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OBITUARY

Dr. K. Virupakshappa, Project Director, Directorate of Qilseeds Research,
Hyderabad passed away on 16 June, 1998 leaving behind his family, a score of admirers
and the oilseeds fraternity in deep sorrow.

He received his masters degree in Agriculture from the college of Agriculture,
Dharwad and obtained his Ph.D from the University of Agricultural Sciences, Bangalore
in 1983, He had a brilliant academic career and received Gold medals and Kamataka
State award. He served the UAS, Bangalore for fourteen vears as a researcher and
teacher before becoming project coorgdinator (Sunflower) in which capacity he worked
for more than 7years and took over as the project Director, DOR on 30 June 1997

He contributed immensely to the growth and development of sunflower in
the country through collection, conservation, evaluation and utilization of germplasm
which resulted in evolving ehite varieties and hybrids. Durning his tepure as project
coordinator (Sunflower), sunflower hybrids like LSH-1, LSH-3, KBSH- 1 were released
which became very popular. Dr. Viropakshappa had to his credit more than 100
research papers published in national and intemational journals of repute. He has
guded many MSc and Ph.D students in Agriculture.

The sudden and untimety demise of this distinguished Agricultural Scientist
15 a loss to the oilseeds family in particular and the Indian Agricultural Research
system in general. He leaves behind his wife and four daughters. The Indian Society
of Oilseeds Research conveys its deep condolences to the bereaved family of Dr. K. %?

Virupakshappa, an embodiment of simplicity, humility and dedication,

GO

A GO
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INTEGRATED NUTRIENT MANAGEMENT FOR
PRODUCTION SUSTAINABILITY OF OILSEEDS

DM HEGDE » /
Project Coordinating Unit (Safflower), 91 Bhavampeﬂ;,swx +41300 :ﬁfk /
L hel
S
ABSTRACT '~ (S
&
Intensive agriculture with very high nutrient ture over in scil plant system o . \‘ ?_,
ymhalanced fertilizer use results in deterioration of native soil fertility and pos - ) *
leng term sustainability of crop production. In India, although fertilizer consump 4. ! x i
million tonnes (N + P,6,+K.0) during 195495, it is still much below the estimatd@puirient removal ) !
of 22-24 million tounes leaving a gap of about 10 million tonnes. This gap is likelfFto Widen further S ]
to 18 million tonnes, by the tum of the century. Long term studies in many croppingsystems have [
clearly indicated that neither chemical fertilizers nor organic sources of nutrients cowld Atstain hl@ > 82) A

productivity of intensive cropping systems. Nevertheless, integrated use of fertilizere -ﬂpd orgalw\ Q B
sources has helped in maintaining vield stability through correction of marginal dettoi W
secondary and micro nutrients, enhuncing the efficiency of applied nutrients and providing favo

soil physical environment. This paper critically reviews the existing information on different com-
ponents of integrated nutrient supply and management in oilseeds and oilseeds based cropping systems
in India and indicates the possibilities of mobilising nontraditional nutrient sources towards increasing

oilseeds production.

Key words: Nutrient management, sustainability, oilseeds,

India has 20.8% of the world’s area under oilseeds
tut accounts for less than 10% of world’s
production to meet the needs of about 16% of the
world’s population. Qilseeds in India, form the
second largest agricultural commodity after
cereals sharing 13% of the country’s gross cropped
area and accounting for nearly 5% of gross
national product and 10% of the value of all
agricultural commodities.

The oilseeds scenario of India has
undergone a dramatic change in recent years due
to various incentives and institutional support
given by the Government for the development of
this sector, following the constitution of the
Technology Mission on Oilseeds (TMO). Between
1985-86 and 1996-97, the area under oilseeds
increased from 19.02 to 25.50 million hectares,
production increased from 10.83 to 22 50 million
tonnes, productivity increased from 570 to 882 kg/
ha and the level of self sufficiency increased from

69 to 87%. Despite such impressive achievements
in the oilseeds sector, the import of edible oils
during 1996-97 was nearly 15 Lakh tonnes costing
more than Rs. 3000 crores as against 10,79 Lakh
tonnes of oil imported during 1985-86 costing Rs.
789 crores. There seems to be a tremondous pent
up demand for edible oils which is turning into
effective demand with increasing purchasing
power. The Total edible oil consumption is
projected to increase at 5.5 to 6% per annum, of
which about 2% will be on account of rise in
population and the rest due to increase in
purchasing power. There is an urgent need to step
up oilseeds production on a sustainable basis to
meet the needs of increasing population and
expanding demands, However, with chances on
area expansion being limited, oilseeds production
increases have to come primarily from land saving,
technologies, highlighting a combination of high
yielding plant types, standard agronomic practices
and balanced plant nutrition attained through

Received for publication in May, 1997
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integrated nutrient supply systems.

Otlseeds crops are energy rich crops, and
obviously the requirement of major nutrients
inchuding secondary and micronutrients is very
high (Table-1). Considerable variations in nutsient
removal occur from situation to situation
depending on crop productivity, soil fertility,
amount of crop residues left over in the field and
their composition. The estimated nutrient (N + PO,
+ K_O) removal by nine annal cilseed crops during,
1994-95 comes to 2.562 muliton tonnes (Table 2).
Some of the cropping, systenis involving oilseeds
may remove as much as 400 to 300 kg nutrients (N
+ PO, K,O)ha/year under high productivity
conditions {Table 3). Unless the soils are
replenished with all the nuirients taken up by the
crops, there will be persistant nutrient exhaustion
posing a great threat to sustainable oilseeds
production. Since chemical fertilizer alone will not
be able to meet the total nutrient needs, integrated
use of all potential sources of plant nutrients seems
to be the only option to maintain soil fertility and
crop productivity.

Integrated Nutrient Supply and Management
(INSAM) in Oilseeds

INSAM is an age old practice but its
importance was not very much realised in pre-
green revolution era due to low nutrient demands
of traditionat agriculture. This approach aims at
efficient and judicious use of all the major sources
of plant nutrients in an integrated manmner, so 2s
to get maximum economic yield without any
deleterious effect on physico-chemical and
biological properties of the soil. Thus, the basic
concept underiying the principles of INSAM 15
the maintenance and possible improvement in soil
fertility for sustained crop production on a long-
term basis.

INSAM has assumed great importance in
recent years because with high nutrient turnover
in soil-plant system under intensive farming,
neither the chemical fertitizers nor organic/
biological sources alone can achteve production
sustainability. Long-term studies carried out mostly
in cereal based cropping systems have indicated

Table 1 : Average nutrient removal by eilseed crops/t yield under field conditions

Crop Ky uptaked produce g uptokeh produce

N PO, K0 s Ca Mg 7n Fe Mn Cu
Groundnut 58.1 19.6 301 7.9 205 133 109 2284 93 Y
Mustard 328 164 418 173 420 8.7 166 1123 gs 17
Raya 645 1206 534 160 565 9.5 58 635 165 11
Taramira 70,0 260 613 207  15.3 53 16 708 153 29
Soybean 797 309 517 6.7 14.0 76 77 346 23 30
Safflower 388 84 220 126 ; - - . . )
Sesame $1.7 229 640 117 375 158 ., 168 793 115 117
Sunflower 63.3 19.1 126 117 683 267 47 1075 - .
Linseed 60.0 18.6 54,0 5.6 31.2 13.1 46 664 177 3¢
Castor 40.0 9.0 16.0 - - - - - - -

Source : Tandan and Sekbon, 1988; Pastiche snd Tandon, 1993 o v
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Table 2 : Estimated nutrient remaval by silseed crops during 1994-95,

Nutrient uptake (0001)

Crop Production

{m.t.) N ons KEO . g
Groundnut ' B.26 480 . 162 149 65
Rapesced-mustard 5.88 - 193 . 96 : 246 103
Scsame 0.62 32 . 14 40 7
Soybean A&7 260 A 113 212 25
Linseed .32 “19 6 a7 N
Safflower 0.42 . 16 4 o . 9 5
Sunflower 1.20 T8 T2z T 4y 13
Castor 0.85 41 ) 18 . o . 57 11
Niger 0.20 14 ’ 3 13 )
Total 21.42 1131 ) 439 . 997 233
Source : Hegde, 1997, . r-.‘-

Table 3 : Nutrient uptaké laume ¢cropping systems involving oilseeds

Nutrient uptake (kgha)

Cropping System D —
(t/ha) - N P,0, K0 Total
Sorghum-Groundnut _ B 216 . . . 174 o 184 474
(3.6) (2.2) S : ,

Maize-Mustard N ) '/A_' 127 20 177 374
(3.0) (2.0) R o

Cotton-Sunflower ) P 203 \ ,‘ . .90 B 376 669
(2.0) (1.8} , s .

Soybean-Patato-Wheat . 305 o 177 : 345 827

(1.5)  (26.0)  (4.0) .
Sorghwn-Suatlower-Groundaut. 301 : 121 L 385 807
4.0 (1.5 (2.0) _ R ; .

Source : Hegde er al., 1992.



that even with so called balanced use of NPK
fertilizers, high yields could not be maintained over
years because of emergence of secondary and
micro-nutrient deficiencies and deterioration in soit
physical environmient (Nambiar and Abrot, 1984,
Hegde, 1992). Nevertheless, intagrated use of
fetilizers and organic manures/biological sources
helped in maintaining yield stability in most
agroecoregions through correction of marginal
deficiencies of secondary and mitro nutrients,
erthancing efficiency of applied nutrients and
providing favourable soil phiysical conditions. The
interactive advantages of combining organic and
inorganic sources of nutrients in INSAM have
proved superior to the use of its each component
separately (Roy, 1992).

The major components of INSAM are
fertilizers, organic manures (FYM/compost),
legumes, crop residues/recyclable wastes and
biofertilizers. These sources posses great diversity
in terms of chemical and physical properties,
nutrient release efficiencies, positional availability,
crop specificity and farmer acceptability. Therefore,
the combination of different components foensure
optimum supply of nutrient supply to a given
cropping system involving oilseeds depends on
several ecalogical and socic-economic factors.

Chemical fertilizers in INSAM

Fertilizer is the jmportant component of
INSAM in oilseeds. Inadequate and/or
imbalanced use of fertilizers has been identified
as one of the critical constraints holding oilseeds
production. Yield increases ranging from 26 to
300% wath fertilizer application alone have been
recorded in rainfed areas (Subba Rao, 1994) which
constitute about 75% of the total area under
oilseeds. With fertilizers, on an average
contributing upto 50% rise in productivity, their
importance in any strategy to meet the challenges
on rising demand for oilseeds can hardly be
emphasised. Cur dependence on fertitizers as a
source of nutrients even in oilseeds is increasing
because of the need to supply large amounts of
nutrients (Table 4). While the use of fertilizers is

Journal of Oilseeds Research

the quickest and surest way of boosting oilseeds
production, the following issues related to present
fertilizer scenario in the country needs special
attention.

Inadequate domestic availability

The fertilizer consumption during 1994-95
was 13.5 million tonnes (N + PO, + K O) with N:
P,0,:K,Oratio of 8.9:2.8:1.0 as against the ideal -
ratio of 4:2:1, The tota) plant nutrient uptake by all
agriculttural crops is estimated tobe 22 to 24 million
tonnes leaving a gap of nearly 10 million tonnes.
This gap is likely to tncrease to 16 million tonnes
by 2000 AD (Hegde and Drwavedi, 1993} Although
a part of this nutrient gap is bridged from non-
chemical sources like organic and biofertilizers, the
foreign exchange constraint will not permit 1mport
of fertilizers in large quantities. *

Low fertilizer use efficiency

Hardly 30-40% of nutrients applied
through fertilizers are utilized by the crops and
the remaining are lost through various pathways
such as leaching, volatalization, surface runoff, goil
erosion and fixation. Less than 15% of nutrients
absorbed by oilseed crops is contributed by
fertilizers while the rest is contributed from soil
reserves, organic manures, biological sources and
residues and wastes {Table 5). The declining
efficiency of fertilizers is of great concern. Ina '
country like India, where nearly 75% of the

farmers operate small and marginal holdings and - :

are resource poor, fertilizer nutrient wastage arising
from inefficient use will prove prohibitively
expensive, and thus can be ill afforded, Further,
any inefficient use of fertilizer nutrients can
produce adverse effects on the environment
casting additional doubt on the long-term
sustainability of cilseeds production. In-effictent
use of fertilizer nutrients is likely to be triggered
also by policies favouring lower prices of certain
nutrients and feaving others unattended. There
are several well-proven scientific practices through
which the efficiency of applied fertilizers can be
increased which need to be popularised among
oilseads farmers.
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Use of high analysis fertilizers

Traditional low analysis fertilizers like
ammonium sulphate, single super phosphate,
calcium ammenium nitrate, potassium sulphate
which used to supply NPK in past, also added
inadvertantly considerable amounts of secondary
and micronutrients. At present, emphasis is laid
on use of chemically pure, high analysis fertilizers
such as area, diammonium phosphate and muriate
of potash, which are practically devoid of nutrients
other than NPK. Continuous use of these fartilizers
coupled with heavy offtake of secondary and
micronutrients by exhaustive production systems
has led to emergence of multi-nutrient deficiencies.
Now, deficiency of secondary nutrient like S and
micronutrient like Zn are reported from [arge areas
besides deficiencies of NPK (Table 6).

Response of oilseeds to fertilizers

For leguminous oilseeds like groundnut
and soybean, the main nutrients from fertilizer
management point of view are P, 5, Ca and Zn,
as these crops can meet a large part of their
nitrogen needs through biological N fixation. For
rapeseed-mustard, application of N, P, § and in
increasing, cases Zn and to some extent B play a
key role in stepping up the yields. For safflower
and sunflower, the major requirements are N, P and
S in certain cases. In course textured soils at high
yield levels and where leaching is of major concern,
K application becomes critical. Iron assumes
importance in alkaline-calcareous soils and Mo in
very acid soils, particularly for groundnut and
soybean.

All oilseed crops have shown response to
fertilizer nntrients. Significant increases in yield
due to application of one or more nutrients in
different agro-ecoregions have been reported by
several workers (Tomar ef ol 1980; Daulay and
Singh, 1982; Ankineedu ef al., 1983; Takkar and
and Nayyar, 1984; Pasricha and Aulakh, 1986,
Pasricha et al., 1987; Agasimani and Hosmani, 1989,
Saini, et @l., 1989, Tandon 1990; Pasricha and
Tandon, 1993; Gangasaran and Rana, 1994). These

reports clearly indicate that in several parts of the
country, there are nutrient deficiencies and/or
responses (hidden hungers) of N, P, K, S and the
micronutrients like Zn, Mn, Fe and B (in a limited
way in a few pockets) in one or the other oilseed
crops. Thus, sustainability considerations demand
that these nutritional disorders should be taken
care of in the management of oilseeds crops.

Fertilizer management on a system basis

Cropping system rather than an individual
crop and the farming system rather than an
individual field, are the focus of attention in
INSAM. The low level of utilization of nutriants
supplied through fertilizers and manures calls for
choosing appropriate combination of sequence of
crops to effectively utilise the nutrients for long-
term sustainability. Specific attention needs to be
given to harness the residual effect of fertilizers
containing P (Table 7) and K so that application
of these nutrients can be phased to get maximum
benefit. In wheat-gronndnut, maize-groundnut
and raya-groundnut cropping systems, groundnut
crop was observed to thrive on residual effect when
wheat, maize and raya received recommended
fertilizers (Subba Rao, 1994). It is also possible
to get a changing pattern of response to applied
fertilizer nutrients even with balanced fertilization
due to buildup/depletion of several nutrients which
have a direct bearing on crop response and
productivity of oilseeds. Therefore, there is a
strong need to continuously monitor the soil for
possible changes in nutrient status so that those
nutrients which are in short supply can be
supplemented to increase overall nutrient use
efficiency.

Organic manures

Organic manures have been time tested
materials for improving the fertility and
productivity of soils. It is only during the last 15-
20 years that these have been incorporated into
INSAM for intensive cropping sequences in
contrast to the subsistence level production of
the past. Use of organic manures has been
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Table 4 :  Fertilizer nutrient requirements of oilseed crops during 1994-95 based an average fertilizer

recommendations

Crop Area Nutriemt uptake (0001)

(m.ha) N PO, K,0
Gronndnut 7.92 158 396 238
Rapeseed-musiard 6.23 : 312 187 187
Sesame 2.03 61 ! 41 20
Soybean 3.99 . 120 ‘ 239 120
Linseed 0.96 29 19 10
Safflower 0.77 - . 31 23 15

-

Sunflower - 1.97 79 118 59
Castor ¢.79 47 32 e 24
Niger 0.59 12 & ‘ ;
Total 2526 849 1061 . 673

Source - Hegde, 1997

Table 5 : Nuirient remwval by oilseed crops and net contribution of fertilizers to it in India (1994-95)

Nutrient Uptake Fertilizer Fertilizer use Contritiution to uptake
{C004) use (000%) efficiency (%)
: Fertilizers (%) Others (%)

N 1131 424 50 18.7 813
P,0, 439 318 30 [ 21.7 78.3
K,0 992 134 - 2. so 6.8 93.2

R 233 13 . 25 ;. 1.4 98.6
Total 2795 889 “ 135 6.5
Source : Hegde, 1997 - - } ' ‘-i,f‘ .

Table 6 : Nutrient status of Indian soils : B

Nutrient Status

N Low 228 districts, medium 118 districts, high 18 districts
I . Low 170 distocts, medium 184 districts, high 17 districis
K Low 47 districts, medium 192 distnicts, high 122 districts
8 . . Deficient in 50% of soils (125 districts)

Zn o Deficient in 50% of soils .

Mg All acidic soils

Fe Upland calcarecus soils R

B Parts of Bihar, Kamataka and West Bengal

Source : Tandom, 1992



D.M. Hegde 7

continuously declining in Indian agriculture due
to a variety of reasons. We have ignored the
exploitation of the potential of organic manures
and their synergistic etfect with chemical fertilizers
for increasing productivity, sustainability of
agriculture and tmproving soil health and
environmental security. The potential nutrient
availability from major organic sources is estimated
at 10.5 to 16.2 million tonnes, out of which only 3.9
to 5.7 million tonnes is available for agricultural
use (Table 8). Vast potential lies in the country for
production and use of FYM and composts. The
potentials of rural and urban compost in India is
estimated to be 600 and 16 million tonnes,
respectively, out of which only 279.7 and 6.6 million
tonnes was actually produced during 1991-92.
Thus, the average consumption has been about 2
tonnes/ha/year. Even this much 15 not available

for oilseeds as organic manures are mostly diverted

to high value crops like fruits, vegetables, potato,
sugarcane and plantation crops.

Despite limited data, the role of organic
manures in oilseeds production is being
increasingly recognised. [n groundnut, application
of FYM @ 7.5 t/ha increased the pod yield by
60% over control and 27% over 25:50:25 NPK
kg/ha (Agasimani and Hosmani, 1989).
Phosphorus enriched manure had significant
inflyence on the yield of groundnut (Das ef al.
1992). Poultry manure appeared to increase the pod
yields of groundnut much more than did FYM and
pig manure when applied along with SSP or SSP+
RP(Das etal 1992} Sagareet al (1992) reported
that highest pod yield of 1,65 t/ha and oil yield of
0.81 t/ha was obtained from application of 25 kg N
+ 50 KgP,O,/haas enriched FYM, With enriched
FYM, NPK uptake also increased. Sukhija er af.
{1985) found beneficial effect of application of 50
kg N+ FYM on sead yield and quality of mustard.
In sunflower, application of FYM @ 10 t/ha
increased the seed yield by 28.7 and 28.4% at
Bangalore and Coimbatore, respectively. At
Tikamgarh, Tiwari ef al. (1995) gbtained 28.7%
higher yield of sesame due to application of 2.5 ¢

FYM/ha along with recommended NPK, Castor
yields were comparable with the treatments of 25%
N through mustard cake + 75% N through urea
and 75% N through mustard cake + 25% N through
urea under irrigated conditions at Sardar
Krushinagar (DOR, 1992).

The results of All India Coordinated
Research Project on Long Term Fertilizer
Experiments at Jabalpur and Ranchi clearly
indicated the benefits of the application of FYM
{(supplying 38 N, 8 P.O,, 30 K,O, kg/ha) to
soybean superimposed over either 100 or 150%
recommended NPK over a 13 to 16/17 year period
(Anonymous, 1992).. The soybean yields with
100% recommended NPK + FYM were greater
than those obtained with even 150% NPK in all
the years of study.

Organic manures besides supplying
nutrients to the current crop, very often leave
substantial residual effect on the succeeding crops
in the system and this residual effect lasts often
for several seasons.

Organic manures are not just sources of
nutrients, they have profound, even sometimes
the dominant effect on soil physical properties
resulting in better structure, greater water retention,
more favourable environment for root and pod
growth and better infiltration of water. The beneficial
effects of such properties on crop yields has rarely
been given due economic importance.

The composition of organic manures vary
greatly. Current recommendations based on casual
evaluation of FYM/compost in terms of tonnes/ha
with very little or no emphasis on the quality aspect
are many times misleading. There are proven
scientific ways for improving the quality of organic
manures which need to be popularised amongst
the farmers, The quality can be substantially
enhanced by enrichment of the manure during
decomposition with cheaper indigenous materials.
Rock phosphate enriched compost, popularly
known as phospho-compost coitains more than



1% PO, as against 0.3 - 0.6% in usually prepared
rural compost.

Besides FYM and compost, there are
several other organic sources with good nutrient
potential. However, there is hardly any
information on their integration in oilseed
productionn. There is a need to integrate with
different organic manures available in specific agro
ecoregions with chemical fertilizers for cropping
systems involving oilseeds,

Crop Residues and Recyclable Wastes

The country has large potential of crop
residues and other farm/industrial wastes with
good manurial valne (Table 9). Although most of
the crop residues with feed value are needed to
support huge livestock population, some residues
available in specific locations/situations can be
made use of as a source of plant nutrients because
aither they are not preferred as animal feed or their
transport to needy areas is not economically
viable, Crop wastes and residues are renewable
and readily available but they are limited and
scattered. In addition to improving the soil
properties, conserving soil moisture and
suppressing, weads, application of crop residues
may partially substitute the chemical fertilizers. Of
the nutrients taken up by cereal crops, on an
average, 25% N and P, 50% S and 75% of K is
retained in crop residues making them valuable
nutrient sources. Gaur and Mukherjee (1979)
ooserved 95.5% increase in pod yields of
groundnut, over control, with the application of 5
t/ha of wheat strav'v, which also improved the seed
oil content. On acid soils, the incorporation of
biodigested sturry (@ tha and Rhizobium treatment
had augmented symbiotic efficiency and resulted
in 39.2% higher pod yield of groundnut over
control {Ponniah et al 1991). Application of
coirpith inoculated with Plewroteus sp. + NPK
increased the pod yield whereas uninoculated
coirpith was not effective (Nagarajan ef al. 1986).

In sunflower, incorporation of crop residues @ 5
t/ha on vertisols has been demonstrated. *
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Incorporation of pigeonpea stalks has resulted in
44% increase in yield over control and further,
there was improvement in the water holding
capacity of the soil (Reddy and Sudharkarababu.
1996).

Crop residues, besides supplying nutrients
to the current crop, leave substantiat residnal effect
on succeeding crops in the system (Table [0),
Organic N 1s slowly mineralised and about 30%
N is generally available to the first crop. About
60-70% P and 75% of K also is likely to become
available to the first crop and the rest to
subsequent crops (Gaur, 1992). Besides supplying
nutrients, crop residues and wastes favourably
influence physical, chemical and biological
properties of the seil.

The amount of stubbles left in the field after
the harvest of some of the cereals and pulses may
range from 0.2 to 1.5 t/ha. Before planting next
crop, 1n many cases, these stubbles are collected
and burnt as they are difficult to decompaose,
leading to a significant logs of nmutrients. There is
need to devise appropriate management practices
to make use of these stubbles in INSAM of
cropping systems.

The inconsistent crop responses to
incorporation of crop residues under different
situations may well be expected due to varying
pace of immobilizations-mineralization cycle,
particularly that of N.

There are many recyclable wasts of
agricultural and industrial origin such as sugarcane
trash, potato haulms, nonedible cakes, tobacco and
tea wastes, cotton wastes, press mud, forest litter,
water hyacinth, wastes from food processing
industries etc. However, practically there is no
information on their integration with fertilizers in

the oilseeds production. . - . »

Legumes T

Legumes have besn wmmmr s0il
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Table 7 : Residual effect of P applied to first crop of groundnut on pod yield and oil content of third crop
of groundnut in groundnut-maize-groundnut sequence.

PO, (kg/ha) Pod yield 0Oil content
{g/ha) (%)
0 156 42.8
20 ’7 . . v "*. 17.7 ’ . 443
40 iw "1 189 . 45.9
60 e T sk
CD(5%) ' “ o 0.9

Source ; Reddy et al,, 1990,

Table 8 : Potential and possible nutrient (NPK) availability from major organic resources

Resources Nutrients (m.t)
Potential For agriculture use
Crop residues 5.6-87 1.7-26
Animal dung a0 3.4-57 : - 1.0-17
Night Soil : . 1.5-18 . T 12-1.4
. fr - LT
Total oo T4 . 105 -162 - 3.8 -57

Source : NAAS. 1996

-

Table 9 : Nutrient p% of crop residues, agricultural and industrial wastes.

Nutrients/ year (0001)

Crop T Y Quantity

¥ {maillion tonnes) N P,0, K,0 Total
Crop residues - o 2733 12831 . 19656 . 3903.9 7152.6
Potato haulms S 1200 To 2940 . .. 120 - 2250 5310
Sugatcane trash o o0 7 56.0 7 - 150 .. 99.0 170.0 Y
Forest litter Ly 18.7 9.7 . 37.4 99.7 236.8
Nonedible oil cakes L 0.4 120 . 50 : 12.0 29.0
Sewage sludge . 0s 51 2.9 28 . 10.8
Press mud 3.2 33.3 794 55.4 168.1
Water hyacinth S T 720 14.0 24.0 176.0
Domestic waste water - - 6351.0% 3176 7 1397 190.5 647.8
Indusirial waste water | 66.2% 29 Y gy 1.3 5.1

*Million cubic metres per ansum
Source : Juwarkar er af., 1992, Hegde and Dwivedi, 1993.
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recuperation power since time immemorial.
Legumes can form an important component of
INSAM in oilseeds when grown as a sequence
crop, intercropped with non-leguminous oilseeds
of when introduced as a green manuring crop in
a cropping system.

Legumes grown in sequence

Nodulating legumes benefit the succeeding
nonlegume crops in terms of increased yields in
comparison with the yield of nonlegumes after
non legumes or non-nodulating lines of legumes
{(Wani and Lee, 1992). Such increased yields are
attributed to enrichment of soil N due to N2
fixation and the N conserving effect of legumes.
However, all such benefits can not be explained
by N effect alone, and several factors viz.,
improved soi! physical, chemical and biological
properties, reduced weed and diseases severity and
insect infestation, etc. are responsible. If a cereal
or a non-legume crop succeeds Kharif groundnut,
20-25 kg N/ha can be reduced and 1o phosphorus
application is required if groundnut has already
been supplied with P In case of legumes being
succeeding crops, only phosphorus @ 15-20 kg/
ha is suggested (Reddy and Sudhakarababu, 1996).
The nitrogen requirement of mustard in different
double cropping systems at Hisar revealed that
the highest yield was obtained with 120 kg N/ha.
However, the response to N application in mustard
declined after 40 kg kg N/ha if the preceding crops
were groundnut, castor, sesame and pigeonpea
while after pearlmillat, there was good response
upte 80 kg N/ha (Kumar and singh, 1988). A 50%
reduction (15-25 kg N/ha) in N application to
safflower was suggested if the proceeding crop is
a grain legume receiving its full complement of
fertilizers (Hegde, 1995).

The long-term fertilizer trial on sunflower
based sequences at Hyderabad revealed that
groundnut and castor crops are efficient in utilising
the residual fertility from proceeding sunflower.
After third cycle of different sunflower based crop

sequences, sunflower yields at 50% recommended
fertilizers, when rotated with groundnut, was
comparable with that at 150% recommended
fertilizers in sunflower-sunflower sequence (Reddy
and Sudhakarababu 1996),

Groundnut and soybean crops being
legumes, account for nearly 50% of the area under
ocilseeds in the country. These crops in sequence
with other nonlegumes, can help in saving N
fertilizer to the extent of 30 to 40 kg N/ha. In
other nonleguminous oilseeds, inclusion of
leguminous crop in the sequence may help to
economise N fertilizer requireinent to the extent
of 20-40 kg N/ha. In a country where the average
consumption of plant nutrients is very low and
still lower in oilseeds, the residual fertility build
up due to legumes is obviously a major
contribution which must be fully exploited for
increasing otlseeds production.

Legumes as intercrops

A leguminous crop like cowpea can be
grown as an intercrop for a 6 week period and
incorporated in sftu as green manure. Results of
such a study were reported by Vijayalakshmi
(1983) from Hyderabad for castor. The data indicate
that over years, 10 kg N + green manuring (5 t/ha)
was as good as 40 kg N/ha in red sandy loam soil.
The contribution of intercropped cowpea green
manured in sifu could be upto 30 kg N/ha.
Groundnut + pigeonpea inter-cropping produces
higher yields due to less competition for soil P
because pigeonpea as a sole crop or in
intercropping system with mungbean and maize
prefers Al-P while with groundnut, prefers Ca-P
{Subba Rao, 1994). There are also beneficial effects
of inter-cropping leguminous oilseeds like
groundnut and soybean in cereal crops (Hegde
and Pandey, 1992).

Nitrogen economy through intercropping
legumes is yet to be assessed in different
intercropping systems. Although many legumes
have been identified for intercropping in otlseed
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crops, no information is available on the N
economy achieved through these systems.

Legumes as green manures

Before introduction of chemical fertilizers,
green manuring with leguminous crops was
invariably practised with most crops. However, with
the easy availability of chemical fertilizers and crop
intensification, the practice of green manuring was
almost given up. Of late, there has been revival of
interest in green manuring with an indication of
unsusiainable yield levels due to continuous use
of only chemical fertilizers. At present, green
manuring is practised on about 6.7 million hectares.
Suynnhemp and sesbania are the most common
green-manure crops in India, while clusterbean,
Egyptian clover or berseem and cowpea are also
used occasionally. Large amount of green biomass
of narrow C:N ratio when incorporated into the
soil during green manuring definitely contributes
sizeable amounts of plant nutrients, particularly N
and brings improvement in soil physical conditions.

Green manuring significantly improved the
yields of toria at all the fertilizer N levels (Pasricha
et al., 1988). Addition of green mamure (3 t/ha)
resulted in foria vield (10.48 g/ha) equal to that
obtained with 60 kg N/ha (10.49 g/ha). Green
manuring along with inorganic N led to an
additional yield of toria ranging from 5.6 to 8.3 ¢/
ha. Beneficial effect of green manuring to raya was
also reported (Pasrichaef al., 1987). At Ludhiana,
clusterbean green manuring gave similar yield of
mustard as that of N alone @ 100 kg/ha. In maize-
mustard system, average direct effect of green
manuring on maize was ayield increase of 763 kg/
ha, equivalent to 42 kg N/ha through chemical
fertilizers and a further increase of 1435 kg N/hain
mustard yield through its residual effect {Pasricha
et gi., 1987). Incorporation of sunnhemp or
Leucaena loppings resulted in yield of safflower
similar to that obtained from 37.5: 25 NP, kyg/ha
and increased oil and protein content in seeds.

While green manuring practice has both

direct and residual benefit on ocilseeds, the point
for consideration is whether the farmers wouid be
willing to forego a crop merely for growing a green
manure crop. Many a times, farniers are not willing
to spare their meagre land resources and inputs
for raising a green manure crop as it neither
provides food nor immediate income. Where
intensive cultivation and growing more than one
ot two crops is aimed at, green manures will have
no scope in cropping systems. Instead, the
oilseeds crops are better intercropped or be
intercropped with other crops to achieve the same
objective of green mamaring atleast partially. Fresh
loppings of perennial leguminous trees such as
Leucaena grown on hedge rows and field bunds
may be used for incorporation into the soil as a
source of N for nonleguminous cilseeds,

Biofertilizers

Biofertilizers have an important role to play
in improving the nutrients supply and their
availability in crop productian. They help in
increasing the biologically fixed atmosphetic N
and enhancing native P availability to crops.
Among the biofertilizers for increasing N supply
to oilseeds crops, N-fixing bacteria viz., Rhizobium,
Azotobacter and Azospirillum are important. The
availability of P is improved by P solubilising
riicroorganistns (PSM) and mycorrhizae,

Rhizobium

There is scope for exploiting the ability of
leguminous oilseeds-groundnut (112 to 152 kg N/
ha) and soybean (49 to 130 kp N/ha) to fix
atmospheric N to meet in part or fully N
requirement (Wani and Lee, 1992). But these
crops too need starter doses of N (15-20 kg/ha)
through fertilizers to be effective as N fixer.
Inoculation with efficient Rhizobium strain specific
to each crop is very essential for the N gains and
better crop vields, In groundnut, new Rhizobium
strains [GR-6 and IGR-40 were found to be tolerant
to Thiram and hence seed treatment with fungicide
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and inoculation of Rhizobium can go together
(Reddy and Sudhakarababu, 1996). Rhizohium
inoculations have proved beneficial where these
crops are cultivated for the first time and every
time in rice-fallow situations. However, for the
Rhizobium 1o be effective, the soils should have
no deficiency of P, Ca and Mo.

Response of groundnut to Rhizabium
inoculation was 272 kg/ha averaged over 29 trials
(1CAR, 1987). Resulis from Jomagarh (Gojarat)
indicated 15 to 30% increase in summer
groundnut yields with Rhizobium inoculation
(NRCG, 1988). At Akola (Maharashtra), seed
inoculation with thizobium + 4 g Mo/kg seed
increased groundnut yield significantly
(Wankhade et al., 1992). In Kharif groundnut,
13 to 53% increase in yields were reported with
rhizobial inoculations (Anonymous, 1993} In
soybean, Rhizobium inoculation along with 30 kg
N/ha produced the highest yield and nitrogen dose
less or greater than 30 kg N/ha caused significant
reduction in yield {Tiwari e/ ¢/, 1988). Significant
response to rhizobial inoculation in soybean was
reported by many workers (Bisht and Chandel,
1991 Dehatonde and Shava, 1992; Varaet af., 1994).
Pelleting of Rhizobium inoculated seeds with
CaCo3 significantly increased the yield of soybean

_ (Prabhakaran and Sivasubramanian, 1991).

Responses to Riizobium inoculation under
field conditions have been quite variable
depending on soil conditions, quality of inoculum
and effectiveness of native population. Use of
Rhizobium cultures in groondnut and soybean has
not spread to the extent desired as there is no
quality control in commercially produced
inoculants and farmers are not fully convinced of
its usefulness. '

. A
Azotobacter and Azospirillum \
Among other important groups of bacteria,
Azotobactor is free-living N fixer while
Azospirillum fixes N in loose association with plant
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roots. Not many reports are available on the
usefulness of these microorganisms in augmenting,
N supplies to otlseeds. In mustard, seed inoculation
with Azotobacter and Azospririlfum increased the
seed yield equivalent to that obtained with 25 to
30kg/ha of fertilizer N and Azospirillum was slightly
more efficient than Azotobacter (Chauhan et al.,
1995 a,b). In groundnut, significant increase in pod
yield was reported due to seed inoculation with
Azospirillium (Balasubramanian and Palaniappan,
1994 and combined inoculation of Rhizobium and
Azospirillum had no additional advantage.
Azospirillum seed treatment in sesame and
Azotobacter in toria and sunflower might reduce
the N requirement of these crops by almost 50%
{Reddy and Sudhakarababu, 1996).

Inconsistency in crop responses to
Azotobacter and Azospirillum has been more
common than Rhizebium and the responses
depended on crops and their cultivars, locations,
season, crop management practices, bacterial
strains, soil fertility and native microbial
population.

Phosphate solubilizers

Most of the soil phosphorus is in
unavailable form while the P requirement of oilseed
crops is high. In recent years, several strains of P
solubilising bacteria and fungi have been isolated.
In groundnut significant increases in pod yield
due to seed inoculation of P solubilizers like
Pseudomonas striata and Paecilomyces

Jussispores have been reported (Mehta et al., 1995).

Combined application of PSB incculation with
FYM was better than PSB alone in irrigated
groundnut {Balasubramanian and Palaniappan, ~
1994). In sesame, use of PSB {100 g/kg seed) in
conjunction with neem cake, castor cake or FYM
gave higher yields (DOR, 1994).

Vescicular-arbuscular mycotrhizae (VAM), -
akind of symbiosis between plant roots and certain

fungi, substantially enhances P availability and
T A
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its uptake by the crops and found beneficial
particularly on P deficient soils. VAM inoculations
increased the yields of groundnut by 14.5% in
Kharif and 27.8% in rabi season in sandy loan soils
at Tirupati (Anonymous, 1993). In another study,
26.4% increase in soybean and 20.9% increase in
groundnut yields were reported with inoculation
of VAM, G. fasciculatum (Wani and Les, 1992).
However, this increase had decreased to 18.5 and
10.1% respectively when inoculated in
combination with Rhizabium. Because of problems
in isolation and multiplication of pure strains of
VAM fungi, it has not been possible yet to use
this potential biofertilizer on a large scale.

Wider acceptability of biofertilizers among
the oilseeds farmers is constrained because of
inconsistent responses and problems associated
with the availability, transport, storage and
handling. The production and distribution of
different biofertilizers in the country (Table 11)
can hardly meet the requirement of less than 10%
of the cropped area. The success rate in case of
any biofertilizer in terms of significant increase in
yield ranges from 30 to 65%. In order to improve
the consistancy in response, greater research
thrust is needed on isolation and multiplication of
strains which can compete with indigenous ones
and adapt to a wide range of soil and climatic
conditions. There is also need to bring biofertilizers
under quality control to ensure that the inoculums
farmers use conform to certain minimum standards.

Conclusions and Future Research Priorities

Integrated nutrient management holds great
promise in meeting the growing nutrient demands
of intensive agriculture. It can also help in
maintaining production sustainability without
deterioration in the quality of plant’s environment.
Despite many constraints like use of cattle dung
as fuel, increasing competitive value of crop
resicdues as animal feed, extra cost and time recuired
for raising green manure crop, poor and
inconsistent responses to biofertilizers etc, efforts

must be made to develop agro-ecoregion specific
practical recommendations for different oilseeds
and oilseeds based cropping systems utilizing the
already generated data on different components
of INSAM. An example of possible INSAM
package for meeting the nutrient needs of irrigated
sunflower during rabi season in Andhra Pradesh
is given in Table 12.

Nutrient application rates with most
oilseed formers are well below the optimum and
various organic sources and biofertilizers can help
to take these towards the optimum level and to
that extent supplement fertilizers. These sources
will be able to substitute part of the fertilizer,
particularly N, where farmers have reached the
optimum level of nutrient application. For most
farming conditions, packages of INSAM should
be assembled within the overall limits of
recommended nutrient application rates and not
in a haphazard manner. Blusprints for INSAM
need to be developed in a realistic manner and
little purpose will be served by loading all available
campanents into a package. The assembling of
package must be more in the form of alternative
options. The package must integrate the
comparative advantages of diverse sources of
nutrients for more efficient and cost-effective
nutrient management.

While possibilities for INSAM are real and
attractive, most nutrient packages for high yields
of oilseeds required to meet the needs of the
expanding population from non-expanding area,
will continue to be fertilizer driven. This assessment
in no way underestimates the importance of other
nutrient sources, most of which are gainfully
integrable. Many research gaps remain to be fitled
and the following are some of important future
research priorities ;

1. There is a need to prepare an inventory of
promising organic and biological sources
under different agro-ecoregions involving
diverse farming situations.
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Table 10: Residual effect of rice straw applied to first crop of groundnut on pod yield and oil content in
third crop of groundnut in groundnut-maize-groundnut sequence.

Rice straw Pod yield il content
(t/ha) {y/ha) (%)
0 16.2 43.4
2 17.8 44 3
4 18.6 45.2
[ 20.6 46.0 ‘
CD(5%) .- 1.0 ..., 09 -
Source : Reddy ef af., 1990, ': _"' ! e
Table 11: Production and distribution of biofertilizers fo India (1994-95)
Product Production Distribution
. (lonuoes) (Lonnes)
Rhizobium 1191.55 1355.17
Azotobacter 1352.42 971.58
Azospirillum 632.45 523.58
Blue Green Algae ™y 0.92 0.11
Acetobacter " 25.43 17.35
Phosphate Solubilisers 1917.07 1786.50
Total _ 5119.84 4654.29 y
kY S
" Y

Source : FAL 1996,

Table 12 : Some alternate stratégies for meeting nutrient needs through INSAM for rabi sunflower in

AP
Alternative Nutrients (kg/ha) Fertilizers privious legume FYM (4 t/ha)
N: PO, K0
1 60 :9%90:30 7 ) \\ 60 : 90 : 30 - -
2 €0:90:30 . 40:90:30 20:0:.0 -
3 60:90:30 . _' S 40:78:10 ; A _ 2012 20
4 60:90:30 2078 10 20:0 0 - S 2001220
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Efforts must be made to assemble agro-
ecoregion specific INSAM packages for
various oilseed crops utilizing the available
information. To fill the information gaps,
wherever needed, plan new experiments on
well definded bench mark sites.

There is a need to develop methodologies for
quantifying the non-nutritional benefits of
asing organic sources of nutrients.

Different industrial wastes with potential
manurial value need to be characterised.

More field data on in sity decomposition of
crop residues including stubbles in relation
to soil properties and crop productivity are
needad o short, mediuim and long, term basis.

Research on INSAM in relation to soil
moisture management deserves greater
attention and priority for sustainable
productivity.

Research on residual effect of various organic
sources under different environments and
managemertt practices needs to be initiated.

Biofertilizer technology needs to be refined to
inake it more acceptable to farmers. Microbial
strains which can compete with indigenous
ones and work efficiently over a wide range of
soil-climatic conditions need tobe isolated and
multiplied.

Large scale on-farm testing of different
components of INSAM is necessary to
convince the farmers of the effectiveness of
INSAM in oilseeds.

Mass awareness on conservation of organic
sources and their recycling needs to be
improved and promotional literature should be
prepared in simple language and made
available to the farmers and extension
personnel in addition to some adaptive

research, demonstrations and specific training
programmes.
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ANALYSIS OF PHENOTYPIC STABILITY FOR YIELD AND
YIELD ATTRIBUTES IN NIGER (Guizotia abyssinica Cass)

SUNIL KUMAR, JAY LAL MAHTO and K.D. PRASAD
Department of Plant Breeding and Genetics, Birsa Agricultural University, Ranchi - 834 006, Bihar.

ABSTRACT

The stability parameters for eight attributes related to yuality znd productivity performed in twenty
niger (Guizotia abyssinica Cass) genotypes are reported Significant differences were ohserved among
the genotypes and envirenments. No genotype showed average stability for all traits. Phule-1 and GA-
10 were stable for yield per plant. Similarly, N-5 and ONS-8 were noted to be the most stable selections
for 1000 seed weight while for oil content NBC-2 and KEC-7 showed stability over a wider range of
eovironment where as for harvest index the most suitable genotypes were RCR-290 and KEC-7.

Key words : Niger, stability, vield, vield attributes.

INTRODUCTION

Niger varieties show a wide range of fluctuations
in their performance. Some genotypes perform well
over a wide range of environments while others
require specific environmental conditions to
express their full genetic potential, It is extensively
grown as a rainfed crop in marginal and
submarginal lands of Bihar platean. Fluctuating
yields in different crop growing situations
necessitates the use of stable performing
genotypes for popularising its cultivation in this
region.

MATERIALS AND METHODS

Twenty niger genotypes obtained from different
sources were sown at Universigy Farm, Ranchi in
randomised block design with three replications
in four environments during Kharif 1988, Each
genotype was sown in 5 rows spaced at 30 cm
with a plant spacing of 10 cm. The observations
on plant height, capitulum diameter, 1000 seed
weight, vield per plant, days to 50 per cent
flowering, days to maturity, oil content and harvest
index were recorded on five randomly selected
competitive plants. The analysis proposed by
Eberhart and Russell (1966) and Perkins and Jinks
{1968) were used to study phenotypic stability.

- RESULTS AND DISCUSSION

Twenty selections were used for computing
stability parameters based on two models. Both
the models used in the analysis are associated with
éach other, so that mean and squared deviation
from regression (S*di) are similar and the regression
coefficient of the perkins - Jinks model is ecuuvalent
to b-1, b the regression coefficient of the Eberhart
Russell model, Consequently, the ranking pattern
of the genotypes under the perkins - Jinks model
will be similar to the pattern obtained with the
Eberhart - Russell model.

The experimental results indicated
significant differences for most of the characters
except for capitulum diameter, yield per plant and
harvest index. Genolype x environment interaction
was significant for 1000 seed weight, days to 50
per cent flowering, days to maturity and oil content
when tested against pooled error but not
significant for vield as reported by Verman and
Manoharan, 1993 in groundnut. It was observed
that the average performance of the genotypes
with regard to 1000 seed weight, days to 50%
flowering, days to maturity and oil content. Stmilar
resulis were reported by Verma et ol (1994}, Verma
and Mahto (1994) and Mahto et al.| (1994).
Environment (linear) was sighificant for plant

. Received for publication in December ,1995
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height, days to 50% flowering, days to maturity
and oil content. Genotype x environment ¢linear)
interaction was significant for alt characters except
yield per plant, oil content and harvest index which
might be responsible for high adaptation in relation
to yield attributing traits in niger (Table-1). The
linearity was predominant for grain vield, harvest
index and oil content. Similar results were obtained
by Verma et al., (1994) for days to maturity, Verma
and Mahto (1994) for plant height and days to
maturity and Mahto ef al., (1994) for 1000 seed
weight, days to 50% flowering, plant height and
days to maturity in linseed.

The variance due to pooled deviation (non
linear) was also significant for most of the
characters. Such non linear deviation may be of
practical value to construct and test the vnity of
multiple regression models to know critically the
complex mechanism of adaptation. A variety is
likely tobe stable over different environments if it
shows high mean value (above average
performance) unit regression coefficient (bi) with
lowest deviation (non significant) from the linear

19

regression (bi). The genotypes phule-1, GA-10, GA-
1, CHH-2, NBC-2, KEC-1, IGP-76, RCR-140 and
BNC-120 had non significant deviation from
regression with the regression coefficient
approaching unity for yield per plant but most
stable was phule-1 and GA-10 (Table-2), BNS-1,
Goudaguda, N-5, DHL-2 and ONS-8 showed stable
response for days to 50 percent flowering, NBC-2
is most important genotype as it is stable for
capitulum diameter, seed yield per plant as well ag
oil content reported (Verulkar and Updhayay 1989).
Goudaguda was stable for plant height, days to
50% flowering and days to maturity. ONS-8 showed
its stability for capitulum diameter, 1000 seed weight
and days to 50% flowering, whereas N-5 was stable
for plant height, days to 50% flowering and 1000
seed weight. .

Normal sown fertilizer environment was
favourable for plant height, capitulum diameter,
yield per plant, days to 50% flowering, days to
maturity and harvest index (Table - 3). Late sown
fertilizer environment was favourable for 1000 seed
weight and harvest index.

Table 3. Environmental indices for yield and quality characters in niger.

Normal sown Late sown

sl Characters General
No. Ferti Non Ferti Ferti Non Ferti mean of

lizer lizer lizer lizer character
i. Plant height (cm) 23.977 6.9236 -12.857 -18.052 53.624
2. Capitulm diameter (cm) 0.0311 -0.004 -0.0036 -0,0226 0.9655
3 1000 seed weight (gm) -0.2118 -0.0248 0.038 0.2106 4.08
4, Yield per plant 0.243 0.351 -0.284 -0.308 0.945
5. Dayste 50% flowaring 4,71 8,44 -6.686 -6.47 51.97 |
6. Days to maturity 2.3 1.53 -1.06 -1 102.75 =
7. Oil content . 0.949 1.129 -0.866 : -1.212 42.294
8. Harvest index -0.0707 -0.0245 0.0665 . 0.0183 0.2647
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GENETIC DIVERGENCE AND HETEROSIS IN SESAME
(Sesamum indicum L).

S.ALARMELU* and T. RAMANATHAN
School of Genetics, Tami! Nadu Agricultural University, Coimbatore,

ABSTRACT

Analysis of genetic diversity using Mahalanobis D? analysis was carried out on 65 genotypes of sesame
and were grouped into eight clusters. The intracluster distance was maximum in cluster VI and mini-
mum in cluster I[I. The inter cluster distance ranged from 13.29 (1 & V) to 30.62 (II1 & IV). Highly
divergent cluster relationships were found i cluster T with clusters V and VIIL. Extent of heterosis was
studied in o diallel cross for yield and its components. The best hybrid combination for grain yield was
TNAU 22 X Corge Borege 11. Inter relationship for heterosis was vbserved for number of primary
branches, total number of capsules and seced vield. In general, fair agreement between the degree of
heterosis and distance between the parental clusters was observed. The diversity eimated by general-
ized distance showed a goed measure of heterosis fur seed vield, For number of capsules and sced yield
crosses between highly divergent parents recorded higher magnitude of heterosis, mostly in positive

direction.

Key Words : Cluster, genetic divergence. heterosis, parents, sesame

INTRODUCTION

Sesame (Sesamum indicum) is self pollinated and
one of the important multipurpose ailseed crop
grown throughout the tropics and sub tropics.
Critical choice of the parents in yield improvement
breeding programmes is important. The selection
of parents is generally based on the mean perfor-
mance of the parents and genetic diversity of char-
acters. Examination of genetic diversity among
yield components in sesame and heterosis has
been done by early workers {Sodani, 1990,
Mahapatra ¢t al., 1993). The objective of the
present study was to estimate genetic diversity
among sesame cultivars, know the amount of vari-
ability available for different characters and to de-
termine the extent of heterosis in crosses for quan-
titative characters.

MATERIALS AND METHODS

The experimental material for D? analysis
comprised 65 genotypes which were selected
based on mean performance. They were both of
Indian and exotic in origin maintained in the
germplasm of School of Genetics, TNAU,

Coimbatore. The genotypes were sown in
randomized block design with three replications in
4.5 m long rows spaced at 45cm. Plant to plant
distance within a row was 15 cm. All the
recommended package of practices were followed
to raise a good crop. Five plants were randomly
chosen to record observations on fifteen
characters viz., plant height, number of nodes,
number of primary branches, number of secondary
branches, number of nodes to first capsule,
intemodal length, number of capsules on main stemn,
number of capsules per plant, length of capsule
bearing portion, 1000 seed weight, number of seeds
per capsule, capsule length, capsule breadth, seed
yield and oil content. The data were subjected to
multivariate analysis using Mahalanobis
generalized distance D? (Mahalanobis, 1936) and
clustering of genotypes was done by Tocher’s
method (Rao, 1952). Based on genetic distance
between the clusters they were classified into four
divergent classes DC1, DC2, DC3, DC4 as
suggested by Arunachalam and Bandyopadhyay
(1984). In the present study these classes were
classified as very highly divergent, highly
divergent, moderately divergent and closely

Received for publication in February,1996
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related. Tn continuation, eight genotypes one each
from eight clusters viz., TNAU22, Margo 7, NALNS
221/32-3, Cot, DT 9-9-6//P5, 51 1225, Corge Borege
11 and TMV 5 were selected based on mean
performance and crossed in a group of 8 % & diallel
mating design. The 56 hiybrids along with 8 parents
were grown in a randomized block design during
rabi 1991, Each plot was 4.5 mt long row and the
plant spacing within a row was 1 0cm. Observations
were recorded on five randomly selected plants
for 15 characters. The F, performance was used to
estimate the heterosis over midparent (MPH) and
better parent (heterobeltiosis, BPH) and economic
heterosis (EH) (.e., comparison of F1 wath the
standard variety Col and °t test of significance

was done.

RESULTS AND DISCUSSION

Genetic Diversity

The D?values were computed for all possibte 1516

Table 1. Clustering pattern of 65 sesame genolypes

Journal of Qilseeds Research

pairs of variants. The highest D? value of 1259.67
was observed between Co 1 and NAL NS 221/332.
3 and lowest of 12.71 between NAL 78-221/43-314
and Corge Borege 113. The 65 genotypes were
grouped {nto eight clusters on the basis of D2
values (Table 1). Cluster 1 was the largest ona
comprising 30 genotypes, cluster [1 with 1 7, cluster
11 and ctuster IV with two genotypes each, cluster
IV with five genotypes, cluster V with seven
genotypes and clusters VIl and VIII with one
genotype each. Cluster V1 had the maximwm intra-
chuster generalised distance of 13 44 and the cluster
I the minimum of 5.35, The inter-cluster distance
considered based on mean standard deviation of
D? values (Arunachalam and Bandyopadbhyay,
1984} ranged from 13.29 (between Land V)10 30.62
(between cluster (1T and V) and classified into four
divergent classes (Table 2).

Highly divergent relationships were found
in ctuster III wath clusters V and VIIL, | with I, 1T

Cluster Number of Genotypes
. number genutypes
N _—-_-_-_’__-_-'—

Cluster 1 30 TNAU 22, TNAU 12, TNAU 17, V8 81, TSS 6(TN), DT/9-8-7/P8, DT/9-8-6/
P9, DT/9-9-7/28, DT/9-6-7/P3 (Venezuela), NAL 79-111/4-12, NAL 78 - 221/
32/1, NAL 78-221/31-4, NAL, 78-221/43-1, NAL 78-304/43-10, NAL/78-221/
43-18, NAL 79-111-4-11, NAINS-221/32-2 {Tanzania), 5i 1121 (Japan), Si
1278 (Mabarashtea), $3 1513, St 1107 (Sudan), 8i 1033, Si 1366 (AP). DT/9-8-
6/P-17 (Chile), RIS 1{Rajasthan), Corge Buorege/8, Corge Borege/12 Corpe Borege/
113, Cianuo 33-13.Ciguno 27-3(*)

Cluster 11 - 17 Margo 7 (Venezuela}, Corge Borege GA 15, ES12*ES 22, Corge Borge/14 (USA),
Paiyur I, TMV6, TNAU 10, V8 27, TMV 3, NAL 78-221/43 - Cianno 33-5,
TMV 4, TSS!1, NAIL 78-304/43-3, NAT 78-304/43-13.

Cluster 111 ' 2 NAL NS 79-111/4-11, NAL NS 221/32/3

o W 5 Co 1, 8 1169, Si 1056, 51 1274, Cianno 27-1

Cluster V 7 DT/9-9-6/P5, DT/9-6-5/P2, DT-9-6-7, DT/9-3-4/F5, VS 117, DT/9-6-4/78,
DY /9-9-2/P2 '

Cluster VI 2 ) Si 1225, RIS 18

Cluster VII 1 . Corge Borege 11

1 : TMV 5 o L k
Cluster VII1 g Lo . BT NI

e
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with V1, IV with clusters V1 and V1iI and VI with

VII. Cluster 1l was highiy divergent from cluster
111

Cluster mean for seed vield ranged from
5.36g n chaster VI to 1.33g in cluster VI, The 1000
seed weight ranged from 3.15 g (cluster VI}to3.62¢
(cluster II). For oil content ciuster II had the
minimum of 44.47% and cluster VIII had the
maximurm of 47 03% (Table 3). Cluster VI recorded
maximum for seed yield, plant height, number of
capsules on main stem and per plant, The
characters contributing maximum to D? values are
given greater emphasis for deciding on the clusters
for the purpose of future selection and choice of
parents for hybridization, The highest contributor
was total number of capsules (40.48%), Other
characters were seed yield, number of capsules on
main stent, capsule breadth, number of primary
branches and number of seeds/capsule. In the
present study, three standard varieties of Tamil
Nadu, TMV 5, Col and TMV 3 were included in
three different chusters (IX, IV and II). Thus
clustering pattern was not related to geographical
origin corroborating eatlier findings (Thangavelu
and Rajasekaran, 1983). It also implies that it was
not the geographic origin but selection pressure
which played an important role in determining
genetic closeness and divergence among parents.

Heterosis

Heterosis over mid and better parent
exhibited a wide range for seed yield and its
“attributes, For seed yield per plant 25 and 8 crosses
“out of 56 crosses showed significant positive
heterosis over better and economic parents
respectively. TNAU22 *Corge Borege 11 and
TNAU 22* NALNS221-3 showed maximum
heterosis over better parent (hetercbeltiosis). Such
crosses can be utilized in future breeding
programmes. The heterosis for seed yield ranged
from 1% to 112% (MPH), - 18% to 107% (BPH) and
from -33% to 44% (over Co 1). Maximum heterosis
for this character was manifasted in cross
TNAU22*Corge Borege 11. The magnitude of

hetarosis and heterobeltiosis for oil content,
harvest index and dry matter production was high
in TNAU 22*Corge Borege 11 TNAU 22*MARGO
7, TMV 5, *Col. For seed yield TNAU 22*Corge
Borege 11 showed significant positive heterosis
which appeared to be due to high heterotic
mantfestation in number of capsules per plant and
number of branches par plant. High value of
heterosis for seed yield, dry matter production,
harvest index, number of secondary branches and
total number of capsules may be due to dominant
or epistasis or interaction gene effects. For oil
content, 27 crosses showed significant heterosis
over better parent but the extent of heterosis was
limited. TNAU 22 * Corge Borege 11, TNAU 22 #
TMV 5, Corge Borege 11 ¥ TMV 5,81 1225 * Co 1
and TMV 5 *Co 1 were the best hybrids exhibiting
very high mean for seed yield, total number of
capsules, 1000 seed weight and number of primary
branches and heterosis capable of givining
maximum transgressive segregants,
Interrelationship for heterosis was observed for
number of primary branches, total number of
capsules and seed yield. The results of the present
study are in agreement with earhier findings of
Singh ef al., (1986) and Fatteh ef a/., (1995). Similar
heterotic effects of yield components on yield were
also observed by Sasikumar and Sardana (1990),
Whitehouse ef af., {19538) and Grafins (1959)
suggested that there could be no separate gene
system for yield per se, as yield was an end product
of the multiplicative interaction between its various
companents, Thus in the present study and in most
of the cross combinations, heterosis for yield could
be determined by estimating heterosis for
individual yield components. Hybrid vigour of
even small magnitude for individunal yieid
components may have additive or synergistic
effect on the end product. Similar heterotic effect
of yield components on yield was observed in
tomato (Williams, 1959) and oats (Hathceck and
Daniel, 1973). Evidently high manifestation of
heterosis for yield and its component characters
may be due to non-additive gene effects in the
parents. Additive and non-additive gene effects
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for yield and its attributes have been raported in
sesame. Thus the present study provides ample
scope for exploitation of hybrid vigour for
commercial production and pure line isolations
among heterotic F| progenies.

In general, fair agreement between the

degree of heterosis and distance between the

parental clusters was observed. For number of
capsules and seed vield, crosses between highly
divergent parents recorded higher magnitude of
heterosis mostly in positive direction. High
heterosis was observed between less divergent
crosses in respect of dry matter production and
such crosses showed negative heterosis for
harvest index (HI} which resulted in poor heterosis
for seed yield. Cluster means showed that mean
seed yield and capsules per plant was high and oil
content moderate in clusters VI and VIII and the
hybrids between the genotypes of these clusters
recorded high seed yield and high oil content. Thus
the diversity estimated by generalized distance
showed a good measure of heterosis for seed yield.
The crosses between the parents with high dry
matter and low harvest index and those with low
dry matter and high HI resulted in maximum seed
yield.

I may be inferred from the present study
that the varieties with high, moderate divergence
as measured by D? values or by the yield
performance in respect of yield and its components
are likely to produce potential crosses. In general,
highly heterotic crosses were high yielding and
number of capsules was related to heterosis for
yield. The hybrids TNAU22*Corge Borege 11,
TNAU22*TMV 5,811225* Co 1,TMV 5 *Co |
and Corge Borege 11 * TMV 5 having high
heterotic effects in desired direction for most of
the characters with increase in seed yield over Co
1 to the extent of 12% may prove their worth if
evaluated on large scale. In addition it also shows
that while szlecting parents for hybrid breeding,
programmes on basis of genetic divergence and
their cluster mean performance needs to be
considered.
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POPULATION IMPROVEMENT IN SESAME

S. ALARMFELU", M. STEPHEN DURAIRAJ and T. RAMANATHAN ’:
School of Genetics, Tamil Nadu Agricultural University, Coninbatore - 641 003.

ABSTRACT

In the study conducted to assess the populations built for yield and its attributes, seven pupulations .
recorded increased seed yield. Large values of Gev were observed in segregating genetation {F, and -
BCF,) for seed vield and number of capsules. The study also revealed the changes in correlations to |
favourable direction for yield and its attrilmtes. Increase in GCV for seed yield was accompanied with
decrease in GCV for plant height, number of branches and number of capsules. High intensity of
positive association of seed yield with its sitributes in buth the populations was cbserved. Hence
improvement in these populations will result in superivr recombinants and intermating among the
populations will be more effective for future breeding programmes.

Key words: Sesame, population improvement
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INTRODUCTION

.ty Ta
e

Intercrossing and recurrent selection to pool the
desirable genes from the selected plants in the sarly
segregating generations in self pollinated crops
has been suggested (Palmer, 1933 and Joshi and
Dhawan, 1966). An appraisal of significan work in
sesame would be valuable to breeders. Due to
repeated selections foliowed by rapid
homozygosity, there is loss in genetic variability
and poor recombination. The high genotype
environment interaction also hinders the full
exploitation of genetic variability of yield and its
attributes. Under such circumstances population
improvement through intermating procedures can
be followed for sesame improvement (Redden and
Jensen, 1997 and Jensen, 1970). Several
comprehensive breeding systems have been
proposed to systematically develop and exploit
variability in plant populations {Compton 1968,
Jensen, 1970). Population improvement is
applicable to both outcrossing and self pollinating
spectes and is a powerful tool in crop tmprovement.
In the present study attempts were made to
develop populations with broad genetic base
which can be exploited for improving yield level
and oil quality in sesame.

¢
¥

: Fooon ‘t':-‘..".;'?.-:l\
MATERIAL AND METHODS

Fifty varieties with wide spectrum of variation in
different quantitative characters were evaluated
in a randomised block design with four replications
in plots of 5 rows and a spacing of 45x30 ¢m. Based
on per ve periormance, Tive paremis viz., oo, TS5
4,51 1484, 51 1125 and Si 1003 were selected and
twenty effective crosses, to create base
population, were made during July 1986. The five
parents along with 20 hybrids were evaluated in a
randomised block design with three replications
in plots of 30 rows of 4. 5m length and a spacing of
45x30 em. Data on plant height. number of
branches, number of capsules per plant. and seed
yield were recorded. Back cross was affected by
crossing the F,'s to both the parents (40 BC 's). A
low selection pressure of 5% was adopted within
a population to select the best BC, populations.

Five parents, 20F, s and 40 BC| populations
were raised in plots of 4. 5x2.25 m with a spacing of
45x30 cm and were evaluated during July, 1987
The back cross progenies were selfed to develop
BCF, and were evaluated during January 1988, By
applying a selection pressure of 5% {single plant
with capsules less than 50 were rejected). 16 F,

*Sugarcane Breeding Institute, Coimbatore.
Received for publication in February, 1996 |
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and 32 BCF, base populations were selected. These
were evaluated in a randomised block design with
two replications in January, 1989 and September,
1989 and random mating was carried out among
the populations. The ntermated populations were
evatuated in a randomised block design with three
replications. Simple correlation coefficients were
calculated for F_'s as well as back cross progenies.
Phenotypic and genotypic variances were worked
out (Johnson et al.. 1955). Heritability in broad
sense was worked out as by Lush, 1949

RESULTS AND DISCUSSION

Among the hybrids, mean number of capsules
ranged from 93.8-160.8 and seed yield between 8.7
and 5.5 g/plant. St 1125 x TSS 4 recorded the
maximum yield of 15.5 g, excelling Co 1 by 31.4%.
Co1xSi1003(24.6%), TSS4xCo1(153%),TSS4
x Si 1003 (11.0%),Si1125x Co 1 and Si 1125 x Si
1003 (3.4%) were other high yielding hybrids.
Among the back cross populations highest mean

value for plant height was recorded by (Co 1 x Si
1125)x Co 1.(Si1225x TSS 4) x TSS 4 recorded the
maximum seed yield of 9.5 kg followed by (Si 1223
x T3S 4) x 8i 1125. Among the F, populations,
highest mean value for number of capsules was
recorded by TSS 4 x Co 1. Of the 40 BC F,
populations six populations exceeded Co 1 by 1.0-
32.7% (TSS 4 x Si 1003) x TSS 4 recorded the
highest seed yield (13.0g) followed bv (TSS 4 x Co
DIxTSS4(11.5g)and (S11003x TSS54)x TSS 4
(10.8 g). Seven populations were found to record
8.0-42 7% increased seed yield over the general
mean.

Analysis of variance indicated that the
populations differed significantly among them.
Even though PCVs were higher than GCV for all
the characters, the low margin of difference
between them indicated that the phenotypic
variability is a reliable measure of genotypic
variability except for seed yield in F, where the
difference was high. Large values of GCV were

Table 1. Genetic parameters of segregating populations for different characters

Range Meant rev GCV h* GaA GV%
SE %o %

Plant height (cm) P 96.9-111.2 1003.0£12.4 27.41 15.55 32.19 8.73 22.57

) 83.8-102.1 101.2+10.8 16.88 12.90 53.60 7.98 10.80

BC 84.2-104.6 98.6£93.6 17.00 12.92 22.38 838 22.85

Number of branches P 8.5-12.0 10.5£3.5 32.94 15.31 5%.02 2.18 3869
F, 5.5-8.1 9.86£2.9 15.60 8.84 35.40 2.58 20.77 .
.

BC 6.0-9.8 6.80+3,1 20.38 20.01 52.18 1.81 37.33

Number of Capsules P 91.9-135.8 110.7£30.9 31.24 30.38 94.58 24.69 4. T2.7

¥, 39.5-1001 98.2£8.6 1661 16.26 55.39 19.54 24.0

BC 41.1-92.8 72 R+20.8 3362 26.83 35.88 16.13 30.4

Seed Yield . P 8.5-14.9 10.89+£3.5 26.06 20.53 62.05 11.53 72.35

F, 6.3-15.3 11.86+2.8 3z.22 22.58 50.13 14.59 22.98

BC 65.5-13.0 R.68+3.0 34.53 27.68 31.86 .97 18,40
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observed in ¥, and BCF, for seed yield per plant
(22.58inF2and 27.688in BCF ), total number of
capsules (26.86 in F2 and 26.88 in BC F ). Lower
vatues of GCV were observed for plant height and
number of branches. Similar results were reported
by Baruah and Goud (1993). Heritability values
were in the range of 30-60% in F, and BCF,
populations. In F, heritability for plant height,
number of capsules and seed vield was to a tune
of 50%. High heritability with high genetic advance
was observed in F, for plant height, number of
capsules and seed yield. This might be mainly due
to additive gene effects. Similar results of nature
were reported by Bhele ef /., (1987).

A comparison of correlation coefficients in
the F, and BCF, revealed that number of
correlations change to favourable direction for
yield and its attributes. Plant height showed
significant correlation for nummber of branches and
number of capsules in BCF| population. Similarly
genotypic correlation coefficient for seed yield and

plant height was non-significant, but positively .

correlated with number of branches and capsules
(Table 2).

In F, population plant height showed
significant, positive correlation with number of
capsules and negative correlation with number of
branches. Seed yield was positively correlated with
number of branches and capsules.

Reddy and Haripriva (1991} found that
number of capsules, number of branches and plant
height had strong positive correlations among
themselves. A change from significant negative
to significant positive correlation was observed in
F, and BCF, population for total number of
capsules. Non altered association was observed
for plant height. These associations particularly
in desirable direction will be useful for selection of
desirable traits for sesame improvement. The
intensity of positive association of seed yield with
its attributes was high in both the populations. [n
general, desirable recombinants with high seed
yield, number of branches and more number of

Table 2. Genotypic correlations among different characters

Seed X] X: Xj X:
Seed vield P 1 0.55 0.53 -0.34
x) F, SIS | 0.017 =026 =T 016
BC ’ 1 -0.04 0.08 - -0.07

B 4 i .

Plant height A P B T 1 015 g 03
(X,) : F, 1 - -0.22 0.16
R BC 1 R 0.570 -0.68
Number of branches ™~ ° 1 . -0.06
; . 1 -0.04
X,) S BC T i 0039

Number of Capsules .- P 1

e F2 1

(X) BU

4

t
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capsules were realised from the present study. The
increase in correlation coefficients is expected if
linkages were in repulsion phase. The decrease in
GCV for plant height, number of branches, number
of capsules might be due to change in gene
frequency and possible breaking of linkage
disequilibrium (Miller and Rawlings, 1967).
Increase in GCV for seed yield may be due to forced
recombinations and release of potential variability
is generally existing (Sharma ef al.. 1979) because
of break up of tight linkages. Intermating reduces
genetic drift and unfavourable correlated responses
by maintaining genetic variability in populations.
Similar results were reported in wheat by Nanda et
al., 1990. Mather pointed out that individual
selections from population for further inbreeding
and evaluation would contain most of the desirable
genes from more than one or two cultivars. In the
present investigation individual selections, from
F2 and BCF generation resulted in development of
types with desirable genes. '

It can be concluded from the above findings
that it would be rewarding to improve the BC , F ,
T, populations through intermating and recutrent
selection for higher yield levels and oil content.
The next phase should involve selection of lines
which are superior high yielders, so as to exploit
the recombination through internaive programme
and develop populations with desirable genes for
yield and quality and for release of improved
sesame cultivars.
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ALLELOPATHIC EFFECTS OF TREE LEAVES ON THE
~ GROWTH AND YIELD OF SUNFLOWER

' _ V.V. PADMAJA and A. NARAYANAN A
Department of Plant physiology, Agricultural College (ANGRALU), Bapatla- 522 101.

ABSTRACT

The effect of fresh leaves of acasia, peltophorum, pelyalthia, encalyptus, delonix, neem, thespesia,
Pongamia and soapnut was tested in sunflower by applying 20 g leaves kg-1 of sandy soil in a pot
culture experiment. The tree leaf application increased the plant height, number of leaves, leat area,
drymatter content of different plant parts, number of seeds per capitulum, test weight and the grain
yield. The treatment effects varied considerably. Neem leaf effect was superior followed by detonix.
thespesia and pongamia in moest of the characters studied. The remarkable increase in growth and yield
of sunflower caused by tree Ieaf application may be due to the allelochemicals and their influence on

release of mineral nutrients from the soil.

Key words
soapout, sunilower.

INTRODUCTION

Trees in the tropics produce every year a large
quantity of foliage which is a potential source of
nutrients for field crops. The use of green manure
in crop production is well known (Tamhane. et al.,
1970). Leaves of trees are shown to possess
allelopathic properties (Rice, 1984). Mostly the tree
leaves were shown to have inhibitory influence
on the growth and development of other plants
because of the presence of allelochemicals in the
leaves (Kohil et a/., 1988). Since allelopathy is
defined as the direct or indirect harmful or beneficial
effects of one plant on another through the
production of chemical compounds that escapes
into the environment (Rice, 1984), leaves of some
tree species may have beneficial effects on other
plants. This has been proved by the application of
neem leaves to maize and sunflower (Mastanamma,
1995; Mastanamma and Narayanan, 1996). The
results obtained from the application of neem
leaves induced us to study the effects of leaves
obtained from other tree species on the growth
and yield of sunflower which is one of the potential
oilseed crops of India.

: Acasia, allelopathy, delomix, eucalyptus, neem, peltophorum, polyalthia, pongamia,

MATERIALS AND METHODS ;

The experiment was conducted in earthen pots
containing, 3 kg sandy soil. Soil application of fresh
leaves of the following tree species was tested
against no leaf application,

Acasia (Acasia auriculiformis A. Cunn.),
Peltophorum (Peltophorum ferrugianum (D.C.)
Backer), Polyalthia (Polyalihia longifolia) (Sonner)
Thw.), Eucalyptus (Fucalyptus maculata Hook),
Delonix (Delonix regia Baj.), Neem (Azadirachta
indica A. Juss.), Thespesia (Thespesia populnea
L.), Pongamia (Pongamia pinnata (L..) Pierre) and
Soapnut (Sapindus trifoliatus Hiern).

Frash leaves were collected from the trees
on 13 December, 1995, chopped into pieces,
incorporated into the soil {60 g pot) and allowed
to decompose by watering the pots for a fortnight.
Each treatment had four replications. No fertilizer
was applied to the pots. In each pot five seeds of
sunflower (Pioneer - 6460) were sown and the
seedlings were thinned to one per pot after a week.
The plant height, number of leaves and leaf area
were recorded at 10 days interval. The plants were

Received for publication in November, 1996.
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grown upto maturity and sampled. Leaf area, dry
weight of plant parts, yield compenents and final
yield were measured. The data were analysed
statistically following a completely randomized

design.
RESULTS AND DISCUSSION

The fresh leaves of the nifie tree species showed
an initial growth promotion in terms of height of
sunflower even after 10 d from sowing (Table 1).
Later on the effects were more pronounced and
the leaf treatments showed differential response
in the growth of sunflower. The plant height was
maximum in treatments with Delonix, Neem,
Thespesia and Pongamia leaves during the
subsequent periods of observation. There was a
significant reduction in plant height due to leaf
treatments of soapnut, Eucalyptus, Polyalthia,
Peltophorum and Acasia which were on par with
each other. The control plants were significantly
small showing remarkable effects of fresh leaf
application on the elongation of sunflower. Such
growth promotion in height of plants was obtained
by Wali and Totawat {1992) when neem cake coated
urea was applied to maize. Plant height was thus
increased by fertilizer application whereas the
same effect was realized by application of fresh
tree leaves to sunflower plant in this study.

Similarly the number of leaves per plant was
significantly increased over the control plants at
all intervals of observation. Here again the leaf
treatments of Delonix, Neem, Thespesia and
Pongamia were superior to other leaf treatments
which were significantly better than control plants.
Apart fom the number of leaves per plant, the area
of leaves was significantly more than that of the
control plants (Fig 1). Leaf expansion in plant is
generally promoted by better nutrition and growth
regulators. Thus it appears that the leaves applied
to the soil would have contributed the macro and
micronutrients and also the plant growth regulators
which in turn might have promoted the growth in
terms of height, number of leaves and leaf area
(Table 2).

The drymatter of root, stem, teaf and
capitulum were significantly increased by the leaf
application. Incorporation of leaves of neem,
Delonix, Thespesia, Pongamia and Acasia recorded
significantly more dry matter than Eucalyptus,
Polyalthia, Peltophorum and soapiut (Table 2).

The neem leaf application provided
substantially higher grain yield of sunflower than
all other leaf treatments. The yield was significantly
more in Delonix, Thespesia and Pongamia leaf
treatments than Peltophorum, Polyalthia and
Eucalyptus leaf treatments, The yield increases
were due to the increase in number of seeds per
capitulum and the test weight (Table 3),

The study shows that tree leaves have
differential effects on the growth and development
of sunflower plant, Among the frees neem appears
to be superior to others. However, Delonix,
Thespesia and Pongamia leaf treatments also
showed better effects on sunflower.

Table 3. Effect of free leaves on the yield and yield
compenents of sunflower.

No. of seeds/  [00 seed Seed yield/
Treatment capitulum weight (g) plax (g )
Control 54 1.5 2.7
Acasia 115 39 3.3
Peltophorum 88 3.1 3.5
Polyalthia 90 33 3.6
Encalptus 85 3.0 3.5
Delonix 200 9.4 4.7
Neem 240 12.9 5.4 I'
Thespesia 205 9.6 v 4.6
Pongamia 205 9.7 * 4.7 _
Soapnut 105 35 3.4 .
CD (0.05) 27 0.4 0.2
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The reasons for such promotive effects
caused by leaves of trees may be due to the
allelochemicals present in them. The effect of these
chemicals may be direct or indirect on the growth
and development of sunflower plants. These
chemicals may be acting as a growth regulator or
making the unavailable mineral nutrients i1 the soil
available or an additive effect of both, Murthy ¢f
al.. {1990} from an incubation study concluded that
the leaf sources of siris ((1/hizia lebek) and neem
(Azadirachta indica) were significantly superior
to subabul (Leucaena leucocephala) with
reference to available nitrogen. Tamhane ¢f al.,
(1970} reported that fresh organic matter make
phosphorus readily available in acid soil. Short
term application of crop residues raised the
potassium concentration injo the sufficiency range
{Rabefka ef al., 1994). These results of various
workers indicate that the promotive growth effect
obtained n sunflower may be due to indirect effect
of making the native nutrients available. How ever
we can not exclude the possibility of the direct
effect of fresh leaves as a source of nutrients and
plant growth regulators.
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B. T1-Control; T6-Eucalyptus, T7-Polyalthia; T8-Thespesia, T9-Delonix; T 10-Pongamia

Fig.1: Tree leaf effects on sunflower
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STUDIES ON COMBINING ABILITY FOR NUMBER OF
PRIMARY BRANCHES IN THREE-WAY CROSSES OF
GROUNDNUT

P. VINDHIYA VARMAN
Regional Research station, Vridhachalam 606 001(T.N).

ABSTRACT

Sixty 3-way cross hybrids derived from six parents were tested in a randomised block design with three replica-
tions. The mean data on number of branches were analvsed as per trisllel malysis model. General-line effedt of
first and second kind mdicsted that JL. 24 was a good grand parent. The estimates of 2-lne specific effect of firs
kind suggested ICGS 44 x ALR 2. JL 24 x GG 2 and JL 24 x Co 2 as good grand parents for 3-way crosses. The
order effect in 3-way crosses was evident as seen in the triplet (GG 2 x Co 2) x JL 24 which showed the highest
positive three-line specific effect, but the same parents in thetriplets (JL 24 x GG 2)x Co2 md (L 24 x Co2) %
GG 2 exhibited either loaw or negative estimates. Thus thenumber of primary branches can be successfully com-
bined in 3-way hybrids by crossing selected parents in a particular order.

Key words : Groundnut, 3-way cross, order effect. lme effect.

INTRODUCTION

Number of primary branches is one of the
important yield countributing parameters of
goundnut (Chandola ef al. 1973 and Dholaria ¢t
al. 1973). A knowledge of the combining ability
of the parents is essential to formulate any
breeding programme. In groundnut mostly single
crosses have been effected. But there is a need to
broaden the initial genetic base by adopting
multiple crosses also, so that the adaptability and
stability of performance can be incorporated from
different genetic sources. In the process of
widening the initial genetic base, 3-way crosses
are the next logical step to single crosses
(Arunachalam ef al. 1985), The theoritical aspects
of triallel analysis has been dealt with by Rawlings
and Cockerham (1962), Hinkelmann (1965) and
Ponnuswamy ef al. . (1974). However, information
on combining ability and order effects of parents
for 3-way crosses 1s meagre in groundnut. Hence,
the present study was undertaken.

'MATERIALS AND METHODS

;A]l possible three-way crosses involving 6
Idivergent groundnut cultivars viz., ICGS 44,

!

Girnar 1, ALR 2, JL 24, GG 2 AND Co 2 were
raised in a randomised block design with three
replications during the Kharif season of 1994 at
the Regional Reseaich Siation, Vridhachalam.
Each genotype was raised in ten rows of 3 m
length each. The inter and intra-row spacings
were 30 and 15 cm, respectively. Data on number
of primary branches were recorded on 15
randomly selected plants in each plot. Mean data
were subjected to statistical analysis
(Ponnuswamy, 1972). Considering Yijkl as the
measurement recorded on a triatlel cross G(ij) k,
the statistical model takes the following form:

—

= +b+ +
Y. m+ b, Gﬁnk e

ikt ik SN
= m+b+g+g+ t::i;)k ey ‘
= m+bl+hi+hj+dij+gk+Sik+sjk+ti]k
* eijl(l

where,

Yoo = Ehenotypic value of the triallel cross,
ij th cross (grand parents) mated to k
th parent, in the 1 th replication,

m = general mean

" Received for publication in November, 1996
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= effects of ith replication

Gy = cumulative effect of the trialiel cross
’ (ij)k, where i and j are grand parents
and k is the parent
8, = average effect of F| hybrids
h = general line effect of ith parent as
grand parent (first kind general line
effct)
du = two-line (i x J) specific effect of first
kind (grand parents)
g = general line effect of k as parent
(second kind effect)
£ . = non-additive effect of F, (i x }) hybrid
{k . 1
with both parents
5, = two-line specific effect where i is half
parent and Kk is the parent. Hence
specific effect of second kind
D
b = three-line specific effect
e, = erroreffect
RESULTS AND DISCUSSION

The analysis of variance for 3-way crosses (triallel
cross analysis) showed that the general line, 2-
line (both first and second kind) and 3-line specific
effects were significant (Table 1). General-line
effect of first and second kind (hi and gi) indicated
that JL 24 was the only parent which showed good
general combining ability of both kinds shawing
that JL. 24 was a good grand parent as well as
parent, Whareas, ICGS 44 exhibited general
combining abitity of first kind only and hence it
behaved as a good grand parent only.

The estimates of 2-line specific effect of
first kind (dij) were positive and significant for
the crasges ICGS 44 x ALR 2, JL 24 x GG 2 and
JL 24 x Co 2 suggesting their superjority as good
grand parents for 3-way crosses. Similarly, 2-line
specific effect of second kind (sij) was the highest

Table 1. Mean squares for number of branches in

groundnut
Source of variation dr. M.S
General-line effect of firgt kind (hi) 5 1.70%*
General-line effect of second kind(gh) 5 3.42%%
2-Line specific effect of first kind (dij) 9 2,964+
2-Line specitic effect of sccondkind (81j) 1% 1.72%
3-Line specific effect (tijk) - 21 1.74%
Crosses : 59 1.92%*
Error 118 0.42

* #% Significant at P=0.05 and 0.01 per cent, respectively.

in the crosses Girnar 1 x GG 2 followed by ICGS
44x ALR 2 and ALR 2 x Co 2 and the reciprocal
effects (S;;) were positive and significant for Co 2
x Girnar 1, GG 2 x ALR 2 and Co 2 x JL 24
crosses (Table 2).

The estimates of 3-line specific effects
(tijk) were highly positive and significant in nine
combinations (Table 3). The order effect in 3-way
crosses 1s evident as seen in (GG 2 x Co2)x JL
24 cross which showed the highast positive 3-line
specific effect, but the same parents in crosses (JL
24xGG 2 xCo2and(JL24x Co2yx GG 2
showed either low or negative estimates. The
superiority of 3-line specific effects in 3-way
crosses for number of primary branches may be
due to involvement of at least one parent (JL. 24)
showing better general combining ability {generai
line effect), with the restriction that it should be
placed in a specific position in the 3-way cross.
Thus the desirable characteristic can be
guccessfully combined in 3-way hybrids by
crossing selected parents in a particular order.
This aspect needs the maximum attention from
the breeding point of view.
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Table 2. Estimates of general-line and 2-line specific effects for number of branches in groundnut,

General Lines effects 2 line specific eflects 8ij (upper half) and Sji {lower halt)
Lmes First kind Secend kind (Higures in the brecket corresponds to dij)
(hi) (g 1 2 3 4 5 6
1 B Q0. 25%* 0.03 - , 0.16 0.46%* 0.14 0.14 .63%*
. (0.23) (0.85)%* (0.18) (-0.37)* (-0.90)**
2 0.40%+ 001 010 - 0.45% ' 030 0.63* 0.01
. (0.01) (-0.44 % (-0.03) (0.23)
3 0.06 012 - 015 .. 014 - 0.07 0.40% 0.30
. _ (<0.56)%* G027 (0.04)
4 0.23%* Q.33+ -0.06 -0.32%* 013 - 0.02 . 013
_ ) ) (0.39)* (0.42)**
5 015 ¢ 007 0.16 ~0.40%* 036% 003 - : 017
L (0.28)
6 -0.29%+ A0.33%* -0.03 0.71%* 061+ 0.33%+ -0.40%* -
SE(hi)=0.09; SE(gi)=0.11; SE(Sij)=0.14; SE(dif)=0.15

= * Gienificant at 1 and 5 per cent level respectively. 1. ICGS 44; 2. Gimar 1: 3. ALR 2; 4. JL.24:5.GG 2, 6.Co2

Tahle 3. Estimate of 3-line specific effects (tuk) for number of branches.

Gmad Parental lines

parental

lines 1 2 3 4 5 6
1 2 . - -1.09%+ 0.57%* 0.40 0.11
103 - 0.43% - 0.30 0,06 0,67
1 4 - 0.44% 033 A° . 031 / 0.42
1 5 " 0.15 007 0.04 P Rt
1 6 - 017 14 0.69%* 0.83*+ 0.03 -

2 3 06T : - - 0.38 0.08 0.20
2 4 0.28 v 0.56% . 0.61%* 023
2 5 038 X o 017 | e ¥ - 0.09
2 06 000 N 035 -0agw 5 o13 L
34 7 s 0.50% - 0.50% it 015
305 j 0.26 0.16 T o ¥ - 03
36 osse 009 B e Y
4 s amn 051* ; _\\ 0.04 rj. - - G035
s 6 ool 044 T\ ogse s 0.42 .
5 6 0.54% 052% 020 126% ; -

SE (tijk}=0.22 **, * Sippificant at 1 and 5 per cent level respectively.
Note: 1. ICGS 44; 2. Gimar 1; 3. ALR 2 4.JL24; 5.GG 2 6.Co2
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ABSTRACT

Stability of male sterility in three diverse cytoplasmic male sterile (CMS) lines of Sunflower viz.,
Helianthus petiolaris (CMS-F), Helianthus petiolaris ssp. fallax (CMS-PF). and Helianthus annmuus ssp.
lenticularis (CMS.1) was assessed by studying pollen and seed fertility under 12 planting, dates covering
Kharif, Rabi and Summer seasons. The results revealed that CMS-I was unstable and produced fertile
pollen as much as of 7.18 per cent and seed set of 3.9 per cent when planted in summer months
{February, march and Apnil). In contrast, CMS-F and CMS-PF sources were stable in all sowing dates

throughout the year.

Key words :

INTRODUCTION

The discovery of cytoplasmic male sterility in
Sunflower (Leclercq, 1969) and subsequent
~ identification of fertility restoration (Kinman, 1970)
has resulted in large scale production of hybrids
and thetr exploitation since 1972, ln India, the first
Sunflower hybrid was released in 1980 for large
scale cultivation (Seetharam, 1980). However, the
use of one single source of cytoplasmic male
sterility which is designated as CMS-F for
commercial production of sunflower hybrids in the
entire world resulted in genetic uniformity for the
cytoplasmic background in the crop. Prevalence
of genetic uniformity of this kind over a large area
could result in genetic vulnerability of hybrids if
the cytoplasm becomes susceptible to a new strain
of disease or pest. Among several strategies to
overcome this problem, diversification of CMS
source itself is possibly the cheapest and most
effective method. During the last 15 ycars several
new sources of CMS have been identified in
addition to CMS-F. (Serieys, 1987, Jan and Rutger,
1988 Havekes et al.., 1991 and Miller et al.,, 1992)
and some of these new sources are available in

{

Sunflower, stability, sterility, fertility, diversification.

Indiaalso. Nevertheless, the basic information on
genetic differences, breeding value and stabiiity
of male sterility of these new sources is lacking to
include them in the breeding programmes.

Stability of maie sterility of a new CMS line
over a wide range of agroclimates is one of the
basic pre-requisites before its iarge scale utilization
in the breeding programmies. Keeping this in view,
two new CMS sources viz., Helianthus petiolaris
ssp. fallax (CMS-PF}(Serteys, 19871 and fHefianthus
annuus ssp. lenticularis (CMS-1) (Heiser, 1982)
were evaluated for the stability of male sterility
character by growing in 12 planting dates in three
seasons - Kharif, Rabi and Summer, m comparison
with the widely used cytoplasmic male sterile
source Helianthus petiotaris (CMS-F) (Leclercq,
1969).

MATERIALS AND METHODS

Three CMS lines - HA 234A, HA 274A and HA
265A representing diverse cytoplasms CMB3-F,
CMS-PF and CMS-I, respectively were grown at
monthly intervals by making 12 successive

* Part of Ph.ID. thesis submitted to the University of Agricultural Sciences, Bangalore, Kamataka by the

first author.
Received for publication in November, 1996
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plantings from April 1992 to March 1993 gt Gandhi
Krishi Vignapa Kendra, Banglore. Plantings were
made in the first fortnight of each month by growing
each line in three rows of 4 5 mlength with spacing
of 60 cm between rows and 30 cm between plants
within a row. The crop was raised under irrigation
adopting the recommended cultivation package.

Potlen and seed fertility were assessed in
10 random plants of each line. Pollen fertility was
studied by preparing anther smears in 2 per cent
acetocarmine stain. Deeply stained and well filled
pollen grains were taken as fertile pollen, while
poorly stained and shrivelled pollen grains were
counted as sterile. At least 10 microscopic fields
were observed for each line and pollen fertility was
expressed in percentage. For the study of seed
fertility all plants were selfed in musline cloth bags
before anthesis. The seed set was assessed at
harvest by taking actual counts of filled seeds to
the total number of florets present and expressed
in percentage.

RESULTS AND DISCUSSION

The data on pollen fertility and seed fertility are
presented in Table I. From the results it was evident

that the new CMS source CMS-1 was unstable as
it produced fertile pollen to a maxitnum of 15 21 per
cent. The seed set in this line on selfing ranged
from 0.00 to 3.9 per cent in different planting dates.
On the contrary, CMS-F and CMS-PF did not
produce fertile pollen or set seeds in any of the
sowing dates in all the three szasons. The
production of fertile pollen in CMS-I was seen
particularly in the crop sown in February, March
and April which flowered in the months of March,
April and May, respectively. Pollen and seed
fertility was highest in the April sown crop. The
data on weather parameters during crop growth
period (Table 2) revealed that the higher mean
maximum temperatures and marginally lower
relative humidity (49%) prevailed during the
months of March, April and May.

Reports on the influence of temperature on
male sterility in Sunflower {Seetharam and
Satyanarayana, 1980}, Sorghum (Brooking, 1979),
Rice (Pradhan and Jachuck, 1991; Mishra and
Pandey, 1993), Brassica (Polowick and Sawhney,
1990) and in many other crops suggested that
higher temperatures during the crop growth
specially during flower bud development could be

Table 1. Pollen fertility (PE) and Seed fertility (SF) in three diverse CMS sources of Sunflower in
different planting dates.
CMS sources

Plenting
month/ CMS-IF CMS-PF CMS-I
s¢ason

PF SF PF SF PF SF
April 1992 0.00 0.00 0.00 0.00 7.18 (15.21) 0.88 (3.50)
May 1992 to

.y .
January 1993 0.00 0.00 0.00 . 0.00 L 0.00 0.00
February 1993 0.00 0.00 0.00 0.G0 3.56 (8.98) 0.19 (2.04)
[T

March 1993 0.00 0.00 0.00 0.00 4.70 (8.62) 0.34 (1.90)
Note : Figures in the parenthesis indicate the maximum pollen/seed fertility recorded in some plants.
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Table 2. Meteorological observations during crop growth period (April 1992 to March 1993) -

Month Terrperature (oC) Relative Precipitation
humadity {mm)

Maximum Minimum (%)

April 1992 34.00 19.30 49.00 10.00

May 32.00 20.30 65.00 167.70

June 28.40 19.40 75.00 167.60

July 27.10 : 18.80 77.00 © ©oy3sso

August ‘ b 710 18.90 j 85.00 U omen

September 2720 - 1860 7350 orl G - 19420

October 27.30 18.30 7200 107.60

November 26.50 17.50 70.50 70.80

December | 2as0 17.30 65.00 ¢ 0.00

January 1993 ,,” o 27.70 12.60 j.';*.f_f 54.50 0.00 &

February ' 29.00 14.50 oM 50.50 000

March 31.60 18.90 1@_ ‘ 55.00 5.80

the cause for break down of male sterility. Low
relative humidity coupled with high temperature
has been suggested as the likely cause for break
down of male sterility in pearl millet (Vittala Rao,
1969, Reddy and Reddy, 1972}, In the present
study, production of fertile pollen grains and seed
set in CMS-I was probably due to higher
temperatures and low relative humidity during the
crop growth period (March, April and May).
However, further studies are required for the precise
understanding of the role of temperature, relative
humidity and other factors in reversion of male
sterility.

The CMS source, CMS-F which is
extensively used in commercial hybrid production
now all over the world was stable in all the planting,
dates. The other newly identified CMS source
CMS-PF which also exhibited stable performance
in different planting seasons could be effectively

used as an additional source in the heterosis
breeding programmes after identifying suitable
restorers. This would help in CMS diversification
for which efforts are already on.
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ABSTRACT

In safflower substantial genetic variability was observed for all the characters studied. High heritability
coupled with high genetic advimce was observed for seed yield/piant, days to maturity, seeds/capitulum
and capitula/plant suggesting imporiance of additive gene action. Significant positive correlation
among the characters viz; 100 sced weight, capitula/plant, primaryand secondary branches/plant and
seeds/capitulum and their positive association with seed yield/plant was observed: indicating that these
are the major yield components i saiflower. The character 100 seed weight exerted higher direct

effect on seed yield/plant,

Key words : Correlation, path analysis, safilower.

INTRODUCTION

Genetic variability and correlation co-efficient
among, seed yield and yield attributes helps in
constructing, a suitable plant type, combining;
desirable expressions of different yield traits and
path analysis reveals the cause and effect
relationship. Accordingly, the present study was
undertaken in one hundred and fifty germplasm
lines of Safflower.

MATERIALS AND METHODS

The material for the present study consisted of
germplasm collection of one hundred and fifty lines
and five released varieties as checks. They were
evaluated in augmented randomised block design
with two replications during rabi 1995-%6, Each
line was represented by two rows of five meter
length with 45 x 20 cr. spacing. The observations
were recorded on randomly selected ten
competitive plants from each line in each
replication for seed yield/plant and eight yield
component characters, The data were subjected
1o analysis of variance and computation of
genotypic co-efficient of variation (gev),
phenotypic co-efficient of variation (pcv) following

Burton {1952). Heritability in broad sense was
estimated as per Burton and De Vane (1953) and
genetic advance in percentage of mean (ga)
according to Johnson et al (1955) Genotypic
correlations were worked out by following standard

procedure, The path co-efficient analysis was
carried out by following Dewey and Lu (1959).

RESULTS AND DISCUSSION

Analysis of variance revealed the presence of
substantial genetic variability in the germplasm
lines studied. The magnitude of genotypic variance
and genotypic co-efficient of variation were low
as compared to that of phenotypic variance and
phenotypic coefficient of variation indicating that
apparent variability is not only due to genotype
but also due to influence of environment. The gev
and pev were high in magnitude for seed yield/
plant, capitulasplant, primary branches/plant and
seeds/capitulum; where as they were low for days
to maturity, days to flower and 100 seed weight,
Similar findings were reported by Narkhede ¢1 &/,
(1985, Ghongade ef al. (1993) and Singh e! al.
(1993),

High heritability estimates were observed

1. Niger Geneticist, A.I.C.R. P on Niger, Igatpuri - 422 403.
2. Director of Research, Mahatma Phule Krishi Vidyapeeth, Rahuri - 413 722,

Received for publication in May, 1997
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for seed yield/plant {39%), days 10 maturity (77%),
seeds/capitulum (63%), days to flower (56.5%) and
capitula/plant {53.6%). The characters viz; 100 seed
weight (43.6%) and primary branches/plant (37.8%)
showed moderate heritability whereas, lowest
heritability was observed for plant height (27.5%)
and secondary branches/plant (22.50%). Ramesh
of @l (19800, Narkhede er ol (1985), Ghongade et
al. (1993) also reported similar results.

High heritability coupled with high genetic
advance was observed for seed yield/plant, days
to maturity, seedsfcapitolum and capitula/plant;
suggesting the importance of additive gene action
for their inheritance (Burton, 1952), This also
supports the observations reported by Thombare
and Joshi (1977}, narkhede et o/ (1985), Ghongade
et al (1993) and singh et al.(1993),

Correlation studies showed that seed yield/
plant has significant positive correlation with 100
sead weight, capitula/plant, primary and secondary
branches/plant and number of seeds/capitulum,
A positive relationship among the yield attributes
indicated that they had certain inherent
relationship with seed yield/plant. Thus, the results
are i comformity wath those of Mathur ot &l {1976
and Ekshinge et al. (1994) and at variance with
those of Ranga Rao and Ramachandram (1977),
Makne et al. {1979) and Kotecha (1981) who
reported nonsignificant negative association of
seeds/capitula with seed yield, The charactersviz;
days to flower and days to maturity, which showed
highly significant positive correlation with each
other showed nonsignificant negative association
with seed yield/plant; indicating that early
flowering and early maturing genotypes of
safflower would give more yield. Argikar et al.
{1957) and Ashri {1975) also observed negative
correlation of days to flower with seed yield. Prasad
et al. (1994) reported negative correlation of days
to maturity with seed yield. A positive association
among the characters viz; 100 seed weight,
capitula/plant, primary and secondary branches/
plant and seeds/capitulum and their positive

association with seed yield/plant was observed,
indicating these are the major yield attributes in
safflower. The present results are in agreement with
those of Mathur et al. (1976} and Singh et al (1993).

Path coefficient analysis, 3 standardised
partial regression coefficient which splits the
correlation coefficient into measures of direct and
indirect effects revealed that 100 seed weight has
exerted maximum direct effects (0.565) on seed yield
and it was followed by capitula/plant (0.501),
primary branches/plant (0.422), secondary
branches/plant (0.395) and seeds/capitulum (0.340)
(Table 3). Plant height (0.238) however had
moderate direct effects on seed yield. All these
direct effects were in accordance with their
association with seed yield/plant. The characters
days to flower and days to maturity have shown
negative direct effects and their correlation with
seed yield/plant was also negative. On the basis
of correlation and path coefficient analysis, it could - '
be suggested that while selecting for seed yield,
due emphasis should be 1aid on the characters viz;
100 seed weight, capitula/plant, ptimary and
secondary branches/plant; while for early maturity
background, selection would be based on days to
flower, days fo maturity, 160 seed weight and
capitula/plant.
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genotypic

correlation

INDIRECT EFFECTS V1A

100 Days to Days to with seed

seed weight

Seeds/
capitulum

Capitula/

Primary
brunches/

Plant

Character

Secondary

maturity yield

flower

plant

hranches/

height

0.01% 0.024 0.116 0.036 -0.054 0.014 0,028 0.355

0.238

Plant height

0.422 0.049 0.085 -0.016 -0.007 -0.007 -0.008 0.543%

0,015

Primary branches/plant

0.080 0.395 -0.002 -0.002 0.008 -0.002 -0.002 0.495%

0.020

Secondary branches/plant

-0.106 0.101 0.501 -0.030 0.053 0.080 0.079% 0.677*

-0.002
0.018

Capitula/plant

0.041 0.340 -0.050 0.026 0.017 0.398%*
0.565
-0.019

0.016

-0.010

Seeds/capitulum

0.039 0.015 0.550 -0.020 0.090 0.098 0. 795%*
0.006 -0.016

-0.017
0.006

100 seed weight

-0.313

0.007
-0.250

-0.273

-0.029

0.005

Days to flower

-6.301

0.003 0.002 -0.011 -0.013 -0.019 -0.016

0.002

Days 1o matunty
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Residual effect = 0.07¢

significant at five percent and one percent level respectively.
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ANALYSIS OF CHARACTERS CONTRIBUTING TO SEED
YIELD IN INDIAN MUSTARD
(Brassica juncea L. ZERN AND COSS)

MN.KHAN and S.C. GUPTA
SKUAST-Regional Agriculture Research Station, R.S. Pura, Jammu Tawi - 181 102 (J& K).

ABSTRACT

Interrelationship among different characters were determined both by simple correlation and path
coefficient analyses, using six diverse genotypes of Indian mustard (Brassica juncea L.} at RARS, R.S.
Pura. The characters viz. plant height {em), primary branches per plant. secondary branches per plant,
siligna length {am), number of seeds per siliqua, number of siliqua per plant, seed weight (g) and seed
yield (g) were studied by sowing on three different dates with three spacings. Data revealed that
correlation between them were close and positive in all the genotypes. Path mnalysis, further, showed
that all attributes bad direct and indirect influences on seed yield The waximum direct influence was
obtained from number of siliqua per plant. Hence primary branches, secondary branches, number of
seeds per siliqua, number of siligna per plant and seed weight are the major yield contributing param-

efers.

Key words : Indian mustard, correlation, path co-efficients, seed yield.

INTRODUCTION

Correlation of agronomic and morphological
characters with seed yield in different crops have
been reported by several workers. Although these
estimates are helpful in determining the
components of complex traits such as yield, they
do not provide an exact picture of the relative
importance of direct and indirect influences of each
of the component characters towards this trait.
Path coefficient analysis developed by wright
(1921, 1923), which are simply standardized partial
regression analysis appears to be helpful in
partitioning the correlation coefficient into direct
and indirect effects. The present study was,
therefore, designed to collect the information to
findout the association of yield and important
productive functions including the yield
components of a number of clite varieties of
different growth duration when planted on
different dates and space so that Brassica breeders
may be benefited.

MATERIALS AND METHODS

“The present investigation was carried out on clay
soil at Regional Agriculture Research Station of

Sher-e-Kashmir University of Agricultural Sciences
and Technology, R.S. Pura, Jammu during rabi
season of 1993-94 and 1994-95. The experimetit was
conducted in split-plot design with three
replications, keeping three dates of sowing
(October, 5, October, 20 and November, 5} in main
plot, and three spacings (30,40 and 50 cm) and six
genotypes of Indian mustard viz. (Pusa Bold and
RLM-619 (Mid early), RL-1339 and RH-30
{Medium) and Prakash and RLM-198 (late)) as sub-
plot treatments. Ten competitive randomty selected
plants were tagged in the middle three rows of
each genotype for taking observations on plant
height (X,), primary branches per plant (X,),
secondary branches per plant {X,), siliqua length
(X,), number of seeds per siliqua (X.), number of
siliqua per plant (X ), seed weight (X ) and seed
yield (X)). Correlation and path analyses were
calculated as per the procedure given by Singh
and choudhary (1977).

RESULTS AND DISCUSSION

There can be several approaches to the problem
of identification of ideal plant type. Statistical
approach of factor analysis (Lawley and Maxwell,
1963), a comparison of plant morphology of a set

" Received for publication in May, 1997
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of high yielding lines with that of low yielding one
(Singh ef al., 1969), and model building or
construction of ideotype after identification of
morphological frame work through correlation
analysis and path analysis are some of the ways
by which one can identify the model plant
characteristics. The various components of yield
very often exhibit considerable degree of
assoclation among themselves and with the yield.
This character association is attributed to three
factors, viz., linkage, pleiotropy and physiological
association necessitated by developmental and
biochemical path ways. A perusal of Table 1
revealed that correlation values between seed yield
and other contributing characters except plant
height were significant in all the genotypes. It
means that selection for one will antomatically
consider the other variables (Singh ¢f al.. 1969,
Shivahare ef ¢/l., 1977 and Chauhan ef ol., 1978).
The primary branches per plant was observed to
have a highly significant and positive asscciation
with plant height, secondary branches per plant
and number of siliqua per plant while secondary
branches per plant had significant and positive
association with mumber of siliqua plant. The
positive association was also found between
number of seeds per siliqua and siliqua length and
number of siliqua per plant. Further, number of
siliqua had significant and positive association
with seed weight in all the genotypes. The
aforesaid results are in conformity with the findings
of Gupta, 1972; Labanaef al.,, 1977; Shivharaet al.,
1977 and Tak, 1976. Hence primary branches per
plant, secondary branches per plant, siliqua length,
number of seeds per siliqua, number of siliqua per
plant and seed weight appear to be the most
important selection criteria for increasing seed
yield in Indian mustard. The character silicqualength
showed high positive significant association with
number of seeds per siliqua in all the genotypes
except Prakash. The direct and indirect effects of
these characters on seed yield (Table 2), showed
that in early medium and medium group of varieties
the direct positive effect was depicted by number

of siliqua per plant followed seed weight and seed
weight followed primary branches per ptant
respectively while indirect effect through other
characters was high. Tak (1976) and Shivahare et
al, (1977) reported similar results. The direct
positive effect was also found where seed weight
followed pumber of siliqua per plant in one variety
of late maturity group and number of siliqua per
plant followed number of seeds per siliqua in
another variety.

On the basis of these results, it can be
conciuded that seed yield can be improved by
making selection through number of primary
branches, number of seeds per siliqua, number of
siliqua per plant and 1000 seed weight in Indian
mustard,
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EFFECT OF IRRADIATIONS ON VARIABILITY AND
CHARACTER ASSOCIATION IN SEGREGATING
POPULATIONS OF SAFFLOWER (Carthamus tinctorius L.)

R.D.MEGHANNAVAR, K.G.PARAMESHWARAPPA and PM, SALIMATH
Department of Genetics and Plant Breeding,
University of Agricultural Sciences, Dharwad, Karnataka,

ABSTRACT

The crossed seeds (F) of A2xAl and A1x502-236 were subjected to 40 kr T-irradiation to compare
the variability m irradisted F,M, and ¥ M, as againgt the vanability in F, md ¥, generations. The values
of mean and ranges were found to be relatively higher in F,M, and F,M, population aver their
respective control populations for most of the characters except hull content, The significant increase
in variance of the characters in the F.M, over F, was abserved for nmmber of capitula, hull content, oil
content in cross AXA| and for number of seeds, oil content and 100-seed weight in cross Alx502-236,
There was enhancement in the heritability also of few characters in cross A, XA . The strong inverse
relationship between seed yield and oil content in F, was reduced in F M, in the cross A1x502-236.
Similary, the negative association between hull and oil content was reduced in F3M3. In general,
positive associations of seed yield with most of the yield contributing trails improved in F,M, popula-
tion. The shifts in correlations from negative to positive or non-existence of association between
_ undesirable combination of yield components due 1o iradiation snggest that it is helpful 1o break or
weaken the close undesirable linkages to certain extent. The important shifts in direct and indirect
effects of component traits like number of capitula, capitula weight, seed number, seed weight and hull

content were observed on seed yield in one ot the other cross.

Key words : Safflower, irradiation, variability, correlation, shifts.

~

INTRODUCTION S

The simultaneouns improvement for higher seed
yield with oil content in safflower has been difficult
owing to existence of undesirable associations
between these traits, as well as among important
yield traits (Parameshwarappa ef al., 1984;
Ramachandram, 1985; Nei et a4/, 1993). Recent
studies suggest that intermating among the
selected genotypes in a genetically wide cross
(Prakash and Prakash, 1993 and Parameshwarappa
et al., 1997) or irradiation of hybrid seeds (Patil et
al., 1997) would help to break the undesirable
linkages between clogely related characters. This
would make it possible to select genotypes with
appropriate combination of characters like higher
seed yield and oil content. The present
investigation was carried out to know the extent
of additional variability as well as the ghifts in the

I

/

direction and magnitude of correlations among
characters of interest with irradiation followed by
hybridization as compared to hybridization alone,

MATERIALS AND METHODS

Three morphologically distinct genotypes viz., A-
1 (higher capitula number, thick hull, low oil and
high yield), A-2 (low capitula number, reduced hull,
highoil) and 502-236 (medium bold capitula, high
oil) were used to develop two crosses viz., A-2xA-
1 and A-1x502-236. A part of the F seeds (crossed
seeds) of these crosses were subjected to 40 kr T-
irradiation and the remaining seeds were saved to
raise the crop by pedigree breeding procedure. The
irradiated F | seeds along with untreated one were
grown in separate rows to obtain sufficient F M,
and F| seeds, respectively. Both the populations
were caged to prevent out crossing by bee activity

Received for publication in July, 1997
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and preliminary observations on germination.
mortality and chlorophyll mutations were recorded
on F M, lines of the crosses. The corresponding
selfed seeds were utilized to grow a large F M,
and F, population. In both the populations data
on seven important quantitative characters
including seed yield was recorded on 150 random
plants. The standatd statistical procedures were
applied to compute the extent of variability for the
characters studied. Finally 40 plants from each F,

and F,M, population were selected to grow thelr
F,and F, M, progenies. They were evaluated in a
randomszed block design with two replications at
the Agricultural Research Station, Annigeri during
rabi 1995-96.

The recommended agronomic practices
were followed to raise the crop successfully.
Observations on eight important quantitative
characters including seed yield and oil content were
recorded on five random plants in each treatment.
The mean, range and correlations were computed
for both the populations of the crosses to assess
the extent of additional variability generated and
possible shifis in correlation,

RESULTS AND DISCUSSION

The mean and range of various quantitative
characters in respect of F.M, and F M, generations
compared to their corresponding seifed
generations viz., F, and F,, respectively is given
inTable 1. The mean values for most of characters
in F,M, generation were higher as comparedtoF,
generation. The increase in mean values of several
characters with the use of different mutagenic
agents in safflower has been reported by
Mallikarjunaradhya (1977). As regards the
comparison of F.M, mean vatues over F,
generation, there were no appreciable changes for
most of the characters studied. The lack of
mutagenic effects in causing the shifts in the mean
values has been reported in rice (Saini and Sharama,
1970).

Although considerable shifts in the mean
values between different generations were lacking,
there were changes in the range of the characters.
For most of the characters, the upper limit of the
range was higher in both F.M, and F.M,
generations indicating that irradiation was
responsible for the additional variability created.

The variance, heritability and genetic
advances worked out for the characters are
presented in Table 2. The magnitude of genotypic
as well as phenotypic variance was higher inF M,
for all the characters except seed number in cross
A2x AL, and for number of capitula, capitula weight
and capitula size in cross A1x502-236. This is also
evident from the relatively higher values of
genotypic and phenotypic coefficients of variation.
The enlargement of variability in the form of wider
range of the characters and coefficient of variation
in the F M, indicate that hybridization with
irradiation has generated additional variability as
compared to hybridization and selfing alone inF,,

The role of irradiations has also been
reflected by the changes that occurred in the
heritability of the characters in F,M, . Highest
increase in the heritability from F to F M; was
noticed in case of number of capltula (14. 7 to 57 4)
followed by capitula weight (42.4 to 63.4) and
capitulasize (61.1 to 72.3) incross A2x Al whereas
oil content recorded the highest heritability in cross
Alx502-236(44.6 10 70.4). There was also detrease
in the heritability of characters like number of
capitula, capitula weight and capitula size in cross
Al1x502-236. Almost similar trend was noticed in.
the estimates of genetic advance of the characters
in beth the crosses.

The genotypic correlations worked out
separately for F,M, and F, populations are
presented in Table 3. It was observed that the
relationship berween seed yield and oil content
was negative but non-significant in both the
crosses in F,. Whereas, it was changed to positive
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Table 1. Mean and ranges for different characters in safflower.
Mean Range
Character Crosses
F2 & F2M2 F3 & FIM3 F2 & F2M2 F3 & FIM3
No. of 1 F, 13.08 11.70 11.00-28.00 11.26-17.60
Capitula M, 14.90 12.38 13.00-29.20 10.33-20.20
II F, 14.24 16.01° 10.00-25.00 10.00-28.80
FM, 17.40 13.48 11.00-27.20 2.20-21 00
Capitula I F, 23.19 : 16.50-34.60
weight FM, —_— 26.10 ‘ _ 19.00-39.00
I F, 32.12 13.80-42.00
FM, - 25.67 15.20-37.00
Capitula 1 F, - 230 2.19 2.00-2.86 1.92 - 2.30
size F, M, 2.34 L2 EEN 2.10-3.00 1.90-2.54
n E, 2.22 o 220 LE 1.95-2.40 1.98-2.34
M, 2.32 2.26 2.12-2.50 1.00-2.44
Seed number I F, 30.08 26.11 11.00-40.00 19.30-28.80
P M, 32.38 27.02 12.20-43.00 20.80-39.20
H F, 28.24 26.70 10.00-35.00 19.80-38.80
T, M, 29.80 27.61 12.00-29.00 20.80-472.00
100-seed [ F, 5.14 A.46 3.50-6.06 3.36-6.00
weight F M, 5.58 528 4347 84 3.89-6.36
i ¥, 4.84 5.66 4.00-7.15 3.65-6.80
FM, 47.84 46.63 41.20-49,80 42 80-48.40
Hull 1 F 47.30 44.83 42 40-47.20 42.10-51.60
content F.M, 4453 45.91 40.00-48 00 40.00-50.60
I ¥, 49.21 : 47.15 47.80-51.20 43.20-51.00
FM e 47.84 P 4568 41,20-49 80 42.80-48.40
Qil [ - 36.22 3062 18173112 29.10-33.18
content F,N[,‘W 31.88 ) 30.64 | 29.00-36.71 19.12-34.00
In F \ 29.20 . 30.44 ° 27.40-33.7¢ 29.05-33.10
EM, 30.40 30.03 27.02-35.25 29.25-33 .46
Seed I F, 18.38 13.09 12.80-27.2¢ 9.00-19.20
yield FM, 21.24 13.82 12.00-28.00 10.00-23.40
u F, 17.24 16.34 12.00-22.00 11.30-24.00
FM, 20.80 19.00 15.00-27.00 11.60-24.80
Cross I .oy A2%A-T; Cross IT ... A-TXS02-236

and significant side in F, M, of cross A-1x502-236,
thms indicating the possib'ility of simultaneously
improving both the traits through selection. Several
studies indicate the inverse relationship between
these traits in the conventional breeding
programmes involving hybridization and selfing
(Parameshwarappa, 1984, Ramachandram, 1985),

The association of seed yield with other
yield components in F .M, was strengthened. For
instance, the correlation of yield with number of

capitula (0.63), capitula weight (0.711) and 100-seed
weight (0.36) in cross AZx A | and anly for capitula
stze (0.44) in cross Alx502-236 have changed
favourably, Thus selection for these traits would
lead to higher seed yield.

Among the imporfant yield traits,
proportion of hull determines both seed yield and
oil comtent. Hull content is strongly associated
with seed yield but negativeiy with o1l content as
noticed in F, of cross Alx 502-236. Similar

B W
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Table 2.  Parameters of genetic variability for different characters in F, and F,M, populations of safflower
e

Characters Crosses  Number of Capitula  Capitula Seed Seed Hull 0Oil Seed
capitula  weight stze number welght content  content  yield

—
Genotypic 1F, 0.56 5.54%  0.014  14.83 0.42 2.27 0.89 3.15
varisnce FM, 3.97** 1764 0016 1382 .. 061 S14%E 165% 690
I F, 7.64 3.69 0.006 12.26 . 0.53 4.49 0.46 11.11
FM,  1.24% 1274 0003 17.34% 7 2.82% 463 0.88*%  12.30
Phonotypic IF, 184 13.06 0,029 2594 ° 0.47 2.71 1.35 5.24
Varianoe FM, 491 2777 0.022  24.02 0.63 5.58%  2.17%  9.47
I F, 14.55 45.47 0.013  19.68 0.64 5.26 1.04 14.59
FM, 6.12 22.15 0.009  22.56 2.84%¢ 491 1.15 14,95
Gev IF, 6.43 10.14 5.41 14.75 14.56 3.36 3.06 13.52
FM, 16.10 16.08 5.80 13.75 15.02 4.94 4.21 18.15
I F, 17.27 19.73 3.59 13.11 12.91 4.49 2.25 17.57
M, 8721 13.91 6.92 15.10 9.37 4.61 3.12 21.46
rcv . 1F 16.76 15.58 6.82 19.51 15.43 3.67 3,80 17,50
- FM, 21.25 2.19 5.37 18,15 15.42 515 4.83 22.20
NI F, 23.82 . 2.67 4.41 16,62 18318 = 437 337 2011
-/ FM, 1641 . 1834  sl10 1722 9.66 2 475 372 1366

i ‘

h? 51:1 F, 1470 . 4240 7230 57.20 $9.00 ?/ 83.70 65.60 60.10
f 45 FM, 5740 63.40 4480 2750 9500~ 9220  76.00 66.20
! Il F, 52.50 8290  34.10 6230 8290 8520  44.60 76.10
EM, 2500  57.50 8.67 7690 9420 9430 704G 82.20
Ga i F, 5.04 13.12 1036 2249  28.25 6.33 542 21.69
EM, 2512 2636 5.00 2146 30.30 9.78 7.53  30.53
Il F, 2570  37.01 9.00 2131 24.20 8.54 3.08 3152
FM, 845  21.73 27.27 18.70 9.21 5.39 40.08

¥ . Sigpificant at 5% level | ** - Significant at 1% level . Cross T - A2xAl; Cross I - A-1x502-236

association between these traits was reported by the assqctation between hull content and oil
Parameshwarappa (1984). In F M, , it was changed contept in both the c;rosse_s except that strong and
to non-significance indicating that irradiation was ~ "egative relationship noticed in cross A-1 x 502-
helpful to overcome the existing unfavourable 236 was l'owai.’ec_l in magnitude. The neggtlve .
inverse relationship between such closely linked relationship exx.stmg between number of capitula
characters. However, there was fack of shifis in and size of capitula, number of capitula and seed
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Table 3.  Genotyplc correlations among different characters in F;M, and F, pouplations of safflowe:
crosses
Charadters Crosses Capitula Capitula Seed 100 Seed Hull 0i) Seed
weight size number weight content content yield
Number of I F, 0.914**  -0.104 20419 0101 -0.154  0.594** (.235
capitula F,M, 0.592% -0.598*= -0.152 -0.068 .. «0.240 0.070 0.638**
11 F, 419 0.021 -0.065 0.364* - 0,583**% .0.327%* 0.850**
F.M, 0.789 -0.179 -0.216 0.102 0.187 0.129 -0.161
e :
Capitula I F, 0.139 0.73 0174 0222 0.161  0.549%
weight s F.M, A 0.029 0.258 0.218  =0.055 -0.055 0.711%*
II F, 0.047 -0.164 0.197 i 0369 -0.173 0.583%+
s FM, 0.109 0.040 D119 0171 D148 0013
- by
Capitula ; IF, 0.752%*% -0.598** -0.159 0.093 0.296
size F.M, Yy 0.784* 0.140 0.349*  0.059 0.047
It F, co 2t 0.885%* _0.587**  0.145 0337 0,109
F,M, [ER- 0.892** .0, 156 -0.104 0.074 0.447%*
Seed I F, h -0.612%* 0.027 0.228 0.384*
number F.M, ;:,; g -0.059 0.478** 0.059 0.334%
I F, Cpi T 0.476%*  -0.122 0337 0.002
FM, i s : L 0.086  -0.282  0.074 0186
R A i e o et
[00-seed [ F, N 0.191 -0.338*  -0.045
wetght Jat F,M, By ew cooar K ¢ -:.": - " ':, '~ 0.2212 -0.416**  (.369*
» I F, \’ . =Tk - i D 0.295 -0.155 0.286
FJM! ‘.’E T tEont N rE 0.258 -0.284 -0.260
S L RTE L
Hull I F, , o -0.187  0.033
cont ent F,M, Teestoaro R 'sfff Cm -0.255 0127
II F, YN s g O 4 I ~0.567**F  (.456%*
F,M, o ot Cors -0.174  -0.059
oil 1R, e -0.222
content FM, b et 0.018
il F, -0.070
F M, 0.435%*

* - Significunt at 5% level,

** _ Significant al 1% level
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number was not changed in F.M, in either crosses.
The association of capitula size with seed weight
in F_ is reported to be negative (Ramachandram
and Gouda, 1982). Therefore, genotypes with
bolder capitula possess smaller but more number
of seeds per capitula. In view of shifts in the
magnitude of negative association between these
two traits in F .M, towards desirable direction, it
should be possible 1o construct plant types with
bolder capitula having more number of bolder seeds
per capitula to realize higher seed yield. This was
also evident from the reduction in the magnitude
of inverse relationship between seed number and
seed weight in both the crosses (0.059 and 0.086),
Shifts in the association of other combination of
characters were noticed either in direction or
magnitude or both in F.M_ indicating the role of
irradiation in changing the nature of correlations
between the characters.

The direct and indirect effects of various
yield components towards seed yield (Table 4)
indicated that the contribution of capitula weight
increased from 0.53 in F3 t0 1.79 in F3M3. The
increase in contribution of number of capitula(1.31),
caputuda size (L.47), 100-seed wetght (0.52) tncross
A-2xA-1 and ail content {0.43) in cross A-1x502-
230 was observed indicating that irradiations
would also alter the contribution of characters
towards seed yield. The shifts in the magnitude
and direction of indirect effects of the characters
on seed yield has also been observed.

In general, the irradiation of crossed seeds
(F,) has brought about smaller but additional
variation in the characters, which otherwise would
not have been possible through mere selfing and
selection. The additional variability released by
use of irradiation, probably has been the result of
rare recombinations between highly linked
characters and cryptic variations brought about
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by point mutations in the minoer genes governing
the traits. Thus combination of hybridization and
mittations has been helpful to change the nature
of associations between the linked traits and thus,
providing opportunities to combine high seed yield
and oil content in safflower.
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Table 4. Genotypic Path analysisin F, M and F, population of safflower

Characters Crosses No. of  Cupitula  Capitula Seed [00-Seed Hull 01l Correla-
capitula welght slve number weight content  content  tlion
Nurmber of I F, -0.165 0.563 0.010 -0.188 0.004 0.030 -0.041 0.235
capitula FM, 1319 -0.038  -0.881 0.084 0.035 -0.061 0.018 0.638**
II F, 1.021 0.223 -0.043 -0.103 -0.206 0.754  -0.138 0.850%%
FM, -0.606 1.417 0.263 -0.293 -0.023 0.080 0.077 -0.161
Capitula I F, -0.151 0.616 -0.014 0.033 0.007  -0.044 0.011 0.549%+
weight » - - F\M, 0.781 -0.064 0.043 -0.142 0.113 0.011 -0.014 0.711%*
II F, 0.427 533 -0.99%  -0.268  -0.077 0.477  -0.073 (.583%+
s FM, -0.479 1.795 £0.159 0.055 -0.26 0.073 0.088 0.113
Capitula I F, 0.017 0.085 -0.100 0.337 -0.023 0.031 -0.006 0.296
size . FM, 0789 -0002 1473 -0.433 0075 0089  0.013  0.047
B 3 F, 4.022 0.025 -2.119 1.441 0.332 0.188 0,079 0.109
F .M, 0.109 0.195 -1.463 1.212 0.035 . -0.045 0.074 0.447%s
Seed I F, 0.069 0.045 -0.076 0.449 -0.023 -0.005 -0.016 0.384*
number M, -0.201 -0.016 1,155 -0.552 -0.001 -0.122 0.014 G.369*
IT F, -0.066 -0.088 -1.876 1.628 0.269 -0.158 0.142 0.002
FM, 0131 0.973 -1.305 1.360 0.019 -0.121 0.044 0.286
100-Seed I F, -0.017 0.107 0.060 -0.273 0.038  -0.038 0.025 -0.045
weight FM, 0.090 -0.014  -0.212 0.033 0.520 0.057  -0.107 0.369%
11 F, 0.371 0.073 1.243 -0.775  -0.566 0.381 -0.065 0.286
< FM, -0.062 0213 0.229 0.117 -0.222 0110 -0.169 -0.260
Hull BT F, 0.025 0.137 0.016 0.012 0.007 -0.197 0.013 0.033
content ' FM, -0.317 -0.003 ¢.515 -0.264 0.116 0.256  -0.065 0127
T F, 0.595 0.197 -0.308  -0.199  -0.167 1.294 -0.240 0.456%*
FM, -0.113 0.308 0.153 -0.383 -0.057 0.428  -0.103 -0.059
ail e F, -0.098  -0.099 -0.00% 0.102 -0.014 0.037 -0.06% -0.222
content mf FM, 0.054 0.004 0.077 -0.030 -0.216  -0.063 0.257 0.018
I F, -0.334 -0.092 -6.3585 0.548 0.088  -0.733 0.423 -0.070
II FM, -0.078 0.265 0.182 0.101 G.063 -0.074 0.595 0.435%*
Deagonal - Direct effect * - Bignificunt at 5% level Residual Factors F, - 0.499
Cross 1 - A-ZxA-Y ** - Sigpificant at 1% level FM, - 0.028
Cross I - A-1x502-236 oF, - 0,408 .
Er FM - 08l

3

3
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CORRELATION AND PATH ANALYSIS IN SUNFLOWER
(Helianthus annuus L.)

A.G. RATHER,G.S. SANDHA, SHAFIQ, A, WANI, and FA. SHEIKH
SKUAST. Rice Research and Regional Station, Khudwani, Anantanag, Kashmir 192 102.

ABSTRACT

The cause and effect relationship of oleic acid with other fatty acids and five agronomic traits was
assessed among, 45 hybrids and 10 mbred lines of a diallel cross, Days to 50 percent flowering was found
to he positively correlated with oleic acid. None of the fatty acids showed significant assoctation with
oil yield/plant. oleic acid showed s strong nepative association with linoleic acid. Though linoleic acid
had a direct negative effect of considerable magnitude on oleic acid. days to $0% flowering, days to
maturity and steric acid indirectly intluenced the oleic acid through linoleic acd.

Key words: Sunflower, correlation, puth analysis, oleic and linoleic acid.

INTRODUCTION

High oleic sunflower seed oil is considered superior
both from stability and nutritional point of view,
Besides conferring stability to oil during frying,
refining and storage, decrease in cholesterol level
and jow density lipoproteins and maintaining the
concentrations of high density lipoproteins has
been attributed to this mono-unsaturated oil
(Yodice, 1990). In the present study an attempt
was made to assess the nature and magnitude of
correlation of oleic acid with other fatty acids and
some agronomic traits through path analysis.

MATERIALS AND METHODS

The experimental material consisted of 10 inbred
lines (PISF9, PISF67, 5F9, PISF118, PISF119,
PISF16, PISF29, PISF74, PISF47 AND SF14) and
their 45 one way diallel crosses grown in a
randomised complete block design with three
replicates, at experimental farm of Punjab
Agricultural University, Ludhiana during spring,
1995. The crosses were made during 1994 by
inducing male sterility by swabbing the floral heads
at star bud stage with 100 ppm GA,, in the morning
for three consecutive days. Each single row plot
was 3.3 mlong, Spacing of 60 x 30 cm was followed.
Observations were recorded on nine agrenomic

and quality traits (Table 1). Days$ to maturity were
recorded on plot basis. Composite seed sample
from five randomly selected competitive plants of
each genotype from each replication was used to
record 100-seaed weight, oil content and fatty acid
composition. Seed oil content en dry seed weight
basis was determined by Nuclear Magnetic
Resonance. Qil yield/plant was computed as
function of seed vield/plant x cil content per cent.
The lipids were extracted from the seeds following
cold percalation method (Floch et al., 1957} The
lipids were converted into their methy! esters
following the procedure outlined by Luddy ef al.,
(1968). Methyl esters thus prepared were subjected
to gas liquid chromatography. The peaks obtained
were identified using internal standard fatty acids.
The relative proportion of different fatty acids was
worked out from the area of peaks. The formulae
suggested by Aljiboun et af., (1958) were adopted
for calculating genotypic, phenotypic and
environmental correlation coefficients. The path
coefficient analysis was computed following
Dewey and Lu(1959).

RESULTS AND DISCUSSION

The genotypic correlations (Table 1) were, in
general, higher than the corresponding phenotypic
correlations. However, a good correspondernce

Received for publication in August, 1997
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petween the phenotype and genotype as indicated
py the relative magnitude of the phenotypic and
ggnotypic correlations suggests the reliability of
the phenotypic selection. This is in conformity with
the findings of Singh and Labana (1990). Days to
50 per cent flowering was found to have a
significant positive association with days to
maturity and oleic acid at both phenotypic and
genotypic levels. Positive association between
eartiness and oleic acid content, however, was
reported by Fernandez-Martinez ef al, (1993).
Negative association of days to 50 per cent
flowering with oil yield at genotypic level and
linoleic acid at all the three levels was observed.,
Days to maturity did not record significant
association with any of the traits studied except
days to 50 per cent flowering. The association
between 100-seed weight and oil yield though
positive was non-significant. Oil content had
positive correlation with oil yield at genotypic,
phenotypic and environmental levels and negative
association with palmitic acid at genotypic level.
None of the fatty acids showed any association
with oil yield. The association among different fatty
acids was found non-significant except between
oletc and linoleic acid which was negative and of
higher magnitude as also reported eatlier by Setler
(1985).

The path coefficient analysis at genotypic
level (Table 2) showed that most of variation in
oleic acid was accounted for by the characters
studied as revealed by low residual effect, It was
of interest to note that positive association
between days to 50 per cent flowering was mainly
due to the indirect effect via linoleic acid. Daysto
maturity and stearic acid had also an appreciable
positive effect on oleic acid through linoleic acid,
whereas linoleic acid by itself had a direct strong
negative effect on the oleic acid.

The present study suggests that late
flowering could be used to predict the higher levels
of oleic acid content. Qil yield and its component
characters viz., 100-seed weight and oil content
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were independent of oleic acid content and thus
could be combined in the same cultivar. It further
suggested that there should be a reasonable
compromise between oleic and linoleic acid levels
as many of the characters contribute indirectly to
oleic acid via linoleic acid. It is also important to
strike a balance between oleic and linoleic acid
contents as higher content of oleic acid is reported
to have a negative association with germination
and self compatibility (Fernandez-Martinez et al.,
1993).
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GENETIC DIVERSITY IN SESAME (Sesamum indi¢csm Ei)

A.JOHN JOEL,S. ALERMELU and S. THANGAVELU
School of genetics, Tamil Nadu Agricultural University, Coimbatore - 641 003

ABSTRACT

Multivariate analysis of divergence amung 95 genotypes of sesame for seventeen devel/Pmental
characters led to their grouping inte 5 clusters. Cluster I had 74 genotypes, cluster 11 had 12, and
clusters 111, IV and V had 5, 3 and I genotypes. respectively. The genopypes of ITI, IV and y clusters
were more divergent than others. Based wn cluster means, the characters 1000 seed weight, Se:cd‘yicld,
days to maturity, oil content, days to first flowering, days to 50 per cent Nowering were majc™ ‘iaclAurs
of differentiation. The inter cluster values ranged from 63,37 to 299.76 suggesting high doméstication

in this crop.

Key words : Cluster, genetic diversity, sesame

INTRODUCTION

Sesame is ail important oilseed crop. Improvement
in vield is normaly attained through exploitation
of the genetically diverse parents in breeding
programmes. For identifying such diverse parents
for crossing, multivariate analysis by means of
Mahalanobis D? statistic has been used in several
crops. 1t 1s a powerful tool in quantifying the
degree of genetic divergence among, parents.
Hence, the ebjective of the study was to know the
amount of variability available for different yield
cormponents in this crop.

MATERIALS AND METHODS

The meterial for the present investigation
consisted of 95 types of sesame collected from the
germplasm maintained at the School of Genetics,
Tamil Nadu Agricultural University, Coimbatore
and were sown in RBD replicated thrice, in a row
tength of 3 m for each replication, with spacing 45
x 15 ¢cm. Data were recorded on five random plants
in each replication for plant height at maturity,
primary branches per plant, secondary branches
per plant, height to first capsule bearing node,
number of capsules on main stem, capsules per
plant, internode length, height to first fruiting
branch, length of capsule, breadth of capsule,
number of seeds per capsule, 1000 seed weight,

days to first flowering, days to 30 per cent
flowering, days to maturity, oil cor'tent and seed
yield per plant.

The data were subjected t¢ Mmultivariate
analysis using Mahalanobis g,enerz‘“s_Ed distance
D2, Test of significance of differenceS in character
means (analysis of dispersion) Was analysed
{Singh and Chaudhary, 1977) ang the genotypes
were grouped into clusters by Tocher’s method
(Rao, 1952). Canonical analysis (F30. 1952) was
done to verify clustering pattern.

RESULTS AND DISCUSSION

The success of any crop breedip® Programine
mainly depends upon the proper ch91ce of parents
(Briggs and Knowles, 1967). Knowledge of the
genetic diversity of genotypes is hecessary for
selection of parents for crop improvemem
(Arunachalam ef al., 1984). The analysis of variance
revealed highly significant differep©eS among the
types for the characters studied. 1ndicating
adequate genetic variability am¢n& ‘he linAes.
Ninety five genotypes were grouped into five
different clusters (Table 1) by Mahalanobis D?and
Canonical vector analysis. The ma#1mum number
of genotypes {74 Nos.) were included in cluster [
followed by cluster 11 (12 genotypes)- Cluster iII
consisted of five genotypes (two eXotic), Cluster

Received for publication in August, 1997
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Table 1. Composition of D? clusters

Genotypes

Cluster number Total number of
genotypes
I s 74
i "12
-~ m 5
- 3
Vo 1

S1255, 51768, 81771, Si830, Si 964, 51983,
S11088, 511248, Si 1250, Si 1260, 511278,
511490, 811523, 511545, 8i 1655, Si 1661,
Sile66,S811714, 511733, 511754, 811759,
Si1765,81 1767, 511744, Si 1854, Si 1869,
Si1877,51 1884, S11885,51 1970, 512138,
Si2205, 812225, 512226, 8512228, 512237,
812257, 512281, 512298, 512320, 812338,
5i2339,512351, 512365, 81 2370, 512438,
5i24613,812510,812512, 812533, S12555,
Si2563, 512581, Si2664, 812675, Si2753,
S512956, Si 2969, Si2983, Ec 279, Ec 78-831, -
Ec132-832, RIS 4, RIS 29, RIS 153,

RIS 157, ES 12, VS 27, B24-1, Saweon -9,
TMV3, TMV 5 TMVéand CO 1.

Si 1, Si 1249, Si 1782, Si2142, Si 2500, $i 2552,
Si2571, Si2776, Si2802, Ec 132- 828, VS 81
and TNAU 11.

Si2182, Si2377, Ec 51-276, RJS 194and IS 79.
$i 1525, 82381 and TMV 4.

S1485,

IV had two exotic types (Sudan and U.S.A) and
cluster V had single genotype from Dacca. The
clustering pattern of the lines suggested that
geographic diversity may not necessarily be related
with genetic diversity. The selection of varieties
for hybridization should be based on genetic
diversity rather than geographic diversity.

Average cluster mean for different
characters show that the genotypes in cluster ]
had shorter internodes and less number of seeds
per capsule but the highest number of capsules

per plant (Table 2). Cluster II showed minimum
mean for number of secondary branches, height
to first capsule bearing node, daysto first flowering,
days to 50 per cent flowering, days to maturity
and oil content. Genotypes included in cluster 111
had maximum inter nodal length, height to first
capsule bearing node and height to first fruiting
branch. Cluster 1V included genotypes with
maximum mean for plant height, number of
primaries, number of capsules on main stem, 1000
seed weight and oil content. Cluster V included
only one type with multicarpellary capsules and
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Table 2. Cluster means for seventecn characters in sesatne
e
Characters Clusters

1 II I w v
plant height () 76.93 70.89 74.74 79.64 69.40
Number of primaries ST 17 “" 3.47 3.39 4.41 3.93
Number of secondaries 0.97 ‘ 0.59 0.59 1.21 3.30
Height of tirst cupsule hearing 33.62 o 30.49 36.58 33.31 31.83
pode {cm) /
Number of capsules on main stem 15.76 12.91 13.52 . 18.63 11.90
Number of capsules per plant 39.59 30.36 31.49 30.24 33.80
[ntemode 1ength (cra) 3.99 4.53 4.53 4.04 4.20
Height to first fruiting branch (em) 17.23 . 1576 21.36 18.20 12.40
Capsule length (m) 2.60 F 261 2.55 2.51 2.46
Capsule breadth (cm) s 0.96 - 0.92 0.88 0.86 1.21
Seed number per capsule . //’ 56.05 61.03 62.44 4., o 61.45 124.44
1000-seed weight (g) - j 275 3.49 2.17 4.21 307
Days to first flowering 39.12 38.69 41.00 ©39.00 45.33
Days to 50 per cent flowering 44.43 +#4.03 46.60 44.22 50.67
Days to maturity | ! 86.04 86.14 89.40 88.45 92.33
Ot content (%) | | 5212 51.56 53.01 54.33 51.93
Sced yidld () 3.69 3.66 2.26 4.22 6.34

Hold number indicates maximum cluster mewn values, Italic numbers mdicate mimimum cluster mean values

had more number of secondaries, seeds per
capsule, early flowering, high seed yield, thick
capsules and early maturity.

Cluster III had the lowest intra-cluster
generalised distance of 25.49 (Table 3) and
maximum distance was for cluster IV (61.33). The
inter cluster distance ranged from 63.37 (between |
and V) to 299.76 (between cluster 1T and I'V). Based
on ratings for divergence batween cluster, cluster
IV was highly divergent from cluster I11 (299.76), 1
(236.41)and TV (201.44). Clusters 11 with ITl and TV,
and cluster HI1 with V were moderately divergent.
All other combinations were less divergent. Sothe

types included in cluster IV may be used for
crossing with the genotypes included in other
clusters to exploit hybrid vigour. From Canonical
vector analysis, it was found that some genotypes
within cluster itself exhibited greater genetic
divergence and some closely related. In cluster 1,
TMV 3 (TN and Si 1545 (Sudan) showed no
diversity. Least divergence was found between Si
2225 (Israel) and Si 1877 (Chile), Si 1248 (Greece),
TMV 5 (T.N.) and 8i 2370 (Turkey) and Si 1714
(Andhra Pradesh). In cluster 11, 512571, VS 81 were
closely placed while high intra-divergence was
observed for Si 1 and TNAU 11 (T .N.) from the
types Si 1249 (Greece) and S1 2776 (U.P)
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Table 3. Inter and intra cluster average of D? and D (figures in parenthesis) and the extent of diversity
among clusters
Cluster No. I 11 II v v
1 . 1673.73 8945.47 5363.69 55887.79 4015.40
- (40.91) (94.58)L (78.27)L (236.41)H (63.37)L
I - 2254.62 23564 48 22198978 4216.44
(4.48) (153.51)M (151.62)M (64.99)L
1t 649.95 89853.73 11549.26
(25.49) o (299.76)H (107.471)M
v . EETE i 3761.77 40576.07
! £ o _ _ (61.33) (201.44)H
Y - : AT 0.00
(0.00)

Bold figures show intra cluster average of D? and D values
H : Highly divergent Abave 200
M : Moderately divergent
L : Less divergent

The Canonical analyses reveal that highly
divergent parents for crossing programmes can
also be selected within the clusters and also from
different clusters. The relative distribution of types
reflected a broad parallelism between grouping by
D? and vector analysis, Similar trend was reported
by several workers (Rathinaswamy, 1980,
Govindarasu, 1982 and Reddy, 1986). The types Si
1525, 812381 and TMV 4 were distinctly separated
and in D? group constellations also formed a
separate cluster confirming wide divergence of its
genotypes from the rest of the genetic stock.

The relative contribution of characters
towards genetic divergence show that 1000 - seed
weight recorded the highest (0.9825) followed by
seed yield (0.1127) and days to maturity (0.1022)
constituting the primary axis of differentiation,
while days to first flowering followed by days to

=Between 100 and 200
99 and below

maturity, il content, seed vield and days to 50 per
cent flowering constituted the secondary axis of
differentiation.

The choice of the character is important in
multivariate analysis (Sokal, 1965) and the choice
made in this study appears to be appropnate. Cyclic
inbreeding and crossing may be helpful in bringing
new genes into sesame population and thus,
widening the range of adaptation. Phenotypic
uniformity with genetic diversity within population
appears to be very useful in sesame. The cluster
means and divergence study indicates that in a
crossing programme involving types from cluster
V and 1, bushy types with broader capsules, more
seeds and yield could be obtained. Similarly by
crossing types from cluster IT and any other cluster,
selection can be done for earliness and increased
capsule length. Earlier sesame workers have
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eported high contribution to genetic diversity of
artain characters such as plant height (Reddy,
1980), oil content (Thangavelu and Rajasekaran
1983), 1000 seed weight and seed yield { Alarmelu,
1992). To conclude, some of the genotypes viz.,
lco1, TMV 6,51 1490, 51 1767, EC 132-828, Si2381,
TMV 4 and Si 485 with outstanding mean
performance from selected clusters may serve as
potential parents for future hybridization
prograﬂlﬂles‘
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ABSTRACT

Gene effects were estimated using five parameter model in crosses between and within sub species fastigiara md
hypogaea for daystoflowering, number of mature and immature poads per plant. haulm weight . harvest index and
pod yield The scaling tests were significant for most of the characters in different crosses mdicting the presence of
nter-alielic mteraction. Additive and additive x additive type of gene effects were significant fur days to tlower-
ing, number of mature pods per plant and pod yield in a cross between sub species fastigiata and hypogaea '
(Chico x JSP-23). For most of the traits in different crosses non-additive gene effects were signiicant with igher
magpitude of dominance and dominance x dominance, In general pod yield was influenced by non-additive gene
effects in crosses made within the subspecies, while in crosses between sub species fastigiata mmd fivpogaea it is
govemed by additive gene effects (i.e. additive and additive x additive),

Key words : Gene effects, additive, dominance, epistasis, generation mean malysis.

INTRODUCTION /

»

India is the largest producer of groundnut with
an area and production of 835 m. haand 8.85 m.
tonnes (Anonymous, 1993). The productivitly of
groundnut in [ndia is very low (1060 kgs ha™) as
compared to world average of 1100 kgs ha™* which
indicates that there is lot of scope for
improvement. For any crop imptrovement
programme the knowledge of inheritance and
gene action is important to improve the yield and
yield contributing characters. The cultivated
groundnuts are broadly classified into two sub-
species with two varieties in each group which
are as follows;

1. Sub-species hypogaea
var. hypogaea (virginia type)
var. hirsuta (peruano, not found in India)

2. Sub-species fastigiata
' var. fastigiata (valencia) .
i

RS var. vulgaris (spanish type)

The sub-specific groups are botanically
differing in flowering habit, plant type, days
required for maturity, pod characteristics ete.
Wynne and Coffelt (1982) suggested that heterosis
is generally observed in crosses between different
sub-specific groups suggesting that gene action
may differ in crosses made within and between
botanical varieties.

The objective of this study was to estimate
the relative importance of additive and
nonadditive effects in controlling the inheritance
of vield and yield contributing characters in
crosses between different sub-specific groups.

MATERIALS AND METHODS

The experimental material consisted of five
crosses involving parents from different sub-
specific groups (viz. Somnath, JSP23, TMVI10

L+ Part of the Ph.D. Thesis submitted by the Senior Author
** Dept of Genetics & Plant Breeding, College of Agriculture, ANGRAU, Rajendranagar, Hyderabad

Received for publication in November, 1997
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and GG11 (hypogaea var hypogaeae), Chico and
111 (fastigiata var vulgaris), JL-24 (fastigiata var
Jastigiata). Five generations viz. P, P,,F , F, and
F, in each of the five different crosses were studied
in a Compact family block design in three
replications at the Plant Breeding Farm, G.A.U,,
Anand campus, Anand during Kharif, 1995, The
parents and F, s were sown in two rows each of
5m length whereas F,,s and F,’s were sown in 10
rows each with a spacing of 45 cm between the
rows, 20 cm between the plants in each row. Five
random plants were taken for recording
observations on days to first flowering, number
of mature and immature pods per plant, haulm
weight, harvest index and pod yield per plant in
nonsegregating generations (viz. P, P, and F))
and twenty plants in F, and F, generations per
replication. The individual plant data for all the
generations in a cross were subjected to statistical
analysis as per Panse and Sukhatme (1969). The
characters with significant differences among the
generations were subjected to five parameter
model, generation mean analysis as per Mather
(1949) and Hayman and Mather (1955).

RESULTS AND DISCUSSION = at

Cross 1: Somnath. (var. hypogaea) x TMV 10
(var. hypogaea)

The scaling tests were significant for all
the characters indicating the presence of non-
allelic interactions. All type of gene effects were
significant for days to flowering (Table 2) i.e.
additive, dominance, additive x additive and
dominance x dominance with higher magnitude
of dominance and dominance X dominance. The
sign of dominance and dominance x dominance
were in opposite direction indicating duplicate
type of epistasis for this trait. This type of gene
action biases the nature and magnitude of
variability and hinders the pace of progress
through selection. Number of mature pods per
plant was regulated by additive x additive and
dominance x dominance gene effects with higher

17

magnitude of dominance x dominance type. For
number of immature pods per plant and haulm
weight additive, dominance and dominance x
dominance type of gene effects were significant
with higher magnitude of dominance x
dominance. Both dominance and dominance x
dominance were of same sign indicating
complementary type of gene effects. Harvest index
was mainly governed by additive and additive x
additive type of gene effects, whereas pod yield
per plant was governed by dominance and
complementary epistatic interactions like additive
x additive and dominance x dominance. All the
characters except harvest index and number of
mature pods per plant were predominantly
influenced by dominance and dominance x
dominance type of gene effects were significant
hence, improvement in these characters is
difficuit. Similar results of dominance effects
contributing to pod yield and other agronomic
characters were also reported by Sandhu and
Khehra, 1976, Isleib and Wynne, 1983 and
Halward and Wynne, 1991. Selection for harvest :
index in early generations can bring improvement
inyield as it is influenced by additive and additive
x additive type of gene effects which are fixable.

Cross 2 : Somnath (var. Aypogaea) x J 11{var.
Jastigiata)

There was no significant difference .
between the generations for all the characters
barring days to fiowering and number of immature
pods per plant in the cross between sub species *
hypogaea and fastigiata (Table 1). The scaling:
tests were significant for the above two characters
indicating that additive dominance model is not
adequate and epistatic interactions are present
{Table 2). Days to flowering was governed by
dominance and dominance x dominance gene
effects with complementary type of epistasis.
Whereas the immature pods per plant was
governed by additive, dominance and additive x
additive type of gene effects with higher
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Table I : Analysts of variance of five generations for different characters in five (10588 of groundnut

Mean sum of squares

Source . S I i m v v
DAYS TO FLOWERING
Replications 2 0.16 0.15 0.12 3.19 0.25W
Generations 4 44 OO+ 41 4% 67.5]%F 12.37% ) 65.23
Emor S 0.63 0.38 0.44 232 034
. NUMBER OF MATURE PODS _ -

Replications 2 32.51 1534 sRes - SOt 4n
Ganerations 4 . 207 58%* 22.87 144.56%* 168.20%* 34.84
Earer g 10.96 13.52 13.46 . 3798 1210

©~ NUMBER OF IMMATURE PODS

. Replications 2 59.50 058 . 591 o402 o 014
" Generations 4 e3laam gk 163 oB& 120
Esvor _ 8 69.22 15 101 _ a5 1.58
b
HAULM WEIGHT . . _
Y, Replications 2 147.30 62.97 54.59 72.74 y 51.29
: g *
‘Gmeratims\ 4 7 9s9z12% - 7972 ¥ 134799+ 568.46% | 71.58
Error : g 344.61 3000 -0 8536 43.67 {2716
' HARVEST INDEX i
Replications : 2 31.89* 4226 . 332 BB 0_31*
Error g 5.15 1524 gl7 - 174 870
POD YIELD i« s -
Replications 2 4785 865 288 965 760
.
Generations 4 515.96%* 7.58 114.75%% 109.43 - 499461
Error 8 17.89 15.39 9.69 1925 93

o

** * Sionificant at 1 and 5 per cent probability level, respeciivety. .
Cross | - Sommath XTMYV 10: Cross I - Sernath XJ11; Cross IH- Chico X GG11; Cress IV- Chico X SP23 <
Cross V-T1,24 X 111

magnitude of additive x additive. Number of The scaling tests were mg,mﬁ;am for ]dayts
immature pods per plant can be reduced through  to flowering, number of mature pods per plant,
selection following pedipres metnod of bieeding,  Harvest indes and pod yield (Tahle 2) suggesting

that these characters are governed by interallelic
Cross 3 : Chico (var. fastigiata) x GGLI (var. ineiasion whereas for number of immature pods

hypogaea) : .. perplantand haulm weight the scaling tests were

L - ¥
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pon significant indicating that simple additive
dominance model is adequate to explain the
variation in these characters. All types of gene
effects were significant for days to flowering with
higher magnitude of dominance x dominance with
complementary type of epistasis. Number of
mature pods was predominantly governed by
dosminance type of gene effects and harvest index
with dominance x dominance. Due to cancellation
effect of additive and dominance type of gene
effects for number of immature pods per plant,
only mean was significant. Additive and
dominance type of gene effects were significant
for pod yield which can be improved to certain
extent as it is governed by both additive and
dominance gene effects.

Cross 41 Chico (var. fastigiaia) x JSP23 (var.
hypogaea)

There was no significant difference
tetween the generations for number of immature
pods per plant and harvest index possibly due to
less variability in the parents for these characters
(Table 1). The scaling tests were significant for
days (0 fowering, mumber of wacrs pods per
plant and pod yield indicating the presence of
inter-allelic interactions while for the other
characters like number of immature pods, haulm
weight and harvest index the scaling tests were
nonsignificant indicating the presence of intra
allelic interaction. Days to flowering and pod yield
were governed by additive, dominance and
additive x additive type of gene effects, while for
number of mature pods per plant dominance and
dominance x dominance gene effects were
significant with complementary type of gene
effects. Haulm weight was governed by additive
and dominance type of gene effects with
predominance of dominance gene effects.

As additive and additive x additive type of
gene effects were significant for days to flowering,
number of mature pods and pod yield, these
characters can be improved through simple
selection by adopting pedigree method of
breeding, :

79

Cross 5: JL24 (var. fastigiata) x J11 (var.
Sastigiata)

It is a cross between two spanish varieties
and there was no significant difference between
the generation for number of mature pods,
immature pods and hanlm weight. However, for
the other characters the scaling tests were
significant indicating the presence of inter-allelic
interaction. Days to flowering is administered by
dominance and additive x additive type of gene
effects. Pod yield was regulated by dominance type
of gene effects while harvest index was governed
by additive, domimance and additive % additive
gene effects with predominance of additive and
additive type.

From the above results it can be
emphasized that in crosses within the sub species
(hypogaea or fastigiata) the pod yield was
governed by dorinance and epistatic interactions
and it would be difficult to intprove the pod yield
through direct selection. However, in crosses made

between Aypogaea and fastigiata, the heterosis

for pod yield was moderate to high and was
iffuericed by additive and additive x additive type
of gene effects which are fixable. Therefore in
these crosses selection should be made following,
pedigree method of breeding.
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Table 2 : Estimates of scaling fest and pene effects for different characters in five crosses of groundnut

Scaling test Gene effects
Characters C D m d h i 1
Cross No 1 : Somnath x TMV 10
Days o flowering 34.15%* -1.20 2877+ 107 4.69* 436% .. -AT.Q1*
x0.66 £0.31 +2.13 12,08 +6.35
No of mature pods -58.06%* 12.77* 15.45%% -0.60 294 . -19.39% 94 44»*
+1.18 +0.91 +4,89 +4.95 +15.03
No of immature pods -54.01%* ~4.80 10.43** 2.27* 27.13% -1.27 65.60%*
+1.07 +0.68 *4.19 +4.83 *13.90
Hanlm weight <244 86** 35.57 62,85+ -22.67+* 58 814+ -109.86 373.91**
vt 2570 23,18 19.88 +20.67 66,53
Harvest mdex -15.96%* £.98 18.67%* 6.39%+ -3.96 14.51%% 12.52
‘ +0,99 +0.87 +3 66 +3.69 +10.61
Pod yield S16.45%* 5.50 13.32% % 0.47 16.72* -17.34%* 109 29%*
+1.15 +0.78 +4.86 £4.90 £ +1519
Cross No 2: Samnath X J11 '
Days to flowering 20.47** 8.60%* 26.17% 0.07 -3.49*% -0.96 =27.81%F
+0.54 +0.30 %176 +1.72 +5.16
No of mature pods _ Ns
No of immature pods -4.00 -B.60%* T7.70%* 1.53%* 6.07** B.13%* %513
F0.54 .66 +1.54 +2.16 +537
Haulm weight NS
Harvest index NS
1
Pod yield ‘ NS
Cross No 3: Chico 3 GG1l
Days to flowering 32.54%* 17.03+* 30.02%* -2.10%* 65.90%* -10.13%* -20.67%*
+0.51 +0.31 +1.50 +1.57 473
No of mature pods S2R.52%* -12.13* 1997+ 233 17.13** 8.00 21.87
+1.41 +1.41 +4.23 3.1 +13.91
No of immatare pods 3.79 0.90 7284 £0.27 1.23 -0.50 -3.87
+0.41] 038 +].44 *1.49 +4.32
Haulm weight 1.74 -19.87 5897 10.53 59.80%* -7.53 -18.80
+3.98 +3.08 +]2.12 +12.87 +40.17
Harvest mdex -29.03%* 9.67 19.15%* -1.79 £.42 -1.96 2581*
+]1.19 +1.32 *4.81 +4.80 1315
Pod yield 25277 1477 12.75% 573w 13.10% -5.83 14.00
{
! * v 107 +1.07 +3.07 +3.55 *10.65

Y

Caxtd..,
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Table 2 : Continued..........
p——
Scaling test Gene effedts
Characiers C D m d h i 1
Cross No 4: Chico X J5P23
Days to flowering 18.86%* 26.13%% 25.30%* -2.70%% 19.04%+ 19 674+ 9.69
+0.7t +0.28 +2.59 3237 +7.17
No of mature pods -28.63%* -0.93 21.67% 1.73 13.02* 0.59 36.09*
+1.43 +1.50 +5.81 4532 +18.05
No of immature pods NS
Haulm weight £6.40 £.73 47.30% 1067 3127 17.80 133
+2.70 +2.21 +11.72 111 +34.36
Harvest mdex NS
Pod yield 18.95* £.53 15.52%* -5.73%* 11.07* 1g27* 16.53
+1.18 +0.91 +4.60 1472 +14.92
Cross No 5 : JL24 X J11
Days o flowering 24.81** 25.67% 28.17%* 0.13 -9.71** 19.71%* 1.16
+0.67 x0.25 £2.01 103 +6.24
No of mature pods NS
No of immature pods NS
Haulm weight NS
Harvest index <20.86*%* -32.53%* 29.21%* 3.08*%* 19.08*+ 2437 -15.59
+].45 *1.35 +3.57 %413 +11.32
Pod yield 20.40%* -12.40* 16.40%* 1.40 11.47%* 767 10.67
+0.88 +1.39 +3.68 1421 +11.06

** * Significant at 1 and 5 par cent level of probability, respectively,

NS - Nansignificant; m - Mean of the Character; d - additive gene effect; h - dommance gene effect
i- additive x additive gene effect; ] - dommance x doninance gene effect

Mather, K. 1949. Biometrical Genetics. Dover publications,

Sandhu, B.S. and Khehra, A.S. 1976 The role of cpistasis in
Inc., New York.

the mheritance of yield and its components i ground-
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Panse, V.G, and Sukhatme. P.V, 1969, Statistical methods for . Srop fmp &2).5-17

Agricultural Workers. ICAR, New Delhi. Wynne, J.C. and Coffelt, T.A. 1982, Genetics of Arachis

hypogaea L. pages 50-94. I - Pattee HE. apd Young
C.T. (eds) Peanut Science and Technology. American
Peanut Research Education Society, Yoakum, Texas.

Isteib, T.G. and Wynne, J.C. [983. Heterosis i test crosses of
27 exotic peanut clutivars. Crop Science. 23 : 8312-
841.
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EFFECT OF SOWING METHODS AND HERBICIDAL WEED
CONTROL ON OILL AND PROTEIN CONTENT IN SOYBEAN
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Department of Agronomy, Jawaharlal Nehru Krishi Vishwa Vidyalaya, Jabalpur (M.P) 482 004.

ABSTRACT

The effect of three methods of sowing viz., M1- sowing after receiving the monsocn without killing
the weeds, M2-sowing atter receiving the first shower and killing the first flush of weeds and M3-sowing
after receiving the second shower and Killing the second flush of weeds and five weed controf treat- s
ments viz, weedy check, hand weeding at 20 DAS, fluchloralin @) 1.0 kg/ha pre plant incorporation in
the soil (PPI), oxadizzon @1.0 kg/ha pre-emergence ang haloxyfop-methyl @0.25 kgha post-emer- .
gence was studied on oil and protein percentage and yield of soybean. Oil content, oit yield, protein
content and protein yield were significantly higher with M2-sowing after receiving the first shower and
killing the first flush of weeds compared to M3 and M1. Among herbicide treatments hand weeding -
gave significantly higher oil yield and protein yield followed by oxadiazon. fluchloralin and halaxyfop-
methyl, while weedy check gave Jowest oil yield and protein yield. Interaction between methods of -

sowing and herbicida] treatments was significant.

"*«,_ Key words : Soybean, sowing method, herbicides, oil, protem,

INTRODUCTION J , /’
Soybean contains about 40 per cent protein and
18 to 20 per cent edible oil and fair quantity of
vitamins and essential trace elements like copper,
Iron and other ingredients vital for body
development (Goplan ef al,, 1971). The protein and
oil content may vary due to sowing methods, weed
competition stress and herbicidal treatments as
reported by Johnson and Jellum (1969), Rao (1974},
Pahuja ef al., (1985) and Sankaran et al., (1988).
Therefore, the present experiment was conducted
to evaluate the effect of different herbicides and
sowing methods on oil and protein content of
soybean.

MATERIALS AND METHODS

The experiment was conducted during Kharif 1986
.and 1987 at the Regional Agricultoral Farm of
‘Jawaharlal Nehru Krishi Vishwa vidyalaya, Sagar
'on clayey, medium black soil with neutral pH, low
iin organic carbon. Fifteen treatments were tested
" in split-plot design with four replications. Three

B ' e Toh

methods of sowing viz., M1-sowing after receiving
the monsoon without killing the weeds, M2-
sowing after receiving the first shower and killing
the first flush of weeds and M3-sowing after
receiving the second shower and killing the second
flush of weeds constituted the main plots, while
five weed control treatments viz., weedy check,
hand weeding at 20 DAS, fluchloralin @ 1.0kg/ha
pre plant soil incorporation (PP1), oxadiazen @1.0
Kg/ha preemergence and haloxyfop-methyl @0.25
kg/ha past emergence were assigned to sub-plot
treatments.

Soybean variety Js 72-44 (Gourav) was
seeded @ 100 kg/ha in rows 30 cm apart with a
basal dose of 20:80:20 NPK kg/ha through
diammonium phosphate, single super phosphate
and muriate of potash.

The seed yield was recorded at harvest and
seed samples were analysed for cil and protein
content treatmentwise by Soxhlet Extraction and
Microkjeldhal Methods, respectively.

. Received fro publication in August, 1992
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The total 0il and protein yield per hectare
were computed based on the seed yield (kg/ha)
and percentage of oil and protein content.

RESULTS AND DISCUSSION

The sowing metheds slightly affected the oil
percentage of soybean. Higher oil content (19.35%)
was noted in M2-method of sowing, while in M1
and M3 oil content of the seed was less (18.17),
The reduction might be due to weed stress in M1-
method and due to delayed sowing and moisture
stress at the seed filling stage in M3-method, The
effect of herbicides on o1l percentage was not
considerable. Similar conclusions were also drawn
by Johnson and Jellum (1969) who reported that
oil and protein content of soybean were not
affected by herbicidal treatments.

The oil yield per hectare was more in M2-
method of sowing (170,29 kg) followed by M3

83

(151.56 kg) and M1 (93 .82 k). The significant
reduction in M1 was attributed to the lower seed
production/ha due to more weed competition in
this method of sowing,

The effect of different weed control
treatments revealed that hand weeding gave
significantly more oil yield (223.85 kg/ha) than
other herbicidal treatments. However, all herbicidal
treatments gave significantly higher oil
production/ha as compared to weedy check (34,18
kg/ha). The interaction of sowing methods and
weed control treatments was also significant. The
maximurm oil production was noted in plots sown
by M2- method with weed free conditions obtained
by hand weeding (253.58 kg) followed by M1
(215.76kg) and M3 (202,20 kg) with hand weeding
and oxadiazon @ 1.0 kg/ha in M2 (185.58). In
unweeded plots the oil yieid was higher with M3
(106.27}, while it was the lowest with M1(51.89),

Table 1 : Effect of sowing methods and herbicidal weed control on oil percentage and oil yield in soy-
bean .
Methods Weedy Hand Fluchloralin Oxadiazon Haloxyfop- Mean
of sowing check weeding methyl
/x'. Qil percentage
M1 19.29 -7 3795 17.30 18.15 18.15 18.17
M2 19.26 20,03 19.65 18.07 19.75 19.35
M3 17.45 17.15 19.45 19.23 17.55 | 18.17
Mean 1867 ., 1838 .. 18.80 18.48 18.48 .. 1856
. Oil yield (kg/ha) i
M1 31.89 215.76 66.61 62.98 71.78 93.82
M2 94.37 253.38 164.47 ; 185.58 153.46 1706.29
M3 106.27 . 202.20 150.35 173.65 12531 151.56
Mean 84.18 4 ’ 223.85 127.14 140.74 1i6.88 138.5%
Methods of Herbicides Methods of sowing
. sowing x Herbicides
SEm £ . 9.48 9,68 16.85
cp (0.08) - 32.57 27.84 ’ 49.37 e



The effect of sowing methods on protein
percentage of the soybean seed was negligible.
Reduction in protein content was noted in weedy
check (37.29 %) as compared to hand weeded
{40.21%) and oxadiazon (39.80%) treated plots. The
greater reduction in protein per cent in M1 and
weedy check might be due to the greater weed
stress and shading effects. Rao (1974) also reported
that application of herbicides increase the protein
content compared to weed free {reatments in
soybean. However, Pahuja er al. (1985) observed
maximum protein in weed free treatments and
minimum in weedy check. The total protein yield
per hectare was affected significantly due to
different methods of sowing and maxirmum protein
yield (340.87 kg) was noted in M2- method of

Journat of Qilseeds Research

sowing where the first flush of weeds was killed
followed by M3- method where the sowing was
dane after receiving the second shower and two
flushes of weeds were killed (326.83 kg).

Among different weed control treatments
significantly higher protein yield was obtained in
hand weeding (488.74 kg/ha) followed by
oxadiazon (300.34) and fluchloralin (25168 kg). The
lowest production was in weady check (17110 kg)
which was due to low seed yield. The interaction
of different sowing methods and weed control
treatments was also significant. Hand weeding
resulted in the maximum (506.40) protein in M2-
method followed by M1 (480.80) and M3 (479.03)
and M2 x oxadiazon (404.43) and M2 x oxadiazon
(355.60). All the herbicidal treatments gave

Table 2 : Effect of sowing methods and herbicidal weed control on protien percentage and protein yield
in soybean.
Methods Weedy Hand Fluchloralin Oxadiazon Haloxyfop- Mean
of sowing check weeding ’ methyl
Protein percentage N
M1 ' 36.25 40.00 38.13 40.63 / P o3ggg T 3878
M2 ¢ 37.50 \ 40.00 3688 " 3938 U ag7s 3850
M3 r 3813 L 40,63 3875 3938 < 3750 38w
Mean " 3729 40.21 3792 0 39.80 3838 37.92
Pro:tein yield (kgfha) B

M1 97.51 48080 ° 14680 14099 T 15396 204.01 =
M2 183.75 506.40 '+ 308,69 B 404.63 * 301.09 340.87
M3 232.21 479.03 299.54 35560 *% 26775 326.83
Mean 171.16 488.74 - 251.68 30034 240.93 290,57

, .. Methods of Herbicides Methods of sowing = '
b i bl O - Hbicides A
: o :.; SEm + 1977 f 20.18 LL3sas /P
f o ,_'f_ CD (0.05) 67.95 58.08 " 103.00 T
S
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Signiﬁcantly lower protein yield in M- method. In
unweeded plots, higher protein yield was noted in
M3 (232.21) compared to M1 (97.51). Thus, it
indicated that where the weeding is not done,
protein yield could be increased by manipulating
the sowing methods and killing the two flushes of
weeds. However, for harvesting higher protein
yield, removal of weeds either by hand weeding
or by herbicidal treatments integrated with
manipulation of sowing methods i.e. by killing the
first flush of the weeds before sowing is essential.

LITERATURE CITED

Gepalan, €., Ramasastri, B.V. and Balasubrama-
nian, S.C. 1971. Nutritive Value of Indian Foods.
National Instt. of Nutrition, ICMR, Hyderabad.

Johnson, B.J. and Jellum, M.D. 1969, Effect of pesti-
cides on chemical composition of soybean seed.
Agronomy Journal. 3(4) : 379-380.

Pahuja, §.8., Singh, D. and Kairon, M.S. 1985, Ef-
fect of weed control methods on the quality of
soybean crop. Abstr, Papers Annual Conf ISWS.
p.58.

Rao, Y.S. 1974, Mechanism of action of acetinilide her-
bicides Ph. D. Thesis Camell Umv., Ithaca, New
York, USA, p. 116.

Sankaran, 8., Jaya Kumar, R. and Presekar, M. 1988.
Effect of integrated weed management practices
«n nutrient uptake by sunflower and associated
weeds and its impact on seed and quality, dbstr
Paper Biennial Conf. ISWS., Jorhat P. 36.



J. Oilseeds Res. 15(1) 1998 : 86-92
ISSN 0970-2776

ENERGY AND NUTRIENT UTILIZATION IN SOYBEAN-
WEED ECOSYSTEM UNDER DIFFERENT METHODS OF
SOWING AND HERBICIDAL TREATMENTS

KK JAIN,J.P. TIWARI and T.R. SAHU"
Department of Agronomy, Jawaharlal Nehru Krishi Vishwa Vidyalaya, Jabalpur 482 004 (M.P).

ABSTRACT

In a soybean-weed ecosystem the solar energy utilization by weeds was maximum under those plots
where sowing was done without killing the weeds-M1 (132.97) followed hy those plots where sowing -
was done after killing the first flush of weeds-M2 (71.99) and those plots where sowing was done after
killing the two flushes of weeds-M3 (40.85 lakh k cal/ha). Among different weed control treatments |
the weeds wtilized preater energy under weedy check (178.37) followed by vxadiazon (79.84) fluchloralin
(78.85) ad haloxyfop-methyl (60.97). Whereas minimum utifization was under hand weeding (11.64).
The energy utilization by total crop was higher in M2 method (366,90) followed by M3 (302.29) and
M1 (206.37). The utilization in seed also followed the same trend. Effect of weed control ireatments
revealed that maximum energy utilization by crop was in pure crop stand under hand weeding (412.62)
followed by fluchloralin (301.60), Oxadiazon (262.78) and haloxytop-methyl (257.53). The lowest
utilization was in crop associated with weeds under weedy check (224.73).

Key wordy . Soybean, sowing method, herbicide, energy, nutrient

INTRODUCTION

Madhya Pradesh is becoming popular for soybean
cultivation, but the average yield in the state is
/" quite low (10.16 g/ha), In monsoon season weeds
_ are the major factors which utilize the energy and
{ nutrients and create stress for the crop and reduce
the yield. The use of conventional methods of weed
control is expensive, time consuming and difficult
during heavy and un-timely rains. Therefore
controliing the weeds by using herbicides is the
only alternative to increase the yield of soybean.
Hence a field experiment was conducted to find
out the weed control efficiency of herbicidal
treatments in relation to energy and NPK utilization

by weeds and crop. .

/s

MATERIALS AND METHODS

The experiment was conducted at the Research
farm of Jawaharlal Nehru Krishi Vishwa Vidyalaya,
‘Sagar during kharif 1986 and 1987 on clayey,
imedium black soil with neutral pH, low in available

‘ N(225.2 kg/ha), 2.4 kg/ha) and K (166 kg/ha)and

medium in organic carbon content. The experiment
was laid out in a split-plot design replicated four
times. The main factor consisting different methods
of sowing were viz., Ml- sowing immediately after
monsoon without killing the weeds, M2- sowing
after receiving the first shower and killing the first
flush of weeds and M3- sowing after receiving
second shower and killing the two flushes of
weeds, In sub-plot five herbicidal treatments were
taken viz., weedy check, hand weeding at 20 DAS,
fluchloralin 1.0 kg/ha as PP1, oxadiazon 1.0 kg/ha
as pre-em and haloxyfop-methyl .25 kg/ha as
post-emergence.

Soybean variety, JS 72-44 (Gaurav) was
sown in rows 30 cm apart with a basal dose of 20
kg N and 80 kg P,O/ha through diammonium
phosphate and single super phosphate and 20 kg
K_Orha through muriate of potash. The weed
biomass specieswise, crop biomass and yield were
recorded at harvest. The N, P and K contents in
different weed species, crop and soil after harvest
were determined as per standard methods.

1. Dr. M.S. Gour Vishwa Vidyalaya, Sagar (M.P)
Received for publication in November, 1993
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The energy utilized by weeds and crop was
determined after Leisth (1965) who reported an
energy content of 4.30 k cal per gram weed dry
weight. Gopalan et al. (1971) reported the energy
content of 4.52 k cal per gram of soybean. These
values were utilized for converting the dry weights
into energy content.

RESULTS AND DISCUSSION
Energy utilization

In a soybean-weed ecosystem, the solar
energy utilization by weeds was maximum in those
plots where sowing was done without killing the
weeds-M1 (132.97 Lakh k Cal/ha) followed by
those plots where sowing was done after killing
the first flush of weeds-M2 (71.99) and those plots
where sowing was done after killing two flushes
of weeds - M3 (80.85) (Table 1).

Among different weed control treatments
the weeds utilized greater energy in weedy check
(178.37) foltowed by oxadiazon (79.84), fluchloralin
(78.85) and haloxyfop-methyl (60.97). Whereas
minimum utilization was under hand weeding,
(11.64). The energy utilization by crop was higher
in M2 method (366.90 Lakh k Cal/ha) followed by
M3(302.2%)and M1 (206.37).

The effect of different weed control
treatments revealed that maximum energy utilization
was n pure soybean stand obtained by hand
weeding (412.62) followed by fluchloralin (301.60),
Oxadiazon (262,28) and haloxyfop-methyl (257.53).
The lowest energy utilization was in soybean
associated with weeds in weedy check (224.16 Lakh
k Cal/ha). Under soybean-weed ecosystem weeds
utilized energy of 178.37 Lakh k Cal/ha. The
utilization in seeds also had the same trend as noted
for crop biomass (Table 1).

The data in Table 2 revealed that in general
higher seed yield was realised during 1986 as

comnpared to 1987, The variations in seed yield due

to different methods of sowing were significant
during both the years. The highest seed yield was
noted when sowing was done after destroying the
first flush of weeds (1004,767 kg/ha) which was at
par with those plots where sowing, was done after
killing the two flushes of weeds. Sowing
immediately after monsoon without killing the
weeds resulted in significantly lower yield (480,

'560) than M2 and M3 during both the years.

All weed control treatments increased the
seed yield significantly over weedy check during
both the years except fluchloralin and haloxyfop-
methl during second year. Significantly higher seed
yield was obtained in hand weeded plots (1251,
1181 kg/ha) as compared to all other treatments.

The crop biomass (stalle + leaves + seed) at
harvest differed significantly due to different
methods of sowing and weed control treatments
during both the years and exhibited same trend as
that of seed yield.

NPK utilization by weeds

The major weed flora of the experimental
field under normal and stale seed bed conditions
during 1986 and 1987 is presented in Table 3. The
NPK content in different weed species revealed
that the maximum nitrogen content was found in
Alycicarpus longifolius (2.40%} closely followed
by Indigofera glandulosa (2.20%). The minimum
nitrogen percentage was noted in Cyperrus iria
(0.60%) followed by Ceasulia axillaris (0.70%).
While the highest phosphorus and potassium
percentage was noted in Commelina benghalensis
{0.40, 0.50%) closely followed by Euphorbia
geniculata (0.39,3.39%),

Based on total population, the NPX uptake
was greater in Echinochloa crusgalli in Ml method
of sowing followed by M2 (4.06,1.17, 18.26) and
M3 (1.93, 0.55, 8.71). The trend was similar in
Euphorbia geniculata and Commelina

benghalensis in different weed control treatments,
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Table 1: Energy utilization by weeds, crop and seeds (Lakh k Cal/ha) in Seybean-weed ecosystem

Methods Weedy Hand Fluchloralin Oxadiazon Haloxyfop Mean
of sowing check weeding methyl
Weeds . )
M1 321.91 14.80 o 101.56 161.10 ' 65.46 L 132.97
M2 125.45 10.44 . B9.58 54.26 80.23 71.99
M3 87.76 9.67 45.41 24.15 - . 3723 ’ 80.85
Mean 178.37 11.64 78.85 79.84 60.97 : -
Crop
M1 121.13 38849 - 21823 13032 175.69 206.37
M2 317.58 414.21 L. 40036 360.43 7 341.91 366.90
M3 235.4% 437.15 28622 . 297.59 254.99 302.29
Mean 224.76 412,62 7 301.60 262.78 257.53 -
Seed
M1 11.62 51.95 16.63 14.99 17.11 22.46
M2 21.17 54.71 36.16 44.39 33.59 38.01
M3 - 26.33 50.93 33.42 39.01 30.87 36.11
Mean 19.71 52.53 28.74 32.80 27.19 -

Table 2 : Influence of herbicides under different methods of sowing on soybean yield and biomass

(kg/ha) .
Treatment Soybean yield (kg/ha) Soybean biomass (kg/ha)
1986 1987 Mean 1986 1987 Mean
Methods of sowing
M1 480.0 560.0 520.0 1894.0 1992.0 1973.0
M2 1004.0 767.0 885.5 4697.0 4126.0 4411.5
M3 953.0 722.0 837.0 3729.0 3094.0 3411.5
SEm+ 70.2 : 31.9 - 280.1 207.1 -
CD (0.05) 242.0 ©109.0 - 968.0 7t4.0 -
Weed control
Weedy check 447.0 466.0 456.0 2591.0 2458.0 2509.5
Hand weeding 1251.0 1181.0 1216.0 4358.0 4185.0 4271.5
Fluchloralin 795.0 536.0 665.0 3446.0 2923.0 31845
Oxadiazon 819.0 699.0 759.0 3363.0 3257.0 3310.0
Haloxyfop-methyl 750.0 534.0 642.0 ° 3442.0 2559.0 3000.9
SEmt 53.2 511 129.1 206.4 -
CD (0.03) 153.0 147.0 - 370.0 591.0 -
Interaction o ‘
SEm+ 92.91 88.65 N 223.40 357.45 -

CD (0.05) - 266.00 NS S - 641.00 NS s -
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Table 3: NPK content in different weed species present in soybean field

Weed species Nutrient cantent (%)
N P K

1. Echinochlos crusgalli N . 1 0.23 3.60
2. Cyperus iria S - 0.60 0.26 1.70
3. Commelina benghalensis . . 1.80 AN 0.40 - 4.50
4. Commelina communis 7 . . ., 150 0.29 2.00
5. Euphorbia geniculata 1.90 “""’;5;; 039 - . 3,90
6. Euphorbia hina Lo TR gag T 30
7. Psoralea comviifolia e f 1.40 0.24 g ! J 1.70
8. Justicia diffusa SRR AT X - ST % T B WY
9. Anotis mentholoni e 0.95 CEEe 0.23 e 2.75
10. Digera alternifolia e .o Ls0 o 0.20 315
11. Corchorus olitorious .,". B T 140 g 0.20 3.60
12. Convolvulus arvensis . 0.80 & 0.35 2.30
13. Indigofera glandulosa 2.20 0.23 2.99
14. Physalis minima o 0.98 0.25 3.75
15. Acalyfa indica ) / / 1.30 0.21 2.50
16. Ceasulia axillaris 0.70 0.20 2.40
17. Alysicarpus longifolius 2.40 0.30 2.10
Table 4 : NPK uptake (kg/ha) by the major weeds under different treatments
Treatment E. crusgalli E. geniculata C. benghalensiy

N P K N P K N P K
Methods of sowing
M1 15.38 4.42 69.23 16.34 3.35 33.54 2.84 0.63 7.11
M2 4.06 1.17 18.26 16.07 3.30 3299 2.06 0.46 5.15
M3 193 0.58 8.71 10.52 2.16 21.59 1.61 0.35 4.04
Weed control :
Weedy check . 23.58 6.78 106.10 18.01 3.69 36.97 278 0.62 6.95
Hand weeding =~ =% 0.67  0.19  3.02 2.41 0.50 495 036 0.08 0.92
Fluchioralin Lol 3,88 1.10 17.30 18.59 3.82 38.15 13.06 0.68 7.65
Uxadiazon S 7.04 2.02 31.69 13.45 276  27.59 1.43 0.32 3.57

Halexyfopmethyl 0.49 0.14 2.23 19.30 3.92 39.2 3.23 0.72 8.08
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the Echinochloa crusgalli utilized greater quantity
of NPK in weedy check (25.58, 6.78, 106.10)
followed by oxadiazon (7.04, 2.20, 31.69) while it
was minimum in haloxyfop-methyl (0.49, 0.14, 2.23)
followed by hand weeding (0.67, 0.19, 3.02).
Euphorbia geniculata utilized the maximum NPK
under haloxyfop-methyl (19.30,3,92,39.21) while it
was minimue in hand weeding (2.41, 0.30, 4.55}.
Commelina benghalensis utilized greater quantity
of NPK in haloxyfop-methyl (3.23, 0.72, 8.08) while
1t was the lowest in hand weeding (0.36,0.08,0.92
kg/ha). The NPK uptake by total weeds was more
inmM1 (33,68, 8.80, 113.12 kg/ha), while it was the
lowest (14.69, 3.84, 3.84, 35,81 ) under M3 (Table 5),

Among different herbicidal treatments the
weeds utilized the lowest NPK under oxadiazon in
M3 (8.65, 1.94, 20,90) followed by the same
herbicide under M2 (17.79,4.19, 40.85). The weeds
in haloxyfop-methyl treated plots utilized less NPK
under all the methods of sowing as compared to
fluchloralin treated plots, whereas the NPK uptake

Journal of Oilseeds Research

by weeds was minimum under hand weeding under
all the methods of sowing. In weedy check the
lowest NPK uptake by the weeds was in M3 (27,98,
6.42,76.76). /

LA e
h i

NPK utilization by soybean

f
Sl

The NPK uptake by the crop was maximum
in M2 method of sowing (168.19, 31.23, 154.20)
followed by M3 (157.21, 28.84, 14567 kg/ha)
(Table 6).

Among different herbicidal treatments the
NPK uptake was maximum under hand weeding
(123.14,20.87, 62.20) followed by oxadiazon (84.54,
14,87, 51.68) while it was the lowest under weedy
check (57.54, 10.64, 42 27 NPK kg/ha). The model
of NPK_ partitioning pattern in soybean under pure
stand and in soybean-weed ecosystem reveled
maximum utilization of K in stem followed by leaves,
while N utilization was maximum in seed followed
by leaves. The NPK utilization by crop was reduced

Table 5: Influence of herbicides under different methods of sowing on uptake of NPK (kg/ha) by total
weeds
Methods Weedy Hand Fluchloralin Oxadiazon Haloxyfop Mean
of sowing check weeding methyl
Nitrogen
M1 T 7607 4.95 30.72 30.72 2593 3368
M2 R 32.28 . 3.26 34.19 17.79 3197 . 23.90
M3 # 27.98 K \‘-.. 3.32 - af 4 1776 8.65 1573 . 1 14.69
Mean 45.45 *3.84 27.65 19.05 24.54 _ -
Phosphorus® |
M1 . 19.58 1.08 7.15 10.66 © 554 8.80
M2 ! 8.02 0.79 7.40 4.1% © 6.88 - 5.46
M3 6.42 o079 6.84 I 1.94 2329 - 384
Mean ¢ 1134 0.87 7.13 P 560 524 ¢ 4, - i
‘ — et l\ ,.,,..* . : e it e ?/.,,. .
* Potassium i -
‘M1 | 23127 1233\ 84838 | 1277 57.47 TR 11312
M2 106.16 836 *- [ 77.19 40.85 68.72 = 60.26\
M3 7676 T 8.44 77T T 39.12 20.90 33.84 ~ 7 3581
: Mean 152.07 9.71 67.05 £6.49 53340 .
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Table 6 : Influence of herbicides under different methods of sowing on uptake of NPK (kg/ha) by soy-
bean
p——
Nuirient vptake by soybean
Treatment N P K
Methods of sowing
M1 N 103.86 20.30 93.17
M2 168.19 3123 154.20
¥ RN
M3 e 157.21 28.84 145,67
Herbicides
Weedy check 57.54 10.64 42.27
Hand weeding - B 123.14 26.87 62.20
Fluchloralin 75.35 13.39 48.48
Oxadiazon 84.54 14.87 51.68
Halexyfop-methyl 71.03 12.7% 47.06

to almost half under weed association (96, 18, 99)
as compared to pure stand(218, 39, 184 kg/ha).
R

NPK content of soil

The NPK content in the soil after harvest
(Table 7) in weedy check increased under M1 (237,
7.47,197.33 NPK kg/ha). The increase in NPK
content in weedy check was also noted under M2
and M3 as compared to initial values. The N
content after harvest increased 3 to 12 kg/hathan
initial value in different treatments in all methods
of sowing but the increase was less under hand
weeding and herbicidal treatments as compared to
weedy check. The phosphorus content also
increased vndes weed control {reatments except
fluchloralin in M1, hand weeding and oxadiazon
under M2 method of sowing. As compared to initial
values the potassium content decreased under
herbicidal treatments in M2 and M3 methods of
sowing except fluchloralin under M2.
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Table 7 : Influence of herbicides under different methods of sowing on NPK content of soil (kg/ha) after
soybean harvest

Methods Weedy Hand Fluchloralin Oxadiazon Haloxyfop Mean
of sowing check weeding methyl
Nitrogen
M1 237 228 © 232 232 234 © 232,00
M2 237 232 o232 235 232 233.60
M3 237 234 . 235 237 237 .. 236.00
Mean 237 232 ©233 235 234 - -
Phosphorns . -
M1 8.00 6.40 2.40 . 6.40 6.40 5.92
M2 .00 2.40 3.20 : 2.40 8,00 4.80
M3 ‘ 6.40 8.00 4.80 3.00 6.00 6.72
Mean _ 7.47 5.60 3.47 - 5.60 6.93 -
A ER. PR — . . ~
K i Potassium
M1 Y185 © 166 166 129 185 166.20
M2 222 - 166 185 129 148 170.00
M3 185 . 166 129 148 129 151.40

Mean 197 166 160 135 - 154 -
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PRODUCTIVITY AND ECONOMICS OF RARBI OILSEEDS
UNDER VARYING INPUTS '

KK JAIN, RS.SHARMA and RK. SHARMA
Department of Agronomy, Jawaharlal Nehru Krishi Vishwa Vidyalaya, Jabalpur - 482 004. (M.P)

ABSTRACT

Four major rabi oilseeds were compared for their yield and profit in clay loam soils of Jabalpur (MLP)
during Tabi 1992-93 and 1993-%4 under double cropping system in seecession 1o soybean. Results
showed that Safflower registered the highest seed yield (20.23 ¢/ha) and net profit (Rs. 11,064/ha), Net
profit declined by 62.3, 69.8 and 61.9% from cultivation of mustard, linseed and sunflower, respec-
tively over safflower. Recommended dose of fertilizer resulted in higher seed yields and profits than
50% RD in all cilseeds. One irrigution applied at 35 days after sowing (DAS) alongwith a pre sowmg
irrigation proved equal to two irrigations applied at 35 and 70 DAS in addition to pregowing irrigation

with regard to seed yields and benefit-cost-ratio.

Key words :

INTRODUCTION

A variety of oilseeds like mustard, linseed and
safflower are grown in Madhya Pradesh under
rainfed situations. Recently, cultivation of
sunflower has started in many parts of the state,
particularly under irrigated conditions. The
productivity of oilseeds grown under rainfed
condition is very low. Generally, rainfed crops are
grown without or with little use of fertilizers owing,
to low yields. Though conventional rabi oilsseds
grown under rainfed condition have potential to
produce good yields with the use of irrigation and
fertilizers, they are not grown with these agro-
inputs. When sunflower is grown with irrigation
and adequate fertilizers, it is imperative to compare
its productivity and profitability with other
traditional oilseeds under the same level of agro-
inputs, Hence, the present investigation was
undertaken.

MATERIALS AND METHODS

Field experiments were conducted at Jabalpur (M.F)
during rabi 1992-93 and 1993-94 to compate the
productivity and profitability of important rabi
oilseeds in double cropping system after the
harvest of soybean. The soil of the experimental

Fertilizer, irrigation, net profit, benefit-cost-ratio, mustard, linseed, safflower, sunflower.

field was clay loam in texture and neutral (pH 7.2)
in reaction. It had very low available N (187 kg/ha)
and P,0O, (13.6 kg/ha); and medium available K,O
(286 kg/ha) contents. The treatments consisted of
four irrigation schedules viz., presowing irrigation
(a),(a) + 35 days after sowing (DAS), (a)+ 70DAS
and (a) + 35 DAS + 70 DAS and two fertility levels
viz., 100% and 50% of the recommended dose (RD)
as main plot treatments; and four crops viz.,
mustard {Brassica juncea L. Czern and Coss.),
linseed (Linum usitatissimum L.) safflower
(Carthamus tinctorius L.) and sunflower
(Helianthus anpus L.) as sub plot treatments were
tested in split-plot design with three replications.
Soybean was grown during kharif season with
uniform dose (20 kg N+ 60 kg P,O, + 20 kg K,O/
ha) of fertilizers. Pusa bold, JL.-23, No. 7 and
Morden were the varieties of mustard, linseed,
safflower and sunflower, respectively. Seed rates
were 5, 30, 15 and 15 kg/ha for the respective crops.
All crops were sown on November 30 and 13 inthe
two consecutive years in rows 40cm apart for
mustard and safflower; 20 cm for linseed and 50
cm for sunflower. The recommended dose was 90
kg N+40kg P,O, +30 kg K,O/ha for mustard and
linseed; and 60 kg N+ 60 kg P,O, + 30 K,O/ha for
safflower and sunflower. Full dose of NPK fertilizers

Received for publication in May, 1995
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as per treatments was applied as basal under the
treatments receiving only pre sowing irrigation,
while half N + full P and K fertilizers were given as
basal and remaining half N was top dressed just
after first irrigation, Seed yield was recorded and
economics were computed on the basis of inputs
and output under the respective treatments.

RESULTS AND DISCUSSION
Seed yield

Safflower gave highest seed yield under different
irrigation schedules and fertility levels followed
by (Tabie 1), sunflower, mustard and linseed in
descending order. One irrigation applied either at
35 DAS or at 70 DAS along with a presowing
irrigation gave significantly higher seed yields of
all oflseeds than application of presowing irrigation
alone. After a presowing irrigation, the crop
irrigated at 35 DAS also proved significantly
superior to the crop irrigated at 70 DAS in respect
of yield. Though two irrigations given at 35 and 70
DAS besides a presowing irrigation gave maximum
yield of all crops, it was at par with those cbtained
with irnigations at presowing and 35 DAS. Similar
positive effects of irrigation applied at rosette (35
DAS) and flowering (70 DAS) stages have been
reported in mustard (Shrivastava et al., 1989),
linseed (Tomar et al. |, 1985), saffiower (Singh and
Singh, 1989, and Nimje, 1951) and sunflower
(Sharma, 1994} under varying agroclimatic
conditions.

Recommended dose of fertilizers gave
significantly higher seed yields of all rabi oilseeds
compared to 50% recommended dose of fertilizers.
Mustard, linseed, safflower and sunflower gave
seed yields of 9.37, 8.13, 21.87 and 10.77 g/ha,
respectively with 100% RD which declined to 7.56,
6.45, 18.64 and .85 g/ha due to 50% RD,

_respectively. These results are in close conformity
» with the findings of Tomar and Namndeo (1989) in
 mustard, Tomar ef al. (1985) and Tiwari et al. (1988)
; in linseed; Nimje (1991) in safflower and Sharma
| (1994)in sunflower,

Monetary return

Economic analysis of the treatments wag
made on the basts of mean yields of two yearg
Among the oilseeds safflower recorded the
maximum gross profit (Rs. 16,164/ha) due 1o
maximum yields (Table 2). Sunflower (Rs. 9810/hq)
linseed (8740/ha) and mustard (Rs. 8470/ha) wers
next to it with regards to gross profit based upon
the market value of the produce. Linseed though
having lesser yield gave more profit than mustarg
because of higher market price. The cost of
cultivation was almost alike for all crops, hence
net profit followed the trend of gross profit for all
crops. Consequently, profitability (gross profit
over each rupee of investment) was 3.17, 1.99, 1.97
and 1.92 for safflower, linseed, mustard and
sunflower, respectively. '

Gross monetary return was significantly
increased due to irrigations supplemented over a
presowing irrigation in all the four oilseeds. Two
irrigations applied at 35 and 70 DAS along with a
presowing irrigation fetched the highest gross
monetary returns in all corps, which was at par
with one irrigation given at 35 DAS alongwith a
presowing irrigation. Hence, these reatments were
also at per with regards to net profit and benefit-
cost-ratio.

Application of recommended dose of
fertilizers significantly proved to be more
remmunerative in terms of net return and benefit cost
ratio than 50% RD in all the four oilseeds.
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CROP COEFFICIENTS FOR PREDICTION OF IRRIGATION

REQUIREMENTS OF MUSTARD

A.MANIJULA and V. PRAVEENRAQO

Department of Agronomy, College of Agriculture, A. N.G. R Agricultural University, Hyderabad - 30.

ABSTRACT

A field experiment was conducted during 1993-94 winter season on a sandy loam soil to study the
influence of evapotranspiration (Eta) deficits on crop coefficients (Ke) of mustard. The Kc values at
different crop growth subperiods except establishment were significantly influenced by Eta deficits.
The fully irrigated control (I-I-I) treatment recorded significantly higher Ko values at all the crop
growth subperiods in comparison to olher treatments. The varialion of K¢ values was largely a
function of Eta deficit at different crop-growth subperiods and leaf area of the crop. The crop
coefficient curve for I-I-] treatment showed that the K¢ value was low (0.401) in the establishment
period, increased linearly through vegetative period, and remained constant at 1.0 from flowering to
pod fillimg period {30 to 85 DAS). Then the Kc value decressed precipitously to a low value of §.410
during final 10 days of crop period, Crop coefficient curve facilitates prediction of mustard Eta in
advance at a new sile from estimates of retexence crop evapotranspiration. For field application of this
study the net (29.71 an) and gross irrigation requirements, both at field inlet (4249 m¥ha) md head

work (7435 m'ha) were determined.

Keywords

I

INTRODUCTION

Crop evapotranspiration (Eta) estimates are
extensively used for determining irrigation
requirements and for scheduling irrigations to
crops. Experimentally derived crop coefficients
facilitate prediction of crop Eta at progressive
stages of crop-growth for a given location from
the estimates of reference crop (grass)
evapotranspiration (Praveen Rao and Raikhelkar,
1994). Hence, the objective of the present study
was to derive crop coefficients of mustard for
different crop-growth subperiods under variable
water supply levels, Also, methodology for
determination of periodic and peak lrngauon
requirements was suggested.

MATERIALS AND METHODS \ \

The field experiment was conducted during winter
season of 1993-94 at College farm, College of
Agriculture, Hyderabad (17.19°N, 78.23°E and
542.6m above m.s.1) on a sandy loam soil. The

: Mustard, crop coefficients, evapotranspiration deficit, irrigation requirements.

experimental soil had N, Pand K 270, 18.17 and 508
kg/ha, respectively, with pH 7.5 and EC 0.13 dS/m.
The soil moisture retentivity of different soil layers
upto 60cm depth at -0.03 MPa and -1.5 MPa was
0.172 and 0.087 cm*/cm’, respectively. The average
bulk density for 0-60 cm soil depth was 1.66 Mg/
m?. The water table was below 6 m from the ground
surface.

There were eight irrigation treatments
designed to allow Eta (water) deficits to develop
in one or more specific crop-growth subperiods
viz., vegetative (8 to 30 DAS), flowering-pod
initiation and addition (30 to 70 DAS) and ped
filling period (70 to 93 DAS). The irrigation
treatments were administered from 8 DAS onwards.
In any given growth subperiod, the crop in agtven
treatment was either irrigated (I) based on soil-
crop-climatic data (Praveen Rao, 1993} to ensure
Eta proceeded at the maximum rate (Etm) or it was
not irrigated (D) at all. For instance the crop inD-
I-1 was not irrigated during vegetative growth
subperiodi.e., from 8 to 30 DAS and was irrigated

Received for publication in January, 1997
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during the latter two crop-growth subperiods.
Likewise in treatments D-1-1, I-D-I, I-I-D, D-D-I, I-
D-D and D-1-D, if the crop was irrigated (1) in a
given growth subperiod, the schedule duplicated
that of the cropin I-I-I. [f not irrigated (D) the Eta
rate may have fallen below the Etm rate as that
occurred in I-I-I treatments and the absolute
difference for the period was expressed as an
evapotranspiration deficit (Etd). Following an Etd
at the end of the crop-growth subperiod in water
deficit treatment, the root-zone depth of the crop
was replenished to moisture content at field
capacity. The designed eight irrigation treatments
provide all possible combinations of growth
subperiods in which Etd occurred, ranging from
none (I-I-I) to all the three growth subperiods (D-
D-D}. The eight treatments were laid out in
randomized block design with four replications.

“Seetha” mustard variety was sown on 31
October, 1993 by adopting a spacing of 30 em x 10
cm to achieve a desired plant population of 3.3
lakhs/ha. For determination of crop Eta the soil
moisture was monitored by gravimetric method at
four locations and various depths in each treatment
from surface to 60 cm soil depth before and after
each irrigation and on intermediate dates in case
of incident precipitation. The reference crop
evapotranspiration (Eto) was estimated at specific
crop-growth sub-periods based on FAO modified
Penman methed (Doorenbos and Pruitt, 1977).
Thus the data obtained on Eta of mustard and Eto
at specific crop-growth subperiods were used to
calculate the crop coefficient (Kc) as follows -

Kc=Eta/Eto ... (1)

For constructing the crop coefficient curve (Fig, 1)
the crop life of mustard was divided into
establishment, vegetative, flowering, pod initiation
and addition, pod filling, and ripening crop-growth
sub-perieds. The crop in I-i-] treatment, which
produced Kc values (Fig. 1), was irrigated eight
times. To use the Kc values for predicting crop Eta
(Eta = Kc. Eto) throughout the crop season, only

Eto estimates based on modified Penman method
from the new planting site are needed.

As an application of this study in irrigation
water management, the estimates of Eta for mustard
crop from the K¢ values of irrigation treatment (1-1-
) were used to determine the actual Irrigation
requirements for a given design as follows

In = Eta x Growth period in days ..... (2)

in which, In, net irrigation requirement (cm) for the
growth pericd considered and Eta,
evapotranspiration of the crop (mm/day).

10 Alln

Vat field inlet = X m* ... (3)
EFa 1-LR
10 Aln

V at head work = X m’.....(4)
Ep IR

in which, V, gross irrigation requirement for the
period considered (m?®); Ea, field application
efficiency (0.7); A, area(1.0 ha), In, net irrigation
requirement (cm);, LR, leaching requirement (rul},
and Ep, project efficiency (0.4).

RESULTS AND DISCUSSION
Effect of water deficits on Kc values

The Kc values at establishment period were
not significantly different from each other (Table
1} owing to uniform water application, since the
crop was subjected to water (Eta) deficits only from
8 DAS onwards. The highest value of the Kc was
1.069, and was exhibited by the crop in treatment [-
I-I with irrigation at all the crop-growth subpeiods
equivalent to Etm; whereas, for treatment D-D-D
without irrigation for three successive crop-growth
subperiods (8 to 93 DAS), the maximum value of
the Kc was 0.444. The Kc value in treatment B-D-
D remained significantly lower at all the crop-gyowth
subperiods and the peak value was observed
earlier i.e., vegetative period in comparison to other
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Table 1: Crop coefficients of mustard as influenced by water deficits in different crop growth subperiods,

Crop-growth subperiods (days)

Treatment Establi- Vegeta- Flowe- Pod mni- Pad Ripe- Crop Leaf ares
designation shement tive ring, tiation &  filling ning season  (vm32) at
(0-8) (8-30}) (30-50)  addition  (70-85) (B85-93) (0-93) 70 DAS
{50-70)
I-I-1 0.401 0.744 0.999 0.990 1.069 0.607 0.849 867
D-i-I .383 0.467 0.945 0.858 §.027 3.556 0.731 T83
I-D-I 0.420 0.721 0.822 0.376 . 0.979 4.502 0.661 618
I-1.D 0.417 . 0.632 0.927 0.974 . 0.798 0.502 0.723 837
D-D-I 0.401 . 0.473 0.352 0.264 0.695 0.576 0.450 465
1-D-D 0.422 - 0.693 0.842 0.339 0.254 0.169 0.501 540
D-I-D : 0.427 0.462 0.949 0.916 . 0.665 0.442 0.688 . 705
D-D-D i 0.438 0.444 0.256 0.209 0.120 0.064 0.267 :354
CD (P=0.05) NS 0.127 0.431 0.263 0.185 0.102 - -

treatments. This trend is expected because at the
time of initiation of water deficits (8 DAS) crop
root zone depth was replenished to filed capacity
moisture content; this might have aided the crop
in D-D-D to put forth reasonable leaf area (354
cm?) but due to severe water deficits at later crop-
growth subperiods conseguent to withholding of
irrigation, there was marked reduction in leaf area
{59.1 per cent) as compared to I-1-} (leaf area-867
cm?). Further it can be observed that the water
deficits irrespective of the crop-growth subperiod
significantly lowered the Kc value. However, the
magnitude of reduction was a function of severity
of water deficit. For instance in treatments D-1-], I-
D-1and I-I-D the Kc values were generally higher
as compared to the treatments D-D-1 and I-D-D.
These trends could be traced to variation in leaf
area under these treatments. The leaf area in
treatment D-1-1, I-D-{ and I-I-D, where water deficits
were imposed only in one growth subperiod were
higher and varied between 837 cm? to 618 cm?® as
compared to 465 cm? in D-D-1 and 540 cm? in I-D-

D. The K¢ value in treatment [-D-[ first increased
with time to 0.822 owing to adequate water supply
and then with further increase in time Kc value
decreased to .376 due to withholding of irrigation
at flowering-pod initiation and pod addition crop-
growth subperiod. However, on irrigation at pod
filling period the Ke started increasing, with time to
0.999, and then decreased toward crop ripening,
The variation of K¢ with time in treatment D-D-{
was similar to that in treatment 1-D-1, except that
lower Kc values were observed in D-D-I as
compared to I-D-I. The second peak values in I-D-
1 and D-D-1 were higher than the first peak values
and occurred at a later crop-growth subpertod as
compared to the peak values of I-1-D, I-D-D, D-1-D
and D-D-D. Similarly in treatment D-1-1 with no
irrigation at vegetative period, the Kc value
remained lower till 30 DAS in comparison to other
treatments. However, on irrigation at flowering and
subsequent growth subperiods, the Kc value in
D-I-1 started increasing, at a faster rate with a further
increase in time, attaining a maximum value of 1.027.
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The peak value in treatment D-I-I also occurred at
tater crop growth subperiod as compared to other
treatments.

Crop coefficient curve

The crop coefficient curve shown in Fig, 1
was drawn in such a way that the numerical
deviation from the data points was minimum. The
Kc values for I-I-1 treatment varied between 0.401
to 1.069. The average Kc value from sowing to
establishment was small in view of very little
(incomplete) canopy (80 cm?®) and majority of the
loss may be attributed to evaporation from the soil.
The Ke value increased linearly from 0.401 to 1.0
due to increase in crop Eta as the crop grew and
developed more leaf area (635 cm?) from
establishment through vegetative to flowering
period. From flowering to pod filling period (30-85
DAS) the Kc almost rematned constant at 1.0. This
could be attributed to maximum energy intercepting
leaf area i.e., transpiring surface (867 cm?). During
the final ten days of crop life the Ke value
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decreased precipitously reaching a low value of
0.410. This could be due to reduction in crop Eta
owing to unproductive/setiescence of leaves (leaf
area-45 cm?) and partly due to reduced root activity.

Irrigation requirements

Table 2 presents the irrigation requirements
of mustard. The net irrigation requirement (In) was
fow (1.54 cm) in the establishment period,
increased linearly during vegetative period to 6.86
cm, then decreased marginally at flowering (4.23
cm}owing to incident precipitation (2.74 cm). After
Howering period again In increased to attain higher
values of 7.72 cm and 7.04 cm in pod initiation and
addition period and pod filling period, respectively.
Thereafter In decreased towards maturity reaching
avalue of 2.33 cm. The seasonal In was 29.74 cm
exclusive of effective precipitation of 2.74 cm. The
gross irrigation requirements (V) showed trend
similar to In with crop ontogeny (Table 2). The V
varied from 220 to 1121 m” at field inlet and from
385 to 1930 m?® at head work. The seasonal V

Table 2 : Irrigation requirements of mustard (var. Seeta)

Crop-growth subperiods (days)

Treatment - i

Establi- Vegeta- Flowe- Pod ini- Pod Ripe- Crop

designation shement tive ring tiation & filling ning season
(0-8) (8-30) (30-50)  additien (70-85) (85-93) (0-93)
(50-70)

ETo (cm/day) 0.48 0.42 0.35 .39 0.44 0.48 0.41]
Kc fraction 0.401 0.744 0.999 0.9%0 1.069 0.607 0.849
Etm (cm/day}) 0.192 ag.312 (.349 G.386 0470 G271 G.348
Pe (cm/period) - - 2.74 - - - -
GIC (cm/period) - - - - - - -
In (cm/period) 1.54 6.86 4.25 7.72 7.04 2.33 29.74
V at field inlet 220.00 980.00 607.40 1102.80 1005.70 332.80 4248.70
(m*period/ha)
V at head work 385.00 1715.00 1062.00 1930.00 1760.00 582.50 7434.50
“(m*period/ha)
V peak (m¥ha) 1930.00

Pe - Effictive precipitation; GIC - Groundwater contribution
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Fig - 1 : Crop coefficient curve for mustard

amounted to 4249 m? at field inlet and 7435 m* at
head work. The higher V values at head work in
comparison to field inlet may be attributed to low
project efficiency (Ep). However, while determining
irrigation requirement of mustard in advance ata
new planting site, if historical rainfall and ground
water data indicates any dependable {with 75%
probability) contribution to crop Eta during crop
growing season accordingly adjustments have to
be made (as shown in Table 2) in irrigation supplies.

Thus it is concluded that the crop Ke values
derived in the present study for mustard facilitate
estimation of crop Eta, which in turn can be used
in determining net and gross irrigation

requirements for scheduling irrigation at proper
time with optimum quantity.

LITERATURE CITED

Praveen Rao, V. 1993. Irrigation water management. 85
pp. BSC publications, Hyderabad, India.

Praveen Rao, V. and Raikhelkar, S.V. 1994. Evapo-
transpiration of sesame in relation to pan evapo-
ration. fndian Journal of Agricultural Sciences.
64(11) : 771-774.

Doorenbos, J. and Pruitt, W.Q. 1977. Guidelines for
predicting crop water reyuirements, 144 pp. Irrig
Dram. Paper No. 24, FAQ, United Nations, Rome.



7 Oilseeds Res. 15(1) 1998 : 103-108
SSN 0970-2776

IRRIGATING SUNFLOWER (Helianthus annuus L.)

WITH DEFICIENT WATER SUPPLY"

C.CHAMUNDESHWARI and V. PRAVEENRAO
Department of Agronomy, Acharya N.G. Ranga Agricultural University, Hyderabad - 500 030.

ABSTRACT

A field study was conducted during 1992-93 winter season an a sandy loam soil to study the response
of sunflower to evapotranspiration {Eta) deficits itnposed at specific cop growth subperiods. The crop
in fully irrigated control treatment recorded maximum yield. Eta deficits in all the growth subperiods
significantly reduced the seed yield except in vegetative subperiod, relative to the yield m fully irrigated
control. Yield response factors mdicated that vegatative subpenod is insensitive to Ela deficits. Whereas
flowering and seed filling crop-growth subperiods were 142 and 117 percent, respectively, more
sensitive to Yta deficits than vegetative period, provided the crop has experienced no Eta deficits in
the preceedmg growth subperiods. However. the susceptibility of crop vield to Eta deficits at flowering
and seed filling periods has been found to be greatly minimised if the crop is conditioned by prior Eta

deficits.

Key words : Evapotranspiration, sunflower, yield response factor.

INTRODUCTION

Conventionally irrigation is given to restore the
soil moisture profile in the root-zone to field
capacity and fully satisfy the Eta requirements of
each crop per unit area to harvest maximum yield
{Ym) per unit area. But such a water management
approach brings down the irrigated acreage in years
of deficient water supply, so that water
requirements of each hectare can be met in full. On
the otherhand limited irrigation approach
conserves water, improves water use efficiency
and helps in increased irrigated area. Management
of limited water however, results in an inevitable
introduction of some ETa deficits during the crop
growing season, which results in definable
minimum reduction in yield below Ym assumes
significance. This requires quantitative knowledge
of yield response to a given level of Eta deficit in
each crop-growth subperiod.

Sunflower, an important winter oilseed crop
in India, is often subjected to Eta deficits, leading
to severe yield reduction, Hence the study was
taken up to examine the effects of Eta deficits

imposed at different crop growth subperiods on
growth and yield of sunflower and to suggest
optimal irrigation schedules to minimise yield
losses under deficient water supply.

MATERIALS AND METHODS

The field experiment was conducted on a sandy
loam soil during the winter season of 1992-93 at
the College Farm of Acharya N.G. Ranga
Agricultural University, Hyderabad (17° 19N, 78°
23’E and 542 m above m.s.l.) having semi-arid
climate.

The weekly mean maximum temperature for
the crop period (19.10.1992 t0 30.1.1993) varied
between 26.6°C and 31.7°C, with an average of
29.4°C. Weekly mean relative humidity ranged from
50.0to 71.9% with an average of 55.7%. There were
3.9to 10.2 mean sunshine hours per day.

Evaporation from USWB class A Pan
evaporimeter during the crop period ranged from
2.7to 4.4 mm/day with a wind velocityof 1.7 to 6.8
¥m/day. A total rainfall of 9.7 cm spread over three
rainy days was received during 32 to 34 days after

* PartofM.Sc (Ag) thesis of the first author submitted to Acharya N.G, Ranga Agricultural University.
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sowing Since the rainfall occurred during the
transition period of vegetative to flowering, the
effective rainfall (Dastane, 1974) was deducted
from the net irrigation requirement while scheduling
irrigation in different treatments.

The treatments consisted of eight variable
water supply levels designed to allow Eta deficits
to develop in one or more of the three specific
crop-growth subperiods viz,, vegetative (10 to 32
DARS), flowering - seed set (32 to 65 DAS) and
seed filling-maturity (65 to 104 DAS) including a
fully irrigated control (Eta=Etm) water regime
(Table 1). In any given growth subperiod, the crop
Inagiven treatment was either irrigated (W) based
on soil crop-climatic data (Table 2) to assure Eta
proceeded at potential rate or it was not irrigated
atall (D). If irrigated, the schedule duplicated that

- of the crop in W-W-W and maximum Efa (Etm) for

the following irrigation interval was assumed. If
unirrigated the treatment actual Eta rate may have
fallen below the Etm rate and the absolute

difference for the period was expressed as an Eta
deficit.

The amount of irrigation water required in
stress treatments at the time of relieving the stress
imposed in the preceeding crop-growth subperiods
was calculated on the basis of the soil water deficit
inthe profile as follows. [rrigation (cm) equals soil
water storage at field capacity (cm) less soil water

- storage just before irrigation {cm), The irrigation

water supply under different treatments is given
inTable- 1.

The designed eight irrigation treatments
provide all possible combinations of growth
subperiods in which Eta deficits occurred, ranging
from none (W-W-W)toatl (D-D-D). The treatments
were laid in randomized block design with four
replications.

The average moisture retentivity values at
-0.03 MP3a, -1.5 MPa and available water storage in
60 ¢m soil profile were 17,16, 8.68 and 8.48 cm,

Journal of Qilseeds Research

respectively. The average bulk density of 60 cm
soil profile was 1.66 g/cm3. The pH and electrical
conductivity were 7.5 and 0,13 dS/m, respectively.
The experimental soil was low in available N (270
kg/ha), medium in available P(1 8 kg/ha) and high
in available K (508 kg/ha).

Sunflower hybrid *“MSFH-8" was planted
on 19 October, 1992 witha spacing of 45emx 30em
in plots of 7.2 m x 4.5 m. Other recommended
agronomic practices were followed. The crop was
subjected to Eta deficits at different crop growth
subperiods by with-holding water. The treatments
were imposed from 10 DAS onwards after
recharging the sail to field capacity. A 7.5 em
Parshali flume was used for measuring the water at
each irrigation. The potential evapotranspiration
(PET) was computed by the FAQ Penman method
{Doorenbos and Pruitt, 1977). The ground water
table was below 6 m during the crop growing
season, hence it was assumed that there was not
any contribution of ground water table towards
crop water needs.

The soil samples were taken at 15 cm
intervals to a profile depth of 60 cm at planting and
harvest, before and after each irrigation, and on
intermediate dates as considered necessary for
estimation of actual evapotranspiration. The crop
was harvested on 30th January, 1993,

To quantify the effect of Eta deficits on crop
yield the relationship between relative yield
reduction and relative Eta deficit was workedout
as advocated by Stewart et al., (1977).

(Ym-YayYm=bo (Etm-Eta)Etm ........(1)

Where, Ym is maximum seed yield of fully-
irrigated crop; ya, actual seed yield of the crop as
affected by Eta deficits, Etm, seasonal
evapotranspiration of fully irrigated crop and Eta,
seasonal evapotranspiration of the crop as affected
by soil water (Eta) deficits. The bo is yield response
factor.
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RESULTS AND DISCUSSION
Yield as influenced by Eta deficits

Scheduling of irrigations at Eta=Etm throughout
the crop growing season (W-W-W) gave
significantly more vield (2.37 tonnes/ha) over other
treatments but it was statistically on par with D-
W-W (2.32 tonnes/ha) (Table 3). These trends
could be traced to favorable soil water balance in
W-W-W and D-W-W as was noticed from Eta/
PET ratio (>1.34 at flowering and seed filling
growth subperiods), an indicator of sgil water
deficit (Ritchie, 1981). Further the regression of
seed yield on seasonal Fta and seasonal Eta deficit
showed a significant (P = 0.01) correlation as
evident from the following functions:

ya=0.13714+0.05913 (Eta), R2=0.82 ... (2)

Ya=1234106-2 20397 Btm-Eta),R2=0.82 .. (3)
Etm

Adequate soil water balance in W-W-W
and D-W-W promoted the plants to produce
significantly more height, which inturn put-forth
more leaf area index contributing to more dry matter,
Venkamnna ef of., (1994) opined that the plant height
and leaf area index were the growth characteristics
which limited the dry matter accumulation of
sunflower under scil water deficits. Dry matter
showed a significant (P = 0.01) positive relation
with plant height (r=0.87) and leaf area index (r=
0.91). Thus the accumulated photosynthates in
turn might have been responsible for higher
diameter of the capitulum with higher seed filling
percentage contributing to more number of filled
seeds per plant {Table 3).

The higher seed test weight was associated
with W-W-W and D-W-W when compared to other
treatmerits (Table 3). These results emphasize the
importance of adequate (Eta=Etm) water supply
for sunflower during flowering and seed filling
periods for dbotaining large heads with more number
of well developed seeds that contribute to higher
harvest indices and inturn higher yield. The

i . S
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dependence of seed yield on these growth angd
yield components was apparent from significant
{(P=0.01) association between seed yield and plant
height (1="0.86), leaf area index (r=0,72), dry matter
{r-=0.86), capitulum diameter (r=0.99), filled seeds
{r=0.99), unfilled seeds (r = 0.86) and test weight (r
=0.96).

On the contrary, with-holding of water
during flowering/seed filling growth subperiods
to the crop in treatments viz., W-D-W, W-W-D, -
D-W, W-D-D, D-W-D, and D-D-D caused Eta to
fall below Etm resulting in moderate to severe Eta
deficits (Table 3). This condition not only reduced
photosynthetically active leaf area and head size
but might have also contributed to abortion of
florets; which inturn limited the total number of
well developed seeds per plant and possibly the
non-availability of assimilates to heads resulted in
reduced seed test weight and harvest index (Table
3). All of these effects finally reduced the seed
yield in stress treatments except D-W-W.

Relative yield deficit vs relative Eta deficit

The relationship between relative yield
deficit and relative Eta deficit is shown in Fig, 1.
The slope (bo) of the regression i.e., yield response
factor reflects the sensitivity of crop to Eta deficits.
The higher the bo value, the more sensitive the
crop to Eta deficits at a given growth subperiad.

Comparison of bo values for treatment D-
W-W, W-D-W and W-W-D indicated that the crop
showed less sensitivity to Eta deficits when
irrigations were with held at vegetative period in
comparison to either flowering or seed filling period.
1t follows that the sunflower crop is 1.42 (or 142
per cent) and 1.17 (or 117 per cent) times more
sensitive to Eta deficits in flowering and seed filling
periods, tespectively, than vegetative period.
Likewise the flowering period is 0,1 | timnes {or 11
per cent) more sensitive than seed filling period.
However, when there had been an Eta deficit in the
preceeding growth subperiod (for instance in
vegetative under D-D-W treatment) the negative

~ effect of flowering period Eta deficit was greatly
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Fig -1 : Relationship between relative yield deficit and relative evapotranspiraﬁianw

blunted (as evident from the bo value of 0.697).
This happened because the earlier water deficits
reduced the plant size and “conditioned or
hardened” the crop so that flowering period deficit
has less negative effect on yield (Stewart et al,
1977). similar trend can also be observed in case of
W-D-D and D-W-D treatments.

It can be concluded that adequate
irrigation (Eta=Etm) of sunflower at all the crop-
growth subperiods resulted in the maximum seed
yield. Seed yield reduction due to Eta deficit at
vegetative period was insignificant. Whereas Eta
deficits at flowering and seed filling period caused
significant reduction in seed yield relative to the
fully irrigated treatment. Yield response factors
indicated that seed yield of sunflower is highly
sensitive to Eta deficits at flowering and seedfilling
period and insensitive to Eta deficits at vegetative

period. Hence, under deficient water supply
situation priority for water ailocation be given (0 |

flowering and seed filling periods of sunflower to
minimize yield losses.

i

;
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INTEGRATED WEED MANAGEMENT IN RABI
| SUNFLOWER

K AVILKUMAR, M.D. REDDY and A. KRISHNA
Regional Agriculteral Research Station, A. N. G.R. Agricultural University, Jagtial - 505327,

ABSTRACT

An experiment was conducted at Regional Agricuitural Research Station, Jagtial during rabi 1994-95
and 1995-96 in sandy ¢lay loam soil to find out the effeat of weedicides on perfformance of sunflower.
At 60 Days after Sowing (DAS) and harvest, significantly lower weed dry matter was observed with the
application of herbicides pendimethalin, fluchloralin and metolachlor @ 1.0 kg a.is/ha + one inter
cultivation (push hoeing at 35 DAS) compared to these herbicides applied @ 1.0 or 1.5 kg a.i/ha The
former treatments gave similar weed control efficiency as that of hand weeding twice at 20 and 35 DAS
+ one iter cultivation. Pre emergence application of pendimethalin @ 1.0 kg a.i/ha + one inter
cultivation has resulted in significantly higher yield over application of metolachlor or fluchloralin @
1.0 or 1.5 kg a.i./ha, 1.0 kg a.i./ha + inter cultivation and pendimethalin @ 1.0 or 1.5 kg a.i/ha.
Application of pendimethalin @ 1.0 or 1.5 kg a.i/ha has given significantly higher yield over fluchloralin
apphied @ 1.0 or 1.5 kg a.i./ha. Spraying of herbicides @ 1.0 kg a.i./ha coupled with one inter

cullivation at 35 DAS has improved yield over that of herbicides applied @ 1.0 or 1.5 kg ai/ha.

Keywords : Inter cultivation, Sunflower, Weedicide, Weed control efficiency, Weed dry matter.

INTRODUCTION

In Northern Telangana, sunflower is grown in large
areas during winter, From anegligible area in 1991-
92 the sunflower area has incieased to 78000 hain
1993-94 (Directorate of Economics and statistics,
AP, 1994) In this region, weeds pose serious
prablem in the cultivation of sunflower, if
unchecked, they reduced seed yield to the tune of
26-50% (Kondap ef ai., 1983). The cropis grown in
rabi after maize, green gram and paddy. Due to
non availability of Iabour , the farmers face problem
in weeding the crop and in few cases, the crop is
left un weeded. Some farmers run the country
plough between rows of sunflower to avoid weed
growth. Pre emergence application of fluchloralin
at 0.75 kg a.i /ha followed by one manual weeding
(30- DAS) recorded the highest seed yield
{Sankaran, 1988) and the manuai weeding (20 and
40D AS) was the next best treatment. However, no
information is available for sunflower weed
management in Northern Telangana. Hence, an
experiment was conducted to study the effect of
weedicides on performance of sunflower.

MATERIALS AND METHODS

Field experiment was conducted during winter
season of 1994-95 and 1995-96 at Regional
Agricultural Research Station, Jagtial on sandy clay
loam (red chalka} soil. The soil had a pH of 7.6,
organic carbon 5.7 g/kg of soil, 280 kg/ha available
N, 8.6 kg/ha available P,O, and 399 kg/ha of
available K, 0.

The treatments consisted of weedicides
Pendimethalin, Fluchloralin and Metolachlor at two
levels- 1.0and 1.5kg ai/haand 1.0kgai./ha+
interculture at 35 DAS along with no hand weeding
and hand weeding at 20 DAS + one inter cultivation
at 35 DAS (Tabfe-1}. Fluchloralin was applied as
pre plant incorporation into soil, while
pendimethalin and metolachlor were applied as pre
emergence 2 days after sowing. The experiment
was conducted in randomized block design with
three replications. Sunflower hybrid MSFH 8 was
sown at a spacing of 45 cm x 30 cmon 17 January,
1994 and 28 January, 1995. The crop was fertilized
with 90 kg N, 60kg P,O; and 60 kg K,O/ha. Entire

Received for publication in February, 1997
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P,O; and K,O was applied at sowing and the
nitrogen was applied in three splits at sowing, 30
and 45 days after sowing (DAS). The crop was
irrigated at critical stages - sowing, seedling, bud
initiation, flowering, seed filling and seed
hardening, The weed growth in different treatments
was monitored at 30 and 60 DAS and at harvest.
Data on weed dry matter were recorded in 0.25 m?
area at random in each plot and the data were
analysed after subjecting the absolute vafues to
square root transformation. The bio-metric
observations i.e. plant height, capitulum diameter,
number of seeds/capitulum, 1000 seed weight and
seed yield per plant were recorded on five randomly
selected competitive plants. Weed control
efficiency (WCE) and weed index (WI) were
computed as below

Weed dry weight - Weed dry weight

i weedy check in treatment
WCE= X 100
Weed dry weight in weedy check
Yield from minimum - Yield from treaiment
weed competition for which WI is to
. ' be worked out
WI=

X 100

Yield from mmimum weed competition

RESULTS AND DISCUSSION
Grovwth

The plant height was significantly lower in weedy
check than other weed control treatments. The
height was significantly higher in pendimethalin
@ 1.0kg a.i./ha and pendimethalin@ 1.0kgai/ha
+ intercultivation over hand weeding +
intercultivation, fluchloralin @ 1.0 kg a.i/ha,
metolachior @ 1.0 kgai./haand metolachlor @ 1.0
kg a.i./ha + inter cultivation. However, the height
in the former treatments was onpar with that in
fluchloralin @ 1.5 kg a.i./ha and metolachlor @ 1.5
kgai/ha

The weed flora observed in the field were
cyperus rofundus L., C. esculentus L., C.
[

Journal of Oilseeds Research

Compresus L., Cynodon dactylon (L.) Perg
Echinocloa colonum (L.) Link, Echinoclog (,‘rus‘_,
galli (L.) P. Beauv,, Eclipta prostrata, Euphorbi,
geniculala, Panicum ripense L., Partheniypm
hysterophorus L., Paspalidium geminatum
Pasplum Sp., Physalis minima L., Perotis indicq,
Tridax procumbens L., Trichodesma indicum.

At 30 DAS, the weed dry matter wag
significantly higher in un weeded treatmen
compared to weedicides applied and hand weeded
treatments {Table 1). The differences in weed dry
matter between hand weeding at 20 DAS + one
inter cultivation and application of herbicidas like
pendimethalin, fluchloralin and metolachlor either
at 1.0or 1.5 kg a.i./ha+ intercultivation were not
significant. At 60 DAS and at harvest the

" unweedad control recorded higher weed dry matter
- '7 than other treatments. However, application of

herbicides pendimethalin 1.0 kg a.i/ha + inter
cultivation (35 DAS), fluchloralin @ 1 G kgai./ha
+ inter cultivation (35 DAS) and metolachlor @

.1.0 kg a.i/ha + inter cultivation has resulted in

significantly lower weed dry matter than these
herbicides applied at 1.0 or 1.5 kg a.i./ha without
any inter cultivation. Inter cultivation coupled with

- herbicide application gave similar weed control as
~ that of hand weeding + inter cultivation.

Weed contro! efficiency

At 30 DAS, the weed control efficiency
{WCE)ranged from 82 to 85 per cent. The WCE at
60 DAS ranged between 69 to 92 per cent. The
efficiency was higher in hand weeding (92%) and
with herbicide application coupled with one inter
culture at 35 DAS (86 to 89%). Similar trend was
observed at harvest (Table 1).

Weed index

The weed index was higher in un weeded
control (48%) (Table 1). On the other hand, it ranged
between 8 t0 21 per cent in weed control treatments.
Among the herbicides, preplant incorporation of
fluchloralin @ 1.0kga.i/haand 1.5 kga.i/haand
pre emergence application of metolachlor @ 1.5kg
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a.i./ha resulted in higher values of weed index (15
t021%). On the other hand, it varied from 9 to 13%
in other herbicide applied treatments. The lower
vatues of weed index show that the seed yield
differences among herbicides metolachior and
fluchloralin appilied @ 1.0 kg a.i./ha + inter
cultivation are lower compared to that of the best
weed control treatment (Pendimethalin @ 1.0 kg
ai./ha+ inter cultivation at 35 DAS). This indicates
that weedicides could be used successfully for
controling weeds for realising higher seed yields.

Seed yield

Application of herbicides - fluchioralin @
1.0 or 1.5 kg a.i./ha as pre-plant-incorporation,
pendimethalin @ 1.0 or 1.5 kg a.i./ha and
metolachlor @ 1.0or 1.5 kg ai /ha as pre-emergence

Journal of Qilseeds Research

application resulted in significantly higher seeg
yield than un weeded check. Herbicide application
has recorded similar yield as that of hand weeding
coupled with inter cultivation. Application gf
pendimethalin @ 1.0 or 1.5 kg a.i/ha gaye
significantly higher yield over fluchloralin applieg
@ 1.00r 1.5kgai/ha However, the former treatineny
was on par with fluchloralin 1.0 kg a.i./ha +
intercultivation. Further, application of
pendimethalin and fluchloralin @ 1.0 kg a.i./hy
coupled with tnter cultivation improved the yielg
over 1.0 or 1.5 kg a.i./ha. However, the differenceg
between the application of 1.0 or 1.5 kg a.i/haof
pendimethelin or fluchloralin and metolachlor 1.9
kg ai/ha+ intercultivation were not significant,
Application of pendimethalin @ 1.0 kg a.i./ha+
intercultivation offered significantly higher vield

Table 2 : Effect of integrated weed management on mean seed and stalk yield, total dry matter and
harvest index of rabi sunflower
Treatment Seed yield Stalk yield Total dry Harvest
: (kg/ha) (kg/ha) matter (kg/ha) index (%)
Weedy check 1149 2926 4074 28.2
Hand weeding (20 DAS) 1897 4183 6080 312
+ Inter cultivation (35 DAS) . ’
Fluchloralin (1.0 kg a.i/ha) 1744 4233 N 5977 / 29.2
Fluchloralin (1.0 kg a.i/hay+ 1993 4494 © 6487 / 30.7
IC (35 DAS) o/ _ /
; . " AN
Fluchloralin (1.5 kg ai/ha) | 1822 w309 1/ e o/ 297
Pendimethatin (1.0 kg a.i./a} 1972, /. 4340 6312 7 31.2
Pendimethalin (1.0 kg a.i./ha)+ 2199 4554 ¢ 6753 32.6
IC (35 DAS) /
Pendimethalin (1.5 kg a.i./a) 1966 w4177 6143 32.0
Metolachlor (1.0 kg a.i./ha) . 1908 7 4112 6020 31.7
Metolachlor (1.0 kg a.i./ha)t 1963 .5 * 4460 6423 7 30.6
IC (35 DAS) oy < :
Metolachtor (1.5 kg a.L/ha) 1864 - [ 4556 6420 29.4
SEmt 44 x 88 105 0.6
CD (P=0.05) 124 254 300 1.7

| N ’ N
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than all other treatments. The weed dry matter at
30, 60 and harvest had negative co-relation with
seed yield. The dry matter of wéeds at 30, 60 DAS
and at barvest had higher r value (r=-0.9,-0.89
and -0.876 respectively). This indicates that higher
weed growth in unweeded control and application
of fluchloralin, pendimethalin and metolachlor
alone @ 1.00r1.5kg a.i/hahas resulted in lower
seed yield than that obtained with application of
pendimethalin or metolachlor @ 1.0 kg a.i/ha
coupled with inter cultivation. The yield attributes
viz., seed number per head and 1000 seed weight
showed similar trend as that of seed yield
(Table3).

./
4
’
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Stalk yield

The stalk yield was significantly lower in
weedy check compared to other weed control
treatments (Table 2). Significantly higher stalk yield
was observed in pendimethalin @ 1.0 kg a.i/ha+
inter cultivation, metolachlor @ 1.5 kg a.i./ha,
fluchloralin @ 1.0 kg a.i/ha + inter cultivation,
metolachior @ 1.0 kg a.t./ha + inter cuitivation over
that of pendimethalin @ 1.5 kg a.i./ha, metolachlor
@ 1.0 kg a.i/ha, HW + inter cultivation and
fluchloralin @ 1.0kga.i/ha.

Harvest index

The harvest index ranged between 28.2%
in weedy check to 32.6% in pendimethalin @ 1.0

Table 3: Effect of integrated weed management on mean plant height and yield atiributes of rabi

sunflower.
Treatment Plant Head No. of 1000 seed Seed
height diameter seedsf weight yield/
(em) (cm) head ® plant (g)
Weedy check 135 10.4 596 38 22.7
Hand weeding (20 DAS) 153 13.5 772 44 33.8
+ Inter cultivation (35 DAS)
Fluchloralin (1.0 kg a.i./ha) 158 12.9 697 45 31.0
Fluchloralin (1.0 kg a.i/ha)+ 163 13.3 16 46 316
IC (35 DAS)
Fluchleralin (1.5 kg a.i./ha) 172 14.3 649 46 29.9
Pendimethalin (1.0 kg a.i./ha) 169 140 772 44 34.1
Pepdimethalin (1.0 kg a.i./ha)t 171 14.6 774 47 36.2
IC (35 DAS)
Pendimethalin (1.5 kg a.i./ha) 166 13.5 706 - 45 31.8
Metolachlor (1.0 kg a.i/ha) 158 13.0 696 44 305
Metelachlor (1.0 kg ai/ha)t 158 13.4 721 44 31.5
IC (35 DAS) o o
Metolachlor (1.5 kg a.i./ha) 162 13.1 684 44 29.9
§.Ems 3 0.2 a 13 0.6 0.6
CD (P=0.05) 9 06 . 38 2.0 1.7
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kgai./ha+ inter cultivation. The harvest index was
higher in pendimethalin applied plots than that in
other treatments.

These results show that pre emergence
application of pendimethalin @ 1.0 kg a.i./ha
integrated with intercultivation at 35 DAS gave
higher seed yield of sunflower raised during rabi
season on sandy clay loam soils in Northern
Telangana.
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INTEGRATED NUTRIENT MANAGEMENT N
RAINFED CASTOR

BABY AKULA and T. BAPIREDDY
Regional Agricultural Research Station, ANGRAU, Palem, Mahaboobnagar, A p 509 215.

ABSTRACT

A field experiment was conducted at Regional Agricultural Research Station, Palem d‘lring kharif,
1995 and 1996 on medium fertile alfisols. Sixteen treatment combinations of two SOUpces each 01:
organic {Farm yard manure /@ St/ha and Neem cake @ 0.25 t/ha), morganic (100 sad 5% recom-
mended dose of 60-40-30 kg N, P,0, and K,0/ha) and seed inoculation with biofertilizers ( Azospirillum

and Phosphorus solubilizing Bacteria (@ 50 g kg seed) were tested in an RBD with three

replications.

Application of Neem cake + 100% rec.NFK + PSB or Azospirillum gave more total seey vield than
other treatments and additional returas of Rs 2,849/- and 1.837 compared with no spplica; o of PSB

and Azospirillum, respectively.

Key words :
Bacteria.

INTRODUCTION

Integrated use of organic, inorganic and bio-
fartilizers sustain productivity by improving soil
physical conditions viz., reducing soil crusting in
red soils, increasing water holding capacity,
fiyafaulic conalictivity ana'iiafitration ratwe desiaés

reducing environmental pollution and may reduce

costly inorganic fertilizer needs (Singh et al., 1950),
Though a need for developing technologies for
sustainable agricultural practices has been felt, no
concerted efforts have been made in this direction
on castor. Hence, the study on integrated nutrient
management in rainfed castor was undertaken.

MATERIALS AND METHODS

The experiment was laid out in RBD during &harif,
1995 and 1996 at Regional Agricultural Research
Station, Palem in alfisols under rainfed conditions,
The treatments comprised different combinations
of organic (Farm yard manure (FYM) and Neem
cake (NC)), inorganic (100% and 75% of
recommended dose of 60-40-30 N, P,O,, K,Okg/
ha) and bio-fertilizers (Azospirillum and
Phosphorus solubilising Bacteria (PSB)). FYM @
5 t/ha and Neem cake @ 0.25 ¢/hawere applied as

Castor, Farm yard manwre, Neem cake, Azospirillum and Phosphorus SQlubu}ising

band placement, Seed was inaeyjated with bio-
fertilizers @ 50 g/kg seed. Thus, there were sixteen
treatment combinations (Table 1y replicated thrice.
Castor variety ' Jyoti' was s0Wn §; a spacing of 90x
60 cm in anet plot size of 3.6 X 3.6 iy Tha soii ofthe
experimental field was sandy 1oy in texture with
7.2 pH, low in available nitrogen (18] ky/ha) and

high in avajlable PO, (67.1 kg/ha) and K,0(257

kg/ha).

. Datg on nodes to primaty gpike effective
primary spike length, number ¢f offective spikes
and 100 seed weight were recg daq Harvesting
was done at 90, 120 and 150 days after sowing,
The pooled data of the yield yus analysed as
suggested by Steel and Torie (1930). Economics
were also worked out.

RESULTS AND DISCUSS10N

The data on yield attributes (T3ple-1) indicated
that the number of nodes to priryary spike did not
differ during both the years. Application of Neem
cake + 100% recommended NbK + Phosphorus
Solubilsing Bacteria or AZoSpitijlum resulied in

more primary spike length duripg 1995 and more
effective spikes during both the years of study.

Received for publication in April, 1997
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gimilarly, under irrigatad conditions of Gujarat
castor cake + recommended NPK + PSB was
reported to result in more primary spike length
(Anonymous, 1995a). Primary spike length and
effective spikes were less in organic and bio-
fertilizers applied plots without inorganic fertilizers.
Seed test weight and oil content was not influenced
during both the years contrary, to the reports from
Junagadh (Anonymous, 1995a).

Use of PSB along with neem cake + 100%
recommended NPK gave higher yield followed by
Azosprillum at the same level of other fertilizers,
as compared to the rest of the treatments during
poth the years. Similar trend was observed in
pocled yield. Application of FYM + 100%
recommendad NPK together with PSB or
Azospirillum was on par with Neem cake + 100%
recommended NPK + Azospirillum. The increase
in yield can be attributed to more primary spike
length and more effective spikes { Anonymous,
1994). At Mandore also application of FYM or
castor cake in conjunction with recommended dose
of NPK with PSB gave substantially higher yield
(Anonymous, 1995a). The conjunctive use of
organic, inorganic and bio-fertilizers might have
improved soil physical conditions and increased
nutrient uptake. Reports from Palem also indicated
that application of tank silt + FYM and
recommended NPK increased total nitrogen,
phosphorus and potassium uptake besides having,
high moisture content during different sampling
periods (Anonymous, 1995 b)

Lowest yield was noticed in the treatments
with application of organic (FYM or Neem cake) or
biofertilizer ( Azosprillumn or PSB) alone, without
inorganic fertilizers. Thus it can be inferred that
organic and bio-fertailizers can not completely
substitute inorganic fertilizers. However,
conjunctive use of these fertilizers can sustain
productivity.

Seed yield and oil content in all the

117

treatments was low during 1996 ag compared to
1995. This was due to incidence of Botrytis grey
rot during October because of incessant rains (124
m m in eight rainy days) coupled with cloudy
weather and high relative humidity (95 3%,

Economic analysis showed that additional
net return obtained with application of 0.25 t/ha
Neem cake + 100% recommended NPK + PSB or
AzospiriﬂumwasRs. 2,849 and 1.237/ha more than
no PSB or Azospirillum, respectively. Kumar ef al.
(1993) also reported more gross and net returns in
Pearl miilet + castor inter cropping system with
Azospirillum seed inoculation besides application
of nitrogen and phosphorus.

Thus it can be highlighted that conjunctive
use of 0.25 t/ha Neem cake + 100% rec. NPK + seed
inoculation with PSB or Azospirittum @ 50 gikg
seed increased castor yield under rainfed
conditions.
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FERTILIZER MANAGEMENT IN SOYBEAN - CHICKPEA
CROP SEQUENCE

O.F.JOSHL S.D. BILLORE and VP.S. BUNDELA

National Research Centre for Soybean, Indore - 452 001. M.P.

ABSTRACT

The study with two cycles of soybean—chickpea crop sequence under variable fertilizer levels indicated
that application of 100% recommended NPK (S free) and 100% recommended NPK + Farm yard
manure was superior 1o other fertilizer treatments for seed vield of soybean as well as chickpea.
Increasing fertilizer levels beyond 100% did not have favourable effect on yield of both the crops. The
economic evaluation and energy balance also favoured the high yield treatments stated above,

Key Words : Chickpea-soybean, fertilizer. energy
INTRODUCTION

High cost of fertilizers coupled with low purchasing
power of peasents calls for judicious use of fertilizer
inputs. The crop grown in a particular sequence
may require differential supplementation of NPK
than growing it individually. Adoption of a crop
sequence necessitates making adjustments in
scheduling NPK. Considering above, an attempt
has been made to study the effect of fertilizer
application in soybean (Glycine max L. Merrill)-
chickpea (Cicer areitinum L.) crop sequence in
Malwa plateau of Madhya Pradesh.

MATERIALS AND METHODS

The experiment was initiated involving saybean
(J5 335) - chickpea (Pusa 244) crop sequence at
the Research Farm, National Research Centre for
Soybean, Indore in 1993 Kharifand two cycles of
the said system were completed in fixed plots, each
measuring 10m x 3,6 m. The soil of the experimental
site belonged to fine, montmorillenitic,
hyperthermic family of typic chromusterts and is
very deep, dark greyish brown to very dark greyish
brown clay and slightly alkaline. The analysis
revealed pH 7.86, EC 0.14 m Mohs/cm, organic
carbon 0.35%, available phosphorus 11 kg/ha and
available potassinm > 120 kg/ha,

The experiment consisting 10 treatments
was laidout in RBD with 4 replications. The
treatments comprised of control, 50% of
recommended NPK, 100% recommended NPK,
150% recommended NPK, 100% recommended
NPK plus hand weeding, 100% recommended NPK
plus Zn @ 10 kg/ha as ZnSo, (to chickpea only),
100% recommended NPK + FYM 10t/ha, 100%
recommendad N, 100% recommended NP and 100%
recommended NPK (S free). The carriers used for
last treatment were DAP and muriate of potash.
The recommended dose of NPK was 20:26:17 kg/
ha for soybean and 20:18:0 kg/ha for chickpea,
Soybean was sown on 26 and 23 June in 1993 and
1994, whereas the successive chickpea was sown
on 8 and 15 November 1993 and 1994, respectively.
Three irrigations were imparted to chickpea as
presowing, at branching and at flowering. The
observations on yield and growth parameters of
both the crops were recorded and economics of
each treatment was worked out using prevailing
market rates.

The total energy consumed in different
operations for cultivation under each treatment was
computed. The energy gained from the product
was estimated. For calculation of energy input and
output, the equivalent coefficients were used
(Mittal and Dhawan, 1988). Energy intensiveness
was computed (Burnett, 1982).

Received for publication in April, 1997

N



Joshi et al.,

RESULTS AND DISCUSSION
Growth and yield attributes

There was no significant impact of differential
application of fertilizer on growth parameters of
soybean. However, in case of succeeding chickpea,
the plants acquired maximum height when [ 00%
recommended NPK (S free) was applied. The
maximum number of branches was associated with
100% recommended NPK, while pods/plant with
100% NPK + hand weeding. The lowest plant
height, branches and pods per plant were recorded
in control treatment (Table 1),

Yield

Soybean yield as well as that of succeeding
chickpea was significantly influenced by fertilizer
treatments. The maximurn soybean yield associated
with 100% NPK+FYM was significantly superior
to control. The remaining treatments were at par
except 100% NPK + Zn which yielded lowest. While
comparing the chickpea yield, the highest yield
was noted in 100% NPK (S free) which remained at
par with 100% NPK +FYM and 100% NPK. The
increase in chick pea yield with addition of N, NP
and NPK was 4 8,4 9 and 6.8% over control.

Thus integration of NPK with FYM could
further better the yield (9.5%) over control. The
above results bring out the impact of balanced
supply of major nutrients and integrating inorganic
fertilizer supplementation with organic manures,
The non-significant results may be accounted for
higher content (56 %) and dominance of
montmorillonitic type of clay minerals which could
have paved way for increased sorption of N,P and
K. This in turn has caused Jow nutrient
concentration in sotl solution thereé®y affecting the
uptake of nutrients and concomitant non-
significant response (Jonson and Sahrawat, 1951
and Tomar ef al., 1995).

The maximum soybean equivalent yield
was recorded with 100% recommended NPK minus

e
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§ and remained at par with 100% NPK+FYM and
100% NPK. The lowest soybean equivalent yield
was associated with 100% NPK + ZN. The effect
of control, 100% N, 50% NPK, 100 % NPK + hand
weeding and 150% NPK was similar for soybean
equivalent yield. The highest soybean equivalent
yield in 100% NPK (S free) and 100% NPK + FYM
may be because of the balanced fertilizer
application which was conducive for better growth
and nutrient uptake, The site of experimentation
has been regularly receiving the recommended
levels of S in earlier years (available sulphur level
8.6 ppm) and hence no adverse effect of deleting S
from schedule was observed. Similar results were
also observed by Raghuwanshi ef o/, (1988), Patel
ef al, (1991) and Rathore ef al., (1995} in cereal-
cereal cropping sequence. The lowest yield
associated with 100% NPK + Zn may be due to the
sufficiency of Zn in experimental soil and additional
level was not needed by the crop.

The ocil content in soybean seed has
invariably increased significantly by fertilizer
treatments except in case of 50% NPK. No specific
trend in protein content could be seen (Table 1).

Economics

The economic parameters like net returns
and benefit-cost ratio differed significantly. The ’
maximum net returns were associated with 100%
NPK (S5 free) which was superior to control.
Comparison of the benefit - cost ratio revealed the
maximum value with control. Among the fertilizer
treatments, 100% NPK (S free) and 100% N showed
identical values and proved superior to other
treatments. The lowest B: C ratio was noted in 150%
NPK. These differences may be due to the
differences in yield and cost of cultivation in
respective treatments (Table 2).

Energy balance

The exercise on energy balance revealed
that maximum energy use efficiency and energy
preductivity was associated with control and was
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gignificantly superior to the rest of fertilizer
treatments. The lowest values for these parameters
were recorded with 150% NPK. Invariably more
energy has been conserved in fertilizer treatments
compared to control, The highest net energy
output was with 100% NPK + FYM. In general,
increasing the levels of nutrients decreased the
energy use efficiency and productivity, while
regarding energy intensiveness the results were
contrary to energy use efficiency. The results
confirm the findings of Baishya and Sharma (1990)
in rice-wheat and Billore ef o/, (1994) in sorghum-
wheat crop sequence.
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PERFORMANCE OF GROUNDNUT-BASED
INTERCROPPING SYSTEMS UNDER VARYING
LEVELS OF IRRIGATION

G.KARUNA SAGAR,S. NARSA REDDY and V. PRAVEEN RAQ
Department of Agronomy, College of Agriculture, Rajendranagar, Hyderabad - 500 030,

ABSTRACT

Field experiments were conducted at College of Agriculture, Rajendranagar, Hyderabad for two rabi
seasons (1991-93) to evaluate the perfurmance of grounduut-based intercropping systems under
variable water supply. The results indicated that groundnut pod eguivalents were significantly more
when ifrrigations were scheduled at 1.¢ [W/CPE ratio in compariscs to 0.8 IW/CPE ratio, but it was on
par with 1.2 IW/CPE ratio. Among different cropping systems, mtercropping of either sunflower or
mustard in groundnut was equally effective and recorded significantly higher groundnut pod eguiva-
lents, net retumns and yield per unit smmount of water in comparison te other combinations. The yield
advantage with groundnut/sunflower aod groundnut/mustard intercropping systems varied between 32

1o 36 per cenl and 34 to 35 per cen?. Iespectively.

Key Words :

INTRODUCTION

Probably the most commion cause of higher yields
from intercropping over sole cropping is the
improved use of growth resources. For example,
Fisher (1997) suggested that intercropping was
advantageous when the moisture supply was
adequate but not when it was limited. On the
otherhand Willey et al. (1985) reported that in millet/
greengram intercropping system the yield
advantage improved from 14% in well-watered
(298mm) treatment to 93% in stressed (11 mm)
treatment. They also observed that in millet/
groundnut intercropping system the increased
yields in the intercrop were partly because of a
greater total water use, and partly because of
reduced evaporation losses.

However, the fesearch woik on
intercropping systems in relation t¢ moisture
supphy till now was limiied 1o replacenRit siies,
wherein the population of each compeonent crop
was only a portion of its sole crop. Very meagre
information is available on the additive sertes where
total plant populations are greater in intercropping
than in sole cropping. Hence an expesimeitt was

Irrigation, intercropping, groundnut, mustard. sunflower, pigeonpea.

conducted to study the performance of groundnut
based intercropping system under variable
moisture supply in rabi season.

MATERIALS AND METHODS

Field experiments were conducted in 1991-92 and
1992-93 rabi seasons at Agriculture College Farm,
Andhra Pradesh Agricultural University,
Hyderabad, on a sandy loam soil. The treatments
consisted of three irrigation levels (0.8, 1.0 and 1.2
IW/CPE ratio) as main plot treatments and seven
cropping systems (sole groundnut, sole sunflower,
sole mustard, sole pigeonpea, groundnut +
sunflower, groundnut + mustard, and groundmut
+ pigeonpea) as sub-plot treatments. The
experiment was laidout in split-plot design with
four replications. The experimental soil had N, PO,
and K O@215,20.75 and 305 kg/ha, vespectively.
Whereas the pH and EC were 7,46 and 0.28 dS/m,
feapRtivdy. The Fveiage soil MOLsTuie RIRTANINY
of 60 cm soil depth was 0.17 cm*cm® at -0.033 MPa
and 0.077 cm®/cm® at -1.5 MPa. The average bulk
density of 0-60 cm soil depth was 1.6 g/cm® The
ground water table was below 8 m from the ground
surface.

Received for publication in July, 1996
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The varieties of different crops under test
were ICGS-11, APSH-11, Seetha, and MRG-66 for
groundnut, sunflower, mustard, and pigeonpea,
respectively. The base crop (groundnut)
population was maintained at 100 per cent, while
the contponent crops in intercropping system were
sown at 50 per cent of sole crop population in 3:1
row arrangement. Thus the recommended fertilizer
dose (20:60: 40 kg NPK/ha) was given for both, sole
groundnut and groundnut in intercropping system
treatments. Likewise for sole sunflower (75:90:30
kg NPK/ha), sole mustard (80:60:60 kg NPK/ha)
and scle pigeonpea (20:50:40 kg NPK/ha)
recommended fertilizer schedule was adoepted.
Whereas for component crops fifty per cent of the
recommended fertilizer dose of sole crop was
applied.

An irrigation water depth (IW) of 50 cm
was maintained in IW/CPE ratios. The CPE was
measured in U.S class A pan evaporimeter. The
water was measured by installing a parshali flume
(7.5 cm throat width) in the field channel. Irrigation
treatments were administered after giving two
common irrigations { 50 mm each) for germination
and establishment of the crop. The soil moisture
in different depths viz., 0-20, 20-40, and 40-60 cin

before and after each irrigation was monitored by
" following gravimetric methods, which facilitated
the estimation of crop evapotranspiration (Eta).

For the purpose of comparison of different
intercropping systems with sole base crop
(groundnut) the yields of component crops
{Table 1) were converted into pod equivalents to
get the total productivity as follows :

Groundnut  Yield of Yield of Unit price of
. pod equi-  groundnut  intercrop X intercrop
valent = m inter- +
cropping  Unit price of groundnut
system yield

Further to assess the efficiency of an
intercropping system the land equivalent ratio

(LER) was worked out as suggested by Mead and
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Willey (1980} and the net returns were caletlated
RESULTS AND DISCUSSION
Leaf area and dry matter accumulation

Application of water equivalent to that lost in pan
evaporation (1.0 IW/CPE ratio) recordeqd
significantly higher leaf area and dry matter per
plant in case of groundnut and sunflower (Table 2
and 3) when compared to 0.8 IW/CPE ratio,
Scheduling irrigations beyond 1.0 [W/CPE raijo
did not prove to be advantageous (Cox and Jolliff,
1986, Patel er al., 1988). Conversely for mustard
and pigeonpea, leaf area and dry matter were
significantly more at 0.8 1W/CPE ratio in
comparisen to either 1.0 or 1.2 IW/CPE ratio (Singh
ef al, 1994, Singh and Ressell, 1980G). But the latter
two treatments (1.0 and 1.2 IW/CPE ratio) were on
par in both the crops and seasons except that the
dry matter recorded at 1.2 IW/CPE ratio in mustard
was inferior to [.0 [ W/CPE ratio,

As expected the sole crops of groundnut.
sunflower, mustard and pigeonpea recorded
significantly more leaf area and dry matter per plant
in both the seasons when compared to
intercropping situation probably owing to
competition between component crops in
intercropping for growth resources. However, 1t
was also observed that under intercropping
situation alt the intercrops exhibited statistically
sirnilar effect on groundnut leaf area and dry matter
per plant except that the leaf area under sole
groundnut and groundnut intercropped with
pigeonpea were on par. Likewise the difference
between dry matter accumulated by sole groundnut
and groundnut intercropped with sunflower was
not significant.

Yield net returns and LER

Crop yields obtained in different cropping
systems were translated into groundnut pod
equivalents for valid statistical comparison and
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Table 1 : Yield of sole and intercreps as influenced by IW/CPE ratio aud cropping systetns
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——
Gram yield, kg ha'!
Treatment 1991-92 1992-93
0.8 1.0 1.2 0.8 1.0 1.2
[W/CPE [W/CPE IW/CPE [W/CPE IW/CPE IW/CPE
Cropping system
C, - Sole groundnut 2015 2648 2714 2156 2869 2971
C,- Sole sunflower 1361 2100 1805 1356 2225 1855
C,- Sole mustard 1212 1159 1021 1320 1138 1057
C,- Sole pigeonpea 1247 7T 783 1340 1078 g6t
C,- Groundmut + .1752 2333 2482 1919 2577 2649
T unflower S (497%) (778) (941) (557) (795) (1002)
C,- Growndnut+ /1823 2277 2319 2035 2537 2509
Mustard {590 {465} {337y (566) (576) (433)
C. - Groundnut + 1528 1996 2242 1719 2255 2468
pigeonpea (469) (34%) (399) (607) (423) (399)

* Figures in parentheses are intercrop yields

-
=

ERe

Table 2 : Effect of irrigation and cropping systems on leaf area per plant (cm) and dry pstter production

per plant (g of groundnut
Leaf area/plant at Dty matter production
90 DAS (cm?) at harvest (y/plant)
1991.92 1992-93 1991-92 1992-93

IW/CPE ratio ~ -~

0.8 1116.5 1182.6 17.24 18.51

1.0 : 1250.6 1389.5 19.49% 20.87

1.2 oo ! 1269.2 1425.2 19.91 l 21.37
C.D. (P=0.05) E 58.4 74.6 1.84 * 2.28
Cropping system b
Sele groundnut : ) 1309.8 1402.9 20.78 22.09
Groundonut + sunﬂow& ) . 11747 11922 {8.85 = 20.19
Groundnut + mustard ‘ 1159.3 1284.4 18.64 19.82
Groundnut + pigeonpea . 1204.6 13433 17.25 18.90
C.D. (P=0.03) ’ 52.3 65.8 1.88 2.11




Journal of Qilseads Research

126

¥l 11 61 F6l 890 ELO 96l 661 EQH1 68°01 LSE 95T (goo=d} 'ad
601 z 0l 910§ €9y OCll 6601  L'9T8  TE8L  8l9L  IBTL 6$0€ LS6T doJsgom]
£EL Lzl 9'7TS  L'TOS 8P Il £L0T1 §TSR  slI8  Ol'lé 6868 89PE LIEE alos
. : w ks weysds Suiddoan
_ T
(Al 'l (A 661 99°0 9°0 6 €T LT 0s°6 €76 14 687 {so'0=d) 'q@’d
Uit $0l 1'88Y  9°¢9% 301 [£01  9€18 I'¢9L 6798  8I'IT8  9TEE LTk Tl
911 011 8005 908y 00T 6811 1’628  L'ISL  EP06  EL'S®  GLSE 6IYE ' 01
9'¢l 2T vLvs  TITS S'TL LeTl U168 LG8 S9WL  SLOL SRRY 0ILT 8’0
S . ST ¢ , N opes FdOIMI
£6-T661 T6-1661 E6-T661 t6-1661 €6-T661 T6-1661 €6-Te6l T6-1661 E6-T661 T6-1661 E6-T661 T671661
1anew A1 rale Jea] PIEW AL eaIe Jed] Ispew AIQ BoIe Jeo| JEWeI ]
raduoafilg presny DMoung ”

ausks Suyddes> pue uoyediun £q peousnpu se sdonseyuy Jo (3) yued sod noyonpoad sapewt L1p pur (Aud) yavyd Hd eauk jer] : g IqEL

. e . &



Karuna Sagar et af,

presented in Table 4.

Irrigations scheduled at 1.0 IW/CPE ratio
gave significantly higher pod equivalent yields in
comparison to 0,8 IW/CPE ratio, but the difference
between 1.0 and 1.2 iW/CPE ratio was not
significant in both the seasons. On an average,
irrigations at 1.0 and 1.2 [W/CPE ratio recorded
18.3 and 15.1 per cent more pod equivalents
respectively than irrigations at 0.8 IW/CPE ratio.
Higher pod yield equipments under 1.0 IW/CPE
ratio could be attributed to favourable scil water
balance as indicated by evapotranspiration:
potential evapotranspiration ratio (an index of soil
water deficit), which was more than 1.0 at mid
season stage (Ritchie, 1981). This might have aided
the plants to putforth more photosynthetic surface
(leaf area) thus contributing to more dry matter
{Table 1 and 2) and finally the crop yield. The yield
was positively related to leaf area (r=0.912) and
dry matter (r=0.942) Likewise pod yield showed a
significant relation with seasonal crop
evapotranspiration (r=0.965)

Among the sole and intercropping
combinations the yield in terms of pod equivalents
was significantly more when groundnut was
intercropped either with sunflower or mustard in
comparison to other combinations. This advantage
may be due to temporal complementarity. It occurs
when component crops make their major demands
on resources at different times during the season
(Willey et al., 1985), Significantly lower pod
equivalents were recorded in sole pigeonpea
gystem. Similar trends were noticed with net returns
in relation to irrigation.

Further the LER values indicated that the
vield advantage with groundnut/sunflower and
groundnut/mustard intercropping system was
more and varied between 32 to 36 per cent and 34
to 35 per cent, respectively. Whereas the yield
advantage amounted to 22 to 27 per cent in
groundnut/pigeonpea intercropping system.
Similar observations with different intercropping
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systems involving annual crops were made by
Natrajan and Willey (1981) and Willey et al., (1983).

Crop evapotranspiration and WUE

Each higher level of IW/CPE ratio
appreciably increased the seasonal Eta in both the
seasons (Table 5). This could be attributed to
adequate soil water balance in the crop root zone
with high frequency irrigation schedule (1.2 TW/
CPE ratio) contributing to enhanced water loss in
the form of Eta from the cropped field (Singh and
Singh, 1991),

With regard to cropping systems, water use
in intercropping systems was more than sole corps.
Whereas in intercropping systems seasonal crop
Eta was more in groundnut/pigeonpea
combination owing to longer crop duration and
probably due to better root proliferation and also
earlier plant coverage of interrow space due to
differences in crop growth habits (Singh and
Russell, 1980). Expectedly lower crop Eta was
noticed in mustard and sunflower sole crops due
to their short duration.

Crop water use efficiency showed an
inverse relationship with IW/CPE ratios in both
the seasons (Table 5) (Bhan, 1981). Among
cropping systems, groundnut/mustard
intercropping, system used water more efficiently,
followed by groundnut/sunflower combination.
Higher water use efficiency under intercropping
systems could be attributed to higher pod
equivalents with out proportionate increase in crop
Eta
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Table 4 : Groundnut pod equivalents, LER and net returns as influenced by IW/CPE ratios and €ropping

systems.
Groundnut pod Land equivalent Net returns o
equivalent (kg/hal) ratio (LER}) {Rs/ha'')
1991-92 1992-93 1991-92 [992-93  [991.92 1992-93

IW/CPE ratio

0.8 1985 2254 1.00 , 1.00 12726 11833

1.0 2373 2645 .00 1,00 15853 14738

1.2 2303 2578 1.00 . 1,00 15515 14170
C.D. (P=0.05) R 187 199 : 1835 855
Cropping system
Sole groundnut bt 2459 Vo 2646 1.00 1.00 16486 14388
Sole sunflower o 1798 0 1989 100 1.00 12237 10979
Sole mmstard S A 1923 2235 .00, 1.00 13173 12625
Sole pigeonpea 1056 1288 .00  1.00 6205 6369
Gromnduut + sunflower 2946 3237 1.36 1.32 20008 17894
Groundnut + mustard 3013 1360 1.34 1.35 19846 18769
Groundnut + pigeonpea 2349 2693 1.27 1.22 14928 14087
C.D. (P=0.05) 255 273 0.08 0.10 2395 2018
I x C interaction NS NS NS NS NS NS

Table 5 : Influence of irrigation and cropping systems on seasonal evapotranspiration and crop water
use efficiency

Evaportranspiration Crop water use efficiency
(mm) (kg ha mm)
1991-92 1992-93 1991-92 1992-93

IW/CPE ratio
0.8 Yooz - 310.8 6.36 7.24
1.0 © 3832 3804 6.19 6.96
1.2 - a1sa 410.0 5.49 6.22
Cropping system - I T AN '
Sole groundnut : : 371.4 363 6.59 E 7.26
Sole sunflower Somel 3143 - f/, 312.2 5.71 6.36
Sole mustard R 11X B 303.3 6.27 7.51
Sole pigeonpea s 3692 . 3655 2.96 3.64
Groundmut + sunflower o 4064 " 4034 7,21 7.99
Growndout + mustard © 4026 406.2 7.60 8.37
Groundnut + pigecopea 4179 415.8 5.64 6.53 I"\'
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INTEGRATED NUTRIENT MANAGEMENT IN RAINFED

CASTOR ALLEY CROPPED WITH SUBABUL
(Leucaena leucocephala)

G.BHEEMAIAH, T. MADHUSUDHAN, M.VR. SUBRAMANYAM and SYED ISMAIL
Dept. of Forestry, College of Agriculture, Rajendranagar, Hyderabad - 30.

ABSTRACT

The study on economics of castor alleycropped with Leucaena leucocephala under integrated use of
organic and inorganic sources of nitrogen revealed that the yields of castor were significantly superior
under alley cropping of castor to over the yields obtained under sole cropping. Green leaf manuriny
with Leuceana leaves resulted in higher vield in alley cropping md m sole ctopping than withowt green
leaf manuring. During both the years application of 80 kg N ha' gave superior seed yields to other
levels. Integrated use of 40 kg N ha'! with green leaf mmurng under alley cropping produced signifi-
cantly higher seed vields than 80 kg N ha! without green leaf manuring under sole cropping, The net
retums obtained were significantly higher in alley cropping during both the years of study than sole
cropping. Similarly the net returns were maximum with green leaf manuring in alley cropping during
1995 and 1996. Nitrogen at lower levels resulted in lower net returns in both the years, However
conjundtive use of 40 kg N ha with green leal mumuring gave higher net retums of Rs. 3659 ha! (1995)
and 2257 ha' (1996) than 80 kg N ha! without green leaf manuring underrsole cropping Benefit : cost
ratio was sigoificantly higher in alley cropping. Green leaf manuring in alley cropping resulfted i better
benefit cost ratio than 80 kg N ha'! without green leat manuring under sole cropping. Both leaf area and
leaf area mdex of cagtor recorded durmp first yesr was Tound significantly high in alley «ropping with

mtegrated use of 40 kg N ha?! and green leaf manuring,

Key Words :

AN
AY

hY . )
INTRODUCTION  ° SN

India, one of the most populous country in the
world needs vertical growth as the horizontal
growth is no more possible. Increased productivity
through use of improved cultivars, biological pest
control, efficient management of land and water
resources and integrated nutrient management are
some of the means of achieving vertical growth.
The integrated nutrient management is of particular
interest, because the approach has immensge
potential to maximise the productivity as it
encourages use of organic manures, minimizes the
use of inorganic fertilizers and maximises the
efficiency of applied fertilizers. Alley cropping, a
version of agro-forestry, specially promotes the
use of tree leaves as organic manures and
augments the yields of associated crops by
maximizing efficiency of applied fertilizers in the

Integrated nutrient management, alley cropping, greenleaf manuring, Leucaena, Castor.

system (Kang et al., 1981). The returns obtained
were higher in alley cropping with Leucaena than
sole cropping of arable crops (Singh et al., 1987)
Hence the present investigation was initiated.

MATERIALS AND METHODS

A field study on the effect of integrated nutrient
management on yield and economics of castor
alley cropped with subabul (Leucqgena
leucocephala) was carried out during Kharif 1995
and 1996 at students Farm, College of agriculture,
Rajendranagar, Hyderabad The experimental site
was under five year old subabul plantations,
spaced at 4x3m which was medium in available N,
high in available P and K with high organic carbon
content. The entire tree planted area was with 7
alleys and 8 trees of Leucaena in each alley were
pollarded at 2-3m height and the lopped green

Received for publication in May, 1997
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foliage was collected and applied at 5 t/ha to half
of the areain tree and open area. The green foliage
of leucaena was Incorporated 10 days before
sowing. Thus the treatments comprised two
cropping systems viz. Green leaf manuring (t/ha’)
and no green leaf manuring and three levels of
nitrogen - 0, 40, 80 kg N/ha replicated thrice in
factorial RBD.

The plot size was 6 x 4m. Castor variety
‘Aruna’ was sown at a spacing of 60 x 30cm both in
pollarded trees and open area which was fertilized
with 60 kg ha each of Pand K at the time of sowing,
while nitrogen was applied as per the treatments
in two splits. Gross and net returns and benefit;
cost ratio was computed adopting standard
formulae. Leaf area was measured using LICOR
Jeaf area meter during first year.

RESULTS AND DISCUSSION
Leaf area and Leaf area index

Both leaf area and leaf area index of castor were
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significantly influenced by the cropping system
(Table 1) where alley cropped castor had more leaf
area and LAl with values of 2572.1 em? and | 417
respectively over sole cropping of castor (178.7
cm? and 0.991). Less competition for light with
improved site conditions could be the reason for
better growth of castor under alley croppirg,

Incorporation of green leaves of lencaena
resulted in significantly higher area and LA of
2809.2 emy* and 1.537, respectively in alley cropping
as against 2396.3 cm? and 1.331 respectively in
sole cropping as compared to no green leaf
manuring which could be due to increased organic
matter content leading to higher leaf area and LAI
of castor (Subba Reddy ef a/.. 1991).

Though 80 kg N/ha* produced higher leaf
area and LAJ of castor (2791.4 cm? and 1.204),
combined use of 40 kg N/ha'! with 5 t/ha of green
leaf manuring under alley cropping recorded
significantly higher leaf area and LAI than 80 kg
N/ha! without green leaf manuring under sole

cropping.

Table 1: Leaf area (cm') index of castor at 120 DAS as influenced by cropping systems, greenleaf

manuring and nitrogen levels during 1995,

Leaf area {cm?) Leaf area index

Treatments N, N, N, Mean N, N N, Mean
Alley cropping
Green leaf manuring 1808.7 28880 3730% 2809.2 0.936 1.604 2.072 1.537
No green leaf manuring 1677.9 2506.9 2820.1 23349 0.932 1.3%92 1.566 1.297
Mean 1743.3 2697.4 32755 2572.1 0,934 1.498 1.819 1.417
Sole cropping
Green leaf manuring, 1790.4 2560.7 28378 2396.3 0,991 1.424 1.576 1.331
No green leaf manuring 212.9 1529.4 1777.1 1173.2 0.118 0.849 0.987 0,651
Meap 1001.7 20451 2307.4 1784.7 0.554 1.137 1.281 0.991
Tota]l mean 1372.5 23712 2791.4 2178.4 0.744 1.317 1.550 1.304
CD = (0.05)
Cropping systems (F1) 22.9
Green leaf mamuring (F2) 22.9
Nitrogen levels (F3) 28.1
Betwgen F1 x F2 32.4
Between F1 x F3 39.7
Between F1 x F2 x F3 56.1 s o
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Seed yield

Alley cropped castor offered a seed yield
of 598 9 and 474.5 kg/ha during 1995 and 1996,
respectively which was superior to that of sole
cropping. Higher yields in alley cropping were also
reported by Singh e al, (1987).

Application of green leaf manuring resulted
in higher yields as compared to without green leaf
manuring both under alley cropping and under sole
cropping. Better growth of castor with more leaf
area, leaf area index and yield components through
enhanced availability of nutrients and moisture
with more organic matter could be the reasons for
increased yield with green leaf manuring. The
results of present study are in conformity with the
findings of Kang et al.. (1991)(Table 2).

Application of nitrogen at 80 kg/ha though
individuatly resulted in significantiy higher yields
of castor, integrated use of 5 t/ha of green leaf of
leucaena along with 40 kg N/ha under alley

Journal of Qilseceds Research

cropping produced maximum seed yields of 703 3
kg ha' (1995) and 559.3 kg ha (1996) than 80 kg Ny
ha without green leaf manuring under sgle
cropping (584.0 and 218.7 kg ha, respectively),
Timely and increased release of nutrients through
efficient mineralization of organic matter might be
the reason for higher yields of castor. Reports of
Kang efal, (1981) and Subba Reddy et al., (1991
corraborate the findings of our study,

Economics

Net returns differed significantly due to
cropping systems (Table 3) where higher returng
of Rs. 2874/ha (1995) and Rs, 1593/ha (1996) were
obtained under alley cropping than sole cropping
(1761 and 463 Rs/ha). Similar results were reported
with alley cropping (Singh et al., 1987),

Green leaf manuring of Leucaena in alley
cropping resulted in higher returns of Rs, 3295/ha
(1995} and Rs. 1813 ha' (1994). Similarly in sole
cropping green leaf manuring produced more

Table 2:  Seed yields (kg/ha) of castor as influenced by cropping systems, green leaf manuring and

nitrogen application,

1995 1996
Treatments N, N, N,, Mean N, N, N, Mean
Alley cropping
Green leaf manuring 423.2 708.3 877.7 669 .4 449.1 559.3 529.1 512.5
No green leaf manuring 355.5 5423 687.4 528.4 406.8 443.4 460.7 436.9
Mean 3888 625.3 782.6 598.9 427.9 501.4 494.9 474.5
Sole cropping
Green leaf manuring 3247 5756 693.1 531.1 296.5 318.6 331.2 315.4
No green leaf manuring 247.9 416.60 584.0 416.2 212.8 215.3 218.7 2156
Mean 286.3 496.2 638.5 473.6 254.6 266.9 274.9 265.5
Total mean 337.5 560.7 710.5 536.3 3413 384.2 3849 3701
CD = (0.05)
Cropping systems (F1) 21.6 \ 7.68
Green leaf manuring (F2)  21.6 L 768
Nitrogen levels (F3) 26.4 9.41
Baween F1 x F2 30.5 18.8
Beatween F1 x F3 37.4 10.8
Between F1 x F2 x F3 82.9 133




. Bhesmaiah et al.,

133

Table 3: Not|rot||rns (Rs/ha') as influenced by cropping systems, green leaf mapuring and nitrogen.

I

1993 1996
Trements NN, "N, Mam § N, N, s
Alley cropping
Greea leaf manuring 1373 3659 4853 3295 1608 = 2257 1573 1813
No green leaf manuring 749 2511 4102 2454 1224 1567 1330 1374
Mean 1061 3085 4477 2874 1416 1952 1452 1593
Sole cropping .
Green leal manuring 439 2811 3514 2255 355 324 873 s17
No green leaf manuring 0 1316 2489 1268 113 395 596 168
Mean 219 2063 3002 1761 234 359 734 443
Total mean 640 2574 3740 2318 843 1136 . 1075 1018
D = (0.05)
Cropping systems (F1) 198.6 208.9 ' ‘
Green leaf manuring (F2) 198.6 208.9 3
Nitrogen levels (F3) 2433 ‘f’, 2558 g
Beween F1 x F2 | 2800 .7 2954 L .
Between F1 x F3 C 344 361.8
Between F1 x F2 x F3 486.6 $11.7

returns during 1995 (2255 Rs ha') and 1996 (517
Rs. ha') than without green leaf manuring bacause
of higher seed yields. The results of present study
are in conformity with the findings of Kang et af |
(1981).

Though, higher dose of 80 kg N/ha gave
significantly higher net returns, combined yse of
resulted in significantfy higher retumns over §0 kg
N/ha without green leaf manuring under gole
cropping, Integrated use of organic and inorganic
sources of nitrogen resulted in higher seed yields
and thereby higher net returns. Bheemaiah ¢f o/ |
(1995) obtained similar results with insifu green
leaf manuring of F albida tree leaveg in
conjunction with 40 kg N/ha,

Benefit : Cost Ratio

The benefit cost ratio was found signifi-
cantly higher in alley cropped castor (Fable 4) with
vatues of 0.994 and 0.568 during 1995 and 1996,

respectively than sole cropping.

Both in alley cropping and sole cropping
green leaf manuring with lencaena resulted in
increased benefit : cost ratio with values of 1.087
(1995)and 0.612 (1996) and 0.807 (1995) and 0.228
(1996) respectively as compared to no green leaf
manuring. Higher seed yields compensating the
cost of green leaf manuring could be the reason
for higher benefit cost ratio both in alley cropping
and green leaf manuring,

Lower dose of nitrogen application was
less beneficial in rainfed castor as compared to
higher dose of 80 kg N/ha. However integrated
use of nitrogen with 40 kg N/ha along with 5 t/ha
! green leaf incorporation was found to increase
the yield and returns of the castor leading to higher
benefit cost ratio of 1,306 (1995) and 0.753 (1996)
over 80 kg N without green leaf manuring under
sole cropping (0.829and 0.210) (Singh ef al,, 1981).

The results of the present study indicated
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Table 4:  Benefit Cost Ratio of castor as influenced by cropping systems, green Jeaf manuring anpg

nitrogen.

1995 1996 T

Treatments N, N, Ny, Mean N, N N, Mean
Alley cropping
Green leaf manuring 0.528  1.306  1.579  1.087 0463 0753 0620  0.612
No greett lesf manwring  0.28%  0.837  1.427 0901  0.440  0.470  0.603  0.504
Mean 0.816  1.072 1502 0.9%4 0451 0611 0.611°  0.568
Sole cropping N P
Green leaf manuring 0168 1.081 1172 0.807 0176  0.240 “ 0270 % 0228
No green leaf manuring 0 0.506  0.829  0.445  0.040  0.190 |, 0210  0.146
Mean " 0083 0793 1007 0626 0108 0215 0240  0.187
Total mean 0.449 0932  1.254  0.810 0279  0.413 0425 0372
CD = {0.05) :
Cropping systems (F1) 0.071 0.039
Green leaf manurmg (F2)  0.071 0.039
Nitrogen levels (F3) 0.087 0.048
Between FI x F2 0.101 0.055
Between F1 x F3 0.123 0.068
Between F1 x F2 x F3 0.174 0.096

aF;

that the yields and returns of rainfed castorcanbe
enhanced by growing it under pollarded leucaena
trees {Alley cropping) than growing alone. The
returns can further be increased due to
incorporation of 5 t'ha Leucaena leaves.
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EFFECT OF INTRA - ROW SPACINGS ON SPANISH BUNCH
GROUNDNUT VARIETIES UNDER RAINFED CONDITIONS

P.RAMACHANDRA REDDY* and C, SUBBIREDDY
Agricultural Research Station, Utukur, Cuddapah- 516 003, A P,

I ABSTRACT

To assess the possibility of reducing the seed rates in groundnut without any appreciable decrease in the
pod yield, a trial was conducted on four varieties of Spanish bunch groundnut with three itra row
spacings of 15, 10 and 7.5 em, with a common 30 cm inter row spacing. The results of two year data
indicated maximum pod yield with K-134 (831 kg/ha) followed by ICGS-E-27 (761 kg/a). Though
closer spacing of 30 x 7.5 cm recorded highest pod and haulm yields, the differences among the
spacings were not significant with repards to pod vield. The recommended spacing of 30 x 10 cm was

found to be better for rainfed groundnut.

Key Words :

e
e

INTRODUCTION

Seed is one of the costly inputs in groundnut
cultivation. The recommended seed rate is 100 kg/
ha under rainfed conditions. The crop is generatly
sown with the help of seed drill with 30 cm tnter
row spacing and 10 cm intra row spacing, There is
necessity to reduce the seed rate to lower the cost
of cultivation without any appreciable reduction
inthe pod yields. Nandania ef al,, (1992) reported
decreased pod and haulm yield with decrease in
the inter row spacing and increased pod yields
with increase in the seed rates from 80 to 120 kg/
ha. though Sandhu and Hundal (1993} reported
that row spacings did not affect the pod yields but
stalk yields were higher at closer spacing. Higher
pod yields were reported with narrow spacing by
El-seesy and Ashoub (1994). To findout the effect
of three different plant populations on four Spanish
bunch varieties of groundnut, an experiment was
conducted in alfisols under rainfed conditions.

MATERIALS AND METHODS

Four Spanish bunch varieties of groundnut (TPT-
1,K-134, ICGS-E-27 and TMV2) were tested at three

Intra row spacing, groundnut varieties.

intrarow spacings (15, 10, 7.5 cm) with a common
inter row spacing of 30cm. The experiment was
laid out in factorial randomised block design
replicated thrice. The seils are red sandy loam in
texture with medium depth (45 cm) and moderate
water holding capacity ( 160 mm per metes depihy).
They are poor in avatlable nitrogen and
phosphorus and medium in available potash.
Sowing was done in the first week of July and the
crop was harvested in second week of October
after 105 days. The rainfall received during crop
growth period was 208.6 and 203 .6 nun in 1991 and
1992, respectively. The data on final plant stand,
number of filled pods per plant, pod and haulm
yield were presented in Table - 1.

RESULTS AND DISCUSSION

Rainfall and available soil Moisture

The total amount of rainfall received during the
crop growing period was same in both the years.
However the distribution of rainfall varied from
year to year. Groundnut is moderately deep rooted
crop with the effective root zane depth of 90 cm.
The crop absorbs moisture mostly from the top

* Diept. of Agronomy, S.V. Agricultural College, T1rupat1 571 502.
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hatf of rhizosphere. The available moisture holding
capacity of the soil is 40 mm for 50 cm depth of
soil. The rainfall and available soil moisture (ASM)
data for both the years indicated moisture stress
conditions for most of the cropping season. More
than 50% of moisture was available only during
30-32 standard weeks in both the years.

Final Plant Stand

The variety K-134 recorded significantly
higher plant population at harvestin 1991 but was
at par with ICGS-G-27. However the differencesin
the final plant stand among varieties were not
significant in 1992, The differences among the intra
row spacings were significant in both the years.
Closer spacing of 7.5 cm recorded significantly more
plant stand compared to normal and wider spacing.
It was due to higher seed rate used in the treatment,
The crop was subjected to moisture stress
conditions for three weeks immediately after sowing
in 1991 leading 1o reduced plant siand compared
to 1992 (Table 1).

Number of filled pods per plant

The varieties TPT-1in 1991 and K-134 in
1992 recorded more number of filled pods per plant.
The varietal differences were found to be
significant in 1951 enly. On the two year average,
TPT-1 recorded more number of filled pods per
plant followed by K-134. However the number of
filled pods per plant were lower than normal (about
15) because of maisture stress conditions prevarled
during pod development stage (33 - 37th standard
weeks). However there was sufficient soil moisture
at the time of flowering in both the years (30-32
standard weeks). The treatment differences dueto
intra row spacings were not significant.

Pod and haulm yields

Pod yield differences among the varieties
were not significant in both years. K-134 recorded
higher numaric pod yield of 831 kg/ha. The
differences among the intra row spacings were not
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significant in both the years. It was mainly due to
lower number of filled pods per plart. The crop
was subjected to moisture stress for most part of
the crop growing season except at flowering (30-
32 standard weeks)}. A low rainfall of about 200 mm
during entire crop growing period was found
insufficient to meet the evapotranspirational
demand of the crop.

In 1991, K-134 recorded significantly higher
haulm yield followed by TMV2. However the
differences in haulm yield were not significant in
1992. On the two year average, K-134 recorded
higher haulm yield (2387 kg/ha) followed by TMV2
(2118 kg/ha). Closer spacing recorded more haulm
yield but differences were significant only in 1991.
The trend in haulm yield followed that of pod yield.
Sandhu and Huondal {1993) reported higher haulm
yield with closer spacings.

The groundnut variety K-134 was found
o be more suitable for alfisols of Rayalaseema
region in Andhra Pradesh under rainfed conditions.
The normal spacing of 30 x 10 cm can he followed
(Basak ef al.. 1995). There was no significant yield
advaniage by increasing the seed rate or following
closer spacing, Reducing the seed rate was also
not advantageous.
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PRODUCTIVITY AND ECONOMICS OF DIFFERENT
SOYBEAN-BASED CROPPING SEQUENCES ON THE
BLACK SOILS OF KRISHNA-GODAVARI ZONE OF
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B. PRAMILA RANY, D. KODANDA RAMAIAH and M.V RAMANA
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ABSTRACT

An experiment was conducted during the rainy and post-rainy seasons of 1992-93, 1993-94 and 1994-
95 to evaluate the productivity and economic retumns of’ different soybean based cropping sequences in
the black soils of Krishna - Godavari zone of Andhra Pradesh. Out of the 7 crop sequences sovbean-
mustard recorded the maximum soybean equivalent yield, followed by soybean chickpea. Soybean -
sorghum offered the least soybean equivalent yield. On the basis of net returns (Rs. 6,114/-) and cost

benefit ratio (1.83) soybean - mustard was tound to be highly profuable system.

INTRODUCTION

The traditiona! practice of growing long duration
monocrops had landed the farmers into a plethora
of problems in the Krishna-Godavari zone of
Andhra Pradesh, Consequently, a need for
developing alternative cropping systems for
efficiently utilising the available limited resources
is being felt, Soybean (Glycine max L. Merr), a
new introduction to Krishna-Godavari zone has
made in roads into the traditional cotton belt as a
monsoon season crop. This provided a scope for
raising a second crop making double cropping
feasible under rainfed conditions. Under such
situations it calls for a need to identify an
appropriate crop sequence for achieving maximum
net returns (Tomar and Tiwari, 1990; Jodhaoet al.,
1994; Thakur and Khan, 1994). Hence, an
experiment was conducted to study the praduction
potential and economics of different cropping
sequences on the black soils of Krishna - Godavari
Zone,

MATERIALS AND METHODS - \

The field experiment was conducted during kharif
and rabi seasons of 1992-93, 1993-94 and 1994-95
at Regional Agricultural Research Station. Lam.

The soil was black-clay in texture with apH of 8.0,
185.00 kg/ha available nitrogen, 12.6 kg/ha
available phosphorus and 557.0 kg/ha of available
potassium. The total annual rainfall received was
622.5, 578.8 and 1279.4 mun respectively during

1992-93,1993-94 and 1994-93. The experiment was

laid out in a Randomised block design invelving 7
crop sequences (Soybean-mustard, soybean-
chickpea, soybean-blackgram, soybean-safflower,
soybean-sorghum, greengram-soybean and
blackgram-soybean) and replicated thrice. The
gross plot sizewas 3.6 m x 6.0m.

The kharif crops were sown in the first
week of July and rabi crops were seaded in the
first week of November during all the three years.
Soybean was fertilized with 30, 60 and 40 kg/ha of
N, P.O,, K.O and inoculated with Rhizohium

275

Japonicum in both the seasons. The fertilizer doses

in kg/ha of N, P,O,, K 0 applied to other crops
were as follows : 20-50-0 for greengram, blackgram
and chickpea; 60-30-20 for mustard; 40-20-0 for
'safflower and 75-40-30 for sorghum. The mode of

festilizer application was basal.

The crop varieties used for the experiment
were-MACS 201 (kharif soybean), Hardee (rab:
soybean), PDM 354 (gieengram), LBG 20

Received for publication in August, 1997,
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(blackgram), ICCV 2 (chickpea), Sita (mustard)
CSHO (Jowar), and 12218 (Saffiower). All the crops
in both the seasons were grown as rainfed, The
cost of cultivation was calculated based on the
mean cost of inputs and field operations over the
three years. o

RESULTS AND DISCUSSION
Effect of Seasons ‘

During 1992-93, good yields of Kharif crops were
recorded which can be attributed to well distributed
rainfall during the season, while during 1993-94,
there was an eatly drought and the kharif crops
suffered due to moisture stress. Blackgram and
grezngram crops were effected more than saybean,
During 1994-95, the total rainfall was very high
(1279.4 mm) and crops were damaged due to heavy
and continuous cyclonic rains at harvesting stage.
Nearly 60% of the rainfall was received at maturity
period resulting in seed damage in green gram,
blackgram and soybean. During rabi season of
1992-93, due to failure of N-E monsoon, crops
experienced moisture stress and had to survive on
residual motsture alone, where as an amount of
30mm and 50mm rainfall was recetved during the
rabi 1993-94 and 1994-95, respectively, at 30-50
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days stage of the crops which helped in obtaining
better rabi yields during both the years.

Crop productivity

Yields of the crops during Kharif 1992-93
were good and on par, while during 1993-94 when
there was an early drought soybean yielded
significantly more than blackgram and greengram.
Similarly during 1994-95 when there were excess
rains at maturity, soybean yielded significantly
higher than greengram and blackgram (Table 1).
During rabi seasons, the productivity of soybean,
mustard and chickpea was higher than blackgram,
safflower and sorghum particularly in the years of
moisture stress, The total productivity of different
sequences expressed as soybean equivalent yield
was significantly higher with soybean - mustard
during the three years with a meaf productivity of
1992 kg/ha, foliowed by soybean-chickpea (1669
kg/ha).

Economics

The gross monetary return was
significantly influenced by crop sequences (Table
2). Soybean-raustard sequence consistently gave
the maximum gross returns during all the three

Table 1 : Seed yield of different soybean based crop sequences (kg/ha)

Seed yield kg/ha

Soybean equivalent vield (Kgha)

Cropping Sequence 1992-93 1993-94 1994-95 92-93 93-94 94-95 Mean
Kharif Rabi Kharif Rabi  Kharif Rahi
Greengram-Soyben 1198 484 489 311 674 926 1768 1335 1648 1584
Bluck gram-Seybean 1077 487 260 217 821 772 1641 1096 1652 1463
Soybean-Mustard 1222 494 778 %93 1126 648 2034 1752 2191 1992
Soybean-Chickpea 1222 466 845 444 1096 509 1828 1422 1758 1669
Soybean-Blackgram 1184 232 911 176 1111 540 1433 1100 1690 1408
Soybean-Safflower 1209 447 967 467 1080 463 1688 1456 1576 1573
Soybean-Sorghum 1198 235 922 309 1126 231 1289 1041 1215 1182
C.D. (0.05) NS  20.37 149.22 87.89 40.20 18856 151.8 1802 2383 688

f



Journat of Qilseeds Research

140

0,7 WNERIOS 105L BAOIPES 0511 PRSI 016 PP

"0¢ TeBwealn fpgy wWemdoe(d QpL Wmaqhog :

(hysy) so71 BN

60°C  +3% 099  88F  F9E  E£LE1  L9¥l 98T  £STL 6¥L  PPOL €901 5SSl SN (co0} ao
061 LSO'T 0069 LOE®  ZOL FO9L Y198 9€S  SL6'L 68TL bE®  SPY'9 LI06 €9 £8€°8 umyA0g-Teaqaog
€71 zco'z 000°6 ZISO'LL 8bF'E POS'L ZEO'LL OLPE T9S'L L0EOT 0TSE L8L'D B8I8TLL SSE'E £E9P'R IamO[fFES-WeaqA0g
671 18T°T 006'L IBI'OL 6£9°T IbS'L TIS'TL €98'F 6S6°L $69°L BIEL LLED 820°01 BELT 0678 me1dyor]d-Teaqiog
8€° 1  OFI'E COF® SPSTI 99T°'% O08EL 8811 £1T9 0LYL 956'6 PEO'F  E16°C LG6L'TI 1vLF 96¢°® sadyjoryD-ueaqiog
€8°1 pII9 00V°L YISEl 6ET°9 GLT'L SEO'PL ¥IT'S ©I8'L L9T°TL PI89 PYP'S LETWI 189'S  95¢'8 projsnjy-teaqAog
L1 ceLr 00S°L SETOL b8P PEE'S LESTIT TOV'S SSI'9 L99L LIL'S 06T TRYII LOF'E SLO'R teagAng-weBxoerg
g¥'1  ESSE 00SL E80°11 TS 106°S LESIL T8Y'9 9€0°¢ IpE'e LLYS GOO'E 1LEZ1 ERE'L €868 mgAeg-WeIBmwaln
(eysy) (eU/sA)

OTjer  swnjsl golie ‘ . - m \
1800 PN -ARIRD ; o
njpweyg jo |02 [elo IqEy ey Jei0] Jqey JUEQY [eiol  WEE  JUEWN [Tl KRd JUROY -

wIlAL ueoy C6-b661 b6-£661 £6-2661 ssmubag Fwddoxy

(eyysy]) SWINIRI S5010)

seouanbes dos peseq geaqlos JARIIP &g pasuanpu s (vl SY) suInaz Arejauely : T 8L

e o =



' Pramila Rani et al,

years. The highest mean net returns (Rs. 6,114)
were recorded from soybean-mustard followed by
greengram-soybean (Rs. 3,583) and soybean-
chickpea (Rs. 3,146) sequences. The profitability
of soybean-chickpea and soybean-mustard was
also reported by Tomar ef al., (1996). The lowest
net returns were recorded with soybean-safflower
and soybean-sorghum. Similarly, the benefit cost
ratio of soybean-mustard (1.83) was more than the
other sequences.

It can be concluded that the crop sequence
soybean-mustard followed by soybean-chickpea
or greengram-soybean was found remunerative
and may be adopted for black soils of Krishna-
Godavari zone of AndhraPradesh for productive,
effective and economic use of available resources.
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