63.000 86.500 1.225 47.875 3.983 4225 0.098
Vi 162.500 15.500 44.500 586,500 84.500 1.350 31.500 3.900 3.C00 0.120
Vil 160.500 16.000 52.000 62 500 89.000 1.000 24,500 3.43C 3.150 0.050
X, - Plant height (cm) X, - Capituium diameter (cm)
%, - Number of primary branches A; - Wumber of seeds per capitulum
%, - Number of capitula per plant X - Test weight {9/1000 seeds)
X, - Days to 50% flowering X, - Seed yield per plant (g)
X, - Days to maturity Xyq - Harvest index (%)
ttis worthy to note that in ariving cluster mean, the Biswas, P. and Samsal, B. 1990. An estimate of genetic

superiority of a particular genotype in respect to given
character gets diluted by other genotypes that are related
and grouped in the same cluster which are inferior or
intermediary for that character in question. Such trend
was observed in performance of genotypes N-23 and N-30
compared to mean performance of their cluster I} Same
thing was also noted in performance of genotype 41-52,
which was away from mean performance of its cluster [11.
Hence, apart from selecting lines from the cluster which
have high inter cluster distance for hybridization, one
should think of selecting parents based on the extent of
divergence in respect to a character of interest te. if
breeders intention is to improve plant height, he should go
for selecting parents which are highly divergent with
respect to this trait. Apart from this the mast productive
lines which are divergent among themselves may be
involved in population improvement.
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Abstract
eriment was conducted to study the response
An e);indnut to evapotranspiration deficits imposed
of of ocific crop growth periods by imposing four
?t .sztion jeveis i.e., fully irrigated control (i),
irrid sture stress at flowering and pegging (1.}
rno?stu re stress at pod initiation and addition period
molmoisture stress at pod filling period (1,). The crop
gls) sully irrigated control treatment produced
" imum mean pod yield of 2830 kg/ha
?japotranspiration deficits (moisture stress) at
yarious Crop growth periods caused significant
recuction {16.4 10 20.6 %) in pod Yyield relative to fully
irrigated control. Pod vyield red_uction due .to
evapotranspiration deficits at flowering and pegging
period was 20.6% below maximum yield (Ym) with a
yield sensitivity coefficient of 1.7. The groundnutcrop
at fiowerind and pegging period was 11.5% and 19.7%
more sensitive to evapotranspiration deficits than in
pod initiation and pod addition period and pod filling
eriod respectively. The relative sensitivity of
groundnUt to water deficits was found to be highest
in flowering and pegging period, moderate in pod
initiation and addition and least in ped filling period.

Groundnut, evapofranspiration deficits,
yield sensitivity coefficient

Key words.

Introduction

As the pressure for efficient use of water in agriculture is
mounting there js need for greater emphasis on
environmentally friendly irrigation practices. Further
irrgated agriculture is entering on "age Qf management”
in which water deficits during crop growing season may
not be avoided totally, but instead favorably cantrolled.
Irrigation planning in future, therefore, is more likely to be
based on purposeful imposition of water deficits during
crop $€ason controlled both in intensity and fime i.e.
optimal seguencing of evapotranspiration (Eta} deficits to

meet specific objectives. Thus.development of functions
to quantitatively predict in advance of planting the effects
of water deficits during crop growing season on crop yield
would help in rational management of available limited
water supplies.

Groundnut animportant oilseed crop cuitivated during rabi
season under irigated conditions is often subjected to
water deficits causing heavy vyield depressions. The
present study was therefore designed to quantify the
relative sensitivity of crop te water deficits at specific crop
growth periods for cptimal allocation of limited water
supplies to minimize yield losses under scarce water
supply situation.

Material and methods

The field experiment was conducted on a sandy loam scil
during the kharf and rab/ seasons of 1997-98 and
1998-99 at the coilege farm of Acharya N' G Ranga
Agricuttural University, Hyderabad (17°19'N, 78° 23'F and
542 3 m above mean sea level),

The treatments included were four phosphorus fevels j.e.,
0, 30, 60 and 80 kg P,Oy/ha to sunflower during kharif,
combination of residual P (0, 30, 60 and 90 kg P,Q./ha
applied to sunflower and four irrigation levels (1, |,, |, and
l,) as main plots and four direct P levels (0, 30, 60 and S0
kg/ha) as subplots to groundnut during rabi season. The
irrigation treatments comprise -fully irrigated contrel {1,),
moisture stress at flowering and pegging (1,), moisture
stress at pod initiation and addition period {1} and
moisture stress at pod filling period {1,). The details of the
same are given in Table 1. Thus constituted four
treatments in sunflower were tested in Randomized Block
Design with twelve replications during khanf season and
64 {4x4)x4 treatments in groundnut were tested in Split
Plot Design with three replications during radi season. In
any given growth sub period, the crop in a given treatment
was either irrigated based on soil-crop climatic data
(Table 1) to ensure Eta proceeded at the potential rate
(Etm) nor irrigated during particular crop growth stage.
For stress treatments (1,, I and |,) after refieving of stress

1Principa’ Scientist (Agronomy), Directorate of Oilseeds Research, Rajendranagar, Hyderabad-500 030, AP.

~ part of Ph.D. Thesis work carried out by the first author.
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the irrigation schedule as that of [, (Eta=Etm) was
followed, following an Etd in water deficit treatment at the
end of the crop growth sub period the root zone depth of
the crop was replenished te field capacity (-0.03 Mpa)
moisture content. A 50 mm water meter was installed to
deliver the required quantity of water in each plot.
Grourdnut cv. ICGS-11 was sowh by dibbling during both
the seasons on 20-10-87 and 2-11-88 respectively by
adopting a spacing of 30x10 em. Other recommended
agronomic practices were followed. The crop was
subjected to moisture stress by with holding water at
different crop growth sub periods. The ground water table
was below six meters during the crop-growing seasom;
hence, it is assumed that there was not any contribution
from groundwater table towards crop water needs.

For determinaticn of crop Eta, the soil moisture was
menitared by gravimetric methad at four locations and at
various depths in each treatment from surface to 60 cm
soil depth before and after each irrigation and no
intermediate dates as necessary (Table 2). The reference
crop evapotranspiration (Eto) was estimated at specific
crop growth sub-pericds based on Hargreaves method
(Hargreaves and Samani, 1882).

The experimental soil had N, P,O; and K,O at 255, 11.2
and 472 kg/ha respeclively with pH 7.5, bulk density 1.66
g/cm?® and EC 0.12 dS/m. The availabie soil moisture
determined as difference between moisture held at -0.03
Mpa {(field capacity) and -1.5Mpa (permanent wilting
point) was 84.4 mm’in B0 cm scil profile.

To quantify the effect of Eia deficiits on yield relationship
between reiative yield reduction and relative
evapotranspiration deficit was worked out by regression
analysis as suggested by Stewart et al{1977)The
relatichship is as follows:

Ym-Ya/Ym=Ky(Etm-Eta/Etm)

Where Ym=maximum ped yield in {ully irrigated conirol i.e., |, treaiment
‘Ya=aciual pod yield of ine crop as affecied by Eta deficits
Etm=geascnal evapotranspiration of fuily irrigated crop

Eta=segasonal evapolranspiration in waler deficit ireatments

Ky=yield sensitivity factor

The crop was harvasted on 11.2.1998 and 3.3.1999 in the
first and second year respectively, The water use
efficiency (kgfha-mm) was calcutated as a ratio between
pod yield and seasonal evapotranspiration.

Results and discussion

Effect of water deficits on crop ETa, yield and water
use efficiency of groundnut: The seasonal crop ETain
fully irrigated control, |, treatment exceeded the crop ETa
registered in other freatments. Withholding of irrigations
during individual crop-growth sub-periods in stress
treatments vz, |, (moisture stress at flowering and
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pegging period), | {moisture stress at pod initiation ang
addition period) and |, {mcisture stress at pod filling
period} caused appreciabie reduction in ETa relative to
fully irrigated control |, treatment. Thus a seasonal ETa
deficit of 38.9 mm, 43.3 mm and 40.2 mm in 1997-98 and
474 mm, 47.9 mm and 431 mm in 1988-99 was
observed in I3, | and |, treatments, respectively relative to
I, treatment (Table 2). The ratio of ETa/ETO (Kc value)
value indicates the degree of water deficit at which water
uptake of a crop begins to be limited. With holding of
irrigaticn during specific crop growth periods (1, 13 and |,)
caused marked reduction (65.6 mm to 307.55 mm in
1997-98 and 71.5 mm to 336.2 mm in 1998-99) in
seascnal Eta relative to |, treatment. Thus the ratio of
ETa/ETo in |, treatment approximated 1.0 from flowering
to the start of pod filling period indicating that the crop in
this treatment was able to exiract adequate amount of
water relative to evaporative demand of the atmesphere
Howaver the crop in |, treatment though extracted water
sufficiently up to start of pod filiing pericd, subsequently
due to withholding of irrigations experienced ETa
deficits as was evident from sudden drop in ETa/&To ratic
during later part of the crop growing season. There is
evidence ihatl soil water deficits developed due to
withholding of irrigation reduce both seasonal ETa and
ETa rate during the crop-growing season
(Ramachandrappa and Kulkarni, 1992).

The crop in fully irrigated field {I,) produced significantly
higher pod yield in both the years (2757 kg/ha in 1897-28
and 2803 kg/ha in 1998-39 and on pooled basis 2830
kg/ha){Table 3} Evapo-transpiration deficits at individual
crop growth periods caused significant reduction (16.4 to
20.8%) in pod yield relative to I, treatment in both the
years and on pooled basis. The better performance of the
crop in |; could be traced to favorable soil water balance
in these treatments as evidenced from the Eta values and
Eta/Eto ratios. The ratio of Efa/Eto value indicates the
degree of water deficit at which water extraction by a crop
begins to be limited. According to Vijay Kumar and
Praveen Rao (2003) the EtafEto ratic of a non-stressed
sunflower crop should approximate >1.0 after canopy
closure. Thus, the ratio of Eta/Bto in [, treatment
approximated 1.0 from flowering to start of maturity period
{Table 4) indicating that the crop in this treatment was
able to extract the highest amount of water relative to
evaporative demand of the atmosphere, With holding of
irrigations during reproductive growth penod wiz.,
flowering and pegging period, pod initiation and addition
period and pod filling period caused Eta to fall below Etm
in i, treatment (moisture stress at flowering and pegging
period), |, {moisture stress at pod inifiation and ped
addition period) and I, (moisture stress at pod filling
period} treatments inducing soil water deficits in the crop
root zone. This unfavorable soil moisture condition
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brought about significant reduction in yield confributing
characters like no. of pods/plant, matured pcds/plant,
100- kernel weight, shelling percentage and harvest index
through reduction in photosynthetically active leaf area.
The crop in |y, |3 and |4 experienced moderate to severe
Eta deficits as evident from low Eta/Eto ratios in these
treatments causing significant reducticn in pod yield.

The fully irrigated control {1,) recorded higher water use
efficiency values during both the years (Table 3).
Provision of favourable soll water balance duly accounting
for evaporative demand of the atmosphere (Eta/Etm =1)
was shown to enable in effective use of water contributing
to higher pod yield as well as water use efficiency as is
evident from the fully irrigated control 1, treatment in the
present study. On the other hand Eta deficits at crop
growth periods of flowering and pegging, pod initiation
and addition and pod filling period caused significant
reduction in water use efficiency as is evident from |, |3
and |, treatments owing to appreciable reduction in pod
yield relative to Eta reduction in respective treatments
Reddy, 1988).

Sensitivity of pod yield of groundnut to Eta deficits:
To examine the sensitivity of pod yield of groundnut to
evapotranspiration deficits the Stewart's S, function was
adopted and resultant yield response sensitivity coefficient
(Ky) for specific crop growth sub pericds were determined
by regression analysis and presented in Table 5.

The test statistic R? indicated that the explained total
variation in relative pod yield deficit varied between 0.995
t0 0.598 in 1997-98, 0.989 to 0.996 in 1998-29 and 0.986
to 0.996 on pooled basis under different treatments. The
R? values were highly significant (P=0.01) in bath the
years and on pooled basis. This implies that the function
Is statistically acceptable cecncerning fitting of the
observed data considering the time of Eta deficit at
specitic crop growth periods.

The Ky values which reflect the relative sensitivity of pod
yield to Eta deficit varied with the crop growth period and
with the magnitude of Eta deficit impesed at various crop

growth penods, were positive and significantly different
from zero.

Comparison of Ky values in |, (Eta deficits at flowering
and pegging period), |, (Eta deficits at pod initiation and
pod addition period) and |, (Eta deficit at pod filling period)
treatments indicated that the relative yield decrease for a
given level of Etd was least in pod filling, intermediate in
ped initiation and addition period and highest in flowering
-pegging pericd. The data on Ky values in Table & for |,
{; and |, suggests us that the flowering-pegging period in
groundnut is inherently about 0.16 (16.04 %) and 0.2599
(26.99 %) times in 18987-98, 0.074 (7.4 %)and 0.135
(13.5%) times in 1998-82 and 0.115 {11.5 %) and 0.197
(19.7) times on pooled basis more sensitive to Eta deficits
than in pod initiation and addition pericd and pod filling
pericd respectively. Like wise, the pod initiation and
addition period of groundnut was 0.0%4 (9.4 %) in
1997-98, 0.056 (5.8 %) in 1998-88 and 0.073 (7.3 %)
times on pooled basis more sensitive tc Eta deficits than
in pod filling period.

The potential yield of groundnut (Ym=kg/ha) on pooled
basis was cbtained when the crop was fully irrigated at
Eta/Etm=1 throughcut the crop growing season. The high
yield obtained in |, treatment also indicates the accuracy
and reliability of empirical methodology adopted for
calculation of irrigation water depth and irrigation interval
for the groundnut in the present study.

A significant decrease in pod yield was observed in
remaining treatments viz., I;, [y and [, where there was an
Eta deficit at individual crop growth sub periods. Pod yield
reduction due to Eta deficits at flowering and pegging
pericd amounted to 20.8 % below Ym with a yield
sensitivity coefficient of 1.6375 on pooled basis. This is
understandable since moisture stress during this pericd
inhibits flowering as well as peg penetration in to the soil,
uftimately {imiting the mature pod number per plant
Likewise Eta deficits at |; and |, lead to significant
reduction in pod yield and resulted in a sensitivity
coefficient of 1.5003 and 1.3975 respectively.

Table 1 Determination of irrigation requirement for groundnut in fully irrigated treatment based on soil-crop-climatic parameters

CTO}J growth Duration Etc Ke Etm Roating Sa.D P 1=5a. IRR
period days mrm/day mm/day depth ‘D' cm (cm} (fraction) D.F/ETm mm
Vegetative 310 3.02 0.75 2.27 45 63.3 0.7 195 43.92
Flowering and 26.0 2.78 1.025 2.84 60 84.4 052 1758 49.98
pegaing

Pod initiation and 285 3.46 1.025 3.58 60 84.4 0.59 14.0 49.76
kod addition

Paod filingand - 330 4.61 0.80 3.68 60 84.4 0.625 14.5 53.28

Maturity
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Table 2 Evapotranspiration {mm) of groundnut as influenced by different levels of irrigation at different stages of crop growth

Teemtmment Vegetative Flowering to pegging Pog ;Qg::::grr: ad o filling and maturty  Total growing seasan
[997-98 199399 9798 9899 9753 ogos o798 989 9795 9599
h 785 G0 709 787 824 1089 1086 118.7 3384 3708
" . 673 o1 625 98 868 1025 1068 2985 3234
I 778 63.0 695 720 638 804 842 1075 095 1 —_
g 76.0 558 65 758 8g 10586  70.8 80.7 2982 3377

Fully irrigated controltirrigation at Eta/Etm = 1 through out the crop Growing season
With holding of irrigations at flowering and pegging period {2428 days)

With halding of irrigations at pod initiation and pod addition perigy (27.28 days)
With holding of irrigations at pod filling period {32-34 days)

)

T e

&

Table 3 Pod yield {kg/ha} and water use efficiency of 9roundnut as influenced by different treatments

Pod vield (kg/ha)

Treatment Water use efficiency (kg/ha mm)
1997-98 199899 Pooled 1987-98 1996-99

: - 2ot 2993 2830 8.18 7.83

. 288 208 2247 7.33 7.16

g 2223 2344 2283 7.54 7.28

: 2304 242 2365 7.74 7.43

SEmz 18.00 27.00 o1 00 012 014

CD (P=0.05) 55.00 80.00 62.00 035 0.42

Table4 Eta/Eto ratios of groundnut as influenced by evapotra NSpiration deficits at various growth sub-periods

Flowering and

Treatment Vegetative pegging Fog inigztdii?oﬁnd pod Pocin ll:glr? tyand Total growing period
199798 199869 9798 9899 97.98 98-99 9795 9399 97-98 9599
" 295 208 298 274 3.05 363 319 371 294 3.04
" 249 210 215 223 259 289 302 334 260 285
s 258 197 250 257 2.36 268 248 336 257 265

Table 5 Empirical estimates for the relationship between g

deficit for groundnut in different treatments

ative yield deficit and relative evapotranspiration

Regression, constants, cosfficients and test statistics

Yiely sensitivity factor (Ky) Coefficient of determination

Treatment

Moisture siress at Intercept(a)

Flowering and pegging penod (i;) 0.00001 16735
Pod initiation and pod addition period ([3) 0.00001 1 5003
Fod filling pericd {I,) 0.00001 1 3976

0.986™
0.985*

0.996**
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Conclusion: Thus based upon yield response sensitivity
coefficients (Ky) it can pe deduced that the relative
sensitivity of groundnut pod yield to maisture stress is
highest in flowering and pegging period, moderate in pod
initiation and addition period and least during the ped
fiiing period. It follows that the Ky values for treatmants
I, Iy and I, on pocled basis indicate that the groundnut
crol at flowering and pegging period is iInherently 11.54%
and 19.74% more sensitive to eta deficits than in ped
initiation and addition period and pod filling periog
respectively. Like wise the groundnut crop in pod initiation
and addition period was 7 34% more sensitive to eta
deficits than in pod filling period on pocled basis. Such
quantification of yield reduction o eta deficits at individual
crop growth sub periods and development of yield
sensitivity coefficients will enable the groundnut farmers
in ailocation of available |imited water supplies to crop
arowth sub periods where in the response is highest

leading to maxinization of productivity per unit amount of
water,
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Abstract

On-farm trials were conducted during rainy season of
2001-02 at Junagadh (Gujarat) to study the effect of
moisture conservation and nutrient on yield and
econemics of Virginia and Spanish groundnut
{Arachis hypogaea L.). The results revealed that yield
and economics of groundnut varied significantly due
to year and treatment. In low and scanty rainfall year
of 2002, improved method of moisture conservation
{opening of furrow after every third row) along with
recommended dose of fertilizer gave significantly
higher pod and oil yields by 13.8 and 30.6% in Virginia
cultivar and 12.3 and 20.8% in Spanish cultivar,
respectively overthe farmers’ practice. This improved
technology also gave higher net returns (Rs. 27040 to
23767/ha) and more BCR (3.42-3.60) compared with
the farmers practice. Among the cultivars, GG 13 in
Virginia and GG 5 in Spanish proved superior to local
cultivar (GAUG 10 and J 11} in terms of yield and net
returns, Rain water use efficiency was the maximum
when GG 13 (Virginia} or GG 5 (Spanish) was grown
underimproved method of moisture conservation and
fertilizer application,

Key words: Groundnut, moisture conservation,

nutrient, cuitivar and rainfed
Introduction

In rainfed cultivation, maintenance of optimum soil
moisture especially at critical growth stages is the key
factor for realizing higher preductivity. Groundnut,
predominantly grown as rtainfed crop in the country,
suffers from severe moisture stress at one or several
stages of its growth because of inadequate and uneven
distribution of rainfall during the crop season. Though
attempts have been made to develop efficient
technologies for conserving in sifu moisture in rainfed
groundnut {Natawade and More, 1983; Sandhya et af
1994; Khistria et a/, 2003), the rate of adoption of these
technologies by the farmers remains notably low and is
still insufficient to have a real impact on rainfed
cultivation.  Evalyating these moisture conservation

techniques without taking into consideration of cultivar
and nutrient supply in the soll perhaps was the main
reason behind such a low impact of these technologies on
the real farming situations. This suggests the need for
taking more comprehensive approach while developing in
sit moisture conservation practice for rainfed farming.
Hence, a field experiment on moisture conservation
techniques along with nutrient and cultivar was conducted
on the farmers’ fields under real farming situations In
Saurashtra region of Gujarat.

Material and methods

The experiment was conducted on the farmers' fields in
two villages of Junagadh district, Gujarat during rainy
season of 2001 and 2002 Twenty farmers' fields were
selected each year for the experimentation. The soil of the
experimental site was black calcareous in nature
{(Ustrochrept vertisols} and low in available nitrcgen,
phosphorus and medium in available potash. Twenty field
experiments, ten each for Spanish and Virginia cultivars
of groundnut were conducted adopting Split Plot Design,
The main plot treatment consisted of three fevels of
moisture conservation and fertilizer application, viz., M,
farmers method of moisture conservation (repeated
harrowing) and fertilizer application (50 kg DAPMa), M, .
farmers method of moisture conservation and
recommended dose of fertilizer (RDF, 12.5-25-0 kg N,
P,O; and K,O/ha) and M; : RDF and recommended
method of moisture conservation (Opening a moisture
conservation furrow after every third row). The sub-piot
treatment were three cultivars each of Spanish (V,:J11-
local cultivar; V, : GG 2 most common cultivar and V¢
GG-5recently released) and Virginia (V, : GAUG 10-local;
V, . GG 20-most common and V5 @ GG 13-recently
released). The gross plot size was 200 m? The
experiment was sown in second fortnight of June in both
the years. All other management practices were adopted
as per the recommendations for rainfed groundnut fer the
region.

The rainfall during the crop growth pericd {June to
December) in 2001 was 826.9 mm which was received in
47 rainy days compared with 540.3 mm in 22 rainy days
during 2002. Thus, in 2002, the crop was subjected to

1. : . .
Principal Scientist {Agronomy), Directorate of Cilseeds Research, Rajendranagar, Hyderabad-500 030, A.P.
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about one menth sail moisture stress during its early
growth stage as only 45 mm of rainfall was received in the
month of July. Similarly, there was a severe moisture
stress during its pod development stage in the month of
September where only $3 mm of rainfall in just 2 rainy
days was received. In general, the crop was free from
insect pests and diseases during both the years. The crop
was harvested in the month of October (Spanish) and
November {Virginia) in both the years. At the time of
harvesting, the yield attributing parameters wers recorded
on 5 plants and pod and haulm yields were recorded on
plot basis. Qil yield was computed based on cil content in
the kernel and kernel yield. Economics was worked out
based on prevailing market price of the produce. Rain
water use efficiency was computed by dividing pod yield
with total rainfall received in the crop growth pericd. The
pooled analysis of the data was done as per method
described by Gomez and Gomez (1983) where each
farmer's field was considered as replication. Since, the
interaction of treatment x year was found to be significant
for most of the parameters, the data were presented and
discussed year-wise.

Results and discussion

Effect of year: In general rainfall was more ideal for
growth and development of groundnut in 2001 compared
with 2002 that resulted in significantly higher pod and oil
yields by about 14.7-14.8% in Virginia cultivars and 28.5
to 40.4% in Spanish cultivars, respectively. Though,
haulm yield and net returns were not influenced by the
year, cost benefit ratio (CBR) was significantly higher in
Spanish cultivar in the year 2001 (3.2) than in 2002 (3.1).
Improved yield aftriputes especially number and weight of
pods/plant aleng with 100 seed weight in Virginia, and 100
seed weight aleng with shelling in Spanish cultivar
resulted in higher yields during favourable year of 2001
compared with the year 2002 when crop faced severe
moisture stress both at growth and reproductive phases.
Rao (1998) repecrted that periodic drought due to
insufficient and uneven distribution of rainfall was cne of
the important facters limiting yields in rainfed groundnut.

Yield attributes and yield

a} Yield attributes: Moisture conservation and fertilizer
did not influence significantly the yield attributes in both
Virginia and Spanish cultivars during the favourable year
2001, except 100 seed weight in Virginia cultivar (Table
1). Obviousiy, well distributed rainfall {4% rainy days) over
the crop growth period helped in maintaining proper soil
moisture at the root zone of the crop which nullified the
favourable effect of moisture conservation practices.
However, in 2002, recommended moisture conservation
and fertilizer (M;) improved significantly all the yield
attricutes, except peds/plant in Virginia and 100 seed

200

weight in Spanish cultivars compared with the farmer's
method of moisture conservation and fertilizer (M,).
Application of recommended dose of fertilizer without
adopting moisture conservation (M,) did not have
significant impact on yield attributes. Sandhya et al
(1594} observed that opening of plough furrow either at 30
or 60 ecm conserved moisture and produced more pods
with heavier seeds than that under no scil moisture
practice in rainfed greundnut.

Cultivar differed significantly. for yield attributes in year
2002. Cultivar GG 13 in Virginia and GG 5 in Spanish had
significantly more and heavier pods/plant, higher seed
weight and shelling, closely followed by GG 20 (Virginia)
and GG 2 (Spanish)thanthat recorded by respective local
cultivars (GAUG 10 and J 11). In 2001, though Spanish
cultivar did not differ significantly, Virginia cultivar GG 20
had significantly higher number and weight of pods/plant
and 100 seed weight than those in GAUG 10 and GG 13,
Better performance of GG 13 in moisture stress year of
2002 suggests sceme degree of drought tolerance
compared with GAUG 10 and GG 20. Differential
response of groundnut cultivars to moisture stress was
also reported by Joshi (1985).

b) Yield: Pod, haulm and oil yields differed significantly -
only in year 2002 due to moisture conservation and
fertilizer {Table 2). The improved moisture conservaticn
and recommended fertilizer {M;) produced higher pod,
haulm and oil yields by 13.8, 18.4 and 30.6%, respectively
compared with the farmers practice (M,) in Virginia
cultivar. The corresponding figures for Spanish cultivar
were 12.3, 8.0 and 20.8%, respectively. Vigorous growth,
more and heavier pods coupled with more 100 seed
weight under M, resulted in higher pod, haulm and oil
yields compared with the farmers practice (M.). Also,
better availability of moisture and nutrient in the root zone
under M, compared with M, might have facilitated more
nutrient uptake resulting in improved yield attributing
parameters and finally yields. These results conformed to
those reported by Sandhya et af. (1954) and Khistria et al.
(2003).

Virginia cultivar differed significantly in both the years and
pooled; except for haulm yield in 2001 whereas, Spanish
cultivar differed significantly only in 2002 for yields.
Virginia cultivar GG 20 produced significantly higher pod
yield (30.1%) and oil yield (39.6%) compared with GAUG
10in 2001. However, in 2002, GG 13 have maximum and
significantly higher pod yield by 11.8%, haulm yield by
11.2% and oil yield by 16.3% over the GAUG 10, but
remained statistically at par with cultivar GG 20 for ol
yield. On pocled basis, GG 20 proved superior to both,
GAUG 10 and GG 13 by registering higher pod yield by

195 and 17.3% and oil yield by 27.2 and 22.4%, .

respectively. Spanish cultivar GG 5 proved significantly
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superior to both the remaining cultivars, J 11 and GG 2,
for pod and oil yields and to J 11 for haulm yield by
producing higher pod yield by 19.3-8.0%, oil yield by 22.8-
5 3% and haulm yield by 12.5%, respectively. Biswas and
Sharma {2005) reported that an integrate approach for
501l moisture conservation, nutrient 2nd improved cultivar
increased pod yield of groundnut by 60% over the farmers
practice.

Rain water use efficiency Rain waler use efficiency
(RUE), a measure of effectiveness of rainfail for crop
production, varied significantly due to year and treatment
(Fig. 1). it was significantly higher (3.417-3.775
kg/ha/mmy}in 2002 than in 2001 {2.830-2.871 kg/ha/mm).
Some of the parts of high rainfall in 2001 (826.9 mm)

might have {ost as a run off during the crop growth periad
and did not contribute to consumptive use of water of the
crop resulting in low ratn water use efficiency compared
with that in 2002 (540.3 mm). In 2001, RUE due to
moisture conservation and fertilizer did not vary
significantly. However, Virginia cultivar GG 20 and
Spanish cultivar GG 2 recorded significantly higher RUE,
irrespective of maoisture conservation and fertilizer
treatments. The maximum RUE of 3.691 kg/ha/mm was
recorded by Virginia cultivar GG 20 under M, treatment.
Cultivar GG 13 recorded the minimum RUE of 2.30
kg/ha/mm. In Spanish greup, cultivar GG 2 under M,
recorded the maximum (3.201 kg/ha/mm) and J 11 under
M, the minimum (2.607 kg/ha/mm).

Table 1 Yield attributes of groundnut as influenced by different treatments

Treatment Pod/plant Pod weight/plant {d) 100 seed weight (a) Sheling (%), ______
2001 2002 2001 2002 2001 2002 2001 2002
Virginia cultivay
Moisture conservation and fertilizer
M, 9 8 12 10 511 45.8 66.7 66.9
M, 11 8 15 11 54.2 477 66.9 e8.7
M, 12 9 15 12 547 48.6 67.9 69.6
SEmz 05 0.3 086 05 1.20 0.63 082 071
CO (P=0.05) NS NS NS 1.31 3.35 1.75 NS 1.8
Cultivar
V, 9 & 12 9 50.2 42.7 66.4 66.3
Vy 13 8 18 12 50.2 49,8 68.1 69.3
\'A 10 10 12 13 495 49.4 66.9 696
SEmt 0.5 03 0.6 05 1.20 0.83 0.62 0.71
CD (F=0.05} 1.26 09 17 1.3 3.4 1.8 NS 2.0
Mean of year 10.5 a1 14.1 111 53.3 47.3 671 65.4
Pooled
Y
SEm#+ 0.24 - 0.21 - 064 - 142 -
COh (P=0.05) 0.68 - 0.59 - 179 - NS -
YxV :
SEmzt 0.64 - 0.78 - 1.48 - 1.34 -
CD (P=0.05) NS - 219 - 4.14 - NS -
Spanish cultivar
Meoisture conservation and fertilizer
M, 10 9 10 11 443 42.7 6879 66.3
M, 10 11 11 12 455 427 679 67.3
M, 10 12 11 13 454 435 68.6 69.1
SEmz 0.6 0.6 0.8 0.4 1.65 D.43 0.5 0.35
COD (P=0.05) NS 1.68 NS 1.23 NS NS NS 0.98
Cuitivar
v, g 10 10 11 448 40.1 68.8 659
vV, 10 11 11 12 44 1 432 67.2 67.8
V, 9 12 11 13 458 455 0.51 68.9
SEmz 06 06 08 04 1.65 0.43 NS 0.35
€D (P=0.05) NS 1.7 NS 12 NS 1.2 681 1.0
Mean of year 9.4 10.7 105 1.9 44.9 429 67.6
Pooled
Y
SEmt 039 - 0.7 - 0.22 - 014 -
CD {P=0.05) NS - NS - 0.60 - 0.39 -
YxV -
SEmzt 0.64 - 0.64 - 093 - 0.62 -
CD (P=0.05) 1.78 - 1.79 - 2.60 - 1.72 -
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Table 2 Effect of treatments on yield and economics of groundnut

Pod yield {kg/ha)

Haulm yield (kg/ha)

Oil vield (kg/ha) Net returns (Rs/ha
Treatment 2001 2002 2001 2002 2001 2002 2001 (2002 : 2DD1BCR2002
virginia cultivar
Moisture and fertilizer
M, 2202 1886 2773 2539 736 601 21902 23306 318 3N
M, 2438 2088 2808 2832 822 £876 24614 26519  3.35 3753
M, 2380 2148 3018 3005 808 785 23434 27040 310 3142
SEmME 658 222 127 319 253 10.4 890 513 p.o8 0.05
cD (P=0.05) NS 62 N5 89 NS 28 NS 1432 0.24 0.14
Cuftivar
V, 2173 1918 2816 2659 714 603 21143 23530 3.00 322
v, 2828 2058 2883 2761 997 678 29140 25829 375 3.44
v, 2019 2144 2097 2957 667 701 19666 27506 285 3.60
SEmE £68.8 222 127 319 253 10.4 890 513 008 Q05
CD (P=0.05) 162 62 NS 89 70.8 29.2 2484 1432 0.24 0.14
fean of year 2340 2040 2899 2792 789 687 23317 25622 321 342
Pooled
v
SEm: 1003 - 728 - 291 - 2328 - 0.22 -
¢O (P=0.05) 280 - NS - 81.3 - NS - NS -
M
SEmx 60.4 952 297 825 0.07
cp (P=0.05) NS 265 NS NS NS
v
SEm* 60.4 - 952 - 29.7 - 826 - 0.07 -
€0 (P=0.205) 168 - NS - 83 - 2309 - 0.22 -
¥ xV
SEmz 855 . - 134.6 - 421 - 116.9 - 8.1 -
CD (P=0.05) NS : - NS - 117.4 - 3263 - 0.3 -
Spanish cultivar
Moisture conservation and fertilizer
M, 2307 1763 2603 2453 746 500 22823 21278 3.27 3N
M, 2406 1798 2636 2427 777 532 23679 21359 327 3.04
M, 2409 1979 3002 2650 772 604 23752 23767 3.3 313
SEr+ 118 26.8 142 59.8 185 . 9.25 1223 407 0.1 0.03
CO (P=0.05) NS 75 NS 167 NS 25.82 NS 1138 NS NS
Cultivar
v, 2208 1680 2599 2343 708 482 21130 19323 3.1 282
V, 2528 1855 2757 2521 820 562 25284 22306 3.40 311
Vi, 2386 2004 2884 2636 769 592 23838 24775 326 3.34
SEmz 118 26.8 142 59.8 185 9.25 1223 407 0.1 0.03
CD {P=0.05) NS 75 NS 167 NS 25.82 NS 1138 NS 0.107
Mean of year 2574 1846 2747 2510 765 545 23418 22134 322 3.09
Pooled .
Y
SEms 180 - 212 - a0 - 2835 . 0.09 -
CD (P=0.05) 503 - NS - 252 - NS - 0.27 -
M
SEms 122 . 90 - 44 - 1252 - 0.12 -
CD (P=0.05) NS - NS - NS - NS - NS -
v
SEms= 122 - 90 - 44 - 1252 - 012 -
CD (P=0.05) NS - NS - NS - NS - NS -
YxV
SEms 145 - 127 - 50.5 - 1771 - 0.17 -
CD (P=0.05) NS - NS - 141 - NS - NS -
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Rain wabes yse efficiency of virginia cuttivar under different moisture conservaion praciices
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Figure 1. Rain water use efficiency as influenced by cultivar and moisture conservation
practices (2001 and 2002)
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|n 2002, the recommended method of moisture
conservation and fertilizer (M;) adopted either in Virginia
or Spanish cultivar gave higher RUE compared with the
farmers practice (M.}, The lowest RUE was recorded
under M, treatment Among the cultivars, GG 13 of
virginia and GG 5 of Spanish gave the maximum RUE of
4088 and 4.000 kg/ha/mm, respectively, under M,
treatment. The lowest RUE of 3.422 and 2 928 kg/ha/mm
was recorded by local cultivar, GAUG 10 {Virginia) and J
11 {Spanish), respectively under farmers method of
moisture conservation and fertilizer application (M, ). Mare
pod yield due to better availability of moisture and
nutrients under M; resuited in better RUE compared with
the farmers practice of moisture conservation and fertilizer
application (My). Sandhya et al (1994) reported higher
rainfall use efficiency under improved method of moisture
conservation practice compared with the control.

Economics: Net returns in Virginia and net returns and
BCR in Spanish did not differ significantly in 2001
(Table 2). However, in 2002, recomimended moisture
conservation and fertilizers {M,) gave significantly higher
net returns of Rs. 27040/ha along with a BCR of 3.42,
closely followed by M, (Rs. 26519/ha) but with a higher
BCR {3.53), than that recorded under M, (Rs. 23306/ha,
BCR 3.31) in Virgini cultivars. Almost similar trend was
observed in Spanish cultivar also. Higher net returns
under M3 suggest that the improved technolegy for
maisture conservaticn is economically viable. Virginia
cultivar GG 20 proved superior to remaining two cultivars
and recorded the highest net returns (Rs. 29140/ha) and
BCR (3.75) in 2001, However, in 2002 cultivar GG 13
gave the maximum net returns (Rs, 27506/haj and BCR
{3.60}. Pooled basis, GG 20 found superior to both the
cultivars and recorded maximum net returns of Rs.
27484/na with a BCR of 3.59. Spanish cultivar differed
significantly for economics in 2002 only where cultivar GG
S gave highest net returns (Rs. 24775/ha) and BCR
(3.34). The lowest net returns and BCR was recorded by
J 11, a lacal cultivar, Since net returis is a net econarmic
value of pod and haulm yields, higher vieid of cultivars
and under improved mcisture canservation practices in
respective years gave higher net returns. Khistria ef al.
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(2C03) reported higher net returns and BCR under
improved method of moisture conservation than thatin no
moisture conservation in rainfed groundnut.

Conclusion: Virginia cultivar GG 13 and Spanish cultivar
GG 5 under improved methed of moisture conservation
{opening of furrow after every third row) and
recommended dose of fertilizer (12.5 kg N and 25 kg
P,04/ha) produced higher yield and gave maximum net
returns under rainfed, low rain fall situations of Saurashtra
regian of Gujarat.
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Abstract

A field experiment was conducted during 1999-2001
to study the effect of zinc on pod yield and Zn uptake
in groundnut (Arachis hypogaea L.} and their residual
effect on succeeding wheat (Triticum aestivum L.)
using 6 soils of old alluvial plains of Tonk district of
Rajasthan. Application of Zn @ 2.5 and 5.0 kg/ha
produced 160 and 21.2% higher pod yield in
groundnut crop over control. Among the soils,
maximum pod yield of groundnut was recorded in
sandy loam soil (1553 kg/ha) followed by loamy sand
{1469 kg/ha) and sandy soil (1427 kg/ha). Zn-uptake by
pods increased significantly with increasing levels of
zinc and rmaximum value {96.7 g/ha) was recorded
with application of 5.0 kg Zn/ha. Residual effect of
zinc @ 2.5 and 5.0 kg/ha application increased the
grain yield of wheat by 7.1 and 15.4%, respectively
over control, Similar trend was found in straw yield of
wheat. In the case of residual effect of Zn within soil
texture, maximum grain yield was obtained in sandy
foam (4520 kg/ha) followed by loamy sand {4356
kg/ha} and sandy soil (3622 kg/ha). Residual effect of
Zn also increased the Zn uptake by grain and straw of
wheat significantly over control. The highest Zn
uptake values 112.4 g/ha by grain and 93.5 g/ha straw
was obtained at their residual effect of 5.0 kg/ha
application. The higher yields of groundnut-wheat are
possible in Zn deficient alfisols by using 5.0 kg
Zn/halyear in groundnut crop.

Key words: Zinc, groundnut, wheat yield, residual

effect, Zn uptake
Introduction

Among the micronutrients, the deficiency of Znis the most
widespread in Indian soiis. The extent of Zn deficiency s
about 21 and 49% in Rajasthan and India, respectively
{Singh, 1999}, The total geographical area in alfisois
accounts to about 2,507 lakh ha in Rajasthan (Totawat
and Somani, 2001). Alfisols are more severely affected by
Zn deficiency (34%) compared to other micrenutrients
{Singh, 2000). Important causes of Zn deficiency in sail
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are cultivation of high yielding varieties, poor soil erganic
matter content, coarse texture soil, soil erosian, imbatance
use of chemical fertilizer and irrigation water having
carbonate and bicarbenate lons.

In irrigated areas groundnut and wheat crop rotation is
witiely practiced in alfisols of arid, semi-arid pars of
Rajasthan but theiraverage produce is extremely low. The
sustained higher crop yield and nufritional value are
possible by proper nutrient input and management
practices. Therefore, the present study was undertaken to
find out the effect of different zinc feveis on groundnut and
thetr residual effect on wheat under field conditions using
six soils

Material and methods

Fourteen, surface soil samples (upto 15 cm} were
collected randomly from irrigated field of farmers at
different focations of Tonk district of Rajasthan. Cut of 14
samples six soil samples dencted as A to F were found
low for available zinc (<0.8 mg/kq soil} selected for the
studies. Soil samples from experimental field plots were
analysed for physico-chemical properties using standard
methods and available zinc was extracted by DTPA
{Lindsy and Norvell, 1978) and determined with the help
of atomic absorption spectrophotometer. Important
physico-chemical properties of the experimental fields are
presented in Table 1. The area falls under Zone-llI-A in
semi-arid regions of arid ecosystem and socils belong o
alfisol (Totawat and Somani, 2001). Three levels of zin¢,
0.0 (control), 2.5 and 5.0 kg/ha were applied as zinc
sulphate. The recommended doses of 20 kg N : 40 kg
P.Q; : 40 kg S/ha was applied through urea, single super
phosphate and gypsum, respectively. All the fertilizers
including zinc were applied at the sowing time.

The experiment was !aid out in factorial Randomized
Block Design. Groundnut (var. MA-10) was sown at first
rain of the season {second week ot July, 1598 and first
week of July 2000} in a net plot size of 10m"x 20 m
keeping four replications. The rainfall received during
groundnut cropping period was 413 mm in first and 359
mm in second year of experimentation, respactively. After
harvesting of matured crop of groundnut, the wheat crép
(var. Raj-3765) was grown in the same plots for study of
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the residual effect of Zn-application. The basaj application
of N and P,Os @ 90 kg and 40 kg/ha were applied
through urea and diaammonium phosphate, respectively.
£ull dose of P,0s and half dose of N was applied at the
tirme of sowing and remaining half was top dressed in two
splits at crown roct initiation and tillering stages. Wheat
crop was Sown in the third week of November during both
the years. All the package and practices were followed as
per recommendations. Zinc content in pods of groundnut,
grain and straw of wheat were determined after digestion
in tri-acid mixture (9:3:1 of HNO, : HCIO, : H,80,) and
analyzed for total =zinc by atcmic absorption
spectrophotometer. The uptake of zihc by pods of
groundnut and grain and straw of wheat crop was
estimated by multiplying zinc content with corrasponding
yields.

Results and discussion

Effect of Zn on pod yield of groundnut: The pod yield
of groundnut increased significantly with successive
application of zinc @ 2.5 and 5.0 ka/ha (Table 2}. The
increass in poad yield of groundnut due to Zn application
@ 2.5 and 5.0 kg/ha was 16.0 and 21.2% higher than
control. These observations suppart the work of Takkar et
al. {1875} and Khurana et a. (1996).

Among the scils, sandy foam soil produced significantly
higher pod yield of groundnut (1553 kg/ha) followed by
loamy sand (1469 kg/ha} and sandy soil (1427 kg/ha).
These responses might be due to the sandy joam soil
having higher initial vatue of avatlable Zn as welf as water
holding capacity foliowed by loamy sand and sandy soil.
Significant interaction effect of soil texture and Zn levels
was observed in pod yield of groundnut, The maximum
and significantly higher pod yield of groundnut was
observed at 5 kg Zn/ha application in sandy loam soil,
followed by loamy sand and sandy soil, respectively.

Zn uptake by pods of groundnut: Zinc uptake by pods
{shell + kernal) of groundnut increased significantly with
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increasing levels of Zn compared to control {Tabte 3).
Among the Zn levels, 5.0 kg/ha recorded the highest
uptake (86.7 g of Zn/ha). Increasing trend of Zn uptake
with increase in its application rate may be due to
increase in the avaiiahility of Zn in soil thereby increasing
the concentration of Zn in plant and yield of groundnut.

The Zn uptake by pods of groundnut was significantly
higher in sandy lecam soil {78.5 g Zn/ha), followed by
loamy sand {71.0 g Zn/ha) and sandy soil (68.9 g Zn/ha).
Interactions of Zn ievels and soil texture indicated
significantly higher Zn-uptake by pods of groundnut was
observed under 5 kg Zn/ha level in sandy loam soil
followed by 5 kg Zn/ha application in loamy sand and
sandy soil. The higher Zn uptake by pods of groundnut in
sandy loam soil may be because of higher initial value of
available Zn among other soils.

Residual effect of Zn on wheat: Application of zinc to
groundnut @ 2.5 and 5.0 kg Zn/ha resulted a residual
effect on wheat grains with a mean increase of 7.1 and
15.4%, respectively over control. The higher grain yield of
wheat {4635 kg/ha) was observed with residual effect of
5.0 kg Zn/ha applicaticn. Similarly, residual effect of Zn
also increased straw yield of wheat. Residuai effect of Zn
application @ 2.5and 5.0 kg/ha increased the mean straw
yield of wheat by 10.5 and 18.8% over contrel. The
residual effect of Zn improving the yield of wheat might be
due to increase ih available Zn status in scil after
application.

Among the soils, sandy loam soil produced significantly
higher grain yield of wheat (4520 kg/ha), followed by
loamy sand (4356 Kg/ha) and sandy soil (3622 kg/ha).
Similar trend was found in straw yield of wheat.
Significant interaction effect of soil texture and Zn was
observed in both grain and straw yield of wheat. Higher
yield of grain and straw ¢f wheat was at residual effect of
5 kg Zn/ha application in sandy loam soil as compared to
loamy sand and sandy soils.

Table 1 Physico-chemical properties of experimental fields

Avallable nutrients

Location Texture  Soil code pH EC (dS/im) OC (%) N P K zn
(kg/ha)  (kg/ha)  (kg/ha)  {Mg/kg)
Bharutia  Loamy sand A 8.1 0.31 0.15 111.8 7.4 195.1 0.32
Kibara Sandy loam B 7.9 0.26 0.23 146 5 9.3 207.8 0.43
Jugalpura Sandy c 8.1 0.43 0.16 102.7 6.1 187.3 0.30
Palla; Loamysand D 7.9 0.32 0.16 126.2 8.1 198.6 0.46
Banasthali Sandy loam  E 7.8 0.36 0.18 151.7 8.6 212.8 0.45
Motipura  Sandy loam F 7.6 0.22 0.31 142.4 10.6 240.5 0.54
Mean - - 78 0.31 0.20 130.1 8.4 207.0 0.42
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Table 2 Effect of zinc application on pod yield (kg/ha) and its uptake (g/ha)} by pods {shell+kernel) of groundnut
(2 years mean)

Levels of zinc (kg/ha)

Scil code 00 55 5o Mean

Pod yield
A 1274 1529 1613 1472
B 1332 1589 18679 1533
C 1289 1474 1517 1427
D 1351 1526 1560 1466
E 1387 1573 1615 1525
F 1435 1618 1747 _ 1600
Mean 1338 1552 1622 1504

Zn uptake
A 488 73.3 80.2 70.8
B 52.0 747 100.7 75.8
C 42.8 72,7 915 68.9
D 51.3 7.7 50.5 712
E 541 75.5 96.9 75.5
F 60.3 826 110.1 84.3
Mean 51.6 75.1 86.7 74.4

CD (P=0.05) for pod yield
CD (P=0.05) for Zn uptake

Soil - 0.95 Zn level - 0.70; Scil x Zn leve! - 1.64
Soil - 25; Zn ievel - 18; Soil x Zn level - 46

Table 3 Residual effect of zinc application on grain and straw yield (kg/ha) and its uptake (g/ha) by grain and
straw of wheat {2 years mean}

Levels of zinc {(kg/ha})

Soil code 00 o5 50 Mean

Pod yield
A 4123 (4876)* 4342 (5133) 4610 (5469) 4358 (5158)
B 4142 (49486) 4496 (5354) 4816 (5732) 4471 (5245)
o 3291 (4298) 3572 (4655) 4004 (5209) 3622 (4721)
o 4089 (5061) 4361 (5402) 4613 (5663) 4354 {5042)
E 4173 {5163) 4496 (5509) 4827 (5892) 4512 (5621)
F 4273 {4059) 4527 {5306) 4939 (5768) 4578 {5374)
Mean 4015 (4732) 4298 (5227) 4635 (5622)

Zn uptake
A 68.2 (56.1)* 77.5(73.9) 105.2 (89.8) 836 (73.3)
B 76.1(60.4) 88.8 (79.9) 118.4 (98.8) 84.4{79.7)
C 54.3 {45.7) 53.5 (59.9) 83.11(78.8) 67.0 (61.5)
D 71.3(51.4) 84.3 (81.0) 112.3 {96.1) 89.3 (76.2)
E 78.1 (65.3) 96.6 (83.9) . 125.9 (100.8) 100.2 (83.3)
= BD.3 (66.8) §7.7 {81.6) 129.7 (97.1) 102.6 (81.5)
Mean 71.4 (57.6) 84.7 (76.7) 112.4 {93.5) 89.5 (75.9)

CD (P=0.05) for pod yield
CD (P=0.05) for Zn uptake

Soil - 1.86 (1.22); Zn level - 1.31 (0.886), Soil x Zn level - 3.22 {2.11)
Soil - 82 {140); Zn level - 58 (99); Soil x Zn level - 141 {243)

Figures in paventhesis indicate * straw yield ™ Zn uptake by straw.
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Zn uptake by wheat: Increasing level of residual zinc
significantly increased the Zn uptake by grain and straw
of wheat. The highest Zn uptake by grain (112.4 kg Zn/ha)
was observed at the residual effect of 5.0 kg Zn/ha.
Residual Zn enhanced utilization of Zn by grain from 71.4
g/ha in control to 112.4 g/ha at 5.0 kg Zn/ha application.
Ciect of residual Zn at 2.5 and 5.0 kg/ha increased mean
Zn uptake by 18.6 and 32.7% cver their preceding levels
of Zn application. The Zn uptake by grain of wheat among
the soils ranged from 67.0 g Zn/ha {sandy soi) to 881 g
Zn/ha {loamy sand soil).

The highest Zn uptake by straw (83.5 g Zn/ha) was
observed at a residual effect of 5.0 kg Znfha. The lowest
Zr uptake was abserved in centrol piots (57.6 g Zn/ha)
and in increased significantly with increasing levels of Zn.
With .ncreasing level of Zn, its uptake by grain and
straw increased mainly due to increase in crop yield
and available Zn status in soil. The Zn uptake by straw
of wheat among the soils ranged from 61.5 g Zn/ha in
sandy soil to 79.5 g Zn/ha in sandy loam soil. The highest
Zn uptake was recorded in sandy loam soil because of
more availability of Zn at initial tevel amongst all sail
textures.
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Abstract

Field experiment were carried out for six cropping
cycles to study the effect of extent of tillage and
preceding crops sustainable soybean production.
No-till invariably, except initial year, yielded lesser
(2.6 to 35%) than conservation and conventional
tillage. However conservation tillage yielded higher
{up to 24%) than conventional tillage in 4 out of the 6
years. Among the preceding crops, linseed was the
only crop that adversely affected the soybean yield to
the tune of 157 and 27.8% over wheat and 3.1 and
19.7% over chickpea in no-ill and conservation
tillage, respectively. The interaction effect broughtout
that soybean yielded significantly higher under no-tiil
and conservation till when grown after chickpeal
safflower and mustard, respectively and remained
unaffected due to different tillage systems when
grown after wheat. Gross and net energy out puts and
net returns from soybean after wheat and mustard
showed significantly higher values and were at par. In
case ofenergy use efficiency, energy productivity and
benefit cost ratio, soybean after all the preceding
crops except linseed showed higher values. Stability
analysis showed that soybean praoduction was found
comparatively stable in conservation tillage. All the
three tillage systems behaved identically with respect
to relative stability. Stability analysis reveaied that the
soybean succeeding chickpea and safflower followed
by wheat showed stable performance over tillage
systems.
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preceding crops, tillage
Introduction
(ntroduction‘

Conservation tillage is becoming increasingly papular
because it invalves iower costs, saves energy, and soil
conditions in tong run. West ef af. (1996) reported 8%
reduction in soybean yield in com - soybean rotation
under no-till as compared to mould board plough till
system. Performance of soybean in no-till systems
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depends upon soil drainage and previous crop
characteristics (Guy and Oplinger, 1989}, soil type, weed
infestation etc. among other factors. No-till system is
considered to be besi suited to well-drained { sails and
crop rotations compared with poorly drained and
monoculture {Griffitsy and Wollenhaupt, 1834} The
information available jeaves a scope for investigating the
effect of conserved tiltage and earlier crop grown on the
productivity of soybean on Vertisols of Central India. The
information generated on this aspect through a long-term
experiment is reported. The objective of the study was to
investigate the effect of extent of tillage and preceding
crops on the productivity of soybean.

Material and methods

A field experiment at a fixed site was conducted from
1895 to 2001 at research farm of National Research
Centre for Soybean, Indare. The experimental sod
belonging to Typic chromusterts had pH 7.86, EC 0.14
dS/m, organic carbon 0.30 %, available P 4.80 kg/ha and
availabie K 280 kgrha. The study conducted in strip plot
design comprised 3 tillage treatments viz., no-til,
conservation (2 cross harrowing} and conventional {deep
pioughing, 2 harrowing and planking) as main plcts and
5 cropping systems i e soybean (JS 71 05} - followed by
wheat {Sujata), chickpea (JG 218), mustard (Pusa bold),
safflower (JSF 1] and finseed & 17) as sub-plots with
three replications. The tillage treatments were applicable
to both the crops in a system. The crops in the systems
received N P K doses (kg/hal of: 100:27:33 (wheat),
60:13.5:17 (mustardj, 30:7:9 (linseed), 30:9:0 {saffiower).
25270 (chickpea) and 20:27:17 {soyhean). The plot size
was 3.6m x 6 m. Soybean was planted between the last
week of June to first week of July during the course of
experimentation depending on the onset of monsoon.

The economics of each treatment were calculated as pef
the prevailing prices of inputs and outputs. The energy
budget of the treatments, energy intensiveness (Eb) and
energy productivity (EP) were worked cut as per the
procedure given by Fluck (197%), Burnett (1982) and
Mittal and Dhawan (1988), respectively. Sustajpability
index, stability and relative stability were estimated as pet
the procedure suggested by Finley and Wilkinson (1963)
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and Raun et al. (1993). The type of stabifity is decided on
regression coefficient (b) and mean values. If 'b' is equal
to unity, the treatment is considered to have average
stability (same performance in all tha environments). If'b’
is more than unity, it is suggested to have less than
average stability {good performance under favorable
environments) and if 'b' is less than unity, itis reported to
have more than average stability (good performance
under pocr environment).

The total rainfall received during 2000-01 was deficit (486
mm), optimum (902-869 mm}) in 1995-95, 1958-89 and
1998-00 and above normal (1167 -1332 mm} in 1996-87
and 1997-98. The average rainfall of the region is 800
mm

Results and discussion

Effect of tillage: Growth and yield attributes of soybean
remained unaitered due to different tillage systems {Table
1), Marginally higher plant height, branches/piant,
podsfplant and seed yield/plant were associated with
conventional tillage while, seeds/plant and seed index
wete numerically higher in  conservation tillage.
Consetrvation tillage exhibited supericrity in seed yield of
sayhean (up to Z4%} over conventional tillage in four out
of 6 years of experimentation (data for individual years not
amended). Soybean grown under no-till recorded tower
yields (2.6 to 35.0 %) as compared to conservation and
conventionaltilfage in all the years except in the first year.
However, the yield reduction (21 to 35 %) was greater in
unfaverable environments (with respect to quantum as
well as distribution of rains) prevailing during 19%6-87,
1998-99 and 2000-0 1. West of a/. (1396] also observed
lower yield of soybean under no-till compared to other
tillage systems. Cumulative data (Table 2, Fig. 1} revealad
that soybean productivity, irrespective of cropping
systems, was same under three tillage systems. This
indicates that ne-till or conservation tillage systems may
be as productive as conventional tillage.

Sustainable yield index (SY!) revealed that the soybean
tutivation under conservation and no-til was least
affected by seasonal changes as compared to
tenventional tillage (Table 2). in the present context of
Qhanged climatic pattern {four drought years among last
five years) exhibited-by Malwa plateau, the information
has utility to switch over to conservation tillage which may
stabitise the soybean yield levels as the information
9enerated brings out that increased intensity of tillage
Mcreases the sensitivity to seasonal changes. The mean
SYI value {0.30) for both no-till and conservation till
indicated that these systems are likely to give minimum
Quaranteed yield of 30 % of potential, vield, in comparisen
o minimum possible guaranteed vyield of 34 % for
Conventional tillage (SY! ©.34). On the basis of data
Senerated over six years, it can be assumed that the
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stabilization effect has started showing up and situation
may be still better in future with increase in arganic
carbon content and microbial dynamics in rhizosphere
soil. Conservation tillage has been documented to
improve the organic carbon content and bioclogical
properties of the soil (Halvarson et al., 2002).

Although the differences between the stability indices (b
values} among the three tillage systems are not large
{0.914 to 0.941), the conservation ftillage (0.914)
performed better than no-till and conventional tillage
systems under unfavourable vyielding environment.
Retative stability analysis on tillage systems
encompassing cropping systems as expressed by 'b' and
R? values (Table 3} showed that there existed
non-significant variations between no-till vs. conservation
tittage, no-till vs. conventional tillage and conservation vs.
conventional tillage ind:cating all the three tillage system
behaved identically in the framework of exparimentation.

Energy analysis revealed that the tillage operations did
notinfluence the gross energy output (Table 4). However,
net energy out put, energy use efficiency and energy
productivity differed significantly with tillage treatments.
The energy input increased linearly with the extent of
tillage. The maximum and the minimum values for these
parameters were associated with no-till and conventional
tillage. The gross and net returns and benefit cost ratio
showed a decreasing trend with increasing the extent of
tiflage.

Effect of preceding crops: Soybean plant height
remained unaffected due to preceding crops (Table 1).
Significantly lowest branches, peds, seeds and seed
yield/plant were noted when soybean was grown after
linseed and these characters showed non-significant
differences in remaining preceding crops. The maximum
seed index was recorded when soybean was grown after
safflower and was at par after chickpea and linseed.
Averaged seed vield over six years revealed that the
preceding linseed crop had deleterious effects on soybean
productivity (Table 2}. The decline in productivity noted
was to the tune of 15.7 and 27.8% in conservation and
no-till as compared ta preceding wheat and the 1. 13 and
19.73% to preceding chickpea, which are the major crops
in soybean based cropping system in the region. The
lower productivity of succeeding soybean crop to linseed
can be ascribed to possible known allelopathic effect
{Kirkegard et al., 1997 of linseed cropresidues. Soyhean
grown after wheat and mustard showed comparable SY!
in conservation and conventicnaltillage systems, whereas
the no-till treatment showed lower values indicating the
least influence of seasonal changes under no-tjill. On the
contrary soybean grown after linseed and safflower
showed higher SY| under conventional tillage leading to
variations on account of seasonal changes. However, the
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wheal - soybean, and mustard - soybean; chickpea -
soybean and safflower - soybean under no-till, and wheat
soybean and linseed - soybean in conservation and
conventional tillage behaved morel less identically.

Stability analysis (b values) revealed that the soybean
succeeding chickpea and safflower followed by wheat
showed stable performance over tilage systems (values
close te unity) Among different tillage systems,
conservation tillage resulted in better performance of all
the crops as compared to no-till and canventional titage.
Among cropping systems, soybean followed by safflower
or mustard performed better than remaining preceding

hEaid s suabd o ool

Anatysis of relative stability of tillage treatment pairs
{Table 3}, in general, revealed that although the b values
for conventional vs. conservation tillage were positive
indicating an edge of former aver later, their magnitude
was lower as compared to conservation vs. conventicnal
and no-till vs. conservation tillage. This shows that it
would be advantageous to switch over to no-till or
conservation till to achieve economy in cost of cultivation.

Gross and net energy out puts and net returns from
soybean after wheat and mustard were at par but
significantly higher than other crops (Table 4). Energy use
efficiency, energy productivity and benefit cost ratio were

crops in rotation under favourable enviranment. the highest is soybean - mustard and lowest in soybean

- linseed cropping sequence.

Table 1 Soybean growth and yield attributes as influenced by preceding crops and tillage operations (pooled for six years)

Treatment Plant height (cm)  Branches/plant Pods/plant  Seeds/plant Seed yield/plant {g} Seed index
Tillage

Ne till 39.7 4.0 40 79 89 10.2
Conservation tillage 405 40 42 81 9.0 104
Conventional tillage 432 4.0 44 80 9.4 10,0
SEms 1.3 0.2 28 1.4 1.0 1.1
CD (P=0.0%) NS NS NS NS NS NS
Soybean after preceding crop

Soybean - Wheat 406 4.0 42 65 8.0 8.9
Soybean - Chickpea 380 40 40 87 g0 108
Soybean - Safflower 39.3 40 36 64 8.0 11.0
Soybean - Linseed 38.8 4.0 26 61 7.0 10.4
Soybean - Mustard 396 4.0 41 82 9.¢ 9.8
SEme: 1.2 0.1 24 04 0.4 04
CD {P=0.0%) NS NS 6.6 11 1.3 1.0

Tahle?2 Soybeanyield(kg/ha), sustainable yield index and stability asinfluenced by preceding crops and tillage operations (pocled
for six years})

Tillage
Treatment No till Conservation Conventional Mean
Yiald 3YI b Yield Syl b Yield SYI b Yield SYI b
Soybean-wheat 1239 0.29 0.997 1217 0.33 0.705 1185 0.30 0974 1195 0.31 0.892
Soybean-chickpea 1153 0.23 1.100 1085 0.28 0.925 1126 0,28 1.086 1126 0.26 1.040
Soyhean-safflower 1217 0.25 1.145 1113 0.25 0.960 11586 0.29 1.045 1137 0.26 1.050
Boybean-linseed 963 0.23 0.723 1052 0.30 0.817 1052 033 0.918 1053 0.29 0.819
Soybean-mustard 1141 0.36 1.051 1266 0.44 1.595 1214 0.43 1.098 1214 0.M 1.248
Mean 1137 0.30 0.940 1140 0.30 0914 1143 0.34 0.941
Significance levels for yield
SEmz CD (P=0.05)

Tillage (T} 639 NS

Preceding crops {(PC) 107 30.0

TxPC 186 5189
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Table 3 Relative stability of soybean as influenced by tillage systems and preceding crops

Treatment pair b R?  Treatment pair b R2
Tillage Systems Soybean - Linseed
No till v/s conservatien tillage 0306 0.169 Notill v/s conservation tillage 0.106 0.302
No till v/s conventional tillage 0312 0.487 Nolill v/s conventicnal tillage 0.047 0.017
conservation v/s conventional tillage 0.032 0.005 Conservation v/s conventional tillage -0.062 0.025
Soybean-Wheat Soybean-mustard
No fill v/s conservation tillage 0184 0.120 No till v/s conservation tillage 0.060 0.042
No till v/s conventional tillage 0252  0.207 Notill v/s conventional tillage 0.105 0.052
Conservation v/s conventional tillage 8.065 0.07G Conservation vfs conventional tiltage 0.042 0.035
Soybean-chickpea Soybean-safflower
No tilt v/s conservation tillage 0.308 0.493 Notill v/s conservation tillage 0175 0361
No ti!l v/s conventional tillage 0214  0.610 Notill v/s conventional tillage 0.390 0544
Conservation vis conventicnal tillage -0092 0083 Censervation vis conventional tillage 0.290 0.B5D
Table 4 Effect of tillage and preceding crops on energy budgeting and economics of soybean
Treatment Energy input Gross energy  Net energy output Energyuse  Energy productivity Netreturns B:C
{(MJ/ha)  output (MJ/ha) {(MJ/na) efficiency (g/MJ) (Rs/ha) ratio
Tillage
No till 6895 16714 9319 2.42 164 68120 217
Conservation tillage 8247 16758 8511 2.03 138 5500 2.07
Coenventional tilage 10865 | 16802 5937 1.55 105 5430 1.84
SEm+ - 122.00 211.14 0.042 2.83 8892 0019
CD (P=0.05) - NS 598.37 0.118 7.96 25201 0.055
Soybean after preceding crop
Soybean-wheat 8669 17567 8898 2.03 138 6367 214
Soybean-chickpea 8663 16552 7883 1.91 130 5677 2.02
Soybean-safflower 8669 16993 8324 1.96 133 5977 2.07
Soybean-linseed 8669 15464 6795 1.78 121 4937 1.88
Soybean-mustard 8669 17848 9177 206 140 6557 217
SEmt - 157.57 27258 0.054 363 11480 0025
CD (P=0.05) - 441,04 763.24 0.150 10.16 32145 0.070
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M Zero tillage
—&— Rainfall

Productivity {(kg/ha) and rainy day

1995-56

28 Minimum tilage SN Conventional tilage
—¢~ Rainy days

Rainfall (mm}

1999430? -

2000-01

Fig. 1 Productivity of soybean under various tiillage systems over six years

Interaction effect: Interaction effect of tiflage and
preceding crops revealed that soybean yielded
significantly higher under no-till than conservation tillage
and remained at par with conventional tillage when grown
after chickpea and safflower (Table 2). While, soybean
grawn after wheat remained unaffecied due to different
tillage systems. Soybean grown after linseed, did
performed well under conservation and conventional
tillage and significantly higher than no-till. Soybean after
mustard gave significantly more yield under conservation
titage followed by conventional and no-till.

SY1 indicated that soybean grown after wheat sustained
the productivity under conservation tillage, while soybean
after safflower and linseed under conventional tillage.
Soybean after chickpea and mustard sustained the
preductivity under conservation as well as conventional
tillage. Similarly, soybean productivity was found stable
under no till when grown after wheat and mustard; after
chickpea in conservation tillage and after linseed in
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conventional tillage. Soybean performance was found
stable in conservation and conventional tillage after
saffiower. Scybean grown after wheat and linseed dig well
under unfavourable environments under all three tiflage
systems and just reverse was true when grown after
mustard. Soybean grown after chickpea and safflower
performed very well under favourable environments in
no-till and conventional tillage, however in conservation
tillage soybean did well under unfavourable environments.

The major cropping system in the soybean command area
of Central India is scybean-wheat {under irrigated regime)
and soybean-chick pea {under rainfed regime) and
notmally grown in conventional till. Over extended peried
soybean grown after wheat or chickpea or other crops
except linseed performed equal or better under
conservation till even under unfavourabie environments.
Hence, it is possible to reduce the cost of cultivation by
adoption of conservation tiflage and abtain sustainable
yields irrespective of aberrant weather conditions.
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Abstract

Investigations were carried out during the year
2002-2003 as a super imposed study on long term
experiment under Al India Co-ordinated Research
Project on Qilseeds at the Department of Agronomy
MAU, Parbhani. Afthough the major objective of the
long term project is to optimize phosphorus (P)
management in soybean-safflower system it was aiso
aimed to study soil organic carbon as an index of soil
health, distribution of P fractions in soil, their relative
contribution to available P pool as cumulative and
residual effect of IPNS vis-a-vis chemical fertilizer use
at fixed site. The organic carbon level of soil was
found to be highest and significantly superior in
treatment receiving FYM @ 5 t/ha with or without PSB
and 100% recommended P through chemical fertilizer
in soybean-safflower cropping sequence. On the
contrary the available P was found to be highest and
significantly superior in treatment receiving 100%
recommended P through chemical fertilizer and
preceding crop was fertilized with FYM + PSB. This
was also resulted into significant built up of all the P
fractions over other treatments. On the basis of
multiple regression equations it is revealed that the
Sal- P, Al- P Fe-P, Occl- P and Organic-P are the
important contributor to available P pool after
soybean crop. Where as after harvest of safflower
crop Sal- P, Fe-P Occl-P and RS-P were found an
important contributor to available P pool.

IPNS, Vertisol, P fractions, available
P pocol

Key words:

Introduction

in recent years there has been renewed emphasis on
integrated use of fertilizers and organic manures
particularly in a cropping systern taking into account
residual and cumulative effect of manurial practices. As it
helps not only to restore and sustain soil fertility and crop
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productivity but also brings an ecenomy and efficiency in
fertilizer use and favourably influence the
physico-chemical and biological properties of soil.

In an effort to oplimize phospharus management in
soybean - safflower cropping system threugh integrated
piant nutrient suppiy (IPNS) under long term experiment
at fixed site it has indicated that the yields levels of
compoenent crop at fifth cycle are equally good in case of
rutrient management freatment where FYM alone or in
combination with PSB was applied to one of the crops and
application of 100 % P through chemical faertilizers to
another crop in sequence rather than supplying both the
crops with 100% RDF through chemical fertilizers
{Shendge, 2004). Thus application of 100% RDF through
chemical fertilizers can be skipped to one of the
component crops in sequence and supplied with FYM
alone or in combination with PSB without sacrificing yield
levels. However, merit of the nutrient management
treatment for a crop or cropping system can not be judged
on the basis of yield levels alone but its influence on soll
organic carbon and available nutrient status of soil after
harvest of crop should also be taken in to account. This
forms the basis of yield sustainability in subseguent
cropping cycles.

There are number of evidences in the literature signifying
the importance of integrated approach of phosphors
management in improving and sustaining the yield of
single crop or cropping system over a period of time
besides ifs positive effect on secil nutrient balance
(Bhatnagar et al, 1996; Babulkar et a/ 2000, Balpande,
2000; Sharma and Vyas 2002).

In an effort to optimize phosphorus management in
soybean - safflower cropping system through IPNS at
fixed site experiment an investigation was carried out to
study the effect of optimization of P management in
soybean-safflower cropping sequerice through IPNS on
post harvest soil organic carbon levels, available P status
as well as distribution and contribution of different P
fractions towards available P pecls in soil,
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Material and methods

The present investigation was a superimposed study
during the year 2002-2003 and was fifth cycle on long
term experiment under All India Co-ordinated Research
project on Qilseeds being carried out at Department of
Agronomy, Marathwada Agricultural University, Parbhani
at fixed site since 1997-88. The experimental field was
medium deep black sail (Typic haplustert) with pH 8.22,
EC 0.36 dS/m organic carbon 6.5 gikg, available N, P
and K 176, 12.8 and 247 kg, respectively.

The design of experiment was Randomized Block Design
with four replications. The recommended dose of fertilizer
for soybean (kharif) was 30:60:30 and for safflower (rabi)
was 60:40:0 NPK kg/ha, respectively. The soybean var.
JS- 335 and safflower var. Sharada was used as test
crops. The nitragen was applied through urea and
phosphorus through di-ammonium phosphate. The PSB
.culture was used through seed dressings as per the
treatments.

Plot wise soil samples were collected after harvest of each
crop in sequence and were analysed for soil organic
carbon, scil P fractions (Peterson and Corey, 1966) and
available P.

Results and discussion

Organic carben content in the soil, after harvest of
soybean was found to be highest and significantly
superior in treatment Ty where FYM + PSB was added to
soybean and 100% phosphorus was applied through
chemical fertilizer to preceding safflower crop in sequence
(Table 1). Similarly after harvest of safflower the organic
carbon status of scil was found to be highest and
significantly superior in treatments where FYM + PSB and
FYM alone was applied to safflower and 100%
phosphorus through chemical fertilizer was applied to
preceding saybean crop. The significantly higher organic
carbon status under these treatments could be attributed
to FYM application being a source of organic carben itself.
Moreover application of 100% P through chemical
ferilizer to praceding crop in sequence might have
resulted into higher production of bismass both above
greund and below ground which might have contributed to
higher level of soif arganic carbon, Similar abservations
were recorded by Subramanim and Kumaraswamy (1989)
where application of FYM in conjunction with chemical
fertilizer has resulted into significantly higher level of soil
Grganic carbon.

Highest available P after harvest of soybean was found in
treatment where 100 % P was applied through chemical
fertitizer and preceding crop in sequence was fertilized
with FYM + PSB. Similarly, post-harvest soil test for
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available phosphorus for safflower the treatment T8 has
given significantly superior values over other whare 100 %
recommended phosphorus was applied through chemical
fertilizer and preceding crop was fertilized with FYM +
PEB. This could be attributed to mutually beneficiaf role of
chemical fertilizer and organic manure coupled with PSB
culture in keeping the avaitable P status at higher level.
Babulkar et &l (2000) have also reported the
complimentary role of organic and chemical fertilizer on
improving fertility status of vertisol.

The data pertaining to relative distribution of P fractions
after harvest ¢f soybean as well as safflower crop as
influenced by residual and cumulative effect of g set of
nutrient management treatments indicate that the saloid
-P which is loosely bound P, forms a very smalt fraction
of total P and is easily available to plant. The mean values
of different P fractions across the treatments indicate that
organic P and calcium P forms the major £ fractions.
Where as AI-P, Fe-P and RS-P form next to those of Ca-P
and organic P (Table 2 and 3).

Table1 Effectof phosphorus management treatments on available

post-harvest soil organic carbon (%) and available P (kg/ha)
in soybean-safflower cropping sequence

Sot oiganic

Treatment for carbon () AValRble Py ent far Soil organic Available
o Taie™ s S et P
T, :No P 06 179 T,:NoP Q7 168
T,:100% RDP 06 29.0  T,:100% RDP 07 26.0
T,:50% RDP 0.7 221 T, 100% RDP 2l 239
T, 50% RDP Q7 229  T,.50% RDP 07 188
¥, S0%RDP+PS8 a7 269 T, :50%RDP+PSE 0.8 239
Ts:No P 06 18.2 Ts: 100% RDP a7 248
T, .FYM 0.8 21.1 T,:100% RDP 08 264
T, FYM+PSB 0.8 262 T, 100% ROP o7 281
Ty 100% RDP 07 218  T,:50% RDP 08 211
Ty 100% RDP 07 285 T Ne P a7 158
T, : 100% ROP 07 286 T, FYM 0.8 252
T,; 1 100% ROP 0.6 282 T, FYM+PSB 08 263
SEmt o 016 SEmi oo 025
CD (P=0.05) 0.03 0.46 CD (P=0.05) 0.04 0.68

RDP = Recommended dose of P
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Table 2 Eftect of different phosphorus treatments on P fractions after harvest of soybean (mg/ha)

Treatment Sal-P Ai-P Fe-P Ocel-P RS-P Ca-P Org.-P Total P
T,:NoP 8.1 264 344 7.3 402 1275 193.1 437.4
T,:100% RDP 105 34.4 431 11.0 489 2740 2613 684.0

T,:50% ROP 92 32.0 38.4 93 450 1956 2285 5381

T, :50% RDP 93 318 39.0 9.2 451 1982 2233 545.9
Ts . 50% RDP+PSB 98 33.0 419 99 46.5 2157 2311 587.9
T, NoP 82 271 355 74 404 1308 191.8 433.8
T, FYM 86 375 455 83 425 152.87 198.0 4938
Ts: FYM+PSB 8.9 36.0 442 87 43.2 168.4 219.0 5294
T, 100% RDP 102 369 438 0.7 499 276.1 262.4 690.0
Ty : 100% RDP 10.0 37.0 42.4 10.9 500 2753 258.2 683.8
T, . 100% RDP 163 358 46.1 108 49.9 2825 264.3 696.7
Ty, : 100% RDP 10.2 349 441 11.0 50.1 2847 268.7 7038
SEm+ 0.0 0.69 0.93 0.11 0.27 3867 1.58 8.89

CD (P=0.05) 0.13 1.92 257 0.32 0.76 10.18 4.28 2460

*ROP = Recommended dose of P
Table 3 Effect of different phosphorus treatments on P fractions after harvest of safflower (mg/kg}

Jreatment Sal-P ALP Fe-p Ocel-P RS-P Ca-P Org.-P Jotat P
T,:NoP 8.1 239 30.0 7.0 354 120.7 2029 556.1

T,:100% RDP 10.2 314 452 10.0 40.8 26845 2685 670.6
T,:50% RDP 10.3 30.4 438 98 381 261.9 2637 659.0
T, : 50% RDP 9.3 28.4 356 4.1 38.1 199.4 223.0 541.9
T,.50% ROP+PSE 98 2938 382 a4 40.2 2103 2262 564.7
T NoP 10.3 31.8 39.1 8.7 40.9 2556 258.8 646.3
T, FYm 10.4 324 4386 9.7 415 257.2 2611 655.9
Ty FYM+PSB 10.5 33.0 441 86 42.0 259.4 265.2 663.0
T,: 100% RDP 104 34.1 43.9 9.9 416 266.3 2701 676.6
T, : 100% RDP 88 24.1 322 72 36.2 126.7 204.0 4378
T,,: 100% RDP 8.6 29.9 452 8.0 37.0 162.4 2121 503.2
T2 100% RDP %} 1A 45 82 384 1758 218.2 5250
SEmz+ 0.03 077 as .14 0.4 36 1.59 3612
CD (P=0.05) 0.08 213 15 0.39 1.1 100 442 100.0

The predominance of caicium P fractions is obvious since
soils were calcareous in nature and calcium being
dominant cation in the soil environment is bound to
precipitate as Ca-P. The predominance of Ca- ¥ in
calcareous soil has also been reported by Kolambe
(1891).

As far as phosphorus distributian into different P fractions
as influenced by different P management is concerned all
the P fractions are significantly higher in case of those
treatments where 100 % recommended dose of P is
applied either through chemical fertilizers to both the crop
in sequence of through FYM with or without PSB is
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applied to one of the crops in the sequence.

This indicated that use of 100 % recommended dose of P
thraugh chemical fertitizer to one of the crop in sequence
and FYW with o without PSB 1o other crop goes a long
way in the built up of different P fractions. This improved
level of P fraction ultimately forms the available P pools
to sustain fertility of soil with respect to available P supply
in long run.

The contribution of different P fractions to available pool
coutd be very well predicted with multiple regressicn
equations as given below.
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After soybean crop

1) Available P {Olsen's) - 19,795 + 11832 Sal-P

- 0.0798 (Al-P) + 0.2847 (Fe -P)
+3.328 (Oceh P) - 0.5162 (RS-P)
0.0576 Ca- P + 0.1219 (Org-P)
{R?=0.975"")

(After Scybean harvest)

2) Available P (Olsen's)
(After safflowes harvest) - 62815+ 10.2119 (Sal- P)
- 0.3826 (Al-P) + 7267 (Fe- P}
-+ 2585 (Occl-P) + 0.2938 (RS-P)
- 0.1523(Ca-P) - 0.1312 (Crg-P)
- (R*=D90%)™

Since all these fractions are in dynamic equilibrium with
each other and also constitute the available P pocl the
multiple regression equation between available P as
dependent variable reflects on the contribution of these
fractions towards available P in presence of other
fractions.

rom the multiple regression equations for available P
pool and different P fractions after harvest of both the
crops in sequence it is revealed that Sal - P has positive
contribution towards available P as it is loosely bound P
fraction and isimmediately available. Besides this fraction
the Fe - P and Qccl- P has aisa contributed positively
towards available P as extractable- P by Olsen's reagent.
However the negative partial correlation co-efficient for
Ca-P in scil indicates that the exiracted P by Olsen's
reagent might have been reprecipitated as Ca-P as the
calcium is the dominant cation in the experimental soil.

However, P distribution in soll associated with different P
fractions is always in dynamic equilibrium among the
different P pool characterized by dissalution precipitation
reactions under the influence of different factars like pH,
organic matter, ionic environment of soi! etc. In long run
these P fractions are bound tc contribute towards
available P poofwhen properly manipulated by application
of organic matter in the form of FYM. Use of PSB may
further keep in enhancing the dissolution rates. Similar
observations were recorded by many workers (Verma ef
al, 1991, Rokima and Prasad, 1991).
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Abstract

A field experiment was conducted at Jobner
{Rajasthan} during 2001-02 and 2002-03 with Indian
mustard, [Brassica juncea (L.} Czern and Cosson]
using 3 levels of irrigation (l;-at flowering, |,-at
flowering and pod filling and i;-at branching,
flowering and pod filing) and four mulching
treatments (control, Saccharum munja @ 5 tlha,
Tephorsia purpurea @ 5 tfha and black polythene} in
main plot and three suiphur levels (20, 40 and 60 kg
S/ha} in sub-plots in Spit Slot Design on loamy sand
soil. Successive increase in number of irrigations (1,
to I;) and levels of sulphur (20 to 60 kg S/ha)
significantly increased growth parameters, yield
attributes, seed, stover and biclogical yields and net
return over their preceding levels. The black
polythene mulch significantly increased the growth
parameters, yield attributes, seed, stover and
biological yield of B. juncea over Saccharum,
Tephrosia and no mulching.

Key words: Mustard, irrigation, sulphur, muiching

Introduction

The iower productivity of mustard crop in semi arid region
of India is due to limited availability of moisture at ¢ritical
stages of crop growth and pocr nourishment. The
moisture stored in the rnizosphere of soil in areas of
scanty rainfall determines the crop growth. If the limited
available irrigation water and the prafile stored soil
moisture can be properly exploited by judicious
management practices good yields can be expected. For
efficient utilization of soil moisture under semi-arid
condition mulching plays significant role in increasing the
productivity of crops by economizing the use of irrigation
or rain water and boosting nutrient use efficiency (Mahey
et af., 1986). Sulphur fertilization to mustard showed iis
rale in promoting seed yield and other anciflary characters
{Goswami, 1388). Hence an experiment was conducted to
find out the effect of mulching and sulphur on growth and
yield of mustard.

Material and methods

The field experiment was conducted during rabi seasons
of 2001-02 and 2002-03 under semi-arid climatic

conditicns at Jobner {Rajasthan) in Split Plot Design with
36 treatment combinations replicated thrice with irrigation
and mulching in main plot and sulphur levels in sub-plots
on loamy sand soil having orgamic carbon 0.21 %,

. available nitrogen (N) 129.2 kg/ha, available phosphorys
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(P, Q) 17.5 kg/ha, avallable potash (K,0) 148.5 kgiha
available sulphur 8 ppm, pH 8.3 and EC dS/m 1.30.

Treatments combinations were replicated thrice
comprising three levels of irmgation {,-at flowering, 1.- at
flowering and pod filling and i;-at branching, flowering and
ped filling} with four mulching treatments [control,
Saccharum munja @ 5 Yha (dried), Tephrosia purpurea
@ 5 t/ha (dried) and black polythene {0.05 mm thick)] in
main plots and three sulphur levels {20, 40 and 6Q kg
S/ha} in sub plots. Sulphur was applied through gypsum
one day prior to sowing and incorporated in the soil and
mustard cultivars Bio-902 (Pusa Jai Kisan) was sown on
28 and 29" October during the year 2001-02 and 2002-03,
respectively. The crop was sown in the rows at 30 cm
apart. Mulches were applied after plant emergence (10
days after sowing). Depth of irrigation water was 5 cm.
Observations were recorded on grawth parameters viz.,
plant height (em.), number of primary branches/plant,
number of secondary branches/plant, drymatter
accurmnulationfrow length (g) at periodically stages and
yieid parameters viz. number of siliquae/plant, number of
seeds/siliqua, test weight{g), seed yield (kg/ha), stoves
yield (kg/ha), biolagical yield (kg/ha), harvest index (%)
and net return (Rs/ha) at harvest stage. The crop was
harvested an 16.03.02 and 18.03.03 during first and
second year, respectively.

Results and discussion

Fffect of irrigation: Plant height, primary and secondary
branches/plant and dry matter accumulation/meter row
length increased significantly due to successive increase
in number of irrigation from one to three at different
phenological stages {Table 1). 1t is well known that where
enough soil moisture for progressive plant growth is
maintained either by providing irrigation or ranfal, #t
intends to better development of photosynthetic areas and
results in an accelerate photosynthetic rate, thus, as 2
consequence plant growth accelerated and led to a better
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acCUmUlaﬁon of drymatter. These results are in
conformity with the findings of Samut et al. (1986).

Application of three irrigations at branching, flowering and
pod filling stages significantly improved the number of
siliquaefplant, number of seeds/siliqua, seed, stover and
piclogical yields and net return but test weight and harvest
jndex were significantly  higher upto two irrigations
(Table 2). This might be due to higher photosynthesis and
translocation of photosynthtes towards reproduction
structures due to adequacy of sail maisture in the
rhizhosphere of mustard crop. Ghatak et al. (1992) and
patel {1999) also reported similar resuits in Indian

mustard.

Effect of mulching. Plant height, drymatter
accumulation/meter row length, number of primary and
secondary branches/plant, significantly improved due to
diverse mulching treatments over control (Table 1).
Further, the black polythene mulch caused a significant
increase in these growth components over Tephrosia and
Sacchurum muiches also. It fs abvious that mulching
leads to better plant growth by changing the micro climate
by canserving more moisture through reducing
evaporition, modifying soil temperature, controlling

weeds, thus, economizing the use of irrigation water,
Moreover, adequate presence of moisture to plants,
results in full cell turgidity and eventually higher
meristematic  activity, leading to more foliage
development, greater photosynthetic rate and
cansequently better plant growth. These results are in
accordance with findings of Sachan et al. (1897).

The notable improvement in yield attributes (number of
siliqae/plant, number of seeds/siliqua and test weight) and
seed, stover and biological yields and harvest index was
obtained dueto mulching practices over control (Table 2).
Significantty higher values of yield atiributes and yield
were registered under black polythene mulch followed by
Tephrosia and Saccharum mulches. The minimum net
return {Rs 7540/ha) was recorded under polythene mulch
while maximum under Tephrosia mulch (Rs 11912/ha).
The improvement in yield attributes under mulching
practices could be ascribed to better availability of
moisture and moderation of hydrothermal temperasure
which led to greater uptake of nutrients. These resuits are
in consonance with the findings of Singh et al. (1996) and
Gosh and Moitra {1997).

Table 1 Effect of irrigation, muiching and sulphur on growth parameters of mustard (Poocled 2001-02 and 2002-03)

Plant height Primary branches/ Secondary Drymatter accumulation/row
{cm) plant branches/plant length

Treatment 45 75 105 At 45 75 105 At 75 105 At 45 75 105 At

DAS DAS DAS harvest |[DAS DAS DAS harvest] DAS  DAS harvest |DAS DAS  DAS  harvest
trrigation
i-at F 187 1051 1401 1460 305 800 672 685 922 115 125 120 1330 1810 1478
l-atF + PF 187 1090 1546 1801 312 57% 733 7% 922 124 134 120 1332 1904 2103
ly-atB + F + PF 217 1241 168.0 1738 404 87+ 782 808 994 134 144 137 4455 1880 2213
SEm+ 027 111 180 181 OD5 009 011 040 007 010 010 020 145 150 1.99
CD(P =005 g78 317 548 517 @15 025 (28 028 020 028 028 056 415 423 589
Mul:hing
Control 185 1055 1416 1464 280 524 676 683 886 115 125 110 1304 1821 1985
S. mnja (5 tha) 188 1116 1538 1587 356 612 735 750 952 123 133 128 1374 1898 2001
T purpurea (St ha) 199 1121 1556 1615 355 622 733 750 950 124 134 129 1374 1806 2112
Biack polythene 205 117.7 166.0 1734 369 668 783 799 987 129 140 134 1443 1981 2203
SEm+ 032 128 185 209 006 010 012 011 oo ONn 011 023 188 173 230
CO (P =0.05) 090 366 5258 587 017 029 034 032 024 032 032 065 480 495 657
Sulphur (kg /ha)
20 19.1 106.8 1420 1468 301 575 683 689 BS7 116 126 122 1327 1822 1991
40 196 1121 1851 1808 355 618 736 750 950 124 134 126 1374 1905 2106
69 203 1163 1656 1724 366 657 778 786 892 130 140 130 1421 1978 219.7
SEm+ 025 087 155 155 004 006 008 003 006 Q08 008 047 110 1.4 1,66
CD (P = 0.05) Q70 243 436 435 042 Q17 023 024 018 D23 023 D47 307 385 485

B=Branching; F = Flowering;

220

PF = Pod Filling; DAS = Days after sowing
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Table 2 Effect of irrigation, mulching and sulphur on yield attributes, yield and net return of mustard (Pooled 2001-02 and 2002.03)

Treatment Sliacl oot Testusiaht  Seedyeld St oI giiogical yiel tkgha) "5 P Net retum (s
Irrigation

l,-at F 151.8 11.2 3.36 1080 3000 4090 266 5372
l,-at F + PF 1951 12.3 3.67 1500 3370 5370 27.8 10767
l-at B+ F + PF 2326 129 376 1710 4260 5940 288 247
SEm+ 1.98 0.13 0.04 16 35 41 0.36 173
CD(P=0.05) 5.66 0.38 0.10 48 101 118 1.03 496
Mulching !

Control 1554 113 3.37 1180 3170 4300 265 BBO7
S. munja (5 tha) 193.0 121 3.64 1440 3730 51860 278 13815
T, purpurea {3 tha} 195.4 122 359 1480 3810 5290 273 11912
Black polythens 229.0 12.9 3.68 . 1650 4130 5770 28.3 7540
SEm+ 2.29 0.15 0.04 18 41 47 0.42 200
CD(P=0405 6.54 T .44 0.12 53 118 134 1.18 372
Sulphur {kg/ha)

20 156.7 114 34 120 3280 4470 257 6629
40 1584.8 t2.2 3.63 1450 3750 5180 277 10038
€0 2280 128 376 1650 4100 5740 285 12714
SEm+ 1.91 012 0.03 13 25 30 0.32 139
CD (P = 0.05) 5.36 0.33 0.08 B- 71 85 0.91 391
B = Branching; F = Flowering; PF = Ped filling -

Effect of sulphur: Successive increase of sulphur doses
ferm 20 to 60 kg S/ha reflected a significant improvement
in plant height, primary and secondary branches/plant, dry
matter accumulation/meter row length (Table 2). The
increased ubtake of nutrients due to sulphur in general
and their activation at cellular level by prometing greatey
photosynthetic and meristamatic activity seemed to have
stimulated vegetative growth of mustard (Singh sf af.,
1990}, The number of siliquae/ptant, seeds/siliqua, test
weight, seed yield, stover yield, biological yield and
harvest index of mustard enhanced significantly with the
increase in the level of appiied sulphur upto 60 kg S/ha,
whereas, harvest index under 40 kg S/ha stood at par with
20 kg Siha.

The increase in yield attributes might be due to the fact
that with increment in supply of S, the process of tissue
differentiation from somatic to repreductive, meristermnatic
activity and development of floral primodia might have
increased more flowering and ultimately mare siliquae.
The cumulative effect of yield attributes led to higher seed
yield under successive increase of sufphur fevels upto 60
kg S/ha. The highest net return was fetched due to
application of 60 kg/ha. These results confirm the findings of
Chauhan ef al (1996) and Baldev Ram and Pareek {1999).
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Abstract

Effect of plant density and fertility levels an
productivity and economic of groundnut-pigeonpea
intercropping system under rainfed cenditions was
studied in maintaining 100 % plant density of base
and intercrop with the application of 100 and 50% RDF
to groundnut and pigeonpea, respectively under
rainfed conditions for higher productions and
economic returns.

Groundnut, pigeonpea, intercropping
ROF, plant density

Key words:

Introduction

There is an urgent need 1o increase the production of both
oitseads and puises by adopting improved production
practices. Groundnut-pigeonpea intercropping system is
the most prevalent in semi-arid areas of the country.
Groundnut makes rapid canopy coverage of the ground
and uses the resources maore effectively in the early stage.
While pigeonpea is a long duration crop but its initial
growth is very slow. The yield advantage of the
intercropping system depends on the various agrenemic
Tequirernents. Amony them plant pepulation of the base
and component crops and fertilization which may vary
with the cultivar and the scils of the region. However, little
attention has been paid on this aspect while developing
the management practices for an intercropping system. At
the same time, reports are scanty on how an intercropping
systern alters nutrients and plant density requirement
particularly under rainfed conditions. Therefore, the
presant investigation was planned to find out the optimum
plant density and fertilizer levels in groundnut-pigeonpea
Intercropping system.

Material and methods

Field investigations were carried out at the Main Oilseeds
Research Station, Junagadh Agricultural University,
JYunagadh during kharif-rabl seasons from 2000-01 to
2002-03. The experimental soil was medium black in
texture having 7.9 pH. It was tow in available nitrogen
{850 kg/ha), medium available phosphorus (23.5 kg/ha)
and high in available potassium {386.0 kg/ha) The

222

experiment was laid out in Randomized Block Design with
three replications. The experiment consisted of 12
treatment combinaticns consisted of various proportions
of plant density and fertility levels for groundnut and
pigeonpea (Table 1} The groundnut cv. GG-2 and
pigeonpea cv. BON-2Z were sown immediately after onset
of monsoon in 3.1 row proportion at 45 cm row spacing,
whereas, plant to plant distance was maintained
according to plant density treatments. Full dose of
fertilizers as per treatments was applied as basal in the
previously opened furrows. Two supplementary irrigations
were given to pigeonpea after harvesting of the graundnut
crop. The other cuitural operations were carried out as per
recommendations made for base and intercrep in the
region. Pod, hauim and seed vield of pigeonpea were
recorded from each net plot and cenverted on hectare
basis and total production of the system were presented
in terms of groundnut pod equipment yield (PEY) as per
Solanki ef gt (20086)

Growth and yield attributing characters viz., shefling %,
test weight and oil content of groundnut and plant height,
number of branches and pods/plant of pigeonpea were
recorded from randomly selected five piants from each
pict.

The rainfall received was 560.3, 532.4 and 1007.7 mm
with 51, 21 and 38 rainy days during 2001, 2002 and
2003, respectively. While maximum temperature during
crop seasons ranged between 36.3-29.8, 38.7-30.7 and
36.9-29.4 C°C, accordingly. Corresponding values of
minimum temperature were 27.0-12.5, 27.3-14.1 and
27.0-12.1C°C.

Resuits and discussion

Growth, yield and quality parameters: Combination of
various fertility levels and plant density of groundnut and
pigeonpea failed to exert their remarkable influence on
shelling %, 100-seed welght and ol content in groundnut
and number of pods/plant and plant height of pigecnpea
{Table 1). The findings are in conformity with the results
of Reddy ef af. (1987).

Yietd and economics: Maintaining 100% plant density of
base and 50% plant density of imtercrop with fertilizing
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base and intercrop with 100 and 50% RDF to respective
crops (Table 2) produced significantly highest pod yield
{887 kg/ha) which was at par with 100% plant density of
both the creps and application of 100% RDF to both the
crops {T,), 100% plant density of both the crops with the
application of 100 and 50% RDF to base and intercrop
(T,), 75 and 50% plant density of base and intercrop with
the fertilization of 50% RDF to both the crops (T;) and
base crop sown with 100% and intercrop with 50% pilant
density and both the crops were fertilized 50% RDF (T,,).
Similarly, maximum haulm yield of 1462 kg/ha was
recorded when base and inter crop was sown with 100
and 50% plant density with the application of 50% RDF to
both the crops (T,,} which remained at par when base
crop was sown at 100% plant density under ali the density
tevels of interciep and base crop received 100 or 50%
ROF and intercrop fertilized with 50% RDF (T,, Ts, Tg, T1o
and Ty)

in case of pigeonpea seed yield {Table 2), it was
significantly highestwhen base and inter crops wete sewn
at 75 an¢ 100% plant density with the application of 100
and 50% RDF to respective crops (T,). Though it was at
par with 100% plant density of hoth the crops when base
crops were fertilized with 100% RDF ard pigecnpea

received 100 or 50% RDF (T, and T;} and base ang
intercrop sown with 75 and 100% plant density and boty,
the crops fertilized with the 0% RDF (T*). Simitarly.
maximum groundnut pod equivalent yield (2319 kg/ha)
gross (Rs. 41730/ha) and net realisation (Rs. 23446/ha)
and CB ratio of 2.28 was obtained when each crop was
maintained with 100% plant density and base and inter
crop fertilized with 100 and 50% RDF, respectively (T,)
which remained statisiically at par with T, {i.e., 100w
plant density and RDF to both the crops) and T, (i.e., 75
and 100% plant density along with 100 and 50% RDF to
base and intercrop, correspondingly). The higher yield of
groundnut under 100 and 50% plant density with the
application of 100 and 50% RDF to base and intercrop,
respectively might be due to eatly vigorous and rapid
growth and better resources utilizing ability of groundnut,
While, maximum yield of pigeonpea produced under 75
and 100% plant density when groundnut and pigeonpea
received 100 and 50% RDF, respectively which is due to
better competitive ability of pigeonpea in the system and
its recovery after harvest of base crop of groundnut
(Reddy and Havanagi, 1986). Similar results were also
reported by Thakur ef al. (1998} and Hegde and Kiresur
{1999).

Table 1 Growth and yield attributes of groundnut and pigeonpea and econamics as influenced by various plant density and fertility levels in
grountnut-pigechpea intercropping system (mean of three years)
Plant density {%) Fertility levels (RDF %) Groundnul Pigeonpea Realisation (Rs/ha)
Treatment a ) . Shelling Tgst Oil  { MNo. of Pl_arﬂ No. of cB
roundnul  Pigeonpea | Groundnut  Pigecnpea (%) weight cot;leni pods/ height branches{ Gross Cost Net ratio
(@ (%) | plant  {em)  plant

T, 100 100 100 100 76 360 465 232 154 87 39848 18035 20913 2.10

T, 100 100 100 50 76 36.0 46.3 247 155 - 9.0 41738 18292 23446 228

T- 75 100 100 50 76 356 455 252 153 7.1 38436 17292 21144 2.22

T. 75 100 50 50 78 355 458 243 147 7.2 35834 16970 18854 211

T. 75 75 100 50 76 359 468 243 148 6.7 36799 17192 19607 2.4

T, 75 75 50 50 75 353 47.2 251 143 76 35646 16870 18776 211

T, - 75 50 100 50 78 35.6 469 248 151 7.2 34073 17142 16931 1.99

T. 75 50 . 50 50 77 36.2 46.7 227 151 7.5 34190 16820 17370 203

Ta 108 75 100 50 75 260 466 255 145 82 35711 ATRTO 47841 200

T 100 75 50 50 75 351 45.6 259 152 79 35789 17870 17918 200

Tu 100 50 100 50 78 36.0 46.2 282 145 7.9 34813 18142 16671 182
T 100 50 50 50 76 365 48.1 255 150 7.3 35324 17820 17504 198

CD (P=0:05) NS NS NS NS NS 0.85 4032
GV (%) 3.02 627 20 125 35 123 118
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el N "
Tabl pigeonpea in groundnut-pigeonpea intercropping system

Pod, haulm and pigecnpea seed yield as well as pod equivalent yield as influenced by plant density and fentility levels of groundnut and

Paod yield {kg/ha) Hauim yield (kg/ha)

Pigeonpea seed yield (kg/ha)

Pod equivalent yield (kg/ha)
Treatment
2001 2002 2003 Pooled | 2001 2002 2003 Pooled] 2001 2002 2003 Pooled | 2001 2002 2003 Paoled
7, 844 753 706 768 714 1272 1796 1269 1283 1602 1501 1462 2097 2337 2224 2919
T, 799 g3z 714 815 858 1086 1741 1228 1273 1512 1775 1520 2048 2421 2487 2319
T, 664 512 644 613 809 1204 1500 1171 1221 1663 1743 1542 1882 2150 2374 2135
T, sgo 537 702 638 722 1093 1414 1076 1186 1600 1316 1367 1840 2109 2024 1991
T. 797 815 646 753 858 1370 1562 1263 1081 1552 1247 1293 1866 2356 1910 2044
T, 654 703 744 737 691 g3z 1776 1000 1175 1583 1013 1257 1913 2250 1778 1980
T, 927 593 733 751 735 907 1444 1026 976 1270 4189 1148 1890 1843 1848 1893
T. 827 809 722 789 772 1148 1370 4097 697 1351 1295 1114 1520 2146 2021 1899
T. 775 7186 754 748 914 1313 1963 1403 1080 1462 1134 1225 1646 2171 1935 1984
T 839 654 79§ 764 &27  14p1 2000 1408 895 1447 1287 1213 4731 2099 2135 1988
Ta 932 820 927 asy 808 1568 1914 1430 857 1290 926 1024 1786 2108 1608 1034
T ag1 784 805 826 @33 1580 1975 4462 860 1238 1251 1116 1750 2048 2096 1982
cD NS NS NS 1212 NS 2298 2166 2268 NS 2400 3513 1977 NS NS NS 2240
(P=0.05}
Interaction Sig. Sig. Sig. Sig.
{¥xT)
cD 208.4 345.2 3268 3869
(P=0.05)
Sig. = Significant
Interaction effect: Interaction between Yyears and References

treatments was significant with respect to hauim and
pigeonpea seed yield (Table 2). The data indicated that
when base and inter crop was sown with 100 and 50%
plant density and crops were fertilized with 50% RDF of
respective crop (Ty;) produced maximum haulm yield of
1580 kg/ha during 2002, which was at par with Tg, Typand
T,.. During 2003, groundnut sown with 100 and pigeonpea
with 75% plant density and application of 50% RDF to
both the crops (T,) recorded maximum haulm vyield of
2000 kg/ha and found at pat with Ty, Tg, To, Tye@nd Typ. IN
case of pigeonpea seed yield, maintaining 100% plant
density of pigeonpea with 100 or 75% plant density of
greundnut and base and intercrops fertilized with 100 and
50% RDF of respective crops (T, and Tj) remained
statistically on same bar with Ty, T, Te, Teand Ty during
2002 and T, and T during 2003.

Conclusions: It can be concluded that groundnut and
pigeonpea can be sown as intercrop with maintaining
100% plant density of both the crops and fertilized 100
and 50% RDF o groundnut and pigeonpea, respectively
for higher total production and gross realisaticn under
rainfed conditions of South Saurashtra agro-climatic region.
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Abstract

Studies on row ratio and sowing time of castor hybrid
in groundnut-castor intercropping system revealed
that groundnut- castor sown in 3 : 1 row ratio
produced maximum pod, haulm and oil yield of
groundnut. Difference in castor seed and groundnut
pod equivalent yield between row ratios were non
significant. Sowing of castor as an inter crop 45 days
after sowing of groundnut recorded signhificantly
maximum pod and haulm yields. Significantly
maximum castor seed (1857 Kkg/ha) and pod
egquivalent yield (3218 kg/ha) as well as gross and net
realization with 2.67 C:B ratio were obtained when
groundnut and castor crop were sown
simultaneously. Sowing of castor hybrid GCH-4 as an
inter crop produced highest pod, castor seed and
pod equivalent yield with maximum gross and net
return with 2.59 C:B ratio. Growth and yield attributing
characters of base and inter crops were not
influenced significantly due to row ratio. Test weight
of groundnut was observed maximum when castor
sown as an inter crop 45 DAS of groundnut. Test
weight of groundnut was noted higher when castor
hybrid GCH-6 as inter crop. Significantly higher cil
yield of castor and spikes/plant were recorded in
GCH-4 hybrid sown as inter crop.

Key words: Groundnut, castor, intercropping, row

ratio, sowing time, hybrid
Introduction

Castor {Ricinus communis L. } is an impartant non-edible
oilseed crop of India and fetches a sizeable amount of
foreign exchange to the country (Tewari, 1994). The crop
is unique in its adaptation to variety of soils with poor
fertility and aberrant weather. This owes to its hardy
growth with deep tap-root system. It is a long duration
crop (210-240 days) with slow growth habit in the initial
stages and it is grown in wider rows with a spacing of
90-180 cm. These features offer a potential scope to
intercrop with short duration crop like groundnut to expioit
the land and resources more efficiently particularly under
Saurashtra region of the Gujarat wherein groundnut is the
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major rain fed crop cultivated during kharif season. The
average productivity of the inter cropping system depends
on various agronomic requirements of base and inter
crops. This warrants an evaluation of optimum row ratio
and sowing time of castor hybrids in groundnut-castoy
intercropping system and hence, present experiment was
conducted.

Material and methods

The field experiment was carried out at the Main Gilseeds
Research Station, Junagadh Agricultural University,
Junagadh (Gujarat) during khatif-rabi seasons of
2000-2001 and Z001-2002. The experimental scil was
medium black in texture having low available N (885
kg/ha), medium available P,0; (28 5 kgfha) and high
available K,0 {386.5 kg/ha) with pH-7.9. Twelve treatment
combinations consisting of two row ratio of
groundnut-castor {viz., R1-2:1 and R2-3:1), three sowing
time of castor hybrid {wiz., Dy-simultaneous sowing of
groundnut and castor, D, - castor sown 25 DAS
groundnut and D;- castor sown 45 DAS groundnut] were
tested in Factorial Randomized Block Design with three
replications. Fertilizers were applied as per
recommendation to groundnut { 12.5-25.0-00 NPK kg/ha)
before sowing the crop. Half dose of nitrogen and full doze
of phosphorus as per recommendation {75.0 -50.0-00
NPK kg/ha) on actual area basis to castor were applied
before sowing the castor as basal and remaining haif doze
of nitrogen was applied in two equal splits at 40 and 70
days after sowing the crop. Groundnut cv. GG-5 was
sown in previously opened furrows at 45 cm spacing as
soon as sufficient rainfall received. Castor hybrids were
sown by dibbling as per row ratic and sowing time. Two
suppiementary irrigations were applied to castor after
harvest of groundnut. Five plants were randomly selected
from each plot for recording growth and yield attributing
characters of castor viz, plant height and number of
spikes/plant. Whereas yield/hectare were computed from
the each net plot and economics were werked out on the
basis of current prices of produce and inputs used and
groundnut pod equivalent yield as per formula:

Seed price of castor {Rs/kg) Seed yield of  Pod yield of
PEY (kg/ha) = X castor x groundriut
Pod price of greundnut (Rs/kg}  (kg/ha) {kg/ha)
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The rainfall received was 560.3 mm with 28 rainy days
4uring 2000-01 while it was 855.6 mm with 51 rainy days
during 2001-02. Nearly 35% of total rainfall received
during month of June-2001-02.

Results and discussioh

Effect of row ratio: Groundnut-castor sown in 3:1 row
ratio preduced significantly highest pod yield of 1854 and
1642 kg/ha during 2001-02 and in pooled results and
haulm yield of 227C and 2021 kg/ha during 2000-01 and
in peoled results, respectively. The per cent increase in
nod and haulm yieids due to 3:1 row ratio over 2 : 1 row
ratio was to the tune of 9.5 and 6.8%, accordingly on
noofed data basis (Table 1} The seed yield of castor was
unaffected due te row ratio, except during 2000-01
wherein groundnut-castor sown in 2:1 row ratio preduced
maximum seed yield of 1386 kg/ha. Differences in
groundnut sod equivalent yield and gross realization due
to row ratio were non significant during individual years as
well as in pooled results (Table 2). The growth and yield
attributes of groundnut and castor wz., plant height,
number of spikes/plant and test weight of castor and
shelling parcentage and test weight of groundnut had no
signficant influence of row ratio (Table 2 and 3), while oil
yield of groundnut was maximum (522 kg/ha) when
groLndnut-castor sown in 2:1 row ratic on pooled results.
Agasimani ef al., (1994) reported that groundnut-castor
sown in 3 . 1 row ratic produced higher castor yield than
6.1 and 9:2rowratios.

Effect of castoer sowing time: Castor sown 45 DAS of
groundnut (D) as inter crop produced maximum pod and
haulm yields (Table 2). Castor sown 25 or 45 DAS of
groundnut (D; or Dy) produced comparable pod and
haulm yields during 2000-01 (Table 1). The per cent
increase in pod and haulm yields due to sowing of castor
45 DAS of groundnut (D;) was to the tune of 35.6 and
27.8%, respectively over simultaneous sowing of both the
crops on pocled data basis. Groundnut and castor sown
atthe time of onset of monsoon (D, recorded significantly
maximum castor seed yield 6f 2406, 1309 and 1857 kg/ha
during 2000-01, 2001-02 and in pooled results,
respectively, while corresponding groundnut pod
equivalent yield were 3433, 3003 and 3218 kg/ha and
found at par with sowing of castor as an inter crop 25
DAS of groundnut (D) during 2001-02. Simultaneous
sowing of groundnut and castor (D,) produced 201.9 and
124.6% higher castor seed and groundnut pod equivalent
yield, respectively than caster sown 45 DAS of groundnut
(D3} en pocled data basis. Sowing of base and inter crop
atthe time of onset of monsoon abtained maximum gross
realization of Rs 45056/ha and higher net return of
Rs.28156/ha with 2.67 C:B ratio. Test weight in groundnut
was cbserved maximum of 43.26g when caster sown 45
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DAS of groundnut on poaled data basis {Table 2)
Venkateswaralu and Subba Reddy (1889) reported that
yield of base and component crop were recorded
significantly highest when both the crops were sown
timely.

Effect of castor hybrid: Differences in the growth and
yield attributes of groundnut and castor viz., plant height,
number of spikes/plant , test weight of castor and shelling
percentage, test weight and oil yield of groundnut were
noen significant due to castor hybrids except, test weight of
groundnut was maximum of 44.0 and 43.1 g during
2001-02 and in pooled, respectively when castor hybrid
GCH-B was sown as inter crop. While oil yield of
groundnutwas maximum of 471 kg/ha when castor hybrid
GCH-4 was sown as inter crop. However, number cf
spike/plant was higher when GCH-4 was sown as infer
crop during individual years as well as in pooled results.
Sowing of castor hybrid GCH-4 as inter crop with
groundnut produced maximum ped (1612 kg/ha), castor
seed (1310 kg/ha), groundnut pod equivalent yield (3080
kg/ha) and cil yield of castor (855 kg/ha) on pooled data
basis which was 9.5, 30.8, 17 .8 and 35.6 per cent higher
than castor hybrid GCH-6 sown as inter crop (Table 1).

The maximum gross and net realization with C:B ratio of
2.59 were obtained when GCH-4 was inter cropped with
groundnut (Table 2).

Interaction effect between row ratio and sowing time:
Significant interaction effect between row ratio and sowing
time of castor on pod and haulm yield (Table 4) indicated
that pod (1708 kg/ha) and haulm yield (1981 kg/ha) during
2000-01 and 2001-02, respectively were produced when
castor sown 45 DAS of groundnut in 3:1 row ratic.
Similarly, groundnut pod equivalent yield (3500 kg/ha)
was observed maximum when base and inter crop sown
simultaneously in 3.1 row proportion and remained at par
with 2:1 row ratic (Table 4). Patel ef al {2003) also
reported that early sowing of castor gave higher seed yield
irrespective of castor hyhrids.

Interaction effect of row ratio, sowing time and variety
of castor. Interaction effect among row ratio, sowing time
and variety of castor were observed significant for haulm,
castor seed and oil yield of castor {Table 5) Results
showed that sowing of castor hybrid GCH-6 45 DAS of
groundnut in 3:1 row proportiocn produced maximum
haulm yield during 2001-02 than rest of the sowing time
of castor. Significantly higher seed (2187 kg/haj and oif
yield of castor (1081 kg/ha) recorded when groundnut
and castor cv. GCH-4 were sown simultaneously in 3.1
row ratio which was found at par when groundnut and
castor (cv. GCH-4) sown simultaneously in 2:1 row ratio.
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Table 1 Pod, haulm, castor seed and groundnut pod equivalent yields as influenced by row ratio, sowing time hybrid of castor in groundnut-castgr
intercropping system

Pod yield Hautm yeld Castor sesd vielt Sroundnat pod equivaient

Treatment (kg/ha) (kg/ha) Wkag/ha) yield (kg/ha)
2000-01 2001-02 Pcoled | 2000-0t 2001-02 Pocled | 2000-01 2001-02 Pooled| 2000-01 2001-02 Pooleq

Row ratio
R;-2:1 1296 1648 1472 2080 1734 1892 1386 1052 1219 2870 2810 2840
R~ 31 1371 1854 1612 2270 1772 201 1173 1037 1105 2703 30086 2854
SEm £ 49.4 314 29.3 538 224 291 39.9 56.1 34.4 85.2 743 56.5
CD (P=0.05) NS 92.2 83.6 187.9 NS 831 116.8 NS NS NS NS NS
Sowing time of castor
D,- Simultaneous 1005 1620 1313 1810 1585 1698 2405 1309 1857 3433 3003 3218
0,25 DAS 1o D, 1422 1646 1534 2282 1721 2001 841 1187 1014 2548 2932 2740
D45 DAS 1o D, 1573 1987 1780 2390 1952 2171 593 638 615 2379 2787 2583
SEm t 60.5 38.5 50.7 65.9 27.4 50.5 48.8 68.7 596 104.4 91.0 979
CD (P=0.05) 175.8 113.0 1446 1934 80.4 144.0 143.1 2015 169.9 306.2 NS 279.3
Hybrid of castor
V,- GCH-4 1440 1784 1612 2160 1758 1960 1473 1162 1318 3106 3055 3080
V,- GCH-6 1226 1718 1472 2160 1747 1954 1087 926 1067 2467 2761 2614
SEm ¢ 49.4 54.5 293 53.8 22.4 39.9 56.1 34.4 85.2 743 56.5
CD (P=0.05) 144.8 NS 836 NS NS NS 116.8 164.6 93.1 250.6 218.0 161.2
Interaction R x D 5iG NS NS NS SIG NS NS NS NS SIG NS NS
Interaction R x Dx V NS NS NS NS SIG NS NS NS SIG NS NS NS
Interaction Y x D SIG SIG SIG SIG
SEm ¢ 50.7 50,5 596 97.9
CD (P=0.05) 144 6 144.0 170.0 279.3

Table 2  Shelling, test weight, oil yield of groundnut and economics as influenced by row proportion, sowihg time and hybrid of castor in
groundnut-castor intercropping system

Treatment Shelling (%) Test weight (g) Qil yield (kgtha} Realisation (Rs/ha) C:B
2000-01 2001-02 Pocled |2000-01 2001-02 Pooled | 2000-01 2001-02 Pooled | Gross  cost Net ratio

Row ratio

R,-2:1 76.2 786 774 41.1 432 422 418 538 478 39788 16117 236T 2.47

R - 31 75.7 78.2 78.0 421 43.4 4238 437 608 522 39966 17216 22750 232

SEm + 03 0.3 0.2 0.4 0.3 0.2 17.7 1.7 10.6 790

cD {P=005) NS NS NS NS NS NS NS 34.4 30.3 NS

Sowing time of castor

0,- Simultaneous 76.1 783 772 419 433 4286 315 528 422 45056 16900 28156 267

D,-25 DAS to D. 76.2 785 773 408 423 41.6 462 540 501 38406 16700 21706 2.30

D45 DAS ta D, 757 785 77.1 422 44.4 433 506 650 578 36168 16400 19768  2.21

SEm 2 0.4 0.3 0.3 05 0.3 0.3 21.7 144 339 1368

CO0 (P=0.05) NS KNS NS NS 1.0 Q.8 636 421 NS 3800

Hybrid of castor

V,- GCH-4 76.1 78.4 77.2 411 42.6 41.9 471 579 525 431289 16667 26462 259

V;- GCH-6 759 78.5 77.2 431 44.0 431 385 566 476 36625 16667 19958  2.20

SEm % 03 0.2 0.2 0.4 0.3 0.2 17.7 1.7 25.8 720

CD (P=0.05) - NS NS NS NS 08 07 519 NS NS 2252

Interaction R x D NS N3 SIG NS NS NS

Interaction R x D x V NS NS NS NS NS NS

Interaction Y x D NS NS SIG SIG

SEm z 18.4 1368

CD (P=0.05) 525 3901

227



productivity of groundnut-castar intercropping system as influenced by row ratio, sowing time and hybrids of castor

ple3 Plart hieight, number of spikes, test weight and oil yield of castor as influenced by row proportion, sowing time and hybrid of castor
T in groundnut-castor intercropping

Plant height {cm) Ma. of spikes/plant Test waight (g} Cil yield (kgfha)

Treatment 2000-01 2001-02 Pooled |2000-01 2001-02 Paooled | 2000-01 2001-02 Pooled |2000-01  2001-02 Poaled
Row ratio
R, 2:1 77 78 7 6 37 36 269 43.2 354 663 531 597
R, 31 o 78 76 R 35 . 33 3.4 265 428 348 560 522 541
SEm £ 1.7 . 19 13 01 0.1 0.1 04 0.9 0.5 19.2' 28.4 171
CD (P=0.05) NS NS NS NS 03 Ns NS NS NS 56.2 NS NS
sowing time of castor
D,- Simultaneous B8 17 82 5.3 43 4.8 26.7 43.3 350 1160 661 911
D,-25 DAS lo D, a1 94 38 3 4D 35 275 428 352 400 595 498
D,-45 DAS to D, 69 61 62 2.2 22 2.2 25.8 431 345 273 323 298
SEm + 21 23 58 0.2 0.1 0.5 0.5 1.0 0.6 235 347 182.9
cD (P=0.05) 6.2 6.8 NS 0.4 0.4 NS 13 NS NS 68.9 101.8 NS
Hybrid of castor
V.- GCH-4 82 76 79 39 38 3.9 26.7 435 35.1 719 591 655
V- GCH-6 73 76 76 32 31 31 268 43.6 347 503 462 483
SEm ¢ . w7, 19 4.3 0.1 01 0.1 04 09 05 19.2 284 171
CD (P=0.05) 5.1 NS NS 0.4 0.3 0.2 NS NS NS 56.2 83.2 45.8
Interaction R x D NS NS NS NS NS NS NS NS
Interaction R x D x . - NS NS NS NS NS NS NS SIG
Interaction ¥ x D SIG s8IG i NS SIG
SEm z ) 222 0.14 298
CD (P=0.09) 6.33 0.39 ) 84.6
Table 4 Interaction effect between row ratio and sowing time of castor

Pod yield (kg/ha)} Hautm vield {(kg/ha) Pod equivalent yield (kg/ha) Qil yield (kg/haj
Treatment . Row ratio

R, R, R, R, R, R, R, R,
Date of sowing 2000-01 200102 2000-09 2000-01
o 904 1108 1643 1527 3366 3500 291 339
D, ' 1547 1296 1618 1826 2892 2204 511 M3
D, 1435 1709 1942 1951 2351 2407 453 558
SEm ¢ 855 388 147.6 36.7
CD (P=0.05) 2509 137 433.0 80.0
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Table § Interaction effect of row ratio, sowing time and hybrids of castor

l

Haulm yield (kg/ha)

Castor seed yield (kg/ha) J

Oil yield {kg/ha)

Row ratio o
Treatment R, R, T R, L R, J R, J R,
Castor hybrid

v, vV, v, v, v, v, v, V, W, v, V, v,
Date of sowing
D, 1626 1661 1650 1404 2009 1753 2187 1479 1004 833 1091 715
0, 1661 1570 1805 1847 1261 5845 1016 832 633 458 502 397
D, 1877 2007 1932 1990 799 545 632 485 392 263 308 231
SEm % 548 843 419
CD {P=0.05) 160.8 240.4 118.6

Conclusion: It can be concluded that groundnut and
castor hybrid GCH-4 can be sown simultanecusly as inter
crop with 2:1 or 3:1 row proportion for realizing higher
total yield and gross realization under South Saurashtra
agroclimatic condition.
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Abstract

The direct, residual and cumulative effects of applied
zine in rice sunflower system was studied in an
Alfisol during 2000-02 at Students’ Farm,
Rajendranagar, Hyderabad with five treatments (viz,,
0, 25, 50, 75, and 100 kg ZnSQO,/ha). Hybrid rice was
transplanted during kharif, 2000 for knowing the
direct effect of zinc., Subsequent crops in the
sequence of two years were sown during rabi season
for knowing the residual effects. Additional
application of zinc was done during third season to
know the cumulative effect of added Zn on third crop
of rice and aiso its residual effects on the subsequent
sunflower crop. Significant influence of zinc was seen
only upto 50 kg ZnS50,/ha in direct crop of hiybrid rice.
The dose can be increased {o 75 kg ZnS50,/ha when
the second crop in the sequence is sunflower. An
additional dose of 25 kg Zn$0,/ha added to the initial
dose of 75 kg ZnSOha can significantly meet the
requirement of fourth crop of sunflower. Significant
improvement in the oil content was recorded in
sunflower over control by the zinc application to the
preceding crop of rice. There was a built up in the

available zinc status of soil by 11.63% in the surface
sail.

Key words: Direct, residual and cumulative, Zn,

hybrid rice, available zinc
Introduction

Zinc, an essential micronutrient has played an important
role in enhancing the crop preduction in our country,
which even in minute gquantities is indispensable for
ensuring proper growth and yield of crops. Though studies
on zinc availability in soits and zinc requirement of
individual crops are plenty, the information cn crops
involved in cropping systems is meager, especially on
hybrid rice-sunfiower system grown on Alfisols of
Southern Telangana Zone, which occupy about 65% of
states'land area (Subba Rao and Adinarayana, 1985) and

are deficient in zinc to about 46% and also information on
its availability. Hence, the present investigation was
planned to study the requirement of zinc in rice-sunfiower
system grown on Alfisols of Southern Telangana zone.

Material and methods

Field experiments were conducted for two consecutive
years in Students’ Farm, College of Agriculture
Rajendranagar, Hyderabad during 2000-01 and 2001-02
on zinc deficient Alfisols to know the direct and residual
effects of applied zinc on yield, zinc nutrition of crops
involved in the system and also to know the depletion of
zinc by the crops involved in hybrid rice based cropping
system i.e., hybrid rice-sunflower. The experiments were
faid out in a Randomized Block Design with five Zn
freatments and each replicated five times {Tzable 1). The
experinental soil was sfightly alkaline (pH 7.8), normal in

" soluble salt content (0.17 dS/m), low in organic carbon
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content (5.9 g/kg) and nitrogen (189 kg/ha), medium in
available phosphorus (21.07 kgsha), high in available
potassium (325 kg/ha). Available Zn content in soil was
0.58 mg/kg which was deficient.

Hybrid rice (APHR-2) was transplanted during kharif
season of 2000 for knowing the direct effect of applied
zinc on rice crop with the five Zn treatments. After the
harvest of rice crop, sunfiower (var. Morden) was sown
during rabf season of Z000-01 in the same plots where
hybrid rice was grown to know the residual effects of zinc.
The plots after the harvest of rabi crop of sunflower was
ploughed thoroughly and each plot was made into sub-
plots. Cne sub-plot was left out without zinc application to
study the residual effects while the othars were utilized for
studying the cumulative etfects of applied zinc. The plots
meant for studying the cumulative effect were applieda
uniformly with Zinc sulphate @ 25 kg/ha.

Third crop of hybrid rice was planted during the kharf, 2001
in above mentioned plots for knowing both the second
residual and cumulative effects of zinc. After the harvest of
third crop of hybrid rice, sunflower was sown during, rabi
2001-02 in the plots used for growing rice during the previous
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season so that third residual effects of initially applied zinc
fertilizer and first residual eifect of the additionally added zinc
{cumulative residual) could be known.

Plant samples were collected at harvest stage in case of the
hybrid rice and sunflower. Grain and straw yields were
recorded at harvestin hybrid rice. Seed and stalk yields were
recorded at harvest in sunfiower. Oil content (%) in
sunflower was aiso estimated {Tiwari ef a', 1974). Soil
samples were collected from each plot simultaneously from
two depths (0-15 and 15-30 cm). The plant as well as soil
samples were processed and analysed for the zinc content
in soil and its concentration in plants (Jacksen, 1973).

Results and discussion

Direct effect of applied zinc on hybrid rice: There was
a significant increase in grain and straw yields cfrice upto
Zng level and thereafter the yields did not increase
significantly due to enhanced application of Zn above 50
kg Zn30,ha level and were on par with each other
{Table 1). Grain yield of rice increased from 587910 7136
kg/ha with a mean of 6721 kg/ha and with an increase by
17.9% over Zn, Total Zn uptake values were found
significantly different with each other. Highest Zn uptake
of 592.14 g/ha was recorded at Zn,y, level while it was
248.26 g/ha at Zn, level. The results are in conformity with
those reported by Bhupal Raj et &l. (2000).

Residual effects of zinc: Significant effect of zinc was
seen on the 2™ residual crop of hybrid rice also and the
effect was significant upto Zn;4 level beyond which there
was a non-significant increase in yield at Zn,y, level over
Zn... The mean grain yield of rice recorded due to residual
effect of applied Zn was 5773 kg/ha, There was a
reduction in yield by 951 kgtha due to the residual effect
over the direct effects. Mean zinc uptake by the residual
crop of rice was lower (303.5 g/ha) when compared with
the direct crop {(429.3 g/ha) showing a reduction of 115.7
g/ha.

Cumuliative effect of applied zinc: There was a
decrease in response due to the additional application of
Zinc. Significant increase in grain and straw yields of rice
was recorded by the additional application of 25 kg
ZnSG,/ha to the initial leve! of 75 kg ZnSO,/ha. An added
dose of 25 kg ZnSO,/ha to 100 kg initial level did not
affect the grain yield of rice significantly. The mean grain
yield of rice at harvest was 6689 kg/ha. There was an
increase in the grain yield cf rice by 926 kg/ha over the
residual effect of zinc.

Zinc uptake also increased significantly by the additicnal
dose of zinc. Total zinc uptake varied from 308.0 to 533.6
g/ha, with a mean of 429.6 g/ha. Total zinc uptake also
increased significantly due to application of zihc at
different levels. Hoque and Jahiruddin {1994) also
reported similar findings in rice-rice system,
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Residual effect of zinc applied to rice on sunflower
Significant effect of applied zinc was observed on Seeq
yield of sunflower upto Znyg level, with a non-sighifican
effect at Zn,g, level. The seed yield varied from 13pg 14
1653 kg/ha with a mean of 1504 kg/ha. Total zinc uptake
by sunflower increased significantly with the ilevei of 2ins
addition. The sunflower crop recorded mean uptake of
112.6 g/ha within the range of 75.5to 156.7 g/ha (Table 2),
Trehana and Sharma (2000) also reported similar findings,

Significant increase was alsp seen in the seed yield of
third residual crop of sunflower due to different levels of
applied zinc. The increase in seed yield varied from 1182
to 1633 kg/ha with a mean of 1415 kg/ha. The seed yielq
in third crop of sunflower reduced to 89 kg/ha over the first
sunflower crop.

The zinc uptake varied from 75.5 to 156.7 g/ha with 4
mean of 112.6 g/ha. The zine uptake reduced to 20.8 g/ha
i seed in the fourth residual crop of sunflower. There was
a reduction by 18.5% in the total zinc uptake over the
second crop of sunflower.

Cumuiative residual effect of added zinc on
sunflower. Significant effect of zinc applied to the third
crop of rice was observed on the seed yield of fourth crap
of sunflower and the residual effect was significant oniy
upto Zn;e.¢ beyond which it was not significant. The mean
seed yield recorded was 1618 kg/ha (Table 2). There was
an increase in yield to an extent of 14.3% cver the fourth
residual crop of sunflower.

There was a significant increase in the zinc uptake too in
the sunflower due to the cumulative effect of added zinc
to the third crap, which was on par with the yield obtained
a1 Znigaaps. There wasg nearly one and half times increase
in total zinc uptake at the maximum zinc levels. Patnaik
and Bhupal Raj {1999) also reported that zinc application
was found to result in significant residual effects on the
zinc concentration and uptake by the end of 3" and 4"
crops grown in sequence on Alfisois.

Effect of applied zinc on oil content of sunflower:
Significant improvement in ol content was seen over
coentroi in the sunflower because of zinc applied to
preceding rice crop. Zinc application over the above 50 kg
ZnS0,/Mha did net influence the cil content of sunflower
seed. The mean oil content recorded was 42.9%. The
variations in content being 40 0 to 43 5%. The oil content
was also significantly influenced due to application of zinc
to rice on third residual crop of sunflower grown rice-
sunflower sequence. Different levels of applied zinc
resulted in a mean oil content of 41.8% in the third
residual crop with a non-significant difference among
different zinc levels beyond the level of 50 kg ZnSO,
(Table 3). The above results are in agreement with those
reported by Wankhade et al. (1997),
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ect, reswdual and cumulative effects of applied zinc on hybeid rice

Table 10ir
—_— Grain yield {kgha) Uptake (g'ha) o
Treatment ——
ZnS0, {kg/ha) Direct 1 Residual Cumudative Direct 1" Residuat Cumulztive
. 587" aga2* 6210° 248 &° 2038 308 0°
-5 B468° (10) 55197 (10 8 64317 (36) 345 17 2698 74 9%
&0 T T (15 5853 (17 .4} 6739° (8.5) 442 3 G 439 6°
75 7102 121) E168° (24.4) 6982° (12.4 518.4° a3 492 ¢
100 7136° 21.4} 6315% (26.8) 7133°(14.9} 592.1° 418 .7 533.6°
Mean &7 5773 B633 429.3 3035 4256
Fgures m parenthies:s are per cent reSponse over control.
Figures wilh the same lelter are not significantly different (P=0.05) as per DMRT.
Table 7 Residual and cumulative residual effects of applied zinc on sunflower
Treatment Seed yiald {(kghay Uptake (grha)
ZnS0, (kg'ha) 1* Residual 3 Residual Cumuiative 1* Residual 3 Residual Cumulative
¢ 1305° 1182* 1482" 755° 513 1o
= 1433 (3.5} 13277 (12 4} 1546° {5 9) BS 3 780 132¢°
&0 1520° (18.2) 1416 {198} 1636° {11.9) 1136 896 3° 151 1=
75 B0 22 4 1527%(28.2) 17240 (179 131 8¢ ftrac 188 7°
100 1653% (26 .2) 1633 (35.1) 1745° (16 6) 156.7¢ 1224 182.8°
Mean 1504 1415 1618 1128 91 8 149 1

Figures in parenthes:s are pel Cenl response over control

Figures with the sarme letter are not significantly d.flerent (P=C 05} as per DMRT

Tahic 3 Residual and cumulative residual effect of applied
zinc on sunfiower oil content (%}

Treatment . Resoual . Teaeatrment Cum_u!ative
780, oil conlent (%) ZnS0, r‘esnuaf
thghay e 3° kgta) " ifgfm

g 430 403 25 424

25 2z 8 413 &0 434

EQ 429 427 75 445

75 434 428 100 459

100 435 429 125 457
Mean 428 418 Mean 44 4
Ch P=0.05) 29 23 cD 2.9

The addivonal dose of 25 kg ZnSO, applied to the third
trob of nce in the seguence influenced the ot content
showng the cumulative residual effect. The mean ol
Content recorded was 44.4% The probable reason for the
enhancement in the oil content could be dug to the
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apptication of zing to the sou, which would have activated
the NACPH dependent dehydrogenase involved ip the fat
synthesis by zinc,

Available zinc: There was significant infiuence of applied
zinc on the available zinc status of ali the crops in th
sequence and the availabie 2inc status decreased with the
number of crops grown (Table 4). Similar observations
were also reported by Sharma and Bhardwa {1998) for
rice-wheat and Patnalk and Bhupal Ra; { 1933) for rice-rice
system.

The mean available zinc contents recorded after the
harvest of direct and residual ¢tops s 0.81, 0.60. 0 55 ang
053 in the surface soif and 058, 054, 050 and 0.45
mgfkg in the sub-surface. By the cumulative addition of
zinc the contents was increased from O 85 (11 crop) to
0.81 in the cumuiative zinc sdded piots i the surfage soil
and G.50to 0.58 in the sub-surface soit. By the cumuistive
residual of added zinc the content was increased by 0 06
and 0.08 mg/kg at both the depths. respectively.
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Effect of zinc application on the built up of soil
available zinc; The available zinc status increased with
the zinc application. The bullt up in available zinc status
was upto 11.6% at surface and 16.1% at sub-surface soil
level put to rice as direct crop. However, due to
cumulative application of zine, the mean built up was only
7.3% in 0-15 ¢cm depth and it remained more or less same

J U Lo Al
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(15.0%) when compared with the 15-30 cm depth of diragg
crop of rice. The built up in the surface soit was less i
plots of cumulative zinc applied treatments because of the
depletion of zinc by the residual crops grown in the
sequence prior to its application to the 2™ residual Crop
(Table 5).

Table4 Direct, residual, cumulative and cumulative residual effects of applied zinc on content of available Zn under rice-sunflower

cropping system

Treatment Direct Residual Treatment Curnulative Cun;;:jlati\‘;e
ZnS0, (kg/a) rice Sunflower Rice Sunfiower  ZnSO; (kg/ha) rice cuntlower
0-15 cm
0 0.56 055 0.50 0.48 25 0.57 055
25 057 Q55 051 0.50 a0 059 0.56
50 0.62 0.59 054 0.52 75 0.60 0.58
75 0.65 0.65 0.60 0.56 100 0.64 .62
100 0.69 0.53 062 0.61 125 067 0.64
Mean 0.61 0.60 0.55 0.53 Mean 0.81 0.55
CD {P=0.05) 0.048 0.042 0.049 D.043 CD (P=0.0%) 0.056 0.043
15-30 cm
0 052 0.48 044 D.40 25 D.51 0.47
25 054 0.50 D 48 0.41 50 0.55 D.50
50 0.58 0.54 0.50 0.45 75 0.58 0.54
75 0.61 0.59 0.51 0.47 100 0.59 0.55
100 0.67 D62 D57 052 125 0.65 0.61
Mean 0.58 0.54 0.50 0.45 Mean 0.58 053
CD (P=0.05) 0.046 0.047 0.048 0.04 <D (P=0.05) 0.047 0.046

Table § Built up of available zinc (%) in soil in rice-sunflower
cropping system

Soil depth Crap Buiit up (%)

Surface (0-15 cm) Direct 118
Cumutative 7.3

Sub-surface (13-30 cm) Direct 16.1
Cumulative 15.0
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Abstract

The studies on effect of soil amendments {FYM and
Bentonite} on soil quality and crop growth in
sunflower {MSFH-8) was conducted for four kharif
seasons in rainfed alfisols. The residual effect of
these amendments was studied with castor (GCH-4)
and sorghum (CSH-8) in rotation during fifth and sixth
years. Use of soil amendments on an average
increased the seed yields of sunflower by 30-40% over
the chemical fertilizer alone. Among the various
amendments, FYM @ 10 t/halyear recorded the
highest seed yields followed by bentonite + FYM due
to increased growth components and also better use
of rainfall and nutrients. Set row application of FYM
recorded additional seed grains (12-20%) compared to
the broadcast. Use of soil amendments (FYM alone or
in combination with bentonite) recorded significant
residual effects of 44-56% in castor, sorghum in
sequence. These amendments after application for
four vyears substantially improved scil quality
parameters like organic carbon, total nitrogen and
phosphorus. Set row application of FYM showed
higher direct effect on yield, nutrient and water use
while there are no variations on yield and quality
parameters of castor and sorghum due to residual
effect of these amendments.

Key words: Organic amendments, residual effect,

sunflower, castor, sorghum
Introduction

Organic manures are the valuable natural resources that
can augment the nutrient supplies to starving rainfed
crops. The major issues facing indian agriculture today is
enhancement of agricultural production and productivity
in a sustainable manner. Maintaining soil health and
fertility is essential under intensive cropping system to
obtain sustainable high productivity. Expleitation of the
Potentiai of arganic manures and their synergistic effect
With chemical fertilizer is necessary for increasing
Productivity, sustainability of agriculture and also
improving scil heaith and envircnmental security. Use of
fertitizes in drylands is meagre because of its high cost,

234

certainty of risk and poor econamic conditions of the
farmers. In rainfed environment fluctuation in yield is due
to intermittent moisture and nutrient scarcity and soil
organic amendments serve as source of nufrients. The
efficacy of these amendments can be enhanced by
appropriate methods and times of application. Therefore,
it is imperative to make use of organic manures to
maintain soil fertility and in sunflower, being an important
commercial oilseed crops, maintaining its yield levels
even under monocropping is crucial.

Material and methods

A field experiment was conducted from kharif for four
years in rainfed alfisols of Central Research Institute for
Dryland Agriculture, Hyderabad There were seven
treatments applied to sunflower cv. MSFH-8 in 60 cm set
rows and non-set rows after adjusting to the level of 50-
30-0 NPK kg/ha with chemical fertilizer {Table 1). The
residual effects of scil amendments was studied with
caster {cv. GCH-4) as a test crop in fifth year and rotated
with sorghum {CSH-8) in sixth year in same plots. The soil
was sandy loam in texture, low in available nitrogen (210
kg/ha), phosphorus (10 kg/ha) and medium tc high in
avaliable potassium (210 kg/ha). The initial organic
carbon % was 0.51 and 0.53 at 0-15 and 15-30 cm soil
depth; while pH was 6.0 and 6.2 at these depths,
respectively. The experiment was studied in Randomized
Block Design and replicated five times. The growth
parameters like drymatter, leaf area index (LAl), nitrogen
uptake and yields of crops in different treatments were
recorded during the growth stages of crop in each year.
The yields of crops in various treatments were recerded in
allthe years to evaluate the response of the various crops.
Soil quality parameters like pH, organic carbon, total
nitrogen, phosphorus and water holding capacity were
analysed by following standard procedure.

Results and discussion

Rainfall pattern: Sunflower received 513, 505, 610 and
622 mm rainfall during 1%, 2™ 39 and 4% years of
experimentation, respectively. During first year, the crop
has undergone mild stress during vegetative, bud
initiation, flowering and at harvest stages. Moderate stress
occurred during vegetative and flowering stages in ond



" year. Bud initiation and flowering stages experienced
moderate stress during 3 year. In 4" year, crop has
undergone severe stress during flowering to grain filling
stage Castor in 5" year received 507 mm rainfall during
crop growth period with moderate stress at bud initiaticn
and grain filling stages and severe stress at flowering

. stage. In 8™ year sorghum crop received goed and

uniformiy distributed rainfa!l of 648 mm.

Direct benefits of soil amendments in producing
sunflower. There was a marginal increase in the yields
from set rows over broadcasting with incerporation of
bentonite alene or in combination with FYM while FYM
alone gave significant yield increase with set row
application {1040 kg/ha} which is 12% over non-set rows
application (984 kg/ha). Application of FYMon an average
increased the seed yields of sunflower by 57%, while use
of bentonite + FYM gave increased seed yield by 21%
over the recommended dose of nutrients @ 50:30:0 NPK
kgfha (678 kag/ha) (Table 1). This is attributed to increased
drymatter, leafarea index that resulted due to efficient use
of rainfall (Fig. 1). Consequently nitrogen uptake of
sunflower was highest with FYM in set rows at different
crop growth stages, which resulted in more seed yield of
sunflower (Singh and Bansal, 1899 and Singh, 1599) (Fig.
2). Bentonite application during all the years had marginal
increase in seed yields of sunflower when applied in set
rows, which led to water stagnation.

Residual effects of soil amendments: The residual
effects .of soil amendments over preductivity of castor
{GCH-4) and sorghum (C8H-6) in sequence was
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evaluated during 1997 and 1998, respectively. The bean
yietd of castor was highest with continuous application of
Bentonite followed by Bentonite + FYM @ 10 t/ha for each
year. Set row application did not show any improverent
in yields over braodcasting on castor. In sorghum, soeil
amendments on an average registered the seed yield
gains by 36% than that of chemical fertilizers (1826
kg/ha). FYM and Bentonite individually had affected
positively in set rows while in combination, the positive
impact was cbserved with broadeasting and incorporation
(Table 1).

Influence of soil amendments on soil parameters:
Continuous application of FYM for consecutive four years
period increased organic carbon, N content and water
holding capacity of the soil by 58, 33 and 8.5%
respectively at 0-15 cm soil depth. FYM + Bentonite
application recorded highest increase in nitrogen levet
(66.7%) at 0-15 cm sail depth and also an increase of
8.5% in water holding capacity of the soil {(Table 3).
Continuous application of nutrients in the form of N:P.K
fertiizer alone reduced water holding capacity, organic
carbon and N level of soil over base level of nutrients
before experiment. Application of nitrogen fertilizers alone
to soils had deleterious effect on soil productivity
(Anandswarup, 1888). Paftar et al. (1999) reported
increase in organic carbon nitrogen and phosphorus with
FYM application. Continuous application of seil
amendments had very little or no effect on P level over
initial level, however, the organic carbon and N level
showed marginal increase over initial fertility levels.

Table 1 Direct and residual effects of soil amendments on productivity of sunflower, castor and sorghum crops

Seed yield (kg/ha)

Treatment Sunflower Castor  Sorghum
1983 1994 1895 1996 Mean 1897 1998
N-P:K (5G:30:0) @ kg/haryear 766 940 558 446 678 378 1826
FYM @ 10 tihalyear (SR) 1002 1194 1030 932 1040 580 2831
FYM @ 10 t/ha/year {NSR) 1240 1031 915 751 984 596 2335
Bentonite @ 10 t/ha/year (SR) 789 979 638 561 742 580 2671
Bentenite @ 1€ t/hasyear (NSR) 864 961 616 534 744 662 2215
FYM + Bentonite @ 10 t/halyear (SR) 833 1014 801 459 777 567 2452
FY®M + Bentonite @ 10 t/hatyear (NSR}) 789 1002 790 574 784 618 2803
CD (P=005) 50 60 58 53 - 107 185

S8R : Set rows; NSR = Non-set rows
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sficency in rainfed cTOPS:

fig 1 Effect of sources and methods of application of soil amendaments on Rainfall Use E
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Fig:2 Effect of sources and methods of application of soil amendments on Nitrogen uptake in rainfed crops.
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Table 2 Residual effect of organic amendments on growth components in sorghum in castor-sorghum rotation and castor in
sorghum-castor rotation

Drymatter (g/m?) Leaf area index

Days after sowing Days after sowing
Treatment S

LI SinC-8 CinC-§ SinC-8 CinG-8
S 30 75 30 75 30 75 30 75

NP Kl (50:30:0) @ Kgihalyear - 380 6243 270 460 037 144 003 03
FYM @ 10 thaiyear (SR) ’ 52.6 835.7 588 824 07 260 0.07 03
FYM @ 10 tharyear (NSR) 44.6 816.8 60.5 745 0.47 2.58 0.07 0.3
penionite @ 10 thaiyear (SR) 483 7438 443 637 050 256 0.05 04
Bentonite @ 10 tha/year (NSR) 40.3 670.2 359 696 0.42 215 0.03 03
FYM + Bentonite @ 10 Vha/year (SR} 483 820.1 447 635 0.38 215 0.04 0.4
FYM + Bentonite @ 10 tha/year (NSR) 426 888.6 88.0 669 0.39 21.43 0.08 03
D (P=0.05) 21 129 20 170 0.14 064 003 0.1

SR = Setrows: NSR = Non-set rows

Table 2 Influence of soil amendments on sail parameters in rainfed environment

Treatments Soil depth (em) pH EC (dS/m) Q.C (%) Total N (%) P {mg/kg) WHC of soil (%)
tnitiat fertitity status (1993} 0-15 50 Q.06 Q.51 0.03 82 47
15.30 52 0.09 053 0.05 40 55
N:PK (50:30:0) kg/halyear 0-15 6.4 0.07 Q.50 0.02 79 4.8
15.30 6.3 1.00 0.52 c.03 38 55
FYM @& 10 t/halyear (SR) 0-15 6.3 008 0.54 Q.04 78 51
15.30 6.3 0.07 0.56 0.06 4.0 3.5
FYM @ 10 thalyear (NSR) 0-15 §2 008 0.52 0.04 B2 5.0
15.20 6.3 0.07 0.54 0.06 4.0 5.8
Bentanite @ 10 thalyear (SR) 0-15 6.1 0.09 0.48 0.03 7.8 47
15.30 6.2 0.08 0.50 0.04 .35 56
Bartonite @ 10 thafyear (MSR) 0-15 6.1 0.10 0.49 0.03 78 47
15.30 6.2 0.08 0.50 .04 36 56
FYM + Bentenile @ 10 thafyear (SR) 0-15 8.25 0.08 0.53 0.04 8.3 51
1530 6.40 0.07 0.55 0.05 4.0
FYM + Bentonite @ 10 thalyear {(NSR) 0-15 6.3 G.08 052 0.05 B.4 541
15.30 64 ou7 055 nnos 4.1 58
References yield of groundnut (Arachis hypogaea ). Journal of
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Abstract

A field experiment was conducted during rabi season
of 2000-01 and 2001-02 fo study the effect of irrigation
and integrated nutrient management {INM} on yield of
rabi castor, Ricinus communis L. Total seed yield was
significantly higher with 0.6 IW/CPE ratio in 2000-01
whereas, during 2001-02, seed yield between 0.6 and
0.8 IW/CPE ratio was at par. INM practices with 75%
RDF + 25% N through FYM + Azospiriffum recorded
significantly higher seed yield. Interaction between
IW/CPE ratio and INM practices on total seed yield
revealed that maximum seed yield was obtained with
0.6 \WI/CPE ratic at 75% RDF + 25% N through FYM +
Azaospiriffum,

Key words: trrigation, INM practices, castor,

YWICPE rafic
Introduction

Castor is an important industrial oilseed crop in India
fetching a sizeable amount of foreign exchange to the
country by virtue of its export rate besides meeting
internal demand of various industries such as soaps,
paints, varnishes, synthetic detergents and wide range of
chemical products. India's share in world's area and
production of castor is 68% and 76%, respectively. In
Andhra Pradesh, castor occupies an estimated area of
3.93 lakh ha with 1.31 lakh tonnes production with a
productivity of 333 kg/ha (Damodaram and Hegde, 2002).
Cultivation of castor during kharif under rainfed conditions
becomes tess remunerative. Of latg, it is not uncommeon
io observe the farmers and seed preduction agencies
raising this crop during post-monsoon {rabi) season under
irrigated conditions for which some of the production
technological components like scheduling of irrigation and
integrated nutrient management practices are lacking
implying the need for generation of production technology
for irrigated coenditions. Keeping the above points in view,
present investigation was carried out.

Material and rr;ethods

A field experiment was conducted at Agricultural Research
Institute, Rajendranagar, Hyderabad during the rab/ 2000-
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01 and 2001-02 under irrigated condition. The scil type
was clay in texture, slightly alkaline {pH 8.0), medium in
organic carbon (0.68%) lew in available nitrogen (183 kg
N/ha}, medium in avaitable phasphorus (37 kg P,Os/ha)
and high in available potassium (258 kg K,O/ha). The
experiment was laid out in Split Plot Designh with four
irrigation schedules (0.4, 0.6, 0.8 and 1.0 {W/CPE ratios)
in main plots and eight integrated nutrient management
{INM) practices (Conirol, 75% RDF; 100% RDF; 75% RDF
+ Azospirifum, 75% RDF + 25% N through FYM, 75%
RDF + 25% N through FYM + Azospinffum, 100% RDF +
Azospiriffurm, 100% RDF + 25% N through FYM) in sub-
plots with 3 replications. A parshal flume {15 cm throat
width) was instalied at field outlet to measure the volume
of irrigation water. The recommended dose of fertilizer
(RDF)was 80 N + 40 P,0O, + 30 K,0 kg/ha. Entire dose of
phosphorus (single super phosphate) and potash (muriate
of potash) and one third ef nitrogen (urea) were applied as
basal dose and the remaining two third cof nitrogen was
applied in two equal splits at primary and secondary spike
initiation stages. Azospiriilum was used as seed treatment.
The nitroegen, phosphorus and potassium content (%) of
FYM wete 0.50, 0.41 and 0.52, respectively. The castor
hybrid GCH-4 and sown with a spacing of 80 x 60 cm.
Depth of irrigation given was 5 cm. Number of irrigations
received was 8, 8, 12 and 15in 04, 05, 0.8 and 1.0
IW/CPE irrigation schedules, respectively during both the
years of study. 100 and 44 mm of rainfall received during
cropping season in 2000-01 and 2001-02, respectively.
Crop was sown on 10 October and 25 October and
harvested on 2 May, 2001 and 3 May, 2002 in 2000-01
and 2001-02, respectively.

Results and discussion

Effect of irrigation: Maximum seed yield of 2158 kg/ha
was obtained with 0.6 IW/CPE ratio followed by 0.8
IW/CPE ratio {2017 kg/ha), 1.0 WV/CPE ratio (2015 kg/ha)
and 0.4 \W/CPE ratio (1888 kgfha) in 2000-01. During
2001-02, seed vield between 0.6 IW/CPE ratio (2189
kg/ha) and 0.8 IW/CPE ratio (2193 kg/ha) was on par and
significantly superiorto 0.4 and 1.0 IW/CPE ratios. During
2000-01 seed yield obtained with 0.6 IW/CPE ratio was
higher by 15.6, 2.4 and 7.1 per cent over 0.4, 0.8 and 1.0
IW/CPE ratios, respectively. Higher seed yield with 0.6
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and 0.81 IWI/CPE ratio might be due to increased
gvaiiability of nutrients under optimum soil moisture,
sudhakar and Rao (1998), Nagabhushanam (2002) and
Kiran (2003) reported higher yield under medium soil
moisture regime compared to wet and dry regimes,

In the present study, IW/CPE ratios did net influence the
oil content in both the years. The findings of Sudha Rani
(2001} and Nagabhushanam (2002) corroborate with
these observations. Though oil content did not vary due to
IW/CPE ratios, significantly higher oil yield with 0.6
IW/CPE ratio was due to higher seed yield (Table 1).

Effect of INM: Seed yield (2490 kg./ha in 2000-C1 and
2522 kg/ha in 2001-02) obtained with 75% RDF + 25% N
through FYM + Azospirillum (Tg) was significantly higher
compared o rest of the treatments in both the years. Seed
yield obtained with 100% RDF {T,} was significantly
higher compared to T,, T;, T4 and T; in both the years.
Lowest seed yield of 1228 kg/ha in 2000-01 and 1297
kg/ha in 2001-02 was obtained with control (T,). Seed
yield obtained with T was higher by 163, 55, 12, 25, 24,
6 and 5 per cent over T,, Ty, T, T, Te T; and Ty,
raspectively during 2000-01. During 2001-02, the
corresponding values were 95, 51, 9, 20, 7 and 6 per cent
iTable 1).

The INM praclices exerted significantly influence on the oil
content of castor. In general, oil content was higher with

100% RDF + Azospiriliuim (T,) during both the years. Qj)
yield was higher with 75% RDF + 25% N through FYM +
Azospinifum (Tg) but was comparable with T, and T, in
2000-01. Higher oil yield was primarily due to higher seed
yield. Similar results were reported by Mathukia and
Modhwadia (1995}, Raghavaiah (1299) and Sesha Saila
Sree (2001).

Interaction effect. Interaction between IW/CPE ratios
and iNM practices was significant in both the years (Table
2). Seed yield obtained with T, was higher compared to
rest of the treatments at all )W/CPE ratios in both the
years but it was on par with T, at G.8 IW/CPE ratio in
2000-01 and T, and T, at 0.4 IW/CPE ratio in 2001-02.
Seed yield with control (T,} was significantly lower
compared to rest of the treatments at all IW/CPE ratios in
both the years.

Interaction between W/CPE ratios and INM practices in
respect of qil yield was significant during 2000-01 (Table
2} Maximum ail yield was obtained with T at 0.4, 0.6 and
0.8 IW/CPE ratios but it was at par with Tyat 6.6 and 0.8
IW.CPE ratios. At 1.0 IW.CPE ratio, oil yield obtained
between T, and T, was comparable and both the
treatments were significantly superior to rest of the
treatments. Oif yield obtained with T, was significantly
lower compared to rest of the treatments at all IW/CPE
ratios.

Table 1 Seed yield, oil content and oil yield of castor as influenced by IW/CPE ratios and INM practices

Seed yield (kg/ha) Qil content (%) Qil yield (kg/ha)

Treatment

2000014 2001-02 [ 2000-01 20C1-02 | 2000-01 2001-02
IW/CPE ratio
04 1866 1931 51.2 495 955 956
086 2158 2188 50.5 49.8 1090 1090
08 2108 2194 505 486 1065 1068
1.0 2015 2057 50.2 49.2 1012 1012
SEmt 12 13 02 03 2 3
CD (P=0.05) 42 48 NS - NS 8 10
INM practices
T, : Control 1228 1297 497 499 611 647
T,: 75% RDF 1609 1666 50.2 50.0 808 833
T,:100% RDF 2228 2319 51.1 489 1139 1134
T,: 75% RDF + Azospirifum 1993 2095 503 48.5 1003 1017
Ts 1 75% RDF + 25% N through FYM 213 2098 504 48.4 1015 1015
Ty 75% RDF + 25% N through FYM + Azospirifum 2490 2522 483 485 1228 1223
T, . 100% RODF + Azospirllum 2354 2381 51.7 50.4 1216 1149
Ta 1 100% RDF + 25% N through FYM 2375 2364 513 49.9 1219 1180
SEmz 18 14 0.7 0.3 10 4
CcD (P=0.05) 51 41 1.8 0.8 29 10
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 Table 2 Interaction effect of W/CPE ratios and INM practices on total seed and ol yield of castor {kg/ha)

Sead yield (kg/ha) Cil yield (ka/ha)
Treatment
2000-01 200102 2000-01
WV/CPE rafio WVICPE ratio P/CPE ratio
INM practices
D4 0.8 08 1.0 0.4 D& o8 1.0 0.4 06 0.8 1.0
T, : Control 1101 1316 1308 1180 1125 1276 1400 1233 541 656 655 592
T, : 75% RDF 1449 1704 1671 1612 1486 1787 1708 16823 724 863 839 807
T.:100% RDF 2092 2287 2332 2201 2113 2485 2418 2262 1063 1168 1206 1117
T,  75% ROF + Azospirillum 1709 2208 2027 2030 1862 2259 2155 2105 861 1113 1021 1017
T, : 75% ROF + 25% N through FYM 1839 2158 2091 1962 1881 2188 2206 2018 920 1102 1054 986
T, : 75% RDF + 25% N through FYM + Azospiritlum 2360 2610 2537 2454 2333 2659 26854 2442 1220 1340 1285 1089
T, 100% ROF + Azospirilitm 2197 2484 2413 2318 228 2415 2512 2333 1137 1275 1226 1226
T, : 100% RDF + 25% N through FYM 2182 2497 2473 2344 2287 2345 2453 2330 1128 1297 1262 1155
cD co cD
SEmzt (F=0.05) SEm+ (P=0.05) SEm+t #=9.05)
Between WNW practices at the sameldifferent 36 102 258 82 20 57
IW/CPE ralio
Between W/CPE ratios at the same of different 26 101 30 85 19 54
INM pracfices
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Absiract

A field experiment was conducted on niger, Guizotia
abyssinica {L.f.) Cass c.v. Ootakmand during kharif
seasons of 2001 and 2002 on clay loam soil of
Jabalpur {Madhya Pradesh} to minimize the use of
N-fertilizers through integtated nutrient supply
system for sustainable productivity. Resuits revealed
that application of 100% N through Urea and FYM
applied sither alone or in combination with PSE or
50% N through Urea or FYM in combination with
P3B/AzospirillumiAzotobacterhad significantly higher
LAl TDM, CGR, RGR and NAR values with increased
seed yield of niger over conirol. Seed yield was
maximum with 50% N through Urea + 50% N through
FYM mainly due to superiority in above growth
analytical parameters and yield attributes viz.
captitula/plant and seeds/captitula. Use of bio-
fertilizers, Azospirillum and Azotobacter either alone
orin combinations were comparahie to 50% N applied
through manures or fertilizers with regard to growth
analytical parameters and seed yields. The application
of bio-fertilizers alone or in combinations along with
fertilizer or FYM equivalent to 50 % N further
increased the seed yields.

Key words. integratad nutrient rmanagernent,
- biofertilizer, crop growth rate (CGR}),
relative crop growth rate (RGR)
Introduction
Niger contributes to about 3% of Indian oilseed

production. It is generally grown on marginal and
sub-marginal lands, mainly in tribal pockets with the use
of minimum agro inputs, particularly fertilizers leading to
very low productivity {Sharma, 1993). Nutrient stress is
the most important factor responsible for its low
productivity. Several workers have reported positive
respense of niger to fertilizers (Mamatha ef al., 1993),
arganic manures {Ram et al, 1992) and biofertilizers

y

{Hegde, 1398). Butthese results are not consistent in field
conditions under varying agroclimatic conditions. Poor
farmers associated with its cultivation are unatble to affard
desirable guantity of fertilizers to enhancethe productvity.
Hence, it is imperative tc evaluate the integrated use of
organic and biological sources of plant nufrition with
fertilizers for increasing the productivity in a sustainable
manners. Lack of adequate information on these aspects

"~ prompted the present study to assess the effect of

INtegrated use of organic, inorganic and biofertilizers on
the performance of niger.

Material and methads

Field experiments were carried out on niger at the
research farm, Proiect Coordinating Unit (Sesame and
Niger), J.N. Krishi Vishwa Vidyalaya, Jabalpur (MP}
during kharf, 2001 and 2002 The soil of experimental
field was clay loam in texture, neutral in reaction (pH 7.2)
and analyzing low in avallable N (220 kg/ha), P (7.2
kgsha), S (6.8 kg/ha), and medium in available K {211
kg/ha) contents with normal electrical conduictivity (0.35
dS/m?). Eighteen treatments (Table 1 and 2) were |aid out
in Randomized Block Design with three replications. Crop
variety Ootakmand was sown on 24 July, 2001 and 4
August, 2002 using 5 kg seed/ha in rows 30 cm apart.

The Farm yard manure (FYM} used, contained 0.6% N,
0.2% P,0, and 0.80% K,0 on dry waight basis. Seeds
were inoculated with Azotcbacter and Azospiriflum at the
time of sowing, while phosphorus solubilising bacteria
{(PSB) was applied @ 800 g/ha by mixing with 50 kg
FYM/ha in the rows at the time of sowing. FYM was
applied as per treatments before sowing and mixed well
in the scil. Half the quantity of N along with full dese of P
and K were applied as basal dose, while rest half N was
top dressed one month after socwing. The recommended
N dose was 40 kg/ha and was applisd thiough urea as pey
treatment, whereas a uniform dose of 20 kg P,O./ha + 20
kg K,O/ha was applied through single super phosphate
and rmuriate of potash, respectively in all plots. The

1
, Professor & Head, Department of Agronomy, J.N..Krishi Vishwa Vidyalaya, Jabaipur, M.P.
Reader, Department of Botany (Post-Graduate Studies & Researchj, ROVYV, Jabalpur, M.P.
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observations on leaf area and total drymatter (TDM) assimilation rate (NAR) at different growth stages were
accumulation were recorded at 30, 60, and 90 days after estimated by using the data on leaf area and DM
sowing (DAS}. The leaf area was recorded by Automatic production as per formula suggested by Watson (1952),
leal area meter {L} 3000} Then leaf area index {LAD), crop The observalions on yielg attributing characters and seeq
growth rate (CGR), relative growth rate (RGR) and net yield were recorded.

Table1 Effectof various nutrient management on growth analytical parameters {CGR, RGR, NAR) of niger {(Mean data forthe Years,
2001 and 2002)

Crop growth rate (a/m*/day) | Relative growth rate (g/giday) [Net assimilation rate (g/m’ leaf area/day)
Nutrient management 3060 6090 90DAS| 30-60 60-90 90DAS | 3060 DAS  60-90 90 DAS
CAS  DAS  {Maturityy| DAS DAS _ (Maturity) DAS (Maturity)

Controf 927 926 17.49 - 0048  0.024 0.018 3635 3.147 3.56
160% N (U) _ 1431 1134 3388 0050 0014 0.022 4.196 5.165 4.45
100% N (FYM) 1406 1117 2598 0050 0026 0.021 4.194 4.930 485
100% N (FYM) + PSB 1470 1176 3493 0044 0.015 0.026 4.209 5.958 558
100% N (U+PSB 1476 1157 3397 0050 0015 0.022 4219 5.504 503
50% N (FYM) + PSB 1379 1102 2484 0051 GUi6 0.021 4.158 4.654 4.84
50% N {FYM)+ Azospiriium 1310 1047 2350 0050 0017 0.021 4110 4474 471
50% N (FYM\ + Azotobacter 1286 1040 2515 Q050 0017 0.032 4014 3.949 457
50% N (FYM) + 50 N (U) 1453 1180 3608 0042 0014 0.027 4219 6.429 565
50% N (U} + PSB 1238 1017 2433 0051 0017 0.020 3.903 3.843 4.46
50% N (U} + Azospiritum 1280 1026 2500 0051 0011 0.026 3.929 3.854 450
50% N (U} + Azotobacter 1291 1051 2504 0050 0017 0.020 4103 4239 464
PS8 1620 834 2048t 0052 0.020 0.01g 3.665 3.285 393
Azospirillum 1.01 992 2185  0.051 0.021 0.02¢ 3758 3.412 424
Azotobacter 1064 976 2182 0050  0.021 0.020 3729 3.318 420
Azospirifum + PSB 1214 1012 2343 0051 0018 0.020 3.877 3726 438
Azotobacter + PSB 1153 100t 2229 p270 0021 0.020 3.865 3.604 429
Azotobacter + Azospirifum + PSB 1173 1045 2442 0051 0.018 0.020 3.802 3757 438
SEms 114 022 3.08 0.004  0.004 0.003 0.587 0.450 0.230
D (P=0.05) 398 132 8.77 NS NS NS NS NS NS

U = Urea; FYM = Farm yard manure, AZOT = Azolobacter, AZOS = Azospirilium; PSB =Phosphorus solybilizing bacteria; DAS = Days after sowing

Tahle 2 Effect of nutrient management on yield attributes and seed yield of niger

. No. of capitula/plant No. of seeds/capitulum 1000-seed weight (g} Seed yield {(kg/ha)

Nutrient management

2004 2002 Mean | 2004 2002 Mean 2001 2002 NMean | 2001 2002 Mean
Control 573 477 825 15.9 17.9 16.9 31 3.7 34 331 408 369
100 %N (U) 805 91.7 86.1 229 245 23.7 39 4.2 4.0 489 537 513
100 %N (FM) 783 897 838 20.0 237 22.8 3.9 4.2 4.0 471 523 497
100 %N (FYiM) + PSB 853 947 90.0 24.4 246 24.5 4.2 4.3 4.2 511 554 532
100 %N (FYM) + PSB 832 925 878 23.2 249 24.0 38 4.2 4.0 503 552 527
50 %N (FYM) + PSB 754 857 805 209 23.7 223 38 4.1 39 459 519 489
50 %N (FYM) + Azospirifum 734 838 78.6 205 232 21.8 37 4.1 39 451 501 476
50 %N (FYM) + Azofobacter 71.7 745 7131 19.9 219 209 37 4.0 38 441 495 468
50 %N {FYMY + 50 N () BYO 987 9238 250 24.4 247 43 43 43 542 555 549
50 %N (U) + PSB 708 TO.t 70.4 14.5 21.7 206 3.7 4.1 39 432 487 459
50 %N (W) + Azospirilium 716 722 71.9 18.7 218 20.7 37 4.0 25 438 484 466
50 %N {U) + Azctobacter 729 7586 75.7 20.0 23.0 215 3.7 4.1 39 442 497 469
PSB 653 577 615 16.3 181 17.7 34 38 36 345 423 384
Azospivitium 668 559 633 17.7 207 19.2 36 38 3.7 380 445 412
Azotobacter 657 586 621 16.6 18.7 18.1 35 39 3.7 375 425 400
Azospirifurt + PSB 679 678 6738 19.0 21.0 200 37 4.0 38 339 452 420
Azofobacter + PSB . 674 637 655 17.8 20.8 19.3 36 3.9 3.7 387 436 412
Azotobacter + Azospinifum + PSB 700 683 6941 191 21.2 201 3.7 40 38 403 468 435
SEms¢ 30 38 33 1.6 1.6 1.4 0.2 0.1 02 20 16 31
CD (P=0.05) 88 1t4 95 4.7 4.6 4.2 NS NS NS 58 45 84

U = Urea; FYM = Farm yard manure; AZOT = Azolobacter; AZOS = Azospinilium; PSB =Phosphorus sojubilizing bacteria; DAS = Days after sowing
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Results and discussion

Growth analysis: The LAl increased up to 60 DAS and
thereafter, it deciined during both years in all the
treatments (Fig. 1} The photasynthetic area (LAI) at
different growth stages increased significantly with 100%
N applied either alone or in combination with both organic
and inorganic scurces over control. Application of
piofertilizers (Azospirilium or Azotobacter or PSB) aleng
with 50% N through inorganic or organic sources of N
significant\y increased LAl over control, but values did not
increase significantly at different growth stages.

The TDMIm? increased with the advancement in growth
stages upto maturity stage with the rapid rate of increase
petween 90 DAS and harvest stages in all treatments
during both years (Fig. 2). The TDM/m? was significantly
righer with the application of 100% N through urea of
FYM either alone or in combination of each with PSB, or
50% N through urea and FYM over control due to greater
accumulation of photosynthates. Application of N through
FYM alone produced lesser TDM/m? than Urea alone at
100% level of N. The treatment FYM + PSB proved better
than Urea + PSB in this regard. Application of 50% N
through urea + 50% N through FYM proved the best with
regard to production of TDM. All plots receiving

biofertilizer incculation alone or in combination preduced -

significantly higher TDM/m? than control during both years
at advanced growth stages probably due to increased
nitrogen availability to plants. Similar results were
reported by Kachpur and Radder {1983 a; b).

The CGR values also relatively increased with the
advancement in growth stages up to maturity with a slight
reduction during 60 to 90 DAS stages, because of rapid
rate of drymatter accumulation in plants during advanced
growth stages. Application of inorganic and organic
sources of N with biofertilizers had higher CGR values
over control. The CGR at different stages increased
significantly with 100% N through urea as well as FYM
alone orin combination with PSB and combination of 50%
N through Urea and FYM over control.

The RGR and NAR values were maximum during early
growth stage (30 to 60 DAS), which reduced with the
advancement in the growth stages. The accumulated
photosynthates and food materials of plants are normally
utilized by the plants for their phasic development viz
increase in plant height, branching, leaves, flowering, pod
formation and grain filling etc. Consequently, the rate of
DM accumulation over each unit of DM already present is
reduced. The NAR also gradually reduced during
advancement in growth stages up to 80 DAS in both years
due to reduced LAl and RGR. The mean data on growth
Parameters (CGR, RGR and NAR) were lower in control
than remaining plots receiving N application through
different sources viz., inorganic (urea), organic (FYM) and
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biofertilizer (PSB/Azofobacter/Azospiriium) applied either
alone or in combination. These values were maximum
with 100% N applied through different sources. These
results corroborate with the findings of Kachpur and
Radder {1983 g, b).

Yield attributes: The yield contributing characters wiz.
capitule/plant and seeds/capitula significantly varied due
to different rates and sources of N application in both the
years, but 1000-seed weight did not differ with them
{Table 2). These characters were significantly superior
under the treatments receiving 100% N through inorganic
(urea) ar organic {FYM} sources of N than other
treatments incfuding 50% N through different sources or
bacterial inoculation through PSB/Azotobacter/
Azospirifurn alone or in combinations and controi.
Different yield attributing characters viz., capitulae/plant
and seeds/capitulum were significantly superior with the
treatments receiving 100% recommended N through
different sources than other treatments consisting with
50% N through different sources, bacterial inoculation
through PSB/AzstobacteriAzospirillum either alone or in
combination and control. Application of 50% N through
urea + 50% N through FYM was superior pertaining to
these yield attributes closely followed by 100% N through
urea or FYM alone as well as in cornbination with PSB.
Application of 50% N through urea/FYM alone or along
with different bic-inoculants produced inferior yield
attributing characters than 100% level of N. Application of
PSB/AzotobacteriAzospirilum  either alone or in
combination of two as well as all the three bio-inoculants
produced superior yield attributes than control, but the
differences were not significant with PSB alone. Though
bacterial incculation proved inferior to 50% N through
FYM/urea + bacterial inoculation, the differences were not
much, particularly when Z or 3 bio-fertilizers were used
tagether. As a whole, application of N through any of the
sources remarkably improved the vyield attributing
parameters over control.

Seed yield: Application of recommended N through
different sources gave significantly higher seed yield than
lower dose of N as well as various bacterial inoculations
applied either alone or in various combinations. At 100%
N level, integrated use of half N through urea and
remaining half N through FYM consistently produced
higher seed yield in both years than application of full N
through urea/FYM either alone or in combination with
PSB. Inoculation of PSB with both urea fertilizer and FYM
proved promising than their sole application. Integrated
use of FYM and PSB proved marginally better than urea
+ PSB for seed yield at both levels of N {100 and 50%)
application. Yield attributes of crop were better with the
applicaticn of N through FYM than that of through urea
because of adequate supply of N at a steady rate to the
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Figure 1. Leaf area index of niger at different growth stages under
various nutrient management.
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~rop plants. ButN applied through urea probably leached
df\sn and thus proved less effective than FYM. Addition
of PSB with urea or FYM probably improved the

vaitability both applied and native P and thus, produced
iigner seed yields. These resuits are in conformity with
the findings of Thakuria and Gegoi (1992), Paul ef af
(1993}, Jain ef & {1898} and Deshrukh ef a/. (2002}, All
ofthe pio-fertilizers applied either alone or in combination
with each other produced consistentiy higher seed yields
than control. The combined use of all the bio-inoculants
viz., PSB, Azotobacter and Azospiriflurn was at parto 50%
N applied through urea or FYM each alone or in
combination of PSB in terms of seed yields. Among
ditferent bacteriai cultures, the seed yield was minimum
under PSB, which was comparable to control.
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Abstract

To stabilize groundnut productivity grown rainfed, it
is necessary to develop drought resistant groundnut
varieties. Earlier, the drought resistance-breeding
programme largely concentrated on selection based
on higher yield under drought conditions. Later on,
drought resistance was found to be associated with a
number of physiological traits, of which leaf ‘N’ status
is closely correlated one. Leaf ‘N’ status is reflected
in leaf chiorophylt content. Leaf chliorophyli content
in a relative manner can be obtained through SPAD
chlorophyll meter reading (SCMR). In the present
study, an attempt has been made to understand the
nature of inheritance of SCMR through study of F,
population of six cross combinations. Thus, from
studies on the distribution in F, generation and
genetic variability and heritability studies, it could be
inferred that the trait, leaf chlorophyl! content {SCMR)
might be under the influence of non-additive gene
action. Selection for SCMR would be mare effective in
later segregating generations when the confusing
effects of dominance and epistasis would disappear.

Key words: Groundnut, leaf chlorophyll content,
inheritance and SPAD chlorophyll
meter reading

Introduction

Groundnut is the major oilseed as well as food crop of
India. It is mainly grown as a rainfed crop in drylands
during kharif season. During kharif, the pod yield of the
rainfed crop varies from 500 to 1100 kg/ha depending
upon the distribution of the rainfall. The major constraint
in this situation is moisture stress at different stages of
crop growth. Thus, to stabilize the yield under rainfed
situation, the solution lies in development of drought
tolerant groundnut genotypes. Passioura (1977)
develcped an useful framework for examining crop yield
performance under water limited conditiens and if has
been successfully used to analyse yield variation due to
water stress in many crops lLe., pod yield = water
transpired (TYx WUE (W) x harvest index (HI). Water use
efficiency can be indirectly meastred through estimation
of CID i leaf (2) and specific leaf area (8L"A). Rao et al.
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{2001) observed significant correlations between SPAD
chlorophyll meter reading (SCMR), SLA and specific leaf
nitregen (SLA) in peanut and suggested that SCMR could
be used as a rapid, low-cost, non-destructive technique to
screen large breeding popuiations for SLA or SLN. A
strong inverse relationship observed between SLA and
SLN indicated that SLN might be the cause of linkage
between SCMR and SLA in peanut. This was evident from
the strong positive relationship between SCMR and SLN.
These studies indicated that SCMR s a potential
physiological trait to empley as a surrogate for TE in
peanut. Thus, a quick determination of SLN through
SCMR could refiect the intrinsic mesophyll efficiency and
hence can effectively estimate TE in peanut. A rapid
assessment of WUE through SCMR was facilitated by the
use of a hand held portable SPAD chicroptyll meter,
which is  useful for screening large segregating
nopulations (Rao et af, 2001; Bindu Madhava ef af,
2003). Significant negative correfation was observed
between SCMR and SLA in parents while a littie decrease
in the extent of negative relationship between SCMR and
SLA was observed in F, populations in a study involving
eight parents and F, populations derived frarn 28 singie
crosses (Venkateswarlu, 2005). Thus, there is scope for
using SCMR as selection criterion for WUE even in
segregating populations, as the correlations did not
change in segregating populations. Many of the
morphological traits are reported as qualitatively inherited
in peanut (Wynne and Coffeit, 1982). Some of the traits
such as branching pattern, leaflet size {length and
breadth), fruit length, and main axis height were reported
as quantitative traits {Wynns, 1975; Mouli et a/., 1884). S0
farm, very little work has been dore on the inheritance of
physiological traits like leaf chlorophyll content In
groundnut. Thus, this study was undertaken to know the
mode of inheritance tc formulate efficient breeding
pregrammes for selecticn for WUE.

Material and methods

The experimental materiat consisted of F, populations of
six groundnut crosses viz., TCGS-320 x Jal 30, Tirupati-4
x Jat 30, K-134 x Jal 30, VRI-2 x Jal 30, TCGS 29 x Jat 30
and JL 24 x Jal 30. The mate parent, Jal 30 is an
advanced breeding iine with high SCMR while the femalé
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arents were all high yielding varieties with moderate to
Jow SCMR. £, populations and parents were grown in a
randomized Block Cesign with three replications at the
Regional Agriculiural Ressarch Station, Tirupati during
kharif, 2003. F, population of each cross was sown in a
plot of 3 rows of & metres length while parents were sown
in a single row of 5 metres length adopting a spacing of
30x 10 cm. Five F, plants raised separately in each cross
were used to record SCMR. SCMR of individual plants
was taken on leaflets of third leaf individua) plants of F,
population were grouped into different classes taking a
class interval of two for SCMR. Skewness and Xurtosis of
F. distributions were calculated as per Snedecor and
Chachran (1980) to check departure from normatity.

Simple estimates of the co-efficient of skewness (g} and
kurtosis (b,) and of the amount of kurtosis (g,) were
computed for each F, population as follows:

gy = myi{ma' my); by = myfmy? g, = by-3
where  ma = LOGXPIN m, = LX),
ma=h,-4h,hy+6h,%h,-3h,% h,=ZfUMn; h=XfU%n;
h; = 21U¥n; ha = Eigim
Results and discussion
SCMR in F,s was intermediate in crosses i.e., TCGS 320
x Jal 30 ang TCGS 28 x Jal 30. In the other cross
combinations, it was nearer to the high SCMR parental
genotype, Jal 30 (Table 1). From the expression of the
trait in F,s, it appears to be governed by genes that show
partial dominamce and dominance respectively. F;
distributions for SCMR of the six crosses were aii
unimadal and continuous (Fig. 1) According to Allard
{1960}, continuous variation of a trait can be caused by
low heritability ar by a large number of genes. The SCMR
values of the parental genctypes, TCGS 320, Tirupati-4,
K134, YRI-2, TCGS-28, JL-24 and Jal 30 were 40, 40,
42 37, 38, 42 and 45, respectively (Table 1). The SCMR
values of the parental cultivars used were found to be
consistent across seasons and hence environmental
variation could be presumed negiigible. A significant
positive relationship (r=0.66, P<0.05, n=18) between
SCMR measured at 55 and 85 DAS implied maintenance
of genotypic ranking for SCMR and hence a low G x E
interaction far this trait (Bindu Madhava &f al., 2003). in
the present study also heritability was found to be high in
K. generation of all the crosses {Table 3), Thus, the second
hypothesis is more likely to be correct i.e., SCMR may be
determined by many genes with cumulative effects.

Distribution shapes were different in F, generation of
different crosses. F, distribution in the cross, TCGS 29 x
Jal 30 showed significant positive skewness while
skewness in the remaining crosses was not significant
(Table 2 and 3} Significant negative kurtosis was
observed in F, distribution of the cross, VRI-2 x Jal 30
while kurtosis was net significant in the other crosses
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{Table 3). The variability in skewness and kurtosis
observed in &, populations derived from different parental
combinations could be due to different allelic composition
of the parents and unequal alielic frequencies. First, F.
population from such a pair of parents with unequal allelic
frequencies would present asymmetrical or ') shaped
distributions, assuming additivity in all loci, no epistasis,
and independent factors. Second, nen-additive
relationships {dominance and/or epistasis) may exist
within and/or amang same loci. Such relationships can
induce asymmetry and kurtosis in £, populations. The
extent of genotypic coefiicient of variability (GCV) was low
with GAM below 20% in F, generation of the five crosses
in the present study (Table 4}. Thus, the SCMR mught be
more under the influence of non-additive genes and hence
selection could be practiced in fater generations. Sandhu
and Khehra (1883) found significant epistatic component
of variance for leaflet 'ength and leaflet breadth in
groundnut. In a study of 30 cross combinations made in
LXT fashion in F, generation, Vasanthi et af (2004}
observed significant non-additive gene action for SCMR.

In F, populations, TCGS 320 x Jal 30, Tirupati-4 x Jal 30
and JL 24 x Jal 30, the distribution was almost nhormal
with no significant values of skewness and kurtosis. in the
crosses i.e., Tirupati-4 x Jal 30, VRI-2 x Jal 30, JL 24 x Ja)
30 and TCGS 29 x Jal 30, the parental genotypes were
more diverse. The distributions showed wide variation and
the distributions also approached normality (Fig. 1). Inthe
aforesaid crosses, all the female parents were spanish
bunch types with no virginia bunch background in their
pedigree. Jaf 3G is a virginia bunch line derived from ICGS
76 x CSMG 84-1 in which both the parents are virginia
Bunch lines. In spite of the virginia background of K-134,
in the cross K-134 x Jal 30, significant negative skewness
was observed which could be due {o unfavourable inter-
allelic interacticns. In the crosses, TCGS 29 x Jal 30 and
VRI-2 x Jal 30, significant positive skewness and
significant positive kurtosis respectively were observed
which could be due to favourable allelic interactions {Fig.
1 and Table 3).

Table 1 SCMR of parents and F.s

Parents/F s SCMR
TCGS 320 A0
Tirupati-4 40
K-134 42
VRI 2 a7
TCGS 28 38
JL 24 42
Jal 30 45
TCGS 320 x Jal 30 43
Tirupati-4 x Jat 30 44
K-134 x Jal 30 45
VRI 2 x Jal 30 44
TCGS 29 % Jal 30 42
JL 24 x Jal 30 44




Table 2 Frequency distribution for SCMR in F, population of six crosses of groundnut

Class interval  TCGS 320 x Jal 30 Tirupati-4x Jal 30 K-134 x Jai 30 Vri2 x Jaidn  TCGS-29xJal 30 UL 24 xJai 30
28-30 0 0 0 9 2 o
30-32 5 8 3 14 15 3
32-34 10 16 8 38 33 7
34-36 30 45 20 34 57 13
35-38 70 84 49 73 57 37
38-40 9 87 79 75 49 72
40-42 75 58 93 58 49 &3
42.44 62 26 82 31 29 7
44-45 17 9 34 22 12 34
46-48 8 5 9 o a 16
48-50 0 0 2 2 3 7
50-52 0 0 o a 1 1

Table 3 Results of skewness and kurtosis tests in F, distribution of six groundnut crosses
Cross n g, sKew b, kAt g,
TCGS 320 x Jal 30 368 01175 28541 01179
Tirupati-4 x Jal 30 328 0.1263 31249 0.1349
K-134 x Jai 30 | 379 -0.2680* 3.0474 G.0424
VRI 2 x Jal 30 347 00261 25908"" -0.4094
TCGS 29 x Jal 30 307 02798 28794 -0.1206
JU 24 x Jai 30 349 00723 33058 0.3058

Table 4 Genetic pavameters in F, populations of five groundnut crosses -

Heritability %

GA as % aof the

TGS 320 x Jal 30 9.8z $1.7 8.03 877
Tirupati-4 ¥ Jal 30 8.54 9.4 7.69 B8.Q7
K-134 x Jat 3-0 8.04 29 7.48 783
Wi 2 x Jal 30 12.63 148 930 10.00
TCGS 29 x Jaf 30 11.88 131 9.26 973
JL 24 % Jal 30 13.08 14.0 8.78 9.08

{in broad sense} mean
84 542
91 548
86 533
86 630
90 6.39
93 718
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Fig. 1 (a) to (f): F, frequency distribution in different groundnut crosses for leaf
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Transgressive individuals with SCMR that was higher than
high SCMR parent, Jal 30 were observed in all the
trosses but in higher number in cross combinations of K-
134 x Jal 30 and JL 24 x Jal 30 (Table 2). Their
occurrence supporis the hypothesis that these parents
differ in allele frequencies as discussed above.
Transgressive individuals with low SCMR than the lower
SCMR parent were also observed in all the cross
Combinations but in higher number in VRI-2 x Jal 30,
TCGS 29 x Jal 30, Tirupati-4 x Jal 30 and TCGS 320 x Jal
30. As the transgressive individuals on either sides of the
distribution could be captured within & population of 300-
400, the trait rnay be probably governed by a fewer genes
and oligogenic and may not be a polygenic trait. The
cligogenes may be under the influence of several
Modifying factors, which might be responsible for the
Continuous variation observed in the trait. F, popuiation
derived from diverse crosses like VRI-2 x Jal 30 and
TCGS 29 x Jal 30 would serve as a good mapping
Population for SCMR. F; population derived from fow x
high SCMR parents could be used to identify different
DNA based molecular markers associated with high
SCMR. These markers could be used for selection for
high SCMR in segregating generations. Considerable
work has been carried on molecular marker studies in
groundnut {Gopalkrishna and Bhagwat, 2005).

Essomba ef al (1993) studied inheritance pattern of
leaflet length and came 1o conciusicn that it may be
9overned by oligogenes that show gquasi-guantitative
inheritance. In groundnut, many characters wera reported
to  be oligogenic, which show quasi-quantitative
inheritance. Quasi-guantitative inheritance could be
fecognized by the appearance of more than two stable
Phenotypes (Gruneberg, 1852) with mixed featured of
both quantitative and qualitative traits resulting in
confusing results as to the type of inheritance involved.
The SPAD chlorophyll reading measures relative
chlorophyll content that is responsible for intensity of
9feen colour in leaves.

Phenctypically, we do observe different shades in |eaf
colour in groundnut i e, from light green to bluish green.
Thus, the studies of genetic parameters and distribution
patternin F, populations indicate that the trait, SCMR may
Probably be governed by a fewer genes acting in non-
additive manner. Selection for high WUE through SCMR
should thus be pastponed to later generations where the
confusing effects due to non-additive interaction i.e.,
dominance and epiétasis get dissipated and the alleles gat
fixed The process of fixation of favourable alleles could
be made faster through biparental matings in early
generations,
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Abstract

Field experiments were conducted during rainy
season of 1999 and 2000 at Research Farm, National
Research Centre for Soybean, Indore on Sarol soil
series to assess the effect of oxyfluorfen on
periodical changes in auxin production and its
relationship with pertinent biochemical properties.
The treatments included graded doses of oxyfluorfen
from 250 ml to 1000 ml a. |l. /ha applied either as
pre-plant incorporation or pre-emergence application
and aweedycheck. Auxin production and biochemical
properties were monitored at 30, 45, 60 days after
sowing [DAS) and at harvest. During both the years,
pre-plant incorporation of oxyfluorfen either
stimulated or did not cause appreciable variation in
auxin production after initial suppression in its
activity ({30 DAS), while application of oxyfluorfen as
pre-emergence herbicide either stimulated or did not
significantly affect auxin production irrespective of
dose and periods of sampling over control. Similar
trend was also observed in other pertinent
bicchemical properties viz., dehydrogenase activity,
microbial biomass C and N. Mean auxin production
was also positively associated with dehydrogenase
activity, microbial C, microbial N, grain yield and N
content. The study revealed that application of
oxyfluorfen did not significantly affect auxin
production and other biclogical properties and can be
recommended for weed control in soybean without
affecting soil health,

Key words: Dehydrogenase aclivity, indole acetic

acid (JAA), micrebial biomass,
oxyfluorfen, soybean

Introduction

Microbial proeduction of plant hormones like auxins could
have an important ecolegical role in altering plant growth
and development. Many soils contain compounds that
exhibit strong auxin iike activity and depend in their IAA
Synthesizing capacity depending on the soil and crop
Management practices. In recent years, application of
herbicides js becoming a wide spread practice as weeds
often PoOse a serious threat to sustainable soybean

producticn. It has been reported that on account of weed
competition, the yield reduction in soybean may be up to
B2% (Billore ef al. 1699). Intensive use of herbicides may
have an impact on auxin production and other important
biochemical properties and can be used as a tool to
document the ecological effect of herkicides application tc
soll. Therefore the present study was initiated to assess
the effect of oxyfiuorfen on (2) periodicat changes in auwxan
preduction and pertinent biclogical properties wiz,
dehydrogenase activity, and microbial biomass (b)
relationship between auxin production and biological
parameters

Material and methods

Field experiments were conducted during kharif of 1998
and 2000 at Research farm, National Research center for

© Soybean, Indore to assess the effect of oxyfluorfen on
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auxin production and its relationship with pertinent
biological properties. The soii of the experimental site
belongs to Sarol series (Iso-hyperthermic,
montmorollinitic, typic chromusterts) with: clay 53.2 %,
pH 8.1, organic carbon 5.2 g/kg, Qlsen's P 4.2 ppm and
ammonium acetate K 242 ppm. There were a total of 8
treatments comprising of graded doses of oxyfluorfen
from 250 ml a.i./ha to 1000 ml a.i./ha applied either as
pre-ptantincorporation (PPI) or pre-emergence application
(PE) and an untreated contro! replicated thrice in an _
Randomized Bleck Design. The plot size maintained was
6m x 3.6m and the crop was raised under rainfed
conditions. Soybean 'J8 335" was sown on 26" June 19869
and 2000 with 20:26:17 kg NPK/ha through urea, single
super phosphate and muriate of potash, respectively. Soil
samples were collected at periodical intervals viz., 30, 45,
60 days after sowing (DAS), and at harvest to study
changes in auxin production, dehydrogenase activity,
mmicrobial biomass C and N. L- Tryptophan derived auxin
production was assayed by the methed of Sarwar ef af.
{1992} and expressed as mg [AA-equivalents/kg soil.
Dehydrogenase activity (DHA), 2 measure of microbial
activity was assayed by the method of Cassida {1977)
and expressed as g mol TPF/g soil/24 hr. Microbial
biomass carbon (MB-C)and N (MB-N)was determined by
the fumigation-extraction method with 0.5 M K,50,
(Vance ef al,. 1987).
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Results and discussion

Rainfall distribution and weed biomass: During kharif
1699, a total of 780 mm rainfall was received during the
crop growth period. However, during 2000, a total of only
325 mm was received creating severe moisture stress.
The distribution of rainfall was also erratic. The crop
experienced dry spell during July 17 to August 10 and
literally no rain after August 20 coinciding with full bloom
stage (R2). During September and Octocber months dry
spell continued and the resultant stress not only
hampered seed filling but also breught about forced
maturity.

Application of oxyfluorfen significantly decreased weed dry
biomass (g/m®), irrespective of method and level of
application of herbicide as compared to control during
both the years of study {Table 1). It is also to be noted
that application of oxyflucrfen as pre emergence was
found tc be effective vis-g-wis pre-plant incorporation as
evidenced by decreased weed dry bicmass. The weed dry
biomass was higher during 2000 as compared to 1999
season.

Auxin production: Application of oxyfluorfen as
pre-emergence herbicide either stimulated or did not
significantly affect auxin production irrespective of the
periods of sampling during both the years of study.
However, application of oxyfluorfen as pre-plant
incorporation showed transient inhibition at 30 DAS during
both the years and a ron-significant or stimulatory effect
at later stages of crop growth over control (Table 2). This
suggests that herbicides degrade overtime and degraded
preducts/activating co-metabclites might have acted as a
source for microbial proliferation at later stages of crop
growth (Perucci ef al, 1999). Moreaver, Wardle and
Parkinson {1990} concluded that changes in microbial
variables only occurred at herbicide concentration much
higher than that recommended for field application.
Periodical changes indicated an increase in auxin
production up to 60 DAS and a decline at harvest
irrespective of whether oxyflucrfen was applied or not.

IAA being one of the most physiolcgically active auxins
and is a common product of L-Tryptophan metabolism by
soil micro-fiora, its production depends on substrate
availability (Arshad and Frankenberger, 1991). Micrahial
growth during crop growth is often stimulated by the
continual input of readily assimilated organic substrates
from the roots might have contributed for increased
microbial synthesis of 1AA. Application of oxyfluorfen as
preemergence significantly increased auxin preducticnup
to 750 ml a.i./ha and decreased at the highest dose of
application. Pre-plant incorporaticn did not significantly
influence auxin production irrespective of the dose at
which it is applied.

Dehydrogenase activity and soil microbial biomass:
During both the years, application of Oxyflucrfen
significantly increased dehydrogenase activity, microbial
bicmass C and N over contre!l (Table 3). It was found that
application of oxyfluorfen as pre-emergence herbicide
stimulated microbial variables as compared to pre-plant
incorperation. Similar increase in dehydrogenase activity
as influenced by herbicide application was also reported
by Ramesh et al (2000} and also for microbial biomass
{Vischetti et af, 2002). The study also indicated that
temporal variation in dehydrogenase activity, microbial
biomass C and N also followed a similar trend as that of
auxin production. However, the interaction between
oxyfluorfen application and periods of sampling was found
to be nen-significant.  Attempts were also made to relate
auxin production to pertinent hiological properties. Mean
auxin production was better explained by a strong positive
association with MB-C ® = 0.932**) and MB-N ®& =
0.787**) indicating that auxin is synthesized by
proliferating soil micreorganisms in response o the
presence of suitable substrate. This is further
carroborated by a strong relationship with dehydregenase
activity ® = 0.664**) as dehydrogenase activity appeared
to be more dependent on the microbial state of the sail or
on the biological activity of the microbial population than
on any free enzyme present.

Table 1 Effect of oxyfluorfen on weed dry biomass (g/m’) in soybean

1995 2000
Treatment Days after sowing
30 DAS 60 DAS 30 DAS 60 DAS

Oxyfluorfen Mongcot _ Dicot Total Monocot  Dicot Total Monocot  Dicot Total _Monocot  Dicot Total
250 ml a.i /ha PE* 7.0 30 10.0 14.0 50 19.0 20.0 3600 S800 10400 26832 373.32
250 mi a.i /ha PPI** 5.0 2.0 7.0 16.0 50 210 20.0 5368 7368 14532 33200 47732
500 mt a.i /ha PE 6.0 0.0 6.0 7.0 00 7.0 2532 2368 49.00 20668 140.00 34668
500 mi a.i fha PPI 40.0 2.0 42.0 12.0 1.0 13.0 3332 51.32 8464 31200 26632 578.32
750 ml a.i tha PE’ 2.0 2.0 4.0 3.0 0.0 3.0 5.32 2000 2532 5200 10668 158.68
750 mla.i/ha PPI 3.0 0.0 3.0 16.0 5.0 21.0 3068 3868 6936 11972 23468 354.40
1000 ml a.i /ha PE 2.0 1.0 3.0 15.0 6.0 210 2268 1068 3336 5932 15732 21664
100C ml a.i /ha PFI 200 1.0 21.0 21.0 60 270 28.0 2800 5600 240.00 161.32 40132
Control 75.0 11.0 86.0 280 110 39.0 5868 7016 128.84 15200 42268 57468
LSD (P=0.05) 1.65 1.40 2.78 1.80 1.30 2.50 50.0 3312 5624 176.24 186.20 23708

PE* = Pre-emergence application; PPl** = Pre-plant incorporation
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Temporal variation in soil auxin production and biological properties as influenced by oxyfluorfen application to
soybean

Table 2 Effect of oxyfluarfen on periodical changes in soil auxin production (mg (AA equivalents/kg soil) in soybean

1999 2000

Treatment (T) Days after sowing (P)
oxyfiuorfen 30 45 60 Harvest Mean 30 45 60 Harvest Mean
250 mia.i /ha PE* 146 162 176 107 143 107 120 133 80 110
250 mia.i/ha PPI* 132 158 171 96 139 100 117 124 80 105
500 mla.i /na PE 152 174 193 119 160 112 134 133 85 116
500 ml a.i /ha PP} 137 180 178 107 146 97 120 127 82 107
750 mia.i /ha PE 156 182 213 121 168 109 137 139 89 119
750 ml a.i fha PPI 137 184 175 110 147 102 120 128 77 107
1000 miadi/ha PE 143 177 188 113 155 112 129 133 8§ 16
1300 mi a.i /ha PPI 130 162 168 104 141 104 126 128 82 110
Conitrol 140 154 162 100 138 107 115 122 30 106
tnitial 88 52
Mean 141 166 180 109 106 124 130 83
LSD (P=0.05)
T 7 4
P 5 3
M 2
TXP 10 5
TxPxM NS NS
M = Mode of application; PE* = Pre-emergence application; PPI** = Pre-plant incorporation
Table 3 Effect of oxyfluorfen on periodical changes in dehydrogenase activity and microbial biomass C and N
Treatment (T} Dehydrogenase activity Microbiai biomass C Microbial biomass N

(1 mol TPF/giscil/24 h) {mg C/kg soil) {mg Nikg soil)
Oxyfluorien 1999 2000 1999 2000 1999 2066
250 mt a.ifha PE* 0.294 0.256 252 205 29 22
250 m! a.vha PPI** 0276 0.234 243 200 27 20
500 m! a.i/ha PE 0.299 0.262 258 214 29 24
500 mt a.iha PP1 0.281 0.258 241 203 23 23
750 mi a.i’ha PE 0321 0278 249 220 33 27
750 mi a.i‘ha PPI 0.272 0.252 233 207 29 el
1000 mi a.ilha PE 0283 0.268 245 214 £l 27
1000 ml a.itha PPI 0.254 0.268 233 194 26 20
Control 0.240 0226 235 198 23 20
Periods (P} of sampling (Days after sowing)
30 0.247 0235 238 203 27 21
45 0.318 0277 255 214 28 25
60 0.330 0.283 261 223 32 25
Harvest G6.221 0.207 221 185 23 18
Initial 0.192 G.178 204 188 18 18
LSD {P=0.05)
T 0.028 £.033 9 7 4 4
P 0.019 0.022 7 5 3 )
M 0012 NS 4 3 3 2
TxP NS NS N3 NS NS NS
TXPxM NS NS NS NS NS NS

M = Mode of application; PE* = Pre-emergence application; PP1** = Pre-plant incorporation
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