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GENETIC VARIABILITY, CORRELATION AND PATH
= ANALYSIS IN LINSEED

B.P.S.MALIK and S. SINGH
Department of Plant Breeding, CCS Haryana Agricultural University, Hisar - 125 004

ABSTRACT

Seventy six diverse genotypes of linseed were raised {0 measure genetic varability, correlations and

direct and indirect effects for days to flowering and maturity, plant height (cm), branches, capsules and
grain yield per piant (g), seeds per capsule, biological yield (g/ha), grain yicld per plot {g), 1000 grain
weight (g), and harvest index. High genotypic coelficient of variation for capsules per plant, grain yield
per piant and grain yield per plot indicated good scope of improvement in these traits. The environment
did not play an important role in the control of most of the traits as the heritability estimates were high

for all the traits except for branches per plant. The traits grain yield, capsules per plant, and 1000 grain
weight could be improved easily as they had high vatues of both genetic advance and heritability. Grain
yield per plot and biological yield showed highest positive correlation between them. Biological yield
emerged as the single most important trait to influence grain yield per plot directly as well as-indirectly.

Keywords : Linseed; Genetic variability, Path analysis; Correlation; Grain yeild; Biological yield.

INTRODUCTION

Breeding high yielding varieties of crops re-
quires information on the nature and mag-
nitude of variation in the available materials,
association of characters with yield and among
themselves. Path coefficient analysis measures
the direct effect of variable upon another and
permits the separation of the correlation coef-
ficient into components of direct and indirect
effects. Since information on these aspects in
linseed (Linum usitatissimum L.} is scanty, the
present investigation was undertaken to deter-
mine various genetic parameters for grain yield
and its components in 76 linseed genotypes.

MATERIAL AND) METHODS

The material of the present study consisted of
76 genotypes received from different contres of
oilseeds all over India. Thesc genotypes were

grown in a2 Randomized Block Design with
three replications during rgbi 1989-90 at
Regional Research Station, Kaul (Haryana).
Each genotype was planted in 4 rows of 4 m
length with a row to row spacing of 25 cm. The
data were recorded on ten random plants from
each plot for 11 characters viz. days to flower-
ing, days to maturity, plant height (cm),
branches per plant, capsules per plant, seeds
per capsule, biological yield {g/ha), grain yield
per plant {g), grain yield per plot{(g), 1000 grain
weight (g) and harvest index.

The plot means were subjected to stand-
ard statistical procedurcs. Heritability (broad
sense) and expected genetic gain (as percent-
age of mean) were calculated according to Bur-
ton (1952). Calculations for correlations and
path analysis were carried out as per methods
suggested by Miller e al. (1958) and Dewey
and Lu (1959).

* CCS, HAU, Regional Research Station, Kaul, Haryana.

Received for publication on Scptember 12, 1991,



2 Journa! of Oilsceds Research

RESULTS AND DISCUSSION

The genotypes differed significantly among
themselves for all the characters. The estimates
of phenotypic coefficicnt of variation (PCV)
and genotypic cocfficient of variation (GCV)
exhibited almost similar magnitude for most of
the characters (Table 1). The maximum GCV
was recorded for capsules per plant. Next in
order were grain vicld per plant and grain vicld
per plot indicating better scope (or the genelic
improvement in these characters,

The heritability estimates were high for
all the characters except for branches per plant
and seeds per capsule for which these estimates
were low and moderale, respectively, This in-
dicates that the environment did not play an
important role in controlling mast of the char-
aclersinthe varictics. High heritability coupled
with high values of genctic advance and
genotypic as well as phenotypic coefficicnt of
variation for grain yield per plant, capsules per
plant, grain yicld per plat and 1000 grain weight

indicates that considerable improvement can
be achieved in respect of these characters by
using simple seleciion procedures. Thesc
results are in agreement with those of Rae and
Stngh {1985) and Satpathi et /. (1987). On the
conirary, high heritability estimates for days to
malurity and days to fower were associated
with very low values of genetic advance and
those of genotypic and phenotypic coefficients
of variation. Improvement for such characters
15 not easy and cfforts should be made for
increasing genetic variability in such cases.

Phenotypic and geootypic correlation
cocllicients for 11 metric trails in linsecd are
presented in Table 2. The values of genotypic
correlations were in almost all cases higher
than those of the phenotypic correlations. Such
a situation could arise due to genotype x en-
vitgnment interaction. The grain yicld per
plant showed significant positive correlation
only with capsules per plant and harvest index.
On the other hand, biological yield and grain
yicld per plot both had significant positive cor-

Table 1. Mean, range, coefficient of variation, heritability and genetic advance for eleven characters
in linseed
Character General Range GCV PCV Heritability  (enetic
mean (BS) advance
{5 of mean)
Days to flowering 843 x12 783-910 34 38 80.5 6.4
Days to maiusnity [483 = 1] 13971547 29 3.0 gl.6 57
Plant height (tm) 837 =45 6061100 127 14.3 789 232
" Branches per plant 35 205 23-60 132 230 328 15.6
Capsules per plant 485 =65  31.3-990 29.0 334 755 51.9
Seeds per tapsule 62 105 342-82 13.4 170 6.4 219
Biologicat yield {g/ha) 34 £03 1i-47 18.2 207 1.2 330
Grain yield per plant (g) 25 x02 1.3-45 286 30.9 855 544
Grrain yield per plot (g) 662.5 = 46.0 266.7-950.0 229 4.5 87.9 443
1000 grain weight (g) 9.3 =046 52-144 209 221 88.9 40.5
194 £ 15 122273 14.3 17.5 70.8 249

. Harvest index
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- relations with days to flowering and maturity,
plant height, capsules per plant and sceds per
capsule. However, the strongest positive cor-
relation was observed beiwcen these two char-
acters themselves, i.e., between biological yield
and grain yield per plot. In addition, grain yicld
per plot had positive corrclation with harvest
index. Also, a positive significant correlation of
days to flowering was found with days to
maturity and plant height. Similarly, days to
maturity was positively correlated with plant
height, capsules per plant and 1000 grain
weight. Significant positive correlations were
also observed between plant height and cap-
sules per plant, capsules per plant and
branches per plant and between capsules per
plant and. harvest index. As expccted, sig-
nificant negative correlations were found be-
tween capsules per plant and seeds per capsule
and between capsules per plant and 1000 grain
weight, indicating that simultaneous improve-
mient cannot be achieved for these traits unless
the undesirable linkages are broken by using
some breeding techniques like biparental
matings. These results, however, indicate that
improvement in grain yicld per plot can be
achicved by improving the characters like days

- 'to flowering and maturity, plant height, cap-

* sules per plant, seeds per capsule, biological
yield and harvest index. Similar results regard-
ing correlations between different traits of lin-
sced were obtained by Rao and Singh (1985)
and Satpathi et al. (1987).

However, simple correlations many
times do not give a clear picture of the associa-
tion between different traits of a crop species.
For this, one should go for path coefficient
analysis which is based on cause-effect
relationship. The direct and indirect effects of
various characters on grain yicld per plot are
given in Table 3. This table reveals that biologi-

cal yicld had highest direct effect on grain yield
per plot and the positive significant correlation
between these two trails was only due tothis
direct effect of biological yield. On the con-
trary, the positive correlation of days to flower-
ing, days to maturity, plant height, capsulcs per
plant and sceds per capsule with grain yield per
plot were not because of the direct effect of
these traits but all these traits influenced the
character gram yield per plot through the in-
direct effect of biological yield. Similarly, there
was no apparent sigmficant correlation be-
tween grain yield per plant and grain yicld per
plot but the former trait had a moderately high
direct effect on the latier character. These
results, therefore, indicate that biological yield
had highest direct and indirect ctect on grain
yicld per plot.
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GENETIC BEHAVIOUR OF YIELD AND ITS
COMPONENTS IN LiNSEED

BEENA PILLAIL P.W. KHORGADE aad MN. NARKHEDE
Department of Agricultural Botany, Punjabrao Krishi Vidyapecth, Akola 444 104, M.S.

ABSTRACT

Combining ability analysis of eight diverse cultivars of linseed (Linum usitatissimum L.} revealed that
the mean squares due 10 ged and sca were highly significant for all the characters, except for nutaber of
tillers per plant due tosca . However, the general predictability ratic indicated predominance of additive
components for days to maturity, number of tillers per plant, number of capsules per plant, seed yieid
per plant, 100 sced weight and plant height. Among parents LMH 354 and T 397 were found good
combiners fof yield and most of its attributes. The crosses RLC 4 x LMH 354 followed by LMH 354x
T 397 were found to be promising for seed yield and its components and LMH 354 x C 429 followed by

RLC 4 x Kiran for oil content.

Keywords: Diallel analysis; Combining ability, Prediciability ratio; Linseed

INTRODUCTION

The development of varieties for high seed and
oil yicld than the existing varieties is the main
aim of linseed breeding. This necessitates to
undertake a sound and appropriate breeding
programme. Since, the combining ability
analysis is useful in the selection of good
general and specific combiners (parents) used
in crossing plan to have desired end products.
The present investigation was undertaken to
assess the combining ability for seed yield, oil
content and some yield attributes through a
diallel crossing programme.

MATERIAL AND METHODS

Eight genetically diverse genotypes of linseed
(Linum usitatissinuon L.) were used to develop

a diallel set, excluding reciprocals. All these 36.

progenies (28 Fy’s and 8 parents) were grown
in a Randomized Block Design with three
replications during rabi, 1990-91 at Punjabrao
Krishi Vidyapeeth, Akola adopling all recom-

mended package of practices. Each progeny
consisted of a single row of 3.0 m length spaced
at 30 cm apart maintaining 15 cm plant to plant
distance. The observations were recorded on
five randomly selected plants per progeny in
each replication for nine characters, viz., days
to maturity, plant height (cm), number of tillers
per plant, number of capsules per plant, num-
ber of seeds per capsule, 100 seed weight (g),
oil content (%), harvest index (%) and sced
vicld per plant (g).

The data were analysed with the mean
values of five plants using standard statistical
methods. Combining ability analysis was car-
ried out using Griffings’ model I, method 2
(1956).

RESULTS AND DISCUSSION

Analysis of variance exhibited high significant
differences among genotypes (parents and
crosses) for all the characters studied. The
variances due to parents vs hybrids were also

Received for publication on April 15,1992
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highly significant for all the characters, except
days ta maturity and plant height.

The mean squares due to gencral (gea)
and specific combining ability (sca) were bighly
significant for al} the characters (Table 1), ex-
cept for sca for number of tillers per plant. This
indicated the impartance of both additive and
non-additive gene actions in expression of
these characters. However, the gencral pre-
dictability ratio {Baker, 1978) calculated on the
basis af cquivalent components of genetic

variances (0% and o’ ) revealed the
predominance of additive components of
genetic variance for days to maturity, munber
of tillers per plant, pumber of capsules per
plant, seed yield per plant, 100 seed weight and
plant height. This ratio being close to0.5 indi-
cated both additive and non-additive com-
ponents equally responsive for expression of
harvest index, number of seeds per capsule and
oil content, The predominance of additive gene
action in linseed was also reported by Kumar

and Chauhan {1980), Patil and Chopde (1982]
Singh ef al. (1983) and Khorgade ef al. (1990)
for plant height, number of tillers per plant,
number of capsules per plant, 100 seed weight
and seed yield per plant and Thakur e g,
{1987) for days to maturity. On the other hand
the importance of both additive as well as non-
additive gene actions was noticed by Badwal er
al. (1974} for number of seeds per capsule and
Bhatnagar and Mehrotra {1980} for oil con-
tent.

The estimates of gea effects (Table 2)
revealed that the short statured early maturing
parent LMH 354, besides being the best
general combiner for seed yield, also showed
highest gea effects for yield components tike
days to maturity, plant height, number of cap-
sules per plast, number of seeds per capsule
and harvest index. The parent T 397, being the
best general combiner for oil content appeared
next good combiner for yield and most of its
attributes. For W0 seed weight, AKL 14 was the
best combiner while AKL 33 was the best com-

Table 1.  Analysis of variance for combining ability in linseed
Source  d.f. Mean Squares
Daysto Plant No.of  No.of No.of 100sced Qil Harvest  Seed
maturity height  tllers/  capsules seeds/  weight  content  index yield/
{rm) plant /plant capsule  {g) {7} (T plant {g)
ga 7 528" 317 260" 20005 tsa” 0013 430" 20847 1637
sca 22 1057 337 e wmesT u2sT ooor” o™ 2" oes”
Errot Y 0.53 iz 027 11.35 0.08 Qaaal Q.07 0.06 0.02
Equivaleat components of mean squares
038 348 330 G.23 22.87 g1s 0.0013 G4L 206 .10
& 453 2.25 013 J YA 017 00008 075 226 306
Predictability ratio
257 0.93 0.76 0.78 0.7 0.64 .76 053 aus 0.77
(2 + Py

** Significant a1 1% level
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biner for number of tillers per plant. Among
the parents, Jawahar-23 proved to be the poor
general combiner for all the characters as-
sociated with the yield. The parents with high
magnitude of desirable general combining
ability may possess the favourable genes for
sced vield and its components and can give
useful segregants in early generations.

Further, high gea effects coupled with
high per se performance of the parents LMH
354 and T 397 (Table 2) for carly maturity,
number of capsules per plant, number of seeds
per capsule, oil content, harvest index and seed
vield per plant supgested that per se petfor-
mance of parents would provide an indication
of their géneral combining ability for their
mecaningful utilization in hybridization
programme.

The performance of some selected cros.
ses in related parameters are presented in
Tabie 3. The crosses RLC 4 x LMH 354 fol-
lowed by RLC 4 x C 429 were found to be the
best combinations involving high x high general
combiner parents and also exhibited high mean
performance and high heterotic potential for
number of capsules and seed yield per plant,
The cross LMH 354 x C 429 was observed to be
the best combination for oil content, followed
by RLC 4 x Kiran and LMH 354 x T 397, The
cross LMH 354 x C429 was also found to be
promising for seed vield and number of cap-
sules per plant. The extensive intermating be-
tween these crosses may be useful in fixing
maximum favourable genes, which are
desirable for creating supetior recombinant
lines for increasing seed and oil yields as well

Table 3.  Promising crosses and their performance in some related parameters
Character/crosses Mean Heterosis Useful pea effect sca effect
(%) heterosis (%) F;_—P—z_

Number of capsules/plant +
RLC 4x LMH 354 65.07 34.05" 34,08 H H 931"
RLC4xC429 63.00 28057 2982 H k 809"
LMH 354xT 397 62.20 2878 817" H H S44
LMH 354xC429 - 6027 25907 219" H H 397
O1il content (%)

LMH 354 x €429 41.63 6.06 647" H H 196"
RLC 4 x Kiran 4107 5207 5047 H A 182"
LMH 354 x T 397 40.90 3027 460" H H 066"
Kiran x T 397 40.30 281" 307" A H 074"
Seed yleld/plani (g) +
RLC4XxLMH354 336 302" a5.45" H H 038"
LMH 354 x T 397 3.29 2654" 4242” H H 0.22
'LMH 354 x C 429 317 3045 3723 H H 0.24
RLC4xT397 3.09 17.49” 377 H H 0.15

** Significant at 1% level

H and A indicate high and average general combiners, respectively
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a5 some other important yicld components in
linsced.
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INFLUENCE OF CROP AGE AND WEATHER FACTORS ON

THE INCIDENCE OF APHID ON SAFFLOWER"

A.K. AWASTHI and R.K. AGRAWAL
Jawaharlal Nehru Krishi Vishwa Vidyalaya, Jabalpur (M.P.) 482 004,

ABSTRACT

Iiffects of crop age and meteorological factors on the incidence of aphid (Ureleucon compositae
Theobald) on salflower (Cartharmus tinetorius 1.) variety Jawahar safflower-1’ were studied during rabi
scasons of 1988-89 and 1989.90, Simple correlation studies to evaluaie the instantaneous effects of the
melcorotogical vaniables revealed that, of the several weather factors considered, the temperature and
relative humidity were negatively and positively correlated with aphid incidence, respectively. However,
less rainfall (1.30 - 21.90mm.) with moderate temperature {13.61- 19.59°C.), relative humidity (55.78-
75.49%), low wind speed (1.35-3.91 km/hr) and sunshine (1.81-9.67 hr/day) appeared to be conducive
for the rapid multiplication of the pest. Polynomial regression studics showed that besides meteorologi-
cal, the other ecological {actor i.e. crop age has shown sigaificant relationship with the aphid incidence.
Vegetative growth stage of the crop with maximum succulancy in the emerging shoots and leaves found
1o be most preferred by aphid. The studies inferred that the crop age followed by weather factors in the

preceding periods had a stronger influence on pest incidence.

Keywords: Carthamus tinctorius; Crop age; Aphid; Weather factors

INTRODUCTION

Aphid (Uroleucon compositae Theobald) is a
serious pest of salllower (Carthamus tnclorius
L.) throughout India and causing yield loss up
to 72 per cenl (Basavana Goud, 1979). The
nymphs and adults suck the cell sap from all
green parls ol the plant, duc Lo which there is
drastic reduction in the crop vield. Attempts
have been therefore made to examine effects of
crop age and weather factors on occurrence
and the intensity of pest.

MATERIAL AND METHODS

Safllower varicty ‘Jawahar Safflower-1 was
sown on October 23, 1988 and November 2,
1989 in a plot of 20 x 20 m” arca at the Agricul-
tural Universily Research Farm, Jabalpur. The
population of nymphs, apterous and alate

aduits of aphid was counted at weekly intervals
from the start of the pest appearence till the
harvest of the crop. The pest population was
recorded on four twigs including central shoot
of 10 ¢cmt length per plant on 20 random plants
of central rows, Weekly metcorological data on
temperature, relative humidity, rainfall, sun-
shine hours and wind velocity were recorded
for all the wecks for two crop scasons and are
depicted in figures 1 and 2, respectively.

To study the inflvence of crop age and
abiotic (mcteorological) factors on pest in-
cidence two approaches were followed, In one
case graphical super-imposition technique was
employced while in the other simple correla-
tions were worked out betwecn pest incidence
and meteorological factors for the same
period. The polynomial regression between the

* Part of the Ph.D thesis submitted to INKVYV, Jabalpur, M.P.
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weeks after sowing i.¢. crop age and the aphid
population was also calculated as per proce-
dure laid down by Snedecor and Cochran

(1967).
RESULTS AND DISCUSSION

The relationship betwe¢en crop age,
meteorological parameters viz. temperature,
relative humidity, rainfall, sunshine hours,
wind velocity and incidence of aphid on saf-
flower during 1988-90 are presented as
detailed below.

The initial aphid incidence was ob-
scrved in 3rd week of December which coin-
cided with the 8-9 weeks after sowing at the
initial stage of crop growth. The meteorologi-
cal conditions viz, the average temperature
(14.86-19.32°C), under the influence of
moderate level of humidity (56.85-75.49%),
sunshine (4.81-8.28 hr/day) and low wind speed
(1.35-3.18 km/hr) proved conducive for the ap-
pearence of the pest. The population con-
tinued to build up and attained peak (163.07
aphids/plant) during 3rd to 4th week of January
when the crop was 13 weeks old. The weather
conditions prevailed during this period were
21.65- 29.28°C, maximum; 4.60-12.05°C, mini-
mum and 13.61-19.59°C average temperature
under the influence of 81.42-91.57% morning,
26.85-61.42% evening and 55.78-75.49%
average relative humidity; 1.35-3.81 knv/hr of
wind speed and 4.81-9.67 hr/day of sun shine
and less rainfall of 1.30-21.90 mm were ap-
peared to be conducive for the rapid multi-
plication of the pest. The population started
declining 14th week after sowing onwards,
gradually during 1988- 89, due to constant
decrease in humidity, but sharply during 1989-
90 duc to sudden fall in relative humidity, rise
in temperature and increase in wind velocity
with increase in crop age. Present findings

showed that rainfall has positive impact on
aphid incidence in the begining of the in-
cidence as less rainfall (4.30 mm) during 10-11
weeks in 1988-89 and again (23.20 mm) during
8-9 weeks after sowing in 1989-90 provided
congenial environment for aphid multiplica-
tion, and higher incidence. While it showed a
negative impact on aphid population during
the later part of pest incidence asrainfall (37.90
mm) during 15th week in 1989-90 helped to
decline the already low population from 144.65
to72.55 aphids/plant, The population uitimate-
ly disappeared during 25th and 23rd week after
sowing i.c. at the maturity stage of the crop
during 1988-89 and 1989-90, respectively.

The correlation studies between the
aphid incidence and meteorological variabies
(Table 1) however failed to show a consistantly
significant picture of the several weather fac-
tors considered, the temperature and relative
humidity appeared to be the most critical. The
incidence of aphid was negatively associated
with temperature. Out of the two humidity van-
ables considered, the morning relative
humidity had a positive association with
population of aphid. The evening relative
humidity had a non-significant correlation with
aphid population. The effect of sunshine on
aphid incidence was not found to be not as-
sociated, while the wind velocity was negatively
correlated with aphid incidence during 1989-
9.

These results show that there were in-
dications of some instantaneous effect of
weather variables on the incidence of aphid.
The significant correlation coefficients have
values ranged from 31.40% to 58.40% (per-
centage r? ), hence it cannot be said firmly that
there exists any relationship between aphid
population and meteorological variables,
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during first week of December. The findings
regarding peak period of activity of the pest
agree with those of Bindra et al, (1964), but not
with Rathore (1983), who reported peak den-
sity during mid-march.

The meteorological conditions which
were found conducive for aphid multiplication
under Jabalpur condition in the present studies
arc in wgregment wilh those of Manjrekar
(1972); Hodck ef @f. (1972) and Behura (1979).
The negative correlation of temperature and
positive corrclation of humidity with pest in-
cidence are also in close agreement with the
findings of Upudhyay et al. (1981). However,
Rathore (1983) found stightly higher tempera-
ture, maximum 33.80°C; minimum 15.30°C and
lower level of humidity 44.20%, lavourable for
aphid multiplication, The present findings
revealed that rainfull has positive impact on
aphid incidence in the begining while negative
impact during the later part of aphid incidence.
Although, Brondbent (1953) and Dunn and
Wreight (1955) also reported that rains dis-
lodges aphids and reduce the population. The
findings regarding the significant correlation of
aphid incidence with crop age are supported
by the views of Dunn and Wright (1955), Atwal
and Scthi (1963) and Hughes {1963).
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VARIABILITY AND CORRELATION IN LINSEED

S.K.VARSHNEYI, I N.SAH and O.NSINGH
Depariment of Plant Breeding, Tirhut College of Agriculture, Dholi (Muzaffarpur) Bihar.

ABSTRACT

Thirty six vazicties of linsced were evaluated for variabillty and relative association among yield and it
attributes. Wide range with high genetic variabllity was obscrved lor titlers, number of capsules and
branches plant’, Seed yield was positively associated with these characters, Improvement In sesd yicld

could be made through selection for these traits,
Keywends: Linsced; Variability; Corrélation.
INTRODUCTION

Linseed (Linum usitatissimum L.) is an impor-
tant rabi oilsced crop for Bihar State. For
augmenting the production of linseed, there is
a need td develop high yielding genotypes.
Selection of desirable genotypes from the
population depends upon the extent of
variability for various characters. The
phenotypic variation in quantitative characters
includes the genotypic, environmental and
their interaction. But it is only the genotypic
variability in which a breeder is primarily inter-
ested for selection. The yield is very important
and a complex character for which direct selec-
tipn is not much effective. A knowledge of
direction and magnitude of association of dif-
ferent characters is of great value in identifying
the high yiclding genotypes.

MATERIAL AND METHODS

A collection of thirty six varicties/lines of lin-
sced from different agroclimatic zones of the
cou?try were evaluated in Randomized Block
Design with two teplications in 3-rowed plots
of S.meter length with 25 em spacing during
Rabi 198:1-85. Observations were recorded on
Plant height (cm), number of tillérs plant”?,

——

number of branches plant™, capsules plant“.
number of seeds capsule”! and seed yield per
plant (g) using § randomly chosen plants from
each plot, Days to 75% maturity was recorded
on plot basis. Coefficients of variability at
phenotypic, genotypic and eavironmental
levels were calculated following Pansé and
Sukhatme (1978). Correlation coefficients
were worked out according to Al Jibouri et al .
(1958)

RESULTS AND DISCUSSION

The analysis of variance indicated significant
differences among varictics for characters viz,
number of tillers plunt'l. number of capsulcs
plant? and yield plant™, The cstimates of
mean, range, critical difference and coeffi-
cients of variabilities are presented in Table 1,
A wide range was observed for all characters

under study, the highest being in tillers plant™
(2.7-7.3) followed by capsulcs plant! (30.95-
76.00), branches plant’? (15,30-30.10) and yicld
plant™ {2.80-4.50). Considerable amount of ex-
ploitable genctic variability vas observed for
tillers plant! (17.49), capsules piant” (17.49)
and branches plant” (10,79). Comparatively
high genotypic and phenotypic variability with

1. Department of Seed Technology, Tirhut College of Agriculture, Dholi, Bihar.

Received for publication on March 16, 1992,
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EFFECT OF CROPPING SYSTEM, IRRIGATION SCHEDULE
AND NITROGEN LEVELS ON MUSTARD (Brassica juncea L.)*

N.S.YADAYV, RLRAJPUT, § S TOMAR, O.P.VERMA and D.SINGH
JNKVV, Zonal Agricultural Research Station, PB No. 14, AB Road, Morena 476 001 (M.P)

ABSTRACT

The experiment was condutied during rabi seasons of 1985-86 and 1986-87 on sandy loam soil &t
INKVV, Zonal Agricultural Research Station, Morena (M.P.) 10 study the effect of different cropping
systems, irrigation schedules and nitrogen levels on yield and yield attributes of mustard (Var. Pusa
bold). Results showed that the maxinium seed yield, growth and yield attributing characters were
recorded in fatiow-mustard sysiem, one irrigation at pre-flowering stage (PE) and at 100 kg N/ha,

Keywords - Mustard; Croppingsystem; Irrigation; Nitrogen lovels; Yictd.

INTRODUCTION

- Mustard (Brassica juncea L.) ctop is grown
under monocropping system in the Chambal
command area. Nearly 2 lakh hectares of land
is kept fallow in kharif followed by mustard in
rabi, resulting in low cropping intensity and
productivity. Therefore, to replace this tradi-
tional practice and to increast the cropping
intensity as well as profit per unit arca, experi-
ments were conducted to study the effect of
cropping system, irrigation schedules and
nitrogen levels on yield and yicld attributes of
mustard in Chambal command arcaof Madhya
Pradesh.

MATERIAL AND METIIODS

A field experiment was conducted at INKVY,
Zonal Agricultural Research Stalios, Morena
during rabi scasons of 1985-86 and 1986-87.
The experiment was laid out in asplit-split plot
design with four replications. The three crop-
ping systems (fallow-mustard, urid- mustard
and bajra-mustard) were kept as main plots;
four irrigation schedules (no irrigation; irriga-

tion at pre-flowering, irrigation at siliqua
development, and irrigation at pre-flowering
+ siliqua development stage) as sub plots and
three nitrogen levels (0, 50 and 100 kg/ha) as
sub-sub plots. The soil was sandy loam having
188 kg/ha available N, 17 kg/ha available P20s
and 312 kg/ha available K20. The fertilizers
were applied at sowing (35kg P20s/ha as single
super phosphate, 20 kg K20 /ha as muriate of
potash and nitrogen as ammonium sulphate as
per treatments). The crop was sown on 27th
October and 9th November during 1985-86 and
1986-87 respectively. In the first year, 67.2 mm
rainfall was received with 12.2 mm rainfall
around 60 DAS and 36.0 mm rainfall around 95
DAS, whereas in the second year, 332 mm
rainfall was received with 349 mm rainfall
around 62 DAS.

RESULTS AND DISCUSSION

Effect of cropping system

Significantly higher sced yield of mustard was
obtained in fallow-mustard as compared to
urid-mustard and bajra-mustard (Table 2). On

* Part of the Ph.D. thesis submitted by the senior author to the Jiwaji University, Gwalior (MP).

. Received for publication on November 1, 1992.
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an average, fallow-mustard produced 21.1 and
67.2 per cent more seed yield of mustard over
urid-mustard and bajra- mustard respectively.
Similarly urid-mustard produced 38.1 per cent
more seed yield of mustard over bajra-mus-
tard. Similar trend was observed in respect of
all the growth and yield attributing characters
except 1000 seed weight in 1985-86 where fal-
low-mustard was at par with urid-mustard.

Effect of imgation schedules

Mustard yield under one irrigation at pre-
flowering stage (PF) was at par with two irriga-
tions at pre-flowering and siliqua development
(PF + SD) but significantly superior over no
irrigation and irrigation at siliqua development
(SD) during 1985-86. In 1986-87 irrigation at
pre-flowering produced significantly higher
seed yield of mustard over rest of the irrigation
schedules except no irrigation which was due
to the fact that substantial rainfall was received
during flowering and pod initiation stage. The
data further revealed that irrigation at PF was
significantly superior over no irrigation, irriga-
tion at SD and PF +SD in respect of all the
yield attributes except number of siliqua/plant
which was at par with irrigation at PF + SD in
1985-86 (Table 2}. The biomass per plant, plant
height and number of branches/plant was sig-
nificantly superior when two irrigations were
applied at PF + SD over all the other irrigation
treatments during both the years. The probable
reason, for higher yield with irrigation at PF as
compared to irrigation at PF + SD maybe due
tothe fact that the vegetative growth is retarted
by moderate stress but sugar is still available in
good quantity for siliqua and seed develop-
ment resulting in better yield and attributes,
while in case of irrigation at PF + SD abundant

moisture at siliqua development promote
vegetative growth resulting in poor siliqua and
seed development. Singh (1968) and Rana et al,
(1991), reported similar results.

A perusal of data (Table 1 & 2) indicates
that the seed yield of mustard significantly in-
crcased with the increasing levels of nitrogen
from 0 to 50 and 50 to 100 kg/ha during both
the years. On an average, the increase in seed
yield over control was 71.4 % with 100 kg N and
4.7 % with 50 kg N. The yield increasc was
18.4% over 50 kg N with 100 kg N, Similar trend
was recorded in respect of growth and yield
attributes viz.,, plant height, branches/plant,
biomass/plant, siliqua/plant, seeds/siliqua and
test weight during both the years. The probable
rcason may be that increasing levels of N
resulted in greater accumulation of car-
bohydrate, proteins and their translocation to
the productive organs which, in turn, improved
all the growth and yield attributing characters
and yield. These findings arc in agreement with
the findings of Singh (1988) and Rana ef al.
(1991),
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EFFECT OF CROPPING SYSTEM, IRRIGATION SCHEDULE
AND NITROGEN LEVELS ON NUTRIENT UPTAKE
BY MUSTARD (Brassica juncea L.) :

NS.YADAV, R.LRAJPUT, 8.8 TOMAR and O.P.VERMA -
JNKVV, Zonal Agricultural Rescarch Station, 14ARB Road, Morena 476 001, (MP)

ABSTRACT

A ficld experiment was conducied during 7abi scasons of 1985-86 and 1986-87 on sandy loam soil at
INKVV, Zona! Agricehural Research Stalion, Morena (MP). Seed yield, uptake of N, Pand K contents
in mustard were significantly higher in fallow-mustard system as tompared o wnd-musiard and
bajra-mustard systems. Significantly higher seed yicld, uptake of NPK and N, P conients were: also
recorded when one irrigation was applicd at pre-flowering stage (PF). Uptake of NPK and seed yield
significantly increased with the increasing levels of nitrogen during both the seasons.

Keywords . Mustard: Cropping system; lrrigation; Nitrogen; Nutrient uptake,

INTRODUCTION

Cereal crops are known to deplete the soil
fertility to a rclatively greater extent whercas
legumes are restorative. There are reports that
growing of preceding crop of legume favourab-
ly effects the growth and development of mus-
tard (Brassica juncea L.) crop (Scn Gupta,
1965}. Inclusion of a legume in the cropping
system adds soil nitrogen through atmospheric
fixation which in turn, may bring about some
rhanges in the pattern of N concentration and
uptake by mustard crop. But adequate infor-
mation is not available for agroclimatic zone
and soil corditions of Chambal command area
of Madhya Pradesh. [n view of this, field experi-
ments were conducted for two seasons to study
the effect of cropping system, irrigation
schedule and nitrogen levels on vield, NP con-
cenlration and uptake by mustard crop.

MATERIAL AND METIIODS

A field experiment was conducted on sandy
loam soil during rabi seasons of 1985-86 and
1986-87 at JNKVYV, Zonal Agricultural Re-
search Station, Morena (MP). The experiment
was laid out in a split-split piot design with four
replications. The main plots consisted of three
cropping systems (Fallow-mustard; Urid- mus-
tard; and Bajra-mustasd), The four irrigation -
schedules (No irrigation, irrigation at Pre-
flowering (PF), irrigation at Siliqua develop-
ment {SD) and irrigation at Preflowering and
Siliqua development (PF + SD) were taken as
sub plots. whereas three nitrogen levels (0, 50
and 100 kg/ha) were taken as sub-sub plots.
Plant samples were collected periodically and
mustard seeds were collected after the harvest
of the crop from cach treatment and were
analysed by standard methods as reported by
Jackson {1973).

e

*Part of the Ph.D. thesis submitted by the senior author to the Jiwaji University, Gwalior, M.P.
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RESULTS AND DISCUSSION

In general, the maximum concentration of N
and P in mustard plant was recorded at ea.rly
stage (25 DAS). Thercaft?r, a pro;gresswc:
decrease in contents with increase in plant
growth up to 100 DAS were recorded due to
cropping systems, irrigation schedules and

pitrogen levels during both the years.

Effect of cropping systems

The N and P content differed significantly
among different cropping systems and higher
contents were found in fallow-mustard at cach
growth stage as compared to urid-mustard and
bajra-mustard systems in both the seasons
(Tables 1 & 2). It is evident from the Table 3
that in both the years the uptake of NPK kg/ha
and seed vield were, significantly higher in fal-
low-mustard system as compared to urid-mus-
. tard and bajra-mustard. The higher value of N
P content, seced yield and uptake of NPK in
fallow-mustard may be attributed to a highly
favourable soil environment created due to fre-
quent cultivation of fallow plots during khanf,
resulting in better root growth and uptake
(Wolfe and Kipps, 1959). Further the exhaus-
- tive preceding crop of pearlmillet in the system
depletes the soil fertility ta a great extent result-
inginlower N P contents, seed yield and uptake

of NPK kg/ha in mustard crop (Sen Gupta,
1965). .

Effect of irrigation schedules

It is clear from the Tables 1 & 2 that at early
Stage (25 DAS) N and P contents in mustard
Plants were not affected and were found more
or less similar under all the irrigation schedules
in boih the years as the treatments commenced
after 25 DAS. But at later stages N and P
contents in plant under pre-flowering and PF

+ SD were higher as compared ¢

and irrigation at SD. It is becau

that irrigation improves the sviavuty or
fiutrients to the plants and decreases the soil
strength, increasing root ramification which ul-
timately resulted in higher absorption of
nutrients. Similar findings were also reported
by Khan (1980) and Rana et a/. (1991).

Data in Table 3 indicate that the uptake
of N by sced and total crop was higher under
irrigation at pre-flowering stage as compared
to other treatments in both the years except
first year in case of total uptake by crop where
irrigation at PF + SD was marginally superior
to irrigation at PF. In case of N uptake by
stover, although irrigation at PF was inferior to
irrigation at PF + SD in first year, it was statis-
tically at par with irrigation at PF + SD in
second year while PF was significantly superior
to no irrigation and irrigation at SD in both the
years. Data further reveals that irrigation at PF,
in respect of P uptake by seed, and by the crop
and K uptake by secd was significantly superior
to all the irrigation treatments in both the years
except that in the first year where it was at par
with irrigation at PF + SD. Similarly irrigation
at PF was also superior to rest of the irrigation
treatments, as regards with P uptake by stover
in both the years except that in second year it
was at par with irrigation at PF + SD. Thus
from the above discription, irrigation at PF may
be concluded as a very good treatment under
which supply and availability of water to the
crop results into better root proliferation and
thus greater uptake of NPK kg/a. Further
maximum NPK uptake in irrigation at PF was
in accordance with the seed production
capacity of the irrigation treatment. Similar
results have been reported by Singh (1968) and
Tomer et al. (1992).
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Effect of nitrogen levels

Tables 1 and 2 indicate that N and P contents
in plant was increased significantly with the
increasing levels of nitrogen at all the stages of
crop growth in both the years. It may be due to
the fact that the application of N increases the
root growth as well as root cat ion exchange
capar:ily which enhances nutrient absorption
and plant growth. Further the data in Table 3
clearly indicate that sced yield, uptake of NPK
by sced, stover and total uptake by crop were
also increased significantly with the increasing
levels of nitrogen during both the seasons.
Singh and Singh (1984) and Rana ef al. (1991)
have also observed similar results,
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ABSTRACT

Fatty acid composition of thirty three genotypes of Brassica campestris var, toria indicated considerable
genetic differences for six fatty acids namely palmitic, stearic, oleic, linoleic, linolenic and erucic acid.
The cosrelation coefficient amongst different fatty acids revealed significant negative correlation of
erucic acid with oleic, linoleic and linolenic acid. Genotypes with desirable oil content and quality have

been identified.

DU

Keywords: Brassica campestris var. toria; Fatty acid composition,

INTRODUCTION

Brassica campestris var. toria is an important oil
seed crop which is grown as a catch and cash
crop. It also offers a good scope for crop diver-
sification. This crop is primarily raised for its
edible oil, The oil of Brassicas in general has a
limiting factor with regard to its quality as it has
ahigh content of erucic acid which accounts for
poor digestibility of the oil and also attributed
to cause cardiac problems (Applequist, 1972).
Recently, efiorts have been initiated to develop
genotypes with superior oil quality by selecting
genotypes with low amounts of erucic acid. As
very little systematic work has been done in B.
campestris var. torig it becomes imperative to
assess the genetic variability for oil content and
quality in the available material, The present
study is an attempt to identify genotypes with
high oil content and desirable fatty acid com-
position.

MATERIAL AND METHODS

Thirty three genotypes of B. campestris var.
toria were analysed for their oil contemt and

fatty acid composition. Oil content was es-
timated with the help of NMR. For fatty acid
composition the lipids were extracted from the
seeds by cold percolation method (Folch et o/,
1957). Lipids were converted into their methyl
esters following the method of Luddy er al.
(1968). The methyl esters were analysed using
AIMIL gas chromatograph. The peaks ob-
tained were identified using internal standard
fatty acids. Relative proportion of different
fatty acids was worked out from the areas of
peaks.

RESULTS AND DISCUSSION

Investigations revealed presence of two
saturated fatty acids namely palmitic acid
(16:0) and stearic acid (18:0) and four un-
saturated fatty acids, namely oleic acid (18:1),
linoleic acid (18:2), linolenic acid (18:3) and
erucic acid (22:1), Analysis of variance
revealed significant differences between
genotypes for the contents of these fatty acids
as well as for oil content.

Received for publication on July 30, 1993
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The mean and range for oil content and
different fattv acids are presented in Table 1.
The wide range of variation for different fatty
acids indicates that there is a considerable
potential in the genotypes for improving their
fatty acid composition. Studies reveal that the
genotypes TL88-2, TL88-3, TL8S-7, TL88-8,
TL88-9, TL88-10, TL88-13 and TL88-22 are
the most desirable genotypes as they have
either high amounts of desisable fatty acids
(16:0, 18:1 and 18:2) or the relatively low
amounts of undesirable fatty acids (i.e. 18:3 and
22:1). Among different fatty acids three fatty
acids namely oleic, linoleic and linolenic acids
are essential fatty acids and have to be provided
through diet. Erucic acid and linolenic acid are
undesirable from edible point of view. It is
suggested that these two fatty acids should be
considerably reduced if not eliminated com-
pletely in view of their nutritional quality (Ap-
plequist, 1972; Wowney and McGregor, 1975),
as lower amounts of linolenic acid will improve
the stability of the oil, while lower proportions
of erucic acid will make he oil more palatable,
nutritive and less vulnerable to metabolic dis-
orders (Carroll and Nobel 1957; Rocquelin et
al. 1971; Rutkowski, 1971). On the other hand,
increased praportion of the two major fatty
acids, olcic and linoleic will improve the nutri-

tional value of the oil. The best genotype, there-
fore, is the one which possess high amount of
oleic and linoleic acid and low amounts of
linolenic acid and zero or very low amounts of
erucic acid. In the present studies there is no
single genotype which possesses this type of
desirable fatty acid composition. However,
there are certain genotypes which have rela-
tively high amounts of oleic acid such as TL
88-2, T1.88-7, TL 88-9 and TL-15. The relative
high amounts of linoleic acid has been found in
TL 88-13, TL 88-3, TL 88-17 and TL 88-1.

Correlation coefficicat amongst dif-
ferent fatty acids are presented in Table 2. Pai-
mitic acid was found to be significantly and
positively correlated with stearic acid whereas
it was negatively and significantly correlated
with linoleic and linolenic acid. Stearic acid
was also found to be significantly but negatively
correlated with linolenic acid. Linoleic acid
was found to be significantly and positively
correlated with linolenic acid. Erucic acid was
found to be significantly but negatively corre-
lated with oleic, linoleic and linolcnic acid.
Gross and Stafansson (1966) reported negative
association between erucic acid and linolenic
acid while Craig and Walter (1959} observed
negative correlation between oleic and erucic
acid in rape seed. Singh et a/. (1991} have also

Table 1.  Mean and range of different fatty acids and oil content along with desirable genotypes in

Brassica campestris var. toria

Mean Range Desirable genotypes

Ol content % 4112 % 0.42 39.45 10 42.48 TL88-21, TL-15, TL83-23, T1.58-28
Palmitic acid % 3.56 £0.20 2.17to 6.88 T1.88-22, TL.88-8, T1L88-10, TL88.3]
Stearic acid % 0.79 *0.05 0.35 10 1.69 TL88-8, TL88-10, TL88-22, TL88-20
Oleic acid 9 1290 +0.30 10.17t0181F - TL88-2, TL#8-7, TL88-9, TL-15
Linoleic acid %5 14.82 +£0.29 104610 17.78 TI88-13, TL88-3, TL.88-17, T1.88-1
Linolenic acig 2, 1283 £ 0.28 84710 1744 TIA8-8, TL28-11, TL88-1, TL88-10
Erucic acid % 55.11 1 0.50 50.13 10 59.99 T188-2, TL88.7, TL88-13, TL88-21

———




32 Journal of Qilseeds Rescarch

Table 2.  Correlation coefficient amongst different fatty acids

18:0 i8:1 18:2 18:3 221
160 0.60 £.19 46 044" .16

e

18:0 z“ ‘ 013 026 £0.35* 0.08
18:1 . 0.10 0.20 057"
18:2 cotiot 044 036"
18:3 : 073

* **: Significant at 5% and 1% level of significance respectively.

reported negative and significant correlationof
erucic acid with linoleic acid in B. napus. The
negative association of erucic with oleic,
linoleic and linolenic acid is of great sig-
nificance in breeding varieties/developing
genolypes with very low erucic acid content
and thus improving the nutritional quality of
the edible oil.
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ABSTRACT

Oil content, its guality and protcin content vary with the cultivar as well as with photoperiod; Pusa
Kalyani (PK) had maximum oil content followed by Varuna, BO-15 and BS-2B-84 under different photo
periods. Maximum seed protein was recorded in BS-2B-84, while the minimum in Pusa Kalyani. Oil
content under natural day (ND)) was at par with long day (LI}) while minimum under short day (SD)
in all the four cultivars. In general, there was inverse relationship between oil and protein content.
Palmitic and stearic acids increased in Pusa Kalyani, BS-2B-84, while decreased in Varuna under long
day (L)) relative to natural day (NI}). Change in photoperiod did nat have any effect on saturated fatty
acids in BO-15. Short day (SD) was found 1o be most suitable for reducing linclenic acid in alj the four
cultivars and increasing oleic acid in BO-15 and BS-2B-84, ND favoured reduction in erucic acid in A
Varuna, BO-15 ang BS-2B-84 while LD in Pusa Kalyani. Inve rse¢ relationship was found between linoleic

and linolenic acid.

Keywords : Brassica: Photoperiod; Oil composition; Protein.

INTRODUCTION

Oil content and its composition varies due to
change in environment (Sosulski and Gore,
1964). Transformation of carbohydrates which
15 influenced by nutrition affects accumulation
of oil (Mendham and Scott, 1975). Date of
harvest also affects the seed oil and protein
content. Increasing the fertilizer dose
decreased the oil content and increased
linolenic and linoleic acids (Zhao et al,, 1991),
Ingreasing temperature in the range of 10°C -
Zq Cdecreased the oil content (Canvin, 1965).
01? content is also influenced by photoperiod,
bFlng minimum under long day (LD)and
highest under natural day (ND) in Pusa bold
and Pusa kalyani (Babu, 1985). One of the
continuing aim of rapeseed plant brecding re-

search is to improve the quality of rapeseed oil.
Research in this direction has resulted in
decreasing the level of undesirable long chain
fatty acids viz., eicosencic and erucic acid
(Stefansson et al., 1961, Downey, 1964). Fur-
ther, desirable change infatty acid composition
would be an increase in linoleic acid to 35%
and decrease in linolenic acid to 1%. High ol
content with proper proportion of desirable
fatty acids has greater importance for human
nutrition. The present investigation was car-
ried out with a view to study the effect of three
different photoperiods on seed oil content and
its composition in four cultivars of Brassica and
to find out photoperiod suitable for reducing
linolenic, erucic acid and increasing oleic acid
in these four cultivars, '

. -
Part of the Ph.D. thesis submitted by the senior author to IARI, New Delhi
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MATERIAL AND METHODS

The sceds were collected at harvest stage from
four Brassica species viz., B.campestris (Pusa
kalyani), B. juncea {Varuna), B.napus (BO-15)
and B. carinata (BS-2B-84) grown under long
day (24 hr photoperiod), short day (8 hr
photoperiod) and natural day (10-12 hr, Delhi
conditions) in split plot design in the field.
Long days (LD} were maintained by sup-
plementing natural day length with incandes-
cent bulbs and tube light in the night hours.
Short days were maintained by covering the
crop with black curtain throughout the day and
night except from 9 AM to 5 PM. The seed oil
conlent was determined by nuclear magnetic
resonance (NMR) method using Bruker Mini
Spec-PC-20 model (Tiwari ef al., 1974). Seed
protein was calculated by multiplying nitrogen
coatent (estimated as described in Technicon
Monograph, 1971) with a factor 5.73. Total
lipids were extracted as described by Folch et
al. (1957} with certain modifications which in-
cluded addition of sodium sulphate to the lipid
(Chloroform-methanol) fraction to remove
last traces of moisture. Methyl esters of fatty
acids of total lipids were prepared (Morrison
and Smith, 1964} and methylated fatty acids
were analysed by GLC (Amil-Nucon, 5500-
model) equipped with flame ionization detec-
tor (FID) using dicthylene glycol succinate
(DEGS) as stationary phase on 80 : 100 mesh
chromosorb P. Samples were taken intriplicate
for determination of oil, fatty acids and protein
content.

RISULTS AND DISCUSSION

The oil content varied not only with cultivar but
also with photoperiod as shown in Table 1. Pusa
Kalyani had highest oil content among the four
cultivars under all the three photoperiods. The
oil content was minimum under short day while

natural and long day were at par. Thus, natural
day (10-12 hr photoperiod) and long day (24 hr
photoperiod) were equally useful for higher oil
content as compared to short day (SD). Similar
results have been reported in linseed (Sairam
and Srivastava, 1977). In B.rapus oil maximum
conient was attained at 18 hr photoperiod
while in¢reasing or decreasing the photoperiod
reduced the oil content {(Agarwal, 1971).

Highest seed profein under ND
(25.78%) and LD (22.42%) was tecorded by
BS-2B-84 while, under SD (23.69%) by BO-15
(Table 1). The relationship between oil and
protein content showed that Pusa Kalyani had
highest cil content and minimum seed protein
as compared to other three cultivars under
different photoperiods. SD resulted in increas-
ing seed protein and decreasing oil content in
all the four cultivars except BS-2B-84. Preseat
study shows minimum oil content under SD
which was associated with maximum protein
content, indicating inverse relationship be-
tween the two. Day length treatment implied to
have effect on total number of fatty acids as well
as their relative percentage in the culiivars
studied (Table 2). Palmitic and stearic acids
were the only saturated fatty acids present in
all the four cultivars under three different
photoperiods. Other saturated fatty acids were
present in traces except caprylic, lauric and
myristic acid under SD and lignoceric acid
under LD in Pusa Kalyani and under ND in
BO-15. Under LD, saturated fatty acids, pal-
mitic and stearic acid increased in Pusa Kalyani
and BS-2B-84, while they were decreased in
Varuna as compared to ND. Changes in
phatoperiod did not seem to have any effect on
saturated fatty acid content in BO-15. This
confirms with the observation made by Agar-
wal (1971) for this cultivar.
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Effect of day length on oil and protein content of Brassica species

Table L.
Cultivar ~ Day Oil content (%) of seeds from different order branches Protein
Length Main Primary Secondary  Teritary Mean Countent (%)
Pusa SD 4691 46.75 46.21 46.62 1987
Kalyani ND 46.99 48.74 8.7 48.17 19.61
LD 4773 48.70 o . 4805 16.85
Varuna SD 027 42.46 39.13 - 4144 2263
ND 4342 44.43 45.29 - L4438 21.04
LD 44.73 44.68 45.37 . 4493 2136
BO-15 SD 3835 8.7 34.48 3719 2169
ND 4215 267 . 4363 28 19.93
LD 42.80 37 Q@ms . a12 20.03
BS-2B84  SD 3222 35.34 35.9 34.86 .60 21.62
ND 35.60 40.82 40.99 36.62 38.51 25.78
LD 35.62 39.97 41.06 39.01 3892 2242
S.Em * 0832 0.568 0.674 0.602 0526
CD.at5% 2441 1.667 1978 . 1.782 1542

Lowes{ content of erucic acid (43.07%)
was associated with highest amount of oleic
(17.13%), linoleic (12.6%), linolenic (8.56%)
and eicosenoic acid (11.5%) under LD in Pusa
Kalyani. In case of Varuna, ND was most
suitable for the highest content of oleic
(11.74%), linoleic (15.5%), linolenic acid
(13.86%) and lowest content of erucic acid
(45.13%) as well as eicosenoic acid (9.1%). In
BO-15 lowest content of erucic acid (48.76%)
was obtained under ND but was associated
with the highest content of linolenic acid
(6.54%). Long day was most favourable for
lowest production of linolenic acid (5.14%)
while SD for highest amount of oleic acid
(16.48%) and linoleic acid (12.07%) relative to
ther photoperiods in this cultivar. Short day
(513_) Was most effective for highest amount of
oleic acid (12.51%) and lowest amount of
lmol(_enic acid (5.95%) in BS-2B-84. The lowest
Crucic acid (50.38%) in this cultivar was
Produced under ND.

Thus, natural day was helpful in reduc-
ing erucic acid content in Varuna, BO-15, BS-
2B-84 and LD in Pusa Kalyani. The content of
other undesirable unsaturated fatty acid viz.,
linolenic acid was decreased due to SD in all
the cultivars. Short day was also useful in in-
creasing percentage of oleic acid in BO-15 and
BS-2B-84, Sairam and Srivastava (1977) have
also reported increase in oleic acid under short
day length, accompanied with decreased
linolenic acid. The decrease in linolenic acid
under SD is linked to higher content of erucic
acid in Varuna, BO-15 and BS-2B-84 and lower
level of linoleic acid in Pusa Kalyani, Varuna
and BS-2B-84. This suggesls inverse relation-
ship between linolenic acid and erucic acid and
a positive correlation between linoleic and
linolenic acid. Such a correlation has also been
reportedby Stafansson ef al., (1961). However,
Rakow and McGregor, (1975} reported that
linolenic acid might be altered without chang-
ing linoleic acid.
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In Pusa Kalyani highest content of
erucic acid {56.30%) was due to lowes( content
of saturated fatty acids as seen under ND but
minimum erucic acid under ND was possibly
due to increased content of other unsaturated

fatty acids.

The results of the present study indi-
cated that natural day (10-12 hr photoperiod)
was the best for higher oil content accom-
panied with reduced erucic acid in Varuna,
BO-15 and BS-2B-84. For reducing the level of
undesirable fatty acid linolenic, short day (8 hr
photoperiod) was the best suited for all the
cultivars.
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ABSTRACT

A figld experiment with different vanieties of rapeseed (Brassica campesiris Var. (oria and yellow sarson)
». . and Indian Mustard (B juncea) was conducted during 1988-89 and 1989-90 at the University farm to
- L study the effect of sowing dates, November 4 sowing had given more branches, siliquae/plant, seeds/sili-
qua and 1000 seed weight. Delay in sowing beyond November 18 significantly reduced yield attributes
and seed yield by 38 per cent. Among mustard varieties ‘Sarama’ and ‘Sanjukta’ which were at par gave

significantly higherseed yield over ‘Bhagirathi’. Among Rape seed varieties 'Binoy' recorded sighificant-
ty superior seed yigld over ‘Panchali’ and was at par with ‘YSB NC-1, “YSB 13-7C.

Keywords: Mustard; Rapeseed, Dates of sowing; Variety

INTRODUCTION

Rapeseed (Brassica campestris var. toria and
yellow sarson) and mustard (B.juncea) are
sown from last week of Gctober to first week of
December in different districts of West Bengal.
The optimum sowing time for rapeseed is from
first week of October to first week of November
and for mustard from middle of October to
middle of November. Growing mustard under
double cropping system after low land paddy
delays sowing and affect the yield, The infos-
mationt on performance of different racently
developed varieties of rapeseed and mustard
under late sown condition is rather limited
under West Bengal conditions. Rapeseed and
mustard is cultivated after harvest of low land
paddy in some arcas particularly southern dis-
tricts of West Bengal, where sowing exteads to
December. A study was therefore, under taken
to evaluate the relative performance of some
recently developed varieties of rapeseed and
mustard under different sowing dates.

MATERIAL AND METHODS

A field experiment on Indian mustard and
rapesced varieties was conducted at the’
University farm, Bidhan Chandra Krishi Vis-
wavidyalaya, Kalyani during winter seasons
{(rabi) of 1983-89 and 1989-90. The soil was
sandyloam in texture, medium in fertility status
(0.7% Qrganic Carbon, 0.07% total nitrogen
and 35 and 160 kg/ha of available phosphorus
and potash respectively) and neutral in reac-
tion (pH 7.4). The experiment was laid in Fac-
torial Randomised Block Design with 3
replications. The plot size was 4.5 m x 4.0 m,
The treatments comprised 3 dates of sowing
{(4th November, 18th November, and 6th
December) and 7 varieties (“"YSBNC-1’, “YSB
19-7C’, ‘Panchali’ and ‘Binoy’ of rapeseed and
‘Sanjukta’, ‘Sarama’ and ‘Bhagirathi’ of Indian
mustard). A basal dose of 40 kg N: 60 kg P20s
and 40 kg K20/ha was applied. All the varieties
were sown at 30 cm row spacing and main-
tained a uniform plant population of about 3.3
lakhs/ha by thinning. The crop received three

Received for publication on January 3, 1994,



R.C. Samui et al. 39

irrigations including one pre-sowing, A dose of
40 kg N/ha was applicd as top dressing at 40
days after sowing (pre-flowering stage). Plant
protection measures were undertaken as and
when found necessary.

RESULTS AND DISCUSSION

Effect of sowing date

Seed yield and yield attributes of rapeseed and
mustard significantly influenced by sowing
dates (Table 1). The number of branches, sili-
quae/plant, seeds/siliqua and 1000 seed weight
significantly decreased by delayed sowing. In
early sowing the crop gets favourable weather
condition for vegetalive growth and pods
develop before the peak period of aphid attack
resulting in better yield components and higher
yield. Shastry and Kumar (1981) reported
similar results. Harvest index was also
decreased gradually with delay in sowing. The
seed oil content was higher in early sowing.
The oil yield declined significantly in delayed
sowings after November 4th. It might be due to
the fact that in late sown crop comparitively
higher temperature at seed formation hamper
oil synthesis. Seed yield in all varieties sig-
nificantly decreased due to-delay in sowing
time, and the lowest yield was recorded in
December 6 sowing (Table 2).

Effect of variety

Growth, yield attributes and seed yield of dif-
ff:rent rapeseed and mustard varietics varied
significantly (Table 1). <YSB 19-7C’ and ‘Binoy’
recorded significantly higher plant height than
‘Panchali’ and “YSB NC-1’ variety. Number of
seeds/siliquae was significantly higher in ‘YSB
NC-1" in 1988-89 as well as 1989-90 over
Binoy', ‘Panchali’ and “YSB 19-7C"., 1000 seed
Wweight was higher in ‘YSB 19-7C’ followed by

‘YSB NC-1', ‘Binoy ' and ‘Panchali’. Oil yield
was significantly higher in ‘Binoy’. and ‘YSB
NC-1"than ‘Panchali’ and “YSB 19-7C’. In mus-
tard varicties, ‘Sanjukta’ recorded significantly
lower plant height as compared to ‘Sarama’
and ‘Bhagirathi’. However, ‘Sanjukta’ had
highest harvest index among mustard varieties.
Number of branches per plant in 1988-89 was
significantly higher in ‘Sarama’ variety than
‘Sanjukta’ and ‘Bhagirathi’, ‘Sanjukta’ and
‘Bhagirathi’ recorded significantly higher num-
ber of siliqua/plant as compared to ‘Sarama’ in
both the years. There was no significant dif-
ference in number of seeds/siliqua in 1989-90)
among different mustard varieties but in 1988-
89 ‘Sarama’ had lower number of siliqua/plant
than other two varieties. Variety ‘Sanjukta’ had
significantly lower 1000 seed weight than
‘Sarama’ and ‘Bhagirathi’ (Table 1).
‘Bhagirathi’ recorded significantly lower oil
yield than ‘Sarama’ and ‘Sanjukta’. Mustard
variety ‘Sarama’ recorded significantly higher
seed yield in 1988- 89 and in pooled data over
‘Bhagirathi’ (Table 2). The higher seed yield
might be due to higher seed weight in ‘Sarama’.
The result confirms the findings of Singh et al.
(1986).

Interaction of variety and date of sowing

The interaction effect of sowing dates and
varieties (Table 2) revealed that all the varieties
sown on 4th November recorded highest seed
yield, followed by 18th November sowing in
both years, except ‘Panchali’ during 1988-89.
However, the yield of “YSB NC-1" in 1988-89
when sown on 4th November was at par with
18th November sowing. ‘Sarama’ recorded
consistently higher yield over all rapeseed and
mustard varieties in 4th November and 18th
November sowing. The reduction in yvield in
later dates was due to reduction in number of
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fable 2.  Seed yield (kg/ha)of rapeseed and mustard varieties as Iinfluenced by sowng dates.

Variety/ Seed yield (kg/ha)

date Rapeseed Mustard

YSENC-1' ‘YSB 19-7C' ‘Paachali’  ‘Binoy’ ‘Sanjukta’  ‘Sarama’ ‘Bhagirathi' Mean

1988-89

4 Nov 913.7 8923 6920 943.3 814.0 878.0 661.0 8273

18 Nov 903.3 624.0 716.0 853.0 718.0 766.0 4210 714.5

6 Dec. 288.0 2770 293.7 300.0 249.3 - 2440 260.7 273.2

Mean 701.7 5978 5672 698.8 5938 629.3 4477

CD 5% 121.0 45.73
1989-90

4 Nov 1105.0 1288.5 11830 11550 1366.0 14165 13055 12599

18 Nov 866.0 861.0 927.5 9105 10775 1105.0 1083.0 9758

6 Dec, 383.0 BES 395 479.0 294.0 299.5 95 363.0

Mean 784.7 846.0 820.0 8475 912.5 940.3 912.7

CD 5% 124.91 4721
Pooled

4 Nov 1009.3 10904 937.5 1049.2 1090.0 1147.3 983.3 1043.9

I8Nov 8847 25 8718 8818 8978 9355 7522 M52

6 Dec. 3355 3328 321.6 388.5 276.3 226 305.1 3185

Mean, 743.2 7219 693.6 773.1 754.7 7R5.1 680.2

CD 5% 75,18 28.41

siliquac/plant. It may be concluded from the LITERATURE CITED

Sll_’dy that rapeseed varieties ‘YSB NC-1’,
‘Binoy" and ‘Panchali’ and mustard varieties
Sarama’, ‘Sanjukta’ and ‘Bhagjrathi’ may be
sown by middle of November without much
reduction in yvield. However, highest yield
could be obtained through sowing of the crop

by first week of November.

Shastry, A.B. and Kumar, A. 1981. Variation in vield, its
attributes and quality of Indian mustard in relation
to planting time and level of plant population. In-
dian J. agric. Sci. 51:27- 32.

Singh, R.K,, Giri,G., Ganga Saran and Turkheda, B.B.
1986. Effect of spacial arrangement in mustard
under rainfed conditions. Indian 1. Agron. 31(4) :

367-369.
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EFFECT OF FERTILITY AND PLANT DENSITY OF
SESAME ON THE PRODUCTIVITY OF PIGEONPEA-SESAME
INTERCROPPING SYSTEM

T X, SINGH, J.5. BOHRA and KALYAN SINGH .
Department ol' Agmnomy, Institute of Agricultural Sciences, Banaras Hindu University,
Varanasi 221 (5. LI P,

ABSTRACT .

In order to study the effect of fertility and plant density of sesame as intercrop in pigeonpea under
rainfed conditions, a field experiment was conducted. Increasing levels of fertility up to 10040 of the
recommended fentilizer dose 10 each of the component crops markedly improved the yicld attribuling
character and the vield of component crops. Intercropping reduced the yield of component crops as
compared o the respective sole crops. However, the LER vatues significantly improved in imercrop-
ping. Intercropping of 100% pigeonpea with 50% sesame tn 1:1 row ratio was recorded the maximum

yield advantage of 83%.

Keywords: Pigeonpea; Sesame; Intercropping: Productivity.

INTRODUCTION

Pigeonpea (Cajanus cajan) is a long duration
crop but its initial growth is very slow. There-
fore, it is considered good for intercropping
with early maturing non-leguminous and
legumincus crops (Rao and Willey, 1983; Patra
and Chatterjee, 1986). Scsame (Sesamum in-
dicum L.) which is early in maturity and having
errect type of growth, has also been found good
for intercropping with pigeonpea in additive
series {Kharwar and Singh, 1986; Singh ef af,,
1990). However, the information on lertilizer
use and plant density of sesame in pigconpea-
sesame intercropping system is lacking, par-
ticularly for the rainfed conditions of Varanasi.
Therefore, the present investigation was
planned to find out the optimum fertilizer level
and sesame population in pigeonpea-scsame
intercropping system.

MATERIAL AND METIIODS

Ficld investigations were carried out at the
Rescarch Farm, Institute of Agricultural Scien-
ces, Banaras Hindu Universily, Varanasi
during rainy and posi-rainy scasons of 1984-83,
1985-86 and 1986-87. However, in 1985-86
scason, crops failed due to heavy rain and it was
treated as failure crop season for experimenta-
tion. The experimental site was sandy loam in
texture having 7.7 pH and 0.405% organic
carbon It was low in available nitrogen (176 kg
N ha') and mcdlum in available phasphorus
{14.6 kg Pha’!) and potassium (159 kg K ha™)).

The experiment was laid out in split plot
design with three replications. The treatments
involved four fertility levels (Fp: 100% recom-
mended dose {20:40:20 NPK) to pigeonpea +
no [ertilizer (o sesame, F2 : 100% NPK Lo

Received for publication on February 3, 1994
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jgeonpea + 50% recommended dose
(20:10:10 NPK) to sesame, F3 : 100% NPK to
both pigeonpea and sesame; and Fs : 100%
NPK to pigeonpea + 150% NPK to sesame) in
main plots and plant density (T3 : pigeonpea
sole at 60 x 20 cm spacing, T2 : sesame sole at
45 x 10 cm, T3 : 100% pigeonpea + 50%
sesame, T4 : 100% pigeonpea + 100% sesame
and Ts : 100% pigeonpea + 150% sesame) in
sub-plots. In pigeonpea-sesame intercropping
1:1 row ratio was adopted. The distance be-
tween the rows was kept 30 cm in both pure
crops as well as in intercropping whereas the
plant to plant distance was maintained accord-
ing to population. ‘Bahar’ and ‘T-13’ varieties
were used for pigeonpea and sesame, respec-
tively. Sowings were done in June-July. Sesame
was harvested during September-October and
pigeonpea was harvested during March-April.
Thetotal rainfall during crop period was 1118.0
mm in 1984-85 and 847.1 mm in 1986-87.

43

RESULTS AND DISCUSSION
Yield and yield attributes of component crops

Increasing levels of fertility markedly improved
the number of fruits (pods/capsules) plant™,
test weight and grain/seed weight plant™? of
both the crops and sced number capsute’! of
sesame up to F3 where 100 per cent recom-
mended fertilizer dose was applied to each
crop (Table 1 and 2). Similar effect of fertilizer
applicationwas observed on graim/seed yield of
component crops (Table 3). Further increase in
fertility level, however, decreased the values of
all yicld traits and yields of respective com-
ponent crops during both the years as well as
in pooled analysis. This can be attributed to the
better establishment of sesame in plots fertil-
ized with highest level of fertilizers (15¢ per
cent of the recommended dose) resulting in its
lush vegetative growth which affected grain
and stalk yield of pigeonpea (Singh et al., 1976)

Table 1. Effect of fertility and sesame population on the yield attributing characteristics of
pige onpea in pigeonpea-sesame intercropping
Treatment Pods piamt'1 1000-grain weight (g) Grain weight
1984-85 1986-87 1984.85 1986-87 1984-85 1986-87
Fertility level
Fi 2371 194.0 1004 102.1 454 431
F2 176.9 2102 108.2 1048 56.8 52.9
F 296.8 253.4 110.6 106.9 67.1 65.2
Fq 283.1 2211 108.8 106.1 64.4 634
SEm =+ 08 33 0.2 09 1.0 0.9
CD.5% 2.7 10.6 0.8 28 35 2.8
Plant density
Ty 3037 2456 110.6 107.7 624 59.5
Tz . R . _ .
T 285.8 2324 108.6 1067 595 56.7
T4 ‘ 261.2 210.9 106.6 1039 56.7 55.3
Ts 2432 189.8 102.2 101.6 55.1 53.1
SEm = 19 2.1 09 07 08 11
CD.5% 56 62 28 21 24 31
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and the sged vield of sesame was also affected
because of the lower harvest index {data not
reported). These findings are in conformity
with the results of Subramantam et ai. (1978).

Intercropping adversely affected the
yield attributing characters of component
crops as compared (o respective sole crops
(Table 1 and 2). Similarly, the grain/seed yield
of both the crops in different intercropping
treatmenis were significantly reduced as com-
pared to respective sole crops during both the
years as well as in pooled analysis {Table 3).
The magnitude of difference was low at low
plant density but became wider at higher plant
density treatments. These effects were virtually
attributed to higher competetion for desired
plant resources (Reddy and Havanagi, 1986).
The higher valucs of economic yield and yield
attributes of pigeonpea at modest plant density

Table 2.
in pigeonpea-sesame intercropping.

of sesame in the system might be due to begte
competitive ability of pigeonpea (Reddy ang
Havanagi, 1986) and its recovery after the ha.
vest of scsame.

Land Equivalent Ratio (LER)

Data presented in Table 3 show that the LER
values improved with increasing fertility levels
up ta F3 (100% of the recommended fertilizer
dose to each of the component crops) i both
the years. However, the differences were not
significant. Thus, application of fertilizer at
100% of the recommended dose to each of the
component crops appears optimum for
pigeonpea-sesame infercropping. All the inter-
cropping treatments recorded significantly
higher LER values than sole crops in both the
years {(Table 3). However, LER values
decreased significantly with increasing plant

Effect of fertility and sesame population on the yield contributing characteristics of sesame

Treatment Capsules plant"‘ Seeds capsule™! 1000 sced weight (g) Seed weight Piant
198485 198687 198485 198687 198485 198687 198485 198687

Fertility level

F1 333 29.2 48.3 4.2 24 24 27 26

F2 376 34.4 533 47.2 27 2.3 36 3.0

F3 421 39.2 515 54.2 29 28 ‘ 36 34

Fa M6 s 55.1 479 29 27 30 29

SEmx 038 0.6 1.0 1.1 0.06 0.08 0.03 005

CD.5% 26 18 30 35 01y 0.25 0.10 0.16

Plant density

T - - - - - - - -

Tz 42.2 395 559 539 kXij 28 37 37

T3 Rb6 354 536 499 27 2.7 a7 36

T4 353 336 36 462 27 26 30 8

Ts . 32.0 28.8 52.1 43.5 25 2.5 20 18

SEm = 0.6 0.5 1.0 12 0.03 0.08 0.03 0.06

CD.S% 18 16 30 34 0.10 0.23 0:10 0.17
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Tuble 3.  Effect of fertility and sesame population on the yield of component crops and LER in

pigeonpen - SeSaIME intercropping
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.‘}_r;tmcnt Yicld of component crops (g ha") LER
Pigeonpea Sesame 1984-85  1986-87 Mecan

198485  1986-87 Pooled  1984-85  1986-87  Pooled

Feriility level

Fi 12.6 102 114 24 19 22 1.75 1.69 172

F 156 119 138 34 29 32 1.77 1.70 1.74

P 179 15.9 16.9 43 38 4.1 1.81 1.77 1.79

F 16.5 14.6 15.6 33 29 31 1.79 175 1.77

SEmzx 09 0.5 0.6 02 0.1 0.2 0.03 0.03 .

CD.5% 28 1.6 17 0.7 0.4 0.6 NS NS

Plant density

Ty 173 14.9 16.1 . . 1.00 1.00 100 -

Tz . - - 38 34 36 1.00 1.00 1.00

T 162 135 14.9 34 31 32 1.83 1.82 183

T 15.1 26 139 33 27 30 174 163 1.69

Ts 14.0 116 128 29 23 26 157 146 1.52

SEm+ 04 0.4 0.3 0.1 0.1 0.1 0.02 0.04 -

CD.5% 13 13 10 03 03 04 0.06 0.12 -

NS = Not significant

densities of sesame in the system. Intercrop- LITERATURE CITED

ping of 100% pigeonpea with 50% sesame
recorded the maximum yicld advantage of 83
per cent. The results are in conformity with the

findings of Singh er al. (1990) and Goyal et al.
(1991),

Blascd on this study, it may be concluded

7 pigeonpea-sesame intercropping under

a?qltlve seties, sesame be intercropped at 50%

?hen: Tt’if‘fom.mended plant density along with

d Pp ICat‘lf)n of 100 per cent recommended
0se of fertilizer 1o component crops.

that in
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yIELD - INFESTATION RELATIONSHIP AND ECONOMIC

INJURY LEVEL OF MUSTARD APHID
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Technology, Pantnagar-263 145, Dist. Nainital, U.P

ABSTRACT

Field experiments were conducted to establish yield-infestation relationship and to determine the
economic injury level {EIL) of aphid in Mustard. Every increase of one aphid per plant resulted in
reduction of 0.064 g and 0.063 g seed weight per plant, 0.036% and 0.039% il content, 0.006 and 0.006
g per 100G grain weight during the first and second ycar of experimentation respectively. The cor-
responding reduction in grain yields were 2.9 kg and 3.39 kg per hectare beyond 15 and 19 aphids per
plant ger 10 cm terminal shoot length. Every increase by one day in exposure to the aphid beyond 55
days after sowing of ctop resulted in a decrease of 0.302 g and 0,338 ¢ seed weight per plant, 0.207% and
0.217% in oil content and 0.035 g and 0.385 g for 1000 grain weight and yield decreased by 17.5 kg and
17.2 kg per hectare during first and second year respectively. The EIL at 0, 7, 14, 21, 28. 35 and 42 days
of exposure were computed and found as 41, 40, 37,31, 27, 11 and 6 aphids per plant per 10 ¢m terminal
shoot length respectively during first year. During second year, the EIL, at the same exposure periods

and same age of crop were found as 41, 38, 33, 28, 25, 17, 12 and 9 aphids.

Keywords: Economic Injury Level; Lipaphis erysirni; Mustard.

INTRODUCTION

The demand of pest management of today is to
Control the pest with economic and ecological
justification of pesticidal use. Earlicr the im-
Portance of pest density were emphasized for
the pest control (Stern 1976), Later, Stone and
Pedigo (1972) stressed the significance of
Economic Injury Level (EIL) in an inlegrat:d
pest control programme for a judicious and
cfficient use of an insecticide. Estimation of
EIL of crop pests is considered as an essential
Pre-requisite which forms the basis for evolving
“_llefgrated pest management. This had added
Slgl:llﬁcance in case of mustard aphid also, a
S€M0us pest of rapeseed and mustard, where
Many sprays are usually required for its control,
80 to minimize the frequencies of sprays, it is

nccessary to establish yield-infestation
relationship and EIL of the aphid. Such infor-
mation for Lipaphis erysimi (Kalt.) on mustard
is not reported so far, for Tarai, an important
mustard growing region of Uttar Pradesh.

The present study was carried out to
establish yield-infestation relationship and
determine EIL for natural population of L.
erysimi on mustard at varying exposure periods
for developing a need based effective strategy
to control mustard aphid by insecticides.

MATERIAL AND METHODS

Studies were conducted at Crop Research
Centre, of G.B. Pant University of Agriculture
and Technology, Pantnagar during Rabi scason
of 1989-90 and 1990-91. The mustard variety,

RcCeiVed for publication on February 21, 1994
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‘Varuna’ was sown in Randomized Block
Design with three replications. The plot size
was 4 m x 3.6 m with 45 cm row to row and 15
cm plant to plant spacing. The crop was raised
under pormal recommended agronomical
practices. As soon as there was incidence of
aphid, the crop was exposed to the natural
aphid population for different exposure
periods, Various treatments with respect (o
aphid exposure are given in Table 3. Methyl-O-
demeton (0.025%) was sprayed for control of
the aphid at desired exposure period.

The aphid population was recorded at
weekly interval before and after sprays in each
treatment on ten randomly selected plants on
10 cm terminal shoot per plant. The data on
grain yield and its components were recorded
at harvest. The relationships between aphid
population and seed weight per plant, 1600
grain weight, oil content and sced yield per
hectare were worked out. The EIL were
worked out following the method of Stone and
Pedigo (1972).

RESULTS AND DISCUSSION

An inverse and significant relationship was
found between the natural aphid population at

respective exposure period and grain yield ang
its components. Every incrcase of one aphig
per 10 cm terminal shoot per plant beyond 15
aphid per plant at 55 days afier sowing (laie
vegetative orfand flower initiation stage)
resulted in reduction of 0.664 g seed
weight/plant, 0.0062 g per 1000 grain wi,
0.036% oil content and 2.9 kg/ha grain yield
during 1989-90. During 1990-91 the cor
responding reductions were 0.0627 g, 0.006 g,
0.038% and 3.36 kg/ha beyond 19 aphids per
plant at 59 days after sowing, {flower initiation
stage Table 1). The reduction in yield varied
with the density of aphid population, age of the
crop, and the time of the aphid incidencc with
congeneal environmental conditions (Balra)
Singh et al., 1983 and Suri et al., 1988).

A Significant and inverse relationship
between exposure period and grain yield and
its components was recorded during both the
years of investigation. Every increase by one
day, beyond 55 days after sowing (late vegeta-
tive and/or flower initiation stage), in exposure
of the crop to natural aphid population
resulted in a decrease of 0.302 g seed weight
per plant, 0.035 g 1000 grain weight, 0.207% oll
conient and 17.5 kg/ha during 1989-90. During
1990-91 the corresponding values were 0,338 g,

Table 1.  Relationship between the aphid population and yield components
Parameters 1989-50 1990-91
Coefficient of  Coefficient of E;gression ‘Coefficient of  Coefficient of Re’&éﬁéh o
correlation determination  equation correlation detcrmination  equation
(1) (RY) () (RY)
Seed weight 0.878 0.772 Y =20.076- -0.799 0.639 Y =21816-
plant” (g) 0.064X* 0.0627X"
1000 grain 0,745 0.5585 Y =4547- 0.697 .486 Y =4.676-
weight (g) 0.0062X* 0.006X*
Oil content (%) -0.709 0.504 Y =42.384- -0.767 0.589 Y =43.275-
0.036X* 0.0387X*
Seed yield 0.726 0.527 Y = 17.049- 0,789 0622 Y =1733.
(g/ha) 0.029%* 0.0336X*

* Significant at 0.05% probability.
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0.039 g, 0.217% and 17.2 kg/habeyond 59 days
after sown (flower initiation stage Tablc. 2}.
Gimilar results were reported by Rajwant Singh
et al. (1984) who observed that every increa‘se
by onc day in exposure of crop to the aphid
infestation resulted in a decrease of 0.0479 seed
yield per plant, 0.001 g 1000 grain weight and
0.079 per cent oil content.

Economic injury level (EIL) for L.
erysimi on B. juncea varied from 6 to 41 and
from 9 to 41 aphids per 10 cm terminal shoot
per plant during 1989-90 and 1990-91 respec-
tively. However, EIL differed with the number
of sprays, age of crop and duration of exposure
to crop. The EIL at 0, 7, 14, 21,28, 35, 42 and
49 days of exposure to crop were 41, 40, 37, 31,
27,17, 11 and 5 aphids per plant during 1989-
90. At corresponding days of exposure of crop
the EiLs were 41, 38, 33, 29, 25, 17, 12 and 9
aphids per plant during 1990-91 (Table 3).

Relatively low values of EIL indicate
that the seed loss caused duc (o aphid is suffi-
cicntly high to assume economic significance.

The EIL of L. erysimi varied with a number of

factors such as prices of crop produce and

insecticides, crop age and duration of exposure
tothe crop. The EIL was affected by the change
in price of insecticide. Variation is reported in
EIL values for L. erysimi due to fluctuations in
prices of crop produces (Balraj Singh et al.,
1983; Mishra and Singh 1986 and Singh and
Mishra 1986).

Increase in EIL values was also ob-
served with an increase in the total cost of
protection, including operating cost also. Raj-
want Singh et ai. (1984) also reported similar
variation in EIL values due to increase in the
cost of control operation as well as tolerance
level of plant against the aphid attack. It is thus,
revealed that infestation at vegetative stage or
initiation of flower (at 57 days after sowing) and
its continuation until the pod formation stage
would cause maximum loss in yield.
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Table 3. Economic injury levels of L, erysimi at different exposure periods to mustard
Exposure periods 198950 I s
Totalcostof  Gam  EIL Totabcostof  Gain EIL
protection threshold protection threshold
(week) {Rs.) (q/ha) {Rs.) {g/ha}
Zeto (CP) 589,00 119 4115 1109.5 140 aos
One 858.5¢ 1.15 3974 1055.0 1.30 38.29
Two 788.65 1.05 3650 S05.0 1.14 33.48
Three 66%.50 050 31.93 305 0.98 2887
Four 582.00 0.78 2694 663.0 0.84 2an
Five 459.85 0.49 16.92 44750 0.56 16.53
Six 239.56 Q.32 1103 3145 .39 1163
Seven [REA-AS Q.16 552 2435 3 9.00
Control (Complete - . - - . -
exposure) o

EIL = Aphid population per 10 i:'m terminal shoot [ength per plant (Economic injury level).

CP = Complete protection.
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REACTION OF BRASSICA SPECIES AND THEIR HYBRIDS
70 MUSTARD APHID, Lipaphis erysimi (Kalt) INFESTATION
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ABSTRACT

Reactions of six Brassica species, Eruca sativa and the two interspecific hybrids of Brassica species to
mustard aphid have been recorded. Eruca sative, Brassica nigra and Brassica carinaia showed compara-

tively better tolerance to this insect- pests as compared to the two largely cultivated species B. funcea
and B. campestris in India. The interspecific hybrid *B. juncea x B. nigra’ in which P1 was susceptible and
the P2 was resistant, the F1 reaction was observed to be moderately resistant. In the other hybrid B.
carinata x B. junced', the ¥ reaction was observed to be susceptible, while the parental population
involved had either susceptible or very high susceptible reaction to this insect-pest of the cruciferous

crop plants.

Keywords: Brassicas; [nterspecific hybrid; Aphids; Pest.resistance.

INTRODUCTION

In oilseed crop Brassicas, incorporation of
genetic resistance to the mustard aphid is now
being considered essential for controlling this
key insect-pest in commercial production
programme. Crop losses due to this pest alone
have been estimated to vary from 35.4 10 73.3%
with a mean loss of 54.2% on all India basis
{Bakhetia, 1983; Bakhetia and Sekhon, 1989
and Rai et al., 1987). Some observations on the

reaction of different oilseed Brassica species 1o 7

this pest have been reported (Bakhctia, 1980;
Bakhetia and Banga, 1991; Bakhctia and
Sandhu, 1973, 1978). In the present study, an
e.ffort has been madc to cvaluate the compara-
ll.Ve rcactions of some important oilsccd Bras-
$icas now being cultivated on large scale, Enica
Sativa and some of the interspecific hybrids to
the mustard aphid.

MATERIAL AND METHODS

The experimental material for the present
study comprised a tatal of 78 clite selections
belonging to some of the oilseed Brassica
specics, Erica sativa and the two interspecilic
hybnids obtained from crossing B. carinata, B.
juncea and B. nigra. The F1s were made during
Rabi 1992-93 and the experimental materials
alongwith the parental species were grown
during Rabi 1993-94 at thc Crop Research
Ccatre, BHU, Varanasi. Threce rows of §
meters length of each entry were planted at 45
cm apart with plant to plant distance of 10 cm.
The crop was planted rather late and was adc-
quately irrigatcd which favoured very heavy
infestations of mustard aphids during January-
February. All around the field, the highly sus-
ceptible lines of B. campestris var. yellow sarson
were also planted, which cnsured adequate

Received for publication on March 28, 1994
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infestor populations for the spread of the
aphids. Observations were recorded at peak
aphid infestation during February on all com-
petitive plants at adult plant stage on 0 to 5
scale (Bakhetia and Sandhu, 1973), where 0
was the stage absolutely free from aphid and 5
represented the very highly infested plants.
" These ratings were based on the quantification
of no aphid in grade 0, 1 to 20 in grade 1, 21 to
100in 2, 101 to 250 in 3, 251 to 500} in 4 and more
. than 501in 5. On this basis, 5 twigs in each plant
were visually scored and averaged first on the
per plant basis, which was again averaged out
for each entry. For better understanding, the
rating score of 1 to 2 was considered as Resis-
tant (R), 2.1 to 2.5 as Moderately Resistant
{MR), 2.6 to 3.5 as Susceptible (S) and 3.6 to 5
as Highly Susceptible (HS). The aphid infesta-
tion ratings served as good measure of aphid
resistance, higher the rating, lower the resis-
tance.

RESULTS AND DISCUSSION

The average scores of mustard aphid infesta-
tion on different selections studied alongwith
their seed yield ratings have been briefly given
in Table 1 and the reactions of two interspecific
crosses with their parental populations in
Table 2. Among the species studied, Eruca
sativg had the lowest {1.90) rating. It was fol-
lowed in ascending order by B. nigra, B.
caninata, B. juncea, B. oleracea var. botrytis, B.
napus and B.campestris. At peak infestation, no
plant or entry in any of the species stndied was
absolutely free from the mustard aphid. Cul-
tivated species, B. juncea, which had, other-
wise, comparatively better seed vield rating,
was cither in the susceptible or highly suscep-
tible range for its reaction to this insect-pest.
Among the 48 elite sclections of B. juncea
studied, the score varied from 2.5 (PR 8805) to

4.5 (DIRA 3137) with an average value of 3
Likewise, in 10 sclections of B. campegy;
studied, the range observed was from 3.0 (ssx.
'10) to 4.5 (3SK-1) with an average of 4.0, Theg,
selections are being tried in the initial and 4.
vanced level yield testing in All India Cogy.
dinated Varietai Trials of these species groups,
Only the local selections (LS} of B. nigra, g
oleracea and Eruca sativa were taken for study
for the sake of comparison, The average rating
for the commercially cultivated species B. jun-
cea was, however, comparatively better thay
that of B. campestris. Comparatively better
level of field tolerance/ resistance has also been
reported for B. juncea as compared to that of
B.campestris (Rai and Sehgal, 1975). Non-
preference as the component of field tolerance
to aphid has been suggested to be operative in
case of early maturing mustard varieties
(Teotia and Lal, 1970) and tolerance for
providing field resistance to aphid has been
suggested in case of B. carinata and B. tour-
nefortii (Bakhetia and Sandhu, 1973). In gobhi
sarson (B. napus) antibiosis has been observed
to play a major role (Singh et af, 1965 and
Jarvis, 1970). Rai and Sehgal (1975) observed
that B. juncea had better tolerance than that of
B. campestris primarily because it possessed
long, slender, hardy and hairy inflorescence
with loosely packed buds on the inflorescence
axis than that of B. carmpestris. Anand (1976)
reported that better tolerance of the exotic B.
juncea varieties was due to their comparatively
higher concentration of the glucosinolates
(sinigrin) than that of the susceptible in-
digenous varieties.

In general, the two monogenomic
spccies, B. campestris and B. oleracea vat.
botrytis supported comparatively larger
populations of aphids than that of the
digenomic specics, B. carinata and B. juncea.
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Characterization of the six oilseed Brassica species and Eruca sativa with respect to their

Table ). .
reaction to mustard aphid and their seed yield

Species Number of Average aphid infestation score (on 0-5 scale)  Seed yicld per Scrj-d yield
entries Score Comparative  Level of plant (g) ratipg ***
studied pcrformance. Resistance

B, campestris 10 4,00 HS 9.1¢ +

B niga(LS) 1 222 + MR 4.50 -

5 oleracea var. 1 3.50 . s 5.70 -

bowrytis (LS)

B. juncea 48 329 - 5 14.30 +

B. napus 13 380 - HS 7.50 -

B. Carinata 4 2.30 + MR 8.40 +

Frucasativa 1 190 + R 4.90 -

as

Average 3.03 760

»_Above the average value, + below the average value

** Upto2 = Resistant (R), 2.1 to 2.5 = Moderately Resistant (MR), 2.6 10 3.5 = Susceptible (5)and 3.6105.0 = Highly

Susceptible (HS).

**= . indicates value below average, + above average and + + indicales mean value very close 10 the double of the

average value of the species studied.

Table 2.  Reaction of two interspecific crosses to infestation of mustard aphid.
Interspecific  Rating for the aphid infestation ot the
Cross inflorescence (on 0-5 scale) .
Parental populations Hybrid Level of Resistance observed
P P2 Fi P1 P2 F1
B cannatax  2.80 380 316 s Hs s’
B. juncea
{PCRS $4)
(SDS) ,
B juncea x 150 2.00 250 s R MR
B nigra
(Varuna) (LS}

* R = Resistant; MR = Moderately Resistant; S = Susceptible; HS = Highly Susceplible

Betier tolerance of these two digemomic
species to (he aphid may be a contribution of
the BB genome of B. nigra, which possess some
ficld tolerance to aphid because of its consid-
erably high glucosinolate content and form one
of the constitutent genome in the digenomic
constitution of these two species. It could as
well be the favourable intergenomic interac-

tion. The digenomic species in oilseed crap
Brassicas exhibit strong intergenomic interac-
tions for their mating system as the
monogenomic species (B. campestris with AA
and B. oleracea with CC and B. nigre with BB
genomes) are all highly cross pollinated, while
their cross product, B. juncea (AA BB), B.
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napus (AA CC) and B. carinata (BB CC) are
ali predominantly self-pollinated.

As could be scen in Table 1, Eruca
sativa, B. nigra and B. carinata were observed
to have average scores of 1.90, 2.22 and 2.30,
but straight hybridization of Fruca sativg with
other species did not succeed. The crosses,
where there was some success as also there was
some difference in the rating for the mustard
aphid, were pursucd {or observing the reaction
of the hybrid population. In one of the two
crosses studied (B.juncea x B.nigra), the P2
(B.nigra)parent had the resistant rating of 2.22
and P; had rating of 329 (Table 1), the Fy
reaction rating was 2.50. In the cross (B,
carinata x B, juncea), both the parents were in
the susceptible to highly suscepiible rating,
though, there was some dilference in their rela-
tive rating valuc, the F| reaction was towards
B. carinata. Parents with very clear-cut high
degree of resistant reaction were not obscrved.
Rutin the case of the ‘B. juncea x B. nigra’ cross,
it would be worthwhile to further study and
analyse the genctics of aphid resistance and
utilize the information obtained in developing
B. junceq cultivars with acceptable levels of
sced yield and aphid tolerance. This study,
however, does indicate that some measure of
genelic field resistance to this insect-pest could
be available from the interspecific crosses,
which could meaningfully be studied and util-
ized.
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INFLUENCE OF PLANT POPULATION AND PLANTING
GEOMETRY ON YIELD, YIELD ATTRIBUTES AND
QUALITY OF INDIAN RAPE (Brassica campestris var. toria)
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ABSTRACT

An experiment was conducted 10 study the influence of plant population and planting geometry on yield,

yield attributes and quality of Indian rape var. jorra. Though, wider planting geometry. increased pod

bearing capacity and productivity of individual plants, higher plant population compensated this cffect
and higher 101zl seed and oil yield/ha was recorded at 2.2 Jakh plaptsiha (30 cn X 15 cm). Ol content

increased and proicin confent decreased with increase in plant density,

Keywords : Indian rape; Plant density; Planting geometry.

INTRODUCTION

Indian rape {Brassica campestris var. toria) is
extensively grown in the Himalayan region. It
constitutes an important part of the economy
of the farmers. Often, inadequate plant
population and proper plant geomelry lead 10
poor productivity of roria (Gangwar and
Kumar, 1986). Secd yicld is the product of
individual plant productivity and plant popula-
tion per unit arca. In Indian rape, plant popula-
ton influenced the seed yield to a greater
extent (Tomar, 1988). Therefore, the present
investigation was aimed at studying the effect
of plant popuiation and planting geometry on
vield, yield attributes and quality of (ong, and
working out the optimum plant population for
higher productivity.

MATERIAL AND METHODS
The experiment was conducted al Crop Re-
scarch Centre of G.B.Pant University of

Agriculture and Technology, Pantnagar (U.P)
during winter scasons of 1989-90 and 1990-91

—_—

on siliy clay loam soils having pH 7.2, total
N-(1L087 per cent, available P20s -56 kg per ha
and available K20-234 kg per ha. The experi-
ment was laid outin Randomised Block Design
with three replications under irrigated condi-
tions. Variety PT 303 of Indian rape was sown
on 5th October and &th Getober in 1989-90 and
1990-91, respectively. Treatments comprised of
wwelve planting geometry levels to provide a
plant population ranging from 1.6 fakh to 5 lakh
per ha and with tine sowing, without thinning
and broadcasting as checks (Table 1). Plant to
plant spacing was maintaincd by dibbling the
sceds at requisite distance, using wooden dib-
bler and later thinning at 15 days of stage. In
the treatments of no thinning and broadcast
sown, sced rate was kept (@ 4 kg/ha. A basal
application of 45 kg N and 40 kg P20s per

~hectare was made and the remaining 45 kg N

per hectare was top dressed alter first irriga-
tion. Other cultural practices were followed as
per the recommendation. Observations on
various yield attributes were recorded from
five randomly selected plants in each plot. Oil

Reccived for publication on April 14, {994
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content was determined using Soxhlel’s extrac-
tion method (ADAC, 1975} and N percentage
was determined by the micro Kjeldahl’s
method (Jackson, 1973). The amount of
protein content was obtained by multiplying
the N content with a constant factor of 6.25.

RESULTS AND DISCUSSION
Yield attributes

Significantly higher number of branches/plant
were recorded at 1.6 lakh plant density/ha but
both the planting geometry (30 cm x 20 cm and
40 ¢cm x 15 om) were at par at this density in
both the years. In 1990-91, 30 cm x 20 em
planting geometry was also at par with 40 cm x
12.5 cm level (Table 1). Higher number of
branches/plant ai reduced plant density may be
due to efficient utilization of moisture,
putrients, etc. by the individuai plant. This is
also evident from the fact that in broadcast
sown and line sown crop- 30 cm {without thin-
ning)number of branches per plant bad
reduced due to higher competition. Reduction
in branches at closer spacing have also been
reported by Singh et al. (1963). The sumber of
siliquae per plant at 3.3 lakh/ha (30 cm x 10 cm)
fevel in 1989-90 was at par with all other treat-
ments, except in 1.6 lakhs/ha plant population
{30 con x 20 em). In 1990-91, it was at par with
differenat treatments, except line sowing
{without thinning), 5.0 {40 cm x 5 cm) and 1.6
(40 cm x 15 cm) lakhs/ha, The pooled data
indicated that the number of siliquae per plant
was higher at 3.3 lakhs (30 cm x 10 cm)
plants/ha but did not differ significantly over 20
cm x 15 ¢m planting geormeiy at the same plant
population. Within the same plant population
level the planting geometry had no significant
effect on siliquae number,

Different planting geometry levelg sig-
nificantly influenced the seed weight per play
Plant density of 1.6 lakh/ha recorded sig;
nificantly higher seed weight/plant over othe,
treatments and the two planting geomelry
levelsie. 30 cmx 20 cm and 40 cm X 15 cm were
at par at this plant density. In 1989-90, it wag
also at par with 2.0 (40 cm x 12.5 cm) and 25 -
{20 ¢m x 20 cm) lakh/ha plant density, At 5
lakh/ha plant density, the lowest seed weight
was recorded at 40 cm x 5 omin 1989-90 and 20
cm x 10 cm in 1990-91, Simifar trend was also
reported by Tomar (1988). The pooled data
indicated that highest seed weight/plant was
recorded at 1.6 lakh {40 cm x 15 cm) plant
density but remained at par with 1.6 lakh (3
cm x 20 cm) and 2.0 lakh/ba (40 cm x 12.5 cm).
Higher plant density reduced the seed
weight/plant. Lowest seed weight/plant was
recorded at 5.0 lakh/ha (40 cm x 5 cm) plant
density. However, seed weight at this level was
at par with 2.5 (40 cm x 10 em), 3.3 (20 cm x 15
cm and 30 ¢in x 10 cm), 5.0 lakb/ha (20 ein x 10
cm), line sown 30 cm (without thinning) and
broadcast sown treatments.

Seed and Oif yield

Plant density and planting geometry levels sig-
nificantly influeaced the seed yield per bectare
(Table 2). At 2.2 lakh/ha plant deunsity, seed
vield/ha was significantly higher in both the
years. In 1989-9), seed yield at this level was
higher over line sowing - 30 cm (without thin-
ing), broadcast sowing, 40 cm x 15 cm (16
lakh/ha) and 40 cm x 12.5 cm (2.0 laklyha)
levels. However, in 1990-91, 2.2 lakh/ha was
sigaificantly higher aver all other treatments
except 2.0 lakh/ha plant density. when pooled
over two years, the data indicated that highest
seed yield was recorded at 2.2 lakk plant den-
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Table 2,
seeds of foria

Influence of planting geometry on seed and oil yield, oil content and protein per cent in

Ptani densiry/ Seed yield (g/ha) Oit yicid il Protein
planting geometry S {kg/ha) content(%)  content (%)
(cm) 1989-90 19909} Pooied 1990-91 190917 1990-91"
1.6 lakhs/ha

30x 20 18.45 20,12 19.29 7338 3721(364)  222{143)

40x 15 15.58 19.78 17.67 7224 37.2(36.7) 226(174)
2.4 lakhs/ha

40 12.5 17.03 23.04 2004 8414 37.1¢36.5) 246 (174)

2.2 lukhs/ha

xS 1547 231 2129 886 37.3(36.7) 22.2(14.3)
2.5 lakhs/ha

20x20 18.64 20.15 19.44) 735.9 371363 24.6(17.4)

4D x 1D 17.96 i20.89 19,43 T64.8 37.2£36.5) 225(14.0)
3.3 lakhs/ha '

2015 1%.60 2047 19,54 %76 372(365) 47(175)

30x10 1823 2045 1934 756.9 37.3(367)  222(14.3)
5.0 lakhs/ha

20 x 10 17.12 18.34 17.73 583.7 37.6 (37.2% 24.2 (16.9))

40x5§ 1740 1779 1760 6618 37.6(366) 246 (174)
Linc sowing- 12.38 17.56 14.97 6448 3067 246(173)
3em (W3 *
Broadcast sowing 14.62 15.71 1517 5729 37.1(364) 25.1(18.0)
@ 4 kyfha
SEm = / 0.74 0.2t 088 144 0.1 0.2(-)
CD at 5% 2.35 0.60 2.73 42.2 2 0.5(-)

* @ 4 kg seed/ha without thinning.
** Tigures in parenthesis denote original value.

Note : Plaat popuiation in hine sown (W) was 63 per m, Broadcasting it was 60 per m’

sityha (30 cm x 15 cm) but did not differ in
comparison with 20 (30 cm x 12.5 cm}, 2.5 (20
cm x 20 cm and 40 ¢cm x 10 cm) and 3.3 (20 cm
x 15 ¢m and 30 cm x 10 cm) lukh plant den-
sity/ha, Similarly, the lowest seed yield/ha was
recorded in crop sown in lines at 30 cm without
thinning but was at par with broadcast sown
crop and 5.0 lakb/ha (40 cm x 5 cm) plant
density. It is, therefore evident that line sowing
is onlv bencficial when thinning is done.

‘

Though, higher number of branches/plant was
recorded at 1.6 fakh/ha (30 cm x 10 ¢cm) and
more sced weight/plant at 1.6 lakh/ha (40 em x
15 cm) plant density, the sced vield was maxi-
mum at 2.2 lakh/ha. This may be justified as the
improvement in vicld attributes at lower plant
density failed to compensale for lower number
of piants/unit arca. (Kumar and Gangwar,
1985).
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The oil vield was significantly higher at
2.2 lakh/ha plant density (30 cm x 15 cm) but
did not differ with 2.0 iakh/ha (40 cm x 12.5 cm)
level. Broadcast sown crop gave lowest oil yield

per hectare.
Oil and Protein content

0il and protein content had an inverse
relationship with the plant population. With
the increase in plant population oil content also
increased significantly. This is attributed to
more number of main shoots, which got longer
duration for the seed development. Besides,
seed got less time for development, hence the
amount of protein was higher. (Shastry and
Kumar, 1981). Gangwar and Kumar (1986) also
reported more oil content and lower protein at
higher plant density and the reverse.
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EFFECT OF CROPPING SYSTEMS AND NITROGEN
ON THE YIELD, OIL CONTENT AND NODULATION
IN SUMMER GROUNDNUT

AK. BARIK and A K. MUKHERJEE
Bidhan Chandra Krishi Viswavidyalaya, Department of Agronomy
Mohanpur, Madia, West Bengal

ABSTRACT

The yield, yield attributes, oif content and nodulation in groundnut were analysed under four levels of
nitrogen and five cropping systems (sole & intercrop). Pod, kernel and fiusk yield and oil content was
maximum with 40 kg N/ha and declined with higher doses of nitrogen supply (80 & 120 kg N/ha} in both
1he years. Sole groundnuy yielded maxinrum pod (12.08 gfha), kernel {897 g/ha), husk (3.3 g/ha) and
recorded the highest oil percentage {48.10) as comipared to other cropping systems. Nodulation was
greater at 40 kg N/ha compared with control and decreased significantly in higher doses of nitrogen.
The sole crop of groundnut produced higher number of nodutes/plant which was significantly different
from all the intercropped groundnuts and at par with Sorghum : Groupdnut in 1:2 row arrangement,

Keywords : Arachis hypogaea, Cropping systems;, Nitrogen; Yield

INTRODUCTION

In India there i5 a great competition for land
between food and fodder production. There is
very little scope for incteasing production
through horizontal expansion but there is a
great scope of vertical expansion through in-
tensive cropping. To achieve self sufficiency in
livestock feed production, crop production in
the cultivable area need to be intensified by
growing fodder crops along with food crops.
The demand for vegetable oils in the country,
has been steadily increasing at the rate of more
than 4 per cent per annum, whereas the rate of
increase in its production is found to be around
2 per cent per annum. The Plannng Commis-
sion estimated that by 2000 AD, the demand
for vegetable oil will increase to about 26 mil-
lion tonnes {Ninan, 1989). To meet the demand,
production of oil sceds has to be increased by

6.5 to 7 per cent per annum compared to
present. Utmost priority is to be given for in-
creasing the production of oilseeds.
Groundnut, which is a major oilseed crop, is
becoming popular as cash crop after the har-
vest of potato, toria etc. during the summer
season in Indo Gangetic plain region,

Intercropping is considered as one of
the optimum resource utilization attempt for
achieving maximum production per unit area
per unit time. Grasses preferably mixed with
legumes, have been reported fo build up seil
fertility, economise the requirement of fer-
tilizers and improve and enrich the quality of
herbage. Instead of taking sorghum (forage) as
a sole crop with higher doses of nitrogen ap-
plication, sorghum and groundnmut combina-
tion gave higher returns with moderate level of

Recetved for publication on April 15, 1994
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nitrogen where from both green forage and
oilseed may be obtained.

Keeping in view, the deficit situation of
both fodder and oilsced production, present
study was conducted to examine the effect of
nitrogen and different intercropping systems
on pod yield, kernel yield, husk yield, nodula-
tion and oil content in groundnut.

MATERIAL AND METHODS

The present study was conducted during sum-
mer season {March to June) of 1988 and 1989,
at Central Research Farm, Gayeshpur, Bidhan
Chandra Krishi Viswavidyalaya, West Bengal,
India, 23°N latitude, 89°E longitude at an
elevation of 9.7 m above mean sea level. The
experimental soil was sandy loam in texture
with 0.063% N, 15.72 kg/ha available P, 152.87
kg/ha available K and pH 6.8. The experiment
was laid out in split plot design with 3 replica-
tions, with 4 nitrogen levels (0, 40, 80 & 120 kg
Nrha) as main plot treatments and 5 croppitg
systems (viz. sole sorghum; sole groundnut;
sorghum + groundnut (1:1); sorghum +
groundnut at (2: 1); sorghum + groundnut at
(1:2)) as subplots. Spacing was maintained at
30 cm between rows and 10 ¢m between plants
* within row for both sorghum, M.P.Chari and
groundnut, JL 24. The seed rate of sorghum
and groundnut in scle crops was 50 and 100
kg/ha respectively, where as the seed rate for
ccmponent crops in intercroppeg systems
were based on land use by different crops.
Nitrogen was applied as per treatment in the
form of urea. Phosphorus and potssk was ap-
Plied @ 60 and 40 kg/ha respectively, in the
form of single super phosphate and muriate of
potash. Half of nitrogen and full dose of P and
X were applied as basal before sowing and
remaining half of N was top dressed at 30 days
after sowing. The crops were grown under ir-

rigated condition. Four irrigations were given
at 20} to 25 days interval. Groundnut plants
randomly uprooted with a block of soil measur-
ing approximately 15 ¢m x 15 cm. Then the soil
block was carefully washed to remove the soil
from the roots and the nodules were then
counted. After the harvest of groundnut plots,
from each plant pods were stripped off and
dried in sun and weighed for recording yield,
To obtain kernel yield, pod yields per hectare
were multiplied by the respective shelling per-
centage. To obtain husk yield, kernel yield was
substracted from pod yield. Oil content was
determined by solvent extraction method in
Soxhlet’s apparatus with petrolium ether (BP
40-60°C) as solvent.

RESULTS AND DISCUSSION

Pod yield
Effect of N

Groundnut pod yield was significantly in-
fluenced with different doses of nitrogen in
both the years. Highest mean pod yield of
groundnut was obtained (9.89 q/ha} with 40 kg
N ha'! (Table 1) in both the years. Higher doses
of nitrogen application reduced the yield of
groundnut. similar observation was made by
Jakhro (1984). '

Effect of cropping svstems

Sole groundnut produced the highest pod yield
to the tune of 12.55 g/ha and 11.62 q/ha in 1988
and 1989 respectively which was significantly
higher as compared to pod yield obtained from
18 : 2G row iniercropping system followed by
18 ; 1G row intercropping over 25 : 1G row
intercropping system (Table 1) which are in .,
conformity with Mandal ef al., (1989).
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Table 1.  Effect of nitrogen and cropping systems on pod, kernel, husk and oil yield of groundnut

during summer season

Treatments Pod yield (kg ha 7)  Kernelyield (kg ha ") Husk yieid (kg ha 1 Oil content (%)

1988 1989 1988 1989 1988 1989 1988 1989

N levels (N} (kg ha '}y
No . " 742 679 529 91 . 214 188 4631 46.10
Nao AT VPR 759 695 - 283 . 242 4933 5006
No 819 735 577 5% 11 . 1% 818 47.00
Nizo 556 543 391 392 165 151 46.72 46.09

SEm(x) 4050  31% 305 2340 1130 850 0.09 0.15

CDoat 5% 9930 T8.10 746 57.30 2170 20.90 0.23 0.37

Cropping systems (C)

Groundnui 1255 1162 899 852 356 310 48.39 47.84
S+G(:1) . 6% 586 485 432 9 - 134 979 4706
S+G2:1 419 kT, 295 277 125 ' 102 47.25 47.23
S+G{(1:2) 208 769 578 558 30 211 4762 47.13

S Bn(x) 11.80 11.00 $.00 2.10 5.60 3.00 Q.10 0.0

CD. at 5% 24.50 22,60 18.60 16.70 11.60 6.20 021 0.19

§ = Sorghum, G = Groundnut

Kernel yield Husk yield

Effect of N Effect of N

Kernel yield of groundaut obtained with dif-
ferent doses of nitrogen application differed
significantly among each other (Table 1). The
highest kernel vield was recorded with 40 kg
N/ha (759 and 695 kg/ha during 1988 and 1989
respectively), kernel yield decreased sig-
nificantly with further increase in rates of
pitrogen supply. This result was in agreement
with the findings of Reddy ef af. (1984).

Effect of cropping systems

The kernel yields of groundnut was found to

vary among different systems of cropping
(Table 1). The sole crop of groundnut recorded
highest kernel yield (899 and 852 kg/ha during
1988 and 1989 respectively) followed by 15: 2G
mtercroppmg systems.

:ﬂj'

Nitrogen apphcation @ 40 kg N/ha recorded
the highest husk yield of groundnut (283 and
242 kg/ha during 1988 and 1989 respectively)
which was significantly higher than other levels
of Nitrogen (Table 1).

Effect of cropping systems

Husk yield of groundnut when compared
among the different cropping, systems, varied
significantly during both the years of ex-
perimentation (Table 1). Sole grovndnut
produced the highest husk yield (356 and 310
kg/ha during 1988 and 1989 respectively) which
was significantly higher as compared to husk
vield obtained from other intercropping sys-
tems.
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Table 2. Effect of nitrogen and cropping systems on number of nodules/plant of groundnut at dif-
ferent days after sowing during summer season

Number of nodules / plant of groundnut

Treatment
W0 DAS 45 DAS 60 DAS 75 DAS
1988 1989 1988 1989 1988 1989 1988 1989

N levels (N) (kg ha )

No 3 17 47 5178 108 164 165
N 40 56 54 &8 8 i1 123 145
Nao 38 40 58 67 ) 88 94 116
Nizo 20 2% 35 8 = 64 73 81

SEm(*) 126 128 115 0.66 157 091 151 1.27

CD.at 5% 3.08 314" 281 161 384 222 X! 311

Cropping systems (C)

Groundnut 33 39 s1 59 83 97 138 133
S+G(1:1) 2 40 9 57 & 97 114 126
S+G(2:1) 24 3% 40 55 62 8 9% 116
S+ G(l:2) 40 44 54 62 72 93 11 132

S.Em(%) 118 142 149 146 131 1.44 1.62 1.46

C.D. at 5% 243 294 3.07 302 269 298 335 3,00

5 = Sorghum, G = Groundnut

Nodulation
Effect of N

Number of nodules/plant were significantly
greater at 40 kg N/ha compared with control
during both the years (Table 2). The significant
increase is up to 60 DAS and thereafter
declined significantly with the increasing rates
of nitrogen supply (80 and 120 kg N/ha). It
might be attributed to the shading of groundnut
canopy by tall growing companion crop sor-
ghum whose growth, in turn, was boosted up
with higher levels of nitrogen, This observation
Was in agreement with the findings of Reddy
and Chatterjee 1973; Franco 1977 and Nambiar
and Dart 1980. At fower levels of nitrogen, the
legumes grew better compared with higher

doses of nitrogen (80 & 120 kg N/ha) and a

- greater advantage from intercropping and

nitrogen economy at lower level as compared
to higher level of nitrogen application was ob-
tained.

Effect of cropping systems

Groundnut intercropped with sorghum at 18 :
2G ratio produced significantly higher number
of nodules/plant up to 45 DAS as compared to
sole crop of groundnut but at 60 and 75 DAS,
sole crop of groundnut recorded higher num-
ber of nodules/plant compared with inter-
cropped grouidnut (Table 2). Reddy and
Chatterjee, 1973 also reported more nodule
number/plant in pure crop than in mixed crop.
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Oil content
Effect of N

The content of oil in groundaut kernel sig-
nificantly tncreased with 40 kg N/ha in com-
parison to other rates of nitrogen application
during both the years of experimentation
(Table 1). With increasing fevels of N supply (80
and 120 kg/ha), oil content was found 1o be
reduced which was in conformity with the
results obtained by Krishnananda et a/., (1977).

Effect of cropping systems

Sole crop of groundnut recorded the highest oil
content to the tune of 48.39 and 47.84 per cent
in 1988 and 1989 respectively. The differences
were significantly higher compared with oil
contents in groundnut kernels estimated from
different intercropped groundnut treatments.

LITERATURE CITED

Franco, C.A. 1977, Contribution of the legume - Rizobium
symbiosis to the ecosystem and food production fn:
Exploiting the legume Rizobium symbiosis. Tropi-
cal Agriculiure. pp. 237-252.

Jakitro, A.A. 1984, Growth, nodulation and yield of
groundnut as affected by nitrogen rates. Planser. 6
(679) : 149-159.

Krishnananda, V.V.S, Satyanarayana, V. and Sankara, R,
1977, Studies on effect of different levels of N, P and
K on growth, yield and quality of irrigated
groundnut. Andhra Agric. J. 24 (1) : 18 - 23,

Mandal, B.K., Dhara, M.C,, Mandal, B.B. and Patra, B.C,
1989. Growth of rice, mungbean, soybean, peanut,
ricebean and blackgram as sole and intercrops. {n-
dian J. Plant Physiol. 32 (4) : 294- 258,

Nambiar, P.T.C. and Dart, P.J. 1980. /n: Proceedings In-
ternational Workshop on groundnut. [CRISAT,
Hyderabad, pp. 110

Ninan, K.N. 1989. Seif sufficiency in oilseeds with in grasp
or elusive goal 7 Economic and Political Weekly.
XXIV (39): A-133- 135

Reddy, M.N. and Chauerjee, BN, 1973. Nodulation in
soybean grown as a pure and mixed crop. Indian J.
Agron. 18 (4): 410415,

Reddy, P.S. 1984 The role of groundnut in meeting the
demznd for zdible oils in India vy 2000 A D,
*Souvenir, Directorate of Otlseed Research.
Rajendranagar, Hyderabad, May 19, PP. 23 - 29.



1, Oilseeds Res. 12(1) 1995 :65-68
ISSN 0970-2776
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A K. GUGGARI, K. MANJAPPA, B K, DESAL and HT. CHANDRANATH
All India Co-ordinated Research Project on Oilseeds, Regional Research Station
e : Raichur 584 101, Karnataka

ABSTRACT

A ficld experiment was conducted during kharif seasons of 1992 and 1993 on a red sandy soil to find out
an cfficient roethod of weed control in groundnut at the Regionai Research Station, Raichur. The pod
yicld obtained with herbicides when they were combined with one hand weeding and intercultivation at
35 DAS were comparable with local method of weed control (2 Hand weedings + 3 intercultivations),
but were significantly superior to application of herbicides alone and unweeded check. Similarly net
returns, B:C ratio and weed control efficiency were higher in integrated and local methods than
application of herbicides alone. Weed control efficiency of 82-85 per cent was achieved in integrated
methods compared to 27-54 per cent with herbicides application alone. When herbicides alone were
used, pendimethalin and metolachlor each at 1.0 kg a.i/ha were found superior in terms of pod yield

and weed control efficiency.

Keywords: Groundnut; Weed control; Pod yieid; Net returns; Weed control efficiency

INTRODUCTION

Groundnut (Arachis hypogaea L.) is an impor-
tant oilseed crop of India which has low
productivity and high cost of production,
Among different agronomic practices, weed
menace is one of the serious bottlenecks for
increasing the vield. Competitional stress of
weeds causes reduction in pod yield by about
- 17-84 per cent (Dharam Singh et al., 1992). In
view of the slow growth habit of the crop,
mechanical control of weeds becomes difficult
due to continuous rains and increasing cost and
scarcity of labour. Under these situations the
chemical control of weeds is found to be effec-
tive and economical in the initial stages of
growth. However, pre-emergence application
of herbicides allows the emergence of weeds
after some time. Therefore, adoption of an
integrated approach is essential and the
present study was initiated with this in view.

MATERIAL AND METHODS

A field experiment was conducted for two
years during kharif seasons of 1992 and 1993
under profective irrigation at the Regional Re-
scarch Station, Raichur, The cxperiment was
laid out in Randomised Block Design with
three replications. There were 13 treatments
as detailed in Table 1. The soil of the ex-
perimental site was red sandy having 156, 42
and 394 kg/ha of available N, P205 and K20
with 7.7 pH and 0.39 per cent organic carbon.
The crop was sown at 30 x 10 ¢cm spacing and
fertilized with 25:75:25 kg N: P20s ;: K20 per
ha, respectively, in the form of urea, single
super phosphate and muriate of potash. The
varicties used were JL-24 and KRG-1 (bunch
types) during 1992 and 1993, respectively. The
net plot size was 3.6 mx 2.4 m. Net returns were
calculated based on the prevailing market
prices during the period of experimentation.

Received for publication on April 18, 1994.
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The benefit cost (B:C) ratio was calculated
based on gross returns. Weed control efficiency

was calculated by using the foilowing formula _

(Somani, 1992).

Weed Control Efficiency (WEC)
WDC-WDT
=" wpc M0 ‘
Whére, WDC = Weed dry matter production
in control plot

WDT = Weed dry matter production in
treated plot '

RESULTS AND DISCUSSION

Nature of weed flora

The predominant weed species observed in the
experimental site were Cyperus rotundus L.
(sedge), Digitaria sp., Dactyloctenium aegyp-
tium Beauv, Dinebra retroflexa (Vahl) Pangz,
Echinochloa stagnina (Retz.)Beauv. among
grasses and Oscimum canum Sims., Euphorbia
hing L., Phyllanthus fraternus Webster,
Amaranthus spinosus L., Digera muricata (L.)
Mart., Legasca mollis Cav., Trnchodesma in-
dicum (L.)Lebhm., THbudus terrentris DC., Thdax
procumbens L., Commelina benghalensis L.
among broad leaf weeds.

Effect on crop yield

The data presented in Table 1 reveal that pod
yield of groundnut differed significantly due (o
different weed control treatments during both
the seasons as well as on the average of two
years. During 1992, local method of weed con-
trol recorded higher pod yield (1550 kg/ha)
compared to unweeded check (798 kg/ha), only
intercultivation (1045 kg/ha) and Thiobencarb
@ 1.25 kg a.i/ha (1163 kg/ha). The pod yield
recorded with other treatments were on par

with that of local method. Similar results were
also reported by Karthikeyan et af. (1988) and
Ramakrisxna ef al. (1991). During 1993, ap-
plication of Pendimethalin @ 1.0kga.i/ha + 1
hand weeding{HW) and interculture(1C) at 35
DAS recorded significantly higher pod yield
(1404 kg/ha) when compared to unweeded
check (708 kg/ha), only intercultivation (867
kg/ha) and all herbicides applied alone except
Pendimethalin @ 1.0 kg ai/ha (1221 kg/ha). On
an average over two years, the pod yield
recorded with application.of herbicides along
with 1 HW and IC at 35 DAS was on par with
that of local method (1428 kg/ha) but sig-
nificantly superior to pod yield obtained with
application of herbicides alone with a excep-
tion of Pendimethalin (1262 kg/ha). Rathi et al.
(1986) also obtained mgher pod yield with
hand weeding thrice which was on par with pod
yield obtained by application of Pendimethalin.

On an average, integrated methods
recorded 24.9 per cent higher pod yield than
application of herbicides alone. Among the
herbicides, Pendimethalin recorded sig-
nificantly higher pod yield (1262 kg/ha) when
compared to Alachlor (1044 kg/ha) and
Thiobencarb (971 kg/ha) but was on par with
Metolachlor (1169 kg/ha) and Butachlor (1095
kg/ha). On an average, herbicides alone
recorded 47.2 and 15.9 per cent higher pod
yvield when compared to unweeded check and
only intercultivation, respectively.

Effect on weeds

On an average over two years, dry weight of
weeds (kg/ha) recorded at harvest was sig-
nificantly lower in integrated and local method
of weed control as compared to unweeded
check and application of herbicides alone
(Table 1). Butachlor @ 0.75 kg avha + 1 HW
and IC gave the lowest weed weight (675 kg/ha)
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and higher weed control efficiency (85.2 %)
followed by Metolachlor @ 1.0 kg a.i/ha (675
kg/ha and 84.9 %, respectively), Alachlor @ 2.0
kg a.vha (714 kg/ha and 83.4 %, respectively)
and Pendimethalin @ 1.0 kg a.i/ha (791 kg/ha
and 82.8 %, respectively).

Application of herbicides alone also
recorded lower weed weight and higher weed
control efficiency when compared to un-
weeded check and only intercultivation.
Among the herbicides, Metolachlor (1871
kg/ha and 34.8 9, respectively) performed bet-
ter than Pendimethalin (2119 kg/ha and 50.2 %,
respectively) and Butachlor (2739 kg/ha and
37.6 %, respectively). These results were very
much supported by the observations made on
dry weight of weeds per unit area recorded at
60 DAS (Table 1).

Herbicides alone controlled 29.210 54.3
per cent of weeds. However, when they were
combined with one hand weeding and intercul-
tivation at 35 DAS, controlled 82.8 to 85.2 per
cent weeds which was marginally higher than
local method of weed control (81.8 %)

Economics

Among all the Weed control treatments,
Butachlor @ 0.75 kg a.i/ha with 1 HW and IC
rccorded higher net returns and Benefit cost
{B:C) ratio (Rs. 4867/ha and 1.75, respectively)
followed by local method (Rs. 4899/ha and
1.71, respectively) and Metolachlor @ 1.0 kg
a.i/ha in addition to 1 HW and IC (Rs. 4813/ha
and 1.69, respectively). Lowest net returns (Rs.
9%04/ha) and B:C ratio {1.16) were recorded

with unweeded check. Though, the yield ob.
tained with Butachlor @ 0.75 kg a.i'ha along
with T H'Y and IC was lower {1376 kg/ha) when
compared to other herbicides + 1 HW and IC,
the higher net returns and B:C ratio obtained
with Butachlor is because of its lower dose and
price. On an average, integrated methods gave
an additional returns of Rs. 1749, 3891 and
2403 per ha over application of herbicides
alone, unweeded check and only intercultiva-
tion, respectively.

Under the circumstances where the

labour is scarce and costly, one can vse pre-

emergence herbicides like Metolachlor (1.0 kg
a.itha), Butachlor (0.75 kg ai/ha) and Pen-
dimethalin (1.0 kg a.i/ha) in combination with
1 HW and IC at 35 DAS.
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INTEGRATED WEED CONTROL IN SOYBEAN

G.B. HALVANKAR, VM. RAUT, S.P. TAWARE and V.P. PATIL
Agharkar Research Institute, Agharkar Road, Pune 411 (004

ABSTRACT

A field experiment was conducted during the rainy seasons of 1988 and 1989 to find out the suitable
weed control methods in soybean (Glycine max (1) Merriil). The highest weed control efficiency was
observed in two hand weedings (30 and 45 DAS). One hand weeding at 30 DAS alongwith application
of weedicide increased the weed controt efficiency compared to the application of weedicide alone.
Weed control treatments had significant effect on piant height, pod number per plant, weed biomass
at maturily and seed yield, whereas, days to flowering, maturity and 100 seed weight were not influenced.
Two hand weedings recorded the highest seed yield and net returns. Next best treatment was application
of fluchioralin + one hand weeding at 30 DAS. Among the weedicides, Muchloralin, metolachlor and

alachlor were found 10 be relatively more effective in controlling weeds.

Keywords : Soybean; Weed control; Weedicides.

INTRODUCTION

Maharashtra is the sccond largest soybean
(Glycine mar (L.) Merrill) growing state in the

country and arca is increasing rapidly as the -

crop is remuncrative. Several workers have
reported losses in seed yield to the tune of
30-77% duc to weed infestation and explored
the possibility of use of weedicide to control
weeds (Patra, 1987; Jain et al., 1988; Tiwari and
Kurchania, 1990; Porwal et al., 1990). However,
weedicides alone are unable to give full control
of weeds because of their selectivity. Use of
weedicides could be more effective if supple-
mented with inter culture with this in view, an
experiment was conducted to find out the ef-
ficacy of weedicides in controlling weeds when

used alone and supplemented with one hand

weeding in soybean.

MATERIAL AND METHODS

The field experiment was conducted at
Agharkar Research Institutes’ experimental

farm at Hol, Dist. Pune during kharif seasons
of 1988 and 1989 under rainfed conditions in
Randomised Block Design with 16 treatments
replicated thrice (Table 1). The soil was ver-
tisol, deficient in organic carbon (0.34%]),
available N (180 kg/ha), P20s (13 kg/ha), rich
in K20 (636 kg/ha) with 7.4 pH. A basal dose
0f 20 kg N, 80 kg P20s and 40 kg K20 was given
before sowing. The gross and net plot sizes
were 6mx 3.6 m and 5m x 2.7 m with spacing of
45 cm between rows and 5 cm between plants.
Seeds were treated with Bradyrhizobium
japanicum culture and Bavistin @ 2.5 g/kg
seed. Weedicides, namely fluchloralin,
oxadiazon, metolachlor, alachlor, pen-
dimethalin were sprayed immediatcly after
sowing. Normally fluchloralin is used as pre-
plant incorporation, however in this experi-
ment one irrigation was given immediately
after spraying the weedicides. Cultural
methods included were hand weeding at 30
DAS along with weedicides, close sowing at
22.5 om row spacing, hand hoeing at 15 DAS

Received for publication on May 3, 1994
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and straw mulch at 5 t/ha. Soybean variety
MACS - 58 was sown on 24-7-88 and 14-7-89
and harvested on 3-10-88 and 20-10-89. A total
of 589 mm and 498 mm rainfall was received
during first and second year of experimenta-
tion respctively. The intercultural operations
were carried out as per treatments. Weed con-
trol efficiency was calculated by the formula
givea below suggested by Mani et al. (1973).

DMC-—DMTI

WCE ==—c

100

where,

DMC = Dry matter production of weeds in
control plot

DMT = Dry matter production of weeds in
treated plot

RESULTS AND DISCUSSION

Weed control treatments had significant ef-
fects on plant height, pods/plant, dry weight of
weeds and seed yield, whereas, days to flower-
ing, maturity and 100 seed weight were not
affected significantly (Table 1).

Effect on ancillary characters

Number of days required to flowering was not
influenced by weed control treatments, though
maturity was delayed by two days in treatments,
viz,, hand hoeing, straw mulch and unweeded
control. Close sowing of soybean at 22.5 cm row
spacing recorded significantly highest height of
83.3 cm whereas, application of oxadiazon @
0.5 kg a.i/ha recorded the lowest height. Sig-
nificantly more number of pods/plant was ob-
served due to two hand weedings as compared
to rest of the treatments, except application of
fluchloralin @ 1.0 kg a.i/ka supplemented with
one hand weeding at 30 DAS. Supplementing

the hand weeding at 30 DAS increased the pod
number compared to application of weedicide
alone, however, the difference was non-sig.
nificant. Close sowing of soybean recorded the
highest 100-seed weight,

Effect on weeds

Dominant weeds associated with the crop were
Parthenium hysterophorus, Dinebra retroflexa,
Acalypha ciliata, Digera arvensis, Commeline
hasskarlii, C. forskalaci, THumbetta rotun-
difolia, ete.

Dry weight of weeds was highest int un-
weeded check (420.64 kg/ha) which was fol-
lowed by application of straw mulch (215.77
kg/ha) and oxadiazon @ 0.5 kg a.i/ha (1448
kg/ha). The lowest dry weight of weeds was
observed in two hand weedings (11.85 kg/ha).
1t was further observed that herbicide supple-
mented with one hand weeding reduced the dry
weight of weeds considerably as compared to
use- of herbicide alone. These results cor-
roborate with those of Gogat et al. (1991).
Among five weedicides tested, fluchloralin,
metolachlor and alachlor were found to be
relatively more effective in controlling weeds
than oxadiazon and pendimethalin. Two hand
weedings registered highest weed control ef-
ficiency (97.2%) followed by apphication of
fluchloralin + one hand weeding (95.3%) and
alachlor + one hand weeding (94.4%). Sowing
of soybean at 22.5 cm row spacing showed
significant effect in reducing the dry weight of
weeds as compared to application of straw
mulch @ 5 t/ha, oxadiazon @ 0.5 kg a.i/ha and
hand hoeing at 15 DAS,

Effect on seed yield

Sced yicld was significantly influenced by weed
control treatments. The highest seed yield was
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recorded in two hand weedings(2632 kg/ha)
which was significantly superior over rest ofthe
treatments except application of fluchloralin
+ one hand weeding (2524 kg/ha). Singh and
Sharma (1989,1991) and Arya (1991) have also
reported higher yields with manual weedings as
compared to herbicide application. The in-
crease in seed yield over control was to the
extent of 33.3% in two hand weedings, 27.8%
due to application of fluchloralin + one hand
weeding and 24.0% due to application of
metolachlor + one hand weeding. Lowest
soybean seed yield of 1975 kg/ha was recorded
in unweeded control plot. The one hand weed-
ing at 30 DAS along with application of
weedicide increased the seed yield to the tune
of 57-281 kg/ha than application of weedicide
alone, though the difference was non-sig-
nificant. Sowing of soybean at 22.5cm row spac-
ing recorded the seed yield (2213 kg/ha) which
was significantly superior over that of the treat-
ments, hand hoeing at 15 DAS {2131 kg/ha),
application of oxadiazon @ 0.5 kg a.i/ha (2092
kg/ha) and pendimethalin @ 1.0 kg a./ha (208
kg/ha). ‘

Economics

The economics of different weed control treat-
meats {Table 2) revealed that highest addition-
al gross returns (Rs. 3285/ha) and net returns
(Rs. 2345/ha) over control were obtained due
to two hand weedings, followed by, application
of fluchloralin + one hand weeding,
fluchloralia alone, metolachlor + one hand
weeding and metolachlor alone. However,
highest benefit cost ratio was observed with
close sowing of soybean at 22.5 cm (10.9) and
one hocing at 15 DAS (6.30) maialy due to
relatively lower cost of inputs as compared to

other treatments. On an average, use of
weedicides along with one band weeding at 30
DAS increased the net returns of Rs. 417/ha
over that of use of weedicides alone. Further it
was observed that the net returns due to close
sowing of soybean at 22.5 cm row spacing to be
higher than the application of weedicides like
oxadiazon @ .5 kg/ha and alachlor @ 2.0 kg
a.i/ha.

Thus, it may be concluded that weed
control in rainfed soybean can be effective and
economical with two hand weedings at 30 and
45 DAS. However, among weedicides, pre-
emergence application of fluchloralin and
metolachlor @ 1.0 kg a.i/ha and alachlor @ 2.0
kg a.i/ha appears to be relatively more effective
and beneficial. Likewise, an application of
weedicide supplemented with one hand weed-
ing at 30 DAS is more economical than applica-
tion of weedicide alone,
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Table 2.  Economics of weed control methods in soybean based on pooled mean
§r. Treatments Increascin  Additional  Additional ~ Netreturns  Benefit: cost
No. yield over gross returns  cost due to  over control  ratio
control over control  treatment {Rs./ha)
(kg/ha) (Rs./ha) (Rs./ha)
1. Fluchloralin @ 1.0 kg a.i/ha 421 2108 488 1617 35
2. 1. + One hand weeding at 30 DA 549 2745 808 1937 240
3 Oxadiazon @ 0.5 kg a.i./ha 117 585 525 60 0.11
4. 3.+ One hand weeding at 30 DAS 275 1378 845 530 0.63
5. Metolachlor @ 1.0 kg a.i./ha 417 2085 505 1580 313
6. 5.+ One hand weeding at 30 DAS 474 2370 825 1545 1.87
7. Alachior @ 2.0 kga.i/ha 285 1425 925 500 054
8. 7. + One hand weeding at 30 DAS 398 1990 1245 745 0.60
9.  Pendimethalin ¢ 1.0 kg a.i/ha 112 560 653 93 -
10. 9. + One hand weeding at 30 DAS 393 1965 973 992 102
11.  Sowing of soybean at 22.5 cm row 238 11%0 100 1090 10.90
spacing :
12.  11. + One hand weeding at 30 DAS 254 1270 420 850 2.02
13.  Two hand weedings at 30 & 45 DAS 657 3285 960 2325 242
14, Hand hoeing at 15 DAS 146 730 100 630 6.30
15, Straw mulch @ 5 T/ha 300 1650 300 1350 4.50

16.  Unweeded control -

Cost of weedicides - Fluchlozalin Rs. 165/1.,, Oxadiazon Rs. 200/L, Metolachlor Rs. 190/L, Alachlor Rs. 200/L,
Pendimethalin Rs. 16/L; Weedicide application -5 men labour/ha @ Rs, 20/ day; Pump hire charge -5 days @ Rs. 5/day
Close sowing Rs. 100/ha; Two hand weedings 60 women labour @ Rs. 16/day :
Hand hoeing - 5 men labour @ Rs. Zb/day, Straw mulch @ Rs. 60/T; Sale price of soybean @ Rs. 500/Q.
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COMBINING ABILITY FOR YIELD COMPONENTS AND OIL
CONTENT OVER SALINE ENVIRONMENT
IN INDIAN MUSTARD.

NX. THAKRAL and HARI SINGH

Department of Plant Breeding, Chaudhry Charan Singh, Haryana Agricuitural Umversty
Hisar 125 004, Haryana

ABSTRACT

The 6 x 6 diallcl analysis in F1 generation-without reciprocals in Indian mustard revealed that variances
due to GCA and SCA were significant over both norma) and saline environments for all the characters.
The gcnerai predictability ratio suggested greater importance of GCA or additive genetic variance for
Plant height in normal environment, number of primary branches, 1000 seed weight in saline environ-
ment and siliqua length in both environments. The parents RH 7859 and RH 781 were good combiners
for most of the characters under both the environments. The crosses RH 7846 x RH 8315, RH 7852 x
RH 781 in normal environment and RH 781 x RWH-1 and RH 781 x RH 8113 in saline environment
were the best cross combinations for seed yield. The cross RH 7852 x RWH-1 was adjudged to be the
best cross only for oil content in both the environments.

Keywonds: Combining ability; Indian mustard; Saline environment.

~ INTRODUCTION

The combining ability stedies furnish useful
information regarding the selection of suitable
parents for effective hybridization programme
and at the same time elucidaté the nature and
magnitude of different types of gene action.
Because the nature of gene action is known to
vary with the genetic architecture of population
involved in the hybridization, it is necessary to
evaluate the parents for their combining ability.
No reports on the nature and magnitude of
combining ability on problem soils
(salinity/alkalinity} are available on Indian
mustard. Therefore, the present study was
taken to estimate the general and specific com-
bining ability effects from six parental diallel
cross of Indian mustard under normal and
saline environments,

MATERIAL AND METHODS

A half dialle] set {excluding reciprocals) was
made involving six parents (RH 7859, RH 7846,
RH 781 - tolerant to salinity and RH 8315,
RWH-1, RH 8113 susceptible to salinity). The
resultant 15 Fy hybrids along with parents were
planted in Randomized Block Design with
three replications in carthen pots saturated
with salt solution of ¢ (E) and 125 meq/1= 10
dsm™ (E2) chloride dominated salts during
rabi 1991-92. The saline pots were fitted with
hollow pipe for irrigation of the pots so that
salts can move upwards and downward. Ten
seeds per pot were sown and two uniform
plants per pot and 12 plants per treatment were
retained. All cultural practices and plant
protection measures recommended for this
crop were adopted. Observations on three ran-

Received for publication on June 6, 1994
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domly selected plants were recorded for seed
yield, oil content, specific leaf area, days to
maturity, plant height, number of primary and
secondary branches per plant, number of sili-
quae per plant, sihqua length, seeds per siliqua
and 1000 seed weight. The combining ability
analysis were carried out according to
Griffing’s (1956) Model 1, Method 2.

RESULTS AND DISCUSSION

Analysis of variance revealed significant dif-
ferences for all the characters, indicating wider
genetic variability among genotypes. The mean

squares due to general and specific combining -

ability were significant for all the traits
(Table 1) over both the environments. This in-
dicated that both additive and non-additive
types of gene actions were involved in the con-
trol of these characters. The values of predict-
ability ratio, derived from equivalent
component variance, less than unity indicated
that the gene actions were predominantly of
the non-additive type. However, it suggested
greater importance of gea or additive genetic
variance for plant height in normal environ-
ment, number of primary branches per plant,
1000 seed weight in saline environment and
siliqua length under both the eavironments.
The value of predictability ratio for these char-
acters was approaching unity, The earlier
results of Chote Lal and Singh (1974) in Indian
mustard and Kumar and Yadav (1985) in brown
sarson are in agreement with the findings in this
study.

The gea effects presented in Table 2
show that no parental genotype was a good
general combiner for all the traits in both the
environments. The parent RH 7859 was found
to be a good general combiner for number of
siliquae per plant, siliqua length, 1000 seed

weight and seed yield per plant in both the
environments. RH 781 was identified as good
combiner for number of primary and secon-
darybranches per plant and number of siliquae
per plant in both the environments. RH 8315
was also good combiner for siligua length, 1000
seed weight and specific leaf area in both the
environments. RH 8113 for normal environ-
ment and RH 8315 for saline environment were
good general combiners for oil content. These
parents also had high mean performance for
these characters,

The sca effects of yield and its attributes
(Table 3) indicated that generally crosses were
inconsistant in performance over environ-
ments. However, some common crosses also
oceurred. The cross RH 781 x RH 8315 had
high sca effects alongwith high mean values for
secondary branches per plant under stress en-
vironment involving good and poor combiner.
The best specific crosses for number of siliquae
per plant were RH 781 x RH 8113, RH 781 x
RWH-1 in both normal and saline environ-
ments. For seed yield per plant RH 7846 x RH
8315, RH 7859 x RH 781 in normal environ-
ment and RH 781 xRWH-1, RH 781 xRH £113
in saline environment had high sca effects and
higher mean values. The cross RH 7859 x
RWH-1was adjudged as the best cross only for
oil content in both the environments. Other
prominent crosses with significant sca effects
and high mean values were RH 7846 x RH 781
in normal and RH 7859 x RH 8113 in saline
environment for seeds per siliqua; RH 7846 x
RH 8315 in normal and RH 7846 x RWH-1 in
salinity for 1000 seed weight. RH 7846 x RWH-
1 in both the environments for specific leaf
areca. These crosses also had either both or at
least one of the parents as good general com-
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biner. Thus, these crosses are of worth ex-
ploitation in varietal breeding programmes.
But in some cases average X average, average X
good or poor x poor combinations associated
with significant sca effects indicating the
presence of inter-allelic interactions. Such
crosses and their derivatives may or may not be
of immense utility in hybrid breeding

programme.
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RESPONSE OF SUMMER GROUNDNUT TO POTASSIUM |
WITH VARYING LEVELS OF NITROGEN

AKX PATRA}! S K. TRIPATHY? and R.C. SAMUI
Department of Agronomy, Bidhan Chandra Krishi Viswavidyalaya, Mohanpur
Nadia - 741 252, West Bengal

ABSTRACT

A fiedd study was conducted in new alluvial zone of West Bengal to study the response of summer
groundnut to N and K fertilization. Application of 40 kg N and 45 kg K20/ha gave highest number of
pods/plant and 100 -Kerne] weight. Oil content in kernel increased up to the application of 60 kg N and
60 kg K20O/ha. Pod and oil yield increased significantly with applied N and K20 up to 40 and 45 kg/ha
respectively and further increase in N or K had no beneficial effect. Application of 40 kg N/ha increased
pod vield by 14.% % and oit yietd by 28.1% over control (no nitrogen) and 45 kg KO /ha increased pod
yield by 25.9% and oil yield by 36.3% over control (no potassium).

Keywords: Groundnut; Nitrogen; Potassium; Yield components; Pod and haulm yield; Oil content; Oil

yield.

INTRODUCTION

Appreciation of potassium supplying capacity
of soils has been changing with time. It is now
well known that almost all the crops require
potassium application. Progressive intensifica-
tion of agriculture is tending to create greater
demand for external supply of potassium. The
edible o1l economy in India primarily depends
upon groundnut production. Though India
leads the world both in area and production of
groundnut, the country ranks eighth in produc-
tivity which is lower by about 150 kg/ha than the
world average. Nutrient deficiencies are one of
the reasons for the low yields of groundnut.
The present investigation was carried out to
study the response of nitrogen and potassium
on yield components and yield of groundnut
(Arachis hypogaea L.)during summer in new
alluvial zone of West Bengal.

MATERIAL AND METHODS

A field experiment on groundnut was con-
ducted at University Agricultural Farm,
Kalyani (West Bengal)} during summer seasans
of 1993 and 1994. The soil was loam in texture,
medium in fertility status (0.7 % organic carb-
on,0.07 % total N, 35 and 120 kg/ha of available
P20s and K20 respectively) and neutral in
nature {pH 7.3). The factorial experiment was
laid out in Randomised Block Design with 4
levels of nitrogen (0, 20, 40 and 60 kg N/ha) and
5 levels of potassium (0, 15, 30, 45 and 60 kg
K20/ha) in 3 replications. The crop was sown
during last week of January. 40 kg P20s/ha
along with N and KO as per the treatments
was applied as basal. Urea, single super phos-
phate and muriate of potash were the sources
of N, P and K respectively. The crop was kept
free from major incidence of insect pests and

1.Regional Research Station, OUAT, Chiplima, Orissa.
2. Agricultural Research Station, QUAT, Berhampur 761 001

Received for publication on September 8, 1994.
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diseases and was provided with irrigation as
and when required. The variety used was JL 24
(Phule Pragati).

RESULTS AND DISCUSSION

Yield components

Number of pods per plant and 100 kernel
weight increased significantly with the applica-
tion of 40 kg N/ha over the lower dose during
both years (Table 1). But application of
nitrogen had no beneficial effect on shelling
percentage. Nitrogen dose beyond 40 kg/ha
had negative effect on yield components of
groundnut. Similar results were reported by
Reddy et al . (1981). Application of K20 up to
45 kg /ha significantly increased pods/plant,
sheiling percentage and 100-kernel weight over
the lower dose and further increase in dose had
no significant effect. Similar results were
reported by Gnanamurthy and
Balasubramanian (1992) and Yakadri et al.

(1992). -
i i
Pod yield - .

Highest pod yield was recorded with 40 kg
N/ha and further increase to 60 kg significantly
decreased pod yield (Table 2). An increase of
14.9% in pod yield was recorded with 40 kg
N/ha over control. Pod yield increased up to the
application of 45 kg K:O/ha and further in-
crease in dose had no significant effect. An
increase of 25.9% in pod yield was recorded
with 45 kg K20/ha compared to no application
of potassium. This increase was due to the fact
that K influences the physiological processes
that are directly related to symbiotic nitrogen
fixation, photosynthesis and carbohydrate
translocation for pod growth. Similar results
were also reported by Deshmukh ef af . (1992).

Interaction effect due to application of N anq
K on pod yield was also significant during bog),
years. S gnificantly higher pod yield {2306
g/ha) was recorded when the crop was grown
with 40 kg N and 45 kg KoO/ha (Table 2).

Oil content and oil yield

Oil content in kernelincreased with increase in
N and K level and the highesi 0il content was
recorded with &0 kg N and 60 kg KoO/ha
{Table 1). However, oil yield significantly in-
creased vp to the apphication of 40 kg N and 45
kg K2(0/ha and further increase in fertility level
decreased the oil yield (Table 1). Application
of 40 kg N/ha increased 20.1% and 45 kg
K20/ha increased 36.3 % oil yield compared to
no appiication of nitrogen and potassium
respectively. Deshmakh er al. (1992) reported
that oil content and oil yield increased up to the
application of 60 kg K2O/ha,
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EFFECT OF ORGANIC MATTER AND PHOSPHORUS.ON
QUALITY AND NUTRIENT UPTAKE BY SOYBEAN

V. RAMAMURTHY! and K. SHIVASHANKAR
Department of Agronomy, UAS, GKVK, Bangalore-560 065, Karnataka

ABSTRACT

Ficld experiments were conducted on a red sandy foam soif at UAS, Bangalore during summer scasons
of 1991 and 1992 to study the ¢ffect of organic matter(1:1 ratio of Farm Yard Manure + paddy straw}
and phosphorus levels on seed vield, oil anrd protein content and uptake of nutrients by soybean ov.
Hardee. Application of 10 t/ha organic matter significantly enhanced the seed yield, cil and protein
content in the soybean seed. Sulphur content and uptake of N, P and K by soybean showed an increasing
trend with increase in levels of organic matter from 0 to 10 t/ha and phosphorus from 37.5 to 56.25kg

P20s/ha.

Keywords : Soybean; Organic matter; Phosphorus; Nutrient uptake.

INTRODUCTION

Sovbean (Glycine max (L.} Merrill) has ac-
quired an impaortant position as a grain legume
" cum oilseed crop in India. Many workers have
reported an improvement in contents of quality
paramelters like oil and protein in addition to
increased concentration and uptake of
nutrients with phosphorus fertilization to
soybean (Kesavan and Morachan, 1973; Heque
et al,, and Hanson and Sebaugh, 1982 and Has-
san et al., 1985). Nimje and Seth (1988)
reported that application of phosphorus and
Farm Yard Manure (FYM) significantly en-
hanced the nutrient uptake by soybean. With a
view to utilize paddy straw along with FYM, the
present study is aimed to know the effect of
combination of organic matter with phos-
phorus fertilization on productivity, quality
and nutrient uptake by soybean.

MATERIAL AND METHODS

Field experiments were conducted in a Fac-
torial Randomised Block Design with three
replications in summer seasons of 1991 and
1992 at Main Research Station, Hebbal,
University of Agricultural Sciences, Ban-
galore. The plot size is 19.2m x 12.0m (gross)
and 14.4m x 9.6m (net). The treatments con-
sisted of combination of three levels of organic
matter (1:1 ratio of FYM and paddy straw) i.e.,
0, 5 and 10 t/ha and two levels of phosphorus
ie., 37.5 {recommended dose) and 56.25 kg
(50% more than recommended dose) P20s/ha
applied through single super phosphate. As
per the treatments, chopped paddy straw and
FYM were mixed well and incorporated into
soil by digging two weeks before sowing of
soybean. The nutrient content of paddy straw
was 0.42% N, 0.11% P, 0.8% K, in 1990 and

1. IGFR], Regional Station, UAS Campus, Dharwad - 580 005
* Part of Ph. D thesis is submitted to UAS, GKVK, Bangalorc 560 065.

Received for publication on September 5, 1994,
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0.38% N, 0.8% P and 0.71% K in 1991 and in
FYM0.52% N, 03% F, 0.6% K and 0.48% N,
0.27% P, 0.55% K, respectively in 1990 and
1991, The soils of the experimental area was
red sandy loam. It tested medium in available
N (276.5 kg/ha), P20s (48.9 kg/ha) and K20
(207.5 kg/ha). Soybean cv. Hardee was sown on
March 1 and 4 in 1991 and 1992, respectivelyin
rows 30 cm apart. The estimation of oil content
was determined by Nuclear Magnetic
Resonance spectro meter (NMR minispec 20
P) against the standard reference sample. The
per cent protein in the grain was calculated
from the per cent N in the grain by multiplying
with the factor 6.25. At harvesting, whole
soybean plant was analysed for N, P and K
contents by employing standard methods.

RESULTS AND DISCUSSION
Seed yield

Application of 10 t organic matter (OM)
recorded significantly higher sced yield of

2690 kg/ha compared to 5t (2300 kg/ha} and
control (2070 kg/ha). The seed yield of soybean
increased significantly with increased levels of
phosphorus from 2270 kg/ha (37.5 kg P20s/ha)
to 2410 kg/ha (56.25 kg P20s/ha) (Table 1). The
seed yield of soybean increased linearly with
increase in organic matter and phosphorus
levels as reported by Kesavan and Morachan
(1973) and Shivashankar and Shantaram
(1980). The interaction effects of OM and
Phosphorus were not significant.

Quality attributes of soybean

The results revealed an increasing trend in
vield per hectare of oil and protein in soybean
seeds with increasing levels of organic matter
applied to soil. Application of 10 t organic
matter recorded maximum values for oil
(19.38%), Protein (38.54%), oil yield (522.72
kg/ha) and protein yield (103.64 kg/ha) which
were significantly higher than those observed
at 5 t organic matter/ha and no application of
organic matter {(Table 1). The increase in oil

Table 1.  Seed yield, oil and protein content and oil and protein yield of soybean as influenced by
levels of organic matter and phosphorus (mean of 2 years)

Treatment Seed yield Oil Crude/Protein Oil yield Proiein yield
kg/ha (%) (%) (kg/ha) (kg/ha)

Organic matter (ha)

0 2,070 ] 18.34 3495 370.35 70732

5 0 2300 b 18.84 3725 4313 85738

10 C 200 19.38 3854 5272 1038.64

SEm 40 0.14 0.32 7.90 17.79

CD.(P=005) 120 042 0.95 23.18 5230

P20s (kg/ha) '

37.50 220 18.72 36.83 42525 838.9

56.25 2410 18.98 37.00 458.95 896.60

S.Em = 30 0.12 0.26 545 14.05

C.D.(P=0.05) 90 NS NS 18.93 42.54

OM x P20s NS . NS * NS

OM = Organic Matter
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and protein contents over no organic matter
were to the tune of 5.7 and 10.3 per cent. The
higher oil content may be due to significantly
higher sulphur content in seed from the respec-
tive treatments {Table 3). The sulphur activates
the co-enzyme in fat metabolism there by en-
hancing the production of oil. Higher crude
protein and yield with OM application have
been also feported by Shivashankar and Shan-
taram (1980).

The application of phosphorus at higher
level (56.25 kg/ha) could only enhance the oil
and protein yields significantly. Contrary to
these observations, Kesavan and Morachan
(1973) and Hassan ef al. (1985) observed in-
crease in oil content while Dickson et al. (1983)
observed increased crude protein content with
increase in P levels. In the present study,
though the higher P20Os resulted in higher sul-
phur content in seeds, it could not raise the oil
content to the level of significance over lower
application of P20s (37.5 kg/ha).

The oil content and oil yield per hectare
remained at par with the two levels of phos-
phorus both at zero and 5t OM levels. Applica-

tion of 10 t OM with 56.25 kg P2Os/ha was
found to be superior both in oil content and oil
yield (Table 2). At 37.5 kg P20s/ha, oil content
was superior with 5t OM over control and the
oil yield increased with increasing levels of
OM.

Nutrient uptake

The uptake of major nutrients was found to
increase significantly with increasing levels of
OM application. The maximum values for up-
take of N, P and K were 225.1, 23.4 and 86.5
kg/ha for application of 10 t/ha of OM and
differed significantly over 5 t/ha and no OM
application (Table 3). It may be due to solubilis-
ing effects of OM on fixed forms of nutrieats in
soil (Yoshida, 1979 and Sinha et al,, 1981).

Increasing application of P;0s from
37.5 kg/ha to 56.25 kg/ha resulted in significant
improvement in N, P and K conteants of
soybean. These results are in confirmity of
those observed by Singh and Saxena (1973) and
Nimje and Seth (1988). The increased N up-
take with increased phosphorus levels might be
due to enhanced N fixation and improved

Table 2.  0il percentage and oil yield of soybean as influenced by interaction of organic matter and

phosphorus levels

Oil % Oil yicld (kg/ha)
Phosphorus levels (kg/ha) )

3750 56.25 Mean 3750 56.25 Mean
Organic matter ((/ha)
0 18.31 18.36 1834 363.55 377.15 370.35
5 19.00 18.67 18.84 42580 440,65 43323
10 18.86 19.91 19.38 486.39 559.05 522.72
Mean 1872 18.98 42525 458.95 e
SEm + 0.20 11.18
CD. (P=005) 059 2.7
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Table 3.  Sulphur content of soybean seed, nitrogen, phosphorus and potash uptake by soybean as
influenced by levels of organic matter and phosphorus (mean of 2 years)

Treatment S content in grain (%) N uptake (kg/ha) P uptake (kg/ha) K uptake (kg/ha)
Organic matter (tha) B
0 0.26 14734 17.00 60.60

5 0.32 190.40 1990 75.70

10 0.37 22510 23.40 46.50

SEm + 0.004 3.30 0.40 1.00

C.D.(P= 0.05) 0.011 9.70 1.10 3.00

P05 (kg/ha)

37.50 030 179.80 19.50 7180

56.25 0.33 195.74 2070 76.80

SEm 2 0.003 B 27 0.30 0380

C.D. (P= 0.05) 0.009 790 0.90 2.50

OM x P20s NS NS NS NS

growth of soybean plant (Hanson and Sebaugh,

- 1982). Enhanced P and K uptake with increas-
ing levels of phosphorus were noticed by
several workers including Sinha er al. (1981),
and Hanson and Sebaugh (1982).

The results in the present study clearly
brought out that application of 10 t OM and
56.25 kg P20s/ha improved the oil and protein
yield and nutrient uptake by soybean.
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MONITORING OF TOBACCO CATERPILLAR IN
GROUNDNUT WITH SYNTHETIC SEX PHEROMONE TRAPS

S.A. GHORPADE ! and $.G. THAKUR !
Oilseeds Research Station, Jalgaon 425 001

i - ABSTRACT

The sex pheromone traps arranged for monitoring Spodoprera litura (Fab.) in groundnut fields during
1988 to 1992 showed peak catches of moths in the first fortnight of August and in the first week of
September. The weekly trap catches were positively correlated with minimum and maximum relative
humidity and minimum temperature, while negative correlation was observed with sun shine hours per
day. There was a significant positive correlation between number of caterpillars per ten plants in
groundnut fields and mean moth trap catches. These observations indicated that the sex pheromope
traps can work as promising tool for monitoring of 8. iura out breaks in groundnut fields.

Keywonds : Spodoptera linwrg; Pheromone traps; Meteorological patamelers.

INTRODUCTION

The tobacco caterpillar, Spodoptera litura
(Fab.) has become a major pest of groundnut
in many regions in India (Amin, 1988). In order
to formulate a suitable programme for
management of §. Lwra, it is essential to
monitor the occurrence of pest. The trapping
of Spodoptera male moths by synthetic sex
pheromones was undertaken in the groundnut
fields to detect the adult peaks in the khanf
season.

MATERIAL AND METHODS

Studies were conducted at the Oilseeds Re-
search Station, Jalgaon {Maharashtra) for five
years from 1988 to 1992, Two pheromone traps
supplied by the ICRISAT, Hyderabad were
fixed in the groundnut fields at a distance of 100
m starting in the beginning of June. Each trap
had a white plastic funnel of 20 cm diameter
with an aluminium plate covered above. The
traps were placed opne meter above ground

level. The synthetic pheromone septum sup-
plied by ICRISAT was hung below the centre
of the aluminium plate above the plastic funnel.
The funnel was covered by a polythene bag with
one corner cut and tied up with a wire to
remove the trapped moths. Septa were
replaced at an interval of four weeks. Trapped
moths were removed and recorded daily. The
average weekly S. litura male moth catches in
pheromone traps, meteorological parameters
and the number of caterpillars per 10
groundnut plants are given in Table 1.

Meteorological parameters and cor-
relation with trapped moths were worked out
for each year and for the mean of five years and
presented in Table 2. The S. litura larval
population was recorded on 10 2groundnut
plants in a unsprayed plot of 20 m“ at weekly
intervals and correlation with male moths
trapped was calculated. The moth catch and its
relation to larval population is shown in fig- -
ure 1.

1. Mahatma Phulc Krishi Vidyapeeth, Rahuri, 413 722, Ahmednagar Dist. Maharashtra
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RESULTS AND DISCUSSION

The data on catches of S. litura in pheromone
traps showed that the pest was active
throughout the kharif season during 1988 to
1992. During the period of observations, the
moth catches increased progressively from
25th to 33rd meteorological weeks followed by
agood peak in September first week (Fig,). The

" size of catches were minimum during Novem-
ber and December, The observations recorded
on the seasonal activity of the . litura in
groundnut fields indicated the maximum larval
population (12.3 to 16.0 larvae/10 plants)
during the period from 32nd to 36th
meteorological weeks. Thus, these observa-
tions indicated that the sex pheromone traps
can work as a monitoring or warning device for
S. ditura. Similar resuits were earlier reported
by Pawar and Prasad (1983) and Dhandapani
(1985).

Correlation coefficients between
pheromone male moth trap catches and
meteorological parameter/larval population of
S. litura revealed that the relative humidity and
minimum temperature significantly influenced
the trap catches. The pheromone trap catches
were positively correlated with morning and

Journal of Qilseeds Research

evening relative humidity as well as minimym
temperature except during the year 1989-99,
These observations agree with the results
reported by Mishra and Sontakke (1992). A
significant positive correlation between moths
trapped and rainfall (1990-91) and larval
population was observed except during the
year 1988-89, However, significant negative
correlation was observed with trap catches and
sunshine hours per day during the year 1988-89
(Table 2.
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Table 2. Correlation coefficient between pheromone trap moth catches and meteorological
parameters/spodoptera larval population during 1988 to 1992,
Year Rain falt Temperature (°C) Relative humidity (%) Sun shine Spodoptera
(mm) Maximum  Minimum Morning Evening hes/day larval ,
population
198889 041° 0.23 0.61** 0.79 ** 0.79 ** 0.71 ** 0.35
1989-90 012 0.28 0.31 0.28 0.16 -0.04 0.49**
1990-91 064 0.04 . 047" 039°* 041 ** -034 047
1991.92 om 0.29 0.59 ** 0.52** 0.56 ** -0.15 v 0.85 **
1992.93 0.36 0.36 0.73** 059°** 0.76 ** 0.24 0.70 **
Average 0.62** 0.16 063" 079" 0.75 =+ 0.65 =* 0.75 **

Asteriks indicates significant correlation at 5% (*) and 19 (**) probability
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SPODOPTERA MALE MOTH CATCH /TRAP /WEEK
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METEORQLOGICAL WEEKS
O MALE MOTHS +  LARVAE/10 PLANTS

Figure  Catches of male moths in pheromone traps and incidence of . Jitura on groundnut at
Jalgaon during 1988 to 1992
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RESPONSE OF LINSEED TO NITROGEN LEVELS
IN VERTISOLS

JP.KHARE, R.S. SHARMA!, V.5. TOMAR?, and K.C. SHUKLA
Regional Agricultural Research Station, INKVV, Sagar, M.P.

ABSTRACT

Field experiments were carried out on irrigated linseed (Linum usitatissimun Linn.) in Versols of
«  Sagar (M.P.) during rabi scasons of 1990-91 and 1991-92 to determine optimum N requirement, Resuits
revealed that J-23 varicty gave higher seed and straw yield over LCK-8407 mainly due to higher number
of capsules/plant. Significant increase in seed yield was recorded up to 90 kg N/ha and yield markedly
reduced with 120 kg N/ha. But straw yield significantly increased due to N application up to 120 kg/ha.
Increased plant heigﬁt and branches/plant up to the highest level of N contributed for increased straw
yicld while yield attributes viz., capsules/plant and seeds/capsule declined beyond 90 kg N/ha resulting
in low seed yield, Seed index and oil content were unaffected due tovarieties and N levels. J-23 markedly
fetched higher net profit and benefit cost ratio over LCK-8407. Both net profit and profitability

increased due to N application up to %) kg/ha level.

Keywords:- Linsced; Nitrogen levets; Irrigation; Seed yield

INTRODUCTION

Linseed (Linum usitatissirum Linn.) cultiva-
tion is preferred by the farmers due to higher
monetary gains over cereal crops under limited
irrigation, {Sharma and Rathi, 1989), It
responds to nitrogen application under dif-
ferent agro-climatic conditions (Nema et al.,
1977, Tomar et al., 1985, Tiwari et al., 1988).
However, information with regard to optimum
nitrogen requirement for high yielding linseed
varieties grown under irrigation in Sagar region
of M.P. are scanty, Hence, the present inves-
tigation was undertaken.

MATERIAL AND METHODS

Field experiments were conducted on linseed
during rabi seasons of 1990-91 and 1991-92 with

irrigation in clay loam soil {Vertisols) at
Regional Agricultural Research Station, Sagar.
The soil of the experimental field was near
neutral (pH 7.4) in reaction and had 215, 15
and 336 kg/ha in available N, P and K respec-
tively. Ten treatments consisted of two varieties
(J-23 and LCK-8407) and five nitrogen levels
(0, 30, 60, 90 and 120 kg N/ha) were tested in
Randomised Block Design with four replica-
tions. Sowing was done by drilling 30 kg seed/ha
in rows of 25 cm apart on November 8 and 15
inthe two consecutive years. A uniform basal
dose of 40 kg P20s/ha through single super-
phosphate and 30 kg K20/ha through muriate
of potash was given to all plots. Nitrogen was
applied through urca as per treatments in two ~
equal splits i.e. first haif as basal with P and K
fertilizers, and rest at 35 days after sowing,

1. Department of Agronomy, INKVV, Jabalpur, MP.
2. Department of Soil Science and Agricultural Chemistry, INKVV, Jabalpur, MP.
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Three irrigations were given at pre-sowing,
35th and 70th day after sowing. Harvesting was
done on April 1 and 8 in the two respective
vears, Data on various growth and yield
parameters, seed and straw yield were
recorded and monectary returns were com-
puted.

RESULTS AND DISCUSSION
Performance of varieties

Seed and straw yiclds were consistently higher
with J-23 over LCK- 8407 in both the years, but
the differences were significant only in first
year (Table 1}. Mean seed and straw yield were
10.05 and 24.29 g/ha, respectively in J-23 which
were 6.24 and 8.94% higher than that of LCK-
8407. Growth parameters viz., plant height and
primary branches/plant were similar in both
the varieties (Table Z), but J-23 had an edge
over LCK- 8407. Seeds/capsule, 1000 seed
weight (seed index) and oil content in seed did
not vary between the two varieties. However,
significant superiority in capsules/plant in F-23
is observed.

Effect of nitrogen levels

Both varieties exhibited significant response to
varying levels of N application in both years
(Table 1). Mean seed yicld showed a progres-
sive increase (22 to 48%) with increasing levels
of nitrogen from 30 to 90 kg/ha over control
(7.11 g/ha) and then significantly decreased at
120 kg N/ha. Similar increasing trend in mean
straw yield (11 to 5825) was noticed with in-
creasing levels of N up to 120 kg N/ha over
control (18.08 g/ha). Vegetative growth (plant
height and branches/plant) significantly in-
creased up to the highest level of N and con-
tributed to increased yield. Yield attributes

viz., capsules/plant and seeds/capsule marked-
ly increased up to 90 kg N/ba and then
decreased with 120 kg N/ha over 90 kg N/ha
explaining the reduction in seed yield at the
highest level of N. Seed index and oil content
of seed were unchanged due to different levels
of nitrogen. Similar results have been reported
by Nema et al. (1977) and Jain ef al. (1989).
Excessive vegetative growth with 120 kg N/ha
caused low capsule formation and seed setting
explaining low seed yield over 90 kg N/ha,
Koshta and Baltawar (1981) reported similar
findings.

Monetary advantage

Variety J-23 proved to be superior with regard
to net profit {Rs.5631/ha.) over LCK-8407
(Rs.5061/ha.) with the same investment for the
cultivation (Table 1.). Thereby the benefit: cost
ratio was higher with J-23 (2.21) than LCK-
8407 (2.09).

The results of the investigation suggest
that increase in yield levels of linseed could be
achieved with higher profitabitity by sup-
plemeating nitrogen up to 90 kg/ha along with
tecommended P and K. Further increase in
levels of nitrogen is utilized in promoting
vegetative growth only and hamper the par-
titioning of photosynthates for reproductive
phase of crop.
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ABSTRACT

Nine genotypes consisting of six cuitures (lines) and three varieties (testers) formed the base material
and were crossed in "line x tester” method. Thus, the resultant 18 hybrids were selfed to get F2
generation. The Fi and F2 generations were simultaneously evaluated. Observations were recorded for
five economic traits including yield. In general, crosses with significant heterosis expressed significant
inbreeding depression in Fz generation. The presence of dominance and non additive gene action for

controlling these traits in sesame is revealed.

Keywords: Heterosis; Inbreeding depression; Line x Testers; Sesame

INTRODUCTION

Sesame{Sesamum indicum D.C.and L) is one
of the ancient oilseed crops cultivated and
originated probably in Africa where the genus
exhibited greater diversity (Osman, 1985).
India stands first in area under sesame but only
second in production. This is mainly due to the
low productivity of 221 kg/ha, in India as
against the world average yield of 348 kg/ha.
{1990). This necessitates to angment the yield
by evolving high viclding varieties or hybrids in
sesame.

To achieve this objective, it is essential
to know the genetics of yield and its com-
ponents. For enhansing the yield potential of
varieties and hybrids, it is necessary to reshuffle
the genes by crossing and study the heterotic
cffect in the first and subsequent generations.
Though sesame is predominantly a self pol-
linated crop, considerable level of cross pol-
lination also noticed (Paramanantham, 1992),
Hence an attempt was made to find out the
level of hybrid vigour and inbreeding depres-
slon in sesame,

MATERIAL AND METHODS

Six high vielding homozygous genciypes from
different regions of Tamil Nadu viz., TSS 6,
TNAU 12, TNAU 17, TNAU 86, VS 117, and
DPI 1589 were used as female parents and the
high yielding varieties viz., CO 1, TMV 3 and
TMYV 6 were used as male parents in a "line x
tester” method to get cighteen cross combina-
tions.

Hybridization was effected between
parents in " 1 x t" fashion in order to get fresh
F1 seeds. Simultaneously the Fr’s were selfed
to obtain F2sceds. The parents were also selfed
to maintain their purity, The generated
materials viz.,, F] and Fz of 18 crosses were
raised along with the respective parents in a
Randomised Block Design replicated thrice,
Each replication consisted of three rows of
parents and Fy and six rows of F; gencration.
Spacing adopted was 45 cm between rows and
15 cm within the row. Thus, a total of 90 plants
in parents and F1 and 180 plants in Fz were
raised for each cross per replication, Among
these, 20 plants per plot in parents and Fi’s;

Received for publication on November 12, 1994,
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and 60 plants in F2’s were selected randomly in
each replication and tagged for recording ob-
servations on important traits viz., plant heighr,
pumber of capsules, leaf area, oil content in
seeds and sced yield per plant. The percentage
of hybrid vigour over mid parental value
{heterosis) and reduction of vigour in F3 com-
pared to F1 generation i.c., inbreeding depres-
sion were worked out.

RESULTS AND DISCUSSION

The percentage of heterosis and inbreeding
depression shown by the 18 cross combinations
are given in Table 1. The helerosis percentage
for plant height ranged from -14.3 (DPI
1589/ TMV 3) to 34.1 (VS 117/CO 1). Sig-
nificant and positive expression for heterosis
was shown by five hybrids. For capsule number,
eight hybrids had positive and significant
heierosis which ranged between 7.1 in DPI
1589/TMV 3 and 190.9 per cent in VS 117/CO1.
Ten hybrids each, showed positive heterosis for
leaf area and oil content respectively, while,
sixteen hybrids showed positively significant
heterotic expression for seed vield and the
values ranged from 1.6 (DPI 1589/CO 1) to
169.9 per cent (TSS 6/TMV 6). The findings by
Sasikumar and Sardana (1990) also indicate
significant and positive heterosis for number of
capsules per plant, number of seeds per cap-
sule and seed yield per plant. However, they
observed negative heterosis for plant height
and number of branches per plant, whereas
Sodani and Bhatnagar (1990) indicated posi-
tive heterosis for number of capsules and
branches per plant, while plant height and cap-
sule length showed negative heterosis,

The inbrecding depression was maxi-
mum in yield per plant with 12 combinations
registering inbreeding depression. This was
followed by number of capsules and leaf area
with seven crosses each showing inbreeding

depression. Among the crosses, the cross
TNAU 86/TMV 6 registered significant in-
breeding depression for all the traits.

The inbreeding depression was maxi-
mum in sced yicld per plant as exhibited by 12
crosses, which also showed high heterotic ex-
pression.

Godawat and Gupta (1985) reported
that heterosis was followed by inbreeding
depression in all the crosses. They attributed
this to involvement of non additive gene action
in the control of seed yield, number of capsules
per plant and plant height. Sodani and Bhat-
nagar (1990) reported that inbreeding depres-
sion for capsules per plant was maximum
followed by seed yield and number of branches
per plant.

Hence, the presence of dominance and
non additive gene action for controlling these
traits in sesame is indicated. Also the study
showed that in general, crosses with significant
heterosis expressed significant inbreeding
depression in F; generation.
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FACTORS INFLUENCING SEED DORMANCY IN SPANISH
AND VIRGINIA GROUNDNUT GENOTYPES

P.VENU, M.B. CHETTI, D.S.UPPAR, M.B.DODDAMANI and U.V. MUMMIGATTI
Department of Crop Physiology, University of Agricultural Sciences, Dharwad - 580 003

ABSTRACT

Laboratory experiments were conducted during kharif, 1991 to understand the relationship of seed
moisture content with dormancy and seedling vigour in spanish and virginia genotypes of groundnut. It
was observed that the whole seed dormancy was higher in both spanish and virginia types as compared
to embryo dormancy. The genotype Dh-3-3) indicated dormancy period of 20-30 days with whole seeds
but did not show embryo dormandcy, indicating the presence of dormancy factors in seed coat. On the
contrary, the removal of seed coat in ICGS-30, DER, Bidar local and Mardur local improved the
germination but failed to release the dormancy completely, thereby indicating that the factors respon-
sible for dormancy might be residing both in seed coat and embryo. The seed treatment with 0.1 per
cent ethrel removed all the dormancy factors and facilitated complete seed germination w all the
genotypes. The embryo of Dh-3-30 which had no dormancy exhibited higher scedling vigour indexvalues
than the whole sceds of the same genotype as well as whole seeds and embryos of other dormant
genotypes. Though 0.1 per cent ethrel treatment could release the dormancy, the SVI values were

reasonably low.

Kzywords: Groundnuy; Moistore content; Dormancy; Seedling vigour index

INTRODUCTION

Groundnut (Arachis hypogaea L.)is an impor-
tant oilseed crop, occupying nearly 46 per cent
of area under oilseeds in India, but, its yields

are very low as compared to USA and China. .

Several reasons could be ascribed to its low
productivity, of which nearly 20 per cent loss in
the ficid is by the in situ germination due to lack
. of dormancy (Anon., 1979). Hence, there is a
need to identify sources of short duration with
certain pertod of dormancy o mimmise yield
Yosses duwe 1o in situ germination (Ashok
Kumar, 1989 and Patilet a/., 1991). Onthe other
hand, spreading and semi-spreading types
have a long period of dormancy, which results
in crop emergence problems,

The seed may fail to germinate due to
mechanical or metabolic blocks in the seeds.
There is very little information on physiological
basis of dormancy and hence the present study
was carried to find out the factors influcncing
seed dormancy and seedling vigour in some
selected spanish and virginia genotypes of
graundnut. '

MATERIAL AND METHODS

Seed material of five varietics from the harvest
of khanf crop was used for the laboratory
studies at the Department of Crop Physiology,
College of Agriculture, Dharwad. Immediately
after the harvest of the crop, the pods were
subjected to germination tesis at 10 days inter-

Recived for publication on January 11, 1995
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val until 80 days after harvest. Seeds were
separated into embryo and whole seeds were
soaked n water. Simnilarly, whole seeds were
treated with 0.1 per cent ethrel for 16 hours in
all the varicties and were subjected to moisture
content analysis (Agrawal, 1980). Whole seeds
soaked in water served as control. The obser-
vations on germination and scedling length
(root + shoot} were recorded and seedling
vigour was calculated by using the method of
Abdul Baki and Anderson (1973), as follows:
Seedling vigour -index (SVI) = Germination
per cent X Seedling length (cm). In all the
measurements, three réplications were main-
tained and the statistical analysis was done
following the concept of Factorial Completely
Randomized Design, Transformation for ger-
mination per cent was applied wherever neces-

sary.

Journal of Oilseeds Research

RESULTS AND DISCUSSION

Seed moisture content decreased steadily from
0 to 80 days after harvest (DAH) in all the
genotypes and physiologically active range of
14 to 15 per cent was observed between 20-30
DAH (Table 1). Among the genotypes, Dh-3-
30 had the maximum moisture content initially
and the mipimum was in Bidar local.

Varying periods of dormancy was ob-
served in whole seeds, embryo and seeds
treated with 0.1 per cent cthrel. The whole
seeds dormancy ranged from 20-30 days in
Dh-3-30 to 50 days in Mardur local (Table 2).
The seeds treated with 0.1 per cent ethrel did
not show any dormancy in any of the genotypes.
Whole seeds had longer dormancy period than
that in embryos in general, but there was
genotypic variation in this characteristic.

Table 1.  Moisture content (%) of seeds at differnt time peciods after harvest in groundout genotypes
Days after Genotypes

harvest Dh-3-30 1CGS-30 DER Bidar local Mardur local

0 5.9 (412) 39.3(40.1) 18,6 (39.0) 374 (36.9) 375 (31.1)

10 264 (198) 273 (21.0) 25.1(18.0) 258(19.0) 245(112)

20 239(164)  238(163) 22.8(15.0) 23.2(155) 234 (158)

30 22.7(149) 22.1(14.1) 220 (14.0) 22.1(14.1) 22.9(152)

40 217137 207 (13.7) 212 (13.1) 21.7(13.7) 21.4 (13.3)

50 21.0 (12.8) 20,5 (12.3) 19.9 (11.6) 20.5(12.3) 20.2(11.9)

60 204 (12.1) 195 (11.1) 19.2(10.8) 19.5 (11.1) 185 (10.1)

) 18.6 (10.2) 186 (10.2) 175(90) 18.7 (10.3) 17.5 (9.0)

80 16.7(8.3) 18.0(9.6) 173 (88) 180 (9.6) 17.1 (8.6) s
For comparing S.Em = CDat 1%

Days e 0.325 0.858

Genotypes 0,240 0.633

Interaction 0.739 NS

Figures in parenthesis indicate original values.
NS = Non-significant.
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Though the genotype Dh-3-30 had 20-30 days
of dormancy period with whole seeds, the
embryos did not show any dormancy. This
clearly indicates the presence of dormancy fac-
tors in seed coat in DE-3-30. On the conirary,
the removal of seed coat in TOGS-30, Dharwad
Early Runner (DER), Bidar local and Mardur
local did improve the germination but did not
completely release the dormancy, indicating
that the factors responsible for dormancy
might be residing in both seed coat and
embryo. Vaithialingam and Rao (1973) ob-
served that the dormancy either of seed coat,
embryo or whole seeds may not be entirely due
to moisture content but also due to the
presence of inhibitors in them. The seed treat-
ment with .1 per cent ethrel remaved all the
dormancy factors and facilitated complete
seed germination in all the genotypes, except in
DER where the germination per cent ranged
from 89.3 to 98.7 between 0 to 60 DAH.
Narasimba Reddy and Swami {1979) ientified
that the dormant seeds have higher amount of
ABA and low level of cytokinins.

It is clear from the present study that
ethrel can overcome seed and embryo dorman-
cy. The decrease in the duration of dormancy
or germinability of some genotypes (ICGS-30,
DER, Bidar local and Mardur local) during
post ripening period might be associated with
low levels of ABA like substances, inhibitory
phenolic acids and synergistic phenolic acids.
Alsoethrel treatment might have acted directly
or indirectly in counteracting dormancy factors
(Ketring, 1977).

Results on seedling vigour index varied
significantly due to treatments and the vigour
was improved during post ripening peried in all
the genotypes and in all the treatments
(Table 3). The embryo of Dh-3-30 which had no

Journal of Qilseceds Research

dormancy exhibited higher SVI values than the
whole seeds of the same genotype as well ag
whole seed and embryo of other dormang
genotypes. Though 0.1 per cent ethrel treat-
ment could release the dormancy, the SVI
values were reasonably low as compared to
embryos at initial stages of harvest in Dh-3-30,
The decrease in SVI values due to 0.1 per cemt
ecthrel treatment in Dh-3-30 could be ascribed
to reduced root Jength and shoot length (data
not shown). Thus, SVI could be considered as
an important tool for knowing the seedling
vigour. Sreeramulu (1974) also observed
higher SVI values during initial stages after
harvest due 1o 0.1 per cent cthreltreatment and
the dormant seeds produced stunted scedlings.
Whereas, after 40 days of storage, which over-
come the dormancy and produced normal see-
dlings.

It is inferred from the present study that
genotypic differences exist in the nature and
period of dormancy in both dormant and non-
dormant genotypes of groundnut and seed
treatment with 0.1 per cent ethrel could be
advocated for the release of dormancy.
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PHYSIOLOGICAL FACTORS LIMITING CROP |
PRODUCTIVITY IN SUNFLOWER - A CRITICAL ANALYSIS

Y.A.NANJA REDDY, M.S. SHESHSHAYEE, R. UMA SHAANKER
K. VIRUPAKSHAPPAI, M. UDAYA KUMAR and T.G. PRASAD
Department of Crop Physiology, University of Agricultural Sciences

G K V K. Bangalore 560 065

ABSTRACT

Some of the physiological parameters limiting the productivity in sunflower were discussed. Assimila-
tion rate or photosynthetic rate is not a major limiting factor for the productivity. However, leaf area
index and crop duration were found to be major constraints for the productivity in sunflower, Thus
selection of genotypes should go for high leaf area types with medium duration to achieve high dry

matter production and seed yields.

Keywords: Sunflower, Leaf arca index; Crop duration; Crop productivity

INTRODUCTION

Productivity of sunflower (Halianthus annuus
L.) in recent years is increasing through release
of several high yielding inbreds and hybrids
(Ravishankar ef al., 1991). However, for en-
hanced productivity, effective crop breeding
needs to critically consider the specific factors
that limit the productivity. Infact, productivity
in most crop plants is constrained by the
amount of light interception governed by leaf
area index (LAI), the efficiency of carbon fixa-
tion {(NAR) to form stable organic matter and
the crop duration. In this paper, a few impor-
tant physiological parameters that limit
productivity in sunflower have been discussed.

Is Net Assimilation Rate (NAR) a limiting factor
Sor productivity in sunflower?

A comparative study of a few C3 and C4 species
indicated that sunflower had significantly high
net assimilation rate {Table 1). Sunflower also
exhibited a very high photosynthetic rate as

measured by gas exchange techniques (Shesh-
shayee, 1992) and is well above that of most C3
plants (Connor and Sadras, 1992). Sunflower
also exhibited a significantly high carboxylation
efficicncy measured by the initial slope of the
COz response curve (dA/dCi) compared to
other C3 and Cy4 species (Sheshshayee, 1992).
The high carboxylation efficiency in sunflower

Tabie 1. NAR and photosynthetic rates in few C3
and C4 species.
Species NAR Photosynthetic
(mg.dm2.d") mate
_ (umol.m% s
Caspeches ’
Sunfiower 156.0 304
Cowpea 85.0 206
Soybean 7 195 "
Cy species
Amaranthus 151.2 35.0
Sorghum 135.1 349
Finger miltet 123.6 29.1

{Source: Ravishankar, 1988)

1. AICRPF, Sunflower unit, UAS, GKVK, Bangalore -560 065.
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is found to be due to a relatively high RUBIS-
CO content and its efficicncy as measured by
the ratio of assimilation rate to RUBISCO con-
tent (Mahabaleswar, 1992). Again a trial con-
ducted at the Project Coordinating unit
(Sunflower) showed that dry matter produc-
tion and seed yield differed distinctly with the
similar photosynthetic rates (Table 2). These
studies clearly suggest that NAR of photosyn-
thetic rates may not constrain the productivity
in sunflower, though further improvement in
this feature cannot be precluded. Infact, there
exist considerable genotypic variability for
NAR, suggesting the possibility of breeding for
higher NAR types (Shivaram, 1986).

Table 2.  Photosynthetic rate, Total dry matter
production (TDM) and seed yield in
sunflower genotypes

Genotypes  Photosynthetic TDM at Seed yield

rate harvest (g10m™)
gumol.m'z.s") (% 10m'2)

Acc 1600 229 6645 1767

Acc 1648 226 8334 . 2750

Ace 1616 222 am 211

Acc1630 202 11845 3339

Mean 220 8776 un

Ace1610 272 895 8

Acc 1599 272 3900 1383

62B 19.6 3067 B4S

3398 16.3 2806 906

Mean 22.6 3417 978

CD for varieties (P=0,05) 1011 333

(Source: Nanja Reddy er al,, 1994)
Can Leaf area index (LAI) limit productivity?

Despite a high NAR in sunflower, the total
biomass accumulated over the crop growth
period is considerbly less compared to several
other crop species. This is often attributed to
the poor LAI in sunflower (Table 3). There

Journal of Qilseeds Research

exists a significant positive correlation between
LAI and biological yield (r = 0.92, P=0.01)
and seed yield (r = 0.82, P=0.01: Giriraj et al,,
1987; Abbate and Tuttobene, 1982). Thus
selecting for high LAI would result in in-
creased seed yield in sunflower.

Table 3.  Leafarea indices of four crop species at
different growth stages
Specics Leaf area index
52 DAS 71 DAS 84 DAS

Sunfiower 1.34 148 0.55
Amaranthus  1.83 1.97 123
Groundnut (.66 1.28 2.66
Finger millet 176 2.51 2.02

(Source: Uma, 1987), DAS : Days after sowing

Approaches to enhance LAI

Approaches such as identification of intrinsic
genotypic variation in leaf area index and
agronomic practice like increasing the popula-
tion density and/ or enhancing the soil nutrient
status could be successfully employed for en-
hancing LAY and thereby the yield in
sunflower.

Considerable genotypic variability ex-
ists for LAI in sunflower (Shivaram, 1986;
Nanja Reddy et af., 1994). It is suggested that
crop improvement programmes especially the
heterosis breeding programmes should utilize
such genotypes having high LAT,

Increasing plant density and the
nutrient status also have resulted in significant
increase in LAI and total biomass production
in sunflower (Table 4 and Pasda and
Diepenbrock, 1991). Further studies have
shown that considerable variation exists for dry
matter production and s¢ed yields among
sunflower genotypes for the response of in-
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Tuble 4. Leaf area index (LAI) and total dry
matter (TDM) at varying population
deasity and nitrogen levels in sunflower
hybrids.

Treatment LAI (60 DAS) TDM (g 10m ™

at harvest

P1 Ny 241 3300

PiN2 2.85 4430

PN 3.10 4990

Pz N2 375 _ 5690

P: Plant populations N: Nitrogen levels
P1: 55, 500 plants ha™* N1: 40 kg N ha™*
P2: 1,11,000 plants ha”' N2: 80 kg N ha!
(Source: Siddaraju, 1986)

creased plant density up to 1,11,000 plants/ha
{Table 5). Twelve out of thirty eight genotypes
studied have shown more than 50 per cent
increase in seed yield when plant population

Yield responses of sunflower genotypes
to increasing plant population density

Per cent increase  TDM
or decrease in (g 10m™%)
sced yield of P2

compared to P1

(No. of genatypes Pi P2 Py P2
Per cent increase in seed yield of P2 compared f0 Pq

Seed yiezld
(g 10m™)

>S50 i2 8207 12737 2273 3887

Y

20-50 10 9453 13593 2947 3733

%

<20 5 8380 13040 2827 3080

%

Per cent decreasen in seed yield in Pz compared to Py
11 9633 12313 3273 2993

CD for

populations

(P= 0.05) TDM = 2460 Seed yield = 318

P1: 55,500 plants ha™
Fz 1,11,000 plants ha'l
{Source: Shivaram, 1986)
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was increased to 1,11,000 from 55,500
plants/ha. Selection for response to increased
population has led to significant increase in
yield. It would be worthwhile to understand the
physiological basis of such a response and it
seems to be associated with root growth in a
given soil volume (Humphries and Thorne,
1964).

Can Leaf area duration (LAD) infiuence
productivity in sunflower?

The crop duration which influences LAD is
yet another parameter that constrains produc-
tivity by determining the total canopy assimila-
tion. It was observed that, the genotypes which
have more crop duration (days to 50 % flower-
ing} also had higher LAD and seed yield
(Table 6; Dixon and Lutman, 1992; Baldini et
al., 1990). A positive correlation between total
dry matter production and seed yield with leaf
area duration (Fig 1) further reiterates the fact
that LAD could also be an important con-
straint for sunflower productivity.

Table 6. Days to 50% flowering, Leaf area dura-
tion and seed yield in sunflower
genotypes

Genotypes  Days to 50% LAD upto Seed gieid
flowering flowering (g10m™)
(days)  (days)

Ace 1653 51 64.2 1211

Morden 52 66.2 1100

Mean 515 65.2 1156

Acc 1651 7 924 2450

Acc 1628 77 1001 | 2284

Acc 1616 m 929 2111

Mean 73 95.1 2282

CD (P =0.05) for varieties 156 - 334

(Source: Nanja Reddy er al., 1994).
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Y.A. Nanja Reddy et al.

CONCLUSIONS

1t is concluded that low LAT and short duration
of crop growth arc the most important con-
straints to sunflower productivity, although
selecting for high NAR could not be under-
mined. These physiological parameters can in-
fact be integrated to improve the leaf area
duration of the crop toresult in higher produc-
tivity. Hybrid breeding programmes must con-
sider selection of inbreds with inherently high
leaf area coupled with reasonably medium
duration. At present, much of the improved
cultivars fall short of their crop duration atleast
under the local rainy season.
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SHORT COMMUNICATIONS

SALT STRESS EFFECTS ON SUNFLOWER GENOTYPES AND
STUDIES ON SALT TOLERANCE

Sunflower is one of the important oilseed crops
grown extensively in Tungabhadra Project area
of Karnataka. It is grown under irrigated con-
ditions throughout the year. Due to continucus
irrigation for the last two decades, the soils are
turning saline and in some cases even to sodic.
The information on the suitability of genotypes
to saline conditions is scanty. Therefore, the
present investigation was undertaken during
1989 to screen the commonly grown genotypes
for their suitability to saline conditions. Fur-
ther, an attempt was made to findout the pos-
sible ways to combat the salinity effects on
sunflower by various pre-sowing chemical
treatments.

Five commonly grown genotypes of
sunflower viz.,, Morden, EC- 68414, Improved
Peredovik, BSH-1 and KBSH-1 were subjected
to salinity stress during their germination
under laboratory conditions. Each genotype
was allowed to germinate in four salinity con-
centrations (1.92, 3.60, 5.20 and 7.20 dS/m) and
in best available water (BAW) of 0.99 dS$/m
which served as control. The experiment was
replicated thrice. Fifty sterelised seeds were
transferred onto the filter paperin a petriplate.
Initially 10 ml respective saline solutions of
different concentrations were added and in-
cubated for germination, Two days later addi-
tional 5 ml was added. After ten days,
observations on germination and seedling
vigour were recorded. The results were

analysed following Completely Randomised
Design (Table 1).

In a separate experiment, the possible
means of combating salinity effects were car-
ried out using Morden as a test genotype at 5.20
dS/m salinity. The reduction in germination per
cent and vigour parameters were the basis for
the sclection of Mordern as susceptible
genotype and 5.20 dS/m as critical level of
salinity. Morden seeds were pre-soaked for 12
hours with Gibberllic acid (GA) 100 ppm;
Cytokinin (CK) 5 ppm; KNO3 0.01 M; Caclz
(.02 M and water. The pre-treated seeds were
then transferred on to the filter paper in a
petriplate containing saline water of 5.20 d$/m.
The seeds allowed to germinate in saline water
(5.20 dS/m) without any pre-treatment served
as a control. The observations on germination
and seedling vigour were recorded and
analysed following Completely Randomised
Design (Table 2).

Germination

The avcrage germination of all the genotypes
in BAW was above 97 per cent. A mean reduc-
tion of 19 per cent was observed in all the
genotypes when salinity was raised to 7.20
dS/m. The average germination of Improved
Peredovik was superior to others. The lowest
response of 84 per cent was recorded in Mor-
den. Similar results have been reportd by
Chandru ef a/., 1987 and Fatima Sultana ef a/.,
1985.

Recived for Publication an March 2, 1990
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Tablel. Influence of salinity levels on the germination of sunflower genotypes.
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Treatment Germination Root length Shoot length Seedling dry
% cm. cm. wt. mg.
Morden 0.99 dS/m 90.0 16.3 11.7 6.9
Morden 1.52° 96.6 129 7 409
Morden 3.70" 86.0 8.5 8.6 34.0
Morden 520" 63.0 49 52 332
Morden 7.20 " 58.0 2.7 55 314
EC 68414 0.99 dS/m 96.7 15.6 10.7 86
EC684141.92" 950 11.3 3.0 41.0
EC634143.70 " 95.0 104 7.7 37
EC68414520" 933 72 6.6 3.0
EC 68414 720" na 43 5.3 327
Imp. Peru. 0.99 dS/m 100.0 113 11.7 38.7
Imp. Peru. 1.92* 100.0 10.1 10.6 40.7
1mp. Peru. 3.70* 100.0 6.0 0.8 35.1
1mp. Peru. 520" 96.7 3.0 54 37.2
Imp. Peru. 7.20 " 933 15 33 320
BSH-1 0.99 dS/m 98.3 159 111 356
BSH.11%2" 95.0 160 108 41.5
BSH-13.70" 95.0 122 8.9 X2
BSH-15.20" 933 8.9 B4 348
BSH-17.20" 86.7 24 46 329
KBSH-10.99 d8/m 100.0 173 118 36.6
KBSH-1192" N7 138 11.0 46.0
KBSH-13.70" 88.3 10.1 8.0 5.6
KBSH-15.20" 80.0 53 53 315
KBSH-17.20" 78.3 1.0 4.1 339
Mean 89.2 9.2 81 36.1
SEm = 0.06 0.02 0.0z 159
CD.1% 0.21 " 0.08 0.06 581
Root and shoot length when salinity was raised from BAW to 7.20

The mean effect of salinity on root growth
indicated KBSH-1 and Morden as susceptible
while, BSH-1 was tolerant. There was mean
reduction of 56.3, 55.5 and 38.0 per cent in root
length of KBSH-1, Morden and BSH-1 respec-
tively. The average reduction in the root length
of genotypes studied was nearly 85 per cent

dS/m. The results indicated that the reduction
inroot length of all genotypes was marked once
the salinity was raised beyond 3.70 dS/m.
Similar results have been reported by Chandru
ef al., (1987) and Gupta and Singh (1970). As
the salinity increased from 0.99 dS/m to 7.20
dS/m, the shoot length of all the genotypes
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Table 2.  Influence of per-treatment of Morden
seeds with chemicals and their perfor-
mance under salinity conditions (5.20
dS/m)

Treat- Germi-  Root Shoot Seedling

ment nation length length . dry. wi,
Yo tm. tm. ™mg.

GA100 713 4.6 9.6 276

ppm

CKSppm 850 20 55 30.6

CaCl2 80.0 10.1 10.3 29.6

0.02M

KNO3 825 4.8 7.7 30.6

0.01M

Water 65.0 57 84 301

Control 525 21 6.6 27.6

Mean 3 49 8.0 294

SEm = 3.89 0.71 0.05 G.18

CD. 1% 1421 2.61 0.i8 0.67

decreased. This reduction in the ghoot length
was 60 per cent over control.

Seediing dry weight

The dry weight was not affected up to 1.92dS/m
in all the genotypes. A further increase in the
salinity beyond 1.92 dS/m resulted in the
decrease of dry weights. The maximum reduc-
tion of 12 per cent was recorded at the highest
salinity level,

3 =il

University of Agricultural Sciences, Dharwad
Raichur Campus, Karnataka

Journal of Qilseeds Research

Chemical pre-treatment Vs. Salinity effects on
growth

Germina: on

Germination of Morden genotype in control
was lowest. The seeds pre-treated with various
chemicals showed improvement in the ger-
mination. The highest germination was
recorded in seeds pre-treated with CK 5 ppm
followed by KNO3 0.01M. These results indi-

~ cate the possiblities of improving the germina-

tion of susceptible genotypes under stress
condition. Similar results showing improve-

_ ment in germination in solution of high osmotic

pressure by pre-treating with CK have been
reported (Vishwanath et al., 1972).

Root/Shoot tength

. The root length increased significantly with

pre-treatment of seeds except in CK. This is in
contrast to the germination of seeds where CK
remained superior as it is known to promote
germination and survival of seedlings (Ramesh
and Kumar, 1975). The highest increase in root
fength was observed in seeds pre-treated with
CaCl, 0.02 M. Shoot length was maximum in
CaCly pre-treated seeds.

It can be concluded that BSH-1 is more
tolérant and Morden is susceptible to salinity
and pre-treatment of Morden with CK and
CaClz improved germination and dry weight of
the seedlings.

S.J. PATIL

F. FALAKONPDA REDDY
S.G. PATIL

LS. GOUD

S.A. PATIL.
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CORRELATION STUDIES IN RAINFED NIGER UNDER
THREE SOWING DATES

Seed yield of niger (Guizotia abyssinica) fluc-
tuates with different sowing times. For higher
yields, crop should be planted on a suitable
date to avoid rains coinciding with the flower-
ing period of crop when visit of honey bees is
essential for seed set {Anonymous, 1988). In
this paper, correlations among different char-
acters under three sowing dates are reported.
The extent of character association may help
formulating the sclection criterion for niger
improvement.

Nine varieties of niger were studied
under three dates of sowing (7th and 22nd July
and 7th August) in a Randomized Block
Design with three replications during kharif,
1988 at INKVV, Zonal Agricultural Research
Station, Chhindwara (M.P.). Each genotype
was grown in a plot size of 1.8 m x 5.0 m, with
30 cm row to row and 15 cm plant to plant
distance. A fertilzer dose of 20 kg N, 20 kg P20s
and 10 kg K20 per hactare was applied as
basal. Data were recorded on five random
plants for plant height, number of primary
branches, number of productive capsules, seed
yield and 1000-seed weight. Data on days to
50% flowering and days to maturity were
recorded on plot basis. Coefficients of correla-
tions were calculated as per the method sug-
gested by Al- Jibouri, et ol (1958).

The genotypic (rg), phenotypic (rp) and
environmental (re) correlation coefficients of
different character pairs were calculated.
Leaving aside a few exceptions, genotypic cor-
relation coefficients were generally higher than
others. Next lower values were generally those
of phenotypic correlation coefficients. En-

vironmental correlation coefficients were by
and large the lowest ones except for the cor-
relations with seed yield and plant height on 7th
July sowing date,

For the first sowing date (the sub-op-
timal sowing date with regard to yield), only
five character combinations showed significant
correlations. This number increased to eight
for the second sowing date whereas for the
third sowing date which is optimal sowing date
giving highest seed yield, fourteen character
combinations possessed significant correla-
tions. This indicates that as we move from sub-
optimal (early sowing) towards optimal sowing
date, the association between characters grow
stronger and significant.

The number of branches (rp: 0.845) and
number of capsules (rp : 0.863) were found to
be most strongly and positively associated with
the seed yield while days to 50% flowering (rp
: -0.731) and days to maturity (rp: -0.730) were
strongly and negatively associated with seed
yield. Strong and positive correlation between
seed yield and number of capsules was also
noticed in niger by Payasi et al. (1987).

A numbr of other significant correla-
tions were also observed. The most strong and
positive correlations were recorded between
days to 50% flowering and days to maturity (rp
: 0.952) and between numbr of branches and
number of capsules (rp : 0.894). The days to
50% flowering and days to maturity were sig-
nificant and negatively associated with number
of branches (rp: -0.868 and -0.682 respectively)
and with number of capsules (rp:-0.888 and
-0.873 respectively). The taller plants tend to

Received for publication on April 16, 1992,
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flower late (rp: 0.777), mature late (rp: 0.801)
and possess bolder seeds (rp: 0.687) whereas
the plants that were laden with large number of
capsules were filled with smaller seeds (rp:
-0.868).

Though the number of branches and
number of capsules had high positive associa-
tion with seed yields, higher values of environ-
mental correlation reduces the efficiency of

Zonal Agricultural Research Station,
INKVY, Cbhindwara - 480 001 (M.P.)
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selection. The magnitude of correlation of seed
yield with days 1o 50% flowering and days to
maturity was niext in order thus, it may be con-
cluded that in the first cycle of selection, em-
phasis be given for more number of capsules
and branches per plant while final selection be
made on the basis of early flowering and
maturity for improving sced yield per plant in
niger,

F.C. UPADHYAY
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QUALITY OF MUSTARD SEED AS INFLUENCED BY
CROPPING SYSTEM, IRRIGATION AND NITROGEN

A field experiment was conducted during rabi
seasons of 1985-86 and 1986-87 at JNKVYV,
Zaonal Agricultural Research Station Morena,
to study the effect of cropping systems, irriga-
tion schedule and nitrogen levels on the quality
{(protein and oil) of mustard. The experiment
was laid out in split-split plot design with four
replications. Three cropping systems (Fallow-
mustard, Urid-mustard and Bajra-mustard)
were kept in main plots; four irrigation
schedules (no irrigation, irrigation at pre
Rowering stage, at siliqua development stage
and at pre-flowering and siliqua development
stages) in sub plots and three nitrogen levels (0,
50 and 100 kg N/ha) in sub-sub plots. A basal
appiication of 35 kg PaOs and 20 kg K30/ha
and nitrogen as per treatment was given (o all
the plots. Mustard variety ‘Pusa bold” was sown
on 27th October and 9th November during
1985-86 and 1986-87 respectively. The soll was
sandy loam in texture, with 188 kg/ha available
N, 17 kg/ha available P2Os and 312 kg/ha avail-
able K20. Results showed (Table 1) that the
protein content and output (kg/ha) of mustard
crop was significantly higher in fallow-mustard
during both the years as compared to urid-
mustard and bajra-mustard system. Similar
results were also recorded in case of oil and
seed yield of mustard during both the years,
while the trend in respect of oil content under
different cropping system was just reverse to
that of oil yield. It may be due tohighly negative
correlation between oil and protein content
(Singh and Rathi, 1985). As far as protcin and
oil production through sced is concerned, sig-
nificantly higher values were recorded under
fallow-mustard, This was mainly duc to the

Received for publication on November 1, 1992,

diffcrentiat yield of mustard under different
cropping systcms .

Data in Table 1 reveal that protein con-
tenl of mustard secd was significantly higher
when irrigation was given at pre-flowering +
siliqua devefopment stages during both the
years over rest of the irrigation schedules ex-
cept irrigation at pre-flowering in. 1986-87
which was at par. Whereas protein yicld was
significantfy superior when itrigation was given
at pre-flowering during both the years except
irrigation at pre-flowering + siliqua develop-
ment stagesin 1985-86, which was at par. It was
further, revealed that oil yield of mustard was
significantly higher in the case of irrigation at
pre-flowering during both the years, cxcept
control {(noirrigation) in 1986-87. Similar trend
was obscrved in case of sced yicld of mustard,
But the o1l content was significantly higher in
the case of no irrigation and irrigation at siliqua
development during both the years. The reason
may be that adequate supply of motsture helps
in greater uptake of nitrogen which in turn,
lowers the oil content in sced. Similar results
were also reported by Pimkhin and Morozor
(1968), Rana et ai., (1991} and Tomer ot al.,
(1992).

The protcin content and yield of
protein, seed and oil (kg/ha) increased sig-
nificantly with the increase in the levels of
nitrogen during both the years. Similar results
have been reported by Khan and Agrawal
(1985), and Tomer et @i, (1992). However, the
oil content of mustard seed significantly
decressed with the increasing levels of nitrogen
during both the years. The oil and protein
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yields also increased due to nitrogen applica-
tion because of increase in seed vield of mus-
tard. These findings are supported by Singh

Zonal Agricultural Research Station,
JNKVV, PB No. 14 AB Road,
Morena 478 001 (M.P)

Journal of Oilseeds Research

and Rathi (1985), Singh (1988) and Ranaet al,
(1991),
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EFFECT OF DIFFERENT DATES OF SOWING ON GROWTH.
AND YIELD OF NIGER UNDER RAINFED CONDITION

Niger (Guizotia abyssinica Cass), locally
known as ‘Gujitil’ is an important oilseed crop
of Lower Brahmaputra Valley Zone (LBVZ)
of Assam and grown particularly in the districts
of Dhubri, Goalpara, Kokrajhar, Nalbari and
Barpeta during rabi season. Among various
~ agronomic factors influencing the growth and
yield of crop, date of sowing is the most impor-
tant one. Importance of date of sowing on niger
was also pointed out by Patil (1979} and
Kachapur {1981). No systematic agronomic re-
search has been done on this crop in Assam.
Hence, the present study was undertaken to
find out the optimum time of sowing for niger
in LBVZ of Assam.

A field experiment was conducted at the
Regional Agricultural Research Station, Gos-
saigaon {Assam), during rabi, 1987-88 and
1988-89 under rainfed conditions. The soil of
the experimental area was sandy with pH 5.7
having high organic carbon (1.04%), high in
total N (0.1%), high in available phosphorus
(80.55 kg/ha) and medium in available potas-
sium (188.35 kg/ha). Treatments comprise nine
dates of sowing viz., 5th September, 15th Sep-
tember, 25th September, 5th October, 15th Oc-
tober, 25th October, 4th November, 14th
November and 24th November. The experi-
ment was laid out in Randomised Block Design
with four replications having individual plots of
5 m x 4 m. In both the years, the plots were
uniformly fertilized @ 20 kg N, 10 kg P20s5 and
10kg K20/ha. Seeds of the variety ‘NG 1’ were
sown @ 8 kg/ha with a spacing of 25 cm be-
tween rows,

Signilicant differences were observed in
both the years on plant height, number of
branches/plant and grain yield (Table 1). Tal-
lest plants were recorded on 5th September
and 25th September sowing in 1987-88 and
1988-89, respectively. In both the years, plant
height and number of branches/plant
decreased with delay in sowing. Grain yield
decreased significantly beyond 15th october
sowing in both the years. From the pooled data
it revealed that the grain yield from 5th Sep-
tember to 15th October sowings were at par
and significantly higher over other dates of
sowing. The per cent yicld decrease were 54.8,
53.1, 73.2 and 91.4 on 25th October, 4th
November, 14th November and 24th Novem-
ber sowing over 15th October, respectively.
The crop sown on 5th September received
maximum rainfall of 1037.6 mm and 810.2 mm
in 1987-88 and 1988-89, respectively, with
gradual decline in rainfall as the sowing was
delayed. The total rainfall received in the
growth period of crops sown between 25th Oc-
tober and 24th November were 88.4 mm and
41.9 mm in 1987-88 and 1988-89, respectively.
Ltiswell documented from the rainfall data that
the late sown crops suffered due to moisture
stress conditions which might be the reason for
lower grain yield in crops sown beyond 15th
October. During 1987-88, the days to 50%
flowering and maturity decreased up to 25th
October sowing and then gradually increased
but in 1988-89, these values decreased con-
tinuously with the delay of sowing from 5th
September onwards. Patil (1979) also reported

Received for publication on September 4, 1992.
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similar trend in niger variety ‘N-12.%, Thus the findings of these studies
Decrease of yield due to delay in sowing was  revealed that the optimum time of sowing of
also reported by Nayak and Paikray (1991) in  niger during rabi scason for LBVZ of Assam is

niger. - 7 5th September to 15th October.

Regional Agricultural Rescarch Station ' ' S.R. paUL!
Gossaigaon - 783 360, Assam L SUHRAWARDY
1 Regional Agricultural Research Station,Diphu B. GUHA?
Assam, 782 460

2 Regional Agricultural Research Station,
Shillongoni, Navgaon, Assam

Kachapur, N.D. 1981, Effect of dates of sowingonyield of  Patil, C.B. 1979. Effect of sowing dates on yield of niger
niges. Indion . Agron. 26 (3) : 363-364 ' (variety N-12-3). Indian J. Agron. 24 (3) : 365-366.

Nayak, B.C. and Paikray, RKX. 1991, Effect of time of
sowing and plant density on yieid of niger. /. Otlseeds
Res. 8(2):254.258.
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.-EFFICACY AND ECONOMY OF DIFFERENT FUNGICIDES
AGAINST POWDERY MILDEW OF MUSTARD

Powdery mildew of mustard (Brassica funcea
L.),caused by Erysiphe polygoni D.C. is the
most serious disease often causing serious yield
losses to mustard crop. With a view to chack
losses due to occurrence of powdery mildew
discase, ficld trials were conducted during the
rabi seasons of 1988-89, 1989-90 and 1991.92
with systemic and non-systemic fungicides to
find out effective and economical coutrol
measure for the discase. Muslard varicty
‘Varuna’ was grown in Randomized Block
Design with four replications. Each fungicidal
treatment was assigned to a nct plot size 4 mx
1.8 m. Details of treatment and dosage have
been mentioned in Table 1. Three sprayings of
fungicides were carried out wsing 750 lit of
water per hectare. The first spray of fungicides
was given at the appearance of discase. The
second and third sprays were given at 15 days
interval. Observation on disease intensily were
recorded on ten randomly selected plants from

Main Oilsecds Research Station
Gujarat Agricultural University
Junagadh - 362 001

each of the treatments in cach replication, after
10 days of last spraying using 0-5 scale.

From the data presented in Table 1
revealed that all the fungicides under test
reduced disease intensily as compared with
check, The minimum disease intensity was ob-
served in triadimefon 0.02 per cent. Mustard
grain yicld was also highest in the same treat-
ment. Highest efficacy and econamical control
of the disecase was obtained in the treatment of
triadimefon and wettable sulphur, Efficacy of
triadimefon aéainsl powdery mildew caused by
Erysiphe polygoni and E. graminis were
reported by Khoslaet al. (1988) and Jenkyn and
White (1988), respectively. Based on the cost-
bencfit ratio, use of wettable sulphur appears
to be more remunerative than triadimefon,
hence triadimefon 0,02 per cent wettable sul-
phur (.2 per cent 1s recommended for the ef-
fective and economical control of powdery
mildew of mustard..

V.A. PATEL

K.A. VAISHNAV
B. M. DHEDHI
B.K. KIKANI

Jenkyn, J.F. and White, N. 1988. Activity of triadimefon
vapour against Erysiphe graminis 1. sp. hordei Ann.
Appl. Biol 113, (1): 15-27.

Received for publication on December 17, 1992

Khosla, H.K., Naik, S.L., Mandloi, 8.C. and Goray, S.C.
1988. Control of powdery mildew of mung and urid
in relation to losses and discase development. [n-
dian phytopath., 41 (1): 59-63.
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Table 1. Avltrage M. inbeﬁslé)s yield per hectare and economics of different fungicides against pow.

dery mildew of mustard (Pocled analysis 1939, 1990 and 1992).

Chemicals Concentr- Average Average Total Total income  Income ICBR
ation , PM yield expenditure  (Rs/ha) increased over
(ai) Y- intensity _(kg/ha) control
Chiorothalonil 015 1 7140° - »-1216 1612.0 9278.0 7280 1:045
(Kavach-75% (57.78) ..
WP) EXL I T ¢
R A { sl
Mancozeb 02 . T2 120 - 6360 9760.0 760.0 1:1.19
(Dithane-M45) 7% 77 (sggz) BT . @ R
Zibneb o2ibv Bsi - ypg0  slhgss M 6e00 95600 ., 5600, oy, 1:08S
(Dithane-Z-78) . 1 bBaisle (58.14) 15 e iy ok ﬁ '5-"‘1 )
(15% WF) FIRTTS b i ) . ek P
r 02 .., 6930 1231 ,;, 8700 ' 98480 fopaRQMVETE T ppgyiint
R LN Y k g .
cxychloride L (56.84) - s - R I RT IS FEILE
(Blue copper i o N ! g iR Real Ly
50%W'P) I NN T A i . .
Wett. Sulpher 02 . 6220 i~ 1275 2440 . 102000 1200.0 1:4.90 .
(Sulfex 80% Coats (5208) S
WP) it |
Ziram 02 6880 L1283 6200 102640 1264.0 120 0 7
(Ziride-80 % T (56.02)
WP) £ : .
Triadimefon 002" 'u 3880 1475 13200 118000 2800.0 1212
(Baytcton 25% (38.52) - '
WP) .
Control 02 8750 1125 - © 9000.0 - -
(9.3
SEm. x 27 3303
CD. 841 100.18

Price: Mustard Rs. 8.00 per k.
* Angular transformed valucs
PM. = Powdery mildew
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EFFECT OF MICRONUTRIENTS ON INDIAN MUSTARD,

The response to micronutrients in crop
production is increasing (Gangadhar, 1992,
Sudarshan and Ramaswami, 1993), Hence the
present study was undertaken to find out the
effect of micronutrients on yield of Indian mus-
tard.

Field experiment in a Randomized
Block Design (plot size 4.5 m x 3.6m) was
conducted at Regional Research Station, Mad-
hurikund (Mathura) with Indian mustard
(Brassica juncea (L) Crern & Coss) varicty-
‘varuna’ during rabi 1988-89 with 9 treatments,
each replicated thrice. The crop was sown on
20th October 1988 with 45 cm row spacing and
plant spacing at 15 cm was maintained by thin-
ning, The field was irrigated twice at 35 and 65
days after sowing. Basal application of 40 kg N,
40 kg P20s and 40 kg K2O per hectare was
applied through urea, DAP and muriate of
potash and 40 kg N/ha was top dressed 4 days
after first irrigation. 30 kg elemental sulphur,
zinc sulphate and manganese sulphate each @
25 kg/ha, borax @ 5 kg/ha, ferrous sulphate @
50 kg/ha, copper sulphate @ 20 kg/ha and am-
monium molybdate @ 1 kg/ha were applied as
basal. The soil of experimental plot was silty
loam having pH of 8.2, E.C.0f0.36 mm hos/cm.
Available iron and copper content of soil was
0.1 N HCL extract was found to be 4.0 and 0.5
ppm respectively.

Application of micronutrients in-
fluenced biological and seed yield per plant
when these were applied along with N, POs,
and K;0. Application of CuSO4 with N P K
gave maximum biological and seed yield per
plant, (17% and 21%) in comparison to NPK
applied alone, However, it was at par with

MnSQ4 and ZnSO4 which increased the num-
ber of branches and siliquae per plant by 34.6%
and 28.5%, respectively as compared to NPK
applied alone (Table 1). The increase in seed
yield due to application of micronutrient car-
riers excepting borax and Mo appears to have
resulted due to collective action of both metal-
lic and 504" ion of the salt carriers which were
absorbed and assimilated in greater propor-
tions under the saline condition of experimen-
tal field, otherwise they were limiting the yield,
The responses to CuSQO4 and FeSO4 in this
regard were more pronounced resulting in
considerable increase in the number of
branches and siliquae/plant with a correlation
coefficient of 0.91 and 0.94 respectively. The
beneficial effect of micronutrients was found to
influence seed yield significantly. Thus CuSO4
gave maximum seed yield of 31.6 g/ha which
was superior to all other micronutrients tried.
FeSO4 proved next best (29.2 g/ha) but
remained at par with ZnSO4 and clemental
sulphar. MnSQO4 and borax remaining at par
but were inferior than CuSO4 and FeSO4
wheras ammonium molybdate failed to
respond favourably over NPK. It is, therefore,
inferred that application of CuSO4 @ 20 kg/ha
and FeSO4 @ 50 kg/ha are useful for maximis-
ing yield of Indian mustard under the soil and
agroclimatic condition of Madhurikund
{Mathura) region.

These results are in conformity with the
findings of Mehrotra and Saxena (1968) who
obtained increased wheat yield with the use of
borax, CuSO4, MnSO4 and ZnSO4 applicd
either through soil or as foliar spray in central
region of Utter Pradesh. Mehrotraet al. (1977)
opined that by judicious use of micronutrients

Received for publication on May 8, 1993
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Table 1.  Effect of micronutrients on branches, yield components and yield of mustard,

Treatmenis No. of No. of No. of sceds/ Seed yield Sced yield a
branches/  siliquae/ siliqua (g)/plani g/ha [ndl'\resl
plant _plant e (%)

Control 194 3140 12.0 1%4 254 29

NPK 205 330S 122 216 26,1 23

NPK + Elsulphur 30 Kg/ha 234 M99 12.6 22.9 28.2 A3

NP K + ZnSo4 25 Kg/ha 26.3 428 127 236 283 23

NPK + MnSos25 Kg/ha 236 3358 12.4 236 277 2 ’

NP K + Borax 5 Kg'ha 229 517 123 ST 216 2y

NPK + FeSO4 50 Kg/ha 268 4100 127 24.7 29.2 g

NPK + CuSos420 Kgiha 276 424.9 133 26.2 316 g

NPK + AM.1Kg/ha 21.7 3409 122 224 263 2

CD.@5% 25 212 - 27 11

'r’ value in relation to yicld 0.94 0.91 - - -

Note :In all treatments except control 80 kg N, 40 kg P20s and 40 kg K30 was applied
AM = Ammonium molybdate
seed yield of Indian mustard can be increased o '

from 15.5 to 68.3 per cent, C v

Oilseed Section LALf4

C.S.A.University of Agriculture and Technology H. gy 0kl

Kanpur-208 002 NKAR
‘-\‘-.

Gangadhar, G.A., Manjunathaiah, H.M. and  Mchrotra, O.N,, Srivastava, R.D.L.andMishm P
Satyanarayana, T. 1992. Effect of micronutrients on Effect of micronutrients on the groy, ' H 57,
the yield and uptake bysunflower.J, Indian Soc. Soil quality of Indian mustard. /nd. J. Agr; "4 ang
Sci. Vol, 40: 591-593, & 2): 81-86, hem 104

Mchrotra, O.N. and Saxena, HK. 1963. Response of im-  Sudarsan and Ramaswami, P.P. 1993, Mic, .
portant cropé to trace elements in Uttar Pradesh. nutrition in groundnut blackgram cry ,:"‘Tlcms :
Ind J Agron. 12(2) : 186-192. Fertilzer News, Vol. 38 (2). 51-87, Eniom,

gy
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SCREENING OF PROMISING SAFFLOWER ENTRIES FOR
MULTIPLE RESISTANCE TO APHID AND ALTERNARIA

Safflower (Carthamus tinctorius 1..) is an im-
protant rabi oilseed crop grown in
Maharashtra, Karnataka and Andhra Pradesh
predominantly as dryland crop. Among dif-
ferent safflower pest, aphids [Uroleucon com-
positae Theobald) and alternaria leaf blight
(Alternaria carthami Chowdhury) are the most
destructive, limiting the production of saf-

flower crop (Ray and Basuchoudhary 1984 and-

Patil and Parlekar, 1987). Therefore, attempts
were made to locate the most multiple stable
sources for both aphid and alternaria resis-
tance in safflower crop at different locations.
The most promising entries in respect of high
degree of tolerance 1dentified as stable sources
for aphids and altcrnaria during past 3 to 4
years were taken into consideration for screen-
ing multiple resistance against aphid and alter-
naria.

-+ -The field experiments were conducted
at GMU, Solapur, AICORPO, Solapur, Jal-
gaon and Annigeri under 3 different sowing
dates (early, normal and late) during rabi 1992-
93inan Augmented Randomised Block Design
with two replications. Already identified 10
aphid tolerant and 7 alternaria tolerant saf-

Table 1.

flower entries supplied by GMU, Solapur with
corresponding susceptible and standard
checks (Table 1) were screened under 3 respec-
tive sowings. Each treatment was planted in a
single row of 5 meter with a spacing of 43 cm x
20 cm at normal and 15 days prior and later
sowings. The premature foliage drying (1 to 5
grades) due to aphid infestation was recorded
on each entry and Aphid Infestation Index
(A.L.1} was cvaluated by the Formula
{Anonymous, 1993)

ALl = 1Xa+2xb +3xc +4xd + Sxe
T a+btcoctdAe oy

Where, 1to 5 = Different drying grades
ato] = Number of plants in each line.

The observations of disease intensity on
0 1o 9 scale were also recarded at flowering
stage as per phytopathometry. The sced
vield/plant (g} was recorded at harvest. The
pooled mean of 4 locations were worked out.

Early sowing

The results revealed that comparatively low
aphid population (19.8 to 75.5) was observed

Method of categorising the entries on the basis of Aphid Infestation Index

Grade Range of per cent foliage
drying due 10 aphid infesta

Category/Mechanism

Aphid Infestation Index

tion
1 01020 Highly tolerant lines (Healthy plants) _ =1
2 2104 Tolerant lines 1.1t020
3 4lte6l Moderately tolerant lines 211030
4 611080 Susceptibie lines 3lto 40
5 8] and above Highly susceptible lines (Death of 41t050

_plants before maturity)

Received for publication on October 8, 1993
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on early sown crop than on normal (39.8 (o
92.3) and late (65.8 to 121.3) sown. Earlier
workers {(Ghule et al., 1987 and Jagdale ef al.,
1990 reported the fowest aphid population on
the crop sown in September than in October.
Allaphid tolerant entries possessed A LL from
1.7 to 2.6 indicating tolerance whereas all the

alternaria tolcrant entries showed moderately

tolerant A.LL (2.6 to 3.0) except GMU-1922
which possessed 3.6 A.LL As regards disease
intensity only one entry from aphid tolerant
group viz., PI- 307078 found tolerant (4.0}
while rest possessed susceptible (4.5 to 6.0)
discase scale.

Normal sowing

Aphid population was less {39.8 to 85.8) than
late sown crop (65.8 to 121.3). All entries from
aphid tolerant group scored ALl of 1.6 to 2.6
exhibiting tolerance to aphid as well as talerant
disease intensity scale (3.0 to 4.0) which indi-
caled consistancy for multiple tolerance. The
disease tolerant group pessessed All be-
tween 3.0 to 4.0 with disease rating of 2.0 to 3.0.
These entries also produced better seed
yield(g/plant} (4.0 to 35.0) than in early (3.0to
18.0) and late sown (0 to 9.8). However, two
entries from alternaria tolerant group viz.,
GMU-822 and GMU-1921 were moderately
tolerant having A 1L 3.0 and 2.0 and 3.0 disease
intensity scale which indicated consistancy for
the multiple tolerance.

Late sowing

The aphid tolerant entries possessed less aphid
population (0.3 10 124.7) and ALI (1.8t0 2.6)

Project Co-ordinating Unit (Safflower),
FB. No.199, Solapur-2.
*AICORPO (Safflower), Solapur-2.
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with comparatively good seed yield (5.9 to 9.8
g/plant), over disease tolerant group which
possessed 146.9 to 166.6 aphid population and
4.5 to 5.0 ALY and no sced yield. Howerver,
carlier workers (Ghule ef al., 1987 and Jagdale
et al,, 1990) reported the higher seed vield in
early and normal sown crop than that sown late.
Asregard disease rating, aphid tolerant entries
exhibited tolerant (2.3 to 4.0) disease intensity
scale whercas all entries from alternaria
tolerant group possessed susceptible (4.5 to
6.0) disease intensity scale except GMU-822
(3.0) and GMU-1921 (4.0). It seems that the
sowing time has profound effect on disease
reaction, However, all the entrics from both the
groups showed tolerant reaction to both aphids
and alternaria under normal sowing.

It is concluded from the study that only
one entry viz.,, PI-307078 from aphid tolerant
group was observed for aphid and alternaria
tolerance during all the three sowing condi-
tions. Rest of the entries from this group were
found suitable for aphid and alternaria
tolerance under normal and late sown condi-
tions. Only two alternaria tolerant entries viz;
GMU-822 and GMU-1921 exhibited better
aphid tolrance under early and normal sown
conditions and alternaria tolerance under nor-
mal and late sown conditions.

These three resistant entries with com-
paratively good seed yield need agronomic ex-
perimentation and can be exploited in
breeding programme to develop high yielding
varieties having tolerance to both aphids and
altenaria.

VB. AKASHE
PV. MAKAR*
C.D. DEOKAR
D.M. VEER
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EFFECT OF ZINC AND MOLYBDENUM ON THE YIELD AND-
QUALITY OF GROUNDNUT

A field experiment was conducted on farmers’
field at Venkateshpura Village, Bangalore
(Dist.), Karnataka during kharif scason of 1990
under adequate irrigation. The soil of the ex-
perimental field was red sandy loam and low in
organic matter content. It was acidic (pH 5.8)
in nature, low in electrical conductivity (EC 0.2
mm hos/cm), and low in organic matter content
(0.57%). The status of available NPK and §
content was 259.1, 12.4, 260.0 and 7.0 kg/ha
respectively. the soil was low in available zinc
(0.38 ppm) and molybdenum (0.56 ppm) con-
tent,

The experiment was laid out in a Fac-
torial Randomized Block Design with three
repiications adopting gross plot size of 4.8 m x
2.4 m. Two sources of zinc viz., zinc sulphate
and zinc oxide each tried at two levels, in com-
bination with and without molybdenum. The
treatment details are given in Table 1. Zinc
sulphate was applied at the rate of 5.6 and 11.2
Zn kg/ha to soil and zinc oxide was seed
dressed gently on seeds with dilute gum solu-
tion at the rate of one and two grams per
kilogram of seed and were dried in shade.
Molybdenum (2 g/kg seed) was also seed
dressed with dilute gum solution without caus-
ing any injury to seeds. Recommended dose of
25kg N, 75 kg P20s and 37.5 kg K20 per ha was
applied before sowing. Groundnut cultivar
‘JL.-24" was grown following the recommended
package of practices. The estimation of oil and
protein contents in kernels were done in well
prepared flour samples of groundnut kernels.

Zinc application significantly enhanced
the pod yield from 3990 at control to 4880

kg ha! at Znyy 2 soil application. Zinc sulphate
was more efficient in improving pod yields
rather than zinc oxide (Table 1). The interac-
tion of Zn and Mo was more marked (Table 2),
The maximum pod yield of 4960 kg ha! was
obtained at Zns s kg/ha + Mo which was on par
with an yield of 4910 kg ha™ at Zn112 kg/ha +
Mo.

An extra pod yield of 540 kg ha was
recorded at Zns ¢ kg/ha without Mo as against
980 kg ha™! at Zns ¢ kg/ha + Mo. Similarly the
recorded extra pod yield of 870 kg ha’ at
Zni13 kg/ha without Mo was on par with 930
kg ha! at Zny12 kg/ha + Mo. The positive
response of groundnut to zinc application over
conirol was associated with the low status of
available zinc in soil (0.38 ppm) and also of
molybdenum (0.56 ppm). It may be inferred
that through the available status of molyb-
denum (0.56 ppm Mo) was above the critical
limit of 0.25 ppm Mo (Dwivedi, 1986), the
added molybdenum through seed dressing
might have activated the enzymatic system in
enhancing crop yields through growth
parameters (Dhakshinamurthy et al., 1987).

The pattern of improvement of kernel
yield was similar to that of pod yield. Maximum
kernel yield (3710 kg ha'!) was recorded at
Znii2 kgh a level as compared to control
(2930 kg ha''). This accounted for extia yield
of 780 kg ha’! over recommended dose of fer-
tilizer plus gypsum. In the case of seed dressing,
the kernel yield of 3450 kg ha™' was obtained
with seed dressing of Zn @ 2g/kg compared to
that of control (2930 kg ha™') resulting in extra
yield of 550 kg ha'!. The interaction of Zn xMo

Received for publication on November 12, 1993
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Table 1., ;Yield and quality parameters of groundnut as influenced by levels, source of Zinc and

Molybdenum fertilization

iy

Treatments Pod yield Haulm yield Kernel yield Qit content Crude

{kg/ha) (kg/ha) ~ {kg/ha) per cent protein per

) cent “
Zinc levels S LPT
Control 3990 4930 41.18 2026
Soil application (Zinc su'li)hule) o L
5.6 kg Zn/ha Coame U seo0 41.46 228"
112 kg Zn/a 4880 Y sme w085 N 2506
Seed dressing (Zinc oxide) - Y ‘ ‘ h' o ‘.A;.:;:,::i::. | ':: ‘:,
1 g 7n/kg seed 4510 5200 B U -
2gZnfkgseed v, 4630 i 5330 - e 1.4"»" e 2581
S.Em % wedlie 6500 % 0 5600 5400 053 " 030
C.D. at 5% AL 19000 g 16000 17000 NS UL 089
Zinc sources P T D CEip o L B 3
Zinc sulphate RN 4810 | ‘.;:';ﬂ~5650 Y 3670 41.71 24.62 .
Zinc oxide d 4570 5N s 5370 4 Ca 34500 e e 4121 i 24015
SEm=x . aun i 4630 573973 0 041125 ngie 048 e 021 W
Ch.at5% - Al 137500 w1804 a oy T2208 wnie 0 NS T . NS st
Molybdenum Jevels . *~ A i EREE BN PR Vom
Without molybdenum (IMo) 4460 1} 11131155380 .0 Cr 3360 chadel G 4120 G 2237 ais
With molybdenum (+Mb&) 4630 duanng320 i wd 3500 st quimdirs b e e
S Em + e grap sy or M sssaoh w30 pted s 0,3.;:';,1 ST o1 il
CD. at 5% NS it Ns T CNS Tl Nge i b neg i
e EHTY ETHR) T

was significant at Zns g kg/ha soil application
and recorded maximum kernel yield of 3830 kg
h -1

The haulm yield also appreciably in-
creased with 11.2 kg/ha of zinc application
(Table 1). The mode of application caused
greater effect on haulm yield rather than levels
of zinc. Molybdenum levels did not influence
on haulm yield. The interaction effect of Zn
and Mo was synergestic due to zinc application
at Znsg kg/ha + Mo.

Molybdenum seed dressing of
groundnut did not show any significant in-

crease in oil content (Table 1) which w4s at-
tributed to the existence of inverse reIationshrp
between oil and nitrogen content in seed (De
and Chatter;ee 1976). Among the sources ap-
plication of zinc sulphate was found supenorl
over zinc oxide in enhancing all other charab-
ters under study,

The crude protein confent was en-
hanced significantly due to zinc application
and further improved due to interaction of Zn
and Mo, signifies the synergestic eifect. The.
role of zinc and sulphur in the synthesis of
amino acids leading to the formation of protein
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molecule was well known (Mengel and Kirkby,
1984).

Application of zinc sulphate has sig-
nificantly enhanced the yield and quality
parameters. The oil content was found non
significant. Molybdenum application showed

Department of Agronomy
University of Agril. Sciences,
G.K. VK., Bangalore-65.

to the seed formation and protein synthesis,

Journal of Oilseeds Research

significant effect only on protein content in
seed. The interaction of Zn and Mo was
synergestic on all characters under study which
signifies the role of zinc and molybdenum in
synthesis and translocation of photosynthates

N.GOPALA GOWDA
B. SHIVARAJ
ANDANI GOWDA
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FROST INJURY VIS - A - VIS LEAF-ANATOMICAL
CHARACTERS IN SOYBEAN

Soybean presently covers about four million
hectare and is increasingly claiming new niches
in India. The post rainy season {rabi ) crop of
soybean occasionally experiences frost injury.
The occurrence of frost is not regular and
screening against firost cannot be done regular-
ly under ficld conditions. A study was, hence,
taken up to{a) categorise soybean varieties for
their resistance/tolerance to frost and (b) study
the association of frost resistance/tolerance
with different morpho-anatomical characters
which could serve as selection criteria for frost
resistance cven during non frost years.

Seventeen rcpresentative varictics and
strains of soybean were planted in replicated
rows at National Research Centre for Soybean
farm at Indore during the post rainy scason
(November- April), Consequent upon the oc-
currence of natural frost on the night of 23rd
February, 1993 at the minimum temperature of
5.6 °C and low relative humidity of 19%, fully
expanded soybean leaves in 10 randomly
sclected plants of cach varicty/strain were
taken for per cent Icaf injury on 24th Feb, 1993
Free hand sections of fully expanded terminal
leafllets were examined for anatomical charac-
ter under a “Vanox-s’ {Olympus) microscope
fitted with an ocular micrometer. Correlation
cocfficient and path coefficicnts (Dewey and
Lu, 1959) were computed. Step-down regres-
sion analysis was carried out.

Analtomical features in soybcan teaf
were found 1o be similar as it is observed in
dotsi-ventral lcaves i.e. palisadc parcnchyma
was affanged contiguous to upper epidermis
while the spongy parenchyma was below the

palisade and towards the lower epidermis (Fig.
1& 2). Aninteresting feature observed was the
presense of the single layer of paraveinal
mesophyll between palisade and spongy
parenchyma as described by Fisher (1967).
Palisade was found to be double layered or
bi-setiate in nature as uniformly observed in
casc of all the soybean varieties/strains. The
upper layer of palisade, just below the upper
epidermis, was relatively thicker than the lower
layer.

Soybean was found to be highly suscep-
tible to frost when compared with other rabi
crops like wheat, gram and safflower. The
mean values and range for frost injury and
leaf-anatomical characters in soybean are
presented in Table 1. The level of frost injury in
diffcrent varieties varied in the range of 5.33%
1086.38% with a mean valuc 0f 52.79%. Among
anatomical characters, a high degree of
variability was observed [or total leaf thickness,
thickness of spongy parenchyma and palisade
thickness than other anatomical characters.
These observations are in conformity with ear-
lier reports (Lugg and Sinclair, 1980).

None of the soybean varicties in the
study showed absolule resistance to frost in-
jury. However, minimum frost injury (5.33%)
wis observed in one strain, *G 2086 (§)’, which
was followed by *Ugar Bold® with 11,71 % frost
injury in leal. Medium to high frost injury was
exhibited by other varicties viz. JS 71-05
(27%), ‘Bragg’ (42%), ‘PK 308’ (67%), JS 338’
(72%), ‘Punjab 1’ (75%), ‘Monetta’ (719%), ‘Pk
472 (84%)} and ‘NRC 2’ (86%). Leaf injury as
high as 86.38% was obscrved in ‘Kalitur’.

Received for publication on November 30, 1993
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&
Cross-section of latéral leaf-let of soybean cv. Punjab 1 (Fig. 1) and strain ‘G 2086 (8)’ (Fig-2)-)
UE = Upper epidermis, PP = Palisade parenchyma, PM = Layer of paraveinal mesophyll,

SP = Spongy parenchyma, LE = Lower epidermis.

&
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Table 1.  Mean and range for leaf-anatomical characters and frost injuryin soybean
Character Mean SD. P Range

1. Thickness of upper epidermis (1) 1634 ) 1.87 e 13.7-20.5

3. Thickness of lower epidermis (i) D497 155 <. 131.189

3 Palisade thickness (1) 115.04 23.69 82.1674
4. Thickness of spongy parenchyma (i) 78634 1343 67.0.117.5

5 Palisade proportion (%) . -, 4886 " 5.04 41.3.58.6

b. Thickness of leaf (1) 23269 32.02 1874 -285.8

7. Frost injury (%) 5279 26.20 53-863

* Standard deviation

Frost injury showed a nepative associa-
tion with all the anatomical characters studied
{Table 2). However, highly significant and
strong negative correlation of frost injury was
obtained with total feaf thickness (‘'r' =-0.743)
followed by that with thickness of palisade
parenchyma (‘r’ = -0.728). This indicated that
increased thickness of leaf and palisade layer
would lead to frost resistance/tolerance. The
total thickness of leaf also showed a strong
positive correlation with thickness of palisade
parenchyma (‘r’ =0.870) as well as other leaf
anotosical characters,

Path-coefficients revealed total Jeaf
thickness to be the highest direct contributor
(Table 2) towards frost resistance by having a
dircet negative impact on frost injury. Palisade
thickness, emerging to be the second important
character in the context, showed a direct posi-
tive cffect on frost injury. Leaf thickness af-
fected the frost injury ncgatively whercas
palisade thickness affccted it positively, Since
these two characters were also found to be
strongly correlated with each other in a positive
Manner (‘r’ = (.870), the situation demands for
Striking a balance between them while allempt-

ing to make improvement in frost resistance of
soybean genotypes. Residual direct effect of
unknown factor was low, indicating that a
major proportion of variation (about 70%) for
leaf injury could be associated with the factors
included in the study. Step-down regression
analysis also identified leaf thickness as the
major predictor of frost injury.

It was, thus, consistently shown that
genotypes with thicker Jeaves would have more
resistance/tolerance to frost and the character
could serve as a selection criterion for frost
resistance even during non-frost years. The
results broadly agree with earlier reports
(Tiwari ef al. 1986) but unlike in other systems
where palisade thickness was more important,
leaf thickness in soybean was found to have the
predominant association with frost resis-
tance/tolerance. Although soybean is more
frost-prone than several other crops, iden-
tification of relatively resistant genotypes and
selection criteria as reported presently could
help in extending the niche of soybean to such
regions and seasons where frost resis-
tance/tolerance is a prerequisite for commer-
cial adaptation of soybean.
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Table2. Correlation coefficients of frost injury with leaf-anatomical characters in soybean
Characters Thickniess of Palisade Thickness of Palisade Thickness of Frost injuty Direct
lower thickness spongy pm_portion leaf (%) effects
epidermis parenchyia (%)
Thickness of upper 0317 046" 00t 0™ 043" 039" 20779
epidermis _
Thickness of ' 037" Q0 030" 033" 024" 19.391
lower epidermis
Palisade thickness 0.14 0.80" 087" 073" 207.065
‘Thickness of spongy 048" 0.60 032" 142.420
parenchyma
Palisade 040" 044” 0.804
proportion (%)
Thicknessof leaf ”-0.74“ N
Note: 1. * and ** Significant at 0.05 P and 0.01 P respecively, na 170
2. Direct effects are as per Dewey and LU {1959)
National Research Centre for Soybean, V5. BHATIA
Khandwa Road, indore 452 001. M.P. : S.P TIWARI

Dewey, D.R. and Lu, K H. 1959. A correlation and path
analysis of components &f cresied wheat grass seed
production. Agron. J, 51: 515-318.

Fisher, D.B. 1967. An unusual layer of cells in the
mesophyli of the soybean leaf. Bor. Gaz 128: 215-
218.

Lugg, D.G. atd Sinclair, T.R. 1980. Seasonal changes and
anatomyof field-grown soybean leaves. Crop Sci. 20:
191-196.

Tiwari, 8.P., Sukumaran, N.P. and Khushu, C.L. 1086.
Path- coefficient arialysis of [¢af-anatomical charac-
ters affecting frost injury in potato. PL Breeding 97:
272.274,



1. Oilsceds Res. 12{1) 1995 : 141-145
ISSN 0970-2776

RESPONSE OF GROUNDNUT TO SOURCES OF PHOSPHATE
AND PHOSPHATE SOLUBILIZERS IN VERTISOLS

Plants absorb phosphorus from the water
soluble phosphates which is present in very
small quantities in the soil. Most of the phos-
phorus in soil is in the insoluble form. Besides,
there are substantial deposits of low grade rock
phosphate which cannot be profitably utilized
as a source of phosphatic fertilizer particularly
in non-acidic soils, In recent years the inves-
tigations were carried out fo show that soil
micro-organisms like bacteria and fungi play
an important rolc in solubilizing phosphorus in
soil and making available to the plants. Benefi-
cial effect of inoculation with P-solubilizers on
the growth, vield and uptake of phosphorus by
plant has been reported by many workers. Ger-
retsen (1948) was the first to demonsltrate that
plants took up more phosphate from insoluble
phosphatic fertilizers in the presence of micro-
crganisms, Hence the present study was under-
taken to study the response of groundnut to the
inoculation of phosphomicrobes with and
without different proportions of Mussoorie
rack phosphate (MRF) and single super phos-
phate (SSP) in Vertisols.

A field experiment was conducted at
Main Rescarch Station of the University of
Agicultural Sciences, Dharwad during kharif
1992 in Vertisols having pH 8.1., available 254
N; 35 P20s and 325 K20> kg/ha. The fertilizer
N and K;O were given at the recommended
level (25 kg/ha each). Phosphorus @ 50 kg/ha
was supplied through two sources viz., MRP
and SSP with 0, 25, 50, 75 and 100 per cent of
the recommended dose in the presence and
absence of P- solubilizers (Pseudomonas striata
and Aspergillus awamori). These phos-
phomicrobes were used for seed inoculation of

groundnut variety ‘Dh-3-3(0°. The experiment
was laid out in Randomised Block Design with
18 treatments and replicated thrice.

Crop was harvested at 105 days afier
sowing. Dry matter production, yield and yield
components, P-uptake by plant and available
P20s5 in the soil after harvest were recorded.
Phosphorus content in the plant samples was
determined by vanadomolybdo phosphoric
yellow colour method as described by Jackson
(1967).

Dry matter production

The dry matter production varied sig-
nificantly at all the stages of growth (Table 1),
In general inoculation of Aspergillus awamori
or Fseudomonas striata recorded significantly
higher dry matter production at all the stages
of crop growth, than control. At harvest, in-
oculation of 4. awamoni (34.28 g/plant) or P
striata (37.08 g/plant) alone produced 28 and
38 per cent higher dry matter respectively than
control (26.72 g/plant). At harvest, inoculation
of A. awamori with different proportions of
MRP and SSP recorded higher dry matter
production than the respective uninoculated
trcatments. Taha ef ai. (1969) reported sig-
nificant increase in dry matter yield of barley
after one month of crop growth with the in-
oculation of P-solubilizing micro-organisms.
Among all the treatments inoculation of P,
strigta along with the application of 75 per cent
MRP + 25 per cent SSP recorded higher dry
matter production per plant. The effect can be
attributed to the better adaptability of P. striata
in Vertisols than A. awamori. The differences
in dry matter production of groundnut with

Received for publication on December 15, 1993.
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inoculation of P-solubilizers might be due to
better nodudation in groundnut {Tabel 1) owing
to better availability of phosphorus. This im-
provement in nodulation with P-solubilizing
micro-organisms might have resulted in higher
amount of nitrogen fixation and thereby better
vegetative growth and dry matter production.

Yield and yield attributing characters

The pod yield recorded with inoculation of 4.
awamon (4037 kg/ha) and P, striata alone (4286
kg/ha) were 19 and 26 per cent higher respec-
tively when compared to control (2391 kg/ha).
Guar (1984) reported 10 to 30 per cent increase
in yield of bengal gram with inoculation of
.microphos alone, Inoculation of 4. awamon
along with the application of 100 per cent SSP
(4899 kg/ha) recorded 20, 7.8, 21 and 11 per
cent higher yield respectively when compared
to the application of 100 per cent SSP, 25 per
cent MRP + 75 per cent $8P, 50 per cent MRP
+ 50 per cent SSF, 75 per cent MRP + 25 per
cent SSP and 100 per cent MRP alone (Table
2}. In groundnut, Manjaiah {1989) reported
that pod yield was significantly higher when
MRP was applied along with FYM and 4.
awamon. Inoculation of P stnata along withthe
application of 75 per cent MRP + 25 per cent
SSP and 100 per cent SSP recorded significant-
ly higher pod yield when compared to the ap-
plication of different proportions of MRP and
SSP without phosphate solubilizers and were
superior to all other treatments, The pod
weight per plant and kernel yicld followed the
similar trend as that of pod yield ha't {Tabel 2).

Phosphorus uptake (kgtha) by plant and avail-
able P05 in soil after harvest.

Inoculation of P-solubilizers alone in-
fluenced the P-uptake by groundnut crop at all
the stages of crop growth. At harvest, inocula-

Journal of Qilseeds Research

tion of A. awamori (7.68 kg/ha) or P striatg
(8.22kg/ha) recorded 20 and 30 per cent higher
P-uptake respectively by groundnut than con-
trol (6.05 kg/ha). Appliction of 100 per cent
SSP along with the inoculation of 4. awamori
recorded significantly higher P-uptake at all
the stages of crop growth when compared to
the application of different proportions of SSP
and MRP alone. Among all the treatments,
inoculation of P, striata with the application of
75 per cent SSP recorded higher P-uptake by
groundnut and this seems to be superior than
other treatments (Table 1). The higher P-up-
take may be due to the increased availability of
phosphorus in the soil due to solubilization of
native and added phosphorus by P-solubilizers
by the production of organic acids namely, lac-
tic, glycolic, citric and succinic acids. Kaviman-
dan and Guar (1971) reported increased
phosphorus uptake by wheat, gram and maize
with the inoculation of phosphobacterin. In-
oculation of P-solubilizers alone or in combina-
tion with different proportions of MRP and
SSP had postitive influence on phosphorus
status of soil after harvest (Table 1). Inocula-
tion of A. gawamori {(36.44 kg/ha) or P striata
(36.94 kg/ha) alone were 29.8 and 31.6 per cent
higher P20s in the soil, due 1o mineralization
of organic and inorganic reserves. Inoculation
of A. awamori along with the application of 100
per cent SSP recorded 26.6 per cent higher
P05 in the soil after harvest when compared
to the application of 100 per cent SSP alone.
Inoculation of P, striata with the application of
75 per cent MRP + 25 per cent SSP recorded
highest available P205 (44.87 kg/ha) in the soil
and differed significantly over uninoculated
treatments. Wani ef al. (1978) found that about
25.41 per cent higher avilable P20s in soil was
noticed due to inoculation of P, strigtg in gram
when compared (o control. The use of P-
solubilizing culture alone or in combination
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Table 2. Pod yield (kg'ka), Shelling per cent, kernel yield (kg'ha), Qil per cent and oll yield (kg/ha)
as influenced by Sources of Phosphate and inoculation of P-Solubilizers
Treatments Pod yield Shelling Kemelyield  Oil (%) Oilyield
_(kgfha) (%) (kg/ha) {kg/ha)
" Control 3391 74 2520 49 1235
MRP (0%) :SSP (100%) 407 % 3101 50 1551
MRP (25%) :SSP (75%) 4390 75 3291 49 1613
MRP (50%) :SSP (50%) 4244 76 3224 49 . 1580
MRP (75%) :SSP (25%) 4047 74 2983 51 1521
MRP (160%) -SSP (0%) 1057 73 2970 49 1455
Aspergitius awamori 4037 ™ 15 49 1557
MRP (0%) :SSP (100%) +A. awamori 4899 7 3665 49 1796
MRP (25%) :SSP (15%) +A. awamori 4541 .7 3367 50 1684
MRP (50%) :SSP (50%) +A. awamori 4591 4 3406 49 1669
MRP (75%) :SSP (25%) +A. awamori 4610 ) 3298 50 1649
MRP (1009} :SSP (0%) +A. awamori 4239 75 3% 49 1564
Pseudamonas striata 4256 72 3066 49 1562
MRP (0%) :SSP (100%) +£ striata 4961 75 3728 49 1827
MRP (25%) :SSP (75%) +E striata 4691 77 31 50 1816
MRP (50%) :SS5P (50%) +F strigia 4897 76 3743 49 1834
MRP (75%) :SSP (25%) +P striata 5069 ™ 341 50 19n
MRP (100%) :SSP (0%) +F striata 4332 76 3293 50 1647
SEm % 285 1.62 229 0.51 115
C.D.a15% 820 NS 661 NS 331

MRP = Mussoori¢ rock phosphate; SSP = Single super phosphate; NS = Non Significant.

with phosphatic fertilizers increased the avil-
able phosphorus in the soil (Mohod et al.,
1989).

Inoculation of P-solubilizers to soils that
are rich in native phosphorus makes the fixed
phosphorus available to plants resulting in en-

Depariment of Agronomy
University of Agricultural sciences,
Dharwad, Karnataka, India.

hanced productivity. Inoculation of Aspergillus
awamori increases the efficiency of SSP and
application of 75 per cent MRP + 25 per cent
SSP + P, striata resulted in higher growth, yield
attributcs when compared to the application of
100 per cent SSP alone, So this would be aboon
to small and marginal farmers.

MUDALAGIRIYAPPA
C.A. AGASIMANI
M.N. SREENIVASA.
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SEVERITY OF RUST AND ALTERNARIA LEAF SPOT *
IN RELATION TO DIFFERENT SOWING DATES
IN PARENTAL LINES OF SUNFLOWER HYBRIDS

The severity of discases in many crops are
known to be greatly influenced by many agro-
cultural practices like planting geometry,
planting density, mineral nutrition and
drainage (Shaik Mohammed et 4l. 1985}, Effect
of sowing dates on severity of foliar diseases is
an important factor to be considered in seed
production plots. Information on discase in-
cidence and severity among different parental
lines of hybrid sunflower is very limited,
though, hybrids do express resistance reaction
to Alternaria leaf spot and rust
(Shivaprakasam et al. 1977 and Nagaraju et al.
1994) which are considered to be very impor-
tant foliar discases causing considerable losses
in seed yield of sunflower, In this context, an
attempt was made to evaluate the incidence
and severity of these diseases in relation to
sowing dates on parental lines of the sunflower
hybrids.

Parental seeds of sunflower hybrids viz.,
KBSH 1 (CMS 234A, RHA 6D-1), APSH 11
(CMS 7-1A, RHA 271) and LSH 3 (CMS
207A, MRHA 1) were obtained and evaluated
by sowing at monthly intervals starting from
September 1992 to February 1993 for the in-
cidence and severity of Alternaria leaf spot
(Alternaria helianthi) and rust (Puccinia helian-
thi) at the Seed Technology Research Unit,
UAS, Bangalore. Each parental line was sown
in seperate blocks in four replications. All
recommended agronomical practices were
carried out as per package of practices. In-
cidence and severity of discases were recorded

as percentage leaf damaged by the individual
discase at 50 per cent grain filling stage follow-
ing the procedure of Nagaraju et al. (1993).

The severity of Alternaria leaf spot and
rust on different parental lines of sunflower
hybrids sown at different dates.are presented
in the Table 1. The results indicated that the
mean severity of Alternaria leaf spot ranged
from 4.33 per cent in December sown crop to
11.67 per cent in September sown crop.
Severity of this disease was more in September
and October sown crop and decreased
gradually towards the later sowings. Among
the parental lines, MRHA 1 and CMS 207A
were found comparatively more susceptible
{up to 25 and 15.75%, respectively) than the
other lines. Severity was less in RHA 6D-1 and
CMS 234A (maximum of 6.5 and 7.25%,
respectively) followed by CMS 7-1A and RHA
271 (up to 15.0 and 11.25%, respectively).

The severity of rust was least in Septem-
ber sown crop and started increasing on the
subsequent sowings in all the parental lines. On
an average, over the tested entries in Septem-
ber sown crop, the severity was (.17 per cent
and it was highest in February sown crop
(26.22%). Among the parental lines, severity
was less in CMS 207A and CMS 234A (maxi-
mum of 3.67 and 6.35%, respectively). 1t was
moderate in RHA 6D-1 and very high in
MRHA 1, RHA 271 and highest on CMS 7-1A.
{maximum of 45.0, 38.67 and 51.67%, respec-
tively).

Received for publication on May 3, 1994,
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Table 1. Severity of Alternaria leaf spot and rust on the parentsl lines of sunflower hybrids sown at
different dates

Date of Sowing CMS2MA RHA6D-1 CMS7-1A RHA271 CMS207A MRHAL Mean
Alternaria leafl spot (% severily) (Alternaria helianthi)
15.09.1992 50 50 15.0 50 15.0 25.0 11.67
15.10.1992 73 6.5 9.0 11.3 158 6.3 9.42
15111992 4.7 47 57 6.3 60 a7 547
15.12.1992 40 4.0 43 4.7 40 5.0 433
15.01.19%3 50 l 40 8.0 10.0 50 10.0 7.00
25.02.1993 33 34 4.7 6.7 37 5.7 4.61
Leaf rust (% severity) (Puccinia helianthi)
15.09.1992 0.0 0.0 0.0 0.0 0.0 .10 017

. 15.10.1992 1.0 28 4.8 4.0 05 50 3.00
15.11.1992 6.3 10.0 517 283 1.7 .97 1795
15.12.1992 43 5.0 50.0 26.7 2.0 26.7 19.12
15.01.1993 23 33 46.7 387 37 300 20.72
25.02.1993 33 21.0 483 35.0 2.7 45.0 26.22

The severity of Alternaria leaf spot and
rust varied among the parental Jines tested and
the sowing dates. Alternaria leaf spot is a
serious problem during late kharif (September
and October sowings). The parental lines,
RHA 6D-1 and CMS 234A were less suscep-
tible while, MRHA 1 was found to be more
susceptible to this disease. The rust severity
was more during January - February sowings
because of the high relative humidity
developed around the lower canopy of the

1 National Seed Project,

2. BC.Unit (Sunfiower),

University of Agricultural Sciences,
GKVK, Bangalore - 560065, India.

plant due to regular irrigation and morning
dew (Anon.1992). The behaviour of male and
female parental lines of KBSH 1 and APSH 11
to Alternaria leaf spot and rust was almost
same whereas in LSH 3, female parent (CMS
207A) was less susceptible to rust when com-
pared to male parent, even though littte
severity of Alternaria leaf spot and rust were
there. From this study, it can be concluded that
rabi (October - November) season is best for
quality seed production in sunflower.

VENKATARAMANA!
NAGARAJU 2

G.V. JAGADISH !
JAYARAME GOWDA?*
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RESPONSE OF SOYBEAN TO ROW SPACING, SEED RATE
AND METHOD OF FERTILIZER APPLICATION

Soybean (Glycine max (L.} Merr.) is an impor-
tant oilseed crop of Madhya Pradesh. Due to
high cost of seed-cum-fertilizer drill most of
the farmers sow soybean sced mixed with fer-
tilizer to economize the sowing operation as
against the recommended application of fer-
tilizer and seed seperately. This situation
necessitated for evaluation of previous recom-
mendation of separate drilling of fertilizers and
seed as well as suitable crop geometry in
soybean under Vertisol of Central Narmada
Valtey.

A ficld experiment was conducted at
INKVYV, Zonal Agricultural Research Station,
Powarkheda in kharif 1992 on deep Vertisol.
The soil had pH 8.2, 0.5 per cent organic carb-
on, 20.8 kg/ha available P20s and more than
120 kg/ha available K20. The experiment was
laid out in Split Plot Design with four replica-
tions. The treatments comprise, combinations
of 2 row spacing (22.5 & 45 cm) and 3sced rates
(100, 125 and 150 kg/ha) in main plots and 2
methods of fertilizer application (fertilizers
placed below the seed and fertilizers mixed
with seed) in sub-plots using soybean variety
JS 75-46’. The plot size was 8m x 3.60 m. The
crop received a fertilizer dose of 20 kg N +60
kg P20s + 20 kg K20/ha at sowing through
diammonium phosphate and muriate of potash
applied as per treatments. A rainfall of 859 mm
was received during the crop season. The crop
was sown on 15th July 1992 and harvested on
20th October 1992.

Results (Table 1) show that the sowing
in narrow row spacing resulted in 22.6, 29.0 and
62.4 per cent increase in bean yield, haulm yield

and net return per hectare, respectively over
wider spacing. The benefit : cost ratio was also
higher by 0.49 in narrow spacing over wider
one. The increased yield in narrow row spacing
could be attributed solely to increased plant‘!
density per unit area. Similar results were
reported by Hiremath et al. (1992).

The seedling/unit arca, and yields of
soybean increased with increasing seed rate,
however, differences were not statistically sig-
nificant. The net profit and benefit : cost ratio
were highest with seed rate of 100 kg/na be-
cause of additional cost involved in seed rates
of 125 and 150 kg/ha respectively.

Fertilizers applied along with seed
caused injury to seedlings which resulted in
fower number of seedlings/m” as compared to
separate drilling of fertilizers and seed (Table
1). Fertilizer placed below the seed gave sig-
nificantly higher seed (17.5%) and haulm
(32.6%) yield which resulted in more net return
{Rs. 5%05/ha) and B:C ratio (2.28) over the
practice of sowing of seed and fertilizers
together. Thus the improvement in the perfor-
mance of mdmdual plant due to lower density
(40 plants/m?) does not seem to be sufficient
enough to compensate for higher yields ob-
tained at higher plant density (67.3 planls/mz).
Soni et al. (1987) also reported similar results.

The interaction effect of seed rate and
methods of fertilizer application (Table 2) in
respect to seed yield revealed that the seed
yield was reduced under separate drilling of
fertilizer and seed with increasing the seed rate
but the reverse trend was noted in sowing of

Received for Publication on June 13, 1994.
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Table 1.  Plant population, yield and economics as influenced by row spacing seed rate and method of

fertilizer application

Treatments Plant Grain yield Haulm yield Net return B:C ratio
populatioru’m2 (kg/ha) (kg/ha) (Rs/ha)

Row spacings (¢cm)
22.5 571 1800 1700 6460 233
45.0 50.3 1393 R 1207 3978 1.89
S.Em x ) 20 86 : 121 - -
CD at 5% 6.1 257 371 . -
Seed rates (kg/ha)
100 438 1521 1271 4989 211
125 5.3 1593 1478 5196 _ 2.08
150 570 1678 1614 5501 208
.S.Em * 24 106 151 - -
CD at 5% NS ' NS NS -
Methods of fertilizer application
Fertilizer 673 1728 1657 5905 228
-seed (separate)
Fertilizer + seed 40.0 147 1250 4593 1.92
(mixed) ’ _
S.Em = 21 49 86 - ’ -
CD at 5% 63 114 255 - -

Table 2.  Interection effect between seed rate (S) and method of fenilizer application (M) on grain

yield of soybean
Method of fertilizer Seed rate (kg/ha)
application (M) 100 125 150 T
Fertilizer below the seed 1834 (6892) 1664 (5635) 1700 (5581)
Fertilizer along with seed 1221 (3153) 1521 (4786) 1657 (5401}

SEm = CD at 5%

S within M 66 200
M within § ' 116 350

Figures in parentheses indicate the net return-(Rs/ha).
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seed + fertilizer mixture with significant dif-
ference between 100 and 125 kg seed/ha. This
shows the compensation of seed yield with in-
creased seed rate under sowing of seed along
with fertilizer.

It was concluded that in Central Nar-
mada Valley zone of Madhya Pradesh better
yield of soybean with higher net return may be

Zonal Agriculture Research Station,
JNKVV, Powarkheda 461 110 (M.P)

achieved with a inter row spacing of 22.5 cm,
using seed rate of 100 kg/ha coupled with ap-
plication of basal dose of fertilizer below the
seed. If sowing of seed along with fertilizer is
necessary under unavoidable circumstances
then the seed rate should be increased to the
extent of one and half times to-that of recom-
mended seed rate.

M.P. JAIN
RS. LIDDER
R.A. KHAN

Hiremath, S.M., Chittapur, B.M. and Hosmani, M.P. 1992,
Response of soybean cultivars to row spacings
during rabi scason J. Oilseeds Res. 9 (1) : 154-156.

Soni, I.N,, Singh, R.V,, Rathore, R.S. and Awasthi, PX.
1987. Response of soybean varieties to seeding
rates, Indian J. Agron. 32 (3): 275-276.
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RESPONSE OF SOYBEAN CULTIVARS TO WATER STRESS

Soybean is a short-day plant and comes up well
in post-rainy scason under irrigation. But water
has become a precious and scarce commodity
in semi-arid tropics. If the crop can withstand
water stress at a particular physiological phase,
considerable amount of water can be saved by
skipping irrigations in that growth phase. It is
reported that glossy cultivars (with light green
foliage) are more drought resistant than non-
glossy cultivars (with dark green foliage) in
crops like sorghum (Maiti, 1980) and Foxtait
millet {(Rao, 1987). This aspect has not been
studied in soybean.

A field experiment was conducted
during post-tainy scason of 1987-88 with water
stress (50% flowering stagejand no water
stress (control)as main plots and four soybcan
cultivars as sub-plot in a split-plot design with
three replications. The water stress is imposed
up to desiccation of leaves occurred from 50%
flowering. The non-glossy cultivars are ‘PK-
471’ and ‘LBS-2. The glossy cultivars are
‘Hardee’ and JS$-72-184’. The soil was medium
deep Alfisol. Nitrogen @ 30 kg ha was ap-
plied as basal dose. Spacing adopted was 30 cm
between rows and 10 cm between plants in a
row. Based on chlorophyll content, the cui-
tivars with more than 1 mg g'1 {fresh weight)
chlorophyll were classified as non- glossy and
those with less than 1 mg g™ as glossy cultivars.
Yield and yield components were recorded at
the time of harvest of the crop. Proline was
estimated as per the procedure given by Bates
et al. (1973). The data are presented in Table 1.

Department of Plant Physiology , College of Agriculture

Rajendranagar, Hyderabad 500 030

Glossy cultivars recorded higher
proline content than non- glossy cultivars, The
increase in proline accumulation due to wager
stress was more in glossy than in non-glossy
cultivars. Water stress imposed at the mid
season reduced the number of pods per plant,
100 seed weight, harvest index (HI) and seed
yicld but the reduction was more in non-glossy
than in glossy cultivars. These results are in
conformity with the finding of Eck ef al. (1987),
But when comparison was made between glos-
sy and non-glossy cultivars, glossy cultivars
recorded more number of pods per plant, 100
seed weight and HI than the non-glossy cul-
tivars both under non-stress and water stress
conditions. Seed yield was more in non-glossy
cultivars than in glossy cultivars in non-stressed
plots while the reduction in seed yield due to
water stress was more in non-glossy (45.6%)
than in glossy (32.7%) cultivars. This might be
due to the remobilization of photosynthates
from stems to pods in glossy cultivars under
water stress, Turner (1979) also reported
similar results in sorghum.

Thus it is evident from the above discus-
sion that glossy cultivars possessed drought
resistance mechanisms through alternations in
dry matter partitioning, drought tolerance by
accumulation of more proline and stable yield
under water stress conditions, Therefore in-
corporation of glossy trait in a suitable plant
type background appears to be desirable for
soybean crop.

PS.SARMA

Received for publication on July 11, 1994.
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Table 1.  Effect of wuter stress on soybean cultivars

Treatment Seed yield No. of 100 seed HI (%) Proline content
(kg/ha) poads/plant wt. (g) on 75 DAE
{4 molesig)

Control {no waler stress)

Non-glossy cultivars

PK 471 2508 10.7 357 128 0.94
1L.BS2 2144 10.7 330 8.7 0.92
Giossy cultivars .

Hardee 2241 11.3 391 12.8 : 1.01
JS72-184 ' 2274 11.3 36.2 10.6 116
Waler stress

PK 471 1386 7.0 M5 10.9 1.73
LBS2 1145 6.7 327 6.9 1.74
Hardee 1471 9.0 3.5 11.1 251
J572-184 1569 9.3 353 93 .50
CD at 5% 109 NS 0.24 0.8 0.12
Main-trealiment means

Control 2292 11.0 36.0 11.2 1.01
Water stress 1392 8.0 352 9.5 212
CDat 5% 207 0.95 0.34 05 0.40
Control

Non-glossy 2326 10.7 M4 108 093
Glossy 2258 11.3 n7 11.7 1.09
Waler stress .

Non-glossy 1266 6.9 336 8.9 1.74
Glossy 1520 9.2 3.8 0.2 251
CD at 5% 105 1.2 0.36 0.9 0.12

Bates, L.S,Waldren, R.P. and Teer, 1.D. 1973. Rapid  Rao, K.L.N. 1987, Effect of water stress on growth and

determination of proline for water stress studies. yicld of gloesy and non-glossy cultivars of Setaria
Plant and Soil 30 : 205-207, ftalica (L) Ph.D. thesis submitted to A.P. Agricul-
tural University, Hyderabad.

Eck, H.V.A.C., Matters and Musion, . T. 1987. Plant water
siress al variows growih stages and growth and  Tumer, N.C. 1979. Drought resistance and adoptation to

yields of soybeans. Field Crops Res. 17 (1) : 1-16. water deficits on crop plants, pp.343-372. in: Mus-
sel, M. and Staple, R.C. (Eds). Stress Physiology in
Maiti, RK. 1980. The role of glossy trichome traits in Crop Plants, John Willey and Sons, N.Y.

sorghum improvement. Paper presented at the
AISCIP Annual Workshop, 12- 14 May, 1980, Coim-
batore.
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COBALT AND PHOSPHORUS NUTRITION OF SOYBEAN

Soybean (Glyveine max (L)Merrill) is a multi-
ple use crop with higher protein (40-45%), oil
(20-21%}) and enriching the soil by fixing at-
mospheric nitrogen (65-100 kg hal). Qilsceds
and pulses are relatively low yiclders than
cereals and can be made more productive by
increasing sink strength, source size and their
activity with the use of macro-nutrient like
phosphorus and beneficial element like cobait.

A field experiment was conducted
during rainy season of 1987 with 9 treatment
combinations of 3 treatments of cobolt nitrate
and 3 levels of phosphorus applications as
shown in Table 1. The factorial experiment was
laidout in a Randomised Block Design with
three replications on medium deep Alfisols
with ‘Hardee’ soybean cultivar. The seeds were
treated with Dithane M-45 @2 g kg'! of seed
and also with Rhizobium at the same con-
centration. The first foliar spray of cobalt
nitratc was done before flowering (30 DAS)
and the second on 15th day after flowering, At
the time of sowing, a basal dose of 20kg N ha't
in the form of urca and 20 kg K20 ha in the
form of muriate of potash was given. Phos-
phorus was applied as per treatments in the
form of single superphosphate. The spacing
adopted was 30 cm between rows and 5cm
between plants in a row. The yield and yield
components were recorded at harvest. The oil
content was estimated by nuclear magnetic
resonance (NMR)spectrometer method
(Tiwariet al., 1974). Nitrogen was cstimaled by

Kjeltec system as described in the Technical
Bulletin by Tecator {1982) while protein was
computed by multiplying the N content with a
factor 6.25.

Cobalt nitrate as seed treatment along
with foliar spray significantly improved the
total dry matter production, number of nodules
and pods, 100 seed weight, harvest index (HI)
and protein content, finally leading to in-
creased seed yield by 19.7 per cent (Table 1),
Cobalt stimulates the growth and development
of nodules {Danilova and Demikina, 1967)
leading for higher N content and ultimately
protein content. Rao ef al. (1980) also observed
increase in yield due to cobait application while
it has no effect on oil content. Nodules
developed in the presence of cobalt fixed more
nitrogen than those developed in the absence
of cobalt (Delwiche et al. 1961).

Phosphorus application at 90kg P20s
ha! improved the total dry matter production,
rumber of nodules and pods, 100 sced weight,
HI, protein and oil contents, and increased
seed yield by about 26 per cent (Table 1). The
increase in the number of nodules with P ap-
plication could be due to increased efficiency
of the Rhizobial bacteriods. Applied phos-
phorus significantly increased both oil and
protein contents. Seed yield was positively and
significantly correlated with number of pods
(0.8272), 100 seed weight (0.7707), HI (0.8103)
and total dry matter (0.7665 ).

Received for publication on July 11, 1994,
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There was no significant interaction be-  plication of cobalt and phosphorus, It is pos-
tween cobalt and phosphorus levels and almost  sible to improve seed yield with cobalt use also.
similar seed yields were obtained with the ap-

Department of Plant Physiology, College of Agriculture FS. SARMA
Rajendranagar, Hyderabad 500 030.

Table 1.  Effect of cobalt and phosphorus on yield and yield components of soybean

Treatment Yield Total dry No.of No.of 100seed HI(%) Protein il (%)
(kg/ha)  matter nodules  pods/ wt. (g) {7)
(g/m 2) /plant (at plant
60 DAE)
No cobalt (control) 2083 701.0 94 203 144 297 40.0 201
Seed treatment with 2384 743.9 134 4.5 15.2 32.0 40.8 20.2

cohalt nitrate

Seed treatment + 2495 7728 18.6 26.7 16.6 323 423 21.2
foliar application with
cobalt nitrate

CD.atP = 0.05 97 20.0 04 - 1.0 0.9 0.8 11 NS

No phosphorus 2013 6914 9.5 19.7 14.4 29.1 397 19.4
(control)

Phosphorus at 2422 7503 137 249 15.4 323 42.0 20.7
45kgha !

Phosphorus at 2546 7771 18.1 26.9 164 328 433 214
%0 kg ha ! '

CD.atP=0.05 97 20.0 0.5 1.0 0.9 0.8 1.1 14,2

Rao, AV, Sarma, R L. and Dua, LS. 1980. Effectof foliar ~ Tiwari, P.N,, Gambhit. P.N. and Rajan, T.S. 1974. Rapid
application of Mo and Co on soybean Rhizobium and non- destructive determination of seed oil by
symbiosis. Legume Res. 1: 97100, pulse nuclear magnetic resonance technique. J Am.

Oil Soc. §57:104-9.
Tecator, 1982, Nitrogen estimalion by Kjeltec system

method. Technical Bulletin, Sweden. 1-53.
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STUDIES ON SYNCHRONIZATION OF FLOWERING IN
PARENTAL LINES OF SUNFLOWER HYBRIDS

Sunflower (Helianthus annuus L.), a cross pol-
linated crop, is ideally suited for exploitation of
heterosis. The discovery of cytoplasmic genetic
male sterility in sunflower has led to the
development of hybrids for commercial cul-
tivation. Hybrid seed production is dependent
on several factors. Information on floweting
behaviour of parentatl lines of hybrids is a pre-
requisite to ensure timely and continuous
supply of sufficient pollen to receptive stigma
of female parent which finally decides seed
yield. Flowering behaviour of parental lines
vary from season to scason (Patil et al. 1993).
There is, therefore, need to study the flowering
behaviour of parental lines of hybrids in dif-
ferent sowing dates to achieve better
synchronization of flowering,.

A field experiment was conducted at
Seed Technology Research Unit, NSP, UAS,
Bangalore to study the flowering behaviour of
parental lines of three sunflower hybrids viz.,
Karnataka Bangalore Sunflower hybrid
{KBSH-1), Andhra Pradesh Suaflower Hybrid

(APSH-11) and Latur Sunflower Hybrid
(LSH-3). Parental seeds of the three hybrids
were sown at monthly intervals starting from
September 1992 to February, 1993, in four
replications, Each parental line was sown in 15
m*° area with a spacing of 6lcm x 30cm. All
recommended agronomical and plant protec-
tion measures were carried out. Observation
on days to 50% flowering was recorded in all
the parental lines.

Sigpificant differences were observed
among genotypes for days to 50% flowering,
6D-1 took maximum days (70.3) followed by
MRHA-1 (67.7). Days to 50% flowering was
minimum in September (58.6) and it was max-
imum in December sowing (70.8}. In parental
lines of KBSH-1, the difference in 50% flower-
ing between male and female parent was more
in September and November sowing (9 days),
as compared to January and February sowing
(3-4 days). In APSH-11, it was 1-2 days in
almost all sowing dates, while in LSH-3 the
difference ranged from 2-6 days (Tablel).

Table 1.  Days to 50% flowering as influenced by genotypes and sowing dates.
Genotype Sowing date (monthiy) Mean
Sep.1992  Oct. 1992 Nov.1992  Dec. 192 Jan. 1993 Feb. 193
CMS-2M4A 5625 62.50 67.50 73.00 67.00 63.25 64.91
6D-1 65.00 67.00 75.00 77.00 70.75 67.25 .33
7-1A 56.25 61.50 §7.25 66.79 63.25 60.00 62.50
RHA-271 54.50 61.00 66.75 66.25 62.25 59.00 61.62
207-A 60.75 61.75 70.00 69.00 63.25 62.25 64.50
MRHA-1 59.25 66.25 74.75 7275 69.00 64.25 67.70
Mean 58.60 63.81 70.12 70.79 65.91 62.66
S.Em. + 0.91 C.D(P =0.05) =250

Received for publication on August 9, 1994,
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In KBSH-1 seed production, for better
syachronization, male (6D- 1) has to be sown
7-9 days before female parent (CMS-234A)
during the month of S¢ptember, October and
November, and 3-5 days early if sown in the
month of January and February (Kempegow-
da, 1992). In parental lines of APSH-11 hybrid
difference in flowering between male and
female was constant in all the sowing dates,

National Seed Project,
University of Agricultural Sciences,
GKVK, Bangalore Karnataka.
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thus female parent (7-1A) has to be sown 2 days
eatlier to male (RHA-271), in all the sowing
dates. In LSH-3 hybrid seed production, male
parent (MRHA-1} has to be sown 5-6 days
before female (207A) line between October to
January month sowing, and 2-3 days early
during September and February sowing, under
Bangalore condition. :

VENKATARAMANA
G.V. JAGADISH
H, RAMAIAH

Kempegowda, H. 1992. Effect of planting design and stag-
gered sowing of parental lines on seed yield and
quality in KBSH-1 Hybrid Sunflower, M.Sc (Agri)
Thesis submitted to University of Agricultural
Sciences, Bangalore-65.
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