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VARIETAL SUSCEPTIBILITY OF SAFFLOWER CULTIVARS TO
APHID, Uroleucon carthami Hille Ris Lambers (Aphididae : Homoptera)

V.M. KHAIRE, D.D. NAWALE and U.N. MOTE .
Department of Agricultural Entomology, Mahatma Phule Agricultural University,
Rahuri-413722 Dist. Ahmednagar, (Maharashtra) India. —

ABSTRACT

Field screening of fifty eight safflower cultivars was undertaken during rabi season of
1985-86 to study their reaction to the aphid (Uroleucon carthami) under field conditions and none
exhibited complete resistance t0 aphids. On the basis of yield potential, seven cultivars viz. JLSF-92,
JLSF-88, 175-1, 279-2, NR5-209, J1 SF49 and N-673-1-5 were found 1o be promising. These seven
promising cultivars were selected for studying the antibiosis effect under field and glasshouse
conditions by confining ten aphid nymphs per plant and observing the total progeny nymphs
produced at the end of 20days. In these studies cultivar JLSF-92 was found tobe the most promising
recerding a minimum population of nymphs per piant. However, it was statistically at par with
JLSF-88 under field condition. Although, there was positive correlation between stem girth and
aphid infestation, plant height did not have any correlation with aphid infestation.

Key words: Safflower; Carthamus tinctorius; Varietal susceptibility; Aphid; Uroleucon carthani.

- INTRODUCTION

Despite a large area under the safflower crop in India (8.7 lakh hectares), the average
per hectare yield is very low (571 kg/ha). Of the various factors responsible for low yield, the
damage caused by aphids (Uroleucon carthami, HRL) is the one most important. Damage to
the tune of 60 to 80% and reduction in yield to the extent of 35% has been reported by Bindra
and Vaishampayan (1965). Although systemic and contact insecticides are recommended
against aphids, they are not commonly used by cultivators because of the low economic returns.
Deokar et al., (1984) tested 430 cuitivars of safflower against aphids and they reported that

-aphid incidence was negatively and yield positively correlated with plant spineness. It is, -
- therefore, necessary to test different cultivars of safflower for their reaction to aphid so as to
identify resistant varieties and to study any antibiosis in promising cultivars against aphids.

MATERIALS AND METHODS

Seeds of fifty eight safflower cultivars (Table 1) were sown on 7-11-1985 in flat beds
measuring 2.65 x 3.60 m, with a spacing of 45 x 30 cm. The experiment was conducted in a
Randomised Block Design with two replications. The observations on aphids were recorded
on five randomly sclected plants of each cultivar at an interval of ten days commencing from
20 days after sowing. Aphids (nymphs) on six leaves (twa each from top, middle and bottom)
were counted with the help of magnifying lens (10X). The observations were also recorded on
the girth and height of the selected plants of each cultivar to find out their correlation if any
with the aphid infestation. The girth of a plant at 60 days after germination was measured at
the base of top leaves with the help of thread. Similarly, the yield potential of different cultivars
under natural unprotected condition was noted by recording weight of seed of five plants.

Seven promising cultivars along with susceptible checks (Table 2) were sown on
7-11-1986 for antibiosis study under ficld as well as glasshouse conditions. Two plants from

Received for publication on July 17, 1989.
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each replication were randomly selected and covered with muslin cage in both field and
glasshouse conditions. On each caged plant 10 nymphs were released at 20 days afier
germination and observations on progeny nymphs were taken after 20 days. In glasshouse, the
individual plants were covered with plastic box (18 x 12 om) having holes, covered with muslin
cloth for ventilation.

RESULTS AND DISCUSSION
Field screening of safflower cultivars against aphids

It is seen from the Table 1 that the incidence of aphids started in the second week of
November i.e. 20 days after sowing. The cultivar HOP-123 had the lowest mean population of
0.1 nymph per plant while cultivar N-673- 1-5 had the highest population of 7.0 nymphs/plant.

The observations recorded at 30 days after sowing showed that cultivar JLSF-92
sustained the lowest population of 14.1 nymphs per plant which was significantly lower than
that in all the other cultivars, The next promising cultivar was JLSF-88, The cultivar HUS-1157
recorded the maximum mean population of 61.8 nymphs per plant. The mean infestation in
the remaining cultivars ranged between 19.5 and 60.9 nymphs per plant. On the whole, the
aymphal population at this stage of observations was higher than that noticed at 20 days after
sowing.

At 40 days after sowing the coltivar JLSF-92 again recorded the lowest mean nymphal
population of 23 nymphs per plant which was significantly lower than that in all the other
cultivars, Cultivars JLSF-88, 175-1 and 279-2 were next in order of promise were statistically
at par with each other. Cultivar HUS-1974-6 exhibited the highest mean nymphal population
of 99.4 and was statistically at par with 322-2 and HUS-1157. The mean infestatior in the
remaining cultivars ranged between 27.2 and 90.5. It was observed that the incidence of aphids
was on its increase as compared to that at the two previous stages.

The nymphal population recorded at 50 days after sowing indicated that the cultivar
JLSF-92 again emerged as the most promising one recording mean nymphal population of
35.8 nymphs per plant. This population level was significantly lower than that in all the other
cultivars followed by cultivar JLSF-88 in low population. Cultivar 322-2 exhibited the highest
mean nymphal population which was significantly higher than that in all the other cultivars.
The mean infestation in the remaining cultivars ranged between 41.9 and 125.6 nymphs per
plant. It was observed that the incidence of aphids was on its increase as compared to that at
the three previous stages.

Nymphal population recorded at 60 days after sowing indicated that the cultivar
JLSF-92 still registered the lowest mean population of 8.9 nymphs per plant, which was
significantly lower, compared to all other cultivars. The cultivar HUS-1974-6 recorded the
maximum mean population of 204.3 nymphs per plant which was significantly higher except
cultivar 322-2. The population level in the remaining entries ranged between 54.2 and 200.8
nymphs per plant. At this stage also the pest population persisted at high level. No further
observation could be recorded due to the drying of many cultivars,
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From the results of the compiled analysis of the entire data it is observed that the
infestation of the aphids at 20 days after sowing was low ranging from 0 to 7 nymphs per plant
on the 58 cultivars under study whereas at 60 days it ranged between 48.9 and 204.3 showing
increasing trend irrespective of cultivars.

From the mean infestation of the aphids, it would be seen that the cultivar JLSF-92 was
the most promising though at par with other 13 cultivars viz., JLSF-88, 175-1, 279-2, NRS-209,
JLSF-49, N-673-1-5, NC-1585-2, JLSF-95, N- 123-3-3, N-1527-1-3, N-248, JLSF-94 and A.1.
~ The maximum mean infestation of 98.62 nymphs per plant was observed on the cultivar 322-2

which is in turn was at par with the cultivars HUS-3044, JLSF-19 A, HOP-132, BOP-128,
SSF-49, SSF-50, HUS-1974-6, HUS-1157 and S-4. The incidence in the remaining cultivars
ranged between 46,16 and 77.42. The present findings are in conformity with those recorded
by the research workers of Agricultural Research Station, Jalgaon and Solapur (AICORPO,
1985 and 1986, Anonymous, 1986 and 1987),

Comparison with local check

It could be seen from the Table 1 that 26 eatries showed less aphids than the local check.
The differences in percentage of population of aphid were extremely meagre regarding sixteen
cultivars. Cultivars JLSF-92, JLSF-88, 175-1, 279-1, NRS-209, JLSF-49, N-673-1-5, NC-1585-2,
JLSF-95 and national check showed from 46.38 to 78.38 per cent superiority over the local
check. The cultivar JLSF-92 showed 46.38 per cent population in comparison with local check.
The rest of the cultivars showed higher percentage of population than local check ranged
between 100.85% and 186.87%. However, the results obtained by the research workers at
Agricultural Research Station, Jalgaon (Anonymous, 1986; AICORPO, 1986 and Jagtap et al.,
1985) indicated that these promising cultivars were more or less similar to the reaction to that
of local check “Bhima”. The present findings are quite contradictory which might be due to
the variation in method of recording observation and effect of location, Patil et al., (1986)
reported that SSF-3 was aphid tolerant and gave higher yield than “Bhima”,

Relationship hetween stem girth and aphid population

Studies on the correlation between infestation levels of aphids on safflower and girth
of the stem were carried out. The aphid population positively correlated with girth of stem (r
= 4076 ) JLSF-92 which recorded 0.72 cm girth of stem supported the aphid population
of only 48.9 nymphs per plant which was significantly lower than that in all other cultivars
except JLSF-88, 279-2, 175-1, NRS-209 which were at par with it. Cultivar JLSF-79 which
recorded the maximum stem girth of 2.60 ¢m exhibited the aphid population of 104 nymphs
per plant. It was statistically at par with the other 23 varicties showing aphid population 107.8
to 204.3. Other cultivars ranged between the stem girth 1.50 cm and 1.78 cm supported the
aphid population 82 to 131.6. The present findings are in agreement with those reported by
Kelkar and Karve (1976).

There was no correlation between height of safflower cultivars and aphid population
as the correlation was statistically non-significant.
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Influence of incidence of aphids on yield

Despite aphid infestation, some cultivars were able to produce seed. The yield data
presented in Table 1indicated that the cultivar JLSF-92 was the most promising recording the
mean yield 16.47 g per plant which was significantly higher than that in all other cultivars. The
next promising cultivar for yield was JLSF-88 and was at par with cultivar 185-1. The next
position was that of cultivar 279-2 which was however, statistically at par with cultivar NRS-209,
N-673-1-5 and JLSF-49 which recorded 8.80, 7.05, 3.22 and 3.10 g seed respectively. Thus the
JLSF-92, JLSF-88, 175-1, 279-2, NRS-209, N-673-1-5, JLSF-49 showed some promise in
respect of yield though they were infested by the pest. Yield in other cultivars ranged between
0.0 and 2.27 g. Samele (1983) reported that $-144 suffered the lowest aphid infestation and
gave the highest yield. The above mentioned seven promising cultivars were selected to study
the antibiosis, if any, during the year 1986-87 along with local check “Bhima” and National
check A 1.

Study of antibiosis of promising cultivars in field

Mean population development was minimum in the case of cultivar JLSF-92 (661)
which was significantly lower than that in other cultivars except JLSF-88 which was at par with
it (Table 2). Local check “Bhima™ registered the highest aphid population development
(2162). All the other remaining varietics showed a range of 879 to 1441 nymphs per plant.

Table 2. Antibiosis against aphid in promising cultivars of safllower

Sr. Name of cultivar No.of progeny nymphs at 20 days after release
No. Field condition Glasshouse condition
No. of progeny | No. of No. of progeny
nymphs/plant | nymphs/day nymphs/plant
1. JLSF-92 661 33 143
2. JLSF-88 748 3.7 177
3 175-1 879 4.4 i83
4, 279-2 1055 o 53 191
5. NRS-209 1252 63 195
6. JLSF-49 1346 6.7 197
7. N-673-1-5 1404 70 198
8. A.1(National check) 1441 72 201
9, S-4 (Local check) 2162 108 229
SEx 313 ' 53
CDat5% 93.7 159

Rate of reproduction of released aphids on different cultivars was as follows : JLSF-92,
3.3; JLSF-88, 3.7; 175-1, 4.4; 279-2, 5.3; NRS-209, 63; JLSF-49, 6.7; N-673-1-5, 7.0; A1, 7.2
and “Bhima” 10. 8 nymphs per day.
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Study of antibiosis of promising cultivars in glasshouse condition

Mean population was minimum in JLSF-92 (143) which was significantly lower than
that in any other cultivar (Table 2). Local check “Bhima” (54) registered the highest aphid
population (229). All other remaining varieties showed range between 177 and 201 nymphs

per plant.
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NITROGEN PHOSPHORUS AND SULPHUR NUTRITION OF
GROUNDNUT (ARACHIS HYPOGAEA L.) GROWN IN ALFISOLS
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Department of Soil Science and Agricultural Chemistry,
College of Agriculture, Rajendranagar, Hyderabad 500 030, India.

ABSTRACT

Studies on nitrogen, phosphorus and sulphur nutrition of groundnut grown during kharif
season of 1988 in Alfisols reveal that application of nitrogen, phosphorus and suiphur jncreased
pod and haulm yields, shelling percentage, oil content and concentration of nutrients and their
uptake. Kernels were highest in N,P and S concentrations and lowest in Ca, Mg and K concentra-
tions, while haulms were highest in Ca, Mg and K conceatrations. Significant positive correlation
was observed between pod yield and uptake of nutrients by groundnut,

Key words : Pod yield; Haulm yield; Nutrient concentration and uptake; Shelling percentage; Qil
content: Correlation co-efficient.

INTRODUCTION

Oilseed crops occupying about 19 million hectares with an annual production of over
13 million tonnes play a vital role in the agricultural economy of India. India ranks first both
in area (7.5 m. ha) and production of world groundnut (6.06 m. tons), but productivitywise it
is among the lowest (870 kg/ha). The reasons for such a low yield have been ascribed to several
constraints which include nutrient deficiency. It is essential to pay greater attention to the
nutrition of the crop for increasing its productivity (Reddi and Reddi, 1979). Jayadevan and
Sreedharan {1975) observed significant increase in pod yield and nutrient uptake due to
nitrogen and phosphorus application. Sulphur application increased the uptake of N, P, X,
Ca, Mg, $ and oil content of groundnut (Yadav and Singh, 1970). Taking above facts into
consideration the present investigation was made to study the effect of nitrogen, phosphorus
and sutphur containing fertilizers on the yield, shelling percentage, oil content and concentra-
tion of different nutrients in groundnut. '

MATERIALS AND METHODS

A field experiment was conducted on Alfisols at the College of Agriculture,
Rajendranagar, Hyderabad during kharif 1988 under rainfed conditions to study the influence
of N, P and § on yield, shelling percentage and concentration of different nutrients in
groundnut (Var, TMV-2). The soil of the experiment was red sandy loam in texture, neutral
in reaction (pH 7.5), low in available nitrogen (240 kg/ha), available P20s (23.8 kg/ha) and
ava:l.able sulphur (8.12 ppm) but high in available potassium (308.6 kg/ha). The treatments
consisted of two levels of nitrogen @ 20 and 40 kg/ha as urea and diammonium phosphate in
combination, two levels of P20s @ 35 and 50 kg/ha as diammonium phosphate and two levels
of sulphur @ 66 and 120 kg/ha as gypsum. Thus 8 selected combinations of N,P and S were
adopted including one control (no fertilizer). All the treatments were tested on a Randomized
Block Design replicated thrice. Sulphur was applied in two splits at the time of sowing (25%
of above level) alongwith whole nitrogen and phosphorus and at 30 DAS (75% of the above

* Part of M.Sc. (Ag.) thesis submitted by senior author to A.P. Agricultural University in 1989
Received for publication on October 15,1991,
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level), The decrease in the amount of calcium at different levels of sulphur was corrected with
the application of calcium carbonate including control. Seeds were dibbled by adopting a
spacing of 30 x 10 cm. A total of 426.6mm rainfall was received during the crop period. Pod
yield, haulm yield, shelling percentage and oil content in kernels were recorded treatment
wise. Plant samples collected at harvest were partitioned into haulm and kernels for chemical
analysis. Oil content was estimated by Nuclear Magnetic Resonance technique and expressed
in percentage. Nitrogen by Microkjeldahl method, phosphorus by Vanadomolybdate yellow
colour method (Jackson, 1967), potassium by flame photometer method, sulphur by tur-
bidimetric method, Ca and Mg by atomic absorption spectro-photometer (Varian Techtron
AA 120) were determined in haulm and kernels. Uptake of each nutricnt was calculated in
haulm and kernels and was expressed in terms of kg/ha.

RESULTS AND DISCUSSION
Yield

A pod yield ranging from 20.421020.43 q ha was recorded when nitrogen, phosphorus
and sulphur were applied @ 40, 50 and 120 kg ha! respectively. These levels were significantly
superior over thc1r other levels {Table 1). Response of groundnut crop to mtrogcn was limited
to10-40 kg ha™ (Jadhav and Narkhede, 1982 and Jackhro, 1983). Increase in pod yield due to
phosphorus might be due to its favourable influence on pod development and its filling
capacity (Charan and Kalra, 1983) Similar trend was observed w:th sulphur too, recording an
yield potential of 20.43 q ha , when it was apphed @120kg S ha! Such response to sulphus
was attribuied to low initial status of sulphur in the soil and these findings are in accordance
with the observations of Reddy and Patil (1980).

The haulm yield of about 27.9 q ha' was significantly higher with the application of
nitrogen, phosphorus and sulphur (Tabie 1). The influence of these nutrients in increasing
haulm yield was attributed to the better root and shoot growth (Jayadevan and Sreedharan,
1975). Similar results were also observed in case of the shelling percentage, shelling percentage
increased with the application of N, P and § when compared to control. Increase in shelling
percentage might be due to better synthesis of carbohydrates, fals and proteins in the
availability of N, P and S. Similar results were also reported by Giridhara Krishna et al., (1989),

0Oil content (%)

The oil content recovered was 48.24, 47.8 and 47 6 with nitrogen, phosphorus and
sulphur when they were applied @ 40, 50 and 120 kg ha'l rcspcmvcly {Table 1). These values
were significantly higher over other levels. The increase in oil content with the application of
nitrogen might be due to increased uptake of sulphur with increasing level of nitrogen.
Surajbhan and Misra (1971) reported that oil content was increased in groundnut with
application of nitrogen on desert soils of Jodhpur. The increase in oil content with phosphorus
might be due to enhancement in the triacyl glycerol, the major component of groundnut oil
accompanied by a corresponding decrease in free fatty acids and sterols (Sukhija er al., 1984).
The response of groundnut to sulphur elucidated that as an integral part of Sulph-hydryl (-SH)
group which is essential for biosynthesis of oil. Increase in oil content with sulpkur application
was reported by Reddy and Patil (1980).



Sammi Reddy et al., 191

Table 1. Influence of N, P and S on yield (¢/ha) and shelling percentage of groundnut

Treatment Pod yield Haulm vield Shelling Oil content
(g hal) (gha)) percentage (%)
Levels of N (kg ha'l)
20 19.13 25.55 71.41 44.06
40 ' 20.42 27.89 7544 48.22
F test ) LA Ll i ) ek
SEx 0.451 1.018 1.657 1326
CD at 5% 0.955 2.159 3.513 ' 2811
Levels of P (kg P20s ha'l)
35 19.14 25.56 7147 44.60
50 2042 2788 7538 47.68
F test L3 .k L 2 ! %
SE = 0.451 1.018 1.657 1.326
CD at 5% 0.955 2.159 3.513 . 2811
Levesl of § (kg ha™)
60 19.13 25.58 71.52 4467
120 _ 20.43 27.86 75.33 4761
F test & *ih L 1] L} ]
SE=+ 0.451 1.018 . 1.657 1.326
CDat5% 0.955 2,159 3.513 ) 2811
Control vs. Rest
Control - 14.47 20.72 64.20 40.53
Rest 19.78 26.72 T3.20 46.14
F test : T 1] - - .
SE+ 0.675 1.527 2.485 1.989
CDati% 1432 3238 5270 4.217

Interaction effects were not significant
** Significant at 1% level

Nutrient concentration and uptake

The data indicated that concentrations of nitrogen, phosphorus and sulphur in the
kernel were more than that of haulm. But contrary to this, concentrations of Ca, Mg, and K
were high in haulm than that of kernal (Table 2). Reddy and Murthy (1985) reported similar
trend of results in groundnut. Application of different levels of nitrogen, phosphoms and
sulphur increased both concentration and uptake of N, P, K, Ca, Mg and § in the groundnut
(Table 2 and 3). But the interaction effects were non significant. Similar results were also
reported by Singh and Ahuja (1985). Increase in uptake of K and Ca with application of N, P
and S might be due to the Synergistic effect of N, P and Son K and Ca absorptnon by groundnut :
(Dongale and Zende, 1976 and Yadav and Singh, 1970).
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Correlation coefficlents

Correlation coefficients were worked out between pod yield and baulm yield, shelling
percentage and uptake of N, P, K, Ca, Mg and § by haulm and kerncl at harvest (Table 4}.
The correlation coefficients between hanlm yield and pod yield, shelling pereentage and pod
yield, and nutrient uptake and pod yield showed positively significant association. Similar

results were also reported by Giridhara Krishna et al., (1989).

Table 4« Correlation coefficients (r) between pod yield and other parameters

Parameter Pod yield
Haulm vield 0.9918
Shelling percentage ‘ 0.9632
Nutrient uptake by haulm (kg/ha)

N 0.8952
P ' 0.8854
K 0.8660
Ca ' 0.8399
Mg ' 0.9321

8 : 095014 .
Nutrient uptake by kernel (kg/ha)

N ; 0.9810
p 0.9244
K : 0.9555
Ca - 09577
Mg 0.9442

S 0.9391
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DIFFUSION AND ADOPTION OF CASTOR PRODUCTION TECH-
NOLOGIES IN MAHBOOBNAGAR DISTRICT OF ANDHRA PRADESH
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ABSTRACT

The diffusion and adoption study in Mahboobnagar district revealed that there is no
significant difference among small, medium and {arge categories of farmers for access to Govern-
ment officials to get information on modern agricultural practices. The knowledge level of different
categories of farmers regarding the technologies are more or less equal. The adoption level of
different technologies are medivm to high. Specifically, the non- monetary inputs and low monetary
inputs are casily adopted by the farmers. Extension efforts should be intensified for creating
awareness of the technologies like seed treatment, spacing, stage of harvest of the crop and time of
pest control. The adoption level of high monetary inputs can be enhanced by arranging credit,
announcing remunerative price and demonstrating technical skills to the farmers about superiority
of judicious application of fertilizers and pesticides over conventional practices.

Key words : Castor; Production technology; Technology diffusion; Technology adoption

Castor is an important cash crop raised in Telangana region of Andhra Pradesh. This
is extensively grown as a rainfed crop in the districts of Nalgonda, Mahboobnagar, Ranga
Reddy, Prakasam and Warangal.

The district, Mahboobnagar was selected for the study because it has the lowest per
hectare yicld (164 kg/ha) when data were considered from 1979-80 to 1983-84 ; which may be
due to adoption of traditional method of cultivation by the farmers. De Datta ef al., (1978)
have emphasised that the farm susvey part of the study supplies information on the knowledge
level of the farmers that need to be improved to get higher yield in the study area. A review of
the literature on adoption of agricultural innovations by Feder ¢f al., (1985) indicates that most
of the research on adoption behaviour concentrated on the explanans, the factors that
contribute to an explanation of adoption. The expianandum, the level of adoption or the time
of adoption, in contrast, appears (o have been treated as a primitive variable by most authors,
not worthy of much attention. In this study attention has also been paid to assess the level of
adoption and to find out the ways and means to improve it.

The present study was undertaken with a view i)to find out the contact of different
categories of farmers with Government officials to obtain information on Modern Agricultural
Technology (hereafter referred as MAT) for castor production, ii) to identify the various
communication sources and its frequency, the farmers used for getting MAT iii) to assess the
knowledge level of different categories of farmers regarding MAT and iv) to evaluate adoption
level of different technologies by different size groups of farmers.

The hypotheses adopted in the present study for each of the above said objectives are :
For objective (i)

Ho: There is no difference among the small, medium and large farmers to have access
to Government officials for MAT on castor.,

Received for publication on November 6, 1991
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HI1: The large farmers having higher social status and mobility have more access to
Government officials than small farmers for MAT on castor.

For objective (iii)

Ho: There is no difference among the small, medium and large farmers’ knowledge
regarding MAT on castor.
Hi: The large farmers having more educational status and mobility have more

knowledge regarding MAT on castor.

For objective (iv)

Ho: The dryland farmers irrespective of land holding size adopt low or no cost tech-
nologies than technologies involving high monetary inputs.

H1: The dryland farmers are risk averse in nature and hesitant to adopt any MAT on
castor.

METHODOLOGY

A) Sampling plan and Data

Mahboobnagar district consists of thirteen taluks, The talukwise area under castor crop
was collected for five years from 1980-81 to 1984-85. It was observed that Kalwakurthy taluk
comprising two blocks covers 51.39% of castor area in the district and hence selected for the
study. From each block four villages were sciccted by systematic random sampling procedure.

The farmers were selected by following stratified random sampling with proportional
allocation technique. Thus in total 120 farmers were selected covering 50,39 and 31 from small
(0-2 ha), medium (2-4 ha) and large ( 4 ha) size groups, respectively. The desired information -
was obtained with the help of structural schedules by survey method in the year 1985-86.

B) MEASUREMENT

The farmers were asked whether they have contact with the Government officials like
Village Development Officer, Agricultural Officer, Block Development Officer, Assistant
Director of Agriculture, Subject Matter Specialist (Agriculture) or any other Government
personnel for advice on modern agricultural practices of castor. If the answer comes in
affirmative, they were further questioned regarding the frequency of contact i.e. weekly,
fortnightly, monthly or more than a month.

Regarding the use of different communication sources to get MAT and its frequency,
the farmers were questioned. The different sources enquired were neighbours, relatives,
progressive farmers, radio, television, film show, demonstrations, field trips and personal
contact with officials of Agriculture Department.

The present knowledge level of MAT on castor cultivation were enquired from the
farmers. The MAT were i) improved seed (ii) sced rate iii) seed treatment iv) time of sowing
V) method of sowing vi) spacing vii) fertilizer application viii) time and method of weed control
ix) insect pests and diseases x) stage of harvest of the crop and xi) method of threshing,
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After obtaining information on the knowledge level of farmers regarding MAT, the
farmers were interviewed regarding the adoption level of the same which are listed in the above
paragraph. Scoring technique was used to find out the level of adoption. Score 1 was awarded
if the practice was adopted and 0, if not adopted. The farmers were classified under high
adoption category if they scored 8-11 points, medium adoption category if they scored 4-7
points and low adoption category if they scored 3 points or less.

RESULTS AND DISCUSSION
Extension coutact

The Table 1 revealed that 23 % of the farmers had no contact with the Government
personnel while 38 % had weekly contact with either of the personnel. The fortnightly, monthly
and more than a month contact with the Government personnel on an average were 21%, 8%
and 10% respectively. The contact of different categories of farmers were of the same order
as that of the average figures with little variations.

Table1. Frequency of contact of different categories of farmers with Government personnel

Categories Frequency of contact Tatal
of farmers  Weckly Fortnightly Monthly ~ More than a Nil

month
Small 19(38) 13(26) 2(4) 4(8) 12(24) 50(100)
Medium 15(38) 7(18) 4{10) 5(13) 8(21) 39(100)
Large 12(39) 5(16) 4(13) 3(10) 7(22) 31(100)
Total 46(38) 25(21) 10(8) 12(10) 27(23) 120(100)

Figures in parentheses indicate percentage

The y 2 test carried out to test the first hypothesis showed that the table value of ¥ 2 a1
5 % level of significance for 2 degrees of freedom was 5.99 which was much more than the
calculated value of 0.261 leading to the conclusion that the null hypothesis is true, and there
are equal opportunities for all categories of farmers to have access to Government officials
for MAT on castor. (Table 2).

Table2. Extent of contact of different categories of farmers with Government personnel

Particulars Category of farmers Total 22 Value
Small Medium Large

Contacted 38(39) 31(30) 24(24) 93 (.2601

Not contacted 12(11) 8(9) A7 27

Figures in parentheses indicate expected frequencies
Use of communication sources
On an average 87% of the farmers used different sources of communication more

frequently (Jess than 15 days) to obtain MAT on castor than the rest 13%. When different size
groups of farmers were considered, the medium farmers used one communication source or
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the other less frequently than the small and large farmers. It can be inferred that small farmers -
are equally interested like large farmers for the modern agricultural technology on castor
{Table 3).

Table 3. Use of different communication seurces and its frequency by different categories

of farmers
Categories of farmers (Frequently Less frequently Total
(once within 15 days) |[(more than 15 days)
Small 46 (92) 4 (8) . 50 (100)
Medium 29 (74) . 10 (26) 39 (100)
Large 29 (94) 2(6) © 31100)
Total 104 (87) 16 (13) ' 120 (100)

Figures in parentheses indicate percentage.
Knowledge of farmers regarding modern agricultural technologies

Before enquiring the adoption level of different practices, the knowledge regarding
MAT was enquired and it was found that more than 90% of the farmers from different size
groups were aware of the technologies like improved seed, seed rate, time of sowing, method
of sowing, fertilizer application, time and method of weed control and method of threshing.
The farmers were lacking in knowledge to different degrees in the technologies (Table 4) and
the technologies like seed treatment and stage of harvest of the crop were at the introduction
stage. All the farmers lack the knowledge about the new recommended spacing of 90 cm x 20
cm. Though a sizeable portion of the farmers were aware of the methods to control insect pests
and diseases they were not clear about the doses of chemicals and time of spraying.

Table 4. Knowledge of farmers on different modern agricultural technologies

Sl Technologies Smal} Medium Larpe Total

No. Ni =50 N; = 39 N3 =31 Ng =120
1. Improved seed 50(100.0) 39(100.0) 31(100.0) 120(100.0)
2. - Seedrate 46(92.0) 39(100.0)  29(74.4) 114(95.0)
3. Seedtreatment - 1(2.6) 3(9.7) 4(3.3)

4,  Time of sowing 49(98.0) 39(100.0) 32(100.0) 119(99.2)

5. Method of sowing 50(100.0) 39100.0)  31(100.0) 120(100.0)
6.  Spacing - - - -

7. Fertilizer application - 50(100.0) 39(1000) - 31(100.0) 120(100.0)
8  Time and method 47(94.0) 35(89.7) . 31(100.0) 113(94.2)

of weed control _
9.  Insect pests & diseases  33(66.0) - 22(56.4) . 29(93.5) © - 84(70.0)

10. Stage of harvest of the 9(18.0) 9(23.1) 5(16.1)  23(19.2)
crop

11. Method of threshing 30(100.0) 39(100.0) 31(100.0) 120(100.0) -

Figures in parentheses indicate percentage
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It is evident from the Table 4 that the large farmers were in no way superior to medium
and small farmers regarding knowledge in MAT on castor. '

Adoption of MAT by farmers

1t was observed that there is no farmer under low adoption category implying that, each
farmer was using at least four of the cleven technologies. The percentage of adoption under
medium and high adoption category were 73 and 27, respectively. Almost similar percentage
of farmers were under medium and high adoption categories when intersize farmers were
considered (Table 5).

Table 5. Adoption of modern agricultural technologies by different size groups of farmers

Adoption Size group of farmers Total
Category )
SmallN; = 50 |[Medium N3 =39 |Large N3 =31 IN =120
No. % No. % No. % No. %
High adoption 13 26 n  ® 9 28 33 27
(8-11)
Medium 37 74 28 T2 22 72 B7 73
adoption (4-7)
Low adoption - - - - - . - .
{3 & less) '

Adoption of important technologies

Five technologies were considered important for increasing castor production. They
were improved seed, time of sowing, fertilizer application, time of weed control and control
of insect pests and diseases (Table 6). The rate of adoption of these technologies by dryland
farmers revealed that non-monetary inputs like time of sowing, time of weed control and low
monetary inputs like improved seed were widely adopted by the farmers. As dryland farmers
are risk aversing in nature, due to uncertainity of rain they always prefer to invest less on
monetary inputs such as fertilizer and pesticide.

The monetary inputs like fertilizer application was adopted by 77% of the farmers,
though few among them used optimum doses due to capital scarcity and risk involved in such
practices. However, more percentage of big farmers used fertilizer than small farmers.

The pest control measures were not adopted by 81% of the farmers due to capital
scarcity, risk involved in such practice and lack of technical guidance.
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Table 6. Adoption of important technologies by different categories of farmers

SlI  Practices Size group of farmer Total
No. Small Medium Large N =120
N1 = 50 N2 =39 N3 =31
1. Improvedseed A 49(93.0) 39(100) 31(100) 119(99.2)
NA 1(20) - - 1(0.8) -
2. Timeofsowing A  49(98.0) 39(100) 31(100) 119(99.2)
NA  1(20) . . 1(0.8)
3.  Fertilizer A 34(68.0) 29(74.4) 29(93.5) R2(76.7)
application ~ NA  16(32.0) 10(25.6) 2(6.5) 28(23.3)
4, Time of weed A 45(90.0) 35(89.7) 31(100) 111(92.5)
control NA  5(10.0) 4(10.3) - 9(7.5)
5. Control of in- A 3(16.0) 10(25.6) 5(16.1) - 23(19.2)
sect pests NA  42(84.0) 29(74.4) 26(83.9) 97(80.8)
and discascs

Figures in parentheses indicate percentage
A = Adopted, NA = Not Adopted

CONCLUSION

It is concluded from the study that extension efforts should be intensified for creating
awareness about the importance of non-monetary technologies like seed treatment, spacing,
stage of harvest of the crop, time of pest control with wide spread demonstrations to boost the
castor production in the study area.
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ABSTRACT

An experiment was conducted at [GKVV, Raipur for two seasons (Kharif 1987 and 1988)
to study the response of nitrogen and phosphorus on growth, yield and protein content of soybean.
The studies revealed that the growth, yield contributing parameters, yield as well as protein content
was influenced with increasing levels of nitrogen and phosphorus. Application of 45 kg N and 90
kg P2 O5 produced higher yield of seed and stalk. However, application of 30 kg N and 60 kg P20s
/ha was found more economic. Medium and higher Yevels of nitrogen significantly increased the
protein content of seed. Phosphorus application did not bring significant increase in protein content
of seed during first year, but during second year protein content increased with prosphorus levels.

Key words : Soybean, Nitrogén; Phosphorus
INTRODUCTION

Soybean contains about 40 per cent protein. It requires large amount of nitrogen for
optimum production. A good crop of soybean utilizes upto 240- 250 kg N/ha, out of which
approximately 100-110 kg N/ha is fixed symbiotically from atmosphere (Chandel and Saxena,
1988). Besides the symbiotically fixed nitrogen it also requires supplemental nitrogen (20-30
kg/ha} for its early establishment. Soybean has relatively higher phosphorus requirement,
which helps to stimulate root development and nodulation necessary for nitrogen fixation.
Very little information is available on response of soybean to nitrogen and phosphorus on
Chhatisgarh region. Therefore, the present sindy was under taken to find out the optimum
dose of nitrogen and phosphorus for yeld and gquality. '

MATERIALS AND METHODS

The experiment was conducted at Research Farm, Indira Gandhi Krishi Vishwa
Vidyalaya, Raipur during kharif seasons of 1987 and 1988. The soil of the experimental field
was of “Vertisol” group locaily called “Kanhar". The average pH of the soil was 7.4 and its
organic carbon, available N, P;0s and K20 were (.58 per cent, 172.3, 9.5 and 318.3 kg/ha
respectively. The four levels each of nitrogen (0, 15, 30 and 45 kg/ha) and phosphorus (0,30,60
and 90 kg/ha) were tried in a Randomised Block Design with factorial arrangement with four
replications. The gross plot size was 6 x5 m. A uniform basal dose of 30 kg K20/ha was applied
at the time of field preparation. Full quantity of N and P20s were drilled at sowing according
fo treatment.

The crop was sown keeping 30 cm row spacing in the last week of June and harvested
in second week of October during both the years. Al the recommended cultural practices
were followed to raise the crop. Ten plants from each treatment were selected randomly for
growth and yield attributing parameters. The seed and straw yield was recorded net plot (4.80
x 4.00 m) wisc and finally expressed in to quintal per hectare. The protein content (per cent)
* Part of the Ph.D., thesis submitted to Ravishankar University, Raipur
1. Department of Bio-Science, RSU, Raipur.,

Received for publication on December 5, 1991




Patel et al., R 203

in seed was estimated by multiplying the per cent concentration of nitrogen (Kjeldhal method)
in seed. The protein production (kg/ha) was computed by multiplying the per cent value of
protein with respective seed yield. A total of 702.5 mm in 1987 and 575.2 mm rainfall in 1988
were received during the crop period. In general 1988 was drought year as the rice is cultivated
predominantly in this region.

RESULTS AND DISCUSSION
Growth and yield attributes

The data presented in Table 1 showed that different levels of nitrogen had significant
influence on plant height, number of pods per plant, sceds per pod and test weight. However,
the number of branches per plant was not affected significantly in both the years. Nitrogen has
been widely accepted as a dominant growth promotor and significant increase in plant height
was due to the vigorous root growth and early seedling establishment till the nitrogen fixation
by nodules was activated and reached to the requisite level. Increase in number of pods per
plant may be due to the higher plant height because the number of flowers increased with the
plant height. Significant increase in 100 seed weight (12.94 g in 1987 and 13.28 in 1988) at
higher level of nitrogen (45 kg N/ha) but not at lower doses, may be due to the fact that at
lower dose of nitrogen plant could not attain normal vigour and growth in absence of optimal
dose of nitrogen. This may be a possible reason. Similar findings were also obtained by Paikera
et al., (1988) and Jayapaul and Ganesaraja (1990).

Among the different levels of phosphorus higher plant height, number of pods per plant
and 100 seed weight were obtained with the application of higher doses of phosphorus (90 kg
P20s/ha). The differences in number of pods/plant amongst 0 - 30, 30 - 60 and 60 - 90 kg
P20s/ha were comparable in 1987, while in 1988 all the phosphorus levels produced higher
number of pods over control. Higher weight of 100 seeds (12.79 g) was recorded with 90 kg
P20s/ha over 30 kg P2Os/ha and control. The weight of 100 seeds remained identical in 1988.
The number of branches and seeds per pod were statistically non significant in both the years.
Phosphorus played an important role in root development, rhizobium infection and nitrogen
fixation. Its application increased the metabolic activities of the plant. The increase in number
of pods per plant and 100 seed weight with higher phosphorus doses may be due to making
the system balanced with nutrition and consequently producing healthy seeds. Rao et al.,
(1972) also observed similar effect of phosphorus fertilization on pods per plant and 100 seed
weight, Superiority of phosphorus application was also reported by Kaliya et al., (1984), Vyas
et al., (1987) and Upadhyay ef al,, (1988).

Seed and straw yield

Significant increase in seed and straw yield was obtained by increasing in levels of
nifrogen. Maximum seed yield of 18.45 and 19.86 g/ha was obtained with the application of 45
kg N/ha during 1987 and 1988 respectively (Table 2). The seed yield at 45 kg N/ha was 7.26,
29.02 and 59.74 per cent higher in 1987 over 30, 15 and 0 kg N/ha, while it was 10,58, 28,46 and
39.27 per cent higher in 1988 over the respective treatments. The increase in seed and stalk
yicld with increasing nitrogen levels may be due to the conducive effect of nitrogen levels on
pods per plant, seeds per pod and 100 seed weight. Although soybean has the capacity to meet
the major part of its nitrogen requirement by symbiotic nitrogen fixation, but it may not be
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sufficient to attain maximum growth and yield. Therefore, it nceds some initial quantity of
nitrogen as a starter dose (Singh, 1989). Favourable response of soybean to nitrogen (upto 240
kg N/ha) was also indicated by Singh and Saxena (1972). The increased straw yield with higher
doses of nitrogen was due to favourable growth components.

Maximum seed yield was obtained at 90 kg P20s/ha (17.07 g/ha in 1987 and 18.65 g/ha
in 1988) which was significantly superior to lower doses. The percentage increase in seed yield
at 90 kg P2Os/ha over 60,30 and 0 kg P20sha was 7.22, 14.48 and 25.15 in 1987 and 6.65, 11.81
and 26.52 in 1988 respectively. The seed yield obtained with 30 and 60 kg P20s/ha levels did
not differ significantly in individual years. However, on the basis of mean value the seed yield
increased significantly with every increase in rate of phosphorus application. This mray be due
- to favourable effect of phosphorus on plant height, number of pods per plant and 100 seed
weight. The importance of phosphorus is known for early root development, manufacture and
translocation of food material in the plant body, which resulted in better uptake of nutrients.
This may be the possible reason for increased seed vield at higher dose of phosphorus. Similar
results were also reported by Kaliya ef al., (1984). The increased stalk yield with phosphorus
application may be due to the increased plant height and number of pods per plant as reported
~ earlier by Kaliya et al., (1984). The interaction between nitrogen and phosphorus was non-sig-
mificant during both 1he years.

The lincar regression equation between vield attributes and seed yield were worked
out separately as shown below,

Y = -20,7424 + 10.2308 x number of branches (R*=0.19)

Y = +0.1648 + 0.4109 x number of pods/plant (R*=0.70)
Y = +24406 + 7.4440 x pumber of seeds/pod (R%=0.25)

Y = -38.9135 + 4.4094 x 100 seed weight (R*=0.60)

The R? values for number of pods/plant is 0.70 indicating that it lS responsible for 70
per cent of yield variability. This was followed by 100 seed weight with R? value 0.60. The R?
value for number of branches is only 0.19 which indicated that it explained only 19 per cent of
vield variability. This shows that the number of pods/plant is one of the important variable to
influence the seed yield.

Protein content

The protein content of seed increased with the increase in nitrogen levels, Maximum
protein content (39.59 % in 1987 and 39.90% in 1988) was recorded at 45 kg/ha in both the
years. The protein content is directly related with the nitrogen content of the seed. The plant
absorbed nitrogen proportionately as the pool of available nitrogen increased in soil by
addition of higher dose of nitrogen. This trend was also observed by Katoch et 4/, (1983) and
Jayapaul and Ganesaraja (1990). Protein content was not affected significantly due to phos-
phorus application in the first year of study but during second year significant increase in
protein content was noticed. However, the protein content increased numerically in both the
years. Similar results were also reported by Lutz et /., (1973) and Lutz and Jones (1975).
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Protein yield

Almost a similar trend of response as described earlier in seed yield was noticed in case
of protein yield. Nitrogen application had marked influence on protein yield in both the years,
cach increase in levels of nitrogen increased the protein yield for individual years as well as
for the mean value. Maximum protein yield of 730.59 kg and 793.04 kg/ha was harvested during .
1987 and 1988 respectively with the application of 45 kg N/ha.

Phosphorus application had significant effect on protein yield. The protein yield
increased significantly with every increase in levels of phosphorus during 1988, whereas in
1987 the lower and medium (30 and 60 kg P20s/ha) dose of phosphorus were found identical,
but further increase in phosphorus dose (90 kg P20s/ha) produced significantly higher protein
per hectare over lower and medium doses.

The yield attributes like number of pods per plant, seeds per pod and 100 seed weight
increased appreciably with increasing nitrogen levels, whereas the phosphorus application
had significant effect on number of pods in both the years and 100 seed weight in 1987. The
number of branches per plant was found identical with both the nutrients. The seed, straw
yield and protein vield increased significantly with cach increase in nitrogen doses. The lower
and medium doses of phosphorus were identical for seed yield in both the years and for straw
yield in 1988, On the mean basis the protein yield enhanced significantly with increasing
nitrogen and phosphorus levels.
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PROPERTIES OF JSF-1 SAFFLOWER
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ABSTRACT

The effect of moisture content on physical properties, viz., spatial dimensions, shape, bulk
density, angle of repose etc. of safflower (Carthamus tinctorius) seed (Cv.JSF-1) was studied. The
best approximate shape of seed was found to be a prolate spheroid among prolate and oblate
spheroid. At 7.5% moisture content db, the measurements yielded an average 1000 grain weight of
0.071 kg, mean surface area 466.4 mm“and sphericity of 63%. In the moisture range between 7.5 9
31.6% db, studies on rewetted safflower showed that the bulk density varied from 604 to 624 kg/m”,
specific gravity from 1.050 to 0.824, porosity from 40.4 to 26.7% and static co-efficient 06 frictioxb
from 0.38 to 047 over GI surface. The angle of repose was observed to change from 28.6" to 33.3
in the moisture range between 7.5 to 31.6% db. Regression equations were developed to represent
relationship between size, volume, 1000 grain weight, bulk density and angle of repose with moisture
content. correlation coefficients worked out in regression equations ranged from 0.931 to 0.999,
which shows the regression equations developed are highly significant.

Key words : Seed moisture; Physical properties; Safflower JSF-1
INTRODUCTION

Safflower (Carthamus tinctorius) has gained importance recently as it contain nutritious
oil. In order to design equipment/machines for handling, acration, storing and processing
safflower, its physical properties have to be studied. However, there appears to be no
previously published work relating to physical properties of this oilseed. Therefore, it was -
planned to investigate some important moisture dependent physical properties of the seed
such as spatial dimensions, size, sphericity, shape and surface area, 1000 grain weight, bulk
density, specific gravity, volume, porosity, static co-efficient of friction and angle of repose.

MATERIALS AND METHODS

For the present study, safflower JSF-1 was obtained and seeds were cleaned to remove
the impurities like trashes, dirt and dust. To achieve the desired level of moisture, the seeds
were moistured with pre-determined quantity of water and periodically stirred in air tight
plastic bags. The treated samples were preserved in a refrigerator at 5%C'for 5 days to ensure
uniform distribution of moisture. Before starting a test, the required quantity of the grains
were taken out of the refrigerator and allowed to warm upto the room temperature
(Sreenarayanan et al., 1985). To determine the moisture content of the grains, three samples
cach weighing between 25-30 g were placed in hot-air oven at 100°Cfor 72 h (Hall, 1957). The
samples were then cooled in a desoicator, weighed and moisture content of grains was
calculated.

For evaluating the volume of set of irregularly shaped pebbles, several researchers have
described the size of the grains by measuring their three principal dimensions whereas,
sphericity is defined as the ratio of the surface area of a sphere which has the same volume as
that of the solid (Dutta et al., 1988). To determine the size and sphericity, the spatial

Received for publication on December 18, 1991
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dimensions of seed were measured with the help of a micrometer having least count 0.01mm,
Size and sphericity were then calculated using the following expressions (Monsenin, 1980).

Size = (fength x breadth x thickness)Vs
Size

and Sphericity = largest dimension

To find the surface area of the grain, the projected area of grain was measured.

Bulk density is the ratio of the mass sample of a grain to its total volume. It is a moisture
dependent property and was found by filling up a kettle of 500mi with grains from a height of
15 cm, striking off the top level and then weighing the contents (IS : 4333 part IV - 1967). The
specific gravity and volume of grain were determined by the liquid displacement method using
a general purpose reagent toluene rectified (Sp. gravity : 0.856). '

Weight of grains in air x Sp. gravity of liquid used
weight of displaced liguid

Specific gravity =

weight of displaced liquid
weight of density of liquid used

and volume =
 Porosity is the property of grain which depends on its bulk and true density. Porosity
was determined indirectly using the following formula (Monsenin,1980).

trie density — bulk density x 100
true density

Porosity =

Static co-efficient of friction was measured by using a table provided with changeable
surfaces. The set-up consists of mainly a friction-less pulley fitted on a framc a.nd a sample
holder connected to the weight pan (Sreenarayanan et al., 1985).

When a granular material is allowed to flow frecly from a point into a pile, the angle
which the side of the pile make with horizontal plane is called the angle of repose. To determine
the angle of repose of grains, the standard method was followed in which a specially con-
structed funnel and measuring container were used (IS : 6663 - 1972).

RESULTS AND DISCUSSION

The results of the experiments conducted for determining the various physical proper-
ties of safflower JSF-1 are given in Table 1.

Size and sphericity

Size increased with an increase of grain moisture content between 7.5 to 316 (Fig.1).
A lingar relationship between size of the grain and moisture content was obtained asperS=1.9
x 102 M + 5556 where, S Size of the grain, mm and M = Moisture content, % db
Correlation Co-efficient, R> = 0.987

Sphericity does not show any specific trend with moisture content (Table 1)
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Table 1. Spatial dimensions and sphericity of JSF-1 safflower seed

Moisture content [Length(mm) Ecadth(mm) Thickness(mm) |Sphericity
% db

15 893 - 467 . 433 0.63
103 9.09 . 481 4.35 0.64
13.6 9.24 495 : 438 0.60°
172 927 . 497 . 443 0.64
21.9 9.43 513 - 448 0.64
253 9.50 . 516 T 451 : 0.64
316 9.67 5.21 458 - 0.63

Shape and surface area

For small objects such as sceds, the shape can be approximated by one of the geometric
shapes, 1) prolate spheroid which is formed when an ellipse rotates about its major axis 2)
oblates spheroid which is formed when an ellipse rotates about its minor axis and 3) right
circular cone or cylinder. Since, safflower seed represents length as a major axis and breadth
as a minor axis (Table 1), is close in shape to a prolate or an oblate spheroid. To decide the
best approximate shape of JSF-1, the volumes are obtained for the two assumptions from :

4
Vprolate = 33: D E— 1
4 2
and Vostate = Eﬂ P T — ]

Where a and b are major and minor semi-axis of the ellipse rotation respectively. -

Equation 1 gave the resulting volume higher than the actual volume of the seed by 33.8%
whereas equation 2 yielded a volume which was 152.4% higher than the actual volume of the
grain. Based on these calculations it may be concluded that the grain is closest to a prolate
spheroid. Taking the shape of the grain as a prolate spheroid, the surface area of the grain was
calculated by using the following mathematical expression

S=2xb*+ 2nff-sin‘1e

Where a and b are respectively major and minor semi-axis of the ellipse of rotation and

eis eccentricity givenbye = [1- 2 1. The surface area using above expression was found

as 427.6 mm?. However, cxpenmentally it was measured as 466.4.mm’ by measuring the
~ projected area of the grain.
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Volume

The single grain volume increased between 7.5 to 31.6% moisture content. The rate of
increase in grain volume was found to be more up to 219% moisture content compared to 21
10 31.6% moisture content (Fig.2). It may be due to the fact that at high moisture level the
starch molecules get saturated and further increase in moisture content resulfs in lesser change
in volume (Browne, 1962}. The experimentally observed data on volume and moisture content
can be represented by the following regression equation ;

Vg = 389x 101 M + 0.784 x 10

Where, Vg = volume of grain, mm° and M = moisture content, % db
" Correlation co-efficient, R? = 0970

Thousand grain weight

Thousand grain weight varied from 0.071 kg to 0.094 kg for the moisture range between
7.5 to 31.6% (Fig. 3). A lincar relationship between thousand grain weight and moisture
content was obtained as follows,

Wiooo = 9.624x10°M + 6.30x 107

Where, Wioog = Weight of 1000 grains, kg and M = moisture content, % db
Correlation co-efficient, R? = 0.999 ‘

Bulk density

The bulk density was found to decrease with an increase in moisture content between
7.5to 31.6 % (Fig. 4). In general, increase in moisture content of grain increases its volume as
well as mass of the grain. But increase in net volume is slightly more as compared with net
increase in mass of grains in bulk. Therefore, the ratio of mass divided by volume which in turn
called as bulk density decreases as the moisture content of grain increases (Mohsenin, 1980},
The selationship between the bulk density and moisture content of the grain was obtained as
follows :

pg=6318x10°-7.93x10"' M

wlzxere, p g = bulk density, kg/nrl3 and M = moisture content, % db Correlation coefficient,
R = 0931

Specific gravity and poraosity

Specific gravity was found to vary from 105 to 0.824 when the moisture level increases
from 7.5 to 31.6% whereas, porosity varied from 40.4% to 26.7% when the moisture level
increases from 7.5 to 31.6%.

Static Co-efficient of friction and angle of repose

It was observed that the co-efficient of friction for JSF-1 safflower increased with
moisture content on GI structured surface. It was found to vary from (.38 to 0.47 when the
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moisture level increases from 7.5 to 31.6 %. The experimental results for angle of repose with
respect to moisture content are shown in Fig.5. 1t was found that the angle of repose increased
with increase in moisture content. The experimental values for angle of repose bear the
foltowing relationship with moisture content,

6=194x10"M + 2721

V\éherc, @ = angle of repose, degree and M = moisture content, % db correlation coefficient
R* = 0.990 ' :

35 F
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w
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q

27}

0 _r 1 ] ] L
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Fig. 5 Change of angle of repose with moisture content
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ECONOMICS OF OILSEED BASED CROPPING SYSTEMS

V.G.KURLEKAR, V.CKALE, S RNAGARGOIJE and D.ANAVHAT
Cropping System Research Centre, Marathwada Agricultural University,
Parbhani 431 402 (M.S.)

ABSTRACT

A set of six oilseed based intensive cropping sequences was tested at Cropping System
Research Centre, Marathwada Agricultural University, Parbhani, during 1988-§9 to 1990-91 to
evaluate productive and profitable cropping systems which would improve the economic status of
farming community as well as help to reduce the country’s dependance on oif import. Experimental
findings revealed that the productivity of pre-monsoon groundnut and soybean in kharif sunflower
and safflower in rabi and groundnut in summerwas superior while under sequence, the productivity
of cotton was comparatively higher when grown after summer groundnut, and rabi sunflower sown
after pre-monsoon groundnut fared well. Summer groundnut grown after cotton was better than
when grown after rabi sunflower, In terms of monetary returns the sequence of groundnut-
sunflower-sesamum recorded significant highest per hectare gross monetary returns (Rs.35.3
thousand/ha) and vegetable oil yield (16.24 q/ha). Sesamum- sunflower-groundnut and Cotton-
groundnut were the next best remunerative crop sequences. The above sequences have also
improved the fertility status of soil. These sequences can be adopted under adcquate inputs and
assured irrigation conditions.

Key words : Qilsceds; Cropping systems ; Oil yield ; Fertility.
INTRODUCTION

Our present oilseed production is inadequate to meet ever increasing demands of
edible oils. The import bill of oils is touching to a mark of Rs.1400 crores (Saini et al., 1989).
Government of India is implementing different crash programmes to boost-up the oilseed
production in order to make India self sufficient in vegetable oils and to reduce our depen-
dance on imports and to save valuable foreign exchange. The modern improved technology
recently developed in respect of multiple cropping has provided an effective tool for meeting
the challenges of food needs of the increasing population of our country (Swaminathan, 1972
and Bains and Randhawa, 1970). The efforts are therefore, need to be made to enhance the
oilseed production/unit area/unit time through multiple cropping systems with the inclusion
of different oilseed crops and with conserving the soil fertility. With this view in mind an
experiment, to find out most productive and remunerative oilseed based cropping system for
Marathwada region, was planned.

MATERIALS AND METHODS

The present investigation was conducted during 1988-89 to 1990-91 for three successive
years at the Cropping System Research Centre, Marathwada Agricultural University,
Parbhani. The experiment was laid out with six different cropping systems in a Randomised
Block Design with four replications, The kharif crops included in the sequence were pre-mon-
soon groundout (ICGS-XI), sesamum(PB-1), soybean(JS-80-2), cotton (NHH-44) and sor-
ghum (CSH-9). During rabi , sunflower {LDMRSH-1) and safflower (8-4) were tried while in
summer, sesamum (PB-1), groundnut (ICGS-XI), and sunflower (LDMRSH-1) were in-
cluded. The experiment was conducted on the same site without changing the randomisation
of the treatments fo assess the residual effects. The gross and net plot sizes were 5.40 x 8.40
m? and 3.60 x 7.20 m?, respectively. The soil of the experimental plot was medium in available -

Received for publication on January 2, 1992
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nitrogen (141.17 kg/ha), and available phosphorus (22.18 kg P2Os/ha), and high in available
potassium (422.64 K20/ha). It was clayey in texture and slightly alkaline in reaction (7.9 pH);
with 0.317 mmhos/cm E.C. and 0.55 per cent organic carbon. Recommended package of
practices were adopted for all the crops.

In order to derive the gross monetary returns the market rates of respective crop,
prevailing during the specific year were used.

The seed yield (economic yield) of kharif, rabi and summer crops in the sequence were
considered for calculating the oil yield wherein groundnut pods and cotton yields were
converted into kernals and cotton seed. The conversion factors (mean) considered were:

a) Grouadnut kernals from groundnut pods 60 per cent, and
b) Cotton seeds from cotton yield 65 per cent,

In order to work out the oil production from respective sequence, standard oil percent-
ages of different crops, considered were, groundnut (48), sunflower (42), sesamum(49),
soybean (19), safflower(30} and cotton(2), as stated by Reddy, 1989.

RESULTS AND DISCUSSION

Results of three years were pooled and the data on productivity, gross monetary returns,
oif yield and soil fertility status are presented in Table 1. Perusal of data on production
potential shown in Table 1 indicates that in £aanyf, groundnut and soybean vields were higher;
while in rabi both sunflower and safflower were better and groundnut fared well in summer.
Sesamum in summer was at lowest level.

Considering the mean productivity of crops in different sequences showed that cotton
grown after summer groundnut gave higher yields than cotton grown after summer sunflower.
This may be due to preceding leguminous crop. Rabi sunflower grown after kharif groundnut
performed well than sown after sorghum and sesamum, while summer groundnut fared well
when grown after cotton than when sown after rabi sunflower, Data on monetary returns
revealed that during the vear 1988-89, the sequence of groundnut-sunflower- sesamum, -
Sorghum-sunflower-groundnut and Sesamum-sunflower-groundnut recorded highest
monetary returns in the range of Rs.31.5t0 30.8 thousand per hectare per annum and remained
statistically at par.

The sequences viz,, sesamum-sunflower-groundnut and groundnut-sunflower-
sesamum maintained their superiority, acceuing gross monetary returns of Rs.33.3 and 32.9
thousand per hectare respectively in the year 1989-90 also. The cotton-summer groundnut
sequence obtained monetary returns of Rs.32.8 thovsand per hectare and remained on par
with above two sequences.,

In the third year {1990-91), groundnut-sunflower-sesamum recorded gross monetary
returns of Rs.41.8 thousand per hectare and remained significantly superior vver all the
sequences tried. The sequences with cotton-summer groundnut, and sorghum-sunflower-
groundnut gave gross returns of Rs.33.7 and Rs.33.2 thousand per hectare respectively and -
remained statistically on par with each other.
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The pooled results indicated that the crop sequence of groundnut-sunflower- sesamum,
recording gross returns of Rs.35.3 thousand per hectare, was significantly superior over rest
of the sequences tricd. The sequences viz., sesamum-sunflower-groundnut and cotton-sum-
mer groundnut were next in the order of merit at second and third position, obtaining gross
monetary returns of Rs.32.0 and 30.6 thousand per hectare per annum respectively. These
higher returns from the sequences may be due to inclusion of leguminous and high value crops
in the sequences. Similar observations were also reported by Giri and De (1980), Singh and
Sahu (1981), Morey and Bagde (1982), Faroda and Singh(1983), and Shinde, et al., (1984).
The sequence sorghum-sunflower-groundnut also recorded comparable higher monetary
returns of Rs.30.5 thousand per hectare. The lowest returns were observed with cotton-sum-
mer sunflower during all the three years of experimentation and also when pooled (Rs.19.1
thousand) which may be due to lower yiclds obtained under sunflower during summer, possibly
because of influence of preceding cotton crop.

Considering the oil yield potential also, the sequence of groundnut- sunflower-
sesamum proved to be best of all producing 16.18 g/ha oil per annum, followed by sesamum-
sunflower-groundnut (14.83 g/ha). The lowest oil production (5.41 g/ha) was observed with
cotton-summer sunflower sequence.

Data on fertility status of soil indicated that all the sequences have improved the
available nitrogen status of soil except in cotton-summer sunflower sequence. The cotton-
groundnut, and soybean-safflower-sesamum sequences proved more effective in improving N
status of soil. This is due to inclusion of leguminous crop in the sequence, Sonar and Zende
(1984), Patil (1985) and Jadhav (1989) also pointed out that, inclusion of leguminous crop in
the sequence leads to an improvement in soil nutrients and consequently results in increasing
the yields of succeeding crops in the sequences. All the sequences maintained the phosphorus
and potash status of soil except cotton-sunflower sequence in which maximum depletion of
phosphorus and potash was observed.

On the basis of results obtained in the study, it can be concluded that the sequences
viz.,, groundnut-sunflower-sesamum and sesamum-sunflower- groundnut, are possible to
adopt under adequate inputs and assured water availability conditions, to enhance the
production of vegetable oil and improve the economic conditions of the oilseed growers and
ultimately reducing the dependence on country’s oil import, with improvement in soil fertility.
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RESPONSE OF MUSTARD TO SULPHUR AND NITROGEN UNDER
IRRIGATED VERTISOL CONDITION I. EFFECT ON GROWTH AND
CHLOROPHYLL CONTENT

0.P.DUBEY!, T.R SAHU? and D.C.GARG®
Zonal Agricultural Research Station, Powarkheda, Hoshangabad. MLP. 461 110, India.

ABSTRACT

Field experiments were conducted during rabi seasons of 1988-89 and 1989.90 at Zonal
Agricultural Research Station, Powarkheda, Hoshangabad (M.P.} on clayey-loam soils. Nitrogen
application upto 90 kg/ha significantly increased the plant height, LAl number of primary and
secondary branches, dry matter production/plant, chlorophyll content “a” and “b” and grain yield.
Increasing tevels of sulphur upto 40 kg/ha significantly increased the LAIL, number of primary and
secondary branches/plant and chlorophyll content “b” only. Plant height, chlorophyli content “a”
and seed yield significantly increased upto the level of 30 kg S/ha during both the years. Grain yield
was positively and significantly correlated with LAI and dry matter production.

Key words . Mustard; Suiphur; Nitrogen; Leaf arca index (LLAI); Chlorophyll; Correlation.

The beneficial effect of nitrogen in increasing the growth characters of mustard has
been reported by various workers (Singh and Singh, 1984 and Tandon, 1990). During the past
few years sulphur has received increasing attention, Very little information is available about
the effect of nitrogen and sulphur on growth, chlorophyll content and seed yield of mustard
particularly in Tawa Command Area of Central Narmada Valley. Therefore, the present
investigation was carried out to find out the response of mustard to application of nitrogen
and sulphur.

MATERIJALS AND METHODS

Field experimenis were conducted at INKVV, Zonal Agricultural Research Station,
Powarkheda, Hoshangabad, (M.P.) during rabi scasons of 1988-89 and 1989-90 on clayey-loam
soils. The soif contained 183.7 and 202.6 kg/ha available nitrogen, 13.6 and 13.4 kg/ha available
phosphorus, 8.03 and 7.95 kg/ha available sulphur and 301.4 and 333.8 kg/ha available potash
during 1988-89 and 1989-90, respectively. The treatments consisting of 4 nitrogen levels (0,
30,60 and 90 kg/ha) and 6 sulphur levels (0, 10, 20, 30, 40 and 50 kg S/ha) were laid out in
Randomised Block Design with three replications. Mustard variety varuna was sown in rows
of 30 cm apart using 5 kg seeds/ha on October 28, 1988 and November 3, 1989 and harvested
118 days after sowing, Basal application of 60 kg P20s/ha through triple super-phosphate, 40
kg K20/ha through muriate of potash, full dose of sulphur (as per treatments) through gypsum
and half dose of nitrogen (as per treatments) through urea were applied at the time of sowing,
Remaining half N was top-dressed at the stage of 35 days after first irrigation, Two irrigations
were applied at 35 and 60 DAS in all to the crop in both the seasons. Plant population was
maintained uniformly by thinning done to keep 15 cm plant to plant distance. The chlorophyll

Address for correspondance :

1. 45, Kothi Bazar, Hoshangabad (M.P.) 461 001. India.
2. Dept. of Botany, Dr.H.8.G.Univ. Sagar (M.P.)

3. N.M.V.Hoshangabad (M.P.).
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(a) and (b) contents at 60 days stage of crop growth was determined by the method of Arnon
(1949).

RESULTS AND DISCUSSION

Response to nitrogen

With the increase in nitrogen levels from 0 to 90 kg/ha there was significant increase in
plant height, leaf area index (LAI), branches/plant and dry matter production/plant at
different growth stages (Table 1). This increase at higher nitrogen levels might be due to poor
available N status in soil leading to better crop response. Beneficial cffect of nitrogen on
growth had been reported by Antil ef g7, (1986). The increase in dry matter/plant might be
due to higher N availability causing accelerated photosynthetic rate and thus leading to more
production of carbohydrates. Singh (1987) also recorded similar results.

Chlorophyll (a) content increased significantly with increasing levels of nitrogen upto
90 kg/ha during both the years and chlorophyll (b) content upto the level of 60 and 90 kg/ha
during 1983-89 and 1989-90), respectively (Table 2). The seed yield increased significantly with
increasing levels of nitrogen upto 90 kg/ha during both the years, The yield increase due to 90
kg N/ha over no nitrogen was of the order of 223 and 145 per cent during 1988-89 and 1989-90,
respectively. Similar results were reported by Joshi er al., (1991).

Response to sulphur

Sulphur application enhanced markedly the growth characters during both the years
(Table 1 and 2). Application of sulphur upto 30 kg/ha increased significantly the plant height.
Similarly, total number of branches/plant, LAI and dry matter/plant increased significantly
only upto 40 kg/ha during various crop growth stages. Further increase in sulphur levels did
not have any beneficial effect. This increase in growth attributes might be attributed to better

nutritional environment for plant growth at active vegetative growth. Similar results were
obtained by Saran_and Giri (1990). .

Chlorophyll (a) content increased significantly with the increasing levels of sulphur
uptc 30 Guring 1988-89 and 40 kg/ha during 1989-90. The chlorophyli (b) content increased
significantly with increasing levels of sulphur upto 40 kg/ha during both the years (Table 2).
Thus, an adequate supply of sulphur enhanced the number of leaves and size and higher
chlorophyll content. Upasani and Sharma (1986) also obtained similar results, The seed yield
increased significantly with increasing level of sulphur upto 30 kg/ha during both the years.
The per cent increase in seed yield due to 30 kg S/ha over no sulphur was 30.4 and 44.1 during
1988-89 and 1989-90 respectively, Singh and Singh (1984) also reported similar results.

Correlation between growth character and seed yield

The seed yield was positively and significantly correlated with plant height, LAI and
dry matter which reflected the better plant growth (se¢ the Table in the next page). Saraf and

Hegde (1984) also observed a positive correlation of grain yield with LAI and dry matter
production in pigconpea.
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Correlation coefficients between seed yield and growth characters

S.No. Characters correlated with seed vield Correlation coefficient
1988-89 1989-90
1. Plant height 0.79** 0.86**
2. LAI 0.74% 083
3. Dry matter production 0.91%* 0.92%#
** = Significant at P= 0,01
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EFFECT OF LAND TREATMENT SYSTEMS AND PHOSPHORUS FER-
TILIZATION ON GROUNDNUT (Arachis hypogaea L.} IN VERTISOLS

P.M.NIMJE
Central Institute of Agricultural Engineering, Bhopal 462 018, India.

ABSTRACT

A field experiment was conducted on deep vertisols at Bhopal, receiving high rainfall,
during monsoon seasons of 1990 and 1991 to study the effectiveness of broadbed and furrow system -
it groundnut and response to phosphorus application, under rainfed condition. Broadbeds and
furrows at 1.5 m interval improved drainage during peak rainfall period and soil remained at or
beiow 1/3 bar moisture. The moisture storage at harvest of groundnut was increased by 3 to4 % in
0 -90 cm soil profile. The system also improved rooting density, nodulation, pegging and dry matter
of groundnut, The pod yield was increased by 15 % over the flat system. Oil and protein yields were
also significantly increased and the soil bulk density was reduced, Increasing the phosphorus levels
from 30 to 60 and 90 kg P2 O5 /ha significantly improved growth characters like rooting density,
nodulation, dry matter and yield attnibutes but the yields of pods, oil and protein were increased
up to 60 kg P2 05 /ha only.

Key words : Broadbed and furrow system; Vertisol; Moisture storage; Oil yield; Protein yield.
INTRODUCTION

In high rainfall deep vertisol region of Madhya Pradesh, drainage of water from the
cropped lands is a major problem in monsoon season, The farmers cultivate groundnut as a
rainfed crop for their own consumption. But the yields are low due to oxygen stress in the root
zone and poor fertility. For augmenting the groundnut vield per unit area, provision of
optimum soil moisture conditions and adequate fertilization are essential. A technique of
forming broadbeds and furrows at 1.5 m interval was recommended (Rajput et al., 1985) for
sorghum + pigeonpea and maize - chickpea systems at Bhopal since it gave 10 % higher total
production over the usual flat system. Gupta et al., (1984) found it better both for productivity
and moisture retention at harvest at Jabalpur. It was thus used in groundnut crop to find out
its suitability and effectiveness, Groundnut being a legume, needs higher doses of phosphorus
for better nodulation and nitrogen fixation. The response to phosphorus up to 40 to 50 kg
P205/ha has been reported (Reddy and Giri, 1989 and Tomar ef af., 1990). In the modified
moisture regime conditions of broadbed and furrow system, the response to phosphorus may
further inerease from the present recommended level of 30 kg/ha to some higher leve). The
optimum level therefore needs to be determined and as such the experiment was conducted.

MATERIALS AND METHODS

The experiment was conducted for two years during 1990 and 1991 monsoon seasons
on a deep vertisol at Bhopal. The area received an average annual rainfall of 1200 mm out of
which 90 % was received in monsoon. The soil was silty clay as it contained 15 % sand 32 %
silt and 54 9% clay. The average moisture retention capacity of soil at 1/3 and 15 bar was 31 and
19 %, respectively, The hydraulic conductivity was high at 0 - 40 cm depth (22.7 mm/day) and
very low at 180 ¢cm (1.3 mm/day). The bulk density of the scil averaged 1.48 g/0m3. The pH
was 7.5 and electrical conductivity 0.2 mmhos/cm. The soil was medium in organic carbon
(0.55 %) and low in available N (138 kg/ha) and medium in available P (11 kg/ha) and available
K (260 kg/ha).
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The experiment was laid out in factorial Randomised Block Design with five replica-
tions. The treatments consisted of making broadbeds and furrows at an interval of 1.5 m and
compared with flat system. Three levels of phosphorus at 30, 60 and 90 kg P20s/ha were also
tried. The broadbeds and furrows (BBF) were formed by using the bullock drawn tropiculture
attached with furrow openers. The plot size was 3 x 10m. The furrows were connected to the
lateral drain. Each plot under flat system was also connected to a lateral drain taken out
between two replications at 10 m interval to remove excess of rain water.

The crop (Cv. JL.-24) was sown using the groundnut planter in rows 3¢ cm apart and
placing the seeds at 5 cm interval on 4 July, 1990 and 3 July, 1991. Nitrogen as urea was applied
by hand in rows behind seed planter at 20 kg N/ha and phosphorus was applied as superphos-
phate by sced-cum- fertilizer planter as per the treatments at sowing. Weed control was done
through pre-sowing incorporation of 1.5 Iha of fluchloralin followed by one hand weeding at
35 to 40 DAS.

RESULTS AND DISCUSSION
Effect of land treatments

The soil moisture content measured at 10 days interval in 0-20 cm depth (Fig.1) showed
that upper 2C cm layer under BBF did not reach 1/3 bar moisture even for a very brief period
while it was at 1/3 bar for a period 3 to 22 August in flat system. This indicated a better drainage
in BBF system as compared to flat system even in the peak rainfall periods, At harvest of
groundnut, the moisture content of 90 cm soil profile (Fig. 2) was higher in BBF than that in
flat system by 3 % in 0 - 30 cm and 4 % in 30 -90 cm depth. Thus more water was stored in the
soil up to 90 cm depth under BBF which can be available to the second crop for its germination
and early growth, Gupta and Sharma {1990) also observed similar advantage in BBF after the
soybean crop.

The BBF system significantly improved the plant population of groundnut from 6.13
(Flat system) to 6.49 lakhs plants/ha (Table 1) due to higher moisture regime in the initial
stages of crop growth. The soil moisture content was 20.4 and 25.3 % in BBF and 18.6 and
24.5 % in flat system on 15 and 25 July, respectively. Subsequently, with increase in the amount
of rainfall and increase in soil profile moisture, drainage of water became the major concern,
At this stage also BBF gave better drainage and thus there was significantly higher rooting
density, nodulation, pegging and dry matter accumulation. Weed density was, however, lower
in BBF due to lower moisture content but dry weight was not significantly influenced. The
bulk density of the soil in 0-15 and 15-30 cm depth after the barvest of groundnut crop was
significantly lower in BBF than in flat system (Table 1). This may be due to higher moisture
content of soil at harvest in BBF system. It may also be due to higher root density which opened
up the compact soil and increased its aeration. Similar observations on bulk density were also
made by Gupta et al., (1984).

The pod yicld was increased by BBF system in both the years but significantly during
1991 only (Table 3). An increase of 10.9 % in 1990 and 19.5 % in 1991 (average increase of 15
%) was recorded over flat system. The increase was due to significant improvement in growth
characters and yield attributes like number of pods and kernels/plant and 100 kernel weight
(Table 2. These results also confirm the earlier findings of Gupta et al., (1984) and Gupta and
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Sharma (1990). The shelling percentage of groundnut was significantly improved by BBF
system and so also the protein and oil content and their yields.

* Effect of phosphorus levels

Phosphorus fertilization at increasing rates from 30 to 90 kg/ha significantly increased
dry matter accumulation, Ecgging, nodulation, rooting density and weed density (Table 1).
Similar increases in root biomass and dry matter with phosphorus application were also
reported by Reddy and Giri (1989). The bulk density of soil was significantly reduced by
increase of phosphorus application from 30 to 9% kg P20Os/ha probably due to better root
development and greater activity of micro-organisms which decomposed the organic residues
and improved soil aggregation as was earlier reported by Biswas ef /., (1970) and Sharma ef
al., (1981).

Pod yicld increased significantly with the increase in phosphorus levels from 30 to 60
kg P20s/ha (Table 3). There was no further increase at 90 kg P2Os/ha in both the years. The
increase was 20.7 % in 1990 and 13.5 % in 1991 (average 17.1 %) at 60 kg and only 4.7 %
(average) at 90 kg/ha. Similar observations were also made by Patil et @/., (1983} and Jana et
al., (1990). However, phothorus application up to 90 kg/ha resulted in significant increase in
number of pods and kernels/pant ancf 100 kernel weight of groundnut (Table 2). But this could
not reflect in the increase of pod yield beyond 60 kg P2Os/ha. The increases in yield attributed
with phosphorus levels were attributed to the increased root density and nodulation of plants
whicﬁ might have enabled plants to extract more nutrients and water from the soil. Janaet af.,
(1990) also reported increased absorption of nitrogen and phosphorus with increase in
phosphorus application rate from 0to 52 kg P2Os/ha. Tomar et al., (1990) also reported similar
results. Phosphorus aﬁplication at both 60 and 90 kg/ha also raised the kernel oil content
significantly over 30 kg/ha. But the oil yield (Table 3 ) was significantly increased with
phosphorus level up to 60 kg/ha only and no increase was observed thereafter in both the years.
Similar results were also obtained by Chavan and Kalra (1983} and Rao and Singh (1985). The
application of increased levels of phosphorus from 30 to 90 kg/ha did not however, increase
the protein content while the protein yield was significantly improved only up to 60 kg P2Os/ha.

Table 3. Effect of 1and treatment systems and phosphorus on pod and oil and protein yield

of groundnut

Treatment pod vield (g/ha) Oil vield (g/ha) protein yield (g/ha)
1990 1991 199D 1991 1999 1991

Land treatment

BBF 10.80 11.15 325 3.35 1.72 178

Flat 9.74 9.33 2.81 269 147 1.40

CD (5 %) NS 0.84 0.40 0.22 0.20 0.17

P20s5 (kg/ha) :

30 8.88 9.24 2.50 2.60 1.34 140

60 10,72 10.49 318 3.11 1.67 1.64

9% 11.21 11.00 3.44 3.38 177 1.74

CD (5%) 1.50 1.03 0.63 0.43 0.27 0.23

Interaction effects

CD (5%) NS NS NS NS NS NS
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It was thus concluded that broadbed and furrow system was effective for groundnut for
draining of excess of water in areas having deep vertisols with high rainfall. The moisture thus
stored could be utilised efficiently by increasing present recommended phosphorus level of
30 kg to 60 kg P2Os/ha in soils where available P is medium.
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STUDIES ON EFFECTIVE KHARIFCROPS FOR SUCCEEDING CROP
OF RAYA (BRASSICAJUNCIA CZERN (L.} COSS.) UNDER IRRIGATED
CONDITIONS
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ABSTRACT

The field experiment was conducted for two consecutive years (1989-%0 and 1990-91) on
the inceptiso) soil at College of Agriculture, Gwalior (M.P.) with an objective to increase the
cropping intensity of northern Madhya Pradesh, The study revealed that the crop sequence of black
gram - mustard gave the maximum additional net returns of Rs.2968/ha followed by sotghum
{fodder) - mustard Rs.1566/ha and pearlmillet (fodder) - mustard Rs.1525/ha.

Key words: Black gram; Mustard; Crop sequence; Crop intensity
INTRODUCTION

In northern Madhya Pradesh cropping intensity is very low (114 %) despite the
availability of irrigation facility. Mustard is a predominant crop of the region and generally
sown in fallow fields as timely sowing is a must in order to get higher yields of mustard, delayed
sowing causes drastic reduction in yicld. Thus fallow - mustard sequence has become a
common practice amongst the farmers under irrigated conditions. However, to find out an
alternative profiteering crop sequence in place of fallow - mustard, the present study was
therefore undertaken to increase the cropping intensity by selecting the snitable crop sequence
for replacing the fallow - mustard sequence prevalent in this area.

MATERIALS AND METHODS

The study was conducted at College of Agriculture, Gwalior (M.P.) during 1989-90 and
1990-91 on inceptisol soil, containing organic carbon 0.41 per cent, available nitrogen 174
kg/ha, available phosphorus 13 kg/ba and available potash 301 kg/ha. The pH of the soil was
7.6 (on the basis of two years average value). The study consisted of eight cropping sequences
viz. fallow - mustard (control), blackgram {grain) - mustard, greengram (grain) - mustard,
Lobia (grain) - mustard, sorghum (fodder) - mustard, pearlmillet (fodder) - mustard, maize
(fodder) - mustard and guar (fodder) - mustard. The treatments were replicated four times
in a Randomised Block Design with a plot size of 4.5 x 6.0 m. The varieties used for mustard,
blackgram, greengram, lobia, sorghum, pearlmillet, maize and guar were Kranti, K-851, T-9,
Pusa barsati, Vidisha 60-1, BJ-104, Kaveri-ganga and RGC-964, respectively. Crops were
raised with recommended package of practices. Pre-sowing irrigation was given after the
harvest of kharif crops to ensure good germination of mustard. The total rainfall received
during 1989-90 and 1990-91 (July to March) was 803.7 and 957.9 mm, respectively.

RESULTS AND DISCUSSION

The results showed that mustard could successfully succeed both grain crops as well as
fodder crops (Table 1). 1t was possible to utilize the duration of the crops grown before sowing
of mustard crop for possible higher yields. The data of two years pooled average indicated
- that the legume crops of grain as well as fodder increased the yield of mustard significantly as

Received for publication on January 24, 1992
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expected (on the basis of two years pooled average). However, in view of long term main-
tenance of soil fertility and for seed production, mustard followed by legume crops (Table 1)
has been observed beneficial. The mustard yield in fallow-mustard (control) sequence gave
the highest mean yicld of 20.42 g/ha followed by blackgram (grain) - mustard (20.16 qg/ha)
sequence, whereas, the yield of mustard in cereal fodder - mustard sequence showed drastic
reduction in seed yield of mustard. The resuits are in conformity with the findings of Tomar
and Tiwari (1990). However, the increase in seed yield of mustard was recorded in legume
fodder guar-mustard (19.57 g/ha) sequence.

Economics : Blackgram (grain) - mustard sequence gave significantly maximum additional
total net returns of Rs.2968/ha over all the sequences tried in the experiment followed by
sorghum (fodder) - mustard (Rs.1566/ha) sequence and pearlmillet (fodder) - mustard
{Rs.1525/ha). These two sequences were on par with each other, but were significant with the
remaining crop sequences tried in the experiment. However, the lowest net return was
recorded in fallow - mustard (control) treatment. Anonymous (1984, 1987), Kumar (1986),
Tomar and Tiwari (1990) and Gupta and Rai (1990) aiso reported that blackgram (grain) -
mustard crop sequence was the most remunerative one.

Thus the adoption of blackgram - mustard cropping sequence may help in increasing
the cropping intensity under northern region of Madhya Pradesh where irrigation facilities
exist.
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ABSTRACT

An attempt was made to analyse the association between seed yicld and related com-
ponents in soybean by the method of correlation and path coefficients using 64 diverse genotypes.
A slight increase of genotypic correlation coefficients over phenotypic correlation coefficient was
noticed for all the character combinations. Seed yield per plant showed significantly positive
association with plant height, primary branches per plant, pods per plant and harvest index. Oil
content had negatively significant association with seed yield. Since plant height, primary branches
and pods per plant are intercorrelated among themselves, selection for these traits will result in
increased seed yield. Path coefficient analysis revealed that, among all the traits studied, pods per
plant contributed the most directly to seed yield. All other yield contributing traits had sizeable
influence on seed yield indirectty only through pods per plant.

Key words: Soybean, Path analysis; Character association
INTRODUCTION

Yield is a complex quantitative trait constituted by many component traits. Since all
the yicld components are complexly inherited, a simultaneous selection for all the component
traits combining superiority for each one of them will be very difficult. However, if correlation
coefficients between different traits and yield are high, it will reduce the burden of the breeder
to a considerable extent. Thus, association of component traits with yield assumes special
importance in selection of desired genotypes. Further, the knowledge of the direct and indirect
infloence of contributing characters on the wltimate end product “yeld” is of prime imapor-
tance in any selection programme. Hence an attempt was made to examine the inter-relation-
ship of various economic traits in soybean through association and path analysis.

MATERIALS AND METHODS

Sixty four geographically diverse genotypes collected from different states of India and
different countries were raised in a Randomised Block Design with three replications during
kharif, 1989. Each genotype was raised in a single row of 6 m length by adopting a spacing of
45 x 10 cm. In each row, 20 randomly selected plants were observed for days to 50% flowering,
plant height, primary branches per plant, pods per plant, pod length, seeds per pod, seed yield
per plant, 100 seed weight, harvest index, protein content and oil content. The mean value of
20 plants represented each genotype. Phenotypic and genotypic correlation co-efficients for
all character combinations were computed following Al-Jibouri e al., (1958). The procedure
suggested by Dewey and Lu (1959) was used to arrive at path coefficients. The direct and
indirect effects were rated as very high (1 and above), high (0.30 to 0.99), moderate (0.20 to
0.29), low (0.10 to 0.19) and negligible (below 0.10) as suggested by Lenka and Mishra (1973).

“liz;rt of M.Sc.(Ag.) Thesis of senior author submitted to Tamil Nadu Agricuityral University,
Coimbatore, 641 003 India.
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RESULTS AND DISCUSSION

The list of soybean genotypes studied along with the mean values for different charac-
ters is presented in Table 1.

Phenotypic and genotypic correlations

Correlation coefficients obtained both at phenotypic and genotypic levels for different
character combinations are presented in Table 2. A slight increase of genotypic correlation
coefficients over phenotypic correlation coefficients was noticed for all the character com-
binations indicating that, though there is a strong inherent association between many traits
studied, the phenotypic expression of the association is reduced under the influence of
environment (Kaw and Madhavamenon, 1972). Johnson ef af., {1955), Kwon and Torrie (1964)
and Nirmalakumari (1986) reported such higher genotypic correlation coefficients over
phenotypic correlation coefficients in soybean.

Seed yield per plant was significantly and positively correlated with plant height,
primary branches per plant, pods per plant and harvest index, Kaw and Madhavamenon
(1972), Amarnath (1986) and Sahu and Mishra (1988) observed similar positive significant
correlations for these traits, except harvest index, with seed yield. Reports made by Tong
(1986) was in accordance with the present study of positive association of harvest index with
seed yield per plant, High positive correlation of pods per plant with seed vicld may be
attributed to the increased sink strength (Nakaseko, 1984). Increase in pods per plant was due
to the increase in plant height which in turn produce more primary branches. Thus, increase
of plant height and primary branches per plant resulted in more pods per plant ultimately
leading to more of harvest index and finally resuiting in increased seed yield. Days to 50%
flowering, though had significant positive association at genotypic level, exhibited non-sig-
nificant association with seed yield at phenotypic level due to the hindering effect of environ-
ment (Sharma et al., 1983).

No significant relationship was found to exist between seed yield and the traits viz., pod
length, seed per pod, 100 seed weight and protein content owing to their non-significant
positive or negative correlation coefficients. But, oil content had significantly negative associa-
tion with seed yield (Hrustic ef af., 1985 and Momirovic, 1987).

The important yield contributing traits viz., plant height, primary branches, pods per
plant and days to 50% flowering had positively significant association among themselves.
Rajasekaran et al., (1980) and Sahu and Mishra (1988) reported positive significant association
of pods per plant with plant height, primary branches and days to 50% flowering. The harvest
index was positively associated with pods per plant. The oil content had negatively significant
association with plant height, primary branches and pods per plant.

From the foregoing points, it may be concluded that an intensive selection for pods per
plant, plant height and primary branches per plant will automatically improve seed yield in
soybean. Again, since all these three traits are intercorrelated among themselves, selection in
any one of the traits will result in improvement of other traits, thereby finally i mcreasmg the
seed yield. Eventhough, the harvest index is positively associated with seed yield, it is not

- included as one of the important traits for selection, because, the estimation of harvest index
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is a laborious process. Moreover, since pods per plant is inter-correlated with harvest index,
selection for pods per plant will automatically improve harvest tndex also. Since environment
plays a significant role on the expression of association of days to 50% flowering with seed
yield, selection for days to 50% flowering will have little effect on seed yield.

With regard to twa important quality characters, protein and oil contents, the breeder
is facing real challenge. Since protein content is not significantly refated to any of the yield
components mentioned above, the selection of these traits will not influence the protein
content. But, 0l content is negatively correfated not only with seed yield, but also with the
three important yield components viz,, plant height, primary branches and pods per plant.
Hence, there i3 every chance of reduction in oil content if selection pressure is exerted on
these traits in the positive side. Therefore, a compromise has to be arrived at to have an
optimum oil content without sacrificing the seed yield.

In soybean, usually protein and ol contents are known to be negatively correlated
(Momirovic, 1987). However, in the present study, the inter- correlation between these (wo
traits was positive, though non-significant. Hence, a thorough study of linkage between these
two traits is required in soybean.

Path analysis

Path analysis helps in examining the relative contribution (both direct and indirect) of
different component traits towards the dependent variable, the yield. The genotypic correia-
tion cocfficients were partitioned into direct and indirect effects and are presented in Table
3.

Pods per plant had the highest positive direct effect on seed yield which was in similarity
with the findings of Kaw and Madhavamenon (1972), Dixit and Patil (1984) and Hrusticet al.,
(1985). The direct effect of plant height and primary branches per plant was low on seed yield
per plant, but their significant positive correlation with seed yield was due to their respectively
high and moderate indirect effects through pods per plant. Similar findings were reported by
Bargale et al., (1988) for primary branches per plant. Harvest index, one of the important yield
components increased the seed yield mainly by its moderate positive indirect effect through
pods per plant. Mishra et af., (1988) also reported that barvest index had moderate positive
indirect effect through pods per plant. The significant positive association between days to
50% flowering and seed yield at genotypic level was mainly due to its high positive indirect
cffect through pods per plant (Bargale ef al., 1988).

The direct effect of 100 seed weight on seed yield, though high, gat neutralised by its
high indirect negative effect through pods per plant resulting in non-significant association
with seed yield. Qil content, the only trait which showed highly negative association with seed
yield had low negative direct effect. But, its negative influence on seed yield was mainly due
to high negative indicect effect through pods per plant as reported by Nirmalakumari (1986).

Even the traits which had no significant association with seed yield viz., pod length and
100 seed weight bad moderate indirect influence on seed yield only through pods per plant.

The above findings revealed that whatever may be the character chosen for increasing
the seed yield, the improvement could be achieved only through pods per plant. All the
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characters exhibited their indirect effect mostly through pods per plant. Hence, it may be
concluded that pods per plant is the main trait which is responsible for manipulation of seed
yield in soybean. Selection for any other yield contributing character will reflect on yield only

through pods per plant.
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INTERCROPPING OF MUSTARD WITH GRAM AND LENTIL

K.P. TIWARI, R.K.S. TOMAR, G.L. MISHRA and J.5. RAGHU
Jawaharlal Nehru Krishi VlShWa Vidyalaya, Regional Agricultural Research Station,
Tikamgarh 472 001 (M.P.), India

ABSTRACT

An experiment was conducted at JNKVV, Research station, Tikamgarh (M.P.) during rabi
season of 1987-88 and 1988-89 on clay loam soil under irrigated condition, to find out the optimum
row ratio of mustard with gram and lentil. Results revealed that pure gram is highly remunerative
(Rs.13892/ha) than pure crop of mustard (Rs.6730/ha), lentil (Rs.4338/ha) and intercropping of
mustard with gram and lentil, Pure mustard is more profitable than pure lentil crop. Intercropping
2:2 row ratio of lentil and mustard is more economica! (Rs.6879/ha) than pure {entil, pure mustard
and other row ratio. }

Key Words : Mustard; Gram; Lentil; Intercropping
INTRODUCTION

Gram (Cicer arietinum 1..) and lentil (Lens cufinaris L.) are grown in mixed stand with
mustard {Brassica juncea L.) in Bundelkhand region. But, recently intercropping recognised
as a beneficial system of crop production. Gangasaran and Giri (1985) and Kushwaha (1985)
reported that an intercrop of gram and lentil with mustard is more remunerative than a pure
crop of either gram or lentil. An intercrop of gram and mustard gave more total net return
than when these were grown separately (Singh 1981 and Verma 1989).

Since information on mustard + Gram + lentil intercropping system for Bundelkhand
region of Madhya Pradesh is meagre, an experiment was conducted to find out the optimum
row ratio and its economic implication on mustard + gram and lentil intercropping system.

MATERIALS AND METHODS

An experiment was conducted during rabi season of 1987-88 and 1988-89 at INKVV
Research station, Tikamgarh (M.P.). Thirteen treatments consisting of different row ratios of
gram + mustard, lentil + mustard (Table 1.) tested in Randomized Block Design with three
replications. Gram variety “JG-3157, leatil variety “Sehore-76” and mustard variety “Varuna”
were sown in rows of 25cm apart for gram and lentil and 50cm for mustard in pure and 25cm
apart in all intercropping system using recommended seed rates of 80 kg, 20 kg, and Skg seeds
per hectare respectively. The soil of the field was clay loam, medium in available N and P20s
and high in X;0 contents having pH 7.5. The sowing of both the crop was done on November
6th and 2nd in respective years.

Mustard was given 80 + 40 + 20 and gram and Ientil 20+ 60 + 20 kg/ha N + P20s + K20
respectively. Total grain productivity kg/ha (Gram and lentil equivalent) was worked out on
the basis of prevailing market price during corresponding years. Land equivalent ratio (LER)
was calculated using the formula suggested by Jha and Chandra (1982).

Received for publication on February 28, 1992
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RESULTS AND DISCUSSION
Seed yield S o

A perusal of the data set out in Table 1 indicated that the grain yield of gram and lentil
were adversely affected by imposition of intercrop in all the row ratios due to internal
competition for nutrients, moisture and light. The lowest gram and lentil yield was recorded
when two rows of gram or lentil alternated with two rows of mustard. This seems to be mainly
due to shading cffect of mustard on gram and lentil. These results are in conformity with
findings of Garse and Nikam (1985) and Verma ef ai., (1989).

The maximum mustard yield was found in pure crop stand and it decreased significantly
when sown mixed with gram and lentil crops due to decreased plant population. Row ratio,
2:2 of gram or lentil with mustard produced higher seed yield. The mean index also greater in
2:2 ratio because of varying crop canopy of two crops in the field. Mustard always had higher
crop canopy as compared to gram and lentil thus, the solar energy utilization efficiency was
more in mustard than that of gram and lentil. Similar results have been reported by Verma et
al., (1989), Gangasaran and Giri (1985).

Economics

A perusal of data (Table 2) revealed that there were wide variations among different
cropping systems with regard to net return Rs/ha. The highest net return (Rs.13892/ha) was
obtained when gram was sown alone, In case of intercropping system, the maximum net profit
of Rs.13136/ha was recorded under 3:1 row ratio followed by Rs,11933/ha under 6:2 row ratio.

But in case of pure and intercropping of mustard with lentil, the highest net return
(Rs.6879/ha) was found in 2:2 row ratio followed by 3:1 row ratio (Rs.5707/ha). Row ratio 2:2
~ also gave more net profit than pure mustard and lentil crop. The pure crop of lentil recorded
the lowest net profit than all the intercropping systems.

The total productivity in terms of crop equivalent was calculated for all the intercrop-
ping system. The gram equivalent due to pure stand was higher than all row ratios. But in case
of lentil, the total productivity was higher in all mixed stand than pure crop of lentil (Rehman
et al., 1982).

Land equivalent ratio

LER worked out from combined intercrop yields was always greater as compared to
sole crop. The highest LER value 1.10 was recorded with 3:1 row ratio in gram and mustard
and 1.11 with 2:2 row ratio in lentil and mustard, indicating better land utilization and
biological efficiency in intercropping than in sole cropping system.,
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ABSTRACT

A study on intercropping of kharif crops in sesamum indicated that redgram can be  *
successfully taken as an intercrop in sesamum in 2:1 and 3:1 row proportions. The highest benefit .
cost ratio of 2.87 was observed in 3:1 row proportion with redgram followed by the benefit cost ratio

of 2.49 in 2:1 row proportion with the same crop coupled with highest LER viz. 145 and 1.33
respectively.

Key words : Sesamum; Redgram; Intercropping, Monetary Returns; Benefit Cost Ratio; Land
Equivalent Ratio

INTRODUCTION

Sesamum (Sesamum indicum L.) is an important oilseed crop in Khandesh tract
occupying 25 to 30 per cent of the total area under the crop in the State. However, it is very
sensitive to heavy or scarce rains resulting into instability in its production and economic
returns. Under the circumstances, an intercropping gives an insurance against failure of any
one crop in adverse seasons/monsoon vagaries/epidemics of crop diseases and pests. Besides,
in a normal season it increases the farm income and aims at efficient utilization of solar energy,
moisture and nutrients. Oilseeds and pulses form an important component of Indian diet and
is the only way to fight against malnutrition.

In recent years, sesame acreage as a sole crop is increasing in Khandesh region with a
peak of about 96000 hectares area in Jalgaon district itself during 1988 kbarif season. With a
view to find out the most remunerative intercropping system for sesamum in assured rainfall
condition of Khandesh region, this study was undertaken.

MATERIALS AND METHODS

An experiment was conducted during kharif season of 1987, 1988 and 1989 at Oilseeds
Research Station, Jalgaon. The soil was medium black having pH 7.5. The different kharif
crops used as intercrops in sesamum were greengram (S-8), redgram (No.148), sunflower
{Morden) and sorghum (CSH-5). These crops were sown with the following spacings and
fertilizers,

]

Treatment ! o Spacing (cm) Fertilization (kg/ha)
(A) Sole crops S : ‘ ' '
(1) Sesamum (JLT-7) Se n . 30x15 © 50N

(2) Greengram (8-8) (GG) ' 30x30 " 25N + 50 P20s

(3) Redgram (No.148) (RG) = 45x20 25N +30P20s

(4) Sunflower (Morden) (Sun) . - 45x20 60N + 50 P20s

(5) Sorghum (CSH-3) (Sor) 45x 20 100N + 50 P20s

{B) Intercropping . . _

(6) Sesamum + Greengram (1:1) 30x15/10 50N

Received for publication on March 11,1992 -
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Treatment Spacing(cm) Fertilization (kg/ha)
(7) Sesamum + Redgram (1:1) 30x 1520 50N
(8) Sesamum + Sunflower (1:1) 30 x 15120 - 50N
(9) Sesamum + Sorghum (1:1) ' 30 x15/20 50N
(10) Sesamum + Greengram (2:1) 30x15/10 SON
{11) Sesamum + Redgram (2:1) 30x 15/20 SO0N
(12) Sesamum + Sunflower (2:1) 30x15720 50N
(13) Sesamum + Sorghum (2:1) 30 x 15/20 " 50N
(14) Sesamum + Greengram (3:1) 30 x 15/10 50N
(15) Sesamum + Redgram (3:1) : 30 x 15720 SON
(16) Sesamym + Sunflower (3:1) 30 x 1520 SON
(17) Sesamum + Sorghum (3:1} 30 x15/20 50N

Al agronomic practices were followed for all intercrops and sole crops to raise good
Crops.

The experiment was laid out in a Randomized Complete Block Design with three
replications having gross plot size 5.0 x 5.4 m and net plot size 4.4 x 3.6 m. Sowing was done -
on 2nd July, 1987, 29th June, 1988 and 3rd July, 1989. Necessary plant protection measures
were taken to protect the crop from pests and diseases. Grain and by-product yield per plot
was recorded in each replication. Economics of the various treatments was worked out
considering the prevailing market prices of the grain and by-products.

The rainfall received during crop growth period is presented in Table 1. Rainfall was
more during 1988 (937.2 mm} as compared to rainfall of 1987 (683 4 mm} and of 1989 (673.5
mm). Of the total rainfall, maximum was received during August in 1987 and 1989 and in July
1988 resulting in more vegetative growth in 1988.

Table 1. Monthwise rainfall during 1987 to 1989 at Jalgaon

Months Rainfall in mm

1987 1988 1989
June 158.0 (7) 136.7 (12)  153.4(14)
Tuly 73.4(9) 374.5(26) 155.8 (16)
August 290.2 (16) 82,6 (19) 268.1 (24)
September 6.6 (2) 298 4 (16) 89.0 (9)
October © 960 (5) 45.0 (5) , 0.8 (1)
November - 46.2(3) - -
December 13.0 (3) - 6.4 (1)
Totat 683.4 (45) 937.2 (78) 673.5 (65)
Figures in parentheses indicate number of rainy days
RESULTS AND DISCUSSION

The data pertaining to grain yield, and monetary returns and LER are presented in
Table 2 and 3.
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Table 3. Monetary returns and LER as influenced by different intercropping systems

Treatments Gross returns (Rs/ha) LER Benefit cost
ratio
1987-88 198889 1989-50 Pooled (Rs/ha)
Sesamum sole 11054 1181 5811 6048 1 152
Greengram sole 5404 833 3676 3302 1 058
Redgram sole 2494 10587 13638 8907 1 252
Sunflower sole 334 922 9276 4545 1 097
Sorghum sole 11761 7595 13402 10922 1 202
Sesamum + Greengram (1:1) 7734 1250 3426 4135 0.98 0.62
. Sesamum + Redgram (1:1) 22 8580 9891 8567 110 200
Sesamum + Sunflower (1:1) 7045 1111 8787 5850 1.13 1.01
Sesamum + Sorghum (1:1) 18378 . 4381 13622 12128 1.08 2.07
Sesamum + Greengram (2:1) 9539 1370 4095 5000 1.05 0.88
Sesamum + Redgram (2:1) 9053 7266 12986 766 133 249
Sesamum + Sunflower (2:1) 7885 1086 7447 5473 1.07 0.80
Sesamum + Sorghum (2:1) 19444 3497 12159 11698 118 224
Sesamum + Greengram (3:1) 11641 1477 3916 5676 112 112
Sesacum + Redgram (1) 10152 6963 15555 10890 145 287
* Sesamum + Sunflower (3:1) 8472 1168 4173 4602 0.99 0.83
Sesamum + Sorghum (3:1) 161130 4173 11256 10518 1.14 220
SE + 1019 431 465 1962 - -
CD at 5% 2868 1213 1310 5649 - -
Market rates (Rs/kg) 1987-88 1988-89 1989-90
1. Sesamum 11.25 7.00 10.50
2. Greengram 425 6.50 5.60
3. Redgram 500 5.50 6.00
4. Sunflower 5.75 6.00 7.00
5. Sorghum 230 2.50 2.00
6. Fodder .30 0.30 0.30
7. Sticks 0.20 0.20 020
Grain yield

Significant differences were observed for yield of sesamum and also intercrops due to
various intercropping systems during all the three seasons. The productivity of sesamum was
adversely affected by intercropping during all the three seasons. The reduction in grain yield
was minimum when it was intercropped with greengram in all row proportions during 1987
and 1988. The sesamum yicld increased as the row proportions of sesamum was increased in
all the seasons and in all the treatments. Greengram produced higher grain yield in lower row
proportion of 1:1. It yielded 526 kg/ha and 316 kg/ha during 1987 and 1989 respectively. It was
observed that red gram gave higher grain yield of 1003 kg/ha in 2:1 row proportion in 1987,
1304 kg/ha in 1:1 row proportion in 1988 and 1731 kg/ha in 3:1 row proportion in 1989,
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Three years pooled data revealed that the yield of sesamum and other intercrops were
found significant due to various intercropping systems. Sesamum alone produced significantly
higher grain yield (571 kg/ha) which was more than that in all intercropping treatments except
the treatment of sesamum + green gram in 3:1 row proportions which was at par. All the
intercrops produced more yield when sown as sole crop than their yield as an intercrop in
sesamum. All intercrops gave higher grain yield in fower row proportion with the exception
of redgram. Redgram showed yield of 282 kg/ha, 320 kg/ha and 408 kg/ha in 1:1, 2:1 and 3:1
row proportion. This might be due to wider spacing available for redgram after harvest of main
crop. Wider spacing to red gram resulted in availability of more nutrients and better utilization
of sunlight as the row proportion increased. The reduction in main crop yield due to
intercropping was more than compensated by additional yields of intercrops. The increase in
total yield was maximum with two rows of sesamum plus one row of redgram and three rows
of sesamum plus one row of red gram. This system shows stabilization of yields which was also
noted in intercropping of pigeon pea and sorghum by Rao and whilley (1980). However, Desai
and Goyal (1980) reported the highest seed yields with the intercrop combination of castor
and sesame in 1:1 ratig,

Beneficial effects on yield and net returns due to intercropping of greengram (Bhalerao
et al., 1976) mothbean (Daulag et al., 1970), soybean (De et al., 1978) and blackgram (Gangwar
and Kalra, 1983) owdifferent cereals were reported earlicr. Studies on suitable and profitable
companion crop for kharif sesamum under khandesh region are first time studied and reported
in this paper.

Economics

Significant differences were observed for monetary returns due to varioys intercrop-
ping systems during all the three seasons. Redgram gave the highest monetary returns of
Rs.10587/ha and Rs.13638/ha during 1988 and 1989 respectively. However, during 1987
sorghum gave the highest monetary returns of Rs.11761/ha. In case of intercropping, the
highest monetary returns of Rs.19444/ha were oblained in sesamum + sorghum (2:1) system
during 1987 and sesamum + redgram (1:1) (Rs.8580/ha) and sesamum + redgram (3:1)
during 1988 and 1989 rcspective]y,

Three years data of monetary returns (Table 3) revealed significant differences due to
various intercropping systems. Among the sole crops, sorghum recorded the highest monetary
returns of Rs.10922/ha followed by redgram (Rs.8907/ha), sesamum {Rs.6048/ha), sunflower
(Rs.4545/ha) and Greengram (Rs.3302/ha). The highest benefit cost ratio was observed in red
gram (2.52) followed by sorghum, sesamum, sunflower and greengram i.e. 2.02, 1.52, 0.87 and
0.58 respectively.

In intercropping systems, the highest monetary returns (Rs.12128/ha) was scen in
sesamum + sorghum in 1:1 row proportion followed by sesamum + sorghum in 2:1 row
proportiont (Rs.11698/ha) and sesamum + redgram in 3:1 row proportion (Rs.10890fha).
However, sesamum + redgram in 3:1 row proportion gave the highest (2.87 Rs/Re) B.C. ratio
followed by sesamum + redgram in 2:1row proportion (2.49 Rs/Re and sesamum + sorghum
in 2:1 row proportion (2.24 Rs/Re) and in 3:1 row proportion (2.20 Rs/Re). :
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In case of sesamum + green gram and sesamum + redgram intercropping, mouetary
returns and B.C. ratio increased as the row proportion was increased. Thorat et af., (1986)
observed higher monetary returns in case of 3:1 row proportion of ragi + black gram and ragi
+ cowpea intercropping system in which ragi + sesamum (3:1 and 2:1) was on par. Evans
(1960) and Divekar (1960) indicated beneficial effect of legumes and cereals intercropping
system.

Land equivalent ratio (LER)

The land equivalent ratio (LER) is an indicator of efficient land utilization for inter- -
cropping systems (Jha and Chandra, 1982). The value of LER were higher for sesamum +
redgram in all row proportions than other intercropping systems of greengram, sunflower and
sorghum crops. The sesamum + redgram (3:1) registered highest LER (1.45) followed by the
same intercropping system in 2:1 row proportion (1.33). The value of LER were increased as
the row proportion increases in intercropping of green gram and red gram crops.
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ABSTRACT

Eighteen hybrids involving three testers and six lines in line x tester fashion were studied
50 as to know heterosis in groundaut. Both subspecies namely Fastigiata and Hypogaea were
included. Desirable significant negative heterosis over better parent was observed for days 1o 50%
flowering in Spanish x Spanish, Spanish x Valencia and Spanish x Virginia crosses and for days to
maturity in Spanish x Spanish and Spanish x Virginia crosses. Significant useful heterosis in positive
direction for height of plant was observed in Spanish x Spanish, Spanish x Virginia and Spanish x
Valencia. The crosses JL-24 x TAG-24 and ICGS-11 x NCAC-17500 showed significantly high useful
heterosis for number of branches and pod yield per plant. Spanish x Valencia crosses (i.e. J1.-24 x
MH-2, S.B.XI x MH-2 and 1CGS-11 x MH-2) gave good heterotic effect (useful hetergsis) as
compared to Spanish x Spanish and Spanish x Virginia for pod yield per plant.

Key words ; Heterosis; Groundnut.

INTRODUCTION

In the recent years, improved cultivars are extensively nsed in hybridization because
they possess many favourable genes which may complement each other in hybrid combination.
. Besides the inter-subspecies crosses are likely to result in superior hybrids because the
desirable attributes are clustered separately in such botanical group. The breeder takes up
the promising ¢rosses having high heterosis and studies them in segregating generation which
in turn may produce desirable transgressive segregants in advanced generations, The present
investigation was undertaken to know the extent as well as direction of heterosis for yield and
its characters involving inter and intra-subspecies crosses in groundnut and to identify the
crosses which will be usefil in isefating desirabie (ransgressive segregants.

MATERIALS AND METHODS

Nine diverse parents representing different botanical groups were selected. Three
testers viz. JL-24, 8.B.XI and 1CGS-11 (Spanish, var. Vulgaris) Subspecies Fastigiata were
crossed with UF-70103, NCAC-343, NCAC-17500 (Virginia var. Hypogaea) subspecies
hypogaea, TAG-24, NARGS(F)-2(Spanish var. Vulgaris) and MH-2 Valencia var, Fastigiata
under sub-species Fastigiata during 1990 to produce 18 Fis hybrid. All the Fys and parents
were sown in Randomised Block Design with two replications during the rainy season 1991 at
Oilseeds Research Station, Jalgaon, The entries were sown in single row of 3 metre length with
spacing of 30 cm between rows and 10 cm within row. Observations were recorded on ten
randomly selected competitive plants in each entry in each replication for days to 50%
flowering, plant height (cm), number of branches/plant, pod yicld/plant and days to maturity.
The heterotic effects were computed as percentage increase or decrease of F1 over mid parent
(relative heterosis), better parent {(heterobeltosis) as well as standard heterosis (useful
heterosis).

Received for publication on March 22, 1992
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RESULTS AND DISCUSSION

The mean differences amongst the treatment (parents and hybrids) were significant for
all the characters studied (Table 1) indicating that additive and non-additive gene action play
a role for control of these characters,

Table 1. Mean performance of parents and hybrids for different characters

Parents/hybrid Days to50%  Plant height No. of Yield/plant Days 10
flowering (cm) branches/plant (D maturity
TESTERS (Female)
L-24 26.0 430 44 105 %05
S.B.XI 285 470 55 - 83 97.5
1CGS - 11 29.0 323 5.2 9.4 10.6
LINE (Male)
TAG - 24 240 213 4.7 6.7 1005
NCAC -343 290 27.0 71 101 1025
UF - 70103 295 288 18 93 107.5
NCAC - 17500 305 530 75 93 98.5
MH -2 265 250 47 9.5 935
NARGS (F) - 2 320 302 88 8.6 98.0
CROSSES
JL-24xTAG-24 245 434 50 123 86.0
SB.XIxTAG-24 240 506 43 105 85.0
ICGS - 11xTAG - 24 270 326 53 136 91.0
JL 24X NCAC- M3 290 390 69 115 9.5
S.B. XI x NCAC - 343 25.0 486 70 11.9 915
ICGS -11 x NCAC - 343 285 39.1 47 119 954
JL 24 % UF - 70103 26.0 292 10 né 965
S.B. XIx UF-70103 ‘280 488 6.7 138 95.0
ICGS -11 x UF - 70103 280 336 56 101 95
JL 24 x NCAC -17500 28.0 50.7 53 10.2 89.5
$.B. XIx NCAC - 17500 26.0 470 6.4 13.7 9.5
1CGS -11 x NCAC - 17500 270 444 111 4.0 98.0
JL-24xMH-2 2.0 51.7 45 149 915
SB. XIxMH-2 240 466 42 151 915
ICGS - 11 xMH -2 26.0 437 4.7 14.9 98.5
JL - 24 x NARGS(F} - 2 28.0 426 55 0.7 .5
S.B. XI x NARGS(F) - 2 270 46.9 56 138 7.0
ICGS - 11 x NARGS(F) - 2 220 438 47 106 993
Fvalue 681" o2’ 565" 392 9.48
SE (diff.) 111 4.40 1.79 1,60 244
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Days to 50% flowering

Twelve cross combinations out of 18 showed desirable significant negative heterosis

over mid-parents, whereas seven hybrids showed significant negative heterosis over better
arent (flowering earlier). The magnitude of useful heterosis for this trait was found to range
from -9.43 (S.B.XI x MH-2) to 11.53 (JL.-24 x NCAC-343). Out of 18 crosses only four crosses
viz. JL-24 x TAG-24 (Spanish x Spanish), JL-24 x MH-2, $.B.XI x MH-2 (Spanish x Valencia)
and S.B.XI x NCAC-343 (Spanish x Virginia) showed negative significant useful heterosis over
the standard check. It is interesting to note that in crosses Spanish x Spanish none of the hybrid
showed significantly negative useful heterosis over standard check except JL-24 x TAG-24
(-5.76%). Basu et al., (1986) recorded high desirable negative heterosis for this trait in Spanish
x Spanish cross. In the present investigation also Spanish x Spanish or Spanish x Virginia
showed negative heterosis. However the highest heterosis was obtained in Spanish x Valencia

type.
Plant height (Height of main stem)

Fourteen crosses exhibited significantly positive heterosis over mid parent values. The
highest values of both positive and negative heterosis were observed to be 122.25% (S.B.XIx
TAG-24) and -60% (S.B.XI x NCAC-17500). Only five crosses gave significant positive
heterobeltiosis for height of plant. Heterobeltiosis for plant height was found to range from
-16.22% (1CGS-11x NCAC-17500) to 35.60% (ICGS-11 x NRGS(F)-2). Out of 18 crosses only
seven crosses viz. S.B.XI x TAG-24 (Spanish x Spanish), $.B.XI x NCAC- 343 (Spanish x
Virginia), $.B.XI x UF-70103 (Spanishx Virginia), JL-24 x NCAC-17500 (Spanish x Virginia),
$.B.XI x NCAC-17500 (Spanish x Virginia) and $.B.XI x NARGS (F)-2 (Spanish x Spanish)
were found to show significantly positive useful heterosis for this trait. Basu et al., (1986)
reported a range of heterosis from -23.42 to 28.28%. High heterosis was indicated in Spanish
x Spanish and Spanish x Valencia. Lin (1966) in Taiwan noted significant hybrid vigour for
length of main stem (height) in Spanish x Virginia. In the present study also maximum heterosis
was observed in Spanish x Virginia.

Number of main branches per plant

Six crosses showed positive significant heterosis over mid parent in respect of number
of branches/plant whereas only three crosses viz. JL-24 x TAG-24 (Spanish x Spanish), JL-24
x NCAC-17500 (Spanish x Virginia) and ICGS-11 x NCAC-17500 (Spanish x Virginia) were
positively significant for heterobeltiosis. The magnitude of useful heterosis for this trait was
found to range from -8.69 to 141.31%. Most of the crosses showed positive significant heterosis
over the best parent J1.-24. Maximum hybrid vigour was observed in Spanish x Virginia crosses.
This may be an indication of effects due to over dominance action. Lin (1966) in Taiwan noted
significant hybrid vigour for number of branches in crosses of Spanish x Virginia and Basu et
al., (1986) also reported high heterosis in Spanish x Virginia crosses. Similar results were also
?;);gil;ed by Higgins (1940), Katayama and Nagatoma (1963) and Syakudo and Kawabata

3). ‘
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Table 2. Heterosis (H1), Heterobeltiosis (H2) and useful heterosis (H3) for different char-

108

acters
Cross Days to 50%  Plant height No.of  Yield/plant Days to
flowering (cm) branches/ (&) maturity
plant
JL-24xTAG-24 H1 -2.00%* 34.99+* 752+ 43.02** -9.96**
H2 208 0.93 6.38%* 17.14** 499
H3 -5.76%* 093 B.69** 17.14** 497
SB XIxTAG-24 H1 -8.05 122,25+~ -1.96 40.00** -14.14**
H2 - 1.65 -9.09%* 26.50 -12.82**
H3 -1.69 1767+ B8.69** - -£.07*
ICGS-11xTAG-24 H} 1.88. 21.64*= 7.07* 69.04** -11.86**
H2 12.5** 9.92 192 44.83%~ B.45%*
H3 3.84** -24.18** 15.21*~ 29.52* 055
JL 24 x NCAC - 343 Hi 545%* 13.14+* 17.94%* 11.65** -
H2 11.53** <790 281 9.52¢+ 6.62°
H3 11.53** -7.90 50.00"* 9.52% 6.62*
SB.XIxNCAC-343 H1 -13.04** 31.35+ 11.11** - 2934 -BE7**
: H2 -12.28** 3.40 -1.40 17.82** -731%*
H3 3.84** 13.02+* 5217+ 13.33** 497
ICGS-11 xNCAC-343 H1 -1.72 31,87+ ~23.37+* 2211 . =887
H2 -1.72 2105 ~33.80=* 17.82** -7.31*
H3 9.61** -9.06 217 . 13.33** 497
JL 24 x UF - 70103 H1 -6.30 9.19* -14.63** 1747+ -252
H2 - 883 40.67* -10.47** 6.62%*
H3 - 883 5217 -10.47%* 6.62**
S.B. Xix UF -70103 Hi -344* | 2875~ -22.54** 56.61** -7.31**
H2 175 ' 382 43.22%* 4383** -2.56
H3 7.69** 13,48+ 45.65** 3142 497
ICGS -11 x UP - 70103 Hi 427 9.98* 3411 8.13** © - 11,47
' H2 344 402 52.54%¢ 756+
H3 T69** -21.86** 2173 -3.80"* 441

Contd..
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Table 2. contd... .
Cross Days 1050%  Plant height No.of Yield/plant Days to
flowering {em)  branches/ & maturity

. plant

JL -24 x NCAC -17500 Hi 083 5.62 52.20%* 3.64* 423
' H2 7.69*= 17.90%* 25.20%* 198 41,10
H3 7.69%* 17.90%* 104.13%* S 61
S.B. XIx NCAC - 17500 H1 11864+ -6.00 153 5585 -6.63**
H2 8.7 AL320 14,66 4747 515
H3 - 930+ 39.13++ 30477+ 110
ICGS -11xNCAC-17500  H1 024+ -394 74.80%* 49.89** 415
2 £89** 16224 48.00 49.094* 050
H3 384+ 325 141.30+* 3333%* 8.28**
JL-24xMH-2 H1 857 52.05%* £0.22* 49.00 0.54
H2 -7.69%> 20.23** 4,25+ 41.90** 110
H3 7.65%¢ 20.23** 217% 41.90%* 110
SB.XIxMH -2 Hi 2720 20.44%* -17.64%* 69.66%* 418
H2 9430+ 085 2363 58.94* 213
H3 769 8.37 8.69* 4380°* 1.10
ICGS - 11 x MH - 2 Hi 5300 52.33*> -5.05%* 5783°* 125
H2 188 35.29%* 9.614* 56.84°* 534"
H3 . 1.62 217 41.90** 883+
IL - 24x NARGS(F) - 2 H1 3440+ 093 1845°* 12.04%* 0.26
2 7.69** 16.39%* -38.13** 1.90 441
H3 7.69** 0.93 19.56%* 1.90 441
S.B. XIx NARGS(F} - 2 Hi -10.74** 21.50%* 22.16%* 63.31** 0.7%
H2 5.6 0.21 37.00%* 60.45% 0.51
H3 384 9.06* 21.73"* 31.42%* 7.18%*
- ICGS-11xNARGS(F)-2  Hi1 21470 40160 - 3328 17.90%* 245
©H2 6894+ 35.60% 4713 12.88** 153
¥ H3 384 186 217 092 9.94+*
SE (diff) H1 0.96 381 155 1.38 211
B 440 179 1.60 244
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Pod yield per plant

Heterosis over mid-parent ranged from 3.64% to 69.66%. All crosses exhibited sig-
nificant positive heterosis. The highest value of heterosis was observed in the hybrid S.B.XI x
MH-2(69.66%) followed by ICGS-11 x TAG- 24 (69.04%), S.B.XI x NARGS(F)-2(63.31%),
ICGS-11 x MH-2(57.83%) S.B.XI x UF-70103(56.61) and S.B.XI x NCAC-17500 (55.85%).
The magnitude of heterobeltiosis for yield/plant was found to range from -10.47 (JL-24 x UF-
70103} to 60.45% (S.B.XI x NARGS (F)-2).

Twelve crosses showed significant positive useful heterosis over check most of which
either belonged fo Spanish x Virginia and Spanish x Valencia combinations. Fastigiata
generally have greater heterotic responses than parents of subspecies Hypogaea. Basu ef al.,
(1986) reported significant positive heterosis in Spanish x Spanish and Spanish x Valencia
crosses. Higgins (1940) observed marked heterosis for pod yield. Individual plant yields were
highest for Spanish x Virginia, Valencia x Spanish combination exhibited high heterosis in the
study of Jagannath Reddy and Raja Reddy (1987).

Days to maturity

Heterosis over mid parent ranged from -14.14% (S.B.XI x TAG-24) to 4.23% (JL-24
x NCAC-17500). Out of 18 crosses only 9 crosses showed desirable significant negative
heterosis over mid parent, Five crosses S.B.XI x TAG- 24(-12.82%), ICGS-11 x TAG-24
(-9.45%) S.B.X1x NCAC-343 (-6.15%), ICGS-11 x NCAC-343(-7.31%) and S.B. XIx NCAC-
17500 (-6.63%}) gave significant negative hetercbeltiosis for days to maturity. Only one cross
S$.B.XI x TAG- 24 (Spanish x Spanish ) showed significant negative useful heterosis for this
character. Basu et ol., (1986) reported the desirable significant negative heterosis over better
parent for days to 50% flowering in Spanish x Spanish crosses which was not observed in
present study. Regarding days to maturity in Spanish x Valencia crosses were promising in his
study. However it was not reflected in the days to maturity. Spanish x Spanish also exhibited
high heterotic effect for number of matured pods per plant over mid parent as well as better
parent. The beterosis over mid parent for pod yield per plant ranged from 34.72 10 57.28%
and the cross GAUGI x Chico (Spanish x Spanish) recorded the highest value. On this basis
Basu et al,, (1986) suggested usefulness of Spanish x Valencia crosses.

In the present investigation, the maximum significant useful heterosis was observed for
days to 50% flowering in §.B.XI X MH-2 (Spanish x Valencia- 7.69%) Plant height in J1.-24
x MH.-2 (Spanish x Valencia 20.23%), number of branches/plant in ICGS-11 x NCAC-17500
(Spanish x Virginia 141.80%), yicld/plant in $.B.XI x MH-2 (Spanish x Valencia 43.80%) and
days to maturity in S.B.XI x TAG-24 (Spanish x Spanish -6.07%).
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EFFECT OF IRRIGATION AND STARCH POLYMER ON YIELD
ATTRIBUTES, YIELD AND QUALITY OF MUSTARD
(BRASSICAJUNCEA L)
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Department of Agronomy, G.B.Pant University of Agriculture and Technology, Pantnagar
(Nainital) U.P. 263145, India.

ABSTRACT

The effect of irrigation and starch polymer (Jalshakti) levels was studied on yield, its
attributes and quality of mustard under silty clay loam soils of Pantnagar. Seed yield of mustard
var. Krishna was significantly higher under two irrigations in comparison with unirrigated condi-
tions but remained at par with one irrigation. Sced yield increased by 8.1 and 21.8 percent during
1987-88 and 7.9 and 23.6 percent during 1988-89 under two irrigations as compared to one irrigation
and unirrigated condition, respectively. Siliquae per plant and 1000 seed weight significantly
increased with application of two irrigations. Seed coating @1.5% + soil application of Jalshakti
@ 6 kg per ha. increased seed yield over control. Seed coating or soil application had no significant
effect. Jalshakti treatment also increased oil content in seeds.

Key words : Irrigation; Mustard; Starch polymer.
INTRODUCTION

Crop yield is directly influenced by water stress at critical stages of growth. Not only
the number of irrigations but also the stage affects the seed yield of mustard. Winter crops
often suffer severely from water stress during critical stages of growth (Singh and Kumar,
1981). Besides, selecting the optimum stage of irrigation in irrigated areas, it is also desirable
that the moisture is retained for a longer period in soil. Starch polymers (Jalshakti) have been
reported to increase the water absorbing capacity of soil and extend irrigation intervals.
Therefore, investigations were carried out to study the integrated effect of different levels of
irrigation and starch polymer (Jalshakti) on yield, yield attributes and quality of mustard.

MATERIALS AND METHODS

The experiment was conducted at Crop Research Centre of G.B.Pant University of
Agriculture and Technology, Pantnagar during winter scasons of 1987-88 and 1988-89 on siity
clay loam soils having pH of 7.2 and 7.1 and organic carbon percent 1.04 and 1.02, respectively.
Total rainfall received during the crop season was 60.3 mm and 80.4 mm, respectively. The
experiment was laid out in split-plot design, taking irrigation levels as main-plots (unirrigated,
one irrigation at rosette stage and two irrigations at rosette and siliquae formation stages) and
Jalshakti levels in sub-plots (control, seed coating @1.5%, soil application @ 6 kg/ha and seed
coating @ 1.5% + soil application of Jalshakti @ 6 kg/ha) with three replications. Variety
‘Krishna’ of Indian mustard was sown on 16 Oct. and 10 Nov. A basal application of 60 kg N,
40 kg P20s and 20 kg K>O per hectare was made and 30 kg N/ha was topdressed at the
flowering stage. The observations on various yield attributes were recorded from five randomly
selected plants in each plot. The oil content was determined using soxhlet’s extraction method
and N percentage was determined by the micro Kjeldahl’s method (Jackson, 1973). The
amount of protein content was obtained by multiplying the N with a constant factor of 6.25.

Received for publication on March 27, 1992
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RESULTS AND DISCUSS!O_N
Yield attributes

Significantly higher number of branches/plant, Siliquae/plant, 1000 seed weight and
secd weight/plant were recorded in the treatment where two irrigations were applied (Table
1) However, during 1988-89, number of branches/plant as well as seed weight/plant remained
at par with one irrigation. The treatments comprising one irrigation and unirrigated also did
not differ significantly for number of siliquae/plant during 1988-89 and seed weight/plant
during both the years. Bajpai and Singh (1981) also reported significant increase in branches
and siliquae/plant with two irrigations. Sharma and Kumar (1989) reported significantly higher
1000 seed weight and seed weight/plant with two irrigations,

Table 1. Influence of irrigation and Jalshakti levels on yield attributes of mustard

Treatments No. of branches/ piant |No. of siliquae/ plant |1000 sced weight (g) |Seed weight/ plant {g)
'87-88 '88-89 8788 '83-89 '87-88 '88-89 'B7-88 '88-89

Irrigation levels

Unirrigated 218 111 2375 149.9 4.18 384 9.82 9.70
One irrigation 269 13.2 264.4 179.4 4.68 433 1045 10.16
Two irtigations 311 148 30046 218.9 5.05 455 13.04 13.31
SEm.* 0.66 0.56 393 849 009 0.07 0.32 045
CD at 5% 26 22 154 333 035 0.27 125 175
Jalshakti levels

Control 4.6 118 2521 165.6 4.23 393 10.03 10.00°
Seed coating @1.5% 258 128 260.0 172.2 4.66 4.30 1083 1067
Soil application @ 264 13.4 2R2 186.1 474 4.33 11.53 1105
6kg/ha

Seed coating 1.5% 296 14.3 285.6 2013 4.85 4,40 12.02 11.43
+ Soil application :

@ 6! 2hs

SEm. 1.23 0.93 1048 9.68 0.10 0.10 0.25 0.33
CD at 5% NS NS NS NS 0.30 0.29 0.74 NS

The number of branches and siliquae, though, did not differ significantly with respect -
to irrigation levels but Jalshakti levels had more value over control. Significantly higher 1000
seed weight and seed weight/plant was recorded where seed coating of Jalshakti was made
along with soil application in comparison with control. However, during 1988-89, seed
weight/plant did not differ significantly. Seed coating @ 1.5% or soil application of Jaishakti
@ 6 kg/ha did not have significant difference for 1000 seed weight and both remained at par -
with the treatment where seed coating was done along with soil application of Jalshakti.

Seed Yield

Seed yield was significantly higher under two irrigations in comparison with unirrigated
condition but remained at par with one irrigation during both the years (Table 2). Seed yield
increased by 8.1 and 21.8 per cent during 1987-88 and 7.9 and 23.6 percent during 1988-89
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under two irrigations as compared to one irrigation and unirrigated condition, respectively.
Increase in yield attributes additively resulted in an increase in the seed yield of mustard. A
significant increase in the seed yield of mustard with the application of one irrigation has been
reported by different workers (Kumar, 1981; Sharma and Kumar, 19895},

Table 2. Influence of irrigation and jalshakti on yield, oil and protein contents in seeds of

mustard

Treatments Seed yield (g/ha) Oil content (%) Protein content (%)
'87-88 ‘83-8% '87-88 '88-89 '87-88 '§8-89

Irrigation levels

Unirrigated 1143 1047 3710 36.93 19.99 20.22

One irrigation 12.89 11.99 B.79 38.61 19.00 19.99

Two irrigations 1393 12.94 40.99 40.54 18.90 19.26

SEm.x 0.41 0.34 - D14 0.22 0.38 0.11

CDat5% ' 1.60 13 055 0.86 NS 043

Jalshakti levels ‘

Control . 11.79 10.82 38.41 38.07 20.60 20.03

Seed coating @1.5% 12.59 11.74 3889 38.43 19.61 19.93

Soil application @ 6kg/a 13.01 12.20 39.27 879 19.49 19.72

Seed coating 1.5% + Soi} 13.60 71261 39.84 39.48 19.28 19.60

application @ 6kg/ha

SEm. = 0.24 0.16 0.18 0.18 0.43 0.09

CD at 5% 0.72 047 0.55 0.53 NS (.26

Significantly higher seed yield was recorded where sced coating of Jalshakti was done
along with soil application in comparison with control. Although, seed coating @ 1.5% or soil
application @ 6 kg/ha or seed coating as well as soil application had no significant differences,
but, soil application had beneficial effect on sced yield.

- Qil content

Significantly higher oil content was recorded when two irrigations were made during
both the years, one irrigation also had significantly higher oil content over unirrigated
conditions (Table 2). Sharma and Kumar (1988} reported that two irrigations significantly
increased the oil content in mustard. Significantly higher oil content was recorded when seed
coating of Jalshakti was done along with soil application during both the years. Seed coating
@ 1.5% and soii application of Jalshakti @ 6 kg/ha alone also remained aimost the same.

Protein content

Protein content in seeds was not-significant during 1987-88 and decreased withincrease
in irrigation levels during 1988-89. However, one irrigation and unirrigated conditions did not
differ significantly. Higher protein content was recorded in control and lowest protein content
was recorded under seed coating of Jalshakti along with soil application. However, during
1987-88 the protein content did not differ significantly due to Jalshakti levels.
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SATURATION OF SOIL*
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ABSTRACT

The results of the two years study on nwtrition of groundnut in refation to cafcium
saturation of soil revealed that calcium oxide was more effective than calcium sulphate in enbancing
the pod yield. Calcium saturation in soil upto 75 per cent can adequately cause for steep gradient
of calcium concentration between pod and soil and also increase the availabitity of magnesium and
sulphur resulting in higher pod yield of groundnut. Higher pod yield can also be reafized in sandy
loam type of soil as compared to sandy clay loam soil. .

Key words : Groundnut; Calcium saturation; Caicium sources; Magnesium; Sulphur

INTRODUCTION

Adequate calcium is essential in the root zone and pod zone to produce high yield of
good quality pods. Groundnut has the unique characteristic of uptake of calcium by the
developing pegs and pods. As calcium is relatively immobile in the plant tissues and is not
translocated in sufficient quantities from the roots to meet the needs of developing pods,
calcium has to be made available in adequate quantities in the pod zone. It is thus recognized
that calcium availability in podding zone is often a yield limiting factor for groundnut
production. Presently, gypsum is recommended on adhoc basis without considering the native
status and calcium saturation. Mehlich and Reed (1947) observed increase in pod filling with
increasing degree of calcium saturation. Thus, this calls for a reintroduction of the concept of
application of calcium to groundnut through a suitable source in order to establish a steep
gradient in Ca concentration between pod and soil. Hence, the present investigation on uptake
of Ca, Mg and S by groundnut in relation to calcium saturation of soil was undertaken.

MATERIALS AND METHODS

This study was catried out in pots for two years (kharif 1989 and summer 1990) at the
Main Research Station, Hebbal, Bangalore, There were 16 treatment combinations consisting
of two soil types {ARS, Chintamani soil and GKVK farm soil), two sources of calcium (CaO
and CaSQO4) and four levels of calcium saturation (Control, 25%, 509 and 75% saturation} -
tried in completely randomized design with three replications. Burat clay pots of 16 kg capacity
were used for the study. In each pot 15.5 kg soil free from stones and stubbles was filled. Fresh
soil was used for the study during the second year. The physical and chemical properties of
the two soils used in the study are given in Table 1.

Regquired calcium to attain saturation level was worked out as :

Ca saturgtion required — Ca_saturation_present
100

Required calcium(meq/o g)=CEC

* Part of Ph.D., Thesis approved by the UAS, Bangalore.
Received for publication on April 27, 1992 :
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The soil was saturated as per the treatments ten days earlicr to sowing and allowed for
equilibration by stirring and watering, Nitrogen, phosphorus and potassium at 25:75:37.5 kg
per ha were applied through DAP and muriate of potash. Calcium and Magnesium in the soil
and plant parts (Jackson, 1973} and sulphur in the plant parts (Chenin and Yein, 1950) were
analysed at different stages. Pod yield was recorded and expressed in g per plant.

Table 1. Physical and Chemical properties of soils of ARS Chintamani and GKVK farm

Particulars ARS Chintamani soil GKVK Farm soil

I Physicat properties
Mechanical analysis (%)

Sand 509 - - 3323

Site ' 87 C Be2
Clay 24 : 33.13
Textural class Red sandy loam co Sandy ciay toam

II Chemical properties ) o .
Soil reaction (pH) 538 : ‘ o 53
CEC (meq/ 100 g) 96 : 98 .
Exchangeable Ca (meq/ 100 g} 138 1.30
Calcium Saturation (%) 13.26 14.37
Exchangeable Mg (meq/ 100 g) 0.7 0.60
Avajlable sulphur (ppm) _ 20 16.0
Available nitrogen (kg/ ha) ) snz2 E ' 280.0
Available P205 (kg/ ha) : X 7) : . 2188
Available K20 (kg/ ha) 9.68 55.63
RESULTS AND DISCUSSION

Effect of soil types

The results of the study indicated that Chintamani soil registered significantly more
pod yield (17.08 g/plant) than GKVK soil (11.64 g/plant) during 1989. Similar trend was also
observed during 1990 but the differences were not significant (Table 2). Resuits on nutrient
status of soil at different stages of crop growth revealed higher calcium status in the soil before
sowing and also at 50 DAS in Chintamani soil as compared to GKVK soil (Table 1). Similarly -
Chintamani soil had higher magnesium content at 50 DAS but the differences were not -
significant (Table 2). These observations clearly indicate the increased availability of calcium
and magnesium in Chintamani soil as compared to GKVK soil.

There was significant increase in the accumulation of calcium in the shoot and pod at
60 DAS and calcium and magnesium in kernel at harvest during 1989 in Chintamani soil
(Tables 3 and 4). Thus, the efficiency of Chintamani soil in enhancing the pod yield of
groundnut could be attributed to the increased availability of nitrogen and uptake of nutnents
and better texture of the soil.
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Table 2. Pod yield and calcium content in soil at different stages as influenced by calcium
sonrces and saturation levels in two soils on groundnut

Pod yield (g/plant) Calcium content (meq/100 g) in soil
Before sowing 50 DAS After harvest

1989 1990 1989 1990 1989 1990 1989 1990
Soils:
A ARS, Chintamani  17.08 14.40 6.01 598 561 609 439 407
soil
B: GKVKiarmsoil 11.64 14.05 556 545 5.36 572 4.37 4.93
SEm. x 0.43 0.68 0.12 015 0.06 0.19 0.12 0.17
CDat 5% 1.20 NS 0.33 0.44 0.17 NS NS 047
Calcium sources
§1: Calcium oxide 15.06 14.20 569 553 542 5.65 5.15 5.00
§2: Calcium sulphate  13.66 14.24 5.88 3% 5.55 6.16 361 401
SEm. + 043 - 0.68 012 0.15 0.06 0.19 0.12 0.17
CD at 5% 1.20 NS NS NS NS NS 0.34 047
Calcium saturation levels
Lo: Control 10.82 10.54 1.35 1.47 140 140 143 1.50
L1: 25% saturation  14.52 14.88 38 384 337 417 340 385
L2:50% saturation 1528 15.54 7.38 758 6.77 7.95 5.59 5.60
L3: 75% saturation  16.80 s 10.56 9.97 10.40 1011 7.10 7.07
SEm. * 0.61 0.96 0.17 0.22 0.09 0.28 017 0.24
CD at 5% 1.70 2.67 047 0.62 0.25 0.77 049 0.67

NS = Not significant
Effect of calcium sources

Calcium sources which contain either only calcium or both calcium and sulphur are
generally used in grbundnut production. During 1989, calcium oxide produced signiﬁcantly
more pod yield (15.06 g) than calcium sulphate 513.66 g). Satyanarayanaet al., (1975) reported
that in acid soils with pH 5.1 at Bangalorc, application of lime at one tonne per ha increased
the pod yield of groundnut from 0.66 tonnes in control 1o 1.32 tonnes per ha. The pH of the
soil 1n the study was 5.8 in Chintamani soil and 5.3 in GKVK soil. Bcnegcia_l effect of calcium
was due to increase in base saturation with concomitant increasc in nutrient avatlability
(Sudhir et al., 19897). Further, in the present study calcium oxide application resulted
s:“glni‘liicantly more calcium and magnesium accumulation in kernel as compared to calcium
suiphate.

Effect of calcium saturation levels

Pod yield was significantly influenced by the calcium saturation during both the years.
Twenty five per cent calcium saturation recorded significant increase in pod yield by 34.19 per
cent 1 1989 and 41.17 per cent in 1990 over control (Table 2). Increase in calcium saturation
to 75 per cent caused significant increase in pod yield (55.25%) over control during 1989 while
there was no significant effect during 1990. Thus, indicating the great demand for calcium by
groundnut crop. Calcium will effectively neutralise the acidity and calcium jons would be
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retained on exchange complex. McLean and Carbonell (1972) pointed out that at higher base
saturation of acid soil, the calcium and magnesium ions are absorbed on sites of pH dependent
charges which favour the hydrolysis reaction and increased calcium and magnesium activities.

The overall increase in yield of groundnut due to calcium saturation was due to increase
in the availability of nutrients. This was evident from the positive and significant correlation
between pod yield and calcium and magnesium status in the soil before sowing and 50 DAs,
calcium, magnesium and sulphur concentration in shoot and pod at 60 DAS and in shoot at
harvest. Calcium saturation significantly increased the calcium content in the soil before
sowing, at 50 DAS and after harvest with successive increment in calcium saturation levels
during both the years (Table 2). This may be attributed to higher solution concentration of
calcium and absorption of calcium and concomitant relcased of magnesium to the soil solution
phase (Bheemaiah and Ananthanarayana, 1984). The increase m charge density due to
calcium saturation has greater affinity for higher valent ions (Bishngiet al., 1988). Thus calcium
being divalent ion, calcium saturation increased its concentration on exchange complex. This
increased availability of calcium in the soil has greatly influenced the increased accumulation
int different plant parts at 60 DAS and at harvest (Table 3).

Table 3. Magnesium content in seil and calcium in different plant parts as influenced by
calcium sources and saturation levels in two soils on groundnut

Magnesium content (meq/100g) in soil Calcium per cent
Before SODAS | After harvest| 60 DAS At harvest
sowing Shoot + pod
Haulm Kernel
1989 1990 (1989 1950 11989 1990 (1989 1990 £198% 1990 (1989 1990

Soils

Af ARS, Chintamani 165 158 132 LI8 08 087 158 167 195 17 030 025
sO1

B: GKVK farmsoil 170 163 108 L11 077 070 133 160 199 16 016 025
SEm. + 020 015 010 009 007 005 004 003 004 003 001 001
€D ar 5% NS NS NS NS NS 016 011 NS NS NS 004 NS
Calcium sources

81 Calcium oxide 162 154 120 117 08 081 148 160 197 168 025 026
82: Calcium sulphate 173 167 120 112 077 075 143 166 197 171 021 0.23

SEm. = 020 015 010 009 007 005 004 003 004 003 001 001
CD at 5% NS NS NS NS NS NS NS NS NS NS NS 0.01
Calcium saturation levels

Lo: Conirol v 068 060 066 065 065 056 137 147 168 136 GI8 021

L1257 saturation 160 158 096 104 095 085 135 163 206 169 026 026
L2:50% saturation 195 184 170 160 09 08 164 164 1.9 L75 027 025
L3: 75%saturation 249 240 148 13 078 015 146 180 221 198 023 027
SEm. = 029 022 014 013 010 008 006 005 005 005 002 001
CD at 5% DBL 061 040 035 NS 022 036 014 (016 014 NS 002

NS = Not significant
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Magnesium content in the soil increased with successive increment in calcium satura-
tion upto 75 per cent before sowing during both the years and upto 50 per cent at 50 DAS and
after harvest (Table 3). In different plant parts synergistic effect has been observed between
calcium saturation at 25 per cent and magnesium indicating the release of magnesium from
exchange complex into soil solution and subsequent uptake by the crop (Table 4).

Calcium saturation caused greater accumulation of sulphur in different parts of
groundnut during both the years (Table 4). This may be explained due to the mechanism of
desorption taking place consequent to an increase in pH dependent charge (Korentajer e al,
1983). The neutralisation process further enhance the mineralisation of organic matter which
will contribute to the release of sulphur and its accumulation in the plant.

Table 4. Magnesium and sulphur (%) in different parts at different stages as influenced by
calcium sources and saturation levels in two soils on groundnut

Magnesium (per cent) Sulphur (per cent)
0 DAS At harvest 60 DAS At harvest
Shoot +pod Shoot + pod
Haulm Kernel Hauim Kernel
1989 1990 {1989 1990 [1989 1990 [1989 1990 {1989 199¢ (1989 1990

Soils

A : ARS, Chintamani 0.33 024 045 045 020 009 045 035 023 02 026 016
soil

B:GKVKfarmsoit 036 029 054 0353 008 031 036 046 027 021 026 020
SEm. = 802 002 084 002 001 001 002 001 003 001 001 001
CDat 3% NS NS N8 007 0061 NS 005 004 002 D003 NS - 002
Calcium sources

81 : Calcium oxide 03 027 041 048 011 Q09 039 041 025 022 027 017
§2: Calcium sulphate 040 025 059 050 008 010 042 040 024 024 025 019

SEm. % 002 002 004 002 001 001 002 001 00l 001 001 001
CD at 5% NS NS €411 NS 001 NS NS NS NS NS NS NS
Calciom saturation levels

1Lo: Control 031 010 025 032 002 006 03¢ 031 016 016 021 012

Li: 25% saturation 040 032 052 063 013 013 044 041 026 023 027 021
L2: 50% saturation  0.36 036 065 055 03¢ 011 045 046 026 025 025 018
L3: 75% sawration 042 D28 058 047 011 009 043 045 031 029 o3z 021
SEm. + 004 003 005 003 00 001 D002 002 001 001 001 00
CD a1 5% NS 008 015 009 002 002 008 006 003 604 003 003

NS = Not significant

Hence, it can be concluded that calcium saturation upta 75 per cent irrespective of soil
types can adequately meet the greater demand of calcium in enhancing the pod yield of
groundnit and also cause increased availability of magnesium and sulphur.
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ABSTRACT

Aflatoxin contamination of groundnut is a serious problem in most groundnut-producing
countries; in some regions the problem is largely preharvest while in other regions it is mainly
postharvest. The most effective way to avoid aflatoxin contamination is to prevent seed infection
by the aflatoxin-producing fungi, Aspergillus flavus, A. parasiticus, and A, nomius, at all stages in
production, storage, and processing. All possible aflatoxin management sysiems including preven-
tive measures (cultural practices, use of A. flavus-resistant cultivars, and provision of effective
storage conditions) and curative practices (decontamination/segregation of contaminated
groundnuts, and detoxification procedures) are discussed. Some possible future management
strategies are suggested.

Key words : Groundnut; Arachis hypogaea; Aflatoxin; Aspergillus flavus; Aflatoxin management;
Genetic resistance,

INTRODUCTION

Aflatoxin contamination of groundnut is a serious problem in most groundnut-produc-
ing countrics. Infection of groundnut kernels by the aflatoxin-producing fungi, Aspergitius
Jflovus, A. nomius, and A. parasiticus, and subsequent contamination with aflatoxins may occur
before harvest, during postharvest curing and drying, or in storage (Dickens, 1977; Mehan,
1987). Aflatoxin contamination is largely a preharvest phenomenon in the semi-arid tropics,
while in the more humid tropics it is predominantly a postharvest problem. Research in a
number of countries has provided an understanding of the effects of cultural practices, crop
produce bandling, and storage conditions on aflatoxin contamination in groundnuts, and this
has been used to formulate aflatoxin management practices to be used by producers and those
concerned with purchase, storage and processing of groundnuts and groundnut products.

For management of infection by the aflatoxin-producing fungi and subsequent aflatoxin
contamination of groundnut, both preventive and curative practices are important. Therefore,
aflatoxin management should be initiated in the farmers’ field and should continue through
harvest, crop produce handling, marketing, storage and processing. Preventive options include
cultural practices (e.g., soil application of gypsum, field drying of crop produce in inverted
windrows), application of plant protection chemicals and provision of effective storage
conditions and care during processing, while curative measures should include decontamina-
tion/segregation of contaminated pods and kernels and effective detoxification procedures.
Genetic resistance is a desirable component of any integrated aflatoxin management system,

Inthis paper I discuss available aflatoxin management systems, and then provide some possible
future management strategies.

*Submitted as Journal Article No.1424 by the International Crops Research Institwte for the
Semi-Arid Tropics (ICRISAT).
Received for publication on September 29, 1992
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Management of aflatoxin contamination before harvest

Cropping groundnut continuously on the same land leads to high populations of the
aflatoxin-producing fungi in the soil and this increases the probability of preharvest seed
infection and aflatoxin contamination (Joffe and Lisker, 1970; Pettit and Taber, 1968). Crop
rotation with cotton, tobacco and some cereals including wheat, rice, and millet can greatly
reduce the build-up of inoculum of A. flavusiA. parasiticus (Pettit and Taber, 1968). Soil types
influence build-up and survival of the aflatoxigenic fungi (Graham, 1982; Mehan et al., 1991).
Light sandy soils and Alfisols favour rapid proliferation of these fungi, particularly under dry
conditions, and risks of preharvest aflatoxin contamination are high in these soils. There
appears to be less risk of preharvest contamination of groundnut in Vertisols; high water-hold-
ing capacity may be partly responsible for this (Mehan et al., 1991).

Drought stress favours both fungal infection and aflatoxin production in groundnut
(Davidson et al., 1983a; Cole et al., 1984). Infection by the aflatoxigenic fungi and aflatoxin
contamination before harvest can be either prevented or greatly reduced by avoiding drought
stress, particularly during the latter stages of pod development (Wilson and Stansell, 1983;
Cole et al., 1984).

In order to prevent preharvest infection and aflatoxin contamination it is important to
choose a cultivar that fits a particular growing season and matures at the end of the rains so
that postharvest ficld drying can be done under dry conditions. If the rainy season is longer
than the duration of the crop, sowing dates may be adjusted so that the crop matures at the
end of the rainy season and postharvest conditions are congenial for rapid and effective curing
and drying of the produce.

Excessive weed growth may deplete available soil moisture and contribute to drought
stress, so effective weed control can reduce the risk of aflatoxin contamination.

Providing adequate soil moisture during the 4-6 weeks prior to harvest should be
effective in prevention of seed infection by aflatoxigenic fungi and aflatoxin contamination
(Wilson and Stansell, 1983; Cole et al., 1984). Supplementary irrigation of the rainfed
groundnut crop, especially during late season drought stress, prevents or greatly reduces
preharvest aflatoxin contamination and may also reduce pod damage by soil-inhabiting insect
pests. The beneficial effects of irrigation in alleviating preharvest contamination may be
limited if part of the groundnut field is not irrigated. In irrigated fields the areas missed by
the irrigation system may contain high levels of 4. flavus-infected groundnuts. Pods from dry
areas of the field should be handled and processed separately to remove A. flavus-con-
taminated groundnuts in the field. Close observation of the groundnut field prior to digging
may reveal areas of plant stress, such as isolated pockets of severe drought stress, where fungal
infection and aflatoxin contamination is commonly observed.

In some severe drought stress areas, where soil hardens at harvest, irrigation is given
to facilitate lifting of the crop. In such cases lifting should be done immediately after irrigation;
otherwise complete rotting of pods may occur.

Although it has not been proved that drought-tolerant cultivars have greater resistance. -

to fungal infection of pods/seeds than drought-susceptible cultivars, it is a reasonable supposi-
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tion and it is probably wise to use drought-tolerant cultivars in areas with frequent late season
drought stress.

Application of gypsum to the soil at the time of pegging can reduce infection and
aflatoxin contamination and contribute to improved crop quality (Davidson et ai., 1983b;
Wilson and Walker, 1988),

Cultivation and crop protection practices that lower the incidence of soil- inhabiting
pests should reduce aflatoxin contamination. Prcharvest aflatoxin contamination can be
substantially reduced by avoiding mechanical damage of pods during weeding. Individual
plants that die from attack by pests and diseases should be lifted separately because of
probable aflatoxin contamination.

Timely lifting of the crop at maturity can reduce infection and aflatoxin contamination.
Management of postharvest aflatoxin contamination

Where groundnuts are already infected by the aflatoxigenic fungi at harvest, there may
be a serious build-up of aflatoxin contamination if environmental conditions during crop
drying favour development of these fungi (McDonald and Harkness, 1964). Where preharvest
conditions have not favoured fungal infection of seeds, there may still be infection of pods and
with unfavourable postharvest drying conditions the aflatoxigenic fungi may invade the seed
with subsequent aflatoxin contamination. Rain or humid weather during and after harvest
contributes to unfavourable postharvest drying conditions.

Postharvest aflatoxin contamination can be either prevented or minimized by the
following practices :

1. Avoiding mechanical damage to pods during harvesting and subscquent processing,

2. Rapid field drying of the produce can largely prevent postharvest invasion of seeds by
aflatoxigenic fungi,

One of the most effective rapid cering and drying procedures for reducing aflatoxin
contamination is to invert the groundnut plants in windrows. Pods are exposed to direct
sunlight and air currents and they dry rapidly and effectively (Dickens and Khalsa, 1967).
However, very rapid drying may cause testa slippage and production of seeds with off-flavors,
and may reduce seed viability.

3. Preventing rewetting of the crop produce either during or after the drying process;

When groundnut plants with high moisture content are lifted and dried in windrows
there may be a considerable amount of seed infection by aflatoxigenic fungi, particularly under
unfavourable drying conditions (Jackson, 1967a, b). In warm, wet weather the drving time is
extended and the risk of aflatoxin contamination is increased, Rain shortly after lifting is not
harmful, but rain after the groundnuts arc partially dried, followed by poor drying conditions,
is likely to result in aftatoxin contamination. In areas where rains continue after harvest, if ficld
drying of groundnuts is delayed then aflatoxin contamination is highly probable, During the
rainy season and also in the case of unseasonal rains at harvest it may be difficult to rapidly
dry the harvested produce. In these situations, construction of special drying vards at strategic
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points in villages, and the availability of cheap plastic/polyethylene material to cover the
produce if rain occurs, should prevent mold growth on pods. Treating the crop produce with
59, common salt (sodium chloride) can reduce mold growth (Farah et al., 1983).

4, Discarding moldy and damaged pods and drying the produce to a safe moisture level
(8%) (Dickens, 1977) before storage of pods. ’

Management of aflatoxin contamination of groundnuts in storage/transit

Increased moisture from rewetting of pods in storage or from exposure of pods to high
humidity for extended periods of time favours rapid invasion by aflatoxigenic fungi with
subsequent aflatoxin contamination.

It is important that dried pods/seeds be protected from wetting and stored in well-ven-
tilated warehouses or silos with protection from insect infestation.

Siting groundnut stores in high relative humidity areas should be avoided if possible.
Providing dry, well-ventilated godowns with concrete floors should prevent contamination in
storage. Aeration is essential for prevention of aflatoxin contamination during storage of
groundnuts, Cool temperatures (12-20°C) and uniform moisture distribution reduce mold
growth and insect activity.

In order to eliminate an insect infestation in either the warehouse or on/in the bag
stacks, prophylactic spraying of the structure and the exposed bag surfaces with approved
insecticide may be employed. Fumigation may be implemented with fumigants effective
against insects and fungi. For large-scale fumigation, methyl bromide or mixtures of ethylene
dibromide and methyl bromide (1:3) should be effective when applied under tropical tempera-
ture conditions {Agboola and Opadokin, 1982). Phosphine generating fumigant products are
also effective for this purpose (Agboola and Opadokin, 1982).

Infested transport containers may provide sources for contamination of the stocks that
are delivered by the transport system. Therefore, it is important to disinfest empty transport
containers. If the transit is prolonged, fumigation of the full transport containers should be
done at the final destination, During transit in humid weather and during ocean transportation,
moisture from the air or water of condensation may be absorbed by the consignment. The
moisture content of the shipment should be verified before warchousing. Tarpaulins or airtight
containers effectively prevent moisture uptake during transportation. Packaging materials
resistant to insect penetration, and ballooning of the bag stacks reduce the risk of aflatoxin
contamination. '

Decontamination/segregation of aflatoxin-contaminated groundnuts

Where groundnuts are intended for human consumption, a reduction in aflatoxin
contamination may be achieved by selcctive processes such as hand-picking and electronic
sorting to remove mold-damaged seeds. This is the basis for some decontamination/segrega-
tion procedures that have been developed and utilized by the groundnut industry in several
countries (Dickens, 1977; Tiemstra, 1977; Read, 1989). Sorting raw kernels by visual examina-
tion is not effective when apparently healthy kernels have concealed mold damage. This does
not apply when scanning blanched kernels and it is important that such examinations are .
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carricd out at this later stage in processing. The most effective way to remove off-colour kernels
is with electronic colour sorting. Kernels that differ substantially in colour from the standard
for the particular cultivar(s) being examined should be rejected. Blanching followed by
photoelectric colour sorting and hand-picking effectively reduces aflatoxin contamination, In
processes where sorting is done after roasting and blanching, the darker and nonblanched
kernels should also be removed.

However, there are problems associated with intrinsic seed colour differences among

- cultivars and discolouration caused by factors other than fungal infection. The primary

objective is to reduce aflatoxin contamination by removat of toxic kernels; however, methods
for inspection, separation, and diversion should be designed so that contaminated kernels are
removed and non-contaminated kernels are not removed from the sample. it is important 1o
detect concealed mold damage in order to increase the effectiveness of the decontamination/
segregation of kernels.

In the USA and Australia, segregation of toxic groundnuts has been very successful.
Contaminated lots are diverted for ol extraction and non-food uses (Dickens, 1977). While
tonis approach is recommended for developed countries, safeguards are required if segregation
of contaminated groundnut lots is to be used in less developed countries where the rejected
groundrnuts could be inadvertently distributed to local markets. It is important that those
concerned with segregation should ensure that highly toxic material does not get back into the
food chain. Where facilities exist, oil may be exiracted from this material and detoxified, but
the cake is not suitable for animal feed. Perhaps it could be used as a fertitizer.

Controt of aflatoxin contamination with groundnut cultivars resistant to seed infection
and colonization by aflatoxigenic fungi

The use of groundnut cultivars resistant to seed infection and colonization by the
aflatoxigenic fungi is an effective and practical way of eitber preventing or greatly reducing
aflatoxin contamination.

Much research on development of cultivars with high levels of resistance to seed
invasion and colonization by A. flavus/A. parasiticus has been conducted. Resistance traits of
the testa have been studied by scientists in several countries (Laprade and Bariz, 1972; Mixon
and Rogers, 1973; Bartz et al., 1978; Zambettakis et al., 1977; Mixon, 1979; Zambettakis et a/,
1981; Mchan ef al,, 1981; Mehan and McDonald, 1984; Tsai and Yeh, 1985; Mixon, 1986; Pua
and Medalla, 1986; Raoef al,, 1989). Several genotypes and breeding lines with resistance to
seed invasion and colonization in laboratory inoculation tests have been reported, This
reststance will probably be of most value during postharvest field drying or in storage.

Genetic resistance of groundnuts to seed infection and aflatexin contamination in the
field has been extensively studied in the last decade (Davidson ef al., 1983b; Kisyombe ef al.,
1985; Mehanet al.., 1986; Mehanet al., 1987). This is important because it identified preharvest
infection and aflatoxin contamination as a serious problem in rainfed groundnut production
areas of the semi-arid tropics. Several genotypes with field resistance 1o seed infection by A.

flavus have beenreported (Kisyombe ef af., 1983; Mchanet a/., 1987}, Some of these genotypes
also possess resistance (o seed colonization. These resistances in some cultivars (e.g., J 11 and
55-437) could reduce aflatoxin contamination in some environments.
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Resistance to seed infection by aflatoxigenic fungi is also important for maintaining
quality of seed used for planting because these fungi cause seed sots and aflaroot disease of

seedlings.

Resistance based on genotypes with seeds that can be infected and colonized by
aflatoxigenic fungi but prevent aflatoxin production would be useful. Immunity to aflatoxin
production has not been reported, but there are marked genotypic differences in aflatoxin
production.

Resistant cultivars should be part of an integrated aflatoxin management programme
that includes cultural and crop handling procedures appropriate for different agroecological
situations. The use of cultivars resistant to aflatoxigenic fungi in combination with crop
management practices designed to minimize the risk of aflatoxin contamination could provide
a solution to this serious problem.

Regulatory control measures

Aflatoxin regulatory programmes have been introduced in some countries (Van Eg-
mond, 1989). Regulatory programmes in some developing countries are introduced primarily
to protect the export market of agricuitural commodities including groundnut and groundnut
products. These regulations must be strictly enforced, otherwise the importing countries will
reject the commodities resulting in a loss of foreign exchange. Many groundnut importing
countries (e.g., Germany, Denmark, the Netherlands, and the UX)) limit the amount of
aflatoxins in groundnut and groundnut products. The tolerance level for aflatoxin in a
commaodity varies widely depending on the country and the foodstuff and also whether the
foodstuff is designated for human or animal consumption (Van Egmond, 1989). Countrics
dependent on export of groundnuts are obliged to establish export limits that meet import
requirements. This leads to economic loss if the requirements are unnecessarily strict. In many
developing countries, domestic regulatory measures on aflatoxins have received little or no
attention,

Aflatoxin detection is an essential component of an aflatoxin control programme. The
use of ELISA Kits to detect aflatoxins should expedite development of management/control
programmes because the kits are casy to use in locations with limited laboratory facilities.

Other approaches/strategies to the groundnut aflatoxin problem
Soil selarization

Soil solarization may be effective in reducing preharvest infection and aflatoxin con-
tamination, Solarization for disinfestation of soil involves mulching soil with transparent
_polyethylene sheets in the hot season before planting. This should reduce soil populations of
the aflatoxigenic fungi, particularly in light sandy and sandy loam soils with a high population
of aflatoxigenic fungi.

The use of biocompetitive agents

. The use of microbes to reduce preharvest aflatoxin contamination has been suggested.
This is possible with non-toxigenic strains of 4. flaviis/A. parasiticus (Cleaveland ef al., 1990).
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It is important to use aggressive, stable, non-aflatoxigenic strains as biocompetitive agents,
These strains should not have the potential to exchange genetic material through anastomosis
and re-acquisition of the aflatoxigenic trait from soil- inhabiting aflatoxigenic strains. It should
be possible to develop ‘superior’ (stable, aggressive) non-aflatoxigenic strains with existing
genctic engineering technology.

Aflatoxin-resistant transgenic groundnuts

New molecular techniques for development of resistance to aflatoxigenic
fungi/aflatoxin should be applied to groundnut. A gene conferring resistance to infection by
aflatoxigenic fungi or to aflatoxin production should be introduced in groundnut with the
microprojectile bombardment technique. Aspergillus-resistant or aflatoxin-resistant trans-
genic plants should be an effective genetic approach to management of aflatoxin production.

CONCLUDING REMARKS/RECOMMENDATIONS

There are good prospects for breeding groundnut cultivars with useful levels of
resistance to s¢ed infection and colonization by A. flavus/A. pargsiticus. Efforts to combine
resistances to preharvest seed infection and postharvest seed colonization or aflatexin produc-
tion should be initiated. Research should be intensified into elucidation of resistance
mechanisms and their inheritance. Resistant cultivars will be essential for specific producer
and user requirements (e.g., oil-type and confectionery-type). Resistant cultivars should be
an important component of an integrated aflatoxin management system.

Education and extension form an integral part of any aflatoxin prevention and control
programme. Emphasis should be given to regional and national level (raining programmes
specifically aimed at prevention and control measures for the personnel involved in crop
management, crop-produce handling and storage of groundnut.

Availability of popular extension literature on aflatoxin management strategies aimed
at educating the farmers and extension workers would be helpful in the prevention and control
of the groundnut aflatoxin problem. Involvement of voluntary groups such as trade associa-
tions, farmer groups, and consumer councils would help in the dissemination of information
pertaining to action programmes on the preveation of aflatoxin contamination.

There is an obvious need to conduct systematic surveys in different seasons to deter-
mine the extent to which groundnuts are contaminated with aflatoxins (preharvest and
postharvest) in different agroecological zones. This information could be used (o formulate
plans for effective control of aflatoxin contamination.

Novel approaches to solve the aflatoxin problem should be pursued. Development of
biocontrol agents and aflatoxin-resistant transgenic groundnut cultivars are high priority
research goals.
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ABSTRACT

Groundnut js an important oilseed and cash crop in India, where it is primarily grown under
rainfed conditions. Mean yields of groundnut are low and erratic under rainfed conditions with a
national average of 750 kg/ha. These poor yields are attributed tovarious biotic and abiotic stresses.
Yields under isrigated conditions in India are also lower than those in the developed countries.

This paper describes crop physiological factors influencing groundnut yields. An effort was
made to analyze groundnut production in terms of crop physiological attributes and toindicate the
scope of using these artributes as selection criteria for crop improvement.

Key words : Groundnut; Crop physiology; Yields.
INTRODUCTION

Groundnut (Arachis hypogaea L.) is an important oilseed and cash crop in India, which
ranks first in the world’s groundnut production. The average yield of groundnut in India,
however ranged between 700-900 kg/ha during the past decade (Fletcher et al., 1992). These
yields are low compared to average yields of 2500 kg/ha in developing countries (Gibbons,
1979). The highest farm yield achieved (9.6 t/ha was reported from Zimbabwe (Hilderbrand,
1980) under high input conditions, indicating the crop’s production potential.

In India, poor yields has been attributed to pests, diseases and the un- reliable rainfall.
Yields are often subject to large temporal and spatial variation for reasons which are not always
obvious (Shankara Reddy and Adivi Reddy, 1979). This failure to achieve the yield potential
which is common, must have a physiological explanation. Thus a study of crop physiological
factors influencing vields is basic to any improvement efforts,

Recent on-farm researcher managed trials conducted in India indicated that improved
genotype contributed 25-28% to yield increases, while improved agronomy contributed about
30-32%. However, combining improved genotype and agronomy resulted in a synergistic yield
improvement ranging from 50 to 150% (McDonald, Personal communication), Qbviously, a
logical approach to increasing yields calls for an appropriate combination of crop improve-
ment (by genetics) and management (agronomy).

Various aspects of groundnut physiology were well described in papers (Williams and
Nageswara Rao, 1984) and review articles (Boote ef of., 1982, Ketringet al., 1982 Reddy, 1988).

The objective here is to analyze groundnut production in terms of crop physiological
attributes, describe how they influence yields, and indicate how one can select for these
attributes,

* An invitational paper presented at the Annual Kharif Oilseed Research workers” Group
Meeting, university of Agricultural Sciences, Dharwad, 21-24 April, 1992
~ Received for publication on October 26, 1992 ) _ }
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Crop physiological basis for yield differences .
The dry matter yield achieved by a crop at final harvest can be described as :
Y = CGRxd . (1)

where, CGR is the crop growth rate (g m day!) and ‘d’ is the crop duration in days.
Pod yield achieved by the crop (Yp) can then be described as :

Yp = CGRxdxp....(2)

where, p is the proportion of the daily assimilate partitioned into pods during the pod
filling phase. If one assumes that the duration of the crop is fixed, then CGR and p are the
major crop parameters determining crop yield. In crop improvement point of view, it is
important to understand all factors influencing these parameters.

It is well known that COg, radiation and water are fundamental for plant growth.
Assuming that CO; is never limiting, then radiation and water availability become major
factors influencing the crop yield.

Radiation interception and radiation-use efficiency

Using the radiation parameters, the dry matter produced (Y) by a given genotype can
be described as :

Y = RxRUE....(3)

where, R is the cumulative radiation intercepted by the canopy during a given period,
and RUE is the radiation-use efficiency, i.e., amount of dry matter produced per unit of
radiation intercepted.

Radiation interception (both in terms of space and time) is an important requirement
for carbon assimilation. The major plant determinant of photosynthetic potential is the
development and maintenance of photosynthetically active leaf area. Leaf area is the product
of leaf initiation rate and individual leaflets size. Both processes are strongly influenced by
geneiw and environmental factors. It has been observed for groundnut that, complete ground
cover in equidistant planting is achieved at a leaf area index (LAT) of approximately 3 (Fig.1)
and once this has occurred, crop growth rate depends mainly on other factors such as
availability of water and duration. The amount of radiation intercepted by the crop is
influenced by factors affecting LAI, such as plant population/mortality during crop growth,
canopy development, pests and discasc incidence etc.

Itis well documented that total dry matter production is linearly related to cumulative
radiation intercepted. Mathews et al., (1988b), reported that four genotypes when grown under
water-deficit conditions, had intercepted same amount of solar radiation but produced
different amounts of dry matter which resulted in significant differences in radiation-use
efficiency between genotypes particularly during the later parts of the growing season (Fig 2.).

The rate of dry matter production depends not only on the leaf area index (LAI) but
also on the leaf orientation with respect to the sun. We have examined the effect of canopy
structure and geometry on groundnut productivity using genotypes with various leaf sizes and
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Fig. 1 The relationship between radiation absorbed (Li) and leaf area index
(LAY) of groundnut at ICRISAT center, 1988-89 post rainy season
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Fig.2 Relation between accumulated shoot dry matter and intercepted radiation for
four groundnut genotypes, ( ® ) TMV 2, ( A ) Kadiri3, { ¢ ) NC Ac 17090
and ( M ) EC 76446 (292). Typical standard errors are shown.

{Source : Mathews ef al., 1988b)
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shapes grown under irrigated and water-deficit conditions. Results indicated that TMV
2.NLM (mutant of TMV 2) which has narrow-leaf, but more leaf number, produced more
total dry matter compared to TMV 2 under irrigated and mid-season drought conditions. One
physiological parameter which contributed to greater total yield in TMV 2-NLM was the

increased radiation-use efficiency (Table 1).

Table 1. Total dry matter (TDM), pod dry matter (PDM) and radiation-use efficiency
(RUE) of TMY 2 and narrow leaf mutant of TMV 2 (TMYV 2-NLM) grown under
irrigated and water deficit conditions at ICRISAT Center.

1989-90 postrainy season

1990 rainy season

Irrigated _lrrigated Mid-season drought
Genotype | TDM PDM RUE TDM PDM RUE TDM PDM RUE
(tha) _ (thay  gMJI  |(tha)  (vha)  gMI  |(tha)  (vha) _ gMJ
™V2 111 33 0.95 6.14 1.3 ND 5.18 0.78 0.59
T™V2- 122 39 116 1.50 1.2 ND 7.20 0.89 0.75
NLM
SE *0.76 031 0.06 +0.29 +0.04 *0.29 +0.04 +0.08
CV(%) 132 25.3 18.1 4.8 5.1 - 4.8 5.1 211

ND = not determined

Radiation-use efficiency was positively correlated with crop-growth rate in a set of
groundnut genotypes grown under adequately irrigated conditions (Fig.3). The implication of
genotypic variation in radiation-use efficiency is an important criteria for selection.
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Fig. 3 Relationship between crop growth rate (CGR) and radiation use efficiency
(RUE) in 12 groundnut genotypes grown under irrigated condition during the

1989-9) postrainy season at ICRISAT center
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Another factor influencing radiation-use efficiency is the ability of a genotype to orient
it’s leaves to intercept or avoid incoming radiation {para keliotropism). Variability in stomatal
closure and leaf movement may represent adaptative mechanisms for over a range of environ-
mental conditions (Shackell and Hall, 1979, Ramesh babu et al_, 1983). Various reports have
indicated that para heliotropism may help to reduce leaf temperature {Shackell and Hall,
1979). Genotypic differences exist in groundaut germplasm for para heliotropism. However,
in one study, the observed variation in para heliotropism did not result in consistent differences
in leaf temperature between genotypes (Mathews ef gl., 1988b). These results may be because
the small differences in leaf temﬂcrature as a result of leaf folding were over ridden by a strong
upward sensible heat flux from the soil surface during drought condition. These results suggest
that under severe drought conditions, where surface soil temperature increases, the role of
para heliotrapism ia reducing canopy temperatures may be of little consequence. However,
1t has been reported that leaf folding helps to minimize damage to photosynthetic apparatus
under high light intensities and gh temperatures (Ludlow and Bjorkman, 1985). This
phenomenon requires further investigation.

Water-use and water-use efficiency

The total dry matter produced (Y) can also be described as :

where T is the total amount of water loss through transpiration and WUE is the
efficiency with which dry matter is produced per unit of water transpired.

Many studies have demonstrated that crops accumulate dry matter at a rate propor-
tionat to the amount of transpired water over a given pertod (Stewart et a/., 1975, Fisher and
Turner, 1978, Ong et al, 1987, Azam-Ali et al., 1989). The slope value (b term) of the
relationship between dry matter and tranipiration indicates WUE, Azam-Ali ef g/, (1989}
reported that the regression co-efficient (r°) between djy mattes produced and transpiration
was (.84, when roots were excluded (Fig.4a), but the r* increased to 0.94 when roots weight
was included in the dry matter estimation (Fig.4 b).
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Transpiration (mm)
Fig.4 ' (a) The relation between shoot dryweight :ﬁld ranspiration of TMV 2 growm at 3 plant
densities, slope = 1.57( = 0.24), mgg™ (r* = 0.83) (Source : Azam-Ali et al., 1989)

() The relation between totaf dry weight (ing u:‘éng roots) and transpiration of TMV 2 grown at
3 plant densities, slope = 3.00 ( £ 02T) mg g™ (r" = 0.94) (Source : Azam-Ali et al., 1985}
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This close relationship between total dry matter production and transpiration for a
given genotype implies that any genetic traits or managerial practices that enhance transpira-
tion in the total evapotranspiration (ET) would have positively effect the vield, and that yields
can not be increased by reducing transpiration.

There is hittle information on genotypic variation for transpiration and-water-use
efficicncy, mainly because of practical difﬁcmies involved in measurement of transpiration
and root biomass in the field. In a field experiment, Mathews ef al., (1988a) observed litile
variation in transpiration among four groundnut genotypes under prolonged drought condi-
tions during early crop growth (Table 2).

Table 2. Dry weight {DM), water use (T) and water-use efficiency (WUE) of four groundnut
genotypes during prolonged water deficit conditions.

Genotype DM (gm™) T (mm) WUE (g kg '1)
TMYV 2 424 219 1.94

Kadiri 3 493 227 2.17

NC Ac 17090 464 228 204

EC 76446 (292) 389 227 1.71

SE 21 +6 = 0.03

(Source: Mathews et al., 1988)

However, in another field experiment we observed substantial variation among
genotypes for both transpiration and water uptake from various soil depths during a drought
phase (Nageswara Rao et al. 1992, Table 3).

Table 3. Amount of water (mm) extracted from different soil horizons by 10 groundnut
genotypes during the end-of season drought,

Soil horizons (cm)

Genotype 0-30 30-60 60-90 90-120
ICG 1697 14 11 17 20
ICG 2716 - 20 12 19 C 16
ICGV 86707 16 13 18 18
ICG 221 2 9 , i5 19
ICGV 86635 16 10 14 20
ICGV 86644 _ n 10 16 16
ICG 476 13 _ 13 13 9
ICG 2738 18 10 © 20 21
1CG 5305 16 12 16 18
ICGV 86743 13 9 12 17

SE *2.2 *16 + 2.1 *+25

(Source: Nageswaea Rao ¢f al.,)
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For example, ICG 476 could extract 9 mm of water from 90-120 cm depth while ICG
1697, ICGV 86635 and ICG 2738 extracted about 20 mm indicating a significant variability
among genotypes for water extraction from deeper soil profile. There is little information
available on variation in root physical parameters and its relationship with water uptake in
grouadnut. This information will be of vital importance if T is to be improved.

Water-use efficiency is a geneltic trait which can contribute to productivity when water
resources are scarce. Variation in water-use efficiency between and within species, has been
shown as early as 1914 (Briggs and Shanz, 1914). More recently, variation for water-use
efficiency has been observed among genotypes in grass species (Bleak and Keller, 1973),
Cotton (Hubick and Farquhar, 1987) and groundnut, (Hubick et al., 1986, Wright et al., 1988,
ICRISAT, 1990). Recent experiments using selected groundnut genotypes have shown sig-
nificant variation in water-use efficiency, ranging from 1.81-3.15 g kg/ha. Water-use efficiency
accounted for about 80% of variation in dry matter produced under a given environmental
conditions (Wright et af, 1992, unpublished).

While potentially useful, water-use efficiency is not an easy trait to select for and exploit
in a breeding programme because of practical difficulties involved in measurement of
transpiration and root mass in the field experiments. Recently, it has been shown that the
carbon isotope discrimination against 13¢ during CO2 assimilation ( A ) was negatively
correlated with water-vse efficiency in wheat (Farquhar and Richards, 1984), Subsequently,
strong correlation between A and water-use efficiency has been observed in other crops
including groundnut (Hubick er af.,, 1986, Wright et a,, 1988, Wright et af., 1992, unpublished
data, Fig. 5a). These results imply that water-use efficiency is an important trait to select for
and that carbon discrimination technology can be effectively used to identify groundnut

a ¥ =11.31 — 043 X (2 =089 P=00%) b ¥ =54 —02X {12 =084, P =001}
3.04 301
2.8 2.8
= 16 T 26
e o
234 4 24
= =
22 4 22 A
20 2.0
1 T - .
! y 184 v . , . —
18 18 19 20 2 2 119 120 130 140 150 160 170
AXIP SLA (cm2 g1 .

Fig. 5 Relationship of water-use efficiency (W) with carbon isotope discrimination
- (A ) (5a), and specific leaf area (SLA) (5b) in Tifton-8 (<> ), Shulamit ([7),
Mccubin (A ) and Chico (© ), grown under intermittent {closed symbols), and
prolonged drought (open symbols) conditions
(Source : Wright and Nageswara Rao, 1992, unpublished data)
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genotypes with greater water-use efficiency. However, determination of isotope discrimina-
tion requires expensive and sophisticated mass spectrometry facilities which are not easily
available.

In a recent study, both WUE and A were shown to be strongly correlated to specific
leaf arca, SLA (defined as leaf area per unit dry wt, cm? g 1 in groundnut genotypes (Wright
et al, 1992, unpublished data, Fig. Sb). It appears that environment and genotype can
significantly influence A and SLA but the G x E interaction for these parameters was not
significant (Nageswara Rao and Wright, 1992, unpublished data). This observation implies
that SLA, which is a crude, but casily measurable parameter can be used as a rapid and
inexpensive selection index for high water-use efficiency.

Further experimentation using this technique on a larger scale under varied environ-
ments is in progress at ICRISAT Center.

Partitioning of dry matter to pods

Dry matter accumulated in the pods (Yp) can be described using equations (3) and (4) as :
Yp:RxRUExp.... using eq. (3) or,

Yp: TxWUExp.... using eq. (4)

where, p is the fraction of that daily assimilates partitioned into pods.

Duncan et al., (1978) evaluated physiological changes which resulted in higher yields
in four groundnut cultivars released in the USA. This study concluded that three physiologicat
attributes explained most of the yield variation were (1) partitioning of assimilate between
vegetative and reproductive parts, (2) length of the seed filling period and (3) rate of fruit
establishment. For example, estimates of daily partitioning to fruit (p) ranged from 41% for
the first cultivar released in the USA (Dixic Runner) to 98% for the recently released cultivar,
Early Bunch. In experiments conducted at ICRISAT Center, we found large variation for p
among genotypes grown under irrigated or drought conditions (Mathews et al., 1988a,
ICRISAT, 1990). Genotypic variation for p was more predominant during recovery phase
following release of mid-season drought conditions (Nageswara Rao, ef al., 1989). The
physiological basis of genotypic variation in the recovery is not clear at present,

Although there is large genetic variation in p, conventional methods of determining p
are laborious and cumbersome and limit number of entries that can be assessed for this trait.
However, simple methodologies are now available to identify genotypes with partitioning
attributes needed to maximize yield in a given environment using simple non-determinative
measurcments (Williams and Saxena, 1991),

Interactions between RUE, WUE and p

Although the genetic traits like canopy geometry, RUE, root parameters, WUE and p
are important, it is also necessary to understand their effects on final yield before one
recommends screening for such traits for a breeding programme. At present, very little is



294 Journal of Qilseeds Research

known about interaction amongst these traits and their effect on yield, even though each of
them coatribute to dry matter production either directly or indirectly.

From the limited studies conducted in groundnut, the simple lincar correlation between
- dry matter production and radiation interception breaks down once water is in short supply
{(Azam-Aliet al., 1989). We observed a linear relationship between WUE and RUE under two
different drought patterns (Wright, Nageswara Rao, and Farquhar, 1992 unpublished data).
It was noted that although RUE declined under severe drought conditions, ranking of
genotypes for WUE and RUE was consistent under both drought treatments, suggesting that
selection for WUE may concurrently improve RUE, which is an important trait for high
_ biomass-production under non-limiting conditions.

From the limited data available, it appears that WUE is negatively correlated to
partitioning of dry matter to pods (p) (r = -0.65) implying that selection for greater WUE
might result in greater total dry matter production but not necessarily increased pod yields
{Mageswara Rao and Wright, 1992, unpublished data). However, the genotypes involved in
these studies are limited in number and it is possible that there may be exceptions to this
negative relationship when more genotypes are tested in future studies. If this negative linkage
persists even in wider germplasm, then alternate methods for combining these desirable traits
are to be sought.

CONCLUSIONS

Groundnut yields are influenced by important physiological traits i.c., partitioning of
dry matter to pods, ability to extract water from deeper soil layers, water-use efficiency and
radiation-use effictency. Recent research revealed genotypic variability in groundnut
genotypes for the above traits. It is however necessary to develop rapid screening techniques
to identify genotypes with these desirable traits. Recently, it has been shown that carbon
isotope discrimination in leaves was strongly correlated with water-use efficiency and that it
can be used as a rapid screening tool to identify water-use efficient genotypes.

At present, little is known about interaction amongst these traits, even though each of
them contribute directly or indirectly, to the yields. For example, water-use efficiency seem to
be negatively associated with the partitioning of dry matter to pods.

Further studies are required to understand the interaction of these traits among
themselves with the environment and their effect on the final yield.
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R. KALPANA SASTRY and M. RAMACHANDRAM
Directorate of Oilseeds Research, Rajendranagar, Hyderabad-500 030, AP., India.

ABSTRACT

Genotypic differences in relation to the manifestation of the wilt disease symptoms at
pre-determined crop growth stages were enumerated in a screening programme involviag fifty one
promising germplasm accessions and advanced breeding lines of safflower. Studies revealed the
influence of crop growth stage on differential response of the safflower genotypes to wilt incidence.
It is necessary to screen the genotypes at different crop growth stages right from secdling to post
flowering. Screening at one stage viz., seedling or adult plant may not be complete and often lines
showing susceptibility or resistance at one stage may show varied responses at another stage, The
patiern of disease development in relation to inoculum load {x) and apparent rate of infection ("
in genotypes belonging to all groups ie., immune/tolerant, moderately resistant, moderately
susceptible and susceptible categories were calculated in representative genotypes. The results are
of immense use in selection of parents for hybridization programme aimed at evolving stable and
durable sources of resistance in combination with high yield.

Key words : Wilt; Fusarium oxysporum; Genotypic differences; Safflower.
INTRODUCTION

Safflower wilt caused by Fusarium oxysporum f.sp. carthami Kliesiewicz and Houston,
1962) has assumed economic importance in recent years with increasing incidence being
reported from different safflower growing areas (Chakrabarti and Basuchaudhary, 1978;
AICROPO, 1990). The discasc has become endemic in areas such as Marathwada and
Buldana districts of Maharashtra where the crop is grown under intensive management
conditions (Nirmal et al., 1989; Pedogaonkar ef al., 1990). The yicld losses are so high in these
areas that the crop can hardly compete with other rabi oilseed crops of the region. The
continuation of safflower cultivation in irrigated areas largely depends on the identification
and development of wilt resistant varieties. ‘

Against this background, an attempt had been made to unravel the genotypic differen-
ces in relation to the manifestation of the discasc symptoms at pre-determined crop growth
stages which help in the identification of stable and durable sources of resistance for wilt. The
results of a comprehensive screening programme taken up during the last two rgbi seasons are
presented in this paper.

MATERIALS AND METHODS

With a view to provide ideal discase conditions for testing the reaction of advanced
breeding lines and promising germplasm accessions to wilt, a disease sick plot measuring 40
x25 sq.m was developed at the Research Farm, Directorate of Oilseeds Research, Hyderabad.
The field represented a low lying and tvpical medium to deep loam with alkaline reaction (8.0
pH). Effervescence was high and organic carbon moderate. The perpetuation of causal
organism (Fusarium oxysporum) in the plot was ascertained by the incorporation of chopped
pieces of diseased plants and addition of adequate quantity of inoculum multiplied on
autoclaved sorghum seed. ‘

Received for publication on May 6, 1992
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The test materials comprising 51 (rabi 1990-91) and 60 (rabi, 1991-92) diverse advanced
breeding lines and selected germplasm accessions including five check varieties (Bhima,
HUS-305, Tara, A.1 and APRR-3)} were sown in Randomized Block Design with two replica-
tions in disease sick plot. A single row of 5.0 m length spaced at 45 cm between rows and 20
cm within the row represented the plot size. Two susceptible genotypes (Tara and Manjira)
placed after every four rows within the replication served as infector rows. These were sown
15 days prior to the sowing of test materials. The crop was grown as per recommended coltural
practices under irrigation. The affected plants were identified and disease counts recorded
from seedling stage ( = 35 days after sowing) to complete maturity at 15 days interval as per
the manifestation and expression of well marked symptoms. The incidence of wilt at each stage
was confirmed by isolation and identification of causal organism from randomly selected
diseased plant in all genotypes.

In accordance with the scale proposed by Mayee and Datar (1986) the genotypes were
grouped into five categories : immune (DI = 0-1%), tolerant (DI = 1-10%), moderately
tolerant (D1 = 11-20%), moderately susceptible (D1 = 20-50%) and susceptible (Dt = 51%
or more), based on plant mortality due to wilt. The per cent disease was transformed to
proportion of infection ‘X’ and its logarithmic conversion in representative genotypes of various
disease categories. Apparent rate of infection ‘1’ was calculated by the formula of Van der
Planck, (1963).

RESULTS AND DISCUSSION

Typical wilt symptoms charactersied by the appearance of small, brownish spots
measuring 0.5 to 1.0 mm at collar region were observed within 25 to 30 days after seeding.
These spots developed into clongated lesions, thereby killing the affected seedlings within 3-4
days after the appearance of inittal symptoms. Thereafter, the genotypes exhibited charac-
teristic wilt symptoms leading to death of plant which formed the basis for recording the
number of affected plants at 15 days interval starting from 35 days after seeding,

The effectivness of wilt sick plot in providing an ideal environment for discase develop-
ment was evident from seedling mortality which varied from 0 to 48 percent in both seasons.
The disease spread was gradual with maximum incidence at maturity (Per cent incidence =
80%) in susceptible types like HUS-3169 and HUS-3165 and also in the checks like Manjira
and Tara. Highly significant genotypic differences in per cent wilt incidence were observed at
all stages of scoring except 35 days old seedling stage in the crop season of 1991-92. As the
crop growth progressed the genotypic differences for the expression of disease symptoms
became more and more conspicuous {Table 1).

Among the check varieties, HUS-305 showed 19.9% discase incidence at 50 days crop
growth stage which remained unaltered till maturity indicating the seedling susceptibility and
adult plant resistance to wilt. In contrast, Tara, an early maturing variety of Maharashtra
recorded highest incidence of 48.9% at scedling stage itsell and attained highest (= 72.5% )
by maturity in first year. The apparent rate of infection rose steadily from 0.00026 to 0.0201
(Fig.1). The same trend was observed in second season with final infection raising to 90%.
Other standard check varieties like A.1 and Bhima followed a similar trend as that of Tara.
However, there was a sudden spurt in disease development (r = 0.00057 and 0.0008 from
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0.0002 and 0.00005 respectively) during the period from 80 to 110 days after seeding suggesting
their vulnerability to disease at and after flowering.

Fig.2 shows the differential disease development of selected genotypes each repre-
senting immune/tolerant, moderately resistant, moderately susceptible and susceptible
groups. A more resistant entry like [1-13-2A exhibited negligible disease incidence ( =4.25%)
at seedling stage but remained totally free from wilt symptoms thereafter. On the other hand,
another advanced breeding line VI1-92-4-2 did not express wilt symptoms upto 110 days after
planting but registered 5.0% disease incidence at maturity.

In moderately susceptible group, the representative entry namely SSF-78 had 45% wilt
incidence at seedling stage without any increase in ‘v afterwards. The discase in HUS-3169
rose gradually with r = 0.0199 from 35.0% at seedling stage to 85% by complete maturity.

Differential growth responses of safflower genotypes to wilt have been reported by
Thomas and Hill (1977) in pot culture studies. From this point of view, the present report is
based on a wide range of genotypes derived from diverse genetic background which were
assessed for their differential reaction to wilt at pre-determined growth stages under field
conditions. These results unequivocally demonstrate the influence of crop growth stage on
the differential response of safflower genotypes to wilt. Hence, the screening of safflower
genotypes against wilt at any one particular crop growth stage (either seedling or adult plant)
will not be complete and many a times misleading. Foolproof and durable sources of field
resistance to wilt can only be identified from comprehensive field screening at different crop
growth stages right from seedling.

In accordance with the scale proposed by Mayee and Datar (1986) the tested materials
for two consecutive seasons have been grouped into immune/resistant/tolerant, moderately
resistant, modcrately susceptible and susceptible (Table 1) and their differential growth
responses given hereunder :

i) Immune/tolerant : Five entries representing highly resistant/tolerant grade exhibited low/no
disease at one or more crop growth stages. Within this group, 86-69-36A showed completely
resistance to wilt at seedling as well as at maturity. Other entries like VI-92-4-2 and 86-93-20A
were totally free from wilt at seedling stage but tended to express the wilt symptoms in less
than 10% plants at maturity. The reverse was seen in I1-13-2A and 86-93-16A where total
resistance was seen at maturity rather than seedling stage.

ii) Moderately resistance : Represented by three genotypes, (Table 1) the moderately resistant
group expressed similar growth response to wilt as that of immune or folerant category. The
genotypes namely HUS-305 and HUS- 3128 showed fairly high level of susceptibility (18 to
20%) before flowering but there was no further spread thereafter upto complete maturity.
Contrary to this trend, HUS-3182 offered considerably resistant reaction upto 50 DAS crop
growth stage and the discase spread gradually increased after flowering. However, at maturity
all three representative genotypes recorded comparable disease score.,

iii) Moderately susceptible : The differential growth responses to wilt were more in this
category which comprised as many as twenty five genotypes and thirteen in second season
including popular varieties like Bhima and A.1. Ten out of twenty five genotypes had less than
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20% disease incidence indicating moderate resistant reaction upto 50 days crop growth stage
inrabi 1991. Thereafter , the rates of infection was low in genotypes like GMU-624 (r =0.0001)
but very high in HUS-3165-2 (r =0.007). With moderate amount of disease (x) at the seedling
stage, the rate of infection ‘r’ was high in genotypes namely GMU-995-1, 425-6, Bhima and
HUS-3179. In addition, there were genotypes like SSF-78 and JLSF-118 which exhibited high
discase incidence (40%)right at 35 days crop growth stage. Considering the high production
potentials of most genotypes in this group, selective crossing between genotypes possessing
low initial inoculum load (x) and genotypes characterized by the low rate of discase spread
(r) within the group is suggested to combine reasonably high level of disease resistance with
high seed yield. Table 1 shows comparative consistent performance of selective genotypes like
Bhima, A.1 which showed progressive susceptibility as the crop growth advanced. The
frequency of partial wilts was also more in such genotypes (to the extent of 45% in Manjira,
40% in Bhima, 36% in A.1).

iv) Susceptible: Before flowering, eleven out of sixteen (rabi 1990-91) and three out of nine
genotypes (rabi, 1991-92) in this group were moderately susceptible with less than 50% disease
incidence. The disease incidence before flowering (62 days after seeding) was highest (=
66.7%) in JLSF-228 followed by GMU-163 ( = 56.2%). Similarly, GMU-163, HUS-3165- 3,
HUS-1187-8, GMU-187 and HUS-3169 registered steady and high rate of disease develop-
ment in the first season. Similar trend was seen in the succeeding season. Three entries
HUS-3165, APRR-3 and Tara showed susceptibility in both the years. The genetic improve-
ment of genotypes in this group for disease resistance largely depends on careful selection of
at least two parents, one for low ‘¢’ and other for low ‘r’ from immune/tolerant group or
moderately resistant group. Either a three way cross or double cross mating system involving
one or two susceptible low ‘x” and low ‘r’ is suggested to bring in durable sources of field
resistance to wilt in susceptible but high yielding genotypes of this group.
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SHORT COMMUNICATIONS

MANAGEMENT OF SESAMUM LEAF SPOT (Cercospora sesami Zimm.)
WITH FUNGICIDES

Leaf spot of sesamum (Sesarmum indicum L.) caused by Cercospora sesami Zimm is a
serious discase in Saurashtra region of Gujarat State and reduces the yield considerably, With
a view to check the losses due to the disease some systemic and non systemic fungicides were
tested for their field performance. Variety Gujarat Til-1 was sown in Randomized Block
Design with four replications during kharif 1984, 1986 and 1988 using different fungicides
mentioned in Table 1. Two sprays one immediately after appearance of the disease and second
fifteen days after first spray using 750 1. water/ha were given. Observations on disease intensity
was recorded from 10 plants randomly selected from each of the treatments on 0-5 scale. Seed
yield was recorded and analysed statistically.

From the pooled data presented in Table 1, it is concluded that mancozeb (0.2%) was
significantly superior in controlling the disease followed by carbendazim (0.025%). Maximum
seed yield was obtained in mancozeb treated plots followed by carbendazim. Efficacy of
mancozeb and carbendazim have been reported by Rao and Shanmugham (1983) and
Kurozawa et al., (1985).

The cost benefit ratios of the twoe fungicides, viz., carbendazim (1:9.99) and mancozeb
{1:8.20) are better and hence recommended for the control of leaf spot of sesamum.

Main Qilseeds Research Station, KA. VAISHNAV

Gujarat Agricultural University, V.A.PATEL

Junagadh, 362 001, India. . BM.DHEDHI
B.K. KIKANI]

Kurozawa, N., Akagawa J., Doi, T., and Mallotto, E.1985, Fitapathologia Brasilaria 10(1) : 123

Rao, A. V. and Shanmugham, N. 1983. Proceedings of National Seminar on management of
Diseases of Oilseed Crops, Madurai, TNAU.
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PRODUCTION OF PECTINOLYTIC AND CELLULOLYTIC
ENZYMES BY CASTOR FUSARIUM IN VIVO

Castor plants of cultivars GCH-3, T-4, J1-41, 26006 and T-3 infected with F. oxysporum
f. ricini were taken for assaying the enzymatic activity in vivo. Assay of PGTE activity was
estimated by the method of Ayres ef al., (1966), P.G. activity was carried out by determining
loss in viscosity of sodium polypectate at specific time intervals (Bateman, 1964), PM.E,
activity was estimated as described by Matta and Dimond (1963) and cellulose activity was
estimated by measuring viscosity 10ss of carboxy methyl cellulose (Koti Reddy and Mahadevan,
1967).

The data presented in Table 1 revealed that the highest enzymatic activity for PGTE,
PTE, P.G., and cellulose was observed in GCH-3 variety followed by T-4, JI-41, 26006 and
T-3.

Table 1. Production of pectinolytic and cellulolytic enzymes in vivo by castor Fusarium
(expressed in terms of per cent [oss fn viscosity)

Enzymes Susceptible Resistant varieties
varieties
Guj. T-4 H-41 26006 T3
Hybrid-3

PGTE 70.11 375 37.50 25.80 1932
PTE 68.80 44.32 3840 3840 25.76
PG 65.75 45.40 .20 27.70 2320
Cellulose 73.14 3912 31.56 2171 20.28
PME + - . - ' -

PME activity was also observed in GCH-3, while there was no PME activity detected

in rest of the cultivars. In screening of castor varieties against wilt of castor it was observed

- that the varieties T-4, JI-41, 26006 and T-3 were tolerant while GCH-3 was susceptible to
Fusarium wilt (Nanda, 1975).

Mussell and Green (1970) while working with F. axysporum £. lycopersici, observed
higher rate of PG activity in susceptible host than resistant. Deese and Stahman (1960, 1962)
reported higher pectic enzyme activity in the susceptible tomato plants following infection
with F. oxysporum £, lycopersici than those of resistant varieties.

Received for publication on October 12, 1989
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EVALUATION OF FEW CHEMICALS USED TO BREAK SEED
DORMANCY IN SUNFLOWER (HELIANTHUS ANNUUS L.

Sunflower (Helianthus annuus L.) is one of the important oilseed crops which has_bgcn

grown extensively in northern Karnataka. The crop is grown through out the year as it is a

photo- insensitive crop. As aresult, there is an increased demand for the seeds. The seeds are

usually dormant for a period of 6-7 weeks from maturity (Sindagi and Virupakshappa, 1986)

with an after ripening period of 11 days followed by the coat imposed dormancy (UAS, 1990).

Udayakumar and Sastry (1975) have reported the use of ¢threl, Cytokinin (CK) and Gibberel-

_ licacid (GA) to break dormancy of sunflower seeds. However, the present studyis undertaken

with an objective of evaluating few growth promoters and also chemicals to overcome the seed
dormancy so that they can be utilised for sowing immediately after maturity.

A popular and ruling genotype of sunflower, Morden, was used for this laboratory
study. The seeds were collected soon after maturity and subjected to various chemical
treatments. The chemical treatments were : GA 50 ppm, CK 5 ppm, ethrel 40 ppm, calcium
chloride (CaClz) 0.02M, cobalt nitrate (Co (NO3)2 ) 0.02M and distilled water. The sceds were
treated with 50 ml of respective solutions of the above chemicals for six and twelve hours
separately and replicated thrice. Whereas direct incubation in distilled water served as control.
The treated seeds (20 Nos) were transferred on to a filter paper in a petriplate and watered
with ten ml of distilled water before incubation. After two days of incubation, an additional
five ml of distilled water was added to each petriplate. The effect of the chemical treatments
on seed dormancy was studied by recording the germination at weekly interval till the
germination in control reached 80 per cent.

The effect of various chemical treatments on the seed dormancy is discussed here
{Table 1). The observations on germination of seeds incubated at maturity (0 day) revealed
that ethrel treatment both for six and twelve hours was superior in over- coming the dormancy
compared to all the other treatments. The other chemical treatments except CK at 5 ppm, Co
(NO3)2z at .02 M and water treatment for six hours were also found to be significantly superior
in breaking the seed dormancy over control. In general, the germination was found to be very
low even in the chemical treatments at zero day after maturation. The observation on
germination of seven day old seed revealed that there was a marked improvement in the over
all germination. The chemical treatment of seeds with ethrel and CaClz for six and twelve
hours improved the germination significantly over other treatments (both were 80 and 90 per
cent with 6 and 12 hours treatment respectively). The other chemical treatments were also
found to be effective in breaking the seed dormancy except GA, CK, Co(NQO3); and water
when treated for six hours. The impact of chemical treatments on 14 days old seeds revealed
no significant influence of the various chemical treatments on germination as the differences
remained statistically insignificant, with the mean germination per cent of 92.9. This indicated
the possible natural break down of dormancy in two week old seeds.

The present study confirms the fact that ethrel is useful in breaking the dormancy of
sunflower seeds as reported by Udayakumar and Sastry (1975). And also it can be finally
concluded in the light of the findings CaCl; at 0.2M is also equally useful in breaking the
dormancy of sunflower seeds.

Received for publication on March 2, 1990






Short Communication

Table 1. Evaluation of few chemicals used to break seed dormancy in sunflower

imn

Chemical  Solution con- Seeking period Germination per cent
centration  (Hours) Days after maturity

0 7 14
GA 50 ppm 6 150 62.5 90.0
GA 50 ppm 12 20.0 75.0 100.0
CK 5 ppm 6 7.5 60.8 90.0
CK 5 ppm 12 27.5 7.5 95.0
Ethrel 40 ppm 6 52.5 80.0 95.0
Ethrel 40 ppm 12 62.5 90.0 95.0
CaCly 0.02M 6 12.5 80.0 90.0
CaCl 0.02M 12 225 90.0 95.0
Co(NO3)z 0.02M 6 10.0 60.0 35.0
Co(NQO3);  0.02M 12 15.0 75.0 90.0
Water 6 1.5 60.0 92.5
Water 12 250 70.0 100.0
Control 7.5 60.0 %0.0
Mean 219 720 92.9
CV% 10.69 1.27 575
SEm=+ 1.35 3.02 3.00
CD 5% 3.95 8.82 9.51
University of Agricultural Sciences, S.J.PATIL

Raichur Campus, Raichur, karnataka, India.

P. PALAKONDA REDDY

C.V.PATIL

Sindagi, S.S. and Virupakshappa X. 1986. Sunflower. ICAR, New Delhi, p.32.

Udayakumar, M. and Sastry, K.S.K., 1975. Effect of growth regulators on germination of
dormant sunflower seeds. Seed Research 3(2) : 61-65.

University of Agril. Sciences, Bangalore. 1990. A report on sunflower physiology. p.20.
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"NRC 2" - A PROMISING SOYREAN MUTANT

Poor seed viability resulting in sub-optimum plant population is the prime problem in
soybean limiting realization of its yield potential. Owing to this reason, several cultivars need
a high seed rate to maintain a required population of 4 to 4.5 lakh plants per hectare, Mutation
breeding in soybean was resorted to for rectifying the defect of poor seed germinability in
otherwise suitable cultivars like "Bragg” (Bhatnagar and Tiwari, 1991 ; Bhatnagar ef al., 1989).
Subsequent evaluation of the mutants under varied agro-climatic conditions brought out the
superiority of a mutant of "Bragg" over its parent for several characters which is being reported
here under.

M3 generation, raised from the seed treatment of the variety "Bragg" (Jackson x D
49-2491) with 25 kR gamma rays followed with an exposure of UV {two hours of 260 nm), was
screened and a high yielding mutant "T2-14" with relatively smaller-sized seeds was isolated
and evaluated further for five years. The evaluation was carried out through laboratory tests,
field trials, and comprehensive multi-locational testing under the All India Co-ordinated
Research Project on Soybean (AICRPS) of ICAR. The mutant was named "NRC 2", Salient
characteristics of the mutant as compared with its parent and other check varieties are
presented below.,

1. Yield and maturity duration : In northern hill zone, based on seven trials conducted
over three years, the "NRC 2" on an average yielded 2347 kg/ha which was 33% higher than
its parent "Bragg" (1871 kg/ha) and 1195 higher than "VLS 21" (2115 kg/ha), a qualifying variety
for the zone. In the Malwa platcau, based on data obtained from three trials over three years,
the "NRC 2" gave a mean yield of 2911 kg/ha which was 30% higher than that of "MACS 58"
(2229 kg/ha) and abous 4 % higher than that of "PK 472" (2807 kg/ha). The maturity duration
of "MRC 2" was at par with checks in the northern hill zone. In Malwa plateau, "NRC 2" matured
in about 98 to 104 days in different trials which was 6 to 8 days carlier than "PK 472" and "J§
80-21", the prominent varieties of the zone.

2. Distinguishing morphological characters : "NRC 2"is characterised by white flowers,
green hypocotyl, tawny pubescence, seeds of light yellow colour with grey to black hilum, and
determinate growth habit.

3. Seed-weight and seed-viability/germinability 1 High seed-weight in soybean is
generally associated with low seed viability/germinability (Paschal and Ellis, 1978; Tiwari and
Joshi, 198Y). The "NRC 2" exhibited high sced germinability/storability (Table 1) compared
to its parent "Bragg" and other bold-seeded varicties. Further, after a storage of seven months
at ambient temperature, its germinability was comparable with that of "JS 80-21" which is
claimed to possess the highest germinability among the recent yellow-sceded soybean
varieties. Asis evident from Table 1 "NRC 2" had lower seed weight than its parent and other
bold-seeded varieties. In the present sample of seven varieties also, a significant negative
correlation {'r’ = -0.98) was obtained between sced weight and seed germinability. Relatively
smaller seed size of "NRC 2" is amply compensated by its capacity to produce more fruiting
sites or pods, resulting in significantly higher yield than its parent.

The results presented clearly indicate the superiority of the mutant "NRC 2 " for
agronomic and quality characters especially for northern hill zone and Malwa plateau of

Received for publication on August 13, 1990
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Macdhya Pradesh. Besides, the mutant has a promise as a substitute for "Bragg" throughout
the country.

Table 1. Seed germinability in the mutant “NRC 2” and other soybean cultivars after seven
months’ storage under ambient temperature

S1LNo. Variety Germinability (%) 100-seed weight (g)

1. Bragg 420 16.8

2 VLS 2 41.3 17.6

3 Shivalik . 77.3 12.7

4, PK 472 66.0 133

5 MACSS8 77.6 119

6 JS 86-21 9.3 11.1

7 NRC2 89.3 11.6

National Research Centre for Soybean (ICAR), P.S. BHATNAGAR

INDORE - 452 (001, M. P., India. S.P. TIWARI
PRABHAKAR

Bhatnagar, P.S. and Tiwari, $.P. 1991. Soybean improvement through mutation breeding in
India. In: Plant mutation breeding for crop improvement Vol. I, Vienna, Austria. pp. -
381-384.

Bhatnagar, P.S., Prabhakar, Tiwari, S.P. and Sandhu, J.S. 1989. Improvement of soybean
varicties ‘Bragg’ through mutagenesis. Mutation Breeding Newsletter (Vienna), 33 : 15,

Paschal, E.H. and Ellis, M.A. 1978. Variation in seed quality characteristics of tropically grown
soybeans. Crop Sci. 18 : 837-840,

Tiwari, S.P. and Joshi, H.J. 1989. Correlation and path- analysns of seed quality characters in
soybean J. Oilseeds Res., 6: 51- 57.
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COMBINING ABILITY FOR ACHENE YIELD AND ITS ATTRIBUTES IN
SUNFLOWER (HELIANTHUS ANNUUS L)

Genetic architecture of the parents involved basically governs the nature of gene _actifm-
Thus it necessitates the assessment of the potentialities of the parents in hybrid combination
through systematic genetic studics on the pareats for general and specific combining ability
effects. Hence, present investigation was undertaken to determine the combining ability of 20
inbred lines using three broad testers for various economic traits in sunfiower.

The experimental material consisted of 20 inbred lines and three open pollinated testers of
sunflower. The lines were derived by inbreeding elite open pollinated varieties (Mordg:n and
EC-68415) at Project Coordinating unit, (Sunflower), University of Agricultural Sciences,
Bangalore, The testers were 8-55 Morden, and EC-68415. The 20 female lines were crossed
with three testers in a line x tester design during rabi-summer 1983-84. The inbred lines were
treated with GA3 (125 ppm Con) at star bud stage for three days continuously to induce male
stexility. The pollen from male parents (testers) were transferred manuaily to female (MS
types) lines to produce crossed seeds. The resulting 60 Fy hybrids along with 23 parents were
8TOWn in a Randomized Block Design with four replications at the University of Agricultural
Sciences, Hebbal, Bangalore during Kharif 1984. Each entry was grown in two row plot of 3.5
metre length with a uniform spacing of 60cm x 20cm. The observations were recorded on ten
random plants in each plot for yietd and its component characters, viz., days to 50 per cent
flowering, number of leaves per plant, leaf area index, days to maturity, plant height, capitulum
diameter, stem girth, capitulum weight, number of filled achenes per capitulum, achene yield,

test weight, volume weight (100 ml) and oil content. Data thus recorded were subjected to line
X tester analysis (Kempthrone, 1957),

The analysis of variance revealed that substantial variability exists in the materiat for

_ g

achene yield and other yield contributing characters. The estimates of 2 % revealed that
sca

the nature of gene action was predominantly non-additive for days to 50 per cent flowering,

maturity (1:54.7), number of leaves, plant height, (1:102.3), number of filled achenes per

capttulum (1:1946.8) achene yield (1:249.4), volume weight, whereas it was additive for leaf

arca index, (1:0.04), capitulum diameter, stem girth (1:0.03), test weight (1:0:02) and oil

conient (1:0.24). Putt (1966), Setty and Singh (1977) also reported predominant rolc of
non-additive component for achene vield.

The estimates of gea effects of males and females (Table 1) revealed that EC-68415
was a good combiner for yield, test weight, volume weight and oil content. Morden and S.55
were desirable combiners for earliness and dwarfness. Among the females, IC.19, 1C.43 and
1C.49 for seeq yield, IC 4, IC.19, IC .49 and IC.37 for test weight and 1C.1, 1C.49 and 1C.43 for
volume weight, IC.4, IC.1, IC.43 and IC.37 for ofl content, IC.8, IC.49, IC.10, 1C.28 and 1C.9
for earliness and IC.33, IC.39, IC.1, IC 31, IC.11 and IC.28 for dwarfness were found to be

good gencral combiners. It was observed in most cases the mean performance of the parent
Was not associated with the gea effects,

) ‘SPCCiﬁc combining ability effects were significant for few of the crosses. Ten crosses
with high specific combining ability for achene yield are listed in Table 2 along with sca effects

Received for publication on January 21, 1991
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of these crosses for other characters and their respective mean values, The crosses IC.11 x
Morden, IC.33 x Morden and 1C.28 x EC-68415 were the best combiners, since they exhibited
significant positive sca effects and had higher mean values for achene yield, capitulum weight,
number of filled achenes per capitulum and test weight, The cross IC.9 x .55 was the best
combiner for oil content and the cross IC.25 x §.55 for dwarfness, The results indicate the
involvement of non-additive gene effects in the inheritance of these characters. Similar results
of non-additive gene action for different traits in sunflower were reported earlier by Putt
(1966}, Setty and Singh (1977) and Sindagi ef al., (1979). Based on the gca effects and per se
performance IC.22, IC.19, IC.43 and IC.48 have been suggested for utilization in the sunflower
breeding programme.

Project Coordinating Unit (Sunflower) T.A. GOVINDA RAJU
University of Agricultural Sciences $.5. SINDAGI
Bangalore - 560 065, India. K. VIRUPAKSHAPPA

A.R.G. RANGANATHA.

Govinda Raju, T.A. 1986, Evaluation of sunflower (Helianthus annuus Lglinbreds by top cross
analysis. Unpublished. M.Sc. (Agri.) thesis, UAS. Bangalore, India.

Kempthrone, O. 1957. An introduction of genetic statistics. John Willey, New York, pp .
458-465.

Putt, E.D. 1966. Heterosis, combining ability and predicted synthetics from a diallel cross of
sunflower. Can. J. Pl. Sci., 46 : 59-67.

Setty, K.L.T and Basudev Singh. 1977, Line x tester analysis of combining ability in sunflower,
Pantnagar J. Res. 2:23-26.

Sindagi, 8.S., Kulkarni, R.S. and Seetharam, A. 1979. Line X tester analysis of the combining
ability of sunflower (Helianthus annuus L.). Sunflower Newsletter 3(2) :11-12.
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EFFECT OF NITROGEN ON SEED YIELD, ECONOMICS, NUTRIENT
UPTAKE AND OIL CONTENT OF TARAMIRA GENOTYPES

Taramira (Eruca sativa L.) is a hardy winter season oilseed crop, preferably grown on
residizal soil moisture. There is a dearth of information on the economic dose of nitrogen and
its effect on oil guality of different taramira genotypes. Thercfore, a field experiment was
conducted at SKN College of Agriculture, Jobner during 1987-88 to study the effect of nitrogen
on economics and quality of taramira varieties grown under semi-arid conditions,

The soil of the experimental ploi was loamy sand, low in organic carbon (0.21%),
available N (75 kg/ha) and available P (17 kg P20s/ha} and medium in available X (150 kg
K20/ha}. The treatments comprising four levels of nitrogen and four varieties were replicated
four times in a Randomized Block Design. A basal dose of 20 kg P20s/ha and nitrogen as per
treatment was drilled at the time of sowing. The crop was sown on 10 November, 1987 in rows
30 cm apart with a seed rate of 5.0 kg/ha. In addition to pre-sowing irrigation, one life saving
irrigation was applied on 10 January, 1988, The economics of the treatments was computed
as per prevailing market rages.

Application of nitrogen significantly affected the contenmt and uptake of nitrogen and
phosphorus. By and large with the increase in the dose of nitrogen, there was a discernable
enhancement in the content and uptake of nitrogen and phosphorus. Application of nitrogen
at 30 kg, remaining at par with 45 kg/ha, offered significantly higher seed and oil yield than
contral, reflecting similarity in the obtainable net returns (Table 1), These results confirm the
findings of Jat et af., (1987) who reported 30 kg N/ha as an optimum dose of nitrogen for
taramira. The paositive response of taramira in terms of yield, uptake and economic returns to
application of nitrogen was due to the low available nitrogen. This contention was further
reinforced by the Yinear inter-relationships exisied between seed yield and nitrogen uptake
{r= 0.93% y= 2.73 + 0.23x), phosphorus uptake (r= 0.84*, y= 241 + 1.20x) and oil yteld
(r= 099% y= 004 + 0.03x).

Taramira variety Job-TC 2 registered a significant increase of 12.1 and 143 per cent in
seed yield, and 11.6 and 13.1 per cent in oil yield, respectively over T 27 and Job-YC 1, besides
providing the highest net profit of Rs 2385/ as against the lowest of Rs. 1840/- under variety
Jab-TC 1. Differential behaviour of taramira varicties was also observed by Maliwal (1985).

SKN College of Agriculture (RAU) : G.L. KESHWA!
- Jobner (Rajasthan) - 303 329, India. _ : M.K. JAIN?

Jat, M.L,, Keshwa, G.L. and Singh, G.D. 1987. Response of taramira varieties to nitrogen
levels. Trans. Indian Soc. Desert Technol. 12(2) : 43-6.

Matiwal, P.L. 1985, Effect of dates of sowing on vield and quality of taramira varietics. Indion
J. Agron. 30(1) : 112-3,

Present address
1. Agricultural Research Station (RAL), Fatehpur - Shekhawati (Sikar), Rajasthan, 332 301,
India
2. B.B.D. Goversment P.G. College, Chimanpura (Shahpura), Jaipura (Rajasthan), India.
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STUDIES ON WEED MANAGEMENT IN BUNCH GROUNDNUT
(ARACHIS HYPOGAEA L) *

Groundnut grown during kharif season encounters several weeds, including grasses
and seasonal broad leaf weeds which grow luxuriantly as compared to rabi/summer, The weed
competition at early stages of groundnut is maximum because of slow initial growth of the
crop. Critical period of crop weed competition was reported to be up to 45 days after sowing
{Singh et al., 1987). The Crop-weed competition is relatively low at the end of expansion
phenophase when complete ground cover is attained by groundnut canopy.

The average loss of yield owing to crop-weed competition under normal management
conditions had been found to be 34 per cent, while under poor management the yield loss was
as high as 60 per cent. Once the weeds are established in row it is difficult to remove them
because of the growth habit of groundnut and ultimately they interfere with harvesting
resulting of pod loss in the soil. Although substantial information on use of herbicides such as
alachlor (Doub er al., 1988) pendimethalin (Kondap er a/., 1989) is available, the information
on the effect of some new herbicides in combination with cultural practices is lacking for the
transitional tract of Dharwad. Hence the present investigation was under taken to evaluate
different weed management practices on growth, yield and yield components of groundnut,

An experiment was conducted during the kharif season of 1990-91 with groundnut cv.
Dh-3-30 on mediom black soils under rainfed conditions. The treatments (Table 1) were tested
in a Randomized Block Design with three replications. Fluchloralin was sprayed and incor-
porated into the soil before sowing on 22 June, 1990. The other pre-emergence herbicides
alachlor, pendimethalin and metalachlor were sprayed on 28 June 1990. The post emergence
herbicides fluazifop-p-butyl was sprayed 15 days after sowing. The crop received a well
distributed total rainfall of 496.6 mm during growth period. Observations on different growth
characters were recorded at 30, 60 and 90 days and at harvest and yield components on $
randomly selected plants per plot.

Seed germination

Application of pre-emesgence herbigides has no undesirable effect on seed germina-
tion of groundnut while post emergence herbicide fluazifop-p-butyl has substantially reduced
germination indicating its non-selectivity for groundnut crop. Some plants have shown the
stunted growth at seedling stage but later the plants recovered. This has resulted in significant
reduction in final plant stand and the crop was also suppressed by weeds as this herbicide
failed to control dicot weeds (Table 1). Reduction in crop stand in groundnut by severe
competition from weeds was noticed by Bhan et al., (1971).

Growth

Leaf arca index presented in Table 2 indicated that hand weeding + intercuitivation recorded
significantly higher leaf area index at alt the stages of crop growth, Where as significantly lower
leaf area index was abscrved in unweeded contral at all the stages of crop growth. The higher
leaf area index was due to higher leaf area per plant recorded in these treatments. Frayer and
Makepeace (1977) reported that higher leaf area index in weed control treatments was due
to minimum weed competition.

* Part of M.Sc,, {Agric.), thesis submitted by senior author to the University of Agrlcu]tural
Sciences, Dharwad 580 005, todia. :
Received for publication on December 10, 1991
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Hand weeding twice followed by 3 intercultivations remaining comparable to pre-emer-
gence application of fluchloralin at 1 kg a.i/ha followed by 3 intercultivations substantially
enhanced dry matter accumulation over the rest of the treatments (Table 1). Plants from
unweeded check plots and fluazifop-p-butyl 0.25 kg a.i./ha. registered comparable dry matter
yields.

Table 2. Effect of weed control on yield and yield components of groundnut

Treatments Dose kg No. of Pod weight  100-pod 100 Kernal ~ Pod yield
a.i/ha pods/plant _ plnat(g)  weight(g)  weight (g)  (g/ha)
Hand weeding + 15,30 DAS 17.83 18.79 126.83 49.33 28.90
Intercultivation 15, 30,45
DAS
Alachlor 2.00 11.75 12.13 124.63 - 4745 17.79
Fluchloralin 1.00 ) 18.75 . 18.28 124.82 47.72 20.13
Pendamethalin 1.00 13.06 11.62 125.33 46.13 15.01
Fluzifop-p-butyl 0.25 1086 - 10.83 123.68 46.38 10.12
Metalachlor 1.00 11.53 . 11.90 120.39 46.58 14.00
Alachlor + 2.00+15, 30, 14.73 14.51 124.42 4951 24.30
Intercultivation 45 DAS
Fluchloralin + 1.0+15, 30, 2099 2114 127.10 50,36 28.79
Intercultivation 45 DAS :
Pendamethalin + 1.0+15, 30, 15.33 14.31 124.95 48.45 2329
Intercultivation 45DAS ]
Metalachlor + 1.0+ 15, 30, 14.93 16.35 117.84 47.63 25.55
Intercultivation 45 DAS
Iatercultivation 15, 30, 45 14.80 14.33 120.09 47.76 ' 14.12
DAS '
Unweeded check - 9.62 5.81 116.42 43,37 9.37
SEm+ 1.49 133 0.36 0.28 1.23
CD at 5% 4.35 3.89 1.05 082 . 3.58

DAS: Days after sowing : Intercultivation at 15, 390, 45 DAS
Yield and yield components

Hand weeding twice followed by 3 intercultivations and pre- emergence application
of fluchloralin at 1 kg a.i./ha followed by 3 intercultivations recorded significantly higher yield
(28.90 and 28.79 g/ha, respectively) than the rest of the treatments {Table 2). The increase in
yvield was 208 and 207 per ceat, respectively over unweeded control. Yield reduction due to
weeds was reported by Diwakar (1981),

increase in pod yield with these treatments can be attributed to the significant enhan-
cement in yield components like number of pods per plant, pod weight per plant and 100 pod
weight (Table 2). Association of groundnut yield with pod weight per plant (Bhan and Singh,
1971) and pod number per plant (Kulandaivelu and Sankaran 1986) was also reported.
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From the foregoing account, it can be inferred that pre-sowing incorporation of
fluchloralin @ 1.0 a.i/ha supplimented with three intercultivations was found to be more
effective in controlling weeds and offered higher pod yield of groundnut. -

Division of Agronomy B.G. MURTHY
University of Agricultural Sciences, _ C.A. AGASIMANI
Dharwad-580 005, Karnataka, India. H.B. BABALAD
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FEASIBILITIES OF RAISING CEREAL FODDERS AS INTERCROPS IN |

SUMMER GROUNDNUT (ARACHIS HYPOGAEA L.}

Groundnut plays an important role in Indian economy as an oilseed crop. Yet, its
productivity is only 750 and 1500 kg per ha in kharif and rabi/summer seas¢fls 1 CSPCCUV‘_"]Y
(Basu and Reddy, 1989). One of the thrusts to angment its productivity has be¢n extending its
arca in summer as a light irrigated crop replacing paddy. Since fodder availability in summer
is scarce, it was thought to examine the feasibility of raising a few fodder crops as intercrops
in groundnut and to assess the effect of these on growth, yield and net income -

The ficld experiment was therefore carried out at the Regional Research Station, Tiptur
of the U.A S., Bangalore, during 1991 . The study comprised ten treatments {Table 1) laid
out in Randomized Block Design with four replications in 3.0m x 2.4m net plofs - The soil was
sandy loam, acidic in reaction (pH 5.7), medium in organic carbon, available mitrogen (301.1
kg/ha)and potash (119.8kg/ha) and low iri phosphorus (8.9 kg/ha). Groundnut Was sown at 30
x 10 cm spacing. Fertilizer doses given for each crop were 25:75:37.5, 150:50:30, 100:50:37.5
and 100:50:25 kg N, Pz Os and K»O per ha for groundnut, African maize, sorghum and bajra
respectively. Grotindnut also received 500 kg per ha of gypsum at 30 DAS. The intercrops
were fertilized as per area occupied by them. Sorghum, bajra, African maize and groundnut
were harvested at 60, 67, 75 and 128 DAS respectively for fodder and pod yields.

The pod yield of groundnut in the sole crop was 3056 kg per ba and witht intgrcropping,
its yield got reduced and ranged from 2278 kg with African maize in 4:1 to 2645 kg With sorghum
in 4:1 row proportions (Table 1). Such reductions were also observed by Koli (1975) and Rao
and Rana (1980). The African maize was harvested at 75 DAS but later than bajra and sorghum
(75 and 65 days), thus causing severe competition with groundnut, While, sorghtm established
poorly and its competition was withdrawn a fortnight earlier than maize. Similarly, _l‘CdUCtiOIl
in leaf area index and total dry matter production at 120 DAS was observed due to intercrop-
ping ot Alrican maize and Bajra as compared to sorghum. Hence the yield i mMercropped
groundnut with sorghum was the highest. Earlier harvesting of sorghum component also
improved shelling percentage (77.0%). In case of bajra, competition was more because of
greater tiller production.

This investigation indicates that when the individual yield of intercropped groundnut
is considered, groundnut with sorghum is advantageous but when the net monctary value is
considered, groundnut with African maize in 4:1 row proportions is remun¢rative with the
highest net income of Rs. 30,888 per ha. This was because African maize producad more
tonnage of green fodder which fetched higher market rate (Rs. 325/t) thas other fodder.
However, the pod yield was more in groundnut sole crop and in groundput + sorghum
intercropping than in groundnut + African maize in both 8:2 and 4:1 r¢W proportions.
Therefore, if more groundnut pods are desired sorghum could be the choice for intercropping
as it would not be affecting its production greatly but at the same time giving some fodder.
The best choice, however is groundnut and African maize in 4:1 row proportions for getting
high monetary returns as well as to get high value fodder during normal or scArcity situations
for fodder during summer.

Received for publication on January 1, 1992
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Table 1. Leaf area index, total dry matter production, pod yield, shelling per cent and net
income as influenced by intercropping in groundnut

Treatments Leaf area index {(DAS) |Total dry - Podyield Shelling Net income

30 &0 oo | matter(g/pl) (kg/ha) per cent (Rs./ha)
: 120 days

Groundnut 0.22 215 470 7925 3055.6 715 27907.50

(sole crop} :

Groundnut + 0.30 1.63 4.00 67.45 22718 74.0 28722.75

African maize (8:2)

Groundnut + 021 2.01 349 75.90 2388.9 720 30887.75

African maize (4:1)

Groundnut + 0.29 198 447 77.00 2538.2 BS5 25058.00

Sorghum (8:2}

Groundnut + 0.26 198 439 82.20 2645.8 706 27334.25

Sorghum (4:1)

Groundnut + 0.26 1.38 4.05 78.90 2319.5 720 25336.25

Bajra (8:2) .

Groundnut + 0.26 143 364 76.00 - 2468.8 T3 26901.75

Bajra (4:1)

African maize i 2374825

(sole crop) :

Sorghum " 7476.00

(sole crop)

Bajra 19258.25

(sole crop)

SEm =+ .01 0.04 0.15 1.00 . 36.9 0.52 406.64

CD at 5% 0.02 0.12 0.45 298 1114 153 1180.06

Department of Agronomy ' - BANDEL HARTOPO

College of Agriculture S. PURUSHOTHAM

GKVK, Bangalore - 560 065, India. K. SHIVASHANKAR

Basu, M.S. and Reddy, P.S. 1989. Technology for increasing groundnut production, NRC for
groundnut, Junagadh, Gujarat.

Kol SSE 1%’75.2g’u1§) cropping and mixed cropping of maize and groundnut in Ghana. J. Agric.
Cl. . - . .

Rao, N.G.P. and Rana, B.S. 1980. Sorghum based cropping system to meet shortages of pulses
and edible oilseeds. Curr. Sci. 49(6) : 622-626.
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OCCURRENCE OF MIXED INFECTIONS OF GV AND NPV IN CASTOR
SEMILOOPER Achaea janata LINN (LEPIDOPTERA:NOCTUIDAE)

Larve of Achaea janata, collected from castor (Ricinus comminis) crop at the Research |
Farm, DOR, Hyderabad during Sept.1990, when reared in the laboratory, exhibited symptoms -
of viral infection and the same was confirmed by observation under phase optics. The
symaptoms were of a lateat infection as the larvac looked healthy in the field. The polyhedral
occlusion bodies (POB) were extracted and partially purified and fed to healthy castor
semilooper larvae (7-8 days old). The feeding was normal for 3-4 days and then onwards, the
feeding was reduced. The infected larvae became long and slender. The cuticle became thin
and light in colouration, shiny and slimy. The larvae died after 6-7 days. There was no oozing
out of contents.

Small pieces of infected larvae, gut of infected Jarvae, as well as POBs pelleted after
purifying on a 30-65% sucrose gradient at 50,000 RPM in an vliracentrifuge, were fixed in
glutaraldehyde for ulirastructural investigations.

The ultrastructural investigations revealed the presence of mixed infection (Fig.1) of
Granulosus virus (GV) and Nuclear polyhedrosis virus (NPV) . The NPV (Fig .2) were
tetrahedral in shape and contained 3-4 bundles of nucleocapsids with each bundle containing
2-3 nucleocapsids. The GV (Fig . 3) showed a single nucleocapsid but many of them were
larger in size than that normal for GV ie,. greater than 0.50m. The size of NPV was 166+
0.31 x 1.98 20.33um. The size of GV was 0.671+0.12 x 0457+ §.0%m.

Similar reports of occurrence of Baculovirus in castor semilooper has been reported
carlier by Battu(1986) from Punjab and Vyas ef ai., (1989) from Gujarat. However this is the
first report on the occurrence of similar infection in and around Hyderabad.

Author is thankful to Dr.Bernadette Green , Institute of Virology and Environmental
Microbiology, NERC, Oxford , UK for ultrastructural studies and Project Director , DOR for
providing the facilitics.

Directorate of Oilseeds Research, : P.S.VIMALA DEV!
Rajendranagar, Hyderabad-500 030 :

Battu, G.S. 1986. Qccurrence and influence of two Baculovirus infections on larval growth,
moulting and food consumption of Achaea janata (Linnaeus) (Noctuidae:Lepidop-
tera). Annals of Biology 2 (1) : 51-57.
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Fig. 1 Mixed infection of GV and NPV, Magnification - x 10,000

Fig.2 Nuclear Polyhedrosis virus of A. Janata
Magnification - x 16,000; N - Nucleocapsids
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Fig. 3 Granulosus virus witha ﬁngle central Nucleocapsid
Magpification - x 28,000



7. Oilseeds Res. 9(2) 19921 331-332
ISSN 0970-2776

SELECTION CRITERIA IN SOYBEAN (GLYCINE MAX (L.) MERRILL)

Success in any breeding programme mainly depends upon the choice of parents. Since
yield is a complex quantitative character and determined by number of component characters,
it is not merely possible for a breeder to select a high yielding genotype by considering a single
character. Hence, a selection model for making selection on several characters simultaneously
will be much useful. The present study was programmed to fix selection criteria based on
simultaneous selection in many traits in soybean, an important leguminous crop which was a
recent introduction for cultivation in India. Mishra et a/., (1988) has already fixed sclection
indices for different genotypes in soybean.

Sixty four geographically diverse genotypes of soybean were raised in a Randomized
Block Design with three replications during khartf 1989 at Agricultural College and Research
Institute, Madurai. Each genotype was accomodated in a single row of 6 m length with a
spacing of 45 x 10 cm. Observations on 11 traits were recorded from 20 randomly selected
plants from each genotype per replication. Three criteria viz., mean values of the genotypes
for different traits, combined scores covering all the characters for different genotypes and
discriminant function as suggested by smith (1936) were used for evaluation of genotypes.

The mean performance of the 64 genotypes revealed that certain genotypes showed
their superiority over others for different traits. In a collection of genotypes, if certain types
have superior performance than others for different traits, it is better to choose such of those
superior performers for further breeding work. In the present study none of the types showed
superior performance for all the 11 traits. However, among the 64 types studied, the genotype
EC 100776 was significantly superior than grand mean for eight traits viz., days to 50%
flowering , plant height, pods per plant, pod length, seed yield per plant, 100 seed weight,
harvest index and protein content. Similarly, three other genotypes viz., EC 95287, IC 16990
and EC 94038 were also superior than others. While EC 95287 was significantly better for
SEVEN Lrails viz., plant height, pods per plany, harvest index and oil content, the type ¥C 16990
was superior for days to 50% flowering, plant height, primary branches per plant, pods per
plant, pod length, protein content and oil content. The genotype EC 94039 recorded superior
performance for plant height, primary branches per plant, pods per plant, pod length, sceds
per pod, single plant yield and protein content. Apart from the four genotypes mentioned
above, secondary order of importance may be given for selection of nine more types viz., SDP
(L), KB‘ 80, KB 93, EC 14434, EC 62384, EC 14426, 37656 AMSS 52 and JS 81-303. These .
genotypes have superior performance for six characters each. :

Since the aforesaid method of evaluation of genotypes takes into account only sig-
nificantly superior mean values for different traits, a slightly modified method (combined score
method) was also followed, which takes into account of significantly inferior mean values of
different traits also. In this method, considering ‘m’ as the grand mean of all the genotypes
and ‘CDY’ as critical difference based on the analysis of variance for different traits, three kinds
of scores viz., score -1 (mean of genotype below m-CD), score 0 {(mean of genotype between
m-CD and m + CD) score +1 (mean of genotype above m + CD) were given for all the
genotypes, A combined score covering all the characters was worked out for each genotype.
The combined scores revealed that the genotypes EC 95287 { + 7), EC 100776 { +6), EC 14434
(+5), IC 16990 ( + 5), ACC NO 2004 (+5), EC 62384 (+5), EC 94038 ( +5), 37656 ( +4),

Received for publication on February 12, 1992
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AMSS 52( +4), SDP (L) (+3), EC 26691 (+3) and KB 78 (+3) were superior over other
genotypes in an overall assessment of all the traits.

Smith (1936) proposed a selection model for making effective selection of superior from
a collection of many genotypes considering several characters simultancously using dis-
criminant function. This method was also adopted in the present study to evaluate genotypes
using reciprocal of concerned mean as weightage for different characters. In this context, the
genotypes EC 94038, AMSS 52, SDP (L), EC 50084, EC 3294, EC 50082, EC 14434, ACC NO
- 2004, 1C 16990, EC 95287 and EC 62384 (Selection index above 11.00) were adjudged as better
than other genotypes.

While comparing all the three methods of evaluation viz,, based on (1)mean, (2)
combined scores and (3) selection index, it was clear that there were broad similarities in the
ranking of genotypes between different methods of evaluation {Table 1). Therefore, selection
of genotypes based on superior mean performance for as many characters as possible will be
an ideal selection criteria.

Table 1, Comparison of three methods of evaluation

Superior mean Combined scores Selection index
Rank —[Gcnotypc Rank IGenotypc Rank JEienotype
1 EC 100776 1 CEBC 95287 1 EC 94038
2 EC 95287 2 100776 2 AMSS 52
3 1C 16990 3 1C 16990 3 SDP (L)
4 EC 94038 4 EC 04038 4 EC 50084
3 SDP (L} 5 EC 14434 5 EC 3294
6 BEC 14434 6 EC 62384 [ EC 50082
7 FC62384 7 ACCNO 2004 7 EC 14434
8 AMSS 52 8 AMSS 52 8 ACCNO 2004
9 37656 9 37656 9 IC 16990
10 EC 14426 10 SDP (L) 10 EC 95287
1 KB 80 11 EC 26691 11 'EC 62384
12 KB 93 12 KB 78

13 1S 81-303

Considering all the three methods of evaluation of genotypes in toto, ten genotypes viz,,
EC 95287, IC 16990, EC 94038, SDP (L), EC 14434, EC 62384, AMSS 52, EC 100776, 37656
and ACC No. 2004 were found to be better than others. Therefore, these ten genotypes may
be used directly for muliilocational tests and selecting any one of them as improved variety or
may be used as potential parents in any future breeding programme to combine the desirable
attributes in the improvement of soybean.

Department of Agricultural Botany, ) M. KUMAR

Agricultural College and Research Institute, ' N. NADARAJAN
Madurai - 625 104, Tamil Nadu.

Mishra, R.M. Srivastava, M.K. Mehta, S K. and Kohi, G.K. 1988. Path coefficient analysis and
s%lection indices in soybean (Glycine max L.). Narendra Dev J. Agric. Res. 3(2) : 170 -
173.

Smith, H.F. 1936. A discriminant function for plant selection . Ann. Eugenics. 7: 240-250.
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EFFECT OF NITROGEN, PHOSPHORUS AND SULPHUR ON SEED
YIELD AND QUALITY OF MUSTARD

Soils of North Gujarat are deficient in available nitrogen and sulphm and medium in
available phosphorus. The information available on the response and uptake pattern for these
nutrients on mustard in this region is meagre and the present study is an attempt in this
direction.

An experiment was conducted at Sardar Krushinagar, Gujarat Agricultural University
duringrabi 1990 on a loamy soil with pH 8.1, organic carbon 0.21%, alkaline KMnOy4 oxidizable
nitrogen 144 kg N/ha, 0.5 M NaHCO3 {pH 8.5) extractable phosphorus 48 kg P20s/ha, IN NH
OAC (pH 7.0) extractable potassium 214 kg K20/ha and heat soluble sulphur 9.0 ppm. The
treatment (Table 1) were replicated three times in a Randomised Block Design. Urea, DAP
and gypsum were used as sources for N, P and S respectively. Full dose of P, $ and 50 per cent
of N as per treatment were applied below the seed at the sowing time. Remaininig 50 per cent
N was top dressed after 45 days of sowing,. The crop (Gujarat Mustard) was sown 45 cm apart,
at a sced rate of 4 kg per hectare.

The appraisal of data (Table 1) reveal that increasing levels of nitrogen recorded
significantly higher seed, straw and oil yields. The highest yield in all respects were with the
application of 75 kg N/ha. Similarly, the uptake of nitrogen and phosphorus in grain and straw
increased significantly with increasing levels of N upto 75 kg/ha. The increase in nitrogen with
increasing nitrogen levels upto 120 kg/ha was also reported by Antil et 4l., (1986), in a sandy
loam soil at Hissar. The application of nitrogen significantly affected the uptake of sulphur.
The maximum uptake of sulphur by grain and straw (9.48 and 13.27 kg/ha) were recorded with
75 kg N/ha.

Similarly, the response to phosphorus application was also observed. Application of 50
kg P20s/ha produced signficantly higher grains (1039.44 kg/ha), straw (2606.31 kg/ha) and oil
yield (377.83 kg/ha). Signficantly higher uptake of P, N and S by grain and straw was also
obtained under this P treatment.

Application of sulphur at 40 kg S/ha significantly increased grain, straw and oil yields
as well as the uptake of §, N and P by grain and straw. The higher level of S application to the
crop resulted into profused vegetative and root growth and might have activated the absorp-
Eion of S, N and P from the soil. Similar results have also been reported by Aulakh and Pasricha

1983).

Department of Agronomy, L.R.PATEL
College of Agriculture, ' N.R.PATEL
Sardar Krushinagar - 385 506,Gujarat. R H. PATEL

Antil, R.S. Kumar, V. and Singh, M. 1986 . Effect of nitrogen on yield and uptake of nitrogen
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GENETICS OF MATURITY DURATION IN SOYBEAN UNDER TROPI-
CAL CONDITIONS

At present, the major objective in breeding of soybeans is the development of carly
maturing varieties as it could increase the crop intensity and totlalllltproduction, especiallyin the
tropics/sub-tropics. So, it was considered desirable to obtain information on the genetics of
maturity duration in soybean.

Eight diverse parental lines were crossed to generate 5 Fy’s {Bragg (early) x Kalitur
(Late); Kalitur x UPSM 534 (early); PK 327 (early) x Jupiter (Late); PK 317 (early) x T 49
(Late) and PK 472 (Latc) x UPSM 534 (early)]; 5F2’s and 5F3’s. F1’s (about 10 seeds/cross)
and F2’s (approx. 500-800 seeds/cross) were made available from the soybean breeding project:
(AICRPS). These Fy’s (one row, 4m long/cross) and Fy's (25-40 rows) were sown on July 12,
1986 along with parents {4 rows). Individual plants in F2 generations of five soybean crosses
and their parents were space- planied 20cm apart in rows, 4 metre long and 60 cm wide. Out
of five, 4 Fy’s did not germinate in 1986. Hence, fresh F1 sceds of these crosses were again
produced during kharif 1986. In 1987, parents (4 rows) F1’s (one row/cross), and F3’s (80
lines/cross, derived from 80 random F2 plants) were planted on July 21. Frequency data were
used to classify genotype into distinct groups and the Chi-Square test was conducted to
ascertain the goodness of fit of various genetic ratios. The genotypes of each randomly selected
F; plants was ascertained by classifying F3 progeny row.

Parental and F1 behaviour

Maturity duration, in the F1 plants of four crosses viz., Bragg x Kalitur, Kalitur x UPSM
534, PK 317 x T 49 and PK 472 x UPSM 534 was lower than the mid parental values (more
towards early parent mean) indicating partial dominance of early maturity over late maturity
(Table 1) whereas in one cross PK 327 x Jupiter, maturity duration of F; plants was lower than

Table 1.  Range and mean days for maturity duration in parents and FY's of different crosses of soybean

Cross Year Generation Maturity duration
Range Mean
Bragg x Kalitur 1987 P1 95.103 1010
P2 109-116 112.0
Fi 104-109 1050
Kalitur x UPSM 534 1987 P 109-116 112.0
P2 - 95-103 99.0
. F1 102-0 1020
PK 327 x Jupiter 1987 B | 92.104 97.0
) Pz . 111-118 114.0
I _ 92-100 95.0
PK317xT49 1986 P 101-105 101.9
: P2 114-128 1238
F1i 111-0 111.0
PK 472 x UPSM 534 1987 P1 102-108 107.0
P2 95-103 99.0
Fi 1020 102.0
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the mean of early parent indicating complete dominance for earliness. Bernard (1971) and
McBlain and Bernard (1987) reported partial dominance of late maturity over early maturity
whereas in the present study, partial/complete dominance of early maturity over late maturity
was observed.

Frequency distribution and segregation pattern
1. Bragg x Kalitur

In this cross both the parents showed non-overlapping distributions (Table 2). A
trimodal frequency distribution for early (101-109 days), segregating (110-113 days) and late
maturing (114-118 days) type F2 plants was observed. A fit to 1 (early) : 2 (segregating) : 1
(Late) ratio was shown. F2 plants falling in their parental ranges were classified as true
brecding early and late types. Transgressive segregation was also observed in Fz but only for
carly date of maturity. This may result from inter-plant competition. The F3 lines gave a
satisfactory fit to 1 (early) : 2 (segregating): 1 (late) genetic ratio {Table 3). Thus confirming
the single gene model as observed in Fa,

2. Kalitur x UPSM 534

The parents showed non-overlapping distributions. In this cross, if the 115 F; plants of
intermediate classes were equally divided (57.5 and 57.5) and added to the early and late
classes, a fit to 9 (early) : 7 (late) ratio was obtained. But if we accept a few misclassifications
in 112 and 113 day category (Table 2) it could fit to 1 (early) : 2 (segregating ) : 1 (late). F3
segregation pattern (Table 3) supported the single gene model instead of two gene model for
the expression of maturity duration. McBlain and Bernard (1987) and McBlain ef al., (1987)
in soybean also reported a single locus for maturity (1 early : 3 late) but with the degree of
dominance being different than that of ours.

Table3. Segregation ratios for days to maturity in five crosses of soybean

Cross Generation | Observed segregation Total Expected (x2 p
Early  segre- Late
____gating

Bragg x kalitur  Fzplants 51 82 59 192 1:2:1 4.750 0.10-0.05

F3lines 15 49 14 K;: 121 5.153 0.10-0.05
Kalitur x F2plants 1085 . 915 20 9.7 0.256 0.90-0.80
UPSM 534

Filines 23 37 18 78 1:2:1 0.845 0.70-0.50
PK 327 x Jupiter F2plants 171 - 17 188 15:1 2.502 0.30-0.20

F3lines 38 39 2 79 781 2,095 0.50-0.30
PK317xT49 Fzplants 270 - 88 358 31 0.034 0.99-0.98

Filines 16 42 15 73 121 1.686 0.50-0.30
PKAT2 x Faplants 2145 . 1575 372 9.7 0.301 0.90-0.8¢
UPSM 534

F3lines 7 29 19 55 1:8.7 4.839 0.10-0.05
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3. PK 327 x Jupiter

The parental cultivars had non-overlapping distributions. When 30 F2 plants of inter-
vening classes were equally divided and added to the early and late classes (Table 2) , a
reasonable profit 10 the ratio of 15 (early) : 1 (late ) was obtained. In this case, classical genetic
ratio of 9:3:3:1 was modified to 15:1. Two dominant alleles of both the loci were producing the
same phenotype without cumulative effect (either together or alone). This digenic ratio was
further substantiated by F3 progeny test (7 early : 8 segregation : 1 late) and confirmed the
involvement of two dominant genes (Table 3).

4. PK 317 xT49

A bimodal distribution for early (101-111 days), and late {112- 128 days) maturing type
plants was obtained in F2 generation of this cross (Table 2). F; plants were classified into early
types on the basis of Fy plant maturity. The frequency of 3 {early) : 1 (late) types gave a good
fit to the monogenic segregation. This was confirmed by observing F3 segregation pattern
having a good fit to the expected 1 (early) : 2 (segregating) : 1 (late), indicating involvement
of a single gene pair for maturity duration (Table 3). This result is not in conformity with those
of McBlain and Bernard (1987) and McBlainet al., (1987) with respect to nature of dominance
as they reported a segregation pattern of 1 carly : 3 late instead of 3 carly : 1 late.

5. PK 472 x UPSM 534

Parents were separated by one class interval. In this case, the 3 individuals which fell
in the intervening class were equally divided (1.5 and 1.5) to the carly and late classes (Table
2). F2 segregation gave a fit to the genetic ratio of ¢ (early) : 7 (late), indicating the involvement
of two gene pairs which were acting in a complementary manner to give early maturity. Any
individual in the F3, which possesses. either one or non-dominant gene, would be a late type. -
The F3 generation of this cross supported the involvement of two complementary factors by
showing a fit to 1 carly : 8 segregating : 7 late ratio (Table 3). Bernard (1971) also reported
two gene pairs (E1 and E2) that affected time of maturity. Rai and Richharia (1948) in Vigna
unguiculata also reported that the inheritance of maturity was controlled by two complemen-

. tary factors. Bernard and Weiss (1973) reported that maturity was a quantitative trait hence
several factors may influence the separation of phenotypic classes in populations segregating
for maturity genes (McBlain et al., 1987).

Summary on genetics of maturity in soybean

Genetic control of maturity time had been reported to be governed by five gene pairs
(E1 c1. E2 2, Eses, Faeq and Eses) in temperate environments (Bernard, 1971; Buzzel, 1971,
Buzzel and Voldeng, 1980; Kilen and Hartwig, 1971 and McBlain and Bernard, 1987). The
dominant alleles at all the five loci confer late maturity (McBlain ef al., 1987) whereas in the
present findings cither one or two dominant alleles were shown to confer early maturity.
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ACCUMULATION OF STORAGE COMPONENTS IN DEVELOPING
MUSTARD (BRASSICA JUNCEA) SEEDS

Qilseeds accumulate storage compounds during embryogenesis which serve as nitrogen
and carbon sources during germination. The onsct of deposition of storage component is
controlled by the developmental stage of embryo. Some information is available on the
accumulation of storage components during embryogenesis of rapeseed (Crouch and Sussex,
1981). However not much information is available on the accumulation of storage components
in the developing Indian mustard seeds. Accordingly, the compositional changes in mustard
(B. juncea cv. Prakash) seeds were studied.

Mustard crop (B. juncea cv. Prakash) was raised in the field of HAU farm following
standard agronomic practices. Buds of equal size were tagged on a single day and the siliquae
were collected from 10 DAF (days after flowering) upto maturity (45 DAF) at threec days
interval. Seeds were removed from the siliqua and weighed. Dry welght was determined by
drying the seeds to a constant weight at 80°C. Qil was estimated by using NMR, MK IIT A
Newport Analyser equipped with 2ml sample coil assembly (Gupta et al.,1985). Nitrogen
content of sceds, determined by the conventional micro- Kjeldahl method (AOAC, 1970).
Free amino acids were estimated by the method of Yemm and Cocking (1955) using glycine
as a standard.

In the siliqua, the earliest stage at which visible seed formation could be seen was 10
DAF. However, at this stage the development of seed in terms of dry matter was only 0.7 per
cent. The period for the initiation of accumulation of dry matter, oil and nitrogen in the present
investigation was between two and three weeks after flowering. In B. napus also, the dry matter,
oil and protein accumulation was reported to begin between two and three weeks after
flowering {Crouch and Sussex, 1981). Fresh weight of seeds decreased, while dry weight
continued to increase until 42 DAF stage (Fig. 1). Maximum rate of dry matter accumulation
(0.14 mgfseed/day) was observed between 36 and 39 DAF stage. The mature seeds weighed
3.42 mg/seed. Nitrogen content of a seed is a relative indicator of protein content. The earliest
stage at which nitrogen could be detected in the seeds was at 10 DAF stage, while the oil could
be detected at 18 DAF stage (Fig. 2). The rate of accumulation of nitrogen was found maximum
(7.33 ug/ seed/day) between 39 and 42 DAF stage. The amount of nitrogen found in mature
sced was 131 ug/seed. The maximum rate of oil accumulation (83 ug/seed/day) was observed
during 24 and 27 DAF stage while oil accumulation continued upto 42 DAF stage. In mature
seeds the oil content was 1.462 mg/seed. Murphy and Cumntins (1989) also observed rapid oil
deposition in B. napus between four and six weeks after anthesis. In the present studies oil
accumulated maximally carlier than accumulation of dry matter and nitrogen. Accumulation
of dry matter, oil and nitrogen followed a sigmoidal pattern (Fig. 2). Such sigmoidal pattern
of dry matter and oil accumulation has also been reported in B. napus (Murphy and Cummins,
1989). Free amino acid content increased during seed development and it reached to a
maximum (12.38 ug/seed) at 24 DAF stage (Fig. 2). A sharp dechine in free amino acid content
was observed between three and four weeks after anthesis. Thereafter, it decreased gradually
to a level of 4.54 g amino acid/seed in the mature seeds. Such changes in amino acid content
have also been reported in developing B. napus and peanut seeds (Finlayson and Christ, 1971;

Basha et al., 1976). The decrease in free amino acid content after 24 DAF was perhaps -

indicative of their rapid utilization for protein synthesis.
Received for publication on March 11, 1992
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Results reported here suggest that in Brassica juncea cv. Prakash, the expression of
genes responsible for contribution towards dry matter accumulation was maximum at 36 DAF
stage. Thus the maturing seeds at 36 DAF stage are the most appropriate material for
investigating gene products responsible for oil and protein deposition.
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