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Field experiments were conducted on the sandy loam
soil at the students' Farm, Agricultural College, Rajendranagar
in the summer seasons during 1983, 1%84 and also during kharif
1383, One of the experiments was conducted with twelve treatments
run over three replications in a 3 x 22 factorial randomised
block design. This was intended to study the crop geometry of
sunflower at a given density of 74 x 103 plants ha-] in scle/inter~
crop system and to evaluate the possible benefits if any by inter-
cropping with groundnut. Another experiment was conducted in
a systematic fan design with six treatments iIn four replications
toc evaluate the optimum planting density of sunflower in sole/

intercrop system for maximum productivity.

The experimental findings revealed that the planting
geometry of sunflower 1s not a critical variable 1in sunflower
both in sele and intercrop system with groundnut, The growth
and yield attributes, per cent and uptake of N, P and K in different
parts at wvarious phenovlogical stages of crop growth were all

marginally affected when intercropped with groundnut particularly



in the kharif season. Consequently sunflower under competitive
stress with groundnut vyielded (1306.14 and 1277.04 kg ha?) as
high as in the sole crop (1389.79 and 1465.89 kg ha_1) with only
a marginal reduction of 6 and 13% during summer 1983 and 1984
respectively. In the Kharif season, seed yield was significantly
reduced when intercropped (663.64 kg ha‘l) than in scle stand
(940.55 kg ha_I). 0il % in the achenes was not influenced in
the three seasons. The o0il vyield per hectare of sunflower in
scle (514.44 and 550.74 kg ha_1) and 1intercrop system (489,97
and 475.18 kg ha}) did not Adiffer significantly in the summer
Seasons. In kharif, the sole crop vielded significantly higher
guantity of oil (363.88 Kkg haﬂl} than when intercropped (252.33

-1 .
kg ha ) with groundnut.

The crop growth, yield and yield attributes, the concen-
tration and uptake of nitrogen, phosphorus and potassium by the
leaves, stem or pods per plant of groundnut were severely affected
when it was grown as an intercrop component. Productien of pods
in intercrop ‘system was thus significantly depressed (855.76
and 1422.98 kg ha“}} with only 43 and 60% of the sole crop yields
(2018.93 and 23806.90 kg ha—1} obtained during summer 1983 and
1984 respectively. In kharif the sole crop was damaged by the
wireworms and yet the yield (633.75 kg ha_l) was 15% more than
in the intercrop system (540.77 kg haw1). The oil yield in inter-
crop component was significantly lowered (255.31, 422.73 and
131.24 kg ha_T) compared to the sole crop (647.34, 73Y9.68 and
161.45 kg ha-1} in the three seasons during sumﬁer 1983, 1984

and kharif 1983, Similarly, the yield of haulms per hectare

was also significantly less 1in the intercrop system, The yielad



of pods, haulms and o0il per hectare were substantially increased
by the equidistant row treatments than the paired row pattern.
But, the narrow or wider row width treatments did not influence

the performance of groundnut.

Intercropping increased the total ocilseed production
{2161.90, 2702.96 and 1204.42 kg ha‘1] by 55, 84 and 28% over
the scole crop of sunflower (1389.79, 1465.89 and 940.55 kg ha“]}
and by 7, 13 and 90% over the sole crop yield of groundnut {(2018.493,
2380.69 and 633.75 kg ha_]} during summer 1983, 1984 and kharif
1983 respectively. The bivariate analysis 1indicated that the
total ¢ilseed production was significantly superior to the sole
crop vield of sunflower in the summer seasons, Total oil yield
due to intercropping (745.28 and 897,84 kg ha_]) improved signifi-
cantly in the summer seasons while the little improvement (383.57
kg ha_1) in the kharif season was not significantly different
from the scle crop of sunflower (363.88 kg ha-]). The land equi-
valent ratios (LERs} due to varying crop geometry ranged from
1.31 to 1,51 huring summer 1983, from 1.26 to 1.79 during summner
1984 and from 1.52 to 1.73 during kharif 1983. The higher staple
land equivalent ratios indicated that sunflower was the deminant
component in intercrop system irrespective of the planting geome-
try. The gross monetary returns and the calorific equivalents
were also substantially higher 1in the 1ntercrop system. The
net profits per hectare were however maximum from the sole crop
of groundnut while the per rupee returns with a lesser expen-
diture on sunflower were statistically similar in the summer

seasons, In the kharif seascon sole crop of sunflower was not

only most profitable with maximum net returns per hectare but



also accrued the maximum per rupee returns.

The yield-density relationship of sunflower or groundnut
was described by the power function Y = ab™. Sunflower showed
a plastic response to varilation in planting density ranging from
about 75 x IO3 to 162 x 103 plants ha"] with a corresponding
row width of 27.5 to 60 cm at a constant intra-row spacing of
22.5 com. Groundnut suffered severe pod/oil yield reduction while
sunflower was little affected in the intercrop system althrough
the range of planting densities varying from about 23 x 103 to
162 x 103 plants ha—]. The total oilseeds/oil vyield per hectare
increased substantially and surpassed the sole crop yield of
sunfleoewer at any level of planting density when groundnut was
intercropped over 3/4 of its shared area. The total oilseed
production was maximised with an estimated optimum density of
88830, 107959 and 120140 plants ha_l of sunflower intercropped

over 3/4 of 1ts area with groundnut.
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CHAPTER ]

INTRODUCT ION

The global per capita consumption of fats and
cils is increasing with the burgecning world population.
This requires increased production of edible vegetable
oils to keep pace with the growing demand. World statistics
indicate that the preoduction of groundnut which is the
major source of o0il has remained almost static since
last decade (Carley, 1283}. Even in India though groundnut
is the mainstay for internal and external economy of the
country, it could not make a much headway in the recent
past and the annual production of vegetable oils is far
behind the local requirement. The scope for increasing
the production of other traditional oilseed crops 1is
also limited (Sen, 1979). The Government of India has
imported 1.368 tonnes of edible oil at a cost of 11221.3
millicen rupees during 1984-85 to meet the domestic demand
(ICAR Report, 1985). The acute shortage of cils in India

and the worldover is thus alarming.

In an endeavour to exploit newer sources of
01l with low produ;:-tion technology and higher oil output,
sunflower traditionally known as an aesthetic garden
plant has suddenly shot up into prominence on the
agricultural scenerio, It could find a suitable niche
in several parts of the world including an oil hungry country
like curs. Presently it is being grown in significant E:ommercial

guantities in atleast twenty different countries and is the

™



second most important source of vegetable oil in the world
being next only to soybean (Jones, 1984}). Interest in
sunflower as an oilseed crop in India aroused recently
since 1969, with the availability of promising Russian
cultivars. The performance of these new introductions
was satisfacteory in the beginning. But, soon the area
under cultivation declined from 3.4 lakh hectares during
1972-73 to 0.61 lakh hectares during 1979-80. But, with
the intensification of research and support price, the
crop has recently experienced a marvellous expansion 1in
area. It has now changed from a limited acreage crop to
one covering 9.0 to 9.5 lakh hectares and in some areas
it has replaced kharif groundnut, rabi cotton and other

minor crops (AICORPO, 1985).

Being a new introduction, the c¢rop husbandry
of sunflower has not been adequately studied in the country.
-?E? of the most important management considerations is
choosing a plant density that will maximise the seed and
0il vyield with minimum costs. The spatial arrangement
or geometry of plants in a crop community is another aspect
that needs to be explored for efficient utilization of
resources with minimum competition. Spacing between the
plants can be manipulated within or between the rows at
a constant or different level of plant population to adjust
competition between the plants. Of these, row width manipu-

lation is of particular interest both in scle and intercrop

system. In sole crop its significance lies in the fact

Do



that the spacings too close between the rows make the cultural
operations to be performed difficult and yield low due
to overcrowding of plants. While, rows distant apart may
noct vyield high owing to a shortfall in population beyond
the required optimum. In intercrop system, the point of
interest regarding the effect of row widths is the manipu-
lation of the base c¢rop to facilitate the accomodation
of an intercrop, It is therefore necessary that the
range of optimum row width for a crep species be worked
out that would not 1impalr the productivity. The response
of intercrops tc plant population and spatial arrangement
are also just as important and deserving of the same detailed

study as those of sole crops.

Intercropping 1is another way of increasing the
ollseed production not by means of extra inputs but by
the simple expedient of growing the crops together. Interest
in this aréa of research has been spurred recently to under-
stand the biological validity of the system by way of the
possible increase in yield, more efficient use of prime
land and perhaps the economic benefits of higher returns.
Singh and Singh (1985) described that most of the earlier
experiments were concernhed largely with the advantages
of traditional situations that were '"survival oriented"
rather than “production oriented". But, the main objective
in the present day intercropping technology is 'to examine

the benefits of the system when the production inputs under



the level of management are high (Andrews, 1972; Willey

and Osiru, 1972; Salter et al., 1985 and Singh and Singh,

1985).

It is therefore, interesting to explore the possi-
bilities of intercropping sunflower with other crops without
appreciable reduction in yield. As it 1is a widely spaced
crop and has an inherent nature of plastic response to
a change in row spaces as well as to a range of plant popula-
tions, 1t provides an opportunity for search of a companion
crop with apparent advantages of increased productivity
and/or economics. Since the growth habit indicates that
it is an aggressive crop, it 1is easier to develop an inter-
cropping system with sunflower as the base crop than as
an intercrop. Groundnut being of a diverse morphology,
growth habit and of comparatively longer duration can success-
fully be introduced as an intercrop component to make use
of the potential interspace between the rows of sunflower.
Being a leéume, it had also been an important component
of several intercrop systems and it may help in overcoming
the ecological constraints due to the unigue property of

nitrogen fixation (Francis et al., 1976).

Evaluation of intercropping system in sunflower

has been much less studied todate.  Also, the information

on intercropping of other oilseed crops in sunflower

is scanty. The present experiments were therefore conducted

in the summer seasons of 1983 and 1984 under irrigated

conditions and in the kharif season of 1983 as a rainfed



cr

trial with the following objectives,

1.

To evaluate a suitable planting pattern and row width

of sunflower for groundnut intercropping.

To study the effect of intercropping on growth, nutrient
uptake and vyield of individual crop components com-

pared to the sole crops under varying plant geometry.

’
To study the possibilities of maximising the total

seed/oil yield by intercropping.

To assess the relative manetary advantage and land

use efficiency of different intercrop treatments and

To assess the relative advantages or otherwise of
intercropping compared to the sole crops over a wide
range of plant densities as regulated by a systematic

change in the row width of sunflower.

.
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CHAPTER 1l

REVIEW OF LITERATURE

The establishment of optimum plant population
and gecmetry of plants in a crop community over a given
land area are the most important determinants of crop yield.
Plant populaticen defines the number of plants per unit
area which determines the size of the area available to
the individual plant (Willey, 1979} and considering the
yield per se the optimum population is the minimum population
that produces maximum yield (Robinson et al., 1982). While,
the spatial arrangement or the stand geometry defines the
pattern of distribution of plants over the ground, which
determines the shape of area available to the individual

plant {Willey, 1979}.

Population research is often confounded with
the spatial arrangement of plants_ since a change 1in the
population "distribution can be effectively achieved by
a change in the row spacing or distance bhetween the plants
within the rows. Nevertheless, crop geometry studies at
a constant plant population have alsc been discussed although
in a very few research publications. The reported findings
on the response of sunflower and groundnut to variation
in pepulaticon density as well as crop gecmetry have there-
fore bheen reviewed separately’ for different situations

following the review on the general growth pattern of each

crop. Finally, aspects of groundnut intercropping in sunflower



has been reviewed for biclogical and economic considerations.
Literature on the experimental designs with particular
reference to the development of systematic fan designs
for plant peopulation research, their merits and limitations
thereof and an outline of the statistical procedure to
be adopted has been provided preceding the review of work

on sunflower and groundnut.

2.1 EXPERIMENTAL DESIGNS

In conventional experimental designs the treatments
under study are normally allocated in plots which are usually
distributed side by side in the field. This practice may
give place to a tendency of positive correlation between
neighbouring plots, which can disturb the theoretical basis
of the method of the analysis of variance, particularly
a misleading estimate of the error and test of signifi-
cance, To solve this difficulty Fisher introduced the
principle of randomization into experimental designs thus
removing the éroblem of positive correlation of neighbouring
plots. Therefore, yields can be examined as if their errors

were incorrelated (Yates, 1938}.

In his studies of plant population in sole cropping,
Nelder (1962) pointed out “where spacing experiments are
concernad, however, randomization may have disadvantages".
Citing an instance he explained that if the spacing is

being maintained in a sqguare pattern for all’ densities
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then one may either keep a constant number of plants per
plot, in which case the plots are all of different sizes
and awkward to fit together in a block, or XKeep all plots
of same size, in which case the close spacings may have
an unnecessarily large number of plants in them. In addition,
efforts to keep the block size small will lead to a large
proportion of the plants in the experiment bhkeing used as
Jguards. Where plant material or land 1is wvaluable this

is unsatisfactory.

Working at Wellesbourne in England, with Brussels
sprouts and cabbage, Nelder (1962) suggested that “correla-
tions between neighbouring plots in field experiments
may coften be of little importance." This observation arose
from an examination of split-plot experiments where it
was concluded that mean square for blocks, main-plot error
and sub-plot error were very similar and also from the
observation:that the standard error per plant for a particu-
lar crop remained fairly constant between experiments,showing
that the major source of error lies more with plant variation
than with so0il variation. Based on these observations
and considering that the studies of the effects on yield
of a number of plant peopulations each one grown with different
row arrangements, would reqguire a considerabkle amount of
land area, Nelder (1962} and Bleasdale (1867) develcoped
the idea of the systematic designs which originally consisted

of a gradual or systematic change of the plant densities



along the 'block' and guard rows were placed only at the
end of the block. This design was called a ‘'‘fan' design
because of the similarity of its shape with a fan. It
is formed of a grid of points, where each point indicates
the position of a plant and having the property that the
area per plant and/or the rectangularity (ratic of inter
and intra-row distance) of each plant change in a systematic
way over the different parts of the grid. It was indicated
that an important conditicn imposed by the systematic fan
designs 1is that the sets of curves are displayed as arcs
of concentric circles and the density and rectangularity
contours should not coincide, otherwise It becomes difficult

to separate those effects.

The main advantage of the systematic fan design
is undoubtedly the exclusion of guard rows between treatments,
making possible the use of a large range of treatments
on a relatively small area. This 1s particularly useful
in exploratory studies when little is known about the crops.
Apart from these advantages the systematic Ffan designs

present the inconvenience of not permitting the intercultiva-

tion due to the concentric arrangement of the arcs.

A number of workers have used the systematic
designs for spacing experiments. Freeman (1964} adopted
the fan design for a systematic study on spacings with
lettuce, Nichols (1967) with onions, Vijayalakshmi et al.

{1975) with sunflower, Rao et al. (1976a} with sorghum



and Sheldrake and Saxena {(1979) with chickpea. These designs
were also used in systematically arranged fertilizer experi-

ments by Cleaves et al. (1970) with Brussels sprout, lettuce,

carrots and redbeet.

0f the systematic designs so far used in inter-
cropping, Huxley and Maingu (1878) and Wahua and Miller
(1978} have used modifications of Nelder's (1962) fan design
for combinations of maize/cowpea and sorghum/soybean respec-
tively. The idea of the fan is that the spatial arrangement
remaine constant for all individual plants apart from chang-
ing density which varies consistently along each radius.
Wahua and Miller (1978) used different segments of the
fan for scle crops and intercrops. Huxley and Maingu (1978}
reported that the assessment of the relative advantages
or otherwise of intercropping compared with sole cropping
needs to be done over a wide range of plant populations,
Systematic spacing designs lend themselves to this, The
systematic spacing experiments conducted at the start of
any series of intercropping investigations into particular
crop combinations could offer substantial clues as to the
most likely optimal combinations from among the otherwise
extremely large number of choices available of particular
levels of all the different variables. This could lead
to considerable economy of effort in laying down larger

substantiating experiments of a conventicnal type.
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Mead and Stern (1980) considered that the systematic
designs have an important place in intercropping research
and it 1is also important to realise that they raise new
problems which must be considered in the context of the
complete experiment. Typically systematic variation of
a spatial factor will be only one component of an experiment
which alsco includes other treatment factors (nutrients,
genotypes) applied to whole systematic plots. The experiment
thus resembles a split-plot design with spatial treatments
as systematic split-plot treatments and the other treatments

randomized and replicated as the main pleots in the usual

way.

Regarding the analysis of systematic designs
we must obviously recognize that the data have different
properties than for randomized designs,. The conventional
analysis of variance for split-plot designs is inappropriate
for examining the differences between yields for different
spacings because of the Jlack of randomization and also
because the null hypothesis of no yield wvariation over
different spacings 1is usually of no interest since it 1is
clearly untrue. In cases where the dominant source of
error variation is plant variability an ordinary split-plot
analysis of wvariance may have some value as a preliminary
indicater of patterns of wvariation. The use of a wide
range of densities or spatial arrangements implies‘an interest

in the response of yield to guantitative spacing factors



and the analysis of data from a systematic design should
usually start by examining the relationship of vyield to
density (or other spatial factor}. This should first be
done graphically, fellowed by fitting a response function
of yield on the factor that varies in each systematic plot.
Subsequent analysis will inveolve comparison of the response
curves for the different main plot treatments in what is
essentially an analysis of wvariation of response curves.
The replications of the other factors provides information
on the consistency of the response curves for a particular
main plot treatment in the same way that replication in

a standard design provides the errors of treatment means.

2.2 SUNFLOWER
2.2.1 General pattern of crop growth and phytomass
accumulation

An understanding of the crop growth pattern and
its development 1s of vital importance for the improvement
and develobment of more appropriate cropping strategies,
Therefore, a brief account of this 15 reviewed preceding

the reports on plant population and crop geometry studies,

The growth of sunflower as measured by its height
generally follows the typilcal sigmoid growth characteristic
curve. The most rapid growth occurs between the period

from late vegetative phase to flowering followed by a near

cessation after seed setting (Rao, 1974 and English et al, 1979}
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Though: not an yield component plant height has a strong
effect on the total possible leaves that the plants tend
to form in putting on a large number (Green, 19803). Studies
in Ghana revealed that the yield is positively correlated
with plant height (Amable,1980). Leaves increase in number
with crop age upto seed setting and subsequently there
would be ne more addition (Rao, 1974). The active number
of leaves per plant has a strong and an indirect effect
on the yield of sunflower (Green, 1980). Iliev and Ilieva
{1980} reported that the development of leaf area in
sunflower 1is very intensive during the bud formation
stage reaching the maximum wvalues at flowering. However,
Hocking and Steer (1983 a} reported that the maximum
number of green leaves was attained at flower bud visible
stage but maximum leaf area was not reached until three
row anthesis. The area of green leaves remained constant

during flowering and declined rapidly during seed filling.

The phytomass accumulation per plant increase
till physiolegical maturity of the crop. The increase
was reported to be slow 1in the initial stages during
vegetative phase followed by a linear rise till bud forma-
tion. A considerable amount of phytomass was then reported
to have been accumulated by seed setting stage of the
crop {Rao, 1974). While, Hocking and Steer ({1983 a) and
Steer and Hocking (1984) reported that the period of
maximum pytomass accumulation in sunflower coincides

with the period between floret initiation and anthesis. Leaves

increase in dry weight till flowering and drop-off towards harvest.
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From experiments conducted at Rajendranagar, the accumula-
tion of phytomass in stem was shown to continue till maturity
{Rao, 1974). While, the observation recorded in New South
Wales revealed that the maximum dry weight was attalned
at flowering which coincided with the maximum plant height
(English et gl;, 19797, However, observations from both
these trials indicated that initially the increase in dry
weight of head was slow but linear from flower opening
till seed filling stage of the crop after which the rate

of increase declined till physiological maturity.

The findings from the above review indicate that
the plant growth 1is very slow during the early vegetative
phase, but is most intense from flower bud formation till
flowering and seed setting stage. The peak physiological
activity of the vegetative organs 1is thus centred around
the flowering stage and decline towards maturity. The
reproductive sink on the other hand draw the photosynthates

from the vegetative parts and continue to develop till

physiological maturity.

2.2.2 Response of sunflower to plant population

Sunflower plant population as a technological
element that regulates the egquilibrium between envircnment
and genetic characters has been widely investigated 1in
several parts of the world. The relationship "Plant popula-
tion production" proved to be a very complex .functional

character relying upon a multitude of genetic, soil, climatic

and cultural factors. As such the diversity of reports



on the response of sunflower to low and conversely higher
population as well as its ability to adjust over a wide

range are reviewed.

2.2.2.1 Effect on yield and yield components

Disagreement as to optimum plant populaticn
is of common occurence within a region as well as among
countries of the world and differences within a regicn
are as great as those between different countries (Akhanda
et al., 1979). Population of 40,000 to 50,000 plants
per hectare were recommended for rainfed and 50,000 to
60,000 plants per hectare for irrigated fields in_Romania
{Albinet et ai., 1968). Reviewing the work done in different
countries, Jensma (1973) reported that the optimum number
of plants per hectare would be 45,000 for the dry scils
in Spain and on irrigated land this could be increased
to 60,000. The Italian trials indicated an optimum density
of 40,000 tec 80,000 plants per hectare for the tall and
short wvarieties respectively. He suggested that about
60,000 to 1,00,000 plants per hectare would be optimum
as far as 1India 1is concerned, But, from the review of
research in Tamil Nadu, Varisai Muhammed and Subramanian
(1973) conciuded that a population of 50,000 plants per
hectare is optimum for sunflower. Populations of 57,000
to 64,000 plants per hectare were recommended for southern
Manitoba {(Enns and Giesbrecht, 1971 ; 50,000 plants per
hectare for Argentina (Luciano and Cavreux, 1é67); 43,000

tc 54,000 for PBangla Desh and Pakistan (Mian and Gaffer,



1971 and Khan Muhammad, 1974); 28,500 to 40,500 for non-
oilseed and 42,000 to 45,000 plants per hectare for oilseed

sunflower in China (Deshen, 1982).

Prom several experiments conducted over different
locations in North Dakota, Zubriski and Zimmerman (1974)
recorded a positive response of sunflower to an increase in
density from 35,875 to 71,750 and from 28,700 to 47,835 plants
per hectare for the ocilseed and confectionery type of sunflowers.
The requirement of a higher density increasing from 30,000
to 60,000 plants per hectare for higher yields was also noticed

in field experiments at Bangalore {Shanthamallaiah, et al.,1977).

Akhanda et al. (1979) reported that the seed
yield of three sunflower cultivars tested in Florida
increased with density and was maximum with 80,000 plants
per hectare. However, in the subsequent year (Smith et al.,¥981)
it was observed that though the yield was highest with
a population of 80,000 plants per hectare, it was not
significantly *different from the additional density tested with
1,20,000 plants or a lower density of 40,000 plants per
hectare. Smith et al.(1983) further observed that the
seed yield per plant, thousand seed weight and the capitulum

diameter decreased at higher planting density.

Reddy and Rao (1984} also recorded an increase
in the yield of sunflower cultivar - 'Peredovik' as the
density was raised from 55,555 to 1,11,111 plants per hectare
at Rajendranagar. A similar response was attained with
the short duration dwarf cultivar - 'Morden', a year later

at this location (Rao et al., 1985},



Though response to higher planting densities
has been documented, better performance even with lower
plant population has also been reported in literature.
From field experiments in Western North Dakota, Alessi
et al.{1977) obtained maximum yields with 25,000 than with
50,000 plants per hectare. Vijayalakshmi et al. (1975)
alsoc reported that the field experiments conductedat Saskat-
chewan, Canada, recorded higher yields with low population
of 25,000 plants per hectare, while there was a decline
at higher densities of 75,000 and 1,25,000 plants per hectare.
However, the mid-density was not significantly different
from the lower and higher populations. This contradicts
the results obtained by the authors at Hyderabad where
the response was attained at a higher range of densities
(56,000 to 98,000 plants per hectare}. In Yugoslavia,
Stanojevic and Mihaljcevic (1982) observed that the seed
yield of rain-grown sunflower was significantly increased
with a plan;ing density of 47,000 plants per hectare than
those with 36, 57 or 67 thousand plants per hectare. Kumar,
et al. (1983) reported that a planting density of 37,000
or 55,555 plants per hectare at Bangalore consistently

recorded higher yieids than 74,000 plants per hectare during

the kharif, rabi and summer seasons.

In contrast to the yield response at high or
low densities, the available literature also . indicates
the compensatory respense of sunflower crop to a range

of plant populations. The crop has been shown to adjust
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to low populatien by increasing the capitulum diameter,
number of seeds per head and the yleld per plant and to
high populations by decreasing them. Robinson gt al. (1982}
reported that sunflower at populations of 25 to 150% 1in
excess of the optimum did not suffer reductions in yield.
Miller and Roath (1982) further observed that the vyield
compensation over a range of densities occurs when the
plant population is reduced even after the crop establishment.
In an experiment at North Dakota, they recorded no significant
reduction in yield with 25% of the plants from check (50,000
plants per hectare) removed at 4, 8 and 16 leaf growth

stages.

Vijayalakshmi et al. (1975) reported that the
seed yield of sunflower cultivar - 'EC 68415' tested under
the dryland conditions at Hyderabad was practically constant
at about 1350 kg ha_1 across a population range of 56,000
to 98,000 plants per hectare. A secondary yield plateau
of about 960 kg ha—1 was found at populations of 18,000
to 32,000 plants per hectare, Yield similarity within
each range resulted from an internal adjustment of vyield
components., Since populations ranging from 20,000 to 30,000
plants per hectare could preduce 70% of the maximum yield,
they suggested that these low populatiens could be an impertant
factor in developing systems of intercropping. Swallers
and Fick {1973} and Robinson et al. (1976) also reported
that the plant populaticen had little effect on yield of

sunflower in Eastern North Dakota and the adjoining areas

of Minnesota.



Field experiments conducted at the USDA, Southern
Great Plains Research Centre at Bushland, Texas (Unger
et al., 1976) and those at North Dakota (Jones,1984)indicated
that the seed yield of raingrown sunflower was not affected
by a planting density of 25,000; 35,000 or 45,000 plants

per hectare,.

Miller and Fick (1978) compared the performance
of three hybrid sunflowers with that of the major open-
pellinated cultivar - 'Peredovik' at populations of 36,000;
48,000 and 72,000 plants per hectare at two sites in North
Dakota and Minnesota. They observed that the three hybrids
and Peredovik responded similarly to changes in plant popula-
tion for each of the three year testings. Yield and test
weight were not significantly altered by the three plant
populations evaluated. As plant population increased head

size and seed weight decreased.

Prunty (1981)studied the response of three sun-
flower cultivars grown under rainfed and irrigated conditions
at two sites located in carrington and Fargo in North Dakota.
Populations ranging from 49,000 to 69,000 and from 39,500
to 59,000 plants per hectare at the two locations did not
influence the seed yield significantly. In a later study,
it was further noticed that the plant populations of 49,700;
60,800; 74,600 and 92,200 plants per hectare did not influ-
ence the seed yield of any of the three hybrids tested even

with different levels of molsture {Prunty, 1983). From
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the irrigated trials in Argentina, Hernandez and Qrioli{(1982)
also reported that the crop sown with 56,000 or 1,66,000
plants per hectare recorded similar yields. In Australia
Thompson ({1982) demonstrated that the sunflower crop grown
under irrigated conditions compensated for large differences
in plant population ranging from 50,000 to 1,40,000 plants

per hectare.

Yield compensation tc a range of densities varying
from 27,556 to 1,66,500 plants per hectare was also recorded
in three out of five seasons study at Rajendranagar (Shaik
Mohammad and Sagar 1983) . A similar yield-density relation-
ship was also estabklished over a range of 40,000 to 85,000
plants per hectare at Saskatoon, Saskatchewan in the semi-
arid prairies of Canada (Holt and Campbell, 1984) and from
28,700 to 73,200 plants per hectare at two locations in
the humid growing conditions in Nerth Central USA (Miller

et al., 1984).

Research supporting the influence of envircnmental
and genotypic factors on the yield response of sunflower
to planting densities has also been published in literature.
Robinson et al. (1280) considered that plant population
is a major factor affecting the seed vyield at different
locations mainly due to vartiations in soil, temperature
and rainfall. Minimum peopulation for maximum yield was
reported to wvary from 25,000 to 62,000 plants per hectare

among different locations in Minnesota. Qptimum populations
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were 62,000 at Waseca and Grand rapids; 37,000 at Lamberton;
49,000 at Morris and Crookston and 23,000 at Becker. The
response to both o©il and non-oil types was similar at all
locations. For South Queensland, George and Greenaway (1983}
also suggested that the planting rate of sunflower should
be wvaried according ta the district, the so0il wmeisture,
planting time and the expected crop emeérgence. They reco-
mmended that a plant population of 30,000 to 50,000 plants
per hectare for the rain-grown crop and under irrigation

70,000 to 1,00,000 plants per hectare should be used.

Vranceanu et al. (1982) evaluated the yield-density
relationship of 24 sunflower hybrids across a population
range of 20,000 to 70,000 plants per hectare at Fundulea
in Romania. The optimum plant population for hybrids with
plant height over 12% ecm was reported to range between
55,000 to 60,000 plants per hectare. They observed that
the seed yield curves for plants shorter than 125 cm were

ascending at 70,000 plants per hectare reaching or even

surpassing the maximum yields of medium or high stem hybrids.

The review on planting densities of sunflower
indicate that though a plethcora of literature is available
there appears no common agreement as to the requirement
of optimum plant population. Some research workers have
emphasised the use of lower planting densities as low as
25,000 plants per hectare. While, others have cocbtained
substantially 'higher yields with populations exceeding

1,00,000 plants per hectare. Nonetheless a large number



of research reports have confirmed that the sunflower has
a remarkable ability to adjust to a range of plant popula-
ticns giving similar yields. In view of these divergent
reports it 1is appropriate that the optimum density should
be decided based on location specific trials under different

management conditions.

2.2.2.2 Effect on o0il per cent and o0il yield

per_hectare

The per cent concentration of oil in the seeds
and oil vield per hectare are of great concern t¢ the growers.
Hence a background of information on the performance of
sunflower in relation to the per cent cil composition and
oil vyield due to variation 1n planting densities assues
a significance of practical importance and helps in planning

proper crop production practices.

0il per cent in the seed is sometimes related

v

to the planting density as observed by Robinson et al.
(1980). They retorded a significant rise in o0il per cent
of sunflower consequent to a rise in density from 17,000
to 62,000 plants per hectare. Miller and Roath (1982)
alsoc observed that the o©il per cent of sunflower seeds
was reduced when the c¢rop was grown at a lower planting

density of 12,500 plants than with a population of 25,000

to 50,000 plants per hectare. Smith et al. (1983) similarly

recerded an increase in the oil by 0.24% with an increase

of every 10,000 plants from 40,000 to 80,000 plants per



hectare. Holt and Campbell (1984) ocbserved that though
the increase 1in o©il per cent was small, the improvement
was statistically significant with density increasing from

40,000 to B0,000 plants per hectare.

In contrast to these reports, Alessi et al. (1977}
obtained highest oil yield for the lowest population from
a range of 25,000 to 1,00,000 plants per hectare. Reddy
and Rao {1984) also observed that a lower density of 55,555
plants per hectare had a higher concentration of o0il per
cent than in seeds obtained with a population of 74,074
and 1,111,111 plants per hectare. Similarly, Kumar et al.
(1985} reported that the o0il per cent declined at higher
densities of 55,000 and 74,000 plants per hectare than
at a lower plant population of 37,000 plants per hectare

irrespective of the growing season,

Most of the research findings have, however,
clearly deménstrated that the planting density has little
or no effect on the cll per cent and oil yield per hectare.
Zubriski and Zimmerman (1974) reported that the populations
established in the range of 35,875 to 71,750 plants per
hectare over several locations in North Dakota for oilseed
and confectionery type of sunflower 1indicated that the
density per se had no influence on the oil per cent.However,
oil yield was reported to increase with density. Popula-
tions in the range of 25,000 to 45,000 plants pér hectare

in the Southern Great plains of Texas {(Unger et al., 1976}



and those ranging from 36,000 to 72,000 plants per hectare
in Morth Dakota and Minnesota (Miller and Fick, 1978) also
did not alter the oil per cent of different hybrids and
test cultivars. Radford (1978} reported that an optimum
population for higher oil yields in the clay soils of Queens-
land in Australia lies in the range of 50,000 to 1,000,000
plants per hectare. The best o0il yields in rainfed sunflower
would be in the range of 40,000 to 60,000 plants per hectare.
Shaik Mohammad and Rama Rac (1981} observed that the oil
per cent as well as the oil vyield per hectare were not
influenced by the plant population across a range of 27,556
to 1,66,500 plants per hectare. Similarly, trials conducted
at Carrington and Pargo with three cultivars of sunflower
indicated that the oil per cent was fairly constant across
a range of 49,400 to 69,200 plants per hectare, But, a
lower population of 39,500 plants per hectare experienced
a significant depression. However, oil yield did not vary
with densities ranging from lowest to the highest ({Prunty,
1981). In another trial the author evaluated the response
of three sunflower hybrids in the range of 49,700 to ©1,100
plants per hectare under varying melisture regimes and found
that the o0il per c¢ent was not influenced significantly
{Prunty, 1983). Thompson (1982) reported that the sunflower
crop estabklished over a range of 50,000 to 1,40,000 plants
per hectare under irrigated conditions in Australia yielded
similar quantity of oil. Miller et al. (1984) also observed
that the cil yield was not influenced by variation'in plant-

ing density of sunflower from as low as 28,700 to as high
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as 73,200 plants per hectare.

2.2.3 Response of sunflower to crop geometry

The spatial arrangement of plants within the
crop community 1is another component of population pressure
and is distinct from but related to the overall density
of the crop.. It can be manipulated by changing the degree
of rectangularity in order to adjust between plant competition
within the monoculture crop community or to adjust a suitable
companion creop for intercropplng. This manipulation c¢an
be possible by a change 1in the row width or/and plant
spacing at a constant or different level of population

per hectare.

2.2.3.1 Effect of row width at constant

plant spacing

Spacing between the rows depends upon the size
of the plahts at maximum vegetative growth, the extent
they cover the soil, fertility status and availability
of moisture in the so0il as well as the cultural practices
adopted. A point of interest on literature search relevant
to the present studies is the manipulation of base crop

to facilitate the accomodation of an intercrop.

From field studies conducted at Patna during
the rabi season, Roy et al. (1977) observed that the pattern
of response to row width of sunflower varies with the genotype.

They reported that the cultivar 'Sunrise' performed better



at a narrow row spacing of 30 cm while the vyields were
depressed at 45 or €0 cm. But, the cultivars - 'EC 68413°
and 'EC 68414' did not yield significantly different at
any of the three row spacings. However, the same cultivars
tested at Sabour with similar treatments in the same season
did not show the genotypic wvariation in response to row
width variables. Rows spaced wider with 60 or 45 cm were
reported to yield significantly higher quantity of seed
than at 30 cm with a constant plant spacing of 20 cm in

the three seasons (Singh et al., 1977},

Suraj Bhan (1977) reported that the plants under
60 cm row spacing in general showed bigger head size and
higher 1000 grain weight, reduced plant height and delayed
maturity of the crop as compared to 45 cm row spacing with
a constant intra-row spacing of 25 cm. But, the grain

yield was reported to be more with 45 cm and significant

in one of the two year field trials conducted in the rabi

seasons at Kanpur.

Chauhan (1979) reported that the culivar -
*Peredovik' responded better with significantly higher
yields at a row spacing of 60 cm than at 45 or 30 cm grown
at a constant plant spacing of 22.5 cm in the kharif season
at Kanpur. Later Singhi and Pacheria (1981} also tested
this variety with similar row and plant spacing treatments
in the kharif season at Udaipur, It was found that the

seed yield at 45 and 60 cm was on par and significantly

superior to 30 cm, Plant growth was also reported to be
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better with wider row spacings. Plant height increased,

while the stem girth and head diameter decreased with decrease

in row spacing.

2.2.3.2 Effect of plant spacing at constant row width

Changes in the intra-row spacings have less effect
on vyields than changing the spacing between the rows.
However, spacings less than the optimum may be injurious
due to overcrowding of plants. Significant influence of
plant spacing on seed yield and growth characteristics
of sunflower were demonstrated in field studies at Georgia.
Plants were spaced 15, 30 and 46 com in rows 1.1 m apart.
Seed yield per hectare was reported to decrease, while
yield per head and head diameter increased with increase
in plant spacing, But, spacing did not affect the plant

height or the number of leaves per plant (Massey,1971).

Srinivas and Patil (1977) also reported a better
response of‘ irrigated sunflower, yielding higher quantity
of seed at closer spacing of 20 cm than the wider plant
spacing of 30 or 40 c¢m in rows gpaced 45 cm apart. Rate
of phytomass accumulation and leaf area per plant were
highest at the widest spacing whereas the leaf area index
was highest at the c<¢losest spacing. But, studies in Ilran
(Karami, !'980) indicated an increasing trend in vyield with
wider spacing between plants at a row width of 60 om.
Plant spacings tested from 1% te 30 com with ‘increments

of 5 cm indicated that the widest plant spacing recorded

9 per cent more yield than 15 cm. Plant height,head diameter
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and thousand seed weight increased with wider spacing between

plants.

Remussi et al. (1974) working on the response
of sunflower to plant spacing across a range of 5 to 50
cm in rows spaced 70 c¢m apart concluded that the plants
closer than 20 cm were injured by the proximity of other
plants. While, Hoes and Huang {1976} reported that with
closer spacing, there would be lincreased chances of contact
with sclerotia causing stem rot by the increased mass of

rocots,resulting in greater number of diseased plants.

Differential response of varieties to plant spacings
at 60 cm row width was reported by Ramaswamy et al. {1974 a},.
In kharif season at Coimbatore, they observed that the
cultivar - 'EC 68413' did not show a difference in yield
due to different plant spacings. But 'EC 68415' recorded

more yield with 30 and 22.5% c¢m than with 15 cm.

A" number of other studies indicated that the
plant spacing across a range is not a critical yield variable,
Beard et al. (1976) reported that the effect of plant spacing
appears to be less dramatic. Sunflower c¢an compensate
for differences in plant spacing and would give maximum
yields with plant spacing of 20 to 40 cm and row spacing

of S0 to 75 cm.

Shipley and Regier (1976) reported that the plant
spacing of 10, 15 and 20 cm within 100 cm spaced rows did

not affect the yield significantly. Similar response to

2
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different plant spacings was also confirmed by Ogunremi
{1978 a) in South-West Nigeria. Six varieties were tested
over six locations for three years with plant spacings
of 22, 30, 38 and 46 cm in rows spaced 60 cm apart. Yield
was not influenced by variations in intra-row spacings
at all the locations. With 90 cm row spacing and plants
spaced from 30 to 90 cm, Ogunremi (1978 b) observed that
the yields increased with spacing upto 60 cm beyond which

further increase in plant spacing depressed the vyield.

Robles and Guajarde (1979) reported a greater
flexibility of the crop to different spacings ranging
from 20 to 35 ¢m in spring and from 25 to 35 ¢m in summer
at a row spacing of 92 cm. However, at closer spacing
of 10 and 15 cm ylelds were depressed. The results
of Beard and Ingebretsen (1980) also indicated that the
yields were depressed when plants were spaced 10 cm within
the rows grown 76 cm apart, while compensation occured due

to spacinés of 20 to 40 cm.

Kcloczowski and Horodyski (1980) reported that
the vyield compensation occured for spacings varying from 22
to 35 cm between the plants at a row width of 60 cm in Poland.
Ik was concluded that a spacing of 60 x 30 cm or a density
of 55,000 plants per hectare is appropriate for maximum yields.
Similarly in Cyprus, it was observed that the yield of sunflower
hybrid 'HS5-52' scwn at a distance of 30, 40, 50 or 60 cm between
the plants at a constant row width of 45 cm did. not differ

significantly {Hadjichristodoulu, 1984),



2.2.3.3 Effect of change in spacing within and between
the rows

No consistent results have so far been reported
for the different or same tract with regards to the spatial
configuration of plants that would maximise the sunflower
yields., For North Indian conditions Vikram Singh and Chunmun
Singh (1972} recommended a spacing of 80 x 20 cm from several
spacing combinations tried. In South, the experiments
conducted with spacings ranging from 15 x 15 ¢m with an
increase of 15 cm on either way indicated that the optimum
spacing for obtaining higher yields at Coimbatore in Tamil
Nadu is 45 x 45 cm (Varisai Muhammad and Subramanian, 1973).
While, in the same State Sundaresan et al. (1977) advocated
a spacing of 30 x 15, 45 x 15 or 30 x 30 cm for the red
soil tract of Salem district both for rainfed and irrigated

situations.

Rao et al. (1976 Db) recommended a spacing of
45 x 20 Jdm for the Tirupati region in Andhra Pradesh.

Makne et al. (1378) reported that the optimum plant spacing
for higher yields in Maharashtra 1is around 30 cm with a

row width of 30 - 45 cm. The optimum spacing for Bangalore

was reported to be 60 x 45 cm (Giri Raj, 1983).

At Morden 1in Manitoba, Hoes and Huang (1976)
cbserved that the sunflower yields increased with row spa-
cings upto 180 cm with intra row spacings of 10, 20, 30
and 40 cm. Yields with 30 and 40 cm plant ;pacing with

180 cm row width were maximum,

39



Akhanda et al. (1979) reported that the effect
of different row widths spaced 41, 61 or 91 cm apart with
intra row spacings adjusted to give populations of 40,00¢,
60,000 and 80,000 plants per hectare had ne significant
influence on yield in Florida. The results indicated that

the plant heights had a tendency to be higher with increased

row widths and planting density. There was no effect on
the number of leaves and head diameter. From the same
experiment in the subsequent year, Smith et al, (1981}

reported that the ylields were highest with 41 cm row width
treatment than with €1 or 91! cm. Row width was reported
to have 1little effect on leaf size but plants in wider
rows had more living leaves per plant and _the plant height

tended to increase with wider rows.

2.2.3.4 Effect of spacing variables at constant plant

population

Literature on row width and plant spacing variables

[

at constant plant population 1is meagre. Vijayalakshmi
et al. (1975) conducted field trials on the crop geometry

of sunflower at Hyderabad and Saskatchewan, Canada under
dryland conditions, At Hyderabad, the cultivar - 'EC 68415'
was evaluated with row widths of 37, 4%, 60, 90 and 135
cm at a constant plant population of 75,000 plants per
hectare. In the subsequent year the cultivar - ’'Sunrise’
was planted at 40, 60, 90 and 135 cm giving plant popula-
tion of 37,000, 44,000; 56,000 and 74,000 plants ber hectare.
They concluded that there were no significant differences

in seed vyield or harvest index due to differential row
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width configurations at a constant or different level of
plant population. At Canada, the cultivar - 'Krasnodarets'
was evaluated for row spacings of 36, 53 and 89 cm at three
planting densities of 25,000;- 75,000 and 1,25,000 plants
per hectare. Plants in the narrow row spaces were reported
to grow taller, bhut there were no significant differences
in the number of leaves per plant at different stages of
crop growth. The row widths were not c¢ritical te vary
the seed yield at any population, while population effects

on yield were conspicucus.

Char and Dasgupta (31977} reported that the cultivar
- 'Peredovik' raised in rows 40, 50 or 60 cm apart with
plants spaced 35, 30 or 23 cm in the rows to obtain simjilar
plant population per hectare did not affect the yield or
yield attributing characters wviz., plant height, number
of leaves, test weight, head diameter and number of seeds

per plant.

2.2.3.5 Effect of crop geometry on «ail per cent and ail
yield per hectare

Information on the effect of planting geometry
by a change in row width and plant spacing wvariables is
of wvital significance since the il per cent and the oil
yield are the ultimate considerations upon which the economic
value of the harvested marketable produce depends upon.
But literature on this aspect is very scanty. Vijayalakshmi
et al. (1975) reported that the oil per cent of sunflower

seeds was hot influenced by the row width wvariables in

oy



the range of 36 to 89 cm at populations of 25,000, 75,000
or 1,25,000 plants per hectare, This trend was later confir-
med by <Char and bDasgupta (1977). They also reported that
the row widths of sunflower spaced 40, 50 or 60 cm apart
at a constant plant population had no significant influence
on o0il per cent or oil yield per hectare. Likewise, Smith
et al. (1981) reported that the o0il per cent in sunflower
seed was not influenced by the row width variation in the
range of 41 to 91 cm at different levels of plant population.
However, they observed that the o0il yield per hectare was

maximum with 41 em row width and depressed at wider row

spaces,

Working on the spacing variables Ramaswamy et
al. (1974 b) observed that the plants spaced 15, 22.5 or
30 cm in rows grown 60 cm apart did not influence the oil
per cent of sunflower. Similar conclusions were drawn by
Beard et al. {1976}, They reported that the oll per cent
in plantg spaced 10 to 40 cm within 60 cm row widths did
not differ significantly. Beard and Ingebretsen (19890)
also observed that the o0il per cent was not influenced
by spacing the plants 10 to 40 cm within the rows grown
76 cm apart. 01l yield on the other hand was depressed
at 10 com spacing while no differences existed with wider

plant spacings of 20 to 40 com.

The effect of spatial configumt icons appear to
have no significant influence on the per cent concentration

cf oil in the seeds. While, o0il yield per hectare rarely



responded te th2 row width and plan- spacing variables

due to the variation in seed yield.

2.2.3.6 Effect of planting pattern

Pairing of rows has most freguently been employed
in intercropping research with much success to accomcdate
the intercrops more efficiently in the interspace between
the pairs than in conventional equidistant plantings. .
However, no ample work seems to have been taken up in sun-
flower with regards to the paired row pattern in comparison
to equidistant rows either in solid or mixed stand, The
limited literature available postulates that pairing is
not advantagecus in sunflower. From rainfed trials at
two locations, wviz., Jodhpur (Singh and Singh, 1977) and
Maharashtra (Nikam et al., 1984) in 1India and from the
tests conducted thrice at Darling Downs in Queensland{Radford,
1978) it was observed that the paired row pattern was not
superior ‘to the evenly spaced rows of sunflower. The
results of experiments reported by Robinson et al. (1982)
from the United States also supported these findings. They
reported that the plants spaced in pairs did not support
each other; they lodged more and yielded less than uniformly
spaced single plants. Their results further strengthened
the observations of Hoes and Huang {1976) that the stem
rot disease spreads by rcot contact and hence the contact
may be delayed by wide eguidistant spacings.

2.2.4 Neutro-periodism

The per cent concentration and uptake of nutrient

[
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elements in plant parts of sunflower at different stages
of crop growth have been reported toc vary greatly by a
large number of factors 1like planting date, fertilizer
application, available soil moisture, temperature and many
other agronomic practices as cited by Mathers and Stewart
(1982). But literature on the comparison of nutrient com-
position and wuptake in sunflower grown at varying crop

geometry 1in sole or intercrop system 1iIs not available.

2.2.4.1 Nutrient concentration

From a field trial on the neutro-periodism of
sunflower studied at Rajendranagar, Rac (1974} reported
that the per cent concentration of nitrogen and phosphorus
in the plant parts of sunflower, viz., leaf, stem and head
decreased with crop age till maturity. Potassium in the
leaf and stem was highest in the early vegetative phase,
declined gradually till seed filling and again increased
at maturity. In heads it followed a consistent decline
till matugity. But, the observations of Llyod et al. (1980}
from field studies selected over 25 locations representing
a wide rangé of soil types and hybrids in HNorth Dakota
corroborated that of Robinson (1970) for shifts in nutrient
content of leaves as plant ages. They reported that potas-
sium in ths leaves generally declined in concentration
with age from flowering stage. Seiler (1984) compared
the nutritional paramnsters of wild and cultivated sunflower

in the Texas high plains and concluded that the potassium

concentration generally decreased as plants matured,



Robinson (1378} reviewed that the elemental concen-
tration in sunflower are high in the young plants and decrea-
sed to maturity. Nitrogen per cent in tops of the plants
declined with advance in age of the crop. Phosphorus increa-~
sed in concentration upto heading and then dec¢lined abruptly.
Potassium concentration was lowered with crop age upto

flowering, but increased again at harvest,

In a nutritional evaluation +trial of sunflower
conducted during the summer seasons at Meerut, it was obser-
ved that the per cent nitrogen, phosphorus and potassium
in the plant were high 1in the initial stages of growth.
These mineral elements in the plant tissue then dropped
off slowly and steadily with advance in age of the crop

till maturity (Kalra and Tripathi, 1980).

Hanumantha Raoc and Vidyasagar (1981) reported
that the nitrogen concentration in leaves, stem and petioles
of two sunflower cultivars - 'EC 68414' and 'EC 68415
studied a; Bapatla in Andhra Pradesh were maximum at the
early vegetative stage and reduced to a minimum at harvest,
The pattern of phospheorus absorption was, however, different
from the earlier reports. In leaves phosphorus concentra-
tion was maximum at the vegetative phase, declined at flower-
ing and again increased at harvest, But, the concentration
in stem and peticles increased upto flowering and declined
at maturity. Potassium concentration in leaves and stem

declined with c¢rop age while in the petiocles it was maximum

at flowering.

<
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The per cent nitrogen in leaves, stem and head
of the hybrid sunflower '896' grown on the clay loam solls
of the Bushland Laboratories in Texas was reported to confirm
most of the earlier findings. The tissue concentration
of nitrogen in the plant parts declined consistently with
crop age till harvest. Phosphorus also declined with crop
age in different plant parts. But, in the heads it increased
again at maturity. Potassium followed a declining trend
in heads and stem, In leaves the concentration increaged
gradually with crop growth and declined at harvest (Mathers

and Stewart, 1982).

From a glass house experiment in New South Wales,
Hocking and Steer (1983 b} demonstrated that the phosphorus
and potassium concentration decreased markedly in the roots,
stem and leaves of sunflower as plants aged. Phosphorus
also decreased with c¢rop age in the capitulum but the concen-

tration of potassium increased substantially.

%eddy and Patil (1983) reported that the nitrogen
concentration of 'BSH-1' a hybrid sunflower grown at Banga-
lore increased upte flowering and then declined appreciably
at harvest,. The increase at flowering was interpreted
to the greater absorption and accumulation of this element
due to top dressing at 40 days. Phosphorus concentration
in the plants declined with crop age cenfirming most of

the earlier findings,

2,2.4.2 Nutrient uptake

The quantity of nutrients required by the plants

-



varies with their physiological and growth habits. rLochwing
{1961) reviewing the work of different authors stated that
the rate of absorption of a particular ion is determined
net only by its availabhility in the substrate but also
by the concentration of these already in the plant/ Sunflower
possesses the habit of uptake of nitrogen more than its
requirement when the external supply is abundant,, Coic
et al. (1972) also reported that the high level of nitrogen
nutrition throughout the vegetative cycle resulted in high
content of nitrogenous ceompound in several parts of sunflo-
wer.: Mathers and Stewart (1982) established that the roots
of sunflower penetrate deeper than many crops, however,
and may obtain nitrogen that had moved below the normal
rooting zone.f Blamey et al. (1978) made a mention that
.the plant species and even cultivars within species may
vary appreciably in the pattern of nutrient uptake and

the tissue requirement for a certain nutrient.

Karatson and Boshkanyan (1966) stated that the
nitrogen uptake in sunflower was greatest in the early
vegetative stage which was complete by the end of flowering,
while the wuptake of Phosphorus and Potassium continued
till the end of flowering reaching a peak during flowering,.
From field experiments on the nutrient uptake pattern of
sunflower in France, Gachon (1972) found that most of the
nutrients were absorbed during the month before and the
month after the beginning of flowering. Vrebalov (1974)
reported that the uptake of nitrogen in sunflower reached

the maximum at about £full anthesis. Absorption of phosphorus
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from the soil continued after full anthesis but uptake

of potassium ceased.

J;ao (1974), on the other hand reported that the
uptake of nitregen, phosphorus and potassium in sunflower
plants closely followed the pattern of dry matter accumula-
tion. The uptake of these elements was most rapid at the
bud stage and reached the maximum at harvest. However,
their absorption was reported fto be practically completed
by the end of flowering. Nitrogen and potassium in the
leaves increased upto flowering and declined thereafter.
But, the uptake of nitrogen both in the stem and head incre-
ased gradually till harvest. Phosphorus in leaves and
stem increased till the bud formation stage and then declined
consistently till harvest. Potassium was removed in higher
quantities both by the stem and head with advance in crop
age. These findings were subseguently confirmed by Kalra
and Tripathi (1980) at Meerut, They alsc observed that
the uptake of nitrogen, phosphorus and potassium in the

sunflower plants increased with crop age.

Mathers and Stewart (1982) reported that the
uptake of nitrogen as well as phosphorus in the leaves
and stem increased until seed filling and then decreased
as it was translocated to the heads. Uptake of potassium
increased upto flowering, slowed down in the later stages
but again some wuptake occured until the plants reached

maturity.

Hocking and Steer (1983 a) reported that the



amount of nitrogen in the capitulum was dJgreatest at full
anthesis whereas in roots, stem and leaves 1t was highest
at the start of flowering. Their study indicated that
the nitrogen uptake by sunflower plants occured well into
seed filling with about 35% of the total nitrogen accumula-
ting in the period from 3 row anthesis when 75% of the
seeds had filled. These results suggest that the enzyme
system associated with nitrogen metabolism are still functi-
onal during early senescence. They observed that throughout
growth of the plants, stems accumulated much smaller quanti-
ties of nitrogen than did leaves, despite the large contri-
bution of stem to the plant dry matter. From another experi-
ment concerning the uptake and distribution of mineral
elements, Hocking and Steer (1983 b) observed that the
uptake of phosphorus and potassium by whole plants occured
until abcut 10 days before seed maturation, The accumula-
tion o©of these elements was most rapid during the period

from flower bud visible to full anthesis.

[

2.3 GROUNDNUT ,
2.3.1 General pattern of crop growth and phytomass
accumulation

The pattern of crop growth and phytomass accumu-
lation in groundnut varies with the habitat group to which
it belongs. Ramayya (1384) observed that the leaf area
per plant increased with crop age till the maximum was
attained at 45 days 1in valencia types, upto "60 days in

spanish and 75 days in virginia. This was followed by
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a consistent decline from active pod filling stage till
harvest. The phytomass accumulation in whole plant as

well as that partitioned into leaves or stem revealed a

similar pattern.

2.3.2 Response of groundnut to plant population

Crop management technology for optimum yields
is an important factor in expanding the groundnut acreage
and production to abridge the gap between demand and the
short-fall in supply of vegetable o©ils in the country.
The most important aspect is choosing a plant density that
will maximise the seed and oil yield and minimise the seed
costs. However, optimum density reguirement is largely
influenced not only by the environment and genetic factors
but also by the growth habit of different groundnut cultivars.
Literature on this aspect 1s, therefore, reviewed to expedite
the available information on the behaviour of groundnut

in relation to planting densities.

[

Elangc and WNagarajan (1977} tested the performance
of groundnut cultivar - 'TMV-7' over a range of 93,000
tc 8,33,000 plants per hectare under rainfed farming in
Tamil Nadu. The study indicated that the lowest population
recorded the least yield per hectare inspite of the highest
pod production per plant. Pod yield increased with a rise
in planting density upto 4,718,000 plants per hectare but
declined with a subsequent increase to 8,333,000 plants
per hectare. Two years later Gopalaswamy, et al. (1979b)

elucidated the results of this trial continued over five
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rainy seasons through a fitted equation of the curvilinear

nature., Since there was no positive yield response to an
increase in population beyond 4,18,000 plants per hectare,
the quadratic response function was fitted which indicated
that the agreonomic optimum level of plant population was
6,48,000 plants per hectare for maximum physical production.
But, the economic optimum plant density for most profitable
level of production worked out to 4,000,000 plants per heciare.
The number of pods per plant was maximum with lowest population
of 93,000 plants per hectare and least with highest density
of 8,333,000 plants per hectare. The increase in number
of pods per plant at lower populations did not compensate
for the 1loss in yield on account of reduced population per
unit area., Test weight of the kernels also increased signifi-

cantly at lower populations.

Trials conducted at three locations in HNigeria
indicated that the change in plant population had a striking
influence* on pod yield of groundnut. Production of pods
and haulms was markedly increased by cropping at planting
densities upte 2,15,000 plants per hectare over the recom mended
population of 43,000 plants per hectare (Yayock, 1979 a}.
Increasing plant density resulted in suppression of tie
biological vyield of individual plants, but productien increased

on the basis of unit land area!Yayock, 1979 b},

In Canada, Roy et al-(1980) realized a higher yield
potential of groundnut in the range of 1,80,000 to 4,60,000

plants per hectare. At still higher density of 5,700,000



plants per hectare the yield was reported to be significantly

affected.

Reddy et al. (1984} recorded significantly higher
yield of TMV-~2, cultivar of groundnut at a population density
of 3,33,333 plants per hectare than at 5,006,000 plants per
hectare growar under rainfed conditions on the sandy lecam
soils of Hyderabad. But, at Tirupati, Venkateswarlu
et al. (1984 a) obtained maximum pod yield of this cultivar
with a density of 5,00,000 plants per hectare which was
on par with 10,00,000 plants per hectare. But at a lower
population of 3,33,333 plants per hectare the vyields were

reported to be significantly lowered.

Raju et al. (1985) registered a consistent increase
in pod and haulm yield of groundnut cultivar - 'Robut 33-1°
with lincrease in population density frem 2 to 4 lakh plants
per hectare. However, it was concluded that the yield diffe-
rences between 3.33 and 4 lakh plants per hectare were not

L]

significant.

In an excerpt on the research highlights in Tanzania,
pod yield per plant was shown to decline with increase in
density from 50,000 to 2,50,000 plants per hectare. Conversely,
yield per hectare increased with density. The relationship
being guadratic, virginia type of groundnut showed an yield

plateau with little differences while response to an increase

in density was marked with spanish group. It was concluded

that the potential yield of spanish cultivars can be realised



with population of around 2 lakh plants per hectare {Taylor,

1985.

2.3.3 Response of groundnut to crop geometry

Since groundnut cultivars wvary in their growth
habit, it is wunlikely that any one combination of spacing
in the row and reow width would be optimum for all varieties
which also very much depends on fertility of the soil and
various other climatic conditions (Cox and Reid, 1965 and
Reddy, 1982). Methods of achieving the optimum plant popula-
ticn have long been studied. As early as 1917, Morel working
in Southern France recommended that the optimum population
be manipulated through the row width adjustment. But, Beattie
et al. {1927) recommended that the spacing of plants within
the rows should be ajusted, While, the recent view of Reddy
et El;,l982] held the earlier opinion that the spacing between
the rows should be manipulated since intra-row spacings
have lesgs ‘effect on yields particularly when moisture is
a limiting factor. Literature 1is therefore gathered to
have an insight on the performance of groundnut to spacing

manipulation within and/or between the rows.

2.3.3.1 Effect of row width at constant plant spacing

Plant spacing between the rows 1s an important
critical vyield vregulating variable. Narrow rows entail
an unnecessary extra expenditure on the cost of seed material
while the area not covered by the plants due to wider rows

is the area wasted with an apparent yield reduction. The
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optimum spacing that gives maximum yield therefore needs
to be evaluated for different genotypes and a set of environ-
ment. . A review of work done in this regard provides an
understanding of the c¢rop's behaviour to a wvariation in

Yow spacing.

The performance of 1rrigated groundnut to row
width wvariables of 30, 45 and 60 cm tested at the central
Arid 2Zone Research Institute indicated that the number of
leaves and dry weight per plant tended to increase with
wider row spaces. The favourable effect of increased spacing
was alsc seen on fruit development where the weight of pods
per plant, shelling per cent and hundred kernel weight were

higher (Bhan and Misra, 1972).

A comparison of three row width wvariables of 30,
60 and 90 c¢m at an intra-row spacing of 30 ¢m in Tanzania
revealed that the increased planting density through a decrease
in the row .spacing led toc heavier yields. Groundnut cultivars
belenging both to bunch and runner habitat responded similarly
recording highest yields at a spacing of 30 x 30 cm. HNumber
of pods per plant decreased with decrease in the row widths

and were maximum with the widest rows (Enyi, 1977).

From a two-year field study with irrigated bunch
cultivar = 'Co-1' of greundnut at Tindivanam, Gopalaswamy
et al. (1979 a} concluded that the pod yield of groundnut
in rows spaced 22.5, 30 or 40 cm apart given a spacing of

10 cm within the row was almest similar. However, the response

pattern was discriminant when the plant spacing was raised



to 15 cm. Significantly highest yields were obtained with
the closest row width of 22.5 c¢m than the other row spaces.
Rajah (1981} reported that the yields of this cul;ivar grown
under rainfed conditions was not influenced by row width
variables of 20, 24 or 30 cm given a spacing of 8 or 10 c¢cm
between the plants within the rows. But, increase in the
row spacing to 40 om significantly reduced the pod vyield
per hectare. Chavan and Kalra (1983} also observed that the
pod and haulm yield of groundnut grown under rainfed conditiors
at Dapeli in Maharashtra was significantly more at a row
spacing of 30 cm than at 37.5 cm with a plant spacing of
15 cm. Weight of pods per plant, hundred kernel weight,

shelling per cent and oil per cent were favourably influenced

by the wider row spacings.

Promising yleld response to a reduction in row
width from 30 to 20 or 10 com was obtained from an irrigated
trial given within the row plant spacing of 10 cm at Tirupati,
It was concluded that the row spacings of 10 to 20 cm would
be optimum for higher yields as the production of pods from
rows spaced 30 cm apart was significantly depressed. The
yield of haulm decreased significantly as the rows were spaced
distant apart (Rama Rao et al 1982). Later, Rama Rao et al.(1Y83)
and Venkateswarlu et al.(l984 a) reported that the total
number of pods, number of filled pods and yield per plant
in this trial increased with row spacing. While, in a subsequent
publication, Venkateswarlu et al. (1984 b) reported that
the o011l content of the kernels increased with increase in
spacing but the out-turn of o©il per hectare was maximum with

20 cm row spacing.
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2.3.3.2 Effect of plant spacing at constant row width

Intra-row spacing in groundnut has a less pronounced
influence on the pod yield than the inter-row spacings. Roy
et al.{1980) studied three seed spacings of 5,08, 10.16 and 15.24
cm in rows 4t cm apart in the Southern Ontario, Closer seed

spacing resulted in higher vyields than wider spacings at

both early and late plantings of groundnut.

A six year yield trial with six genotypes of groundnut
grown under irrigated conditions was established at Florida
in Gainsville during the period from 1976 to 1980. Three
genotypes showed no significant yield differences among spacings
of 10, 15 or 30 cm in rows spaced 21 cm apart. Two cultivars
produced the same vyields at 10 cm spacings as they did at
15 em and both cultivars showed a significant yield reduction
at 30 cm spacing. In one variety yields were significantly
higher at 15 eom than at 30 cm while, the yield at 10 cm was
intermediate, bhut was not significantly different from either

[N

15 or 30 cm (Knauft et al. 1981).

Reddy et al. (1983) reported that the virginta
runner groundnut (Kadiri-1)did not reveal a differential
response in pod or haulm yield to within the row plant spacings
of 8.3, 12.5 or 16.7 om in rows spaced 45 cm apart. The
production was however, significantly reduced compared to
12.% em as the plant spacing was increased to 2% om. Compen-
sation to intra-row spacings amohg 6.3, 9.4 and- 12.% cm did

occur even in rows 60 cm wide, but vyielded significantly

4
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less than 9.4 cm with increase in plant spacing to 18.8 om.
The trial thus indicated that compensation to yield occured

at narrow intra-row spacings irrespective of the row widths

tested.

A similar trial conducted at Dharwar with three
test genctypes indicated that the plants spaced 10, 15 or
20 ¢m in row widths of either 30 or 40 cm had no significant

influence on the pod yield of groundnut (Mani et al., 1984).

2.3.3.3 Bffect of change in spacing within and between

the rows

Summarizing the results on the yield of semi-spread-
ing groundnut from 16 experiments, Cox and Reid (1965}concluded
that greater and more consistent increase in yields were
obtained by reducing the row width than by increasing the
number of plants per meter of row. Row width variation from
3¢ to 90 cm and plant to plant spacing varying from 15 to

60 cm indicated that the narrow spacings offered an advantage

of increased yield and weed suppression.

Working on the spatial reqguirement of irrigated
groundnut, WNaidu (1968) and Varisai Muhammad and Dorai Raj
(1974} recorded higher yields with the closest spacing of
15 x 15 cm under the Nagarjunasagar Project Area at Amravathi

in Andhra Pradesh and in Coimbatore respectively.

Wynne et al. (1974) observed that the inter-row
spacings of less than 91 ¢m did not significantly influence

the yield and had little effect on fruit size of Virginia

oy
&
2



type peanuts. The crop produced little higher vyields at
12.7 cm than at the 25.4 cm intra row spacing with no signifi-

cant differences in the three year study.

Elango and Nagarajan (1977) reported that the pod
yield per hectare increased with plant spacing from 8 to
24 ¢cm at 15 cm row width. While at higher row widths of
30-45 cm higher vyields were recorded at the closest plant

spacing of 8 com.

Ameong the wvarious spatial configurations tried
for a pre-released culture of bunch groundnut-'AH B8254' at
Tindivanam, Gopalaswamy et al. (1979 a) obtained significantly
highest vyields from a spacing of 30 x 10 cm. The vyields
decreased with increase or decrease beyond the optimum spacing.
Closer spacing of 30 x 15 cm were also reported to vyield
significantly higher than 45 x 15 or 30 x 30 cm under irrigated
conditions in field experiments conducted at Dapcli in Maha-

rashtra {Kalfa et al., 1984),

Roy et al. (1980) conducted an experiment at Ontario
with five row widths - 41, 61, 81, 102 cm and a twin row
61-31 com planted at four plant populations of each 1,80,000;
3,30,000; 4,60,000 and 5,70,000 plants per hectare. The narrow-
est row width of 41 cm produced the highest vyield of pods
and kernels. Pod yield with densities of 1,80,000 to 4,60,000
plants per hectare were not significantly different but were
higher than the pod yields obtained with a higher density

of 5,70,000 plants per hectare.
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Chin Choy et al. {1982) studied the response of
groundnut te row width and plant spacing variables at Cklahoma
under rainfed and irrigated conditions. Row spacings were
25, 50, 7% and 100 cm, Within row plant spacings ranged
between 2 and 27 plants per meter. The fitted surface response
equation indicated that the 25 c¢m row spacing gave the highest
yield of pods both feor irrigated and non-irrigated conditions.
Approximately 15 plants per meter was the optimal plant spacing

in all row spacings for maximum yield.

2.3.3.4 Effect of spacing variables at constant plant
population
Availlable information on the influence of

a change 1n shape of the feeding zone of the plants by a
change in row width and plant spacing of groundnut at a given
density is reviewed to explore the possibility of spacing
manipulation. The work of Elango and Nagarajan (1977)indicated
a dramatic wvariation in the pod yield of groundnut due to change
in the spatial arrangement at a given density of plant population
per hectare. With 4,17,000 plants per hectare, pod vield was much
reduced in plants spaced 15 x 16 cm than in 30 x 8 cm. Similarly,
a remarkable reduction was also evinced with a spacing of
45 x 8 and 45 x 16 cm than the plant arrangement of 1% x
24 and 30 x 24 c¢m at a corresponding density of 2,78,000

and 1,339,000 plants per hectare.

But Venkateswarlu, et al. (1980) recorded no signifi-
cant yield reduction of pods with plant spacing of 30 x 5

cm than the conventional spacing of 15 x 10 c¢m under irrigated



conditions. The plant pepulation was 6,66,000 plants per
hectare for both the spatial arrangements. It was alsoc reported
that the oil yield as well as the protein yield per hectare

did not differ markedly.

At a constant plant population of 1,48,000 plants
per hectare under rainfed conditions, the spatial arrangament
of plants in 45 x 15 or 60 x 11.2% cm was not effective in
bringing about a significant c¢hange in the vyield of pods

and haulms at Parbhani (Bhosle, 1984),

2.3.4 Neutro-periodism

Repecrts on the pattern of nutrient absorption and
accumulation in the plant parts of groundnut over the crop
growth period are not consistent and often conflicting,
The per cent tissue concentration, uptake and distribution
of nutrients in the plant parts are greatly influenced by
the edaphic factors (Virmani, 1973), genotype (Williams,1979%a),
environment {(Nagaraj and Kailash Kumar, 1983} and other agre-
nomic manipulations (Giri and Upadhyay, 1980; Chavan and

Kalra, 1983 and Singh and Ahuja, 1983).

2.3.4.1 Per cent nutrient composition

In an attempt at the physiological characterization
of groundnut, Rao et al. (1%74) recorded a marked variation
in the tissue concentration of nutrient elements in the plants
belonging to different habitat groups. They established

that the percentage nitrogen was highest in Virginia, ghosphors
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in valencia and calcium in the spanish group.

From a physiological evaluation of four varieties
of groundnut at the salisbury Research Station in Rhodesia,
Williams (1979 b) inferred that there were no major differences
in the per cent nitrogen of leaves, stem, husks or kernels,
But, accumulation of nitrogen by the crop differed with varie-
ties. It continued till maturity in the cultivar ‘'Jacana',
ceased 4 weeks before maturity in Valencia 'R-2', 18-20 weeks
before in the cultivar ‘Florunner' and 20 weeks before in

'Erget’'.

Studies on the neutro-periodism of groundnut indicated
that there are twe critical periods of nitrogen concentration.
Putnamkar and Bathkal (1967) observed that the cultivar
'AK-12-74' grown on the black cotton soils of Nagpur had
two peaks of nitrogen concentration in the plant correspond-
ing to the flowering and pod development stage of the crop.
The concentration of phosphorus was reported to increase
with the development of the plant. At harvest, the concentra-
tion of both nitrogen and phosphorus was more in the seeds
followed by leaves and shoots, while the highest c¢oncentration
of potassium was observed in leaf followed by seed and shoot.
But, Padalia and Patel (1984) reported that the concentration
of nitregen and phosphorus in different plant parts at harvest
were in the crder of pod, shoot and root. Shoct accumulated
more potassium and only a small part of it was translocated

to the pods.
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Two peaks of nitrogen concentration in  'TMV-2!
cultivar of groundnut were also observed a year later from
a pot culture study at Coimbatore {Gopalakrishnan and Veerannah,
1968}, But, the peaks coincided with seedling and mid-flowering
stages both in the leaf and stem as well as in the whole
plant. This was followed by a gradual decline towards maturity.
Initially phosphorus per cent increased to a maximum in the
leaves at pre-flowering but declined subsequently till maturity.
In stem the concentration was maximum in the seedling stage,
declined at pre-flowering, improved at mid-flowering and
then declined consequently till maturity. The whole plant
showed that the phosphorus concentration declined progressively
with crop age. Potassium concentration 1in the leaves was
maximum in the seedling stage but declined in the later stages,
In the stem it was maximum at pre-flowering phase. The whole
plant revealed an increasing concentraticon of potassium with
crop age upto mid-flowering followed by a rapid decline towards
maturity. The per cent concentration of nitrogen and phospho-
rus were high in the leaves and of potassium in the stem.
Kernels were rich in nitrogen and phosphorus while shells
contained higher per cent of potassium than the Kkernels.
The uptake of nutrients increased at a faster rate from 30
days after sowing. Leaves removed substantlally increasing
amount of nitrogen than the stem with advance 1In crop age.
Phosphorus uptake was not considerable throughout the growth
period. A notable feature of potassium was that &t acéumulated

to a considerable degree in the stem and not in the leaf.
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Chahal et al. {1983) attained similar results in
the pattern of nutrient absorption particularly nitrogen
and potassium in different plant parts of the cultivar 'M-145",
Their study on the neutro-periodism from a green house trial
at Hissar revealed that the nitrogen concentration in leaves
was higher at 3 leaf (10 days} and flowering stages (50 days)
than the later stages. The pattern of phosphorus concentration
was similar to nitrogen except that it showed an increasing
trend towards maturity. Increase in nitrogen and phesphorus
concentration in the stem was noted towards maturity. The

concentration behaviour of potassium was different from nitrogen

and phosphorus. In leaves it was highest in early stages
and in stem at 30 days of plant growth. Later it declined
continuocusly till maturity. But, Soundara Rajan et al. (1984)

working on 'TMV-2' cultivar of groundnut, a spanish bunch
type on the sandy loam soils at Tirupati recorded that the
concentration of potassium was high at 35 and 65 days followed

.

by a decline at harvest.

The pattern o©of nitrogen absorption by the cultivar
'Erget' grown at the Salisbury Research Station in Rhodesia
was distinctly different £from the above reports. Williams
{1979 b) observed that the leaf and stem nitrogen content
decreased steadily from 51 to 100 days after sowing and there-
after remained fairly constant until maturity (180 days).
Nitrogen content of the husk decreased steadily, while that
of kernels increased gradually. The accumulation of nitrogen

in leaves and stem started to decline in amount shortly after

A
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the start of reproductive growth. Total nitrogen accumulated
by the crop reached a maximum at about 150 days and declined

thereafter.

2.3.4.2 Nutrient uptake

The uptake studies in pot culture at Rajendranagar
showed that the bunch strain of groundnut, 'TMV-2' removed
larger quantities of nitrogen and potassium with crop age.
Phosphorus in the whole plant was maximum at pod formation
but declined abruptly at maturity (Sham Sunder and Vittal

Rac, 1980).

Nagaraj and Kailash Kumar (19%83) studied the nutrient
uptake of 'TMV-10' a bunch Virginia cultivar of groundnut
at the National Research Centre for Groundnut in Tambawadi
at Junagadh. Plant samples showed that the accumulation
of nitregen, phosphorus and potassium were higher in the
third month of crop growth during which time the pod formation
started. bry matter and nutrients which were concentrated
in the leaves in the first month (62-69%9) moved tc the stem
during the second month and finally got partitioned to the
pods to the extent of 8-27 and 27-44% respectively in the
third and fourth months of plant growth. Nitrogen uptake
was gradual in the first two growth phases and increased
abruptly in the third and fourth months. With a gradual
activity in the first twe months phosphorus reached the peak

in the third month and slightly declined later on. Potassium

uptake increased gradually throughout except for a marginal
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decrease in the final growth phase. There was a greater activity
for all the nutrients examined during the pod formation stage

{60 - 90 days} stage.

2.3.4.2.1 BEffect of planting geometry

The spatial configuration of groundnut sown with
varying row widths and plant spacings seem to influence the
per c¢ent absorption and accumulation of the mineral elements.
Chavan and Kalra (1983) reported that the groundnut cultivar
TG-1 at Konkan recorded a higher percentage each of nitrogen,
phosphorus and potassium in the wider row spacing of 45 com
than 37.5 and 30 com with a constant intra-row spacing of 15
cm. But, the uptake of these nutrients was higher in c¢loser

spacing of 30 cm.

Bhosle (1984) observed that the per cent nitrogen
in different plant parts of groundnut cultivar M-13, viz. leaf,
stem and kernel or shell did not change by planting in eguidis-
tant or paired row pattern nor by the geometry with spacing

of 45 x 15 c¢m and 60 x 11,5 ¢m at Parbhani.

Singh and Ahuja {198%) reported that the uptake of
nitrogen and phosphorus in the groundnut cultivar T-64 grown
at a row width of 45 cm was maximum when the plant spacing

was 15 cm than at 10 or 20 cm.

2.4 INTERCROPPING

Intercropping has been considered as a potentially

beneficial system of crop production and an age old practice

O
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in India. The concept of intercropping to safeguard against
total failure of the crops has now changed to maximise production
per unit area per unit of time, owing to the availability of
crop varieties of different maturity durations and growth rhy-
thms, plant protection measures and fertilizers (Singh, 1979).
Intercropping has been defined as the growing of two or more
crop species simultaneously on the same field (Willey, 71979

and Robinson, 1984).

The flexibility of sunflower to adjust to a range
of population densities and an array of geometry to varying
row width or plant spacings at constant or different levels
of plant population make 1t an admirable crop for introducing
additional crops in the inter-row spaces. Since, the crop
is of recent introduction to Indian Agriculture and alsc by
virtue of 1its aggressive growth habit not much work has been
done on the aspects of intercropping in sunflower. The limited
literature available on the effects of each crop component,
the coverall ‘productivity and monetary returns are reviewed

for an understanding ©of its potential in the intercrop system.

2.4 Effect of sunflower on other crops in intercrop system

Sunflower is considered an aggressive crop competing
for a major share of the resources in an intercrop system due
to its prelific growth habit. In addition to its strong compe-
titive ability, Rice (1974) reported that the crop has allelo-
pathic effects on the companion species. While, Robinson (1980}
considered that this effect however 1is of no major concern

in field conditions.



2.4t Effect of sunflower as main crop

Chandrasekar and Morachan (1979 b) found that the
sunflower crop smothered the growth of intercrops undersown
with one row of cowpea or two rows of groundnut in the paired
row interspaces. However, the competitive effect could be
minimized with less severe yield reductions by sowing the inter-

crops 7 - 14 days prior to sowing of sunflower.

In an intercropping experiment with various oilseed
crops in Gujrat, sunflower was reported to have a drastic effect
on the seed yield of sesamum. The competition was less severe
with sunflower and sesamum sown in 1 : 2 than 1 : 1 row pro-

portions (Desai and Goyal, 1980).

Umapathy et al. (1980) reported that the yieid of
groundnut, black gram and green gram intercropped with sunflower
in the Belgaum district of Karnataka were reduced to about

38.72 and 69% of the respective sole crop yield.

1

Severe reduction 1n the pod yield of groundnut inter-
cropped with sunflower was also ascertained by Nikam et al.
(1984) in a later study at Jalgaon in Maharashtra. The average
reduction over the three year study indicated a net loss of
72% pod yield when intercropped with sunflower in 1 : 1 ratio,
The reductien 1in yield was less pronounced with increase in

the proportion of groundnut rows.

Robinson {(1984) reported that the intercrop competition
with sunflower in strip intercropping was very injuriocus to

corn and soybean but not to mustard. In row intercropping



-1
sunflower brought down the yield of soybean te 450 kg ha
-1 .
from the recorded vyield of 3050 kg ha in sole cropplng.
-1 .
Yield of field beans were alsc reduced to 150 kg ha in contrast

to 1250 kg ha_1 in the solitary stand.

Narval and Malik ({1985) reported that sunflower was
most harmful to groundnut and soybean and least harmful to
green gram and cluster bean. However, the vyleld reductions
were significant compared to the respective sole crops of all

the four legume components.

2.4.1.2 Effect of sunflower as an intercrop

Experiments conducted at the TARI Regiconal Research
Station, Hyderabad, indicated that sunfiower had a smothering
effect on sorghum and groundnut when intercropped in the paired
rows of these species. It had brought down the grain yield
of sorghum and yield of groundnut from 4190 and 23196 kg ha—]
in the respective sole crops to 123% and 1100 kg ha_] {Vijaykumar

et al., 1973).

The base crop of sorghum intercropped with sunflower
in subsequent studies at Parbhani (Shaik Mohammad, 1975) and
Hyderabad (Satyanarayana and Reddi, 1979 and Tarhalkar and
Rao, 1979) also experienced vyield reductions to the extent
of 20 - 75%, The crop growth and yield components of sorghum

were also adversely affected in the intercrop system,

Venkateswarlu et al. (1980) found that the pod yield
of groundnut was reduced from 21,6 ¢ ha_1 in sole crop to i8.0

-1 , . . ,
q ha when intercropped with sunflower at Tirupati.



Sunflower sown as an intercrop with groundnut in
6 : 2 proportion at Bangalore similarly exercised a severe
competition. Groundnut was reported to have suffered due