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EFFECT OF STAGE OF HARVESTING AND NITROGEN
LEVELS ON YIELD AND OIL QUALITY OF LINSEED
(Linum usitatissimum L.)

P.M.NIMJE and A.P. GANDHI
Central Institute of Agricultural Engineering, Bhopal 462 018, Madhya Pradesh

ABSTRACT

Linseed genotypes belonging to early (R 17 and T 397) and medium duration (Mukta and Neelum)
categories were compared at three nitrogen levels and harvested at six maturity stages at 5 days interval
starting from 20 days after heading (DAH) in deep Vertisols of Bhopal. Optimum yields of grain, oit
and protein were recorded when the crop was harvested at 30 to 37 DAH in early genotypes and at 33
to 38 DAH in medium duration genotypes. The moisture content of grains varied from 14 to 7% . Eatly
harvesting at 20 DAH resulted in yicld loss of 13 to 19 % owing to the presence of high percentage of
immature grains (30 9%). Late harvesting by even 5 to 10 days caused 5 tol1 % reduction in grain yield,
Nitrogen fertilization up to 40 kg N ha'! produced significantly higher grain, oi! and protein yields and
increased the oil content up to 80 kg N/ha. [t did not however, influence the optimum time of any of the
genotypes. Seed germination and seedling vigour were directly related to nitrogen application and were
increased significantly up to the optimum stage of harvesting. The iodine and saponification values
changed with nitrogen but were significantly decreased with time of harvesting indicating the formation
of fatty acids with lesser unsaturation. The contents of oleic and linoleic acids and stability index were
increased up to the optimum stage. The oieic acid contents decreased thereafter. Nitrogen also
increased ofeic acid but decreased the linoleic and linolenic acid contents and stability index of oil.

Keywords: Harvesting stage; Nitrogen; Vigour; Germination; Oil; Protein; Fatty acids; Stability index.

INTRODUCTION

The crop maturity is influenced by environ-
mental conditions and seed moisture content.
But the physiological maturity is reached
‘before the seed moisture content is sufficiently
reduced to allow safe harvest and storage
(Robertson et al., 1978). It also varies with
genotypes (Nagaraj, 1990). Gupta (1962)
reportcd that oil formation in linsced was com-
pleted in 30 days from the day of fertilization.
Harvesting the crop too early results in
reduced seed and oil yields and protein con-
teats, whereas harvesting too late increase
shattering losscs in the ficld and loss in seed

quality (Tekrony et al., 1979). The stage of har-
vesting also determines the quality of oil
(Nagaraj, 1990).

Nitrogen fertilization normally dogs not
affect oil content and iodine value except at
high levels (Kamal, 1973) but increases seed
and oil yields (Jaipurkar and Puri, 1985 and
Jain et al, 1989). Application of nitrogen is also
reported to late flowering but whether it will
also affect the date of harvesting of linseed in
semi-arid deep Vertisols region is not known,
The experiment was therefore conducted (1)
to find out the most optimum time of harvest
of various genotypes for maximizing the seed

Received for publication on November 25,1991,
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and oi! yields and quality and (2) to evaluate
the effect of nitrogen fertilization on time of
harvest and quality of the produce.

MATERIAL AND METHODS

Field experiments were conducted for 2 years
(1987-88 and 1988- 89) on a deep Vertisol at
Central Institute of Agricultural Engincering,
Bhopal, India. The soif was black clayey with a
pH of 7.8, and available organic carbon
0.054%, N 180 kg ha’ , P 11 kgha !, K 255 kg
ha” and cation exchange capacity 45 meg g’
soil. The average annual rainfall of the area was
1200 mm (90% during monsoon i.e., June-Sep-
tember), The rainfall received during the
season was 114 mm in 1987-88 and 70 mm in
1988-89. The area faces shortage of soil mois-
ture from November onwards. The tempera-
ture during ripening stage of the crop (January
to March) ranged between 30 ° C to 39 ° C.

The treatments consisted of four
genotypes, three nitrogen levels and six times
of harvest. The twelve treatment combinations
of genotypes and nitrogen levels were as-
sisgned to main plots and six times of harvest
to sub-plots in a split plot design having 4.5x3
m plot size and three replications, The
genotypes belonging to two groups viz., early
maturing (115-120 DAS) R 17 and T 397 and
medium maturing (135-140 DAS) Mukta and
Neelum varieties were evaloated. Nitrogen
levels were varied from 0 to 80 kg ha™. The
genotypes were harvested at 5 days interval
starting from 110 days after sowing (DAS) in
early maturing genotypes {EMG) and 125 DAS

_in medium duration genotypes (MDG). This
date usually corresponded to 20 days after
~ heading {(when 50 % heads have emerged).

The crop was sown in rows 33 cm apart
on 12th November, 1987 and 15th November,

Journal of Qilseeds Research

1988, Fertilizers were drilled below the seed at
sowing to supply half the dose of nitrogen, 40
kg P2 Os and 20 kg K> O/ha. The remaining half
dose of nitrogen was applied at 45 DAS
alongwith a light irrigation of 6 mm. The crops
were harvested from 1st March, 1988 and Sth
March, 1989 onwards.

At each harvest, the grain yield was
determined at 8% moisture content which was
estimaled through gravimetric method, Ger-
mination (%), seedling vigour, immature seed
(%) and 1000 grain weight were determined
from the samples drawn at harvest. Seed oiland
protein contents and oil quality in terms of
iodine and saponification values and fatty acid
compasition were estimated as per AQAC
{1980) methods.

Prediction equations were obtained to
determine the expected values of various
parameters with respect Lo days after sowing by
fitting the equation of parabola to the observed
data by Least Square Method as given below -

Y=a+bX-cx?

In order to determine the theoretical
day of biological maturity of the crop, this
equation was differentiated with respect to X
(days after sowing) as follows -

%=0=b—cx2x

rx = &
OFX = %
RESULTS AND DISCUSSION

Flowering was initiated 90 and 85 DAS and
reached 50% heading at 90 and 105 DAS in
carly and medium duration genotypes respec-
tively.
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The effect of time of harvesting and
genotypes on grain yield are shown in Fig. 1 and
Table 2. Grain yield increased between 20 to 30
DAH in 1987-88 and 20 to 35 DAH in 1988-89
and decreased thereafter in all the genotypes.
The genotypes significantly differed among
themselves in grain yield. Genotype R 17
produced the highest yield of 1.52 and 1.32
tonnes ha™ in the two yoars whereas T 397
produced lowest yield of 0.93 tonnes ha in
1987- 88. Although Mukta and Neelum were
medium duration genotypes, their mean yields
(1.16 and 1.08 tonnes ha’! respectively), were
lower than EMG R 17 (1.42 tonnes ha'ly.

Harvesting the crop early at 20 DAH,
resulted in the yield loss of 13.3 and 189 %
from the optimum yields (1.25 and 1.27 t/ha)
during the two years, due to high seed moisture
(24.4%), high percentage of immature grains
(30%), low 1000-grain weight and fewer grains
plant, As the harvesting was delayed, more
number of grains got filled up and consequent-
ly, their percentage and the wieght of 1000-
grains increased and moisture content
decreased. These changes brought about rapid
increases in grain yield in all the four genotypes
up to 30 to 35 DAH. The grian yield was
decreased when harvested late after 30 or 35
DAH because of ficld losses of heads and
grains during harvesting and transportation to
the threshing yard. These losses accounted for
7.8 to 15.7 % during 1987-88 and 2.8 to 6.5%
during 1988-89 when harvested at 40 and 45
DAH, respectively. The reduction in yield oc-
curred despite decreases in the percentages of
immature grains and increases in the weight of
1000-grains. Thus the decreases in grain yields
with delayed harvesting were more related to
the number and weight of head plant? and
number of grains plant” which were also
decreased after 30 and 35 DAH {(Table 1).

143

By using the differential equation, the
biological maturity of the four genotypes was
determined. Tt was found that the biological
maturity of the EMG reached at 30.5 DAH and
of MDG at 33.5 DAH in 1987-88. The same was
reached 4 or more days later in 1988-89. The
genotype R 17 matured in 34 DAH, T 397 and
Mukta in 37 and Neelum in 38 DAH.

The maximum grain yield was obtained
when the crop reached its biological maturity.
The range of optimum time of harvesting
without significant reduction in grain yield was
between 30 to 37 DAH in EMG and 33 to 38
DAH in MDG. The moisture content of the
grain was decreased with the delay in the date
of harvesting. It was found to be optimum
(Fig. 2) during 27 to 37 DAH in EMG and 32
to 41 DAH in MDG. The optimum moisture
content varied between 15 to 7% in 1987-88
and 13 to 8% in 1988-89. Delay in harvesting by
another 4 to 8 days resulted in reduction of
moisture content by 4 to 6 % and consequently,
in the grain shedding and reduction of yield.

The percentage of seed germination
was poor (76%) when the crop was harvested
at 20 DAH in all the genotypes. It become
optimum at 30 DAH and remained almost con-
stant thereafter. It was found to be highly posi-
tively correlated with grain moisture content (r
= 0.992 and r = 0.996) and 1000 grain weight
(r = 0.874 and r = 0.993) and necgatively cor-
related with percentage immature seeds (r =-
0.99and r =-0.98) during 1987-88 and 1988-89,
respectively. The vigour of the seeds harvested
at different times (Table 1) showed that it was
improved up to the biological maturity and
declined rapidly as the harvesting was delayed
further. Tekrony ef al. (1979) also reported loss
in seedling vigour with delayed harvesting after
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Effect of time of harvest and nitrogen levels on seed characters, germination and vigour of

Table 1.
different genotypes of linseed
Treatment Grains Weightof  Heads Weightof 1000 grain  Germina-  Seedling
plant! g’-mins! plant! hu:ads1 weight (g} tion (%) vigour ,
__plant” (g plant’ (mg plant )

Genotypes

R17 459 3.85 C 915 553 8.97 97.0 6.57
T397 337 336 763 517 79 926 639
Mukta 350 3.60 4.6 543 880 85.2 6.25
Neelum 353 3.65 720 530 5.00 88.4 6.00
LSD (P=0.05) 23 0.38 59 025 0.23 6.4 0.31

N levels (kg ha'l)

0 331 3.03 65.4 4.54 8.22 826 5.40

40 393 an 80.6 548 8.83 920 6.48

80 438 4.11 89.9 6.05 9.30 97.6 703
LSD(P=005) 20 0.49 5.2 0.60 0.30 55 0.27
Time of harvest (DAH)

20 an 314 709 4.7 8.21 76.0 5.15

5 a2 346 .8 493 854 856 . 570

30 425 3.67 835 544 8.79 9.8 638

s 405 375 86.6 597 884 95.4 6.98

40 mn 3.80 80.9 5.68 8.98 96.9 6.86

45 k%) 3.58 74.2 537 9,07 97.8 6,75
LSD (P=0.05) 17 0.25 5.3 0.33 0.24 6.8 0.53
LSD (P=0.05) for

Genotypes XN 40 NS NS NS NS NS NS
Genotypes X 33 0.50 NS 0.66 NS NS NS
Harvest

N X Harvest 29 NS 053 NS NS NS NS

the biological maturity was reached and at-
tributed it to the reduced mositure content.

_ 0Oil and protein per cent (Table 2) were
significantly influenced by the genotypes. Oil
content also was highest in T 397 followed by
Mukta, Neclum and R 17. Protein content also
was highest in genotype T 397 followed by
Neclum, Mukta and R 17 in that order. The oil
content was significantly improved by the delay
in harvesting time up to the biological maturity

stage and showed a declining trend thereafter.
Scott et al. (1973} also reported similar trend.
As against this, the protein content was in-
creased up to the last date of harvest although
significantly only up to the biological maturity
stage. This indicated that the time of harvesting
has a favourable effect on availability of assimi-
lates for protein conversion. Sanchez et al.,
{1989} also reported that oil and protein con-
tents were effected by genotypes and harvest
dates. The interaction of the genotypes and
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harvest dates was however, not significant with
respect to oil and protein conteats. Oil and
protein yields were also improved significantly
up to the biological maturity stage and
decreased thercafter (Table 2) confirming the
findings of Sandhu et al, (1970) for soybean.
Rao and Singh (1985) also reported a direct
influence of days to maturity and oil content on
oil yield.

The iodine and saponification values of
oil of the four genotypes were significantly in-
fluenced by the date of harvesting (Table 3).
The iodine value of T 397 was highest as com-
pared to other genotypes. A declining trend in
iodine and saponification values in all the
genotypes with the date of harvesting sug-
gested formation of increased amounts of un-
saturated fatty acids.

The effects of time of harvest of fatty
acids composition of oil {Table 4) showed that
the oleic and linoleic acids, all increased until
the biological maturity. The per cent of oleic
acid decreased thereafter unut 45 DAH,
whereas, linoleic acid continued to increase
until 45 DAH. The reduced rate of accumula-
tion of oleic acid together with the rise of
linoleic acid appears to support the hypothesis
that linoleate is formed by desaturation of
oleate (Harwood, 1975). The oil stability index
was increased up to 30 DAH and then
decreased due to decrease in oleic acid con-
tent. The linolenic acid content and total
saturates decreased as the time of harvesting
was prolonged.

Nitrogen fertilization to linseed sig-
nificantly increased the grain and oil and
protein yiclds in both the years confirming the
results obtained by Jain et al. (1989). The in-
crease being basically due to greater number of
seeds and heads plant "L and 1000 grain weight

Journal of Qilseeds Research

Scott et al., 1973), The effects were significant
upto 80kg N hat in 1987-88 but only up to 40
kg N ha™ in 1988-89 (Fig. 3). The lower
response Lo nitorgen in the second year may be
due to the build up of N residues in the soil.
There was also a significant increase in oil
content with increase in nitrogen application
up to 80 kg/ha (Khurana et 4i., 1989). This was
directly related to rise in protein content also
whi}ch was increased significantly up to 40 kg N
ha™,

The effects of interaction between
nitorgen levels and time of barvesting on grain
yield and oil and protein conients were not
significant in any of the years, Thus the grain
yield, oil and protein contents reached their
peaks at about same time in fertilised and un-
fertilised plots. There was a difference of only
1 or 2 days in the biological maturity of the crop
at different nitrogen levels. In control (no
nitrogen) plot the crop reached its biological
maturity later by 1 or 2 days as compared to the
nitorgen treated plots. All the genotypes also
produced non-significant influence on grain
yield and oil and protein contents at different
nitrogen levels.

The germination and scedling vigour
were found to be directly related to nitrogen
application (Table 1). The germination per-
centage was significantly increased from 82.6
t0 92 and 97.6 % with nitrogen at 40 and 80 kg
ha't respectively. Seedling vigour after 30 days
of germination was also found to increase sig-
nificantly with nitrogen application at 40 and 80
kgNha L, the increase being 20 and 30 % over
zero nitrogen level. Srivastava (1978) also
showed that germination and seedling vigour
were directly related to nutritional environ-
ment.
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Table 3,  Effect of time of harvesting on iodine and saponification value of different genotypes
Time of Todine value Saponification value

harvest 217 T 397 Mukta  Neelom R17 T397 Mukta Neelum
(DAH)

20 1658 1%4.6 168.3 167.8 197.8 198.1 1989 198.6
25 161.7 191.6 165.6 165.4 194.8 196.1 196.9 196.8
30 1599 190.2 163.3 ©162.6 193.8 154.9 196.4 195.5
35 158.2 1883 161.2 161.1 193.4 193.6 195.3 194.6
40 1548 1875 159.1 158.4 1923 192.4 194.0 1940
45 1539 186.6 158.5 155.5 190.9 191.6 193.0 193.1
LSD (P =0.05)

Genotype 2.03 NS

Harvesting 0.99 112

Genotype X Harvesting NS NS

Table d.  Effect of stage of harvesting on fatty acid composition of seed oil

Days after heading  Oleic acid Per cent of total fatty acids Oil stability index

(8:1) Linoleic acid Linolenic acid Total saturates (18:1/18:2)
(18:2) (18:3)

20 206 10.1 542 15.0 2.04

FA) . 262 12.4 487 12.8 2n

i 285 13.1 41.7 115 2.17

35 303 14.7 46.1 100 2.06

40 ) 29.2 15.2 462 105 1.92

45 85 159 46.5 100 179

LSD (P =0.05) 14 0.7 25 1.2 -

Nitrogen application has changed the
sced-oil constituents altering the oleic and
linoleic acid ratios (Table 5). Oleic acid content
was increased from 24.5 (0 kg N) to 28.5%
(§O kg N), the increase being 16% whereas
linoleic acid content was decreased from 14.4
f% 10 12.7 % (12% decrease). The oil stability
indexwas however decreased. Coic (1975) also

reported similar trend. Todine and saponifica-
tion values did not change with nitrogen ap-
plication

The study showed that, in linseed, har-
vesting the crop at biological maturity, 30 to 37
DAH in EMG or at grain moisture content of
14 to 7% produced maximum grain, oil and
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Table 5.

151

Effect of nitrogen ou fatty acid compaosition and iodine and saponification value

Nievels(kgha')  lodine vatue

Per cent of total fatty acids

Saponification Oleic acid Linoleic acid Linolenic acid
value

Q 168.3 194.8 245 144 511

40 1684 194.9 272 136 48.2

80 168.5 195.2 28.5 12,7 46.5

LSD (P=0.05) N5 N5 1.1 13 0.5

protein yields and improved seed germination
and vigour and quality of sced and oil. Nitrogen
fertilization did not influence the time of har-
vesting but improved the seed and oil quality,
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GROWING SEASON AND PRODUCTIVITY OF RAINFED

GROUNDNUT

- D.D SAHU', P.S.N, SASTRY and S.K. DIX[T?
Division of Agricultural physics, Indian Agricultural Research Institute, New Delhi 110 112

ABSTRACT

Frere and popov's method of cumulative crop water valance was adopted to determine the commence-
ment of growing period and productivity of groundnut in Junaga;dh distriet of Gujarat state. The average
productivity of groundnut for the years 1965 to 1989 was 993 kg/ha. The productivity was above average
during the 'yf:ars of normal sowing that is, between June 18 to July 1 (25th and 26th standard
meteorological weeks). The risk of below average production increased with delay in commencement
of growing period beyond 2nd Juiy when Water Requirement Satisfaction Index (WRSI) was below 89

per cent, The rejationship between the WRSI (X) and Yield (Y) was observed to be of the form

X

Y= 000207 X X + 0281

The predictability of the crop yield through WRSI varies to the tuae of 9 per cent.

Keywords: Groundnut; Water requirement satisfaction index; Growing season; Crop water balance;

Productivity.

INTRODUCTION

Among the various meteorological parameters
rainfall plays a significant role in determining
sowing time for kharif crops. Frere and Popov
{1979) developed a simple crop water balance
maodel to estimate the water availability to the
crop using rainfall, reference crop
evapotranspiration and water holding capacity
of the soil as inputs. In this method it is assumed
that the sowing at the beginning of the monsoon
season can commence during any week when
rainfall exceeded the estimated water require-
ment of the crop under consideration. Popov
(1984) demonstrated the relationship between
. the water requirement satisfaction index
(WRSI) and the yield of groundnui at Bambay,
Senegal. He suggested thatit would be possible

to derive quantitative estimates of yield, based
on the potential yield of crops which will
depend on the local climatic conditions. Victor
etal. (1988) and Srivastava ef al. (1989) studied
the utility of this concept in quantifying
pearlmillet yields under rainfed conditions for
Jodhpur district in Rajasthan and for iden-
tification of production constraints for
groundanut in Rajkot district of Gujarat state
respectively. Groundnut (Arachis hypogaea L..)
is grown under rainfed conditions ta Junagadh
district. in 3.7 lakh ha conributing 29 percent of
production. The present study was undertaken
to identify the growing period and quantify the
yields of groundnut crop grown under rainfed
conditions in the semi-arid region of South
Saurashtra agroclimatic zone of Gujarat state.

1. Department of Agrometeorology, College of Agriculture, Junagadh 362 001.
2. Department of Agricultural Statistics, College of Agriculture, Junagadh 362 001.

Received for publication on December 5, 1992.
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MATERIAL AND METHODS

Junagadh (21°, 31°N, 70°, 33°E, 60m MSL)
sitnated in the semi-arid region of Gujarat in
South Saurashtra Agroclimatic zone receives a
seasonal rainfall of 910 mm from 22nd to 44th
meteorological week,

The area and production of groundnut
in Junagadh district for the period 1965 to 1989
were taken from the Agricultural Situation in
India published by the Ministry of Agriculture,
Gowt. of India and publications of Directorate
of Agriculture, Gujarat State. The total weekly
rainfall and other weather parameters for the
corresponding period were collected from the
agrometeorological observatory at Junagadh
and used in the calculations. The soils in
Junagadh district are shallow medium black
and calcareous, with soil depth ranging from 25
to 75 cm with a water holding capacity of 100
mm/m depth (Anonymous, 1984).

The reference evapotranspiration
(ETo) values were derived at weekly intervals
using modificd Radiation method (Doorenbos
and Pruitt, 1979). Crop coefficients given by
Doorenbos and Kassam (1986) were used to
estimate water requirement of crops on weekly
basis. The 16 week period groundnut crop is
considered to be in germination and flowering
phascs for 5 weeks (P1), Pegging for 4 weeks
(P2), pod development for 3 weeks (P3) and
pod filling and maturity for 4 weeks (Py),
respectively from the commencement of the
sowing week each year.

Weekly water balance and water Re-
Quirement Satisfaction Index (WRST) com-
putations were carried out using the
cumulative crop water balance model of Frere
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and Popov (1979) by developing a computer
programme. A sample calculation sheet show-
ing input and ocutput values is given in hie 1.

Compuwtation of WRSI

The WRSI indicates (in terms of percentage)
the extent to which the water requirements of
a crop have been satisfied in a cumulative way
at any stage of its growth cycle. The index is
assumed to be 100 at the time of sowing and
continues to remain at 100 for the successive
weeks until the occurrence of water deficit. In
case of groundnut crop it is considered that the
productivity is adversely affected not only due
to water deficits but also due to excessive mois-
ture during the last four weeks of maturity
stage. If a deficit occurs then the percentage
ratio of the water deficit (WD) and the total
water requirement of the crop is calculated and
subtracted from the index value obtained at the
end of the preceding week. In this study, for
groundnut crop, if a surplus of more than 100
mm occurred in any week during the pod filling
and maturity stage as suggested by Frere and
Popov (FAQ, 1986), the index was reduced by
3 units for the particular weck. Thus, the WRSI
was calculated for successive weeks of crop
growth period from sowing to harvest.

Sowing weeks in the different years were
identified when rainfall exceeded the es-
timated water requirement of the crop in the
same week for individual rainy season and a
single fixed calendar week was not taken as the
starting point. Weekly WRSI values were es-
timated for each growing season for the data
period. The optimum value of WRSI below
which the yield of groundaut would be less than
the average was obtained by using a graphical
method proposed by Azzi (1956).



Table 1.

Station : Junagadh
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Computerized work sheet sample for crop water balence method (Frere and Popov, 1979)

Crop : Groundnut

Year : 1985 Field Capacity : 100 mm
WK RF KC RAD WR RE-WR RS 8D WRSI
28 40 040 308 12 28 28 0 100
20 75 0.40 08 2 63 % 0 100
30 30 0.40 16 13 17 100 7 100
3 82 040 294 12 70 00 . 7 100
E?) 19 040 ns 13 é 100 6 100
3 19 0.70 308 2 3 97 0 100
EY) 15 0.7 329 px; 8 89 0 160
35 3 0.70 399 3 28 & 0 100
36 s 0.70 350 25 20 45 ) 100
¥ 10 0.85 343 29 19 2% 0 100
38 17 0.85 357 g 13 12 0 100
39 0 © 08s 420 36 36 0 23 94
40 0 0.65 33 2 22 0 2 88
M 0 ess 3.9 2% 2 D 26 81
42 0 0.65 434 28 28 9 28 73
43 0 0.65 441 29 .29 0 .29 65
315 568.4 360

WK = Week Number, RF = Rainfall, KC = Crop Coefficient,

RAD = Reference Evapotranspiration by Radiation method

WR = Water Requirement,
Rs = Soil moisture storage
RE-WR = Rainfall minus water requirement,

S/D = Storage for positive values, Deficit for negative values,

WRSI = Water Requirement Satisfaction Index.

RESULTS AND DISCUSSION

The mean weekly rainfall at Junagadh is more
than 25 mm during the period for 25th 1o 38th
week (18th June to 23rd September). The
growing seasonal rainfall for groundnut, based
on the actual commencement of the sowing
(early, normal and late categories) along with
yield and WRSI is shown in Table 2. Based on

the relationship between rainfall and estimated
water requirement (RF > WR) the commence-
ment of the growing season was identified and
classified as early (23-24 weeks) normal (25-26
weeks) and late (27th week and beyond) to
distinguish different rainfall patterns. The
average rainfall for the 16 week growth period
of groundnut during the years 1965-1989 is
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842 4 mm with a cocfficient of variability of 63
per cent.

The average productivity of groundnut
(Table 2) for the period 1965-1989 was 993
kg/ha with a cv of 63%. However, the highest
average yield (1156.4 kg/ha) was recorded
when the growing season commenced during
25th to 26th weeks which is also locally con-
sidered normal for sowing operations. The
carly commencement of growing season has
higher WRSI value (90.6%) with higher
seasonal average rainfall (1113 mm), but the
average yield is lower than those in the years
with normal sowing period. The decrease of
yicld in the seasons with early commencement
of the growing season is attributable to higher
than seasonal average rainfall which is con-
sidered detrimental to groundnut crop due to
water logging. During the years when the grow-
ing season commenced beyond 27th week on-
wards (in the late sown years) the average yield
fell below 25 per cent of the normal produc-
tivity. Fig.1 indicates the optimum value of
WRSI to obtain more than average produc-
tivity of groundaut (89 per cent). The WRSI
was below optimum in 6 out of 8 years with late
commencement of growing season whereas in
the nine years when the commencement of
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growing scason was normal (25th and 26th
weeks), only in two years it was below optimum.
Higher average yields with optimum WRSI
values and highest probability (60%) of getting
above-average vields (and also with the lowest
probability of getting below 75% average
yields) corresponds to the years when the
growing season commenced in the 25th and
26th standard weeks (Tables 3 and 4).

For the total growing season, the index
was found to be less than optimum in 9 out of
25years. Itis significant to note that it fell below
the optimum valve during grain filling and
maturity stage in 7 out of 9 years. Therefore,
the risk of getting below average productivity
increases with delay in the commencement of
growing season as summarized in Table 3.

The relationship between the value of
WRSI at the end of the growing season {X} and
yield of groundnut (Y) was worked out (Fig.2)

and found to be of the form ;
X
Y= (AX + B)

Where A = -0.002079 and B = 0.281. The R?
value was found to be 0.90 (significant at 1 per
cent level) indicating that the correlation be-

Table3.  Effect of commencement of growing season on getting below optium water requirement
satisfaction index during different phenophases of groundnut
. C;Jmmcncemcnt No. of years No. of years with WRSI falling below optimum value during phases
of growing seaso
g n  of occurrence P1 P2 3 P4 Toxal
Earty 8 . 1 0 0 1
Normal 9 . 1 1 2
Late 8 . . . 6 6
Total 25 . 1 1 7 9
P

= Germination and flowering phases for S weeks; Pz = Pegging for 4 weeks;

P3 = Pod development for Jweeks; Ps = Pod filling and maturity for 4 weeks
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Fig. 2. Water Requirement Satisfaction Index and productivity.
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Tabled. Observed, Estimated Groundnut yields (g/ha), Water requirement satisfaction index (WRSI)
and Error values for different growing seasons
Category of Yreid (g/ha) )
sowing period year Sowing week  WRSI Observed Estimated Error
Early 1568 23 100 8.87 13.67 -4.80
{23-Z4thstandard 1073 2 100 ~ 12.20 13.67 .47
week) 1977 24 100 12.37 13.67 130
1980 px) 100 1236 13.67 .21 '
1983 2% 100 8.46 12,67 52 i
1984 L4 100 1182 1367 -1.85
1987 24 2 1.32 149 017
1989 23 93 1334 10.61 +2.53
Normal (25-26th 1967 26 29 9.64 927 +037
standard week) 1970 26 100 13.19 1367 048
1971 26 99 . 12.54 13.17 0.23
1972 - 26 41 2.64 200 +0.52
1975 25 100 14.12 13.67 +0.44
1976 5 100 1343 13.67 028
1978 25 100 14.66 13.67 +0.98
1979 25 P 941 11.38 197
. 1986 2 77 14.07 637 +7.70
Late 1965 2 62 4.76 a07 +0.68
(27th standard 1966 29 I 6.56 676 0.20
weckomwards) o0 2% 85 8.38 445 +392
1974 28 78 437 6.56 219
1981 28 92 10,80 10.25 +0.55
1982 27 Co83 757 765 0.08
1985 28 65 3.55 445 0,99
1988 27 100 17.63 1367 +395

tween the observed and the expected yields
nsing this refationship is as high as 0.95.

Table 4 shows the observed and es-
timated yields of groundnut together with
WRS! and error values for the groups of years
with early, normal and late commencement of
rainy season. These results indicate reasonable
agreement between observed and estimated
groundnut yields. Hence from the above study

it is observed that the concept of WRSI can be
used to assess the comniencement of growing
season and to quantify the predicted crop yield
level successfully, as 90 per cent of the variation
in the yield of groundnut could be explained
even by adopting the district average yield data
as used in the present study. The advantage of
this method is that as the season progresses, at
the end of every week, using real time data on
rainfall, the calculated WRSI provides suffi-
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cient indication of the yield level that one couid
expect i any season. N
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POPULATION DYNAMICS OF LINSEED BUDFLY
Dasyneura lini BARNES (DIPTERA : CECIDOMYUDAE)
ON LINSEED (Linum usitatissimum)

NIKHIL SHRIVASTAVA, O.P. KATIYAR, 5, SHRIVASTAVA and S.B. DAS
Department of Entomology, College of Agriculture JN.K.V.V., Jabalpur - 482 004 (M.P.)

N
ABSTRACT

Population dyaamics of linseed budfly on variety ‘neefum’ indigated that the climatic factors such as

average temperature and morning relative humidity % had direct cffect on maggot population.

Keywords : Popultion dynamics; Linseed; Bud(ly.

INTRODUCTION

Linseed is one of the important oilseed crops,
cultivated in North and Central India,and
Madhya Pradesh ranks first in area and
production but is poor in yield porential
{Anonymous, 1985). One of the reasons for low
ytelds is due to the insect pest damage. The
linseed budfly Dasyneura lini Barnes is the
most injurious oue out of all the pests. It ap-
pears regularly and causes moderate to severe
damage to the extent of 80 per cent (Gupta,
1955; Anonymons,1957) and yield losses to the
~ extent of 150 kg/ha (Katiyar and Shrivastava,
1985).

Tharough study of factors responsible
for population build-up of budfly is required
for prediction of the occurrence of the pest.
The present investigation on population
dynamics was taken during the active season to
knowthe peak period of D. lini and its correla-
tion with weather parameters.

MATERIALS AND METHODS

To study the population dynamics of the pest,
observations were recorded during Rabi

seasons of 1984-85 and 1985-86 oan cultivar
‘Neelum’ sown in an area of 20 x 16 m? and the
mean of 2 years is used for analysis. Daily ob-
servations were taken on 25 randomly plucked
buds. Each bud was split open separately to
count the number of maggots present in each
bud. Observations were continued till the mag-
gots were mot available any more. Average
weekly counts of maggots were calculated from
3rd standard week (15th to 21st January). Cor-
responding weekly record of meteorolgoical
parameters on population dynamics of budfly
was studied by graphical superimposition tech-
nique. Further, path coefficient analysis was
carried out nsing the method proposed by
Dewey and Lu (1959) and Wright (1921).

Path coefficient is a standardized partial
regression which measures the direct influence
of one variable component on another variable
and partitions the correlation coefficient into
components of {a) direct and (b) indirect ef-
fects. The unexplained residual variation was
calculated by the formuja:

Residual Factor (R) =v1 =X dir;

Received for publication on March 21, 1993,
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Where :
dij = direct effect of ith character.
rj = Correlation coefficient of ith character

with the jth dependent character.

RESULTS AND DISCUSSION

The first appearance of the pest was noticed on
14th Janvary during 1985 and 20th January
during 1986 which continued upto 22nd March,
1985 and 27th March, 1986 respectively. Its
peak activity based on maggot population was
observed during third to tenth standard week
(i.e. 3rd week of January to 2nd week of
March). During this period the minimum,
average and maximum temperatures ranged
from 11.1t0 16.3° C, 18.41t0 23.8° Cand 25.2 to
31.2° C respectively (Figure 1). Morning,
average and evening relative humidity
recorded ranged from 86 to 93 per cent; 62.5 to
78.0 per cent and 38.0 to 65.0 per cent respec-
tively with a rainfal! ranging from 0 to 87.4 mm.
Hence combination of minimum and average
temperatures (11 and 23° C respectively) with
morning, evening and average relative
humidity (86, 62 and 41 per cent respectively)
and rainfall (18 mm) which coincided with the
proper stage of bud formation of the crop ap-
peared to be congenial for budfly infestation.
Rainfall seemed to play a little role in favouring
the pest.

 The present findings are in accordance
with that of Sood et al. (1981). He also reported
that higher level of infestation is preceeded by
maox]mum and minimum temperatures of about
23" Cand 14° C respectively.

The estimates of simple correlations
Tevealed significantly positive correlation of
Maggot population with evening RH (0.7694),
average RH (0.7490), minimum temperature
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(0.7058) and maximum temperature {0.6856).
Where as rainfall exhibited non-significant
positive relationship with maggot population.

Maggot population is influenced both
by biotic and abiotic factors. The various
abiotic components studied influences the
maggot population and estimates of simple as-
sociation among its components do not provide
real picture becanse these components are
inter-related. The path coefficient analysis 1s a
more realstic approach.

The estimates of path effects given in
Figure 2 showed that the direct effect of maxi-
mum temperature on its correlation with mag-
got population was very high and negative
(-13.532). However, it had maximum positive
but indirect effect on maggot population via
average temperature (6.853) which was fol-
lowed by morning RH (5.345), minimum
temperature (3.580), average RH (2.068) and
rainfall (0.00501). Its contribution through eve-
ning RH was negative (-3.639). Minimum
temperature had a positive direct effect on its
corrclation with maggot population (3.659).
Indirect effect of this trait via maximum
temperature and evening RH was negative.
The direct effect of average®emperature on
maggot population was highest and positive
(6.868). Its indirect effects via minimum
temperature, morning RH, average RH and
rainfall were positive but via maximum
temperature and evening RH it was negative.

Morning RH also had positive and
direct contribution to maggot population -
(5.562). Its indirect effect via maximum
temperature and evening RH were negative.
Evening RH had negative, direct contribution
(-4.065) to maggot population. Its indirect ef-
fects via all the parameters studied except max-
imum temperature were positive. The direct
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effects of average RH and rainfall to their cor-
relations with maggot population were positive
(2.184 and 0.012 respectively). The indirect ef-
fects of average RH via all the parameters
studied except maximum temperature and eve-
ning RH was positive. Similar magnitudes of
direct and indirect effects of rainfall via
parameters studied were also noted.

The residual effect for the path was of
very low magnitude (0.3924) suggesting that
the parameters studied are sufficient to express
the relationship with maggot population.

LITERATURE CITED

Anonymous 1957. Review of the results of research from
schemes financed by Indian Central Oulseeds Com-
mittee. Indian Qilseeds J. 1 :163 - 180.

Anonymous 1985. Area and production of principal crops
in India. Government of India, Ministry of Agricul-
ture, New Dethi.

Journal of Onlseeds Research

Dewey, D.R. and Lu, K.H. 1959. A corrélation and the,
coefficient analysis of components Of crested whey
gross seed production. Agronomy . 57 :515-518,

Gupta, R.L. 1955. Linsced gall fly Dag/reura fini Barme
and its control. Proc. of Ind, sci, CONgress Assoc.4)
(3) : 264 and 381 (Abstracts, part 111, 1955).

Katiyar, O.P. and Shrivastava, N. 1985- "Studies on in
mechanism of resistance of linseed to budfy,
Dasyneura lini Barnes”. Annual Progress Repon,
No. 3, pp. 1 - 49, Depti. of plant Breeding and
Genetics, J.NK.Y.V,, Jabalpur.

Sood, N.K., Pathak, $.C. and Pathak, Era. 1981. Relation.
ship of temperature parameters tO the extent of
infestation by linseed budfly Dasyftewra lini Barnes.
India J.PL Prot. 9 (2) - 137 - 140,

Wright, §.1921. Correlation and causation- /. Agric. #es.
20: 557 -587.



3. Oilseeds Res. 11(2) 1994 : 165-169
ISSN (970-2776

SUITABILITY OF CROP-WEATHER RELATIONS FOR
SUNFLOWER PRODUCTION DURING Kharif
SEASON AT RAICHUR

P.S. KAVI, Y.B. PALLED, B.K. DESAI and K. MANJAFPA
College of Agriculture, R.R.S. Raichur, Karnataka, India.

ABSTRACT

Based on the recent thirty-years standard week-wise climatic data pertaining tokharif season at Raichur,
the suitability of different sowing weeks for maximum sunflower production has been studied. The
period from 28th to 301h standard weeks is the most suitable, as this period coingides favourably with
different stages of crop.growth from sowing to seed setting and harvesting.

Keywords: Standard-week; Climatic data; Suntflower; Crop production.

INTRODUCTION

Sunflower (Helianthus annuus L.)is one of the
important oilseed crops, occupying increasing-
ly larger arcas under dryland agriculture in
Raichur region in recent years. Being a
photoinsensitive and temperature responsive
crop, it is generally sown, in this region from
early June to late October, using different
varicties. Some attempts were made (o study
the regional weather data relating to perfor-
mance of crops and cropping systems by
several workers (Kavi et al., 1990; Buddar and
Gopalaswamy,1988). Robinson (1973} ob-
served that critical period of moisture require-
ment for better seed yield starts about 20 days
before flowering and continues up to 20 days
after flowering stage. In this study, an attempt
has been made to analyse different standard
week-wise weather parameters of Raichur
feglon so as to find out a suitable time of sowing
t0 maximise sunflower production.

MATERIAL AND METHODS

The climatic data recorded at the agro-
meteorological observatory of Regional Re-
search Station, Raichur during the recent thirty
years period (1960-91) has been used in the
present study. Standard week-wise mean
values of various parameters like amount of
rainfall, number of rainy days, maximum
temperature, minimum temperature, duration
of bright sun-shine hours and the amount of
cloudiness have been determined using daily
recorded data. Different phenological phases
like the establishment (1-15 days), vegetative
stage (16-40 days), budding stage (41-70 days),
flowering (71-85 days), seed development and
setting {86-105 days) stages have been worked
out based on sowing times for diferent stand-
ard weeks. Then considering the above men-
tioned normal climatic parameters during each
of these standard weeks of kharif season (25th
to 39th standard weeks), their suitability has
been assessed. .

Received for publication on June 16, 1993,
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RESULTS AND DISCUSSION

- The data based on recent thirty years as normal
clirratic parameters during different standard
weeks are provided in Table 1. The prevailing
normal rainfall {mm) and the number of rainy
days as influenced by different weeks of
prospective sowing at various crop growth
stages is presented in Table 2. It is clear from
Table 1 that a total rainfall of 584.7 mm is
received from June to December(25th to 52ad
standard weeks) with 36.6 rainy days. Septem-
her (more precisely 39th stndard week) is the
peak rainfall month, as it belongs to mono-
modal type rainfall, followed by smaller peaks
during July and August. The amount of rainfall
decreases from second fortnight of October to
December {(42nd to 52nd weeks). The maxi-
mum temperature varied from 29.1 t0 36.1° C
and the minimum from 15.1 t0 23.9° C between
June to December. The cloud amount ranged
from 5.1 t0 6.3 oktas during June to September,
and thereatter it decreased.

I sunflower is sown during 25th stand-
ard week (June third week), the crop in general
faces moisture deficit during its establishment
stage. The average rainfall during this period
being only 67.0 mm, which is not sufficient to
wet the soil profile. This also coincides with
high value of maximum temperature of 35.7°C

During 26th week, the normal rainfai}
receivable is 72.5 mm, whereas the cumulative
rainfall is 139.5 mm. The quantity of rainfall
received is quite adequate for better estab-
. lishment of the crop, which is further blessed
with reduced maximum termperature of 33.9°
C. It is clear from the data of this week that the
critical stages of crop-growth usually ex-
perience moisture stress and therefore sowings
during this standard week are not appropriate.

Journal of Qilseeds Research

If the crop is sown during 27th standa;’
week, on an average it gets 85.7 mm of rainfy)
in 5.6 rainy days with cumulative rainfy)
amounting to 224.9 mm. This is sufficient fy
the successful establishment of the crop and g
obtain a good crop-stand. But considering th
successive stages like vegetative, budding,
flowering etc., the meteorological condition
like rainfall, number of rainy days, the cloud
amount, the maximum and mininum tempera-
tures, sunshine hours etc., are not s
favourable.

The crop sowa from 25th to 27th stand-
ard weceks is likely to be affected by the high
amount of cloudiness during its flowering and
seed setting stages thereby resulting in reduced
yields as reported by Puech ef al. (1975).

When the crop is sown between 28th to
30th standard weeks, it receives fairly good
amount of rainfall during almost of all its crop
growth stages, particularly so from flower in-
itiation to seed development stage. The critical
period of adequate moisture requirement for
better sunflower yield has been reported to be
the period from 20 days before and an equal
number of days after the flowering (Robellion,
1967 and Robinson, 1973),

For all the crop-growth stages within the
above mentioned weeks of sowings, the max-
mum temperature remains around 32.0° C and
the minimum temperature varies between 20.6
to 22.7° C, The duration of sunshine hours
ranges from 6 to 8 hours per day in different
crop growth stages, which is quite adequate. If
the normal rainfall occurs as expected, there
will be no moisture stress for the crop during
the critical period as mentioned above.

If the sowings are delayed beyond 30th
standard week, the crop suffers from severe
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moisture stress, particularly during flowering
and seed development stages if it is to depend
only on rainfall. Since the rainfall declines very
sharply from 41st standard week, the sub-
sequent plant growth stages starting from bud-
ding itsclf, then flowering, seed development
ctc., all of them will be adversly affected resutt-
ing in the decreased yield.

It is therefore clear from the above that
the normal prevailing climatic conditions of
Raichur region during 28th to 30th standard
weeks are very much conducive for sowing of
sunflower crop for maximum production.
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STABILITY FOR YIELD AND YIELD ATTRIBUTING
CHARACTERS IN SESAME UNDER RAINFED CONDITIONS

AK. VERMA and JAY LAL MAHTO
Department of Plant Breeding and Genetics, Birsa Agricultural University,
Ranchi 834 006, Bihar

ABSTRACT

Sixteen genotypes of sesame (Sesarnum indiciom} were studied for stability parameters with respect to
vield and yield attributes, Genotype X environment interaction was significant for all the characters. TC
326 was the most stable genotype among the five stable genotypes viz; TC 326, TC 25, CMT 11-6-5, RT
§7 and OMT 34 for all the characters except number of branches/plant. On the pasis of eavironment
indices, environment 1 {monsoon 1989} was the most favourable for expressian of all characters. No
correlation among the three stability parameters was observed for any characté?- It is proposed to
consider all the three parameters while breeding for stable varieties of sesame.

Keywords : (Genotype x environment interaction; Environment index; Stability.

INTRODUCTION

Tsarnt 1 {he majos tilsred wxop of Chotanag-

pur and Santhal Paragnas in Bihar. There bas
been large fluctuations in yield of this crop
within the state. One of the reasons seems tobe
the sensitive behaviour of varieties to different
growing seasons/ conditions. Breeding
varieties for different regions of predictable
environmental conditions or identifying stable
varieties over environments are the solutions to
exploit the G x E interaction. The information
on stability of the crop varieties is very impor-
tant for breeding and cultivation point of view.
The differential response, if any, of some of the
promising lines to environmental changes with
respect to yield and maturity were evaluated in
the present study. The rainfall was wide spread
and intermittent during the crop growth period
of sesame in monsoon 1989, which favoured the
crop growth of sesame.

MATERIALS AND METHODS

The vsperimontal m¥asial conprisrd 16
genotypes of sesame sown in a Randomised
Complete Block Designt at experimental area
of Birsa Agricultural University, Ranchi. Six
rows of 4 m length of ¢ach treatment were sown
during four subsequent mMonsoon seasons
(1989 to 1992) under rainfed condition, at 30 x
10 ¢m spacing. All the recommended
agronomical practices were followed. Obseva-
tions on yield and yield components (Table 1)
were recorded on five randomly selected com-
petitive plants. Statistical analysis was done as
per Eberhart and Russell (1966).

RESULTS AND DISCUSSION

The mean squares du¢ to genotypes and en-
vironments were significant when tested
against pooled error and pooled deviation for
ajl the traits, indicating genotypic as well as

Received for publication on August 27, 1993,
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seasonal variation for all the characters. The
mean squares duc to G x E interaction were
highly significant for all the characters when
tested against pooled error, but when tested
against pooled deviation, mean squares were
significant only in the case of days to maturity.
Kumar (1988) observed significant G x E inter-
action for plant height, days to maturity, pum-
ber of pods on main shoot and seed yield /
plant, and Rathnaswami and Jagathesan (1982)
and Moheim Bobn Faith and Mohmoud (1987)
also reported similar results. Henery and
Daulay (1987) reported similar results for seed
yield. It may, therefore, be inferred that the
genotypes interacted considerably with en-
vironment in the expression of all the charac-
ters. However, the magnitude of interaction
was higher in the case of maturity than in vield,
Highly significant mean squares due to en-
vironment (Linear) for ail characters except
number of branches/plant, were noted indicat-
ing considerable differences among emviron-
ments and their predominant effects on all
characters except number of branches per
plant, Henery and Daulay (1987) reported that
linear and non-linecar components were sig-
nificant for seed yield. The linear component
of G x E interaction was significant for all traits
except number of branches per plant, when
tested against pooled error but was non-sig-
nificant when tested against pooled deviation.
Pooled deviation was significant for vield, thus
G x E interaction was significant for all traits
€xcept number of branches per plant, when
ti?sted against pooled error but was non-sig-
nificant when tested against pooled deviation.
Pooled deviation was significant for yield, thus
G x E inferactions were linear for plant height,
number of capsules per plant, days to maturity
a{ld sced yield, but the genotypes differed sig-
D}filzantly with respect to their stability for
yield.
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In case of seed yield, both b and § 2g;
were significant in most of the genotypes, sug-
gesting that both linear and non-linear regres-
ston accounted for G x E interactions in all
genotypes (Table 1). The linear regression ac-
counted for interactions in RT 35 and OMT 10.

The b; values and 5 ¢ di were significant in
genotypes Kanke white, OMT 11-6-3, RT 167,
TC 407, TNAU 28, BT 9-4-1 and Krishna, sug-
gesting that both linear as well as non-linear
components were responsible for G x E inter-
action and linear regression accounted for the
remaining genotypes. Among the 16 genotypes,
RT 57, TC 326 and OMT 11-6-5 were the
strains with above-average performance,
average response and average stability for
vield, while all other genotypes were highly
unstable. The genotypes TC 25 and OMT 26
showed their suitability for favourable environ-
ment. The most stable genotype was OMT 11-

6-5(3%d; = 98.87).

For plant height, the b; values were sig-
nificant in genotypes OMT 11-6-3, RT 167,
OMT 10, OMT 11-6-5 and BT 9-4-1 showing
their suitability under favourable environment.
Kanke white, TC 25, OMT 34, OMT 26, TC
326, TNAU 28 and Krishna were stable
genotypes with average performance . The
remaining genotypes were unstable with
average performance and average response.
The most stable variety is Krishna (3?2 di =
5.19) with respect to plant height.

The b; values were significant in all
genotypes for the number of branches per
plant, except OMT 26, RT 167, TC 407 and BT
9-4-1, expressing their ability to do well in
favourable environments. The genotypes, TC
25, OMT 11 and Krishna were stable genotypes
with average performance and also responding
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in respect of number of branches per plant.
The most stable genotype is TC 25 (§2 d =
0.02).

With respect to days to maturity, the b;
values were significant in genotypes OMT 11,
TNALU 28 and Krishna, indicating their
suitability for favourable environments. Most
of the genotypes were stable with average per-
formance and also responding in respect to
maturity. The most stable genotype is OMT

11-6-3 (82 di = 0.07).

In case of number of capsules per plant,
the b; values were significant for genotypes
Kanke white, OMT 11-6-3, OMT 26, OMT 10,
TC 407, OMT 11, TNAU 28, BT 9-4-1 and
Krishna, showing their ability io do well in
favourable environments. The genotypes, TC
25, OMT 34, RT 57, RT 167, RT 55, and OMT
11-6-5 were stable with average performance
and also responding to number of capsules per

plant. The most stable genotype is RT 167 (§2
d; = 7.46).

Carrelation coefficients among the
stability parameters, X, bjand S° d;  indicated
that there was no significant association among
these parameters (Table 1). It was, therefore,
suggested that all the three stability parameters
shauld be taken into account, while breeding
for stable varieties of sesame. The use of mean
values, as advocated in some crops, for judging

the stability of varieties may not be useful in
sesame,

TC 25, OMT 11-6-5 and OMT 34 were
stable for sced yield, plant height, primary
branches per plant, days to maturity and num-
ber of capsules per plant, TC 326 was stable for
all characters except number of capsules per
plant whereas RT 57 was stable for seed yield,
bumber of branches per plant, days 1o maturity
and number of capsules per plant. Labana et !,
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{1980) in Indian mnpstard, Singh and Gupta
{1984) and Kundu and Khurana (1991) in toria
and Osman (1994) in sesame also identified
stable genotypes for seed yield and days to
maturity. Verma et af,, (1994) also reported
stable genotypes of toria for number of secon-
darybranches per plant, number of siliquae per
plant, number of seeds per siliqua, days to
maturity and seed yield.
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GERMINATION OF SAFFLOWER (Carthamus tinctorius L.)
SEEDS AS INFLUENCED BY SOIL MOISTURE AND
DEPTH OF SOWING

1

P.G. PATEL and Z.G.PATEL

Dcpartmenl- of Agronomy, N.M. College of Agriculture, Gujarat Agricultural University,
: NAVSARI - 396 450

ABSTRACT

Field experiment conducted at the N.M.College of Agriculture Farm, Navsari during the rabi season of A
1992-93 and 1993-%4 revealed that safflower sceds sown at 100% ASM (ficld capacity) with 2.5 t0 5.0

cm depth gave higher percentage of germination and field emergence. Decreasing soil moisture below 4
100% ASM siguificantly decreased the germination percentage, Germination of seed sown at 40% ASM

drastically

reduced (13.71%) in clayey soils of south Gujarat,

Keywords : Saffiowes; Germination percentage; Available soil moisture; Depth of sowing,

INTRODUCTION

Safflower (Carthamus finctorius L.) is a winter
annual oilseed crop recently introduced in
south Gujarat. The crop suffersin gcn_njnation
because of its hard seed coat. Low yields are
reported mainly duc to poor gcrn?inatiofl
resulting in inadequate plant p0pulatlo'n. Soil
moisture and depth of seeding are the impor-
tant factors governing the germination and
plant stand for realizing maxmum yeld potc:?-
tial. Keeping this in veiw the present experi-
ment was planned to find out appropriate soil
moisture content at SOWIng and suitable seed-
ing depth for optimum germination of saf-
flower seed.

MATERIALS AND METHODS

A micro-plot field investigation on safflower
variety ‘Bhima’ was conducted during ths rabi
scasons of 1992-93 and 1993-94 at the N.M.Col-
lege of Agriculture Farm, Navsari. The experi-
ment was laidout in a Split Plot Destgn keeping

four soil moisture regimes 40, 60, 80, and 100
% available soil moisture (ASM) as main plots
and three depths of sowing ( 2.5, 5.0, and 7.5
cm) as sub-plots with four replications. The soil
of the experimental plot was clayey in texture
having 0.70% organic carbon, 23.17 kg P20s /
ha and 341 kg Kz O/ha with 7.8 pH. The field
capacity, permanent wilting point and bulk
density of the soil were 32.20%, 18.70% and
1.40 g/cc, respectively. Soil samples were
drawn from 0-15 cm depth for soil moisture
studies at an interval of 24 bours so that par-
ticular moisture regimes could be maintained.
"Two hundred seeds were sown in each plot (2.5
m x 1.0 m). Emergence counts were recorded
after cight days and repeated every day till
complete germination and emergence ob-
tained for two consecutive days. The days (o
emergence and germination rate were calcu-
lated by dividing the number of seedlings
emerged at cach counting by the number of
days the seeds remained in soil as suggested by
Dabhiya et al. (1985).

Received for publication 08 November 12, 1993,
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RESULTS AND DISCUSSION

The data on emergence per cent of safflower
as influenced by different levels of ASM are
presented in Table 1. The emergence per cent
was significantly influenced by ASM during
bath the years and in pooled results. Data fur-
ther indicated that during 1992-93 100% ASM
at the time of sowing gave significantly higher
emergence per cent 73.83, 87.00 and 91. 25 at
8, 11 and 14 days after sowing, respectively.
However, during 1993-94 and in pooled
analysis, 100 and 80% ASM rcmained at par
but found significantly superior to 60 and 40%
ASM at 11 and 14 days after sowing. Mishra et
al. (1992) also obtained better emergence of
safflower under field capacity conditions. In
pooled analysis, it was further observed that
with decrease in ASM, the seedling emergence
decreased significantly on 8th (72.17 to 342

%), 11th (85.88 to 8.589%) and 14th day (91.29

to 13.71 %) after sowing, as the ASM
decreased from 100 to 40 per cent. Significantly
lowest emergence per cent was recorded with
40 % ASM during both the years as well as in
pooled data. The rate of soil water movement
would be too slow at low level of soil moisture
to supply adequate moisture to the seeds to
initiate sced germination as reported by Rao
and Gupta (1976). A progressive decrease in
seedling emergence with decreasing soil water
potential for wheat, gram and safflower was
also reported by Singh ef al. (1983).

The emergence rate was significantly in-
fluenced by ASM during both the years and in
Pooled results. Data presented in Table 2 indi-
cated that during both the years as well as in
Pooled analysis, 100% ASM at the time of
Sowing recorded significantly highest cmer-
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gence rate while the lowest rate was recorded
with 40% ASM.

Effect of Depth of Sowing

The results presented in Tables 1 and 2 indi-
cated that emergence per cent and emergence
rate of safflower seeds differed significantly
due to different depth of sowing during both
the years and also in pooled analysis, During
the first year, emergence per cent (61.75%)
and emergence rate (4.41 %) was maximum at
5.0 cm depth of sowing but it remained at par
with 2.5 em depth. In the second year and in
pooled results, significantly highest emergence
per cent (65.25 and 63.50%) and emergence
rate (4.55 and 4.48) was recorded at 5.0 ¢m
depth of sowing, respectively. The results was
in accordance with the findings of Mahapatra
et al. (1975). Minimum values for these
parameters were recorded with 7.5 cm depth
of sowing during both the years as well as in
pooled results, probably due to poor aeration
at deeper layer.

Interaction effect af ASM x Depth of sowing

Interaction between ASM and depth of sowing
presented in Table 3 indicated that significantly
maximum seedling emergence of 9588 and
95.38 per cent and emergence rate /day of 6.85
and 6.81 were recorded at 100% ASM with
both 5.0 and 2.5 cm depths of sowing, respec-
tively. However, the lowest emergence of 8.38,
14.38 and 18.38 % and emergence rate/day of
0.60, 1.03 and 1.31 were recorded at 40% ASM
in combination of 2.5, 5.0 and 7.5 cm depth of
sowing, respectively. The seeds could ger-
minate little more at lower depth (7.5 cm) as
compared to 2.5 and 5.0 cm depth of sowing at
lower soil moisture (40% ASM) probably due



8T 744 ors 6+ 9 ELL 9y rAY SN %BE W qD

set wi 6Ll 891 LTT 9T e 68’1 wT Fwygg
(axpW) uopdeIayH]

..nc w6l 0T ST Ve oI’ 98¢ 80'¢ SL'C £SC %51 D

M 90 wo 06'0 ¥80 801 €T o1 $6°0 1Tl F wyg's
me Y688 0508 £l6e e 95°1e 9Lt 9eLE badiid 69°0t W g7 =41
.m 069 Ie'Ls U9 STSY [Ny sELY SL19 12829 vo'rt un g¢=1a
".m 9609 €595 £LY 1A A 0s°LS 8ELY 0068 9SS SB'LY un ¢z=1g
,.M o . Fuymog yo tdag

= oLzt ¥301 5T 2404 W SEE wtv SLC LTy WS gD

m (x5 1£2 80 £8°0 9L'0 01 6e'l 980 1 Fwy's
= 1LEl 88 e L1 80°6 i 4 sTst 80'8 $TT WSV 2%0b= W
SLYS 9% 6Tve , £9LS oy LIRSS LS (LUR3 4 BCEE WSV %09 =W
T8 Gt'8L £ELY 688 4 443 £C99 BS'6L 0SvL £E89 WSY %08 =N
6716 95°s8 LUeL 59 €. SLYS 0s°0L sTi6 0048 E8EL WSV 2001 = T
. Buymos 1& (3) 2mysjom og

¥l A 8 ¥l 11 8 4! 11 8
Fulmos 10138 shegy Sumos 1a1Je skecg Fuimos 129)e skeq
Pajoed 6 €661 £€6-2661
sdejusnlad uoneururan sjuaneary,
2

Bumos Jo dop pue Furmos 38 ainyS|ou [10S I|qE[I€AR £ PIDUINFUI SB SPIIS Jamo(ijes Jo 1uad 1ad uopysuimaen [ I|QEL



177

P.G. Patel and Z.G5. Patel

L7 LED ¥9'0 se0 LSO 90 o 0s0 SN (%S D
oro £ 70 FAR ] 610 €0 s1'e LE0 0£°0 Fuygs ’

((@X) gopdwanu]

1o 810 €0 810 820 80 0 g0 o %S 18 AD

00 LOO o 90'q are LT'D 800 600 ST0 Fuwgsg
ST 65v 68 a4 69y oLy ity ar'y 60'S uwr L= €q
8y s LS 1S9 4 8¢S 66 344 N34 ws w2 Fe=1g
§Tr LO'S 95'S 'y ors 6'S 1T¢ oS 66'S w ez=1q
Bupmog Jo mdag

$9°0 ST'0 1E0 610 o wo e sca £5°0 %S (TD

10 oo 110 %00 L00 £1°0 ato 800 Lo Fugs
860 8L'0 £ro L8O £8°0 8<0 80’1 L0 87°0 WSV %0v= YN
16€ 0Ty 6TY ey 6ty 9 4 89¢ 16 0Ty WSV %09 =t
i8¢ 269 s S6'S AN'L 678 896 L9 1% WSV %08=IN
59 18°L w6 59 oLL 88, 159 16L €6 NSV %001 = TN
_ Supmos 1e (%) smysiowm [jog

¥l 11 8 ¥1 1 8 14! 11 8
Juwmos aoje sdey Fumos 1ayJe sleq Suwmos 1a1Je sdeqy
pjood Po-E661 £6-T661
31BI UOHBUNLISN SUIEEILS

Buimos Jo 1dap pue Jumos 18 3INISIOU [10S I|qETBAR £G PIOTIN[JU] S& SPIIS JIMOYES JO MBI HOPVUJaLIas) 7 QUL



178 Journal of Qilseeds Research

Table 3. Interaction effect of available soil moisture at sowing and depth of sowing on final emergence
and emergence rate of safflower (Pooled data of 1992-93 and 1993-94)

soil Emergence per cent Emergence rate/day
Moisturee Depth of sowing, cm Depth of sowing, cm

(%) 25 5.0 15 25 540 15
100% ASM 9538 95.88 82.63 6.81 6.85 590
80 % ASM 87.25 88.38 7713 6.23 6.31 551
60 % ASM 5125 55.38 57.63 3.66 3.95 4.12
40 % ASM 8.38 14.38 18.38 0.60 1.03 131
S.Em = 1.35 0.10

C.D. at 5% 3.84 0.27

to early drying of shallow soil surface as com-
pared to deeper layers.
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ASSESSMENT OF YIELD LOSSES IN YELLOW Sarson DUE
TO MUSTARD APHID, Lipaphis erysimi (KALTENBACH)

C.PSINGH and G.C, SACHAN
Department of Entomology, College of Agriculture, G.B.Pant University of Agriculture &
Technology, Pantnagar 263 145, Nainital (U.P.)

ABSTRACT

Studies on assessment of yield losses of Brassica campesyris yellow sarson var. PYS-6, due (0 Lipaphis

erysimi (Kalt.) revealed reduction in seed yield to the extent of 69.61 per cent in the untreated check
whereas it was 6.35 to 56.91 per cent when aphids were allowed to feed for the period of 20 10 80 days.
Delay in the aphid infestation by one day beyond 45 days of plant age resulted in an increase of 2.245
siliquae and 0.0622 g seed yield per plant and 0.0242 g in 1000 grain weight. On every increase of one
day in aphid exposure, the corresponding decrease was 2.134 siliquae and 0.0611 g seeds per plant and

0.0449 g in 1000 grain weight.

Keywords : Aphid exposure; Lipaphis erysimi; Yield loss assessment; Sarson.

INTRODUCTION

The mustard aphid, Lipaphis erysimi (Kalt.) is
the most serious pest of rapeseed-mustard in
India. The nymphs and adults suck sap from
tender (caves, apical shoots, inflorescence and
siliquae, In case of severe infestation, plants get
withered with poor pod formation resulting in
reduction in seed yieid. Estimation of losses in
seed yield in different varieties of rapeseed and
mustard has been reported (Bakhetia,1984;
Brar et al, 1987, Prasad and Phadke, 1984).
Singhvi et al. (1973) found that mustard aphid
caused 65.7 per cent loss in yield of sarson
(Brassica campestris) whilc Suri et al. {1988)
¢stimated 42.1 per cent loss in yield of brown
Sarson due to mustard aphid. Such information
on yellow sarson is inadequate and hence the
present studies were undertaken to assess yield
losses due to aphid infestation and to establish
the relationship between exposure period to
aphid fecding and yield of the rapeseed.

MATERIALS AND METHODS

Three field experiments were conducted at
Crop Research Centre, G.B. Pant University of
Agriculture and Technology, Pantnagar to es-
timate loss in yield of sarson duc to the mustard
aphid, ‘

The first experiment was laid out in
Randomized Block Design with three replica-
tions during rabi seasons of 1988-89 and 1989-
90. The plot size measured 4m x 3m with row
to row and plant to plant spacing of 45 ¢cm and
15 cm, respectively, There were nine treat-
ments out of which one was maintained as
aphid free (complete protection) and another
as unprotected check. In other treatments, the
crop was exposed to natural aphid infestation,
The aphid infestation started at late vegetative
and flower initiation (45 to 50 days after
sowing) stages of crop growth during respec-
tive years of investigation. The exposure

Received for publicaticn on November 26, 1993
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periods were 20, 30, 40, 56, 60, 70, and 80 days
from the time of occurrence of the aphid. Just
after the expiry of each exposure period, the
aphid population was recorded from 10 ¢cm
terminal shoot of 10 plants selected in each
plot. Thereafter the plots were kept aphid free
by spraying monocrotophos @ 0.04 per cent.

Seed yield was recorded at harvest, The
economics (cost:benefit ratio) was calculated
based on prevailing charges of inputs and price
of output during the years of investigation.

The second experiment was carried out
under artificial infestation in Randomized
Block Design. The plot size was 4m x 3m with
43 cm row spacing and 15 cm plant spacing. Ten
neonate nymphs of L. erysimi from laboratory
reared culture were released on the central
shoot of ten plants in each treatment at 45, 55,
65, 75, 85, 95, 105 and 115 days after sowing,
These plants were kept aphid free by the spray
of monocrotophos @ 0.04 per cent fificen days
before the release of the aphid. Thereafter the
plants were caged with muslin ¢loth and aphids
were allowed to colonize and infect. Each
treatment was replicated thrice. A protected
check was also maintained by spraying
monocrotophos @ 0.04 per cent at regular in-
tervals. The population of aphid was counted
after 125 days of sowing by removing the
aphids, winged and apterous, in a Petri dish. At
harvest, number of siliquac and seed yield per
plant and 1000 grain weight were recorded.

in the third experiment, ten neonate
nymphs of L. erysimi per plant were released
_after 40 days of sowing. Twenty such plants
constituted one treatment and replicated
twice. The experiment was conducted in Ran-
domized Biock Design. The plants were caged
with Muslin sleeves. The exposure periods for
aphids were given 10, 20, 30, 40, 50, 60, 70 and

Journal of Oilseeds Research

80 days. An aphid free check was also main-
tained in the trial, The total number of aphids
from a plant were counted after required ex-
posure period. The plants were then kept aphid
free by spraying monocrotophos @ 0.04 per
cent, as and when needed. At harvest, data
were taken on aumber of siliquae and seed
yield per plant and 1000 grain weight.

RESULTS AND DISCUSSION

Highest seed yield was obtained {rom com-
pletely protected crop during both the years
(Table 1). It was significantly higher than all
other treatments and at par with 20 and 30 days
and with only 20 days exposure period during
first and second year of investigation, respec-
tively. During both the years, the seed yield was
lowest in the unprotected check. On an
average, the yield loss varied from 6.35 to 56.91
per cent in unprotected check. The maximum
cost benefit ratio was obtained at 20 days of
aphid exposurc and later on progressively
decreased at respective exposure periods. The
avoidable losses due to mustard aphid in rai
had been recorded from 57.8 to 80.6 per cent
(Bakhetia, 1984} and from 3.37 to 42.10 per
cent in brown sarson (Suri et al, 1988). The
avoidable loss at 20 days of exposure period
was minimum (6.35%) with highest cost benefit
ratio {1:19.29). Therefore, the most critical age
of the crop is 45/50 days after sowing at which
spray should be initiated to get maximum gains
from the crop.

Under the condition of artificial release
of aphid, the maximum number of aphids were
recorded when the crop was exposed for 80
days. The aphid infestation significantly
reduced the number of siliquae and seed yield
per plant and 1000 grain weight (Table 2). Sig-
nificantly higher number of siliquae (242.27)
and seed yield (7.01 g) per plant were obtained
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Table 1. Avoidable yield losses due to aphid on sarson, PYS-6 under varying natural infestation periods
Aphid Mean' No. of _ Grain yicld (g/ha) Avoidable ,
exposure aphids 10 TSL {08889 1989-90 Mean Josses in graam Cost: benefit
periods (days) before spraying yield (%)

Complete 08 14.67 15.27 14.97 1:13.38
protection

20 2198 13.67 14.37 14.02 6.35 1:19.29

30 395.3 13.50 12.50 13.00 13.16 1:17.82

40 5536 12.43 11.83 12.13 18.97 1:16.56

50 594.5 10.93 9.33 10.13 3233 1:13.66

60 647.3 8.40 9.00 9.00 41.88 1:11.59

0 839.4 7.22 8.05 7.64 48.96 1:10.05

80 G985 687 603 645 5691 1:8.33
Untreated 1019.5 5.01 4.08 455 69.61 -

check

CD.(P=0.05) - 179 207 . - -

*TSL = Terminal Shoot Length. 1,2 = Mean of two years.

from the completely protected plots than that
of all other treatments except when exposed for
10 days only, Similarly, maximum 1000 grain
weight was obtained from protected check and
it was at par with 10 and 20 days exposure
period. The maximum reduction in siliquae
and yield per plant and 1000 grain weight was
found at 80 days of exposure period. Susi ef g/,
(1988} reported on an average 58.84 per cent
loss in seed yield with varying levels of exposure
period.

A significant inverse relationship be-
tween the age of crop plant at which exposure
to aphid Initiated and yield was recorded
during the investigation. It was evident that the
delay of one day in the initiation of aphid infes-
tation beyond 45 days of crop age, resulted in
corresponding increase of 2245 siliquae and
0.0622 g of seed yield per plant and 0.0242 g in
1000 grain weight (Table 4). Suri et af. (1988}
reported that the delay of one day in initiation
of aphid infestation in brown sarson resulted in

anincrease of 2.754 siliquae and 0.077 g of seed
yield per plant.

The minimum and maximum number of
aphids were recorded when the exposure

period was 10 and 80 days respectively (Table

3). Significantly higher number of siliquae
(263.6) and seed yield (6.62) per plant and 1000
grain weight (5.79) were recorded in the
protected check than that in all other treat-
ments except when exposed for 10 and 20 days.
There was lowest reduction in siliquae and
sceds per plant and 1000 grain weight when the
crop was exposed for 10 days. It increased
progressively with increase in the aphid feed- *
ing exposures and was maximum at 80 days of
exposure period. The present results were in
accordance with Suri et af, (1988) and Rajvant
Singh et al. (1984) who reported maxtmum loss
in yield of B. campestris and B. juncea at 75 and
60 days exposures, respeciively.

The studies on correlation revealed that
there was a significant and negative relation-
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Table 4.

A. Aphid relensed at different crop age and allowed to feed

Journal of Oilseeds Research

Relationship between duration of expasure and yield parameters.

Correlation Coefficient of Regression Standard Error
coefficient determination equations

Number of siliquae 0.975 0.959 Y= 260446 - 2245 X 0.1951

per plant

Seed yield per plant £0.940 0.883 Y= 6332-00622X 0.00856

1000 grain weight 0974 0.949 Y= 43926-0.0242 X 0002113

B. Aphid released at 45 DAS and allewed for varying exposure periods

Number of siliquae 0.974 0.949 Y= 279871213 X 1.9592

per plant

Seed yield per plan 0992 0.984 Y= 6458-0.0611 X 0.00295 i

1000 grain weight -1.989 0979 Y=5612-00449 X 0.00251

DAS = Days after sowing;

ship between the aphid feeding exposures and
yield contributing characters. Everyincrease of
one day in exposure period resulted in the
corresponding decrease of 2.134 siliquea and
0.0611 g seeds per plant and 0.0449 g in 2000
grain weight (Table 4). Suri ef al. (1988) found
that every increase of one day in exposure
period resulted in the corresponding decrease
of 3.183 siliquae and 0.081 g seed yield per
plant.
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INFLUENCE OF INDUCED MUTATION ON HETEROSIS FOR
SEED YIELD AND ITS ATTRIBUTES IN SUNFLOWER
(Helianthus annuus L) *
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-Qilseeds Project, University of Agricultural Scicnces, Dharwad - 580 005.

ABSTRACT .

Twenty five mutant lines of RIHLA-298 isolated in M2 generation derived [rom Eithyl Methyl Sulphonate
(EMS) treatment at 0.3 per cent and 0.4 per cent concentration were crossed with two cytoplasmic male
sterile lines viz., CMS-234A and CMS-851A, The resultant 50 derived F1 ’s were evaluated with two
control Fr's as checks along with 28 parents to estimate heterosis. The hybrids involving mutants with
CMS.234A recorded igher magnitude of heterosis for seed yield. Head diameter and test weight were
responsible for high heterotic effect in seed yield. Two crosses viz., CM5-234A x P1s and CMS-851A x
P14 were found to be seperior over the check hybrids. The possibility of identifying promising stabilised
mutant lines in advanced generations based on the hybrid performance involving mz mutants has been

pointed out.

Keywords: Heterosis; Induced mutants; flelianthus annuus L.; Mutagenesis

INTRODUCTION

Amongst several edible oilseed crops cul-
tivated in the country, Sunflower (Helianthus
annuus L.) has offered scope for commercial
exploitation of heterosis utilising cyto-restorer
system. Although several restorer lines are
available, one of the restorer lines RHA-298
has been found to be a high vielding vigorous
line besides having resistance to rust, downy
mildew and verticillium wilt (Fick et al., 1979),
but it is late in maturity. The practice of using
induced mutation (o overcome such defect is
well known. In many instances, these mutants
have been found to be more heterotic (Dol-
linger, 1985 and Patil et al., 1991). Inthe present
St}ldy an attempt has been made to estimate the
magnitude of heterosis for seed yield and com-

poncnt characters in the cross combmatlons
mvolving mutant lines.

MATERIALS AND METHODS

Pre-soaked seeds of a potential restorer RHA-

- 298 of sunflower were subjected to Ethyl

Methyl Sulphonate (EMS) treatment at 0.3 per
cent and 0.4 per cent doses. Twenty five M3
plants sclected randomly (Py to Pys repre-
senting 0.3% dose and P1s to P25 representing
0.4% dose) from the treated population were
crossed with the two male sterile lines wiz.,
CMS-234A and CMS-851A with a view to. as-
sess its potentiality in early generation testing
and subscquent use of selected lings which
exhibited high heterotic effect in heterosis
breeding programme.

* Part of M.Sc.{Agri.) thesis submitted to the University of Agricultural Sciences, Dnarwad by

the first author.
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These 50 derived Fy's along with the two
control Fp’s were evaluated in Randomised
Block Design with three replications along with
the two control Fy ’s obtained by crossing un-
treated RHA-298 (P2¢) as male with the same
two male sterile lines, which served as checks.
Twenty cight parents (25 mutant lines + 1
unireated restorer line + 2 maintainer lines in
licu of two male sterile lines) were also grown
in the same manner. Each entry was grown in
a single row of 4m length with a spacing of 60 x
20 ¢m. Observations were recorded on seed
vield (g/plant), head diameter (cm), test weight
(g), Oil content (%), husk content (%) and
volume weight (g) on five random competitive
plantsin each treatment. Oil content was deter-
mined by Nuclear Magnetic Resonance
(NMR) on dry seed basis at the Directorate of
Oilseeds Research, Hyderabad.

The relative performance of derived Fp
bybrids were measured by estimating its
heterosis over check (untreated) F1 (CFi)
hybrid.

RESULTS AND DISCUSSION

Analysis of variance for seed yield and its at-
tributes indicated significant variation for all

Journal of Oilseeds Research

the traits studied (Table 1). The average
heterosis, range and number of crosses show-
ing significant heterosis for the characters
studied in different groups of derived hybrids
over checks are presented in Table 2 and 3,

It is evident from the results (Table 2 and
3} obtained that the degree of heterosis varied
considerably for sced yield and its components,
In order to discuss the results the mean of
derived Fy ’s were used for calculating the
heterosis over the check Fy value to compute
the general superiority or otherwise of the
mutant lines over untreated restorer line. Per
cent heterosis was highest for seed yield/plant
followed by head diameter, test weight and
volume weight in all cross combinations. Oil
content showed least heterosis. In a study
reported by Ramirez ef al. (1969) hybrids in-
volving derived mutants gave high yielding
hybrid combination. In this study the hybrid
combinations of mutants with CMS-234A
showed higher magnitude of heterosis com-
pared to their crosses with CMS-851A. Al-
though both the CMS lines have been derived
from Petiolaris source, the differeatial
response of heterotic effect of mutant lines for
seed yield may be attributed to different
genotypic constitution of two CMS lines.

Table 1.  Analysis of variance {mean squares) for different characters of parents and hybrids in
senflower

Sources df Seed yield/  Head Test Oil Husk Yolume

piant diameter weight content content weight
Treatment 79 73556 3583 152 792" 3343 " 228"
Parents 27 10029" 628" 044" 647" 2469 1m1e”
Crosses 51 4007 141" 014" 220 813" 302"
Parents Vs 1 48788 24a100" 85997 15256+ 542607 116371
Crosses
Error 158 5.61 2.14 0.04 149 326 2.08

‘P =005 P =001
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The mean performance of two best crosses involving mutants of R lines for some economically
Table 4. important characters in sunflower
. Seed yield Head diameter Test weight Oil content Husk content  Volume
Hybrids (g/plant) (em) (@ (%) (%) weight
MAXPIS 6037 207" 527" 4246 250" 4016
_234A X -
M5 id 36.16 15.86 4.00 40.16 29.50 32.31
hybn )
Check hy? 66.95 30.52 31.75 572 23.72 25.15
increase over .
Chcd:s:i\ P14 57087 2096 4.96 4123 2092 38.90
S X :
M id 35.36 18.80 3.94 39.33 2497 33.08
k hybnt -
Check? or 61.43 1132 25.89 484 -16.21 1.04
Increase av
check (%)
P =005 P =001
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PERFORMANCE OF SOYBEAN - PIGEONPEA
INTERCROPPING SYSTEM IN MALWA PLATEAU OF
MADHYA PRADESH

O.P. JOSHL, V.S. BHATIA and V.P.S. BUNDELA
National Research Centre for Soybean, Khandwa Road, Indore 452001, M.P.

ABSTRACT

Experimentation on Vertisols of Malwa Plateau established that pigeonpea cv. ICPL 316 can be
intercropped with soybean cvs. JS 71-05 and PK 472 with high yield advantage as judged by Land
Equivalent Ratio (LER) approaching 1.50. The maximum yield advantage was observed by one row of
pigeonpea between two paired rows of soybean at 22.5/90 cm (average LER 1.50) followed by one row
of pigeonpea between two paired rows of soybean at 22.5/90 cm (average LER 1.44). The average
monetary returns from these intercropping were Rs.24877 and Rs. 23511 as against Rs. 13074 and
Rs.19681, respectively for pure stands of soybean and pigeonpea.

Keywonds : Intercropping; Soybean; Pigeonpea; LER; Cropping system; Vertisols.

INTRODUCTION

The rapid expansion of acreage under soybean
in Madhya Pradesh during last few years has
resulted in its monocropping on a sizeable
arca. The recent estimates for 1993-94 for
soybean area in Madhya Pradesh are 3.39 m ha
with a production of 3.73 m t. This is about 75
per cent of the total area (4.57 m ha) in the
country. Adoption of this system is capable of
giving subsistence to small and poorer farmers
with additional advantages (Willey, 1979). Rao
and Willey (1980) have reported that slow es-
tablishing and later-maturing pigeonpea com-
bined well with either cereals or legumes to
give a very large yield advantage as measured
by LER.

'MATERIALS AND METHODS

An intercropping experiment with variable
row/space combinations on soybean and
pigeonpea was conducted at Research Farm of

National Research Centre for Soybean, Indore
during kharif 1991 and 1992. The treatments
consisted of interplanting one or two rows of
pigeonpea between paired rows of soybean at
22.5/90 cm, 22.5/60 c¢m and one row between
soybean planting at 45 cm (Table 1), The soil of
the experimental site belonged to fine,
montmorillonitic, hyperthermic family of Typic
Chromusterts and is very deep, dark greyish
brown to very dark greyish brown, clay and
slightly alkaline. The analysis revealed that pH
7.86, EC 0.14 mMho/cm, organic carbon 0.35
per cent, available phosphorus 11 kg/ha and
available potassium more than 120 kg/ha. The
area falls under semi-arid agroclimate with an-
nual mean precipitation of 1050 mm. The rain-
fall received was only 748.8 mm and 555 mm
during 1991 and 1992, respectively.

During kharif 1991, the experiment was
undertaken with soybean cultivars JS 71-05
(maturity 90-95 days) and PK 472 (maturity

Received for publication on February 6, 1994
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100-105 days) and during kharif 1992 only IS
71-05 was used. The pigeonpea cultivar ICPL
316 (maturity 120-125 days) was interplanted
during both the years. The experiment was
sown on 12th July, 1991 and 22nd July, 1992.

The experiment was conducted in a-
Randomized Block Design with three replica-
tions and the plot sizec was 6.0 m x 3.6 m. N,
P2 O3, Kz O fertilization @ 20:60:20 kg/ha was
applied as per recommendations for soybean
only {(Prabhakar et al,, 1992). The fertilizer car-
riers used for NPK were urea, single super-
phosphate and muriate of potash, respectively
and applied as basal dose.

RESULTS AND DISCUSSION -~

Pure stand of soybean at normal row spacing
of 45 ¢m resulted in maximum seed yield of 2.00
t/ha recorded by J§ 71-05 in 1991 while in 1992
maximum vield of 2.51 t/ha under paired rows
of soybean was at 22.5/90 cm spacings. Planting
of soybean in paircd row configuration of
22.5/60 cm tended to show decrease in yield
{1.82 t/ha and 2.14 t/ha for 1951 and 1992,
respectively). In case of PK 472, soybean
planted in 22.5/60 cm and 22.5/90 cm con-
figuration showed marginal vield advantage
with 1.76 and 1.74 t/ha {LER 1.06 and 1.07,
respectively) over 1.64 t/ha achieved under
normal spacing (45 cm). Although J§ 71-05
yielded more than PK 472, the vield differences
were non-significant. In general paired row
configuration, in general appears to have an
edge in yield over normal spacing of suybean.
Pure stands of pigeonpea yielded 2.42 t/ha and
2,60 t/ha during 1991 and 1992, respectively.

Association of soybean with pigeonpea
in different configuration (Table 1), in general,

Journal of Oilseeds Research

resulted reduction in yields of both the com.
ponent crops than their pure stands irrespec-
tive of varieties and the year of cropping,
Reduction in soybean yields were statistically
not significant over pure stands during 1991,
Two rows of pigeonpea intercropped between
paired rows of soybean yielded 222 t/ha as
compared to 2.42 t/ha in pure stand. During
1992 also, the same treatment vielded 0.77 t/ha
as compared with 2.60 t/ha of pure stand.
During both the years this treatment yielded
maximum combined vield of component crops
indicating is suitability. During 1991, cultivar
PK 472 vielded lower than JS 71-05 which
probably indicated better companionship of
latter on account of shorter stature and early
maturity offering lesser competition with com-
ponent crop. JS 71-05 has been reported to
offer better companionship with hkigher yield
advantage (Holkar et af., 1991).

The yield advantage of different degrec
was expressed by the intercropping systems as
jndged by LER values varying between 1.08 to
1.50 . The maximum yield advantage was ob-
served in planting single/paired rows of
pigeonpea between paired rows of soybean at
22.5/90 c¢ms (average LER 1.44 asd 1.50,
respectively). Similarly the maximum average
gross monetary returns were obtained in these
two treatments amounting to Rs. 23511 and Rs.
24877 respectively, Interplanting two rows of
pigeonpea between paired rows of soybean at
22.5/90 cm, thus resulted in a 90 per cent and
26 per cent increase in monetary return com-
pared to sole crops of soybean and pigeonpea,
respectively. The above results fall in the
category of intercropping wherein the com-
bined vield of intercrops exceed the yield of
pure stands of component crops (Willey, 1979).
Dubey et al., {1991) reported that intercrop-
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ping soybean and pigeon pea formed a more
economic association compared to growing
blackgram, sesane, niger, kodo millet, kutki or
paddy with pigeonpea.

The results from the two years of ex-
perimentation revealed that the pigeonpea can
successfully be intercropped with soybean in
Vertisols of Malwa Plateau of Madhya Pradesh
and can fetch higher monetary returns without
additional inputs particularly interplanting of
two rows of pigeonpea between patred rows of
soybean at 22.5/90 cm. The small and marginal
farmers can positively respond to this system
which is found better than the traditional
monocrop pigeonpea,
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sE OF SULPHUR AND PHOSPHORUS ON
GROUNDNUT
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Department of Soil Science and Agricultural Chemistry, Chandra Shekhar Azad University of
Agriculture and Technology, Kanpur.

ABSTRACT

A field experiment was conducted with Groundnut variety Chitra (MA-10} on Inceptisoi of Kanpur
during kharif seasons of 1988 and 1989. The treatments consisted levels of $ and P2 05 (0, 15, 30, 45 and
s0kg ha'land 0, 20, 40 and 60 kg ha’l), respectively. The kernel and shell yields of groundnut increased
significantly with increasing ievels upto45 kg S and 40 kg P20s ha’inboth the years. Sulphurapplication
@45kgS ha” increased 12.3 and 12.7% protein over control in both the years. Qil content increased
significantly upto 45 kg § ha't application in both the years and P205 application also increased oil

content considerably upto 60 kg P20s ha'l

Keywords : Kernel and shell yield; Groundnut; Effect of S and P.

INTRODUCTION

Groundnut (4rachis Aypogaea L.) being a
legume and oilseed crop has greater require-
ment for sulphur and phosphorus (Kanwar,
1984; Pasricha and Aulakh, 1986). Phosphorus
is a constituent of enzymes, phospholipids and
proteins, while sulphur is a constituent of S-
containing amino acids {methionine, cystine
and cystein) and helps in fatty acid synthesis.
Since both clements are essential and perform
specific physiological functions of groundnut,
lack of one or both might result in retarda-
tion of metabolic activity in the plant. Informa-
tion on responses of § and P fertilization on
Groundnut in Udic Ustochrept soils is Jacking,
The present investigation was carried to study

Tesponse of § and P fertilization on groundnut
al Kanpur,

MATERIAL AND METHODS

A field experiment was conducted with
groundnut (Arachis hypogaea L.} variety Chitra
(MA-10} at Pura farm of C.S.Azad University
of Agriculture and Technology, Kanpur during
Kharif scasons of 1988 and 1989. The ex-
{)enmcntaj soil was having pH 7.8, EC 0.48 dsm
,organic matter 0.62%, available N 186 kg ha'!
available P 10.8 kg ha™! and available S 8.0 mg
kg‘1 Fivelevels of S comprising (0,15, 30,45 and
%) and 4 levels of P20s (0, 20, 40 and 60 kg
) were applied in combinations through
clcmental suiphur and Triple SuperPhosphate
respcclwely A basal dose of 20 kg ha ! and 40
kg ha 1 6f N and K20 (as urea and KCI) were
applied to each treatment. The experiment was
laid out in RBD with four replications. Kerncl
and shell yields were recorded at harvest.

Received for publication on February 6, 1994.
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Nitrogen in kernel samples was determined by
Macro Kjeldahl’s method (Piper, 1966} and
was multiplied by 6.25 factor for protein con-
tent. Qil was estimated by soxhlet extraction
method (Kanwar and Chopra, 1967).

RESULTS AND DISCUSSION

Kernel and shell yields: 1t is apparent from the
data presented in table 1 that increasing levels
of § and P application increased the kernel and
shell yields of groundnut significantly upto 45
kg S and 40 kg P2 Os ha'! but non-significant
reduction in yields was observed at higher level
of P20s (60 kg ha™). The increase in yield due
to S and P application might be due to response
of groundnut and reduction at higher level of §
and P might be due to toxic effect. Response of

Table 1.

Journal of Qilseeds Research

these two elements are due to that experimen-
tal sites were more deficient in P and S. Similar
results have also been obtained by Pasricha and
Aulakh (1986).

Protein yield: Protein content in kernel was
positively and significantly influenced by S and
P application during both the years of ex-
perimentation (Table 1). The highest protein
content was noted at 60 kg P20s ha 1 Phos-
phorus plays an important role in energy trans-
formation and participation in fat and protein
metabolism. It is a constituent of many vital
compounds like nucleotides and most of en-
zymes. Sulphur plays a very important role in
nodulation and protein synthesis especially S-
containing amino acids (methionine, cystein

Effect of § and P on yield (kg ha'l), Protein and Oil content (%) in groundnut

Levels of /P Kernel yield (Kg ha™)

Shell Yield (Kg ha™)

Protein content (%) Oil content (%)

(kgha™)

1988 1989 1988 1989 1988 1989 1988 1989
Sulphur
0 1416 1432 607 619 225 227 47.6 477
15 1514 1561 648 649 232 234 49.4 48.6
30 1609 1617 689 693 242 243 526 518
45 1650 1680 720 732 254 25.6 535 528
60 1634 1644 694 T26 253 25.1 51.6 51.7
LSDX0.05) 64 37 27 16 0.56 0.72 0.82 0.44
Phosphorus (P205)
0 1406 1407 603 610 220 221 46.5 459 ,
20 1466 1465 671 682 231 232 481 471
40 1627 1672 698 702 24.0 4.1 50.1 49.8 .
60 1656 1656 675 692 24.2 242 51.0 50.2
LSD{0.05) 58 H 24 14 0.50 0.40 0.74 0.40
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and cystine). Rathee and Chahal (1977) also
reported similar results. .

Oil content: Perusal of data in table 1 also indi-
cates that increasing levels of S significantly
increased the oil content of groundnut. This
increasc was 47.6 to 53.5 per cent in 1988 and
46.7 to 52.8 per cent in 1989 with 45 kg S ha™.
Similarly increasing levels of P20s also in-
creased the oil content and being highest at 60
kg P20s ha', Increase in oil content due to S
application, on an average, was 12.7 per cent
over control. The increase in oil content due to
$ application seems to be due to its key role in
biosynthesis of oil in plants (Mudd, 1967).
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ABSTRACT

To study the influence of specific gravity of seed on viability and vigour of sunflower seed, Morden and
EC-68415 varieties were processed and graded into four classes viz., (045-0.49), (0.51- 0.54), (0.61-0.64)
and {0.65-0.69) by using specific gravity separator and ungraded seeds used as control (0.55-0.59). The
vigour and viability of sunflower seed in terms of germination percentage, rate of germination, electrical
conductivity of seed leachate, dry weight of seedlings in the laboratory and field emergence, seedling
dryweight in soil, plant height and yield/plant in field were influenced by the specific gravity of the seed.
Seeds with a specific gravity higher than 0.6 were distinctly superior in most of the characteristics

measured to those below 0.6 value,
Keywords: Specific gravity; Vigour and viability.
INTRODUCTION

Optimum plant population is a basic require-
ment to obtain higher yield, response to fer-
tilizers, other inputs for better net returns.
Adequate population density largely depends
on seed germinability and seedling vigour. Im-
portance of physical properties in relation to
viability, seedling vigour and population has
been established in many crops. Properties like
seed weight or specific gravity of seed is closely
associated with viability, seedling vigour,
growth and subsequently seed yield (Tseng and
Lin 1962; Sung and Delouche 1962; Ashok
Kumar ef al, 1979). Seeds of same size will
differ in germinability and seedling vigour both
in laboratory and field because of variability in
specific gravity. It is often noticed in sunflower
the presence of light seeds, heavy seeds or
immature or half filled secds since processing

isnormally based on seed size. The information
on influence of specific gravity of seed on
viability and vigour in sunflower is scanty and
bence the study was under taken to know the
influence of specific gravity of seed on vigour,
viability and their performance in the field.

MATERIALS AND METHODS

The Morden and EC-68415 varieties of
sunflower seeds were processed by using 3.97
and 3.57 (oblong) size screens respectively.
The processed seeds were again graded into 4
groups based on specific gravity using Delta
type-51 (Denmark make) specific gravity
separator in the Sced Processing Unit, NSE,
UAS, Bangalore. The specific gravity of cach
class (group) of seeds and control (SGO-un-
graded processed sced) was calculated and
given below:

Received for publication on February 7, 1994
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Class Specific gravity
SGO 0.55-0.59
SG1 _ 0.45-(.49
SG2 0.51-0.54
SG3 - 0.61-0.64

5G4 .65-0.69

After grading the seeds based on
specific gravity the recovery percentage was
worked out on weight basis and 100 seed weight
was recorded for each class. Standard ger-
mination test was conducted as per the ISTA
rules (Anon, 1985). First count was taken on
4th day and final count was taken on 10th day.

Rate of germination was calculated by
using the modified formula of Maguire (1962).

Rate of germination =

where; Xo = Number of seeds germinated at
'n’th count.

Yn = Number of days from sowing to 'n’th
count.

To study the field performance the ex-
periment was taken up with 10 treatment com-
binations in 4 replicates with a plot size of 3.6 X
2.6 meter each, in Randomized Complete
Block Design. The observations on field emer-
gence, seedling dry matter at 20 days after
sowing, plant height at 35 days after sowing and
yield/plant were recorded. The results of
laboratory and field studies were statistically
analysed.

Root and shoot length of ten randomly
selected normal seedlings from each replica-
tion were measured on the day of first count
and dry weight was recorded by keeping the
same seedlings in oven at 80° * 1°C tempera-

1 + ’XZ__;YL. - +‘Mﬁ:ﬁ ture for 24 hours. Seed leachate was collected
" ¥ Y by soaking S grams of seeds in 25 ml. of distilled
water for 2 hours. Electrical conductivity was
Table1. Seed recovery and 100 seed weight of sunflower in various specific gravity classes
Specific gravity Seed recovery (%) 100 seed weight {g) .
(56} Morden EC-68415 Mean Morden EC-68415 Mean
5Go - 5.64 5.80 572
8$G1 (0.45-049) 1.55 274 2.15 438 4.20 4.29
8G2 (0.51-0.54) 3697 37.60 3729 513 5.00 5.06
5G3 (0.61-0.64) 55.03 54.70 54.87 6.26 6.62 6.44
SG4 (0.65-0.69) 6.45 4.96 sn 7.18 177 747
572 5.88
~ SEm= CD at 5%.
SG 006  Gl6
v 0.04 0.10
5GxV 0.08 0.23
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measured in digital conductivity meter and ex-
pressed in wmohs/cm,

RESULTS AND DISCUSSION
Laboratory studies

The percentage of seed recovery in various
specific gravity classes and 100 sced weight arc
given in Table 1. There was no perceptible
difference among the varieties with respect to
the proportions of seed in each specific gravity
class. About 55 per cent of the seed were having
specific gravity between 0.61 to 0.64 while 37
per cent were in between 0.51 to 0.54. Only
about 2.15 per cent of the seed had a low
specific gravity Le., between 0.45-0.49 and
sceds with high specific gravity (> 0.65) was
about 5.71 per cent which indicates that seed
processed with air screen cleaner based on size
will have high percentage of medium specific
gravity seeds. The 100 seed weight ranged from
4.29 to 7.47 g in differemt class of specific
gravity and it was significantly increased with
increase in specific gravity.

(Germination percentage was closely re-
lated to specific gravity of the seed (Table 2},
In general, germination percentage increased
with increasing specific gravity and it was sig-
nificant at 5 % with lowest of 90 per cent in
sceds of specific gravity between (.45-0.49,
Similar results were observed in paddy by Sung
and Delouche {1962). There was no significant
difference in germination among varieties due
to specific gravity and interaction of varieties
and specific gravity. The first count as a vigour
test had a significant effect due to specific
gravity. The low specific gravity seeds (0.45 to
0.54) had significantly recorded low vigour in
terms of germination at first count ranging
from 76.33 to 79.33 per cent while medium and
high specific gravity seeds {0.55 to 0.69) ex-
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pressed high vigour by recording increased
germination percentage at first count in the
range of 85.67 to 89.67 per cent including un-
graded seeds (SGO). The rate of germination
had a significant difference due to specific
gravity (Table 2). High (31.68) rate of germina-
tion was observed in high specific gravity sceds
{0.65-0.69} followed by all classes of specific
gravity seeds except low specific gravity (0.45-
0.49) seeds which showed low (28.13) rate of
germination thus indicating low in vigour.
There was no significant difference in rate of
germination between the varieties due to
specific gravity.

Electrical conductivity of seed leachate
was less (497 umohs/cm) in high specific
gravity seeds and it significantly increased with -
decrease in specific gravity of seeds (Table 2)..
This may be due to higher leaching of
electrolytes because of poor quality and more
number of sceds per unit weight, Further, there
was not appreciable difference in electrical
conductivity of seed leachate between the
varieties due to specific gravity. Seedling dry
weight significantly increased with increase in
specific gravity of seeds (Table 2} although
shoot 2nd root length of the seedlings did not
differ significantly. The increase in dry weight
of seedling may be due to production of healthy
and heavy seedlings from high specific gravity
classes, Similar observations were made by
Sivasubramanian and Ramakrishnan {1977) in
sunflower.

Field studies

When the seeds were sown under field condi-
tions, the superiority of the high specific gravity
class was more apparent than the laboratory
studics. An average of 62 per cent light specific
gravity class seeds emerged as compared to a
90 per cent laboratory germination for the
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same class of seed. Field emergence percent-
age was highly significant due to specific gravity
{(Table 2) and it increased with increase in
specific gravity in the range of 62 to 87 per cent
indicating high vigour in high specific gravity
seeds. Although, field emergence was less than
the germination, the trend was similar. Dry
weight of seedling was significantly increased
with increase in specific gravity of seeds with
the minimum of 290 mg/seedling and maximum
of 430 mg/seedling dry weight in low and high
specific gravity class seeds, respectively.
During growth stage the vigowr differences
among the specific gravity classes were
manifested in plant height (35 days after
sowing) with significant increase in height as
the specific gravity of seeds increased (Table
2). The plant height varied significantly be-
tween varietics within the specific gravity class
which may be due to varietal difference.

Although, vield per plant increased with
increase in specific gravity of seed, the results
were non-significant. This indicates that
specific gravity of seed greatlyinfluenced at the
beginning of the growth stage and it masked at
vield stage with the maximum (56.58 gm) yield
per plant in high specific gravity class (SG4).
Similar increase in seed yield from the crop
raised from large seeds was observed in
sunflower by Singh et al. 1977 and Varshney and
Singh, 1977.

The vigour and viability of sunflower
seed in terms of germination percentage, rate
of germination, electrical conductivity, dry
weight of seedling in laboratory and percent-
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age of field emergence, seedling dry weight,

‘plant height and yield per plant in the field was

influenced by the specific gravity of the seed.
Seeds with a specific gravity higher than 0.60
were distinctly superior in most of the charac-
teristics measured to those less than 0.60 in
specific gravity.
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ABSTRACT

A field experiment was conducted during rabi/sumemer seasons of 1991-92 and 1992-93 at Regional
Research Station, Raichur on red sandy soil to study the performance of groundnut varieties at different
dates of sowing during rabi summer season. R-8808 gave the best performance among all the varieties
tested, The crop sowm during 2nd fortnight of November recorded maximum pod yield (2426 kgiha)
followed by 1st fortnight of December (1784 kg/ha) and 2ad fortnight of December (1648 kg/ha) sown
crop. The various yield parameters were also higher with November 2nd fortnight sown crop.

Keywords: Groundnut; Rabi/summer season; Varieties; Sowing date

INTRODUCTION

Groundnut is one of the important oilseed
crops grown in north eastern dry zone of Kar-
nataka. In this region, it is grown largly during
kharif under rainfed conditions. With the intro-
duction and availability of irrigation water
through Tunga Bhadra and Upper Krishna
Projects, the area under irrigation during
rabi/summer season has been increased in the
recent years. The farmers are sowing this crop
right from the begining of October to end of
January after the harvest of kharif crops. The
farmers are experiencing reduction in yicld in
early sown crop due to occwrrence of bud
necrosis. Though, the yield levels were better
with January sown crop, in recent years, the
farmers are facing problems in harvesting due
to early closure of canal water. In view of the
above facts, the present investigation was car-
ried out to test the performance of groundnut

varieties with early sowing during November
and December.

MATERIALS AND METHODS

A field experiment was conducted at Regional
Rescarch Station, Raichur for two seasons
during rabi/summer 1991-92 and 1992-93. The
soil of the experimental site was red sandy
having 156, 42 and 394 kg/ha of available N,
P2 Os and K3 O, respectively, with 7.7 pH and
0.39 per cent organic carbon. There were nine
treatment combinations consisting of three
varieties of groundnut (R-8808, ICGS-11 and
KRG-1) and three dates of sowing (November
2nd fortnignt herein after abbreviated as FN,
December 1st FN and December 2nd FN), The
experiement was laid out in Randomised Block
Design with three replications. The crop was
sown on 15-11-91, 30-11-91 and 15-12-91
during 1991-92 and on 20-11-92, 7-12-92 and

Received for publication on February 26, 1994.
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21-12-92 during 1992-93. During 1992-93, the
sowing was delayed due to cyclonic rain
received during November 2ad fortnight. The
crop was sown with 30 x 10 cm spacing and
fertilized with 25 175 :25 kg/ha NPK in the form
of urea, single superphosphate and murate of
potash.

RESULTS AND DISCUSSION

The date on effect of groundnut varieties and
dates of sowing on vield and vield parameters
of groundnut are presented in Table 1 and 2.

Performance of varieties

Groundnut variety R-8808 showed better per-
formance over other varieties in terms of yield
and yield attributing characters like mumber of
pods/plant, pod weight/plant and 100 kernel
weight. On an average over two years, R-8808
realised significantly higher pod yield (2083
kg/ha) compared to KRG-1{1823 kg/ha) but on

Journal of O1lseeds Resecarch

par with [CGS-11 (1953 kg/ha). The increase in
pod yield was mainly due to increase in number
of pods and pod weight per plant. The increase
in pod yield of R-8808 and ICGS-11 over KRG-
1 was to the tune of 143 and 7.1 per ceat,
respectively, The better performance of R-
8808 over ICGS-11 and KRG-1 was also
reported earlier (Anon., 1993). There was not
much differnce in oil content of different
varteties.

Effect of date of sowing

The pod yield of groundnut differed sig-
nificantly due to date of sowing during both the
years, The crop sown during November 2nd
FN recorded significantly higher pod yield
(2071 and 2782 kg/ha during 1991-92 and 1992-
93, respectively) over that of December 2nd FN
sown crop. On an average over two years, the
crop sown during November 2nd FN. gave sig-
nificantly higher pod yield (2426 kg/ha} com-

Table 1. Yield and yield attributes of groundaut es influenced by vartiety and dates of sowing

Treatments  Number of pods per plant Pod weight per plant (g) Pod yield (kg/ha)

1991-92  1992.93  Pooled  1991.92  1992.91 Pooled  1991.92 199293  Pooled
Varietles(V)
R-8308 19.9 18.9 19.40 i23 179 15.10 1716 2450 2083
ICGS-11 175 18.5 18.00 105 175 14.00 1576 2330 1953
KRG-1 18.2 17.1 17.65 11.3 134 12.60 1617 2029 1823
S.Em+ 0.90 0.58 051 085 042 048 832 699 5894
CD.at5% NS 1.75 NS NS 1.25 1.37 NS 2095 169.79
Dates of sowing (D)
November 206 19.6 20.10 11.6 18.8 15.20 2071 2782 2426
2nd FN
December 17.7 178 17.75 129 14.3 13.60 1595 972 1784
ist FN
December 173 174 17.35 99 156 12.75 1243 2054 1648
2nd FN
SEm + 0.9¢ 0.58 051 Q8s .42 048 83.2 69.9 5894
CD.at5% 271 1.73 147 256 1.28 1.37 249.6 285 169,79
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Table 2.  Effect of variety and dates of sowing on 100 kernel weight, shelling percentage and oit con-

tent of groundnut
Treatments 100 kernel weight Shelling percentage Oil content( %)

199192 199293  Pooled 1991-92  1992-93  Pooled 199192  1992-93  Pooled

Varieties(Y)
R-85808 29.3 40.2 TS 679 4694 68.65 46.4 478 47.10
ICGS-11 25.2 43.2 34.20 67.6 0.8 69.20 45.1 49.3 47.20
KRG-1 288 336 31.20 66.4 67.7 67.05 46.5 484 4745
SEm %= 0.88 0.86 0.62 1.09 1.29 085 047 049 0.34
CD.at5% 266 2.57 1.78 NS NS NS NS NS NS
Dates of sowing (D)
November 29.7 381 33.90 674 4.7 71.05 449 434 46.65
2nd FN
December 276 395 3355 66.3 7.3 68.80 453 48.7 47.00
1st FN
December 26.1 393 32.70 68.1 71.8 69.95 47.5 48.4 47.95
2nd FN
SEm=x 0.89 083 6.62 1.09 129 0.85 047 0.49 034
C.D.at5% 2.66 NS NS NS NS 2.44 1.43 NS 0.98

pared to December 1st FN (1784 kg/ha) and
December 2nd FN (1684 kg/ha) sown crop
which were on par with each other. The results
are in conformity with the findings of Prasad
and Reddy, 1990 and Padma and Madhusud-
bana Rao, 1992, The increase in pod yield of
groundnut sown during November 2nd FN and
December 1st FN over that of December 2nd
FN was to the extent of 47.2 and 8.3 per ceant,
respectively.

The effect of date of sowing on number
of pods/plant was significant during both the
years (Table 1). During 1991-92, the crop sown
during November 2nd FN recorded sig-
nificantly higher number of pods/plant (20.6)
over those sown during 1st and 2nd FN of
December (17.7 and 17.3), respectively which
were on par with each other. The trend was also
similar during 1992-93. On an average over two
years, the November 2nd FN sown crop also

recorded significantly higher pod yield/plant
(15.2 g) over the crops sown during 1st and 2nd
FN of December. In contrast, the oil content
increased with delay in date of sowing. The
increase in oil content may be due to lower
temperature prevailed during early stage of
crop growth in December 2nd FN sown crop.
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ABSTRACT

‘Twenty seed samples of two groundnut cultivars were collected from six distriets of southern Karnataka
viz., Bangalore, Chikkamagalur, Hassan, Kolar, Shimoga and Tumkur during kharif 1988 to study the
seed quality produced at different provenances. Significant differences were found among provenances
with respect to number of kerne! per pod, shelling percentage, oit content, electrical conductivity of
seed [eachate, test weight and germination. Whereas, vigour index was non-significant. Three kernel
per pod varied from 3.07 to 11.60 per cent at location-7 and 3 for J1.-24, shelling varied from 68.20 to
72,73 per cent for TMV -2, oil content ranged 40.41 t0 47.43 per cent and test weight ranged from 25.73
to 34.90 g and 38.20 to 46.50 g for TMV-2 and JL-24 respectively. Aspergillus flavus, Aspergillus niger,

* Pencillium spp. and Mucor spp. were the commonly found fungi which cause considerable reduction in
germination with the increased association. Provenances with minimum fungal association may be
selected for seed multiplication purposes.

Keywords : Provenance; Kernels; Shelling; Seed leachate; Germination; Vigour; Seed weight; Mycoflora;
Oil content.

INTRODUCTION ces in Southern Karnataka is not available and

. . hence the study was undertaken.
Groundnut (Arachis hypogaea L.) is one of the

important oilseed crops contributing more ~ MATERIALS AND METHODS
than 50 per cent to the oilseed production of
the country. Variability in seed quality exists
among provenances and can be related partly
to differences in the habit of growth, reproduc-
tion and partly to the adaptability of these
genotypes to the environmental factors like

Twenty seed samples of JL-24 and TMV-2
groundnut pods were collected from the dis-
tricts of Bangalore, Chikkamagalore, Hassan,
Kolar, Shimoga and Tumkur during kharif 1988
to study the quality of seed produced in dif-
temperature, relative humidity, photoperiod, ferent provenances (Table :}). It includes
wind velocity, soil type and nutrition (Vanan- breeder, foundation and.ccmﬁf:d seed lots,
gamudi and Karivaratharaju, 1985). Besides ~1n¢ seed samples were uniformly hand graded
and the observations were recorded on shelling
capacity, number of kernel per pod, germina-
and sced qualities such as germination, vigour 110 (Anon. 1985), secdling measurement and
index, test weight, shelling capacity and Deld emergence on sixteenth day after sowing
mycoflora. The information on the seed quality ~ (Saha and Dwiveds, 1981). Oil content of the
. of groundnut produced at differcnt provenan- 56948 Was estimated using Nuclear Magnetic

these variations, there are possibilities for
variation in the deposition of chemical reserves

*Part of Ph.D thesis submitted by the Senior author to the University of Agricaltural Sciences,
Bangalore, Karnataka.
Received for publication on February 26, 1994,
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Particulars of JL-24 and TMV-2 groundnut pods collected from different provenances

Table 1.

produced during kharif, 1988
Treatments Kind of Provenance of production

seeds Village Taluk District

LiVi Breeder Mudigere Mudigere Chikamagalur
L2V1 Foundation Kondarahalli Hosakote Bangalore ‘
LaVi Foundation Agatimadaka Bagepalli Kolar
L4V Foundation Chintamani Chintamani Kolar
LsV1 Foundation Hirenagavallj " Chikkaballapura Kolar
LaV1 Foundation Tolampalli Bagepaili Kolar
L7V1 Certified Chelur Bagepalli Kolar
LsVy Certified Tolampaili Bagepalli Kolar
LiV2 Breeder GKVKcampus Bangalore North Bangalore
L2V2 Foundation Agrahara Pevanahalli Bangalore
Liv2 Certified Avaregere Ramanagar Bangalore
L4V2 Certified Hirehalli Ramanagar Bangalore
LsV2 Certified Komaranahatli Ramanagar Bangalore
LeV2 Breeder Kandli Hassan Hassan
L7V2 Foundation Gudubavanahalli Chintamani Kolar
LeV2 Certified Abbuvarapalli Bagepalli Kolar
Lsva Breeder Honnaville Shimoga Shimoga
L:oVz Breeder Kathalgere Channagiri Shimoga
Luiva Breeder Navile Shimoga Shimoga
L12V2 Certified Handikunte Sira Tumkur

Vi JL-24 V2 TMV-2

Resonance (NMR) spectrometer (Model 20
Pt). Test weight was determined by randomly
counting 100 secds in three replications and
weighed in grams, Electrical conductivity of
seed leachate was analysed (Mathews and
Powell, 1581). For Mycoflora detection, the
seeds soaked on wet blotters were incubated at
atemperature of 24 + 2° C for eight days in an
incubator. They were then examined for fungat
nfection using a compound microscope
(Anon., 1985). .

The soils of Bangalore, Hassan, Kolar,
Shimoga and Tumkur are classified as Red

loamy and Red sandy. These soils are very -
deep, dark brown to dark red, sandy loam to
clay loam on the surface and loam to clay loam
and at places gravelly sandy clay in the sub-sur-
face horizon with distinct argillic horizon,
These are neutral to weakly acidic in reaction,
low in cation exchange capacity, base satura-
tion and medium to high in water holding
capacity. The soils are well drained with
moderate permeability. The soils of parts of
Chikkamagalur are laterite, These are deep to
very deep. Yellowish red to dark red, reddish
brown to brown, clay loam to gravelly sandy on
the surface and clay loam to gravelly sandy clay
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or clay in the sub-surface horizon. They are
acidic in reaction, low in cation exchange base
saturation and water holding capacity. These
are well drained to excessively drained with
moderately rapid permeability.

RESULTS AND DISCUSSION

The percentage of single kernel per pod was
found significant with TMV-2 and non-sig-
nificant with JL-24 (Table 1). While, it was
vice-versa for three kemel per pod. Single ker-
nel/pod (Table 2) was the highest (12.40%) at
L with TMV-2 and (11.60%) for three kernel
per pod with JL -24 at L3, The number of kernel
per pod is basically cultivar dependent, though
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it is influenced to some extent by season, loca.
tion and other factors also. These results also
confirm the findings of Seshadr, {1962} and
Varisai Muhammed e 4l., (1973). Single kernel
character is not cultivar specific but it may
occur in all most all cultivars (Bunting, 1955).

Shelling capacity was found significant
among provenances with TMV-2 and non-sig-
nificamt with JL.-24. The mean shelling was
7402% and 71.11% in JL-24 and TMV-2
respectively (Table 2). Varietal differences was
observed in addition to the environmental con-

_ditions of production and agronomic manage-

ment of the crop. Oil content and electrical
conductivity of seed leachate was found sig-

Table 2.  Effect of provenance on production of single and three kernel pods, shelling and electrical
conductivity (EC) of seed leachate in groundnut cultivars
Variety JL-24 T™V-2
Locations Kemel/Pod Shcl—iiﬁng E.C. o?s;;d Kemel/Pod Shelling E.C. of seed
Single  Three (%) leachate  gioole Thee (P leachate
%) ___ ) @) @ (dem )

1a 667 4.53 73.73 0.27 653 0.00 7271 0.58

L: 7.47 7.60 74.67 0.28 4.00 0.00 70.67 0.3%

La 533 11.60 7227 0.36 0.40 0.00 72.60 0.28

Le 840 453 7E s Y 547 0.00 nn 02

Is 8.67 8.40 7560 0.27 9.07 0.00 93 0.39

Le 720 787 73.60 0.32 3.60 0.27 7033 Q.55

Ly 893 307 7547 0.32 467 .00 69.15 0.25

Lsg 8.03 _ 333 72.53 0.20 2.80 0.00 71.33 044

Lo 4.4 .93 68,20 019

Lto 4.67 0.00 69.00 0.35

Lnu 7.60 0.27 72.07 0.32

L2 12.40 6.00 72.60 059
Mean 7.59 6.37 .02 0.28 547 0.12 7111 0.39
SEm 0.96 1.28 0.53 0.05 1.04 1.07 0.35 0.04
cCD NS as7 NS NS 3.4 NS 1.01 0.12
(P<0.05)

NS : Non-Significant; L1.a: JL-24; Li.12: TMV-2,
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pificantly different among provenances with
TMYV-2 and non-significant with J1.-24 (Fig.1).
The mean oil content was 44.77% and 43.79%
with JL-24 and TMV-2, respectively. Oil ac-
cumulation is temperature sensitive, high
temperature favours high oil content.
Provenances with high temperature favours
high oil conteat. Provenances with high
temperature and also due to agronomic
management of crop favoured the oil ac-
cumulation as it was reported by Pandey and
Thejappa (1975) in cotton. The locational
variation causes the variation in oil content of
groundnut was also noticed by Dhawan et al,,
(1981). Both the cultivars differed significantly
for test weight of kernel due to provenances
(Fig.1). The mean test weight of 41.36 g and
28.47 g was recorded with JL-24 and TMV-2

2A¥7

respectively. This could be attributed to cul-
tivar differences. Further, the differences
among locations might be due to environmen-
tal changes and agronomic management of the
crop (Fig. 1). The above results are in agree-
ment with the findings of Pandey and Thejappa
{1975) in cotton.

Germination and hypocotyl leagth dif-
fered significantly among the provenances with
JL-24 and non-significant with TMV-2 (Table
3). Vigour index was non-significant in both the
cultivars. The mean germination 0f 82.42% and
80.25% was recorded with JL.-24 and TMV- 2
respectively. The germination differences
among locations might be due to the variations
in growing conditions, harvest and post- har-
vest conditions of the seed.

Tahle 3. Effect of provenance on seed quality of groundnut cultivars
Variety JL-24 TMV-2
Locations f.aboratory __i_i;pocotyi Vigourindex  Laboratory Hypocotyl Vigour index
Germination length (cm) germination length (cm)
(%) (%)
L1 86.67 8.78 763 76.00 9.70 743
L2 94.67 8.23 779 78.67 8.67 679
L3 4.67 8.18 614 79.33 .67 77
L4 82.67 7.97 661 80.67 9.10 731
Ls 80.00 10.35 758 80.00 1093 879
Ls 79.33 1013 803 8333 293 826
L7 94.00 9.25 870 80.00 9.62 770
Ls ] 81.33 8.78 719 82.00 10.35 : 845
Le 81.33 10.47 852
Lo . 82.00 9.67 1
Ln 84.67 10.23 868
L 75.00 10.00 749
Mean 84.17 8.96 750 80.25 9.86 92
SEm = 2,98 0.45 60.87 2.25 0.52 54.83
CD 9.04 1.36 NS NS NS NS
{P<0.05)

NS : Non-Significant; L& JL-24; L1122 TMV-2,
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Fungi belonging to six species of five
genera identified on seceds (Table 4) were
Aspergitius flavus, Aspergillus niger, Macro-
homina phaseolina, Mucor spp., Pencillium
spp. and RAzopus spp. It could be clearly seen
that higher (75%) association of fungi had
given only 10 per cent germination with JI.-24
produced at Mudigere. While TMV-2
produccd at Avaregere of Bangalore district
had recorded highest (91 per cent) germina-
tion with no association of fungi. Similar results
were obtained by Srinivasulu ef al. (1950) from
Andhra Pradesh and Gangawane and Jadhav
(1992) from Maharashtra who isolated and
identified the fungi’s association with
groundnut seed.

To conclude significant differences
were found among provenances with respect to
number of kernel per pod, shelling percentage,
oil content, electrical conductivity, test weight
and germination. Whereas vigour index was
non-significant, Aspergiflus flavus, Aspergillus
niger, Pencillium ssp. and Mucor spp. were the
commonly found fungi and these causes con-
siderable reduction in germination with in-
creased association. Provenances with
minimum fungal association may be selected
for seed multiplication purposes.
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LiVi 10 15
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LaV 88 10

L4Vy 86 07

LsVy 90 07

LsVi 60 40

L#V1 89 04

13Vy 00 73

Livz 90 10

L2V: 86 00

Lav2 . 91 00

L4Vz 75 29

1sV2 65 39

LsV2 75 28

L7V:z 25 14

LV 35 65

LoVz 88 00

LoV2 82 18

LuVvz 30 59

L2V 35 ' 60

Lis Vi JL-24; LinVaTMYV-2
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EFFECT OF DATE OF SOWING AND IRRIGATION ON THE,
DIURNAL VARIATION IN PHYSIOLOGICAL PROCESSES 1N
THE LEAF OF INDIAN MUSTARD (Brassica juncea)

P.K.CHAKRABORTY
Regional Research Sub-station (Red & Laterite Zone). BCKV Sckhampur, Birbhum, W R,

ABSTRACT

Studies on the effect of date of sowing and irrigation on the diurnal variation in physiological processes
in the leaf of two genotypes of Indian mustard reveal that the leaf temperature (LT) at 100% Aowering
was maximum at 14 h with irrigation in case of early sown crop; unirrigated crop attained the maximum
LT at 12 h. Photosynthetic photon flux density (PPFD ) was higher under irrigated condition. The highest
PPFD was recorded at 12 h in early sown crops. Early sown irrigated crop recorded two peaks of siomata;
diffusion resistance (SDR) while under unirrigated condition, SDR increased continually. Leaf
transpiration rate (TR) was maximum at 8 h and minimum at 14 or 16 h. The L'F, PPFD, SDR and TR
varied due to varietal and positional difference of the leaves. Low level of photosynthetic activity might

be observed at 12 or 14 hin Indian mustard.

Keywords: Indian mustard; Leaf temperature(LT); Photosynthetic photon flux density; Stomatal

diffusion resistance; Transpiration rate.

INTRODUCTION

Physiological processes in leaf are of
paramount importance for dry matter ac-
cemulation and vield of Indian mustard (Bras-
sica juncea {L.) Czero & Coss ) Chakraborty et
al., 1991. Diurnal variation in leaf temperature
and transpiration rate of intact peanut leaves
. have been reported by Nayyar ef @l (1990).
Littte is known about the effects of date of
sowing as well as irrigation on diurnal variation
in physiological processes in the leaves of In-
dian mustard. An experiment, therefore, was
planned to investigate the effects of date of
sowing as well as irrigation on the diurnal varia-
tion in the physiological processes in the leaves
of Indian mustard.

MATERJALS AND METHODS

A field experiment was conducted with 3 dates
of sowing viz. 31 QOct., 15 and 30 Naov., 1990; 2
varieties viz. ‘B-85’ and 'Varuna’' both under
irrigated and un-irrigated condition in 3 repli-
cates. Irrigations were applied at branching
{26, 22, 21 days after sowing for 3 sowing dates
respectively) and at first flowering stage (55, 50
and 47 days after sowing for 3 sowing dates
respectively) of the crop. Ten plants were ran-
domly selected from each plot. Leaf tempera-
ture {LT), Photosynthetic photon-flux density
{PPFD}, stomatal diffusion resistance (SDR})
and leaf transpiration rate (TR} were
measured in 2nd and 6tb leaf from apex with
the help of LI-1600 steady-state-porameter at

Received for publication on February 26, 1994,
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10,12 14, and 16 h when the crop attained
8! 4 ’ . R
100% flowering.

ESULTS AND DISCUSSION

Temperature of the 6th leaf was always higlller
than the 2nd leafin all cases (Fig. 1). due to high
(ate of transpiration in 2m?1 leaf (Flg. 4) rem.llt-
ing in increased leaf diffu§1on resistance which
jed to heating of 6th leaf in the process. When
31st Oct. sOWD CTOp attained 100% flowering
on 26th Dec., the highest leaf temperature was
observed at 14 h with irrigation and at 12 h
ander unirrigated condition in both the cul-
tivars; however, the leaf temperature of ‘B-85°
was more than ‘Varuna’. Similar pattern was
recorded in crops with 100% flowering on 8th
january but those flowered on 28th January,
recorded highest temperature at 12 h,

The 2nd leaf with better degree of ex-
posure, always recorded higher photosynthetic
photon-flux density than 6th leaf of the main
stem (Fig.2). Under irrigated situation, both
cultivars recorded high photosynthetic
photon-flux density. The reflection (higher
photon-flux density) under irrigated condition
for 2nd leaf may be on account of high reflec-
tion (less duilness), which resulted from thin
leaf lamina. In contrast, under unirrigated
(moisture stress) condition the leaf blade will
be thickened, coated with waxy glands (Denna,
1970) and absorb more light. The leaf size
under irrigated condition will restrict light
penctration to the lower leaf resuliing in low
photon-flux density as ts also evident in Fig.2.
The highest photosynthetic photon- flux den-
sity was recorded at 12 noon except in late sown
and in unirrigated crop. The reason may be the
north-south direction of the rows, almost nor-
mal incidence of solar radiation at 12 noon and
the narrow leaf under the latter situation.
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The 6th leaf always recorded higher
stomatal diffusion resistance than the 2nd leaf
in all cases along with low transpiration rate
(Fig.4) and high leaf temperature (Fig.1). In
case of carly sown crop, both ‘B-85 and
"Varuna’ showed two peaks at 12 and 16 h under
irrigated condition whereas under unirrigated
condition, it increased continually up to 16 h,
Stomates respond more rapidly to changes in
light, temperature, carbon dioxide, water and
other environmental factors (Gates, 1981).
Under irrigated situation, two peaks were ob-
served due to high leaf temperature (Heath
and Orchard, 1957) and low illumination
(Ehrler and Van Bavel, 1968). Under unir-
rigated condition, moisture stress may be the
cause of continuous increase in stomatal resis-
tance as Stomates respond through several
feed back loops involving carbon dioxide and
water vapour (Gates, 1981). Similar pattern
was observed in late sown crop (Fig.3) i.c., crop
sown on 15 November showed almost a bell-
shaped variation. Late-sown crops showed a
continuous rise in stomatal diffusion resistance
because of higher atmospheric vapour pres-
sure (7.1 mm). High leaf temperature and
stomatal diffusion resistance of the 6th leaf
could be attributed to high water potential
gradient which negatively increases for root to
apical leaf and creates a pull transpiration foss
from leaf, uptake and movement in xylem sys-
tem upward. Turner (1974) also observed that
the critical water potential was high (less nega-
tive) for leaves ow in the canopy and low {more
negative) for leaves at the top of the canopy of
maize, sorghum and tobacco.

The transpiration rate was always high
in 2nd leaf (Fig. 4). In the 31st October sown
crop, transpiration rate declined from 8to 12 h
because of -increase in leaf temperature with
the concomitant increase in leaf resistance
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which ultimately prevent the rapid desiccation
of leaves under the large evaporative stress
imposed by high leaf temperature (Wuenscher
and Kozlowski, 1971). The Transpiration rate
then increased sharply at 14 b and again
declined to the lowest value at 16 h under
irrigated condition; this also supported high
stomatal diffusion resistance recorded at 12
and 16 h respectively. Under un-irrigated con-
dition, highest value was recorded at 8 h which
declined with advance of the day up to 16 h. In
15 November sown crop, under irrigated con-
dition the transpiration rate declined up to 12
h and again peaked with opening of stomata
due to cooling of weather in the evening solely
in response to changed weather, Similar trend
was observed under unirrigated sitnation; the
6th leaf, however, showed a little deviation.
Under late sown condition, the transpiration
rate was maximum at 8 and minimum at 14 or
16 hin all cases, probably when all the stomates
were closed due to internal regulatory
mechanism of the plant to restrict recessive loss
under very hot/demanding situations.

Nayyar et al. (1990) reported that the
carbon exchange rate during day-light hours
declined under increased photosynthetically
active radiation and leaf temperature in intact
peanut leaves. The high photosynthetic
photon-flux density with high leaf temperature
as well as stomata! diffusion resistance at 12 or
14 h showed the probability of low carbon ex-
change during this period in Indian mustard. It
thus indicated a high carbon exchange and
photosynthesis during early morning and in
late afiernoon hours. Pallas and Samish (1974)
also recorded similar observation in case of
peanut, Application of irrigation increased
" leaf-sizes and reduced stomatal diffusion resis-
tance and increased leaf transpiration but it did
not reduce the leaf temperature to a significant

Journal of Oilseeds Research

extent due toiits direct exposure to sun light gpg
its interception, recessive heat loss and thus
high leaf transpiration failed to countermapg
the heating significantly. All the same, still (b,
increased leaf size (photosynthetic apparayg
area) under irtigated condition was helpful i
increasing dry matter accumulation and y).
timately the seed yield of the crop.
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ABSTRACT

Field experiments were conducted during kharif 1983 and 1984 at research farm, J.N.Krishi Vishwa
Vidyalaya, Jabalpur (M.P.) to study the effect of spatial arrangement and nitrogen levels on light
utilization and productivity of maize based intercropping with soybean. Base crop maize did not compete
for light with soybean as companion crop under intercropping system but light available to soybean was
reduced by maize interference. Alternate paired row spatial arrangement provided more light to
soybean without declining the desired light utilization for the maize. Increasing rates of N application
to maize correspondingly reduced the availability of light 1o soybean. Maize yield was unaffected by
intercropping with soybean. Alternate single row or paired row spatial arrangement did not vary for
maize yield but latter given markedly higher yields of soybean. Every incremental dose of 30 kg N from
0 to 120 kg N/ha markedly increased maize yields but results reversed for soybean yields. Paired row
spatial arrangement provided better intercropping situation particularly with higher levels of N applica-

tion.

Keywords: Maize; Soybean; Intercropping system; Nitrogen levels; Light Transmission Ratio.

INTRODUCTION

Intercropping of short growing and shade
tolerant crop soybean with maize (tall growing
and tolerant to high solar radiation) may pro-
vide better crop compatibility because of vari-
able genotypic bebaviour and cause their
individual growth to experience different
micro-environment due to competition for
natural resources (Donald, 1963; Trenbath,
1971). Intercropping of soybean with maize
can be helpful to economize the nitrogen ap-
plication in maize. Spatial complimentarity can
provide more advantages over temporal com-
plimentarity in intercropping system as a result
of efficient exploitation of resources (willey,
1979). Pairing of maize rows can provide more
inter-row space to accomodate two rows of

soybean without reducing the plant population
of maize. Keeping the above views in mind, the
present investigation was aimed to maximize
the yield of associated soybean without
sacrificing the yield of main crop maize in in-
tercropping system.

MATERIALS AND METHODS

The field experiments were carried out during
the kharif seasons of 1983 and 1984 under
rainfed conditions at the research farm,
J.N.Krishi Vishwa Vidyalaya, Jabalpur (M.P).
Treatments consisted of two intercropping sys-
tems viz., maize + soybean in alternate single
and paired rows; and four nitrogen levels to
maize viz., 0, 30, 60, and 120 kg Nrha tested in
Factorial Randomized Block Design with three

Received for publication on March 19, 1994,
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replications. Crop varicties used were "Ganga-
5" for maize and "JS-2" for soybean. Uniform
plant population of maize in 90 cm x 20 cm
spacing was maintained by dibbling two seeds
per hill and then thinning to one seedling/hill
after 10 days of emergence. Soybean was sown
in alternate single or paired row of 15 cm apart.
The intra row spacing of 5 cm for soybean was
maintained by thinning of plants after 10 days
of germination. A uniform dose of 60 kg P20s
and 10 kg K20 per ha was given to all plots at
sowing. Nitrogen was given only to maize crop
as per treatments, Half of the total N was given
at sowing and remaining half dose was applied
as top-dress at 25 day growth stage. Seeds of
soybean were inoculated with rhizobium cul-
ture at the rate of 5 g/kg of seeds. Sowing was
done on July 4 and 5in two consecutive years.

For solar radiation, the crop stand was
treated as perfectly diffused reflecting surface,
The light intensity on maize canopy surface and
the infiltration profiles within the canopy on
the middle and ground levels were recorded in
luix {Aplab lux meter type-ML 4420) at 25, 50
and 75 days- growth stages. The light transmis-
sion ratio (LTR) was computed in crop stands
of maize grown with soybean by using the fol-
lowing formula (Golingai and Mabbayard,
1569):
LTR = Fa .

where [ and Ip refer the light intensity on
the horizontal surface at ground and mid
canopy levels, respectively. Foliar absorption
coefficient or light extinction coefficient (K)
was calculated by formula as suggested by
Noble, (1974).

log ! K-

E:-

Journal of Qilseeds Research

Where L is Leaf Area Index { LAI)
RESULTS AND DISCUSSION

Effect of solar radiation

Spatial complementarities did not cause
marked variation in UTR to base crop maize at
any of the growth stages, though the values
were relatively higher under alternate paired
rows system than alternate single row system
{Table 1). Consequently, light extinction coef-
ficient (K) significantly reduced under paired
rows arrangement over alternate single row
arrangemcnt. The LTR and K values were max-
imum at knee high stage (25 DAS) of maize and
then both values decreased successively during
advanced growth stages i.e. at tasselling (50
DAS) and silking (75 DAS) because of in-
creased LAI values in maize which probably
interfered the interception of light. Companion
crop soybean being shorter in height than
maize did not interfere the light absorption by
the maize, but light availability to soybean was
curtailed by maize interference. The light inter-
ference by maize become more serious with the
increasing levels of nitrogen to maize up to 120
kg N/ha which could be gauged from marked
reduction in LTR and K values. This may be as
a result of increased LAl in maize with higher
levels of N application. The LAI did not differ
between the two spatial arrangements, but in-
creasing rates of N application significantly
increased the LA at all growth stages. Ob-
viously, the LAT values were higher with lower
levels of N {0 and 30 kg N/ha) under aliernate
single row planting arrangement than alternate
paired rows system and the results were vice-
versa at higher N levels (60 and 120 kg N/ha).
As a consequence, alternate paired row arran-
gement resblted in higher LTR and lesser K
values for maize with lower N dose which could
be helpful to provide more light for the as-
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Table 2. Effect of spatial arrangetnents and aitrogen levels on grain yield in maize + soybean im.-.

cropping system :
Treatment Grain yield {(q/ha) ﬂ—n—-
Maize Soybean .
1983 1984 Mean 1983 1984 Mean
Spartial arrangement
Maize + soybean (A) 23.00 2587 24.44 9.35 " 6.80 8.07
Maize + soybean (P) 2.7 26.23 24.50 10.36 861 948
CD (P 0.05) NS NS NS 0.96 0.63 0.56
N - kg/ha)
ON 6.13 8.07 7.10 12.82 9.68 11.25
3N 16.88 2059 18,73 1111 .21 9.91
ON 29.78 3370 3 902 7.06 804
120N 38.78 41.84 40.31 6.48 5.36 5.92
CD (P -0.05) 235 2.36 2.62 1.52 121 0.97
Interactions
Maize + soybean (A)
oN . 592 8.00 6.96 13.17 926 11.34
N 17.11 20.81 18.96 10.77 7.48 9.12
N 2974 nw nR TAS 8RS 6,65
120N 39.36 42.59 4092 5.73 463 5.18
Maize + soybean (P)
N 633 8.15 7.4 12.18 10.11 11.14
3N 16.66 20.37 18.51 1145 995 10.70
60N 29.81 35.39 32.55 10.59 8.28 9.43
120N v 3829 4110 3970 723 609 6.66
CD (P 0.05) 3.06 365 324 1.84 1.66 117

A- Alternate single row, P - alternate paired row, N - kg/ha.

sociated soybean crop particularly at higher
levels of nitrogern. These results are in close
conformity with the results of Willey (1979).

Effect on the productivity

Grain yield of base crop maize was unaffected
due to both spatial arrangements when

soybean was intercropped with it, but alternate ’
paired row intercropping system significantly
resulted in higher yield of soybean than alter-
nate single row system because of efficient
utilization of light and space (Table 2). Thus,
soybean as an intercrop gave additional yield
as bonus in intercropping system without in-
fluencing the yield of base crop maize. This
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indicated that soybean as an intercrop neither
caused competitional stress to maize for light
and space nor helped maize as nitrogen doner
to the soil which confirmed the opinions of
Ahmed and Gunasena (1979). Every in-
cremental dose of 30 kg N/ha to maize from 0
to 120 kg N/ha significantly increased the maize
yield, but soybean yield correspondingly
reduced up to the highest level. Singh et al.
(1983) and Hiremath et al. (1983) also reported
similar findings. The yield of maize did not vary
between the two spatial arrangements but
showed linear response to Nitrogen till the
highest dose tested. The soybean yields,
showed significant differences between the two
spatial arrangements but showed negative
response to nitrogen at its increased levels.
The, alternate paired row sowing arrangement
for maize-soybean intercropping could be
more advantageous particularly when high
dose of fertrilizers were used for yield maxi-
mization. These results also corroborated the
findings of Ahmed and Rao (1982).
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ABSTRACT

Kemels of twenty-three genotypes with oil content (Qil (S)) ranging from 41-55% were used for
evaluating whether specific gravity of cotyledons (SPGR) can be used as an index for predicting oil
content of groundnut genotypes. Five gentotypes were characterized by their shyivelled testa. One of
these genotypes was represented by two samples. Kernels of each sample were split into constituent
cotyledons along with testa and collected into two different pools in a manner that ¢ach seed was
represented in both the pools through its complementary cotyledons. One pool was used for estimation
of SPGR while the other for Qil (8). Highly significant and negative correlation was oblained between
SPGR and Oif (8) with samples having smooth testa (r = -0.964"*, n = 18). But the value of correlation
coefficient decreased slightly when the values of SPGR and Oil (S) of six samples having shrivelied testa
were also taken into calculation (r = -0.882**, n=24). Predictability of this relationship was also
evaluated for comparingsubsampies of genotypes. For this SPGR and Oil {8) of pools of compiementary
cotyledons of six subsamples ¢ach of seven genotypes were determined. The correlations were found
1o be significant only for four genotypes. Ylowever, when correlation was estimated beiween Tepre-
sentative values (vaives representing average of six subsamples) of SPGR and il (3) of seven
genotypes, it was found to be highly significant (r = -0.984**). It was concluded that the specific gravity
of groundnut cotyledons can be used for predicting oil content of groundnut genotypes provided the

kernels do not have a shrivelled testa and have a constant (4.6 * 1%) moisture content.

Keywords: Groundnut cotyledons; Specific gravity; Oil content; Predictability.

INTRODUCTION

Gravimetric procedure of Soxhlet extraction is
regarded as the standard method for determin-
ing oil and fat content of foods and feeds.
Technique of determination of oil content of
oilseeds on the basis of their NMR
spectrometry has also been developed (Con-
way and Farle 1963). Use of NMR
spectrometiry for oil content estimation of
groundnut kernels has been standardized
(Jambunathan et al., 1985) and is being used
widely. Use of nearinfrared spectroscopy

(NIR) has also been demonstrated for predict-
ing oil and some other constitutents of oilseeds
(Panford er al., 1988). On the basis of proper-
ties of floatation of groundnut kernels in brines
of different specific gravities, it was earlier sug-
gested that there exists an inverse relationship
between the oil content and specific gravity of
isolated cotyledons of groundnut (Magne and
Beliguez 1963). Recently the functional
relationship between the specific gravity of
groundnut cotyledons (SPGR) and their oil
content as determined by the Soxhlet extrac-

Received for publication on May 13, 1994.
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tion procedure [(Oil (5))] has been defined
mathematically (Misra ef al., 1993) thus:

Oil~ (%) = 239.65 - (176.81 X SPGR).........A

The correlation coefficient (r) has been
shown to be -0.946** with a predictability of
89.5%. The rclationship has, however, been
shown to be valid only for the cotyledons rather
than whole kernels. Moreover, this relation-
ship was developed using specific gravities and
. oil contents of groundnut genotypes varying
widely (42 to 55%) in their oil content. The
objective of this study was to ascertain whether
this inverse relationship would be sensitive
enough to detect the marginal differences (say
+1%) in the oil content of commercial cul-
tivars which generaily ranges between 48 and
51%, and whether it can be used as a reliable
method for predicting oil content of groundnut

genotypes.
MATERIALS AND METHODS

Seed material

Kernels of 18 groundnut genotypes from the
Genetic Resources Section of the National Re-
search Centre for Groundnut (NRCG) and 5
genotypes from the Genetic Resources Unit of
the International Crops Research Institute for
the Semi-Arid Tropics (ICRISAT),
Patancheru, India were obtained. Samples of
five genotypes viz. BAU 12, NRCG 2024,
NRCG 1014, NRCG 3361 and NRCG 8940
were characterized by their shrivelled testa.
The genotypes NRCG 2024 was represented by
two samples which were designated as
genotypes NRCG 2024a and NRCG 2024b.

Determination of seed moisture content

Seeds, approx. 10 g, were dried in an oven at
105°C to a constant weight and the per cent
(w/w) moisture content was calculated.
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Determination of Oil (S) and SPGR of com-
plementary cotyledons of seed samples

For each sample approx. 20 g seeds were split
into constituent cotyledons along with testa.
The two cotyledons of a seed were collected in
two different pools in a manner that each seed
was represented in both the pools through its
complementary cotyledons. One pool was
processed for Oil (S) estimation and the other
for SPGR determination as described earlier
{Misra et al., 1993).

Determination of Oil (S) and SPGR of kernel of
groundnut genolypes

Kernels of seven genotypes viz. GG 2, Girnar
1, JL 24, Jyoti, NCAc 17500, TMV 2 and TMV
10 were used. The kernel sample of each
genotype was divided into six syb-samples at
random, Each sub-sample was further
separated into two pools of complementary
cotyledons and then processed for determina-
tion of Qil(S) and SPGR.

Statistical analysis

Standard statistical procedures as outlined by
Canavos (1984) were followed.

. RESULTS AND DISCUSSION

The moisture content of the samples ranged
from 3.61 (ICGV 88399) to 6.20% (NRCG
8940) (Table 1). The values for mean and stand-
ard deviation were 4.65 and 0.68, respectively.
The Qil(S) of samples ranged from 41.17 (BAU
12) to 54.61% (NCAc 17500) with the SPGR
ranged from 1.0470 (NCAc 17500) to 1.1199
(ICG 799) (Table 1). The values for mean and
SD were 47.23 and 3.12, respectively, for oil and
1.0866 and 0.018, respectively, for SPGR.
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Table 1.  Predictability of oil content on the basis of relationship between Oil(S) and SPGR estimateq
on complementary cotyledons of groundnut genotypes
Genotype Moisture SPGR il content %o
% 0il(5) Oil ~ and residuals
Fguation B Equation C
NCAc 17500 4.37 1.0470 54.61 53.17 1.4 5348 1.13
T™V iD R 1.06838 4934 49389 0.55 50.25 £0.91
Jyoti 428 1.0874 47.03 47.10 0.07 4749 £.46
TMV 3 3.72 1.0603 50.39 51.17 0.78 - 5151 <112
Kadiri 3 472 10746 49.67 49.02 0.65 49.39 028
Kadiri 2 4.57 1.0826 48.92 47.82 1.10 48.20 0.72
ICGY 38399 361 1.0988 46105 45.39 0.66 45.79 0.26
5230 4.82 1.0785 48.46 48.44 0.02 48.81 -0.35
TG? 4.5% 1.05%6 5096 51.27 0.31 51.61 -0.65
GAUG 10 462 1.0804 ; 5004 48.15 1.89 48.52 152
1CG 16 : 375 10952 0 47 M 4593 1.21 46.33 0.81
10G 3 415 11154 1 433 429 0.49 4333 0.06
ICG 508 4.20 1.1070 43.33 44.16 -0.83 44.58 -1.25
1CG 79% 424 1.119° 4220 M2 -2.02 42.66 .46
IcG411 . 1.0985 4599 4544 0.55 45.84 0.15
NRCG 918 5.34 1.0741 49.38 45.10 0.28 4946 0.08
NRCG TS SER 10045 475% 4504 147 4643 108
NRCG 8941 533 1.0700 49.32 49.71 0.39 50.07 L0.75
BAU 12* 571 1.1060 41.17 44.31 314
NRUG 20242 477 1.0889 44.96 46.88 -1.92
NRCG 2024B*  4.77 10937 4418 46.16 C 198
NRCG 1014* 5.16 1.0798 46.84 48.24 -1.40 -~
NRCG 3361 4,72 1.1087 4748 439 357
NRCG 8940* 6.20 1.0880 45.07 47.01 -1.94

*Shrivelled testa
Variability in Oil (5) and SPGR qf genotypes

Highest coefficient of variation (%) for Qil (S)
(Table 3) was obtained for JL 24 {2.21) fol-
lowed by TMV 10 (1.38), GG 2 (1.09), Gitnar
1(1.05), TMV 2 (0.83), NCAc 17500 (0.74), and
Jyoti (0.59). For specific gravity the highest
coefficient of variation (%) was obtained for JI

24 (0.59) followed by NCAc 17500 (0.48), Jyoti
(0.38), Girnar 1 (0.32), TMV 10 (0.26), TMV 2
(0.22), and GG 2 (0.21). When the SPGR
values of the six sub-samples of each of the
seven genotypes were converted into oil con-
tent using equation A, the magnitudes of
residuals ranged from 0.15 10 1.02in GG 2,0.18
to 0.76 in Girnar 1,0.23 to 1,50 in JL 24, 0.25 to
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Correlation coefficients (r) for
relationship between various sets of
0il(S) and SPGR

Table 2.

Particulars of set n

Across genotypes (complementary
cotyledons of a single sub-sample

of each genotype
Equation B 24} £.882°
Equation C 18 £.964**

Across genotypes (complementary

cotyledons of six sub-sampics

of seven genotypes
Equation D 42 -0.966**

Within a genotype (complementary

cotyledons of six sub-samples

of each genotype
GG2 6 0813+
Girnar 1 6 -0.842*
JL24 6 0.502*
Jyoti [ NS
NCACc 17500 6 0812+
TMV 2 6 NS
TMV 10 6 NS

" Across genotypes (taking average

values of six sub samples)
Equation A 7 -0.984>*
Fquation E 7 0.984**

$ includes genotypes with shrivelled testa
* and ** significant at 5 and 1% levels, respectively
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1.91 in Jyoti, 0.07 to 2.22 in NCAc 17500, 0.09
to 1.11in TMV 2 and 0.22 to 2.14 in TMV 10.

Correlation coefficients and regression equations

The correlation coefficients (r) for various sets
of values of Qil(S) and SPGR are given in Table
2. The regression equation based-on Qil (S)

" and SPGR of 24 genotypes "B and that based

on only 18 genotypes "C" (excluding genotypes
with shrivelled testa), respectively, were:

Qil ™~ (%) = 210.29 - (150.08 X SPGR)............
Oil™ (%) = 208.65 - (176.81 x SPGR).............C

The Oil”™ calculated on the basis of
equations B (24 genotypes) and C (18
genotypes) alongwith corresponding residuals
are given in Table 1. The minimum and maxi-
mum magnitudes of residuals for B and C
equation were 0.02 and 3.57, 0.06 and 1.52,
respectively. The regression equation obtained
on the basis of values of SPGR and Ol (S) of
42 sets of complementary cotyledons (6 sub-
samples each of the 7 genotypes, data not
shown) was:

Oil™ (%) = 237.76 - (174.95 x SPGR)

Within the seven genotypes tested, the
correlation coefficients for Qil(8) and SPGR
(of complementary cotyledons derived from six

Table 3. Representative (average of six determinations) SPGR and Oil(5j of seven groundnut

genotypes and their Oil ~
Genotype Specific gravity Oil(S) % Oil~ and residual %

Eﬁa‘t—ion E Equation A

GG2 10776 49.61 49.24 0.37 49.12 0.49
Gimar 1 1.0621 5142 5201 059 51.87 045
L2 1.1020 4393 4487 0.94 4481 088
Jyori 1.09%08 4766 46.85 0.81 46.79 0.87
NCAc17500  1.0526 53.20 5372 052 53.54 034
™V 2 10001 45.39 4521 0.18 45.14 025
™™V 10 1.0570 5361 5293 0.68 5276 085
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sub-samples) were significant only for four
genotypes viz. GG 2, Girpar 1, JL 24 and NCAc
17500 (Table 2). The regression equation ob-
tained on the basis of average values of six
determinations of Oil (S} and SPGR of seven
genotypes was:

Oit ™ (%) = 242.26 - (179.13x SPGR)...cnuu.e. E

For both the equations A and E, when
correlation was estimated between the repre-
sentative valoes (average values of six sub-
samples) of Oil (8) of seven genotypes and
corresponding Qil ~ values (obtained by using
representative SPGR) the correlation coeffi-
cient was found to be highly significant (r =
-0.984**) with a predictability of 97%. The
values of Qil ~ calculated on the basis of equa-
tion A and E and the corresponding residuals
for the seven genotypes are shown in Table 3.
In case of equation A, a maximum magnitude
of residual was (.88 for genotype JL 24 and the
minimum was 0.25 for genotype TMV 2.
Among the residuals obtained on the basis of
equation E, a maximum magnitude of 0.94 was
for genotype JL.-24, and a minimum of 0.18 for
genotype TMV 2.

The highest predictability was for equa-
tion E (979%), followed by equation D and C
(93% each), and the lowest for equation B
(78%).

Discussion

In earlier study Misra et al., (1993), used
separate sub-samples for Oil (§) and SPGR
determinations and the predictability of the
regression equation concerned (equation A)
was estimated to be 89.5% (n = 32) with mag-
* pitudes of residuals ranging from 0.06 to
1.78%. Since the oil content of a genotype
varies from seed to seed (Dwivedi et al,, 1990),
and also there is some error in the methods of

Journal of Oilseeds Research

determination of Oil(S) (Jambunathan er g/,
1985) and SPGR (Misra et af., 1993), the oil
content of a sub-sample determined by Soxhlet
method will differ from the value predicted op
the basis of specific gravity of another sub-
sample even if the relationship between Oil(S)
and SPGR were a perfect one. With a view to
overcoming dilations of residuals on account of
seed to seed variations, sets of complementary
cotyledons of a sub-sample were used in this
study so that all the seeds were equally repre-
sented in the materials used for the determina-
tion of Oil(S) and corresponding SPGR. This
exercise gave an improved predictability of
93% (n = 18) with a value of residuals ranging
from 0.06 to 1.52.

Jambunathan et al., (1985) estimated
standard error (SE) of Soxhlet method (by
using 5 sub-samples of groundnut meal) to be
0,21 to 0.31% (corresponding to SD of 0.48 to
0.70% of oil). Similarly, for sub-samples of ker-
nels the SE ranged from 0.42 to 0.65 (cor-
responding to $D of 0.96 to 1.47% of oil). The
values of the SD in the present investigations
ranged from 0.28 (Jyoti) to 0.97% (I 24) of oil,
which is of the same order as reported by Jam-
bunathan ef af. (1985). For determining SPGR
Misra et ¢f. (1993) have estimated the SD of
weight of volumetric flask visually filled to 100
ml mark with kerosene to be 0.0086 g. This
value corresponded to SDs of = (.00012
and+ 0.02% for specific gravity and oil con-
tent, respectively. Hence the method of deter-
mining spectific gravity is more precise than that
of determining oil content by Soxhlet extrac-
tion procedure. Looking to the precision of
Oil(S) and SPGR, a value of 2{0.70 + 0.02) =
1.44 in the residuals can be ascribed to the
errors of Soxhlet and SPGR methods, even if
the two samples have the same oil content. But
in this experiment residuals up 10 2.22% have
been obtained in case of NCAc 17500 (see
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results), which suggests that the relationship
petween the Oil(S) and SPGR of cotyledons is
not a perfect one and that there are factors
other than oil which also detemine the specific
gravity of groundnut cotyledons. Groundnut
oil, which comprises about 50% of the kernel
weight is fairly homogeneous and thus its
specific gravity remains rather constant across
the genotypes. Whereas rest of the 50% mass
of the kernel is quite heterogeneous in the
sease that it comprises several components
pamely proteins, carbohydrates, minerals,
fibre, moisture etc. all varying in their respec-
tive specific gravities. Hence any change in the
relative proporties of the other than oil con-
stituents of the kernels within or across the
genotypes will effect a corresponding change
in the overall specific gravity of kernels, And
this will introduce residuals of varying mag-
nitudes between the actual values and
predicted values of oil contents.

Besides the chemical composition, a
morphological factor that was identified in this

study was the shrivelled nature of testa with

irregular air spaces between the testa and
cotyledons. When the Gil(8) and SPGR of the
complementary cotyledons of six samples with
shrivelied testa were included for estimating
the predictability, the predictability was only
8% (equation B} comparcd to that of 93%
(equation C) estimated after excluding the
genotypes with shrivelled testa. The cotyledons
with shrivelled testa showed a low specific
gravity and consequently a high Qil™ with
residuals as large as 3.57 %. Though among the
cultivated types only a few genotypes are there
with a characteristic of shrivelled testa, kernels
with varying degrees of shrivelling can be seen
in the samples of any genotype, which emanate
from the immature pods. Another factor which
15 likely to interfere with the SPGR determina-
tion is variability in the moisture content of
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kerne] samples, because, water has a specific
gravity lower than that of other than oil portion
of the kernel and hence a sample having a high
moisture content would show a lower specific
gravity and consegently a high Gil ™ and vice
versa.

Hence, it is possible that the variation in
the shrivelling of testa {not discernible to the
naked eye) and moisture content of kernels
interfere with the estimation of SPGR and thus
sometimes render the relationship between
Qil(S) and SPGR incomplete and produce di-
fated residuals.

1t has been shown through NMR imag-
ing that the complementary cotyledons of a
groundnut sced may not necessarily have same
oil content (Lakshminarayana et 2l., 1992). Be-
sides, groundnut genotypes have been
reported to show a highly significant positive
correlation between seed mass (size) and oil
content of kernels (Dwivedi et al,, 1990).

It can thus be summarised that the ad-
ditive effect of interference by the variability in
secd mass, shriveliing of testa and uneven dis-
tribution of oil in the complementary
cotyledons coupled with a low precision of
Soxhlet method and a low degree of freedom
(i.e. 4 in the present case) sometimes renders
the relationship between the Oil(S) and SPGR
insignificant for the subsamples of a given
genotype. This may explain the insignificant
relationship between the SPGR and Oil(S) of
six subsamples of Jyoti, TMV 2 and TMYV 10.
Hence, it may sometimes not be possible to
perceive the narrow differences in Qil(S) of the
subsamples of a génotype through their SPGR.

Both the precision of Soxhlet method
and the extent of innate variability in the oil
content of groundnut genotypes stress the
necessity to obtain average of serveral analysis
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for arriving at a representative value of oil con-
tent of a perticular genotype or sample and the
same holds good for arriving at a repre-
sentative value of SPGR. The results of the
present investigations indicate that when cor-
relation between Oil(S) and SPGR is estimated
on the basis of representative values (average
of six determinations) a highly significant
relationship between SPGR and Oil(8) s ob-
tained with a very high predictability even with
as low a degree of freedom as 5.

Conclusion

It is concluded that for comparing oil content
of a large number of genotypes, the repre-
sentative values (average of several determina-
tions) of SPGR of isolated groundnut
cotyledons can be used for predicting oil con-
tent provided that the samples do not exhibit
visible shrivelling of testa and have a constant
(4.6 * 1%) moisture content, The equation A
or E can be used for predicting the oil content
of genotypes from their representative SPGR.

There, however, exists a scope for fur-
ther refining the regression equation A on the
basis of representative values of Qil(8) and
SPGR of a larger number of genotypes {say 50)
with a wider range of oil content (say 40 to
56%).
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EVALUATION OF GERMPLASM COLLECTIONS OF
SAFFLOWER (Carthamus tinctorius Linn.) IN INDIA FOR
MORPHOLOGICAL CHARACTERS AND IT’S ASSOCIATION
WITH REACTION TO APHID INFESTATION
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ABSTRACT

Morphological characters of safflower were significantly associated with reaction to safflower aphid
(Dactynoius carthami H.R.L) infestation. Bushy and cone shaped plant types were showing more degree
of tolerance than appressed and erect plant types. Plant types with many or intermediate number of
spines on upper stem leaves and outer involucral bracis (OIB) showed better tolerance to aphids than
those with no spines or only a few spines. Long and moderate length of spines on OIB were associated
with better tolerance to aphid infestation than those of short spines or no spines on OIB. Plant types
with fleshy upper leaves were more susceptible than those with normal and leathery leaves. Susceptible
reaction to infestation of aphids resulted in reduction in number of capitula per plant and yield per
plant. Early physiological maturity was closely associated with tolerance to aphid infestation.

Keywords : Safflower; Germplasm; Safflower aphid; Morphological characters

INTRODUCTION

Safflower (Carthamus tinctorius Linn) is an im-
portant annual oilseed crop grown in many
parts of the world, India having the largest crop
area. The crop is infested by a number of pests
and as many as 14 different species of aphids
have been reported on this crop. Dactynotus
carthami (H.R.L) is one of the major aphids
causing considerable damage to the crop (Par-
lekar, 1987). The safflower aphid is widely dis-
tributed in India and it is polyphagous
(Narayanan, 1961; Bindhra and Rathore,
1967). In order to exploit the potentials of the
rich source of genetic material of this crop
available in India, evaluation of a number of

economically important characters are being
carried out systematically on the germplasm
material at the Germplasm Management Unit,
Mahatma Phule Agricultural University,
Solapur. The present study analyses the results
of evaluation of a set of 1136 accessions during
1987-88 rabi scason for their reaction to the
safflower aphid and its association with mor-
phological characters of importance.

MATERIALS AND METHODS

The germplasm material was raised in GM
Unit, Solapur (Longitude - 17° 14’ N; Latitude
-75° 56'E and Elevation 483.6 m MSL), in
single rows of 6 m length spaced at 45 cm

L. Project Coordinating Unit (Safflower), Solapur, Maharashtra 413 002
2. MPKV, Agril. Resh. Station, Rahuri, Maharashtra
3. MPKYV, Agril. Resh. Station, Digraj, Maharashtra

Received for publication on September 35, 1994.
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between row and 35 cm within rows using aug-
mented block design with 13 standard checks
of Indian origin. Reaction to aphid infestation
was scored on a 1-Sscale, ascore of 1 indicating
‘highly tolerant’ (0-20% drying}; a score of 2
indicating ‘tolerant’ (21-40% drying); 3 in-
dicating ‘moderately tolerant’ (41-60%
drying); 4 indicating ‘susceptible’ (61-80%
drying) and 35 indicating ‘highly susceptible
(more than 80% drying). Details of other mor-
phological characters are provided in a
catalogue of the germplasm material (Ghor-
pade et al., 1991), Relevant combinations of the
pest and a morphological character were taken
and two-way contingency tables were prepared
to study the character association. In case of
some quantitative characters like seed yield,
number of capitula and days to maturity, one-
way analysis of variance was performed to
study the effect of the aphid mfestation on
these characters.

Journal of Oilseeds Research

RESULTS AND DISCUSSION

The frequencies of aphid reaction scores for
some of the source countries is given in Table 1,
None of the entries were found to be *highly
tolerant’ (0-20% drying). However, 67 entries
were found to be ‘tolerant’ (21-40% drying) to
the pest. More than 50% of accessions were
found to be moderately tolerant (41-60%

drying).

The four plant types or growth habits
showed different types of reaction tothe aphids
(Table 2). Appressed and erect plant types
were more susceptible (a score of 4-3) to the
pest as compared to bushy and cone shaped
ones. The latter two types had a large propor-
tion of moderately tolerant plants compared to
the former two types. Combining the first theee
scores (tolerant types), it was seen that bushy
and cone shaped plant types were more
tolerant than appressed and erect shaped (the

Table1. Reaction of safflower germplasm entries to aphid infestation

Source country No. of Frequency (as per cent)

entries i 3 3 ! 3

India 546 0.8 34 714 198 0.4
Usa 144 0.0 28 472 493 0.7
Turkey A4 0.0 6.2 40.6 516 16
Pakistan 53 0.0 09 528 453 19
Iran 5 00 39 333 62.8 g.0
Egypt o 00 6.0 444 $19 37
Portugal 0 08 so . 150 200 100
Australia 18 00 111 556 333 040
Israel 18 0.0 0.0 100.0 00 00
Total *1136 g 67 645 410 14
frequency

Columns labelied 1-5 are classifications of reaction to aphid infesiation {drying percentage), i.e, 0-209%, 21-40%, 41-60%,

61-80% and more than 80% dyring respectively.

*- including other countries each with a smaller number of accessions
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Table 2. Morphological types and their association with reaction to safflower aphid infestation.

2

Desctiptors Tolerant Moderate Susceptible X
group group group Value
Drying (%) Total
< 40% 40-60% > 60%
Growth habit
Bushy 13.9 67.3 18.8 202
Cone shaped ' 5.6 671 273 Ky
Appressed 0.0 21.7 8.3 83
Erect 38 50.3 459 417 1377
Spines on Upper Stem Leaves i
No spines 0.0 220 78.0 50
Few spines 18 461 513 197
Intermediate/many 6.5 60.4 331 724 74.1**
Spines OIB
No spines 0.0 270 73.0 37
Few spines 15 46.2 52.3 197
Intermediate 65 60.4 331 724
Many spines 9.6 60.1 30.13 ' 178 56.0%*
Length of spines on OIB
No spines 0.0 29 1 35
Short 36 337 62.7 255
Intermediate 54 63.8 308 665
Long 12.1 70.2 177 181 36.0%*
Texture of Upper Leaves .
Fleshy 17 400 583 60
Normal 59 54.7 394 768
Leathery 6.8 65.2 28.0 308 - 260
Seed size
Bold B.4 63.2 284 21
Intermediate 4.7 589 364 - 365
Small ' 5.1 504 444 450 ni

The cell frequencies are expressed as percentage of corresponding row totals
** Contingency x singificant at 1% level

ratios being 81:19, 73: 27, 22: 78 and 54: 46 Spines on upper stem leaves also ex-
respectively of tolerant to susceptible). The  hibited statistically varying patterns of reaction
differences in the reaction of these plant types  to the aphids. Plant types with more number of
were statistically significant. spines on upper stem leaves werc less suscep-

‘ tible to the pest than those with few or no
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spines. The former type bad more proportion
of moderately tolerant plants than the latter
two plant types and the ratio of tolerant to
susceptible in many/intermediate spiny types
was 70:30 as compared to 22:78 in non-spiny
ones and 51:49 in few-spined types (combining
the first two columns in Table 2). Bhumannavar
and Thontadarya (1979a) also reported that
the infestation by the aphid was higher on
spineless than in spiny varicties because of
" more succulent nature of spineless varieties,

Spines on outer involucral bracts (O1B)
and length of spines on OIB also showed vary-
ing patterns with regard to reaction to the pest.
The differences were statistically significant.
Plant types with no spines on OIB were the
most susceptible (73% entries showing more
than 60% drying), followed by the ones with
few spines (52% entries being susceptible).
Plant types with intermediate or many spines
on O1B had about 30-33% susceptible entries.
The latter types had also more proportion of
tolerant and moderately tolerant lines. Long
and moderately long spines on Q1B resulted in
better tolerant plant types than those with no
spines of short spines. Plant types with long
spines were least susceptible (18%) followed
by intermediate spine length (31%); while
short spined types resulied in 63% susceptible
entries and those with no spines had 77% sus-
ceptible entries among them. There were also
larger proportion of moderately tolerant

Journal of Qilseeds Research

entries among those types with long o
moderately long spines on OIB,

Plant types with fleshy upper leaves hgg
58.3% susceptible eatries whereas those with
normal leaves had 39.4% and those with
leathery leaves had 28.0% susceptible entrieg
among them. The latter two types also had
more tolerant entries. Accessions with small
seeds had 44.4% susceptible entries among
them, followed by those of intermediate seeds
{36.4%) and bold sceded ones (28.4%). The
bold seeded accessions had maximum propor-
tion of tolerant entries (8.4%) and moderately
tolerant entries (63.2%). This is in contrast to
the results of Karve (1980) who reported that
small seeded lines possessed maximum aphid
resistance. However, the present study in-
volved a larger number of accessions from a
wider range of world collections.

Apart from studying the relationships
between the morphological character and the
reaction to safflower aphids, one-way analysis
of variance was done (o study the effect of the
degree of reaction to the pest on seed yield per
plant, number of capitula per plant and days fo
physiological maturity (Table 3). The mean
values were significantly differcnt. The mean
seed yield was 16.1 g for tolerant types followed
by 13.0g for the moderately tolerant types. The
mean seed yield for the susceptible and highly
susceptible (Combined) was 9.8 g The mean

Table 3.  Effect of aphid infestation on some quantative characters in safflower
Drying per cent Seed yield {gms) Capitula/Plant Days to maturity No. of cases
* SE +SE +SE
20-40 % 16.1 + 1.14 Bx22 126 £ 0.9 67
41-60% 13.0 £ 0.37 2207 127203 645
> 0% GR + Q45 B+ 09 132 £ 04 424

The differences were statisticaily significant at 1% level. Drying per cent > 809% has been combined with 651-80% as

there were only 14 entries in the former case,
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aumber of capitula for the plant types with a
score 1-2 (tolerant) was 35.4, whereas for
moderately tolerant ones, the mean was 31.6.
Accessions for which the pest reaction were
graded as susceptible or highly susceptible, had
an average of 28.4 capitula per plant. Yield
losses due to the aphids had been reported to
varying levels of 20% to more than 60% at
different locations in India (Karve et al, 1978;
Bhumannavar and Thontadarya, 1979 b;
Basavana ef al. ]981; AICORPO, 1985; and
Parlekar, 1987). The above results confirm the
yield losses reported to be caused by the aphids
and that the levels of vield loss were in accord-
ance with the reaction to the pest. With regard
to days (o maturity, the mean values were 126,
126,132 and 131 for the four grades of reaction
to the pest (tolerant, moderately tolerant, sus-
ceptible and highly susceptible) respectively.
The most critical phase of damage due to the
aphids is at flowering and post-flowering stages
(Parlekar, 1987). The aphid is active during
November - February in peninsular India. Low
temperature and high humidity favours a high
built-up of the aphid population on the crop
(Upadhya et al, 1980 and Rathore, 1983).
Sowing of safflower in early September exposes
the crop to lesser aphid infestation during
flowering stage. More and Nikam (1987)
reported that aphid population on 10 ¢m apical
twig per plant for 1st and 2nd fortnight of
October, was respectively 398 and 507. As the
low temperatures in November/ December are
very congenial to aphid multiplication, the
early sown crop becomes woody and hardy by
that time and hence the attack by aphids is
lessened. Nevertheless it is subjected to ex-
posure of Alternaria leaf spot infection and
hence there is risk of yield reduction (AICOR-
PO, 1985). Karve (1980) observed that the local
Indian varicties being better adopted to grow-
ing under short duration, tend to flower early
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and mature early, The exotic varieties on the
other hand planted at the same time are slow
in growth and remain succulent when the max-
imum aphid infestation occur in nature. A
detailed analysis of days to maturity of the
accessions investigated under the present
study revealed that Indian accessions matured
on the average in 117 days, whereas exotic
accessions matured beyond 126 days (Ghor-
pade et al., 1991). A factor analysis stady on the
germplasm data base (Balakrishnan ef al.,
1993) including fourteen morphological char-
acters revealed that plant types with tolerant
and moderately tolerant reaction to aphids had
low maturity factor (factor comprising days to
first flowering, days to 50% flowering, days to
primary branch initiation, days to bud initia-
tion, and days to maturity) indicating that they
were carly types. The results of the present
study only confirm that early maturing plant
types tend to escape the pest where as, the late
maturing types tead to be vulnerable to the
pest.

Out of 67 accessions that showed
tolerant reaction to the aphids (score of 1-2),
62.7% entries had days to maturity of < 126
days and out of 424 accessions that were graded
susceptible (score 4- 5), 62.0% entries had days
to maturity of =130. Hence while analyzing
the tolerance mechanism vis-a-vis days to
physiological maturity, the average days to
maturity were computed for the morphological
classes that were found to have varying reac-
tions to the aphid infestation. The results are
presented in Table 4. Bushy and cone shaped
plant types matured earlier than appressed and
erect plant types. The former two plant types
were found to be less susceptible than the latter
two types as per the earlier results (Table 2).
Plant types with many or intermediate number
of spines on upper stem leaves matured on
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average in 127 days compared to non-spiny
ones (137 days) and few-spiny ones (130 days).
The spiny types were more tolerant than the
other two types. Likewise plant types with
" many, intermediate, few and no spines on OIB
matured in 128, 127, 130 and 138 days respec-
tively and the earlier results indicated that
spiny ones were more tolerant in their reaction
to aphids than the few-spiny or non- spinty ones.
Plant types with longer spines on OIB matured
in 126-127 days as compared to short-spined
ones (132} and non-spiny ones (138). Again,

Tabled.  Average days to physiological matority
for different morphological types

Morphological types Mean days to maturity

+ SE

Growth Habit

Bushy 125 + 0.5

Cone Shaped 126 = 0.4

Appressed 135 + 0.8

Erect 130 0.3

Spines on Upper Stem Leaves

Non-spiny 137 £ 1.0

Few 130 + 04

Intermediate/many 127 0.3

Spines on OIB

Non-spiny . 138 =12

Few o 130 £05

Intermediate 127+ 03

Many 128 %06

Texture of Upper Leaves

Fleshy 136 £ 1.0

Normal 127 £ 04

Leathery 128 +03

Seed size

Bold 126 +04

Intermediate ; 127 £ 04

Small 130 =03

Note © The differences are statistically significant at 1%
level.

Journal of Oilseeds Research

the carlier results showed that long and
moderately long spines on OIB were as.
sociated with better tolerance to the aphids,
Plant types with fleshy upper leaves were found
to be more susceptible to the aphids and they
matured on an average in 136 days, whereas
those with normal and leathery upper leaves
which were found to be less susceptible, ma-
tured in 127-128 days. Plant types with bold
seeds which showed lesser susceptibility to the
pest matured in 126 days as compared to the
small seeded ones, which matured in 130 days,
The above results clearly brought our that days
to maturity bas a very clear rol¢ in the varying
levels of reaction to aphid infestation and that
carliness is desirable. Further evaluation of
lines with the morphological classes that were
indicative of tolerance to the aphids and which
mature early may have to be undertaken for
successful breeding of resistant or tolerant saf-
flower material,

Three check varieties, namely, Bhima,
A-1 and S$-144 were evaluated as tolerant with
regard to reaction to aphid infestation (drying
21 - 409%). The evaluation of these cultivars
with regard to important morpbological
descriptars are given in Table 5. It is clearly
seen that these cultivars have all the desirable
morphological traits which classifies them as
tolerant to aphids in the light of the foregoing
analysis. In case of days to maturity, though
Bhima and A-1 recorded a mean of 130 - 132
days in 1987-88 evaluation trial, their dyration
for physiological maturity was quite low in
1988-89 and 1989-90 evaluation trials, indicat-
ing the potential of these cultivars in their
tolerance to aphid infestation.

Thus the present investigation revealed
that morphological types were significantly as-
sociated with reaction to safflower aphids, Ap-
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Table 5. Morphological traits of safflower cultivars showing tolerant reaction to aphid infestation
Descriptor Bhima A-1 5-14
Growth habit Bushy Bushy Bushy
Spines on upper stem leaves Intermediate Intermediate Intermediate
Spines on OIB Intermediate Many Many
Lenght of spines on OIB Long Intermediate Intermediate
Texture of upper leaves Leathery Normal Normal
Seed size Bold Bold Bold
Mean days t0 maturity:

198788 132 130 115

1988-89 125 121 125

1989-50 121 111 107

pressed and erect plant types were showing
more degree of susceptibility than bushy and
cone shaped plant types. Spines on upper stem
leaves and OIB were significantly associated
with better tolerance to the pest. Plant types
with leathery or normal upper leaves were less
susceptible than fleshy leaf types. Plant types
with more tolerance had higher mean seed
yield and capityla per plant than the less
tolerant ones and susceptible ones. Plant types
maturing early showed better tolerance to the
aphid infestation than the late maturing types.
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PHENOTYPIC STABILITY ANALYSIS OF SOYBEAN
VARIETIES IN KHARIF AND SUMMER SEASONS
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ABSTRACT

Eighteen promising varieties of soybean were grown in two successive kharif and summer seasons. Mean

squares for varieties and seasons were highly significant for days to flower, days to maturity, plant height,

pods/plant, 100-seed weight, oil content and seed yield. Varicties x seasons interaction was significant

for days to flower and pods/plant. Stability parameters indicated MACS-63 and MACS-57 as the most

stable varieties for kharif and summer seasons. Kharif was indicated as the most favourable season for
saybean and MACS-124 as the most suitable variety for kharif sowings. '

Keywords : Stability analysis; Phenotypic stability; Yield

INTRODUCTION

Soybean (Giycine max (L.) Merrill) has be-
come an important kharif crop in Maharashtra
state. In Kharif season of 1993, it was grown on
an area of around 0.5 million hectares with a
total production of around 0.65 million tonnes.
Toincrease the area and production of soybean
crop, besides trying its cultivation in non- con-
ventional areas, it is also necessary to develop
varieties for rebi and summer seasons. Earlier
rescarch on cultivation of soybean in kharif
and rgbi and summmer seasons suggest the
need for the identification of widely adapted
varieties with stable performance (Sharma ef
al., 1980; Konwar and Thlukdar, 1986; Patil ef
al., 1989; Raut ef al., 1990.; Taware et al., 1991;
Raut et al,, 1992). The present study is an effort
in this direction.

MATERIALS AND METHODS

Eighteen promising soybean varieties were
planted in Randomised Block Design with
three replications on 14.7.91, 7.2.92, 30.7.92

and 4.2.93 at the Research farm, Agharkar Re-
search Institute, Hol (Tal, Baramati Dist.
Pune). Each variety was sown in two rows of §
m length with 45 cm distance between rows.
Seed yield was recorded on net plot basis (net
plot size : 4 m x 0.9m). Data were also collected
on other characters, viz., days to flower, days to
maturity, plant height, number of pods/plant,
100-seed weight and oil content. Data were
analysed for stability as per procedure given by
Eberhart and Russell (1966).

RESULTS AND DISCUSSION

Analysis of variance of the data pooled over
four seasons (Table 1} indicated highly sig-
nificant differences among the varieities and
seasons for all the characters. However, inter-
action between varieties and season was sig-
nificant only for days to flower and number of
pods/plants.

The varietics MACS-63 and MACS-57
recorded significantly higher mean seed yield
than MACS-124 and other varieities (Table 2).

Received for publication on September 12, 1994.



Table 1. Analysis of variance,
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Scurce af. Characters
Day to Daysto  Plant Pods/ Seed 100-seed Ot
flower maturity height  plot yieid weight content

Varieties 17 25702547 8805 84926° 20849 10469638 429 60"
Environment + 54 3103 28.12 123.43 170.15 82453.64 2.07 047
(Verienties x
environment)
Environment 1 327257 . 121649 a2 eaw01” 3621674407 69527 1045
(L inear)
Varietiesx . 17 7358 62 311 105547 238469.68 0.91 0.38
Environment
({Linear)
Pooled deviation 36 068 546 45.73 25.10 592352.67 0.74 0.23
Pooled error 44 117 219 23.02 60.84 693001.70 .35 Q.05
*,** Significant at 5% and 1% level, respectively.
Table 3. Mean yield (kg/haj and environmental indices for different seasons
Sr Veriety Seasons Avecrage Rank
No. Kharif 91 Summer92  Kharf92  Summer 93
1. MACS-57 3579 3083 3183 2383 3057
2. MACS-63 3458 2972 3447 2455 3083
3 MACS-209 2928 2457 2961 1449 2449 i1
4. MACS-227 4198 2032 2311 2018 2640 7
5. MACS-241 3644 2189 251 2077 2650 6
b. MACS-242 3356 1678 1956 1473 2116 14
7. MACS-286 3765 2262 2856 1901 2696 5
8. MACS-308 3081 1662 2473 1764 2245 13
9. MACS-212 2N 2495 2569 1219 2389 12
i0. MACSA3 3404 2213 2731 1904 2563 g
11 PK-472 3258 2004 2762 1950 2526 10
12, AGS19 333 1025 2006 1165 1882 16
13. G-76 3180 919 1036 1000 1534 18
14. PK-564 2545 1106 1219 1353 1556 17
15. NRC-1 3338 2352 1816 934 2110 15
16. 18335 3534 2323 2653 1829 2585 8
171, Punjab-1 34594 2722 2690 2263 2792 4
18, MACS-124 3752 2192 3523 177¢ 2809 3

1N g -199 26 -255 -

SE + 215 233 181 115 74

CD (P =0.05) 618 6710 519 330 241
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Both the varietics were more or less at par for
seed yield. Non- significant values for regres-
sion coefficients and deviations from regres-
sion for these varieties indicated their high
stable nature over scasons,

Perusal of stability parameters (x, bjand |

s?d;) for different varieties indicated that
MACS-63 and MACS-57 possessed more than
average stability for all the characters studied.
Earlier work (Patil et ai., 1989; Raut et al., 199,
1992) indicated highly stable nature of MACS-
57 over seasons as also locations. This variety
{a derivative of JS-2 x Improved Pelican) is
released for general cultivation in kharif and
summer seasons in Maharashtra State.
Present studies indicated that MACS-63, a
derivative of Punjab-1 x Improved Pelican, is
also promising for cultivation in both the
seasons would help in broadening the genetic
base of the available cultivars. Anegles (1987)
reported ‘Improved Pelican’ as the most stable
varicty. Bhatnagar and Tiwari (1989) found
MACS-58, a derivative of cross J5-2 x ‘Im-
proved Pelican’, to be the most stable variety at
different locations. In the present studies also
MACS-63 and MACS-57 have ‘Improved
Pelican’ as one of the parents.

Mean seed yicld and environmental in-
dices for different seasons (Table 3) indicated
kharif as the most favourable season for
soybean production in Maharashtra. However,
MACS-63 and MACS-57 also performed well
in summer season compared to other varieties.
Inkharif season, MACS-124 (a released variety
for Maharashtra, Karnataka, Tamil Nadu and
Andhra Pradesh) was the highest vielder fol-
lowed by MACS-63, MACS-57, MACS-286
and MACS-227. Hence, the present study
revealed MACS-124 as the most suitable
varieity for kharif while MACS-63 and MACS-
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57 could be culiivated in both kharif and sum-
mer seasons in Maharashtra state.
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SEED AND OIL QUALITY OF SAFFLOWER GENOTYPES
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ABSTRACT

Twenty four safflower genotypes were analysed for oil, protein and fatty acid composition. The oil
content of these genotypes varied from 25.1 to 34.1%, while protein content varied from 8.6 to 16.2%.
The major fatty acid was linoleic acid (72-80%) followed by oleic acid (11-19%). Palmitic and stearic
acids were the other two fatty acids present in safflower. In general safflower genotypes had lower oil
stability vaiues {0.14 - 0.25) while the nuiritional quality indices were higher (7.7 - 10.3). BLY 652,
HUS-305, 86-93-20A, NIRA, JSFI, CTV 196, CTV 102 and CTV 107 had higher oil (more than 30%)

and higher linoleic acid ievels (more than 75%).

Key words : Safflower oil; Linoleic acid; Oleic acid; Qil stability; Nutritional quality.

INTRODUCTION

Safflower (Carthamus tinctorius) is an impor-
tant crop valued for its highly nutritious edibie
oil. The oil extracted from the seed was initially
popular for its use in the preparation of paints,
varnishes and surface coatings. It has recently
gained importance as a healthy oil because of
its higher content of linoleic acid, ar essential
fatty acid. Many varieties of safflower are
grown in different parts of the country
{Ramachandram, 1991). In addition, some
promising breeding lines are available with
good characteristics. In the present paper, the
cultivars as well as some advanced breeding
lines were analysed for their seed composition
and oil quality and the results discussed.

MATERIAL AND METHODS

Safflower genotypes (24) grown during Rabi
1991-92 at Sholapur were collected and
analysed for total oil by the NMR method
(Jambunathan ef g/, 1985) and protein by the

biuret method (David and Peck, 1988) after
extracting the seeds with phospbate buffer.
Fatty acid profile was obtained after separation
of the fatty acid methyl esters (Paquot and
Hautfenne, 1987) on a DEGS column by gas
chromatography (Nagaraj, 1986). The iodine
value, (Mazingo and Sicele, 1982) and the
quality ratios {Carpenter et 4l; 1976) namely
oleic/linoleic acids - oil stability index and
lincleic/saturated fatty acids (SFA} - nutrition-
at quality index (NQY) were calculated from the
fatty acid profile.

RESULTS AND DISCUSSION

The oil content of the genotypes varied from
25.1 (N7) to 34.7 (CTV 196). The varieties Al,
Sharda, A 300, Manjira, SLA4, HUS- 3182, N7,
Bhima, T 65, K-1, Co-1, JSLF 113, JSLF 118
and Tara had less than 30% oil while others
had more than 30% oil (Tabie 1). The protein
conient ranged from 8.6 to 16.2%. Only Sharda
and CTV-107 had protein contents of less than
10% (9.4 and 8.6%) respectively. HUS-3159-3

Received for publication on October 15, 1994.
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had highest protein content of 16.2% followed
by Nira with 14.8%, JSF1 with 14.5% and T-65
with 14.4%. Other genotypes had 10-14%
: levels of protein.

The major fatty acids in safflower
genotypes were linoleic (73- 80%) and oleic

acids (11-19%). The other two fatty acids were -

palmitic (5.6 - 7.7%) and stearic (1.4 - 3.2%)
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acids, JSF 1 had highest linoleic acid (79.7%)
and lowest oleic acid (11.3%). Ingeneral HUS-
305, Sharda, $144, HUS-3182, Manjira, Bhima,
T-65, Tara, 86-93-16A, Co-1, A-300, 86-93-20A,
Nira, JSF1, CTV 196, CTV 102, CTV 107, had
linoleic acid levels above 75% while other
genotypes had 73-75% levels. A1 variety had
the lowest level of linoleic acid (72.6%) with an
oleic acid level of 17.7%. N-7 had the highest

Table 1.  Seed composition and quality of sefflower genotypes
Genotypes Qil Protein  16:0 18:0 18:1 18:2 81 18:2 LV.
(%) 18:2 SFA
Relensed Varieties
Al 2.5 12.0 6.6 23 177 726 024 82 1258
A30 21 123 56 24 1.7 72 0.19 97 133.7
Bhima 297 138 6.6 22 154 763 0.20 87 132.2
BLY 652 335 139 65 26 16.1 4.7 022 82 1294
Co-1 291 129 6.1 16 125 796 0.16 10.3 1379
HUS-305 n7 129 6.6 24 127 78.1 0.16 87 135.3
JSF-1 21 4.5 64 23 113 79.7 0.14 92 138.0
K1 272 125 63 19 16.6 3 0.3 9.0 127.7
MANJIRA 282 132 65 21 173 756 0.23 8.8 1309
N-7 251 123 5.6 20 18.7 737 0.25 97 1276
NIRA 06 148 56 26 . 160 58 02 52 1313
S144 295 126 6.0 22 150 76.9 0.20 92 133.2
SHARDA 26.3 94 65 24 138 713 018 87 1339
T65 26.5 144 6.1 16 14.8 75 0.18 10.1 1344
TARA 29.1 4.1 6.7 32 135 7.5 0.18 77 1325
Breeding lines
crvie 334 120 77 - 21 137 76.3 0.18 78 1322
CTV 107 319 - 86 68 27 131 773 0.17 8.1 1339
CTV 19 M1 109 73 23 125 9 0.16 8.1 134.9
HUS-3182 283 108 6.2 24 163 151 022 8.7 130.1
HUS-3159-3 139 16.2 63 - 21 180 75 04 B3 1273
JLSF-113 280 128 6.2 14 175 746 023 98 129.2
JLSF-188 253 10.7 60 22 175 4.3 0.4 9.1 1287
B5-93-16A k7L 11.7 68 19 139 T3 0.18 89 1339
315 148 76.6 0.19 88 1327

86-93-20A 124 6.6 21
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level of (18.7%) oleic acid with linoleic acid
level of 73.7%. The genotypes with 15%% and
above levels of oleic acid were A1, S144, HUS-
3182, HUS-3159-3, N-7, Manjira, Bhima, K-7,
BLY- 652, Nira, JSLF-113 and JSLF-118, The
fatty acid composition presented here is in
agreemeni with those reported earlier
(Doulatabad, 1982, Muralidharudu et af., 1976,
Nagaraj, 1993 a).

In general the oil stability index (18:
1/18:2) values were lower for all the genotypes
of safflower (Carpenter et af., 1976). This was
because of its higher levels of linoleic acid. The
values varied from 0.14 (JSF1) to 0.25 (N-7).
Only a few genotypes namely, Al, $144, HUS-
3182, HUS-3159-3, N-7, Manjira, Bhima, K-1,
BLY-652, Nira, JSLF-113 and JSLF-118 had oil
stability values above 0.2 in the range of 0.2 -
0.25. Despite lower oil stability values, saf-
flower oil may be considered stable because of
the presence of Vitamin E, which acts as an
auto-oxidative stabilizing agent (Salunkhe er
al., 1951).

The nutritional quality index values, on
the contrary were higher for all the safflower
genotypes (7.7 - 10.3). $144, N-7, T-653, K- 1,
Co-1, A 300, Nira, J8F1, JSLF-113 and JSLF-
118 had values above 9. Because of its higher
nutritional quality, safflower is considered a
premium oil (Nagaraj, 1993 b).

The iodine values of all the genotypes
were also higher (126-138) again because of the
higher linoleic levels in the safflower oil,

In general HUS-305, HUS-3159-3, 86-
93-16A, 86-93-20A, BLY- 652, Nira, ISF1,
CTV-196, CTV-102, were better with higher oil
protein and linoleic acids and will be useful for
cultivation and in the breeding programmes to
develop suitable genotypes.

Journal of Oilseeds Research
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POTENTIALS OF IMPROVED OILSEED CROP PRODUCTION
TECHNOLOGIES IN INDIA - AN ASSESSMENT THROUGH
' FRONTLINE DEMONSTRATIONS
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ABSTRACT

The present study analyses the economics of Jatest improved oilseeds crop production technologies,
their contribution to anticipated additional production of cilseeds as well as their adoption pattern.
The results indicate that the improved technology could register, under real farm situations, an yield

advantage ranging from 12 to 108 per cent across different oilseeds over the prevailing farmers’
practices, mean additional net returns to the tune of Rs. 470/ha to Rs. 10531/ha and an incremental
benefit cost ratio of 1.37 to 13.40. The commercially realizable but unexploited yield potential of the
improved technologies was of the order of 688 kg/ha. Irrespective of the crop, the technology adoption
was higher with respect to seed, spacing/seed rate and fertilizer. The technology adoption index was
highest in the case of safflower followed by sunflower, sesame, rapesesd-mustard and groundnut.

Keywords : Improved technology; Farmers’ practice; Frontline demonstrations; Adoption index;

Economics

" INTRODUCTION

India rcached near to self sufficiency in oilseed
production soon after the set up of Technology
Mission with an all time record of 20 m. tonnes
during 1992-93. However, the oil seed produc-
tion suffers due to a high degree of variation in
the annual production owing to their
predominant cultivation under conditions of
low and uncertain rainfall and input starvation
with poor management. Sustainability of the
enhanced oilseeds production is as important
as enhancing the production itself (Kiresur ef
al., 1993). Given the current level of technology
there exists a wide commercially untapped
yield reservoir in almost all the oilseed crops.
The productivity potentials of the currently
available improved oilseeds production tech-
nologics that could be exploited under real
farm situations are considerably higher than

that of the corresponding state or district
average. The weak technology transfer system
in the country is the crux of the problem. It is
in this context that the Project on Frontiine
Demonstrations in Qilseed Crops (FDO)
sponsored by the Department of Agriculture
and Cooperation, Ministry of Agriculture,
Govt. of India was introduced in the year 1990-
91 as an extension of the earlier research
project entitled "On-Farm Researches on An-
nual Qilseed Crops” initiated during 1988-89.
The main objective of the project has been to
demonstrate under real farm situations the su-
perior production potentials and benefits of
the latest improved technologies recom-
mended for different regions and agro-ecologi-
cal and crop growing situalions vis-a-vis
prevailing farming practices (Anonymous,
1994). The demonstrations conducted on

Received for publication on October 15, 1994.



farmers’ fields belong to three different
categories: (i) Whole (complete) package
demonstrations, (ii) Cropping systems
oriented demonstrations and (iii) Adaptive tri-
als of component technology, e.g., improved
variety/hybrid seed, fertilizer, irrigation, etc.
Each demonstration was conducted in an area
of 0.4 hectare and for each of the demonstra-
tion plots the adjoining plot of the same farmer
with prevailing cultivation practices served as
local check/control plot. Wherever demonstra-
tions pertained to specific inter/sequential
cropping systems involving oilseed crops, the
currently existing popular cropping systems int
the specific region formed the check for the
purpose of comparison of their economic
feasibilitics. The present study attempts to ana-
lyse the cconomics of improved oilseeds
production technologies, the existing levels of
adoption of different technology components
and also the anticipated additional production
of oilseeds through enhancement in technology
adoption.

MATERIALS AND METHODS

The study is based on primary data collected
from 4237 demonstrations conducted on
farmers’ fields by the scientists of varions
AICORPO centres (Table 1) in cight oflseed
crops, namely, groundnut, rapesced-mustard,
sesame, sunflower, linseed, safflower, castor
and niger during the period of five years from
1988-89 to 1992-93. The economics of im-
proved technology (IT) and prevailing farmers’
practices (FP) were studied taking into con-
sideration the prevailing costs of inputs and
prices of output in respective years and areas.
The cost of cultivation was worked out based
on variable costs including family labour; how-
gver, it excludes depreciation on capital, land
rent and interest on working capital. The supe-

Journal of Oilseeds Research

riority of IT over FP was assessed mainly in
terms of yield increments, additiona} ney
returns from IT over FP (ANR) and incremen.
tal benefit cost ratio (IBCR). The IBCR wag

computed as follows:
Additional gross returns obtained from IT

over FP
Additiona) costs incurred towards I'T over Fp

IBCR =

Hence the IBCR indicates the average addi-
tional gross inrcome obtained for every addi-
tional one rupee invested in IT over and above
what is invested in FP.

The technology adoption pattern was
studied using the primary data pertaining to the
year 1991-92 collected from 416 farmers
through a separate survey conducted after the
withdrawal of the facilities offered to frontline
demonstrations. The ‘Technology Adoption
Index’ (TAX) was computed for each of the
oilseed crops as below :

Ai
TAI = M X 100
where A; = Average adoption score registered
by the farmers for it crop, and

M; = maximum adoption score for i'® crop.

RESULTS AND DISCUSSION

Whole package technologies

There exits a vast untapped yield potential of
the oilseed crops even with the currently avail-
able oilseed crop production technologies as
suggested by the valuable data available from
more than 4200 demonstrations conducted in
the country in diverse oilseed growing areas/
agroecological situations/ regions and in dif-
ferent seasons (namely, kigrif and rabi / sum-
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Table 1. Crop-wise and State-wise AICORPO centres under FDO programme

Crop
Groundnut

Sesame

Sunflower

Niger

247

State Centres Crop. State Centres
Andhra Pradesh  Jagtial, Kadiri Rapeseed- Assam Shillongani
Gujarat Amreli, Anand, mustard Bihar Dholi
Junagadh Gujarat Junagadh,
Karnakata Chintamani, S.K. Nagar
Dharwad, Haryana Bawal, Hissar
ich
Raichur Himachal Pradesh Kangra
Madhya Pradesh Khargaon
Madhyra Pradesh Morena
Maharashtra Jalgaon, Latur, i
. Orissa Bhubaneswar
Rahuri .
Orissa Chiplima Punjab Bhatinda,
Ludhiana
Rai
jasthan Dt.lrgapura, Rajasthan Jobner, Navgaon,
Sriganganagar .
L . Sriganganagar
Tamil Nadu Alyi amagar, Uttar Pradesh Faizabad, Kanpur,
Bhavanisagar, Pantnagar
Vridhachalam antnag
Bihar Dhoti West Bengal Berhampore
Gujarat Amreli Safflower Andhra Pradesh Tant‘i“f -
Kerala Kayamkulam Karnataka Anaigen
Maharashtra Jalgaon, Nagput Maharashtra Talgaon, Solapur
Madhya Pradesh Tikamgarh Madhya Pradesh  Indore
Orissa Bhubaneswar Linseed Bl_har Kanke
Punjab Gurdaspur Himachal Pradesh Kangra
Rajasthan Mandore Maharashtra Nagpur
TamilNadu  Vridhachalam Madhya Pradesh  Raipur, Sagar
Uttar Pradesh Mauranipur Punjab Guraaspur
West Bengal Berhampore Rajasthan Kota
Karnataka Dharwad, Uttar Pradesh Falzabi(li. Kanpur,
Raichur Mauranipur
Maharashtra Akola, Latur West Bengal Berhampore
Tamii Nadu Coimbatore Castor Andhra Pradesh  Palem
Uttar Pradesh ~ Kanpur Gufarat Junagadh,
Punab ki S.K Nagar
unja Ludhiana Karnataka Raichur
Bihar Kanke . -
- . " Orissa Semiliguda
i
M r:ata : ?;I 4 u1.' . . Rajasthan Mandore
t indori, Igatpuri . .
aharashtra COT TRApE Tamil Nadu Tindivanam
Madhya Pradesh Chindwara ; _

Orissa

Semiliguda
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mer) over the period of 5 years {1988- 89 to
1692-93).

With the adoption of latest improved
{whole package) oilseed crop production tech-
nologies recommended from time to time the
increase in yield ranged from 21 per cent (in
irrigated kharif sunflower) to as high as 108%
(in irrigated niger) over the prevailing farmers’
practices across various crop-season situations
(Table 2). Thus on the yicld front, IT was found
to be highly remunerative. In terms of IBCR
also, the superiority of IT over FP could be well
established as the parameter value was greater
than unity in all the crop-season situations in
general. It ranged from 1,37 (in irrigated niger)
to 13.4 (in rainfed mustard). The favourable
yield increments, additional incomes and
higher IBCR attributable to the adoption of
improved oilseed crop production technology
are largely due to ow cost nature of the recom-
mended technology which mainly exploits noa-
mongtary and low cash inputs contrary to the
wide spread belbief that improved wehnologies
are input intensive and require huge initial in-
vestment. The mean additional cost of IT in-
curred over and above FP was of the order of
Rs. 216/ha to Rs.1604/ha while the mean addi-
tional gross returns ranged from RS.1619/hato
Rs. 6161/ha, thus resulting in encouraging ad-
ditional net returns to the rune of Rs. 475/ha,
to Rs. 4835/ha across various crop-season
situations.

Cropping systems technologies

The annuval oilseed crops, by virtue of their
diversity of plant type, growth and develop-
mental rhythm and adaptability to varying crop
growing situations and arcas, admirably fit in
to a multitude of cropping systems in drylands
as well as areas with favourable rainfall and
moisturc. Recent researches have unfolded a
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whole range of new opportunities for expang.
ing the frontiers of oilsceds cultivation in trag;.
tional as well as non-traditional areas of the;
cultivation and increasing per hectare yields
and incomes from rainfed and irrigated arga;
through their exploitation as intercrops either
inter se or with other cereals, grain Jeguines, ete,
and as sequence/relay crops before or after
other crops taking advantage of the new
varieties/hybrids in different crops and the
availability of efficient soil-water-crop
management iechniques. Cropping systems
approach not only enhances viclds and incom-
es of farmers from diverse crop growing situa-
tions and resource levels, but also brings about
the much needed stability (Rao, 1991).

A number of profitable and viable crop-
ping systems involving oilsceds as sequential
and intercrops either inter se or with other
traditional crops have been identified under
the AICORPO network in recent years. The
promising cropping systems have been tested
undet real farm sitvations 1o a Yrnited exent in
various otlseed producing states. The mast
popular and economically viable intercropping
systems widely followed in various agro-
ecological situations under kharif (rainfed)
situation are: (i) groundnut + pigeonpeain 5:1
row proportion at Chintamani, Dharwad and
Raichur in Karnataka (ANR : Rs.4476/ha and
IBCR : 3.23), (ii) sesame + blackgram {6:2) at
Tikamgarh in Madhya Pradesh and Mandor in
Rajastban (ANR:Rs. 1210/ha, IBCR : 1.87),
and (iii) sunflower + groundnut (2:6) at Akola
in Maharashtra (ANR : Rs.2363/ba,
IBCR:2.11) (Tabte 3).

Similarly, the performance of provenin-
tercropping systems involving oilseed crops
during rabi season is promising. In the case of
rapeseed-mustard, the ANR obtained with the
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adoption of various viable intercropping sys-
tems ranged from Rs.2081/ha to as high as Rs.
10531/ha in different agro-climatic zones while
the IBCR varied from 3.41 to 9.36. The
economically viable intercropping systems in-
volving rapesced-mustard are wheat + mus-
tard (9:1), gram + mustard (3:1) and toria +
gobhi sarson (1:1). In linseed, the most viable
intercropping system has been linseed + gram
(3:1) as against the prevailing farmers’ practice
of {inseed + gram but in 1:3 row proportion at
Kanpur and Mauranipur in Uttar Pradesh.
This improved practice has registered an
ANR of Rs. 4262/ha over the prevatling FP and
an IBCR as high as 10.82. The proven
profitable intercropping systems in safflower
have been gram + safflower (3:1) at Jalgaon
and Solapw in Maharashtra, Annigeri in Kar-
nataka and Tandur in Andhra Pradesh,
coriander + safflower (3:1) at Jalgaon and Tan-
dur and wheat + safflower (3:1) at Annigert.
These systems fetched an ANR ranging from
Rs.812/hato Rs. 1936/ha with an IBCR varying
from 1.78 to 3.96.

In ali, irrespective of the crop and
season, the ANR that could be obtained from
the intercropping systems invoiving oisceds
varied from Rs. 8332/ha 1o Rs. 10531/ha and the
additional monetary returns realized ranged
from about 2 to 11 times the additional cost
incurred,

As regards cropping sequence irials,
toria-wheat and blackgram- mustard cropping
sequences have been economically evaluated
at one of the AICORPO centres, namely,
Morena (MP}. The results indicate that
farmers realised an additional net returns of
Rs.6568/ha and Rs.3771/ha respectively from
the cultivation of toria followed by wheat and
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blackgram followed by mustard adopting all
recommended improved package of practices
over and above what they obtained from fallow-
mustard system (Table 4). Apart from higher
mcomes, farmers also reaped an income of
about Rs.2.25 to Rs.2.50 per every additional
rupee invesied on these sequential systems.

Component technologies

In addition o whoie package and cropping
systems technoiogies, the adaptive trials of
component technologics involving newly
developed high vielding varieties/hybrids and
recommended technologies with respect to
fertilizer, irrigation, plant protection chemi-
cals, etc. have been evalnated against the exist-
ing popular practices in the region. While
testing the yield porential of an individual com-
ponent of the technology package, all the com-
ponents other than the one under evalnation
were held constant between improved and
farmers’ plots. The results presented in Table 5
clearly indicate that the new variety/hybrid
alone could contribute to the yield increase to
the tune of 33 per ceat in groundnout at Khar-
‘gaon (MP) ard 35 to 38 per cent at
Bhavanisagar (Tamil Nadu), 39 per cent in
sesame at Jalgaon {Maharashtra), 12 1o 24 per
cent in sunflower at Akola (l’ttlalmrashtra)fZ 12
to 22 per cent in saftlower at Tandur (AP) and
14 per cent at Annigeri (Karnataka)yand 20 1o

per cent in linseed at Kangra {(HP). The
additional net returns accrued due tothe adop-
tion of these new varicties/hybrids ranges from
Rs. 2782 to Rs. 7438/ha in groundnut, Rs. 470
to Rs. 2251/ha in sunflower, Rs. 1833 to Rs.
2090/ha in linseed and Rs, 768 to Rs. 1150/ha
in safflower. The same with respect (o sesame
was of the order of Rs. 1369/ha.
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Abnticipated additional production

Thus with the adoption of currently available
oilseeds production technology, be it whole
package, cropping systems or component tech-
nologies, farmers could realize an additional
yield ranging from 12 to 108 per cent aver the
prevailing farmers’ practices, mean additional
net returns varying from Rs. 470/ha to Rs.
10531/ha resulting in the higher IBCR ranging
from 1.37 1o 13.40 under a wide range of agro-
ccological and crop growing situations. This
wide commerciaily untapped yield reservoir
would be much larger if one compares the
realizable yield levels of improved technologies
with the district/state/national average yield
levels and more so if one considers the highest
yields recorded from demonstration plots. An
attempt has been made to estimate the an-
ticipated additional production of oilseeds
possible through tapping the yield gap by com-
plete or partial adoption of the improved tech-
" nologies,

The results indicate that the produc-
tivity of otlseeds realizable under farmers® field
conditions is of the order of 1437 kg/ha while
the national average vield stands at as low as
749 kg/ha (Table 6). Thus there exists realizable
vield gap of 688 kg/ba which means an addi-
tional production of the order of 14.61 million
tonnes otherwise would have been available.
Even with a conservative expectation of 25% to
50% of the mean unrealized yicld reservoir to
be commercially tapped through the adoption
of improved technologies, our country should
be able to add another 3.7 to 7.3 million tonnes
to the oilseeds production from out of the ex-
isting area under oilseeds and under the exist-
ing price support policies. Much of the
anticipated additional production comes from

Journal of Oilseeds Research

groundout {15.63 to 31.25 lakh tonnes),
rapeseed-mustard (10.21 to 20.43 lakh tonnes),
castor {2.34 to 4.67 lakh tonaes) and sesame
(2.23 to 4.46 lakh tonnes) in that order,

Pattern of adoption of technology components

The extent of adoption of individual tech-
nological components was measured n terms
of percentape of sample farmers adopting the
particular component completely or partiaily.
The results indicate that even afier the
withdrawal of the facilities offered to frontling
demonstrations the adoplion was higher in
respect of improved variety/hybrid sced
(range: 78 to 100%, weighted mean: 91.6%)
followed by spacing/seed rate (range: 73 to
100%, weighted mean: 863%) and fertilizer
application (range: 16 to 100%, weighted
mean: 61.09%) in that order across different
oilseed crops in general (Table 7).

A moderate level of adoption was ob-
served in the case of weed management
{46.9%), secd treatment (41.8%), irrigation
(38.7%) aad plant protection (35.3%). Al-
though seed treatment is a low cost practice,
about 38 per cent of the oilseed farmers did not
adopt this technology. In the case of plant
protection, adoption was more a partial
(36.1%) one than complete {35.3%) and about
29% of the farmers did not adopt this technol-

ogy.

By and large, majority of the sample
farmers raising various olseed crops have
adopted recommended variety/hybrid and
spacing/seed rate, while the adoption with
respect to nutrient mamagement and plant
protection including weed control was either
complete or partial.
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Technology Adoption Index (TAI)

A composite score for adoption of various
technology components was worked out for
gach of the oilseed crops to understand the
overall adoption of improved technology
across different oilseeds. The maximum num-
ber of technology components considered for
this analysis is 7 for all the crops except in the
case of niger wherein it is 6 due to non-in-
clusion of irrigation component 1o the recom-
mendation domain as niger is mainly grown as
a rainfed crop.

The results reveal that the average num-
ber of technology components completely
adopted varies from 1.98 in niger to as high as
5.59in safflower (Table 8). The TATwas highest
in the case of safflower (80%) followed by
sunflower (72%) and sesame (60%), while
rapeseed-mustard and groundnut had-
moderate level of adoption (59% and 55%
respectively}. However, the TAI was less than
50% inthe case of linseed and niger. Thus there
exists a wide extension gap in the adoption of
improved technology in the case of niger and
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linseed and to some extent in groundnut and
rapeseed-mustard. Therefore, in order 1o en-
hance productivity and profitability of these
crops, exteasion efforts have to be
strengthened and more concentrated par-
ticularly towards the technology components
of plant protection, weed management and
seed treatment in that order of priority.

CONCLUSION

The present study reveals that there exists a
vast commercially untapped yield potential of
the oilseed crops even with the currently avail-
able technologies. The improved oilseeds crop
production technology could register, under
real farm situations, an additional yield ranging
from 12 to 108 per cent over the prevailing
farmers’ practices, mean additional net returns
tothe tune of Rs. 470/ha to Rs. 10531/ha result-
ing in higher incremental benefit cost ratio
varying from 1.37 to 13.40 under a wide range
of agro-ecological and crop growing situations.
The realizable yield gap is of the order of 688
kg/ha which means an additional production of
14.61 milbon tonnes which otherwise would

Table 8. Technology adoption indices for component technologies of oilseeds production
Crap No. of Average adoption score registered Technology adoption index

Farmers by {armers (TAl) (per cent)

C P N C P N

Groundnut 70 383 2.5% 0.58 54.M 37.00 8.29
Sesame 12 421 13 148 6014 18.72 21.14
Sunflower 30 507 A 143 7243 7.4 2043
Niger 45 1.98 2.35 1.67 33.00 3917 2753
Safflower - 56 559 D95 0.46 786 1357 657
Rapeseed- 67 412 1.63 125 5886 2328 1786
mustard ‘
Linseed 46 3.13 244 1.43 4T 3486 2043
Total 416

Note : C = Compiete adoption; P = Partial adoption; N = Non-adoption
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have been available to the country with the
existing Ievel of area under oilseeds cultivation,
Even after the withdrawal of the facilities of-
fered to the frontline demonstrations, the
adoption was higher in respect of improved
variety/hybrid seed, spacing/seed rate and fer-
tilizer in general, while it was moderate in the
case of weed management, seed treatment, ir-
vigation and plant protection, in that order.
The adoption of technology components (of
the technology adoption index) was highest in
the case of safflower followed by sunflower,
sesame, rapeseed-mustard and groundnut,
while it was low in the case of linseed and niger.
Therefore, in order to enhance the productivity
and profitability of these crops, the extension
efforts have to be esseantially strengthened
based on the technology adoption index and
more concentrated, particularly towards plant
protection, weed management and seed treat-
ment,

Journal of QOilseeds Research
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PROSPECTS FOR UTILIZATION OF GENOTYPIC .
VARIABILITY FOR YIELD IMPROVEMENT IN GROUNDNUT

R.C. NAGESWARA RAQ, A K. SINGH, L J. REDDY, and S.N. NIGAM
International Crops Research Institute for the Semi-Arid Tropics (ICRISAT)
Patancheru 502 324, (A.P), India.

ABSTRACT

During the past decade, significant progress has been made in identifying resistance sources and
developing groundnut cultivars with resistantce to major biotic constraints, However, very little progress
has been made in identification and exploitation of genetic traits contributing improvement of yieid
potential and adaptation.

An understanding of physiological factors influencing yield components and the development of simple
screening techniques to select for traits contributing toyield is central to the development of appropriate
genotypes. Recent research on groundnut physiology at ICRISAT Asia center has indicated substantial
variation amoug genotypes for desirable traits like water-use efficiency (WUE), partitioning of dry
matter to pods (p) and efficient root systems etc. However, measurement of these traits is complex and
laborious. Significant correlations amongst WUE, carbon isotope discrimination in leaf and specific
leaf area {SI.A), suggested that SL.A can be used as a surrogate for carbon isotope discrimination to
identify genotypes with high WUE.

. The adaptation of improved genotypes to varied environments is one¢ of the major problems in
groundnut improvement program. Although significant genotype x environment interactions have been
noted, there is little emphasis on understanding and exploiting variability for specific adaptation, There
seems to be scope for vield improvement in groundnut by selecting for physiological attribute(s)
contributing toyield advantage in a given environment and combining them to enable further identifica-
tion of genotypes with desirable combinations of traits. Scope also exists to enhance productivity of
groundnut by sacrificing wider adaptation and instead developing varieties with specific traits to match
certain special agro-climatic requirements.

Keywords: Groundnut; Yield improvement; Physiological traits; Adaptation.

INTRODUCTION world’s largest producer (6.4 million tonnes
. L. per year), the natmna] average productivity
Grom?dnut (Arachis hypogaea L.)isan Impor- 4,5 0.7-0.9 1 ha'! during the past decade, con-
tant oilseed and cash crop in India, whe.re IS sared to the world’s average of about 1.1t ha™
grownover 7.4 million hectares, predominantly  (pleicher eraf,, 1992). The gap between Indiaa
under rainfed conditions. Although Indiaisthe 4 the world productivity has been consistent

* Invited paper presented at the National Seminar on "Oilseeds Research and Development in
India: Status and Strategies” 2-5 Aug. 1993, Hyderabad. Indian Somety of Oilseeds Rescarch,
Hyderabad.
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over last decade. A marginal increase in
groundnut production during the past 5 years
(9%) is attributable to 12% increase in area
and 6% increase in productivity (AICORPO,
1993}. The on-farm average yields in India (ca.
0.8t ha'j) arc much lower thanin the developed
countries (2.5t ba). There is an urgent need
to enhance yields, both in terms of quantity and
quality, if India is to compete in international
groundnut trade,

In Zimbabwe, on-farm yields of about
9.6 t ha'! was reported (Hilderbrand, 1980).
Sun Yanhas and Wang Caibin (1990), reported
pod yields of 11.2 t ha™ in a 0.1 ha plot and 9.6
t ha™ from 14 ha plot in Shandong province in
China. At ICRISAT Asia Center(IAC), vields
upto7tha™ have been achieved on small plots
and up to 5t ha'! larger plots. On-farm trials
conducted under an ICAR-ICRISAT col-
laborative project during 1988-90 have shown
that yields of groundnut up to 5 t ha™ could be
obtained on Iarge plots (0.2 ha) when improved
technologies were adopted. These studies also
showed that improved genotypes contributed
25-28% and improved management con-
tributed 30-32% to the observed increase in
yield. However, appropriate combination of
improved genotype and crop management
resulted in a synergistic improvement in yield
ranging from 30 to 150% {Nene, 1993). Ob-
viously, the logical approach to increase yield
in groundnut calls for an appropriate combina-
tion of crop improvement and management.

The dry matter yield of groundnut crop
at final harvest can be described as:

Y = CGR XD (1)

Where CGR is the crop growth rate
(defined as dry matter produced per unit land
arca per unit time, usually expressed as g m?

Journal of Qilseeds Research

day” 1y and D is the crop duration in days, The
pod yield at the final harvest can be describeg
as:

Yp = CGRxDxXp ccvurnes {2)

Where p is the proportion of the daily
assimilates partitioned into pods during the
pod filling phase.

1f the crop’s duration is assumed to be
fixed for a given location or cropping system,
then CGR and p are the major determinants of
the final yield. Both CGR and p are influenced
by both genetic and environmental factors. In
this paper, we constder some major crop at-
tributes that determine productivity is
groundnut, and examine scope for crop im-
provement by exploiting genetic variability in
these atrtributes.

Radiation interception and Radiation-use
efficiency

There is considerable evidence that all crops
(including groundnut) accumulate dry matter
at a rate proportional to the amount of radia-
tion that the foliage intercepts during the grow-
ing period (Mathews et al., 1988 b, Azam-Aliet
al., 1989). Any factor that reduces radiation
interception below the optimum limit can
reduce yield by limiting the photosynthetic
area per unit ground area. In groundnut, com-
plete ground cover resulting in > 95% radia-
tion interception by foliage is achieved at a leaf
area index (LAT) of approximately 3. Once this
has occurred, the CGR depends mainly on
other limiting factors such as availability of
water and crop growth duration. The CGR
response Lo increased leaf area above LALof3
is generally small, although there are some
reports of 20% more growth at a LAI 6 than at
LAI of 3 (Williams, 1979).
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Yields and RUE of TMV 2 and narrow mutant of TMV 2 (FMV2-NLM} prown under itrigated

Table 1.
and water deficit conditions at ICRISAT center.
Genotype 1589-90 postrainy 1990 rainy
(Irrigated) (Irrigated) Mid-season drought
AdjBio  Pwt RUE AdjBio Pwt RUE ~ AdjBo Pw — RUE
(¢haly  thaly  (gMIYy (tha'y (tha') (EMIT) (tha) (thaT) (gMT )
T™MV2 111 33 0.95 6.14 13 NA 5.18 0.78 0.59
T™VZ- 122 39 116 750 1.2 NA 7.20 0.89 075
NLM
SE £0.76 +0.31 +0,06 %029 +0.04 - *0.29 0,04 +0.08
CV. 132 252 18.1 48 5.1 - 48 51 211

Adj Bio = Adjusted total biomass; Pwt = Pod weight; RUE = Radiation use efficiency

Experiments conducted at TIAC and
elsewhere indicate genotypic variability in
groundnut for radiation-use efficiency (RUE},
defined as the dry matter produced per unit
amount of radiation intercepted (Mathews et
al., 1988b, Nageswara Rao, 1992). There seems
to be limited scope for maniputating RUE by
altering canopy structure and geometry, In a
field study conducted at IAC, we examined the
influence of canopy structure on productivily
of groundnut using selected mutants with
varied leaf size and shape. Results showed that
TMV 2-NLM (a mutant of TMV 2 which has
narrow leaves but greater number of leaves),
produced more total dry matter than TMV 2
(Table 1). One of the main physiological factors
responsible for greater dry matter production
in TMV 2-NLM was the increased RUE in the
former, The narrow leaf morphology in TMV
2-NLM reduced mutual shading by leaves, thus
allowing more radiation to penetrate into the
canopy. It is possible, however that in addition
to a modified canopy structure, TMV 2-NLM
may have an altered genetic makeup for other
vield attributes. Isogeneic lines are needed to
accurately quantify the contribution of in-
dividual traits to yield. The role of crop canopy

structure in groundnut productivity needs fur-
ther investigation.

Water use and Water-use efficiency

. Many studies have demonstrated a significant

positive relationship between dry matter
production and the amount of water transpired
during the growing period (Ong er al, 1987,
Azam- Aliefal., 1989) (Fig.1). This implies that
any genetic attribute and/or management prac-
tice that enhances transpiration component in
the total evapo-transpiration would increase
dry matter production.

Recent studies revealed substantial
genotypic variation among groundnut
germplasm for water-use efficiency (WUE),
defined as dry matter produced per unit
amount of water transpired (Hubick et al.,
1986, Mathews ef al., 1988a, Wright et al., 1988,
Nageswara Rao et al, 1993). While a higher
WUE is potentially useful, WUE is not an easy
trait to exploit in a breeding program because
of practical difficulties involved in measure-
ment of transpiration and total crop (shoot +
root) mass in field experiments. A significant
relationship between WUE 3C : 12C isotope



202

400

Journal of Oilseeds Research

Y=19.3% ¢ 72094

ase

300

Z50

200

50

Total dry matter (gm’a)

100

59

B
e
=
&

w0 &0 oo 120

Transpiration {mm)

Fig. 1. Relationship between transpication and total dry matter production in groundnuts grown

at three plant spacings (35 x 10 em & 170 x 10 cm @ 1 120 x 10 em (). Postrainy
season 1981-82 ICRISAT Asia Center (from Azam-All e al. 1989}

discrimination during CO; assimilation in
leaves has been demonstrated in a range of
crops including groundnut {(Farquhiar and
Richards, 1984; Hubick er @/, 1986, Wright et
al., 1988, Nageswara Rao ef al., 1993, Wright ¢
al., 1994). This suggests that carbon dis-
crimination ratio is a potential selection tool to
identify groundnut genotypes with high WUE
(Fig 2). However, determination of the carbou
isotope discrimination ratio requires expensive
and sophisticated mass specirometry facilities
which are not easily available in developing
countries. '

In a recent study, a significant negative
relationship was observed between WUE and
_ specificleaf area (SLA} (Wright eral., 1994, Fig
3) SLA, defined as leaf arca per unit leaf dry
wit (cmZ g'l}, is an indicator of leaf thickness.
Both environment and genotype can sig-
nificantly influence carbon isotope discrimina-
tion ratio and SLA, but the G x E interaction
for these parameters appears nof to be sig-

nificant (Nageswara Rao and Wright, 1954),
This observation implies that SLA, which is a
crude but easily measurable parameter, can be
used as a rapid and inexpensive selection
criterion for high WUE. Screening of
groundnut germplasm for SLA indicated sig-
nificant variability within and betwzen
taxonomic groups. It was interesting to nole
that the genotypes belonging to variety
hypogaea (virginia bunch and runner), lower
mean SLA(Fig 4a), suggesting a likelyhood of
higher WUE. However, virginia bunch and vir-
ginia runoer had lower partitioning ability than
valencia and spanish types(Fig 4b). Therc is
need to identify genotypes with high WUE and
high partitioning for use in groundnut breeding
programs.

Partitioning of dry matter to pods

Pod growth rate {PGR), defined as pod dry
matter produced per unit land area per unit
time, is an important component of CGR and
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E.S L . [ L
18 19 20 21 22

Ax10°
Fig. 2 Relationship between water-use efficiency and carbon isotope discriminatinn in 4
groundnut genotypes, Chico (O), McCubbin (L 1), Shulamit {a} and Tifton-8 (V}, grown
under intermittent (closed symbols) and continuous (open symbols) drought treatment
in 1990-91 season at Kingaroy, Australia { from Wright et al, 1994).
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Fig. 3: Relationship between water-use efficiency and specific leaf area in 4 groundnut
genotypes, Chico {O), McCubbin (L), Shulamit (a) and Tifton-8 (¥) grown under
intermittent (closed symbols) and continuous (open symbols) drought treatmnents during
1990-91 season at Kingaroy, Australia (from Wright ef al. 1994). '
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determinant of pod vield. In addition to equa-
tion (2}, pod yield achieved at harvest can be
described as:

Pod growth rate is dependent on both
genotype and environment. Although there is
considerable variation among genotypes for p
(Fig. 4b), conventional methods of determining
p are laborious and cumbersome, and are un-
suitable when a large aumber of entrics need
to be evaluated for this trait. However, simple,
non-destructive methods can be effectively
used as preliminary screening tools to identify
genotypes with efficient partitioning attributes
{Williams and Saxena, 1991).

Adapration to specific environments

Several biotic {diseases, insect pests, etc.) and
abiotic factors (photoperiod, soil moisture, soil
acidity, nutrient status, etc.) can influence pod
growth resulting in significant cffect of environ-
ment on yield.

Let us, for example, examine the adap-
tation of improved groundnut genotypes to two
types of soils, Alfisols and Vertisols, which are
the two major soil types on which groundnut is
grown in india. Soil fertility problems, which
are likely to be very diverse and location
specific, can be overcome to some extent by the
use of feriilizers and other amendments, How-
ever, inherent physical properties of soil also
vary with type (El-Swaify and Caldwell, 1991)
ang are particularly important because of the
subterranean fruiting habir of groundout. From
the crop adaptation point of view, it is impor-
tant to determine whether high-yiclding
genotypes developed on one soil type are
adapted to other soil types. Several trials con-
ducted at IAC to examine genotype x soil type

265

interaction suggested that groundnut growth
and yield were superior in Alfisols than Ver-
tisols (Nageswara Rao et 6I, 1992). A detailed
study of genotype x water deficit interaction
conducted on the two soil types at JAC indi-
cated that CGR was 409 greater an the Alfisol
than on Vertisol, under adequately irrigated
conditions. Although the occurrence of
drought significantly affected crop growth on
both soils, the effect of time of oceurrence of
drought on crop growth varied with the soil
type. Drought during the pod-filling phase
resulted in significant yield reduction on the
Alfisols, while on the Vertisol, occurrence of
drought during pod set phase appeated to be
more detrimental to vield. Partitioning of dry
matter to pods (p) was significantly lower on
the Vertisol thap on the Alfisol.

The CGR on the Alfisol was positively
correlated (r =0.77 ,P<0. 01) with CGR on
Vertisol, but there was no such relationship for
p (¥ =0.38) between the two soil types. This
suggests that high-yielding genotypes
developed on Alfisols may maintain their rela-
tive rankimg for total dry matter on Vertisols,
but not for pod yields (Fig. 52 and 5b). It ap-
pears that productivity of groundnut can be
improved on Vertisols by developing varieties
with specific adaptation.

Conciuding remarks

Although genotypic variation exists for puta-
tive yield-determining traits like WUE, RUE
and p , it is necessary to understand the inter-
actions amongst the traits. At present very little
is known about these imteractions and their
effect on yield.

We believe that sustainable yield im-
provement can be achieved if the attributes
that contributes to yield advantage in a given
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environment are identificd and used in breed-
ing programs to enable identification of
genotypes with desirable combinations of
traits. Groundnut productivity can also be im-
proved by sacrificing wider adaptation and
developing varieties with specific adaptation to
match local agroclimatic requirements.
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SHORT COMMUNICATIONS

INTERCROPPING OF OILSEED CROPS WITH NIGER IN

Niger is one of the important oilsced crop of
the Eastern Ghat Highland of Orissa and is
mostly grown as pure crop. Other important
oilseed crops grown during kaarif in the zone
are sesame, soybean and sunflower. Earlier
studies of Kachapur (1977) and Kachapur et al.
(1980) have indicated that intercropping of
groundnut and sunflower with niger is more
profitable than the pure crop. Hence, the
present investigation was undertaken to find
out a suitable oilseed intercrop with niger
under rainfed condition which would boost the
total oilseed production and also give higher
net return (o the farmers.

The niger based intercropping experi-
ment was conducted at Oilseed Rescarch
Project, Semiliguda (18° 45°N and 82° 52°F, 884
m MSL) during kharif, 1987, 1988 and 1989
under rainfed condition. The soil of the Ex-
perimental site was red sandy loam in texture
with acidic pH (5.2). Available N, P20s and
K20 were 210 kg, 8 kg and 280kg/ha, respec-
tively. The trials were laidout in Randomized
Block Design with three replications. The
treatments comprised intercropping of
soybean (Gaurav), sesame (Vinayak) and
sunflower (Morden) with niger (IGP-76) in 1:1
and 2:2 row proportions and the pure crops.
The fertiliser applied to the pure crops were as
per recommended doses for the the respective
crops, while the quantities applied to the inter-
crop treatments were determined on the basis
of area occupied by the crops. The trials were
sown on 3.7.1987, 13.7.1988 and 4.8.1988. The
weather conditions were normal for all the
years except the rainfall which showed some

fluctuations. Data on seed yield were recorded
and gross monetary returns, niger seed
equivalent yield and land equivalent ratios
(LER) as influenced by different treatments
were estimated and analysed,

Sole crop of soybean showed better per-
formance irrespective of different rainfall pat-
tern during the three crop scasons. Best
performance of soybean was recorded during
1987 with ar yield of 1000 kg/ha, while perfor-
mance of other crops during that year of ex-
perimentation was poor (Table 1). During all
the years of experimentation, niger was second
best crop while sesamum and sunflower
recorded very poor vields. Average of three
years indicated that intercropping of niger and
soybean (1:1 row proportion) produced the
maximum yields of 436 and 345 kg/ha respec-
tively. Niger and soybean intercropping in the
ratio of 1:1 was reported to produce higher
vield than sole crop of niger at Chindwara also
{Anonymous, 1989). Based on three years
average niger seed equivalent vield (Table 1)
was maximum with intercropping system of
niger and soybean in 1:1 row proportion {666
kg/ha) followed by niger and soybean in 2:2
{587 kpg/ha), while that of sole niger and
soybean in 2:2 (587 kg/ha), while that of sole
niger and soybean treatments were 511 kg and
631 kg respectively.

The gross monetary returns showed sig-
nificant differences in all the three years (Table
2). During 1987, sole crop of soybean gave the
highest gross return of Rs.4000/ha which dif-
fered significantly from rest of the treatments.

Received for publication on May 3, 1990.
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Intercropping of soybean with niger was also
promising with a gross return of Rs. 2458 and
Rs. 2312/ha for 1:1 and 2:2 row proportion,
respectively over niger sole (Rs. 1452/ha).
During 1988, the highest gross return of
Rs.5376/ha was recorded with intercropping of
soybean with niger (1 :1) followed by niger +
soybean {2:2) with {(Rs.4756/ha). Among sole
crops, niger gave higher gross return
(Rs.4194/ha}. In 1989 also intercropping of
soybean with niger (1 :1) gave maximum gross
return of Rs. 4154/ha which was significantly
superior to other treatments. Among purc
crops niger gave higher gross return
(Rs.3546/ha), followed by soybean (Rs.
3536/ha). Sesamum and sunflower did not give
considerable return during all the three years
of experimentation. In general, intercropping
of soybean with niger (1:1) gave highest
average gross retwrn of Rs.399%/ha as com-
pared to sole crop of niger, soybean and other

Regional Research Station, Semiliguda,
Post Box-10, Sunabeda-763 002, Orissa.

Journal of Oilseeds Research

treatments. Similar reselts were reported g
Chindwara (Annonymous, 1989).

The land equivalent ratio (LER) is a5
indicator of efficiency of land utilization for
intercropping system (Yha and Chandra, 1982),
Mean LER was highest (1.31) for niger and
sesamum (1:1) intercropping followed by niger
and sesamum (2:2). But niger + sesamum in
both the row proportions recorded lower gross
return in spite of high LER. Similar drawback
of LER was also reported by Rehman ef g,
(1982). However, niger and soybean (1:1)
showed moderately high LER (1:19) with
highest gross return. Based on three years
average niger and soybean intercropping in (1
:1) row combination produced highest niger
equivalent yield, maximum gross monetary
return and moderately high LER. Thus inter-
cropping of soybean with niger would boost the
total oilseed production and fetch more
economic return for the farmers of the zone.

R.K.PATKARAY
R.C.MISRA
PK.SAHU.
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YIELD AND OIL QUALITY OF MUSTARD AS AFFECTED BY
RATES OF N AND S IN INCEPTISOLS

Application of N and S have important effects
on yield, allylisothiocyanate, iodine value and
oil contents in rapesced- mustard (Bishnoi and
Singh 1979). An experiment was planned to
examine the influence of N and S on yield and
quality of rapeseed. It was conducted on an
alluvial soil in the rabi seasons of 1981-82 and
1982-83 at the Research Farm, College of
Agriculture, Gwalior. The soil was low in or-
ganic carbon (0.38%) and availabie nitrogen
(188 kg/ha), medium in available phosphorus
(40 kg P20s/ha), high in available potash (352
kg Kz0/ha) but low to medium in available
sulphur as 8Os 8.3 and 164 ppm during first
and second seasons, respectively with 7.9 pH.
The treatments consisted of four doses each of
N (0, 30, 60, and 90 kg/ha) and S(0, 20, 40, and
60 kg/ha) were laid out in Randomized Block
Diesign with {ouwr replications. 40 kg P20s 2nd
25 kg K20 were given as common. Full dose of
P K, S and half dose of N were drilled at sowing
through triple super phosphate, muriate of
potash, gypsum and urea, respectively. On 20th
October 1981 and 19th October 1982 the mus-
tard ¢v.Varuna was sown in rows 30 ¢cm apart
using 5 kg sced/ha. Remaining half of N was
broadcasted through two equal splits one
month after sowing and at flowering 24 hours
after trrigation. The oil and allylisothiocyanate
content of mustard seed and iodine number,
saponification number and acid value of mus-
tard oil were determined by standard proce-
dure of A.O.A.C (1960).

Each addition of 30 kg/ha in the level of
nitrogen up to 90 kg/ha gave a significant in-
crease in seed yield of mustard. The maximum

seed yield of 14.5 g/ha was recorded at 90 kg
Ntha and this was 4.9, 2.9 and (.9 g/ha higher
than the yield obtained at 0, 30 and 60 kg/ha.
Nayak and Mondal (1985) also got the maxi-
mum production of mustard seed at 90 kg N/ha.

Oil content in mustard seed increased
significantly up to 30kg N/ha and further raise
caused a reduction. Maximum oil content of
37.7 per cent was recorded at 30 kg N/ha and
this was sigpificantly higher than that at 90 kg
and 0 kg N/ha. Bhati and Rathore (1982) stated
that the apparent decrease in 0il content at
higher dose of N was due to increase in the
proportion of proteinous substance in the seed.

Allylisothiocyanate in Brasica seed in-
creased steadily with every increase in the level
of nitrogen and the highest significant content
of 4.0 per cent was recorded at %0 kg N/ha in
pooled data, Application of N may causc an
increase in allylisothiocyanate due to its con-
stituent (Eaton 1942). Similar increase in al-
lylisothiocyanate content due to application of
N have also been reported by Bishnoi and

Singh (1979).

Iodine number and percentage of acid
value of mustard oil increased significantly
from 101.5 to 106.6 and 1.3 to 1.7 in mean
results with raise of N dose form 0 to 90 kg/ha,
respectivaly. It seems that N dressing to mus-
tard provide sufficient period for polyun-
saturating system, which reflected in higher
iodine value and synthesis of more free acid
content of mustard oil (Khan and Agarwal,
1985). Nitrogen application did not have any
effect on saponification number of oil.

Received for publication on June 6, 1992,



Seed yield of mustard enhanced due to use of
sulphur up to 60 kg/ha (Table 1). Application
of 60 kg S/ha gave a seed production of 13.4
g/ha and this was higher by 6.2, 12.2 and 18.0
per cent over to 40, 20, and 0 kg S/ha, respec-
tively. These results of present investigation are
similar to those of Noellemeyer et af.(1981).

Increasing levels of sulphur application
were also found ta be significantly superior in
increasing the oil content in mustard seed. Ap-
plication of 60 kg S/ha gave 384 per cent oil
content in comparison to 35.7 per ceat of con-
trol (Table 1), Application of sulphur to plants
enhanced the formation of acetyl Co-enzyme
A, a precursor compound for the synthesis of
long chain fatty acid (Nightengale ef &/, 1932).
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Tablel. Effect of N and § on seed yield, seed and oil characteristics of mustard oil (Average of tw,
years)
Treatment Seed yield Qil Aliyliso- Iodine Saponification  Acid value
{g/ha) (%) thiocyanate number number (%)
(%)

Niirogen kgtha

3] 97 366 0.34 1015 1741 15

30 115 317 0.35 102.9 174.2 1.6

o 136 376 0.38 1047 1743 2.1

90 i4.6 36.6 0.40 106.6 1743 21

SEm + 025 0.06 0.003 0.07 0.07 0.02

CD at 5% 72 0.18 .01 0.20 NS 005

Sulphur kg/ha

4] il4 35.7 032 104.8 174.3 1.5

20 11.9 36.9 035 104.3 174.3 1.7
T 40 126 376 0.39 1035 174.2 18

60 13.4 B4 0.41 1030 174.1 20

SEm=x 025 0.06 0.003 0.07 D7 0.02

CD at 5% Q72 0.18 0,01 0.20 NS 0.05

Sulphur

Allylisothiocyanate content in seed
varied from 032 to (.41 per cent with the raise
of sulphur level from 0 to 60 kg/ha. This may be
due to the role of sulpbur in increasing the
contents of sulphur containing amino-acids
which are precursors in the biosynthesis of
glucosinolates, (Serif and Schmotzer, 1968).
Similar increase due to sulpbur application in
allylisothiocyanate have also been reported
carlier by Freeman and Mossadeghi (1972),

lodine value of mustard oil significantly
decreased with each addition of 20 kg S/ha
(104.8 to 103.1). The maximum significant acid
value recorded at 60 kg S/ha was 1.96 per cent
and this was higher by 30.7, 16.7 and 8.7 per
cent over 0, 20 and 40 kg S/ha, respectively.
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fable 2.  Effect of combined application of different levels of N ans S on seed yield, seed sud oil
characteristics

Treatment Seed yield Oil Allyliso- Todine Saponifi- Acid value
(q/ha) (%) thicyanate (%) number cation number (%)

NoSo 93 56 0.28 1023 1742 1.2

NoS20 9.4 364 0.33 101.9 174.2 14

NoSs0 929 369 0.36 101.0 174.1 1.5

NeSeo 10.0 373 0.38 1006 174.1 1.6

NaoSo 10.2 36.4 0.30 104.0 174.3 14

N30S20 10.8 375 0.34 103.1 174.2 1.5

NS« 17 379 0.38 1026 1743 16

N30560 134 3.1 0.39 102.0 1742 18

NexSo 126 36.2 0.34 105.5 1743 1.6

NeoS20 133 370 037 105.2 1743 1.7

NeoSso 141 382 040 1044 174.2 1.9

NeoSeo 14.2 39.2 0.42 1038 1742 2.0

NgoSo 13.2 M6 0.35 1075 1744 1.8

NoS20 14.2 36.4 0.38 1070 1744 21

NooSs0 17.7 375 0.42 106.0 174.3 2.2

NooSeo 15.9 38.1 0.44 105.8 174.2 24

SEm + 050 0.12 0.007 0.14 0.14 0.03

CDat 5% N.S. 035 N.S. NS. NS. 0.0%

Interaction content of 38.1 per cent was recorded under’

{nteraction between various levels of Nand §
was not found to be significant (Table 2) for
seed yield, saponification, iodine and al-
Iylisothiocyanate content except for oil content
and acid value of mustard oil. Maximum oil

Dept. of Soil Science & Agril. Chemistry
JNKVV Campus , College of Agriculture
Gwalior- 474002, India

Ngo Sso combination and this was higher by 10.1
and 1.1 per cent over Np Sg and Nog Ss0 com-
bination, respectively. But the highest sig-
nificant acid value 2.4 per cent was recorded
under Nog Seo treatment combination.

ASHA ARORA
VIJAY SINGH
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FEASIBILITY OF DOUBLE CROPPING WITH OILSEEDS IN
RAINFED AREAS OF MADHYA PRADESH

Nearly 80 per cent of cultivable land of Madhya
Pradesh are rainfed uplands. Most of these
rainfed areas are light soils and reccive low
rainfall (700-800 mm). Some of the rainfed
lands have light to medium textured soils
coupled with ill-distributed rainfall of about
1000-1200 mm. As a consequence, monocrop-
ping is gencrally practiced in these areas.
Raghu and Choubey (1982) and Choubey ef al.
(1984) emphasized that linseed, safflower and
gram can be grown during rabi season on
residual soil moisture available after the har-
vest of short duration kharif crops. Thus, the
present investigation was undertaken to ex-
plore the possibilities of successful double
cropping system of oilseeds for light soil areas
under rainfed conditions.

Ficld experiments were conducted on
sandy loam soils at Jabalpur during the years
1989-90 to 1991-92. The soil had pH 7.2 with
168, 12 and 380 kg/ha available N, P and K
contents, respectively. The rainfall was very

Table 1. Rainfall (mm) during crop season
Months 1989-90 1990-91 1991-92
June 125.7 5201 179.0

L July 151.1 394.3 4202
August 2944 296.2 704.1
September 111.7 498.1 313
October - 303
November - - 38
December - - -
January - -
February - . - -
March - - -
Total 682.9 1739.0 13844

low (682.9 mm) and high (1739 mm} in two
consecutive years and it was nearly normal
(1384.4 mm)- in the third year (Table 1). The
average field capacity, wilting point and bulk
density of the soil were 30.1%, 10.8% and 1.58
g/cc, respectively. Total nine crop rotations
consisted of three kharif oilseeds viz.,, sesame
(Sesamum indicum L.) Cv.N-32, soybean
(Glycine max (L.) Merrill) Cv.JS 72-280 and
niger  (Guizotia abyssinica  Coss)
Cv.Ootakamund; and three rabi oilseeds viz.
mustard (Brassica juncea L.Czern and Coss)
Cv. Varuna, linseed (Linum usitatissimum)
Cv.JL-23 and safflower (Cartharmus tinctorius
L.} Cv. JSF-1 were laid out in Randomized
Block Design with three replications. During
first year of experimentation the combination
of niger crop was not included, thus only six
crop rotations were studied with four replica-
tions. All crops were fertilized with 20:20:0 kg
N:P20s:K20/ha at sowing except soybean
which was given the fertilizers at the rate of
20:60:0 kg N:P205:K20/ha. The seed rates for
sesame, soybean, niger, mustard, linseed and
safflower were 5, 100, 3, 6, 25, and 20 kg/ha,
respectively, Kharif crops were sown in first
week of July after onset of monsoon every year
and rabi crops were so tried to take on the
availability of soil moisture after kharif crops.
The average soil moisture contents were 28 4,
327 and 27.6% in the three consecutive years.

All the kharif crops were grown success-
fully every year under rainfed condtions. But
the seed vields of soybean depressed in low
rainfall season (1989-90) and on early termina-
tior of rains in 1990-91 (Table 2). Rabi cilseeds
viz. mustard, linsced and safflower were grown

Received for publication on November 2, 1992
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Table 2. Production potential and menetary advantages under different crop sequences
Crop sequente Seed vield (g/ha) GMR CB
1990-91 199051 19192 Maan Rs/ha  ratio
Kharif Rabi Kharif Rabi Kharif Rabi Knarif Rabi
Sesamiwm - Mustard 582 637 213 8.56 3.58 6.66 3.74 719 10973 1w
Sesarnum - Linseed S.41 215 227 7.86 364 523 3 507 971 181
Sesamum - Safflower  5.67 1688 203 8.41 175 542 381 518 9336 170
Soybean - Mustard B.4% 1309 687 8.1 - W 687 12909 172
Soyvean - Linseed 2.02 13.61 5.68 3.3 - 10.31 5.68 12897 172
Soybean - Safflowes 876 - 13.17 635 8.96 1029 635 12600 168
Niger - Mustard . . 517 560 468 - T s3: 0 561 10039 1R
Niger - Linseed - - 583 5.39 453 - 518 5.3% 10568 192
Miger - safftower - - S5.64 617 4.61 - 5.12 4.61 1034 183

G.MR. = Gross monetary return, C:B = Cost-benelit

Values of sesamum, soybean, niger, mustard, linseed and safflower were Rs. 1300, 700, 10600, 850, 1000 2nd 850 per quintal,

respectively.

successfully with residual soil moisture con.

tents after sesame in all ¢he thsee years of
experimentation, but the sced yields of linseed
and saffiower were much low during 1989-90 as
a result of quick depletion of soil moisture.
Sesame-mustard rotation proved to be supe-
rior to the other rotations with regard to suc-
cess of dowble cropping. Sesame gave low seed
yield during 1990-91 due to poor soil moisture
contents at sowing. However, all rabi crops
were successfully grown during 1990-91. But
vields were relatively superior after sesame be-
cause it matured earlier than soybean and niger
and provided opportunity for timely sowing of
succeeding crops. These results are in confir-
mity with the views of Shrivastava and Singh
(1979), Warsi et al. (19807 and Agasimani et al.
(1984).

Department of Agronomy
J N Xrishi Vishwa Vidyalaya, Yabalpur (M.P)

Gross monetary returns per hectare was
maximum with soybean-mustard/ inseed/ saf-
flower cropping system, because of high yield
potential of soybean. But these cropping se-
guences were not sustainable. Profitability of
these cropping sequences was lower than
others because of high cost of production in-
volved in soybean cultivation. Sesame-mustard
sequence fetched higher benefit-cost ratia than
other crop rotations. This cropping system ap-
peared to be sustainable and economical as
well, if family labour is adequate, though the
gross monetary benefit was minimum, Simiar
results were reported by Bhan and Khan
{1981). Thus it can be concluded that sesama-
mustard double cropping of oilseeds was
feasible and economical in sandy loam soils of
Jabalpur under rainfed conditions.

M.L.KEWAT

R.S.SHARMA
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SEED MYCOFLORA OF CASTOR AND ITS CONTROL

Seed play a vital role for the healthy growth of
a crop. They are often known to carry
pathogens which cause yield losses. Castor-
bean (Ricinus communis L.) is one of the im-
portant oilseed crops in India. Knowing the
importance of this crop in Southern Telangana
Zone of Andhra Pradech, an attempt was made
to study seed mycoflora of castor and its chemi-
cal control.

Seed of castorbean were collected from
different parts of Southern Telangana zone of
Andhra Pradesh and mixed together to form a
composite sample. Two hundred sceds from
each sample were plated on moist filter paper.
Another two hundred seeds were surface
sterilized with 0.1 per cent mercuric chloride
soluiton and washed four times with sterilized
water (ISTA, 1976) and placed on moist filter
paper. The plates so seeded were incubated at
28°C = 1°C for 7 days. Percentage of sceds
yelding different fungt was recorded.

Six fungicides viz., Aureofungin, Cap-
tan, Carbendazim, Copperoxychloride, Man-
cozeb and Thiram were tested for their efficacy
in improving germination and in reducing seed
mycoflora.

1 Regional Agricuitural Research Station
Lam (Guntur)

2 Regional Agricultural Research Station
Palem (A.P)

Fungicidal application was made by dip-
ping the seeds for 30 minutes in 0.3 per cent
solution, The treated seeds were plated on
muoist filter paper.

Castor secds yielded ten different
species of fungi belonging to seven different
genera (Table 1). Cladosporium herbarum
(48%), Aspergillus flavus (15%), Botrytis ricini
(13%) and Aspergilius niger (9%) were the
most frequent ones. Besides, Fusanum
moniliforme, Curvularia lunata and Altemaria
ricini were also encountered frequently, Alter-
naria tenuis and Macrophomina phaseoling
were absent in surface sterilized seeds. The
frequency of individual fungi was 2 to 48% in
unsterilized seeds, 0 to 23% in surface steril-
ized seeds. Most of the fungal species detected
in this work have been reported earlier as
pathogens on castor and affected the ger-
minability of seed {Cook, 1955; Culp er 4,
1966; Jain and Patel, 1969; Kanwar and Khan-
na, 1979; Feliciano ef al,, 1981; Goodfrey, 1923
& Stevenson, 1945).

Although all six fungicides tested were
found quite effective in controlling seed
mycoflora of castorbean, maximum control
was obtained with carbendazim, followed by
captan.

B. SRINTVASULU’
P NARAYANA REDDYE
A. SUDHAKAR RAO
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Table 1. Mycoflora associated with castor seed

281

Fungus Incidece of mycoflora (%)

Unsteri- Surface  Aureo-  Captan  Carben- Copper  Mancozeb Thiram

lised sterilised fungin dazim oxychlo-

ride

Alternaria ricini 2 1 0 2 0 2 2
Alternaria tenuis 4 0 0 0 1 2 2 0
Aspergillus flavus 15 9 9 3 2 12 2 5
Aspergillus niger 9 5 0 0 0 3 0 0
Botrys ricini 13 8 3 4 3 5 7 6
Cladosporium 48 23 17 1t 8 21 22 18
herbarun
Curvularia lunata 5 3 0 2 0 1 0 0
Fusarium moniliformae 6 2 0 0 0 1 0 0
Fusarium oxysporum 4 2 0 0 0 0 0 1
Macrophomina 2 0 0 0 0 i 1 1
phaseolina
Germination (%) 26 47 67 7 7 57 60 64
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RESPONSE OF GROUNDNUT GENOTYPES TO GRADED
LEVELS OF SULPHUR IN ALFISOLS OF
SOUTHERN KARNATAKA

An investigation was made druing Khanf 1991
on red sandy loam scil to study the response of
groundnut {Arachis hypogaea L.) to sulphur.
Six groundnut genotypes (JL-24 {Check),
ICGS-1, ICGS-5, ICGS-11, ICGS-37 and
ICGS-76) were tested for their relative perfor-
mance under 3 levels of sulphur (G, 25 and 50
kg/ha). The experiment was conducted at the
Agricultural Research Station, Chintamani,
Kolar (Dist.), Karnataka. The status of avail-
able N, P and K content was 321.64, 13.80 and
144.67 kg/ha respectively. The available sul-
phur content of soil was 8.5 ppm which was
inadequate. The soil was acidic in reaction with
pH of 5.9 and low in organic carbon, The ex-
periment consisted of 18 ireatments (Table 1).
The treatments were replicated three times in
a Factorial Randomised Block Design with
gross plot size of 4.2 m x 2.5 m. The crop was
sown during July with a recommended spacing
of 25 cm x 15 cm and was fertilized with 25 kg
N, 50 kg P20s and 25 kg K2O/ha, Nitrogen and
phosphorus were applied in the form of DAP
and urea, potash in the form of muriate of
potash and other cultivation practices were
followed as per the recommended practices.
The gypsum obtained from the market was
analysed for chemical purity before application
to field. The required quantity of sulphur and
calcinm oxide was incorporated into soil, 40
days after sowing by opening furrows as per the
treatment. The percentage of oil was deter-
mined by solvent extraction method in soxhiet
apparatus with Petroleum cther (BF 40-60°C}
as solvent.

The variety ICGS-76 of groundnut
yielded significantly higher pod yield com-
pared to JL-24, ICGS-11, ICGS-5, 1CGS-37
and ICGS-1 (Table 1). The percentage in-
crease in the yield of ICGS-76 over ICGS-1,
ICGS-37, 1CGS-5, 1CGS-11 and JL-24 was
38.40, 34.20, 15.30 and 7.50 per cent respective-
ly. Higher pod yield of ICGS- 76 cultivar was
attributed to higher number of mature
pods/plant and shelling percentage.

Significant variation in pod yield due to
sulphur application was observed in groundnut
varieties but the pod vield in JL-24 was sig-
nificantly lower when compared to ICGS-76.
Cultivar JL-24 recorded significantly the
higher pod yield at 50 kg S/ha when compared
to control. The lower vield in JL-24 as com-
pared to ICGS-76 might be due to lesser num-
ber of mature pods. ICGS-1, ICGS-5 and
ICGS-37 also had significant variation in pod
yield due to graded level of sulphur. However,
the yields were low as compared to ICGS-76
and JL-24. The interaction of graded level of
sulphur and different groundnut genotypes for
pod vield was significant where in IGCS-76 at
50 kgs/ha recorded the maximum vyield
(Table 2). Similar favourable effect to sutphur
has been reported by Manohar and Rathore
(1989) in sandy loam soils of semi-arid tract of
Rajasthan.

The significant variation in oil content
and oil yield were noticed due to groundnut
cultivars and graded levels of sulphur, ICGS-76
recorded significantly higher oil content
(42.35%) as compared to other cultivars except

Received for publication on November 15, 1993,
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Table 1.  Yield and yield components of groundnut as influenced by cultivars and sulphur levels

Treatments Number Shelling Qil Oil yield Pod yield Haulm
of mature percentage  percent (g/ha) (q/ha) (g/ha)
pods/plant

Cultivars

JL-24 (V1-Check) 13.47 71.35 4253 641 21.06 21..22

1ICGS -1 (v2) 8.64 65.74 4058 436 16.36 14.86

ICGS -5 (V3) 10.47 61.91 4127 4.31 16.89 16.99

ICGS -11(V4) 10.98 66.85 4253 559 19.64 19.09

ICGS 37(Vs) 9.58 63.75 4152 4.36 1645 15.79

ICGS -76 (V) 17.73 71.64 42.35 687 22.64 2203

SEm x 0.26 0.75 0.40 0.11 0.21 0.38

CD. at 5% 0.73 211 1.10 0.31 0.59 1.06

Sulphur levels (kg/ha)

O (So - Control) 10.92 63.31 40.44 449 17.38 16.50

25 (S81) 11.54 68.01 41.78 535 18.58 17.50

50 (S2) 12.60 68.09 43.19 609 2055 19.40

S.Em =% 0.19 0.53 0.28 0.08 0.15 0.66

CD.at5% 0.52 147 0.78 0.22 042 183

Table 2.  Pod yield of groundnut as inflfuenced by cuitivars and suiphur levels (g/ha)

Sulphur Pod yield (g/ha) Mean
levels Cultivars .
(keg/a)

Vi Vv Vi Vy Vs Ve
0 2012 1497 15,34 18.00 14.36 2146 17.38
5 2117 1600 1583 1977 16.60 2213 1858
50 21.89 - 1811 1943 2115 18.36 24.33 20.55
Mean 21.06 16.36 1687 19.64 16.44 22.64

SEm + CD at 5%

Varicties (V) a1 0.59
Sulphur levels (S) 0.15 042
Interacation (V x 8) 037 1.03

CV(%) ' L 341




J1-24 (42.53%) which was on per with ICGS-
76. The significant increase in oil yield in cul-
tivar ICGS-76 might be due to higher oil
content and Pod vield. This is in conformity
with the results reported by Muhammad et al.
(1973) who concluded that there is a significant
variation in oil content among the varieties.

Among the sulphur ievels 50 kg S/ha
recorded significantly higher oil yield as com-

Department of Agronomy
University of Agricultural Sciences
GKVK, Bangalore-3560 065 i

Journal of Qilseceds Research

pared to control and 25 kg S/ha. The increage
in ol yield was mainly due (o increased o
content. This might be due to sulphur which i
essential for synthesis of oil. Narasi Reddy et 47,
(1985} also noticed significantly higher oil con.
tent {48.509%) with the applicatton of 60 kg 8/ha
when compared to control. Thus, it can be
inferred that there is genotypic differences for
response to sulphur. ‘
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INFLUENCE OF HERBICIDES ON YIELD, QUALITY AND
ECONOMICS IN RAINFED GROUNDNUT

Groundnut is extensively grown during kharif
season under rainfed conditions. The produc-
fivity of the erop during kharif scason is low and
not stable due to heavy infestation of weeds.
There is a lack of information on economic
dose of different herebicides and its effect on
pod yield, oil, protein and economics in rainfed
groundnut. Therefore, a field experiment was
conducted at Main Research Station, Univer-
sity of Agricultural Sciences, Dharwad during
the kharif season of 1990-91 to study the effect
of herbicides on pod vield, protein and o con-
tent and economics of groundnut Cv. Dh-3-30
in medium black soils under rainfed condi-
tions,

The treatments (Table 1) were tested in
a Randomized Block Design with three
replications. Fluchloralin was sprayed and in-
corporated into the soil before sawing on 22
June, 1990. The other herbicides viz. alachlior,
pendimethalin and metalachlor were sprayed
on 28 June 1990 as a pre-emergence spray. The
post emergence herbicide Fluazifop-p-butyl
was sprayed 15 days after sowmg (DAS) The
crop received a well distributed total rainfail of
496.60 mm during growing period.

The estimation of oil content was done
by Nuclear magnetic resonance (NMR)
Spectrometer against a standard reference
sample. The aitrogen percentage in groundnut
kernels was estimated by modified Kjeldahl's
method (Jackson, 1967). The protein percent-
age was calculated by multiplying the nitrogen
percentage with factor 6,25 (Thai and Young
1974). The economics of different treatments

were workedout based on prevailing market
prices during 1991,

Hand weeding at 15, 30 DAS in com-
bination with intercultivation at 15, 30, 45 DAS
recorded lowest (2.31 q/ha) weed weight and it
was on par with alachlor, fluchloralin, pen-
dimethalin along with intercultivations. How-
ever, vnweed check recorded significantly
highest (50.92 q/ha) weed weight. These find-
ings are in accordance with findings of
Yaduraju et af. (1980).

Practical way of judging the efficiency of
the treatments is comparing the pod yield
variation. Hand weeding at 15, 30 DAS along
with mntercultivations at 15, 30, 45 DAS and
fluchloralin in combination with intercultiva-
tions at 15, 30, 45 DAS recorded significantly
higher pod yield 0£28.90 and 28,79 g/ha respec-
tively. (Table 1). This was mainly due to effec-
tive weed control. Similar results were also
reported by Diwakar (1981).

Pre sowing incorporation of fluchloratin
in combination with intercultivation at 15, 30,
45 DAS recorded significantly higher protein
content {31.52%) closely followed by 31.23 and
20.81 per cent of protein in case of hand weed-
ing twice followed by intercultivation at 15, 30,
45 DAS and alachlor followed by intercultiva-
tion at 15, 30, 45 DAS than rest of the treat-
ments. Higher protein content in these
treatments may be due to increased uptake of
nitrogen. Gupta et al. (1979} and singh ¢ al.
(1980) also reported higher protein content
with chemical method of weed control. There

Received for publication on November 15, 1993.
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Short communication

was no significant difference among the treat-
ts with respect to oil content.

k

i Among the treatments highest net in-
come (Rs.24,229/ha}was recorded by
fluchioralin in combination with intercultiva-
tion at 15, 30, 45 DAS followed by hand weed-
ing at 15,30 DAS along with intercultivation at
15, 30, 45 DAS (RS. 24046/113) This was due to
higher pod yield in these treatments, Cpst of
weed control was minimum in fluchloralin (Rs.
222/ha) and was maximum in pendimethalin in
combinations with intercultivations at 15, 30, 45
DAS (Rs. 838/ha). Net return per rupee spent
was highest (Rs. 4.80) in case of fluchloralin in

1 Regional Research Station,
PB.No.18, Bijapur -586 101.
2 Main Research Station, Dharwad - 580 005
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combination with intercultivations at 13, 30, 45
DAS. It may be due to low total cost of weed
control and higher pod yield. 1n case of un-
weeded check lowest (Rs. 1.10) net return per
rupee spent was due to lower pod yield.
Similar results were reported by Yadurajuer al.
(1980).

Based on the results obtained it can be
inferred thas pre-sowing incorppration of
fluchloralin @ 1.00 kg a. i./ha followed by three
intercultivations at 15, 30, and 45 DAS was
found to be more effective in controlling weeds
and resulted in higher pod yield, protein con-
tent and net income of groundnut.

B.G.MURTHY!
C.A. AGASIMANI?
N.C.PRATHIBHA'
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PERFORMANCE OF SUNFLOWER IN RELATION TO
NITROGEN AND PHOSPHORUS IN ACID SOILS OF ORISSA

Sunflower introduced in 1969 to Indian
Agriculture, has emerged as an important oil-
seed crop in recent days, In Qrissg, it is grown
as a kharif, rabi and summer otlsced crop in an
area of 1.34 thousand bectares with an annual
production of 0,74 thousand tonnes. For
popularisation of this crop there is a need to
evolve agronomic practices. Even though sub-
stantial research work bas been conducted on
the effect of nitrogen and phosphorus on yield,
vield attributes and oil content of sunflower
elsewhere in the country, information and
balanced dose of nitrogen and phosphorus for
Orissa is limited. Therefore, the present study
was undertaken to determine the response of
sunflower to different levels of nitrogen and
phosphorus under limited water supply condi-
tion.

The experiment was conducted during
rabi scason of 1991-92 at the Central Rescarch
Station, Orissa University of Agriculture and
Technology, Bhubaneswar, on a sandy loam
soil having organic carbon 0.368%, total
nitrogen 0.038%, available P 16.5 kg/ha and
available K 155.5 kg/ha with pH 5.7. Ten treat-
ment combinations comprising 3 levels of
nitrogen (20, 40, and 60 kg/ha) and 3 levels of
phosphorus (20,40, and 60 kg P20s/k) and a
* control with no nitrogen and phaspharus were
tested in Randomized Complete Block Design
replicated 3 times. Sunflower "Morden® was
sown on December 1, 1991, A umform dose of
30 kg K20 /ha alongwith half of N and full dose
of P20s as per the treatments was applied at
sowing and the remaining half N was top
dressed at 25 days after sowing. The crop
received a rainfail of 78.4 mm besides two ir-

rigations applied at bud development and
flowering stages.

Application of nitrogen to sunflower
resulted in significant increase in the plant
height, leaf arca index at 60 days after sowing,
diameter of the capitulum, weight of
capitulum, weight of sceds/capitulum and
weight of 1,000 sced (Table 1}. The response
was significant up to 60 kg N/ha. The
favourable effect of nitrogen in increasing the
yield components can be attributed 10 an im-
provement in vital functions which nitrogen
plays in the plant body and this resulted in more
weight of seeds/capitulum and weight of 1,000
sced. Similar observations have been made by
Khargakharate and Nirwal (1991), Narwat and
Malik (1985) and Sarkar (1985}

Total dry matter accumnlation per
plant, seed and stalk yield were maximum with
60 kg N/ha which offered an yield advantage of
24 and 8.5 per cent over 20 and 40 kg N/ha,
respectively. Similar trend was observed for N,
B K uptake and harvest index. Yield is a func-
tion of head diameter, weight of
seeds/capitulum, fertility per cent and 1,000
seed weight. Beneficial effect of higher dose of
N on these yield attributes resulted in higher
seed and stalk yield. The result confirms the
findings of sarkar (1985). The oil content was
the highest (38.2%) at 20 kg N/ha which
declined at higher levels of N. Similar adverse
effect of N on oil content was also reported
earlier by Kalra and Tripathi (1980).

Phosphorus application significantly in-
creased the plant height, leaf area index at 60
days after sowing, head diameter, weight of

Received for publication or December 19, 1993.
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Taple 1.  Growth and yield attributes of sunflower as influenced by nitrogen and phosphorus

Treatments  Plant height [cafarea Head Weight of Weight of Seed 1000 seed

(em} index at diameter capitulum seeds/ fertility weight (g)
60 DAS {cm) {g) capitulum (g} (%}

Nitrogen (kg/ha)

20 124 198 10.0 15.2 11.6 42.0 424

40 129 20t 111 172 137 427 451

&0 134 204 120 187 152 428 473

Phesphorus (kg/ha)

20 127 199 10.7 162 127 423 439

40 129 20 111 171 135 427 451

60 130 oo20m 113 17.9 14.2 427 459

Control 105 149 73 118 8.1 40.7 372

CDforNat 205 0.009 0.13 0.33 025 0.33 0.3¢

5%

CDforPat 205 0.009 0.13 0.33 0.25 0.33 0.36

5%

DAS = Days after sowing.

Table 2.  Yield and nutrient uptake of sunflower as influenced by nitrogen and phosphorus

Treatments Dry Total nutrient uptake (kg/ha) (seed  Seedyield Stalkyield Harvest Oil content
matter/ + stalk) (g/ha) (gfha) index (%)
plant (g} N P K (a/a}

Nitrogen (kg/ha)

20 44.4 46.2 213 372 7.42 193 36 382

40 476 384 278 1479 §.48 210 324 378 -

80 503 664 304 547 9.20 22.1 329 375

Phosphorus (kg/hs)

20 459 555 21.7 4.7 798 203 321 315

40 47.7 572 27.1 469 8.41 21.0 32.3 38

60 488 - 588 307 481 8.66 212 324 382

Contro} 310 285 14.7 26.2 5407 154 29.9 371

C.DforNat 0.95 282 1.76 336 Q.17 068 q4s 018

5% .

C.Dfor Pat 0.95 282 1.76 3.16 Q.17 0.68 ‘NS Q.18

5%
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capitulum, weight of seeds/capituium and
weight of 1,000 seed (Table.1), The response
was hnear up to 60 kg P20s/ha. This might be
due to abundance of phosphorus in sceds
which stimulated the formation of filled seeds
and increase in seed number. Dry matter ac-
cumulation per plant, seed and stalk vield were
maximum at 60 kg PzOs/ha. Seed yield of 8.66
g/ha was recorded at 60 kg P2 Os/ha which was
8.5 and 3 per cent more than that of 20 and 40
kg P2 Ostha, respectively. The response was

Department of Agronomy,
Orissa University of Agricolture & :
Technology, Bhubaneswar. ‘

Journal of Oilseeds Research

higher up to 20 kg than the subsequent higher
levels of P2Qs. Phosphorus application alsg
increased the N, P and K uptake, bui the uptake
was more conspicuous for P. Similar response
of sunflower to P application was also reported
by Shelke et al. (1988). Phosphorus application
did not influence the harvest index of
sunflower, but significantly increased the oil
yield. Similar resvlts were. also reported by
Kalra and Tripathi (1980).
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GROUNDNUT SEED PRODUCTION PRACTICES ADOPTED
BY THE FARMERS IN SOUTHERN DRY REGION OF
KARNATAKA

The seed technology practices like source of
seed, seed replacement, seed grading, seed
storage, seed rate, seed treatment, usc of highly
germinable seeds and varicties play a sig-
pificant role in achieving higher yield at
farmers level. A survey was undertaken with an
objective of assessing seed technological
aspects adopted by the groundnut growers of
southern dry region of Karnataka. The taluks
of Bagepalli and Chintamani (eastern dry
zone) of Kolar district and Pavagada and Mad-
hugiri (central dry zone) of Tumkur district
were selected as the groundnut is widely grown
in these taluks. A list of one hundred farmers
who have grown groundnut has prepared from
each taluk with the assistance of staff of the
Karnataka State Deprtment of Agriculture and
fifty per cent of the farmers were selected ran-
domly for interview from each taluk. The
respondents werc classified into different
groups based on the size of holdings. The
respondents were interviewed with a pre-
viously administered and tested questionnaire.
The data were collected during the month of

June, 1990, before sowing of kharif, 1990-91
rainfed crop and analysed.

No farmer used the seeds purchased
from known sources like Karnataka State Seed
Corporation, National Seeds Corporation,
Karnataka State Department of Agriculture
and Agricultural University. The major source
of seed was savings out of the previous bulk
crop constituting 89 per cent followed by "other
farmers" with 10 per cent (Table 1). Further
from among the farmers who used their own
saved seed, 61.80 per cent have confirmed that
the original source of seed as "other farmers”.

The price of groundnut seeds is more in
comparison to other field crops and also due to
high seed rate the seed cost component is a
major cost item ir groundnut production. The
normal tendency of small and marginal farmers
is to sell the whole produce of groundnut after
harvest without keeping for seed purpose. The
small and marginal farmers with less purchas-
ing power depend on others for seeds. This
study revealed that 25.50 per cent of the

Table 1.  Source of seed (percentage of farmers)
Sl No Groups Private Own Other Total
seed traders saved seeds farmers

1 1 030 (1} 49.50 (99) 65013}, 56.50 (113}
2 I 0.50 (1) 18.00 (36) 1.50 (3) 20.00 (40)
3 m -0 B.00 (16) 0.50 (1) B850 (17)
4 v -(0) 1350 (27) 150 (3) 15.00 (30)
5 Total 1.00 (2) 89.00 (178) 10.00 (20) 100 (200)

Figures in parenthesis indicate number of respondents

Received for publication on December 19, 1993.
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farmers borrowed the sceds before from other
farmers and traders on barter system,

It has been observed that the seed re-
placement is an important factor in achieving
higher yields. This study revealed that 41 per
cent of the farmers used the seeds beyond six
generations (Table 2).

The grading of pods by winnowing was
attended by all the farmers, where as further
mannual grading was attended by only 12.50
per cent of the farmers. The grading of kernels
was done by all the sample farmers by using
either sieve or through mannual grading (Table
3). The sieve size used for grading kernels of
TMYV-2 and JL-24 were 5.57 nd 5.65mm
respectively.

Farmers using their own saved seed are
required to store the seeds from harvesting 11l
sowing. The containers and method of storage
play a significant role in preserving the viability
and vigouwr >f the seeds. The selection of the
containers aud the method of storage largely
depends upon the quantity of seeds to be
stored, the availability of storage space etc.
The present study revealed that 91 per cent of
the farmers used gunny bags as storage con-
tainer, followed by heeping in the room, Inci-
dently 6 out of 10 farmers who have stored the
seeds int heep are the farmers having more than

Journal of Qilseeds Research

‘Iable 3. Percentage of farmers adopting grading
Group Winnowing Manual grading Grading of
of pods of pods Kerneis

I 5650 (113) 550 (11) 56.50 (113)
i 00040y 250 (5) 20.00 (40)
m 8.50(17) 1.50(3) &850 (17)

v 15.00 (30)  3.00(6) 15.00 (30)
Total  100.00(200) 1250 (25) 100.00 (200)

Figures in parenthesis indicate number of farmes.

15 hectares indicating problem in handling
large quantities for seed. However, it was ob-
served that remaining four per cent (Table 4)
of the farmers preferred storing in large ear-
thern bins which are available locally at
cheaper price.

The influence of plant population on the
yield is closely linked with the secd rate. The
sample farmers used the average seed rate of
71 kg/heclare. Maximum seed rate (77.12
kg/hectare) was used by farmers having more
than 6 ha, where as the small farmers with less
than 2 hectares used 69.44 kg/ha. The seed
treatment with chemicals and testing for ger-
mination prior to sowing was not done. How-
ever, 4 per cent of the farmers treated the seeds
with Rhizobium culture before sowing
{Table 5. The seed rate used in J1.-24 variety
(73.68 kg/ha) is more than TMV-2 (69.88

kg/ha).

Table 4. Method of seed storage (percentage of farmers) and seed rate used
Sl. No Group Earthern Pot  Gunny bag Heep Total Average sced
rate kg/ha

1 I 3.0 (6) 5350(107)  -(0) 56.50 (13) 69.44

2 It L0(2) 17,50 (35) 150(3) 20.00 (40) 69.94

3 i -(0) 8.0(16) 050 (1) 850 (17) 7352

4 v -(0) 12.0 (24) 3.00 (6) 15.00 (30) 77.12

5 Total 40(8) 91.0 (182) 5.00 (10) 1000 (200) 7004

Figures in parenthesis indicate number of farmers.
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Table 5: Seed treatment given and germination
testing done (percentage of farmers)

Seed treatment (Germination testing

Given Not given Done Not done

2004 5450(109) -{D) 5650 (113)

- 20.00 (40) () 2000 (40)

- (0} B.50(17) -{0) 850 (17)

20(4) 13.00 (26) () 15.00 (30)

40(8) %600(192) - 100.00 (200)

Figures in parenthesis indicated nomber of farmers.

To achicve higher vields in different
agro-climatic region vrious varieties were
recommended and in karnataka the use of im-
proved varietics is moderate with 50 per cent
coverage (Rai, 1989). This survey revealed that
all the farmers used improved varieties that are
recommended to this southern dry region.
69.50 per cent of the respondents had sown
TMV-2 and remaming 30.50 per cent JL- 24,
The high coverage under the improved
varictics in this region may be due to the fact
that the survey area is the traditional and major
groundnut growing region and also the aware-

Seed Technology Research Centre,

GKVK, University of Agricultural Sciences,
Bangalore 560 065,

Journal of QOilseeds Research

ness of the performance of improved variegieg
in the adjoining Andhra Pradesh

The measures to be taken in the light of
this study are as follows, The Karnataka State
Department of Agriculture shall take-up ex.
tension activities to enlighten the farmers
about advantages of using better quality seeds,
particularly periodical seed replacement. The
Karnataka State Seeds Corporation
(KSSC)and Karnataka (il Seeds Growers Co-
operatives Federation (KOF) shall take-up
market survey and arrange for certified seed at
right time. The financial institutions can plan
to inciude seed as a component in crop loans
particularly to small an marginal farmers. Fur-
ther KSSC and KOF can plan for supplying the
foundation sced to the progressive farmers in
the locality through which the certified seeds
can be chanalised by using "barter system”
which s already popular in the region. Further
research on the reasons for not following cer-
tain seed technology practices by farmers will
throw much light on the corrective measures to
be initiated.

S.RAJENDRA PRASAD
TN.VENKATA REDDY
N.VUAYAMOHAN REDDY
G.V. JAGADISH
B.SIDDAPPA

Rai, B. 1989. New groundnut varicties for commercial
production programmes. Seeds & Farms 15(1): 19-
22.
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GENOTYPIC VARIATION IN YIELD LOSS DUE TO LEAF
MINER, Chromatomiya horticola Go. INFESTING LINSEED

Chromatomtiya horticola Go. hasbeen reported

to be a minor pest on linseed (Atwal, 1986).

However, it mines about 18.4 - 25 per cent
leaves and adversely affect the production
(Kumar et al., 1992; Tha, 1986; Vishwanath and
Agarwal, 1982). The pest generally appears
during last week of January and remains till last
week of April after attaining peak in the middle
of February. The larva tunnels in the epidermis
interupt photosynthetic activity of the plant.
The trial for the assessment of yield loss due to
the leaf miner was carried out at HPKYV, Oil-
seed Research Station, Kangra, H.P,

A field trial was conducted during the
year 1991-92 to assess the yield losses caused
by leaf miner in three cultivars of linseed. The
cultivars were grown in two sets i.c. protected
and unprotected form leaf miner attack. Under
the protected set, the cultivars were sprayed
with monocrotophos (0.036%) twice at 15 days
of intervals starting from the appearence of leaf
miner. Yield per plot was recorded at harvest
and the data on per cent losses was calculated
from the quantitative characters contributing
for vield (Table 1).

Oilseeds Research Station, HPKV
Kangra 176 001 H.P

The persual of data revealed that the
maximum loss due to leaf miner was recorded
for Jeewan (25.46%) followed by Janki
(14.69%) and Himalini (6.60%).

Maximum loss (6.77%) was observed in
Jeewan followed by Janki (4.75%) and
Himalini (3.56%) in 1000 sced weight . The loss
in oil content due to leaf miner infestation was
maximym in Jeewan (2.06%) followed by Janki
((1.5%) and Himalini (0.19%). The incidence
of leal miner in terms of percentage of ieaf
infestation was also recorded as 8.18, 11.40 and

Tablel. Per cent loss in yield due to leaf miner
in linseed in 1991-92
Varieties Yield/ 1000 grain =~ Oil
Plot wi. content
Janki 14.69 356 0.50
Himalini 689 475 0.19
Jeewan 2546 6.77 206

17.07 in Himalini, Janki and Jeewan respective-
ly. Thus variety Himalini can be considered as
tolerant to leaf miner incidence.
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NEW RECORD OF Dolycoris indicus STAL
(Hemiptera : Pentatomidae) AS A MINOR PEST OF LINSEED
IN HIMCHAL PRADESH

During April-May 1992, Linseed crop of
Kangra district of Himachal Pradesh was
found to be infested by the bugs. The nymphs
were found sucking the sap from the top shoot
of the crop. The aduits were also observed to
feed on the pods at maturity stage of crop. The
nymphs as well as the adults were collected and

Oilseeds Research Station,
Kangra, Himachal Peadesh

got identified from the Natural History
Museum, Eondon as Delycoris indicus Stal. A
study of literature reveals that this bug has not
been recorded earlier, as pest of linseed crop,
The authors are thankfuol to Dr. K.M. Harris,
Director, International Institute of Eatomol-
ogy, London for geiting this species identified.
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