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Review article

Improvement of yield and yield potential in soybean : An analysis and

synthesis

S.P. Tiwari

National Research Centre for Soybean, Khandwa Road, Indore-452 017, MP

{Received: June, 2001; Revised: June, 2002; Accepted: January, 2003)

Abstract

Although an yield increase of about 80 to 100% can be
potentially realised in soybean by fully adopting the
available and recommended production technology,
the increase in genetic yield potential is also
imperatively needed as the yield gap cannot be fully
bridged in a rainfed crop like soybean. Broadening
the genetic base of cultivars, hauling in productivity
genes and associated characters and crop raising with
integrated nutrient management for efficient rubisco
performance are the probable ways of breaking the
yield barrier in case of Indian soybean. In conclusion,
it may be summarised that as stated by Evans and
Fischer {1999) greater yield potential remains a valid
and by no means an exhausted goal for plant breeding
programmes. Use of modern crop improvement
techniques, as found appropriate and feasible, should
be encouraged. Soybean is well poised to augment
Indian economy but there is a need to consolidate the
gains yet made and further take off to meet the
national and global challenges of agriculture and to
ensure household food and nutritional security.

Key words:  Soybean, yield potential, genetic base

broadening
Introduction

Soybean is the third largest oilseed crop of India. The crop
is concentrated in the central Indian niche predominantly
in Madhya Pradesh, Maharashtra and Rajasthan states
around a latitude range of about 16° to 26° N and
longitude range of about 73° to B4° E wherein Indore, the
epicentre of soybean renaissance is situated at 22° 44' N
and 75° 50" E. Some area is beyond this range also and it
is feasible to grow soybean in most parts of the country.
Soybean is generally grown as a rainy season crop under
rainfed situation. The area predominantly has vertisols and
associated soils. Soybean, particularly in its early years of
spread, largely occupied the rainy season fallow land. This

resuited in an enhancement in the cropping intensity and
an increase in the unit area profitability from the land use.
Soybean also replaced some less remunerative crops like
sorghum and minor millets. In western Madhya Pradesh,
Maharashtra and Karnataka, some area under cotton is
also being replaced by soybean.

The estimates showed that the crop presently covered an
area of about 8 million hectares with a production of about
6.8 million tonnes and a productivity of about 1.1
tonne(Table-1). However, the annual capacity of soybean
solvent extraction plants is a staggering 16 million tonnes.
Soybean cultivation has brought about socio-economic
upliftment of farmers especially in the Malwa plateau of
M.P. (Badal et al., 2000). The success story of soybean
has been told by Tiwari et af. (1999).

Table 1 Estimates forarea, production and productivity of
soybean in India
Year Area Production Productivity
{m.ha) {m.tonnes) (kg/ha)
1997-98 5.99 6.46 1079
1998-99 6.49 7.14 S 1100

_ 1995-2000 598 6.79 1135

The basics - defining yield potential

Yield has different meanings. depending upon the use of
the term. The ‘yielding capacity’ or 'yielding ability' have
been quite frequently used in the 1960°s. A clear cut
distinction, however, is realised between 'potential yield'
and 'realised yield' (Bingham, 1967) wherein "potential
yield' is obtained in farm cultivation but free from the
hazards of lodging, fast, insect-pests and diseases
whereas the 'realised yield' is a result of these and other
stresses. The distinction at the genetic level is between
the genes conferring resistance to the various stresses
and the genes increasing yield potential, the 'productivity
genes’. Yield potential is buit up by progressive
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3.5 tonnes/ha is not so uncommeon in individual farmer's
fields in southern Maharashira (Table-2), Malwa plateau
and some areas of Rajasthan. In particular, certain areas
like Kolahapur, Sangli and Aurangabad in Maharashtra
state have exhibited very high yietd of soybean. There is
also a singular report of attaining even 6.5 tonnes/ha
soybean yield as cited by Bhatnagar and Tiwari {1997).

Table 2 Districts with high soybean yields in India

Production  Productivity

District («o?a?ﬂa) (000 1) (kg/ha)
Kolhapur 636 151.81 2387
Sangli 587 127.97 2257
Aurangabad 333 571 1729
Maharashtra state 1163.6 1392

1619.680

The total yield gap is conceptually divided into two
components i.e., Yield Gap | existing between experiment
station and potential yields at the farm level, and Yield
Gap |l existing between potentiai and actual yield at the
farm level. Gap | is conditioned by irreducible
environmental factors, while Gap || deals with the
biological and socic-economic constraints, the
amelioration of which will lead to the realization of the
production potential. It is my observation and belief,

Tiwari

substantiated by other studies as well, that the Yield Gap |

If can never be fully bridged in a rainfed crop like soybean.
Even in case of cereals under best production systems, it
has been observed that annual improvement in national
crop yield shows a decline and ceases once the crop
reaches about 80% of the potential productivity
established by the nation's very best producers (Cassman,
1999, PNAS, USA, 96: 5952-5859). Accordingly, the
realisable soybean yield ceiling at the farm level under
present situations in India can be estimated to be about
1.6 tonnes/ha on an average at national level.

An average yield level of slightly above two tonnes/ha is
easily realised in countries like USA. Yield comparisons
across latitudes need adjustment for duration. To offset
the latitudinal differences and differences in crop duration
or the length of the growing period, the reliable measure
for comparison could be the productivity/day. The present
national average productivity is about 11-12 kg/day as
against about 15 to 20 kg/day in the leading countries. We
have to target an average per day productivity of above
15 kg/day and desirably 20 kg/day as national average. If
we adjust this average for crop duration of our country, it
makes a target of about 1.6 to 1.8 tonnes/ha which should
be achievable by all means. The Yield Gap-il has to be
bridged to the extent possible by transfer of technology
and by enabling farmers to have timely supply of inputs.
Availability of quality seeds as the carrier of genetic
potential is to be ensured at farm level.

.
The right approach, however, is to keep on raisiffly ..
genetic potential for yield along with effective transfer of
technology. The irend as observed over the {ast 12 years
in FLDs, however, establishes almost stagnant yield under
improved technology.

Theoretical maxima for yield

A linear mode! often provides the best fit when crop yield
is regressed on production year. This, however, can not be
the sole basfs to project crop yield into the future. This is
owing to the fact that a finite supply of solar energy can not
be translated into an infinite supply of reduced carbon.
There is a biological ceiling or maxima for yield. Thirty-five
years ago, de Wit (1967), using some reasonable
assumplions about photosynihetic  effiiciency and
respiratory losses, deduced that the biclogical maximum
for biomass yield was about 45 mg/ha (at 40° latitude).
Assuming a 50% harvest index, the seed yield limit is
inferred to be 22,5 mg /ha.

The agronomy and supply of inputs

Rainfed condition and inadequate water obviously limit
absolute crop yield, but these also seem to be an obstacle
in terms of the rate of yield improvement. The
improvement is more in input-starved environments and
the effect decreases as the input supply increases.
Cassman (1999) noted that in many countries, annual
improvement in national crop yield slowed and ceased
once the crop reached 80% (or so) of the potential
productivity established by the nation's best producers.

Soils of many soybean growing regions, particularly
vertisols and associated soils of Madhya Pradesh (i) have
a pH range of about 7.5 to 8.0, (ii) are deficient in
phosphorus, (iii} are deficient in sulphur , and (iv) are rich
in potassium. Recommended application of macro-
nutrients for sole crop of soybean under Indian conditions
is basal application of 20 kg N, 60 kg P,0., 20 kg K,0 and
20 kg S/ha. The total nulrient uptake by soybean crop,
yielding aboutl 1.5 to 2 tonnes/ha, in the predominant
soybean growing region of Malwa Plateau was reported
to be around 90 kg N, 7 kg P,O,, 40 kg K,;0 and 6 kg S
which increased on application of fertilisers containing
nitrogen and sulphur (Sharma and Gupta, 1992).
Phosphorus and sulphur nutrition is of special significance
in case of soybean. In addition, 10 tonnes/ha of farmyard
manure is also recommended.

In soybean-safflower system on black clay soils, high
yield and water use efficiency was found to be optimised
through the use of N, P and S @ 40, 22 and 60 to 80
kg/ha in soybean crop and safflower was grown without
further fertilizer application and on residual nutrients only
{Sharma and Gupta, 1992).

In India, the yield stagnation in several crops is also
altributable to poor nutrient management. The main
limitations are deterioration of soil organic stock, low
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assembling of productivity genes as against simultanecus
progress in assembling genes for quality and for
resistance to insect-pests and diseases and environmental
stresses.

Evans (1993) defined yield potential as the yield of a
cultivar when grown in environments to which itis adapted;
with nutrients and water non-limiting; and with insect-
pests, diseases, weeds, lodging and other siresses
effectively controlled. This definition has been accepted by
others also (Evans and Fisher, 1999) who, however,
_suggesled that 'potential yield' should be used for the
maximum yield that could be obtained in a crop as
determined by simulation models whereas 'yield potential’
should be used mainly for majored comparison of
cultivars. This also means that ‘potential yield' should be
used for comparison between different crops and different
environment as well as for estimating plausible future
limits to crop yields.

Soybean yield scenario in USA

Recently, Specht ef al. (1999) have given a perspective of
soybean yield potential. It is estimated that soybean yield
in the USA have risen at the rate of 22.6 kg/heclare/year
from 1924 to 1997, but in the last quarter century
(1972-1997) have risen 40% faster, 31.4 kg/hectarelyear.
Published estimates of the annual gain in yield attributable
to genetic improvement averaged about 15 kg/hectare/
year prior to the 1980s, but is now averaging about 30
kg/hectare/year in both the public and proprietary sectors.

Soybean yield scenario in China

The average soybean yield in China was only 1.38 t/ha in
1995, while it was 2.30 in the US, 1.92 in Brazil and 2.23
t/ha in Argentina in the same year (Gai, 1999). The
restricted growing season in multiple cropping might be a
reason for the relatively low unit acreage yield, but the low
fertility, cultivation conditions and low yield potential of
genotypes could be other important reasons.

Depending upon region and growing conditions the yieid
goals in a farmers' contest in China were (i) 4.88 t/ha for
single cropping in Northeast China, (ii} 4.5 t/ha for double
cropping in Huang-Huai-Hai valley, and (iii) 3.75 t/ha for
double or multiple cropping in southern China. The record
yield reaped in the contest were 4.64 t/ha in Huang-Huai-
Hai valley and 6.39 t/ha under irrigated conditions in
northern Xinjiang Uygur Autonomous Region. This was
against the average field yield of about 1.5 t/ha and high
field production yield of about 3.75 t/ha (Gai, 1999).

The Indian soybean yield scenario

Priorities/thrust areas vis-a-vis constraints in soybean
production: Several constraints to Indian soybean
production and productivity namely, a relatively short stay
of soybean as a crop, limited genetic diversity, narrow
genetic base of Indian soybean varieties, short growing
period available in Indian latiludes, stagnant genetic

potential for yield, hindered agronomy/availability of inputs
at farm level, rainfed nature of crop and water scarcity at
critical stage(s) of plant growth, insect-pests and diseases,
guality improvement problems, poor seed longevity and
mechanical damage to soybean seed, inadequate
mechanisation and partial adoption of technology by
farmers have been identified (Bhatnagar and Tiwari, 1989,
Tiwari, 2001a). The research priorities identified are as
follows.

e Assessing system-efficiency and identifying
appropriate systems for specific regions/situations

# Integrated nutrient management towards efficient
) Rubisco performance and increasing cropping
system efficiency and global compelitiveness

#  Broadening of genetic base of Indian soybean
varielies

¢ Hauling in productivity genes and associated
characters through development of improved
varieties

¢ insulation against stresses and yield losses

e Development of early maturing varieties to suit
specific conditions

¢ Augmenting food and feed uses of soybean

®  Appropriate mechanisation including that for land
treatment, post-harvest processing and value
addition,

¢  Rural and farm credit support, and

e Related technical backstopping, transfer of
technology and establishment of "soy-clinics”.

Use of modern crop improvement and production
techniques should be appropriately and feasibly
encouraged. The aspects related to genetic improvement
are discussed later in this paper.

Realised and realisable yield potential in india: In India,
the exploitable yield potential of varieties is 3 to 3.5
tonnes/ha. It has been estimated that from the year 1969
to 1993, the annual genetic gain in seed yield of soybean
varieties has been about 22 kg/ha (Karmakar and
Bhatnagar, 1996). Earlier, the emphasis was on breeding
varieties mainly with high yield and, to some extant,
resistance to diseases but recently equal importance is
being given to attributes namely resistance to insects,
suitability for food uses, long juvenility and also resistance
to rust.

It would be worthwhile to take a stock of the present
realised and realisable average yield levels in India. The
results from Front Line Demonstrations (FLDs) have
shown that the nationwide average realised yield obtainad
by adopting improved technology is about 2 tonnes/ha as
against about one tonne/ha obtained under farmers'
practices. It is, however, to be noted that yield level of 2 to
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W use efficiency, mis-match between nutrient
:smoval and their replenishment, imbalance in NPK ratio,
regional disparity in fertiliser consumption and overali
sustainability of the system (Singh and Biswas, 2000).

In oilseed crops, sulphur (S) availability is essential
(Sexton et al., 1997 Altaf Ahmad and Abdin, 2000; Altaf
Ahmad ef al. 2000). In soybean, a critical level of 1.7 mg
available S/kg soil averaged across the root zone, or 34
kg/ha available S has been found to be essential below
which specific leaf S declined in a carresponding manner.
Rubisco {ribvlose 1,5 biphosphate carboxylase/
oxygenase) content and photosynthesis were linearly
related. In S-deficient plants, the decline in the ratio of
Rubisco/soluble protein implies that other house keeping
enzymes become more important than Rubisce for survival
{Sexton et al., 1997). Thus, S-application is needed so that
a linear increase in yield may be obtained by enhanced
nitrogen application.

The fields receiving regular dressings of organic manure
may nol require supplementation of micronutrients.
Application of micro-nutrients wviz., zinc @ 2.5 to 5.0
kg/ha, boron @ 2.0 kg/ha, iron @ 4 to § kg/ha and
molybdenum @ 0.5 to 1.0 kg/ha has been found to
increase the soybean grain yield by 2-4 g/ha. Therefore,
the balanced application/supplementation of phosphorus,
sulphur and migro-nutrients is needed to improve the
productivity of soybean under Indian conditions.

Long term experiment {1971-89) on soybean-wheat-corn
fodder conducied at Jabalpur (Nambiar and Abrol, 1989)
established that (i) the yields of soybean and wheat
showed a steady increase provided the system received
balanced nutrition, (i) the average productivity which was
4.0 t/ha for wheat and 2.3 t/ha for soybean during 1971-89
rose to 5.8 and 2.7 t/ha, respectively during 1987-89 by
application of recommended levels of NPK fertilizer
(Sharma and Gupta, 1992). (iii) beneficial effects of
continuous application of sulphur and coupling of farmyard
manure were realised with passage of time. These
application of recommended levels of fertilizer nutrients
integrated with FYM @ 5-10 tonnes/halyear or at least in
alternate years were found to be cost effective and
maintained the soil fedility as well.

Studies conducted at the NRCS, Indore on soybean-wheat
crop sequence have shown enhanced yield on integrating
organic sources viz., FYM, poultry manure, cow-dung
slurry and town-waste compost with inorganic sources. A
consistent beneficial effect of organic sources by way of
physical and rmicrobiological enrichment of scil was also
noted.

More studies are, however, warranted on combination of
conservation tillage with fertilization, reducing the cost per
unit produce, long term sustainability particularly for
organic carbon in soil and identification of components in
a system, which is desirable yet feasible, 1o enhance the

remunerativeness and global competitiveness of Indian
soybean-based cropping system(s). We have to
essentially go for a system approach in which components
of cropping system, preceding and succeeding soybean,
are to be taken comprehensively for standardising not only
the most productive but also sustainable systems. Early
soybean varieties for maize soybean system in Himachal
Pradesh and soybean safflower, soybean pigeonpea and
soybean-maize system in Madhya Pradesh are some of
the examples which have been found to be highly
remunerative and also to have high water use efficiency
(WUE) and other desirable attributes of sustainability. It
should be remembered that when Green revolution was in
offing, commensurate agronomic practices to realise the
yield potential of Mexican wheats were given timely. This
only exhorts us to emulate the experience and to bring
about a much needed impact in realisable yield through
agronomic maneuvours.,

Insulation against stresses and yield losses

Soybean diseases such as rust, yeliow mosaic, coliar rot,
Rhizoctonia aerial blight etc. are collectively causing
significart yield losses in soybean. Of late, diseases like
rust, Rhizoctonia solani rot and some other diseases have
become more serious than before. Since last 3-4 years
soybean crop is getling regularly damaged by soybean
rust caused by the fungus Phakopsora pachyrhizi. Earlier
the menace used to be confined to north eastern region.
Recently, the rust has spread to several parts of
Mahakoshal {Hoshangabad, Betul, Chhindwara etc.} and
Malwa region of M.P. and also to Vidarbha region of
Maharashtra. There is a need to breed resistant varieties
for all or the three predominant rust isotates viz. India73 1,
Taiwan 72 1 and Taiwan 80 2. Each of the soybean
genotypes Pl 200492, P| 230970 and Pl 462312 (Ankur)
had a major gene, ie., 'Rpp,, Rpp2" and 'Rpp,
respectively conferring specific resistance to each cne
soybean rust isolates. The line P1 459075 carries a singte
(the fourth} dominant gene i.e. "Rpp,’ for resistance to all
the three rust isolates. These sources are, unforfunately,
yet to be tapped in India. Rabi/summer crop of soybean
should not be taken. Varieties like Ankur, JS 80 21, PK
1024, PK 1029 and Indira Soya @ showing talerance ta the
disease should be promoted.

Basic and strategic research on diseases, incorporation
resistance and comprehensive management of diseases
including use of bioagents are to be taken up as thrust.
Yellow mosaic disease, earlier confined to northern India,
is how aceurring in the central India. Fortunately, sources
of genic resistance are available in adapted genetic
background.

Management of insect pests like girdle beetie is alsoto be
taken up on priority. In the predominant soybean growing
area in Central India, green semi looper (Diachrysia
orichalcea), girdle beetle (Obereopsis brevis), stemfly
{Melanagromyza sojae) and blue beetle {Cneorane sp.)
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are the major insect pests. Some other pests like leaf
miner (Bifobata subsecivelia) in Marathwada region, Bihar
hairy caterpillar (Spilosoma obliqua) in parts of northern
plains and Terai region and a few others are also
becoming serious. However, breeding for insect pests is
yet to receive impetus it deserves.

in order to rationalize use of pesticides and promote
alternate  management practices, Integrated Pest
Management ({PM] is now gaining desired impetus. Based
on companent wise recornmendations, the GO finalized
an 1PM package for soybean (TMOP, 1998). NRCS, Indore
futher undated and refined the package and
recommended the IPM practices to be adopted by the

farmers.

Losses due to pod-shattering and post-harvest handling
are also to be minimised. Several shattering-resistant
varieties are available,

Effect of global warming on soybean yield

Rising concentration of atmospheric CO, is estimated
to have a positive effect on soybean yields (Waggoner,
1984; Allen et al, 1987, Specht et al. 1999). This
relentless rise in atmospheric CO, is currently estimated
. to be 1.5ulJLiyr, it is estimated that about 10 to 20% of
US yield increase i.e. about 1.7 to 3.4 kg /halyr of the total
increase of 17.3 kgMarvear from 1853 to 1976 might be
owing to a 60 ul/L {about 3.5 ul/Liyr} increase in
CO,. It is implied that coliateral improvement in the
photosynthesisfiranspiration ratio (i.e. water use efficiency)
would ceriainly offset some of the negative effects of
glohal warming particularly for a C, species like soybean
that is ofien exposed to water sfress. Farquhar stated that
"doubling the CQ, concentration is almost like doubling the
rainfall’.

Genetic improvement of yield and yield potential

There is a need to enhance the genetic potential for yield
in soybean. As stated earlier, this is different from and in
addition to checking the yield erosion due to insect pests
and diseases, shattering loss etc. This also differs from
minimising the yield gap | through adoption of package
Pf practices, input supply inctuding seed etc., which is also
important.

_Gai (1999) has summarised the approaches for genetic
'mprovement for soybean yield as - (i) assembling positive
vield genes, (i) to support yield genes with plant
architecture genes as their genetic background, (iii}
utili§ing hybrid vigour, and {iv) to ensure the yield potential
rgal.asalion through genetic control of negative factors like
biotic and abiotic stresses. Broadening the present narrow
genetic base of the soybean cultivars, suitable improvisa-
tien .o_f breeding methods, use of bictechnology and
Precision agriculture are important future media for yield

E_nhancement and its realisation. Some of these are briefly
discussed below:

ELY
Broadening the genetic base: Results of pea; 3
analysis and diversity analysis in soybean have indicaieg,
narrow genetic base of cultivated varieties. Studies in
major soybean growing countries like USA (Delannay et
al., 1983, Manjarrez-Sandoval, et al., 1997; Kisha ef al.,
1898; Thompson and Nelson, 1998), Brazi! (Hiromoto and
Vello, 1986; Vello et al. 1988), India (Karmakar and
Bhalnagar, 1996) and China (Gai, 1988} have indicated
that up to now breeders have used only a small part of
available genetic resources and the soybean varieties
have a very narrow genetic base. Germplasm
enhancement and pre-preeding is needed. There is a
need to strengthen the activities in this aspect by resorting
to crossing between unadapted genotypes (cultivated)/
alien species especially Glycine soja Siebet Zucc., and
elite cultivars.

Strategies for broadening the genelic base of soybean in
breeding and praduction in India have been suggested
(Tiwari, 2001b). These comprise : (i) assessing the genetic
base through pedigree and other analyses, (i} directed
introductions, (i) consolidating the national germplasm
collections, (iv) evaluation and establishment of a core
collection of soybean genetic resources, (v) pre-breeding
and germplasm enhancement using the cultigen as well as
witd species, {vi) population improvement, {vii) enhancing
genelic diversity at farm level by farmer participatory
approaches, and (viii) facilitated access to soybean
genetic resources for the users. Further enhancement of
genetic resources, pre-breeding and ultimate widening of -
the genetic base of the cultivars at farm level will
eventually lead to the realisation of high productivity.

Assembling the "Productivity Genes" As stated earlier
assembling yield genes is different from genetic protection
against stresses. Quantitative trait loci for seed yield and
closely related characters have been mapped in soybean
(Mansur et al., 1993, 1996; Maughan et al., 1996; Mian ef
al., 1996). These are either available or will become
eventually available especially with the tools of
marker-assisted selection.

Effect of associated characters: The yield potential can
be enhanced by increasing the contribution of yieid
components viz, pods per plant and physiological
characters like specific leaf weight, efficient and high
nodulation, better translocation and partitioning etc. Most
soybean varieties are highly sensitive to changes in
latitude or planting date because of their responsiveness
to variations in photoperiod. The short photoperiod of the
tropics caused most soybean germplasm to fiower and
mature too rapidly for adequate growth and yield. The use
of the long juvenility trait was the solution found by
soybean breeders. This traif is being incorporated in the
indian soybean varieties by the NRCS scientists.

Substantial genetic gain in yield may be achieved if
breeders are able to produce cultivars with faster growth
rales and greater biomass al maturity. Genetic
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aWporr, e bybean vields has been found to be
associafew.  “assimilate supply during seed filling period
- LBNGes in harvest index. There appeared to
+ fitie change in soybean harvest index (Frederick and
Heskeih, 1994). Along with photosynthate supplied to
sinks, changes in some other trails namely more pods,
lodging resistance, greater N, fixation, greater stress
tolerance and {(8pecht ef af.. 1998) have also been, more
_or 1e§sr»ré'é'ponsible for yield improvement. in india,
screening for several of these characters has been
undertaken and varieties such as 'Hardee' have been
identified to possess desirable physiological and
morpho-anatamical characters, for use as donors in
breeding programmes {Bhatlia ef a/., 1996).

Some worrying trends indicated that improvement in yieid
through breeding of high yielding cultivars was associated
with greater seed size and pocrer seed quality and atso
less protein and more ol (Voldeng et af., 1997},

Hyhrid soybean: Soybean is a self-pollinated crop. Still,
enhancing the yield and other characters through hybrid
vigour appeared {o be a realisable possibility in this crop.
The earlier attempts of using genetic male sterility have
recently been replaced by a better option of tapping
cytoplasmic mate sterility. The first report of cyloplasmic
male sterility in soybean came through a USA patent taken
by Davis (19858). He used 'EIf, '‘Bedford’ and 'Braxton’ as
parents fo create a cytoplasmic-nuclear male-sterile line.
Later, several sources of nuclear-cytoplasmic male sterile
lines and their maintainers and restorers were reported in
China by Sun ef al. (1997) and Sun et ak. {1999) such as
035x167, NJCMS1A and NJCMS1B, W331A and WO31EB,
and FUCMS saries. The former one was developed from
an interspecific cross, and the latter three were developed
from crosses between cultivated parents. in addition, a
photoperiod-sensitive male sterile line was also reported
to have potentiai for hybrid seed production, Vectors such
as bees and thrips have also been tried for pollination by
some researchers.

ldentification of desirable cross combinations giving
signtficantly higher seed yield combined with the use of
male sferile lines and methods of producing large
quantties of hylrid soybean seed have not yet reached
the feve! of commercial acceptabiity.

Augmenting food and feed uses of soybean

Soybean has a long history of its use as a traditionai
source of food and feed in the Indian sub-continent
especially in northern regions starting from the erstwhile
North West Frontier Province to Kumaon to Nagaland as
documented by Tiwari (2001). At present, soybean is
being utilised as a cash crop through the impornt of DOC
earning abou! Rs. 1500 crores annuaily. A negligible
partion of soybean is utilised for food uses in the country.
Qil, in fact, comes as a by product. Country loses a huge
amount of protein owing to the export of soymeal. The

recent trend of increased home-utilisation of soymeal to
the tune of 1.0 milion tonnes in India is highty encouraging
{Jain, 1999). Recession in the global price of soymeal has
also prompted several private agencies and sofvent
extraction plant owners to initiate diversified use of
soymeal in the country itself. Still in near future the use of
soyhean as an animal feed will be much more than as
human food,

There is a great need lo introduce nuliness for
anti-nutritional factors  wiz.  trypsin inhibitor and
lipoxygenses. In India, the varieties developed with high
protein and oit namely, ‘Punjab 1' (41% protein) and 'NRC
7' (up to 22% oil) are avajlable. Similarly varieties like
‘Punjab 1', 'Hardee® and 'PK 472" have been found suitable
for food uses and 'tofu’-making and the tofu’, soy-paneer,
ptepared using these varieties has organoleptic
acceptance in India (Bhatnagar and Tiwari, 1981).

As stated earlier, null-linesfvarieties for anti-nutritional
factors (ANF) are not yet available in india. However,
screening for lipoxygenases and trypsin inhibilor content
atthe NRCS, indare has helped inidentifying varteties with
relatively tower content of these ANFs. Varieties namely
'Hardee' and ‘Punjab-1' were identified to possess low
level of trypsin inhibitor activity (Kumar et af. 2001).
'Shilajeet’ and KhSb2' were found 1o possess the lowest
levet of lipoxygenase-! and lipoxygenase-H + il
{coltectively) among the Indian varieties tested whereas
among indigenous material, 'Punjab 1" and US 2' were
found to be fow in lipoxygenases-| as well as lipoxygenase
W+ (collectively) (Kumar ef al. 2002). The varieties
identified with tow level of lipoxygenases can be exploited
for food uses of soybean as the various soy-products
prepared therefrom would be associated with low level of
beany fiavourfoff-flavour. Recently a green soybean
variety, 'Hara Soya (Himso 1563}, has been developed
which is suitable for use as a vegetable at green pod
stage.

The presently available and identified varieties with
relatively low tevels of ANFs may not be enough to meet
the growing need of the industry. There is aneed to further
develop varieties suitable for food uses. This is being
atiended to at the NRCS (ICAR). Further efforts in
breeding varieties for diversified uses and their qualitative
evaluation are continuing with a renewed thrust. There is
a need to introduce null-lines for ANFs and alsc lines with
desirable food qualily characters for use in Indian soybean
improvement programme,
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Abstract

Niger is extensively grown as a rainfed crop in
marginal and submarginal sloppy lands by tribal
farmers., The fluctuating yields in different parts of
India, require the development of stable genotype of
niger actoss the environment. Niger varieties show a
wide range of fluctuations in their performance. Some
genotypes perform well over a wide range of
environments while others require specific
environmental conditions to express their full genetic
potential. This paper critically reviews the existing
information on stability and G x E interaction (linear
and nonlinear) in niger crop, which can be helpful to
the Breeder to make progress in niger improvement
program for development of stable variety with high
yield potential across the environments.

Key words:  Stabiiity, G x E, niger

Introduction

A successfully developed new cultivars should have
susiained stable perfformance and broad adaptation over
a wide range of environments, in addition to high vyield
potential. Evaluating performance stability and range of
adaptation is becoming increasingly important for
breeding programs. Many methods of =analysis for
stability have been proposed. The regression technique
for examining the G x E interaction was first suggested
by Yates and Cochrar {1938). This technigue was
used and modified by Finlay and Wilkinson (1963} to
analyze the adaptation of 277 barley cultivars grown
at different environments. Later, Eberhart and Russel
{1966) proposed the use of two stability statisticsie,
regression coefficient (bi) and deviation from
regression (S%,) to estimate stability. They defined a
stable cultivar as one having a regression coefficient
of unity (bi = 1) and a minimum deviation from
fegression (S%; = 0). Genotypic stability analysis was
Proposed by Tai (1971), using a model that measures
the linear response of a genotype to environmental

effects (ai) and the deviation from linear response
(). He defined a perfectly stable cultivar as one that
has (ai, & } = (-1, 1). A cultivar of average stability has
(i, hi) = (0, 1 ). Tai (1971) approach is similar to that of
Eberhart and Russel (1966) in attempting to determine the
linear response of a cultivar to the enviranmental effects.
Tai's model differs in the estimation of statistics
determining stability. Theoretically, it involves an extension
of the conventional mathematical model for the analysis of
variance, and it estimates the potential of a genotype to
stabilize its performance over various environments:
Plaisted and Peterson {1959)used analysis of variance to
estimate the variance component of G x E interaction for
individual genotype in one year. Wricke {1962) proposed
to use to G x E interaction effects for each genotype as a
stability measure ,which he termed as ecovalence (Wi ) .
Shukla (1972) developed an unbiased estimate using
stability variance of a genotype and a method to test
significance of the stabilty variance for determining
stability of a genotype, This method used a covariant to
remove the linear effect from G x E interaction . The
remainder of this interaction could be assigned to each
cultivar and the significance of each component could be
tested. The statistical formulae, application, and
relationship of some of the methods described above were
discussed by Lin ot g/ (1986) and by Becker and Leon
(1988). Eberhurt and Russel {1966) method has been
used extensively in crop breeding programmes, but those
proposed by Tai (1971) and Shukla (1972) have seldom
been used. Lin and Binns (1988) concluded that since
stability and adaptability are important selection criteria in
breeding programmes, additional research on stability is
needed for a better estimate of crop performance and
adaptability.

The adaptation of a crop, its ability to survive in a particular
environment and to exploit its various  productivity
features, is under extremely complex genetic control
{Hawtin ef a/,1986) . A plant must be able to withstand
extremes of temperature, moisture, photoperiods, light
intensity, and a range of soil physical and chemical
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Jitions. {t must be capable of exploiing both its
physical and biological envitonments, and be able 1o
remain productive under biotic stresses. It must thive in a
diversity of locations and under conditions that may vary
widely, gradually rapidly, throughout its ite cycle.

The total edible oit consumption is projected to increase at
5.5 to 6.0%/annum, of which about 2% will be on account
of rise in population and the rest due to increase in
purchasing powes. Thus, there is an urgent need (o step
up oliseed production on a sustainable basis to meet the
needs of increasing population and expanding demands
(Hegde, 1998). Therefore, significant improvement in crop
productivity must be achieved by identifying suitable stable
vanety over locations and seasons for seed yield is today's
demand. In view of this, the present paper deals with the
current status of knowledge and future research needs to
develop genotypes with desired responses at varying
environmental conditions in niger.

Stability and G x E interaction in niger

in india, niger although a minor oilseed crop in the World
and national economy of India, is of considerable
importance for rainfed conditions on poort soils in marginal
lands. India is the chief producer of miger in the world. The
low yields of niger are due to poor seed setting resulting
from prolrandrous self incompatbiity mechanism
reinforced by vector poliination and inconsistency in
performance of a genotype over ipcations and seasons.
Thus, the goal of the niger breeder must be to develop
superior varietal population, to obtain diverse types and
churning of suitable recombinants for stable genatypes of
niger over a wide range of environments, otherwise it will
be a day dream. The presence/absence of finear/nonlinear
G x E interaction as reported by different research workers
is presented in Table-1.

Joshi and Patil (1982) studied four promising introductions
of niger at three focations in Maharashira State for seed
yield. They observed significant G x E interaction for seed
vield, however the nonlinear component of G x E
Interaction was larger in magnitude. The Digraj location
Wwas the favourable environment and \gatpuri location was
the poorest enviranment {GP-76 had highest seed vield,
thaugh s tegression value was fitfle more but its
d_ewahons were the least, indicating its adaptabifty to
different envionments and an  ideal genotype in the

present study. The performance of ali introductions was
vety poor at lgatpur.

V.erutkar and Upadhyay (1989) evaiyated nine varieties of
niger for stability parameters with respect to seed yield
and its  components in nine environments, created by
agronromic manipulalions under rainfed condition. The
creation of environments by Manipulating sowing dates
and fedilizer doses was effective in generating variability
i environments as indicated by significant environments.
There were significant differences among the regression

10

values of nine genotypes as indicated by significant
G x E sum of sguares. This suggested that variations in
the performance of varieties when grown over
environment could be predicted. The linear component of
G x E interaction was larger in magnitude than nonlinear
component for all the traits. Mean square due to pooled
deviation were also significant for all attributes, except
1000 se=d weight. Thus, the performance of varieties with
respect to 1000 seed weight was entirely predictable in
nature; while that of other traits was not. CHH-T was the
only genctype found to be sfable and desirable for seed
yield/ptant. This variety was found stable for plant height
and 1000 seed weight also. However, Gaudaguda-1 and
N-71 has yielded significantly higher than other culfivars
but significant deviation from regression renders them
unstable and hence undesirable Variety ONS-4 with
lowest yield was found to be the most unstable and
undesirable for all the traits except 1000 seed weight.

Mista ef al (1991) studied eighteen improved niger
vatigties during rainy and wintes season for two years
Average yield during rainy and winter season were 4.6 and
6.4 g/ha respectively. A vield reduction of 28% (1.8 g/ha)
in rainy season was mainly due to rains during flowering
petiod which prevented insect pofiination. The varieties
showed differential adaptation to different seasons. The
varieties suitable for rainy season were: ONS-7, ONS-5
ONS-2, GA-10 and CHH-1 and winter season were:
ONS-4, GA-1, ONS-2, ONS-8 and GA-5,

Upadhyay {1993} evaluated ten genotypes of niger over
four years for stability parameters with respect to seed
yield and six other vyield components under rainfed
conditions. Linear as well as nonlinear G x £ interaction
was observed, however, nonlinear portion was larger in
magnitude for yield components and linear portion for
seed yield. CHH-3 was found to be stable and desirable
genotype for all traits studied under varied environmental
conditions. Varieties fike CHH-1, CHH-2 and Ootacmund
with high seed vield were also stable for most of the
characters including seed yield

Kumar ef al. (1983 and 1994) studied 20 niger selections
for their stability of yieid and seven yield attributing trails
over four different crop growing conditions. They cbserved
presence of G x E interaction; however, linear portion of
G x E was much larger in magnitude for all characters
except days to 50% flowering and capitulasplant, They
have identified few stable selections wiz, Phule-1 and
GA-10 for seed yield/ptant. Similasly N-5 and ONS-8 for
1000 seed weight and NBC-2 and KEC-7 for ol content,
Gaudaguda for days to maturity, over a wide range of
environments. Therefore, they have suggested that such
genotypes may be used in hybridization programme to
converge stabilty characteristics of these genotypes for
different yield contributing traits to the development of a
stable vatiety/varieties in a wide range of environments,
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Kumar et al. (1998) studied 20 niger genotypes under four
micro-environments for yield/ plant, oil content, harvest
index and five other yield components. They have
compared the mode! of Eberhart and Russel (1966) and
Perkins and Jinks (1968} and concluded that both the
models were associated with each other, thus ranking
pattern of genotypes far their stability in both the models
were same. However, no genotype has shown average
stability for all the traits. The genotypes Phule-1 and
GA-10 were stable for yield/plant and NBC-2 and KEC-7
were stable for ail content.

Borole et al. (1998) evaluated eight genotypes of niger at
seven locations in Maharashtra State for selection of
stable variety of niger. They observed significant G x E
interaction. On partitioning of it, the linear component was
larger in magnitude for all traits studied; indicating
prediction can be possible across the environments. The
genotype !GP - 76 was found with average stability for
yield and yield companents.

Kumar ef af (1998a) studied 20 niger genotypes for
stability, on the basis of 12 yield related traits obtained
from trials conducted at Ranchi ( Bihar) during kharif 1988
under four experiments (combination of late sown/ normal
sown and fertilizer/ non-fertilized). G x E interactions were
found to be significant for several characters. They have
concluded that the cultivars Phule-1, Gaudaguda, GA-1,
GA-10, N-5, NBC-2 and RCR-140 may be used in
hybridization programme for development of stable
varieties for range of environments.

Patil ef al (1998} studied adaptability analysis for seed
yield and other seven vield camponents for 12 genotypes
of niger aver six environments. Significant differences
were observed for genotypes and environments,
suggesting presence of substantial genetic variability
among genotypes and environments studied. G x E
interaction was observed significant for all traits studied.
However, the linear compenent has contributed major
share. The genotypes viz.; IGP - 76 and IGPN - 9628 were
found responsive and adaptable to all environments for all
the traits; while, IGPN - 9810 was responsive and stable
for seed yield (qfha), days to flower, days to maturity and
branches/ plant. The correlation among the stability
parameters indicates that those are under the control of
different gene or genes in combination in niger.

Hegde et al (1899b) studied 13 genotypes of niger over
seven locations in India for seed yield, days to flower, days
to maturity, capsules/plant and branches/plant. They
observed presence of G x E interaction; however, linear
G x E interaction shares more than the nonlinear G x £
interaction. for all the traits studied; suggesting possibility
of predicting the performance of a genotype across the
environment. The genotype viz.; JNS -1, JNC - 3, GA - 10
and IGP - 76 were fesponsive and stable across the
environments for all traits studied.

"

Hegde ef al. (1999a) evaluated six niger composites aling
with three check varieties at seven locations viz:
Semiliguda, Udaipur, Kanke, Jagadalpur, Igatpuri, Raichur
and Chhingwara. They have reported presence of G x E
interaction for all characters, however, linear component
was larger in magnitude than the nonfinear G x E
interaction for all characters, suggesting the variation in
the performance of different composites can be predicted
over environment. Environment + {G x E) interaction was
also found significant for all traits, On examination of
individual parameters of stability for different composites
and varieties, it is concluded that the composite JNC - 11
and variety IGP-76 possess average stability for all
characters, suggesting their suitability for inclusion in
breeding programme for development of stable
variety/composite. The correlation among stability
parameters indicated that stability parameters are under
the control of different gene or genes in combination.

Hegde et al. (1999) evaluated eight genotypes of niger
over seven locations with respect to seed yield. Significant
G x E interaction was observed. On partiticning linear
component was higher than the nonlinear component.
Accordingly, the genotypes viz. JNS-7, GA-10, BNS-9,
SNS-8 and No.71 were observed to be well adapted over
environments. Mean performance was positively and
significantly associated with regression coefficient and
coefficient of determingtion, indicating that the genotypes
with high mean performance were in general, better
responsive to favourable environment. A positive and
significant correlation was also observed, indicating that
the stability parameters were governed by independent
genetic system in niger.

Patil ef &l (1599 ) conducted adaptability analysis for seed
yield and other seven-yield component for 12 genotypes
of niger over six environments. Significant differences
were observed for genotypes and environments,
suggesting presence of substantial variability among the
genotypes and envirpnments studied. Genotypes x
Environment interaction were observed for all characters
studied. However the linear component has contributed
major share. The genotypes viz., IGP-76 and IGPN-9528
were found adaptive and responsive to all environments
for all the traits, while IGPN-9610 was found responsive
and stable for seed yield g/ha, days to flower, days to
matusity and branches/plant. The correlation among
parameters indicates that they appeared to be under the
control of different gene or genes in combination in niger.

Goswami et al. (2000) studied the performance of eight
strains of niger under All india Co-Ordinated Programme
at six locations during kharf 1998 for four characters. The
G x E linear was significant for grain yield {g/ha).
Suggesting the differential responses under different
locations. The strain JNC-11 was found highly stable for all
characters studied.

Hegde ef al (2000) evaluated eight eiite genotypes of
niger over seven locations for seed yield and other three
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“ attributes.  Significant mean sum of square due to
genotypes, environments, G x E interaction were
observed. Both the components of G x E interaction for the
expression of these traits, hawever, linear cormponent was
farger in magnitude than the non-liner. BNS-8, SDN-8 and
IGP-76 possessed average stability for all the traits
studied. Thus, it was recommended that these genotypes
may be utiized for hybridization programme in the niger
tmprovement work. Significant and positve correlation
between mean performance and regressicn coefficient,
coefficiant of determination was observed for all the traits,
revealing that the genotypes with high mean performance
for these traits were in general better responsive to the
favourable environments. The stability parameters
appeared to be governed by different gene or genes in
combinatian in niger.

Patil and Purkar (2000) evaluated seven slite genotypes
of niger along with three released varieties as check for
stability pararmeters with respect to seed yield and oil
content at five locations in Maharashtra state under rainfed
condition. Significant differences for genotypes and
environments were observed indicating presence of
sufficient genetic variabiity among genotypes and
environments studfed. The G x E interaction was found
significant On partitioning of it into linear and non-finear,
both components were ohserved significant. However,
linear comporent was larger in magnitude than the
nanlinear camponent of G x E interaction, suggestion that
prediction can be possible across the environment for
seed yield and off content. The genotypes IGPN-9628 and
IGP-786 for oil content were found to be stable. The study
of association among the stability parasmeters indicated
that the stability parameters were found under the control
of different gene or genes in combination.

Patil et 4/{2000) evaluated eight genotypes of niger oves
seven locations in Maharashtra State for seed yield and
five yield components. The variance due to genotypes,
etwvironments, G x E interactions, environment + (G x E}
and environment linear were found significant On
partitioning of G x E interaction, both components were
significant, however, linear camponent was larger in
magnitude, indicaling #s significance in the inheritance of
these traits. On perusal of individual paramster of stability,
the genntype \GP - 76 was found most responsive and
stable for all characters studied. The genotype Phule - 4
was found stable for seed vield and capitula/plant;
whereas, UN - 4 have shown below average stability for
1000 seed weight and seeds/capitulum.

Patit {2001} studied ten genclypes of niger at five

locations in the Maharashirg state dunng kharif 1837-88 |

under rainfed condtions. Genotype x Environment
interaction was present for all the characters studied. On

partitioning of it, linear and non-iinear, bath components

were equally responsible. However, the linear compaonent
was larger in magnitude for all traits except days to flower.
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The genotypes GP-78 for all traits and 1GPN-8628 for all
traits except days to mahuwrity were found responsive and
stable. The study on correlation among stability
parameters suggested that the stability parameters
appesared to be governed by different gene or genes in
combination with niger.

Patil ef al {2002) studied adaptabiiity analysis for seed
yield and seven yield compenents for 12 genotypes of
niger. Significant differences were observed for genotypes
and emvironments, suggesting presence of substantial
genetic variability among the genatypes and environmenis
studied. G x E interaction was observed for all characters
studied. However, the linear component has contributed
major share. The genotypes viz; IGF - 76 and IGPN - 9628
were found responsive and stable for seed yield, days fo
flower, days to matuily and branches/plant. The
correfation among the stability parameters indicated that
they appeared to be under the control of different gane or
genes in combination in niger.

Stategies to be followed to develop stable genotype

The breeding appreach should be based on sporophytic
self incompatibility system. The methedology to enhance
inbreeding, showid be standardized to develop 8, S, lines
as in maize. The best combiners based on combining
ability studies can be selected and suitable mating system
may be followed to deveiop synthetics and compuasites.
The progress in these systematic studies depends on
continuous hard work and the generation of quality data.

Whaen fixable additive variance is more, the parents show
a high GCA indicating the absence of inbreeding
depression. However, in niger the heterozygosity is
maintatned oy the presence of self incompatihility, Hence,
the breeding programmes should based on  the
reproductive system, Secondly, the thrust should be given
for oif quality and byproducts utitization since they are of
having export value which will fetch more foreign exchange
to the country and wiil help in boosting up the ecenomy of
the country.

The niger seed contains 40 to 43% of with fafty acid
composition of 75 to 80% linolic acid, 7 to 8% palmitic and
stearic acid (Dagne and Jonsoon, 1897}, Thus, it is very
good and safe oil for human consumption as the oil
containing high amount of finolic acid prevent
cardigvascular disorders such as coronary heart disease,
antherosclerosis and high bloed pressure. There are
repoits also that niger oil is used for birth controf and for
treatment of syphilis (Belayneh, 1961). Such an impardant
cilseed crop improvement must get momentum in the
improvement wark by utilizing the breeding techniques
such as development of seff compatble fines and
inbreeds, synthetics, composites, component breeding
approach and heterosis breeding approach as suggested
by Trivedi of a/{1987) and their evaluation across the
environments for consistency in the performance.



Patit ef a7

Table 1 Presencefabsence and magnitude of G x E interactjop n niger as reported by different workers

Reference
Joshi and Patil

Vetulkar and Upadhyay

Upadhyay

Kurnar et al.,

Kumar et al.,

Kumar ef af.,

Kumar of af.,

Hegde et al.,

Hegde et al,

Year

Character

1982

1980

1993

1993

1994

1998

1998a

1899

1998

Seed vyield

Days 1o flower
Days to maturity
Piant height
Branches/plant
Capsules/plant
1000 seed weight
Seed yield/plant

Days to flower
Days to maturity
Plant height
Branches/plant
Capsules/plant
1000 seed weight
Seed yield/plant

Oil content

Days to flawer
Days to maturity
Plant height
Capsules/plant
Capsule diameter
1000 seed weight
Seed yield/plant
Oil content

Days to flower
Days to maturity
Plant height
Capsules/plant
Capsule diameter
1000 seed weight
Seed yield/plant
Oil content

Days to flower
Days {o maturity
Plant height
Capsule dameter
1000 seed weight
Seead vield

Qil content
Harvest index

Days to maturity
Branches / plant
Capsules / plant
Seed yield g/ha.

Days to maturity
Branches / plant
Capsules / plant
Seed yield g/ha.

13

Linear Nonlinear
* Low ** High
EL] ngh e i_ow
™ High ** Low
** High **Low
** High | oW
** High ~{ow
NS Low * High-
** High * Law
** Low ** High
* Low ** High
** High ** | ow
- ngh ** |_ow
™ High **Low
** Low ** High
** High ** Low
** High ** High
*Low ** High
" High *Low
** High **{ oW
NS Low NS High
* High NS Low
** High * Low
NS High NS Law
* High ** | ow
* Low ** High
* High *Low
** High NS Low
NS High NS Low
NS Low * High
“* High * Low
NS High NS Low
™ High ** High

T low * High

* High * Low
** High NS Low
* High NS Low
* High * Low
NS High NS Low
NS High | ow
NS High NS Law

-Qriginal not seen -
** High * Low
* High * Low
** High ** Low
** High * | ow
** High * Low
** High * Low
™ High “ Low
** High “* Low
Contd....
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«Reference Year Character Linear Noenlinear
Hegde et af, 1999 Seed yield g/ha. ** High ** Low
Patil ef af, 1969 Seed yield gtha ** High * Low
1000 seed weight ** High * Low
Seeds / capitulum ** High * Low
Capitula / plant * High * Low
Days to maturity ** High * Low
Plant height * High * Low
Hegde ot af., 2000 Days to maturity * High * Low
' Branches / plant * High " Low
Capsules / ptant ** High ** Low
Seed yield g/ha. ** High “* Low
Patil f al, 2000 Seed Yield (q/ha) ** High *Low
1000 seed weight ** High * low
Seeds/Capsule ** High ** low
Capsules/plant * High * low
Days to Maturity ** High *low
Plant height * High *low
Patil and Purkar 2000 Seed Yield (gfha) * High * fow
Oit content per cent ** High ** tow
Goswami ef al., 2000 Grain Yield g/ha ** High -
Days to Maturity - High
Branches/plant - High
Capsules/plant - High
Pati 2001  Seed Yield (g/ha) * High * Low
Qil content {per cent) NS High NS low
Seeds/capsule ** High * low
Capsuies/plant * High * low
Branches/plant * High *low
Days ta Maturity * High *low
Days ta flower NS tow NS High
Plant height * High * low
Patil et al, 2002 Seed Yield {g/ha) * High * low
and its components
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tion in seed and pod characteristics in relation to cooking time

among valencia groundnut, Arachis hypogaea L. germplasm
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Abstract

The freshly harvested in-shelt groundnut {Arachis
hypogaea L.) and groundnut seeds boiled in brine are
consumed as snacks in many parts of the world.
Groundnuts with 3-4 seeded pods, large-seeds, low
cooking time (CT), low oil and high protein contents,
and sweet taste are prefetrred for boiling uses. Thirty-
three vaiencia germplasm lines were grown during the
1995 rainy and 1995/96 postrainy seasons at ICRISAT
Center, Patancherd, India. Fresh- and cured-pods and
seeds of each genotype were evaluated for
phySicochemical traits and CT. The CT of untreated
{without pre-soaking) and pre-soaked {water or 1%
brine) seeds and pods were compared. The pre-
scaked treatments resulted in significant reduction in
CT. The reduction in CT was greater in brine-soaked
seeds and pods than that of in water-soaked seeds
and pods. Growing season had significant influence
on CT. For fresh-seed bolling, the produce of
postrainy season and for cured-seed boiling, the
praoduce of rainy season was preferable. There was no
consistency in association of CT with seed traits. It
changed with treatments of seeds. ICG# 326, 1307,
2148, and 6224 were the most preferred genotypes
identified for boiling uses. These can be used in a
breeding program to develop better boiling type
groundnuts.

Key words: Peanut (Arachis hypogaea), cooking

time, boiled groundnut, germpiasm
Introduction

Groundnut (Arachis hypogaea L.) is the world's fifth most
impartant source of edible oil and vegetable protein. It
contain 44 to 56% oil and 22 {o 30% protein on a diy seed
basis and is a rich source of minerals {phosphorus,
calcium, magnesium, and potassium) and vitamins {E, K,
and B group) (Savage and Keenan, 1994). Oleic, linolic,
and palmitic acids together account for over 80% of the
total fat in groundnut oil {Dwivedi et a/, 1983). Sucrose
accounts for 90% of the total carbohydrates among
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different botanical types in groundnut (Pattee et &/, 2000).
About two thirds of the world groundnut production is
ctushed for high quality edible oil and the remainder is
consumed as human food in various forms. Over the last
three decades, there has been a gradual shift away from
oil and meals into confectionery use, with major increase
in Asia, Latin America, and the Caribbean countries than
in Africa (Freeman et alf, 1999). The food uses of
groundnut include {i} peanut butter, (i) roasted shelled
nuts, (i) in-shell roasted nuts, (iv) in-shell boiled nuts, (v)
confections and candies, and (vi) groundnut-based fofiified
foods.

The freshly harvested in-shell groundnut and groundnut
seeds boiled in brine are consumed as snack in many
parts of the world. Genotypes with a greater proportion of
4~ and 3-seeded pods, large-seeds, low cooking time, low
oil, high protein, and sweet taste are preferred for boling.
Groundnut genotypes belonging to the valencia group
(subsp. fastigiata var. fastigiata) have higher proportion of
3- and 4-seeded pods, and seeds are sweater in taste
than other botanical groups. Not much is known about
seed and pod traits preferred in boiing use, their
interaction with each other, and the genetic variation
available for them.

Duration of cooking time affects the seed composition of
groundnut. Long duration causes a reduction in soluble
carbohydrates, soluble protein, and free amino acids, but
total protein, insoluble carbochydrates, and oil remain
unaffected, While the total seed protein content remains
unaffected during boiling, the protein and polypeptide
compositions are greafly altered (Murugesu and Basha,
1889). The duration of cooking and cooiing time also
alfects the salt concentration of frozen boiled valencia
groundnut {Ammerman ef &/, 1971). Heating temperature
has a highly significant effect on the flavor scores of
peanut paste. Samples heated in water at higher
temperatures had less of the flavor usually associated with
raw, wet groundnuts and were not as ‘harsi’ or ‘bitter’ as
those heated at lower temperatures (McWatters and
Heaton, 1974). Seed weight and volume, swelling index,
and hydration capacity were positively correlated with
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cooking time in chickpeas (Williams et a/, 1983). Cooking
time was negatively cotrelated with soluble sugar and
positively correlated with protein content of dry legumes
{Akinyele of al., 1988).

The present experiment was carried out to study variation
in 33 valencia groundnut germplasm lines for seed and
pod characteristics in relation to cooking time, and to
identify genotypes with desirable traits for boiling uses.

Materials and methods

Thirty-three valencia germplasm lines including control
cultivar Gangapuri were grown unreplicated under high
input (4.2 kg P/ha as basal, 400 kg Gypsum/ha at peak
flowering, irfigation, and protection against insect pests
and foliar diseases) conditions during the 1995 rainy and
1995/96 postrainy seasons at ICRISAT Center,
Patancheru, India. They were individually bulk harvested
at maturity in each season and the bulk pod samples were
brought to laboratory for cleaning and storage. The
cleaned fresh- pods and-seeds, and cured-pods and-
seeds (pods sun dried to seed moisture content of about
8%} bulks, each divided into nine samples, were stored in
a cold room at 5° C. The nine samples, which served as
experimental units corresponding to each pod/seed
treatment, were randomly allocated to three soaking
treatments, untreated (without effecting pre-soaking), pre-
soaking (16 h) of pods and seeds in distilled water, and
pre-soaking (16 h) of pods and seeds in brine (1% saline),
each treatment receiving three samples. Observations on
optimum cooking time of seeds and pods of each
genofype under three soaking treatments, fresh- and
cured-pod weight, seed weight, seed volume, and seed
density of the cured-seed; and hydration and swelling
capacity of the pre-soaked {in water and brine) fresh- and
cured-pods and-seeds were recorded as follows.

Cooking time {CT): For determination of CT of seed, a
block digestor (Model 20 DB, Tecator, Sweden) was used
to maintain uniform and constant temperature. Twenty-
five mature seeds of uniform size were placed in a 250 ml
glass digestion tube containing 100 ml of bailing distilled
water. For determining CT of pod, 10 mature pods of
uniform size were placed in 100 ml boiling water in a 250
ml glass beaker covered with watch glass on a sand bath.
Boiling in both cases continued until the desired softhess
of the seed, as determined by pressure of the fingers, was
realized. The time taken {in min) to achieve the desired
softness in the seed was recorded as the CT of the
sample (seed or pod).

Pod weight (PW) and seed weight (SW). Randomly
selected ten mature pods or 25 mature seeds were
weighed (in g).

Hydration capacity (HC). Twenty-five seeds or ten pods
were transferred to a 250 ml beaker containing 100 m}
water or brine and left at room temperature for 16 h. The
hydrated seeds or pods were taken out and the water on
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nods or seeds surface was removed by absorbant paper.
These pods or seeds were reweighed to determine HG; »f

HC/seed = (Weight of sample after soaking — weight of
sample before soaking)/ # seed

HC/pod = (Weight of sample after soaking — weight of
sample before soaking)/ # pod

Seed volume (SV): Twenty-five mature seeds were placed
in a 100 m! measuring jar containing 30 m! of water and
the increase in volume was recorded as the volume of the
seeds (in ml).

Seed density (SD): it was calculated as the ratio of seed
weight tc seed volume in g/ml.

Swelling capacity (SC). The soaked seeds obtained from
HC observation were placed in a 100 ml measuring
cylinder containing 40 ml distilled water and the increase
in volume was determined to calculate SC;

SC/seed = (volume of the sample after soaking — volume
of the sample before soaking)/ # seed

The observations on shelling and chemical characteristics
of each genctype were recorded as follows.

Shelling characteristics: A random sample of 500 g
mature cured pods of each genotype was taken to record
pod and seed characteristics. For seeds per pod, the bulk
ped sample was separated into 4-, 3-, 2- and 1-seeded
pods. The proportion for each category of pods was
determined and seeds per pod was expressed based on
the descending order of their proportions of different
number of seeds per pod for a given genotype. Later on,
same pod sample was shelled to determine the shelling
outturn. From the shelled seeds, 100-matuse seeds were
randomly selected and weighed for seed mass (in g).

Chemical characteristics: Bulk sample of untreated
{without pre-scaking} sound mature cured-seeds of each
genotype was analysed for oil and protein contents and
fatty acid composition. Qil content was determined using
Nuclear Magnetic Resonance Spectrometry (Jambunathan
et af, 1985). For estimating protein content, nitrogen
content was determined by Technicon auto analyzer
{Singh and Jambunathan, 1980} and a factor of 5.46 was
used to convert nitrogen into crude protein content. Fatty
acid methy! esters (FAME) of triglycerides were prepared
(Hovis et al, 1979) and analysed to estimate individual
fatty acid contents {Dwivedi ef g/, 1993). From the fatty
acid estimates, the following seed quality characteristics
were determined (Mozinge ef al, 1988) : (i} oleic
{O)finolenic (L) acid ratio = % oleic acid/% linclenic acid;
(i) polyunsaturated (P)/saturated (3) acid ratio = %
linolenic acid/total saturated fat (TSF), where TSF = %
palmitic acid + % stearic acid + % arachidic acid + %
behenic acid + % linghoceric acid.

Statistical analysis for PW, SW, SV, 8D, HC, and CT was
carried out following a multi-factor completely randomized



-+ and pod characteristics in refation to cooking time among valencia groundnut gerrhplasm

i) ~ralysis of variance. Simple correlations among
these traits were determined. No statistical analysis was
carried out for sheling and chemical characteristics as
they were based on single determination.

Results and discussion
Variation in PW, HC, and CT of fresh- and cured-pod

Pod boiled in water without pre-soaking: The
genotypic differences in PW and CT of the fresh-and
cured-pod were significant (P<0.01). Their range and
mean are presented in Table-1. The average fresh PW
was significantly greater than cured PW because of higher
moisture content in seed and shell in the former. No
genotype recorded significantly greater fresh PW than
controi Gangapuri {49 g). However, ICGs 43, 288, 2738,
3195 and 6479 had significantly lower fresh PW {35-
39 g) than Gangapur. None of the genotypes showed
significanly greater or lower cured PW than Gangaputi
(31 g). This indicated that genotypes had varying moisture
content in pod at the time of harvest. However, after curing
the difference in moisture content disappeared and cured
PW became similar. The average CT of cured-pods was
6 times more than that of fresh-pods (34 min). The CT of
fresh-pod in all genotypes including Gangagpurl {34 min)
did not differ significantly with each other. The differing
moisture content of fresh-pod of genotypes did not have
any influence on their CT. While ICGs 319, 355, and 1961
recorded significantly lower CT for the cured-pods (180-
187 min), the remaining genotypes did not differ
significantly from Gangapuri {205 min).

Pod pre-soaked prior to beiling: The differences for HC
and CT between fresh- and cured-pods, and pre-soaking

treatments (water and brine), and among genotypes were
significant (P<0.05-0.01).

The range and mean for HC and CT of the pre-soaked
fresh- and cured-pods of 33 genotypes are also presented
in Table-1. The HC (g/seed) of cured-pods was more than
2.5 times greater than that of fresh-pods in both pre-
soaking treatments, primarily because of the initial higher
moisture content in the latter. The HC of fresh-pods was
similar in bath water and brine. The same was also true for
cuted-pods, The HC of water soaked-fresh pods of test
genotypes was similar to that of Gangapuri; but for cured-
pods, it was, in case of ICG 1384 (1.04 g/seed), ICG 6224
{0.74 g seed), and ICGs 1307 and 6479 {(D.73 g/seed
each), significantly greater than Gangapuri (0.62 g/ seed).
The HC of prine soaked-cured-pods of ICGs 42, 288,
1611, and 30 was significantly lower (0 .44-0.45 g/seed)
and that of ICG 6224 (0.78 g/seed) significantly greater
than that of Gangapuri (0.64 gfseed). The average CT of
brine-scaked fresh- and cured-pods was significantly lower
than that of the water-soaked fresh- and cured-pods. The
average reduction in CT of brine-soaked pod was 3 min for
fresh-pods and 7 min for cured-pods. Genotypic
differences in CT of water- and brine-soaked fresh-pods
were nansignificant. The CT of water-soaked cured-pods
of 29 genotypes (112-127 min) and of brine- soaked
cured-pods of 9 genotypes (105-112 min) was significantly
lower than Gangapuri {135 min for water-soaked and 120
min for brine-soaked cured-pods). 1CGs 42, 319, 326,
355, 1384, 1830, 2148, and 3195 were common in both
soaking treatments. ICGs 319 and 326 in water-soaked
{111.7 min) and ICG 2148 in brine-soaked (105.0 min)
treatments had the lowest CT. These three genotypes also
had the lower CT than Gangapuri for cured-pods without
pre-soaking treatment.

Range and mean of 33 groundnut genotypes for pod weight [PW) and cocking time {CT) of fresh and cured pods boiled in water and

Tante tor hydration capacity {HC) and CT those soaked for 16 h in water and brine prior to boiling, 1995 rainy seasan
Fresh and cured pods boiled in water
Pod type FW (g) CT (min}
Range Mean Range Mean
Fresh-pod 35-55 45 32-38 34
Cured-pod 2437 30 180-217 203
SEmz 0.5 1.1
Fresh and cured pods soaked for 16 hr in water and brine prior to boiling
Pre-soaking Pod type HC (g/pod) CT (min)
Range Mean Range Mean
Water Fresh pod 0.16-0.34 025 26-32 29
L Cured pod 0.46-1.04 0.63 112-137 123
Brine | ' Fresh pod 0.14-0.31 0.22 23-29 26
‘ Cured pod 0.44-0.78 061 105-123 16
SEmx 0.009 06
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Variation in SW, 8V, SD, HC, SC, and CT of the fresh-
and cured-seed

Seed boiled in water without pre-soaking: Differences
between seascns {except for SD), and seed curing, and
among genotypes were significant (P<0.05-0.01) for SW,
SV, SD, and CT. Season x seed curing (except for SD),
season X genotype, seed curing x genotype interactions
were also significant (P<0.05-0.01) for these characte-
ristics. Season x seed curing x genotype interaction effect
was significant only for SV (P<0.05) and CT (P<0.01}).

The post-rainy season produce recorded greater mean
SW (fresh-seed 17.1 g in post-rainy and 12.2 g in rainy
and cured-seed 10.4 g in post-rainy and 7.2+0.09 g in
rainy seasons) and SV (fresh-seed 18.2 ml in post-rainy
and 13.1 mlin rainy and cured-seed 10.6 mil in post-rainy
and 7.420.10 ml in rainy seasons) than rainy season.
Season had no effect on average SD of fresh- and cured-
seeds, The average CT of post-rainy season cured-seeds
was significantly greater (85 min} than that of the rainy
season cured-seeds (62+0.26 min). The average CT of
rainy season fresh-seeds, on the contrary, was
significantly greater (22 min) than that of the post-rainy
season fresh-seeds (17+0.26 min).

The range and mean of 33 genotypes for W, SV, SD,
and CT of the fresh- and cured-seeds are presented in
Table-2. The average SW and SV of fresh seeds were
significantly greater than those of the cured-seeds. The
reverse was observed for 8D and CT. The average CT of
cured-seeds was 3.86 times greater than that of the fresh-
seeds (19 min). ICG 6224, USA 857, and ICGs 3195 and
1929 for SW (15.7-18.1 g), ICGs 1693 and 6224 for SV
(17.3-18.4 ml), and ICG 1929 for SD (0.99 g/ml) recorded

significantly greater values than Gangapuri {SW1 2%‘2"5"

SV 15.9 ml, and SD 0.91 g/ml) for fresh-seeds. The T
differences of fresh-seeds of genotypes were
nensignificant. For cured-seeds, no genotype recorded
significantly greater SW and SV than Ganagapuri (SW 8.3
g, and SV 9.9 ml). The SD of cured-seeds of ICGs 1307,
1672, and 1693 was significantly greater (1.03-1.08 g/mi)
than Gangapuri {0.95 g/ml). Except for ICG 408, which
had significantly lower CT and ICGs 58 and 1757 which
'nad simihar TY as that of Gangapun (B4 min), alt other
genotypes showed significantly greater CT (68-87 min)
than the latter for cured-seeds. USA 857 took longest time
to cook.

Seed pre-soaked prior to boiling: The differences
between seed curing and pre-scaking treatments, and
seasons, and among genotypes were significant (P<0.1)
for HC, SC, and CT. Genotype x seed curing, genotype x
season, and seed curing x season effects were also
significant (P<0.05-0.01) for these traits. Several other
interactions were also significant (P<0.01) for CT,

Effect of seasons was significant for seed HC, SC, and
CT. The HC and SC of postrainy season pre-soaked
fresh- and cured-seeds were significantly greater than
those of the rainy season. The CT of rainy season pre-
soaked fresh- and cured-seeds, on the contrary, was
significantly greater than that of the postrainy season.

The average HC, SC, and CT were significanily reduced
in brine soaked compared to water-soaked fresh- and
cured-seeds {Table-3). The % reduction in HC and SC
was greater in fresh- seeds than in cured-seeds. On the
contrary, the % reduction in CT was greater in cured-
seeds than in fresh-seeds.

Table 2 Range and mean of 33 groundnut genotypes for seed weight (SW), seed volume (SV}, seed density (SD) and cooking
time (CT) of fresh and cured seeds boiled in water, 1985 rainy and 1995/96 post-rainy season
SW (q) SV (ml)
Seed type Range Mean Range Mean
Fresh seed 12.0-18.0 146 12.7-194 15.6
Cured seed 58-103 8.8 63-104 9.0
SEm + 0.06 0.07
Seed type SD (g/mb) CT (min)
Range Mean Range Mean
Fresh seed 0.90-0.99 094 17-21 19
Cured seed 082-108 097 61-87 74
SEmg¢ 0.003 0.2
Table 3 Range and mean of 33 groundnut genotypes for hydration capacity (HC}, selling capacity (SC) and cooking time {CT)
of fresh and cured seeds soaked for 16 h in water and brine prior to boiling, 1995 rainy and 1995/96 post-rainy seasons
Pre-soaking Seed type HC (gfseed) SC {ml/seed) CT (min)
Range Mean Range Mean Range Mean
Water Fresh-seed 0.02-0.09 0.05 0.02-0.08 0.05 19-26 218
Brine Cured-seed 0.25-0.34 0.28 0.20-0.35 027 18-22 369
i Fresh.seed 0.02-0.05 0.03 0.02-0.07 0.04 239-42 194
SEms Cured.-seed 0.22-0.33 0.26 0.21-034 0.26 23-35 28.7
0.003 0.002 0.13
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T2 veater-soaked fresh-seeds of ICG 30 and both, water-
and brine-soaked cured-seeds, of !ICG 6224 showed
significantly greater HC (g/sead) than similatly pre-soaked
seeds of Gangapuri (water soaked fresh-seed 0.042
o/seed, water soaked cured-seeds 0.284 gfseed, and
brine soaked cured-seeds 0.265 gfseed). ICGs 2148,
3114, 3195, 6224, 8479, 1961, and 7223 in water soaked
fresh-seeds, ICG 6224 in water soaked cured-seeds, ICG
2148 in brine soaked fresh-seeds, and ICGs 326, 1929,
3114, and 6224, and USA 857 in brine soaked cured-
seeds showed significantly greater SC (mi/seed) than
Gangapuri {water soaked fresh-seeds 0.027 mi/seed, water
soaked cured-seeds 0.287 mlfseed, brine soaked fresh-
seeds 0.040 miiseed, and brine spaked cured-seeds 0.243
mifseed). ICGs 42 and 58 in water soaked fresh-seeds,
ICG 1307 in water spaked cured-seeds, and ICGs 30, 43,
58, 288, 326, 1307, 1377, 1384, 1611, 1672, 1693, 1830,
and 2148 in brine soaked fresh-seeds had significantly
lower CT than Gangapuii {(water soaked fresh-seeds 21.8
min, water soaked cured-seeds 327 min, brine soaked
fresh-seeds 21.2min, and brine soaked cured-seeds 22.5
min). Severat genotypes which had lower than or similar
CT as Gangapuri, in both water and brine soaked seeds,
had higher CT than Gangaputi an curing. [CGs 42, 1307,
1693 and 355 had lowest CT under different treatments.

Variation in shelling and chemical characteristics

The genotypes differed in seeds per pod, shelling outturn,
100-seed weight, and seed caolor. Al the genoclypes,
except for ICGs 30, 42, 43, and 318, were grouped into
either 4.3-2-1 or 3-4-2-1 seeded pods, a trajt very much
preferied for in-shell bolled groundnut uses. ICGs 30,
288, 335, 326, 409, 1611, 1693, 2148, 3114, 3195, 3217,
6224, and 7223, and USA 857 recarded 70-73% shelling
outturn compared with 8% of Gangapur. Of these, ICGs
30, 409, and 6224 had also higher 100-seed weight (50-55
g) than Gangapuri {42 g). Except for ICGs 319 and 1633
with tan color seeds, the other genolypes were red
seeded. Both red and tan color seeded groundnuts are
acceptabie for edible purpose.

The untreated (without pre-soaking) fresh- and cured-
seeds were boiled and eaten to determine their taste.
Genotypes identified with sweet taste for both fresh- and
cured-seeds were ICGs 30, 1377, 1830, 3117, 6479, and
7223.

ICGs 1377, 1612, and 1757 had relatively low oil (450-460
g/kg dry seeds) and high protein (290 g/kg dry seeds)
contents. Ail the genciypes showed a lower O/L ratio
(0.88-1.02) indicating their shorter shelf-ife (Branch af af,
1880; James and Young, 1983), but had beiter nuliiional
quality because of their higher P/S ratic (1.61-1.96)
{Mozingo et al,, 1988).

Relationship of seed and pod characteristics with CT

Fresh PW (without pre-soaking) was not correlated with
CT but cured PW (without pre-soaking) was correlated
with CT (r = 0.45"). While pre-soaked fresh PW was
negatively correlated with CT (r = -0.27** for water- and
--0.34** for brine-scaked fresh-pods}, no such relationship
was observed in pre-soaked cured-pods.

Correlations among SW, SV, 8D, HC, SC, and CT of the
untreated {without pre-soaking) and pre-soaked fresh- and
cured-seeds are presented in Table-4. For both fresh- and
cured-seeds without pre-soaking, SW, 3V, SD, and CT
{except for SV with CT for fresh-seed} were significantly
positively correlated with each other. SW and SV were
strongly correlated. In comparison with fresh-seeds, a
stronger correiation was observed between SW and SD
and SW and CT in cured-seeds. The reverse happenedin
the case of association between SV and 8D and 8V and
CT. The positive relationship of CT with HC and 3C in
water-soaked fresh-seeds reversed to negative in brine-
soaked fresh-seeds. HC and SC were positively correlated
with each other both in water- and brine-soaked cured-
seeds. The positive correlation of SC with CT in brine-
soaked cured-seeds was not maintained in water-soaked
cured-seeds.

Talle 4 Carrelation of seed weight (SW), seed volume (SV), seed density (SD), hydration capacity (HC}, swelling capacity (5C) and coaoking
1ime {TY) of f1esh and cured seeds bt groundnut bolted N WaieT and Those soaked o1 4% h ' water and brine prior 1o poiling
Treatment Character SW sV 8D cT
Fresh and cured seeds® Sw - ogr 0.356* 0.13
{without pre-soaking) SV 0.96* - 011 0.09
CcT 047 050+ 019" -
HC SC CT
Pre-soaked fresh seed™ HC - 019 0,25
- 8C 0.09 - 0.47+
- CcT Q.11 021 -
Pre-soaked cured seed™ HC - 0.84** 0.08
sC 0.85** “ 0.06
cT 0.08 0,40+ -

# above diagonai = fresh-seeds boiled in water and below diagonal = cured seeds bofled in waler
## Above diagonal = fresh seeds soaked for 16 h in waler and below diagonal = fresh seeds soaked for 16 h in brine prior to boiling
### Above diagonal = cured seeds soaked for 16 h in water and below diagonal = cured seeds soaked for 16 b in brine prior to bolling

*, ™ P<0.05 and 0.04, respeciively
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Discussion

very little information is available in literature on seed and
pod traits preferred in boiling-type greundnuts. n addition
to taste and flavor, CT is the most imponant consideration
in selection of genotypes for boiling uses. Greater CT adds
directly to the cost of processing. From the results
obtained from this study, it is ¢lear that cured-pods take
much fonger {6 times) than fresh-pods to cook. However,
genotypic differences do occur in CT for cured-pods.
Cured-pods of ICGs 318, 355, and 1961 took lesser CT
than other genotypes included in the study. In case of
fresh- pods, there was no difference in CT among
genotypes.

In the case of pre-soaking, the treatment with brine is
beneficial over water in lowering the CT for both fresh- and
cured-pods. Similar results were obtained with black
beans {Phaseolus vulgaris}) when presoaked in Na salt
solutions prior to cooking due to bean softening. The bean
softening was caused by replacement of ions which
stabilize the structure of the intercellular cement by Na
ions through ion exchange or their removal by cheiatin
(Varriano-Marston and Omana, 1979) Genotypic
differences for fresh-pod CT, under both water and brine
pre-soaking treatments, were nonsignificant. But for cured-
pods, ICGs 319 and 326 under water and ICG 2148 under
brine pre-soaking treatment, had the lowest CT. As
expected, the HC of cured- pods was greater than fresh-
pods under both pre-soaking treatments because of the
higher initial moisture content in the latter. The pre-soaking
treatments did not have significant influence on HC of
fresh- and cured-pods. Genotypic differences in HC of
water-soaked fresh-pods were nonsignificant. But ICGs
1384, 6224, 1307, and 6478 had significantly greater HC
than Gangapuri for water soaked cured-pods, ICG 6224
also had significantly greater HC than Gangapuri for brine
soaked cured-pods.

Like cured-pods, cured-seeds also took longer time (3.8
times) than fresh-seeds to cook. Genotypic differences in
CT for fresh-seeds were non-significant. But for cured-
seeds, ICG 408 had CT lower than and [CGs 58 and 1757
similar to that of Gangapuri. All other genotypes had
significantly greater cured-seed CT than Gangapuri. The
average SW and SV were greater in fresh-seeds than in
cured-seeds mainly due to higher initial moisture content
in the former. The reverse was true for SD. ICG 6224 had
SW and SV, ICG 1929 SW and SD, USA 857 and ICG
3195 SW, and ICG 1683 SV for fresh-seeds greater than
Gangapuri. For cured-seeds, no genotype was superior to
Gangapuri for SW and SV. ICGs 1307, 1672, and 1693
had greater cureu-seeds SD than that of Gangapuri.

Like pods, soaking of fresh- and cured-seeds in brine
reduced CT over soaking in water, ICGs 42, 1307, 1693,
and 355 had the lowest CT under different freatments,

Several other genotypes, which had CT lower than or
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simifar to as Gangapuri in the fresh-seeds under, bgth
water and brine soakings, had higher CT than the latter op
curing. Although soaking in brine reduced CT, it also
reduced HC and SC for both fresh- and cured-seeds. Dry
beans, soaked in salt solution, absorbed less water than
when soaked in water (Del Valle ef al, 1992) probably
because of the decrease of osmotic pressure gradient
across membranes of cotyledon cell (Woodstock, 1988).
The HC was greater than Gangapuri in ICG 30 water
soaked-fresh seeds and in ICG 6224 both water- and
brine-soaked cured-seeds. ICG 6224 also had higher SC
than Gangapurn for cured water and brine soaked seeds
and fresh brine soaked seeds. Many other genotypes had
greater SC than Gangapuri under different treatments.

Growing season had a profound effect on most of the seed
characteristics. The produce of postrainy season had
higher SW, SV, HC, and SC both for fresh- and cured-
seeds and lower CT for fresh-seeds than rainy season.
However, CT for cured-seeds of the former was higher
than the latter. For fresh-seed boiling, the produce of
postrainy and for cured-seed boifing the produce of rainy
season should be preferred due to differences in their
CTs. All valencia genotypes have 3- or 4-seeded pods
among others. But their proportion in total pod composition
may vary among genotypes. In the present set of
genotypes, ICGs 58, 288, 326, 335, 408, 409, 1307, 1377,
1830, 1961, 3114, 3117, 3195, 3217, 6224, 6479, 7223,
10462, and 10900 had higher proportion of 4- and 3-
seeded pods than other genotypes. But only ICGs 409 and
6224 scored over Gangapuri for shelling cutturn, which
determines edible yield, and 100- seed weight For
sweetness, ICGs 1377, 1830, 3117, 6479, and 7223
scored over others, ICG 1377 aiso had low oil content.

Many genotypes {(ICGs 30, 326, 1307, 1377, 1693, 2148,
3114, 3195, 6224, 6479, and 7223) had 3 or more
des'rable characteristics associated with boiling use. ICG
6224 had ten desirable traits (greater HC for water
soaked-cured pods, brine soaked cured-pods, water
soaked cured-seeds, and brine soaked cured-seeds,
greater SC for water soaked fresh-seeds and brine soaked
cured-seeds, greater SW and SV for fresh seeds, higher
proportion of 4-3 seeded pods with high shelling outturn,
and greater 100-seed weight) followed by ICG 1307 which
had four (greater HC for water soaked cured-pods, greater
SD of cured-seeds and lesser CT of water soaked cured-
seeds and brine soaked fresh-seeds). The rest had only 3
desirable traits. ICGs 319, 326, 2148, and 1307 had lesser
CT than Gangapuri for pod andfor seed in at least two
treatments.

The association between PW and CT was not clear. The
lack of association between fresh PW and CT became a
negative association on pre-soaking. On the contrary, the
positive association between cured PW apd CT
disappeared on pre-soaking. in the case of cure-seeds,
CT was positively associated with SW, SV, and SD. Butin
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ase of fresh-seeds only SW and SO were positively
asociated and the magnitude of association was smaller
than that of cured-seeds. There was reversal of
association between CT and HC and SC on pre-soaking of
fresh-seeds. In the case of water soaking, the association
was positive but it became negative and smaller when
seeds were soaked in brine. Only SC was positively
associated with CT in case of brine soaked cured-seeds.
HC and SC were not correlated with CT in water soaked
cured-seeds,

Except for the preliminary knowledge of traits preferred by
consumers in boiling type groundnuts, not much is known
about their association with each other and with cooking
ime. Further, how these traits affect cooking time is also
not well understood. More studies are required to address
these issues.
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Abstract

With the objective of studying combining ability and
heterosis for flowering pattern and reproductive
efficiency {conversion of Rowers into pegs, pods and
kernels}, four Virginia runner (VR) cultivars were
crossed as lines with three testers comprising of two
Spanish bunch (SB) and one Virginia bunch (VB)
following Line x Tester mating design. The genotypes
Girnar 1 {among three testers) and \CGV 86325 {among
four lines) were good general combiners for most of
the reproductive efficiency parameters. Besides,
Girnar 1 was a good general combiner for pod yield.
Two lines, GAUG 10 and B 95 were good combiners
for total number of flowers and days to 25% flowering
{an index for early maturity). Among the crosses
involving VR and SB genotypes, B 95 x Girnar 1
recorded high positive sca effects for most of the
reproductive characters, days to 50% flowering and
pod yield. Similarly, among YR x VB crosses, CSMG
84-1 x R 33-1 recorded positive sca effects for total
flowers and ratio of mature pods/itotal flowers. Positive
sca effects were observed for pod yield and ratio of
mature podsitotal flowers (ICGV 86325 x Chico), days
to 75% flowering (ICGV 86325 x R 33-1}, ratio of total
podsitotal pegs (CSMG 84-1 x Chico), days to 50%
flowering (GAUG 10 x Chico)} and ratio of mature
podsi/total pods {GAUG 10 x Girnar 1), This indicated
that significant sca effects were prominent for most of
the characters in VR x SB crosses. Both additive and
non additive genetic variances were important for RE
1, RE 3, RE 4 and RE 5. Non additive genetic variance
was more important for pod yield and RE 6. All the
crosses gave sighificant positive heterosis for total
numbers of flowers. For days to 25% floweting thiee
Crosses gave significant positive heterosis. Crosses
CSMG 841 x Ch"* and B 95 x Girnar 1 having

significant positive sca effects for pod yield also gave

significant positive heterosis. In general, heterosis
and sca effacts were associated for days to 50%
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flowering, ratio of total podsitotal flowers, mature
podsitotal flowers and pod yield. Based on geca and
sca effects and heterosis, it may be concluded that VR
x 8B crosses, B 95 x Girnar 1 and CSMG 84-1 x Chico
are potential cross combinations for the improvement
of reproductive efficiency in groundnut.

Key words. Arachis, reproductive efficiency,

combining ability, flowering pattern
Introduction

The groundnut (Arachis hypogaea L) plant has
indeterminate growth habit. Flowering pattern and
quantum of flowers at a given time is very important as it
determines to a great extent the yielding potential of a
genotype. Number of flowers, pegs, pods (mature and
immature) and kernels (sound and immature) are the
important parameters which determine the reproductive
efficiency (RE) of the groundnut plants. However, a
groundnut genotype with high RE may not necessarily be
a high vyielder of pods or kernels. The information on
conversion of flowers into pegs, pods and kernels (RE) is
important to develop/ select high yielding genotypes
(Coffelt of al, 1989). Percentage of flowers resulted in
mature pods have been used as measures of RE in
groundnut (Coffelt ef a/,, 1989; Chuni Lal et al,, 1998).

in autogamous crops like groundnut, recombination
breeding has extensively been used fo develop the
variability reservoir for exploitation in breeding
programmes. In a systematic breeding programme, it is
essential to identify the elite parents for hybridization, and
supetior crosses to expand the vériabiﬁty reserveir for
selection of superior genotypes. The information on
combining ability and heterosis on flowering pattern and
reproductive efficiency parameters in groundnut is almost
lacking. Xeeping this in view, the present investigation was
undertaken using well adapted and widely grown cultivars
of groundnut crossed in line x tester design.

Materials and methods

Seven groundnut genotypes (Chico, Girnar 1, Robut 33-1,
ICGV 86325, CSMG 84-1, GAUG 10 and B 95) were
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selected based on their geographical adaptation, growth
habit and morphological diversity. Chico, Girnar 1 and
Robut 33-1 were used as testers, and each was crossed
with ICGV 86325, CSMG 84-1, GAUG 10, and B 85 used
as lines. The crosses were made in line X tester design
during kharif, 1996. Twelve F,'s along with seven parents
were planted in randomized complete block design with
three replications at the Experimental Farm of National
Research Centre for groundnut, Junagadh (2021° N,
80.55°E, 178 m amsl) during Khartif, 1997. Each treatment
in a replication had single row of 3 m length at 45 x 10 ecm
spacing. The obseirvations were recorded on five random
plants on pod yield per plant {g) and five flowering
characters namely, days to 25% flowering (days taken to
produce 25% of total flowers), days to 50% flowering (days
taken to produce 50% of total flowers), days to 75%
flowering (days taken to produce 75% of total flowers),
total number of flowers produced, and number of flowers
produced after 65 days after sowing (an index related with
high number of mature pods), number of mature pods/
plant, number of immature pods/ plart, humber of non-pod
bearing pegs/plant and total biomass yield above
gtound level. The following six reproductive efficiency
indices were computed (Shibuya, 1935, Ghosh ef af,
1987, Samdur et al., 2000).

The analysis of variance was done {Cochran and Cox,
1950). The combining ability analysis was done following
Kempthorne (1957). The total variance among F, hybrids
was further partitioned into variance due to lines, testers
and interaction components, which was used to estimate
the additive and non-additive component of variance.

Results and discussion

The analysis of variance for combining ability reveaied that
mean square due to lines for total number of flowers and
days to 25% flowering; testers for days to 25% flowering
and RE 2, and due to line x tester interaction for RE 6 and
pod yield were significant, indicating the importance of
both additive and non additive gene effects (Table-1).

The high ratio (>1) of gca : sca variances were recorded
tor number of Rowers at 65 days after sowing, indicating
that this character was governed predominantly by additive
component of heritable variance. The gca | sca ratios viere
less than unity for total number of flowers, days to 25%
flowering, days to 50% flowering, days fo 75% flowering,
RE 1, RE 2, RE 3, RE 4, RE 5 and RE 6, suggesting that
these characters were governed predominantly by non
additive component. The component of variance
attributable to sca was more than six times for pod yield
and three times for RE & than for gca in magnitude,
indicating that non genetic vanance was more important
for these two traits. Both additive and non additive genetic
variances were important for RE 1, RE 3, RE4 and RE 5
as indicated by less degree of dominance for these
characters (Table-1}).

The estimates of gca effects (Table-2) recorded the
genotypes Girnar 1 and ICGV 86325 were good general
combiners for most of the reproductive efficiency related
characters. Besides, Girnar 1 was also a good general
combiner for pod yield! plant. Among the four lines GAUG
10 and B 95 were good general combiners for total
flowers. Two lines, ICGY 86325 and GAUG 10 and one
tester, Chico, were good general combiners for early
completion of 25% flowering (an indicator of early
flowering/ maturity and could be used as an index for
selection of drought tolerant genotypes for mid/ end-of-
season drought conditions) while CSMG 84-1 and B 95
(both lines) were good combiners for lateness. Hence,
ICGV 86325, GAUG 10 and Chica could be utilized in
breeding programmes aimed at developing early matuwring
groundnut cultivars whereas CSMG 84-1 and B 95 could
be included in breeding programmes for medium/ long
duration types. Sufficient helerosis for total flowers
produced was available, the need to select recombinant{s)
having more early period fiowering and high repreductive
efficiency would help the breeder in tagging high yielding
recombinants in future segregating generations.

Table1  Analysis of vatiance {(mean squares) for combining ability and estimates of genetic componenis tor pad yield and reproductive efficlency
indices in groundnut

Total Daysto Daysto Days to Flowers Pod

Source df. flowers 25% 50% 75% after 65 RE 1 RE2 RE3 RE 4 RES RE6 Yield
flowering flowering flowering  DAS

Replication 2 0.028 3.028 1564528 56.250 5250 81.211 34569 6224 127316 112493 0348 42038
Lines 3 2.694* 192894 4778231 1B.B90 6.768 466.021 7017 1.263 425939 534.968 2.112 96.664
Testers 2 0.028 61.028* 5692.708 1525 12,333 18016 109.32° 47.53* 546673 2384.099 51302 134.564
Lines x testers 6 0.028 10028 79851.912 7236 4.407 131360 18421 7.615 140028 215.724 2674* 140.18*
Error 22 0.028 10.028 4802.891 6355 6.856 91390 2189 4807 62247 176400 0.825 26220
gca variance a'g 0.126 11,12 258.70 526 0489 182586 378 1.59 iz97 23,22 0.098 -3.196
sca vatiance o's 0253 2225 532.25 -7.59 D163 4984 &M 4.13 91.88 5854 081 3459
gca : sca variances o’gla’s 0.50 0.50 0.49 069 30 037 059 038 0.36 038 D42 D812
Additive genetic variance oA 0.25 22.25 51792 -10.53 0.98 36.52 7.57 3.20 65.96 46.44 0.20 6.29
Dominance genelic variance oD - - 1043.67 294 -0.82 1332 -1.16 0.94 25.93 1311 062 4099
Degree of dominance o'DIA - - -2.03 -0.28 -0.83 036 045 029 0.39 0.28 3.10 6.41

Significant at 5% level
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Table 2 General combining ability (gea) effects of lines testers for pod and reproductive efficlency Indices in graundnut

Total Days to Days to Days to Flowers Pod
Parents flowers 25% _ 50% ) 75% . afler 65 RE 1 RE 2 RE 3 RE 4 RE S RE & Yield
flowering  flowering  flowering  DAS

ICGV 86325  -0.53* -3.47* -17.00 2.1 -0.69 8.76* -1.12 0.53 895" 730" 059~ 234
CSMG 84-1 -0.42** 3.42" 14.56 0.89 0.75 0.05 -0.01 -0.29 0.36 -10.87** -0.58* 4.78*
GAUG 10 a.47* -4.47* -22.11 0.22 -0.81 -2.47 0.09 -0.23 -1.61 2.30 0.10 -1.90
B 95 047+ 453" 2456 1.00 0.75 -7.34" 1.04 0.00 -7t 127 -0.10 -0.55
SEm.t 0.04 0.73 15.80 1.83 0.60 2.19 1.07 0.50 1.81 3.05 0.1 117
Chica -0.03 -2.47* -16.36 0.08 0.50 2.34 -2.16 -0.79 029 6.34* 0.06 1.49
Girnar 1 -0.03 0.53 24.72 -1.17 -1.47* 213 345 226" 6.60* .1.80 063" 234
R 33-1 0.06* 1.94* -8.36 1.08 0.67 -4.47" -1.29 -1.48* 589" 454 -069*  -3.84*
SEmzx 0.03 0.59 12.98 1.49 0.49 1.79 o.88 0.41 1.48 2.48 0.17 0.96

*** Significant at 5% and 1% levels, respeclively

Among the crosses involving VR and SB genotypes, B 85
x Girnar 1 gave high positive sca effects for mast of the
reproductive characters and pod yield {Table-3). Similarly,
among VR x VB crosses, CSMG B84-1 x R 33-1 gave
positive sca effects for total flowers and ratio of mature
pods/total flowers. Positive sca effects were observed for
pod yield and ratio of mature podsiotal flowers (ICGV
86325 x Chice), days to 75% flowering ({ICGV 86325 xR
33-1), ratio of total podsAotal pegs (CSMG 84-1 x Chico),
days to 50% flowering (GAUG 10 x Chico) and ratic of
mature pods/total pods (GAUG 10 x Girnar 1). The results
indicated that sca effects were significant for most of the
characters in VR x 8B crosses. The estimates of variance
(gca and sca) compeonents indicated that additive
components were predominant for most of the characters,
though appreciable non-additive effects were noted for
ratio of mature pods to total flowers. All the crosses gave
significant positive heterosis for total flowers (Table 4). For
days to 25% flowering three crosses gave significant
positive heterosis. Crosses CSMG 84-1 x Chico and B 85
x Girnar 1 having significant positive sca effects for ped
yield and most reproductive efficiency indices, also had
significant positive heterosis. ln general, heterosis and sca

effects were closely associated for days to 50% and 100%
flowering, ratio of total podsftotal flowers, mature
podshotal flowers and pod yvield. Based on gca and sca
effects and heterosis, it may be concluded that VR x SB
crosses (B 95 x Girnar 1 and CSMG 84-1 x Chico ) are the
potential cross combinations which may yield trangressive
segregants for higher yield coupled with earliness and high
reproductive efficiency.

These observations suggest that in groundnut breeding,
the methodology that can exploit both additive as well as
non-additive effects would be of immense value. Diallel
selective mating design {(Jensen, 1870), which provides
better opportunity for recombination, accumulation of
desirable genes and selection would help in concentrating
most of such genes in a pure line. A judicious integration
of the classical approaches {pedigree and bulk} with dialiel
selective mating may be of great help in achieving the
quantum jump in groundnut improvement.

Acknowledgement: The authors are thankful to Dr. A
Bandyopadhyay, National Coordinator, NATP, [CAR, New
Delhi for his valuable guidance and suggestions during the
course of investigation.

Table 2 Specific combining ability {sca) effects of crossed for pod yield and reproductive efficiency indices in groundnut

Crosses Total Days to 25% Days o 59% Days to 72_5% Flowers after RE 1 RE2Z RE3 RE4 RE5 RESG Eod

flowers flowering flowering flowering 65 DAS yield
ICGY 86325 x Chico 0.03 -0.53 -45.75 -4.97 084 530 180 105 366 612 102 292
ICGY 86325 x Girnar 1 0.03 -0.53 21.83 -1.72 -139 563 -095 -083 452 -8.07 -0.89* -4.29*
ICGV 86325 x R 33-1 -0.06 1.06 23.92 6.69° 044 033 -085 042 085 194 013 137
CSMG 84-1 x Chice -0.08 158 40.03 268 050 448 126 017 556 125 008 835"
CSMG 84-1 x Girnar 1 -0.08 158 -19.06 -0.72 117 -482 -127 0% 508 -787 071" 323
C5MG 84-1 xR 33-1 g7 =317 -20.97 -1.97 067 034 252 079 -048 692 064* -512*
GAUG 10 x Chico 003 053 52.03* -2.64 006 -303 178 069 023 -619 -019 -369*
GAUG 10 x Girnar 1 0.03 -0.53 -53.72* 361 -094 08% -112 D68 035 1009 D40 036
GAUG 10 x R 33-1 -0.06 1.06 1.69 -0.97 088 215 066 -0.01 0,11 -390 020 455
B 95 x Chico 0.03 -0.53 -46.21 4.92 050 675 -233 191" .945* -1.18 -090* -7.58*
B 95 x Girnar 1 0.03 -0.53 50.94* -1.17 147 956™ 3.33* 258 994~ 594 120" BIT™
B85 xR 331 -0.08 1.06 -4.64 -3.75 -067 -281 -100 066 048 -477 030 -080
SEmx G.05 1.03 22.48 259 085 310 152 071 256 431 029 166

*** significant al ¥% and 1% levels respectively.
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Abstract

Nearly 38,000 individual plants of Spanish groundnut
varieties were scored for selfing versus outcrossing in
various populations. Normal cultivar TAG 24 was used
to determine the male gametes which had effected
fertilization in the homozygous recessive females
{golden yellow and puckered leaf). More than 40,000
and 50,000 fertilizations in Valencia and Virginia
groundnuts, respectively, were studied using a
dominant marker "krinkle leaf’. The estimates of
outcrossing, a, were found to differ with years,
botanical groups and for the markers used in the
estimation. Highest outcrossing was observed in
Valencia followed by Virginia and Spanish groundnuts.
The nature of outcrossing, in generai, was
non-random in all the botanical groups. Selfing
predominated in all the botanical groups of groundnut.

Key words: Groundnut, outcrossing, golden yellow

leaf puckered leaf, krinkle leaf
Introduction

Mating systems are important factors contributing to the
nature and magnitude of genetic variability in populations.
Many plant species have mating systems which allow
partial intermating in addiion to self fertilization.
Knowledge of amount and nature of outcrossing in a plant
species is of paramount importance for its genetic
amelioraticn. Procedures have been given for estimation
of outcrossing which assume no selection and population
equilibria for gene frequencies (Fyfe and Railey, 1951; Nei
and Syakido, 1958). The methods for estimating
outcrossing when selection is present andfor equilibrium
can not be assumed were developed later on (Allard and
Workman, 1963; Harding and Tucker, 1964). These
methods are based on estimates of gene frequency in the
population and estimates of the frequency of dominant
individuals appearing in progeny of recessive individuals
taken at random from the population.

Indian cultivated groundnut has three distinct botanical
groups. These groups are Spanish (A hypogaea
sub-species fastigiata var. vuigaris ), Virginia (A. hypogaea
sub-species hypogasea var. hypogaea) and Valencia (A.
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hypogaea sub-species fastigista var. fastigiata). Natural
out crossing in all the botanical groups of groundnut is
insect dependent. In literature no report of cross pollination
due to air-born pollens is available. Among the insects,
thrips are claimed to be the dominant insect vectors
causing natural hybridization in groundnut (Kushman and
Beattie, 1946). Evidences are also available (Hammons,
1963; Hammons gt g/, 1963; lLeuck and Hammons,
1965a; Leuck and Hammons, 1965b; Hammons and
Leuck, 1966) which indicated that bees are the principal
pollen vectors of natural cross pollination in groundnut,
The extent of natural hybridization in groundnut is variable
and may play greater role than commonly believed. There
fs na information whether the cross poliination is random
or non-random, and also whether its pattern varies with
botanical groups of this crop. Natural hybridization was
reported by Kushman and Beattie (19486) after finding 17
natural crosses in test plots at the Tidewater Research
Station, Holland, Va. Average natural crossing frequencies
of approximately 2% were reported in Java (Bolhuis, 1951}
and in India (Stinivasalu and Chandrasekaran, 1958).
Natural crossing ranging from 0.73 to 2.56% in nine
varieties at Tifton, Ga., was reported by Hammons
{1964a). Most studies of outcrossing in groundnut have
reported a rate of 2% or less (Hammons, 1964b;
Hammeons and Leuck, 1966; Culp ef al, 1968; Gibbons
and Tattersfield, 1969; Stone ef af, 1973; Coffelt, 1989,
Nigam ef al, 1990}, In one study (Dutta et al, 1987),
examined induced mutations as a method for enhancing
cross- pollination in groundnut, and identified a line with
20.8% outcrossing. Thus natural crossing in groundnut is
sufficient to account for frequent "off type" plants in
otherwise homozygous lines, making it difficult to maintain
varietal purity. The purpose of the present investigation
was to find out whether the natural outcrossing in
groundnut is random or not and to find out whether its
extent is same or different in different botanical groups.

Materials and methods

True breeding "golden yellow leaf’ and "puckered leaf’
mutants (Spanish bunch botanical group) were planted
with TAG 24 (a Spanish bunch variety with homozygous
dominant leaf i.e., with normal leaf with respect to golden
yellow/puckered lgaf) in alternate rows in separate plots.
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"2 4 Heterosis over mid parent in crosses for pod yield and reproductive efficiency indices in groundnut

Totali Dayste Dayste Daysto Flowers RE 1 RE 2 RE 3 RE 4 RES RE 6 Pod yield

Crosses flowers 25% 50% 75%  after 65

flowering Nowering flowering DAS
ICGV 86325 x Chico 100 -50.00 -41.81 -10.12 0.00 29.60 -6.62 -13.66 -13.75 11.38 319 127.03
ICGV 86325 x Girnar 1 100+ 26.32 335 -5.71 -4.21" -17.68  -40.79" -33.16 -2.91 -11.53  -46.38* -17.62
ICGV 86325 x R 33-1 50*  114.28° -1.79 7.08 -0.35 -27.68 -29.77 -42.29 -17.09 621 -41.26 -17.26
CSMG 84-1 x Chico 100** 36.84 26.16 15.09 197 -12.88 -1.73 -26.24 -19.65 -32.1 -53.08 18317
C3MG 84-1 x Girnar 1 100 45.45 13.91 7.30 197 -47.64* -30.64 -32.74 -14.46 5527 -69.06* 28,93
CSMG 84-1 xR 3341 75**  105.41* 6.87 2,69 197 56147 32.56 «21.48 -32.28 -26.60 -45.86 -35.87
GAUG 10 x Chico 200 -72.73* -5.06 -9.84 -1.05 -27.60 21.94 -14.00  -33.36* 2538 3776 43.45
GAUG 1D x Girnar 1 200 -5 -33.84 £0.83 -31.86 -25.08 -31.97 -2B.70 -1.75 11.45 «12.48 42,17
GAUG 10 x R 33-1 125 17.39 -18.12 -9.66 000 -49.29" -5.23 -40.21 35227 -25.64 -5583 44.90
B 95 x Chico 200" -4 -32.34 215 Q.00 -55.11 473 -64.22 8300 -9.98 -5858 -23.22
B 95 x Girnar 1 200+ 7.14 19.01 -8.94 0.00 -3.31 0.01 22.22 4.13 1293 2201 14595
B 95 xR 33-1 125" 96.36™ -8.03 -14.14 0.00 -75.70* 9.72 -4564 -49.88* -20.71 -64.55 -23.90
SEmt 0.13 2.48 47 .61 507 1.83 6.7 4.17 1.55 6.94 B8.69 0.30 iz

T aw

M significant at 5% and 1% levels respectively.
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for Valencia and 0.0551 for Virginia group. It is evident in
Table-1 that estimates for « in Valencia cultivar F 623
varied from 0.0638 in the year 1988 to 0.1250 in 1980.
However, these were similar in case of cultivar V 803 in all
the three years. Similatly, in Virginia group, estimates of
? varied from 0.0226 to 0.063 in variety F 636 and from
0.0198 to 0.0672 in V 655,

A set of two genotypes each in Valencia and Virginia were
the same over years, the pooled estimates of out-crossing
in each botanical groups were compared. These were
found to be heterogeneous both in Valencia {y*4 =
18.862; p < 0.001) and Virginia (y%e = 558.840; p <
0.001). The lack of homogeneity, however, does not
explain whether the differences in the estimates of
out-crossing were due to variaticn in years only. Since the
populations varied genetically, the entire variation can not

be attributed to environment alone. Binomial index y™s §
the test of heterogeneity of the estimates of outcrossing
(a) revealed that genotypes with in Valencia (xa =
£33.736; p < 0.001) and Virginia (x4 = 13.604; p < 0.001)
were heterogeneous.

All the observations over years for each varietal groups
were pooled and a composite estimate was made, giving
o = 0.1236 for Valencia and 0.0326 for Virginia groundnut.
The observed fluctuation (s,) of these composite estimates
were above 58 and 48 times more than the expected ones
in Valencia and Virginia respectively (s o, = 58.12 in
Valencia and 48.97 in Virginia). This indicates that cross
pollination in general is non-random in both the Valencia
and Virginia groups.

Table 1 Estimates of outcrossing for different botanical groups in different years using different markers

Habit group  Marker Year Variety

ab

N+ q o o,

Spanish Golden  Khanf, 1997  GAG 24 8 1147 05 0.0140 0.0049
Yol Summer, 1997  TAG 24 9 5822 05 0.0031 0.0010

Kharf, 1998  TAG 24 239 25928 0.5 0.0184 0.0012

Totat 256 _ 32897 05 0.0156 0.0010

Puckered Summer, 1997 GAG 24 12 619 05 0.0388 0.0111

leaf Kharf, 1998  TAG 24 93 5207 05 0.0351 0.0036

Total 105 5916 05 0.0355 0.0034

3 G.Total 361 38813 voise T 00010
Valencia®  Krinke 1998 F 623 303 9506 05 0.0638 0.0036
leaf v 803 964 11868 05 0.1624 0.0050

Total 1267 21374 05 0.1186 0.0032

1989 F 623 195 5260 05 0.0742 0.0052

v 803 815 7824 05 01572 0.0061

Total 810 13084 0.5 0.1238 0.0042

1950 F 623 149 2383 05 0.1250 0.0099

v 803 288 3832 05 0.1504 0.0085

Total 437 6215 05 0.1406 0.0065

G. Total 2514 40673 05 0.1236 0.0024

Virginia® Krinkle 1998 F 636 263 23200 0.5 00226 . 00014
leaf V 655 142 14393 05 0.0198 0.0017

Total 405 37593 05 0.0216 0.0011

1990 F 636 309 9798 05 0.0630 0.0035

V 655 111 3306 05 0.0672 0.0063

Total 420 13104 05 0.0642 0.0031

G. Total 825 50697 05 0.0326 0.0011

* Knauft et af. (1892), # Helerozygotes; + Total individuais
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Non-random outfcrossing in groundnut

;& spacing in all the plots were 300m between rows and
ko cm between plants. The experiment was conducted at
National Research Centre for Groundnut, Junagadh
(20.21° N, 80.55°E, 178 m amsl), Gujarat .dunng.sum'.ner
1997 and kharif 1998. In addition, experiment involving
golden yellow leaf mutant was conducted during kharif
1997 also (Table-1). The recommended agronomic
practices, except the application of insecticides, were
followed to raise the crop. Since, mutants and the normal
(TAG 24) were equally frequent in both the artificially
constructed populations, the gene frequency 'q' in both the
cases was assumed to be 0.5.

The estimation procedures developed by Harding and
Tucker {1964) were followed. If a random sample of
recessives i selected from a population, then
heterozygotes (a) and recessive homozygotes (b) will be
observed in their offspring. The observed proportion of
outcross, T, and its variance are:

a ab
. and VarT = e -
a+b {a+b)y

which are the maximum likelihood estimators. However,
not all crosses will be observed because homogenous
mating result in homozygotes. The maximum likelihood
estimate of total outcrossing, o, is

T

¢ I ——

(1-a)
where q is the gene frequency associated with the

homozygote selected. If g is khown, then using maximum
likelihood method

o (1-ap)

Np

Vara = Where p+gq=1andN=a+b

The expected standard deviation (o,} and the observed
standard deviation (s,) of o were computed using
appropriate procedures (Harding and Tucker, 1964).

The same method of estimation of o was applied for the
earlier published data (Knauft et a/.,1992). These authors
sfudied cross-pollination in Valencia and Virginia
populations where homozygous dominant {(krinkle leaf)
-and homozygous recessive (noimal leaf) plants were
equally frequent in the experimental population; hence 'q’
was taken to be 0.5 when estimating « from these data.

Results and discussion

Table-1 presents frequencies of heterozygotes (a), total
populations (N), estimates of outcrossing («) and their
standard deviations (s,) for different years, seasons and
genotypes of different botanical groups of groundnut using
dominant marker krinkle leaf for Valencia and Virginia and
. two recessive markers golden yellow leaf and puckered
leaf for Spanish bunch groundnut.

Golden yellow leaf, Golden yellow leaf was used as a
recessive marker to investigate outcrossing in Spanish
groundnut. The estimates of outcrossing parameter, o
vatied from 00031 to 0.0184 over seasonsfyears. The
binomial index chi-square test revealed that outcrossing
was heterogeneous (x%q = 72-939; p < 0.001) in different
seasonslyears. As the parents were common during all the
seasons/vears, differences observed for outcrossing may
be attributed to the non-genetic factors alone. All the
observations for this marker were pooled and a composite
estimate was made giving o = 0.0156. The observed
standard deviation (s, = 0.0152) among seasans/ years for
this marker was much larger than the expected one (o, =
0.0019). Thus observed fluctuations in outcrossing was
approximately 15 times more than the fluctuation expected
on the basis of random chance alone {sfo, = 15.69),
indicating non-randomness of outcrossing.

Puckered leaf: Puckered leaf, a recessive marker, used
ta study autcrossing in Spanish groundnut, indicated that
estimates of outcrossing (o) were similar during summer
1997 and kharif 1998, it was further supported by the test
of binomial chi-square which revealed that outcrossing
was homogeneous (szf = 0.22; p » 0.05) in different
seasonsfyears. All the observations for this marker were
poaled and a composite estimate was made, giving o =
0.0355. The ratic between the observed fluctuation and
fluctuation based on random chance alone as measured
by s, and o, respectively was 13 times more than unity
(s, = 13.37) and thus indicating non-random nature of
outcrossing when puckered leaf was used as marker for
estimations,

As the pollen source used for detection of outcrossing for
both golden yellow leaf and puckered leaf was common
(TAG 24), all the estimates across these markers were
pooled to make a composite estimate, giving o = 0.0186.
The observed fluctuation of this composite estimate was
approximately 29 times higher than the fluctuations on the
basis of chance alone {S.Ja. = 28.04) indicating
non-random nature of outcrossing in general when both
the markers were considered together. Pooled estimates

* of outcrossing were found to be heterogeneous (x%y =

28

73.161; p < 0.001) among puckered and golden yellow
leaf. However, recessive pa‘rents in this comparison were
genetically different, hence, at least a part of the observed
heterogeneity could be ascribable to the buitt in genetic
differences in outcrossir\g in thESE two recessive markers.

Krinkle leaf: The mean estimate of outcrossing (o) using
krinkle leaf as marker was 0.1236 in Valencia varieties,
and it was only 0.0326 in case of Virginia group. This
difference would seems to be significant in view of their
expected standard deviations of 0.0024 and 0.0011,
respectively. However, the observed standard deviations
between genotypes for the same marker (krinkle) are
much larger than their expected values, viz, s, = 0.1388
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Abstract

Diverse lines of indian mustard [Brassica juncea (L)
Czern & Coss] were crossed to assess heterosis for
yield and its components and oii content through gca
and sca ability of parents and crosses. Thirty F,
ctosses obtained by crossing three testers and ten
lines in a line x tester fashion along with their parents
were used in the experiment. Heterosis was expressed
for only six characters studied. The estimate of
predictability ratio indicated the importance of gca
effect for judging the performance of progenies. The
gca and sca effect showed wide variation in the level
of significance for different characters.
PCR-7, Varuna and RAURD-9505 we/e identified as a
good general combiner for yield and yield contributing
characters. Besides this ACN-9 was identified as a
good general combiner for earliness and dwarfness.
The cross Varuna x TM-17 was the best F, which can
be forwarded to next generation with an aim to get
useful transgrates in succeeding generation.

Key words: Heterosis, mustard, gca. sca

Introduction

Genetic architecture of the parents and their crosses
necessitate the assessment of the parents in hybrid
combination through systematic genelic studies of the
parents for general and specific combining ability effects.
Hence, ine present Investigaion was untEnEkeEn ‘o
determine the heterosis and combining ability with ten
lines with three testers with broad genetic base for various
economic traits of indian mustard.

Materials and methods

The experimental material comprising ten lines of diverse
origin and three testers viz,Varuna, PCR-7and ACN-9
were crossed in Line x Tester design. The 30 F, and their
parents were grown in Randomized Complete Block
Design with three replication duting rabi, 2000 at Botany
Section Farm, College Of Agricufture, Nagpur, with a
spacing of 45x15 ¢m. The observations were recorded on
five randomly selected plants per line for various yield

The parent "
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parameters. Heterosis and standard heterosis were
calculated over mid parent and check variety Varuna,
respectively, following the standard procedure. The data
were also subjected to combining ability analysis as per
Kempthrone (1957} and Eisenhart{1947).The importance
of gca versus sca were calculated for fixed effect model as
suggested by Baker(1978).

Results and discussion

The patents exhibited significant amount of genetic
variation for days to flowering, days to maturity, plan
height, number of primary branches, siguae /plant,
seeds/silquae, seeds yield/plant, 1000 seed weight and
harvest index except for oil content. However, parent vs
crosses exhibited significant difference for days to
matusity, plant height, number of siliqguae/plant, seed
yield/plant, 1000 seed weight and harvest index. While
non-significant variation was recorded for days to 50 %
flowering, number of primary branches, number of
seeds/siliqua and oil content and hence heterosis and
standard heterosis were not calculated for these
characters.

Heterosis: The phenomenan of heterosis was observed
for six characters. The magnitude of heterosis and
standard heterosis varied substantially from cross to cross
and from character to character, This indicated the
existance of potential heterosis in Indian mustard. The
crosses showing maximum heterosis for alt six characters
studied were sorted and listed out in Table-1.The level of
neeuss ooseved n Yhese crosses  justified the
development of commercial hybrids in Indian mustard. The
lack of restorer has hampered the exploitation of CMS
system for producing commercial hybrids in Indian
mustard (Amandeep and Banga, 1996, Singh and
Verma,1997).The major difficulty in finding restorer in
natural accession is the multilocus contro! of
incompatibility between mitochondrial and nuclear genome
(Anand et a/,1985; Downy and Chopra,1996). Therefore
it would be worth enough to find out whether superior
crosses showing high heterosis were also throwing out
superior segregates. This would enable the breeder to
concentrate on a few promising crosses rather than
handiing many in later generations of selection.



Non-random outcrossing in groundnut

« .ieesting to note that in Spanish groundnut nature of
* . uicrossing varied in genotypes used for estimation. It
might be possible that some genetic mechanisms do exist
which control the nature and extent of outcrossing in
groundnut. As evident fram the heterogeneity of estimates
of outcrossing over years in most of the cases, this genelic
mechanism is considerably influenced by the non-genetic
factors. Present data confirm earlier reports (Bolhuis,
1951 Hammons, 1964a) that natural crossing may vary
with seasons and cultivars. The range of variation in the
estimates of outcrossing was between 0.0198 and 0.1624
in Virginia and Valencia groups {Knauft ef. al, 1892). It
was between 0.0031 and 0.0388 in the presently studied
Spanish group. Highest outcrossing was observed in
Valencia group followed by Virginia and Spanish
groundnuts.

The mating system is commonly considered to be one of
the main factors determining the genetic structure and
evolutionary potential in a population. The observed
variability in the mating system of groundnut under the
influence of genetic and non-genetic factors may well
contribute to a complex population structure. The present
evidence does not suggest that groundnut populations
follow models of complete random mating or complete
inbreeding, rather that the mating system of the present
populations is partial inbreeding. .

References

Allard, R.W. and Workman, P.L.. 1963. Population studies in
predominantly self-poilinated species. V. Seasonal
fluctuations in estimated values of genetic parameters
in lima bean populations. Evolution, 18:470-480C.

Bolhuis, G. G. 1951. Natuurlijke Bastaardering bij de Aardnoot,
{Arachis hypogaea) Landbouk. Tijdschr, 63:447-455.

Coffelt, T. A. 1889. Natural crossing of peanut in Virginia. Peanut
Science, 16:46-48,

Culp, T. W., Bailey, W. K. and Hammons, R. 0. 1968. Natural
hybridization of peanuts, Arachis hypogaea L., in
Virginia. Crop Science, 8: 109-111,

Dutta, M., Arunachalam, V. and Bandyopadhyay, A. 1987,
Enhanced cross pollination to widen the scope of
breeding in groundnut ({Arachis hypogaea L.).
Theoretical and Applied Genetics, T4: 466-470.

Fyfe, J.L. and Bailey, N.T.J. 1951. Plant breeding studies in
leguminous forage crop. |. Natural crossing in winter
beans. Journal of Agricultural Sciences, 41:371-378.

Gibbons, R. W. and Tattersfield, J. R, 1369. Out-crossing trials
with groundnuts (Arachis hypogaea L.). Rhodesian.
Journal of Agricultural Research, 7(1).71-85.

30

Hammeons, R. O. 1962. Artificial cross-pollination of the peanut
with bee-collected pollen, Crop Science, 3:562-563.

Hammons, R. O. 1964a. Krinkle, a dominant leaf marker in the
peanut, Arachis hypogaea L. Crop Science, 4: 22-24

Hammons, R. O. 1964b. Pedigreed natural crossing - a new
genetic technique. Praceedings of Third National
Peanut Research Conference, pp. 49-53.

Hammons, R. 0., Krombein, K. V. and Leuck, D. B. 1963,
Some bees (A. poidea) associated with peanut
flowering. Journal of Economic Enfomology, 56: 905

Hammons, R. 0. and Leuck, D. B. 1966. Natural Cross-
pollination of the peanut, Arachis hypogaea L., in the
presence of the bees and thrips. Agronomy Journal, 58:
396.

Harding, J. and Tucker, C.L. 1964. Quantitative studies on
mating systems. |. Evidence for non-randomness of out
crossing in Phaseolus lunatus. Heredity, 19:369-381.

Knauft, D.A., Chiyembekeza, A.J. and Gorbet, D.W. 1992,
Possible reproductive factors contributing to
autcrossing in peanut (Arachis hypogaea L.). Peanut
Science, 19: 29-31.

Kushman L. J. and Beattie, J. H. 1946, Natural hybridization in
peanuts. Journal of American Society of Agronomy,
38:755-756.

Leuck. D. B. and Ray Hammons, R.O. 1965a. Further
evaluation of the role of bees in natural
cross-poliination of the peanut. Aracfiis hypogaea L.
Agronomy Journal 87:94.

Leuck. D. B. and Ray Hammons, R.O. 1965b, Polien-collection
activities of bees among peanut flowers, Journal of
Economic Entomology, 58:1028-1030.

Nei, M. and Syaktdo, K. 1958. The estimation of cutcrossing in
natural population. Japanese Journal of Genetics, 33
46-51.

Nigam, S. N,, Vasudeva Rao, M. J. and Gibbons, R. W. 199G,
Artificial hybridization in groundnut. [CRISAT
Information Bulletin No. 28. ICRISAT, Andhra Pradesh,
India.

Srinivasalu, N, and Chandrasekaran, M. R. 1958, A note on
natural crossing in groundnut, Arachis hypogaea, Linn.
Science and Cuffure, 23: 650

Stone, E. G., Bailey, W. K. and Bear, J. E. 1973. Natural
outcrossing of peanuts, Arachis hypogaea L., in Puetio
Rico. Proceedings of Journal of American Peanut
Research Education Association., inc. 51 134-140.



Sailesh Joshi and Shantj Patil

Table 2 General combining ability effect of parents in Indian mustard

D Plant No. of No. of T
Genotype ag:(,.to g:ﬁritg’ hegl:t pri?ﬁ:ry silighgel :;dc.:' yie?;'i?ant ;223 Fi‘:crl‘:;s‘

flowering {cm) branches plant siliquae (Q) weight (g) (%)
TESTERS
ACN-9 -0.52* -1.76* -11.64* N.S -2.00 -0.26 -1.03* 0.26™ 0.14*
PCR-7 0.88** 1.88 721 N.S. -16.25* -0.22 1.7 0.59* 0.58**
Varuna -0.36 -0.12 4.43* N.S. 18,26 0.48* -0.13 -0.33* -072
SE(gi) 0.2% 017 1.19 N.5. 1.89 0.13 0.36 0.03 0.032
LINES
ACN-12 -0.06 0.34 N.S. -0.10 -35.08** N.S. N.S. 0.09 0.85**
ACN-13 -0.28 -0.80* N.S. 0.14 B.66* N.S. N.S. 017 -0.61*
ACN-14 -1.28* 0.99* N.S. 0.12 42 34** N.S. N.S. 0.08 -0.16*
ACN-15 -0.50 -1.23* N.5. -0.66** -7.65* N.S. NS . 017" -0.48**
TM-1 -1.06* -0.68 N.S. -0.12 13.37 N.S. N.S, | -0.10° Q.47*
TM-17 -0.61 -0.46 N.S. -0.19 41.05* N.S, N.S. -0.04 0.44*
TN-18 0.17 -0.90** N.S. -0.26 -5.03 N.S, N.S. -0.40** -1.01*
RAURD-9505 0.72 0.10 N.S. 0.59* 470 N.S. T NS 0.34* 0.86**
HUM-3601 0.61 077 - N.S. 0.05 -0.39 N.S. TONS. 16" -0.27
LOCAL 2.28* 2.66 N.S. 0.68* 22.26* N.S. N.S. -0.13* -0.08
SE (gj) 0.45 0.35 N.5. 0.17 364 N.5. N.S. 0.05 0.059
*P>005 *pP>001

Among the crosses studied for sca effect (Table-3)
significant positive sca effe Amaong ct was observed in five
crosses for days to 50 % flowering, eight for days to
maturity, eleven for number of siliquae/plant, four for 1000
seed weight, and thirteen for harvest index. In contrast
significant negative sca effect was observed in five
crosses for days to 50 % flowering, eight for days to
maturity, two for plant height, twelve for number of
siliquae/plant, four for 1000 seed weight and eleven for
harvest index. It is important to note here that among
crosses showing significant sca in desirable direction in
respect of all the traits either involved or did not involve
one of both parents as the good general combiner of the
concerned traits. Sca effects generally do not contribute
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a fot in the improvement of self pollinated crops except
where commercial exploitation of heterosis is feasible.

In autogamous crop like mustard a study of segregating
generation for sca effect would be important, as superiority
of cross per se might not indicate their ability to produce
transgressive segregates due to non fixable effects. In
predominantly self polinated crops like mustard the
breeder is restricted to produce true breeding varieties
only, as non additive portion of phenotypic variation is
not fixable in later generations. Therefore the
potentiality of a variety as a parent may be judged by
compating its performance , the F, value and combining
ability {Singh et al,1985).



Exploitation of heterosis breeding in Indian mustard

« _ , Srosses showing maximum heterosis (%) for different characters in Indian mustard

Characters Heterosis

Heterobeltiosis

Useful heterosis

-8.0** (ACN-9 x RAURD 9505)
-5.92** (ACN-2 x ACN-12)
5.44* (Varuna x ACN-13)

Days to maturity

-8.68 (ACN- x ACN-13)
-4.15 (PCR-7 x HUM 9601)
-3.97 (ACN-9 X ACN-12)

Plant height

No. of siliquae/plant 98.79** (Varuna x TM-18)
59.47** (ACN-9 x TM-17)

43.38* (ACN-9 x TM-18)

Seed yield/plant 76.70 {Varuna x TM-18)
62.51** (ACN-9 x TM-17)

59,35 (ACN-9 x TM-18)

1000 seed weight 19.19** (ACN-9 x TM-1}
13.60* (ACN-9 x TM-17)

12.19* (PCR-7 x TM-17)

Harvest index 10.07** (PCR-7 x TM-18)
9.86* (ACN-8 x TM-18)

8.57* (ACN-@ x TM-17}

-8.56"* (ACN-9 x RAURD 95-5
-7.64"* (ACN-9 X ACN-12)
-7.04** (ACN-9x TM-18)

-10.79 (PCR-7 x TM-18}
-9.69 (ACN-8 x Local}
-7.69 (ACN-G x ACN-12)

58.31" (ACN-9 x TM-17)
55.30* (Varuna x TM-18)
31.19*" (Varuna x RAURD 9505}

48.79 (ACN-9 x TM-17}
47,27 (Varuna x ACN-15)
41.64 (Varuna x TM-17}

5.18 (ACN-9 x ACN-12)
5.18 (ACN-9 x TM-1)
3.19 (ACN-9 x TM-17)

6.67** (ACN-9 x TM-17)
6.21** (ACN-8 x Local)
3.16* (ACN-9 x TM-1)

-7.99"* (ACN-9 x RAURD 8505)
-7.07** (ACN-9 x ACN-12)
-6.46** (ACN-8 x TM-18)

-0.42 (ACN-9 x ACN-12)
-0.16 {ACN-9 x TM-1)

9273 (ACN-9 X TM-1T}
65.19™" (ACN-9 x HUM 9601)
55.30*" (Varuna x TM-18}

104.30** (PCR-7 x RAURD 8505)
98.11*" (PCR-7 x Local)
90.21** (PCR-7 x TM-17)

51.72"* (PCR-7 x RAURD 8505)
48.28* (PCR-7 x ACN-14)
44.44** (PCR-7 x ACN-15)

884" (ACN-9x TM-17)

8.38** (ACN-9 x Local)

8.38" (PCR-7 x ACN-12)
8.23" (PCR-7 x RAURD 9505)

*P>005 " P>001

Combining Ability: The mean squares due.to testers
were greater in magnitude than those due to lines
indicating large diversity among the testers than among
the lines for number of primary branches per plant and oil
content. The estimates of mean squares due to Line x
Testers were also significant for five characters viz. days
to 50% flowering, days to maturity, number of siliquae/
nlant, 1040 seed weight and harvegt index. The lower
magnitude of variance in Line x Tester interactions
suggested greater uniformity among the crosses than
among the parents. Earlier Chaudhary et al.,1997 also
reported the same observation. Fixed effect model
adopted in the present investigation does not provide the
estimates of variance components and thus it was not
possible to know precisely the relative importance of
additive and dominance components in the control of
different characters. However, in this model an idea about
relative importance of gca and sca in determining progeny
performance can he obtained by calculating the general
predictability ration on the basis of gca and sca mean
squares (Baker,1978). The estimates of this ratio in the
present study indicated that for almost all characters the
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predictability ratio was almost closer to unity. Under such
situations the performance of progeny can be judged on
the basis of gca of this trait. The estimates of gca and sca
effects among the parents and crosses showed wide
variation in the level of significance for different characters.
The comparisen of gea effect with the per se performance
of parents revealed that the ranking of parents on the
basis of per se mean values was nearly same ag that an,
the basis of gca effect for most of the characters (Table-2
and 3). This revealed the potentiality of a variety as a
parent may be judged by compating it's per se
performance, the F, value and combining ability effects
{Singh et af,, 1985).The estimates of gca effects (Table-2)
showed that the parent PCR 7 was observed to be the
best general combiner as it recorded highest gca effect for
seed Yyield/plant,1000 seed weight and harvest index,
followed by Varuna for number of siliquae/plant and
number of seeds/siliqua. Also the parent RAURD-8505
was noticed ta be the best general combiner for number of
primary branches. harvest index and 1000 seed weight,
however parent ACN-8 was found to the best general
combiner for earliness and dwarfness.
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Abstract

Combining ability and heterosis were studied in 7 x 7
diallel set of Indian mustard, Brassica juncea (L)
Czern & Coss. Analysis of variance for combining
abiiity revealed the presence of genetic variabiiity due
to gca among the parents and due to sca among the
crosses for all the traits, studied except days to
maturity for gca. Low estimates of predictability ratio
in correspondence with low estimates of narrow sense
heritability indicated predominance of non-additive
gene effects for seed yield, biological yield, harvest
index, seeds/siliqua, primary branches, est weight,
days to flower, days to maturity and plant height. On
the contrary high estimates of predictability ratio for
oil content and protein content showed predominance
of additive gene effects. CS-52 and RLM-514 were
identified as good generai combiner for seed yield.
The magnitude of heterosis was highest for biological
yield followed by seed yield. Significant heterosis over
standard variety was observed for biclogical yield
(61.4 %), seed yield (56.0 %) and seeds/siliqua (17.8 %)
while, over better parent for biological yield (76.3 %),
seed yield (50.0 %), primary branches and
seeds/siliqua. No cross could out yield the standard
variety for primary branches, test weight, harvest
index, oil content and protein content. Heterosis over
better parent was also not recorded for harvest index,
oil content and protein content.

Key words: Heterosis, combining ability, dialfel,

gca effect, Indian mustard
Introduction

With the avaitability of perfect restoration for moricandia
CMS (Prakash ef al, 1958), heterosis breeding is being
looked as a promising tool to overcome the yteld barriers
in Indian mustard {Pandey et al, 1898), which is a
predominant oilseed crop of indian subcontinent. A
successful heterosis breeding programme is mainly
determined by the extent of heterosis and identification of
good combiners for yield and its contributing traits. The
present investigation was undertaken to estimate the level

of heterosis and for identification of good combiners from
high yielding varieties of Indian mustard..

Materials and methods

A set of 7 x 7 diallel crosses of mustard excluding
reciprocals were evaluated afong with their parents (VLS-
5, CS8-52, Varuna, PCR-7, Rohini, RLM-514 and RH-781)
in a randomized block design with three replications at
National Research Centre on Rapeseed-Mustard,
Bharatpur during rabi, 1989-2000. Each genotype
consizied of one ToW POt ©f 4 ™ lepgih i & repheeiion.
Row to row and plant-to-plant spacing was kept 30 crn and
10 cm, respectively. Observations were recorded on five
randomly selected plants from each plot pertaining to yield
and its components {Table-1), Combining ability analysis
were made following method 2 model | of Griffing (1956).
The F, hybrid performance was computed as the
estimates of hetergsis over better parent and standard
check (CS-52) and their significance was examined with 't
test. The general predictability ratic was computed as
suggested by Baker, 1978.

. Results and discussion

35

Analysis of variance for combining ability revealed the
variance due to gca and due to sca were significant for all
the traits except for days to maturity for which variance
due to gea was non-significant (Table-1). This indicated
existence of genetic variability among parents included in
the parent study and role of both additive and non-additive
gene effects in the inheritance of these traits. The relative
importance of additve and non-additve gene effects in
determining the progeny performance is better judged by
predictability ratio as per Baker (1978). High estimates of
predictability ratio for oil and protein content indicated
predominance of additive gene effects in the inhentance
of these traits, while, for the remaining traits non-addiive
gene effects played major role {Table-1). These findings
are in conformity with reperts from Thakur and Bhateria
(1993), Kumar et af {1997) and Sheikh and Singh (1998).
Estimates of narrow-sense heritability were in
correspondence to the predictability ratio being high for oil
and protein content and low for other remaining
characters. The predominance of additive gene effects for
oil and protein content as reflected by high estimates of
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i abie 3 Specific combining ability effects of crosses

Crosses Days to 50% Days to Plant height {cm) No. of siliguae/ 1000 seed  Harvest index
flowering maturity ptant weight {g) (%)
ACN-9 X ACN-12 0.19 -2.69* 274 -27.51 -0.10 -1.01*
ACN-9 X ACN-13 208" 3.20* 2.73 -13.98" -0.14 -0.29*
ACN-9 X ACN-14 092 231 387 424 0,37 017"
ACN-9 X ACN-15 -1.03 1.87* -0.81 2293 0.03 -0.88**
ACHN-9 X T 019 -0.36 -1.30 -25.89" 0.08 016
ACN-9 X TM-17 0.26 0.09 030 7911 -0.02 113"
ACN-9 X TM-18 0.30 -1.47* 4.08 -6.96 0.21* 0.21*
ACN-9 X RAURD 9505 -2.26™ -4.13* -0.32 -2z2.16™ 0.09 -1.09*
ACN-8 X HUM 9601 -0.14 -1.47* 5.68 654.93** 0.09 o1
ACN-8 C LOCAL 1.86™ 2.64* -3.16 -66.24™ 0.14 1.53*
PCR-7 X ACN-12 142 Q.68 248 1.21 01g* 016"
PCR-7 X ACN-13 -1.32* -0.10 a.61 2774 0.15 0.25**
PCR-7 X ACN-14 0.34 -2.99* 2.5% 572 Q.29+ -0.07
PCR-7 X ACN-15 1.57* -0.10 4.88 345 0.09 -0.96*
PCR-7 X TM-1 -0.88 1.01* 412 33.50* -0.07 -0.83**
PCR-7 X TM-17 0.68 -0.88 -2.88 -38.70 0.13 -0.60"
PCR-7 X TM-18 -7 -0.10 -8.16* -22.24™ -0.35 0.88*"
PCR-7 X RAURD 9505 2.68" 3.57* 0.70 20.83" 012 o1
PCR-7 X HUM 9601 -0.68 0.57* 910" -47.41* 0.00 0.65*
PCR 7 X LOCAL -1.54* -1.66** 4.79 27.34" H.22* 0.73*
VARUNA X ACN-12 -1.31* 2.01* 0.26 26.30™ -0.05 085"
VARUNA X ACN-13 -0.76 -3.10* -3.34 -13.76* 0.29* 0.04
VARUNA X ACN-14 0.58 0.68 1.33 9.97" 0.09 -0.10
VARUNA X ACN-15 -0.53 -1.77 -4.07 -26.39"" -0.12 1.85"*
VARUAN X TM-1 D.69 -0.66 -2.83 -7.61 -0.01 0.73*
VARUNA X TM-17 -0.42 0.79 317 -40.41* 0.1 -0.24"
VARUNA X TM-18 1.47* 1.57* 4.08 2919 0.14 -1.09"*
VARUNA X RAURD 9505 -0.42 057 -0.38 1.32 -0.21* 0.98**
VARUNA X HUM 8601 1.602 0.50 342 -17.62" -0.09 -0.76*
VARUNA X LOCAL -0.31 -0.99 -1.63 38.90* 0.08 --2.27
SE {Sij) + 0.63 0.50 3.57 414 0.08 0.067
*P=>005 P00
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In general, the range for mast of the traits was wider in
hybrids than their parents (Table-3) and range for
heterosis was higher for better parent heterosis than for
the standard heterosis. Six crosses showed significant
positive heterobeltiosis and four crosses showed
significant positive standard heterosis for seed yield.
Highest extent of standard heterosis (61.4 %) and
heterobettiosis (76.3 %) was observed for biological yield.
Seed yield also exhibited high extent of both standard
(56.0 %) and better parent (58 8 %) heterosis. Among the
remaining characters seeds/siliqua, primary branches and
plant height also showed good amount of heterosis. Days
to flower, days to maturity and seed weight exhibited pocr
heterosis. Significant heterosis for seed yield in Indian
mustard has earlier been reported (Banga and Labana,
1984; Pradhan et al, 1993). None of the crosses exhibited
heterosis for harvest index, cil content and protein content.
It is expected for ofl and protein content as the bath traits
are being governed predominantly by additive gene action.
Absence of heterosis for harvest index may be due to
balancing the positive and negative genes. Though, no
standard heterosis was observed for primary branches and
test weight, but three crosses exhibited significant positive
heterobeliosis for primary branches and four crosses
exhibited significant positive heterobeltiosis for test weight.

Top ranking cross combination for different traits ha

been listed in Table-4 along with per se perfermance, sca
effects and gca status of parents. Sca effects and per se
performance were not always in consistency. Top ranking
crasses involved high, medium and fow combiners as
parents. Kumar et al. (1997) also reported the involvement
of high, medium and low combiners in superior crosses for
seed yield and its components in Indian mustard. C5-52 x
Rohini was the highest yielding cross combination on the
basis of both per se performance and standard heterosis.
This cross also had highest significant positive heterosis
for biclogical yield but non-significant heterosis for primary
branches and seeds/siliqua. Another cross between PCR-
7 and RLM-514 exhibited highest better parent heterosis
for seed yield though it was second on the basis of per se
performance and standard heterosis. This cross also
showed highest standard heterosis for seeds/siliqua along
with significant positive standard heterosis for biological
yield. The heterosis for yield appeared as a manifestation
of heterosis for biclogical yield as depicted by high
heterosis for both seed yield and biological yield by the
same crosses. High extent of heterosis coupled with high
sca effects for seed yield presented bright prospect for
developing commercial fybrid in Indian mustard.

Table 3 Range, heterosis and number of crosses showing significant heterosis in desirable direction for yield and yield

contributing traits in Indian mustard

Range No. of crosses No. of crosses
Character showing showing standard
Parents Hybrids Heterobeltiosis rs\;?:ga;g heterobettiosis heterosis

Days to flower 64.7-72.7 67.3-77.7 -6.8-17.9 -9.0-49 2 6

Days to maturity 137.7-140 136.3-1453 -2.6-5.3 -2.6-43 - 1 | 1

Plant height 162.2-205.8 176.7-222.9 -10.7-29.6 -14.2-8.3 2 5
Primary branches 3163 38-71 -38.2-40.4 -382-1286 3 Nit
Seeds/siliqua 10.5-14.1 11.3-18.7 -20.1-22.3 -201-17.8 . 3 1

Test weight 40-6.2 47-6.4 -16.9-17.6 -23.4-42 4 Nil
Yield/plant ' 8.3-16.9 7.3-282 -55.6-58.8 -61.5-56.0 6 4
Biological yield 371716 27.8-1211 -39.8-76.3 -58.5-61.4 10 8
Harvest index 204274 12.3-26.0 -52.2-157 -55.2-1.8 Nil ’ Nil

Oii content 38.4-43.4 38.8-436 -5.7-1.9 -10.6-0.6 Nt il
Protein content 193-213 19.2-20.7 -7.0-0.4 -96-07 Nil Nik

37



Combining ability and heterosis in Indian mustard

predictability ratio, pedigree selection for these traits is
suggested. The predominance of nen-agditive gene action
for seed vyield and its components could be exploited
through heterosis breeding (Patel ef af., 1993) or through
population improvement by intermating the improved
genotypes in successive generations (Jensen, 1970). The
estimates of gca effects for all the eleven characters are
presented in Table-2. Good general combiners were CS-

52 for seed yield, primary branches and protein content,
RLM 514 for seed yield, seeds/siliqua, biological yield and
protein content, Varuna and PCR-7 for test weight, VSL-5
for harvest index and days to flower and Rohini for oil
content, C8-52 and RLM-514 are the parents which could
be selected to produce desirable segregants for yield and
its contributing traits. Rohini and RH-781 may be crossed
to produce transgressive segregants for ail content.

Table 1 Analysis of variance {MSS) for combining ability of 11 characters in Indian mustard

Character GN?; Sr\%: El\rﬂr:r h?n Predictability ratic
Days to flower 15.6* 13.5% 1.8 0.18 0.2
Days to maturity 26 6.6 13 0.04 0.05
Plant height 234 2% 256.2* 366 0.15 0.17
Primary branches 0.8 0.9 0.2 012 6.13
Seeds/siliqua 1.9% 1.7 03 0.18 0.03
Test weight 0.5 oz 0.03 0.3 0.33
Yield/plant 320+ 24.0°" 1.4 0.22 0.23
Biclogical yield 3205 463.5* 56 013 013
Harvest index B.5* 11.1* 16 0.12 ; 0.14
Qil content 6.8** 0.6 0.1 0.7 0.74
Protein content 0.9 0.09** 0.02 0.67 0.74°
** Significant at 1% level
Table 2 GCA effects for yield and its contributing traits in mustard
Parents
Character
VSL-5 C5-52 Varuna PCR-7 Rohini RLM-514 RH-781
Days to flower -2.0" -0.6 0.3 1.6" -0.2 1.6 0.7
Days to maturity 0.7 01 0.3 1.0 -0.1 -0.5 0.1
Plant height -341 09 -4.6* 1.4 20 10.4 -3.0
Primary branches -0.02 0.5* 0.3 o -0 0.4+ 0.1 ¢.1
Seeds/siliqua 08 0.1 0.1 04 0.1 0.8 02
Test weight - 003 -0. - 0.4 0.3 -0.1 -0.3" -0.04
Yield/plant -0.04 26" -3.6* -05 0.2 1.3 -0.05
Biolegical yield 2.7 99" -10.4* 0.9 . 1.2 1.57 04
Harvest index 1.01* 04 -1.5" 0.8 0.2 1.3 l -02
Oil content -0.9* 01 0.4 -0.7 1.6 0.2 0.4
Protein content 0.4 - o1t 0.1 -0.2* -0.5" 0.4* -0.2**

*, ** = significant at 5% and 1% level, respectively
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Combining ability and heterosis in Indian mustard

Tapie 4 Top ranking cross combinations selected on the basis of per se performance along with respective sca effect and gca

status
Cross peg ::“‘f:me sca effects gc:::::\l:: o g::teerro giasrgr\:g s'-tiaert;?rsdif:;:z[(
Days to flower )
VSL-5 x CS-52 ' _ 67.3 -1.03 HxM -2.42 -9.01**
VSL- 5 x Rehini '_ 673 -1.40 Hx M 242 -9.01*
VSL-5 x RH-781 h 68 021 ~ HxM -1.45 -8.00*
Days to maturity ) .
VSL-5 x Rohini 1363 -4.03 MxM -2.62 ’ 262
RLM-514 x RH-781 138.3 225 ' MxM 119 119
VSL-5 x RLM-514 139.7 0.36 : MxM -0.24 -0.24
Plant height
VSL-5 x C8-52 176.7 -17.33 MxL -10.65* 14147
Varuna x PCR-7 182.3 -10.67 HxL -1.67 -11.43*
\SL-S % RH-784 _ 1837 37 XM 74T 4075
Primary branches
CS-52 x PCR-7 71 ' 157 Hx M 26.97* 12,57
Varuna x RLM-514 6.6 1.64 LxM 404" a7
€8-52 x Rehini 65 1.20 HxL 15.3 2.6
Seeds/siliqua
PCR-7 x RLM-514 16.7 235 LxH 2226 17.84*
VSL-5x RLM-514 155 1.83 LxH 1374 . 963
€5-52 x Rohini 15.4 1.50 MxL 11300 9.28
Test weight
VSL-5 x Varuna 6.4 0.81 " MxH 420 420
C5-52 x PCR-7 ' 6.3 . 683 Mx H 9.60" © 199
PCR-7 x RH-781 , 6.1 ‘ 0.56 . HxM _ 6.13 -1.24
Yield/ptant ' '
CS-52 x Rohini - o282 9.38 HxM 56.00** | 56.00"
PCR-7xRLM-514 . T 244 7.59 LxH 58.83* . 3476
C8-52 x PCR.7 228 . 473 . HxM 26.93* 2693
CS-52x RLM-514 - 222 2.36 S  HxH 2 22.61*
PCR-7 x RH-781 204 . 4.93 M x M 45.00** 12.79
Biological yield '
CS-52 x Rehini _ ' 121.4 40.77 HxM 61.4" 6197
£S-52 x PCR-7 . 1108 30.88 HxM 4787 . 4787
PCR-7 x RLM-514 ' 100.4 28.89 MxH 67.48** 33.87

H, L, M indicate high, low and medium combiners, respectively
*, ** = significant at 5% and 1% levels, respectively
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better paient {578%) and standard check (193%) for seed
yield. This hybrid also displayed significant positive
heterosis over standard check (164%) for harvest index
{Table-2}. The hybrid 7-1-A x 98-2-3 exhibited maximum
heterosis far oil content over better parent (50%) and
standard check (20%). These results in general are in
agreement with those of earlier workers in other crosses
studies by them (Chidambaram and Sundaram, 1980
Gitraj and Virupakshappa, 1992, Detiv, 1993).

Table1  Heterosis for different characters of sunflower pooled over
two environments
Range of heleroric cuporor on the
Character basis
sC

BP SC (MSFH-8) | BP  qcrhg)
Days to flowering -12.83t0-0.44 -226610-449 34 75
Plant height 99110 12415 -33.8710 13.62 2 16
Number of leaves  1.09 to 42.52 0.1310 1817 36 18
Days to matarity  -11.1810-0.95 -14.7310-2.19 14 35
Head diameter 14621611353 01410877 72 a
Autogamy 2.9510 272.55 1.3510 32.25 52
100 seed weight 29.38 10 54.75 18.78 o 47.46 44 44
Seed yield 147.0010 688.31 0.07 to 193,44 75 43
Harvest index 4.40 to 257.52 0.53to 164.43 &80 36
Qil content 6.22 to 49.86 0.75 10 20.01 G54 28

The best crosses involving 234A female performed better
for number of leaves, days to maturity, a 100 seed weight
and harvest index. For short days to flowering, dwarf plant
height and early maturity, the crosses involving male 261-
2 gave good performance, Among the top yielding hybrids
{Table-2) the hybrid 234A x 187-333 showed highest
heterosis over the check. This hybrid was better than the
check for days to early flowering, early maturity, short plant
height, 100 seed weight, harvest index and oil content

also. The hybrids like 86A, x 68-3 and 7-1-A x 187-333
were also better hybrids than check for these traits.
However, all the best five crosses on the basis of seed
yield showed negative heterosis for autogamy. These
promising hybrids can be further exploited for hybrid
breeding and these above two lines 234A and 261-2 may

" be further used for heterosis breeding.
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Table 2 Heterosis (%) over standard check (MSFH-8) of best five crosses selected for seed yield along with their per se

perfarmance (parenthesis)

Seed Days to Plant  Numberof Dayste Head ) 1roamy 100 seed Harvest ail
yield flowering  height leaves maturity  diameter gamy weight index content
234A x 187-333 19344 -1649  -10.91* 4.33 -7.99** -1366 4065 4162 16443  1298*
74 (70) (130) (31) (8) (12 (46) (6) (65) (42)
234A x 14341 103.54** -16.88* 8.15 1259 5160 -9.18 -40.56** 18.53* 55.36" 5.51
(51) (70) {1589) (33) {100) (13) (46) {5) (38) (39)
234A x 68-3 7172 -22.66™ -15.97 -3.89 -7.52 -13.44 -29.82 3832 105.24* 0.75
(43 (85) (122) (28) (@8) (12 (54) 5 (50) (38)
86A, x 68-3 62.10** -19.67* -10.62* -9.27 -4.534** -10.48 -17.81* 26.14** S.06 912
(40} (€7) (130) (27) (102) (12) {63) () (27) (41)
7-1-Ax 187-333  38.90** -1488  -12.82" 2.20 -3.90 -6.36 -43.03* 1218 3045 415"
(35) 71) (127) (30) (102) (13) {44) (4) (32) (41)
MSFH-8 (29) (64) (146) 80) (106) (14 o {4 (25 {38)

*, ** indicated the significance at 5% and 1% levels, respectively.

41



+s Res., 20(1): 40-41 (2003)

Heterosis for seed yield and its components in sunflower, Helianthus

annuus L.

Devinder Pal Singh and $.B. Singh

Department of Plant Breeding, Punjab Agricultural University, Ludhiana-141 004, Punjab

{Received: May, 1999; Revised: August, 2002, Accepted: January, 2003)

Abstract

Heterosis for seed yield and its components was
studied in a set of line x tester crosses of five CMS
lines and 15 testers, over better parent and standard
check (MSFH-8). For seed yield maximum heterosis of
688% and 193% was observed over better parent and
standard check, respectively. All the 75 hybrids
showed significant positive heterosis over better
 parent, while 43 hybrids exceeded the standard check

for seed yield. The hybrid 234A x 187-333 displayed
maximum heterosis for seed yield and harvest index
over the better parent as well as standard check. This
cross was better than standard check for early
flowering, early maturity, short plant height, 100-seed
weight and oil content. For oil content, the hybrid 7-1-
A x 98-2-3 exhibited maximum heterosis over the
better parent {50%) and standard check (20%). Large
number of crosses showed significant amount of
heterosis for different characters which can be further
exploited in sunflower breeding.

Key words: Sunflower, heterosis, hybrids
Introduction

Sunflower (Helianthus annuus L.) has now become the
oilseed crop of major economic importance world wide.
Due to its cross pollinated nature, it offers considerable
scope for commercial exploitation of heterosis utilizing
eyto-restorer system (Madrap and Makne, 1993; Sugoor et
al, 1996, Gangappa et al, 1997). The present attempt has
been taken to study heterosis for seed yield, oil content
and the yield components.

Materials and methods

Five cytoplasmic genetic male sterile {cms) lines viz,
300A x 234A, 7-1-A, 207 A and BBA, were crossed with 15
males, viz., 68-3, 187-333, 113-3, 108-3, 261-2, 38-2, 98-
2-3, 74-2, 143-1, 185-2, 255-1, 293-1, 3491, 272-1 and
18-1-2. Crosses were made in a line x tester fashion
{Kempthorne, 1957) to synthesize 75 F, hybrids. The
parents and hybrids along with standard check (MSFH-8)

40

were grown in a randomized block design with three
replications in two environments. The environments were
created by applying nitrogen 60 kgfha and 90 kg/ha in first
and second environment, respectively. The experiment
was conducted at Punjab Agricultural University, Ludhiana.
Crossing was carried out during kharif, 1995 and the
evaluation of the crosses and their parents was done
during spring, 1996, Each entry was grown in a single row
of 3 m length with a spacing of 60 ¢m row to rows and 30
cm piant to plant. Recommended agronomic practices
were followed to raise the crop. Data for morphological
characters was recorded on five randomly selected
competitive plants. Autogamy was calculated by following
the method of Robinson {1980). Oit content was estimated
by wide line NMR (Newport analyzer MK 111A). Heterosis
was calculated over two environments as the percentage
of F, performance in the favourable direction of its, better
parent (BP) and standard check (MSFH-8) for seed yield,
yield components and oil content. )

Results and discussion

The pooled analysis of variance over two environments
revealed large variabilty and indicated highly significant
variance of parents as well as hybrids for all the traits. The
contrast between the parents and hybrids showed the
presence of dominance for all the traits except for days to
maturity.

The expetimental resuits of the parent study-indicated the
presence of significant amount of heterosis for the traits
under consideration. For seed yield/plant, all the hybrids
showed highly significant positive heterosis varying from
147 to 688% over better parents. The 43 hybrids showed
superiority over the standard check. For seed yield, all the
75 hybrids under study exhibited significant positive
heterosis over the better parents, thereby expressing over
dominance for this character, The extent of heterosis over,
better parent and standard check for oil content was
varying from 6 to 50% and 1 to 20%, respectively
(Table-1). Large number of crosses shcewed significant
amount of heterosis for other characters also (Table-1),
which can be further exploited in sunflower breeding. The
hybrid 234A x 187-333 gave maximum heterosis over
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seed vield (11.40 %) in positive direction, maintaining at
par performance with check for head diametet, number of
seeds/plant, 100 seed weight and harvest index. However,
this hybnd was found significantly superior over its better
parents for all the characters except days to maturity and
oil content.

In view of the overall performance with regard to heterosis
response, the two hybrids viz,, CMSH 6A x RHA 272 and
CMS 290A x HRHA 5 were found superior for il content
and seed yield. However, the hybrid CM3 290 x HRHA 5
recorded higher seed vyield over Jwalamukhi, High
heterotic response for seed yield, oil content and 100 seed
weight were earlier reported by Rajugounda et al. (1892),
Kandhola et al. (1995), Chidambaram et a/. (1996} and
Gangappa et al (1997). Further, there was a close

agreement between per se performance and magnitude of
heteratic response displayed by hybtids over Jwalamukhi’
for oil content and seed yield {Table-2). It is interesting to
note that both the hybrids CMSH 8A x RHA 272 and CMS
290A x HRHA 5 invalved high X low gea status of female
and male parents for oil content and seed vyield,
respectively indicating additive and non-additive gene
effects and their interactions in the expression of these
traits, On the basis of per se performance, the hybrids
CMSH 8A x RHA 272 and CMS 290A x HRHA 5 were also
identified promising over Jwalamukhi (Table-2). The
identified promising hybrids need to be further tested
extensively in different agro-climatic zones for their
superiority and stability for seed vyield and oil content
before their recommendation for commercial cuitivation.

Table 1 Heterotic values of best selected hybrids over BP and SC for oil content, seed yield and other component traits in
sunflower
Days to Head diameter No. of 100 seed Seed yield/plant | Harvest index Oil content

Hybrid maturity {cm) seeds/plant weight (g) [{e}] (%) (%)

BP sC BP SC BP 8C BP sC BP sC BP SC BP sC
CMSHBA 642** 500" 3514 154 3593 -776 2015 -214 06545* .745 6677 026 753 250
x RHA 265
CMSHBA -868* -233 4181* -340 5769 70t 1890 -317 112.09** 042 6775 085 2710 295
¥ RHA 272
CMS 290A 165 233 7810 -0.70 15679"™ -157 35004 392 27698 -095 3537 1369 1195 .043
X RHA 296
CMS 280A 357 467 8071 572 18850 1065 3881** 445 32409 11.40* 28.09 758 078 -10.46*
x HRHA 5

*, ** Significant at P=0.05 and 0.C1 respectively

BP = Better Parent; SC = Standard Check

Table 2 Per se performance of selected parental lines and their hybrids for oil content, seed yield and other component traits

in sunflower

Parent/Hybrid moty e R wegh(@) e mdecon
CMSH 6A 110 18 790 4.7 259 75 33
CMSH 290A 10t 14 447 28 14.4 10.4 35
RHA 265 99 16 773 34 249 7.2 37
RHA 272 - 105 14 508 32 157 6.1 33
RHA 256 101 10 33t 4.0 127 6.9 34
HRHA 5 101 13 243 43 85 49 35
CMSH 6A x RHA 265 105 25 1074 57 S05 - 125 40
CMSH B6A x RHA 272 a8 26 1248 56 549 125 42
CMS 290A x RHA 296 102 25 147 5.0 54.1 14.1 39
CMS 290A x HRHA 5 105 26 1289 6.1 €0.9 134 34
Jwalamukhi (check) 100 25 1165 58 546 124 39
Range 96-110 10-26 143-1289 2867 1.8-60.9 4.8-225 28-42
CD {P=0.05) 3.53 1.76 96.39 0.51 517 1.79 278
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Abstract

The magnitude of heterosis for oil content, seed yield
and other component traits was worked out in 56
single cross hybrids produced, crossing 7 CMS lines
with 8 fertility restorers through Line x Tester mating
design in sunflower (Helianthus annuus L.}. There was
a close agreement between per se performance and
magnitude of heterotic resonse displayed by hybrids
over Jwalamukhi for oil content, seed yield and
contributing traits. The identified hybrid CMSH 6A x
RHA 272 involved high x low gca status of female and
male parents for cil content and CMS 290A x HRHA 5
for seed yield, indicating additive and non-additive
gene effects and their interactions in the inheritance of
these traits.

Key words: Hybrid vigour, Heterosis, Line x tester,

seed yield, oil content
Introduction

The establishment of CGMS system in sunflower two
decades back (Leclercq, 1969; Kinman, 1970) has opened
the new vistas for commercial exploitation of heterosis in
the development of hybrids. However, USA Bangalore
has made a dent by developing India's first sunflower
hybrid BSH-1 through CGMS system (Seetharam, 1980).
The superiority of hybrids over open pollinated cultivars for
productivity, yield stability, oil content, autogamy,
hemogeneity, uniformity and tolerance to disease and pest
has experimentally been well established. Thus, in recent
past, the breeding emphasis has shifted from population
breeding to heterosis breeding in a bid to meet the
challenges and tremendous demand of sunflower oil in the
market owing to anticholesterol properties in its oil. The
present investigation was undertaken to develop and
identify new hybrids with high magnitude of heterosis for
oil content, seed yield and other important attributes.

Materials and methods

The experimental material comprised of seven CMS lines
viz.,, CMSH6A, CMSH 4A, CMS 290A, CMS 300A, CMSH-
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84, CMS 10A and CMS 336A (E) and eight fertility restorer
lines, viz.,, RHA 263, RHA 272, RHA 273, RHA 856, RHA
347, RHA 296, HRHA 5 and HRHA 8. Each seed parent
was individually crossed with each pcllen parent in line x
tester mating design (Kempthorne, 1957) to produce 56
single cross hybrids. Thus, 15 parental lines, 56 single
cross hybrids along with a check Jwalamukhi were
evaluated in a randomised block design, replicated thrice
for oil content, seed yield and other important traits at the
research farm of Seed Technology Centre, CC3 Haivana
Agricultural University, Hisar. In lieu of CMS lines, their
corresponding isogenic maintainer lines were assessed.
Recommended package of practices were adopted to
raise the healthy crop. The observations were tapped on
72 entries including Jwalamukhi for days to maturity, head
diameter (cm), number of seeds/plant, 100 seed weight
(g). seed vield/plant (g}, harvest index (%} and ail content
(%). The analysis was cartied out as per Kempthome
(1957) and the heterosis over better parents and
Jwalamukhi was calculated as per Falconer and Mackey
(1996).

Results and discussion

The significant magnitude of heterosis was displayed by
four crosses out of 56 either over their respective better
parent or check hybrid Jwalamukhi {Table-1). The rest of
the hybrids manifested significantly negative heterosis
over Jwalamukhi for almost all the traits studied (Kumar,
1998). The hybrids CMS 290A x RHA 296 and CMSH 6Ax
RHA 265 exhibited significant supetiority over their better
parent for all the characters barring days to maturity.
These hybrids did not perform better against Jwalamukhi
even for a single trait. The hybrid CMSH 6A x RHA 272
showed intrinsic superiority (9.95 % heterosis) against
Jwalamukhi for ol content, but it was observed at par in
seed yield. This hybrid also registered highly significant
heterosis over its better parent for all the traits viz., days to
maturity (earliness), head diameter, number of
seeds/plant, 100 seed weight, seed yield/plant, harvest
index and oil content. The other hybrid CMS 290 A x
HRHA 5 registered significant heterosis over check for
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Abstract

The phenotypic stability of castor (28 hybrids and 8
parents), grown in six environments over two
seasons, was studied for seed yield and other fraits.
Both linear and non-linear components of G x E
interaction were found important for stability of seed
yield and its components. Pistillate line, MCP 2 for
seed yield and capsules/spike, the male parent, RG184
for capsules on ptimary raceme, RG299 for spikes/
plant, and RG125 for 100 seed weight were found to be
stable. The hybrids MCP2 x RG184 and VP1x RG125
were identified as stable for seed yield and some
component traits.

Key words: Castor, G % E interaciion, stability,

linear and non-linear components
- Introduction

Castor is an important industrial oilseed crop in India.
Country earns valuable fareign exchange by the expon of
oil and seeds of castor. Stability of production is essential

" for crops having export potential. In general, genotype

interacts with the enviranments, hence studies helps in
- the identification of genotype suitable for wider adaptation\
specific environments. Significant genotype x environment
interaction in castor has been reported {Gopani ef al,
1972; Laureti, 1995). The genotype x envircnment
interactions could mitigate the progress of selection and
cause hindrance in identification of stable cultivars. A
number of statistical and biometrical technigues have been
developed, among these stability model developed by
" Eberhart and Russell {19686) is being commonly used. The
information available on stability analysis is meagre in
castor. Hence, undet the present study, diverse materia)
was used to study the stability parameters for seed vyield
and its component traits in castor.

Materials and methods

Eight parents consisting of four each pistillate lines and
male parents and their 28 crosses were used as

experimental materials. Parents were crossed in diallel
mating design (excluding treciprocals). In all, 36 genctypes
were grown in six environments. The environments were
created by three dates of sowing i.e., 15 July, 30 Juily and
15 August, over two seasons. The experiments were
grown in a randomised block design with three
feplications. Each genotype consisting of two rows were
spaced planted and seeding rate was one seed/50 cm in
rows spaced at 90 ¢m apant. Recommended package of
practices were adopted to raise the crop under irrigated
condition. Observations an seed vyield i.e, at 120 days
after sowing (DAS), 240 DAS and other component traits
viz., effective and total length of primary raceme, capsules
on primaty raceme, effective length of 5,7, raceme
(tertiary one on secondary one), nodes upto primary
raceme, spikes/plant, capsules/spike and 100 seed weight
were recorded on ten randomly selected competitive
plants. The mean values were subjected to statistical
analysis. The stability analysis was done as per Eberhart
and Russeil (1966).

Results and discussion

The analysis of variance revealed significant differences
among genotypes for all the traits {Table-1), it indicated
the presence aof sufficient variability in the materials. Highty
significant mean squares due to envircnments indicated
varation in different environments used. The combined
environment and genotype x environment interaction was
also significant for seed vield and other traits. Partitioning
of genotype x environment interaction into linear and
non-linear components revealed the significance of both
the components. Higher magnitude of linear component
for all the traits, suggested that G x E interaction for these
attributes was predictable. The present findings were in
agreement with those obtained by Hirachand et af, (1982)
and Henary and Dauley (1985) for seed yield; and Patel
{1994) for effective length of primary raceme. However,
Patel et a/, (1984), Mandal and Dana (1994) and Patel

{1994 a & b) reported higher magnitude of non-linear

component for seed yield in castor.

1
S.K.N. College of Agriculture, Jobner, Rajasthan.
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Phenotypic stability of hybrids and parents for seed yield and its components in castor

Stability parameters for pistilate lnes revealed that MCP
2 was prominent stable pistillate parent for seed yield (240
DAS) and capsules per spikes. Pistilate line, MCP2 was
suitable for favourable growing situations. Commercially
exploited pistillate fine VP 1 and another newly developed
pistillate fine, MCP1 were poor in per se performance for
seed vield, however, these pistillate lines are useful in
heterosis breeding. On the other hand NES type pistillate
line 240 was unstable for seed yield, capsules on primary
raceme, effective length of S,T, raceme and capsules per
spike. Evidently, it showed higher sensitivity to change in
environments.

Amongst male parents, RG 184 for capsules on primary
raceme, RG 299 for spikes/plant and RG 125 for 100 seed
weight were found stable.

As regards the stability parameters for hybrids, critical
examination of deviation mean square for crosses
revealed that high magnitude of pooled deviations for yield
and most of the other traits were largely due to few
crosses involving unstable parents. For example, the
crosses involving pistilate line, 240 and mostly male
parent, 846 contributed maximum share of 29.8 and
23.7% in total deviation from regression for seed yield at
240 DAS, respectively. Similatly, for seed vyield at 120
DAS, mostly male parent, 846 and crosses involving this
parent contributed 42.3% in total non-linear component.
Similar trend was also observed for the other traits.

The stabilty parameters for seed yield and other
component traits indicated that hybrids identified as stable
for seed yield were also stable for at least two or more
component traits. The crosses VP1 x RG184 and MCP2 x
RG298 showed stability for the maximum number of
component traits. Nodes up to primary raceme {earliness
in emergence of primary raceme} was the most stable
character amongst the hybrids. Based on present study it
could be concluded that involving stable parents in

Table 1 Storability analysis for seed yield and its component traits in castor

breeding programme would have better chances of
developing stable hybrids.

The stability parameters for seed yield at early picking
(120 DAS) indicated that crosses, MCP2 x RG184, 240 x
RG184, MCP2 x RG125 and VP1 x RG299 recorded
higher mean performance, average response to the
changing environments and non-significant deviation from
regression. Thus, these crosses were considered as well
buffered and adapted to all the environments At final
picking i.e., 240 DAS, considering all the three parameters
of stability, crosses found stable in average response
group were MCP2 x RG184, MCP1 x RG125, MCP1 x
RG184, MCP2 x RG299, 240 x RG184, and MCP2 x
RG125. In second group exhibiting 'b’ values less than
unity, only five crosses satisfied all the parameters of
stability. Among these, prominent crosses were VP1 x
RG125, VP1 x RG299 and VP1 x RG184. These crosses
were found suitable for unfavourable growing condition.
The cross, 240 x RG125 was highly responsive to
favourable growing conditions.

Based on stability parameters for seed yield at early (120
DAS) and final picking (240 DAS), crosses i.e., MCP2 x
RG184 and VP1 x RG125 were identified as the best
crosses. The best cross MCP2 x RG184 exhibiting high
mean performance and average response for seed yield
was also found stable for important yield contributing traits
i.e., capsules on primary raceme, and spikes/plant.
Another superior cross, VP1 x RG125 recorded high per
se predominance and below average response for seed
yield which was also found stable for other attributes viz,,
100 seed weight, nodes up to primary raceme, and
spikes/plant. The hybrid, VP 1 x RG 125 was found
suitable for unfavourable growing situations. These
superior crosses could be exploited directly as F, hybrids
or could be used in breeding programme.

Mean sum of squares

Eflective Total Capsules

Effective

Nodes

Source OF Ienglh of Iengih of _on length ] upta Spikes/ Capsul_es,’ 100 sged Seed yielac: Seed vie:adt

Beome  bacome iatoms tecems teceme e VM ropas 2a0as
Genotypes 35 . 1024.28*  383.16" 1413241  315.54" 17.37™ 21.38" 17057 17220 2079.36" 13198.94™
Env. + (Genx Env) 1805 23.00* 23.38"  116.06* 18.71* 0.66* 1.28" 1.36** 1.39™ 63.98*  612.62"
Environments 175 228.65™ 28570 B26.02**  332.90™ 6.42% 3533 21.71 1137 1908.82* 17254.17*
Genotypes x Env. 1 17.12% 16.35* 9578 873 0.49* 031" 0.78" 1 11.27*  137.15™
Environments (Lin.) 35 1143.00*  1428.49*  4130.00*" 1664.483™ 32142 176.56™  108.57 56.87*" 9544.09* 8627085
Gen. x Env. (Lin.) 144 19.86™ 19.57* 149.16"*++  14.07*+ 0.68™+ 0474+ 1.29%*+ 1.49**+  20.52**++ 264.34*"++
Poaled deviation 420 15.98™ 15.11** 80.15* 8.41 0.43* 0.26" 0.63* 0.96* B.71™ 102.43"
Pooled error 4.42 5.09 27.22 298 0.28 0.08 0.15 0.53 2.96 34.99

** Significant at P=0.01 and tested against pooled error; +, ++ Significant at P=0.05, P=0.01 and tested against pooled deviation
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disease  while, M-541 and M-574 exhibited <10%
incidence of wilt (Anonymous, 1994}, High degree of wilt
resistance in M-819 followed by M-571, M-574, M-584 and
M-568 was confirmed by artificial screening employing
root dip inoculation technique (Table-1) {(Raocof and
Nageshwar Rao, 1996).

Evaluation of five pistillate lines viz., M-619, M-574, M-584,
M-571 and M-568 (20 plants each) in Rabi 1999-2000 and
2000-2001 indicated M-618 {with green-stem, triple bloom
and dwarf plant type) to be the most stable pistiliate line
with 80% of the plants as pistiflate in the entire spike
orders (Table-1}. Mutant M-571 recorded 100 % pistillate

Table 1 Breeding behaviour of mutant yp-1 pistillaté lines*

plants with interspersed staminate flowers (ISFs)
irrespective of the season and needs for intensive
selection for steble pistillate plarts with envitonment
sensitive ISF production. Other pistilate lines M-574,
M-584 and M-619 expressed interspersed staminate fiower
character in the early spike orders and later reverted to
manoecious condition. Similar results were obtained
{Rudraradhya and Habib, 1986) when M, plants of CV
RC 7 treated with 10 Kr gamma radiation produced 100%
pistilate spikes and 40% of the population reverted to
normal monoeciols nature while 60% continued as
pistilate lines in the M, generation.

Number of plants showing {%)

M . No. . Wilt
"is:':i%n‘te N racters "55:533 SSE::}FIJ\I':"! inc(iud,étce . Pistilate  ©oiiate to ISF ,
Pistitlate with ISF or IS_F o Monoecious
pistillate

M-571 R;SpD 129 6.1 26.7 o 100 0 1]
M-574 G,5pD 131 6.6 296 Q 29 57 . 14
M-584 G;SpD 1240 79 333 0 66 1] 34
M-619 G,SpD 148 6.2 125 90 1] 10 o]
M-568 G,5pD 15.0 58 20.0 75 15 . 0 10
VP-1 G.5pD 18.0 6.6 55.6 25 75 0 0

* G - Green; R - Red stem; 2- Double; 3- Triple bloom; Sp - Spiny capsule; D - Dwarf stem condensed nodes;

Reversion to monoecious condition indicated the operation
of S type of sex expression. S type of sex expression in
castor is characterized by dominant and epistatic effects
of the pistilate gene with enpvironmentally sensitive
modifying genes for the production of ISF character
(Classen and Hoffman, 1950; Zimmerman and Parkey,
1954; Shifriss, 1960). Hybrid seed production using S
type pistillate line was taken up during the cool season of
August to February because of 100% pistillate expression
under low temperatures by the pistilate line. The
maintenance of pistillate line in summer season was
based on the presence of environmentally sensitive genes
for ISFs (Ramachandram and Ranga Rao, 1989).

These stabte and wilt resistant mutants were used to
reconstitute GCH 4 hybnds using 48-1 as male parent
Among them DCH 158, DCH 168 and DCH 173 hybrids
were free from wilt even in wilt sick plot (Anonymous,
1994). Five hybrids viz.,, DCH 149, DCH 158, DCH 161,

49

+ Under artificial screening technique

DCH 171 and DCH 519 recorded <20% wilt incidence in
wilt sick plot during kharf, 1888-89 (Table-2). These
hybrids provide the scope for breaking the genetic
vulnerability of castor hybrids to fusarium wilt.

Table 2 Wilt incidence in hybrids

Hybrid Pedigree Wilt incidence (%}
DCH149 M-571xDCS89 95
DCH 158  M-565 x 48-1 100
DCH 161 M-584 x DCS 8 87
DCH 171 M-619xDCS 9 83
DCH 519 M-574xDCS 78 187
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Abstract

A mutation breeding programme was initiated in 1988
to incorporate wilt resistance in a susceptible pistillate
line VP-1 of castor. The seeds of VP-1 were subjected
to 45, 55 and 65 Kr gamma rays at BARC Mumbai and
selections were made for stable pistillate behavior and
wilt resistance in wilt sick plot. Among the several
VP-1 mutants selected, M-568, M-571, M-574, M-591
and M-619 were found to be stable for pistillate
behavior and resistant to wilt.

Key words: Castor, VP-1, mutation, Fusarium wilt

Introduction

The development of an indigenous pistilate line Vijapur -1
(VP-1) from Texas stable pistillate fine 10 R (TSP 10 R)
resulted in the development of three castor hybrids viz.,
GAUCH 1, GCH 2 and GCH 3. These hybrids with »25 %
yield advantage over prevailing varieties were however,
susceptible to fusarium wilt. Intensive cultivation of these
hybrids with improper crop rotation led to high incidence of
wilt in castor growing areas. VP-1 with its unique
morphological characieristics (green stem, triple bloom,
dwarf stature, condensed internodes, cup shaped
leaves, long compact spike and spiny capsules) and high
gca was a superior female line except for its susceptibility
to wilt. Hence, a mutation breeding programme was
initiated in 1988 with the sole objective of incorporating
wilt resistance in VP-1.

Materials and methods

A preliminary study of VP-1 was made by treating the
seeds with 0,15, 30, 45, 55 and 65 Kr gamma rays at
BARC, Mumbai to determine optimum dose (Shivraj and
Ramana Rao, 1963; Ankineedu and Kulkarni, 1965;
Sindagi and Ansarn, 1969). Observations were recorded
on seedling height up to tip of cotyledonary |leaf 16 days
after sowing and intensity of necrotic spotting based on
visual scoring.

Based on the piiot trial, 45 Kr, 55 Kr and 65 Kr doses of
gamma rays were selected. About 600 selfed seeds were
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irradiated for each dose in April 1988, M, generation was
raised in summer 1988 and continued through kharif. Wil
incidence was recarded both at early and later stages of
the crop. Mitotic and meiotic abnormalities, varied seedling
emergence, survival, growth, chimeras and pollen sterility
were observed in M, generation. These mutant
generations were evaluated under natural field conditions
with high wilt inoculum load. The surviving plants were
selfed and advanced to next generation. In M, population
250 plants each were observed for seedling markers in
normal field and for wilt disease in sick plot. Morphological
deviants like chiorophyll mutants on seedling emergence,
sex expression, reversion and all deviations .in the
praportion of male, female and bisexual flowers, number
of nodes to primary spike or early flowering were
cbserved. Progeny wise selections were selfed and
advanced to M,, generation in addition to selection for
resistant or tolerant plants in disease sick plots.

Results and discussion

The progenies of 55 Kr and 65 Kr radiation exhibited
marked variation for plant type, node number, spike
characters. In both treated and untreated progenies all the
plants were pistillate but produced interspersed staminate
flowers with high temperature after March, 1990. All the
progenies were uniformly female and no markets
associated with female and monoecious character could
be detected. The progenies also expressed marked
difference for their reaction to wilt and considerable shift
for low node number on the main stem (11 to 12 as
against 15 in control). Wilt resistance was also associated
with certain alterations in the plant morphology like
internodal length, solid stem, thin rachis (floral axis). All
the stable mutant VP-1 selections were dwarf, with
condensed nodes, cup shaped leaves, spiny capsules,
and either with double or triple bloom. In the M,
generation, five pistiliate lines viz.,, M-619, M-574, M-584,
M-571 and M-568 were identified as stable pistilate lines
with long compact spikes.

Four mutant VP-1 pistiltate lines viz., M-568, M-591, M-601
and M-619, screened in a sick field were free from
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Abstract

Nine genotypes of castor with a range of genetic
variability in morphological and biometrical attributes
were crossed in a diallel fashion excluding reciprocal.
Thirty six F,s and their F,s along with nine parents
were evaluated under two environments viz,, irrigated
and rainfed during kharif, 1995-96 at Gujarat
Agricultural University, Sardar HKrushinagar.
Significant differences were observed among
genotypes, F,s5, F;5 and parents Vs. F,5 (except oil
content) for three quality traits viz., oil content, oil
density and iodine value under both the environments.
The mean squares due to parents Vs F,5 were
significant for oil content under irrigated condition and
for density of oil under rainfed condition. The mean
squares due to both gca and sca were significant for
all three quality traits indicating the involvement of
both additive and non-additive gene actions for the
genetic control of these traits. The proportion of
components of genetic variances, however, suggested
the preponderance of non-additive gene action. The
genotypes viz., 2-73-11 for oil content and 48-1 for oil
density appeared to be best general combiners under
both the environments and both the generations. Both
in F, and F, generations, 2-73-11 and V|-9 were good
general combiners for iodine value,

Key words: Gca, Sca, quality traits, castor
Introduction

Castor {Rfcinus communis L), a mono specific crop plays
an impaortant role in the economy of the country. India is
the major castor producing country wherein, Gujarat ranks
first in area (3.5 lakh ha), production (6.2 lakh mt) and
praductivity (1894 kgtha) (Anonymous, 2000). Commercial
cultivation of hybrids in large scale boosted the yield level
from 470 kg/ha (1967-68) to 1994 kg/ha (1999-2000) in
Gujarat. Stilf there is a scope to increase the productivity
along with quality traits of caster ol through genetic
improvement and development of superior lines/hybrids.

Castor ail is one of the most important industrial raw
material used in the manufacturing of large number of
industrial products. Hence, improvement of oil content is
one of the most important breeding objective. Castor oil is
mainly used for lubricant because of its property to remain
liguid at very low temperature (-32°C). It possesses high
density at higher temperature and high viscosity which is
{18 times more than other oils). No systematic efforts have
been made to know the nature and magnitude of genetic
compeonents involved in the inhertance of quality traits in
castor. The present study was therefore attempted to have
the information on the genetic architecture for oil content,
density of oil and iodine value of castor oil.

Materials and methods

On the basis of wide morphological variability for certain
economic qualitative traits, nine genotypes of castor viz.,
VI-9, 48-1, SKI 22, TMV-5, SK1 107, SP5-43-3, SKI 119,
116-1 and 2-73-11 were selected from the germplasm pool
available at GAU, S.K. Nagar were crossed in all possible
combinations (excluding reciprocals) in 1983-94 and
advanced to F, in 1994-95. Thirty six F,s and their six F.s
along with nine parents were grown in a randomized block
design with three replications under rainfed and irmgated
conditions during kharif, 1995-96 at Main Castor-Mustard
Research Station, Gujarat Agricultural University, Sardar
Krushinagar. Each progeny was represented by a single
row of parents and F,s and three rows of F.;s having 9 m
length with inter and intra-row spacing of 80 c¢m and 60
cm, respectively having 15 plantsfrow. The composite
seed samples from different treatments for each
replication from both environments were analyzed for oil
content, density and icdine value as per Sadasivam and
Manickam (1996). The analysis of combining ability
variances and effects was done as per Griffing (1956)
method-2, model-1 whereas, genetic components along
with different ratios were estimated as per Hayman {1954).

Results and discussion

Analysis of variance over two environments showed that
mean sum of squares due to genotypes was significant for

Part of Ph.D. thesis submitted by first author to Gujarat Agricultural University, Sardar Krushinagar-385 506, Gujarat.
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environments. The symmeirical distribution of positive and
negative alleles in parents was observed to be deviating
from the theoretical value under both the generations as
well as environments. The ratio measwing the proportion
of dominant and recessive genes in parents under both
the conditions indicated that for each one recessive gene
there were two dominant genes involved for the
inheritance of oil content, oil density and iodine value. The
ratio h?H, which measures the number of alleles or allele
groups exhibiting dominance was observed to be very low
under both the conditions for these characters. This might
have been under estimated because of the presence of
complementary interaction (Mather and Jinks, 1871) or
due to asymmetricai distribution of positive and negative
aleles in parents. The lower value recorded for the ratio
indicated that no valid interpretation about gene groups
exhibiting dominance could be made. The heritability
values for these traits were medium to high under both the
environments.

The combining abilty and genetic component analysis
have sown the preponderance of non-additive genetic
varnance (non-fixable) towards the inheritance of oil
content, density and iodine value in castor. However, the
importance of additive {fixable} genetic variance can not
be ruled out. Therefare, a breeding methodology using
baoth the fixable and non-fixable components of genetic
variances would be the most desirable for further
exploitation of genetic material under study. It seems that
selection in early segregating generations for high yield
with high oil content, oil density and low iodine value of oil
followed by imnter-se crossing could be the most
appropriate for the simultaneous exploitation of additive
and non-additive genetic components.
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Table 4 Three best crosses (F,s), range of mean value and sca effects for various characters under different environments (F, generation)

Qil yield/plant

sca
effects

Mean value

sca
effects

Mean value

lodine value

sca
effects

Mean value

sca
effects

Mean value

Density of oil

sca
effects

Mean value

sca
effects

Mean value

Qil content

sca
effects

Mean value

5.No,

5ca
effects

Mean value

50 .46 SKI-119x 5002  SKL107x 0924 SKI197x D966 481 x 94.49 TVIV-S x 9222 TMV-5 x 97.50 SKHh22 x 54 61 SKI-22 x

1.

SKI-119
(6.76™)

sKI-119 T™V-5 SKI-119 116-1 TMV-5
(20.66™) (17.58 (8.47") (851) (36.58")

2.73-11
(2.86™)

2.73-11
(1.87*9

SKI-107 x
SKI-119

52.19

134,86 48-1 x SKK

48-1 x 48.18 SKR22 % 0964 VI-9xSKl- 0965 SK-22 x 91.57 SKI-107 x 92.61  48-1 x SKI-

50.20

118 118
{6.88*) (28.32 (637

2-73-11
641"

TMV-5
(15.48*)

107
(20.30™)

5KI-119
(2.21*%

TMV-5
(1.74*)

SKI-22 x

8253 VI-9x2-73- 5163

0.961 VI-8 x SKI- 51.59 SKI-107 x 90.58 VI-9 x
T™V-5
651

48-1 x
TMV-5
(17.75™)

0.964

SKI-107 x 5023 TMV-5x2-
SPS.43-3

49.21

3

TMV-5
(5.08*)

1
(19.43*

116-1

(4.487)

107
(12.45*%

73-11
(2.14*%

(1.62%

4454t0 -152to 4407ic 207t 0821to -22.88to 00925tc -17421c 782510 -6.891c 7847tc -7.74t0 79.42to -17.07tc 30.70to -4.81106.76
51.14 2.57 50.40 2.86 0.964 20.66 0.966 17.58 94.49 8.47 92.22 8.51 143.38 36.58 54,61

Range

Figures in parenthesis are sca effect of concerned cross

** = Significant at 0.01

* = Significant at 0.05;

R = Rainfed;

| = Irrigated;
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- all the traits (Table-1}. Variances due to parents, F,s and
" F,s for all the traits were also highly significant indicating
< considerable amount of variability. The test for homogenity
. of arrays and regression coefficient for Wr Vr against unity
indicated non-significant values for both these tests which

The mean sum of squares due to both gca and sca were
significant for the characters under study. The magnitude
of a’s was higher than the corresponding o?g indicating
the preponderance of non-additive gene action for the
genetic control of these quality traits (Table-2).

suggested that further analysis can be carried out.

Table 1 ANOVA showing mean squares for different characters of castor studied under irrigated (i) and rainfed (R} conditions

Replications Genotypes

Parents Vs. Parents Vs.

Character Environments s 80 Parents 8*  F,s 35" F.s 35* Fst* Fs 1t Error 160*
- Oil content { 8633 4.989"* 6.799" 3427 5.804" 10019 0.189 1.235
R 4722* 7.004** 6.672* 9.028** 5.400* 0.306 0.661 0.346
Density of oil | 0.0013** 0.0004** 0.00029** 0Q.0004** 0.0004'* 0.00004  0.0007** 0.00002
R 0.0011** 0.0003**  Q.0005**  0.0003** 0.0003** 0.0002**  0.0003** 0.00002
lodine value of oil I 6.080 67.711** 61127 . 52644 4944+ 10125  602.793** 10.399
R 3.065 62.097**  58.789** 73875  51.630* 7.286 65.340* 2.890
* = Degree of freedom for respective source
Table 2 Analysis of variance of combining ability for different characters over two environments
) Qil content [ Density of oil ] lodine value of oil
Effects Generation df.
| R | ! R | | R
GCA F, 8 2.9129* 6.4004** 59,0455 109.6416** 245731 12.4762*
F, 8 2.9489* 27497+ 247591 44,6924 29.4243 7.7627*
SCA Fy 36 1.0566* 2.0158* 152.9169"  125.6259"" 16.2211* 25.5906*
Fa 36 1.7279* 1.6531* 1156867 111.963* 19,5933 19.9656**
Error F, 88 0.5065 0.0941 56140 6.4715 0.3604 0.2449
F; 88 0.3429 0.1291 10.1493 8.2911 5.9258 1.6589
o’g F, - 0.111 0.3%9 -8.534 -1.4532 0.759 -1.192
F: - -0.399 0.099 12.002 -6.1155 -0.894 -1.109
o’s Fy - 0.550 1.922 147 303 119.155 15.861 25346
F, - 1.35 1.524 105.418 103.672 13.667 18.307
207 F, - 0.288 0.283 - 0.104 0.024 0.08 0.104
555+ oS

* = Significant at -0.05; ** = Significant at -0.04

The excess amount of iodine value in castor cil reduces its
keeping quality, therefore genetic material having negative
gca and sca effects were desirable, whereas for oif content
and density of oil those with positive effects were superior.
In general, the experiments result revealed that the
significant negative effect for iodine value and highly
significant positive effects for oil content under rainfed
condition and highly significant positive effect for ol
density under irrigated condition were recorded. Two
parents, 2-73-11 and VI-9 showed significant negative gca
effects for iodine value, whereas, 2-73-11 and 48-1 for oil
content and 48-1 and 2.59 and VI-9 for density of oil
showed significant positive gea effects (Table-3),

Qut of 36 F,s and 36 F;s under irrigated and rainfed
conditions, three best crosses for each trait showing
significant desirable sca effects are given in Table-4. It
was observed that ranking of cross combinations an the
basis of per se performance and sca effects were not the
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| = Irrigated condition; R = Rainfed condition

same (Table-5). This may be due to the fact that per se
performance is a realized value whereas sca effects is an
estimate, measured as the deviation of £, over parental
performance. Selection of a particular cross combination
on the basis of per se performance was more reliable
than on sca effects (Dobaria et af,, 1989, Patel, 19986).

The estimates of genetic compenents with respect to oil
content, jodine value and density of oil have been
presented in Table-8. The additive component (D) ard
dominance component (H,) were significant for these
characters in both F, and F, generations under both the
environments. Hawever, the magnitude of H, was much
higher than the corresponding D component indicating the
preponderance of non-additive genetic component for the
inhertance of oil content, iodine value and density of
castor oil under irrigated and rainfed conditions. The ratio
(H,/0) %4, which measures the degree of dominance, also
showed the presence of over dominance under both the
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Table 6 Estimates of genetic components and their ratios for various traits under two environments

Qil content Density of oil lodine value of oi
Components Characters
i R i R i R
D F, 1.75™ 2.20 93.64 161.97 20.02™ 19.35
F,- 199 246 89.10° 160,95+ 14.45 17 94*
H, F, 3.46** 9.29"" 719.79* 593.24* 8016 113,20
F. 27 BE* 2688 41995.05% 249290 25797 360,20
H, F, 2.58* 7.00** 529.98* 422 93 54 59" 92.24™
F, 2257 22.69™ 1546.02" 1466 .81 198.26* 265,59
h, F, 1.27* 0.01 2.43 2518 1.35 0.97
F, -0.10 0.04 93.15 35.04 85.85* 8.90
F F, t.71 1.73 24592 29072 3457 76.42
F, 4.41 577 187.23 622 26+« 37.86 76.85*
E F, Q.51 0.09 5.61 6.47 0.36 0.24
F, .34 0.13 1015 8.29 5.93 1.66
(H/DV Y F, 1.41 2.06 277 1.91 2.00 2.47
F, 3.82 3.70 4.73 363 4.22 4.43
{H/4H ) F 0.19 0.19 0.18 0.18 0.17 0.20
F, 0.20 0.19 ¢.19 0.17 019 0.18
KD/KR F, 2,06 1.47 2.80 2.766 2.52 240
F, 1.87 213 157 3.30 1.87 2.82
K(F)=h/H, F, 0.10 0.0t 0.00 0.058 0.02 0.01
F, 0.0t 0.01 0.06 0.024 043 0.03
Heritability F, 31.62 21.67 15.87 33.03 29.85 19.52
F; 23.77 i l29.97 16.66 39.04 17.20 23.51
| = Irtigated; R = Rainfed * = Significant a4 0.05; ** = Significant at 0.0%
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Table 3 Estimates of gca effects and mean values of parents under different environments

Oil content Density of oil lodine value of oil Qil yield/plant Mean
Parent Gen. gcaeffects Mean values gea effects Mean values gea effects Mean values gea effects values
1 R 1 R | R ] R | R | R | R i R
VI-g F, 027 -0.30* 4675 4565 3,20 228" 0944 09852 1.14*™ 046* 8125 8387 173 170" 9343 4568
F, 000 033 - - -4.06™ -D1.68* - - =319 2175 - - - - - -
48-1 F, 0.49 107 4746 4775 360" 1.76* 0950 0958 057 040% 9120 9133 439 207" 9583 4848
F, 030 O.89™ - - 752 258+ - - -2.03"™ 051 - - - - - -
SK1-22 F, 035 .020 4963 4594 140 2.52* 0939 0953 -1.47~ 146 8821 9083 &85 -005 11580 3292
F, 030 -0.04 - - =364 001 - - 044  -0.49 - - - . - -
TMV-5 [ 030 031" 48.10- 4740 1.14 103 08529 08932 . 0.80* -231** 8849 82140 -267* -0.04 8813 3634
F, 051 009 - - 067 -2.26" - - . -016 0.06 - - - - - -
SKI-107 F, 0.16 (063~ 4345 4567 068 064 0933 09423 234™ 025 8954 B3I64 -1.94 -1.08 BOTI 3652
F, -0.12 0.55** - - -6.15* -0.98 - - -0.73 052 - - - - - -
5P5-43-3 F, -054** 021" 4454 4358 -089 -1.09 0946 0940 034* 085 9156 9165 546™ 120 9354 40.76
F, -0.72** -0.08 - - 485 029 - - 210" 050 - - - - - -
SKi-119 F, -0.24 -068 4715 4537 116 772 0928 05923 040 021 8086 8125 -049 125 8476 4080
F, -0.83* 053 - - -4.42* 1.92¢ - - 0.55 0.05 - - - - - -
116-1 F, -0.82* 108" 4619 4606 -356* -078 09858 0967 -0.72* 010 8230 8276 -12.24" -4.83* 8151 30.70
F, -0.31 -D.48* - - 312 056 - - -1.16 053 - - - - - -
2-73-11 F, 0.89* 112* 4856 4638 -025 137 05951 0959 -267 -064* 8125 9000 -1.08 -023 8253 4244
F, 0863 027 - - 2427 3.41™ - - 0.05 113 - - - - - -
SE(git F, 0.20* 0.09 - - 0.67 D72 - - 0.17 0.14 - - 0112 0.457 - -
F, a17 Q.10 - - 0.91 0.89 - - 069 037 - - - - - -
CD (P=0.05) F, 0.40 0.17 - - 1.32 1.42 - - 0.34 0.28 - - 33.818 15835 - -
F, 0.33 0.20 - - 1.78 1.60 - - 134 0.72 - - - - - -
SE(gi-gl)t F, 030 013 - - 102 109 - - 026 0.21 . - 2521 1025 - -
F; 0.25 0.15 - - 1.39 1.23 - - t.04 055 - - - - - -
* = Signilicant at G.05; ** = Significant at 0.01; | = brrigated; R = Rainfed
Table 5 Generationwise three best crosses, sca effect and per se performance for various characters under different environments
sca effects per se performance
Character R 1 R
F, F, F, F. F, F. F, F,
Gil content SKI119x273- SPS-43-3x SK-107x273- SKF-22xSKl- VI-9x2-73-11 SPS-43-3x2- TMV-5x2.73- 48-1x TMV-5
11 (187 2.73-11 (312" 11 (2.86)* 119 (265 (51.14) 73-41(5033)  11{50.23) (49.35)
Qil content 48-1x TMV-5 481 x 2-72-11  SKI-22x SKI-  VI-9x TMV-5 SKI-119x2-73- 4B-1x2-73-11 SKI-07 x2.73-  VI-9x TMV-5
(1.74) (1.96)** 119 (2.21)* (2.19) 11 (50.46) © o (50.00) 11 (50.02) (49.24)
Qil content SKI-107 x 5PS-  VI-9x 1161 TMV-5 x 2-73- VI-9x SKI-107  48-1x TMV-5  VI-9x 118-1 48-1 x SPS-43- SKI-22 x SKI-
43.3 (1.62)" (1.88)" 11 (2.14)* (2.0 (50.20) (49.09) 3 (49.46) 119 (48.70)
Density of oil SKI-167 x SKI- TMV-5x 5PS-  48-1x TMV-5 SKIL107 x SKI- V-9 x SKI-107  48-1x2-73-11  48-1x TMV.5  48-1 x TMV.5
119 (20.66)**  43-3 (17.52)  (17.58) 119 (15.02)* (0.964) {0.964) {0.966) (0.958)
Density of oil - VI-9 x SKI-107  48-1x2-73-11 SKI-22 x TMV-5 SKI-22 x SKI- 481 x TMV-5  48-1x TMV-5 SKI-22 x TMV-5 SKI-22 x SKl-
(20.30)* (15.79)™ (15.48)" 107 (13.45)** (0.964) (0.958) (0.965) 107 (0.956)
Density of oil 48-1x TMV  SKI-107 x SKI- VI-9x 5P5-43-3 TMV-5x 116-1 SKI-107 x SKI- TMV-5x SPS- VI-9x SKI-107  SKI-22 x SPS-
(17.75)" 118 (12.31)* (12.45™ (12.15) 118 (0.960)  43-3 (0.961) (0.961) 43.3 (0.967)
lodine value SKI-107 x SKI-  VI-9 x SKI-107  48-1 x 5P5-43- 48-1x 5P5.43- S5P5-43-3x VI8 x 116-1  TMV-5x2-73- VI-Bx2-73-11
119 (-4.95)" -13.17) 3(-7.74) 3(-669)  273-11 (BO.50) 72.77) 11 (78.47 (79.14)
iodine value SPS5-43-3x  48.1 x 2-73-11 48-1 x SKI-22 (- 48-1x SKI-22 - TMV-5% 2.73- VI-9x SKI-107 48-1x SP5-43- 481 x SP5-43-
116.1 (-6.89) (-4.61)™ 627 5.50y* 11 (80.58) (64.75) 3 (78.62) 3 (79.31)
lodine vajue SKI-22 x SKI- SPS-43-3xSKI- VI-9x 116.1 (- SKI22xSPS- SKI-22 x2-73- SKI-22 x TMV-S5  VI-9x 116-1  TMV-5x 116-1
107 (-4.11) 119 (-4.82)* 7.37) 43-4 (-619)* 11 (3055) (78.04) (79.11) (79.44)
1 = lisigated; R = Rainfed; * = significant at 0.05; ** = significant at 0.01

Figures in parenthesis are sca effect and per se parformance of cancerned cross
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F, and BIP progenies in all the three crosses. Further, the
estimates obtained in F, were compared with that in BIPs
to assess the impact on biparental mating in F, through
these estimates.

Results and discussion

A perusal of the data clearly indicated the shift in the mean
values in respect of nhumber of branches/plant, number of
capsules/ptant, capsule width, dry capsule weight, oii
content and seed vyield/plant, in a positive direction from
F,-F;-BIP generations in all the three crosses (Table-1).
Earlier Joshi (1979}, Yunus and Paroda {1983) and
Gurudev Singh ef al. (1986) in wheat, Srivastava and
Sharma (1987) in opium poppy, Srivastava et al. (1983} in
wheat, Bajaj ef a/ {1990} in barley, Nematullah and Jha
(1993) in wheat, Sethi ef al (1995) in durum wheat,
Kaushik et al. {1996) in wheat, Alarmelu ef al. (1998) in
sesame, Parameswari and Muralidharan (1989) in
sesame, Ahmed and Mehra (2000} in cotton and
Parameswari et al. (2000) in sesame have also reported
shifts in the mean values due to intermating in F,
generation. The higher mean values of the BIP generation
could be because of the advantage of increased
heterozygosity at many loci for the characters compared
to the corresponding F, and F, generaticns. On the
contrary, there was a reduction in the mean values with
respect to days to 50% flowering and days to maturity in all
the three crosses. Nevertheless, from the breeder's point
of view, such a result is encouraging since most of the
times he is interested in developing short duration cultivars
to fit into different cropping patterns. Thus, the shift of
mean values in the negative direction is a welcome
change in this context. The superior performance of BIPs
could also be attributed to the possible accumulation of
favourable genes of low frequency, thus making possible
the convergence of those segregants, which could have
been rarely obtained in F, and F, populations {Gurudev
Singh et af, 1988). From the theoretical genetical
principles, the means of F, and BIP should be same in the
absence of linkage {Mather and Jinks, 1982). The fact
that, there was a considerable shift in the mean values
from F,-F,BIP in the positive direction indicated the
presence of linkage amongst the characters. Thus, BIP
progenies are significantly superior to F, in the desirable
direction for all the characters, in all the generations as for
as mean values are concerned, due to the constellation of
favourable genes as a result of intermating, thus proving
the efficiency of biparental mating over standard selfing
series,

Higher estimates of PCV and GCV in BIPs was noticed for
number of branches/plant, number of capsules/plant and
capsule width in all the three crosses, However, higher
PCV and GCV estimates were also nhoticed for plant
height, capsule weight and test weight in C-l, test weight
and oil content in C-ll and capsule length, dry capsule
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weight, days to 50% flowering and days to maturity in C-lll,
This could be attributed to uncovering of the hidden
genetic variability in F, generation, by way of breaking
linkages especially, in repulsion phase. Further, the
biparental mating in F, generation offered great
opportunity for forced recombinations thus generating
higher variability. Similar reports were reported by Yunus
and Paroda, 1982; Alarmelu ef &ai., 1998; Parameswari and
Muralidharan, 1999; Ahmed and Mehra, 2000 and
Parameswari et al, 2000. On the other hand, a lower
estimate of GCV and PCV was observed for number of
seeds/capsule and seed yield in all the crosses, plant
height, capsule length, dry capsule weight, days to 50%
flowering and days te maturity in C-I; plant height, capsule
length, dry capsule weight, days to 50% flowering and
maturity in C-ll and plant height, test weight and oil content
in C-lll. This could be attributed to (a) genetic drift, (b)
coupling phase of inkage and {c) sampling size.

Heritability estimates were higher for all the characters
coupled with genetic advance as per cent of mean. This
suggested that, selection would be effective in improving
all the traits. The findings of Meredith and Bridge {1971},
Yunus and Paroda, {1883), Nanda ef a/ {1990), Sethi et
al. (1995); Kaushik et al. (1996) and Parameswari and
Muralidharan, (1999} lend sufficient support to the present
investigation.

[t was quite interesting to note here that, heritability
estimates in F, was slightly higher than in F, for most of
the trats. This is most surprising as biparental matings
would tend to increase additive variability by converting
repulsion phase of linkage into coupling phase (Singh and
Murthy, 1973, Sharma, 1994). The obvious corollary of this
result is an increase in the expected genetic advance.
Therefore, genetic gain would be higher in BIPs compared
to that in F; as a result of increase in additive genestic
vanability coupled with expected genetic advance.

From this study, it could be concluded that, BIP progenies
are significantly superior to F, in the desirable direction for
all the characters, in all the crosses with respect to the
mean values due to the constellation of favourable genes
as a result of intermating, thus providing the efficiency of
biparental mating over standard selfing series. With regard
to other genetic parameters, BIPs are superior for only
some of the traits studied.
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Abstract

An investigation was undertaken to determine the
nature and magnitude of genetic variability created
through biparental mating in F; generation of sesame.
Qut of three crosses viz.,, C| (E-8 x Co-1), C-ll (E-8 x
Rajeshwari} and C-lll (TC-25 x Co-1), 50 pairs of plants
were selected at random to effect biparental mating
{BIP). The results indicated a shift in the mean values
in respect of number of branches/plant, number of
capsules/plant, capsule width, dry capsule weight, oil
content and seed yield/plant in a positive direction
from F-F,-BIP generations in all the crosses. On the
contrary, there was a reduction in the mean values
with respect to days to 50% flowering and maturity in
all the three crosses. Higher estimates of PCV and
GCV in BIPs were noticed for number of
branches/plant, number of capsules/plant and capsule
width in all the three crosses. Heritability estimates
were higher for all the characters coupled with genetic
advance as per cent of mean.

Key words: Sesame, biparental mating, variability

Introduction

In autogamous crops like sesame, conventional
procedures have been effective in breeding improved
cultivars. However, these procedures have been
inadequate to exploit the full genetic variabilty for the
characters fike yield due to restricion on genetic
recombination as a consequence of selfing, which in turn
leads to (a) rapid fixation of linked genes, (b) precludes
free exchange of favourable genes, and (c) greatly
prevents the emergence of desirable gene constellation,
thereby limiting genetic variability (Bajaj ef af, 1990,
Parameswari et al,, 2000). Further, the genes controlling
different traits are generally dispersed in different
genotypes having linkages with desirable as well as
undesirable attributes also (Parameswari and
Muralidharan, 1989). There have been many reports on
the utility of biparental mating as a powerful tool for crop
improvement (Redden and Jensen, 1974; Jensen, 1979).
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It is well known that the magnitude of genetic variability
alone can not be the best criterion for selection, as the
effectiveness of selection depends on the heritability of the
character under investigation. Hence, the magnitude of
genetfic varability in terms of GCV, PCV coupled with
heritability should be estimated in both BIPs and F,
generations to explore the impact of biparental mating in
F, generation. Hence, an investigation was undertaken to
determine the nature and magnitude of genetic vartability
created through biparental mating in F, generation of
sesame. :

Materials and methods

The study was conducted using three sesame crosses
viz., C-1 (E-8 x Co-1), C-ll {(E-8 x Rajeshwari) and C-lil {TC-
25 x Co-1). From each of the three crosses, a large F,
population was raised and 50 pairs of plants were selected
at random to effect biparental matings. The seeds from
each of the BIP crosses were harvested separately and a
sample of bulked seed was used o raise the next
generation. Simultaneously, selfed seeds {F;) from each
of the plants involved in the development of BlPs were
also harvested separately and a sample from éach of the
plants was used to raise the next generation. These
generations were grown during kharif, 2000 following
randomized block design with two replications at the Main
Research Station, Hebbal, University of Agricuitural
Sciences, Bangalore. Each replication consisted 10 rows
each of 3 m length of BIPs and I, generations in all the
three crosses; 15 rows of 3 m length each for F, following
a spacing of 30 cm between the rows and 10 ¢m between
the plants within a row. A total of 200 plants were chosen
randomly from F, and 100 plants each from F, and BIP
generations for recording observations. Observations were
recorded on plant height number of branches/plant,
number of capsules/plant, number of seeds/capsule,
capsule length, capsule width, dry capsule weight, test
weight, days to 50% flowering, days to maturity, oil content
and seed vyield/plant. The genetic parameters such as
genotypic coefficient of variation {(GCV), phenotypic
coefficient of variation (PCV), heritability (h?) and genetic
advance as per cent of mean (GA) were estimated in F,,
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7. Dry capsule weight {g) 8. Test weight

G195 Generation Mean  PCVY GOV Herltabiity Ufmi‘r‘;‘)t Mean  PCV  GCV Hertabilty Dfmec::;
F 0087 288 255 78.0 4598 25 315 309 9.3 625

Fy 0091 196 157 64.2 2198 24 241 238 87.1 481

c1 BIP 0106 236 214 80.1 386.8 27 385 362 98.4 737
F, Q098 23§ 189 64.4 306.1 25 38 314 97.6 64.0

F, 0100 226 216 91.8 4200 26 321 39 90 1 655

c4l BIP 0109 224 194 746 3394 28 320 320 996 656
F, 0092 241 207 733 358.7 24 281 277 974 56.6

Fs 0902 202 185 84.1 352.9 29 254 259 %2 512

can - BIP 013 217 189 762 345.1l 27 248 244 96.8 49.4

9. Days to 50% flowering 10. Days to maturity

O Genertin . poy aov Heritabilty ot me Mean  PCV GOV Heritadilty ofmefr“‘)
F, 9.6 53 47 773 8.4 1137 56 55 96.4 112

Fy 395 56 53 88.4 103 1085 38 37 932 73

¢4 BIP 389 40 36 80.5 66 105.7 21 28 823 5.2
F, 408 46 18 695 65 137 6.0 59 a7t 118

F, 40.6 49 45 84.7 85 1118 31 30 928 6.0

cit B 39.3 55 5.1 88.0 a9 105.1 28 26 840 49
F, 40.4 5.1 44 735 77 1106 57 55 95.4 11.2

F 388 43 39 820 72 107.2 22 18 £8.0 30

cul BIP 39.4 46 42 83.9 79| 1059 26 2.1 62.7 3.4

11. Qif content (%) 12. Seed yield/plant {g)

G195 Generation Mean POV GOV Hertsbity mefﬁ Mean — PCV GOV Heritabilty , mef'ﬁ
F, M4 185 153 86.0 292 41 104 1010 99 1076

F, 419 141 135 91.9 26.7 37 9298  g28 998 1913

c1 BIP 454 138 122 778 22,1 61 795 795 998 1635
F, 26 113 102 826 191 43 1032 1032 999 2122

Fy 438 117 114 948 228 43 709 708 997 1455

cil BIP 87 124 121 95.0 243 57 670 670 - 998 1377
F, 407 156 150 925 207 36 943 046 9s8 1947

F,o 408 143 140 947 27.9 35 644 643 ga6 1322

can  BIP 438 113 110 94.9 222 66 552 552 998 1139
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Table 1 Mean performance of F,, F; and BIP generations in C4, CWland C-l
1. Plant height {cm) 1 2. Number of branches/plant
C1OSS  Generation o poy GOV Heriabilty O‘me‘:'ﬁl Mean PGV GOV Heritabilty ,, ofme§$
£, 969 26 224 98.2 442 40 381 343 813 63.8
Fy 1087 201 1989 57.9 428 42 278 238 72.9 418
Cl  BIP 986 241 2390 98.4 486 5.0 50 50 50 67.1
F 997 249 247 98.2 50.2 40 ara @29 748 572
Fy 1042 189 187 975 336 42 285 257 81.0 476
C-ll BIP 857 173 171 979 333 47 332 300 816 55.6
Fy 93¢ 218 216 98.0 M3 39 390 340 76.3 61.3
F, 951 200 198 98.5 385 37 241 212 76.9 389
c-ll BIP 1068 165 183 97.9 35.4 48 257 210 66.5 3.2
Contd...
3. Number of capsules/plant i 4. Number of seeds/capsule
O Generation  y. poy  Gov Heritabilty Mmefg Mean  PCV GOV Heritabilly ofmeif)’
F, #42 608 587 94.0 173 399 346 318 84.4 60.1
£, 450 487 459 89.0 89.2 a7s 359 323 80.9 59.8
C1 BIP 588 632 615 94.7 1233 465 323 268 68.0 453
F 24 512 476 86.2 91.0 40 435 388 797 71.4
F, 452 382 356 87.0 68.5 358 383 358 88.0 69.4
cll BIP 508 638 328 9.0 1273 443 . 304 274 B1.1 50.8
F, 408 774 343 929 1475 | . 389 381 ° 316 68.7 539
F 35 284 270 90.4 529 357 332 320 927 634
c-il BIP 558 396 370 87.2 712 458 299 273 836 51.4
5. Capsule length {cm) &. Capsuile width {cm)
C10%%  Generafion o poy Gy Hertabilty o, et Mean POV GCV Heritabiity ofmeGa:)
F, 22 160 145 829 26.9 07 138 109 64.2 176
F, 23 135 127 88.4 245 08 102 8.8 738 152
cl BIP 26 147 135 84.2 %5 08 132 1105 705 19.0
F, 23 140 126 80.4 235 08 126 100 63.7 158
Fs 23 128 124 88.9 239 08 8.0 6.8 73.1 247
c-l BIP 27 125 119 90.3 23.1 09 120 107 79.4 20.2
F 24 129 112 75.1 203 08 120 9.1 56.6 143
£, 22 114 8.7 728 17.0 0.8 g2 78 73.0 128
ci BIP 28 129 119 86.0 228 09 132 112 723 200
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Abstract

Phenotypic stability for seed yield and related traits of
79 genotypes (60 hybrids and their 19 parents ) of
Sesamum /ndicum L. grown on three different dates
indicated that unpredictable component constituted
more to the G x E component. Correlations between bi
and mean { X} values for different characters indicated
that befter genotypes are suited more to better
environment. The correlations also revealed that

capsufes/plant to be the most important yield

component. About 40% of the high yielding stable
hybrids had RT-54 as one of the parent. Among
parents RT-103 and Uma are the other parents which
are stable whereas RT-54 was more responsive under
optimum sowing time. '

Key words: Sesame, stability
Introduction

Rajasthan is the largest sesame growing state in India {4.5
to 6 lakh ha). However, its average productivity {195 kg/ha

from 1991 to 1997) has been low and fluctuating over the -

years. Low vyield potential and inconsistent yieid
perfarmance of the sesame genotypes under varied
environmental conditions due to high gdenotype-
environment interaction are the major factors of low
productivity. Hence, the identification of phenotypically
stable genotypes is very important for breeding as well as
for cultivation purposes. In the present investigation an
attempt has been made to identify genotypes with good
seed yield and adaptability and phenotypic stability.

Materials and methods

Fifteen diverse vaneties/ advance lines of sesame viz,
- RT-46, RT-103, RT-106, RT-125, RT-127, RT-238,
RT-282, TC.25, HT-1, 1S-231, TKG-21, Pb. Til Nol, Uma,
TNAU-85, and CST-783 used as females were crossed
with four male parents, wiz, RT-54, I5-208, RT-48, and
BS-6-1 to develop 60 F,s using line x tester mating design

during kharif 1997. The resultant F,s along with their
parents were evaluated in randomized block design with
three replications at three dates of sowing representing
three environments, 20" June, 5% July and 20" July at
ARS, Mandare, Jodhpur. Individual plots consisted of two
rows of 2 m length following a geometry of 30 x 15 cm.
Data were recorded on ten randomly selected competitive
plants for seed vyield/plant, capsule bearing length,
capsules/plant, capsule length, and 1000-seed weight.
Days to flowering were recorded on plot basis. The
stability analysis was done as per method suggested by
Eberhart and Russell (1966). During the crop growth
period, the recommended package of practices were
followed for raising a narmal crop.

Results and discussion

Pooled analysis of variance showed that the differences
due to genotype (3), envircnment (E) and the interaction
were highly significant for all the characters (Table-1).
Significant G x E interactions indicated differential
response of genotypes to changing environments. The
linear component of environment accounted more than the
G x E ({inearcomponent. Pooled deviations wete
significant for all the characters, indicating the greater role
of unpredictable components in the G x E interaction. Such
results are commaonly repoited in sesame (Kumar, 1988,
Madhey and Bakhiet, 1988; Verma and Mahto, 1994).

According to Eberhart and Russell (1966) a stable
genotype is one that shows high mean yield, regression
coefficient (bf) around unity and pooled deviation from
regression (S%) near zero. However Jatsara and Paroda
{1980} emphasized the use of deviation from regression
alone as a measure of stability, whereas linear regression
coudd be treated as varietal response. Accordingly, in the

- present study the mean { %) and deviations from regression

(8%,) of each genotype were considered for stability and

. linear regression was used for testing the varietal

response.

1 Department of Plant Breeding and Genetics, SKN College of Agriculture, Rajasthan Agricultural University, Jobner-303 329, Rajasthan.
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Abstract

In the absence of exploitable cytoplasmic genetic male
sterility system in safflower, genetic male sterility
system is important from the point of view of
developing potential hybrids for cultivation. Therefore,
an experiment was undertaken to study inheritance of
yield and yield contributing characters involving
genetic male sterile lines. The studies revealed that
most of the characters studied had the influence of
both additive (d} and dominance (h) genetic effects in
their inheritance, however, the dominance component
was quite predominant. Epistatic interactions were
also found to be controlling most of the characters,
except in GMS$-104 x GMU-1553 for diameter of
capitulum. Seed weight and yield/plant were
predominantly under the control of dominance (p) and
additive x additive (i) gene effects. Duplicate epistatis
was observed for the characters studies however,
complementary epistatis was important for diameter of
capitulum and yield/plant in majority of the crosses.

Key words: Inheritance, safflower, epistatis
Introduction

Method of hybridization and selection procedure is
dependent on type of gene actions operating for yield
and yield contributing characters in field crops.
Information on the inheritance of various genetic
components is a prerequisite in the development of
safflower hybrids and also for selecting crosses and
desirable recombinants for yield and yield contributing
characters showing further exploitable gene effects. In
order to generate more precise information on gene
actions and gene interactions, the present investigation
was carried out on a set of six generations of eight crasses
of safflower, involving genetic male sterile line as one of
the parents. This study was planned keeping in view the
importance of genetic male sterile lines in developing

hybrids in the absence of usable cytoplasmic genetic male
sterility in safflower. U

Materials and methods

The genetic male sterile lines of safflower viz.,, GMS-104
and GMS-105 were crossed with four diverse genotypes
GMU-178, GMU-1553, GMU-1825 and VI-92-2-4 for yield
and yieid contributing characters to produce eight hybrids.
Their subsequent six generations viz., P,, P,, F,, F,, B, and
B, of each crosses were obtained for all the crosses and
studied during rabi, 1999-2000 in completely randomised
block design with three replications. The data on 10
random plantsi/replication {parents and F,s), 20 plants/
replication (B,s and B,s) and 80 plants/replication (F,s)
were recorded for yield and yield contributing characters,
The data were analysed to study presence or absence of
epistatis (Mather, 1849), the gene actions and gene
interactions were obtained by following six parameter
model (Hayman, 1958).

Results and discussion

Significant estimates of at least one of the three Mather's
scaling tests for the characters studied indicated presence
of epistatis for all the characters in all the crosses, except
for diameter of capitulum in the cross GMS5-104 x GMU-
1553 where A, B and C scaling tests had non-significant
estimates (Table-1).

In majority of the crosses estimates of additive (d) and
dominance (h) effects were significant for all the
characters viz., seeds/capitulum, diameter of capitulum,
seed weight, yield/plant, days to 50% flowering, maturity,
plant height and primary branches/plant, however, the
magnitude of dominance (h) component was higher in
most of the crosses, which indicated that these characters
were under the control of both gene effects with
predominance of dominance effect.

Days to 50% fiowering and maturity were found to be
under the control of additive x additive (i) type of gene

L Senior Research Assistant, Agricultural Research Station, Niphad-422 303, Maharashtra.

2 Director of Research, Balasaheb Sawant Krishi Vidyapeeth, Dapoli-415 712, Maharashtra.
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Table 1 Pooled analysis of variance for seed yield per plant and its components over three environments in sesame

Mean squares

Source D.f. Seed yield/ Capsule Capsules/ Capsule 1000-seed Days to

plant  bearing length plant length weight flowering
Genotype (G) 78 4.084 206.099** 194.569" 0.035** 0.067* 9.241*
Envirenment (E) 2 67.158** 5021.225* 5815.326** 0.653** 3302 1734.796**
E+{(GxE) 156 0.757 45.764** 49.383** 0.009* 0.022* 1.307
E (linear) 1 134.316++  10042.387++  11630.634++ 1.306++ 6.065++ 3449. 412+
G x E (linear) 78 0.998++ 50.726 43719 0.01++ 0.023 1.3012
Pooled deviations 79 0.510" 40.287** 54,350 0.007* 0.020** 1.287*
Pooled error 468 0.0683 13.829 6.529 0.003 0.008 1.140

*  Significant at P = 0.05 and ** significant at P=0.01;

The stability parameters of the parents and hybrids were
estimated for the seed yield and other characters of the 79
(parents + hybrids), 35 genotypes showed stability for
seed vyield as indicated by their non-significant (S%)
values. Among these stable genotypes, the stability
parameters for the top high yielding 15 genotypes (parents
and hybrids) are presented in Table-2. Top vyielding
genotypes included parents as well as hybrids. Among the
hybrids, crosses involving RT-54 were highest in
proportion (41.67%), showing that RT-54 is a desirable
paret and may be considered for inclusion in
hybridization programmes for higher seed vyield.
Improvement of seed yield on its own is not a profitable
proposition, as seed vield being complex trait is amenable
to environmental influences. Hence it would be ideal to
concentrate equally on such traits which show meaningful
correlation with seed yield. Estimation of correlations in the
present investigation indicated that capsules/plant had
highest positive association (r=0.8021) with seed yield.
However, the days to flowering had negative association
(r=-0.5511). Estimation of correlations among different
characters for bi values indicated that correlations
between seed vyield and capsules/plant (r=0.7828),
capsules/plant with capsule length were highest, while
correlation between seed yield and days to flowering was
negative. Thus it can be said that selection for higher and
stable seed yield is possible using capsules/plant and
capsule length. The other general observation is that later
flowering is detrimental to higher seed yield (data not
presented}.

In crop improvement programmes aimed at for rainfed
conditions, specific breeding has a great importance. A
high yielding stable genotype for wide range of sowing
times has a great practical utility to minimize the risk due
to uncertainty at onset of monsoon and erratic rainfal
specially in western Rajasthan. On the basis of the above
results, the parental varieties, RT-103 and Uma were
found most stable for seed yield/plant and could be
successfully planted from 20™ June to 20™ July, whereas,
RT-54 was more responsive under optimum sowing time.
Amongst the hybrids, TNAU-65 x RT-54, HT-1 x RT- 49
and HT-1 x RT-54 were most stable for seed yield/plant
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++ Significant at P=0.01 against pooled deviations

and more responsive under optimum sowing time. It is
expected that from stable hybrids true breeding lines in
advanced generation of selfing may be obtained, as the
direct exploitation of hybrids in sesame is still a far cry.

Table 2 Stability parameters of best 15 genotypes for seed yield

Mean seed Regression  Deviation from

E‘:Z'r’z:\?h?;bri d) yield/ptant cogfﬁ_cient rBQFBZSSiﬂ"

(@) (» (bi) (S%s)
RT-103 231 0.88 -0.02
Uma 2.30 1.68 0.15
RT-54 415 3.03" 0.04
HT-1 x RT-54 4,42 2.29* 0.20
1S-231 x RT-54 2.10 1.01 -0.02
Uma x RT-54 227 1.24 0.01
TNAL-65 x RT-54 5.44 245" 0.08
CSI-783 x 15-208 2.24 0.95 0.04
RT-106 x RT-49 2.28 1.08 0.03
HT-1 x RT-49 4.44 2.19* 0.1
TKG-21x RT-48 3.01 1.66 0.00
TNAU-65 x RT-49 2.38 0.74 -0.01
HT-1 x BS-6-1 3.45 1.7 0.06
TNAU-65 x BS-6-1 2.53 1.48 0.21
CST-783 x RT-54 5.68 3.09* 0.22

*, ™" = gignificant at 0.05 and 0.9
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interaction for mest of the crosses studied, confirming the
results of Manjre {1993), while, Narkhede ef al. (1992)
observed additive x additive (i) and additive x dominance
{i} gene interaction for days to 50% flowering and days to
maturity, respectively. Plant height was under the control
of all the three type of gene interactions, Manjre {1893}
also recognised the major invelvement of dominance x
dominance (1) type of interaction in the control of plant
height. In majority of the crosses additive x additive (i)
gene interaction had major role in the control of primary
and secondary branches/plant. Manjre (1993) also
reported similar results while Narkhede ef all (1992)
observed duplicate type of epistatis for primary and
secondary branches. In the inheritance of seeds/capitulum
on primary branch, additive x additive {f) gene interaction
played impartant role, while dominance x daminance (I}
gene interaction had major role in the inheritance of
seads/capitulum on secondary branch. Manjre (1993) also
reported addifive x additive (i) and dominance X
dominance (Ij gene interactions for seeds/capitulum on
primary and secondary branch. [n case of
diameter/capitulum, dominance x dominance (I}
interactions were important, however, in the cross GMS-
104 x GMU-1553 epistatic interactions were absent
Manjre (1993) reported additive x additive (i) type of gene
interaction for diameter of capitulum in safflower.

in majority of the crosses, 100 seed weight and yield/plant,
all non-altelic interactions were involved, however, the
predominance of additve x additive (i) interaction was
abserved for hoth the characters, as their estimates were
in positive direction. Prasad ef &/ (1983) also reported
additive x additive (i} interactions to be important for
yieldfptant, however, Channeshappa (1984) observed
importance of additive x additive (d) and dominance x
- dominance (I} interactions in the control of seed
yield/plant.

Duplicate type of epistatis was important for most of the
characters under consideration, however, diameter of
capitulum and yield/plant exhibited predominance of
complementary epistatis.

The importance of gene effects and interactions observed
in the present study suggested the possibility of
improvement of safflower through combined expression of
gene effects and interactions for yield and vyield
contributing characters. The available varieties possessed
the genetic potential to yield 10-20 g/ha, under optimal
conditions of input and management. Further, these
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varieties suffered from low seed yield and oit content. The
varietai improvement in safflower has serious limitations to
achieve an appropriate combination of seed yield and oil
content due to negative association between these two
economically important attributes. However, it is possible
to combine these two characters in appropriate
combination in hybrid background. The recessive and
dominant male sterility systems have offered promise in
practical safflower breeding as, both types are not
accompanied by female sterility and apparently normal
plants. The literature (Anjani, 1996) suggested the
existence aof significant heterosis of 270% for seed yield
and 50-80% for oilfunit area. Therefore, safflower offers
considerable scope for exploitation of dominance variation
through production of hybrids on commercial scale. in the
absence of usable cytoplasmic genic male sterility and
availability of genetic male sterite lines, the hybrid
development programme on the results of the present
study may prove fruitful.
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Inheritance of yield and yield components in safflower

Table 1 Scaling tests for 10 quantitative characters in eight crosses of safflower
GMS 104 x GMS 105 x GMS 104 x GMS 105 x GMS 104 x GMS 105 x GMS 104 x GMS 105 x
GMU 1553 GMU 1553 GMU 1825 GMU 1825 GMU 178 GMU 178 vi92-2-4 VI 92-2-4
Days to 50% flowering

6.67* 1.33 367 3.00 -2.00* 867" 6.67" 567"
B -0.67 2.66* 233 1.33 1.67 1.33 1.33 2.00
9.33* 16.67* 13.33" 31.67" 8.33* 17.33° 16.00* 20.33"

Days to maturity
7.000* -1.330 -7.33 067 8.00 1.33 767" 7.33*
B -2.300 -3.33* 367" 5.00* -0.47 567" 133 1.00
9.00* 2233 23.00° 2567 32.33* 41.00" 18.33* 21.67¢

Plant height {cm)
-0.03 -24.87° 1.60 -12.23* 7.200 8.53* 7.80* -1.03
B 6.60* 917" 397 -1.40 16.40" 28.53" 1.93 -6.37*
c 0.03 26.50* -10.30 -19.90* 39.07* 39.533 39.47 17.80*

Number of primary branches/plant
A 223 0.20 -7.50* -4.47* -1.13 -0.47 1.40* 2.30
B 5.03* 1.20¢ -8.33 -2.80* 0.70 -0.30 -0.80 013
-10.400 -4.53* -16.37* -12.87* 1.30 077 -18.43" 247
Number of secondary branches/plant
A -4.60* -1,40 -16.93* -7.03* 0.07 -057 -1.47* 3.00*
B 3.37 -3.50° -6.07* -8.63" 0.50 220* -1.37* 2.80*
c -5.97+ -7.30* -16.67* -23.47* -3.90* -2.03 -6.83* -3.27
Number of seeds/capitulum on primary branch
A -19.33* -2.50* -13.23* -16.97* -1.87 -2.50* 1.67 7.97
B -20.53* -2.20* -7.87* -27.97* 14.37* -1.43* 5.33 2.43
c -19.67* -13.97* -34.77 -61.27* 12.03* 5.07" -46.97* -5.87*
Number of seeds/capitulum on secondary branch
-15.23* -6.80" 0.70 -4.10* 097 -0.63° -3.67* -0.27
B -7.97* -7.63* 10.57 1347 -4.50* -2.63" -3.23* ST
-3.73 -39.23* -10.67* -16.00" 10.53" 1.93* -11.23 -2.97
Diameter of capitulum

A 017 -1.20* -1.33 -1.73 0.03* -0.03 -0.47* B .
B 017 -0.23* -0.30 -0.23* 0.40" -0.80* -0.57¢ -0.67*
0.27 -2.50* -t.40" -2.43* -0.30 0.37 -1.23* -2.60*

100 seed weight
A -35.03* -0.97* 263" -1,33 -017" -0.40* 0.63* -0.37*
B 14,73 -0.23* -0.43* 073" 0.87* -0.80" - -1.00* -0.90*
c -167.37 ©o-1.47 -3.40* -4.27* -0.63* -2.00 -0.03 -1.60"

Yield/plant

A -6.93* 5.33* -29.40* -9.33 -0.57 -1.67* -5.50* -5.66
B -0.00* =317 -25.93* -14.63° 1.83 =273 -8.17* -5.60*
v -19.20* -8.63" -64.47" -42.43* -8.20* -13.07* -19.60* -16.40"

*, ** significant at 5% and 1% respectively.
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Fig-t Arrangement of crops in different systems

the frame. Sensor was attached to a readout integrator.
Data on PAR transmission to the soil surface on any given
day under any given canopy represented the average of
18 readings te., from the six nitrogen ireatments each
replicated three times. Quantum sensor was placed
above the crop canopy fo record the PAR incident on the
canopy (i) and interception of PAR was calculated using
the io and PAR transmission values.

Interception of PAR taken during the growing season was
plotted and interception per day was calculated, Solar
radiation on each day at ICRISAT was used to calculate
PAR values for each day from the relation between solar
radiation and local PAR. PAR intercepted each day and
cumulative intercepted PAR for the growing season for
each canopy was calculated from daily PAR and data for
canopy interception.

The extinction coefficient was determined using the
relationship in ii,= -KL Where: |, is natural log, i, is fight
below a given LAl i, is incoming light above the canopy,
K is extinction coefficient, L is LAI

The relation between cumulative intercepted PAR and dry
matter for different crops was estimated using regression
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equations and the line fitted belween cumulative
intercepted PAR (X) and drymatter (Y) was forced through
origin. The siope of the regression line (regression
coefficient b,g/MJ) implies that drymatter production (gy
MJ of PAR intercepted.

Results and discussion

Meteorological data for the growing seasons show that
July, August and September were characterized as high
rainfall months, August being very wet with low average
daily solar radiation. The amount of rainfall received during
crop season was 1016 mm in 1966; 604 mm in 1997. Soil
water balance of a lypical verlisol watershed was
estimated using Ritchie's model. During 1996, 38% of
rainfall was lost as run off and deep drainage, and 49%
was used as evapotranspiration. 'n 1998, soil moisture
was maintained at 200 mm level, whereas in 1997, during
the entire season the soil meisture could not reach a level
of 150 mm. Hence there was no yun off and deep drainage
in 1997. Paoled analysis was done for seed yiefds and this
showed that all the crops except soybean, differed
significantly between the years. Therefore the data was
presented and discussed yearwise separately.
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Abstract

Growth and interception of photosynthetically active
radiation (PAR) in sole soybean, sole pigeonpea,
soybean/sunflower and sorghum/pigeonpea systems
grown in vertisol watershed were compared at
{CRISAT Patancheru center, Andhra Pradesh.
Efficiency of conversion, calculated from the relations
between dry matter production and cumulative
intercepted PAR, was the highest in intercropping
systems, followed by sole pigeonpea and sole
soybean. This shows the utility of such intercrops in
making better use of resources in the semiarid tropics
(SAT). Extinction coefficient, an indicator of PAR
distribution within the canopy, was high in
sorghum/pigeonpea and sole soybean compared to
other systems.

Key words: Intercropping, PAR, radiation use

efficiency, extinction coefficient
Introduction

Yield advantages or disadvantages in intercropping
systems measured through traditional methods give little
information about which enviranmental resource s limiting
and how competition is affected by different crops and
their planting pattern. Understanding how light utilization
is affected by crop canopies helps in identification of
systems with maore efficient resource use {(Anders of
al.,1998). Dry matter production was linearly related to
intercepted radiation (Biscoe and Gallagher, 1977).
Information on photosynthetically active radiation (PAR}
use efficiency has been used in crop modeling (Huda,
1987}, Since information on comparing the different
- systems specific to radiation use is meager, a study was
taken up to evaluate the attenuation of radiation in
different crop canopies, to relate the light interception to
canopy leaf area index (LA!) by using Beer's law and to
determine the efficiency of conversion of intercepted fight

into dry matter in the crop canopies. The crop canopies
considered here were sole soybean, soybean/sunflower,
sole pigeonpea and serghum/pigeanpea.

Materials and methods

The experiment was conducted during rainy seasons of
1986-97, 1997-98 on a deep vertisol watershed. The broad
bed (120 cm; and furrow (30 cm) were tiled with a
multipurpose tool bar immediately after harvesting the
previous crop. Seed bed preparation was completed
during the dry season, well ahead of planting time, with
minimal fllage and soil compaction. N treatments inciuded
combinations of three levels from two sources (FYM and
fertilizer) and were imposed as main plot treatments (not
discussed in this paper). Cropping systems (sole soybean,
soybean/sunflower 4:1; sole pigeonpea; sorghum/ pigeon
pea 2:1) were assigned to subplots. The treatments were
allocated in split plot design with three replications. All the
crops were sown in last week of June in 1996 and in the
first week of July in 1997. Soybean (Var. PK 472),
sunftower {Var. Morden), sorghum (hy. CSH 5) and
pigeonpea (Var. ICPL 87) were planted on broad bed
(Fig-1) with an intra row spacing of 10, 20, 7.5 and 25 cm
respectively. The plot size was 72 m?. To permit greater
light interception by intercrops soybean and pigeanpea,
sunflower and sorghum were harvested just above ground
level after physiological maturity.

Whole plants (excluding foots) were sampled in three
replications in an area of 1 m? of each crop. The leaf area
of each plant was determined with LICOR leaf area meter
and piant sampies were then dried to constant weight at
65° C in hot air oven.

Canopy interception of Photosynthetically Active Radiation
{PAR) in all the crops was measured using line quantum
sensor (LICOR model no. LQA 1322). The frame was
placed horizontally at the soil surface in each canopy so
that the crop rows in a 150 ¢cm wide bed were centered in

Scientist, Directorate of Oilseeds Research, Rajendranagar, Hyderabad-500 030, AP.

Principal Scientist, NRMP | ICRISAT, Patancheru-502 324, AP.

Principal Scientist (Retd.), NRMP, ICRISAT, Patancheru-502 324, AP.
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Productivity of soybean and pigeonpéa based intercropping systems in relation to radiation interception

1996 (wet year)

Soybean: Sole soybean and soybean/sunflower attained
its maximum LI and LAl at flowering. Soybean and
sunflower grew fast, as reflected by the changes in LAl
and LI and drymatter (Figs 2, 3 & 4). Til 40 days, the
difference in drymatter production between sole soybean
(248 kg/ha) and intercropped soybean {223 kg/ha) was
negligible. As the growth of sunflawer crop was affected
due to heavy rain at the time of flowering during August
(451 mm), there was not much competition from sunflower
to soybean. This could be the reason for less reduction
(16%) in dry matter production of intercrop soybean
compared to sole soybean. The yield of sole soybean and
intercropped soybean was 900 kg/ha and 700 kg/ha
respectively. Seed yield of sunflower was only 188 kg/ha
as the crop was badly affected by heavy rain at the time of
flowering.

Changes in the interception of PAR for the sole soybean
and soybean/sunflower showed that similar values were
observed from 40 days after sowing until harvest of crops
(Fig-2). During the initial stages of crop growth {upto 40
days after sowing) sole soybean intercepted 10% less
PAR than saybean/sunflower system when LAl was only
about 0.47 and 0.65 respectively.

The relation between total drymatter produced and
cumulative intercepted PAR for both the canopies is
shown in Fig-5. For the soybean fsunflower intercrop, the
total drymatter of both crops up to sunflower harvest, after
which the total drymatter of sunflower produced at harvest,
was added to the drymatter of soybean taken at each
subsequent sampling date. Production efficiency was 0.54
in soybeanfeunflower system, but § was 0.37 in sole
soybean (Table-1). The overall production efficiency of
interception by the intercropping systems is mere than that
of sole cropping (Sivakumar and Virmani, 1980).

Table 1 Conversion efficiency of light into drymatter (g/MJ)

System 1956 R? 1997 R?

Soybean Y=0.37x 099  Y=0.45x 0.88
Saybean/Sunflower ¥=054x 092 Y=083x 097
Pigeonpea Y=055x 099 =0.60x 088
Sorghum/Pigeonpea  Y=085x 087 Y=097x Q80

Extinction coeffictent (Table-2} for soybean/sunflower
{0.66} was lower than that of sole soybean. It indicates that
LAl to intercept the same amount of PAR was greater in
soybean/sunflower system than that of sole soybean
{0.88). The difference in interception of PAR by crop
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canopies of sole soybean and soybean/sunflower was not
much during the entire crop growth period, but significant
difference in LAl was observed (soybean/sunflower 1.22
t01.72; sole scybean 0.70 to 1.02). It indicated that though
more LAl was seen under intercropping, but it resulted in
shading to soybean by the companion crop of sunflower.

Pigeonpea: Changes in LI, LAl and drymatter production
for the sole and intercrops present a comparative
evaluation of the efficiency of different systems (Figs 2, 3
and 4}. Sole and intercropped pigeonpea grew siowly, as
refiected by the slow changes in total drymatter. Because
of the absence of competition fram the companion crap,
pigeonpea in pure stands showed better canopy growth.
Sole pigeonpea attained maximum LAl of about 3.4
around 120 DAS, whereas in sorghum/pigeonpea, it
attained maximum LAl (3.6) at 96 days after sowing,

As the growth of sorghum was affected due to continuous
wet weather during August (13.3 MJ/m/d radiation; 451
mm rainfall) which also caused grain mould, there was not
much competition from sorghum to pigeonpea. This could
be the reason for less reduction {(19% at the time of
sorghum harvest) in dry matter production of intercropped
pigeonpea compared to sole pigeonpea. The sorghum
crop produced 7950 kg/ha of drymatter at the time of
harvest and yielded 630 kg/ha of grain. Data on drymatter
accumulation in the sorghum/pigeonpea system showed
the contribution of sorghum was only 50% to total
drymatter. After sorghum harvest, pigeonpea showed
appreciable accumulation of drymatter (4000 to 8100
kg/ha). The total drymatter production of intercropped
pigecnpea was B8Y% of that of scle pigeonpea.

In sole pigeonpea, PAR interception was low with a slow
increase in LAI upto 60 DAS (38%) and it was maintained
at a fairly high rate for the next 80 days (38 to 92%) after
which it declined due to leaf senescence (Fig-2). Changes
in the interception of PAR in the sorghum/pigecnpea
canopy showed that the system maintained higher fevels
of interception upto the time of sorghum harvest because
of its higher LAl values. PAR interception declined after
sorghum harvest. The yield of sole pigeonpea and
intercropped pigeonpea was 1500 and 1300 kg/ha
respectively.

The relation between total drymatter produced and the
cumulative intercepted PAR for the two canopies is shown
in Fig-5. For the sorghum/pigeanpea intercrop, the total
drymatier is for poth crops upto sorghum harvest, after
which the total drymatter of sorghum produced at harvest
was added to the dry weight of pigeonpea taken at each
subsequent sampling date. Production efficiency {gMJ)
was lower for the sole pigeonpea (0.55) than sorghum/
pigeanpea (0.85). Similar observation was alsc reported
by Sivakumar and Virmani (1980) in maize/pigeonpea
intercropping system.
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vroductivity of saybean gind pigeonpea based intercropping systems in relation to radration interception

Extinetion coefficient was 0.70 in sole pigeonpea and 0.76
in sorghum/pigeonpea (Table-2). This relationship further
suggested that the LAl required to intercept the same
amount of PAR was greater in sole pigeonpea than in
sorghum/pigeonpea. Low values of k for sole pigeonpea
suggested greater PAR transmission to the lower layers in
the canopy and also to the ground resulting in iow PAR
interception.

1997 (dry year)

Soybean: Sole soybean (1.73) and soybean/sunflower
{1.71) attained maximum LAl at 60 and 45 DAS
respectively (Fig-3). Both the systems intercepted the light
similarly throughout crop growth period eventhough LAl is
greater in soybean/sunflower system (Fig-2). Scle
soybean produced 40% by 45 DAS and 73% by 60 DAS
compared with 24 and 38% respectively by the
intercropped soybean, to that of maximum dry matter
production of sole soybean. The total dry matler
production of intercropped soybean was 50% of that of
sole soybean (Fig-4). It indicated that there was
competition for resources between sunflower and soybean
due to similar growth pattern. The yield of sole soybean
and intercropped soybean was 988 and 672 kg/ha
respectively. The seed yield of sunflower was 357 kg/ha.

Production efficiency was (g/MJ) was 0.45 in sole soybean
and 0.53 in soybean/sunflower system. It indicates that
soybean/sunflower system was more efficient in
conversion of interception of PAR into dry matter than sole
soybean {Fig-5).

Extinction coefficient for soybeanfsunflower (0.96) was
lower than that of sole soybean (1.04). It indicates that
sole soybean and soybean/sunflower intercepted PAR
similarly but LAl was more in soybean/sunflower than sole
soybean (Table-2).

Pigeonpea: Growth pattern of sole and intercrop
pigeonpea was similar to that of pigeonpea in 1996, but
only the magnitude differed. Sole pigeonpea showed
better canopy growth than of intercropped pigeonpea. It
recorded maximum LAl of 3.6 around 110 DAS while
sofghumipigeonpea recorded maximum LA of 3.3 at 75
DAS (Fig-2). The maximum dry matter production of
intercrop pigeonpea was 3900 kg/ha and that of sorghum
was 12676 kg/ha. Sole pigeonpea produced 65% of its
maximum dry matter by 110 DAS and 100% by 155 DAS,
compared to 15 and 40% respectively for intercropped
pigeonpea to that of sole pigeonpea (Fig-4). It indicated
that sorghum crop competed with pigeonpea for moisture
as the soil moisture did not reach a leve! of 150 mm during
crop growth period. The yield of sole pigeonpea was 1363
kg/ha and that of intercropped pigeonpea was 620 kg/ha.
The sorghum crop growth was good during this season
and recorded 3560 kg/ha of grain yield, which was six
times higher than that in the earlier year. At the time of
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sarghum harvest, intercrop pigecnpea's total dry matter
was around 1/5" of that of sole pigeonpea.

Interceptions of PAR by sole pigeonpea was low, with a
slow increase in LAl upto GODAS (40%) and # was
maintained at a fairly high level for the next 30 DAS (40 to
50%) after which increasing leaf senescence decreased
PAR interception {(Fig-2). Sorghum/pigecnpea maintained
higher tevels of interception {30 to 89%} upto the time of
sorghum harvest because of its higher LAl values. After
sorghum harvest, interception dropped to about 40% and
then increased to 68% as the leaf senescence started and
{he interception has gone down {0 48%.

Production efficiency (g/MJ) of sorghum/pigeonpea (1.15)
was 92% higher compared to the sole pigeonpea (0.60)
(Fig-5). Though intercrop pigeonpea was affected due to
the competition from the companion crop of sorghum, the
dry matter produced per unit of MJ was comparatively
higher than that of sole pigeonpea crop. The reasons
could be that contribution from sorghum was high as the
crop grew very well and utilized the resources efficiently.

Extinction coefficient as a function of foliage architecture
was determined for pigeonpea and sorghum/pigecnpea
{Table-2). Low value for sole pigeonpea suggested greater
transmission to the lower layers in the canopy and to the
ground resulting in low PAR interception. This relationship
also suggested that the LAl required to intercept the same
amount of PAR was greater in sole pigeonpea than
sorghum/pigeonpea,

Table 2 Extinction coefficients calculated using the
relationship In {1/1) = - KL

Systemn 1996 R? 1997 R?

Soybean 0.89 0.86 1.04 093

Soybean/Sunflower 066 084 095 068

Pigeonpea 0.70 0.85 0.76 072

SorghumiPigeohpea 0.76 0.89 082 0.75

Considering the performance in both the years, drymatter
production was linearly related to intercepted radiation in
all the systems/crops. Similar observation was also found
in pearlmillet (Jarwal ef af., 1990). Efficiency of conversion
of intercepted light into drymatter was superior in
intercropping  systems viz, soybean/sunflower and
sorghum/pigeonpea compared to their respective legume
sale craps. Sivakumar and Virmani (1980) also found that
maize/pigeonpea intercropping system was mare efficient
than sole crops in converting PAR inloc drymatter.
interception of light by crop canopy has not differed much
between sole soybean and soybean/sunflower systems,
even though leaf area index was greater in intercropping
system. Because of similar duration of component crops,
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Abstract . - -

A field experiment was conducted to study the effect
of different fertility levels on growth, N uptake, seed
and oil yield of Brassica carinata (genotype PBC-9221
and DLSC-1) and Brassica juncea (genotypes PR-8988,
BlO-772 and Kranti) under rainfed conditions during
1996-97 and 1997-98. B. carinata genotype PBC-8221
had significantly higher LAl at 60 and 90 DAS but the
mustard genotype PR 8988 had significantly more
value at 30 DAS. Crop growth rate and relative growth
rate were higher in mustard in early stage but at later
two stages Ethiopian mustard had higher value.
Befween 90 DAS - harvest stage CGR and RGR values
were maximum in PBC 9221 but CGR remained at par
with DLSC-1 and PR 8988. Oil content of Kranti was
higher, whereas, oil yield was more in PBC-9221 due
to higher seed yield, N uptake and protein content in
seeds was higher in PBC-9221 and increase in fertility
levels also enhanced these parameters. Seed yield
was higher in variety PBC-9221. The leaf area index,
drymatter accumulation, CGR, RGR and NAR
increased at higher fertility levels. With the application
of fertilizer, oil content decreased, whereas oil yield
increased due to more seed yield. Application of 125%
of the recommended fertility levels produced
significantly higher seed yield irrespective of
genotypes.

Key words: Growth analysis, yield, N uptake,

Brassica genotypes, Fertility levels
Introduction

Fertilizer application, particularly nitrogen in right amount
enhanced the yield of rapeseed and mustard remarkably
as these crops are exhaustive in nature and require more
energy for growth and development of plants. Researches
done in the country have indicated that fertilizer
requirement differed with the fertility status of soils. With
the improvement of new genotypes particularly Brassica

carinata, it has become imperative to study their growth
behaviour and yield potential under varying levels of
fertility and to find out the optimum rate for increasing the
productivity. The performance of a genotype depends
largely on the development of morphological characters for
contributing towards growth and yieid of the crop and the
economic yields are the result of leaf area preduction and
drymatter accumulation pattern in the plant types.
Therefore, the present investigation was conducted to
study the growth, yield and quality of promising genctypes
of mustard (Brassica juncea) and Ethiopian mustard
(Brassica carinata) at different fertility levels under rainfed
conditions.

Materials and methods

The present investigation was carried out on a silty clay
loam soil at the Crop Research Centre of G.B. Pant
University of Agriculture and Technology, Pantnagar,
during rabi seasons of 1996-87 and 1857-88 under rainfed
conditions. The experiment was laid out in a Randomized
Block Design with three replications. The experimental
field was rich in organic matter (1.21%) and potassium
{265.0 kg/ha), medium in phosphorus content (73.61
kg/ha) and neutral in reaction (pH 7.0). The fertilizer dose
was 60 kg N, 40 kg P,O, and 20 kg K,O/ha. An uniform
basal application of whole amount of phosphorus in the
form of single super phosphate and potassium in the form
of muriate of potash along with 3/4 quantity of nitrogen
through urea was applied as per the treatment. Remaining
quantity of nitrogen was top dressed after one month. Five
plants were tagged from each pot randomly and their
seeds were analyzed for oil content, oil vield and protein
content. The oil determination was done using NMR
technique. Estimation of protein content in seeds was
made by determining nitrogen content using Micro-
Kjeldahl's method and multiplying by a constant factor of
6.25. The leaf area index and drymatter were recorded at
an interval of 30 days from five randomly selected plants
in marked rows. The computation of various growth
parameters was done as per Radford {1967).

T_Director, NRC on Rapeseed-Mustard, Bharatpur-321 303, Rajasthan.
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Productivity of soybean and pigeanpea based intercropping systems in relation to radiation interception

there was overlapping of growth periods which resulted in
competition for light in the intercropping system. Leaf area
index and interception of light by crop canopy was superior
in sorghum/pigeonpea than in scle pigeonpea. It is
because of spatial and temporal complementarities of the
system as serghum grand growth period was completed
weil before pigeonpea started its grand growth period,
thereby avoiding competition for fight and other resources
{Natarajan and Willey, 1980}. Considering advantages and
disadvantages of intercropping systems studied, it can be
concluded that sorghum/pigecnpea systermn is more
efficient in resource (light} utiization compared to
soybean/sunflower.
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Table 1 Effect of different Brassica genotypes and fertility levels on leaf area index, total drymatter production, N uptake, sees

yield, oil and protein content {Pooled over two years)

Leaf area index Total drymatter (g/plant) Nitrogen  vieig (kgha) Qil Protein

Treatment uptake —————— content  content
30DAS 60DAS 90DAS |30DAS 60DAS 90DAS Hawest (kgha) Seed  Oil %) (%)

Genotypes
PBC-9221 0.3 1.0 11 1.0 25 65 292 228 1180 470 39.9 15.2
DLSC-1 03 11 11 11 24 8.1 262 206 1070 420 391 13.7
PR-8988 0.4 1.1 8.5 1.3 5.8 90 17.0 13.6 850 350 40.9 9.1
BIO-772 0.4 08 0.2 11 6.2 83 95 174 730 300 40.8 115
Kranti 03 15 0.4 13 59 83 169 136 780 320 416 9.1
CO (P=0.05) 0.03 0.1 0.1 02 0.3 06 0.6 0.7 76 3 0.4 0.5
Fertility levels
50% of RDF 02 0.8 0.4 0.9 40 7.0 16.7 1186 660 270 4.4 7.8
75% of RDF 0.3 1.2 o5 1.1 4.4 7.5 197 153 890 360 40.5 100
RDF 0.4 15 07 13 47 8.2 185 189 1020 410 40.2 126
125% of RDF 05 1.7 1.0 15 5.2 8.3 23.4 244 1120 440 39.9 16.4
CO (P=0.05) 0.03 a1 a1 02 0.3 a.6 05 08 68 28 0.3 0.4

DAS = Days after sowing;

ROF = Recommended dose of fertilizer

Table 2 Effect of genotypes and fertility levels on the crop growth rate, relative growth rate and net assimilation rate at different

growth stages (Pooled over two years)

CGR x 10 {g/day) RGR x 10 (g/day) NAR {g/m?/day)

Treatment 30 x 60 60 x 90 90 30-60 80-90 90 30-60 60-80

DAS DAS harvest DAS DAS harvest DAS DAS
Genotypes
PBC-9221 0.36 1.34 256 0.10 0.13 0.07 7.08 24
DLSC-1 0.42 1.88 213 0.10 018 0.05 6.41 21
PR-89BB 153 1.15 198 Q.22 0.08 004 803 18
BIO-772 1.67 0.70 0.57 0.24 0.04 0.02 8.03 20
Kranti 1.59 0.77 1.35 0.21 0.05 0.05 8.08 1.6
CD {P=0.05) on 0.24 0.85 0.04 0.03 010 0.20 Qi
Fertility levels
50% of RDF 1.04 0.12 0.18 0.16 0.09 0.04 718 1.8
75% of RDF 112 1.00 1.58 017 8.190 005 751 20
RDF 1.15 1127 1.59 0.18 0.10 . 0.05 7.55 20
125% of RDF 1.25 1.38 1.89 0.20 0.10 0.05 7.86 21
CD {P=0.05) 0.10 0.22 NS NS NS NS 0.18 04
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i
Results and discussion

Performance of genotypes: The growth analysis
indicated significant varietal differences with respect to leaf
area index (LAY, crop growth rate {CGR), relative growth
rate (RGR) and net assimilation rate (NAR). Significantly
higher LAl at 30, 60 and 80 days stages was recorded in
PR-8988, Kranti and DLSC-1, respectively, except at 80
days stage where DLSC-1 was at par with PBC-9221. PR-
8988 had also significantly higher value of total drymatter
at 30 and 90 days stages but at 30 days stage, it was at
par with Kranti. At 80 days stage, BIO-772 and at harvest
PBC-9221 had significantly higher value over other
genotypes (Table-1). The LAl, CGR and NAR values were
higher in Ethiopian mustard compared o mustard at later
stages. The (eaf area has been reported to be the main
factor in biomass production (Arthamwar et al,, 1995). The
NAR value at 60-90 days stage was significantly more in
PBC-9221 (Ethiopian mustard) but at earfier stage
mustard genotypes had moare NAR value. The CGR and
RGR between 30-60 days stage was higher in mustard but
at later stage, Ethiopian mustard had higher value and
PBC-9221 recorded maximum value between 90 days to
harvest stage. The higher CGR in PBC-9221 during later
phase was because of higher drymatter producticn in
different plant parts, at a comparatively higher pace for
ongesr duration than offhes genciypes. The duraiion of
PBC-9221 was 27 days higher than mustard in better
reproductive growth in Ethiopian mustard. Similar findings
indicating the varietal differences for wvarious yield
attributes have alsc been reported by Kumar and Malk
(1983). Genotypes also influenced the nifrogen uptake
significantly. PBC-9221 had significantly higher nitrogen
uptake followed by DLSC-1 and PR-8988,

The vigorous reproductive growth phase in genotype PBC-
9221 recorded significantly higher seed yield over the
other genotypes followed by DLSC-1. Both the genotypes
of Ethiopian mustard had significantly more seed yield
than mustard. Amongst mustard genotypes, PR-8988
recorded higher seed yield but was at par with Krant.

Genotypes also differed significantly in oil content and oil
yield. Qil content in Kranti was highest followed by PR-
B988 and lowest was in DLSC-1. This may be due to their
genetic make up. However, genotype PBC-8221 produced
significantly more oil yield in comparison with other
genotypes. Genotypes BIO-772 had significantly lower oil
yield than other genotypes but was at par with Kranti.

Protein content in seeds was also significantly higher in
FBC-8221 than all other genotypes. This was primarily due
to the fact that genotype PBC-9221 had higher nitrogen
uptake by seeds. Thus, an adequate supply of nitrogen not
only stimulated photosynthesis but also amino acids and
protein synthesis.

Effect of fertility levels: The leaf area index increased
with increasing fertility level at all the growth stages of
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crop. Drymatter accumulation in plant increased with
increase in ferility level upto 125% of the recommended
levels at all the stages The beneficial effect of fertilizer on
leaf area indéx and drymatter production were also
reported by Shukla and Kumar (1993). The highest CGR
was recorded at 125% of the recommended level at all the
stages but was at par with the recommended fertiiity level
during earlier stage. The CGR at last stage and RGR
value at all the stages did not differ significantly at various
fertility levels. Net assimilation rate increased upto 125%
of the recommended fertiity level between 30-80 days
stage but during 60-90 days stage, recommended and
125% of recommended level were at par. Enhanced CGR
and RGR contributed towards the stronger reproductive
phase which resulted in higher seed yield under higher
fertlity levels. Further, increased NAR at 125% of
recommended fertility level added positively towards the
seed yield. It was because of higher percentage increase
in crop growin rate and more producton of funclioning
leaves even at later stage of crop growth under higher
levels of fertility.

With successive increase in fertility levels, the seed yield
increased and significantly higher seed yield was recorded
at 125% of the recommended fertility level under rainfed
situation. The increase in seed yield with the application of
75% recarnrmended and 125% of recommended level over
50% of recommended level of fertilizers amounted to 25.8,
a5.2 and 41.0% respectively.

Higher oil content in seeds was recorded at lower fertility
levels and vice versa at higher ferlility levels. Contrary to
oil content, oil vield increased significantly upto 125% of
the recommended fertility level. This may be due to the
fact that increasing availability of nitrogen increased the
proportion of protenous substances in the seeds.
Although, higher rate of fertiizer application resulted in
reduced oil per cent in seeds but it increased the oil
yield/hectare, significantly. Since, oil yieldfhectare was the
resultant of seed yield and oit per cent and oil/hectare also
increased due to fertilizer application upto 125% of the
recommended level because of incressed seed yield.
These findings are also supported by Tomar et al. (1997).
With every successive increase in fertility level upto 125%
of the recommended level, there was significant increase
in protein content in seeds. Nitrogen is a basic constituent
of protein and with the increase in rate of nitrogen
application, the nitrogen availability increased which
resulted in increased protein content in seeds. The
positive correlation between protein content and fertilizer
rates was also reported by Shukla and Kumar (1992).

It can be inferfed from the above results that Ethiopian
mustard variety PBC-9221 had more leaf area index, CGR,
RGR, NAR, drymatter production and seed yield over PR-
8988, BIO-772, Kranti genotypes of mustard. Application
of 125% of the recommended fertility level produced
significantly higher amount of drymatter and seed yield.
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sesame, Sesamum indicum L.
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Abstract

Field experiments were conducted to study the effect
of zinc, growth hormone and biofertilizer on the
growth and yield of sesame (Sesamum indictm L.) cv.
TMV-3 during March to June of 1999 and 2000, at
Annamalai University experimental farm, Annamalai
Nagar, Tamil Nadu. There were altogether thirteen
treatments comprising of individual and combined use
of soil application of ZnSO, @ 5 kg'ha, seed
inoculation with Azospirillum foliar application of
ZnSO, @ 0.5% and planofix @ 30 ppm twice at 40 and
55 DAS. It was observed that combined use of soil
application of ZnSO, @ 5 kg/ha, seed inoculation with
Azospiriflum and foliar application of ZnSO, @ 0.5%
and planofix @ 30 ppm twice at 40 and 55 DAS
exhibited a pronounced effect on the growth
characters viz., plant height, number of branches/plant
and drymatter production in both seasons. The yield
attributes viz,, number of capsules/plant, number of
seeds/capsule and seed vyield were significantly
influenced by the same treatment.

Key words: Sesame, zinc, Azospirillum

Introduction

Sesame (Sesamum indicum L) is an important oilseed
crop but has low yield potential. it is gaining considerable
importance on account of its high economic value as
edible oil. Mean seed yield of this crop in India is very low
{180 kgtha} as compared to Venezuela {19560 kg/ha)
(Shanker et al, 1999). Poor soil fertiity especially of
micronutrient, hormonal imbalance, etc., are limiting the
growth and vield of sesame in India. Among the
micranutrients, zinc has been found to increase the yield
considerably (Prakash, 1998). Azospiriffum, an important
biofertilizer component presently supplemental socurce of
nitregen, fixes abundant quantity of nitrogen in soil (Rao,
1881). Hence, an attempt was made to find out the effect
of zinc, growth hormone and biofertlizer on the growth and
yield of sesame. ‘
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Materials and methods

Field experiment was conducted during March to June of
1999 and 2000 at Annamalai University experimental farm,
Annamalai Nagar, Tamil Nadu. The soil of the
expetimental field was low in available nitrogen {2065,
237.2) medium in phosphorus (18.7; 19.4} and high in
potassium (353.2; 3425 kg/ha). There were thirteen
treatments comprising of individual and combined
appiication of Azospiriflum seed inoculation, soil and foliar
application of ZnSO, and planofix twice at 40 and 55 DAS
(Table-1). For seed treatment, Azospiriflum inoculant was
mixed well with rice gruel and a slurry was prepared in a
plastic container and the seeds were mixed with slurry to
have uniform coating of Azospirifium. The experiment was
faid out in randomized block design with three replications.
Sesame variety TMV 3 was sown adopting a seed rate of
% kg/ha and a spacing of 30 x 30 cm. A fertilizer dose of
36:23:23 N, PO, and K,O kg/ha, respectively was applied
to all plots. Half the dose of N was applied as basal and
the remaining half at 30 DAS. Need based crop protection
measures were taken.

Results and discussion

Growth characters: Soil application of zinc sulphate @ 5
kg/ha, seed inoculation with Azospiriffum and foliar
application of zinc sulphate @ 0.5% planofix @ 30 ppm
twice at 40 and 55 DAS (T,) had significant influence an
growth characters at harvest stage in sesame (Table-1).
Same treatments recorded the highest plant height viz.,
116 and 130 cm, number of branches/plant viz., 24 and 31
and drymatter production viz., 3863 and 4513 kg/ha in the
first and second crop, respectively. The lowest growth
characters were observed in contrel plots. This may be
due to synergistic and cumulative effect of zing, growth
hormone and biofertitizer. Planofix (NAA), being a stable
synthetic auxin that complements the naturally occuring
IAA might have increased the activity of meristemic tip,
auxiliary buds, resulting in higher plant height, number of
branches and number of leaves and ultimately caused
greater photosynthetic efficiency might have aided in
higher crop drymatter. The results of the present
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Abstract

Field experiments were conducted during post-rainy
season of 1997-98 and 1998-99 on sandy clay loam soil
after rainy (kharif) season puddled rice at University
Research Farm, Rajendranagar, Hyderabad. Five
tillage practices constituting deep and shallow primary
tillage in combination with rotavator or cultivator as
secondary tillage treatments besides zero tillage
treatment and four soil water regimes constituting of
scheduling irrigations at IW/CPE = 0.6,0.8,1.0and 1.2
were evaluated. Significantly higher seedling
emergence was observed when secondary tillage was
carried out with rotavator either tractor drawn (75%) or
power tiller cperated {73%). Higher sunflower growth
and seed yield of 1531 kg/ha was realized when tillage
was done with tractor drawn disc plough + rotavator
twice coupled with scheduling irrigations at
IWICPE=1.2. Deep tillage with tractor drawn disc
plough + rotavator in combination with soil water
regime of IW/ICPE=1.0 or 1.2 resuited in significantly
higher seed yield compared to other combinations.
Highest net returns of Rs. 8565/ha was obtained in
deep-fine tillage {tractor drawn disc plough followed
by rotavator) at IWICPE=1.0.

Key words; Tillage, soil moisture regime, sunflower,

rice fallow
Introduction

Sunflower has emerged as potential oilseed crop in rice
fallow situation of command areas of Sreeramsagar and
Nagarjunasagar (Andhra Pradesh), Tungabhadra
(Karnataka) and Bhavanisagar (Tamil Nadu) irrigation
projects, where farmers are cultivating sunflower profitably
compared to traditionally grown rice. Soil conditions after
puddled rice pose limitations for growing upland crops and
thus the yield levels of crops following rice are generally

low as compared to normal yields (Reddy and Reddy,
1979). Loosening puddled soil may require special tillage.
Large tractors with attachements that pulverise hard soff
are becoming available, but they are too expensive for
small farmers. Inexpensive, effective tillage practices to
eliminate drudgery and ensure proper seedbed
preparation are badly needed {Prihar et al, 1983).
Keeping the above in view field experimenis were
conducted for two years to study the effect of titage and
soit water regimes on productivity of post-rainy season
sunflower in rice-sunflower sequence.

Materials and methods

The experimental site was located at the Research Famm
of ANGRAU, Rajendranagar, Hyderabad (17919'E, 78028'
N, 535 m above mean sea level, annual rainfall of 760
mm). The soil was sandy clay loam, composition of the
topsoil (0-15 em) was sand 66.00 %, silt, 12.33 %; clay
21.87 %. The depth of the soit was medium (50-60 cmj.
The pH and EC (dS/ m) of the sail were 7.54 and 0.18,
respectively in 1:2 soil-water ratio, The available water
capacity of the soil profile of 45 cm depth was 7.25 cm.

The experiment was laid out in strip plot design (five main
tiiage treatments and four soil moisture regime), replicated
thrice. Sunflower variety "Morden' was the test crop. The
seed rate, fertilizer dose, plant protection measures,
harvesting and threshing of crop were similar for all
treatments. The crop was raised with the recommended
package of practices for the region.

The mean weekly pan evaporation ranged from 4.2 to 8.6
mm/ day (average 6.32) and 4.5t0 9.1 mm/ day (average
6.72) during crop growth period of 1997-98 and 1998-89,
respectively. However, there was no precipitation during
the crop growing seasons. The mean weekly maximum
and minimum temperatures during the crop petiod ranged
from 38.1°C to 31.9°C and 22.0°C to 16.9°C and 41.3°Cto .
31.7°C and 27.0°C to 14.6°C during 1997-98 and 1998-89,

. Assistant Professor, Department of Soil Science & Agril. Chemistry, Agricuttural College, Naira, Srikakulam Dist., Andhra Pradesh.
Professor of Soil Physics, Department of Soil Science & Agril. Chemistry, College of Agriculture, ANGRAUY, Rajendranagar, Hyderabad
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“vestigation are in confirmity with the findings of Tiwari of

al. {(1995); Saxena and Chandel (1997} and Prakash ef af.
{1999). Likewise, this treatments also excelted all the other
treatments and recorded the highest number of
capsules/plant viz., 91 and 100 number of seeds/capsule
viz., 50 and 54, seed yield of 985 and 1163 kg/ha in the
first and second crops, respectively. The lowest yield
attributes and yield were under the control treatment. This
might be due to increased plant height, LAl, DMP, number
of capsules/plant and number of seeds/capsule. Similar
findings were also documented by Murthy et al. {1999) and
Prakash ef al. {1999).

The same treatment registered the highest return/rupee
invested of Rs. 2.9 and 3.3 in the first and second crop,
respectively. The contral treatment recorded the least
return/rupee invested of 1.4 and 1.6 in both the crops.

Based on the above results, it can be concluded that seed
inoculation with Azospirilium, soil and foliar application of
ZnSQ, and foliar application of planofix was beneficial in
increasing growth characters, yield atirbutes and seed
yield in sesame.
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The combination of deep-fine fifage (T,) coupled with
irngations scheduled at IW/CPE = 1.0 was found best to
achieve higher yields of sunflower grown after puddled
transplanted kharif rice.

Economics

In general tillage practices shown their superiority over
zero tilage under rice fallows in benefit cost ratio (Table-
4). Scheduling irfigations at IWICPE of 1.2 {M4) resulted
in highest B: C ratio of 2.35 in the first year and 2.18 in the
second year. Crfical examination of B: C ratic revealed
that, under deep tilage (T, and T,} conditions the
response to irrigation was up to W/CPE =1.0, however,
the crop responded up to W/ CPE = 1.2 under shalflow

I

and zero tilage conditions. Deep and fine tilage ' (T,)
resulted in highest B: C ratio. At \WW/CPE = 1.0 and 1.2, T,
and T; tillages did not differ much in B: C ratio, however,
the difference due to these tilage practices (T, and T,)
was wide under limited moisture supply (IW/ CPE = 0.8
and 0.8). it confirmed the overall superiority of deep tilage
treatments under limited water supply as stated by Vittal et
al. (1983}

Acknowledgements: The authors gratefully acknowledge
the ANGRAU for providing financial assistance to first
author, experimental site and laboratory faciliies for the
research. :

Tabie 1 Effect of tillage treatments on clod size distribulion and mean mass diameter (MMD) and depth of ploughing

Tillage

Clod size {mm. Diameter) per cent

Mean mass Mean depth  Seedling

treatment >100 50100 2050  10-20 510 25 <2 dl?nT:\t)er 0‘(225\?8 i

1397.98

T, - - - - - - - - ; 52

T, - 13 209 222 143 105 9.2 116 383 1.1 B1-

T, 3.4 13.0 16.4 196 16.7 14.1 16.9 238 10 .72

T, 122 18.1 214 16.5 85 119 1.4 370 212 82

T, Nif 12.5 174 187 15.2 17.4 17.8 - 205 216 74

CD {P=0.05) . - : - - - . - - ’ j' 50
1998.99

.

T, - - . - - - : . . 53

1, 1334 161 18.8 143 10.7 132 136 357 109 59

T, N 13.0 184" 212 16.6 146 16.2 21.4 a7

T, 12.9 14.9 177 16.6 120 12,6 134 343 207 62

T, Nil 12.2 16.4 223 14.2 16.4 185 20.4 214 77

CO (P=0.05) ; ; - ) - - - . - 45

T, - zero tilage

T, - ploughing twice with bullock drawn wooden plough followed by twice with bullock drawn cultivator

T, - ploughing twice with bullock drawn wooden plough followed by twice with power tiller drawn rotavator
T, - ploughing once with tractor drawn mould board plough foliowed ty twice with tractor drawn cultivator
T; - ploughing once with tractor drawn disc plough followed by fwice with traclor drawn rotavator
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Effect of tillage and irfigation regimes on seedling emergence, growth and yield of sunflower under rice fallows

‘genactively. The mean relative humidity ranged from 89

"0 63 and 85 to 52% during crop growth periods of first and
second years, respeciively. The mean weekly bright
sunshine hours varied from 10.9 to 9.0 during 1987-98 and
10.7 to 7.7 during 1998-99, respectively.

The W/CPE of 0.6, 0.8, 1.0 and 1.2 received 4, B, 8 and
g irgations during 1997-88 with total amount of irigation
water of 240, 360, 480 and 540 mm respectively dusing
1908-96 the same treatments were provided 5,7, 8 and 11
irrigations with total guantity of 300, 420, 540 and 600 mm
irrigation water, respectively. To minimize the interference
of water from one treatment to ancther a 50 cm wide drain
and successive 50 cm levee were constructed in between
different plots. lrrigation water was applied according to
the treatments and was measured by V- notch weirs

The clod size distribution was determined and expressed
in terms of mean mass diameter (MMD) calculated in
accordance with the procedure explained in the Test Code
and Pracedure for Rotary Tillers - part-2 (RNAM, 1983}

Seedling emergence was determined by counting number
of seed hills emerged from each test plot. Growth was
expressed in terms of LAl and dry matter {above ground
parts) at harvest The heads in each net plot were
harvested and threshed separately (this was carried out
manually). Ciean seed yield at 10% moisture was recorded
for each test plot. The experimental data were subjected
to Fisher's method of ‘Analysis of Variance' (ANOVA]) as
per Panse and Sukathme {1978}.

Results and discussion
Quality of seedbed

Titiage with high drought machinery like tractor (T, and Ts)
tiled the soil to deeper soil depth of 22 cm, while tillage
with buflock drawn wooden plough tilled to 11 cm soil
depth {Table-1} Ploughing once with disc plough followed
by twice with rotavator, both tractor drawn {T5} contained
higher percentage of smaller clods and lower percentage
of larger ones. 1t also revealed that different tillage
treatments especially secondary tilage implements could
induce considerable differences in clod MMD (Mean mass
diameter). The MMD of clods was higher in case of
secondary tillage with cultivator (either bullock drawn or
tractor drawn} and lower under rotovator either power tiller
drawn or tractor drawn irrespective of primary tillage. High
speed tynes in rotavator break large size clods to small
clods could be the reason for low ciod mean mass
diameter under rototiller treatments. Bhushan and Ghildyal
{1971) reported larger clods under mould board plough
due to the increase in radius of curvature of the mould
board plough.
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Seedling emergence

Seedling emergence percentage was significantly higher
in plots tilled with rotavator either tractor drawn or power
tiler drawn as secondary tilage, which was significantly
higher than cultivator tilled treatments {Table-1). Lowest
seedling emergence (54.8%) was observed in zero tillage
plots. Soil water regimes had no effect on seedling
emergence. The highest percent seedling emergence with
rotavator (as secondary tilage) compared to cultivator and
Zero tillage was attributed to improved seed- soil- water
contact and favorable soil physical conditions for
germination and emergence.

Growih parameters

Leaf area index {LAl): Tilage, scil moisture regimes and
their interaction affected the leaf area index of sunflower
{Fig.1). At 80 DAS, higher LAl was recorded when the soil
was tilled to deeper depths and made 1o fine tith (T} as
compared to other treatments. Finer tith coupled with
deep ploughing {T,) resulted in higher plant population
(Table-1) and higher plant growth producing high LAI.
Simitar results were reported in case of mungbean {IRRI,
1984) and groundnut {Khan, 1984). lrigation given at
shorter intervals by adopting relatively higher sail moisture
regimes {IW/CPE= 1.0 and 1.2} resulted in higher LA}

compared to those scheduled at fonger intervais
(IW/CPE= 0.6 and 0.8).
Drymatter accumulation: Favorable soil conditions

created with tractor drawn disc plough once + rotavator
twice (T.) supported the crop with higher relative leaf water
content and leaf water potential, thus resulting in higher
dry matter accumulation (Table-2). Increase -in soi
moisture regime significantly increased the dry matter
accumulation at harvest. This could be attributed to lower
soil moisture stress prevailing before next irrigation in the
plots frrigated with {W/CPE ratioc of 1.0 and 1.2. On the
other hand in IW/CPE = 0.8 and 0.6 moisture regimes,
plants experienced relatively higher soil water stress
thereby low dry matter accumuiation. The interaction
effects of tillage and soil moisture regime significantly
affected the dry matter production, which appeared due to
high seedling emergence and relatively better growth in
the initial stage of crop.

Seed yield: Significantly higher seed yield (Table-3) were
redistered with tractor drawn disc plough once followed by
rotavator twice (Tg) compared to other tillage treatments
due to congenial physical edaphic conditions. Providing 60
mm of irgation water at IW/CPE ratio of 12 (My)
registered highest seed vyield which was on par with
IW/CPE = 1.0 (M5) and both were significantly superior to
M4 and Mo,



Gurumurthy and Singa Rag

Table 2 Effect of tillage treatments and soil moisture regimes on drymatter accumulation at harvest

Shaoot drymatter (kg/ha)
Treatment 1997-98 ! ?98-99
Soil moeisture regime Soil moisture regime
M, M, M, M, Mean M, M, M, M, Mean
Tillage (T)
T, 1626 1952 2131 2178 1973 1536 1746 2040 2168 1872
T, 1847 2280 2576 2664 2342 1802 2195 2490 2639 2281
T, 2087 2580 2857 25852 2619 1983 2527 2862 3036 2604
Ta 2210 2706 3065 3154 2745 2253 2767 3052 31 2793
Ts 2490 3079 3485 3545 3145 2493 2980 3287 3407 3044
Mean 2052 2522 2810 2899 2015 2445 2743 2870
199798 19938-99
Tillage {T)
CD (P=0.05) 169 1M1
Soil moisture regime {M)
CD (P=0.05) 132 97.9
Inferaction (T at M)
€D (P=0.05) 272 7ok
Interaction (M at T)
CD (P=0.05) 312 232
M, - IW/CPE ratio of 0.6; M, - IW/CPE ratic of 0.8; M, - IW/CPE ratio of 1.0; M, - WICPE ratio of 1.2
Table 3 Effect of tillage treatments and scil moisture regimes on seed yield of sunflower
Seed yield (kg/ha)
Treatment _ 1997'98 : . 1?98—99 .
Soil moisture regime Sail moisture regime
M, M, M, M. Mean M, M, M, M, Mean
Tillage (T)
T, 557 742 838 876 753 580 633 767 834 686
Ts 693 924 1097 1156 967 651 B38 1004 1085 894
T, 774 1036 1228 1305 1086 718 875 1158 1256 1022
T, 881 1176 1315 1398 192 851 1 1285 1341 1152
Ts 888 1321 1528 1584 1357 944 1248 1392 1478 1265
Mean 780 1040 1204 1264 735 985 121 1199
1997.98 199898
Tiilage {T)
CD {P=0.05) ] 626 733
Soil moisture regime (W
CD (P=0.05) 754 84.4
Interaction (T at M) ’
CQ (P=0.05) 161 127
Interaction (M at T)
CD (P=0.05) 180 121

M, - IWICPE ratio of 0.5,

M, - \WICPE ratio of 0.8, M, - W/CPE ratio of 1.0;
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M, - AW/CPE ratio of .2
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Abstract

Field experiments were conducted at the University
College Farm during 1997-98 and 1998-99 in order to
study the effect of tilage and soil moisture regimes on
water stress indices, viz., relative leaf water content
(RLWC), leaf (xylem) water potential {LWP), leaf
diffusion resistance (LDR), feaf temperature (LT}, dry
matter and seed yield of post rainy season sunflower
{Helianthus annuus L.) grown in rice fallow Alfisols.
Higher moisture content, RLWC and LWP at different
growth stages were observed in deep tilage plots
worked either with tractor drawn disc plough or tractor
drawn mould board plough and with irrigation regimes
of IW/CPE of 1.2 and 1.0, but the reverse trend was
observed for LDR and LT. Dry matter accumulation
was associated with deep-fine tillage (disc plough
once followed by rotovator twice), IWICPE of 1.2
moisture regime individually and in combination.
Higher mean sunflower seed yield of 1531 and 1460
kg/ha were obtained with disc plough once followed
by rotovator {deep fine tillage} in combination with
irrigations scheduled at IWI/CPE =12 and 1.0,
respectively.

Tillage, soil moisture regime, water
stress indices, sunflower

Key words:

Introduction

Plant water status controls the physiological processes
and conditions, which determine the quantity and quality
of its growth (Kramer, 1969). Morphological, physiclogical
and biochemical modifications caused by water stress in
the plant may substantially reduce crop yield (Hasiao,
1973). Different indices have been used fo evaluate the
plant water status, these are affected by various factors
viz., soll and water mahagement practices, plant and
atmosphere parameters. Certain stages of plant growth

are comparatively more sensitive than others to moisture
stress. Tillage practices on corn (Reicosky ef al, 1976)
and water management practices in sunflower (Singh ef
al, 1895) have been reported on the effect of moisture
stress. But the combined effact of tilage and moisture has
not been reporteq hitherto. The present study was
therefore undertaken to study the individual and interaction
effects of tilage and soil moisture regimes on water stress
indices and yield of sunflower under rice faliows.

Materials and methods

A field experiment was conducted on sunflower
(Helianthus annuus L.} in rice fallows at Research Farm,
ANGRAU, Hyderabad during post rainy seasons of
1997-98 and 1998-59 (other details are in J. Oifseed Res.,
20(1}) : 81-86).

Soil moisture content from 0- 45 cm soil depth for each 15
cm sail tayer was determined at regutar intervals of erop
growth by fellowing gravimetric method. Relative leaf water
content (RLWC) was measured as per Turner(1981), leaf
water potential (LWP) as per Scholander et al. (1965), leaf
diffusion resistance {| DR) and leaf temperature {(|.T) were
measured using Steady State  Porometer (Model,
L7-1600), before giving scheduled irrigation at regufar
intervals of 30, 45 and 60 DAS coinciding vegetative,
flowering and grain filing stages, respectively during crep
growth period for both the years of study. The above
parameters wefe measured before irrigation schedule
around stipulated time.

The experimental data collected on various moisture
stress indices, growth and seed yield of sunflower were
subjected to statistical analysis {(Fanse and Kukhatme,
1878). Correlations were worked out for seed yield with
water stress parameters,

Results and discugsion

Soil moisture content. Higher soil moisture content was
observed in deep ploughing treatments (T, and T,),

" Assistant Professor, Department of Soil Science & Agril. Chemistry, Agricultural College, Naira Srikakutam Dist., Andhra Pradesh.
Professar of Soft Physics, Departinent of Soil Science & Agril. Chemistry, Callege of Agricutture, ANGRAU, Rajendranagar, Hyderabad
Principal Scientist, Directorate of Oilseeds Research, Rajendranagar, Hyderabad-500 030, AP.
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{lage treatments and soil moisture regimes on benefit cost ratio of post-rainy season sunflower under rice

Benefit ; cost ratio

1997-98 1998-99
Treatment Soil moisture regime Sail maisture regime
M, M, M, M, Mean M, M, M, M, Mean
Tillage (T}
T, 1.19 1.17 1.18 1.69 1.31 1.06 1.27 1.48 1.58 1.34
T, 1.48 1.90 2186 223 1.94 1.36 1.68 1.94 2.02 1.75
T, 1.59 2.04 233 243 210 1.44 1.88 215 225 1.93
T, 1.67 215 232 242 2.14 1.58 2.03 223 225 202
T 1.82 233 2.60 265 235 1.86 213 233 239 2.18
Mean 1.55 1.92 212 2.28 1.46 1.80 203 210
References Prihar, 5.5., Ghildyal, B.P., Painuli, D.K. and Sur, H.S. 1985.

Bhushan, L.S., and Gildhayal, B.P., 1971. Influence of shape of
implements on scil structure. lndian  Journal of
Agricultural Sciences, 41: 744-751.

IRRI, 1984. International Rice Research Institute, Los Banos,
Phillippines, Annual Repont, pp.315-324.

Khan, A.R. 1984, Studies on tilage induced physical edaphic
properties in relation to peanut crop. Soif and Tilage
Research, 4 . 225-236.

Panse, V.G. and Sukhatme, BP.V. 1978. Statistica! Methods for
Agricultural Workers. Indian Council of Agricultural
Research, New Delhi.
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Table 2 Eftect of tillage and soil water regimes on plant water stress indices of postrainy season in sunflower

RLWC (%)

XWP (bars)

Treatment 1997-98

1858-99

\
[

1997-98

45DAS B50DAS 75DAS

45DAS 60DAS 75DAS

45DAS G60DAS 75DAS

Tiftage {T)

T, 816 783 70.2 80.3 755 71.0 -15.0 -16.6 -18.7 -1586 -16.7 204
T, 826 796 710 81.7 76.4 724 144 -16.0 -189 -14.5 ~16.4 -19.0
Ty 828 796 708 820 76.7 722 -14.4 -16.0 -18.6 -14.5 -16.0 -18.8
Ta - 849 81.7 731 84.4 78.9 74.2 -133 -15.0 -17.9 136 -15.7 -185
Ts B49 a7 729 84.8 8.7 748 -13.2 -14.7 -17.8 -136 -15.4 -18.2
CD{P=0.05} 1.49 1.92 1.53 1.26 1.00 1.38 1.47 1.27 1.58 1.18 0.99 1.14
Soil moisture regime (M)

M, 77.4 76.8 o8.6 78.9 714 69.5 -15.5 -17.3 <204 -16.2 -17.9 206
M, 815 782 70.0 813 768 7.2 -14.4 -15.8 -202 -150 -16.2 -18.3
M, 86.8 825 739 855 80.1 750 -13.7 -18.2 -18.2 -14.0 -15.3 -18.4
M, 875 83.7 74.1 86.7 80.8 76.0 -12.7 -142 -16.7 -121 -143 -17.5
co{P=005 D97 1.42 D.98 0.80 0.83 122 0.87 0.85 1.00 079 1.14 078

Leaf diffusion resistance (Sim) Leaf temperature (°C)

Tillage (T}

T 63.3 67.7 742 61.9 705 779 272 28.2 288 284 288 29.3
T, 60.2 65.8 743 59.8 68.6 76.7 262 27.7 283 270 281 287
Ts 50.7 649 733 60.2 68.3 758 26.2 275 277 269 283 28.4
T, . 56.4 621 700 56.2 652 725 259 268 277 262 25 217
Vs 56.0 619 695 563 65.0 72.0 251 26.4 26.9 26.3 273 216
CD (P=0.05) 225 1.90 1.60 1.48 2.96 253 1.49 1.35 1.10 1.67 0.26 1.36
Soil moisture regime (M)

M, 70.2 73.8 83.0 705 78.2 837 283 296 300 298 30.2 306
M, : 636 68.0 75.0 622 699 789 266 281 284 28.7 285 293
M, 53.0 60.3 67.1 55.2 62.8 698 254 263 275 260 274 274
M, 4497 5549 84.3 47.5 591 675 234 294 250 245 259 256
CD (P=005) 1.16 1.21 117 1.73 155 1.68 074 oTr 0.85 0.53 a.87 1.07

RLWC : Relative leaf water context;
LDER : Leaf diffusion resistance;

XWP ; Xylem water potential

LT : Leaf temperature
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o aeigating soil moisture regimes (fW/CPE of 1.2
. ™ addoLually and in combination {Table-1). Vittal
-3, eported higher soil moisture conient with deep

#3742 5.1 soil moisture regimes on water stress indices and seed yield of sunflower under rice faliows

titage under rainfed condilions owing to higher water
storage capacity of soil profile.

vable T Effect of tiltage treatments and soif moisture regimes on soil moistuce canteat (%} at different sunflower growth stages

Soft meisture content {%) on dry weight hasis

Treatment 1997-98 1998-99

10DAS 30DAS 45DAS 60DAS 75DAS | 10DAS  30DAS 45DAS 60DAS  75DAS
Tiltage (T)*
T, 8.90 6.97 663 5.34 7.1 8.91 6.33 6.10 541 6.23
T, 10.28 7.47 7.12 6.54 757 . 9.97 6,64 6.32 6.16 6.47
T, 11.55 8.08 7.40 6.72 7.70 114 746 6.75 6.63 6.88
T, 11.11 8.60 8.22 7.39 8.22 1094 - 795 7.44 7.29 7.54
T, 12.36 8.89 8.58 7.88 8.49 12.08 8.31 7.81 7.57 7.86
Soil molsture regime (M}**
M, 10.84 6.92 6.48 6.00 6.73 10.66 6.45 598 5.80 6.11
M, 10.84 7.83 7.39 6.65 7.45 10.66 6.88 6.52 6.32 6.63
M, 10.84 8.25 7.98 7.28 827 - 1066 7.50 7.16 7.02 7.26
M, 1084 9.00 850 7.96 8.82 10.66 8.27 7.89 7.71 7.98

* (T, to T;, details under seed yield)

** (60 mm irrigation at IW/CPE ratio of 0.6 (M,), 0.8 (M.}, 1.0 (M) and 1.2 (M,)

Water stress indices: Tillage and soil moisture regimes
significantly influeniced the plant water stress parameters
during both the years of study (Table-2). The plots
received deep tillage (T and T,) and frequently scheduled
irfigation (W/CPE= 1.20), individually and {0 combination
of both, maintained higher soil moisture (Table-1), RLWC
and XWP and lower LDR and LT {Table-2) af flowering (45
DAS), seed filling (65 DAS) and maturity stages (75 DAS).
Lowest plant water status was observed in zero tillage (T,)
at all growth stages. This may be due to favourable
integrated effect of soil physical environment and higher
moisture availability in deep tillage treatment which
enhanced root growth for greater uptake of water and
nutrients and thereby maintained higher plant water status.
Deep ploughing has favourable effect on the modification
of soil physical properties {Allamaras et al, 1977).

Irrigation at MY/CPE ratioc of 1.2 recorded significantly
higher plant water status (high RLWC and XWP) and low
LDR and LT compared to 1.0, 0.8 and 0.6. This is because
of the crop receiving irrigation at relatively shorter intervals
maintained higher soil moisture facilitating the crop fo draw
required amount of moisture.

In general, plant water status i.e, XWP and RLWC
decteased, but LDR and LT increased with age of the
crop. This was due to high evaporative demand at
flowering than at preceding stage. Leaf water potential was
highly influenced by evaparative conditions due to change
in relative humidity and net radiation as long as soil water
is unlimited. Soil moisture content had significantly and
positively correlated with LWP (r= 0.911) and RLWC
{r= 0.945} and negatively correlated with LDR (r= -0.885)
and LT (r= -0.869) {Table-4).

Total dry matter accumulation. Tractor drawn disc
plough once + rotovator twice (T,) supported the crop with
higher relative leaf water content and leaf water potential,
resuting in higher dry matter accumulation (Fig-1).
Increase in soil moisture regime from IWICPE 0.6 to 12
significantly increased the dry matter accumulation at 60

" DAS and at harvest. This could be attributed to lower soil
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moisture stress in the plots irrigated with 'W/CPE ratio of
1.0 and 1.2 having higher relative leaf water content and
leaf water potential and lower leaf diffusion resistance and
leaf temperature. On the other hand in IW/CPE=0.8 and
IW/CPE=0.6 moisture regimes, growing plants
experienced relatively higher soil water stress and lower
leaf water potential, hence lower dry matter accumulation.
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Table3  Effect of tillage treatments and soil moisture regimes on
seed yield of sunflower
Seed yield (kg/ha)*

Treatment Soil moisture regime

M, M, M, M, Mean
Tillage {T)
T, 534 688 803 855 720
T, 672 881 1051 1121 N
T, 746 1006 1193 1281 1057
T. 866 1154 1300 1370 1173
Ts . 970 1285 1460 15 1312
Mean 758 1003 1161 1231

CD (P=0.05)

Tillage (T} 62.6
Moisture regime (M) 754

Interaction T at same M 181

Mat same T
* mean of two years, 1997-98 and 1998-99

180

Seed yield: The tillage treatment, tractor drawn disc
plough once + rotovator twice (T,) produced 80, 40, 25

and 14% higher seed yield over zero filage (T,), buliock '.
drawn wooden plough twice + cultivator twice (T,), bullock

drawn wooden plough twice + power tiller drawn rotovator

_ twice {T,) and tractor drawn mouid plough once + cultivator

twice {T,}, respectively in 1997-88 and the corresponding

percentages in 1998- 99 were 84, 45, 24 and 10
(Table-3). These changes were attributed to changes in

amount and distribution of water in the profile and to -

change in plant rooting patterns. Irtigation at IW/CPE ratio
of 1.2 resulted in 5.2, 21.5 and 62% higher yield over
IW/CPE of 1.0, 0.8 and 0.6 respectively in 1997-38 and
the corresponding percentages for 1998-99 were7.0, 24.2
and 63.1. Talati and Mehta (1963) reported that grain yield
of pearl millet in sandy loam soils was more than double in
deep tillage over shallow tillage. Scheduling 6 cm imigation
at IW/CPE=1.0 also recorded significantly highest yield

compared to 0.6 and 0.8, and is at par with IW/CPE=1.2,

interaction effects of tilage and soil moisture regimes
showed that there was a saving of 180 (1997-98) to 240
mm (1998-99) ifrigation water by providing deep tillage (21
cm) either with disc plough or with mould board plough
compared to shallow tilage (11 cm} maintaining yield at
optimum levels. Deep fine tillage and frequently irrigated
soil moisture regime combination resulted in significantly
higher seed of 1531 kg/ha {Table-3). This couid be

ascribed to higher plant water status resulting in higher net .

photosynthetic activity (Upreti and Sirohi, 1985). Although
both the deep tillage treatments maintained high RLWC
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and XWP and shown similar individual plant growth anes
seed yield, because of significantly higher plant stand
under tractor drawn disc plough + rotovator (T} compared
to tractor drawn mould board plough + cullivator (T,). This
difference in plant stand was the result of finer tith
achieved with secondary tillage with rotovator. Sunfiower
seed vyields were significantly correlated positively
(Table-4) with RLWC (r= 0.850™), XWP (1= 0.892"*) and
negatively significant with LDR (r= -0.836**) and LT
{r= -0.901"*). The results indicate that the combination of
providing irrigation at IW/CPE of 1.0 (M,) and deep fine
tilkage (Ts) maintained higher plant water status at all
phenotypic phases, resulted higher plant growth and thus
gave higher crap yields of post rainy season sunflower
under rice faltows.

Table 4 Correlation matrix for yield and plant water stress
parameters at 45 DAS of sunflower

X, X, X, X, Xs Y
X, 1000 0804 -0931 -0.945 0911 0892
X, 1000 0970 -0950 0945 0850
X 1000 00953 -0.885 -0.850
X, . 1.000 -0.869 -0.901
X5 _ 1.000 0816
Y 1.000

R (P=0.05) = 0.444
R (P=0.01) = 0.561

X ! Leaf water polential (bars)

X; : Relative leaf water content (per cent}

X, : Leaf diffusion resistance (S m™)

X, . Leaf temperature (°C)

X; : Soil moisture content (per cent) on dry weight basis
Y : Seed yield (kg/ha)

Conclusion: Improved plant water status through
improved soif and water management practices can resuft
in efficient crop preduction. The effect of tilage and soil
moisture regimes on of post rainy season Sunflower
(Helianthus annuus L) had measurable effect on relative
leaf water content (RLWGC), leaf (Xylem) water potential
(LWP), leaf diffusion resistance (LDR) and leaf
temperature (LT). Tillage particularly deep tilage facilitated
crop rools to grow deep and can explore moisture and
nutrients from larger soil volume and thus resulted in
higher plant water content. Providing irrigation of 60 mm
water at IW/CPE ratio=1.0 under deep tillage and 1.2
under shallow ftilage conditions for post rainy season
sunflower crop was found ideal in maintaining optimum
plant water indices besides higher seed yields.
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Abstract

Field experiments on summer castor after kharif rice
were carried out during 1996-97 and 1997-98 at
College Farm, College of Agriculture, ANGRAU,
Rajendranagar, Hyderabad, AP on sandy clay icam soil
with four levels of nitrogen (G, 40, 80 and 120 kg/ha) in
combination with three levels of phosphorus (0, 40
and 80 kg/ha). Application of 80 kg each of N and P/ha
recorded significantly higher growth, vyield
components and seed yield than all other levels of N
and P and additional returns of Rs. 2091/- and Rs.
1352/- were obtained with application of 80 kg Niha
and 80 kg P,0./ha respectively as compared to control
(no N and no P).

Key words: Castor, Nitrogen and Phosphorus

Introduction

in Southern Telangana zone of Andhra Pradesh under
situations of limited water availability for second rice crop,
instead of growing nce with limited water or keeping the
tand faliow, castor can be grown successfully after kharif
rice because of its jow water requirement (Rao, 1983,
Pratibha et af,, 1994). The productivity of castor fellowing
kharif rice in general is very much lower and however, can
be enhanced through suitable agronomic practices.
Among the various factors influencing the production of
castor, application of N and P plays an important role in
improving the yield levels of the crop grown after kharif
rice. Further, the nutrient requirements of castor in soils
that follow fiooded rice are entively different from that
grown after an upland crop and the information available
on this aspect is scanty for castor following kharif rice.
Hence, in the present study an attempt has been made to
assess the effect of different levels of N and P on growth
and yield of summer castor following kharif rice.

Materials and methods

" Field experiments were conducted during early summer
seasons of 1896-97 and 1997-98 at College Farm, College
of Agnculture, ANGRAU, Rajendranagar, Hyderabad (17°
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19N and 78 ° 28' E and 542.6 m above MSL) on a sandy
clay loam scil. The expetimental soil had N, P and K of
150.1, 22.8 and 200 kg/ha, respectively with pH 8.0. There
were twelve treatment combinations comprising of four
levels of N and three levels of P tested in a randomized
block design with factorial concept with three replications.
GCH-4 hybrid of castor was sown with a spacing of 80 cm
x 45 cm on 57 January, 1896 and 10" January, 1997 with
gross plot size of 5.4 m x 3.6 m and net plot size of 4.8 m
x 3.2 m. The land was prepared by tractor drawn cuttivator
twice followed by rotovating with power tiller twice. N and
P were applied in each plot as per the treatments. Full
dose of P,0, and 30 kg K,O/ha and half the level of N
were applied as basal uniformly to all the plots. The
rermaining half N was top dressed twice at 30-35 DAS and
70-75 DAS in two equal splits. Six irrigations were given
based on evaporative demand. The pooled data of
biometric observations were analysed as per Steel and
Torie (1980).

Results and discussion

Growth: Application of 80 and 120 kg N/ha resulted in
significantly higher dry matter production (DMP)} and leaf
area index (LAl over 40 kg N/ha and control at different
stages of crop growth and DMP at former Jevels were
almost same. The DMP was significantly lower than that at
all other levels at all stages of crop growth when N was not
applied. The LAl was significantly lower in control at
harvest but was almost similar with 40 kg N/ha at 90 and
120 DAS {Table-1). Higher DMP and LAl at higher levels
of N might be due to significantly higher photosynthetic
activity of the plants at higher N levels {Deyi, 1989).

Among different levels of P applied, 80 kg P,O./ha resulted
in significantly higher GMP over 40 kg P,O,/ha which inturn
recorded significantly higher DMP over control at all the
stages of crop growth. The LA recorded with 80 and 40 kg
P,O./ha was almost simitar and significantly superor to
control except at 80 DAS where application of 80 kg
P.O.ha recorded significantly higher LAl over 40 kg
P.O./ha application and contro! (Table-1). The differences
in DMP due to appiication of £ at higher doses might have
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The interaction effect of N and P levels was significant in
case of seed vield only. Application of 80 kg each of N and
P,Oyha resulted in mean castor yield similar to that
observed with application of 120 kg N with 80 kg P,O./ha.
Thus, as a consequence of increase in level of N and P
appiication frem 0 to 80 kg/ha, growth, yield attributes and
seed yield increased significantly (Ganga Saran and
Gajendra Giri, 1887, DOR, 1990; 1991, Mathukia and
Modhwadia, 1993). Increase in seed yield was associated
with the increment in growth parameters and yield
attributing characters which was evident from the
significant positive correlation between yield and growth
parameters and yield and yield attributing characters
(Table-3). Response of summer castor to N was quadratic
(y = 1782.1 + 0.0014 x - 0.000196 x?). The optimum
economic dose was worked out to be 80 kg N/ha. On the
other hand, linear response of seed yield of summer
castor after kharif rice was recorded upto 80 kg P,O/ha

with the response equation as y = 2.9375 x +1821.5.
Tabie 3  Correiation and regression values between seed yield Vs.
yield attributes, growth parameters and oil yield of summer
castor under different levels of nitregen and phosphorus
after kharif rice (pooled mean over two years)

Character Cvt;rl[lt::ﬁ(t:)n Regression equation
Seed yield Vs, Yield attributes
Number of effective spikes/plant 0935 Y =18351-0002 X
Number of capsules/plant 0630 Y=7.7+0045X
Length of primary spike 0690" Y=-94+0017X
100 seed weight 0.846** Y =19.07+006X
Growth parameters
Drymatier production at 80 DAS 0.868* Y=+=4+0.08X
Drymatter production at 120 DAS 0947 Y=68+0201X
Drymatter production at harvest 0.954* Y=846+0212X
Leafl area index at 90 DAS G.962* Y =-011+0.0004 X
Leaf area index at 120 DAS 0764 Y =025+00003X%

Leaf area index at harvest 0.638* Y=023+0002X

Qil yield 0.9860* Y=-301+0523X

Economics. Economics of N fertiization indicated
significant gains upto application of 80 kg N/ha.
Application of 80 kg N/ha increased net returns by Rs.
2091/- over control and recorded highest B:C ratio of 2.49
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compared to 2.36 in control {Tabie-2). Increasing rate of P
application upto 80 kg P,0./ha increased the net returns
and B:C ratio. On mean basis, P application from 0 to 40
and 40 to 80 kg P,Oy/ha increased net returns by 272 and
1080 Rs/ha, respectively.
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encouraged the roui- growth which inturn might have
increased the uptake of nutrients and water from greater
valumes of soil (Willet, 1878, Kumar et af,, 1899} resulting
in higher growth in terms of DMP and LAl The interaction
between N and P levels had no significant effect on growth
parameters.

Table 1 Effect of different levels of nitrogen and
phosphorus on drymatter production {g/m? and
leaf area index of surmmer castor after kharif rice
{pooled mean over two years)

Days after sowing

Treatment Dry matt(;;n;ig;)ductlon Leaf area index

%0 120 harAvtest 9 120 haxest
N {(kg/ha)
0 146 418 452 05 07 07
40 ' 1585 455 483 08 07 07
80 167 478 521 0.6 0.8 0.8
120 171 483 5.3 0.6 0.8 0.8
SEmz 26 60 155 001 002 001
CD(P=005) 76 176 003 005 004
P,0; (kg/ha)
o 148 427 468 06 0.7 0.7
40 159 461 491 06 0.7 07
80 171 488 525 06 0.8 0.8
SEmz 22 52 46 001 001 001

Cd(P=005) 66 15.2 134 003 003 003

Yield attributes: Yield components viz., number of
effective spikes/plant, number of capsules/plant and length
of primary spike were significantly superior with application
of 80 and 120 kg N/ha over 40 kg N/ha and control and

were on par with each other. On the other hand,
application of 40 kg N/ha and control were comparable
with each other in number of eoffective spikes ang
capsules/plant. However, significantly shorter primary
spikes were recorded in control as compared to all other
levels of N application. Application of 40, 8G and 120 kg
MN/ha recorded simiflar 100 seed weight, which was
significantly lower in control as compared to N application.

Number of effective spikes/plant, number of
capsules/plant, length of primary spike and 100 seed
weight were significantly superior when the crop was
applied with 80 kg P,0./ha as compared to 40 kg P,O4/ha
and control. On the other hand, number of effective spikes
and capsules/plant were on par with each other in the
latter two treatments.

The interaction between N and P levels was significant
only in case of number of spikes/plant (Table-2).
Application of 80 kg each of N and P,0./ha recorded
significantly higher number of effective spikes/plant over
all ather N and P combinations except with application of
120 kg N/ha + 80 kg P,Oha where it was on par in
number of effective spikes/plant.

Yield: Application of 80 or 120 kg N/ha did not show any
significant variation either in seed or oil yields. Application
of 80 or 120 kg N/ha secorded significantly higher seed
and oil yields over that of 40 kg N/ha and contral. Further,
significantly lower seed and oil yields were recorded in
control as compared to 40 kg N/ha (Table-2). Significantly
higher vields were recorded with application of 80 kg
P.,Os/ha over that of 40 kg P,0./ha and control while the
latter two treatments were comparable regarding seed
yield.

Table 2 Effect of different levels of nitrogen and phosphorus on yield components of summer castor after kharif

rice (pooled mean over two years)

Spikes/  Capsules/ Primary spike

100seed Seedyield  Qilyield  Netretumns

Treatments plant plant length {cm)  weight (g) (kg’ha) {kg/ha) (Rs/ha) B:C ratio
N (kg/ha)

0 23 82 20 291 1760 869 4656 2.36
40 25 88 23 30.7 1889 959 5523 2.41
80 .29 104 28 314 - 2051 1061 6742 2.49
120 3.0 107 27 315 2056 1032 - 6374 2.45
SEms 008 . 23 0.8 0.3 29 23 - - -
CD (P=0.05) 0.24 6.8 22 0.8 88 69 - -
P,O; (ka/ha)

0 25 89 22 299 1815 928 5578 2.42
40 26 ©o94 24 30.6 1912 . 970 5850 2.45
80 29 105 28 31.6 2070 1043 6930 251
SEms 0.07 26 7 06 0.2 25 20 - : -
CD (P-0.05) 0.21 59 19 0.6 74 59 . -
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par but at 30kg S/ha, the differences in seed and oil yield
with different sulphur sources were significant {Table-1).
The differences in seed and oil yield among sulphur levels
were not significant with ammonium sulphate, elemental
sulphur and gypsum. Application of 30 kg S/ha through
single super phosphate resulted in the highest seed yield
(2065 kg/ha) and oil yield {566 kg/ha). Hegde and Koli
(1997} reported the significant increase in seed yield up to
45kg S/ha through single super phosphate.

Economics: Gross returns foilowed the similar trend as
that of seed yield with sulphur levels, sources and their
interaction (Table-2). The net returns significantly
increased from Rs. 8483/ha in control to Rs. 14,806/Ma in
30kg S/ha and there was no further significant increase
with 45kg S/ha (Table-2). Among the sulphur sources,
application of single super phosphate recorded

|

significantly highest net returns of Rs. 15,527/ha. ine
ratio followed the similar trend. There was significant
interaction between levels and sources of sulphur on net
returns. The results indicated that at 15 kg S/ha, all the
sources were at par but at 30 and 45 kg S/ha, the
differences were significant. There was no significant
difference in net returns among sulphur levels with
ammonium sulphate, elemental sulphur and gypsum.
Appiication of 30 kg Stha through single super phosphate
resulted in the maximum net returns (Rs. 17 507/ha) and
B:C ratio (3.58).

So, the application of 30 kg St/ha in the farm of single
super phosphate along with recommended dose of N, P
and K was found to be more remunerative and productive
in safflower.

Table 1 Safflower yield, oil content and oil vield as influenced by levels and sources of sulphur {Pooled data of two years)

Seed yield (kg/ha) 0l content (%) Oil yield (kg/ha)

Sources of
sulphur Sulphur levels (kg/ha)

0 15 30 45 Mean 0 15 30 45 Mean 0 15 30 45 Mean
Ammonium - 1609 1829 1724 1720 - 276 278 273 275 - 445 506 478 477
sulphate
Single super - 1649 2065 1975 1896 - 272 272 272 272 - 447 566 543 519
phosphate ’
Elemental - 1694 1764 1921 1793 - 271 271 273 272 - 463 483 530 492
sulphur
Gypsum - 1752 1689 1788 1742 - 2713 273 285 271 - 483 462 478 474
Mean 1373 1676 1837 1852 - 2788 273 23 271 - 379 460 504 507 -

c.D. cD. c.D.
(P=0.05) (P=0.05) ) {P=0.05)
Levels (L) 126 NS 35
\
Sources (S) 145 N NS 40
8y

LxS 253 P NS 69
Control vs, 323 NS 88
Treat
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Abstract

The experiment was conducted during rabi seasons of
1996-97 and 1998-99 to study the effect of levels and
sources of sulphur on the productivity of safflower in
vertisols under rainfed conditions. The results showed
that safflower responded significantly upto 30 kg S/ha.
Among the sulphur sources, single super phosphate

was found superior to ammonium suiphate and
' gypsum but comparable to elemental sulphur. The
interaction effect indicated the highest yield of
safflower (2065 kg/ha) at 30 kg S/ha applied through
single super phosphate. The netreturns {Rs.17,507/ha)
and B:C ratio (3.58) followed the similar trend.

Key words: Safflower, sulphur sources, yield

Introduction

Adoption of suitable ferilizer management practices
including use of recommended dose of fettilizer,
identificatian aof correct saurce of fettilizer ete., helped in
increasing the crop proeductivity and improving the crop
quality. Productivity of oilseed crops can be increased by
application of sulphur (Tandon, 1984). Response of
safflower to sulphur application in India was reported by
Abbas ef al. (1995). Though suiphur is known to augment
the oil content and seed yield of safflower, the farmers are
not using sulphur and sulphur bearing fertilizers.
Imbalanced nutrition is one of the reasons for low yields of
safflower. The present investigation, was, therefore
. undertaken to find out the optimum dose and suitable
source of sulphur for increasing the safflower productivity.

Materials and methods

~ The experiment was conducted at Agricultural Research
. Station, Annigeri (Karnataka) during rabs seasons of 1996-
- 97 and 1998-89 under rainfed conditions. The soil was
Vertisol with available sulphur status of 4.3 ppm, medium
- in available N (255 kg/ha), low n available P,0O. (9.4
. kg/ha} and high in K,O (770 kg/ha) with pH of B.1. The
treatments comprised of three levels {15, 35, and 45
kg/ha) and four sources (ammonium sulphate, single

super phosphate, elemental sulphur and gypsum) of
sulphur along with a control (ho sulphur). These
treatments were tested in factorial randomized block
design with three replications. The safflower cv. A-1 was
sown on 11" Oct. 1996 and 24" Oct. 1998 at 45 x 20 cm
spacing. All the sulphur containing fertilizers along with
recammended dose of fertilizer {40-40-20 kg NPK/ha] were
applied as per the treatments at sowing. The total rainfall
of 1190 mm during 1996 and 649 mm during 1998 was
received. The yield data were presented after pooling as
similar trend was noticed during both years. Economics of
sulphur fertilization was worked ocut based on prevailing
market prices.

Results and discussion

Seed and oil yield: The pooled data indicated that there
was significant effect of both levels and sources of
sulphur. The safflower yield increased significantly from
1373 kg/ha without sulphur application to 1837 kg/ha with
30 kg S/ha (Table-1). However, there was no further
significant increase in yield beyond 30 kg S/ha aithough an
increasing trend was noticed up to 45 kg S/ha. Different
sources of sulphur had significant effects on seed yield of
safflower. Application of sulphur in the form of single super
phosphate resulted in highest yield of safflower (1896
kg/ha) which was at par with elemental sulphur (1793
kg/ha) but significantly higher than yields with ammonium
sulphate (1720 kgha) and gypsum (1742 kg/ha).
Significant response to sulphur in saffiower was reported
by Abbas et al (1995) and Hegde and Koli ([1997).

- Improvement in plant growth could partly be attributed to

the beneficial effects of sulphur fertilization as nutrient
(Tandon, 1688). Similar results were reported by Rathore
and Manchar (1989} in mustard.

The oil content was not significantly influenced by sulphur
levels, sources and their interaction. Nevertheless, the oii
yield was signficantly influenced by both levels and
sources of suiphur and followed the similar trend as that of
seed yield (Table-1). The interaction effects were
significant with seed and oil yield only. It was observed

- that at 15 and 45kg S/ha, all the sulphur sources were at

96



J. Oilseeds Res., 20(1): 99-100 (2003)

Optimization of saffiower production under resource constraints

P.T. Patel, V.V. Sonani, G.A. Patel, H.B. Patel and G.G. Patel

Regional Research Station, Gujarat Agricultural University, Arnej-382 230, Gujarat

(Received: June, 2002; Revised: August, 2002; Accepted: January, 2003)

Abstract

A field experiment was conducted during 1996-97 to
1998-99 at Regional Research Station, Arnej, Gujarat
to assess the contribution of production factors on
seed yield of safflower. The results indicated that
adoption of complete package of practices (fertilizer +
thinning + plant protection + weeding) resuited in
significantly higher seed yield {1776 kg/ha), net returns
{Rs. 14297/ha) and benefit-cost ratio (3.73). Among the
various production constraints, plant protection was
found to be most crucial followed by fertilizer.
Thinning and weeding are of miner importance in Bhal
region of Gujarat State in terms of their contribution to
yield of rainfed safflower.

Key words: Safflower, production constraints

Introduction

Different factors (fertilizer + thinning + plant protection +
weeding) contribute towards the establishment of the crop
stand, growth of plant and ultimately the finat yield of
safflower. But, relative contribution of these factors have
‘not been guantified in safflower under Bhal and coastal
agro-climatic zone of Gujarat. Hence, the experiment was
conducted to study the influence of different input factors
alone of in combination on productivity of rainfed
safflower.

Materials and methods

The field trial was conducted during the winter season of
1996-97 to 1998-99 at Regional Research Station, Gujarat
Agricultural University, Arngj. The soil of the experimental
ptot was medium black with pH 8.4. It contained 214 kg/ha
available N, 17 kg/ha available P,O, and 715 kg/ha
available K,O. The experiment was laid out in randomized
block design with eight treatments replicated three times
on safflower cv, Bhima. The treatments consisted of full
package and deletion one or more of inputs like fertilizer,
plant protection, thinning and weeding (Table-1). Rainfall
received during 1996, 1997 and 1998 amounted to 568,
1042 and 678 mm, respectively.

Results and discussion

Seed yield: Adopticn of full package of practices realized
the maximum seed yield during all the three years of
experimentation as well a8 in pooled results (Table-1).
Studies conducted at Tandur, Indore and Annigeri on
optimization of safflower production under resource
constraints also indicated the need for adoption of full
package of practices to obtan the highest yield of
safflower (Ancnymous, 1997). The whole package
oriented demonstrations conducted in different states
during 1995-96 have also  conclusively proved the
superiority of the improved technology over the prevailing
farmers praciices {Reddy &t &b, 19%7). Cufmg Yre frst
year, yield of safflower was reduced significantly in
absence of plant protection whereas ather production
constraints like thinning, weed control and fertilizer
application reduced yield of safflower but did not cress the
level of significance. Ip subsequent years, all the
production constraints resulted in significant yield
reduction. The effect of production constraints on crop
yield was found in the order of plant protection > thinning
> weeding > fertilizer appugation during 1996-97. However,
in subsequent years and in pooled results it was in the
order of plant protection v fertilizer application > thinning
> weeding.

On an average, ful package of practices resulted in
achieving highest yield of 1776 kg/ha which was reduced

. to 1374, 1451, 1141 and 1516 kg/ha without fertilizer,
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thinning, plant protection and weeding, respectively. The
combinations of different resource constraints further

reduced the yield of safflower.

Economics: Economics of various treatments worked out
on the basis of pooled results (Table-1) indicated that,
among the various treatménts, full package rendered the
highest net return of Rs. 14297/ha with the highest value
of B:C ratio (3.73). It was followed by full package without
weed control and thinning, The treatment without fertilizer,
plant protection, thinning and weeding recorded the lowest
net returns (Rs. 5813/ha) and B:C ratio (2.99).



Effect of sulphur nutriion on productivity of safflower

:::l;le 2  Economics of safflower as influenced by levels and sources of sulphur (Pooled data of two years)
Gross returns {Rs/ha) Net returns (Rs/ha) B:C ratio

Sources of Sulphur levels (kgiha)
sulphur

0 15 30 45  Mean 0 15 30 45  Mean 0 15 30 45  Mean
Ammonium - 18717 21637 20188 20184 - 12240 15000 13361 13534 - 283 326 295 303
sulphate
Single super - 19207 24295 23382 22285 - 12833 17507 16243 15527 - 301 35 328 328
phosphate 7
Elemental - 19779 20867 22584 21077 - 12932 13494 14688 13705 - 289 283 288 288
sulphur
Gypsum - 20379 19665 208892 20312 - 14082 13223 13908 13741 - 324 285 289 308
Mean 15838 19520 21616 21764 - 9493 13024 14806 14550 - 250 300 347 302 -

C.D. Cc.D.
(P=0.05) (P=0.05)

Levels {L} 1421 1411
Sources (S) ] 1641 1629
LxS 2043 2822
Control vs. 3621 3584
Treat
References Rathore, P.5. and Manohar, 5.5. 1989. Response of mustard to

nitrogen and sulphur. 1. Effect of N and S on growth and
Abbas, M., Tomar, S.S. and Nigam, K.B. 1995. Effect of gen and su'p growih

hosph " fortilizath A " chlorophyll content of mustard. Indian Jouwrnal of
phosphorus t’:m .sulphur' ertilization in safflower Agronomy, 34(3) - 328-332.

{Carthamus finctorius). Indian Joumal of Agronomy.

40(2) : 243-248. Tandon, H.L.S. 1984. Sulphur Research and Agricultural

- Hegde, D.M. and Koli, B.0. 1997, Requnse of levels and zg:gilftﬂa?:m ;r:ga:‘::::tri.oanﬁ:\l:zg;hiPevelopment and
sources of sulphur on the productivity of safflower. /"
International Safower Conference, Bari (ltaly), 2-7 Tandon, H.L.S. 1988. Sulphur fertiizer for indian Agriculture. A
June, pp.60-61. o guide book. Fertilizer Development and Consultation
Organization, New Delhi.
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\bstract

3acterial wilt caused by Burkholderia solanacearum [=
?seudomonas solanacearum] was intercepted in six
ut of 93 groundnut accessions received from
Austrafia during post enfry quaranfine inspections at
nternational Crops Research Institute for Semi Arid
lropics (ICRISAT). The infection varied from 10 to
33.3%. Physiological and biochemical tests revealed
that the bacterium was B. sofanacearum biovar ‘3,
pathogenicity of which was proven on groundnut and
tomato. Bacterial wilt appeared after five weeks of
planting when the harvested seeds of infected
accessions were sown in glass house, thus proving
the seed transmission. The differences observed
among accessions were highly significant with a
probability value of <0.001. Further, the presence of
the bacterium was noticed both in the cotyledonary
portion as well as in the seed coat, but the differences
observed in infection percentage were statistically
non-signhificant. When the original imported seed of
infected accessions was tested after a period of one
year, ail seeds showed the presence of same
bacterium jndicating its survival in the seed for more
than one year.

Bacterial wilt, Burkholderia
solanacearum, Groundnut, Australia

Key words:

Introduction

Bacterial wilt [Burkholderia solanacearum (Yabuuchi et al.,
1992) =Pseudomonas solanacearum Smith] of groundnut
{Arachis hypogasa L.) is an important disease reported to
be a serious problem in several Asian countries (Mehan et
al., 1994). Despite its sporadic occurrence in Nagaland
(Bateshwar Singh and Hussain, 1991) and Orissa (Dhal et
al., 1893), bacterial wilt of groundnut is still of quarantine
sighificance to India because of existence of strains and
biovars. Seed transmission of this bacterium in groundnut
Pljys a significant role in the international exchange of

groundnut germplasm. Recent detection of bacterial wilt in
groundnut germplasm imported from Brazil, where its
occurrence was not reported earlier, indicated that the
pathogen is latent at the prevailing temperate conditions
(Prasada Rao et al., 2000).

Six of 93 accessions of groundnut imported from Australia
showed symptoms of bacterial wilt in the Post Entry
Quarantine Isolation field. The objective of the present
study was to identify the pathogen and its biovar, to
determine the infection percentage and location of
bacterium in different parts of seed (cotyledonary tissue
adjoining embryo, cotyledonary tissue away from embryo,
seed coat adjoining embryo and seed coat away from
embryo) and its significance in seed transmission.

Materials and methods

Isolation of the pathogen: The Tetrazolium Chloride Agar
(TZCA) method described by Mehan (1995) was adopted
for isolation of bacterium from wilted plants. Two stems
were taken from each infected plant and were cut into 4cm
long pieces. Each piece was given a vertical cut with
sterile knife upto bottom and was transferred into a 10 m!

 sterile water blank and kept for 15min for bactetial oozing.

Pieces from healthy plants were used as control, The
same procedure was repeated thrice for confirmation. A

" loopful of bacterial suspension was streaked onto TZCA

medium and the plates were incubated at 30°C for 72
hours.

On noticing bacterial wilt symptoms in the Post Entry
Quarantine isolation field, part of original seed sample of
infected accessions was tested for the presence of
bacterium by plating different portions of surface sterilized
seed on Nutrient Agar plates.

Identification of the bacterium: Several biochemical
tests were carried out with the help of Neferm- test kit for
the identification of the bacterium. To determine the
biovar, sorbitol test was adopted by using the maodified
medium {Hayward, 1995). Before inoculation, pH of the
medium was adjusted to 7.0-7.1 {Olivaceous green colour)

" Plant Quarantine Unit, ICRISAT, Patancheru, Hyderabad-502 324, A.P.
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Optimization of safflower production under resource constraints

From t

he above results it is conciuded that adoption of full

package of practices gave the highest seed yield and
proved more remunerative in terms of net return and
benefit cost ratio. Among the vafious production

constraints, plant protection was found most crucial
followed by fertiizer. Thinning and weeding did not
contribute more on yield of rainfed safflower in Bhal region
of Gujarat.

Table 1 Efects of different treatments on seed yield (kg/ha) and economics of safflower

Treatments

Seed yield (kg’ha}

Gross  Costof .\ tims BC

1996-97 1997-98 1998-99 Pooled (Rs/haj (Rs/ha)

income  cultivation (Rs/iha) ratio

T, : Full package 2167 1611 1550 1776 19536 5239 14297 373
T, : T,-Fertitizer 1829 1160 1134 1374 15114 5030 10084 3.00
T,: T,-Thinning 1702 1300 1253 1451 15861 4759 11202 3.35
T, : T;-Plant protection 1524 822 1079 1141 12551 3999 8552 314
T; : T-Weeding 1725 1410 1413 1516 16676 4839 11837 3.45
T, : T,-{Fertilizer + Plant protection) 1692 593 880 1055 11605 3790 7815 3.06
T, : T,-(Weeding + Thinning) 1881 1248 1206 1475 16225 4359 11866 372
T, : Controi {without fertilizer, 1238 a7 763 793 8723 2910 5813 299
plant protection, weeding, thinning
SEms 137.7 525 326 813 - - - -
CD {P=0.05) 4176 159.4 93.8 246.7 - - - -
CV (%) 13.9 85 48 14 - - - -
YxT SEmt CD (P=0.05)
87.3 243.0
Price of saffiower seed Rs. 11/4g
Cost of inputs/operations (Rslﬁn) .
Fertilizer 209
Thinning 480
Plant protection 1240
Weed control 400
References Reddy, P.S., Kiresur, V., Ramana Raoc, S$.V. and

Anonymous. 1987. Executive summary, Annual Progress
Report, Safflower, 1996-97. Directorate of Oilseeds

pp.3.

Research, Rajendranagar, Hyderabad-500 030, AP,
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Ramanjaneyulu, G.V. 1997. Potentials of improve
technologies in oilseeds (A feedback from frontline
demenstrations, 1995-96), Directorate of Oilseeds
Research, Hyderabad-500 030, AP, pp.57-63.
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prevent further spread of this pathogen in the area, all
affected entries were detained and incinerated.

Even after one year, when the original seed samples of
infected accessions kept in cold storage (18+2°C} were
plated on NA, all seeds tested expressed the presence of
bacterial colanies in at least two portions of each seed.
These colonies were once again isolated and identified as
£. solanacearum based on the results of biochemical
tests, This showed that the bacterium could survive in
seed even after storing for more than one year. However,
Zeng ef al(1994) could not prove the sumdval of 8.
solanacearum in groundnut seeds which were stored for
one year.

it may be concluded that the geographical transportation
of infected groundnut seeds may facilitate the transmission
of bacterial wilt. He (1990} expressed that groundnut
seeds and pods are suspected to be a potential saurce of
inoculum and suggested that integrated management of
this disease shaould include restriction of seed movement
to avoid any possibility of spread of inoculum. There were
several areas in the world, where the disease was
recorded in the past but due to sparse information
available now, the present status is not knawn. Hence,
there is a need to test greundnut seed samples tharoughly
for such diseases, especially when imported from reported
areas befare releasing to the indentors. '

Table 1 Particuiars of botanical wilt infection in differemt groundaut accessions grown in PEQIA of ICRISAT and infection of

bacterial wilt at different locations

No. af No. of seeds . GCotyledonary Seed coat COWEINAY gooy ony
. ’ tested for Bacterial . A ; tissue
Accession No.of plants Infection . Infection tissue adjacent away
S bacterial growth : away
No. plants  with wilt {%) \ocation e (%) adiacent o from from
symptoms (in vitro) to embryo embryo embryo embryo
EC-452061 7 . 1 14.3 12 7 58.3 -0.088**  .0.780% 0195+ 0.9201
EC-452055 8 1 125 14 13 929 -0.158* 3461 -0.109*** 6.13*
EC-452011 & 3 333 1Q 10 100.0 1,933 €.990 2,448 8.54
EC-452014 10 2 200 16 : 15 938 0429 5727 0351% 11764
£C-452062 10 1 10.0 18 15 B3.3 1.167" 12.43% 1.130M 23.00*
EC-452074 10 1 10.0 18 18 100.0 11.67* 5.307 0,955% 11 26"
Constant 30 0.3 37 0.2
** Significant; *** Highly significant; NS : Non-significant

Parameters for factors are differences compared with reference level ICGVSM-93535

References
Baleshwar Singh and Hussain, S. M. 1991, Bacterial wit of
groundnut- a new record for India. Indian

FPhytopatfiology, 44; 369-370.
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Interception of bacterial wilt in groundnut germplasm imported from Australia

by dropwise addition of 40% Sodium hydroxide (NaQH)
solution.

Hypersensitivity and pathogenicity tests:
Hypersensitivity test was catried out with two-day old pure
bacterial culture on 21-day old tobacco seedlings by
injection-infiltration method. Plants injected with sterile
water served as control,

Twenty five healthy seeds of TMV-2 groundnut cultivar,
after pin-pricking the seed surface, were soaked in
bacteriat suspension {1x10° celis/m(j for 30 min and then
sown in pois containing sterie sol for proving
pathogenicity. Observations were recorded at weekly
intervals for bacterial wilt symptoms. Pathogenicity test
was aiso conducted on a local vatiety of tomato, a
solanaceous host of the bacterium.

Location of wilt pathogen in different parts of the
seed: To locate the bacterium in different parts of the
seed, two seeds from each plant and afl plants (5-9) in
each accession based on the avaiiability of seed were
tested. The accession, [CGVSM 93535 was used as a
constant (Susceptible check). Seeds were sutface
steriized and each seed was cut into four pieces
{Cotyledonary ftissue adjoining embryo, Cotyledonary
tissue away from embryo, Seed caat adjoining embryo and
Seed coat away from embryo) with a sterilized blade. The
pieces were plated on Nutrient Agar plates and incubated
at 28-30°C. Seeds haivested from heaithy accessions
served as control. Observations on bacterial growth from
cut ends of the seed were taken after 72 hours of
incubation. Presence and absence of the bacterium were
scored as one and Zzero, respectively. The data thus
obtained were statistically analyzed by generalized finear
regression analysis {(Mc Cullagh and Neider, 1989).

Results and discussion

Six groundnut accessions of 83 imported from Australia
grown in the Post Entry Quarantine Isclation Area of
International Crops Research Institute for Semi Asid
Tropics (ICRISAT), expressed bacterial wilt symptoms,
The first suspected wilt symptoms were observed during
the flowering stage of crop when temperature was over
28°C. The symptoms included drooping or curling of
terminal leaves in some or all branches followed by slight
bending of the tip, drying, complete wilting and death of
plants. When the stems from infected plants were tested
for bacterial oozing, they showed positive results (milky
appearance of water in test tubes). There was no change
in test fubes with stem from healthy plants. Bacterial
_ growth was seen when the suspension from positive
reaction was streaked on TZCA plates. Colonies with pink
centres and white borders on TZCA medium indicated the
presence of B. solanacearum.

Thé bacterium from the infected plants, upon isolation and
purification was found to be aerobic, rod-shaped and
§T@m-negative. Based on the physiclogical and
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biochemical characteristics of the isolated bacterium, the
identity was confirmed as B. sofanacearum. The specific
test conducted for oxidation of sorbitol {hexose alcohol)
resulted in positive reaction. The pH of medium changed
to 5.0 after 3™ day of inoculation, which was indicated by
the colour change in medium from olivaceous green to
yeflow, indicating that this bacterium belongs to biovar ‘3.
The isolates of biovar '3’ are more virulent to groundnut
than the isolates of other biovars (Mehan et al, 1994)
Hayward et a/({1990) also reported that there were three
biovars viz., 1. 3 and 4 of race t that attack groundnut.
These characteristics were similar to those listed by
Hayward {1964} and He et al. {1983). The disease was
previcusly reported on groundnut from Queenstand in
Australia {Mehan et al, 1988), but infermation is sparse
and the present status of this disease in Australia is not
known. This is the first report on the interception of 8.
solanacearum from groundnut seed imporied from
Australia.

Hypersensitivity test resulted in positive reaction with
brown necrotic patches within 24 hours and no such
change was noticed in controf plants. Pathogenicity of the
bacterium was proven oh tomato and groundnut when the
seed freatment with the same bacterium resulted in willing
of tomato and groundnut.

Apparently, the infection varied from 10 to 33.3% among
infected accessions as two out of six exhibited a minimum
of 10% while a maximum of 33.3% was recorded in one
accession, i.e., EC-452011. When seeds harvested fram
all plants of each infected accession (irrespective of
presence / absence of symptoms) were tesied on TZCA
medium, the infection varied from 58.3%-100% (Table-1).
When the presence of bacterium on different parts and
accessions was compared against susceptible check
{(ICGVSM-93535), significant differences among
accessions were observed. The cotvledonary partion of
two accessions {EC-452061 and EC-452055) contained
significantly less bacterium than the check in the
cotyledanary porticn while the seed coat of all accessions
except £C-452081 camried more bacterium in relation to
susceptible check. Machmud and Middleton (19891} also
isolated Pseudomonas sofanacearum from many parts of
the pod, viz., pod shell, seed coat and embryo.

To prove the seed transmitted nature of bacterium, the
seeds harvested from infected accessions were sown in
green house under sterile conditions. The seedlings
exhibited bacterial wilt symptoms when they were of five
week old and the infection varied from 20-60%. Machmud
and Middieton (1991) provided further evidence of seed
transmission of Pseudomonas sclanacearum wherein the
groundnut seedlings grown from seed obtained from
infected plants in sterile soil wilted in 2-4 week at rates of
5-8%. Thus, this disease is of quarantine significance as
the infected seed is likely to provide a primary source of
Inoculum in disease free areas {(Mehan st al, 1994} To
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Abstract

Ten cultivars of groundnut, Arachis hypogaea (L.)
were evaluated on Alfisols under rainfed situation and
assessed for plant water content in terms of relative
water content (RWC) and leaf water potential, dry
matter production in relation to pod yields. During dry
spell, local check TPT 1 consistently over years
recorded high relative water content and high water
potential values. Two other cultivars tested namely, K
134 and JL. 24 produced maximum dry matter.
Ancillary characters like, sound mature kernel %
{SMK) showed positive significant correfation with
yield.

Key words: Groundnut, RWC, water potential

Introduction

Groundnut (Arachis hypogaea L.) is cultivated over 2.35m
ha with a productivity of 2.55 m tin Andhra Pradesh. Five
districts namely, Mahaboobnagar, Nalgonda, Ranga
Reddy, parts of Warangal and Medak comprising the
Southern Telangana zone, accounts for 11 % of groundnut
area of the state. In this zone, groundnut is cultivated on
Alfisols as rainfed crop, which suffers from mid and end of
season drought. Instability in yields by abiotic stresses are
common under tropical and subtropical areas (Talwar et
al., 2002). For improvement of yield under drought, study
of plant characters that confer tolerance to moisture stress
and identification of variability in physiological traits is
critical (Reddy et al, 2000). Leaf water potentials had
shown a decrease under water stress in dry lands
(Subramanian ef af., 1993). Changes in plant water status
. caused, yield differences among genotypes (Annerose,
1988). Drought tolerance efficiency was worked out in
terms of physiological parameters by imposition of stress
{(Dhopte et al, 1991) and under natural conditions
(Chavan et al, 1992). However, such studies on
groundnut are meager. Therefore, the present study was
conducted to find the changes in piant water content and
dry matter production of groundnut cuitivars with improved
yields under rainfed situations.
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Materials and methods

Ten cultivars of groundnut including six pre-released
entries namely, TCGS No's 26, 29, 30, 37, 88, 91 along
with four local checks TPT 1 and TMV 2 (recommended for
rainfed situation), K 134 and JL 24 (recommended for
irrigated situation) were selected from Tirupati and Kadiri
Agricultural Research Stations. These cultivars were
grown in a randomized block design with three replications
on Alfisols in first week of June, 1894; 1995 and last week
of May, 1996 Kharif under rainfed situation at Regional
Agricultural Research Station, Palem, Mahabocbnagar.
The soil type was silty clay loam with 27 % field capacity
and 14 -16 % wilting point values. Net plot consisting of
five rows each 4.8 m long were spaced 30 cm apart with
10 cm plant to plant distance. Fertilizer was applied at 30,
40 and 50 kg/ha N, P, K respectively, Gypsum at 500 kg
{ ha was incorporated into soil at 30 DAS. Adequate plant
stands free from weeds and pests were maintained.

The crop experienced 27 day long dry spell from beginning
of pod inttiation to full seed development {65-92 DAS) in
1994, 16 days dry spell from beginning of peg initiation to
beginning of pod development (34-50 DAS) in 1995 and
15 days long dry spell from full pod development to full
seed development (70-85 DAS) in 1996. The crop growth
stages experiencing drought were identified following
Shantha Kumari ef a/. (1988). Total rainfall of 524 (40 rainy
days), 712 (47 rainy days) and 785 mm {46 rainy days}
was received duting June to November for the three years
of studies. For measuring water stress, soil samples were
collected from 0-15 cm depth and soil moisture content
was assessed gravimetrically. At weekly intervals the
effect of drought on crop growth was gquantified by
measuring relative water content as per Barrs and
Weatherley, (1962) and leaf water potential using PMS
pressure chamber following Scholander et af (1965). Five
plants from each treatment at the time of harvest were
sampled and oven dried at 80 °C till constant weight was
achieved for estimation of total dry matter produced /
plant. Yield and yield components namely SMK, hundred
kernel weight and shelling percent were recorded and

‘analyzed statistically.
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Dry matter produced / plant in different genotypes showed
significant vatiation over years (Table-2). K 134 and JL 24
produced maxirnumn dry mattes, being on par with TCGS
37 and TPT 1. Genotype x years interaction showed that
K 134 and JL 24 to be superior. Dry matter production was
found to have positive direct effect on pod yield (Arjunan
at al, 1992; 1999; Nautiyal et af, 2002). However, stress
resulted in a decrease in dry matter production by 61.8 %
(Chopte et &/, 1891) and pod yield {Ravindra et al., 1990},

Pod yields recorded irrespective of the genotypes were an
par during 1994 and 1885, However cultivars K 134 and
TPT 1 were found the high vielders followed by TCGS 37.
These results were in conformity with the previous findings
of Ramesh and Prasad, (1996). Genotype x years

interaction also revealed that K 134 followed by TPT 1,
TCGS 37 and TCGS 91 were high vielding ones. Some of
these high vyielders also recorded superior ancifiary
characters {Table-2). Significant correlation  (r=785)
existed between SMK with peod yield brespective of
genotypes.

[t is concluded that, RWC and water potential can be used
to identfy drought tolerant cultivars, though, the water
status values are subjected to sampling probletns in lab
situations (Kramer, 1983). The two cultivars namely K 134,
which recorded maximum dry matter along with high yield,
and TPT 1 the second top yielder which showetd hiph
RWC and high water potentiad values under stress are
recommended for cultivation in rainfed areas.

Tabie 2 Drymatter production, yield and yield components of groundnut cultivars grown in rainfed Alfisols condition

Drymatter productian (g/ha) Sound ] Pod yield (kg/ha)
Cultivar mature we?c:y,ﬁr(g) Shgg:)ng
1894 1995 1996 Mean  kernel (%) 1954 4595 1898 Average
TCGS 26 6.7 65 5.1 6.1 283 29 54 1370 1594 1143 1369
TCGS 29 6.4 6.1 55 6.0 B2 K] 69 1552 1343 1065 1320
TCGS 30 7.3 58 55 6.2 66 35 71 BB6 1580 1002 1153
TCGS 37 8.5 7.4 7.6 78. 77 36 65 1653 1606 925 1394
i
TCGS B8 71 68 6.2 6.6 76 30 €0 1581 1317 838 1278
TCGS H 7.8 76 74 75 76 27 85 1176 1658 1224 1352
TPT 1 (C} 9.1 a8 8.4 848 89 24 B5 1905 1655 1029 1529
JL24(C) 99 92 92 9.4 72 35 72 1643 1120 920 1231
K134 (C) 102 9.8 9.8 9.9 B3 5] 70 2232 1539 1173 16458
™V 2 (C} 8.5 7.2 8.1 7.9 77 24 67 1224 1465 1075 1254
Grand mean 8.1 75 72 76 78 31 66 1526 1486 1058 1356
SEm: .66 0.74 0.70 34 28 31 131 143 141
CO {P=0.05} 1.38 155 1.42 74 56 6.5 283 236 23z
SEmt Co {P=-0.05) SErnr CD {P=0.05)
Cultivars 0.78 1.56 Cultivars 1.24 2438
Years , .‘ 0.48 0.97 Yewrs ' 68 136
Cultivars x Yea;s 1.53 3.96 Cultivars x Years 119 238
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Evaluation of groundnut cullivare for plant water status and productivity during rainy season Alffisol conditions

Results and discussion

The soil moisture content values during dry spell ranged
fram 6.5 to 14.7 % (Table-1). During kharif 1994, at the
beginning of dry spell (at 70 DAS), RWC values ranged
from 56 to 84 %. Local checks, namely, TPT 1, )L 24 K
134 and TMV 2 have recorded Jow RWC values {56-70%)
as compared to other cultivars. During the dry spell, RWC
of all cultivars declined (43-66% at 77 DAS and 38-59%
at 84 DAS). Amongst the cultivars, TPT 1 recorded
maximum RWC of 66 and 59 %, which was on par with
TCGS 37 at 77 DAS and TCGS 591 at 84 DAS,
respectively. Bennet ef al. {1984), stated that, genctypes
that maintain high plant water status during low soil
moisture stress and ability to maintain developmental
plasticity were partially responsible for drought tolerance.
JL 24, maintained the minimum RWC (43 % at 77 DAS
and 38 % at 84 DAS) during dry spell, which indicated its
sensitive hature to drought. Joshi of al (1998) also
repotted the drought sensitiveness of JL 24. The ability of

Table 1
groundnut cultivars in field condition

groundnut genotypes to recover rapidly indicated their
plasticity in adjusting to fluctuations to soll moisture status
and the accompanying soil temperatures (Ravindra ef al.
1990). On relief of water stress, in the present study, the
groundnut cultivars recovered and recorded increased
RWC values (60-76 % at 91 DAS and 70 to 85 % at B8
DAS). Fowr local checks excepting TPT 1 at 98 DAS
recorded low RWC values as compared to TCGS entries.

During dry spell of kharif 1995, leaf water potential of
various cultivars varied between -8 and -19 bars (Table-
1}. Four entries TPT 1, JL 24, TCGS 30 and TCGS 37
maintained high water potentials (- 8 to — 12 bars}. During
1996 dry spell also, TCGS 37, TPT 1 ajong with TCGS 91
and TMV 2 have maintained high water potentials {-13 to
-14 bars). The high water status of the cultivars during the
dry speh indicated their ability to tolerate drought. The
studies were i concurrence with Gautreau (1677} and
Chavan ef af. (1992).

Soil moisture content in different plots from 15-30 cmn depth, relative water conlent and leaf water potential values of

Years
1994 1995 1996
Soil moisture content (%) at the Water Water
Culivars end of stress Relative water content (%) potential  potential
{bars) {bars)
Bei:};’:hdry During dry spel! After dry spelf Du;'\:gldry Du;‘l;g‘dw
1994 1993 1956 70DAS  77DAS B4DAS 91 DAS 280AS  45DAS  BSDAS
TCGS 26 103 126 121 80 55 45 73 74 -19 w22
TCGS 29 10.9 1.4 93 75 45 47 71 76 -13 -23
TCGS 30 126 i186 95 76 47 52 77 1 12 -20
. TCGS 37 11.6 1.7 9.4 74 60 51 76 77 -12 -14
TCGS 88 85 93 96 75 45 51 60 85 18 -19
TCGS 9 96 25 2.4 84 54 56 72 81 -16 -13
TPT1 () 10.7 12.4 10.7 70 66 59 74 70 -8 13
| JL 24 ({C) 11.4 107 13 56 43 38 78 : .70 -12 -18
K134 (C} 8.4 10.3 ar 70 48 50 75 73 13 -16
TMV 2{C) 85 87 96 65 48 46 76 70 -13 -13
SEmt 1.99 224 1.78 3 34 37 37 3.4 28 23
CD (P=0.05) 418 47 378 6.6 7.2 7.3 74 7.2 54 4.8
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