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Review Article

Growth, survival, perpetuation and pathogenic variability of Sclerotium
rolfsii, a polyphagus pathogen - A review

M.M. Ansari

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

(Received: March, 2005; Revised: March, 2005; Accepted: March, 2005)

Abstract

Sclerotium rolfsiiis a polyphagus fungus attacks most
of the important crops in the tropical and subtropical
conditions. Its necrotrophic nature provides it to
survive in different conditions. The fungus survives
mostly in the form of sclerotia. These resting spores
attack the plants of different crops at different growing
stage and monocropping system and use of high dose
of chemical fertilizers has worsened the sifuation and
severelosses were reported in many ¢rops. To manage
the diseases caused by S. rolfsii, the survival and
multiplication, pathogenic variability and the factors
responsible for it are very much important. In the
present review an effort has been made to compile and
synthesize the information available on the congenial
conditions, burial depth, temperature and moisture
responsible for long period survival, germination of
sclerotia, variability in pathogen and disease
development. So these can be well utilized for
controlling the diseases caused by this fungus.

Key words: Sclerotium rolfsii, growth, perpetuation,

pathogenic variability
Introduction

S. rolfsii is widely distributed in tropics and in warmer parts
of temperate zone. In India, it is widespread in almost all
th_e_states and cause economic losses on many creps, ltis
difficult to assess the losses caused by S. roffsii, but the
umerous reports from tropical and sub-tropical areas of
_the‘worid, coupled with the large number of hosts attacked
indicate that economic Insses are substantial each year
(Aycock, 1966). Losses range from mild on many hosts to
tatal destruction of the crop in some species. Among the
;ﬁgf{-} Sg‘:sfffbean. Peanut, sugar beet, pepper, tomato and
fieo. ke ir maxfmum losses, whereas sorghum, wheat,
SUh"nem . etefl vine, alfalfa, cotton, sugarcane, iobacco,
orna P.sun Io.wer, chrysapthemum, gladiolus and oiher
mental species suffer minor damage.
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Parts affected and symptoms produced

S. roffsii preferentially attacks on stem, but it can infectany
part of the plant including root, leaf, flower and fruif. On
erect plant, yellowing and wilting are usually preceded by
light to dark brown lesions at collar region of the stem
adjacent to the ground. Drying or shriveling of the foliage
and ultimately death of the plants occcur after willing.
Characteristic scleratia, at first white and later brown 1o
black, are produced on mats of mycelium arn the plant or
soil,

The Pathogen

Scterotium roffsii produces white {(when young) fo pale
{when otd) mycelium, which characteristically grows in .
strands. The hyphae are hyaline, thin walled and sparsely

septate when young. Older hyphae contain primary and

secondary septa with conspicuous dipolar plates.

Secondary hyphae 4-7 um and shorter, whereas terliary

hyphae were only 2.0-4.5x4.0-7.0 um. Clamp connections

are usually numerous but vary with the type of mycelium

or strain. S. roffsii produces sclerotia, which are white to

dark brown, globose to elliptical and about 0.5-2.0 mm in"
diameter. However, their size may vary with the strain and

substrate. Mature sclerotia are composed of an outer

melanized rind, two to four cell thick layers (Chet ef al,,

1967: Chet and Henis 1968; Chet and Henis 1972; Liu st

al., 1877} an undeilying cortical layer and an inner mos!

medullary region comprised locsely interwoven hyphae

{Nair et al., 1969; Chet, 1975; Tu and Kimbrough 1978:

Punja ef al., 1985). ‘

The basidiospares are produced on mycelial mat on the
host surface and each basidiam {7.0-3.0 x 4.0-50 pm)
bears 2 to 4 hyaline, one celled avate, apiculate, smooth
basidicspores (6.0-7.7 x 3.5-5.0 um) borne on the
sterigmata {2.5-6.0 pm). According to Goto (1934},
basidiospores are forcibly ejected from the sterigmata.
Discharged basidiospores contain 2-4 nuclei. Three germ
tubes may develop within 24 h and produce multinucleate
hyphae, which aggregate into strands giving a web-like or
fan like appearance.



Ansari

Factors affecting growth and germination of the
pathogen
Effect of moisture on the growth of the pathegen

Scierolial survival is very poor in moist soil than in dry soil
{Bandara, 1580; Beute and Rodriquez Kabana, 1981). They
alsa abserved that mycelium rapidly dries in the presence
of high moisture 2t 15 and 35°C. However, it was viabie for
at least 8 months at 15 and 35 °C in dry soil. Mustafee and
Chattopadhyay (1971} and Munnecke et al. (1982)
observed less growth with increasing soil moisture content,
which was also confirmed by Ramarao and Raju (1980),
that the disease incidence was more in soil with water
content below saturation level. However, Punja (1985)
could not interpret the results obtained from studies on the
effect of soil moisture (per cent moisture-holding capacity}
and mycelial growth and disease development.

Effect of burial depth on the survival and germination
of the pathogen

S. roifsii is considered strongly aerobic fungus and
germination of its sclerotia considerably reduced below soil
surface (Aheygunawardena and Wood, 1957; Fazardo and
Mandoz, 1935; Punja, 1986). Fazardo and Mandoza (1935)
found only 60% and 15% germination when sclerotia buried
10 and 12 c¢m deep respectively as compared to 100%
when they were buried at 2.5 and 5 cm deep. Sclerotia did
not germinate at 15 cm depth. Herrera at al. (1986}
reported 5 % mycelial survival at 25 cm depth after 7
months while sclerotia lost viability after 60 days. Smith e!
al. (1989 found about 11-31 % of the sclerotia that buried
deeper than 2.5 cm survived after 30 days, regardless of
sclerotial treatment (dry, washing) or source of scleratia
(soil or culiure). In contrast 65-84 % of those on soil surface
remained viable. Ansari ef al. (2004) observed that burial
depths affect viability and germination of sclevotia. Per cent
germination and viakility declined gradually however, the
best viability was found at a depth of 7 to 9 cm for six
months. They also found that the sclerotia remain viable up
to 30 months but the viability was inversely proportional to
the pericd of storage.

Based cn controlled gaseous studies, Punja and Jenkins
{1984 a) concluded that the inhibition in the sclerotial
germinalion 15 not due to oxygen depletion or CO, or
ethylene buildup. While this finding is consistent with the
cantentions of earlier investigators (Griffin and Nair, 1968;
Coley-Smith and Cooke, 1971) it does not corroborate with
the reports on the inhibitory effects of ethylene (Smith 1673;
1876). Physical pressure exerted by the weight of the soil
over deeply buried sclerotia could in part account for the
inhibition of germination. since metal weights placed over
sclerotia at soil surface gave similar resuits (Punja and
Jenkins, 1984a). Such mechanical stress may aiter plasma
membrane (ntegrity and increases cyclic adenosine
monophosphate (CAMP) levels (Pall, 1977), increases the
exudation of nutrients and subsequent colonization of
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sclerotia of S. rolfsii by soil microorganisms (Punja and
Jenkins, 1984a).

Sclerotium loses its viability when subjected to cycles of
alternate drying and wetting. Coley-Smith and Cooke
(1971) and Smith (1972) reported that cycles of drying and
wetting enhances decays of sclerotia by increasing
nutrient leakage and subsequent colonization by
microorganisms, especially bacteria inhibitory to their
germination.

Sclerotia are the survival structures of S. roffsii and mainly
lie in the soil. The sclerotial survival in the absence of host
is largely dependent on the physical environment and
nutritional availability. Povah (1927) reported that sclerotia
could remain viable after 8-10 months, whereas they
survived for 4 years in the laboratery. On the contrary it
was reported that sclerotia remain dormant under high
water potentials but germinate under low water potentials
(Bandara,1980). Cooper (1964) found that mycelia and
sclerolia disintegrate in waterlogged condition and reduces
the disease severity of peanuts in North Carolina.

Sclerotial germination

Punja and Grogan (1981) and Ansari et &/. (2004) have
described two forms of germination, hyphal and eruptive,
Hyphal germination is characterized by the growth of
individual strands ftrom the sclerotium surface; these
hyphae ariginate from the cells of the medulta (Chet et a/,
1877), but their growth is not extensive untess an external
source of nutrients is available. In contrast, plug {s) or
aggregates of mycelium bursting through the sclerotiat rind
characterize eruptive germination. Sclerotia can germinate
eruptively only once, since internal stored materials are
utilized during the growth of the mycelium. Eruptive
germination is induced by drying sclerotia (Punja and
Grogan, 1981}, exposing them to volatile compounds
{primarily alcohols and aldehydes) {(Beute and Rodriguez-
Kabana, 1970a; 1979b; 1981} and to lesser extent by brief
sodium hypochlorite treatment (Lin Lan and Gilbert ,1973;
Punja and Grogan, 1981). Mature sclerotia germinate
readily and appear to have a very brief, if any, dormancy
period, Punfa (1985} has emphasised that the two types of
germination may be important for epidemiclogical studies
and distinguishing viahilily. Some workers (Punja and
Grogan, 1982; Punja and Jenking, 1984a; 1984b)} have
also reported the effects of nutritional, environmental, and
biotic factors on eruptive sclerotial germination.

Sclerotia germinate best between 24-38°C, and
germination does not occur below 8 °C or above 45°C.
Alternate drying and wetting at 15 days interval, inundating
the inoculated soil beyond six weeks and exposing the
sclerotia to hot water treatment at 50 °C for 15 minutes
produced deleterious effects on sclerotial viability (Lal,
i994). The mycelium is killed near freezing or at high
temperatures above 40°C, hut sclerotia can withstand -10
°C for 48 hours or 50°C for 1 hour (Mukhopadhyay, 1971},



Growth, survival, perpetuation and pathogenic variability of Sclerotium rolfsii, a polyphagus pathogen - A review

Effect of quantity and placement of sclerotia on disease
development

Chowdhury (1945) observed that in betel vine burial of
sclerotia at 8 cm or more was ineffective in causing
infection. but the plants get infected if the sclerotia were
placed at the soil surface or 2.5 cm below. Infection was
delayed al 5 cm. Sugha et al. (1881} reported thatinoculum
consisting of sclerotia and mycelium kept at 5 cm depth
caused 100% seced rot of pigeon pea. Increasing the
incculum depth from 10 to 12 ¢m in the soil decreased
seed rot and inoculum buried at 10 to 12 cm depth did not
cause collar rot of chickpea. Hiramath (1992) also found
that 2% inoculum was sufficient to produce high disease

leve! in sunflower.

Punja (1985) reported that an average inoculum of 2.5
sclerotia! 100 cm® of soil resulted in 100 % infection of
carrot root slices under glass house conditions. Many
workers have found that an inoculum fevel of 500 (0.8 g)
sclerotia in 3 kg of soil was optimum for the production of
collar rot in chickpea (Gurha and Singh, 1982; Sugha ef a/.
1991). Jahangir gf a/. (1995) working on apple rootstock
observed from micro plot and field studies that 5 sclerotia/g
of dry soil resulted in 19.5 and 35.0% disease respectively.
They further reported that placing sclerotia 3.0 cm from
apple rootstock, 0.5 cm deep grown in containers in the
field resulted in lower incidence than placing sclerotia in
contact with the rootstock.

Khan and Kolte (1989) reported maximum pre emergence
mortality of mustard seedlings with 15 g infested sorghum
seeds/kg soil although this was not significantly different
from the mortality obtained with 10 or 25 g/kg. While,
Teribio and Rodriguez-Kabana (1992) observed seedling
morality increased with the increase of sclerotial numberin
case of lentil,

Infection of host tissue

The extent of mycelial growth from sclerctia in soil is
influenced by the form of germination (eruptive or hyphal)
and by the presence of valatile compounds, decaying plant
tissues and soluble nutrients (Punja and Grogan, 1981,
Punja and Jenkins, 1984 b). The maximum distance from
the host surface over which mycelium from an eruptively
germinating sclerotium can grow and infect without an
Exogenous nutrient source is a function of the fungal
ISQIate. soil moisture, texture and depth (Punja, 1986), soil
microflora {Punja, 1988), nitrogenous amendments (Punja
el 1007 and volatile compounds (Punja and Grogan,
1987), these in tum may influence infection efficiency
{Punja, 1986). Mycelium from eruptively germinating
sclerotia can infect host tissue without requiring an
exagenous food base of non living organic matter provided

they are located within the competence volume (Punja and
Grogan,1981).
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S. roffsii penetrates non-wounded host seedlings directly
by the formation of appresoria (Nasbaum ef a/. 1961).
Penetration may also be affected through natural cpenings
such as lenticels and stomata. The fungus is both inter
and intra cellular.

S. rolfsii produces both pectinolytic and cellulolytic
enzymes in culture and host tissues, and also some
metabolites, namely oxalic acid. Higgins (1927) found that
this fungus usually produces ample quantilies of oxalate
on a variety of media and plays a key rcle in aiding its
pathogenic capabilities. Bateman and Beer (1965) have
claimed that both oxalic acid and pectic enzymes are
invaolved in the destruction of host tissues by the fungus
and that two fungal products acting together are more
effective than either alone. The importance of these
enzymes in pathogenesis is yet to be fully documented.

Inoculation techniques for inducing disease

Chakraborty and Bhowmik (1983) evaluated a number of
methods wz. tooth-pick, hypodennic syringe, soil
infestation, root injury and cotton swab methods for
inducing collar rot disease of sunflower. They found the
highest seedling mortality (94.2%) in soil infestation
method followed by tooth-pick method (64.6%).

Pathogenic variability

Many warkers (Nakata ,1925a, b; Celino, 1936; Miltharpe,
1941, Maduewesi, 1974; Mukhopadhyay and
Matheswaran,1980) have reported strain differences in
addition to type of mycelium, size, shape and colour of
sclerotia. Although isolates from a given area are
frequently uniform, extreme variations in morphological
characteristics have been noted in worldwide collections.
Single basidiospore isclates from a single hymenium
frequently show considerable variation in colour, markings,
growth rate, size and number of sclerotia and
pathogenicity. Ansari and Agnihotri (2000) on the basis of
oxalic acid production in the culture filtlrate and on
pathogenicity test on a set of soybean varieties groupedr
the soybean isclates of S. roffsii collected from different
locations into 12 groups. Todd and Rayner (1980) found
hyphal antagonism when field isolates (vegetative
incompatibility) or single basidiospore strain (heterokaryon
incompatibility) is paired. While the genetic and
physiological basis of this incompatibility is unknown it
may be a mechanism that preserves the identity of
genetically dissimilar mycelia and restricts the exchange
of cytoplasm and genetic materials (Catan, 1972). Thus
genetically isolated sub-groups within the species are
formed (Puhalla and Hummei, 1983; Punja and Grogan,
1983).

Mukhopadhyay and Matheswaran (1980) found
considerable variation both in rate of oxalic acid production
and also in protopectinase and pelygalacturonase
activities in nine sugar beet isolates.
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Abstract

Field experiments were conducted during the summer
seasons of 2001.2002 and 2002-2003 at University of
Agricultural Beiences, Bangalore to study the effect of
composted poultry manure, sewage sludge and urban
garbage compost on yield, quality and economics of
groundnut.  Conjunctive use of inorganics and
organics {25:75:40 kg N, P,O; and K,0 + 10t FYMinha)
recorded higher vield (pod, haulm, oil and protein) and
ecaonomics (net returns and benefit cost ratio)
compared o application of organic manures alone.
Among different organic manures composted poultry
manure performed bhetter in terms of yield and
econamics and was followed by sewage sludge.

Key woids: Poultry manure, sewage sludge, urban
garbage compost, groundnut,
ecanomics

Introduction

The higher productivity of the food crops and green
revolution era was achieved with high yielding, fertilizer
responsive crop cultivars and increased fertilizer usage.
Because of over emphasis on chemical farming
deterioration of fand ook place and improvement in
productiviy slowed down along with very serious soil and
water polition problems. The recent energy crisis, the
hike in the prices of the inorganic fertilizers and declining
soil healthand productivity necessitates the use of erganic
manures 11 crap production. But non- availability of
sufficient guantity of FYM and other organic manures in
rural areas divert the attention of cuitivators and
researchers to find alternate nutrient sources like pouitry
manure, uban garbage compost and sewages sludge.
Urbanization and industrialization had led to generation of
targe volures of urban garbage and sewage sludge.
These orgenic wastes are rich in macro and micro
nutrients. Ulllization of these arganic wastes in crop
productionnotonly solves the problem of nutrient demand
but also the disposal problem of those organic wastes.
Keeping allhese things (n the view a research programme
was pianned 1o test the efficacy of poultry manure, urban
garbage compost and sewage sludge in groundnut
production.
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Materials and methods

Field experiments were conducted during summer
seasons of 2001-2002 and 2002-2003 at Regional
Research Station, University of Agricultural Sciences
{UAS), Bangalore to study the efficacy of poultry manure,
urban garbage compost and sewage sludge for groundnut
production. These organic wastes were compared with
recommended practice and farmyard manure (FYM). The
experiment was laid out in Randomized Complete Block
Design (RCBD) with three replications. There were twelve
treatments viz., T,: Absolute control, T,: Recommended
practice (25:75:40 kg N, P,0; and K,O + 10t FYM/ha), Ty:
FYM @ equivalent to recommended N, T,: T, + P,O, and
K,J, T, Compaosted poultry manure (CPM) @ equivalent
to recommended N, T,: CPM + P,0; and K,0, T;: Urban
garbage compost {UGC) @ equivalentto recommended N,
Tg: UGC + P,Q; and K,0, T, Enriched urban garbage
compost (EUGC) @ equivalent to recommended N, T,
EUGC + P,Q, and K,0, T,,;; Sewage sludge (55) @
equivalentto recommended N, T,,: S5+ P,0; and K,O. In
the recommended practice {T,) the sources of inorganic
NPK were urea, single super phosphate (SSP) and
muriate of potash (MOP) respectively. Inthe treatments T,,
Te. Te Tigand T, the quantities of P,0, and K,0 supplied
by the respective organic manures were calculated and
balance amount of P,0; and K,O were added through SSP
and MOP, respectively to meet the recommended dose of
P,0, and K,O. N, P,0, and K,O concentrations of FYM,
composted poultry manure, urban garbage compost,
enriched urban garhage compost and sewage sludge were
0.91,042,0.74; 1.96, 2.43, 061, 0.86, 0.61, 0.59; 1.36,
1.50,0.96 and 1.63, 1.20, 0.56, respectively. Enriched and
non-entriched urban garbage composts were obtained from
Karnataka Compost Development Corporation (KCDC).
Sewage sludge was collected from drying beds of sewer
treatment plant, Hebbal, Bangalore. The experimental soll
was red sandy clay loam, low in available N (188 kg/ha),
mediumm in available P,O, (37.5 kg/ha) and available K,0
{196 kg/ha) with soil pH of 6.3. Groundnut variety TMV-2
was sown and all the agronomic practices were adopted
as per need of the crop. Nat much variation in the climate
was cobserved between crop periods of two years.
Observations on growth parameters were taken at every
30 days interval and yield parameters were taken after the
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harvest of the crop. Data was subjected to statistical
anafysis to draw the canclusions.

Results and discussion

Two years pooled data indicates that appilication of
25:75:40 kg N, P,O; and K,O + 10t FYM/ha {recommen-
ded practice) recorded significantly higher pod and haulm
yield (2955 kg/ha and 3.77 t/ha, respectively) compared to
all other treatments (Table1). The higher pod yield with
conjunctive use of organic and inorganic nutrient sources
may be attributed ta higher nutrient availability. Inarganic
N fertilizer with organit sources is known to reduce the C:
N ratio and stimulate mineralization of organic N {Kai and
Wada, 1979, Sahoo and Panda, 1999, Malligawada et af.,
2000 and Kamble et al., 2002). Among different organic
manures composted poultry manure recorded significantly
higher pod yield (2651 kg/ha} and haulm yield (3.49 t/ha).
These results are in conformity with Talashilkar et al.

(1997) and Dosani et al. (1999). This was attributed to
faster minerafization of nufrients from composted poultry
manure since it had narrow C:N ratio compared to other
organic manures (Toor ef al., 2001). Next to composted
poultry manure , sewage sludge (2207 kg/ha and 3.06 tha)
and enriched urban garbage compost (2153 kg/ha and
3.01 tha) gave significantly higher pod and haulm yields
compared to urban garbage compost. Higher yields with
sewage sludge may be attributed to improved
physico-chemical and biological properties of the soil.
Favourable effect of sewage sludge on water holding
capacity, bulk density, organic carbon, available nutrients,
soil pH, EC, CEC and microbial population of the
rhizosphere is well documented {Subbaiah and
Sreeramulu, 1979; Garav et af., 1988). Sewage sludge is
not only a source of organic matter and primary nutrients
(NPK) but also an excellent source of micronutrients
{Kelling ef ai., 1977 Sabey, 1930).

Table 1 Effect of different organic manures on yield, quality and yield components of groundnut {average of 2 years)

Treatment Pod yield Haulm yield _ Harvest Qilyield  Protein yield Pod yield Mature 100 kernel Shelling
(kg/ha) (t/ha) index {H!} (kg/ha} (kg/ha) {g/plant) podsiplant  weight (9) (%}
T 875 1.42 0.38 246 13 32 9 228 62
T, 2955 3.77 0.43 g71 489 10.8 29 28.4 68
T, 1678 244 0.42 514 244 6.1 18 241 65
T, 1752 2.48 0.41 538 254 6.4 17 24.5 65
1. 2851 3.49 0.43 834 388 9.6 26 26.8 66
Te 2649 3.82 0.43 844 397 9.7 26 269 66
T, 1708 2.58 0.39 522 247 62 17 23¢9 B5
T, 1716 2.85 0.40 530 260 6.2 17 241 65
Tq 2153 KXo} 0.41 669 319 7.8 21 25.2 65
Ti 2182 321 0.41 694 343 B 21 25.4 B5
Ty 2207 3.06 G.41 868 304 79 21 255 85
Ti 2219 3.10 0.41 695 332 8.1 21 256 65
SEmz 82 Q.11 Q.01 2442 1469 03 g 0.2 08
CD (P=0.05) 232 0.31 0.030 69.51 41.82 0.7 1.9 0.9 26
T, =Control T, = Composted poultry manure (CPM) T, = Enriched urban garbage compost (EUGC)
_‘P N i?{:h?h&m kg N, P,0;, K,0 + 10t FYM/ha Ts = CPM + P,O, and K,0 Tyo = EUGC + P,O; and K0
3 T, = Urban garbage composted (UGC) T,, = Sewage sludge (S5)

T =FYM+ P,0, and K,0

E_nriched urban garbage compost recarded on par yields
with sewage siudge. Several researchers reported about
the vield benefits in different crops with enriched urban
Qarbage Compast (Sharanappa, 2002). Among different
organic manures urban garbage compost (1708 kg/ha and
2.58 tha) and FYM (1678 kg/ha and 2.44 t/ha) showed
lower pod yield and haulm yizld but recorded significantly
higher over control (875 kgtha and 1.42 thha). This may be
due to low concentration of nutrients in urban garbage
Compostand farmyard manure {FYM) and release of major

T,=UGC + PO, and K,0
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T,=55+P,0, and K,0

nuirients in general and N in paricular from FYM and
urban garbage compost was rather small to meet
adequately the requirements of groundnut. Gaur et af.
(1984) had observed that lesser than 30% N in FYM was
generally available {o the first crop. Addition of balanced
P.0; and K, O to the organic manuresin T, T, T, T,y and
T,; did not influence the ped and haulm yield significantly.
it can be concluded that native phosphorus and potassium
already present in the soit may be sufficient to meet crop
requirements.



Seshadri Reddy et al.

Pooled data indicated that application of recommended
dose of fertilizer (RDF) + 10 t FYM/ha to the groundnut
recorded significantly higher harvest index (0.439)
compared to urban garbage compost (0.399) and FYM
(0.408) and found on par with composted poultry manure
(0.432), sewage siudge (0.419) and enriched urban
garbage compost {0.417). Yield components and quality
parameters (cil and protein yield) also followed the similar
trend like pod and haulm yield. Conjunctive use of
inorganics and organics (25:75: 40 kg N, P,O; and K,0 +
10 t FYM/ha) recorded higher oil and protein yield (971
and 489 kg/ha, respectively} and was followed by
composted poultry manure (834 and 398 kg/ha,
respectively).

Regarding eccenomics of groundnut production, net retymg
were maximum with RDF + 10 t FYM/ha (Rs. 45475) which
was followed by composted poultry manure (Rs. 40717
and sewage sludge (Rs. 32888} (Table 2). The higher net
returns with RDF + 10 t FYM/ha was attributed 1o
maximum gross returns (Rs. 60771) realized with relatively
lower cost of cultivation {Rs. 15296). The highest B:C ratig
of 3.97 was abtained with the same treatment (RDF+ 1t
FYM/ha). This was followed by composted poultry manure
{3.94) and sewage sludge (3.47). However, lowest net
returns and B.C ratio was obtained with urban garbage
compost (Rs. 12349 and 1.54, respectively). This was due
to higher cost of urban garbage compost {(Rs. 9004).

Table 2 Economics of cultivation of groundnut as influenced by different organic manures

Treatment Cost of cultivation Gross returns Net returns B:C ratio
(Rs/ha) (Rs/ha) (Rs/ha)
T, Control 10867 18177 7310 1.67
T,:25:75:40 kg N, P,0;, K,0 + 10t FYM/ha 15296 60771 45475 3.97
T,: FYM 14055 34638 20633 247
T, FYM + P,O; + K,O 15421 36178 20757 235
T.: CPM 13867 84584 40717 3.94
T CPM + PO, + KO 13939 545682 40623 39
T, UGC 23017 35368 12349 1.54
Ty UGC + P,O; + K,0 ; 23554 35507 11553 1.48
T, : EUGC 21087 44485 23398 2.1
T, EUGC + P05 + K,O 21227 45064 23837 212
T,:88 12617 45505 32888 3.61
Tz S8+ P,0,+ K0 13227 458652 32635 347

FYM = Rs. 2501

Composted poultry manure = Rs, 500/

Urban garbage compost = Rs. 900/t

Enriched urban garbage compost = Rs. 12004
Sewage sludge = Rs. 2504

It can be concluded that composted poultry manure and
sewage sludge are the suitable organic manures for
groundnut. Since sewage siudge is cheaper in cost and
rich in nutrients, it can be used as an alterative to farmyard
manture, which is bulky and not available in sufficient
quantity. Further long term experiments are needed on
effect of sewage siudge application on heavy metal
accumulation in soil and plants.
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Groundnut pods = Rs. 1980/q
Groundnut seeds = Rs. 30/kg

N = Rs. 7.35/kg

PO, = Rs. 19/kg

K, C =Rs. 8/kg

Labour charge = Rs. 45/person/day
Groundnut haulm = Rs. 600#4
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Abstract

Storing of rabi’summer produced groundnut under
ambient conditions and looses viability at a faster rate
leading to low germinability and field emergence.
Therefore, to improve seed quality parameters of such
pods (seeds}, seed invigouration/pre-sowing hydration
was taken up with various chemicals during 2002 and
2003. Results revealed that, mean germination per
cent over the treatments was more than the minimum
standards of certification (70%) upto 5 months of
storage. But, by 8 months of storage, the germination
came down below 70%. However,
invigouration/hydration of such 8 old seeds with CaCl,
{0.5%) or ascorbic acid (50 ppm) or thiram (0.1%)
resulted in  maintenance of more than 70%
germination. These treatments also maintained more
field emergence, seedling vigour and seedling dry
weight. Hence, technique of invigouration of aged
seeds with the said chemicals can be effectively used
to improve the seed quality

Key words: Pre-sowing treatments, invigouration,

seed quality, groundnut
Introduction

In the present experimental site (North Eastern dry zone of
Karnataka), for early rabi/summer sowing, the seed
obtained from rabi produce of the previous year will be
used, as the current year's kharf crop will not be
harvested by the time of sowing. Further, the rabi produce
will be generally expased to high temperature during
harvesting and drying, hence, leads te loss of seed viahility
(Kapri et al., 2003) due to free radical induced membrane
lipid peroxidation (Ponquett et al, 1991). Use of such
seeds would result in poor plant population in the field. To
maintain proper plant stand, high seed rate or gap filling
shouid be followed but, which are costly or inconvenient.
Hence, improvement of such seeds would be of immense
use to achieve higher seed germination and fieid
emergence. Inthis direction, seed vigouration is one ofthe
easy techniques to enhance germination through repair of
membrane damage (Fu ef al, 1998), reduction of
production of free radicals and lipid peroxides (Saha et a/.,
1990) and reducing lag phase of imbibition (Brocklehurst
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and Dearman, 1983). Seed invigouration with CaCl, found
to maintain membrane integrity and helps in production of
free radical scavengers (Kapri ef al., 2003). Invigouration
with CaCl, have shown improve seed germination
(Anonymoaus, 2003), pod quality (Narayanaswamy and
Shambhulingappa, 1998) and pod yield (Arjunan and
Srinivasan, 1989). In this dry agro-climatic region such
studies are not conducted and therefore to evaluate
various invigouration chemicals on seed quality
parameters the present study was carried out.

Materials and methods

The study was conducted during rabi/summer season of
2001-02 and 2002-03 using two varieties viz.,, TMV-2 and
KRG-1 at Seed Science and Technology Research
Laboratory, RARS, Raichur situated in North Eastern dry
zone of Karnataka. In both the years, the pods harvested
during rabifsummer season were stored in gunny bag
under ambient conditions. At monthly intervals, pods were
drawn, shelled and uniform seeds were subjected fo
invigouration (pre-soaking) with various chemicals {list of -
chemicals are given with the results) for six hours in the
seed to solution ratio of 1:2 (v/v) and dried back to original
weight under shade. Then, such seeds were sown in four
replicates (four plastic trays with 12 kg of sand) having 50
seeds In each replication, adequate quantity of water
provided and kept in room germinator having temperature
of 25+1°C and relative humidity of 75% of 10 days. Cn 11"
day (10 days after sowing), seed quality parameters viz.,
seed germination {%) in the laboratory, vigour index
{seedling height x germination percentage) and seedling
dry weight (mg/5 plants) were monitored by following
procedure prescribed by the ISTA (Anonymous, 1999).
Further, field emergence was conducted in the open field
conditions on red loamy soits and the field emergence was
counted on 15 days after sowing. The data was analvsed
in factarial CRD using dry soft statistical programms  The
results of 2, 5 and 8 months after storage (MAS) only aré
presented.

Results and discussion

Invigouration of seeds on seed germination was found
inconsistent over the stages of storage and the years as
the significance was not observed all the stages (Table 1)-
Similar trend was reported by Jeng and Sung {1994).
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However, at 8 months after storage (MAS), in both the
years, l; (ascorbic acid 50 ppm), I, (th|r;m 0.1%) and 1,
(CaCl,, 0.5%) have maintaine_d germlnatlon percentage cf
more than 70 which is the minimum standard as per the
seed cerfification (Table 1) and these treatmgnts were.on
par to each other. But, the control (no mvigoura.non
treatment, 10) had only 5.9 and 57.4% seed ggrminatmm
respectively during 2002 and 2003 at eight MAS.
invigouration with CaCl, atthe rate of 0.4% (Rangaswamy
et 2. 1993) or 0.5% (Narayanaswamy and Shambhu-
lingappa, 1998) found to hasten germination per cent
compared to the control. Among the genotypes, during
both the years, at two months after storage (MAS), TMV-2
has more germination percentage than KRG-1, whereas,
at 5 and 8 months after storage, KRG-1 maintained more
germination than TMV-2 suggesting the inconsistency
among the genoctypes.

Field emergence did not differ significantly between the
invigouration treatments at 5 WMAS during both the years
and at 2 MAS during 2003. However, at 8 MAS, in both the
years it was differed significantly (Table 2). At 8 MAS,
invigouration far seeds with ascorbic acid (50 ppm), thiram
(01%) andg CacCl, (0.5%) resulted in field emergence
percentage of 71.1, 70.4 and 70.4, respectively during
2002 and were on par to each other but significantly more
than the control and other treatments, The same
treatments remained the best during 2002 also. Similar to
the present results, Narayanaswamy and
Shambhulingappa {1998) have shown field emergence of
89.5% with CaCl, (0.5%) invigauration compared to control
(o invigouration) value of 75.0% field emergence. Among
the genotypes, KRG-1 relatively maintained more feld
emergence than TMV-2 at 5 and 8 MAS during both the
years. But, at 2 MAS, it was more in case of TMV-2 than
i<RQ-1. Similarly, Sandhya and Singh (1994) also faund
varied response of variety to the hydration treatment.

Vigour inaex differed significantly between the treatments
atalithe stages of sterage and in both the years (Table 3).
The mean vigour index decreased with storage duration
{Table 3) and is mainly due to decreased germination
irr’rt]ercf;ntage (Taple 1‘). In general, the vigour is more
NI)\JSO lasnttlespemaIly In aged seeds, in this regard, at 8
I (1472)( |834), l; {1825} and |, (1824) during 2002 and
SGhOWed 5_7 (_:—400), lia (1520) and |, (1410) during 2003
sther trealtgm icantly mare vigour index than control 2nd
o :ij?ms Ar_nong ‘heve treatments, though order
o sact E(J)”; ered w.th.year, these treatments were on par
Genotypos _Ifﬂ]\;]\/exceptlng '1.°. during 2003. Amongst the
KRG , -2 hgd significantly more vigour index than

all stages in both the years, excepting at 8 MAS
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during 2002. High vigour index in TMV-2 is mainly
attributed to plant height {data not shown) because. the
germination percentage was less in TMV-2 than KRG-1 at
5 MAS in both the years and 8 MAS in 2003 (Table 1).
These results suggest that, ti would be better to consider
seedling dry weight for computing the vigour indexin place
of seedling height.

Seedling dry weight a measure of early seediing vigour,
differed significantly between the invigouration treatments
at any given period of storage and varieties (Table 4). With
the storage duration, the seedling dry weight decreased
during both the years, it coufd be due loss of energy for
respiration with storage. Further, 1055 in dry weight was
more during 2003 compared to 2002 due to high RH and
temperature prevailed during pod drying. In 2002, at any
given stage of storage period, treatments, |, or i
performed the bestover othertreatments ingluding control.
These treatments were followed by |,, or |,. However, this
trend was reversed in 2003 that is |, or |,; had highest
seediing dry weight followed by I or |,. These results
indicate that though ranking of treatment differs with year,
invigouration enhances the seedling dry weight in aged
seeds. Hence, invigouration is a useful technology to
enhance early seedling weight significantly, More seedling
dry weight in treatments of hydration with CaCl, carn be
attributed to increased elasticity and plasticity of cell walls
due to priming leading to more absorption of water,
stronger root system and seedling dry weight (Arjunan and
Srinivasan, 1989). Similarly, 18 (ascorbic acid) used in the
study contain vitamins and amino acids, hence, might
have influenced the growth obvicusly. Further, [, (thiram)
freatment would have protected the seed from infestation.
Among the varieties, KRG-1 had maintained more
seedling dry weight compared to TMV-2 at all the stages
of storage period and in both the years of experimentation
suggesting the advantage of variety, KRG-1 over the TMV-
2 for this region.

Among the ten treatments tried, over the two years, based
on the ranking by considering all the quality paramaters,
the three top ranked itreatments for invigouration are
presented with data (Table 5). CaCl, (0.5%) treatment
showed highest for three parameters (field emergence,
vigour index and seediing dry weight) out of four
parameters considered. This was followed by ascorbic
acid {30 ppm) for vigour index and seedling dry weight with
highest germination per cent or hydration with thiram
{0.1%) for field emergence. Hence, it is felt that, CaCl,
(0.5%) may be used effectively for aged seeds to enhance
the seed quality parameters.
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Table 1 Effect of pre-sowing invigouration and seed germination (%} in rabi/summer groundnut

Storage perad (in months)

invigouration

Concentration 2002 2003
Treatment
2 5 8 2 5 8
i Control 918 848 65.9 84.9 71.4 57.4
(73.4) {67.0) (54.3) (67.1) (57.5) {49.3)
.. Water 82.8 84.8 64.5 850 71.6 60.1
(74.6) (67.1) {53.5) (67.2) (57.8) {50.8)
1. CaCl, 0.5% 926 8786 B7 1 856 76.1 67.6
(74.3) (69.5) {55.0) (67.7) (60.7) (55.3)
L:CaCl, 1.0% 93.3 89.1 72.1 86.1 76.3 70.1
(75.1} {(70.8) (58.1) (68.1) (80 9} (56.9)
I,  KND, 2.0% 898 84.5 64.3 84.3 733 61.1
{71.5) (66.8) (53.4) (66.7) (58.9) {51.4)
.. NAA ' 25 ppm 90.3 85.0 63.9 856 734 59.4
{72.0) (67.2) (53.1) {67.7} 59.3) (50.4)
L. . Ethrel 25 ppm 91.5 831 654 84.1 70.6 60.5
(731 (65.8) {(54.Q) (66.5) (57.2) {51.1%
- : Ascorbic acid 50 ppm 938 890.6 722 §5.9 7861 7.3
(75.7) (72.2} (58.2) (67.9) 160.7) (57.0)
Ly Thiram selution 0.1% 93.0 88.0 72.0 846 76.1 7.00
(74.7) (69.8) (58.1) (66.9) (60.7) {56 8)
i, NaC) 1.0% 89.3 833 67.0 84.9 733 62.3
(70.9Y (65.9) (55.M (67.1) {58.9) {52.1)
Lo KH.PO, 1.0% 93.3 843 B4.8 86.0 731 63.3
{75.1) (68.7) {53.5} {68.0} {58.8) (52.7)
Mean 91.9 859 57.2 85.2 737 63.8
: (73.6) {67.9} (55.1) (B7.4) (59.2) (53.0)
<D (P=0.05) 22 NS 2.2 NS 2.3 3.0
Genotypes
KRG-1 \\ 80.8 862 68.5 839 74.6 65.0
‘ {72.4) {53.3Y (959 (88.3) {59.7) 153.7)
T™V-2 - 93.0 85.6 65.9 86.5 72.9 62.6
(74.8) {6774 (54 3) 68 4) {58 6) {52.3}
CD(P=0.05) 1.2 NS 09 1.5 1.0 1.2

Values in parentheses indicate the arc sine transformed data.
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Table 2 Effect of pre-sowing invigouration on field emergence {%) in rabilsummer groundnut

Storage period (in months)

Invigouration =~ congentration 2002 2003
Treatment
P 5 8 2 5 8
|, Control - 896 82.3 63.6 81.5 67.1 513
e (71.3) (B5.5) 52.9) (64.8) {55.00 ~ (45.8)
I, Water 91,6 82.0 60.8 82.1 68.4 56.1
733 (64.9) (51.3) (65 .0) (55.8) (48.5)
1, CaCl, : 0.5% 21.5 85.3 64.4 83.4 733 543
. (73.1) {65.7) (53.4) (66.0) {58.9) (53.3)
l,: CaCl, 1.0% g1.8 85.3 70.4 81.8 74.1 59.3
(73.5) (67.5) (57.1) (64.8) {59.4) (56.4)
.. KNO, : 2.0% £8.5 80.3 B0.5 81.3 69.5 57.6
{70.2) (63.7) (51.4) (64.4) (56.5) 149 4)
I - NAA 25 ppm 88.5 816 61.5 80.6 70.8 56.1
(70.2) (64.7) (51.7) (63.9) (57.2) (48.5)
le : Ethrel : 25 ppm 90.3 82.3 63.4 §1.8 67.6 55.4
' {(72.0) {65.1) (52.8) {54.8) {55.%) {48.1)
l, - Ascorbic acid 50 ppm 92.0 86.0 711 §2.4 734 67.6
- (73.6) {68.0) {57.5) (65.2) (59.0) {55.3)
l; : Thiram solution 0.1% 91.2 86.5 70.4 81.9 738 £9.1
S (72.7) {68.6) {57.0) (64.8) {59.1) (56.2)
g NaCl ' 1.0% 89.6 81.6 63.9 80.9 70.9 5g 4
(69.5} (64.7) {53.0) 4.1 (57.4) (49.9)
o KH.PO, ‘ 1.0% 91.5 818 615 81.1 70.1 57.0
h (73.1) {64.7) (51.7) (64.2) (56.9) (49.0)
Mean 90.3 832 64.7 81.7 70.8 60.1
(72.0) (65.7) (53.5) (64.7) {57.3) (5C.8)
CD (P=0.08) - 13 NS 29 NS NS 43
Genotypes ‘
KRG-1 89.1 83.4 66.0 81.0 718 51.4
(70.8) (65.7) (54.3) {64.2) (57.9) (51.6)
Thiy-2 816 830 625 82 4 698 589
(73.2) {65.6) {52.8) (65.2) (56.7) (50.1)
Cb (P=0.05) 07 NS 13 NS 13 NS
Val

UEs I parentheses indicate the arc sine transiormed data,
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Table 3 Effect of pre-sowing invigouration on vigour index in rabilsummer groundnut

Storage period (in months)

Invigouration

Treatment Concentration 2002 2003
2 5 8 2 5 8

l . Control 2534 2308 1614 2088 1675 . 1232
I, Water 2697 2374 1588 2082 1642 1184
I, CaCl, 0.5% 26819 2319 1679 2148 1782 1410
L Cacy, 1.0% 2648 2281 1824 2263 1886 1520
l.: KNO, 2.0% 2492 2225 1610 1983 1662 1270
bt NAA 25 ppm 2509 2206 1603 2084 1717 1322
% Ethrel ‘ 25 ppm 2534 2200 1638 2133 1707 1340
I, Ascorbic acid 50 ppm 2705 2488 1834 2292 1855 1472
l, Thiram sclution 0.1% 2687 2466 1825 2228 1767 1400
Iy - NaC| 1.0% 2476 2258 1630 2027 1728 1310
Ly, KH,PO, 1.0% 2521 2290 1574 - 2168 1762 1324
Mean 2553 2314 1674 2135 1744 1343
CD (P=0.05) 15.2 6506 9.8 478 47.8 722
Genotypes

KRG-1 2488 2263 1684 2027 1670 1255
Tvv-2 2638 2364 1886 2244 1818 1432
Co ¢P=0.05) 135 28.0 42 20.3 20.4 30.8

Table 4 Effoct of pre-sowing invigouration on seedliing dry weight (mg/5 plants} in rabilsummer groundnut

Storage period {(in months)

Invigouration

Treatment Concentration 2002 2003

— 2 5 8 2 5 8
k: Control 1359 1288 1146 1107 893 712
L Water 1436 1313 1141 1120 869 703
k- caCl, 0.5% 1510 1353 173 1270 1050 a05
.. GaCl, 1.0% 1524 1349 1191 1285 1053 921
li: KNO, 2.0% 1364 1307 1127 1137 853 710
b NAA 25 ppm 1432 1350 1129 1130 927 785
L : Ethrel 25 ppm © 1450 1358 1142 1121 922 793
2 : Ascorbic acid 50 ppm 1518 1418 1237 1227 995 853
Y Thiram sofution 0.1% 1533 1412 1219 1176 974 845
Y NaCl 1.0% 1372 1328 1136 1149 927 800
Lot KHPO, 1.0% 1467 1298 1425 1155 928 748
Mean 1451 1343 1160 1170 947 803
LD (P=0 05) 26.4 14.5 5.5 46.3 452 392
Genotypes . )

KRG-1 1500 1410 1179 1206 987 833
TMy_2 1402 1276 1142 1135 907 774
SO ¢p=0 05} 16.8 19.3 2.8 19.8 193 16.7
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Table 5

Per cent improvement of seed quality parameters due to invigouration treatments over the control of 8 months after

storage {pooled data of 2002 and 2003) in rabilsummer groundnut

m\gg?mur::{on Concentration GerTOi/?)aﬁcn Field e(rz;ue;rgence Yéﬂzir a\?yeiud;{gﬁt
L, CaCly 0.5% 15.7 16.2 13.0 207
I, : Ascorbic acid 50 ppm 15.2 13.3 111 214
i, : Thiram solution 0.1% 153 17.5 13.7 216

Acknowledgements: The authors sincerely thank the
NATP (CGP), ICAR, New Deihi for awarding financia)
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Abstract

Three single crosses involving four rowed Indian
mustard, Brassica fjuncea as a female parent and
cultivars, Laxmi, Varuna and RH-30 as male parents
using six generations (P,, P, F,, F,, BC, and BC,) were
analysed for estimation of gene effects under rainfed
conditions. The F, of all the crosses registered better
parent heterosis except fot cross Il for plant height.
Invariably superior performance of F, and back
crosses over F, and parents, respectively for seed
yield in cross I suggested the role of non-additive
interactions. The deviation in Mather's (1949} ABC
staling tests and that of Cavalli’s {1952} joint scaling
testadvocated the inadequacy of three parameters {m,
d, h) model for plant height and seed yield in all the
three crosses, seeds/siliqua in cross {l and U and
siliqua length in cross {il. W was confirmed that testing
for four and five parameter models, in case of
inadequacy of three parameters, before directly
switching over to six parameters model{ was essential
o get correct picture of inheritance of the characters.
Invariably, both additive and dominance gene effects
were important with preponderance of the iatter.
Duplicate epistasis formed an importantcomponent of
digenic interactions in the inheritance of seeds/siliqua
and seed yield in cross 1.

Key words: Brassica jfuncea, gene effects, non-

allelic interactions, seed yield
Introduction

indian mustard, [Brassica juncea (L.} Czern and Coss] is
the second impontant oilseeds grown mainly as a pure
c¢rop inrainfed areas of the country. Recently, a four rowed
mustard variety RB-24 (Geeta) has been released for
cltivation in north-western parts of India under rainfed
conditions. It gives higher seed yield than normal two
rowed check varieties under rainfed conditions. Genelic
variability for seed yield and other traits is reported to be
tess in this crop {Uddin ef al., 1983). Although there is
ample information on genetic control of seed yield and its
tompenent  characters  under irrigated  conditions

{Chauhanand Singh, 1979; Yadava etal., 1981; Ramdhari
and Yadava, 1983; Yadav ef al., 1993), the genstic
information under rainfed conditicn is very scanty (Kumar
andYadav, 1988) and not available involving a four-rowed
Indian mustard as a parent.

The developments in statistical genetics have made
possible 1o study the various facets of the operafion of
quantitative genes and to use this information in
formulating appropriate breeding strategy to effect genetic
improvement of traits under moisture siress/rainfed
conditions. The present study, therefore, was aimed at
studying the gensetics of important quantitative characters
including seed yield under rainfed conditions so as to
formulate suitable breeding sirategy.

Material and methods

The experimental material for the present study comprised
a set of six generations viz,, P,, P,, F,, F,, BC,, BC, of
each of three crosses RB-24 x Laxmi, RB-24 xVaruna and
RB-24 x RH-30. Of these parents, RB-9901 (RB-24} is a
recently released four-rowed mustard variety (Anonymous,
2002). Other three varieties are two rowed widely grawn in
northern India. The six generations of three crosses were
plantied in a Randomized Biock Design with three
replications at CCS Haryana Agricultural University,
Regional Research Station, Bawal under rainfed
conditions during 2001-02. Each non-segregating
generation (P, P,, F,) was grown in two rows. Among
segregating generations backcrosses were planted in
three rows and F,s were sown in six rows. Rows were 5m
long with spacing of 45 cm between rows and 15 cm
between plants. Data on plant height (cm), siliqua length
(cm), seeds/siliqua and seed yield/plant (g) were recorded
on 5 randomly selected planis in each row in each
replicaticn. First (Mather's 1949) scaling tests and then the
joint scaling test of (Cavalli, 1952) were applied to test the
adequacy of additive-deminance (m, d, h) model. In case
of inadequacy of additive-dominance model four [{m, d, h,
iy (m, d, b, i) {m, d, b D) and five [(m, d, by ) (m, d,
B (m, d, h, j, )} of the six parameters were fitted
successively following Cavalli (1952) for estimation of
genetic parameters. These were compared against e
value for their respective degree of freedom. The

Department of Seed Science and Technology, CCS Haryana Agricultural University, Hisar-125 004, Haryana.
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adequacy of the four and five pa_lra.meter models wasi
tested by the non-significant varl‘atlon tested frem
values. Where, all the generations were used for
parameter estimation, the fithess of the 5|x-paramefer
model could not be tested by 4% test and regression
analysis. The significance of the parameters was tested
against their corresponding standard errors.

Results and discussion

The F, mean of all the crosses exceeded mid-parent and
better‘parentvalues far seed yield and plant height except
in case of cross |l for plant height (Table 1) indicating high
heterosis and role of over-dominance in expression of
these characters. The F, mean also exceeded the
respective F, and parents in case of cross il for seed yieid
indicating the scope for transgression. Both back crosses
excelled the respective parents for siliqua length in cross
1l and for seed vield in cross i and Il indicating the role of
non-allelic interactions in the inheritance of these
characters. Similar observations in mustard underirrigated
condition were reported by Pal and Singh (1986) and
Kumar et al. {2002).

Mather's (1949), A B C scaling tests showed inadequacy
of additive-dominance model i.e., indicated the presence
of non-allelic interactions {Table 2} for plant height and

seed yield in all the three crosses. for seeds/siligua in
cross |l and I and siliqua length in cross Il showing
existence of inter-allelic interactions in genetic control of
these characters. The joint scaling test alsc vouched for
inadequacy of the three parameters (m, d, h) model for all
the above mentioned characters with significant Chi-
square value.

Sagar (1990} suggested that before switching over to six
parameter medel, it was important to fest for four [{m, d, h,
iy; (m, d, h, 3 (m, d, h B and five [{m.d, h.ij); (m d hi
B (m, d, h, j, )} parameter modeis to find the best fit
model. In the present case four and five parameters model
were found adequate for all the characters in all the three
crosses (Table 2), While dominant effects were invariably
significant and preponderant for all the characters in all the
three crosses except seeds/siliqua and seed yield in cross
[l where additive effect were significant and preponderant.
Preponderance af daminant effects at increased level for
seed yield and its contributing traits lends support from the
earlier reports by Pal and Singh (1986) and Kumar et a/.
(2002). The relative contribution of the additive and non-
additive gene effects differed in cresses suggesting that
inheritance of these characters is complex. Similar results
were alsc reported by Thukral and Singh (1986).

Table1 Mean performance of six generations of three indian mustard crosses for various quantitative characters under rainfed
conditions
Cross No. Cross Name P, P, F, F, BC, BC,
Plant height (cm)

i RB-24 x Laxmi 205.6* 199.3 2141 186.3 2000 203.5

1l RB-24 x Varuna 202.4 2107 203.6 196.4 199.4 182.2

1 RB-24 x RH-30 2076 213.2 2211 203.2 207 4 2049
Siliqua length {cm)

| RB-24 x Laxmi 312 423 403 378 3.58 4.07

i RB-24 x Varuna 3.52 3.93 3.63 369 350 3.94

I RB-24 x RH-30 315 377 3.77 349 3.34 416

Seeds/siliqua

! RB-24 x Laxmi 18.91 16.60 14.60 15.98 15.76 15.33

I RB-24 x Varuna 18.66 15.40 15.40 14.40 13.78 14.02

I RB-24 x RH-30 19.20 14.28 14 24 14.20 15.88 14 82
Seed yield/plant (g}

: RB-24 x Laxmi 60.00 5277 76.56 46.10 69.33 65.33

I RB-24 x Varuna 42.44 36.11 55.55 58.00 £9.00 - 97.00

H RB-24 x RH-30 48.88 4555 46.11 45.26 40.66 5533

£l E -
ach value is a mean of three replications.
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Table 2 Scaling test and estimation of gene effects for different characters in Indian mustard under rainfed conditions

Cross | Cross Il Cross Il
Test Plant Siligua  Seeds/  Seed Plant Siligua  Seeds/  Seed J Plant Siligua  Seeds/  Seed
height length siligua yield/plant{ height length siliqua  yield/pland height length siligua yield/plant
{cm) {em) (9) {em) (cm) (9) {em) {cm) (g)
Scaling test
A -19.67*  0.004 -1.990 2.00* -7.20*  -0160 -6.58* 40.20° -13.87* -0.250 -1.68  -13.66*
B 6.93* -0.200  -0.530 1.22 -49.8* 0.310 -2.85*  103.0* 2460 0.760 112 18.99*
C -8860* -0.300 -0.790 -B1.71* -345* 0.030 -7.46 4230 -50.33* -0500 -5.15* -1.60
3 parameter model
m 187.9 3.640 17.64 54.85 204.5 373 16.81 40.20 2071 3.47 16.39 47 86
d 0892  -0.540 1.09* 3.22 -3.01 -0.240*  1.58” 322" -3.10  -0.480* 217" -2.55
h 11.16*  0.370* -3.35" 17.32" -8.30 -0.085 1.847 29.26" 4.06 0.240 -2.54* -1.25
¥ 2737 0Q.770 1.39 11.98 7.707 1.031 16.96* 2432* 1112 16.83* 11.79* 0.596*
4, 5, 6 parameter modei
m 164.5 24.34 188.4 17,10 -27.59 184.7 315 14.44 47.56
d 1.40 3.18 -2.63 1.35" 270 -2.35  -0.330 2.26* 1.66
h 50.50* 54.32% 14,00 -9.74 259.2 3541 07400 -0.080 -1.14
i 38.77" 32.66* 18.00 - _ 66.83 25,46  0.370 2.33" -
i - - - - - - -0.990” - -33.08"
I - - - 8.12* 176.17 - - - -
2 3.42 3.95 4.56 227 570 0.958 4.59 4.41 0.172
Type of - - - o D - - - -
epistasis

* Represents significant values

Among digenicinteractions additive x additive effects were
significant and positive for plant height in cross | and I,
seeds/siligua in cross Hl and seed yield in crass |

These characters are expected to be fixed in a breeding
programme relying on pedigree selection, Seeds/siliqua
and seed yield in cross Il showed significant dominant x
deminant type of interaction and role of duplicate epistasis
as the signs of (I) and (h) in the inheritance of these
characters were oppoesite. Similar results were also
reported by Pal and Kumar (1993); Singh and Srivastava
{1999) and Kumar ef al. {2002). The duplicate episiasis
generally hinders the improvement through selection and
higher magnitude of dominance x dominance gene effects
would not be fixed. Selection for improvement of these
characters in cross |l under rainfed conditions has to be
delayed 1o several generations until a high level of gene
fixation is attained. Therefore, growing targe populations in
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segregating generation and intermating followed by
detayed selection to get transgressive segregants would
be the rightapproach under such situations. The adequacy
of additive-dominance model in case of siliqua length in
cross | and 11 and seeds/siliqua in cross 1 suggested that
improvement for these traits using cross Il can be effected
by recurrent selection for sca which capitalizes the
dominant variance.

The F, of all these three crosses were having normat two
rowed siliqua but in F,, plants of four rowed siliqua
appeared. These four-rowed planis can be improved
further by following pedigree selection till this character is
fixed. Four rowed siliqgua plants have higher number of
seeds/siliqua, long main raceme having more siliquae,
higher oil content and moderately resistant to white rust.
This will prove useful in improving the mustard crop. itis
concluded that seed yield can be improved by following
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pedigree selection as it was controlled by positive and
significant additive x additive effect.
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Abstract

The values of partioning coefficients in Indian
mustard, Brassica funcea (L) Czern and Coss. were
recarded higher for ragt at 56 DAS and stem at 100
DAS and at harvest under hoth the environments.
A-lthough. partitioning coefficients for stem and
sifiquae observed rearly equal at harvest under hoth
the environments. Siliggae partitioning coefficient
observed significanty higher at 100 DAS under
terminal moisture siregs  indicated the better
mobilization of photosynthates. The root partitioning
coefficient increasedugto 50 DAS, declined thereafter
until harvest underboth the environments. However,
at 100 DAS terminai moisture stress reduced stem
partitioning coeffiient more than that of root
partitioning coeflicien. Genotype Rajat x RH 819
recorded for higher seed partitioning coefficient and
harvestindex at harvest ynder both the environments.
Whereas, siliguae panitioning coefficient was
recorded higher ingenotype 810 902 x RH 8812 and

Rajat x BIO 902 under pormal and terminal moisture
stress environments,

Key words: Partioning coefficient, growth stages,

environments, Indian mustard
Introduction

Oilseed brassicae, Ingian mustard [Brassica juncea (L.
Czem & Coss]is dneofthe important crops of the cauntry.
The productivity of Ingian mustard has not increased
substantially despite selection and intensive breeding
programmes, Dectalss itis a crop of tndian sub-continent
and therefere, limited i its geagraphic distribution.

The shootand roottogether are in constant competition for
water, nutrients and metabolic products and the optimum
p_roportjon between these parts should be reached if the
final yield is to be maximized. However, production
efficiency of plant s also affected by the genotype and
also environment. Bresders give attention mostly to aerial

plant parts, because of the time . cost and methodological
difficulties in root examination, the root characteristics play -
most vital role in crop growth and adaptation in different
environments. Therefore, keeping this in wview. the
attempts have been made to understand the partitioning of
biemass in indian mustard.

Materials and methods

The experimental material comprised of eight varieties viz,,
Rajat, PCR-10, DHR-9401, RH-30, BIO §02, RH 31¢ and
RH 8812 of indian mustard selected on the basis of their
phenatypic diversity for morphological, agronomical
characteristics, tolerance against moisture stress and seed
yield. These eight Indian mustard elite genotypes were
crossed in dialiet fashion, excluding reciprocals during
1998-99. During 1999-2000 rabi season, F, seeds of all
the eight parental lines and their 28 crosses wefe
evaluated in Randomized Block Design with three
replications  under norma! and moisiure stress
environments in concrete drought plots (Bx1x1.5m) filled
with dunal sand at the experimental farm of Drought
Research Project, Oirectorate af Research, Chaudhary
Charan Singh Haryana Agricultural University, Hisar,
Haryana. The terminal moisture stress was imposed by the
holding irrigation after 50 DAS. The partitioning coeficients
of diferent parts of five randomly selected plants wers
worked out in mg at 50 DAS, 100 DAS and at harvest by
using dry weights i.e., root, stem, leaf, siliqua. seed and
tota). The planis were separated in gifferaent plant parts
and dried in oven by gradually increasing the temperaturé
upto 60°C for a period of 72 hours. The data for different
characters were statistically analyzed as pet Kempthorne
£1952).

Resuits and discussion

Perusal of data revealed that the value af partitioning
coafficient was recorded higher for root followed by leaf
and stem at 50 DAS, whereas, at 100 DAS stem followed
by siliqua and root recorded for the highest partitionind
coefficients under normal envirgnments {Table ? and 2}

— e
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par se petformance of plant part partitioning coefficients at different growth stages under normal environment in Indian mustard

Table 1
50 DAS 106 DAS Harvest
Genotype Root  Stem teaf Rgot  Stem Leaf  Siiqua Seed Root  Stem teaf  Siiqgua Seed o
Rajat 417.0 1503 4327 1687 4820* 1620 1750 1097 137.0 3753 767 4107 2898° 242
Rajat x PCR-10 377.3 476.0° 447.0 1483 3893 1487 3143 2130° 107.0 4147 810 3877 2277 223
Rajtx DHR-0401 3220 2680° 4103 1983 4343 1457 2217 1437 1367 3693 657 4286° 2603 282
Rajal x RH-30 4210 1337 2450 1657 4010 1813 272.0% 1966° 1807 3637 996" 3757 2137 214
Rajat x Varuna 4453 1040 451.0 1500 4820* 1470 2210 1447 1140 3983  GRO  4200° 2688 269°
Rajal x BIO 902 4797 390 4813 1830 4727 1493 2053 1237 1203 3680 803  431.8° 2573  257*
Rajat x RH 8189 3787 800 540.3* 1760 4473 1473 2587 1527 1307 3887 843  217.6° 3003  300*
Rajat x RH 8812 4330 1520 2147 2220° 4353 1580 1850 1337 1533 3577 757 4137 2497 250
PCR-10 5617 777 3600 1883 4936* 2058° 1317 563 1290 3663 976" 4070 2143 205
PCR-10 x DHR-3401 4093 1413 4490 1687 3497 234.6% 2467 1307 1490 3877 1180° 3450 2240 224
PCR-19 x RH 30 4020 850 ST30° (507 5183* 1140 2160 1410 1287 4057 G600 4057 2323 233
PCR1G xVaruna 4653 930 4440 1753 5053 1480  176.0 1040 1340 4353* 587 3720 1960 198
PCRAC X8I0 902  488.0 1053 4057 1413 4547 1717 2323 1383 1153 3743 793 4305 2477 247
PCR-1CKRH 876  437.0 983 4667 1660 4637 1757 1047 1050 1483 3810 101.3* 3887 D287 227
PCR-IOXRH B8I2  BBAD* 73.3  363.0 24267 3047 1760 2766 1756 1850 3847  ©36* 3363 1793 180
DHR-9401 689.0° 77.3 3333 1487 4600 1660 2153 1013 1377 3707 750  4460° 2658 266"
DHR-9401 x RH 30  407.0 2020 3810 1503 489.0" 1730 1873 4087 1373 4263 887 3503 1957 195
DHR-8401 x Varuna  583.0* 523 3900 1717 3110 2276 2793 4517 18e6° 36897  96.3* 3840 1777 7.8
DHR-3401 x BiO 902 4513 1193 4290  4197.0 3950 1423 2660° 1390 1736* 4067 67.3 3507 1810 19
DHR-9401 xRH 818 4407 533  S083" 4513 51688° 1300 1923 850 1257 4513 630 3600 2030 203
?f:zv%m % RH 4960 893 4150 2077 3723 1520 26837 1247 1753 3227 750 42700 2173 217
RH 30 437.0 266.3" 2967 1543 4383 1630 2450 174.3* 1440 3757 973  WIQ 2227 223
RH 30 x Varuna 4877 1100 4017 15617 4323 1400 276.0° 1758° 1485 4033 €33 3850 2788 Zrat
RH 30 x BIO 902 5896 757 3350 643 570.0" 1470 1180 703 1193  4473* 627 3707 2000 200
RH 30 X RH 819 5180 987 3857 1883 4410 823 7863 1483 1520 41506 44.3 3883 2280 228
RM20xRME312 8906 820 3043 1953 4527 1350 2163 1417 1590 3800 650 3930 2063 208
Varuna 5247 4838* 2513 1877 440 1440 2273 1323 1553 4213 843 3390 1593 15D
Vaunax 80902 3843 1780% 4377 1550 4757 1047 3106 1803 167 4310 467 4063 1973 197
Varura x RH 819 5023 1527 3447 1753 4513 1807 2130 1330 4567 23507 657 4270° 4490° 248
Varunax RHB82 4330 1407 4265 169.0 4747 1093 2473 1433 1433 3923 723 3917 2157 248
BIO g0z 3423 228.3* 4227 2103 3870 1347 2683 1523 1550 4333* 820 3290 1910 194
BOS0ZXRHBIS 4733 1706+ 356.3 2037 3907 1090 297.0° 1803 1740* 3850 B47 3763 1943 194
BOOTaRME212 270 sns 503.3° 1417 4357 1283  2083* 1736 1190 3643  B53 4513 2387 240
Rig1e 3563 1786° 4553 2993° 3707 1733 1567 993 2198 4203 770 2630 1327 133
:: :::: FHBB1Z 5993 767 210 1517 5023 1553 1507 900 1183  469.0° 570 3577 1773 17T
Mean 5057 997 3950 1793 3953 1247 3003° 1938 1583 4067 797 3587 1610 164
- 4813 1280 4104 1779 4397 1521 2314 1380 1444 3947 757 3854 2204 219
T84 31 726 327 422 274 330 256 249 374 185 200 443 38

* Significant at P=p p5
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Table2  Perseperformance of plant part partitioning coefficients atdifferent growth stages under terminal moisture stress environment in Indian

mustard
100 DAS Haryest
Genotype H.I
Root Stem Leaf Siiqua Seed Root Sterm Leafl Sitigua Seed

Rajat 1517 429.3 136.0 2837 1720 1270 409.3 843 3798 2280 228
Rajat x PCR-10 1357 3757 1500 3383 2100 112.¢ 4063 82.0 434 .37 2397 240
Rajat x DHR-9401 1930 4313 131.0 2447 144.3 138.7 380.3 87.3 443 8" PLES 25,4
Rajal x RH-30 1703 4287 167.3 2337 150.7 162.3 3873 990" 3513 22375 22.3
Rajzt x Varuna 1320 4537 1327 2787 1853 M8 7 3792 653 3 433.0¢ 261 3 28 1~
Rajat x BIQ ga2 1557 4183 1517 278.0 184.G 1113 379.0 2.7 438 3* 25687 25 6”
Rajal x RH 819 1757 4157 137 3 27040 1697 1368.7 361.0 683 434 0 2723 222
Rajat x RH 8812 203.0 4375 1477 212.0 1283 1557 394 D 7.0 381.3 236.3 238
PCR-18 1547 ATAQ 4900 47840 1063 1327 408 0 AR YAV 4B 1718 174
PCR-10 x DHR-840 1857 3310 2300 2603 1493 173.7 340.0% 1197 3663 2070 207
PCR-10 x RH 30 148.7 512.3 1G7.7 2320 146.7 1283 423.0 553 393.0 2146 2145
PCR-10 x Varuna 1743 4503 166.3 2083 122.0 146.0 408.0 Tz8 372.0 183.0 18.3
PCR-10 x RO 902 1538 428 7 1587 2820 1623 1287 3e6.0 73.0 412.0" 2193 219
PCR-10 x RH 81¢ 1453 4843 163.3 201.0 123.7 1487 40717 1T 348.3 197.3 147
PCR-10x RH 8812 22003 3027 1903 287.0 164 7 180.3* 381.0 . 109.3* 329.3 166.7 16.7
DHR-940% 1227 4497 140.7 2867 1877 137.7 388.0 723 4007 2067 202
OHR-3401 x RK 3Q 1520 4650 1864 2233 1243 1522 404,23 B7.3 3583 206.0 208
DHR-9401 x Varuna 182.7 3537 174.7 2890 164.7 179.7% 395.3 Q2.0" 3320 167.0 16.7
DHR-9401 x BWO 802 188.3 3037 132.0 376.0 216.7° 183.0 391.7 69.3 3560 2013 201
OMR-8401 x RH 819 1183 a5r.em 1457 285.3 1833 1257 453,07 5.3 346.3 190 3 190
DHR-8401 x RH 84812 201.0% 3457 144 3 3097 1707 187.7* 315.3 803 418 7* 21584 2186
RH 30 127.3 3610 1387 3733 240.7* 136 7 393.3 96.3* 3737 2370 237
RH 30 x Varuna 146.0 3883 115.3 343.0° 218.3* 1466 4083 587 3880 2457 24 5%
RH 30 x BIO 502 1700 4057 1417 2820 185.0 1486 3948 8032 3903 2200 220
RH 30 x RH 819 201.07 3733 84.7 3413" 22407 168.0 426 7 423 3624 208.3 209
RH 30 x RH 8812 1853 421.7 137.0 256.0 158.0 152.6 372.0 68.0 407.3% 229.0 229
Varuna 1837 3807 1347 301.0 178.3 1603 407.7 857 347.0 1887 19.0
Waruna v BIO 002 147.0 445 0" 98.3 31090 1953 1347 438.0 54.7 4027 190.3 19.8
Varuna x RH 819 1763 3540 151.3 3200 189.0 1647 3558 65.9 4117 234.3 235
Varuna x RH 8812 1757 433 3* 1297 2610 156.7 145.7 399.0 81.7 373.7 184.3 10.9
BID 902 2157 3383 1153 13 208.3 158.0 451.3* 657 3237 184 0 19.4
BIO 902 x RH 819 18349 3353 86.Q¢ 386.0" 2457 1Q2.3* 292.3 §2.0 3522 194 90 184
BID 802 x RH 8812 140.7 4037 118.0 341.0" 207.6 1277 384.7 803 4267 2363 236
RH 819 257.3* 3527 170.3* 2088 1383 235.0" 4180 817 2668 7 1453 129
RH 810 « RH 8842 1422 an g 119.6 359 7" 2053 1183 9177 483 3193 1743 17.4
RH 8512 159.3 354.7 1133 37007 244.3" 1517 4013 783 387.3 2017 2072
Mean 168 1 402.5 142.3 286‘2' 1789 150 9 3987.0 76.0 3758 2118 292
CO (P=0.0r} 245 285 16.4 48 3 38.4 2886 2B.4 158 30.7 323 32

* Significant at P=0.05
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At harvest, the seed partitioning coefficient was coserved
higher under normal environment as compared to terminal
moisture stress condition. This indicated that these plant
parts at their respective growth interval were chief source
of photosynthates.

In general, the maximum partitioning coefficient was
recorded in stem fallowed by siliqua. seed, rootand leaf at
100 DAS under terminal moisture stress and at harvest
under both the environments. The results gbtained by
Pannu et 2., (1997) are in the line of present siudies.
Whereas, at 100 DAS under normal enviranment, the
highest partitioning coefficients was observed in stem
followed by siliqua, feaf, root and seed.

Root partitioning increased upte 50 UAS and declined
thereafter until harvest under both the environments as
also reported by Pannu et al, (1997). At B0 DAS the
highest and lowest root partitioning coefficients were
recorded in the varieties RH 30 x RH 8812 and BtC 902 x
RH 8812, respectively. Whereas, maximum value of stem
ang teaf partitioning coefficients were recarded in Rajat x
DHR 9401 and Rajat x RH 819, respectively.

At 100 DAS and harvest, the highest root partitioning
coefficient was recorded in genotype RH 819 under both
the environments. Under normal enwvironment and terminal
metsture stress environment, the highest stem partitioning
coefficient was observed in RH 30 x BIO 902 and PCR 10
x RH 30 | respectively. However, the genotype PCR 10 x
RH 8812 observed poorest for their stem partitioning
coefficient under both environments. The genotype PCR
10 x DHR 9401 recorded highest leaf partitioning
coefficients at 100 DAS and harvest under both the
environments. Rajat x PCR-10 and BIOQ 902 x RH 819
recorded highest siliqua partitioning coefficients at 100
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DAS under normal and terminal moisture stress

environments, respectively.

At harvest, the terminal moisture stress reduced stem
partitioning caefficient mare than that of the root
partitioning. Present findings are in conformity with Pannu
el al, (1892). The genotype RH 819 x RH 8812 recorded
highest stem partitioning coefficients under both the
environments. Siliqua pastitioning coefficient was recorded
highest in BIO 902 x RH 8812 and Rajat x BIO 802, under
normal and terminal moisture stress environments,
respectively. However, stem and siligua pattitioning
coefficients were observed nearly equal at harvest as aiso
observed by Patil ef al. (1997). Genotype Rajat x RH 8§19
recorded highest seed partitioning coefficient and harvest
index at harvest under both the environments, indicating
the highest mobitization of assimilates from source to sink.
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Abstract
Genetic diversity among 45 genotypes of Brassica
juncea including released varieties, mutants,

advanced breeding material and single plant
selections was estimated using 37 decamer primers of
the 80 initially screened. A total of 205 amplicons were
obtained with the average of 5.54 bands/primer, of
these 162 were found 1o be polymorphic and the level
of polymorphism was 79.02%. The number of bands
generated was more primer dependent than the
genotype and ranged from 1-19. Though ail the
genotypes were discriminated in the present study still
the identification of such a large number of genolypes
was not possible with limited number of primers. A
few of the primers generated variety specific bands for
only a limited number of genotypes. Jaccard's
pair-wise similarity coefficient values for 45 genotypes
were calculated and the range of genetic similarity was
found to ke 0.50 to 0.97 with the average of 0.791 &
0.002. Adendrogram was generated by UPGMA cluster
analysis based on Jaccard's similarity coefficients,
which showed poor grouping of the genotypes since
the similarity among the varieties, and groups were
comparable. Genotypes were grouped as per their
pedigree or origin.

indian mustard, RAPD, primers,
polymorphism, similarity coefficient

Key words:

Introduction

Oilseed Brassica occupy an important position in the
rainfed agriculture of India and is second in importance
after groundnut, Of the differeni types of oleifercus
Brassicaceae, indian mustard [Brassica juncea (L) Czern
& Coss] predominates in India. For any crop improvement
pragram, analysis of genetic diversity is the first and
foremost step. Information on genetic diversity or
relationships among accessions within and between

species has several important applications for crop
improvement. The estimates of genelic relationships can
be useful for organizing germplasm for the identification of
cultivars, assisting in the selection of parents for
hybridization and reducing the number of accessions
needed to ensure sampling of a broad range of genetic
variability. Polymerase Chain Reaction (PCR)-based
molecuiar markers is a powerful tool to analyze genatic
relationships and diversity among genotypes. Random
amplified polymorphic DNA (RAPD}, first reported by
Williams et al. (1990) is one such PCR based tool
Recently, RAPD analysis has been used for diversity
analysis in Brassica oilseeds {(Mailer e al., 1994, Qiao et
al, 1998 and Das et a/, 1999). Therefore, the present study
was under taken to evaluate genetic relationships amang
45 different genotypes of B. juncea by employing RAPD..

Materials and methods

Forty-five genotypes including released varielies, mutant
lines, advance breeding lines and single plant selections
were grown at Plant Biotechnology Centre, Rajasthan
Agricultural  University, Bikaner. These genotypes
possessed some of the desirable traits of economic
impartance tike higher aif content, white rust resistance
and earliness. For each genotype, 5 g of young leaves
from 15-20 seedlings were taken for DNA extraction using
the CTAB method suggested by Sagahai Maroof et al.
{1984) with some modifications. The extract was treated
with RNAase tc degrade the RNA, quantification and
guatity checking was done by 0.8% agarose gel and by
recording optical density at 260 and 280 nm by
spectrophotometer. Afotal of 37 decamer primers (Operon
Technologies, Inc., U.S.A) were selected for final
RAPD-PCR analysis. Each reaction mixture {25ul) for P .R
amplification consisted of 50 ng of template DNA, 200 uM
of each dNTPs (Banglore Genel, india), 0.2 yM decamer
primer (Operen Technologies), 0.5 U Tag DNA polymerase
and 1x reaction buffer containing 15 mM MgC}, (Banglore
Genei, India). The thermocycler (Biometra) was operated

! NABTD. Bhabha Atomic Research Centre, Trombay, Mumbai, Maharashtra.
2 . : .

NRC ¢n Plant Biotechnology, Indian Agricultural Research Institute, Pusa, New Delhi-110 012,
3 Agricultural Research Station, Rajasthan Agricuitural University, Mandor, Jodhpur, Rajasthan.
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for one cycle at 92°C for 5 min. and then programmed for
44 cycles of 92°C for denaturation (1 min.), 37°C for primer
annealing (t min.} and 72°C for elongation {2 min.}. it was
fallowed by a final amplification step of 72°C (5 min.}. The
amplified products were electropharased on 1.5% agarose
gel at 50 volts in 1x TBE buffer. The gel was stained in the
presence of ethidium bromide and photographed under UV
fight.

For all the genotypes, bands on RAPD gels were scored
as present (1} or absent (0) and missing and doubtful
cases were scored as 'Z'. Pair-wise association
coefficients were calcutated from qualitative data matrix
using Jaccard's similarity coefficient. The matrix was
subjected to Unweighted Pair-Group Method for Arithmetic
Averages Analysis (UPGMA) to generate a dendragram
using the NTSYS-pe software developed by Rohif (1993).

Results and discussion

Selaction of these 37 primers was done on the basis of
their multibanded and easily scorable amplification
products. A typical example with primer OPC-9 is shown
in Fig. 1. Total 205 amplicons were obtained with these 37
primers with the average of 5.54 bands per primer. The
number of bands generated was more primer dependent
than genotype and ranged from 1(OPA-5) to 19(0OPA-10).
Outofthese 205 bands, 162 were found to be polymorphic
and the level of polymerphism was 79% (Table 1), Two
primers from CPC series and five primers each from series
OPA, OPB and OPG showed 100% polymarphism, while
two primers namely, OP{(-4 and OPG-8 did not show any
polymarphism. Primer, OPA-5 was found to be
monomorphic as it gave a single band. Various authors
have also reported the variations in total bands produced
and leve! of polymorphism generated (Mailer et af., 1994;
Qiao et al., 1998 Das et al., 1999).

All the 45 genotypes have been discriminated in the
presert RAPD anatysis involving 37 decamer primers.
Though itis difficult to prepare a key for identification of all
the genotypes on the basis of polymorphism involving a
Small set of primers, a few of the primers have generated
varety specific bands for only a limited number of
genotypes. The most diverse genotype C$-52 had the
maximum number of primer specific bands. This
Suggested that limited number of random primers would
het identify large number of varieties with relatively low
level _of variation Earlier studies with fimited number of
vateties have rep.ied efficient identification with a few
Pflmer_s, in Brassica juncea (Qiao et al., 1998) and in
Brassica napus (Mailer ot af., 1994),

Jaccard's pair-wise similarity coefficient values for 45
9enotypes were also calculated. The range of genetic
Stmilarity was found to be 0.60 (CS-52 and SPS-3} to 0.97
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(Varuna and Bio-902) with an average of 0.79120.002. The
average genetic similarity among the groups A, B, C. D
and E was found to be 0.910 £ 0,006, 0.845+0.013, 0.823
+0.004, 0.804 + 0.012 and 0.782 £ D.009, respeciively. In
the present study, the groups 'D' and 'E" were found to be
most diverse, as the group 'D' has the genotypes with
diverse origin, like BEC-114 {exotic and small seeded)and
RB-8901 (tetralocular, seems to be a inter-specific cross).
The group 'E" had its origin through wide hybridization with
Brassica napus. The group 'A’ (released varieties) had
shown maximum simitarity as these varieties have the
common parent, Varuna in their ancestry. It also reflected
the tendernicy of breeders to use well-established high
yielding variety in their breeding program. High simitarities
have also been reported by many authors among the
genotypes related by ancestry (Mailer ef al., 1994; Qiao ef
al., 1998; Das et al., 1999).

A dendrogram was generaled by UPGMA cluster analysis
based on Jaccard's similarity coefficients (Fig. 2). Over all
view suggests that grouping of the genotypes is very poor
as the similarity among the varieties and groups were
comparable. Still varieties fike Varuna and its derivative
Bio-202 (somaclonal variation) have been put very close
with maximum similarity of 97%. The genctypes having
Varuna in their parentage were clustered at approximately
90% level of similarity and all the other genotypes were put
to two major clusters within 10% less similarity, i.e., at 80%
similarity level except SPS-9, RSM-9821 and CS-52. The
genotypes developed at Sriganganagar and Mandor
(Jodhpur) had higher variation among them. BEC-114, an
exotic collection clustered with Mandor group at a refatively
low level of similarity (85 %) reflecting its resembiance to
Indian material. HEB-3 (Varuna x Yellow seeded mutant)
where yellow seeded mutant could have been either a
napus variety or a derivative of wide hybridization involving
B. napus since it is showing more resemblance to E.
napus derivatives. It could be the reason of resemblance
of RB-9901 (tetralocular) to group 'E'.

Genotype developed at BARC, Trombay (Tm) are either
direct mutants from diverse parents or have been
crossed to diverse parents to improve further, which is
reflected in their distribution among other groups. The
material in-group 'C' consists of single plant selections
for specific purposes, mainly resistance against white rust.
The selections in this group were from diverse sources,
which are reflected in their poor clustering and presence
of highly diverse genotype like SPS-8. The genolype
CS-52 selection for salinity tolerance was found to be most
diverse having 67.2% average similarity with other
genotypes. It suggested that material bred for different
conditions or involving wide hybridization was more
diverse than the material developed far normal conditions.
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Tztle 1 Primers, their sequences and level of polymorphism detected by them

Primer Sequence (5'-3") Total bands Polymorphic bands Polymorphism(%)
JPA CAGGCCCTTC 5 5 100.0
a2 TGCCGAGCTG 3 3 100.0
0PA-3 AGTCAGCCAC 6 6 100.0
Pa-5 AGGGGTCTTG 1 1 100.0
a7 GAAACGGGTG c! 3 100.0
Cps-8 GTGACGTAGG 6 4 66.7
0PA-9 GGGTAACGCC 8 4 50.0
07510 GTGATCGCAG 19 16 841
OPa-11 CAATCGCCGT 11 8 72.7
OPB-1 GTTTCGCTCC 5 4 80.0
0P8-5 TGCGCCCTTC b 1 20.0
iPB-6 TGCTCTGCCC 8 8 100.0
CPE-10 CTGCTGGGAC 7 2 28.6
0P8-13 TTCCCCCGCT 3 3 100.0
0P8-14 TCCGCTCTGG 5 5 100.0
0PR-15 GGAGGGTGTT 6 5 83.3
0816 TTTGCCCGGA 4 4 100.0
FB-17 AGGGAACGAG 4 1 25.0
0PB-18 CCACAGCAGT T T 100.0
0PB-19 ACCCCCGAAG T 7 100.0
7E-20 GGACCCTTAC 3 2 66.7
OPCA TTCGAGCCAG 8 7 87.5
orC-2 GTGAGGCGTC 4 3 75.0
OPC-3 GGGGGTCTTT 4 4 100.0
0PC4 CCGCATCTAC 7 6 85.7
0°C8 GAACGGACTC 7 7 100.0
OpPC-09 CTCACCGTCC 6 4 66.7
0PG-1 CTACGGAGGA 4 3 75.0
0°G-2 GGCACTGAGG 5 5 100.0
oPG-3 GAGCCCTCCA 4 4 100.0
0PG4 AGCGTGTCTG 2 0 00.0
Pe7 GAACCTGCGG 4 4 100.0
P38 TCACGTCCAC 3 0 100.0
?G-15 ACTGGGACTC 6 6 100.0
0PG-16 AGCGTCCTCC 4 4 100.0
0°G-18 GGCTCATGTG 3 2 66.7
IPG-19 GTCAGGGCAA 8 4 50.0
Total 205 162 79.0
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Abstract

A field experiment was conducted to study the
performance of promising varieties of rapeseed and
mustard (Kranti, Urvashi, Hyola-401, GSL-1, Kiran and
NDYS-2) under different sowing dates (September 30,
October 15; 30 and November 158) in Tarai conditions
of Uttaranchal during the winter {rabj) season of 2000-
o ant 200102, Significantly more hranchesiplant,
seeds/siliqua, 1000-seed weight and seed yield were
recorded in case of September 30 sowing. Subsequent
delay in sowing i.e., Qctoher 15, 30 and November 15
resulted in reduced seed yield of rapeseed and
mustard by 13.2, 35.0 and 47.8% during 2000-01 and
11.7,27.6 and 45.5% during 2001-02, respectively. With
respect to oil content, the September 30 sown crops
remained at par with October 15 during 2001-02 and
resulted in significantly higher oil content over later
sowing dates during both the years. Delayed sowing
increased protein and glucosinolate content. Among
the varieties, significantly higher branches/plant,
siliquae/plant, seed yield and glucosinclate content in
Kiran, seeds/plant in Hyola-401 and 1000-seed weight
in Urvashi were recorded during both the years.
Maximum protein (%) and oil {%) were resulted in
NDYS-2 aru Hyola-401, respectively. Significantly

lower glucosinolate content was recorded in Hyola-
401,

Key words: Sowing dates, rapeseed and mustard,

varieties, yield attributes, seed yield
Introduction

T’ad‘f‘ona! Practices of rapeseed-mustard cultivation are
;“” prevamng_ in Tarai regions of Uttaranchal and Utiar
1(r;;:‘_lgt‘?‘sthausmg low sead and il yvield { Yadav and Yadav,
s&i}é;{la h'e‘ophmum time of sowing and selection of
send 'y‘j‘e!‘éa”?‘“es play an impartant role in baosting the
due Jov o fapeseed-mustard. Delay in sowing suffers
conseque et’I"Stmg temperature at early stage, which
ang Suﬂe; {iaﬁects crop germn_na?ion and establishment
Sowing of Cmue to heavy_ aphl.d |n?estatipn. Therefore,
cash in P at appropriate time is an impartant non-

put for boosting crop productivity (Shastry and
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Kumar, 1981; Rajput et al., 1891; Singh et a/., 2001}. Use
of high yielding varieties is also an important factor,
responsible for higher yield. The present study was,
therefore, conducted 1o find out appropriate sowing time
and suitable varieties of rapeseed and mustard under
Tarai region of Uttaranchal and Uttar Pradesh.

Materials and methods

The study was conducted at Crop Research Centre of G.B.
Pant University of Agriculture and Technology, Pantnagar,
U.S. Nagar, Uttaranchal during winter seasons of 2000-01
and 2001-02 to evaluate the most suitable variety of
rapeseed and mustard and optimum sowing time. The
experimental soil was loam with soil pH 7.2, organic
carbon 1.07% and available phosphorus 19.1 kg/ha. The
crop was sown in Split Plot Design with three replications.
The treaiments comprised 4 sowing dates (September 30,
October 15, 30 and November 15) in main plots and 6
varieties (Kranti, Urvashi of B. juncea, Hyola-401, GLS-1
of B. napus, Kiran (PBC-922) of B. carinafa and NDYS-2
of 8. campestris var. yellow sarson) in sub-plots. An
uniform basal dose of 80 kg nitrogen, 60 kg P,O, and 20
kg K,O was applied at the time of sowing. Remaining 60
kg nitrogen was topdressed in two equal spiits at the time
of first and second irrigation, respectively. The crop was
sown at 30 cm row spacing using 5 kg seedstha. The
weather conditions, in general, were more favourable
during 2000-01. Observations on yield attributes, yield and
quality were recorded at the time of harvest.

Results and discussion

Effect of sowing dates: The seed yield and yield
attributing characters of rapeseed and mustard were
significantly influenced by sowing dates, except
siliqua/plant which remained at par during 2001-02 (Table
1 and 2). Crop sown on September 30 enhanced
significantly  all  yield contributing characters e,
branches/plant, seeds/siliqua and 1000 seed weight and
seed yield over the other sowing dates during both the
years, but siliqua/plant remained at par with November 15
sown crop during 2000-01. The highest seed yield of 1745
and 1432 kg/ha during 2000-01 and 2001-02, respectively,
were recorded with September 30 sown crop and showed
an increase of 15.2, 53.8 and 91.4% during 2000-01 and
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13.3, 38.1 and 83.54% during 2001-02 over the yield
obtained by the sowing in October 15, 30 and November
15, respectively. Delay in sowing {from September 30 to
November 15) declined yield attributing characters as well
as seed yield. This may be attnbuled basically 1o the
reasan that early sown crop received opfimum
environmental conditions required for better crop growth
and yield attribuling parameters. While, delay in sowing
could not get favourable environmental conditions, which
affected yield contributing parameters with the concomitant
effect on seed vield, Langer reproductive phase in early
scwing might have resufted in these differences in seed
yield. Rajput ef af. {1691). Yadav and Yadav {1997) and
Singh ef a/. (2001) also reported similar results.

The oll content dacreased but protein and glucesinolate
contentincreased with delayed sowing from September 30
to November 15 during both the years (Table 3). The
September 30 sown crop recorded significantly higher oit
content over other sowing dates, except October 15 which
was at par during 2001-02. However, significantly lower ofl
content was recorded in November 15 sowing. The oil
content in seed was higher in early sowing might be due
to the fact that seed in late sown crop did not devetep fully

and diversion of photosynthates into protein which resulteg
lower oil content {Norton and Harris, 1975} The
glucosinolate contentwas significantly higher in November
16 sown crop but remained at par with October 30 sowing
during 2C01-02. High temperature prevailed during seed
developmental stage of November 15 sowing crop. Higher
temperature plays vital role in glucesinolate development
profile, because of decrease in dilution (Eaton, 1842).

Effect of varieties: Varieties differed significantly with
respect to yield and yield attributing chavacters during both
the years (Table 1 and 2). Varety Kiran recorded
significantly higher branches/plant and siliqua/plant which
resulted in slgnificantly higher seed vield over other
varieties. However, significantly higher seeds/siliqua in
NDYS-2 and 1000-seed weight in Urvashi were recorded
during both the years. It might be due to genetic
characteristics of the particular varieties. The vanety Kiran
recorded significantly higher seedyield over other vatieties
might be due to longer duration of the crop and more
siliquaiplant. The significantly jower seed yield was
recorded in variety NOYS-2 during both the years. The
varieial differences of yield and yie\d atiribuies were aiso
reported by Singh of a/. {1998) and Singh et af. (2001).

Table 1 Seed yield (kg/ha) of rapeseed and mustard varieties as influenced by sowing daies

Variety (\)

Sowing 2000-M1 2001-02
date (D)

Kranti  Urvashi Hfgia’ GSL-1 Kiran NDYS-2 Mean  Kranti  Urvashi Hzg’f" GSL4 Kian  NDYS-2  Mean
September 30 1736 1904 1835 1735 2153 1078 1740 1402 1568 1395 1476 1840 913 1432
October 15 15719 1736 1428 9923 1865 845 1549 1250 4377 1210 1483 1577 707 1264
October 30 1059 1105 1202 1328 1428 666 1131 1064 1028 599 1178 1337 417 1037
November 15 833 B63 1010 1052 1290 378 a09 772 827 840 920 1008 320 784
Mean 1300 1402 1369 1441 1684 742 1422 1200 1111 1259 1440 589

SEmz ch SEmz CD
(P=0.05) (P=0.05)

Sowing dates 33 118 22 77
Varieties 35 100 27 7
Interaction " \.\
To compare V . 73 209 56 160
atsame I
To compara D 72 216 54 160

AU BHING O

tifferent V
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Table 2 Effect of sowing

dates and varieties on yield attributes of rapeseed and mustard

Granchesiplant Siligualplant Seeds/siliqua 1000-seed weight (g)
Treatment 2000-01 2001-02 2000-01 2001-02 2000-01 2001-62 2000-01 2001-02
sowing dates
Geptember 30 22 18 1201 178 18 16 4.4 4.2
October 15 20 18 1187 147 15 146 4.1 38
QOctober 30 17 14 175 170 15 15 35 33
November 15 14 12 171 183 14 13 3.2 3.0
SEm 0.30 0.40 5.80 4 Q.20 (VR .05 0.04
GD (P=0.05) 11 12 201 NS as 0.3 az 01
Varieties
Kranti 18 11 215 208 12 11 38 37
Urvashi 17 11 206 186 11 11 4.8 4.4
Fvola-401 9 8 134 128 21 0 3.4 22
e R ] 12 10 219 215 14 14 29 27
Kiran 54 47 277 228 12 1 a3 42
NDYS-2 5 4 66 55 24 23 37 35
SEm: 0.6 0.6D 570 6,18 020 (.20 0.04 0.08
CD (P=0.05) 17 1.6 162 7.7 0.6 0.6 0.1 02

Table 3 Effect of sowirtg dates and varigties on quality of rapeseed and mustard

Oil content (%)

Protein content (%)

Glucosinolate content
(¢ male/q fat free meal)

Treatment
2000-01 2001-02 2000-01 2001-02 2000-01 2001-02

Sowing dates

September 30 40.9 40.1 21.3 218 69.2 713
Cctober 15 395 30.3 218 221 75.4 745
October 30 377 37.7 220 22.4 81.3 80.5
November 15 360 356 225 228 86.2 B35
SEmz 0.2 0.4 62 .1 12 15
GD (P=0.05} 0.4 12 07 0.5 4.2 50
Varieties

Krant 37.7 7.1 223 228 859 891
Urvashi 38.1 37.5 220 224 878 85.3
Hyola-401 N 398 39.4 216 22.0 259 222
6L " 36.1 292 20.9 213 g7 86.1
Kiran 37.8 373 218 223 98.0 875
NDYS-2 386 285 227 232 89.1 845
SEms 03 04 02 0.2 15 14
CD {P=0.05) 09 1.0 06 05 42 41

Hyola-401 was the superior variety in respect to quality
parameters which recorded maximum oil content and
maimum glucosinotate content (Table 33 Variety Hyola-
401 was at par with GSL-1 in both the years and GSL-1
ar\d NDYS-2 during 2001-02 and recorded significantly
higher oil content over other varieties. Significantly lower
glucosinolate content was recorded in Hyaola-401
tompared to other varieties. It might be due to genetic
characteristics of double low variety of Hyala-401,
however, significantly higher pratein content 1n seed was
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recorded in NDYS-2, but, was at par with Kranti during
2000-01. The varietal differences in respect to oil and
protein content were also reported by Rajput ef a/. (1991},

Interaction between sowing dates and varieties was
significant in retation to seed yield during both the years
(Tabie 1). September 30 and October 15 sown crop
produced significantly higher seed yield in variety Kiran
over other varieties, except GSL-1 in October 15 sowing,
which remained at par with Kiran during 2001-02, Under
Cctober 30 and November 15 sowing, variety Kiran
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remained at par with GSL-1 and produced significantly
higher seed viefd over other varieties during both the
years. Variety NDYS-2Z recorded significantly lower seed
yield in all the sowing dates during both the years. From
the above discussion, it could be concluded that early
sowing (September 30) resulted in higher yield of
rapeseed and mustard varieties. Sowing in November. a
normal practice by the farmers was not congenial for
rapeseed and mustard in Tara/ region of Uttaranchal and
Uttar Pradesh because of drastic reduction in seed yield
and oil content. Kiran was the superior variety in respect
to yield, but from quality point of view, the variety Hyola-
401 was found superior aver other varieties.
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Abstract

A field study was conducted during 2000-01 and 2001-
02 at Indira Gandhi Agricultural University, Raipur to
study the residual effect of organic and inorganic
sources of nutrition to kharif rice i.e., no nitrogen,
100% recommended dose of N (100% RDN}, 100% RDN
+ 5t FYM, 80% RDN + 3t FYM, 100% RDN blended with
FYM, 80% RDN blended with FYM, 60% RDN blended
with FYM + Azospirillum, 100% RDN as Urea : FYM :
Seif, 80% RDN blended with poultry manure and 60%
RDN blended with poultry manure + Azospirillum
(main plot) and direct effect of five such treatments
viz., no nitrogen, 50 and 100% RDN with or without
hlending with 3t FYM/ha (sub-plot treatments) on
mustard, Brassica juncea {L.) Czernt and Coss., cv..
Pusa bold in Split Plot Design with three replications.
The plant height, number of primary branches,
drymatter production, LAl light interception by crop
canopy and seed yield of mustard under residual effect
of 100% RDN blended with FYM was fond to be
significantly higher than other treatments. The seed
yield under this treatment was 11.1 and 34.6% higher
over the residual effect of 100% RDN + 5t FYM and
100% RDHN, respectively. Direct application of 100%
RON biended with FYM also excelled in these

characters and recorded 8.1% more seed yield than
100% RDN.
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Introduction

In high rainfall regions of eastern India, rice is commonly
grown during rainy season. After rice, mustard is
traditionally grown as a compaonent of economically viable
ETOPPINg system . righer crop productivity. Sustenance
of the productivity of rice-based cropping systems
inecess:_tales the integrated use of organic, bio-organic and
nerganic sources of nutrients (Sharma et al., 2001). In
(p)racnces‘ the nutrient management strategies adopted in
M€ crop often influence the fertilizer needs of the

succeeding crops due to carry over effect of nutrients,
which is more significant under integrated nutrient
management systems (Kumar and Tripathi, 1990).
Moreover, urea being the principal nitrogencus fertilizer in
rice growing areas, there is a need to study the residual as
well as direct effect of organic and bic-organic blended
urea on mustard crop grown after rice.

Materials and methods

Afield experiment was conducted during kharif seasons of
2000 and 2001 at the Instructional Farm, Indira Gandhi
Agricultural University, Raipur. The soil of experimental
field was sandy loam in texture, neutral in reaction (pH
7.5), low in organic carbon (0.42%) and available N (190.0
kg/ha), medium in available P {13.2 kg/ha) and high in
available K {315.5 kg/ha). Ten treatments viz., no nitrogen,
100% recommended dose of N (100% RDN), 100% RCN
+ 5t FYM, 80% RDN + 3t FYM, 100% RDN blended with
FYM, 80% RDN blended with FYM, 60% RDN blended
with FYM + Azospiriffum, 100% RDN as Urea : FYM : Soil,
80% RDN blended with poultry manure and 60% RDN
blended with poultry manure + Azospirifiurm were applied
to rice cv. Mahamaya in @ Randomized Block Design with
three replications. in the succeeding rabi seasons, the
residual effect of kharif treatments (main plot treatments)
and direct effect of five N management treatments viz,, no
nitrogen, 50 and 100% RDN with or without blending with
3 tonnes FYM/ha (sub-plot treatments) were studied to
mustard ¢v. Pusa bold in Split Plot Design with three
replications.

In rice, the recommended dese of N was 100 kg/ha as
urea and uniform application of P,0; and ;0 @ 60 kg and
40 kg/ha as SSP and MOP, respectively. All P,O, and K,0
were applied basally but N was applied in three equal
splits at transplanting, tillering and Pl stages. In 100%
RDN + 5t FYM and 80% RDN + 3t FYM as per the doses
was incorporated one day before transplanting but in
100% RDN blended with FYM and 80% RDN blended with
FYM for each split application, required quantity of N was
blended with FYM @ 1 t/ha, followed by incubation for 48
hours prior to application. In 60% RDN blended with FYM
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+ Azospiriflum @ 2 kg/ha was mixed with FYM only during
basal application. In 100% RDN as Urea : FYM : Soil,
these were blended for each split application by thoroughty
mixing urea with equal weight of dried powdered soil and
three times FYM followed by incubation for 48 hours prior
to application, In 80% RDN blended with poultry manure
urea was blended with 0.5 ttha of poultry manure for each
split application. In 60% RDN blended with pouftry manure
+ Azospiritlum, urea was blended with 0.5 t/hha poultry
manure as in 60% RON blended with FYM + Azospiriffum.
In mustard, blending of 50 and 100% RDN as urea was
done with 1.5 t FYM/ha (fresh weight) during each split,
applied basally and at 30 days after sowing (DAS). The
blending fechnique followed was similar to khanf
treatments. The recommended dose of N for mustard was
80 kg/ha and applied as per the treatments. A common
dose of phosphorus and potassium were applied basally
@ 40 kg P,O, and 40 kg K,O/ha through single super
phosphate and muriate of potash, respectively. The FYM
contained 11.2% C, 0.61% N, 0.19% P, 0.563% K, 18.2%
moisture and poultry manure contained 26 5% C, 1.8% N,
0.686% P, 1.0% K, 14.6% moisture. Growth parameters
such as plant height, number of branches, light
interception by crop canopy, drymatter accumutation, days
ta 50 per cent flowering, as well as seed and staik yieids
were recorded. Physiological parameters like LAI, leaf
area dwation (LAD) thermal requirement for flowering
(growing degree days) and harvest index (Hl) were
computed. Growing degree-days were calculated by
simple arithmetic accumulaticn of daily mean
temperatures above a base temperature. The base
temperature for mustard is 5°C (Singh ef a/., 1995).

Results and discussion

Plant height, number of primary branches and
drymatter production: The plant height, number of
primary branches and drymatier production of mustard
(Table 1) under residual effect of 100% RDN blended with
FYM was found to be significantly higher during 2000-01
and in pooled data, while, during 2001-02, maximum plant
height and primary branches were noted under 100% RDN
+ 5t FYMand 100% RDN blanded with FYM, which proved
superior to all others during the two years in pooled data
(Table 1). The benefits of residual effect of integrated N on
mustard might be due to the fact that certain portion of the
nulrient applied to a crop in organic form may remain
unutiized due to time required for the slow decompasable
fraction to release its nutrients for crop utilization. Besides,
the favourable modifications in  physico-chemical
properties of soil also increases more amount of nutrient
retention, which is ultimately available for the growth and
development of the succeeding crop. Similar findings were
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reported by Sharma et a/. (1999). The direct application of
100% RDN blended with FYM resulted in the tallest plant,
highest number of primary branches and maximum
drymatter, though it remained statistically simifar to 100%
RDN for plant height in both the years, for primary
branches and drymatter production for one year only.
Application of urea blended with FYM might have helped
in enrichment of the soil with N, P and K and also might
have exhibited higher N use efficiency for which there is
favourable effect of 100% RDN blended with FYm
{Sharma et al., 19g9).

LAl, LAD and light interception: The LAI at 45 and 90
DAS, LAD (45-80 DAS) and light interception through
mustard crop cancpy revealed the superiority of residual
effect of 100% RDN blended with FYM at both the stages
during both the yvears as shown in pocled analysis (Table
1). This treatment was closely followed by 100% RDN + 5
t FYM. The residual effect of no nitrogen treatment
resulted in the lowest LAI, LAD and light interception. In
direct effect also 100% RDN blended with FYM recorded
significantly higher [Al, LAD and maximum light
interception as compared to the rest of the treatments.
Since the chief fuhction of N is cell multiplication, it might
have resulted in higher LA, LAD and consequently more
of light interception. Similar observations were also
reported by Bhagat and Soni (2000).

Days to flowering and thermal requirement; The 50%
flowering stage under residual effect of 100% RDN + 5t
FYM and 100% RDN blended with FYM were
simultaneous and significantly delayed compared to all
other treatments, except 80% RDN + 3t FYM, 80% RDN
blended with FYM and 80% DN blended with poultry
manure during the first year and as per pooled data and
the farmer two treatments in second year only (Table 1).
The 50% flowering was the earliest with no nitrogen
treatment. In case of direct effect, the days taken for 50%
flowering was Ssignificantly higher under 100% RDN
blended with FYM during both the years. This corrpborates
earlier findings of Prakash et al. (2000) who observed
delayed flowering with higher levels of fertilizer. Increased
N availability might be due to reduced N losses by
formation of organg-mineral complexes through exchange
reaction {Prasad and Singh, 1992). Further, prolonged
availability of nutrients due to its mineralization from
organic sources might be the cause for extended
vegetative growth i e | delayed flowering. Accumulation of
growing degree days (GDD) for flowering of mustard due
to the residual and direct effects of various integrated N
nutrition also exhibited a similar trend as that of days to
50% flowering. This is obviously true to the reason that
higher the number of days, more will be the accumulated
heat.



physio]ogical respense of mustard to residual and direct effects of organic and inorganic sources of nutrition

Table1 Effect of organic and inorganic sources of nutrition on various traits of mustard (Pooled data of 2000-01 and 2001-02)}

Primary  Drymatter Leaf area Light
:liar;;tt branches! accumulation LAl LAl duration interception Dayg to Seed Stak
Treatment ir%) plantal  at 90 DAS (45 DAS) (90 DAS) (45.90 (75 DAS) 50% ppy yed  yeid .,
( harvest  (g/plant) DAS) (opy  flowering (kg/ha) (kg/ha)
Residual effect
No N 139 5 13.4 3.2 0.8 90 2 56.0 419 643 883 2648 25.0
100% RDN 147 5 201 40 11 1148 68.8 43.9 689 1333 3878 255
100% RON + 5t FYM 163 7 24.7 4.6 1.3 133.0 808 47.6 716 1815 5046 241
80% RDN + 3t FYM 181 6 219 4.1 1.1 116.5 7.2 45.5 690 1434 4430 245
100% RDN biended 163 7 26.4 49 1.4 140.6 85.7 476 716 1794 5541 24.4
with FYM
80% RDN blended 1585 6 237 44 1.2 1256 75.8 455 880 1581 4794 245
with FYM
60% RON blended 149 & 203 4.1 1.1 116.7 69.6 443 675 1316 4086 24.3
with FYM +
Azospirtfium
100% RDN as Urea : 150 6 20.4 41 1.1 117.7 70.2 44.3 675 1370 4015 254
FYM : Soil '
80% RON hlended 148 6 21.2 41 1.1 117.0 71.6 45.0 684 1391 4283 244
with poultry manure ‘
6(_)% RDN blended 147 5] 19.5 4.1 1.1 117.9 70.6 442 674 1283 3898 247
with poultry manure + .
Azgspiriiium
SEmzx - 2.2 0.10 0.4 0.1 0.02 26 - 17 1.0 8 34 82 043
CD (P=0.05) 6.4 0.29 1.3 0.3 0.06 7.8 5.0 29 24 100 245 NS
Direct effect
No N 128 5 16.2 3.0 0.8 83.9 51.7 431 658 910 3065 230
50% RDN 150 6 205 4.0 1.1 1131 70.4 450 683 1338 3981 251
100% RDN b
with £YM ended 152 6 2413 42 12 187 T 450 683 1415 4175 254
1009
%RON 161 7 23.3 4.7 1.3 1333 80.3 458 693 1589 4667 24.8
100% RDN b} L !
with FYM ended 165 7 245 5.1 1.4 144.9 85.1 46.2 699 1728 5221 249
SE
me 18 007 0.4 01 002 18 1.0 0.4 317 85 032
CD (P=0 05 '
) 5.1 0.19 1.2 0.2 0.07 52 2.8 1.1 8§ 48 154 0.89

TR = Thermal i
requirement for floweri i
: tz Harves! index wering (growing degree days)
ote: PR . .
Data for individual years is not given, as it followed the same trend as in pooled data.
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Seed yield, stalk yield and HI: Seed and stalk yield of
mustard was significantly higher in plots receiving 100%
RDN blended with FYM during kharif and remained
statistically superior to all other treatments. As per pooled
data, the seed yield under this treatment was 11.1 and
34.6% higher over the residual effect of 100% RDN + 5t
FYMand 100% RDN, respectively (Table 1). However, the
effect 6f 80% RON blended with FYM and 100% RON + 5t
FYM were comparable, but significantly superior to 80%
RDN + 3t FYM and 100% RDN. Direct appflication of
integrated nitrogen treatments to mustard resulted in the
highest seed yield under 100% RDN blended with FYM,
which remained significantly higher to all other treatments.
Based on pooied data, the yield under this treatment was
8.1% more than that of 100% RDN. However, direct
application of 50% RDN blended with FYM produced
significantly lower seed yield compared to 100% RDN,
Superior performance of blending of inorganic N with FYM
might be owing to reduced loss of N and its increased
availability fo crop by fixation of NH_/ion with humus
present in FYM (Bellakki ef &/, 1998}, So also Jain and
Sharma {2000) observed favourable effect of integrated N
use over inorganic N in mustard. The harvest index due to
residual effect of kharf treatments was observed to be
non-significant, though, itremained significantin response
D R Saarnetin ety appiind b moehand. I Lane f
direct application it was found 1o be the highest in 50%
RDN blended with FYM, which remained at par with all
other treatments directly applied to mustard, except the no
nitrcgen treatment. Higher N availability might have
faveured greater source-sink relation at appropriate period
of grain filling stage resuiting in higher yield.
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Abstract

A field experiment was conducted during rahi 2000-01
and 2001-02 to evaluate the response of Indian
mustard, Brassica junceato saline waterirrigationand
find out the phosphorus requirement. The seed yield
of mustard significantly decreased with increase in
salinity of irrigation water schedule mainly due to
decrease in plant height, number of siliquae/piant and
number of seeds/siliqua. However, it became chvious
that if one saline irrigation is to be given it should be
avoided as firstirrigation (at the time of flowering) and
may be opted for second irrigation. The agronomic
efficiency could not improve in the plots where first
irrigation was with safine water even if the second
irrigation was non-saline. A linear response to
phosphorus with respect to seed yield was noticed
upto 60 kg P,O./ha. Maximum phosphorus use and
agronomic efficiency was obtained with 20 kg P,O,/ha
over control.

Key words: Mustard, phosphorus, saline water

irrigation, efectrical conductivity
Introduction

Sustainab lity of mustard production in arid and semi-arid
region of Rajasthan is faced with the challenge of
underline saline ground water. Out of total ground water
available in the state, 8% is of poor quality {(Minhas and
Tyggﬁ, 1998). However, there are situations where only
fimited amount of non-satine surface water is available that
may be used conjunctively. The crop growth, yield and
nutrient use efficiency decreased with the use of poor
quality of irrigation water (Chauhan et al., 1988). The
under ground saline water is characterized by
predominance of either the SO, or Cl ions. Additional
application of phosphorus improved the yields of
groundnut  {Minhas et al, 1698). Information on
_phosp_horus requirement of mustard under saline water
Ifgation, especially when used conjunctively  with
non-saline surface water, is lacking. Hence, study was
undertgken to investigate the effect of levels of saline
water irrigation and phosphorus on the seed yield and
Phesphorus use efficiency of mustard.
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Materials and methods

A field experiment was conducted during rabi season of
2000-01 and 2001-02 at the Naticnal Research Centre on
Rapeseed-Mustard, Bharatpur, Rajasthan. The scil of the
experimental field was clay foam in texture having pH 8.0,
available N and P 2582 and 6.1 kg/ha, respectively. The
organic carbon and electrical conductivity of 1:2 soil: water
extract varied between D 32% and 0.34% and D.35 dS/im
and 0.55 dS/m at scil depth of 0-15 cm and 15-30 cm,
respectively. The experimant was faid out in a Split Plot
Design with four replications using four combinations of
non-saline and saline water (W,- two irrigations with
non-saline water, W first non-saline and second saline
irrigation, W- first saline and second ngn-saline irrigation,
W,- two irrigations with saline water) in main plot and four
phosphorus levels (0, 20, 40 and 60 kg P,0./ha) in
subplot. The non-saline and saline water was having
electrical conductivity of 2.9 and 19.9 dS/m and pH 7.7
and 7.4, respectively. Mustard variety RH-30 was sown on
26" and 25" October during 2000 and 2001, respectively.
Half of nitrcgen and whole phosphorus {as per treatment)
was applied as basal and remaining nitrogen was
top-dressed after first jrrigation i.e., 35 days after sowing
(DAS). The recommended package of practices of
mustard were followed. Data on growth and yield attributes
were recorded from five randomly selected plants (Table
1). Phosphorus uptake, its content in grain and stover was
determined by Vanadomolybdate yellow colour method
(Jackson, 1973). The data were statistically analyzed by
using standard procedure. The phosphorus use efficiency
was calculated as increase in its uptake over control and
agronomic efficiency was estimated as increase in seed
yield over control per kg of P,O, applied.

Results and discussion

Effect of saline irrigation water: Qualities of irrigation
water and phosphorus levels had a significant effect on
seed vyield of mustard during both. the years of
experimentation (Tabie 1). The effect was more
pronounced in the second year, which might be due to the
cumulative effect of salinity. Two irrigations with nen-saline
water recorded significantly higher seed yield of mustard
during 2000-01 and 2001-02. Inthe firstyear, first irrigation
with saline water (W,) was worse as compared to second
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irrigation with saline water (W,). Whereas in the second
year the differences among these treatments were not
significant, may be due to built-up of salinity. The vield
decrease was mainly due to reduced plant height resulting
into less number of siliquae/plant and 1000-seed weight,
On an average, two irrigations with non-saline water
recorded 14 4, 26.3 and 35.6% higher seed yield over w,,
W, and W,, respectively. Since the yield reduction was
more when first irrgation was with saline water as
compared second irrigation, it is better to opt for first a
non-saline irrigation at the early crop stage and secend
one as saline than vice versa.

Uptake of phosphorus was sighificantly higher when both
irrigations were with non-saline water (W,) as compared to
other treatments and minimum uptake (Table 2) was
recorded in treatments where both irrigations were saline
{(W,).

The best agronomic efficiency of phosphorus was obtaineqg
in the treatments where only non-saline water was applied.
The efficiency decreased in other treatments. However, it
was better in the treatment where only second irrigation
was saline than other two treatments.

Table 1 Effect of irrigation water quality and phosphorus levels on yield attributes and seed yield of Indian mustard

Treatment Plan&:;e)\'ght Siliquae/plant Seeds/siliqua wggﬁeg; Sii;%f;d ean
2000-01 2001-02 2000-01 2001-02 2000-01 2004-02 2000-01 2001-02 2000-01 2001.02
Irrigation water
W, 132 126 168 173 12.8 11.7 6.3 6.1 1736 1316 1526
W, 124 109 1486 142 121 11.5 6 5.8 1500 1173 1337
W, - 124 113 125 132 11.8 111 56 53 1363 1053 1208
W, 108 108 121 108 1.0 10.5 51 5.0 12463 1047 1125
CD (P=0.05) 12 12 6 22 0.7 0.5 0.2 0.2 128 131 113
Phospharus levels
a 17 108 101 104 114 1.2 57 5.4 1224 811 1068
20 119 112 127 117 11.8 1C9 58 56 1421 1095 1258
40 125 121 144 148 12.4 11.56 5.7 55 1537 1236 1387
6G 126 125 187 186 128 12.2 58 56 1621 1348 1485
CD (P=0.05) NS 7 7 18 0.4 0.3 NS NS 84 82 78

W, = two irrigations with non-saline water

W, = first non-saline and second saline irrigation
W, = first safine and second non-saiine irmgation
W, = two irnigations with saline water

Table 2 Effect of irrigation water quality and phosphorus levels on phosphorus use efficiency of mustard

Phosphorus uptake (P,0; kg/ha)

Mean phosphorus  Mean agronomic effigiency of

Treatment 00001 2001-02 use efficiency phosphorus (seed /kg of P,Oy)
Irrigation water

W. 325 242 0.20 9.3
W 283 18.5 0.20 8.1
W, 28 4 16.0 0.21 75
W, 207 18.5 0.18 7.8

CD (P=0.05) 3.5 2.5 - -

Phosphorus levels

0 216 12.3 - -
20 26.7 166 0.24 95

40 28.1 19.8 0.19 8

60 325 223 0.18 7

CO (P=0.05] 3.2 15 - -
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effect of phosphorus levels: The phosphorus levels
significantly affected the seed vyield of mustard,
siliquae/plant, and seeds/siliqua in both the years and also
plant height in the second year. The linear response to
phosphorus was observed upto 60 kg P,O,/ha. Application
of 20, 40 and 60 kg P,O./ha increased the seed yield by
17.8. 29.9 and 39.0% compared with nc phosphorus,
respectively. The results, thus, indicated that the
requirement of phosphorus was more under saline
irrigation water. This was probably due to higher fixation of
P as insoluble compound in the saline environment and
relatively smatler fraction becoming available to mustard
plants. The application of 60 kg P,0./ha significantly
enhanced the phosphorus uptake over rest of P levels
during both the years. The better effect of increased
phosphorus level over the recommended dose on ¢rop
yield under saline watec irrigation has also been reported
by Chauhan et &/, (1991). Increasing tevel of P application
increased its' uptake significantly and the effect was more
pronounced in the second year. The phosphorus use
efficiency was more (0.24) at lower levels of phosphorus
application and decrease with subsequent increase in P
levels. The maximum 9.5 kg seed of mustard/ kg of P,O,
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was obtained with the application of 20 kg P,0,/ha. over
control. Appiication of phosphorus seems to mitigate the
adverse effects of salinity.
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Abstract

Present study was aimed to evaluate the performance
of different calibration equations in the analysis of
rapeseed-mustard seeds for their total oil content.
Calibration equation was developed from four
calibration sets of the samples which differ besides
population, the crep year in which they were grown,
average moisture level as well as physical morphology
of the seeds. Regression statistics of the equations
were compared to study the effect of math treatments,
regression mode and presence of undesirable
samples that give high residual value during equation
development. Performance of the equations invelving
different calibration files as external validation sets
was also studied. Finally, first derivative equation
developed by stepwise regression mode with dried
samples {average moisture level of 3%} from
2000-2001 crop year was selected for its wider
application in predicting oil content of commonly
grown rapeseed-mustard samples within the total oil
content range from 27.87-53.08%.

Key words: Rapeseed-mustard, germplasm, oil

content
Introduction

Development of analytical technique for rapid, comparative
and accurafe estimation of quality trails has always been
a challenging task in the fietd of quality study of
agricultural and food products. For example fotal ail
content determination of an ailseed by an Official Soxhlet
Extraction method takes about 8-12 hours. Introduction of
nuclear magnetic resonance (NMR) technique (Conway
and Earle, 1963; Madsen, 1976) though has reduced the
analytical time, but not encugh to meet today's research
and market reguirements. This is because wide fine NMR
analysis requires a minimum of 3-4 hours time to dry
seeds to bring their moisture leve! to about less than 3%,
to nullify its effect on oil value. Moreover, being a unitrait
technigue, its application is getting replaced by other
iechnigues fke WNIRS {(Near infrared Refiectance
Spectroscopy).
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NIRS is a multi-trait technigue that fulfills most of the
requirements for rapid, reliable and cost effective
screening for several quality traits of intact seed (Tkachuk,
1981; Tkachuk and Kuzina 1982; Van Deynze and Pauls,
1994; Daun and Williams, 1995; Velasco ef al., 1997a:
Velasco and Becker 1998a;16%8b) However, the
technigque has been considered an empirical method
because calibration equations have to be obtained prior to
routine analysis.

{Development and selection of calibration equation has
been a continuous process. Calibration results are
influenced by many variables including the number of
samples selected, sample presentation, primary method
accuracy, instrument precision and particle size
distribution (Holman and Edmondson, 1956). The
statistical selection criteria explained by different workers
help the process, but misuse of the computation powers
routinely available with modern NIR instruments though
produces very good statistical values, but the final
equation will not be nearly as accurate as it appears.
Chemical knowledge about the constituents and familiarity
with the NIR/NIT (Near Infrared Transmittance) application
allow the user to determine optimal wavelength selection
and give greater confidence that NIR/NIT method is
directly predicting the constituents of interest.

Though it has been in generaf conclusion as emerged
from different studies (Velasco ef al., 1987h), that
particular equation would perform better if it is developed
from calibration set with large variability for interested
parameter, and good repeatability in the analysis by the
reference method. However, clear information is not
available about the comparative performance of the
equations when they are developed from calibration sets,
which are different with respect to moisture level of e
samples, their physical merphology and the environmerits
in which samples are grown.

The objective of the present study is to select a general
calibration equation for quantification of oil content in all
types of rapeseed-mustard samples by using NIR:
technology.
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Materials and methods

A fotai of 727 rapeseed-mustard coltections from major
species, namely Brassica juncea, _B. napus, B. rapa, B.
carinata, B. nigra and Eruca saliva were used in the
present study. These include 250 collections grown during
1998-99 at Issapur Experimental Farm of NBPGR, New
Delhi and another 477 collections that were grown in
2000-01. With these collections, the following four
calibration sets were made for developing different NIR
equations for the analysis of rapeseed-mustard samples
for their oil content determination. The reference oil value
are established by standard Soxhlet extraction method for

all the sets:

Calibration set 1 : Selected samples from 1888-99 grown
crop with the oil percentage range of 32.13-46.83% .
average moisture of 8.5%.

Calibration set Il: Contains the same samples but were
scanned at ground state.

Calibration set ill: Contains another set of samples from
2000-01 grown crop with the oil percentage range of
27.42-51.31%, average moisture of 8.5%.

Calibration set IV: Contains same lot of samples as in
calibration set Il but samples were scanned at average
moisture level below 3% after adjusting the radio
frequency, audio frequency gain and gate width values
and with the calibration of the instrument with pure oil of
rapeseed extracted by Soxhlet method.

Validation set : Contains 259 whole seed samples from
rabi 2002-03 grown crop with oil percentage range from
30.87-49.66%, established hoth by NMR and Soxhlet
extraction method. This set was used as an external
validation set to test the performance of the equations.

NIR reflectance spectroscopy: About 5g intact seed or
equal volume of ground seeds were uniformly placed in a
small ring cup (o 3.8 cm) for scanning on a
Monochromator NIR Systems Model TR-3712-6 (Foss
Tecator Near Infrared Analyzer Systems: Sitver Springs
MD 20904, USA) and reflectance spectra (Log 1/R) from
400 to 2500 nm were recorded at 8 nm interval. The log
R spectra were transformed into their first and second
derivative and Detrend scater carrection (Barnes et al.,
1989} was computed at the gaps of 4 nm and smoothing
over segments of length of 4 nm. Calibration was
performed hy using modified partial least square (MPLS}
and also modified stepwise (MSR) regression ontherange
from 1100 to 2498 nm. Cross validation was used to
prevent overfiting (Shenk and Westerhaus 1993). All
Procedures were developed by using 151 software, version
310 (nfrasoft International, Port Matilda PA, USA).

_Spectral analysis: The following procedure was used to
'd_em_ify_the main spectral regions associated with NIRS
d'SCfl_mlnatiorn for oil. For each calibration set, six samples
_Sl‘_ir]}‘:w'“g low oil, medium and high values were selected.

€e average spectra (low. medium and high oil content)
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were then created for each calibration set. First [1,4.4.1]
and second [2,4.4,2] derivative transformation and scatter
correction were applied to the new spectra, as described
previously, and standard deviation among average spectra
for each new crealed set were studied to identify spectral
changes associated with change in oil content.

Cil content of seeds: Foliowing three methods were used
for oil content determination:

Method | (Standard method): Seeds dried at 105°C for
16-18 hours {drymatter basis with moisture level below
3%) were used. The extraction was performed as follows:

An amount of 22g dried seed ground in a Hand mill was
weighed into two portions of 10g each. The samples were
placed in Sexhlet tubes and extracted for 16 hours with
petroleum ether {bp 40-80°C). Afterwards, samples were
greund in a mortar and again extracted for 16 hours. The
petroleum ether was evaperated, and the oil was dried to
a constant weight, in an incubator at 100°C, afterwards,
the cil percentage was calculated.

Method IlI: The oil content was determined in the seed
without drying otherwise as in method |.

Method IIl: Qil content was determined on drymatter basis
by Nuclear Magnetic Resonance (NMR) spectrometry
technique. Newport 4000 analyzer from Oxford Analytical
Instruments Limited was used for this purpose.

The instrument was calibrated by taking 20g pure oil and
adjusting it to radio frequency 225pA; audio frequency
gain 400, integration time 30s and gate width of 1.0 to
receive direct oil value of samples as determined by
Method I.

Results and discussion

Distribution of total oil content in population of two
calibration sets from crop grown during 1998-99 and
2000-01 (rabi season), determined at average 8.5%
moisture basis (as received) by Sexhlet extraction method
are shown in figure 1 and figure 2 respectively. Range of
oil content was from 32.13-46.83% for samples from
1998-99 crop year (calibration set l). With the introduction
of new set of samples, range of oil value increased from
27.42-51.32% (calibration set III).

Average reflectance spectra for the set of similar samples
frem 1998-99 crop year at their intact and ground farms
and for the another set of samples from 2000-01 crop year
at their moisture level of 8.5% (as received) and 3% (dried
seeds) are shown in figure 3 and figure 4 respectively.
Reflectance spectra for whole and ground seed are quite
similar, indicating that both spectra probably contain
similar compositional information. Some of the peaks in
the ground samples are better resolved as is illustrated by
the height of 2310 and 2346 nm absorption peaks.
Reflectance spectra for the samples having two different
levels of maisture are also similar except at 1932 nm
absorption peak which is more prominent for higher
moisture containing samples.
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Lab values for oilpercent

Number of Samples

0 i == == § . .
1213 35.81 19.48 43.16 46.83

Fig. 1 Distribution of total oil content in the population of crop grown during rabi, 1998-99 used for calibration set | and Il

Lab values for oilpercentage

Number of Samples

( m—=288 V%
21.42 33.39 19.37 45.34 51.32

Fig. 2 Distribuuoun of total oil content in the population of crop grown during rabi, 2000-01 used for calibration set Il
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Fig. 3 Averaaf reflectance spectra for whole seed {A} and ground seed (B) in rapeseed-mustard germplasm
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9 Average reflectance spectra for whole seed at average 8.5% moisture level {A) and at below 3% moisture level (B)
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Table 1 Regression and pradiction statistics of MIR equations hefore elimination of undesirable seed samples of rapeseed-mustard

Detaus of samples and NIR regression mode

MPLS MSR
Siatistical Math tezatment {1.4 4.1} Math treatment [2,4.4.1) Math treatment [1.4,4 1] Math treatment [2 4.4 1]
arametar
P 2001-01 crops  1998-99 crops  2000-01 crops  1998-8% crops  2000-01 crops  1988-95 crops  2000-01 craps 1898-92 crops
Oven Oven Qven Oven

Intact dred Intact  Ground  Intact dried Intact  Ground Intact aried Intact  Ground  Intact dried Intact  Ground
Rarge 27.42- 28.88- 3213- 32.13- 27.42- 2888- 3213- 3213. 2742- 2888 32.13- 3213- 2V42- 2888- 3213- 3213

51.32 5308 4683 4883 51.32 5308 4683 4683 5132 5308 4683 4683 6132 5308 46R2 4683
Mean 3982 4172 4092 4093 3982 4172 4062 4093 3982 4172 4092 4093 3982 4172 4092 4093
50 5556 5768 3225 3217 5556 5768 3225 3217 55856 5768 3225 3217 5556 5768 3225 3217
R® 0965 0884 0962 0.95d 0971 0885 0863 0962 0971 0987 0957 0855 0976 0986 0963 0.954
SEC 1037 0718 0626 0646 0947 (G588 0622 0626 0953 0652 0666 0681 0855 0874 0819 0688
1-VR 0857 0970 0537 0919 0950 0973 0829 D864 ODSE7 0984 0957 0943 0873 0985 0959 0937
SECV 1150 0995 0803 0919 1242 0833 0.851 1189 0885 D0E70 0707 Q.763 0509 0706 0643 0807

Table 2 Regression and prediction statistics of NiR equations after elimination of undesirable seed sampies of rapeseed-mustard

Details of samples and NIR regression mode

MPLS WMSR

Statistical Math treatrment [1.4.4,1] tath treatment [2,4.4.1] Matty reatment [1,4,4,1) Math treatment (2.4,4,1]
parameler.

2001-01 crops 19988-98 crops 2000-01 crops  1898-93 crops 2000-04 <rops 1938-9% orops 2000-01 crops 1988-92 crops

Intact 8::3 Intact Ground intact g:::g Intact  Ground Intact g:sg intact  Ground  Intact 2:22 Intact Ground
Range 27 87- 29.56- 32.13- 32.13- 27.87- 28.88- 3213 3213- 2787- 2888 3213- 3213- 2787- 2888- 3213- 3213

5045 5308 48B3 4683 5015 53.08 4683 4683 5132 5308 4683 4683 5015 5308 4683 4683
Mean 39.87 4175 4087 4095 2399% 4143 4099 4086 2098 4180 4081 4093 3986 4162 4092 4093
$SD 5305 5649 3290 3276 5285 5748 2045 3208 5376 5881 3338 317 65270 H77T 3225 32
R* 00982 099t 0881 0970 0982 0991 0991 (920 098 0993 0983 0955 0985 0990 D963 0954
SEC 0704 0544 0452 0570 0708 0.556 0.294 0906 0669 0474 0434 0681 0648 0565 0619 0688
1-VR 0980 0981 0975 0957 0978 0984 0982 0881 0883 0993 0980 0043 0984 0939 0958 0937
SECV 0756 0777 0520 0680 0783 0730 0412 1105 0.689 0492 (0471 0783 0673 0594 08643 0801

SD = Standard deviation: R® = Squared co-efficient of multiple determination in calibration In cross validation, itis cslimated as 1 minus vanance satio - -VR:
SEC = Standara erre: of calioraton (% ol in seed)
SECV = Standard error of cross validation in modified parental least squares regression (% oil in seed). Math treatment a, b, ¢, @
a = derivative function; b =gap, ©=smooth. o = second smoolh, MPLS = Medified partial least square; MSR = Modified stepwise regression
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Differences in ait cancentration of the samples for all the
four calibration sets were found associated with spectral
differences, mainly located at the spectral region of
2290-2348 nm and 1680-1764 nm irespeciive of
mathematical treatment of [1.4.4.1] and [2.4.4,1] used in
the present study. The spectral regions of 22980-2336 nm
and 1690-1732 nm are responsible for bond vibration of
o first overtone of CH,, CH, group and C-H
combinations of CH;. CH, group respectively. This
represents the basis for NIRS discrimination of oit from
other constituents of the seeds. Most of them belong to the
principal spectral regions associated with fatty acids
present in rapeseed-mustard seeds (Barnes et al., 1980,
Shenk and Westerhaus, 1993).

With the four calibration sets, equal numbers of 16 best
equations were developed. Among these eight eguations
were developed with MPLS (modified partial least square)
mode and remaining eight equations by MSR (modified
stepwise regression) mode. Identical math treatment were
followed to obtain eight first derivative equations [1.4.4,1]
and eight second derivative equations {2,4,4,11. Similarly
corresponding  sixteen other equations were also
developed by applying the elimination process which
involves only the selected samples that give less than 2.5
residual value in regression process {(Fig. 5. 8).

Dried samples give befier regression siafistics in
comparison to their counterpart sets at moisture ievel of
8.5% from 2000-01 crop year. It may be assumed that by
Soxhlet extraction method, samples give more accurate oil
velue if they are taken in dry condition. Squared
co-efficient of multipte determination (R*) and Standard
error of calibration (SEC) value in sixteen equations
developed with all the samples {Table 1) varied within the
range of 0.955-0.987 and 0.619-1.037 respectively, Ratio
of 5D (standard deviation) and SEC of the equations were
within the range of 8.84 to 4.67. Ideally the SD of the
calibration set should be at least ten times larger than the
SEC to ensure a good calibration (Panferd and deMan,
1990). Equations with good regression statistics can be
obtained if elimination process is applied to remove the
undesirable samples with minimum residua! values of 2.5
(Table 2). SD and SEC ratio of all the four calibration
equ_aiions developed with selected dried samples
_(calfbraiion set-IV) were within the range of 12.34 to 10.21
' Camparison to 10.35 1o 3.54 ratio values obtained for
the femaining equations. Comparatively better regression
Statlstics were obtained for the equations developed with
Mact selected saniples than their counterpart set of
t9r°““d samples from 1998-39 crop year. Neither matn
reatment nor regression mode used in the present study

has any appreciable effect on regression statistics of the
equations.

Eﬁm €quations from each calibration file generated a total
vaugemy four R* (Coefficient of determination in external
ation) and SEP (standard error of prediction in
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external validation) values when they were tested against
the three remaining calibration files as external validation.
Respective R? and SEP values were compared to select
the equation having wider prediction capability. Because
of obvious reasons R? values are given more consideration
than SEP values, as calibration fites are different in their
population structyre, physical morphology and forsamples
being grown in different environments. R? values of the
tested equations varied within the range of 0.808 to
0.921. The performance of the equations developed with
whole seed samples is found better and varied within the
impressive range of 0.845 to 0.948 when were tested
against the other whole seed based calibration files
irrespective of their moisture level and ather differences.
Equations derived from year 2000-01 crop at 3.0%
moisture level (calibration set-IV) comparatively produced
low average SEP values followed by Calibration set-l,
calibration set-ll and calibration set-ll.

The best equation from calibration set-]V with SEC value
of 0.474 was found to give very goed average prediction
statistics (r? and SEP) in comparison {o remaining thisty
one equations when tested against other calibration sets.
These best eguation along with other equations were
again tested with a new validation set {(calibration set-V)
consisting of 259 new rapeseed-mustard samples of
B.napus, B.juncea and B.rapa grown during Rahi 2002-03
with oil content range of 30.87 to 49.66%. The best
prediction plot and prediction statistics performed by the
same equation is shown in Figure. 7. )

In general, first derivative equations developed with
selected samples from the respective calibration file by
stepwise mode of regression are better performing and
give comparatively low average SEP. On the other hand,
it is only two secand derivative equations among other six
equations from calibration file containing ground samples
and developed by MPLS made of regression that produce
comparatively low average SEP value when tested against
other three calibration sets containing intact seeds.

All the MPLS based second derivative equations
developed with total samples always performed as the
second best for predicting oil values of the samples
irrespective of their physical morphology, growing yearand
moisture level.

Conclusion: Regression and prediction statistics of the
thity two calibration eguations developed with four
calibration sets. were compared (o select the best
equation for its wider capability 0 measure oi) content of
the rapeseed-mustard seeds.

The first derivative equation [1.4,4,1] developed with
selected dried samples from 2000-01 crop by modified
stepwise regression was found to give impressive
regression vatues of 0.993 and 0.474 for R? and SEC
statistics respectively.
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The average R? and SEP value of this equation for the
prediction tests against the three validaticn sets
(calibration set-1, 1l and ll) was found 0.913 and 1.490

respectively.
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sbstract

4 el experiment was conducted for two years
00-2001) during rainy season on deep vertisols of
Bianal india to study the effect of different nutrient
mbinations viz., 0,75, 100% recommended dose of
ngemphosphorus and potassium (NPK), 75% NPK
+emyard manure (FYM) @ 5t /ha, 75% NPK + poultry
manure (PMY @ 1.5 tha and 75% NPK + phospho-
¥mpost(PC) @ 5 t/ha on dry matter production, water
eeefliciency and productivity of soybean. The results
soked that with the increase in NPK dose from 0 to
j‘UU“,’: there was significantimprovementin both below
et and above ground {shoot) dry matter at all the
$2ges of crop growth. Integrated use of organics and
m9anics not only recorded significantly more root
and shoot dry matter but also accelerated the rate of
motand shoot growth compared to only inorganic
ertlzation. Effect of integrated use of FYM with 75%
”P”‘ in terms of dry matter production, water use
ciency ang yields of soybean was more prominent
B integration with PM and PC. The performance of
ndrient combinations followed the order of: 75% NPK
*FM>75% NPK + PM > 75% NPK + PC > 100% NPK,
s, the combined use of manures and inorganic
ertilizer played a significant role in increasing the
Bove and below ground dry matter, water use
"-‘f"CiEncy, pod number and its weight resulting in
figher seed and oil yield of soybean.

Key words: Integrated nutrient management,

vertisals, soybean, phosphocompost
Introduction '

$opbean [Glycine max (L.) Merrill] is the most important
ianifvilseed crop grown on vertisals of semi-arid tropics
Q'f Central jndia. Though the area under soybean has
Mieased 8 fold during 1982-1996, its productivity gap
tetween achievable potential grain yieid of 3 tha and
q:urrent yield level of less than 1.0 t/ha remains very wide
(Bupta and Rajput, 2001). Low productivity of the crop is
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primarily because of uncontreliable climatic factors like

erratic rainfall distribution pattern and controliable edaphic

facter of low organic matter status owing o imbalanced

application of macgro-and micro-nutrients threugh high

analysis inorganic fertilizers in a continuous cropping.

Soybean utilizes high quantities of nutrients from seil and

if not fertilized properly, it causes mining of scil nutrients.

Therefore, it is necessary to maintain soil fertility for

sustainable production of soybean through judicious use

of fertilizers {(Bobde et a/., 1998). It has been realized from

long- term ferlilizer experiments that neither chemical

fertilizer nor the organics alone can achieve sustainability

in production {(Prasad 199&; Singh and Dwivedi, 1996).

This calls for integrated use of organics and inorganics for
highly intensive production system to maintain sail health

and to augment the efficiency of nutrients. The declined-
availability of FYM is being experienced in Madhya

Pradesh consequent upon tendency of limiting farm
animals due to increasing farm mechanization. Moreover,

the commonly adopted practice of burning wheat residue
has fed to the decline in soil organic matter, poliution of the
environment and lowering biological activity. The
promotion of turning wheat residues into phosphocompost
{PC) during the time-lag of about two and hailf months
(April-June} between the harvest of wheat and planting of
kharif scybean and its ulilisation as alternate to FYM is a
feasible option. In addition, the fast deveicping poultry
farming in this region has been able to provide with
increased quantities of poultry manure {PM), which
contains high concentration of nutrients, can form an
integral part in integrated plant nutrient supply system and
can meet out shortage of FYM to some extent. Hence, the
present investigation was undertaken to study the effects
of judicious and combined use of inorganics (NPK) and
above lhree organic manures on growth, water use
efficiency and yield of soybean.

Materials and methods

The filed experiment was conducted during rainy {kharif}
seasons of 2000 and 2001 at the research farm of Indian
Institute of Soil Science, Bhopal on deep Verisols. The
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soil of the experimental site (Typic Haplustert) was clayey
having pH 7.8, organic carbon 0.52% and EC 0.52 ds/m.
The available soit N, P and L contents were 145, 10.7 and
325 kg/ha, respectively. The saturation water holding
capacity, bulk density and porosity of the surface (0-15
cm) soil were 62%, 1.45 Mg/m® and 45%, respectively. The
experiment was laid out in a Randomized Block Design
(RBD) with six nutrients, no fertilizer and manure (F,}, 75%
NPK through fertilizers (F,), 100% of NPK through
fertilizers (F,), 75% NPK through fertilizers + 25% through
FYM (F,), 75% of NPK through fertilizer + 25% through
phosphocompost (F,) and 75% of NPK through fertilizer +
25% through PM (F,) with four replications. The dose of
organic manure was fixed based on N equivalence {0.73,
0.80 and 2.14% N in FYM, PC and PM, respectively) and
their guantities reguired to substitute 25% N were 5, 5 and
1,5 ha, respectively. The recommended dose of N : P04
K,0{100% RDF) used far soybean were 30 1 60 : 30 kg/ha.
Entire dose of nitrogen, phosphorus and potassium were
applied at sowing through urea, single superphosphate
andg muriate of potash, respectively. Phosphocompostwas
prepared using fresh cowdung, soil and wheat straw in the
ratio of 1:0.5:1 (dry weight basis). Pyrite (5-22.2%) @10%,
2.2% P through mussoorie rock phosphate (100 mesh)
and N @ 0.5% through urea were added to the mixture on
dry weight basis. The materials were allowed to
decompase for a period of 80 days.

Soybean (JS 335) at 30 cm x 10 cm spacing was sown in
first week of July during kharif and harvested at 95 days in
first year and at 91days at second year. The total rainfall
received during the first and second year (June - October)
- was 693.3 and 766.6 mm, respectively. However, there
was less rain during grain filling stage in second year than
first year. Plant samples were collected from 0.5 m? land
area at different stages crop growth and oven-dried at
65°C 1ill constant weight. Dry matter was determined
based on the fresh weight of sample plants and the
moisture content of the sub samples. Water-use efficiency
was calculated by dividing seed yield with the respective
value of seasonal evapo-transpiration of the crop
calculated by water balance method

Statistical analysis of data was carried out using standard
a_naiyrs.is of variance (Gomez and Gomez, 1984} The
flgmﬂcance of the treatment effect was determined using
‘h_e Fest and ‘o determine the significance of the
d!ﬁe_rence between the means of the two treatments, least
Egr;:ﬁca‘nces {LSD) were estimated at the 5% probahbility
Results and disctssion

D':y Matter production: Data pooled over two years
Showed that with the increase in NPK dose from 0 to 100%
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there was significant increase in both befow {root) and
above ground (shoot) dry matter (DM} at all the stages of
crop growth. The beneficial effect of applied NPK on DM
and productivity of soybean was attributed to increased
crop growth and relative growth rate (Hasnabade et ai,,
1990). However, integrated use of organics and inorganics
recorded significantly more DM compared to inorganics at
all the stages (Table 1). Shoot and root growth with the
combined use of grganics and inorganic were faster than
only inorganic fertilizer application. The shoot growth rate
was 11.9, 11.9.9.9 g/m¥d between 30-60 DAS and 4.2,
49 60 g/m¥d between 60 DAS and harvest with
NPK+FYM, NPK+PC and NPK+PM, respectively vis-a-vis
8.6 and 3.9 g/m*/d with 100% NPK. Simitarly, rool growth
rate was 0.9, 0.8, 0.9 g/m?/d between 30-60 DAS and
0.3,02,03 gim*/d between 80 DAS and harvest with
NPK+FYM, NPK+PC and NPK+PM, respectively vis-a-vis
0.6 and 0.1 g/m%d with 100% NPK. Application of 75%
NPK in combination with FYM @ 5 tha recorded
significantly higher above ground DM at 30 and 60 DAS
over other nutrient treatments but at harvest effects of al}
three organic sources on above ground DM were
statistically at par. Except at 30 DAS, effects of all three
organic sources on below ground DM were at par but
these were significantly higher over inorganics {Table 1).

Water use efficiency: The effect of inorganic fertilizer
application on water use efficiency (WUE) was not
significant. Though effect of all three organically treated
plots on WUE was at par, the integrated use of FYM and
NPK fertitized plots registered significantly higher water
use efficiency than the plots receiving either inarganic
fertilizer alone or no fertilizer. The increase in WUE with
the combined application of fertilizer and manure might be
due to more rapid root and shoot growth {Table 1) during
crop growing periods with lower vapour pressure deficit
which decreased evaporation : transpiration (Es/T) ratio
and improved transpiration efficiency (Zhang et a/.. 1998).

Yield and yield attributes: in general, number of pods,
pod weight, 1000-seed weight, seed and stover yield of
soybean were higher in first year than second year
because of early withdrawal of monsoon during the grain
filling stage of soybean in the second year. Effect of
inorganic NPK-fertilizer was not significant on seed yieid
of soybean but significant on all the yield attributes and
stover yield of soybean when compared with control. Pod
numberand pod weight of soybean increased at 75% NPK
level which remained at par with 100% NPK. The stover
yield increased numericaily with increasing levels of NPK
during both the years; however significant difference was
observed at 100% NPK level over control (Table 2).
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Effect of nutrient management on dry matter and water use efficiency of soybean (poofed over two years)

Table 1
Above ground dry matter (g/m?) Below ground dry matter (g/m°) Water use
Treatment efficiency
30 DAS 60 DAS Harvest 30 DAS 60 DAS Harvest (kg/ha-cm}
Control 249 154.8 288.6 4.8 18.6 19.2 185
75% recommended NPK 32.1 268.4 3846 5.1 21.4 225 20.9
100% recommended 39.4 296.2 4322 59 24.8 26.4 21.3
NPK
75% recommended NPK 63.0 420.6 567.6 96 36.0 457 243
+FYM @ 5t/ha
75% recommended NPK 34.8 350.3 561.3 6.0 31.2 38.1 228
+PC @ 5 t/ha
75% recommended NPK 336 ©329.2 538.0 6.9 366 435 237
+PM @ 1.5tha
CD (P=0.05) 2.8 11.2 85.7 0.8 4.2 5.9 2.9
FYM = Farmyard manure; PC = Phosphocompost; PM = Poultry manure
Table 2 Effect of nutrient management on yield attributes and yield of soybean
Pods/plant Pod weight/dlant 1000-seed weight  Seed yield Stover yield Qil yield
. kg/l
Teeatment {No ) {a) (@ (kg/ha) {kg/ha) {kg/ha)
2000 2001 2000 2001 2000 2001 2000 2001 2000 2001 2000 2001
Control 18 16 6.6 55 72.2 643 955 983 1619 1932 163 175
75% recommended NPK 26 25 7.5 7.9 75.1 §9.3 1154 1129 1762 2177 200 207
100% recommended 26 25 9.2 8.9 82.1 74.8 1256 1200 2160 2391 222 224
NPK
75% recommended NPK 45 39 135 125 1021 93.8 1715 1441 2784 2871 307 280
+FYM @ 5 t/ha
75% recommended NPK 37 38 12.3 12.3 80.8 91.5 1272 1311 2350 2679 223 254
+PC @ 5tha
75% recommended NPK 41 38 12.5 12.1 91.3 89.7 1426 1361 2581 2586 252 261
+PM @ 1.5 t/ha
CD (P=0.05} 5.3 3.8 1.9 1.3 7.6 5.8 367 348 494 386 176 14.8

FYM = Farmyard manure; PC = Phosphocompost; PM = Poultry manure

Integrated use of organics and inorganics recorded higher
pod number, pod weight, 1000-seed weight, seed and
stoveryield of saybean compared toinorganics. Beneficial
effect of combined use of organics and inorganics in
boosting up crop yields as well as maintaining seil health
on long-term basis has been reported by Mishra ef al.
(1890). Rele of organics in increasing yield of soybean is
attributed to supply of all essential nutrients due to
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continuous mineralization of organic manures. Among
various nutrient combinations, integrated use of 75% NPK
and FYM @ 5t /ha recorded the highest seed and stover
yield of soybean in both years. An increasing trend in oil
yield was recorded with levels ofinorganic fertilization over
control. Like seed yield of soybean, integrated use of
organics and inorganics recorded higher oil yield a8
compared to inorganics fertilization. Application of 75%
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NPK and FYM @ 5 t/ha recorded significantly higher oil
yield over rest of the treatments during both the years.
Higher oil yield with the application of crganics is
associated with higher seed yield and improvement in oil
content. It is noteworthy that the performance of nutrient
treatments in terms of seed, stover and oif yields followed
the same order i.e. 75% NPX + FYM > 75% NPK+PM >
75% NPK +PC> 100% NPK. The response of soybean to
FYM application may be attnbuted to better nutrient
availability enhanced inherent nutrient supplying capacity
of the sail and its favourable effect of soil physical and
biclogical properties (Hati el s/, 2001). According to
Edward and Daniel (1992) if poultry manure is added in
combination with chemical fertilizer, it supplements all
nutritions to crop, thereby, boost up the productivity of
crop. Effect of PC on DM, yield attributes and yield of
soybean was not as prominent as FYM and PM. However,
yield obtained with 75% NPK and PC @ 5 t/ha was
comparable to 100% NPK. Manna et al. (1999) also
reported that phosphocompost @ 5 t/ha vielded soybean
almaost on par with NPK applied at fult recommended dose.
Higher yields of soybean obtained in the combined use of
manured and fertilized plots in the present study are
attributed to higher and rapid shoot and root growth and
improved water use efficiency. Higher yields of soybean in
the combined use of manure and fertilizer plots were also
evident from improved pod number, pod weight and
1000-seed weight. Over all, the combined use of manures
and inorganic fertilizer played a significant role in
increasing the above and below ground dry matter, water
use efficiency, pod number and its weight resulting in
higher seed and oil yield of soybean.
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Abstract

An investigation was carried out to find the
requirement of § and its use efficiency by soybean
when supplied through different sources on a S-
deficient Alfisol. It was found that a minimum of 30 kg
S/ha is needed to obtain good yields of soybean
although higher tevels of its application had beneficial
eftect on the crop, albeit, to an extent of 3-4 % for each
increment of 8. Crop foliage was found to be one of
the main contributor for the turn over of not only the
soil-§ but also applied nutrient S as it recorded
highest fertilizer S uptake (0.80 kg/ha) after seed {1.18
kgiha). The other parts such as stems, pod shell
recorded only half of such uptake, individually (0.40 kg
eachf/ha). The mean applied $ use efficiency
determined through employment of §-35 was found to
be to an extent of about 8% only by the crop. The mean
S-use efficiency by the crop doubled from 3.41% at
flowering stage to 7.37 by harvest coupled with simitar
trend in S-uptake indicating that there is a need to
provide good supply of this nutrient to soybean in
between flowering and harvest stages. Among the two
sources used for S supply, gypsum was found to help
in higher use efficiency per unit amount of nutrient
applied (7.68%) when compared to that of potassium
sulphate. However, the sources did not influence the
amount of S required for the crop.

Key words: Soybean, sulphur,

utilisation, Alfisol

per cent Sdff,

Introduction

Soybean, hitherto in the process of becoming popular in
black soils of different parts of Andhra Pradesh is also
been the attention of farmers in the Alffisal accurring areas
in the state. It is mainly because of its well-known
adaptability, remuneration and patticularly so for the
purpose of providing fresh seed to the subsequent season,
Raising of soybean for the purpose of seed ofien cuts
across the recommended dates of sowing, fertilizer
applicaticn, etc., due to increased recovery of cost
compensating the reduced yields. Thus, a late rabi or

surmmer sown crop will be very much useful to provide
fresh seed to the ensuing season as long as necessary
precaution and plant protection measures are adopted to
ensure the prevention of occurrence of rust to this crop
both during the growth season and in the subsequent
kharif. Sulphur requirement to crops in alluvial soils where
S deficiency is well documented was worked out (Aulakh
et al., 1990; Khajanchilal ef al., 1996) but such generation
of information in Alfisols is gaining momentum in view of
increasing reports of sulphur deficiency on such soiis
(Venkata Reddy ef al,, 2004). Soybean, a crop rich in
protein and oil, also needs considerable amount of sulphur
and therefore, its requirement on sulphur deficient soils,
paricularly in Alfisols, needs to be established. Since
sulphur (s being supplied through different sources,
identification of a better one among the available is also an
important factor. Hence, the present investigation is
contemplated to study the effect of S when supplied
through different sources on its requirement and use
efficiency by soybean using 5-35 radioisotope,

Materials and methods

A field experiment was conducted during summer at
Agricultural College Farm of ANGRAU, Rajendranagar,
Hyderabad on an Alfisols. The soil of the experimental plot
was sandy loam in texture, having the following
characteristics which were determined following standard
procedures (Tandon, 1993) - pH 7.56; EC (.40 dS/m,
available N 125 P,0, 24, K,0 414 kg/ha; free CaCO,
1.6% and CaCl, extractable available sulphur 8 mg/kg.
The experiment was laid out during first fortnight of
February in Split Plot Design with two main treatments
{gypsum and potassium sulphate as sources of ) and six
sub-treatments (0.15, 30, 45, GO and 75 kg S/ha as levels
of S) replicated thrice. The sulphur in the gypsum and
potassium suiphate was tagged with $-35 radicisctore 10
a final specific activity of 2.25 M q {0.25 mCiy/g of . 1he
lagged S was applied to microplots within the
corresponding main plots which were treated with non-
tagged sulphur. A uniform dose of 60 kg N and 80 kg
P,O,/hawas supplied through DAP and urea, respectively.
Other standard package of practices of cultivation of the
crop were followed during experimentation. The crop
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samples collected both at flowering and harvesting stages
were analysed for sulphur and radioassay (IAEA, 1990)
separately in leaves. stems, pod shells and seeds as the
case may be. The radiation counting was done with a
Geiger-Muller Counter (Model-RCS 4207 A).

Results and discussion

Drymatter production and seed yield: Different feveis of
sulphur application have significantly influenced the total
drymatter and seed yield both at flowering stage and by
harvest, respectively (Table 1). Even the weightage of
different parts of the plant such as leaves and stems at
flowering stage and ped shells and seed at harvest were
individually affected by graded application of sulphur. The
total drymatter yield of the crop at flowering stage was
highest when S was applied at 75 kg/ha but it was on par
with the application of 80, 45 and 30 kg S/ha. At the same
time, application of 15 kg S/ha to soybean was found to
recort on gar drymatter yield to that of 30 kgrha, The
individual parts cf stem and leaves at flowering stage of
the crop were also found to register higher yields with the
increasing ievels of S application. Among the levels of &
tested, the leaf drymatter was found to be on par between
15 and 30; 30 and 45; 45 and 60 and 60 and 75 kg S/ha.
Such a trend of stem biomass due to application of
successive higher levels of S application was also
observed. The results point out that there is a sharp
response by the crop to S application at initial lower levels
followed by gradual increase of yield with each increment
in the application.

Al harvest, the total drymatter yield of soybean increased
significantly over that of control. It was highest at 75 kg
Stha and was on par with 60 and 45 kg S’ha. Individual
plant parts like leaf drymatter, stem biomass and pod shell
production were also influenced by the application of
sulphur positively with a general trend of increase in
weight with the increments of sulphur application.
However. ihe differences in yield of different individual
p!antl parts between any two consecutive increments of S
alppl.lt_:alion were, in general, was found to be non-
significant. Such a trend is expected for a crop like
scybean that sheds a lot of foliage during crop season and
thUS; posing a practical problem of accounting the weight
of different plant parts. The seed yield of the crop was
found to be highest due to application of S at 80 kg/ha
(1240 kg/ha} which was on par with that of 75 kg Stha. It
:S alsa” evident that the incremental application of S
fZEfjfed thg seg,-c.! yield gradually bpi such increase was
S ‘2 be S|gn|_f|cantonly when a minimum dose of 30 kg
appleaﬁas applied when compared to lower levels of
cither jOn. The response of the crop to S application
DFOduct'n _terms of tf[cmass enhancement or seed
the ma 'onis expected in this S deficient Alfisol. However,
of 200/lerl:m increase in seed yield was only to an extent
increao W en 80 k.g Siha was applied to the crap. The

S€ In seed yield when 30 kg S was applied to the
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crop was only about 12% when compared to that of control
and subseguéent increrments resulied in the enhancement
of the yield only to an extent of 3-4%. These results point
out that there is a need to exercise a caution while
applying the S beyond 30 kg/ha to this crop which
continues to exert positive effect, albeit, to a lesser extent
at higher levels.

Application of S to this crop either through gypsum or by
potassium sulphate was not found to influence the
drymatter production of the crop both at flowering stage
and at harvest or the seed yield (Table 1).

Sulphur uptake: The S uptake by the crop increased with
the increasing levels of § application due to higher
biomass and seed yield. The sources of S, once again, did
not influence the S uptake by the crop (Table 2).

Per cent Sdff: Increasing levels of $ application
significantly increased the per cent 5dff in all plant parts at
all stages of study. It can be seen from the data (Table 3)
that the per cent Sdff was highestin pod shells followed by
stems and leaves but at the same fime the total S removal
{Table 2) by these parts was reverse in the order and
hence is evident that the leaves of soybean helps in
turnover of applied S to a large extent within the field. This
observation was also further confirmed from the data
presented in table 4 where the mean fertilizer S uptake by
it was the highest (0.8 kg/ha) increase in per cent Sdffin
the plant parts of the crop with the increased fertilizer
application is expected as large amounts of S becomes
accessible to the crop with the increased application of the ”
nutrient. Similar results of increased per cent nutrient
derived from applied fertilizer with the increased
application of the nutrient was reported in several crops
{Khajanchilal et al., 1996; Venkat Reddy ef 2., 2004). The
mean per cent Sdff in seeds of the crop was found to be
significantly higher when the S was applied through the
gypsum when compared with that of potassium sulphafe.
The S in gypsum being availabie slowly due to lower
solubility of agypsum would have helped in steady
availability of S to the crop and thus would have helped in
higher per cent Sdff in the seeds of the crop by the time
crop reached to maturity.

Fertilizer S uptake: It is obvious that the total fertilizer S
uptake by the crep at maturity was significantly higher
when gypsum was used as a source of sulphur. The total
fertilizer S uptake by the crop at flowering stage and by the
maturity stage increased significantly with each increment
in S application and reached to the highest when S @ 75
kg/ha was applied (Table 4).

S utilisation and soil S-uptake: The utilization of S by the
crop was not influenced by the sources through which it
was applied by the time the crop reached the flowering
stage. But, by maturity stage, the applied S utilization was
found to be highest when gypsum was used as a source
compared to that of potassium sulphate. Application of
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'i:"”%ng levels of S, on the other hand, significantly
ra?3Sed S utitization. The sulphur utilization doubled by
Uity stage to 7.37 when compared to 341 % at

“""mg stage (Table 5). This observation points out that

bl S requirement may have fo be mef from flowering

stage onwards to this crop. Thus, special effort can aiso be
made to find out whether $ application to this crop can be
made just before flowering stage like in case of groundnut,
The utilization of sulphur is only to an extent of 7.37% by
the crop inspite of deficiency status of the soil.

amﬂ Etfect of sources and levels of suiphur on drymatter production of different parts at flowering and maturity stages of

soybean
ey Drymatter yield (kg/ha)
Ment Flowering stage Maturity stage
@f“‘ Leaves Stems Totai Leaves Stems Pod shells Seed Total
of sulphur
_;;“-"Dhur 806.0 626.4 14309 904.3 684.6 6142 1034.1 3237.1
m% 843.0 670.7 1514.0 9463 7382 630.2 1068.9 3383.7
m@’ha 8620 8806 1543 4 957.1 761.4 861.7 1159.5 3539.8
&': Iha 878.0 888 6 1566.6 862.1 769.9 6793 . 11973 3616.9
. :@’ha 889.9 691.0 15809 961.1 8148 - 6914 1240.3 3676.4
“'Iha 8849 892.3 1583.1 967.4 7818 1 6931 1240.2 3682.5
:‘;” 860.8 574.9 1535.7 948.7 748.5 661.7 o 167 3522.5
L 12.2 9.1 20.4 13.0 233 119 18.5 46.9
;f;p=0,05) 25.4 18.9 42.6 27.1 487 248 386 97.5
detions {Sxi) NS NS NS NS NS NS NS NS
Toesofs
::12% 868.2 674.4 15442 952.6 768.6 665.0 1161.4 3542.0
& Sium sulphate 8832 675.5 1528 8 9468 - 7483 658,3 11521 3502.9
CD?t 6.7 7.2 12.2 3.1 9.1 8.3 4.8 262
~=0.05) NS NS NS NS NS NS NS NS
T% 2 Effect of sources and levels of sulphur on sulphur uptake by different parts of soybean at different stages
—
Ty Sulphur uptake {kg/ha)
Hmem Flowering stage Maturity stage
S— Leaves Stems Total Leaves Stems Pod shells Seed Total
et of sulphur
" Sulphyr 1.56 0.47 2.03 1.01 0.51 0.62 2.39 453
3;:Wha 2.18 0.83 3.01 1.75 0.73 069 329 6.45
o k@lha 2.64 1.05 3.69 2.05 0.84 0.77 3.79 745
. k-@fha 2.95 1.17 4.12 2.19 0.90 0.87 3.99 7.95
. i;g/ha _ 3.3 1.28 464 2.37 0.94 0.88 433 8.52
n;;.gfha 3.35 1.33 458 2.40 0.92 0.2Q 428 8.51
il 2.67 1.02 369 1.96 081 0.79 3.68 7.20
Yoy . 0.078 0.043 0.102 0.067 0.018 0.020 0.119 0.207
C&(‘F‘*o 05) ' 0.18 0.09 021 0.14 0.04 004 0.25 0.43
eractions (SxL) NS NS NS NS Sig. NS NS NS
Yrces of S
p::’%Um 266 1.04 367 2.06 0.82 0.79 3.66 7.25
Massium sulphate 2.69 1.03 3.72 1.87 0.80 0.79 3.70 7.15
;E'“t 0.125 0.016 0.136 0.032 0.006 0.011 0.915 0.128
=g 05) NS NS NS NS NS NS NS . . N§ _
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Table 3 Effect of sources and levels of sulphur on per cent 8dff in different parts of soybean at different stages

% Sdff

Treatment Flowering stage Maturity stage

Leaves Stems Leaves Stems Pod shells Seeds
Levels of sulphur
15 kg/ha 2370 31.00 30.60 3352 38.78 24.72
0 karha 27.75 33.10 35.25 40.53 43.20 26.00
45 kg/ha 2968 41.10 37.83 . 44.70 46.95 29.23
60 kg/ha 33,40 45.02 38.80 45.35 52.72 32.75
75 kg/ha 3767 5C.18 41.17 - 58.67 58.18 37.80
Mean 30.44 40.08 36.75 4532 47.97 30.10
SEm% 1.078 1.535 0.973 1.040 1.270 1.066
CD {P=0.05) 229 3.25 2.06 2.21 257 2.26
jrteractions {SxL} NS NS NS Sig. NS Sig.
Sources of S
Gypsum 2508 42.79 37.53 48.72 47.40 31.26
Potassium sulphate 31.90 37.37 35.97 41.91 48.53 28.94
SEmz 0.760 0.387 0.185 0.428 0.724 0.256
CD (P=0.05) NS 1.67 0.016 1.84 NS 1.10

Table 4 Effect of sources and levels of sulphur on fertilizer sulphur uptake by different parts of soybean at flowering and
maturity stages

Fertilizer S uptake (kg/ha)

Treatment Flowering stage Maturity stage

Leaves Stems Total Leaves Stems Pod shells Seed Total

Levels of sulphyr

15 kgiha 051 0.24 0.75 0.54 025 027 072 1.78
30 kgiha 0.72 0.36 1.08 0.72 0.34 0.34 0.97 2.37
45 kgiha 0.88 0.48 1.36 0.83 0.40 0.41 116 2.80
60 kg/ha 1.12 0.58 1.70 0.92 0.46 0.47 1.42 3.27
TS 'wgina 1.25 067 1.93 0.99 0.54 0.52 162 3.67
Mean 0.90 0.47 1.37 0.80 0.40 0.40 1.18 278
SEmz 0.037° 0.026 0.050 0.026 0.013 0.013 0.058 0.058
€D (P=0.05) 0.08 .06 011 0.08 0.03 0.03 a1z 812
Interactions {Sx NS NS NS NS Sig. NS NS NS
Sources qof s
Gypsum 0.85 0.50 1.35 0.86 0.44 0.40 1.21 2.91
Potassiym sulphate 0.04 0.44 . 1.38 074 0.36 0.40 115 285
- SBg 0.018 0.020 0.03 D011 0.013 0.04 C.067 004
<0 (P=0.05) 0.08 NS NS 0.05 0.06 NS NS 0.17
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Tahle & Effect of sources and levels of sulphur on sulphur utilization (%) and soil § uptake {kg/ha) by soybean

Sulphur utilization (%)

1

Soil S uptake (kg/ha)

Treatment
Flowering stage

Maturity stage

Flowering stage Maturity stage

Levels of sutphur

15 kg/ha 504
30 kgiha 3.58
45 kg/ha 3.02
60 kgtha 2.82
75 kg/ha 2.57
Mean 3.41
SEmz 0.14
CD (P=0.05) 0.29
Interactions {SxL) NS
Sources of §

Gypsum 3.30
Potassium sulphate 3.51
SEmi 0.14
CD (P=0.05) NS

12.35 2.26 460
7.90 2.29 503
6.23 277 517
5.46 2.9 5.25
4.89 2.78 4.85
7.37 2.45 4.89
0.184 Q15 D4
0.39 029 0.28
NS NS NS
7.68 2.42 4.86
7.05 2.47 492
Q10 G.07 0.10
0.05 NS NS

The soil S uptake by the crop at flowering and maturity
stages by difierent ptant parts was not found to be
influenced by either different levels of S or its sources
{Table 5. One possible reason for such observation could
be that the soil under investigation has a considerable
reserve of tetal S {163 kg/ha) which can mask subtle
differences of soil S uptake by the crop when applied 8
used efficiency is alsc to a small extent of about 8%.

Thus, the present study indicated that a minimum of 30 kg
Sfha would be beneficial to soybean crop in S-deficient
Alfisol for gainful yields though higher application of it can
be positively beneficial to the crop. albeit, to a small extent.
The feliage of the crop was found to be a good aide in turn
aver of not only native but also applied S as it recorded
higher removal of this nutrient when compared to other
parts like stems or pod shells, The perceptible increase in
total S uptake and use efficiency of applied S from
flowering stage to harvest indicated that there is a need to
maintain a good supply of S to the crop from flowering
stage onwards. This might also need to be investigated
with split application of S-supply. The S requirement to the
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crop was nhot influenced by the sources through which it
was supplied although the use efficiency was slightly
higher with gypsum than that of potassium sulphate.
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Abstract

A field experiment was conducted during kharif, 2001
and 2002 to study the relative efficacy of
phosphocompost and single superphosphate in
soybean [Glycine max (L.} Merrill] genotypes.
Application of single super phosphate led to higher
yield by 16.2% over phosphocompost, which in turn
produced significantly higher yield (19.8%) than no P
- control. Among genotypes, JS 335 recorded highest
yield, which was higher to the tune of 3.4% over PK
416, 18% over PK 1029 and 21.4% over Ahilya 4.
Growth and yield attributes followed the trend similar
to that of yield. The highest protein and oil yield were
associated with JS 335 followed by PK 416. The
maximum protein and oif yield were recorded with the
application of single superphosphate. Application of
single superphosphate was found the most productive
and cast effective source of phosphorus in saybean.

Key words: Phosphocompost, single

superphosphate, soybean

Introduction

Optimum and balanced mineral nutrition is of prime
impertance for higher and sustainable yield (Singh and
Nambiar, 1986). Phosphorus is one of the essential
elements whose deficiency limits the productivity of
Soybean, Escalation in market prices of conventional
fertilizers (SSP and DAF) restricts the application of this
Impcrtant element by sizeable number of marginal and
small farmers. Despite known benefits of manures, bulky
”atL_Ire, high transportation and handling cost, limited
availability and low concentration of nutrients restricts their
use. Phosphorus enrichment of compost with low grade
fock phosphate in asseciation of phosphate solubilizing
ficroorganisme aceelerates the process of composting
Nd gquality (Singh et ai., 1992; Singh, 2000). Insoluble
;’Onrgfpgoms could be transformed in to plant available
crc;p: l:\;'ng composting anq was efficiently utilized py the
ohoe .h Oreover,‘ the continues _turﬁover of enriched
ang zcscpmpo§t increased the soil microbial biomass C
(Gh Wity of ‘enzymes compared to mineral fertilizer

Cshetfal, 2002) and has been documented as efficient
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P source for other crops (Singh and Tripathi, 2000). In an
attempt to look for economic alternative (Singh and
Tripathi, 2000), phosphocompost appeared to be a
suitable carrier of P as compared to single super
phosphate. Hence, the present investigation was initiated
1o evaluate the effect of phosphorus sources on
productivity and quality of soybean genotypes.

Materials and methods

A field experiment was conducted during kfran?, 2001 and
2002 on Typic chromusterts to study the comparative
efficacy of phosphocompost and single superphosphate in
soybean genotypes. The scil of the experimental site
belonged to Sarol series, which analyzed: pH 7.6, EC 0.14
d S/m, arganic carbon 0.45 %, clay content 56.5%, CaCO3
6.2 %, CEC 51.7 cmol/kg and available phosphorus 13
kg/ha and potassium 180 kg/ha. Two sources of
phosphorus viz., phosphocompost (4.7% P,0;) - the
compost enriched with 12.5% rock phosphate and applied
@ 2.5 t’/ha and single superphosphate (16% P,0;) were
compared with control and four soybean genotypes viz,
NRC 37 (Ahilya 4), JS 335 PK 416 and PK 1029
constituted the treatments which were repiicated thrice in
a Factorial Randomized Block Design. A uniform level of
20:60:20 kg N: PO, K,O/ha was applied as basal
Nitrogen and potash were applied through urea and
muriate of potash, respectively, while phosphorus was
applied through phosphocompost and single
superphosphate. Soybean was grown as per
recommended package of practices. The observations on
plant height and branches and pods/plant were recorded
at the time of harvest. The ail and protein content were
estimated by non-destructive method using the
INFRATECH 1250. The total rainfall received during crop
growth pericd in 2001 and 2002 were 662.6 and 617.4
mm, respectively. The economical parameters were
caiculated by using the price of phosphorus i.e. Rs 10 kg
for phosphocompost {(Singh and Tripathi, 2000} and Rs.
18.75/kg for single superphosphate and soybean grain @
Rs.10/kg. The incremental cost, benefit ratio was
determined considering the cost of treaiment only. The
percent response of phosphocempost and single super
phosphate was calculated over control in each genotype.
The data were pooled over the years and presented.
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Results and discussioen

- Performance of genotypes: The plant growth paramelers
(plant height, branches/ plant), vield attributes (pods/ plant,
seed yield and harvest index) significantly varied among
the genotypes. The plants were tallest in Ahilya 4 followed
by JS 335. The maximum branches/ plant were in PK
1028, which significantly differed with Ahilya 4 and
remained at par with rest. The number of pods/ plant were
equal in genotypes Ahilya 4 and JS 335 and both had
significantly higher pods/ plant than PK 1029 and PK 416.
Gerotype JS 335 significantly out yielded the other test
genotypes and gave higher seed yield to the tune of 9.4,
181, 21.4% over PK 416, PK 1029 and Ahilya 4,
respectively (Table 1). The lowest yield was noted with
Ahilya 4, which remained at par with PK 1028. JS 335
produced significantly higher straw yield than PK 1029.
However, the highest harvest index was obtained with PK
416, Significantly highest protein yield was recorded with
J8 335, while the remaining genotypes did not differ
significantly. The genotype JS 335 being the maximum in
ol yield remained at par with PK 416 (Table 1) and was
superior to Ahilya 4 and PK 1029. The differences in yield
levels of genotypes may be due to differences in genetic
makeup, maturity period and yield potentiai. Simifar results
were also reported by Billore and Joshi {1997).

Efficacy of phosphorus sources: The plant height and
branches/plant were not influenced by the sources of
phosphorus significantly (Table 1). Significantly higher
pods/plant were recorded with single superphosphate,
Application of single superphosphate facilitated higher
yield over phosphocompost (16.2%) and control (39.2%).
Phosphocompost in turn produced significantly higher
yield {19.8%) than control. The stover yieid of soybean
was not influenced by the sources of phosphorus.
Significantly higher harvest index was associated with

single superphosphate. The protein and oil yield werg
significantly higher with single super phosphate followed
by phosphocompost and control (Table 2). The higher
yield due to single superphosphate could be due to quick
and higher availability of key element P essential in energy
ransfer during the metaholic praocesses and its possible
role in oil and protein synthesis in the plant. Moreover,
super phosphate contains substantial amount of suiphur
as compared to phosphocompaost. The sfow release of P
as well as S from phosphocompost could not match the
demand of short duration crop like soybean. Although,
these results are in agreement with the finding of Billore et
al. (2003), equal effectiveness of phosphocompost and
single superphosphate (Namdev et al., 2003) and better
vield levels {Singh and Tripathi, 2000) than application of -
single super phosphate have been reported.

Interaction effect of genotypes and phosphorus
sources: [nteraction of variety and sources of phosphorus
was found significant where the highest seed yield was
recarded with JS 335 receiving single super phosphate,
whife the lfowest yield was observed with PK 1029 in
control (Table 3). From the magnitude of response of
phosphorus through different sources as compared to
control in various varieties of soybean, it is evident that
percent response of soybean genotypes was higher with
single superphosphate as compared to phosphocompost
irrespective of the genotypes used (Table 4). Among the
genotypes, PK 416 followed by PK 1029 responded
maximum to single superphosphate and PK 1028,
comparatively longer duration variety, to phosphocompost.
The single superphosphate was found to be 7.4 to 27%
more effective than phosphocompost depending on the
variety. This observation is further supported by the
incremental B: C ratio and net return over respective
control {Table 5).

Table 1 Effect of phosphocompost and single super phosphate on yield and yield attributes of soybean genotypes

Treatment Plant height (cm) Branches/plant Pods/plant Seed yleld (kg/ha)
2001 2002 Mean 2001 Mean 2001 2002  Mean 2001 2002 Mean
Variety
Ahilya 4 74 55 65 3 2 2 35 37 36 1573 1181 1377
JS 335 62 49 55 3 2 3 36 35 35 1852 1489 1671
PK 416 51 40 45 3 2 2 25 25 27 1690 1373 1531
PK 1029 53 42 48 3 3 3 26 32 29 1625 1206 1415
CD (P=0.05) . 2,78 9.41 4.90 g.31 0.83 0.44 4.09 7.55 429 144 74 81
Source of phosphorus
Phosphocompost 62 48 55 3 2 3 31 31 3 1674 1326 1500
SSP 62 46 54 3 2 36 35 36 2096 1389 1743
Control 56 45 51 2 27 30 28 1284 1221 1252
CD (P=0.05) 2.40 NS NS NS NS NS 355 6.54 372 141 54 77
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Table 2 Effect of phosphocompost and single super phosphate on straw yiefd, protein and oil yield of soybean genotypes

B
Straw yield (kg/ha) HI (%) Protein yield (kg/ha) Qil yield (kg/ha)
Treatment
2001 2002 Mean 2001 2002 Mean 2001 2002 Mean 2001 2002 Mean
Variety
Ahilya 4 3031 2651 2841 338 30.8 323 5998 4749 B384 2805 1927 2382
JS 335 3292 2831 3082 36.4 345 35.4 7228 K978 6616 3180 2397 278.1
PK 416 2991 2490 2744 36.4 355 36.0 6214 5312 5777 2986 2405 2695
PK 1029 2871 2350 2510 358 34.4 351 6560 4818 5683 2719 2057 23941
CO (P=0.05) NS N3 386 556 392 340 7424 4266 5054 1574 1867 1726
Source of phosphorus
Phosphocompost 3103 2350 2727 329 36,1 345 647.5 H266 5887 2626 2210 2562
SSP 2756 2230 2493 43.4 384 409 7961 5509 6766 3605 2334 2963
Control 3279 2150 2715 RS 36.2 333 501.7 4841 4928 2232 2048 2137
C0 (P=4.05) N5 NS NS 4.81 3.40 255 B9.O5 37850 5556 1328 1583 1481
Table 3 Interaction effect of genotypes and sources of phosphorus on seed yield (kg/ha) of soybean
Single super
Genotype Year Phosphocompost “phosphate Control Mean
Ahilya 4 2001 1573 1802 1344 1573
2002 1249 1228 1068 1181
Mean 1411 1515 1206 1377
JS 335 2001 1858 2208 1489 1852
2002 1513 1545 1410 1489
Mean 1685 1877 1450 16714
PK 416 2001 1638 2263 1171 1680
2002 1345 1524 1249 1373
Mean 1491 1893 1210 15631
PK 1029 2001 1130 2113 1131 1625
2062 1198 1258 1158 1206
Mean 1414 1686 1145 1415
Mean 2001 1674 2096 1284
2002 1326 1389 1221
Mean 1500 1743 1253
CD (P=0.05) 2001 282.40
2002 127.78
Mean 154.98
————
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Table 4 Magnitude of response of soybean genotypes to single super phosphate and phosphocompost (mean of 2001 and 2002}

Variety Response over control (%) Response to S8P gver phosphocompost {%)
Single super phosphate Phosphocompost Single super phosphate
Ahilya 4 258 17.0 74
4% 335 29.4 16.2 11.4
PK 416 56.5 23.3 27.0
PK 1029 47.3 235 19.2

Table 5 Economic analyses of seurces of phosphorus and soybean genotypes (mean of 2001 and 2002)

Phpsphocompost .
Treatment Character FECF;S?= RsFJ S{’g%ﬁjggﬂgggg;e Control Mean
§00/ha)

Ahilya 4 Gross returns {Rs/ha) 2046 3082 - 2570
Net returns (Rs/ha) 1446 1968 - 1707
B:C ratio 3.41 274 - 3.08

Js 335 Gross returns (Rs/ha) 2354 4269 - 3312
Net returns (Rs/ha) 1754 3144 - 2449
B:C ratio 3.92 3.79 - 3.86

PK 418 Gross returns (Rsfha) 2815 6833 - 4824
Net returns (Rs/ha) 2215 5708 - 3962
B:C ratio 4589 8.07 ) - 5.38

PK 1029 Grass returns (Rs/ha) 2692 5412 - 4052
Net returns (Rs/ha) 2092 4287 - 3180
B:C ratio 448 3.8% - 3.74

Mean Grass returns (Refhal 2478 4902 - -
Net returns (Rs/ha) 1876 3777 - -
B'C ratio 3.12 4.35 - -

The economic analysis afsc revealed the superiority ¢f single
superphosphate over phosphocampast as evidenced from the
higher values of net returns and incremental B: C ratio. The
highest net returns and B: C ratios were accrued in PK 416
fertilized with single super phosphate followed by PK 416
feceiving phosphocompost.

Cn the basis of foregaing resuits it may be conciuded that the
application of phosphoruys through single super phosphate was
Mare productive and effective in soybean raised on Vertisols of
Madhya Pradesh.
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Abstract

The data management system developed at National
Research Centre for Soybean (NRCS) for All India
Coordinated Research Project on Soybean (AICRPS)
experimentation provides routine processing of data
and production of summary table reports in easy,
efficient and user-friendly manner. it has a special
jeature of on-line data-entry allowing users the
flexibility to enterledit the data from any place
provided they have internet connectivity. The main
system is developed using Visual Basic (6.0} and the
on-line data-entry system using web technologies viz.
Hyper Text Mark up Language (HTML) and ASP (Active
Server Pages). The database at back end is designed
using SQL Server 2000 relational database. The
reports are generated in the form of EXCEL
worksheets. The system is described and the extent to
which it has met its objectives is discussed, with
emphasis on the requirements of t he end-user.

Key words: Breeding, data management, software,

soybean
Introduction

Soybean is the most important and valuable oilseed crop
of the world. India ranks fifth in the area (5.68 m ha) and
Production {4.30 mt) of soybean in the world after USA,
Brazil, Argentina and China. Recognizing the potential of
s0ybean in meeting the present and future needs of the
Country for vegetable oil and protain rich food, the Indian
Councit of Agricultural Research(ICAR) launched a
Multi-locational inter-disciplinary All India Coordinated
Research Project on Soybean {AICRPS) in 1967. This
network project has 7 main centres, 13 sub-centres and 8
nee_d-based centres representing different agro-climatic
regions of the country. The co-ordinating unit for the
Project. Naticnat Research Centre for Soybean (NRCS),
Indore, a constituent of Indian Council of Agricuitural
Research provides centralized support to the production
System research with basic technologies and breeding
matgrial of soybean (Giycine max L. Merrill). This
multrc‘iisciplinary and multi-locational project has been
tatering the need of the country with respect to crop
IMprovement, crop production and crop protection
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aspects. Of the activities envisaged under the project over
70% share comes from crop improvement programme.
The experimentation covers five zones namely North Hill,
North Plain, North eastern, Central and Southern. Every
year, a sizeable data is generated from each cooperative
centre and its manual compilation was in vogue. Morecver,
it was cumberscme te lay hands on data generated over
years. This process of compilation and report generation
was time consuming, laboricus and is prone to human
error.

The drudgery invalved in the manual procedure followed
every year for AICRPS summary table report preparation,
warrants for development of a system which would make
summary fable report generation more rapid by reducing
delays in data input and provide the users with a simple,
easy-to-handle, user-friendly method to retrieve accurate
and efficient report production for varietal perfermance
decisions to be taken in Annual Workshop of AICRPS. The
first stage of this work, the development and introduction
of a preliminary version (Using FOXPRQO} of a computer
system for compilation of data and report generation was
introduced in 1998. The final stage of the development, the
replacement of the outdated database structure by SQL
SERVER 2000 database holding AICRPS plant breeding
trial data along with an internet based on-line data-entry
system linked to the institute website (www.nrcsoya.comy)
and a NRCS based computerized data management
systemn for summary table repert generation and
maintaining historic data, has taken five man-years.
Similar efforts on data management systems have earlier
been documented (Wallach and Rellier, 1987, Martiniello,
1988 and Bayles and McCatll, 1995).

This paper describes the NRCS data management system
for AICRPS plant breeding trials and discusses ways in
which it has benefitted one typical group of users, the plant
breeders.

Keeping this in view, a study was undertaken with the
following objectives:

1. To ensure that the routine processing of trial data and
production of reports are carried out in an efficient and
effective way thus significantly reducing the time and
drudgery involved in-



Savita Kolhe and Karmakar

« Compilation of AICRPS plant breeding trial data
obtained from different AICRPS centres.

» Preparation of yearly summary table reports.

2. To computerize the whole manual procedure by
developing a user-friendly system.

3. To provide all muti-locational users with facilities for
on-ling data-entry into the database to ease the work
of compilation of huge data.

4. To allow safe storage of, and easy access to
perfermance data for varieties.

Data collection

The research on soybean improvement and identification
of better varieties to suit varied location specific
requirements of different regions of the country is being
continued. Improved lines/material developed as a result
of breeding efforts at different centres are evaluated in
three tier system consisting of {i) Initial Varietal Trial (IVT)
(i) Advanced Varietal Trial-l {AVT-1) and (iii} Advanced
Varietal Trial-1l (AVT-I1). These trials are conducted across
the country in five zones viz. Northern Hill, Northern Plain,
Central, Southern and North-eastern zones. The
performance of test varieties for a particular zone in each
trial are compared against a few check varieties in terms
of 'Rank’ assigned based on the variety-wise 'Mean'. Only
those varieties, which perform better with respect to yield
performance than the check varieties in a particular zone,
are promoted to the next tier in the 3-tier testing system.
So, the data, collected on various performance parameters
oneach trial by the coordinated centres spread all over the
ceuntry at different locations of five zones, is compiled at

the NRCS and summary table reports are prepared every
year.

Description of the system

The overall computerized system is user-friendly and
interactive and has been designed in such a manner that
even a person with limited computer skills can handle it
easily. The main system is developed using Visual Basic
and the on-line data-entry system is developed using web
technologies viz., Hyper Text Mark up Language (HTML)
and A3P {Active Server Pages), The database atback end
is designed using SQL Server 2000 relational database.
The reports are generated in the form of EXCEL
worksheets. The total software size is 15 MB.

The main user-interface is provided in the form of
Menu-bar with menu options viz., 'Master, 'Daia-entry’,
‘Report', "User-settings’, 'Logout' and 'Help’ as shown in
Fig. 3. Each of these menu options has a few sub-menu
options which when clicked will open a certain form to
perform certain task. In "Master' Menu, Master entries viz.
Zene, trial, character and location are done with their
respective entry-forms. The Variety list for a particular
Zzone and trial is entered through "Variety-Information' form
that is available to the user by clicking 'Varietybist
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sub-menu option of 'Data-entry’ main menu option. The
user can do the local data entry through '‘Data-Entry' form
and subsequently the reports can be generated by using
'Report form.

The complete database comprises of eleven tables along
with their respective fields viz., Zone (zone_id,
zone_name), Trial (trial_id, trial_name), Character
{character_id, character_name), Location (location_id,
location_name, 2zone_id), Variety (variety_id,
variety_name, zone_id, trial id), Main Data (id_ccde,
variety_id, data), Idtable (id_code, location_id),
Footer_data {id_code trial_id, nps, cd, cv, dos), Login
{user_name, password), Online User (user_id, user_name,
password) and Permissicns (user_id, location_id). The
database size without insertien of data is nearly 2MB and
with insertion of the data from all the locations. the size
becomes 170MB or more depending on the number of
varieties in each trial every year. The logical operation of
the system can be described with the data flow diagram as
shown in Fig.1. It shows the flow of data through the
system and the work or processing performed by the
system.

The whole system design can be viewed with the Entity-
Relationship (E-R} diagram as shown in Fig. 2. The
ER-model is a conceptual data modet of the system. The
diagram shows the kind and organization of the data that
is stored in the database.

The stages while operating the system are as foilows.

Preparation of the system as per the technical
programme

The system needs to be prepared to get it ready before
starting data compilation and report generation tasks as
follows.

1. Initially ail the zone names, trials, characters and
zone-wise location lisl are to be entered using the
"Master" menu-option of the main interface as shown
in Fig. 3.

2. Every year as per the technical programme for that
year variety list is entered based on zone and trial by
using ‘variety-list" option of "data-entry” main
menu-option. Out of all the varieties some are
indicated to be check variety. These are of special
importance to the plant breeders while taking Varietal
performance decisions during annual AICRPS
workshop. IVT entries are displayed in the forn of
variety-code on on-line data-entry system.

Thus all the master tables of the database are made ready
for subsequent functionality of the package.

Zone-wise and trial-wise data compilation and manual
data entry

Every year, after the cropping seasan, all the AICRPS
in-charges of different centres send the data in printed
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sheets. These sheets are sent through post to the
main-coordinating centre, NRC3. These sheets are
compiled zone-wise by the coardinators at NRCS. These
zone-wise packets of data are then given to the data-entry
operator for entry in the system. The operator can do new
data-entry, change the existing data or delete the data by
using different menu-options provided in the package.

Web-based data entry

Alternatively, the AICRPS in-charges of different centres
also have opticn to do data-entry on their own at their
locations instead of sending the printed sheets through
post. This is possible using the con-line data-entry system
linked to the NRC S website. The in-charges have separate
user-name and passwords sc that they are allowed to
enter, edit and access the data of their locaticn anly. The
data thus entered is stored on remote server, might be
appended to the final database at NRCS5-based local
server before report generation. This not enly saves the
time for getting final data but also reduces the burden of
huge velume of data handling on coordinators at NRCS.

Processing of data files

The database is transferred from the remote server to the
lccal (NRCS-based) server for local data-entry and data
processing. After the completion of data-entry, correction
of errcnecus data, validation of the final data and befare
the generation of reports, the data files are processed at
the system level for calculation of variety-wise mean,
location-wise mean (for yield character) and varietal
performance ranking. Based on these ranks as shown in
the final reports, decisions on better performance of
varieties are taken.

Efficient error handling

The system has been designed in such a way that
data-entry operator is not given any chance to commit any
error. The userinterface is such that most of the inputs are
provided to the system through selections from a list with
more than one valid option. Efficient error handling
procedures are used so that if, by any chance, any wrong
entry is done, it will alert the user by promptly producing
error messages. The user interface is such that even a

novice user with less computer skills can alsc handle the
System comfortably.

Data analysis and Report generation

gféir the completion of the data-entry and processing
P, ;u the Summdry table reports for each zone and trials
ropn characters are taken out. The printed computer
Droces for all the zones are scrutinized briefly by data
tran s;lng staff fqr recording errors that have not been
phy:ic “by vahcia_hon at the input stage. This is dane by
fﬁ‘portsaty mattj‘hllng the data on computer-generated
g bo the original data sheets. The erroneous jobs are
agai ¥ them and submitted for rerunning. The reports

ngenerated are then referred to the trials coordinators
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for subsequent correction at their stage. After complete
correction of errors at different levels by coordinators, final
reports are produced in formats specified by the AICRPS
coordinators using, where possible, computer procedures,
which will produce reports in a standard format. More
complex and non-standard reports are produced using a
combination of report generation menu-option and
word-processing viz, MS-Word and spread sheet
packages like MS-Excel. This provides a more versatile
approach to report production than customized computer
procedures.

Creating history database files

Looking for the safety of overall database and its easy
access after a long period of gap as and when required,
system has a provision to create history database files.
The complete database with all the tables in it can be
stored in the form of backup files, which can be restored
and linked to the system, as and when required for getting
information, in future. The structure of the history
databases is same as the original database when it is
restored from the backup files.

Monitoring all the phases of the system

The System administrator can give access rights to
different breeders with different permissions as an
administrator and data-entry-operator. The administrator
monitors every phase of the system from Master table
data-entry as per the technical programme up to final
report generation. '

A plant breeder's view of the system
Efficient handling of huge volume of data

NRCS plant breeders based at AICRPS main cocrdinating
centre, are responsible for coordinating large breeding
programmes of trials designed ta evaluate bast pedorming
soybean varieties. Soybean varieties are assessed in
different trials throughout the India by local trials'
in-charges. These variety trials include assessments on
performance parameters viz. yield (kg/ha), 100 seed
weight (g), days to maturity, days to flowering and plant
height {cm). These trials are conducted every year in more
than 5000 plots with more than 10 records being taken on
each plot. This leads to the generation of huge velume of
data. The breeders found that the system is highly efficient
to handle such a huge volume of data producing accurate
results.

Data-entry irrespective of the location through on-line
data-entry system

The AICRPS officers at different locations appreciated the
feature of on-line data-entry as they can easily enter, their
location specific data, at their places thus reducing the
cost and delays through postal mails. Also, coordinators at
NRCS can easily download the data from remote server to
the local NRCS-server thus reducing the time involved in
data compilation and then data-entry at the headquarters.
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Accurate and uniform report generation

The system uses efficient procedures for rapid calculation
of mean and rank, so that users get accurate results. The
reports generated earlier through typewriters were not
uniform. Now, the breeders are happy to get uniform
reports with same fonts and style thus making the overall
summary table report attractive and occupying less space
thus reducing the overall cast of printing.

Access to historic data

Every year huge volume of performance trial data is
generated which is kept in the form of historic data files at
NRGCS server. Since, versatile clientele for research
purposes reguires this data, it can be easily made
available. Due to institute’s policy the data is not made
available online but can be obtained from the center. Even
if the printed copy of the report is not available, the report
cof the past years can be easily generated with the help of
the system. Thus, history data files provide safe and
secured structure for preserving the important past data.

Results and discussion

In general, the aims of the system have been achieved. It
took many hours of rigorous analysis, planning,
discussion, designing, programming and user effort that
have contributed towards its successful development.

The introduction of the new system has resulted in
following benefits.

* The manpower involvement has been drastically
curtailed, as compared to the earlier system,

+ Resulted in more accuracy of the results, with a
reduction in the number of data-entry errors at the
headquarter for processing.

A Speeded up the availability of AICRPS trials data to

the coordinators, plant breeders and other agricultural

researchers.

Reduced the cost of the routine data processing and

streanilined the processing of the data.

Redgced considerably the quantity of data sheets
received and handled at NRCS.
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» Produced a system that has fulfiled the requirements
of the plant breeders as well as soybean researchers
warking on Varietal performance parameters.

+ Produced a more flexible and user-friendly means of
retrieving multilocational performance information
reports for soybean varieties.

The system was rigorously tested by putting live data and
proved to be accurate with full satisfactory report format.
Rapid acceptance and implementation of the
computerized system of trial data handling and report
generation, was achieved with the help of thorough
training to all the users. The awareness of the availability
of on-line submission of the data from different
cooperating centres has already been created. Some of
the centres are attempting to utilize the same and others
are being motivated. The data so received on remote
server is down loadable on the local server and
subsequently updated with the data received in the form of
hard sheets from some of the Centres, which do not have
the Internet facility. This proactive action and utilization of
facility by all the centres shall lead to real success of the
soft ware developed.
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Abstract

Thirty crosses generated from five cytoplasmic male
sterile lines of sunflower and six restorers in a line x
lester design and their parents were evaluated for
Beneral and specific combining ability, variance
tomponents and standard heterosis. Predominance of
non.additive gene action was observed for all the
traits studied, though additive gene action was also
found to be operative. The parents DCMS 18, DCMS 5,

DS1 15 and DRS 16 were proved to be good general

tombiners for yield and most of its related characters.
Nine crosses namely DCMS 34 x DRS 22, DCMS 18 x
0§15, DCMS 18 x DSI 9, DCMS 18 x DSI 86, DCMS 24
xDR$ 16, DCMS 24 x DRS 22, DCMS 5 x DS! 9, DCMS
5§ x DRS 16 and DCMS 12 x DS! 86 had shown higher
significant positive sca effects for seed yield/plant.
The estimated standard heterosis ranged from -20.32
to §.80%. QOut of 30 combinations, only four crosses
{DCMS 18 x DS) 15, DCMS 18 x DSI 86, DCMS 24 x DRS
16 and DCMS 5 x DRS 16) registered positive
significant standard heterosis for seed yield/plant,

Key words: Sunflower, cytoplasmic male sterility,

combining ability, hybrid vigour
Introduction

Sunfiower, the second major oilseed crop, forms a
potential source of vegetable off and protein. The
discovery of cytoplasmic male sterility (Leclercq, 1969)
and subsequent identification of restorers (Kinman, 1970;
Enns et al., 1970) have significantly contributed in genetic
improvement of the crop as well as in exploitation of
heterosis, leading to development and release of several
hybrids for commercial cultivation. From 1972 to till today
several hybrids have been devefoped by using a single
Male stenle source, PET 1, which widens the scope for its
vulnerability to any strain of disease or insect pests in
epidemic form. Hence several new diverse cytoplasmic
Maie sterile sources were identified but only few effective
restorer lines were identified for these CMS sources. To
develop sunflower hybrids with improved yield potential,
the cheice of parents through careful and critical
evaluation 15 of paramount importance. Combining ability
Studies elucidates the nature and magnitude of gene
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action involved in the inheritance of characier by providing
the information an the two componenis of vanance viz,,
additive genetic and dominance variance, which are
important to decide upon the parents and crosses to be
selected for eventual success. Such information is
required to design efficient breeding programme for rapid
crap improvement. Accardingly, the present investigation
was undertaken to have an idea on the nature of gene
action involved in inheritance of important quantitative
traits and fo select the parents with good gca and crosses
with good sca effects through line x tester analysis in
sunflower.

Materials and methods

Five cytoplasmic male sterile lines (DCMS 34, DCMS 18,
DCMS 24 and BCMS 5) and six restorers (OS1 15, DS! 9,
D8I 86, DS1 57, DRS 16 and DRS 22) were planted at
Directorate of Oilseeds Research, Hyderabad. Crossing
was perfermed in line x tester fashion among the CM$
lines and restorers. Seed was collected o study the
combining ability analysis in the next season.

During rabi seascn, 30 hybrids along with parents were
sown in a Randomized Complete Block Design replicated
thrice with a row length of 5 m. Spacing was adopted as
80 cm between rows and 30 cm between hills.
Observations were recorded on five randomly sefected
plants in each replication to record data on the following
characters viz., days to 50% flowering, days to maturity,
plant height, number of leaves/plant, head diameter,
100-seed weight, number of seeds/plant, oil per cent and
seed yield/plant. The data were subjected to combining
ability analysis and estimation of variance components
{Kempthorne, 1957) and heterosis (Hays et. al., 1955).

Results and discussion

Analysis of variance for combining ability revealed that
mean squares due to lines were significant for 2l the
characters except head diameter while mean sguares
due to testers were significant for six characters
excluding days to 50% flowering and number of
leaves/plant (Table 1). The mean squares due to liné ¥
tester interaction was significant for all the characters
except number of leaves/plant. Thus. the variation I
hybrids in respect to different traits is due to significan’
variation among parents used in developing the hybrids:
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The estimates of variances for general and specific
combining ability indicated that sca variance was high
reflecting greater role of non-additive type of gene action
in expression of these traits. The degree of dominance
was more than unity for all traits studied confirming the
above inference. Similar findings were reported by (Kumar
et. al., 1997; Satyanarayana, 2000; Krishna, 2001).

The estimates of gca effects of the parents (Table 2)
revealed that among female fines, DCMS 18 and DCMS 5
showed significant and positive gca effects for seed
yield/plant. DCMS 18 was also good general combiner for
number of leaves/plant, head diameter and test weight.
NCMS 5 recorded significant geca effects for days to 50 %
flowering, days to maturity. plant height, test weight and oil
content. The female lines DCMS 5 and DCMS 12 recarded
desirable general combining ability for important economic

trait i.e., oil content. DCMS 5 was the best general
combiner for earliness in flowering and maturity. Among
the testers, DSI1 15, DSI 9 and DRS 16 were feund to be
good general combiners for seed yield/plant. Of these DS
15 also registered to be a good combiner for days to 50 %
flowering, days to maturity, plant height, head diameter
and oil content, while DSI 9 for test weight and DRS 16 for
plant height, number of leaves/plant and test weight. The
testers, DSl 15 and DS1 57 were found to be goad general
combiners for earliness. Thus, the parents DCMS 18,
DCMS 5, DSI 15 and DRS 18 exhibited favorable gca
effects for most of the important traits. These parents may
extensively be used in important programme so that the
optimum ¢embinations of these componenis can be
obtained which is necessary for achieving high yield
levels.

Table 1 Analysis of variance for combining ability for different characters in sunflower

Degrees Days to Days Plant No. of Head 100 Seed Qil Seed
of 50% to height leaves/ diameter Weight {%) yield/ plant

Freedom  flowering maturity {cm) plant {cm) {g). (g)
Replications 1 14.02 2.4 125.06 0.379 0113 058 15.49 25.43
Lines 4 16.68~ 28.48" 782.62* 43.89* 1.27 237 125.81™  112.56™
Testers 5 9.09 2987+ 642.01* 13.34 4.08* 1.13* 105.75* 54.50*
Line x Tester 20 12.06™ 18.51* 22376* 13.95 375" 1.18™ 47.35* 75.3*"
Error 29 4.48 54 56.79 8.05 1.36 0.203 9.94 8.73
GCA 0.075 0.88 44 86 1.33 0.047 0.051 6.22 0.74
SCA 38 6.56 83.48 2.95 039 0.49 18.7 3328
SCAIGCA 5067 6.833333 1.860801 2218045 8297872 9607843 3.006431 44.97257
SCA2GCA 5033223 1.848423 00964599 1053101 2036834 2191785 1.226057 4.741992

*, ** Significant at 5% and 1% level, respectively.

Line DCMS 5 and two testers DSI 8 and DS 15 were
found good general combiners for seed yield, earliness
and high oil content and could effectively be used in
breeding programmes aimed at earliness and high yield.
Rao andg Singh {1977) observed that no parent was found
to contain all the favourable or unfavourable genes for all
the characters, as is the case of present study. In contrast
a parent showing high gca effects for companent traits is
not Necessarily a good general combiner for grain yield
€., inbreds with some of the desirable traits also
Possessed certain undesirable traits.

Ir]‘;;gtlmates of sca effects of nine crosses viz., DCMS 34
‘g D;Z DCMS 1“8 g DSt 15 DCMS 18 x BSI 5, DCMS
DCMS 186, DL 24 x DRS 16, DCMS 24 x DRS 22,

SxDSIg, DCMS 5 x DRS 16 and DCMS 12 x DSI
pre:z;’“'gg_signiﬁcant positive values for grain yield are
CfOssesev' In Table 3. Of the nine crosses only four
OCMS 24:2., DCMS 34 x DRS 22, DCMS 18 x DSI 15,
Sgnificant X D‘R.S 22 and DCMS 5 x DRS 16 recorded

Positive sca effects for oil content also.
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The crosses DCMS 18 x DSI 15 and DCMS 5 x DRS 16
recorded significant sca effects for plant height, DCMS 34
x DRS 22 and DCMS 24 x DRS 22, for number of leaves/
ptani, DCMS 18 x DSI 9, DCMS 18 x DSI 86, DCMS 5'x
DSI19and DCMS 5 xBRS 16 for head diameter, DCMS 34
x DRS 22, DCMS 18 x DSI 15, DCMS 24 x DRS 22 and
DCMS 5 x DRS 18, for oil content recorded significant
positive sca effects It was observed that the crosses with
significant desirable sca effects for higher yields did not
show good sca effects for all yield-attributing components..
None of the cross which was good specific combiner for
yield significant sca effects for all the traits. The crosses
with significant sca effects for different traits did notinvolve
both the parents with significant gea effects. It involved
combinations with high x low or low x low or iow x high gca
effects. Inspite of the involvement of both poor general
combiners or one of the parent as poor general combiners,
these cross combinations expressed significant sca effects
in desirable direction which might be due to concentration
and interaction between favcurable genes contributed by
the parents. Singh et. af., (1999} and Krishna (2001} also



Madhavi Latha et al.

observed the involvement of high x low gca combinations
of parents for crosses with high sca effects.

The estimation of standard heterosis ranged from -20.32%
(DCMS 34 x DS157) to 8.80% (DCMS 18 x DS186). Out of
thirty combinations, only four crosses (DCMS 18 x DSI 15,
DCMS 18 x DS! 86, DCMS 24 x DRS 16 and DCMS 5 x
DRS 16) registered positive significant standard heterosis
for seed yield/plant. These cross combinations also
showed significant sca effects for yield and involved either
seed or poflen parent with high gea effects.

Therefore it can be concluded in the present investigation
that all the characters were governed by non-additive gene
action. The cross combinations showing high sca effects
for yield and its related traits, if found to be & combination
of one or both parents having good general combining
ability can be utilized in the hybrid development
programme for exploitation of hybrid vigour through
diversified restorer systems to raise the yield levels of
sunflower.

Table 2 General combining ability effects of parents for yield and other traits in sunflower

Days to Days Pl_ant No. of Head 100 Seed Oil _ Seed
50% to height leaves/ diameter Weight (%) yield/ plant

fiowering maturity {cm) plant (cm) Q) (9)
Line
DCMS 34 1.02* 0.87 224 -0.49 0.17 -0.06 -2.59* 0.01
DCMS 18 1.27* 0.28 -3.75 281 0.48* 0.36™ -1.43 3.01™
DCMS 24 -0.32 -1.38* -11.31% -0.83 -0.36 -0.64 -2.53* -5.08*
DCMS 5 ~1.65" ~172 10.59* -2.2* 018 0.48* 1.65* 1.34*
DCMS 12 -0.32 1.95% 2.24 0.6 -0.% -0.14 4.91* 0.73
Tester
0s115 -1.72% -2.30* 524" 0.92 0.94* -0.34 2.02* 3.90"
DSk9 018 -0.3 -14.34 -0.49 0.09 0D.43™ -0.84 1.80*
DSl 86 -0.12 -1.2 -0.57 -0.33 -0.39 0.21 -1.37 -0.78
DS| 57 -1.18 -2.70* -2.35 -1.54 -0.87 0.42 -2.02 -3.15*
DRS 16 0.08 0.3 3.84* 1.74% 045 -0.07 -3.35 1.68*
DRS 22 0.38 0.8 8.2 -0.28 -0.2 0.2 5.56 -1.99*
*, ** Significant at 5% and 1% level, respectively.
Table 3 Specific combining ability effects in the crosses for seed yield and component traits in sunflower

‘ Seedyield/ Daysto Days Plant No. of _Head 100 _Seed oil
Cross combinations plant 50% to _ height ieaves/ diameter Weight (%)
() flowering maturity (cm) plant {cm) (@).

DCMS 34 x DRS 22 10.24* -2.22* 047 5.94 2.85* -0.76 1.7 362*
DCMS 18 x DS 15 A.26* 1.79 0.72 9.64* 0.73 0.19 0.34 3.797
DCMS 18 x DS1 9 3.38" -2.27 -3.38* 0.27 0.34 1.21* 0.38 -4.5"
DCMS 18 x D51 86 6.19** 3.08* 1.12 215 -2.27 1.33* 0.50* -4.2%
DCMS 24 x DRS 16 5.62* -2.58 -2.72 3.50 1.21 0.77 0.02 2186
DCMS 24 x DRS 22 3.01" -3.38 -4.22* -2.16 3.09™ 0.87 -0.65* 375"
DCMS 5x DSI 9 5.2* 0.32 0.96 -0.52 1.28 1.38* 0.14 0.87
DCMS 5xDRS 16 787 042 0.45 8.10* 1.17 1.64** 0.75"* 4.43™
DCMS 12 x DS 86 362 -2.05 -0.88 -6.44 0.02 0.40 0.24 -2.5355__

*, ** Significant at 5% and 1% level, respectively.

N
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Abstract

In order to assess the genetic divergence among the
102 genotypes consisting of 100 germplasm
accessions and two released varieties in sunflower,
Mahalanobis D? statistics was applied. The analysis of
variance revealed significant differences among the
genotypes for all the traits, The 102 genotypes were
grouped into 12 clusters where, cluster | was largest
containing 51 genotypes followed by cluster |l with 26
genotypes, cluster X!l with ten genotypes and cluster
VIl with seven genotypes. The inter cluster distance
was maximum between cluster Xl and XII, followed by
cluster VIl and IX and cluster IV and XI. Based on the
inter cluster distance and per se performance of
genotypes, the entries viz., GMU-4, GMU-11, GMU-14,
GMU-16, GMU-25, GMU-40 and GMU-70 were selected
which could be intercrossed to obtain high heterosis
and also to recover desirable transgressive
segregants. Seed yield/plant contributed maximum
divergence {40.2%), which was followed by number of
leaves/plant (25.8%) and hundred seed weight {(17.0%).

Sunflower,
statistics

Key words: genetic divergence, D?

Introduction

Sunflower is an important edible vilseed crop of the world.
The crop is grown under diverse agro-preduction
situations, crossing climatic and geographic boundaries,
which necessitated the development of more productive
hybrids of diverse duration. Development of Hybrid is of
much value for increasing the production of sunflower. For
efficient hybridization programme, selection of genetically
diverse parents and superior genotypes is a pre-requisite,
which ensures high heterosis and exhibit a gamut of
ransgressive segregants in order to increase the
productivity ievels of sunflower. The present study was an
attempt t¢ know the magnitude of diversity present in
different germplasm accessions for yield and yield related
component traits.

Materials and methods

The material for the present study consisted of 100
sunflower germplasm accessions from GMU-01 to
GMU-100 two checks viz., DRSF-108 and Morden. The
experiment was conducted at Directorate of Qilseeds
Research, Hyderabad during kharif, 2004, Each accession
was sown in five rows of 3 m length with a spacing of 60
cm between row and 30 cm between plants. The
experiment was laid out in Randomized Block Design with
two replications. In each accession, five plants were
randomly selected and used for collection of data on yield
and yield related characters viz., leaf lamina length (cm),
leaf lamina width (cm), petiole length (cm), days to 50%
flowering, days to maturity, plant height (cm), number of
teavesiplant, head diameter (cm), per cent seed filling, 100
seed weight (g), seed yield/ptant and oil content (%). The
data was subjected to statistical analysis using
Mahalanobis D? Statistics (Mahalanobis, 1936) and
Toucher's method as described by Rao (1952} for
determining group constellation. Average intra and inter
cluster distances were estimated as per the procedure
outlined by Singh and Chaudhary (1977).

Results and discussion

The analysis of variance revealed significant differences
among the genotypes for all the traits studied. Based on D?
statistics and Tocher's method the 100 germplasm
accessions along with two released varieties can be
grouped into 12 clusters however, with variable number of
entries in each cluster revealing considerable amaunt of
genelic diversity in the material (Table 1). It was observed
that cluster | had the maximum number with 51 genotypes
followed by cluster I with 26 genotypes, cluster X with 10
genotypes and cluster VIl with seven genotypes, The four
clusters |, Il, Vill and IX together included 94 genotypes
reflecting narrow genetic diversity among them. The
narrow genetic diversity may be attributed to similarity in
the base material from which they have been evolved.
Further, clusters |11, IV, V., VI, VII, X, Xl and X!l were found
o be sofitary clusters. However, lines derived from the
same source of parentage were grouped in different
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clusters demonstrating the impact cf selection pressure in
increasing the genetic diversity. The checks Morden and
DRSF-108 were included in cluster |l and IV respectively
indicating their distinctness or similarity from the
germplasm accessions with respect to traits considered.
gimilar results have been reported by Teklwold et a/.
(2000) and Vishnuvardhan Reddy and Devasenamma
(2004 in sunflower,

Average intra and inter cluster D? values among 102
genotypes (Table 2) revealed that ciuster V had the
minimum intra cluster value (8.5} indicating that genotypes
within this cluster were similar. While, cluster VIii showed
the maximum intra cluster D? value (26.4), followed by
cluster 11 (23.1) and cluster | (22 .4) revealing there by the
existance of diverse genctypes that fell in these ctusters.
The inter cluster D? values ranged from 8.3 to 63.9.
Minimum inter cluster D? values were observed between
cluster Il and V indicating the close relationship among
the genotypes included in these clusters. Maximum inter

cluster value was observed between X! and XIt (63.9)
followed by cluster VIll and X1 (57.3) and cluster IV and XI
(55.9) which indicates that genotypes included in these
clusters are genetically diverse and may give rise to high
heterotic response.

The cluster means and contribution of each trait towards
genetic divergence are presented in Table 3. The data
revealed considerable differences among the clusters for
maost of the characters studied. The cluster IX {(GMU-01,
GMU-24, GMU-30, GMU-32, GMU-43, GMU-52, GMU-53,
GMU-60, GMU-80 and GMU-93) recorded highest seed
yield/plant and cil content, where as cluster X1 (GMU-40)
recorded highest mean hundred seed weight (6.5g),
number cf teaves/plant (39.3) and plant height {177 cm).
The cluster X recorded lowest hull percent (19.0%), where
as, cluster VIl recorded the highest percent seed filling
(76.3) and leaf lamina length (27.6 ¢m). The cluster Xl
recorded lowest mean days to 50% flowering {44 days)
and highest peticle length (19.6 cm).

Table 1 Distribution of 100 germplasm accessions along with two checks into 12 clusters based on D? values

Number of .
Cluster ZCCessions Accessions
51 GMU - 02,GMU - 05, GMU - 17,GMU - 18, GMU - 19, GMU - 22,GMU - 27, GMU - 29, GMU - 31, GMU - 33,

GMU - 34, GMU - 35,GMU - 356, GMU - 37, GMU - 38, GMU - 39, GMU - 45, GMU - 47, GMU - 48, GMU - 50,
GMU - 51, GMU - 55, GMU - 56, GMU - 57, GMU - 58, GMU - 85, GMU - 67, GMU - 88, GMU - 71, GMU - 72,
GMU - 73, GMU - 74, GMU - 75, GMU - 75, GMU - 77, GMU - 78, GMU - 79, GMU - 80, GMU - 81, GMU - 82,
GMU - 83, GMU - 84, GMU - 85, GMU - 87, GMU - 88, GMU - 85, GMU - 94, GMU - 95,GMU - 97, GMU - 98, GMU -
100 .

I 26 DRSF - 108,GMU - 03,GMU - 06,GMU - 07 GMU - 08,GMU - 10, GMU - 12,GMU - 13,GMU - 15,GMU - 20,
GMU - 21.GMU - 26, GMU - 28,GMU - 41, GMU - 42.GMU - 44 GMU - 46,GMU - 49,  GMU - 54 GMU - 62,
GMU - 63.GMU - 54,GMU - 91.GMU - 92, GMU - 95.GMU - 99

11t 1 GMU - 11

v 1 Morden

v 1 GMU - 14

Vi 1 GMU - 16

vl 1 GMU - 70

Vil 7 GMU - D9,GMU - 23, GMU - 58.GMU - 61,GMU - 68.GMU - 68, GMU - 86

X 10 GMU - 01.GMU - 24 GMU - 20 GMU - 32.GMU - 43.GMU - 52, GMU - 53.GMU - 60.GMU - 90.GMU - 93

X 1 GMU - 4

Xi 1 GMU - 40

Xl 1-  GMU-25
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Table 2 Average intra and inter cluster distances (D  values) of 100 sunflower germplasm accessions along with two checks

———

| I 1t IV \ Vi Vi Vil 1% X Xl Xl
| 224 28.3 239 243 245 239 24.8 27.5 40.5 27.0 421 39.4i.
1l 231 31.0 250 31.5 29.0 271 32.7 36.4 41.1 49.8 354
" 0 10.2 8.3 221 24 4 16.5 50.7 247 541 356
v 0 10.8 223 241 16.1 50.2 27.4 559 375
\ 85 208 24.2 17.7 509 251 54.1 339
VI 0 16.7 20.9 471 30.5 49 .4 301
Vil 0 253 46.7 352 51.7 331
VIl 18.7- 53.0 29.7 57.3 36.7
X 26.4 50.0 36.8 52.1
X 0 39.9 49.1
Xl | 0 63.9
Xl 0
Table: 3. Cluster means and per cent contribution of characters towards divergence.
Leal  cat  Petiole D25 pDaysto  Plant  Head Percent . 100seed  Seed
Cgalgiféf” E’;g"rt‘; lamina  length ﬂo‘if:f g Maluriy height diameter e':?rés seed é’,;') '('Lz'f weight  yielw/plant
(cm) width {cm)  (em) (Days) (Days) (cm) {cm) filling (g) @
I 234 23.1 153 50.0 845 1316 12.5 25.5 438 223 36.6 53 3.4
I 222 223 13.8 439 86.1 135.2 12.3 204 618 258 33.8 55 7
n 23.0 23.0 12.5 440 96.0 144.0 10.8 207 8.8 2386 452 31 0.9
v 225 225 12.0 46.0 81.0 118.2 1.2 21.0 227 21.1 33.0 57 10
v 218 216 13.8 450 81.0 1352 10.2 208 8.3 187 * 500 4.0 09
vl 21.8 21.8 19.0 48.0 81.0 118.8 17.0 20.2 36.4 20.3 400 6.5 186
Vil 27.5 27.6 168 50.0 7%.0 135.0 112 17.2 76.3 215 400 4.0 0.4
Vit 23.2 233 149 50.0 85.7 1315 12.9 18.6 13.7 225 29.9 53 14
IX 222 219 157 487 B7.2 1305 122 279 708 280 301 43 15.2
X 23.0 23.0 17.2 45.0 81.0 133.0 10.4 310 13.1 23.1 19.0 5.1 0.9
Xl 248 24.8 21.0 47.0 7I9.0 177.0 1438 393 492 254 34.3 6.5 10.0
X 9.8 9.8 19.6 44.0 97.0 144 5 13.0 17.2 533 251 433 48 54
Per cent 1.5 0 18 03 1.0 0.3 35 258 46 1.4 28 17.0 402
contribution
e —
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The data on inter cluster distances and per se
performance of genotypes were used to select genetically
diverse and agronomically superior genotypes. The
genotypes, exceptionally good with respect to one or more
characters were deemed desirable. On this basis, seven
germplasm accessions viz., GMU-25, GMU-40, GMU-4,
GMU-70 GMU-16, GMU-14 and GMU-11 were distinct and
diverse can be selected as a promising lines. Intercrossing
of divergent groups would lead to genetic base in the base
population and greater opportunilies for crossing over to
occur, which intern may release hidden variability by
breaking close linkage (Thoday, 1960). The progenies
derived from such crosses are expected to show wide
variability, providing greater scope for isolating
transgressive segregants in the advanced generations.
Hence, these genotypes may be used repeatedly in the
crossing programmes to recover transgressive segregants,
which can be either released as a variety or can be utilized
in the genetic enhancement of sunflower crop.

Among the thirteen characters studied, seed yield/plant
contributed the most (40.2%) to the genetic divergence of
genotypes, followed by number of leaves/plant (25.8%)
and hundred seed weight (17.0%). However, days to 50%
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flowering and plant height contributed the least (0.3%),
indicating a narrow range of diversity among the
genotypes under study.

References

Mahalanobis, P.C. 1936, On the generalized distance in
statistics. Proceedings of National Academy of
Science, 12: 49 - 55.

Rao, C.R. 1952. Advanced statistical methods in Biometrical
Research, John Wiley and Sons lnc., New York,
pp.,363.

Singh, R.K. and Chaudhary, B.D. 1977. Biometrical Methods in
Quantitative Genetic Analysis. Kalyani Publishers, New
Delhi, pp.,304.

Tekiwold, A., Jayaramaiah H. and Jayarama Gowda. 2000.
Genetic divergence study in sunflower. Helia, 23(32):
§3 - 104.

Thoday, J.M. 1860. Effects of disruptive selection. Ill coupling
and repulsion. Heredity, 14: 35 - 39.

Vishnuvardhan Reddy, A. and Devasenamma, V. 2004,
Genetic divergence in sunflower, Helianthus annuus L.
Journal of Qilseeds Research, 21(2): 257 - 259.



J. Oifseeds Res., 22(2) : 317-320 {(2005)

Sowing time and nutrient management vs. sunflower, Helianthus annuus
L. yield components and yield under irrigated conditions

P. Murali Arthanari and T.N. Balasubramanian

Department of Agronomy, Tamil Nadu Agricultural University, Coimbatore-641 003, TN

(Received: October, 2004, Revised: May, 2005; Accepted: June, 2005}

Abstract

Field experiments were conducted during 2001 and
2002 in western agro climatic zone of Tamil Nadu to
study the effect of sowing times and different nutrient
management practices on yield components and yield
of sunflower. Among different yield components of
sunflower, the head diameter alone showed significant
different for sowing taken during 15" Metearclogical
Standard Week ({S,) during both the year of
experiments. The higher seed, oil yields had
registered in the same sowing week. With respect to
nutrient management practices, during the years, the
head diameter, total seeds per head and shelling
percentage, the 100% inorganics of recommended
dose treatment registered higher values. The same
trend was followed in case of seed, oil yield and
harvest index also. Hence, the optimum time of
sowing for sunflower in western agro climatic zone of
Tamil Nadu is during 15" Meteorological Standard
week with recommended dose of inorganic soutce of
fertilizers.

Key words: Sunflower yield, sowing time, nutrient

management
Introduction

The development of shart duration, photo and thermo
insensitive nigh yielding varieties having wider adaptability
has revoiutionized the cultivation of sunflower (Hefianthius
annuus L.} in different agro climatic regions of India.
Conventionally, this crop is grown in Tamil Nadu in
different seasons either as rainfed or irrigated under
varying soil types and cropping systems. In western agro
climatic zone of Tamit Nadu the cultivation of sunflower
picked up during (ate eighties and it has now become an
important cash crop in the spring season {January/
February - May) under irrigated conditions. This crop
being thermo-insensilive cilseed could be sown throughout
the year and can find a place in any cropping system. The
sunflower - maize cropping sequence is emerging as
impertant system among the farmers of this region.
Sunflower crop is giving additional income to this cropping
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system. Though the sunflower thermao- insensitive, the
cultivars differed in their response to varying seeding dates
even in a given season under different agro climatic sub
zones {Gaikwad ef.al., 1996). Hence, there is a need fo
adjust the sowing time for this crop in this system, soas to
get maximum yield and profit to the farmers.

There is need to promote use of arganics in addition to
inorganic fertilizers for sustained maintenance of sod
fertility {Devidayal and Agarwal, 1989). Owing to the
ever-increasing cost of inorganic chemical fertilizers and
environimental pollution, there is a need to know the effect
on crop with integration of inorganic fertilizers with organic
manures.

The present investigation was carried out for identifying
optimum sowing time and nutrient management practices
for getting higher yield of sunflower.

Materials and methods

The fieid experiments were conducted during 2061 and
2002 at Tamil Nadu Agricultural University, Coimbatore.
The experiments were laid out in Split Plot Design and
treatments were replicated thrice. The treatmenis
consisted of three dafes of sowing with two weeks interval
between each sowing allotted fo main plots. First sowing
was fixed on 13™ Meteorological Standard Week {MSW),
(March 26- April 1), second sowing was fixed on 157 MSW
(Aprit 9-15} and third was fixed during 17" MSW, (Apri
23-29). These were five nutrient management practices
as presented in table 1. The Farm Yard Manure {FYM) was
calculated hased on analyzed value for recommended
dose of fertilizer for nitrogen alone. This was the only
manure applied as per the treatments as organic source-
This was given as per the freatments through broa: ’astérjg
and incorporated into the scil. With respect to inorganic
source, the common fertilizers used were urea, sing'e
super phosphate (SSP) and Muriate of Potash (MOP) ff
the supply of nitrogen, phosphorus and potassaum
respectively. The nutrients recommended far sunflowe’
40:20:20 Kg N, P,0,. K,Ofha. The total rainfall abot!
171.6 and 80.1mm were received during 1" and 2" year?
experimentation.
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The soil of the experimental field was sandy clay loam type
and texturally classified as Typic ustropept. The available
nutrient status of the field during the start of the first
expariment (kharif, 2000) was low in nitrogen (230 kg/hay,.
medium in phospharus (18 kg/ha) and high in potassium
(430 kg/ha). The organic carbon content was 0.36% with
pH 7.55. The sunflower variety CO-2 was used for this
experiment with a seed rate of 15 kg/ha and spacing of 30
cm between rows and 30 cm between plants were
adepted. The crop has received five irrigations during the
crop growth period of each sowing.

Results and discussion

Head diameter of sunflower recorded at different sowings
in the years, S, sowing was at par with S, sowing in the
first year, whereas, in the 2™ year, it was significantly
superior to all other sowings evaluated. With respect to
nutrient  management practices, the NM, practice
registered wider head diameter but it was statistically at
par with NM;and NM, practices in both the years (Table
1). Head diameter is one among the yield components
responsible for obtaining higher yield in sunflower.
Chidambaram and Sundaresan (1990) reported that there
was positive correlation between head diameter and
sunflower seed yield.

Total seeds/head in each sowings evaluated did not differ
significantly in bath the years. Whereas, among nutrient
management practices, NM, practice recorded anincrease
of 34% and 33%, respectively, over NM, practice in 1" and
2" year of experimentation and stood superior. In both the
years of study, sowings evaluated did not differ
significantly in shelling percentage. Among the nutrient
management practices studied, the NM, practice
registered higher shelling percentage and this praclice
was statistically at par with NM, and NM, practices.

In both the experiments, neither the sowings nor the
nutrient management practices did differ significantly in
influencing the hundred seed weight, crude protein and oil
content of sunflower.

Seed yield: The sunflower seed yield also was higher
under S, {15" MSW) sowing. It was observed that the
average seed yield registered during 1% year was 1162
kg/ha, while it was 1013 kg/ha during 2™ year (Table 2),
During 1% year, S, sowing had recorded 1242 kg/ha
significantly and the respective increase was 9% and 13%
over S, and S, sowings. Whereas, in the 2™ year, §,
sowing did produce yield of 1105 kgrha of sunflower seed.
The increase over S, sowing was 6%, while it was 19%
over S, sowing.

Table 1 Effect of sowings and nutrient management practices on yieid attributes of sunflower

2001 2002
Head Total . 100 seed Crude Qil Head Total . 100 seed Crude Qil
Treatment diameter seeds/ Shfllmg weight protein conlent diameler seeds/ Shf“mg weight protein content

cm) _head ) @) k) (k) (em) head P @y (k) (%)
Sowings (5)
S, 13 479 a3 5.8 18.7 BT 12 488 815 58 184 36.1
5, 14 496 85 5.9 184 372 13 486 83.8 5.8 18.1 36.7
355 12 458 80 5.8 17.5 37.2 11 449 78.5 5.7 172 . 366
Skd 0.3 10.7 1.8 0.12 0.37 0.8 0.3 10.52 1.8 0.12 0.37 0.8
CD (P=0.25) 0.9 NS NS NS N3 NS 0.4 NS NS NS NS NS
Nutrient management practices {NM)
NM, 10 403 74 57 18.0 36.8 9.4 398 72.6 5.5 17.8 35.8
NM, 14 542 87 5.0 18.3 37.3 13.9 530 85.0 5.3 18,1 366
Nk, _ 13 4561 82 57 16.4 370 11.1 445 80.2 58 18.2 36.5
NM, _ 13 481 83 5.8 18.3 37.3 13.1 473 82.3 58 18.1 36.6
NM, . 14 502 86 59 17.7 36.8 133 493 85.2 5.8 17.4 36.7
SEd ‘ 0.4 14.6 25 0.2 086 1.1 0.4 1427 25 0.2 0.6 1.1
CD (P=0.05) 08 300 53 NS NS NS 076 2047 52 NS NS NS
Nteraction
S x NM
2';“(?_0 088 2498 434 0.31 0.94 193 065 2449 427 030 094 1.50
NM g 05) NS NS NS NS NS NS NS NS NS NS NS NS
SEdt 068 2521 441 0.31 0.97 198 DB4 2473 434 0.31 0.96 1.95

O (p=
D (P=0.05 NS NS NS NS NS

NS NS NS NS NS NS NS

NS Not significant’
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Table 2 Effect of sowings and nutrient management practices on vield aftributes of sunflower

2001 2002
Treatment Grain yield Harvest Qil yield Grain yield Harvest Oil yleld
(kg/ha) index (kg/ha) (kgiha) index (kg/ha)

Sowings (S)
8, 1144 231 421 1040 22.8 377
5, 1242 23.7 461 1105 235 405
S; 1101 23.9 410 895 217 328
SEd 31.36 0.57 11.77 28.08 0.50 10.35
CD (P=0.05) 87.07 NS 32.7G 60.57 1.38 28.73
Nuftrient management practices (NM)
NM, 654 211 255 584 20.3 209
NM, 1554 2.1 579 1313 249 480
NM, 895 223 368 912 217 333
NM, 1220 231 455 1094 23.3 401
NM; 1349 240 497 1165 230 427
SEd 35.86 0.70 13.23 31.18 0.69 11.38
CD (P=0.05) 74.01 1.44 27.31 64.36 o 141 23.48
interaction
S xNM
SEdt 63.79 0.01 23.64 55.88 0.012 20.44
CD (P=0.05) NS NS NS NS NS NS
NM x S ‘ -
SEdr 62.11 7 0.01 2292 54.01 0.012 19.71
CD (P=0.05) NS NS NS NS NS NS

NS: Not significant

From the data on nutrient management practices
evaluated, NM, practice significantly improved the seed
yield over all other nutrient management practices in both
the years. During 1* year of experiment, the NM,
practice registered 124% higher seed yield over NM,
practice while, during 2" year, the NM, recorded 125%
over NM, practice. Similarly adoption of NM; practice also
significantly increased seed yield of sunflower as
compared to NM,, NM, and NM, practices during both the
years.

The insight in weather data prevailed during crop growth
period indicated that higher evaporation and higher HUE
were observed as friggering abiotic factors on the seed
yield of sunflower under $, sown situation. Since sunflower
was sown during summer, evaporation would he more. In
the ET studies conducted in the past, even though the
component evaporation was started with 40% from
seeding, it got declined at the time of highest LAl of the
crop and thereupon evaporation was negligible, whife the
transpiration would be the most important source for water
loss. This is in the other word that more ET means more
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yield. This means that ET is directly proportional to yield
obtained. Comparison between rice and pulses yield, the
ET requirement of rice was 1200 mm (Reddy, 1999), while
it was 300 to 400 mm for pulses (Doorenbos and Pruitt,
1977). Refatively, the yield was higher for rice around five
tonnes/ha, while the average yield of pulses was 300
kg/ha. This means that ET is directly proportional to yield
obtained. It was reported that the ratio between AET and
PET is directly proportional 1o the ratio between actual and
potential yield.

Oil yield: The oil yield of sunflower was significantly
influenced by sowings. During 1% year, §, sowing
registered 461 kg/ha as oil yield and this treatment was
significantly superior to other two sowings. Duri J 2°
year, S, sowing was (405 kg/ha) at par with S, (377 kg/ha)
sowing but superior to S, sowing. With respect to nutrient
management practices studied, the NM, practice
registered significantly higher oil yield of 127% and 130%
over NM, in  and It year, respectively. Since, sunflower®
grown during suminer; the night temperature also would
be more. Decrease in minimum temperature was noticed
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from sowing to 15 DAS, 31 to 60 DAS of both the years of
sunflower under S, sowing and increase in minimum
temperature from 16 to 30 DAS was aiso observed under
the same treatment as compared to other two sowings
namely S, and S,. This prevailed minimum temperature
during vegetative and flowering stages might have
influenced the sunflower seed yield as well as ail yield
positively.

The significant increase in seed yield due to inorganic
source of nutrienis seems to be due to improvement in
reproductive (head diameter, total seeds/head) and
vegetative growth of the crop as a result of improved
source and sink relationship. These results are in close
agreement with the findings of Vivek and Chakor {1992)

Harvest Index: From the study, sowings did not differ
significantly during 1% year, whereas, in the 2" year, S,
sowing significantly improved harvest index than S,
sowing. In case of nutrient management practices studied,
the NM, practice registered significantly higher harvest
index over aother nutrient management practices.
Whereas, the NM, and NM, practices were at par with
each other in both the years next ta NM, practice.

From two years of experiment, it is concluded that
optimum time of sowing for sunflower in western agro
climatic zone of Tamil Nadu is 15" Meteorological
Standard Week. With reference to nutrient management,
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100% inorganic source of recommended dose of fertilizer
(40:20:20 kg N, P,Q;, K,0/ ha) would be the best nutrient
management practice for sustainable production of
sunflower,
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Abstract

The combining ability over environments for yield and
10 yield attributes was studied using line x tester
mating design involving 5 pistillate lines and 15
inbreds in castor (Ricinus communis L.). The
estimated components of gca and sca variances
showed preponderance of non additive gene action for
most of the characters. The pistillate line SKP 49 was
good general combiner for seed yieldiplant and yield
attributes like, capsules/plant, capsules on main
raceme and effective length of main raceme, and for
oil content. Among males SPS 43-3, SKI 147 and HC 8
were found good general combiner for yield/plant and
other related attributes. The highest sca effect was
exhibited by SKP 49 x SPS 43-3 for seed yield/ plantas
well as capsules/ipiant. The highest sca effect for
number of effective branches was recorded by Geeta
x DCS-30. The cross combination VP1 x DCS-30
showed highest sca effect for number of capsules on
main raceme. The parents with high gca and crosses
with high sca effects should be exploited for further
breeding programme. The crosses with high sca
effects for yield/plant and other yield attributing
characters should be exploited for heterosis breeding.

Key words: Combining abitity, castor

Introduction

Constant efforts to improve vyield through seléction and
hybridization of the parents are important in all crop
improvement programmes. Therefore, in any sound
breeding programme, the proper choice of parents based
on their combining ability is a prerequisite. This afso
provides necessary information regarding the choice of
parents and simuftanecusly 1ilustrates the nature and
magnitude of gene action involved. The estimates of
combining ability effect based on single season could not
revealed the real merits of the G x E inferaction. Hence an
investigation was made to assess the nature of combining
ability for yield and ten yield attributing characters in four
environments through line x tester analysis. The pooled
data was used for this study to get reliable information for
males, females and crosses.
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Materials and methods

The experimental material comprised of 5 pistillate lines
(SKP 5, SKP 4, VP 1, Geeta and SKP 49), 15 inbred lines
and 75 hybrids ameng them. The resulting 75 hybrids
along with 20 parents were ‘aid out in a RBD with three
replications under four environment created by sowing at
two different dates (at onset of monsoon and fate
monsoon} during khadf, 1998 and 1999 at Regional
Research Station, Gujarat Agricuttural University,
Sardarkrushinagar. Each plot consisted of 12 plants
having an inter and intra row spacing of 90 cm x 680 cm.,
respectively. Observations were recorded on five randomly
selected plants for 11 characters viz., days to 50%
flowering {No), days to maturity of main raceme (No}, plant
height {cm), number of nodes upto main raceme, effective
length of main raceme (cm), number of effective
branches/plant, number of capsules on main racemes,
number of capsules/plant, 100 seed weight (g), oif content
{%) and seed yield/plant (g). Mean data were used and
analysed according to the method suggested by
Kempthorne, (1857).

Results and discussion

The analysis of variance for combining ability in four
environments (Table 1) as well as over environments
{Table 2} revealed that mean sum of squares due o
females and males were significant for all the traits in all
the environments except ofl content in E, for males. The
mean sum of squares due ta females x males interaction
were significant for all the characters in individual
environments. This indicated imporiance of both additive
and non-additive gene action in the inheritance of
characters studied. Mean sum of squares due to
environments, females, males and males x females were
significant for all the characters indicating both geca as well
as sca variance to be important in the inheritance of ail the
characters studied. The interaction sum of squares duc fo
males x etivironments, females x environments and
females x miales x environments was found to be
significant for all the characters. These findings indicated
that both gea and sca variance were sensitive 1o
environmental fluctuations. These results are in agreement
with Dobaria et al. (1992), Joshi {1933} and Patel (1994).
The magnitude of & sca was higher than & gca for all
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the characters except plant height and effective
pranches/plant indicating preponderance of non-addi‘live
type of gene action in the inheritance of most of the yield
attributes. The results are in agreement with those of
Fatteh ef al. (1888} and Rabadia {1989).

among the pistilate lfines SKP 49 was good general
combiner for seed yield/plant, oil content, number of
capsules/plant, number of capsules on main raceme,
effective tength of main raceme, days to 50% flowering
and maturity of main raceme. Among the inbreds the tester

SKI 147 was good general combiner for seed yield per
plant. It was also good general combiner for number of
capsules/plant, number of capsules on main raceme,
effective length of main raceme, effective branches/plant,
for days to maturity and days to 50% flowering. SPS 43-3
was good general combiner for seed yield/plant and for
other yield attributing characiers like, number of
capsules/plant, number of capsules on main raceme,
effective length of main raceme, 100 seed weight and oil

content. In general HC 8 is better for all traits except
maturity time.

Table 1 Analysis of variance sowing mean sum of squares for combining ability in four environments.

Dggg]oto Days to Plant r:\é%eljsf Effective No. of e:é)ér?je No. of ;ggd il ‘ Seed
Soqrqe of df. flowering maturity height (cm) upto Main Ier_wgth qf cap;ule;fn branches capsules/ weight content  yield/plant
variation (No) (No) raceme main spike  main sptke plant plant @) (%) (o)
Females 4 E, 65361 2242.307 8014.656° 13575 118248 409631  76.03"™ 48568.04 10.03" 989" 33894 20
E, 300724 1402825 2478.11" 18.65™ 48891 198B67T  10.72° 2673544 1008° 563  14056.69"
E, 133224* 2398 54 2729 71*% 11311~ 392.52**  2286.67™ 58.16™ 14066.05** 78.38™  61.96" 10396.82*
E, 1472.62" 3121.02% 400329* 33.78" 168435 T7B897.52™ $8.08*  1720.98" 12344 12850 832571
Males 14 E, gy o2 20686 1167.31%7 804 157 568" 499.27* 18.08*  32078.14* 4765  7956°  14058.81*
E, 28334 714.19° 243 .80 3.50* 62.22* 294 27* 584" 1396.51  41.92** 432" 871.26*
E, 109.61% 295547 754,93 12947 119.80 247.017 3er 463228 5228*  10.05 2583.58**
E, 29197 52856 163175" 15.09%  B8B.H2Y 151441 964" Z2BB4.80" TI 1 32087 B430.74%
Females x 56 E, 10456 191.38* 65576  2.82° 102.86*  311.22* 11.85*  2683065* 1147* 532" 7541 59™
females E, 18552° 435.92° 167.06"  4.557 71.62" 160.92° 6.69* 653578~ 10.47* 3.87* 3B71.44*
E, 7144 21642* 180.83" 5477 96.12* 327.27* 247" 491803° 904" 580° 168551
E, 23412 23801 447.48" 3zo” 140.09% 805.39" 66.42"  12302.48" 9.49* 15.00*  3831.04*
Errar 148 E, 0.10 0.19 76.38 0.39 16.06 28.18 1.29 178.28 009 0.03 220.62
E, 0.01 019 17.84 0.01 5.28 11.58 0.30 396.93 0.18 0.04 73.54
Es 0.30 0.07 1690 Q22 6.25 13.80 014 231.36 0.08 0.01 464
E, 019 017 877 0.0¢ 1.81 1.46 0.02 5473 0.01 0.03 15.48

* Significant at P = 0.05
™ Significant at P = 0.01

Table 2 Analysis of variance sowing mean sum of squares for combining ability in pooled over environment for different charactess in castor.

Days to No. of . No. of No. of N )
Days to Plant Effective 0.0 effective 0. of 100 seed Oil .
?:ﬁ;i‘;r?f df. flofvo%n maturity height nodﬁz‘ﬁp\o length of capsuleson | o, Capsules/  weight content Se]ed twe\d!
erl . . .
oy g (No) {cm) caceme  Main spike main spike plant plant (g %) plant (g}

Females 4  3073.5%* 652883 18336.62" 140 65 2202.97** 13695.31* 199.01™ &§7250.07 7378 60.09** 37449 52"
Males 14  44872* 1077.02™ 227186* 24727 §78.65™ 1289.99*7 1717*" 22516.10** 18831  22.08* G758.65*
Females x 56 28271 571 521.81* 6.38" 187 11 490.32*" 752" 15322.42*  17.87* 922* 624560
Males

Envirgnments 3 2353 56" 306607 5085500 39419 44140.56" 50931057 493.43" 114386700 904.96™ 101670" 279147 70*
Femalesx 42 118076 508761% 5@640%  2021%  48510% B57.957™  1456™ 16109.83' 49.52  4864* 974113
Environments )

Males x 42 11503* 25235~ 50862  4.967 116.66*"  408.38* 7.01* 1281535 582+ 10.48*  4731.56=
Environments

Males x g 140 99 17030 30977 322" 74 53" 304 83" G664 117704 60" 760" 0.h8” 3544 .42
Females x

Environments

Error 148 015 019 ap 23 017 732 1375 0.44 21474 0.08 0.03 78.51
8 sca 50.57 133.71 7068 .05 37.53 6183 029 1183.99 338 0.77 $00.3%

# gea §10 6.09 71.16 0.55 8.94 55.66 0.70 162.33 0.82 0.08 11389
& 50315 gea 524 24 04 0.99 0.94 4.20 1.11 0.36 8.50 4,98 9563 7.91

:‘Stgniﬂcam #A P =005
Significant at P = 0.01
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The specific combining ability effects revealed that a cross
SKF 49 x SPS 43-3 had the highest positive significant sca
effects with respect to seed yield, followed by the crosses
VP-1x48-1, VP-1 x DSC-30, SKP 49 x SK! 180 and SKP
49 x SH 72. The cross combination SKP § x 48-1 for
capsules/plant, VP-1 x EC103745 for 100 seed weight,
Geeta x DCS-30 for effective branches/plant and VP-1 x
DCS-30 for effective length of main raceme. VP-1 x EC
103745, Geeta x EC 103745 and SKP-4 x SKI 119
exhibited highest negative sca effect for plant height, days
to flowering and maturity, respectively. All the promising
hybrids were result of at ieast one good combining parent
with respect to the character with regard to which they had
high sca effects except VP 1 x 48-1 where both parents
are poor combiner for seed yield/plant, but there hybrid is
good.

Specific combining ability effects revealed that the crosses
SKP 49 x SPS 43-3, Geeta x SKI-147 and SKP-48 x
S$H-72 showing high sca effect for yield per plant involved
bath goad combining parents. Looking to the magnitude of
variance due fo sca, it is obvious that most of the
characters under investigation were governed by
non-additive type of gene action. Under such a situation
the parents with high gca effects and the cross
combination having highest sca effect for yield/plant
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should be considered for commercial exploitation of
heterosis in castor. :

References

Dobaria, K.L.; Dangaria, C.J. and Patel, V.J. 1992. Combining
ability analysis in castor diallel. Journal of Maharashtra
Agriculturai Universities, 17 (2) : 235-238.

Eatteh, U.G., Dangaria, C.J. Dobaria, K.L. and Patel V.J. 1988,
Combining ability by line x tester analysis in casior
{(Ricinus communis L.). Indian Jourmal of Agricultural
Sciences, 58 {1):7-10.

Joshi, H.J. 1993, Heterosis and combining abifity studies in
casior (Ricimus communis L), PhD. Thesis
(Unpublished) submitted to Gujarat Agricuitural
University, Sardarkrushinagar.

Kempthorne, 0. 1957, An introduction to Genetic Statistics. John
Villey and Sons, Inc. New York. pp. 468-470,

Patel, B.N. 1994, Line x Tester analysis over environments in
castor (Ricinus communis L). Ph.D. Thesis
(Unpublished) submitted to Gujarat  Agricuftural
University, Sardarkrushinagar.

Rabadia, P.N. 1989. Heterosis, combining ability and gene action
studies in castor (Ricinus communis L.). M.Sc. Thesis
{Unpublished) submitted to Gujarat Agriculturat
University, Sardarkrushinagar.



J. Oilseeds Res., 22(2) : 324-326 {2005)

Heterosis over environments for seed yield and other attributes in castor,

Ricinus communis L.

D.A. Thakker, B.S. Jadon, K.M. Patel and C.J. Patel

Main Castor-Mustard Research Station, S.D. Agricultural University, Sardarkrushinagar-385 506, Gujarat

{Received: November, 2004; Revised: May, 2005; Accepted: June, 2005}

Abstract

Heterobeltiosis and standard heterosis for seed yield
and its attributes was studied in 75 castor hybrids
developed through line x tester mating design (five
pistillate lines and 15 pollen parents) under four
environments. The significant positive heterosis over
better parent (BP) and standard heterosis {SH) for
seed yield ranged from 5.57 to 128.46% and 3.58 to
28.98%, respectively. The cross combinations SKP 49
x SPS 43-3, Geeta x SKI 147 and SKP 49 x SH 72
exhibited significant and positive heterosis overcheck
hybrid for seed yield/plant. The superior crosses also
exhibited significant and positive heterosis for
number of capsules/plant, number of capsules on
primary raceme, effective length of primary raceme
and oil content. Superior crosses hybrids vigour may
be exploited commercially.

Key words: Heterobeltiosis, standard heterosis over

environment, castor
Introduction

The exploitation of heterosis has been an important
bre?ding tool in castor, which became feasible due to
availability of 100% pistillate lines. Hybrid technology leads
to development and release of hybrids at commercial
scale in castor. A good number of high yielding hybrids
ha‘-’e been released for commercial cultivation. In order to
entify high yieiding cross combination, it is essential to
#valuate available promising hybrid combinations for yield
?r:g yield components in varied production environments.
hybrrizfore' heterqms over better parent and standard
ol h(’CL3_CH-4) was studied in 75 hybrids developed
enyi dh Line X Tes.ter (5 x 15) mating design under four

fonments identify superior hybrids over environments.

Materials and methods

gzgtdwerse pistillate lines viz., SKP-5, SKP-4, VP-1,
in Iin: intdeStKP_49 and 15 castor inbreds were hybridize
along with 2509f mating design. The resulting 75 hybrids
in random; Parents (5 lines + 15 testers) were evaluated
Createq eni?d block design with three replications in four

onments. Two experiments (one at onset of
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mansoon and other at late monsoon) during kharif, 1998
and 1999 were planted at the Regional Research Stalion,
GAU, Sardarkrushinagar. Each entry was planted in a
single row of 12 dibbles keeping row to row 90 cm and 60
cm plant to plant distance. Recommended package of
practices was followed for raising the crop. Observations
on five randomly selected competitive plants were
recorded in four enviranments for 11 traits (i.e. days to
50% flowering of primary raceme, days to maturity, plant
height (cm), nodes up to main raceme, effective length of
primary raceme, capsules on raceme, number of effective
branches/plant, capsules/plant, 100-seed weight, seed
yield/piant and cil content). The mean values were used
for statistical analysis. The superiority of a hybrid for
various traits was observed over the deviation of F, from
better parent and standard hybrid (GCH-4), and referred
as heterobelttosis and standard heterosis respectively as.
per methods suggested by Fonseca and Patterson (1968).
Hybrid technology in castor has been exploited
commercially in Gujarat. The hybrid GCH-4 is covering
more than 90 per cent of castor area in the Gujarat state.
Hence, GCH 4 was used as a standard hybrid (SH) for
estimation of economic heterosis.

Results and discussion

Results indicated that mean squares due to parents and
hybrids were significant for all the 11 characters studied
under four environments indicating considerable genetic
variability among parents and hybrids. Mean squares due
to parents v/s hybrids were significant for all the traits
(except for 100 seed weight in E, and E; environments}
suggesting the presence of hybrid vigour for these traits.
Genotype-environmental interaction was also significant
for all the traits indicating the presence of considerable
amount of genotype x envircnment interaction. Soclanki
(2003) also observed impertance of genotype x
environmental interaction in castor. It was observed that
July sowing is more desirable than September sowing
during both the year.

The range of mean performance of hybrids was higher
than that of parents for seed yield/plant, capsules/piant,
capsules on main raceme, effective length of main raceme
indicating significant heterosis for these characters.
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The range of heterosis, number of significant heterotic
crosses and best heterotic crosses over better parent and
standard hybrid for 11 traits are presented in Table 1.
Earliness in emergence of primary raceme, maturity, and
less number of nodes to primary raceme are highly
desirable traits for the crop like castor. Hence, the crosses
exhibiting heterosis in negative direction are of immense
value for identification of early hybrids. Hybrid SKP-49 x
HC-8 for days to flowering (-15.48), SKP-4 x SH-72 for

Table1

maturity of main raceme (-18.28), Geeta x SKI-180 for
plant height (-15.57) and for the trait number of nodes,
SKP-4 x SKI-80 (-18.67) over better parent, while cross
cambination VP1 x EC 103745 showed the highest
negative heterosis for days to flowering (-5.62), number of
nodes up to main raceme (-11.90) and plant height
{(-32.94). Hybrid SKP 4 x SKI 119 (-6.62) exhibited
heterosis in desired direction over standard hybrid for days
to maturity of primary raceme.

Range of heterosis and number of superior hybrids over environments significant hybrids in desired direction with three

best heterotic hybrids over BP and SH for 11 characters in castor

Characters studied Heterosis over

Range of heterosis

No. of hybrids in

Best heterotic hybrids desired direction

Days to 50% flowering BP -0.61
SH -1.85
Cays to maturity of primary BP -2.16
raceme
SH -1.57
Plant height up to main raceme BP -7.46
SH -13.10
Nodes upto primary raceme BP -3.25
SH -5.43
Effective length of primary BP 597
raceme
, SH 572
No. of capsules on main spike BP 10.85
SH 6.83
No. of effective branches/plant BP 8.46
SH 6.12
No. of capsules/plant BP 497
SH 474
100-seed weight BP 0.83
SH 087
Ol content BP 0.36
SH 0.30
Seed yield/plant (g) BP 5.57
SH 358

-15.48 SKP49 x HC8 34
-5.62 VP1 x EC103745 3
-18.28 SKP4 x SH72 28
-6.62 SKP4 x SKI119 8
-15.57 Geeta x SKI180
-32.94 VP1 x EC103745 . 3
-18.67 SKP4 x SKI80 11
-11.90 VP1 x EC103745 5
47.25 SKP49 x TMV5S 30
35.16 SKP5 x SPS 43.3 32
90.16 SKP49 x EC103745 42
63.47 SKP5 x 5PS 43-3 44
44.39 Geeta x DCS-30 20
33.52 Geeta x DCS-30 7
110.72 SKP4 x EC103745 59
27.33 Geeta x HC8 19
22.30 SKP5 x EC103745 14
26.85 SKP4 x EC103745 14
7.16 SKP49 x EC103745 38
6.67 SKP49 x SKI180 a6
128.46 SKP49 x EC103745 59
28.98 SKP49 x SPS 43-3 14 _____

* BP = Better Parent

SKP-49x TMV-5 and SKP 5 x SPS 43-3 showed significant
and maximum positive heterosis over BP (47.25%) and SH
(36.16%) respectively for length of main spike.

The crosses, SKP-49 x EC 103745 and SKP-5 x SPS 43-3
depicted significant and highest positive heterosis over BP
{(90.16%) and SH (63.47) respectively for number of
capsules on main raceme. Maximum heterosis was
observed in hybrid, Geeta x DCS-30 over BP as well as
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SH = Standard hybrid (GCH-4)

SH for number of effective branches/plant. The §F72-5 X
EC 103745 registered maximum heterosis for 100 seed
weight (22.30%) over BP. SKP-4 x EC 103745 exhibited
significant positive heterosis (110.72%) over BP fof
number of capsules/plant and over SH (26.85%) for 100
seed weight. Cross Geeta x HC-8 exhibited maximum
number of capsules/plant {27.33%) over SH, whereas,
SKP-49 x SKI-180 depicted highest heterosis for oil
content (6.67%) over SH. The cross, SKP-49 x EC 103749
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manifested maximum heterosis for oil content (7.16%) and
seed yield/plant (128.48%) over its BP. Similar findings
was reported by Patel (1994) and Patel (1997).

significant positive heterosis for seed yield/plant was
ranged from 5.57 to 128.46% and 3.58 to 28.98% over BP
and SH respectively. The crosses SKP-49 x EC 103745
and SKP-49 x SPS 43-3 exhibited significant positive
heterosis over better parent (128.46%) and SH (28.98%)
respectively. Other cross combinations previding higher
economic heterosis for seed vield/plant was Geeta x
SKI-147 (22.73%) and SKP-49 x SH 72 (12.76%). All
these three hybrids also manifested higher seed
yield/ptant. These crosses are likely to give better
transgressive segregants and could be used far further
improvement work.

The magnitude of heterosis over BP and SH varied from
cross to cross for seed yield and its components, This
indicated that all the characters distinctly differed for mean
heterosis and its range in desirable direction. Considerable
high heterosis in certain crosses and low in others
revealed that nature of gene action varied with the genetic
make up of the parents involved in crosses. As such,
nature and magnitude of heterosis helps in identifying
superior cress combinations to obtain better transgressive
segregants.

Comparison of top five crosses for yield per se, heterosis
over BP and SH (5KP 49 x-5PS 43-3, Geeta x 8Kl 147,
SKP 49 x SH 12, SKP 49 x SK! 130 and Geeta x HC 8)
(Table 2) indicated that they are accompanied by
significant and positive heterosis over BP and SH for yield
attributes like number of capsules/plant, effective length of
raceme, number of capsules on main raceme, earliness
and oit content, indicating the hetercsis for seed yield was
manifested through the yield component characters.

The present study suggested that heterosis for seed yield
should be through component trait heterosis. Hybrid vigour
even in small magnitude for individual yield components
may have additive or synergistic effect on the end product.
Thus, additive gene action of these characters ultimately
resulted in high yield heterosis. Graffius (1959) also
reported that the yield is the end product of multivariable
interaction between yields components. Similar findings
were also reported in castor by Patel (1994), Patel (1997)
and Solanki and Joshi (2000). Thus, on the basis of per se
performance and heterotic response, the crosses SKP 49
x SPS 43-3, Geeta x SKI 147 and SKP 49 x SH 72 were
indicated as suitable for exploitation of heterosis for seed
yield in castor.

Table 2 Heterobeltiosis and standard heterosis of superior cresses for seed yield and other components in castor

No. of
Mean Days to Length Neo. of No. of )
c seed Dayi, to maturity of Plant nodes of  capsules effective No.of 190 O S,EEd
rosses 50% : . upto . ; capsules/ seed content yield/
yleld / flowering primary height primary primary on main branch per plant weight (%) plant
plant raceme raceme 'aceme raceme plant
SKP 49 x SPS 43-3 26162 BP  -513* -11.19* 89.89* -161 2506 30.77** -4.27 37.23" -4.20* 0.44* 42.63*
SH 2043 1213 42.29* 13.84" 30.48* 35.98" -13.25" 2547* 20.81* 1.12* 28.98™
Gesta x SKI 147 248.95 BP  -7.43* .3.55* 114 597 6.59* -1.28 8.46** 33.76™ -1.43* 0.54™ 41.85™
SH 22.90"™ 16.058* 31.86™ 16.74" 439 4.41 6.46" 14.93** 3.57* 0.30* 22.73"
SKP49x8H72 22872 BP -14.35% -17.33"™ §2.14* 154 21.72* 1251* 2500"™ 5272 -2.54* 164** 47.27*
SH  11.28™  4.36% 21.51* 595 12487 2267 -16.99™ 1378 922" 210" 12.76™
SKP 49 x SKI 180 224.87 BP -11.74™ .525* 7676 0.64 17.58* 0.88 26.28™  47.71" -5.67* 2.42™ 37.08*"
SH 2449 19.61* 32.45™ 16.44* 33.40* 5228 -16.08" 1278 -0.58 667 10,91
Geetax HC 8 22422 BP  942* 382" 746" -844 347 -2.81 2327 B4.98* -3.07** -1.74* 5220
SH 4526* 24.68* 50.98* 20.39* 17.19*~ -373 14.04**  27.33** 14.47** 2.92* 10.54
SEm. + 0.16 0.19 12.23  0.19 1.13 1.59 0.25 5.95 012 007 345

* Significant at P = 0 05, * Significant at P = 0.01
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Abstract

Field experiments were conducted during summer
seasons of 1996-97 and 1997-98 on sandy clay loam
soil after rainy season puddle rice at Agricultural
Colilege Farm, Rajendranagar, Hyderabad. Four tiltage
practices constituting ploughing with bullocks or
tilling with tractor with rotovation or harrowing
besides no secondary, tillage and three soil moisture
regimes constituting scheduling of irrigations at
IW/CPE ratio = 0.6, 0.4 and 0.2 were evaluated.
Significantly higher seedling emergence, growth and
yield were observed when secondary tillage was
carried out with power tiller rotovator following
ploughing either with country plough or tractor tiller
{cultivator). Higher castor seed yield was obtained at
soil moisture regime of IWICPE = 0.6 or 0.4 compared
to 0.2 ratio. Highest net returns and B: C ratio were
obtained in ploughing twice with country plough
followed by rotovation twice with power tiller, Further,
scheduling irrigation at 0.6 or 0.4 IW/CPE ratios
resulted’ in higher net monetary returns and B: C ratio
compared to 0.2 ratio.

Key words: Tillage, soil moisture regime, castor,

rice fallow
Introduction

Under situations of limited water availability for growing
rice as second crop there is possibility of growing castor in
rice fallow situation of command areas of various irrigation
projects of Andhra Pradesh. Soil conditions after puddle
rice pose limitations for growing upland crops and thus the
yield tevels of crops following rice are generally low as
compared to normal yields {Reddy and Reddy, 1979).
Laosening puddle soif may require special tillage. Large
tractors with attachments that pulverize hard soil are now
avaifable, but they are oo expensive for smafi farmers.
Inexpensive and effective tillage practices to eliminate
drudgery and ensure proper seed bed preparaticn are
badly needed (Prihar et al., 1985). Keeping in view the
above, field experiments were conducted for two years to
study the effect of tillage and soil water regimes on
productivity of summer castor in rice fallows.
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Material and methods

The experimental site was located at Agricuitural College
Farm of ANGRAU, Rajendranagar, Hyderabad {(17°19'E,
78°28' N, 535 m above mean sea level, annual rainfall
of760 mm). The soil was sandy clay loam; composition of
top seil (0-18 cm) was sand 60.2%, silt 13.8% and clay
26.0%. The depth of soil was medium (50-60 cm). The pH
and EC (dS/m) of the soil were 8.0 and 0.13 respectively,
in 1:2 soil: water suspension. The available water holding
capacity of the soil profile of 45 cm depth was 7.9 cm.

The experiment was laid outin Strip Plot Design (four main
tilage treatments and three soil moisture regimes)
replicated thrice. Castor hybrid 'GCH 4' was the test crop.
The seed rate, fertilizer dose, pfant protection measures,
harvesting and threshing of crop was similar for all
treatments. The crop was raised with the recommended
package af practices for the region.

The mean weekly pan evaporation ranged from 2.1 to 10.1
mm/day (average 6.10) and 3.2 to 10.9 {average 7.05)
during crop growth pericd of 1996-37 and 1997-98,
respectively. A total rainfall of 28.2 and 12.0 mmin 12 and
4 rainy days was received during 1996-97 and 19967-88,
respectively during the crop growing season. The mean
weekly maximum and minimum temperatures during the
cropping period ranged from 26.30C to 41.2°C and 10.8°C
to 26.2°C; and 28.5°C to 42.3°C and 12°C to 28.6°C
during 1996-97 and 1997-98, respectively. The mead
relative humidity ranged from 29.3 to 64.6 and 38.9 fo
69.5% during crop growth periods of first and second
years, respectively. The weekly bright sunshine hours
varied from 6.6 to 11.0 during 1996-97 and 7.3 to 10.9
during 1997-98.

The IW/CPE ratio of 0.6, 0.4 and 0.2 received 7, 5 and 3
inigations during 1998-97 wilh total amount of irrination
water of 350, 250 and 150 mm respectively and during
1997-98, the same treatments were provided 11, 8 and 4
irrigations with total quantity of 550, 400 ang 160 mm
irrigation water, respectively. To minimize the interferenqe
of water from one treatment to another'a 50 cm wide draif
and sticcessive 50 ¢m levee were constructed in between
different plots. Irrigation water was applied according 10
the treatments and was measured by water meter.
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The clod size distribution was determined and expressed
in terms of mean weight diameter (MWD) calculated in
accordance with the procedure suggested by Youker and
Mc Gunnis (1957). Seedling emergence was determined
by ceunting number of seed hills emerged from each test
plot. Growth was expressed in terms of dry matter (above
ground parts) at harvest. The spikes in each net plot were
picked thrice and threshed separately. Clean bean yield at
9% moisture was recorded from each test plot. The
expermental data were subjected to Fisher's method of
Analysis of Variance (ANOVA) as per Panse and
Sukhatme {1978).

Results and discussion

Seedbed Quality: Tillage with high drought machinery like
tractor (T, and T,) tilled the soil to deeper depth of 21 cm,
while tillage with bullock drawn country plough tilled to 12
cm depth (Table 1). Working power tiller drawn rotovator
twice following ploughing twice with country plough (T;)
and tractor tilling twice with cultivator (T,) contained higher
percentage of smaller clods and lower percentage offarger
ones. 1t also revealed that different tillage freatments
especially secondary filfage implements could induce
considerabie differences in MWD of clods. The MWD of
clods was higher in case of secandary tillage with tractor
tiller and disc harrow and fower under power tiller drawn
rolovator irrespective of primary tillage. The higher
. percentage of smailer clods in these treatments involving
rotovation might be attributed to churning of secil by power
tiler rotovator (Rao and Prasadini, 1964).

Seedling emergence: The percentage of emergence of
seedlings was significantly higher in plots tilled with
rotovator foliowing ploughing either with bullock drawn
country plough and tractor drawn tiller {cultivator) which
was significantly higher than harrowing following tractor
tiller (cultivator) tilled treatments {Table 1). Lawest
seedling emergence {72%) was observed in the treatment
of ploughing twice with country plough alene. Soil water
r_egimes had no effect on seedling emergence. Finer soil
lith provided by higher percentage of smailer clods and
lower MWD of clods resulting from rotovation might have
also offered less resistance to seedling emergence and
Provided a chance for even weaker seedlings to emerge
due to reduction in imp edition at seed - soil - water
Centact, thereby inereasing the moisture availability to
Seeds and cately improved the seedling emergence
{Fratibha ef al., 1994; Rao and Prasadini,1994)

Growth parameters

Srrvmatter accumulation: Favourable scil conditions
&ated under rotovation treatments (T, and T,) supported
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the crop with higher relative leaf water content, thus
resulting in higher dry matter accumulation (Table 2).
Further, fine tilth obtained with rotovation and deep
pleughing with tractor drawn implements might have
increased the uptake of nutrients and water from greater
volumes of soif resulting in higher dry matter accumulation
(Kumar et ar., 1948). Increase in soff maisture regime upta
0.4 IW/CPE significantly increased the dry matter
accumulation at harvest. This could be attributed to lower
soil moisture stress prevailing before next irrigation in the
plots irrigated with IW/CPE ratio of 0.4 and 0.6 (Rao,
1983). On the other hand in IW /CPE ratio of 0.2 irrigation
regime, plants experienced retatively higher soil moisture
stress thereby lower dry matter accumulation. Decreasein
dry matter accumulation due to moisture stress in castor
was also reported by Selvaraj et al. (1992). The interaction
effects of tillage and soil moisture regime did not affect
significantly the dry matter production.

Yield attributes: Yield attributes viz., number of capsules
per plant and length of primary spike were significantly
higher in plots tilled with power tiller rotovator following
either ploughing twice with counfry plough and tractor
tiling twice with cultivator; which was significantly higher
than other treatments (Table 2). Increase in yield
aftributing charactiers under rotovation treatment was also
reported by Pratibha et al. (1994). Irrigation given at
shorter intervals by adopting relatively higher scil moisture
regimes (W/CPE ratio = 0.4 and 0.6) resulted in better
yield attributes compared to those scheduled at longer
interval {IW/CPE = 0.2). These results are in accardance
with Rao {1983).

Seed yield: Significantly higher seed yield {Table 3} was
registered with tractor tilling followed by rotovation twice
and ploughing twice with country plough followed by
working twice with power tiller rotovator compared to other
treatments due to congenial physical edaphic conditions.
Tillage treatment involving rotovation resufted in soil
churning which might have resuited in increase in seedling
emergence due to hetter seed - soil - water contact, better
plant stand, higher dry matter production and yield
attributes and ultimately reflected in higher seed vigld of
castor in rice fallows (Pratibha et a/., 1994). Further the
water use efficiency of the crop increased due to
rotovation (Table 3). Providing 50 mm irrigation water at
iW/CPE ratio of 0.4 registered highest seed yield, which
was on par with {W/CPE ratio of 0.6 and both were
significantly superior to 0.2 ralio {Rac et al, 1983).
However, increase in IW/CPE ratios from 0.2 to 0.4 and
0.6 decreased the water use efficiency of castor in rice
fallows (Table 3). ‘
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Table1 Effectoftillage treatments on clod size distribution, mean weight diameter (MWD), depth of ploughing (cm} and seedling
emetgence of castor in rice fallows

- Clod size (mm-diameter} per cent Mean depth Seediing
illage MWD (mm) . emergence
veement .00 50100 2050 1020 510 2-5 <2 PIMIANS ()
1996-97
T, 16.4 202 18.2 14.4 115 9.2 10.1 31.6 106 73
T, 44 12.0 172 188 17.4 14.1 16.1 20.4 12.2 85
T, 114 20.2 21.6 15.0 9.2 8.4 14.2 268 20.6 83
T, 124 169 198 ' 172 92 11.9 126 292 21.8 78
CD (P=0.05) 62 36 0.8 2.4 55 3.9 1.8 25 58 0.9
1997-98
T, 15.6 214 198 13.2 105 8.7 8.8 32.3 10.2 71
T, 26 12.5 15.6 16.4 17.8 143 20.8 21.2 128 86
T, 12.2 191 20.4 133 8.9 9.2 16.9 23.6 212 82
T, 12.9 14.9 16.7 176 13.0 126 12.3 30.2 21.4 78
CD(P=0.05) 7.3 3.0 22 24 - 28 3.0 3.8 2.8 42 07

T, . Ploughing twice with country plough alene

T, : Ploughing twice with country piough followed by working twice with power tiller rotovator
T, : Tractor tilling twice with cultivator followed by rotovating twice with power tiller rotovator
T, : Tractor tilling twice with cultivator followed by harrowing twice with offset disc harrow

Table 2 Effect of tillage treatments and soil moisture regimes on growth and yield attributes of summer castor in rice fallows

Drymatter at harvest (kg/ha) No. of capsules/plant Length of primary spike (cm)
Treatment 1096-97 1997-98 0% | 1996.97  1997-98 Fr’r?g':nd 1935.97  1997-98 Pﬂ?g'aend
Tillage (T)
T, 3682 3564 3623 88 90 89 25 27 26
T, 4621 4476 4549 102 101 102 31 3z a2
T, 4678 4498 4588 102 103 103 32 32 32
T, 4363 4119 4244 97 95 95 29 28 29
CD (P=005) 38 57 44 8 4 7 22 24
Sail moisture regime*(l) 31
I, 4526 4359 4443 100 a9 100 30 3z 32
L, 4545 4411 4478 106 103 105 32 32 25
R 3938 3724 3830 86 91 89 26 26 3.0
CD {P=0.05) 22 26 16 1 6 1D 29 3.2

. Ploughing twice with country plough alone

: Ploughing twice with country plough followed by working twice with power tiller rotovator
- Tracter tilling twice with cultivator followed by rotovating twice with power tifler rotovator
. Tractor tilling twice with cultivator followed by harrowing twice with offset disc harrow

- IW/CPE ratio of 0.6

L IW/CPE ratio of 0.4

5 IW/CPE ratio of 0.2

Depth of water applied at each irrigation = 50 mm

i
g g Fen B

»
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Table 3 Effect of tillage treatments and soil moisture regimes on yield, water use efficiency and economics of summer castor
in rice fallows

Water use efficiency . ;
Seed yield (kg/ha) (kg/ha - mm) Net returns {Rs/ha) Benefit : Cost ratio
Treatment Peoled Pooled Paoled
1996-97 1997-98 mean 1966-97 1997-98 mean 1996-97 1997-98 mean
Tillage (T)
T, 1150 1444 1297 51 48 5.0 -50 3845 1298 1.00 1.27 114
T, 1757 1983 1870 7.5 6.6 7.1 7054 9833 8444 1.50 1.72 161
T, 1746 1999 1873 7.5 59 6.7 6742 9945 8344 1.48 1.71 1.60
T, 1634 1677 1656 8.8 56 6.2 5218 5901 5560 1.38 1.41 1.39
cn (P=0.05) g7 141 202 - - - - - - - . .

Soil moisture regime*{l) :
I 1802 1917 1860 4.8 3.5 4.2 7171 8851 8011 1.50 1.63 1.57
1818 18684 1891 73 4 6 5.0 7740 9415 8578 1.55 1.69 162
Iy 1225 1447 1338 82 9.0 86 747 3611 2179 1.05 1.26 116
CD (P=0.05) 312 251 206 : - : - ; : ; ;

l;

T, : Ploughing twice with country plough alone

T, : Ploughing twice with country plough followed by working twice with power tiller rotovator
T, - Tractor tilling twice with cultivator followed by rotavaling twice with power tiller rotovator
T, : Tractor tilling twice with cultivator followed by harrowing twice with offset disc harrow
IW/CPE vatin of 0.6

- IW/CPE ratic of 0.4

. IW/CPE ratio of 0.2

Y
|2
|3
*Depth of water applied at each irrigation = 50 mm

Economics: In general tillage practices involving M.V.R. etal (ed). Indian Society of Qilseeds Research,
rotovation (T, and T,) have shown their superiority over Hyderabad. pp 287-301.
reduced tillage (T,) under rice fallows regarding net Prihar, $.S., Ghildyal, B.P., Painuli, D.K. and Sur, H.8. 1985,
monatary returns and Benefit: Cost ratio (Table 3). Physical properties of mineral soils affecting rice -
Scheduling irrigations at IW/CPE ratios of 0.4 and 06 based cropping systems. In: Soil Physics and Rice.
resufted in higher net returns and B: C ratio of Rs.8578/ha International Rice Research Institute, Los Banos,
and Rs.8C11/ha and 162 and 157 over two years, Phillippines, pp 57-70.
respectively. Thus deep and fine tillage under rotovation Rao, K.S. 1983. Water management in light irrigated crops after
treatments resulted in highest net returns and B: C ratio as kharif paddy in light sci's. Ph.D Thesis submitted to
stated by Vittal ef a!. (1983) and Gurumurthy and Singa Andhra Pradesh Agricultural University, Hyderabad.
Rao (2003). Rao, M.S. and Prabhu Prasadini, P.P. 1994. Improved
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" Abstract

Castor, Ricinus communis L. crop is attacked by a
number of insect pests, particularly the defoliators,
sucking pests and capsule borer. Investigations were
cartied out to study the impact of mechanical control
of defoliators as a componentin the pest management
of castor. The insecticides viz., fenvailerate 0.02%,
monacrotoptios 8.05% and endosulfan 0.07% were
effective in controlling semilooper. However, these
insecticides significantly lowered the parasitisation of
semilooper by Microplitis, a potent field parasitoid.
The insecticides could not reduce the infestation of
Spodoptera and Spifosoma resulting in higher
defoliation. Control of defoliators by mechanical
control could reasonably reduce semilooper and
effectively lowered infestation of Spodoptera and
Spilosoma which ultimately resulted in low defoliation
levels. Among insecticide treatments, monocrotophos
0.05% was effective against leafhopper and thrips,
while fenvalerate 0.02% flared up the populations of
the sucking pests. NSKE 5% was less effective against
defoliators and sucking pests. Erection of bird
perches could not reduce the infestation of
defoliators. The subsequent damage due to capsule
borer was high in the treatments where insecticides
were used for the control of defoliators, while the
damage was low in the treatments where mechanical
control of defoliators was practised. Higher seed yield
was obtained in mechanical control and
monocrotophos 0.05% treatments alone and in
combination.

Key words: Castor, insect defoliators, sucking
pests, capsule herer, mechanical

control, insecticides. bird perches
Introduction

Castor {Ricinus communis L.} is infested with a number of
insect pests at different phenotogical stages of the crop in
India (Rai. 1878). The imporntant pests include semifooper
{Achaea janata L)), tcbacco caterpillar {Spedoptera litura
Fabr.) and Bihar hairy caterpiliar (Spilosoma obligua Wik ),
amonyg defoliators, the leaf hopper (Empoasca flavescens

KRy

Fabr.) and thrips (Retithrips syniacus Mayet.), among
sucking pests and the capsule borer [Conogethes
(Dichocrocis) puncliferalis Guen.] {Lakshminarayana and
Raoof, 2005}). Control of these pests with inseclicides iike
fenvaleraie, monocrtophos and endosulfan is commoniy
recommended (Anonymous, 2002). Use of peslicides may
attime becomes difficult for the farmers of rainfed farming
and also often pesticides do not bring safisfactery control
of certain pests like capsule borer. Castor is also reporied
to tolerate higher defoliation without considerable yield
foss (Kittock and Williams, 1967). The present
investigaticns were carried out to study the impact of
mechanical control in managing defoliators and its effect
on the activity of parasitoids and subseguently the capsule
borer infestation and the seed yield.

Materials and methods

Different large plot field experiments were conducted at
farmers’ fields and Research Farm of the Directorate of
Oilseeds Research, Rajendranagar, Hyderabad using
caster variety, DCS-9,

Studies on mechanical contral of defoliators at
farmers' fields: The investigations were carried out with
five treatments in the farmers' fields at Bowinapally village,
Nalgonda district of Andhra Pradesh during 1996 in
collaboration with voluntary organisations. Each treatment
was imposed in an area of 2 hectares. In complete
mechanical control treatment, the oider larvae of
semilooper and gregarious stages of Spodopiera and
Spilosoma were hand picked and destroyed at weekly
interval during the pest infestation (August-October). In
partial mechanical control, farmers attempted
mechanical control once or twice initially and later resorted
to other methods of pest control. Endosulfan 0.07% sprays
in different treatments were given at 15 days intend
(Table 1).

Studies on effect of mechanical control .:s-a-Vvis

chemical control in managing castor pests: Experiment
was canducted with five treatments (Table 2} each in 8
field plot of 0.2 ha during kharif, 1997 at Research Farm
(Narkhoda) of the Directorate of Cilseeds Research. The
insecticides were sprayed twice for the controf ©
defoliators at 20 days interval. The mechanical control @
defoliators was practised at weekly interval.
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Studies on integrated management of defoliators:
Experiment was conducted at the Research Farm
(Narkhoda) of the Directorate during 2000 and 2001 with
six treatments (Table 3), each imposed in large field plot
of 1200-2800 sq.m. The bird perches were erected at a
height of 150-180 cm from ground level. Mechanical
control of defoliators was carried out at weekly interval,
white manocrotophos 0.05% spray was given twice al 15
days interval.

The observations were recorded on 10 plants in each
treatment in all the experiments on the infestations of
different defoliators, corresponding defoliation, larval
parasitisation of semilooper by Microplifis, 10 days after
imposing the treatments. The subsequent infestations of
sucking pests and capsule borer were also recorded in
each treatment. The mean infestations of different pests
were calculated for each treatment and presented along
with yield data.

Results and discussion

Studies on mechanical control of defoliators at

farmers' fields

The major defoliators observed during the study were
semilooper, Spodopiera and Spifosoma. The maximum
pest populations observed after imposing different
treatments are presented in table 1. The treatments with
endosulfan 0.07% sprayed twice or thrice were effective in
reducing the semilgoper (C.3-0.4 larvae/plant}. Ahuja et al.
(1998) also reported endosulfan to be effective against
semilocper. Though complete mechanical control
treatment could reduce semilcoper significantly compared
to untreated control, it was less effective over the
treatments involving insecticide applications. But, the
treatments where insecticide was a component, showed
lower larval parasitisation by Microplitis maculipennis
recording 48.5 to 56.3% compared to 74.2% in complete
mechanical control.

The infestations of Spodoptera (2.1/plant) and Spilesoma
(C.8/plant) were low in the treatment where they were
rémoved only by mechanical control. Partial mechanical
control of defoliators combined with endosulfan 0.07%
could not reduce these defoliators. High populations of
these pests in endosulfan 0.07% treatment compared to
_untrea_ted contro! suggested that more applications of
:gfecyc_ide was not only ineffective, but also flared up the
Dhﬁi‘S-tatmns of Spodoptera and Spitosoma. Dhingra and
apﬁ”?ra (1998) reperted high susceptibility of semilaoper
m'a“n"?W SUE?C‘e;;:.uMy of Spodoptora and Spilosoina to
¥ nsecticides based on LG, values.

T -
he lowast defoliation (9.8%) was recorded in complete

m .
Si;g_';amcal control treatment. The defoliation was
in\,o;vl;amly high (28.5 to 35.3%) in different treatments -

9 endosulfan 0.07% application. A maximum of

45 59 L
% defoliation was resulted in untreated control.
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Low capsule borer damage (8.5%) was observed
subsequently in the complete mechanical contral and
untreated control (7.8%), while the borer infestation was
high (11.4 to 13.6%) in the fields received the insecticide
for the control of defoliators.

Significantly higher yield (958 kg/ha) was recorded in the
fields where defoliators were controlled mechanically. This
was due to low populations of defoliators and low capsule
borer infestationlater. The differencesin the yield obtained
from other treatments and untreated control were not
significant.

Studies on mechanical control vis-a-vis chemical
control of defoliators

The maximum infestations of various pests afterimposing
different treatments are presented in table 2 along with
yield data.

The treatments viz., fenvalerate 0.02% and
monocrotophos 0.05% were effective against semilcoper
recerding 0.13 and 0.30 larvae/plant, respectively, while
NSKE 5% was less effective. Ahuja et af. (1998) reported
fenvalerate and monocrotophos to be effective against
semiloooper, while, use of fenvalerate followed by
azadirachtin spray was found to be superior in the
reduction of the pest according to Basappa and Lingappa
{2004). The semilcoper population was significantly
reduced (2.8/plant} with mechanical controf compared {o
untreated control (5.4/plant). The semiicoper parasitisation
was affected adversely with these insecticides, more so
with fenvalerate 0.02%, whereas, Basappa and Lingappa
(2004) observed only a moderate toxic effect of
fenvalerate on the natural enemy. NSKE 5% was less
harmful to the larval parasitoid, showing 61.5%
parasitisation whereas, highest parasitisation (78.7%) was
recorded in mechanical control treatment.

Among differentinsecticide treatments, fenvalerate 0.02%
was superior in centrelling Spodoptera (4.2 larvae/plant),
but recorded lowest Apanteles activity (0.9/plant).
Monocrotophos 0.05% and NSKE 5% treatment could not
effectively reduce the pest, while, NSKE was found to be
useful in managing castor defoliators by Saroj Singh ef a/.
(2005). Singh and Kanujia (2003) reported NSKE to be
less effective against Spilosoma. Lowest Spodoptera
infestation (3.4/plant) and high Apanteles populaticn
(3.2/plant) was observed in mechanical control treatment.

Lowest defoliation {9.4%) was observed in mechanical
control as against 41.4% in untreated control. The
defaliation levels ranged from 12.6 to 26.8% in different
insecticidal treatments.

High infestations of leafhopper (35.5/3 ieaves/plant} and
thrips (14.2/leaf) were noticed in fenvalerate 0.02%
treatment, whereas monocrotephos 0.05% was the most
effective against these sucking pests. The population of
leafhopper (16.8/3 leaves/plant) was also high in NSKE
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5% compared to that in mechanical control {(12.1) and
untreated control (11.2) treatments. Paramar ef al. (2004)
reported azadirachtin to be less effective against
leafhopper.

The capsule borer infestation was high (28.4%) in
fenvalerate 0.02% foliowed by monocrotophos 0.05%
(23.7%). Low incidence of the barer (116-12.9%) was
recorded in NSKE 5% and mechanical centrol treatments.

Highest seed vyield (876 kg/ha) was recorded in

Table 1 Mechanical controt of defoliaters in castor at farmers’ fields

mechanical control treatment. However, {he differences in
yield among mechanical control and other treatments
where insecticide was a compaonent were nen-significant,

IPM of defoliators

The populations of defoliators, levels of defoliation and
capsule borer infestation in different treatments involving
mechanical control, bird perches and monocrotophos
0.05% are presented in table 3.

% capsules

Defoliators (larvae/plant} ; rasitisation % Yield
Treatment o ) Sem;loﬁi;op?ﬁ?ss(%) defoliation damaged by {kg/ha}
milooper  Spodoptera  Spifosoma ¥ P capsule borer
Complete mechanical control 1.8 2 0.8 74.2 9.8 85 858
(59.5) (18.2) {16.9)
Partial mechanical contro! + endosulfan 0.07% sprays 0.4 5.2 36 56.3 28.5 18 807
(2) {48.5) (31.9) (20.1)
Endosulfan 0.07% sprays (3} 0.3 78 50 48.5 353 13.6 800
(439) (36.2) (21.5)
Partial mechanical control + release of Trichogramma 13 51 31 546 304 114 815
@ 80.000/ac + endosulfan 0.07% spray (47.3) (33.3} {19.6)
Untreated control 48 48 37 68.4 455 78 785
(55.7) (42.1) (15.1)
SEm=+ 0.2 04 05 15 ~ 14 10 225
CD {P=0.0%) 0.7 10 1.5 4.7 4.3 3.2 69.2

Figures in parentheses are angular transformed values

Table2  Effect of mechanical and chemical control on the major pests in castor

. Semilooper \ Leaf hopper/ . % capsules .
Treatment Sem:J’ooperJ parasitisatign by Spouopleral Apaniees % defoliation 3 [eavzs/‘ Thnpfsf damaged by ,;{ ’?rl]d
plant Microplitis (%) plant plant plant lea capsule borer (kghs)
Fenvalerate 0.02% 0.1 340 42 0.9 126 355 14.2 28.4 778
' {35.6) {20.6) {32.2)

Monocrotophos 0.05% 0.3 482 6.2 21 15.7 6.1 25 237 814

{43.9} (23.2) 291y -
NSKE 5% 37 615 7.1 1.8 26.8 168 79 129 794

(51.7) (30.9) {21.1)
Mechanical control 28 78.7 34 3.2 94 121 53 11.6 876

’ (52.6) {(17.5) {19.9)

Untreated control 54 69.1 8.5 38 414 1.2 6.1 9.8 761

{56.2) (40.0} (18.2}
SEms 0.23 11 0.3 0.1 24 1.34 0.82 1.7 272
CD (P=0.05) 072 33 0.9 0.5 7.44 413 2.52 36 839
Figures in parentheses are angular transformed values.
Table 3 IPM of defoliators in castor

i % semilooper Apanlefes! % capsule i a
Treatment Semlooperiant parasilisatioa by Spotopterajplont pp|ant Mean % porer damage _ Yeld kgha)
2000 2001 wpicropitis (mean) 2000 2001 (mean) defoliation (mean) 2000 2007

Bird perches @ 50/ha 42 47 625 556 6.2 42 455 114 756 856
Mechanical controt 19 15 773 29 18 39 15.7 12.8 1024 1028
Monogcrotophos 0.05% 04 03 418 44 37 t4 16.4 18.6 948 1094
Bird perches + tdechanical contral 17 24 718 14 22 4.1 12.6 118 1008 105
Bird perches + Mechanical control + 0.7 0.3 464 14 12 25 8.7 14.3 985 1116
Monocrotophes 0.05% .
Untreated control 48 41 65.1 6.7 58 38 42.8 121 788 8
SEmt 03 03 05 04 285 312
CD (P=0.05) 1108 - 14 1.2 919 976
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The infestations of semilooper (4.2-47iplanty and
Spodoptera (6.6-6.2/plant) were not reduced with the
erection of bird perches. Similar semilooper infestations
were found in untreated control both in 2000 and 2001.
Mechanical control could reduce semilooper (1.6-1.9/plant}
compared to untreated control (4.1-4.8), while, the
treatments invelving monocrotophos 0.05% effectively
reduced the semilooper {0.3-0.7). Lower semilooper
parasitisation by Microplitis was recorded in the treatments
involving menocrotophes 0.05% (41.8-46.4%), while the
levels were high (62.5-77 .3%) in the other treatments.

Lowest populaticn of Spodopfera (1.2-2.9/plant) was
observed in the plots where mechanical control was
implemented alone or in combination with bird perches
and monocrotophos. Monocrotophos 0.05% alone was
less effective (3.7-4.4/plant) against Spodoptera
suggesting that mechanical control is more effective than
the insecticide in controlling the pest. Low population of
Apanfeles (1.4-2.6/plant} was observed in the treatments
with monocrotophos, while the parasitoid activity was high
(3.8-4.2) in the remaining treatments.

As the bird perches were ineffective in reducing the
defoliators, a defoliation of 45.5% was recorded, which
was similar to that in untreated control (42.8%). But, Saroj
Singh et al. (2005) reported that bird perches were useful
in managing the defoliators and they alone reported to
reduce semilooper popuiation by 50% (Prabhakar et af.,
2003). The level of defoliation was 8.7-16.4% in the
remaining treatments.

More capsule borer damage (14.3-18.6%) was noticed in
the treatments where monocrotophos 0.05% was used for
the control of defoliators, unlike low borer infestation (11.4-
12.8%) in the rest of the treatments.

The yield (756-896 kg/ha) obtained from the treatment
where bird perches alone were used was not significant
from the yield recorded in untreated control in both the
years. Significantly higher yields were recorded in
mechanical control and monccrotophos  (0.05%)
treatments alone and in combination (948-1116 kg/ha)
though differences were not significant within these
freatments,
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Abstract

Ten elite genotypes with three check varieties of niger
were evaluated for their seed yield performance using
seven different stability parameters over five years.
Out of five seasons, three were favourable and two
were unfavourable for crop performance. The sum of
squares due to genofypes and environment were
significant, indicating presence of substantial genetic
variability among the genotypes and season. The G x
E interaction was found significant. On partition of the
sameinto linearand non-linearcamponents hothwere
significant, suggesting their importance in the
expression of seed yield in niger. However, the linear
component was larger in magnitude indicating the
prediction of performance across the environment is
possible. On examination of individual stability
parameters, the genotypes }JGPN-96086, IGPN-9614 and
IGP-76 were observed to be stable. Simulfaneously the
genotypes IGPN-9602, IGPN-9630 and No. 71 were
found suitable for poor environmental conditions
(below average stability). However, the genotype (GPN-
9603 and GA-10 were suitable under favourable
environmental conditions (above average stability). It
is therefore worth to utilize these genotypes in the
niger improvement programme to converge the
stability characteristics of seed yield.

Key words: Genotypic adaptability, stability

analysis, niger
Introduction

Adaptation of agricultural crops to their environments has
been a key factor to enhance the seed yield, which have
occurred since the spread of the crop to new environment
{Evans, 1980). The process of adopting crop to gradually
changing agronomic conditions has become maore efficient
through the use of systematic breeding programme and
selection by breeders for high yield potential with wide
adaptation. [t has been estimated that the spectacular
yield increase of crops during the second part of the 20"
century have to be altributed in almost equal measure to
application of recent breeding technigues and use of
inputs.

Niger (Guizotia abyssinica Cass) is a hundred per cent
cross-pollinated crop with presence of sporophytic
protandrous self-incompatibility mechanism and hence
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homozygosity confers the adaptability to niger genotypes.
However, consistency in performance of such genotypes
across diverse environment is lacking. Under such
circumstances it is necessary to identify newly developed
genotypes, before their release for cultivation for high yield
potentiality coupled with greater stability. Otherwise,
specific genotypes can be suggested and recommended
for specific environment so as to overcome total failure of
the crop. Keeping this view in mind the present
investigation was carried out.

Materials and methods

Ten elite genotypes with three checks were evaluated at
ZARS, lgatpuri during kharif season of 1998, 1999, 2000,
2001 and 2003 under rainfed condition. Each genotype
was soon in a plot size of 1.80 x 5.0 m uniformly during all
the years. The recommended package of practises were
followed to raise healthy crop stand. The observation were
recorded per plot basis and converted into seed yield
kg/ha. The data were subjected to analysis of stability as
per the method outlined by Eberhart and Russel (1966).
The phenotypic index was computed as per the method of
Ram et al. {1970). The coefficient of determination and
ecovalence were calculated as suggested by Bilbro and
Ray (1976) and Becker (1981) respectively. The stability
factor was calculated as suggested by Levis (1954).

Results and discussion

The analysis of variance for stability (Table 1) showed that
mean difference between genotypes and environments
were highly significant, indicating considerable variability
among genotypes and environments. The significance of
mean square due to G x E interaction indicates that the
genotypes inferacted considerably with the prevailing
environmental condition, Similar type of results have also
been reported by Upadhyaya (1993), Kumar ef al. (1993),
Hegde et al. (1999), Patil and Purkar (2000), Patil (2001),
Duhoobn and Patif (2003). The G x E interaction was
further partitioned into linear and nonlinear components.
Since both the components were significant. the practical
usefulness of prediction would depend on relative
magnitude of twa variances. In the present study, the
linear component was in larger (more than twice larger)
magnitude than nonlinear component, suggesting that the
prediction of perfarmance of a genotype can be possible
across the environments. In prediction of performance, the
nonlinear component may have its own rele, since itis also
significant.
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Table 1 ANCVA for seed yield stability in niger genotypes

Source d.f. Mean sum of squares
Genotypes 12 16443.83
Environments 4 57758 12
GxE 48 1878.82*
Environment + (GxE) 52 8177.23"
Environment Linear 01 231032.50™

G x E Linear 12 828.86*
Pooled deviation 39 2057.35%
Pooled Error 120 471,30

** Significant at P=0.01

The environmental additives effect during different years
expressed as deviation from grand mean (environmental
index) indicated that 2003 had favourable season (78.92)
followed by 2001 {34.46) and 2000 (11.69). However, the
season during 1198 and 1999 were observed fo be
poorest.

Different measures of stability have been used by various
workers. Earlier, Finlay and Wilkinson (1963) considered
linear regression slope as a measure of stability. Further,
Eberhart and Russel {1966} emphasized the need of

considering both linear and nonlinear component of ;3 « £
interaction in judging the stability of a genotype. Tpe
coefficient of determination provides measure of varigtign
{Bilbro and Ray, 1976) and ecovalence measures the
contribution of each genaotype to the G x E interaction sum
of squares (Becker, 1981). Phenotypic index a new
parameter is synonymous to mean performance. The
magnitude of ecovalence generally depends on the
magnitude of deviation mean square for the Component
which is due to linear regression, is usually small.
However, in the present study in addition to the usyg and
regular three stability parameters i.e., mean performance
(%), regression coefficient (b} and deviation fom
regression (S%di), other four parameters are Considered
(Table 2). They are phenotypic index {Pi} (Ram ¢f 4
1970), coefficient of determination (%) (Bilbro ang Ray.
19786), ecovalence (Wi) (Becker, 1981) and stability facto;
(‘'S") (Levis, 1954). Considering these seven Stability
parameters, the stability of elite niger genotypes are
accessed and promising ones will be promoted in fyher
improvement programme. Accardingly, an ideal adaptaple
genotypes is one having high performance, 3 ypt
regression coefficient, coefficient of determinatigy, and
stability factor and least or zero value of ecovalencg g
eviation from regression and lastly highest vaye of
phenctypic index.

Table 2 Estimates of different stability parameters in niger genotypes

; Regressic Deviation -

1998 1999 2000 2001 2003 M(‘z?” index P COEfL'iC'e”t R ¢ Wi factor
IGPN-9602 226 361 324 350 415 337 3546 13242 12.02* 08152 19 183
IGPN-9803 253 328 294 324 4D0 320 1826 06996 0.981 0.7470 242 15
IGPN-9604 188 119 312 302 391 262  -3313  1.3126°  53.49 0.6561 946 yp7
IGPN-9605 230 184 305 307 300 265 -3633  0.5818 21.19* 0.4861 505 13g
IGPN-9606 302* 404 376* 398* 648 406* 8406  0.9496* 03.03 0.9739 084 g1
IGPN-9609 120 213 333 3456 280 258 -4313  1.1428*  39.03* 0.6646 642 a3
IGPN-9612 164 224 321 343 280 268  -33.33  0.9112*  22.89* 0.6823 373 1vg
IGPN-9613 107 252 227 281 278 229 -72.53  1.1688" 15.47* 0.7782 244 g
IGPN-9814 309* 437 385* 424* 556* 422° 12066  0.9479" 02.68 0.9511 055 4 '09
IGPN-9630 253 371 359 383 474 368 6646 11179 08.55 1.8964 148 a7
No.-71 (C) 126 239 229 278 313 237 -B453 10154 05.07 1.9233 0.8t 2‘48
GA-10 (C) 172 176 288 269 315 244 5753  (.8932 10.77* 0.8143 182 1‘83
'GP-76 (C) 207 349 319 354 387 323 2166 09350 0122 0.9090 109 1gg
Mean 2043 2813 3132 3360 3804 303 000  1.0000
iEmi 24.07 2567 18.79 1536 47.77 18.02
30 (P=0 g5 70.26 7469 5475 43.50 139.0 54.09
CV (%) 1035 623 1038 11.90 9.87
il:;‘fé\g;onmemai -97.15 -27.92 11.89 234.46 7892

—

Significant at five per cent {evel.
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Significant regression coefficient (linear component} was
shown by 10 genotypes and six genotypes have shown
significant  deviation from regression (ncnlinear
Somponents), thereby indicating, the predominance of
linear component of G x E interaction. suggesting
Possibility of prediction for seed yield. This is also
tonfirmed from the combined analysis of variances table
where the variance due to linear G x E interaction is larger
2.28 times more) in magnitude than the nonlinear G x E
Interaction variance. The similar results were also reported
by Patil and Purkar {2000}, Patil et ai. (2000), Patil (2001),
Buhoon and Patil {2002). However, only Joshi and Patil
{1982) have reported contradictory to such results for seed
¥ield in niger.

On examination of individual all seven stability parameters
Studied, the genotypes viz, IGPN-9806, IGPN-9614 and
IGP-76 were observed to be average adaptable genotypes
as they have shown regression coefficient, coefficient of
determination and stability factor near unity; as small as
Possible value of deviation from regression and
Scovalence and higher value of phenatypic index.
However the genotypes IGPN-9603 and GA-10 have
$hown regression coefficient, coefficient of determination
less than unity indicating their suitability under rich
environmental conditions (above average stability).
S*mult':-meously, the genotypes viz., IGPN-9602, IGPN-
9630 and No.-71 have shown regression coefficient and
Coefiicient of determination values more than unity
dicating their suitability for poor environmental conditions
(below average stability). It is, therefore, concluded that
these genotypes may be included in niger improvement
Programme to converge the stability characteristics of
Sf_?f—'d yield for development of stable variety adapted to
W_lde range of envircnments and achieve quantum jump in
Riger production and productivity. Ultimately, which will
help in boosting the economy of tribal paor farmer and to
Nerease the share of niger among all vilseed crops in the
dilseed scenario of the country.
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Abstract

Histological and histochemical c¢hanges during
micrasporogensis were studied in the induced male
sterile and normal anthers of niger {Guizotia
abyssinica Cass). Both the induced male sterile
anthers and normal anthers differed from each other
in post-meiotic stages only. In GA, treated anthers, the
tapetal cells in some of the anthers enlarged
abnormally and exerted pressure while in many of the
anthers the enlarged tapetum broke down and formed
abnormal plasmodium, which resulted in crushing and
degeneration of microsperes. Middle wall, epidermis
and endothecium enlarged after the completion of
abortion process. In control plants, all these features
were noticed to be normal. Histochemical localization
of metaholites like total insoluble polysaccharides,
proteins and RNA in the tapetum, wall layers, vascular
bundles and connective tissues in anthers of induced
male sterile plants showed lower content compared to
nermal anthers.

Key words: Niger. maie sterility, histological,

histochemical, tapetum
Introduction

Male sterility in crop plants is receiving increased attention
forits usefulness in the production of hybrid seeds. Plant
breeders were quick to use this type of sterility in their
breeding programmes. Inspite of its wide spread use and
&Cconomic importance, little is known about the nature,

Mede of action, or location of the induced male sterility
facters.

The Present study is an attempt made to understand

h"%mlog‘-ca'. and histochemical changes that are associated

W‘th GA, induced male sterility in niger (Guizotia

;;};sstﬂc-a Cgss_). Male sterile and their fertile counterparts

micfos.umed in de'tail during microsporogens_is using light

(Johascepy adopting standard methods of investigation
nsen, 1940; Jensen, 1962).

Material and methods

Seeds of N-71 were sown in plots in the Botany garden,
during khanf season of year 2003, University of
Agricultural Sciences (UAS) Dharwad, was selected for
studying the mechanism of GA, induced pollen sterility.
200 ppm GA, was applied al three intervals with an interval
of five days starting from first flower bud initiation induced
sterility up to 88.9%. The water sprayed plants were
considered as control.

GA, induced male sterile plants were studied for detailed
microsporogensis using histological and histochemical
metheds and compared with their fertile counterparts. The
flower buds were sampled in such a way to include ali the
represeniative stages in the developmental study of
microsporogensis. They were categorized into different
groups based on the size of bud and care was taken to
see that, this included all the successive stages of
microsporogensis. Flower buds of different sizes were
fixed in standard fixatives depending on the metabolite to
be localized. Formalin, acetic acid and ethanol (FAA) in
the ratio of 1:1:18 by volume was used as fixative for
localizing the total insoluble polysaccharides. Carnoy's B
{6 parts of alcohol + 3 parts of Chioroform + 1 part of
Acetic acid by volume) was used for fixing the tissues to
localize nucleic acids and proteins. Subsequently, the
materials were dehydrated using different ethanol: butanol
grades (1:3,1:1,3:1) and embedded in paraffin 58-60°C
using the paper boat technique {Jensen, 1962). Sections
of 7-10 um thickness were taken and subjected o the
histochemical tests listed in Table1. Successive stages of
microsperegensis and pollen development of induced
male sterile plants were compared with those of their
respective normal plants under light microscope for
histological and histochemical differences.

Results and discussion

The process of anther development did not differ from its
fertile counterparts until the differentiation of PMCs into

microspore tetrads.

F . . . . . .
1 san of M.Sc. Thesis submitted to University of Agricuitura! Sciences, Dharwad, Karnataka.
Clentist (Plant Breeding), ANG Ranga Agricultural University, Palem, Mahaboobnagar, AP,
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Tl Wstochemical test adopted for different cellular metabolites in niger

iz maEioites Fixative used Test

Totwimsdjtie FAA Periodic acid Schiffs (PAS) test

IR EidEs {Hotchkiss, 1948)

PHgETS Carmoy's-B  Mercuric bromaphenol blue method
(Mazia et al., 1953)

Hh Carnoy's-B  Azure B method

(Flax and Himes, 1952)

Control Tojour mtication
By omitting periodic Wegenta
acid step
Extraction of histones by Deep blue
0.2 N Hcl
Dark blue/
purple

e g anther primordium exhibited homogeneous
mass 7 issue surrounded by epidermis. The primary
geespum differentiate hypodermally at four corners,
fidng perchinally to produce primary parietal cells
et auside and primary sporogencus cells inside. The
yimay patetal cells further divided periclinally and
micivaly and differentiated into endothecium, middle
e o fapetum (Fig. 1), Simultaneously the primary
gungEras cefls divided mitotically and gave rise to a
mas of sporbgenous tissue. Sporogenous tissue with
ftesnargement differentiated into pallen mother cells.
Thepaker mother cells divided meiotically there after and
teend o meiosis each PMC resulted into microspore
s Fig 6). Soon after the formation of tetrads,
memeswere released into the anther locule (Figs. 2,7
i1l Ts was followed by the development of polien
ufl uitr distinct exine and intine around mature spores
fie 4 A the maturation of pollen grains further
g, e septal cells between adjacent locules of
afaerty be disappeared and formed a single locule
iz 4 Yalure pollen grains were spherical with spinous
am Cewscence of anther wall occurred at the site
wee 7e adjacent locule joined tegether (Fig. 12).
Fereic development in both the cases exhibited no
ffeeces ndicating there was no effect of GA,; at earlier
smes However, at post - meictic stages, GA, treated
Jemrecorded various degree of abnormalities and were
evectar The induced male sterile plants differed from
teresestive narmal plants in tapetum and endothecium
gdegment and functioning from the microspore stage
mas T2 tapetum, being the nutritive layer abruptly
qimed 21 encroached the developing microspores
fi 3810 and 11). After attaining the maximum
gigerert the tapetum disorganized and started
pEnedrs along  with the microspores in  the
gt srage

nrathe degeneration of tapetum and microspores,
pe wel layers viz. middle wall, endothecium and
qirms ncreased their size radially to fill the locular
gue ©ig. 5. Hypertrophy of the wall layers soon after
tetgreation of microspores and tapetum followed a
@iz petiern in which middle wall layers enlarged more
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than endothecium and followed by epidermis (Fig. 5).
Hence, the sequence of events observed in the
development of anthers in male sterile plants suggests the
fact that mal functioning of the tapetum is either through
hypertrophy or remaining persistent beyond specified time
as a causative agent in pollen abortion. The reports of
Echlin (1971} who described the essential role of tapetum
during microsporgenesis and Seetharam  and
KusumaKumari {1976) wha opined that the abnormaiities
in tapetal cells led to the starvation and subseguent
degeneration of meiocytes also support the phenomena
observed in the present study.

In most of the cases, pollen abortion has been reasoned
out to be associated with some kind cof tapetal
malfunctioning. Even the eartiest studies such as that of
Gates (1911) in Qenothera to more recent structural and
or ultra structural studies on male sterility in different crop
plants like rice (Yogeesha, 1991) support this view.

Histochemical studies: Histochemical localization of
macromolecular substances such as polysaccharides,
proteins and RNA in varicus development stages of
anthers or pollen grain have been studied both in control
and GA, treated anthers. Histochemical localization of
tissue may perhaps be helpful in understanding the
changes in the differentiation of various paris in anther
development to find out the possible causes for induced
male sterility.

Histochemical assessment made for total insoluble
polysaccharides in fertile and induced male sterile anthers
at premeiotic stage revealed that their accumulation was
high in the wall layers and tapetum of fertile as well as
sterile anthers. 1t depleted in control anthers atlater PMCs
while it remained persistent in male sterile anthers even
after tetrad stage. Vittalaraya Kini (1487) record_ed a
similar pattern in sunflower and sugar beet respecuveiY-
The buildup and decline in polysaccharide content prior_fo
and during meiosis is an important activity in preparat{on
for later synthetic processes such as pollen wall formation
and pollen starch accumulation. An increase’
accumulation of polysaccharide prior to meiosis in the wal
layers of sterile anthers and its persistence even after






