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INTRODUCTION



I. INTRODUCTION

The world’s largest oilseed growing country is
India and paradoxically, it is India which imports
large quantities of edible oils. Till 1965, India was
an exporter of oilseeds and oils, and later, consequent
to decreased production of oilseeds commensurate with
the raise 1in population levels and hence increased
demand for oil, the im%ort of oil kept raising from
year to year reaching a maximum of two million tonnes
worth rupees 1000 crores during 1987-88. Therefore,
currently the wurgent task 1is to intensify oil
‘'production, firstly, by spreading the area under oil
seed crops in states other than Madhya Pradesh, where
soyBean is concentrated and Karnataka and Maharastra
where sunflower has caught up well, and secondly by
increasing the productivity of these crops through

sound agronomic practices.

The production of oilseeds and pulses is
largely determined by the monsoons. One of the ways to
achieve higher yields of oilseeds and pulses in a given
season and greater stability in their yields over
different seasons is ‘intercropping’. Higher
productivity and returns in intercropping systems
depend on the selection of compatible crops that

complement each other in utilising the basic resources



of light, nutrients and water. Besides, enhanced
productivity is also determined by "Canopy
Architecture™ of the intercropping system adopted with
optimised plant populations and planting geometry. The
performance of sunf lower ané soybean in an
intercropping system and the complementarity of these
crops at different plant populations and planting
patterns needs to be examined as an attempt towards

increasing oil yield per unit area.

The potential yields and income of
intercropping systems «could be further augmented by
adopting several agronomic practices. Use of organic

manures and amendments is an established practice to

improve the physical, chemical and biological
properties of soil. Besides, organic amendments such
as paddy straw and maize stover, and inorganic

amendments like unburnt lime (CaCOz) have the potential
to enrich © . COz of the crop canopy thereby increasing

photosynthesis, and these need to be evaluated so that

the productivity of the intercropping system is
enhanced. Further, organic amendments support and
sustain the important biological process of Nz
fixation. However, the time of application of these

amendments to make use of the released CO2 efficiently
by the crop and for effetive promotion of nodulation

has not been studied.



In 'sunflower, one of the major problems is
seed filling. Some of the agronomic practices viz.,
nutrition especially N, P, K, B, Ca and S, hand
pollination, spraying of growth regulators like NAA, GA
and auxin transport inhibitor like triiodo benzoic acid
(TIBA) to heads have not been found completely
successful in achieving seed filling 1in sunflower.
However, other factors influencing the g}owth and yield
of crops like light intensity and CO2 concentration of
the aerial environment and the new growth promoter
"Triacontanol" in improving the seed filling in
sunflower have not been studied in great details wunder
field conditions. Further, at high density croppings
such as intercropping systems, inadequate light at the
middle and Ilower strata of the intercropped canopy
greatly affects the productivity and this problem
further aggravates during kharif season which is

characterised by several cloudy and rainy days.

Therefore, with these poihts in view, the
investigation entitled "Productivity of sunf lower-
soybean intercropping system as influenced by canopy
architecture, CO, fertilization, triacontanol, light
enrichment, lime and organic amendments"™ were
conducted at Main Research Station of the University of
Agricultural Sciences, Hebbal, Bangalore, with the

following objectives:



1. To optimize crop canopy architecture through plant
population levels and planting patterns of component

crops of sunflower-soybean intercropping system;

2. To study the effect of carbon dioxide fertilization,
light enrichment and triacontanol application on growth

and yield of sunflower and soybean intercrops, and

3. To compare the benefits of organic amendments maize
stover and paddy straw and inorganic amendment lime,
with that of 002 enrichment on the growth and yield of
the intercropping system of sunflower and soybean, and
to study their effect on physical, chemical and

biological properties of soil.
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I1. REVIEW OF LITERATURE

The review of literature pertaining to this
investigation entitled "Productivity of sunf lower-

soybean intercropping system as influenced by canopy

architecture, 002 fertilization, triacontanol, light
enrichment, lime and organic amendments™ encomposes
intercropping, its advantages and disadvantages, crop
density and planting pattern of intercrops,

physiological process, the growth and yieid of crops as
influenced by the carbon dioxide fertilization, light
enrichment and triacontanol application, sources and
their potentials of field scale 602 enrichment, and
changes in physical, chemical .and biological properties

of soil by organic and |lime amendments.

2.1 Intercropping, canopy density and architecture

of intercrops

Intercropping has been defined by many workers
in various ways. According to Tarhalkar and Rao (1975)
it is "growing together two or more species with the
assumption that two species could exploit the

environment better than one™.

Intercropping systems have proved beneficial
through high biomass and grain production per unit area
in a given season, without the use of costly inputs,

but by better use of growth resources viz., light



(Lakhani, 1976; Sivakumar and Virmani, 1980), nutrients

(Dalal, 1974 Soundararaijan, 1878) and moisture
(Lakhani, 1976; Shivaramu, 1987). Legumes 1in the
mixture benefit the associated non-legumes as they

provide a portion of biologically fixed nitrogen to
non-legumes (Tarhalkar and Rao, 1975; Hiremath. 1979;
Chandel et al., 1988) and the soil nitrogen content is
increased fhus maintaining soil fertility (Whitehead,
1870). In rainfed farming conditions, intercropping
reduces the risk of crop failure and stabilizes the
income from the farm (Daniel, 1955; Dayal et al. 1867)
and it reduces pests and diseases, lodging, soil
erosion and damage of high wind velocity (Yagnanarayana
Aiyer, 1949; Johnston et al. 1978; Rao and Shetty,

1976; Siddoway and Barnett, 1976; Radke and Hagstrom,

19786).

Intercropping poses a problem if thefre is high
degree of mechanization or whgre the component crops
have differént requirements for fertilizer, herbicides
and pesticides. Thus in rainfed agriculture of the
tropics with subsistence farming, the farmer often has
a strong inherent preference to it. Hence, a further
research on intercropping is helpful for the small

farmer of limited means who is most likely to benefit.

'



2.1.1 Crop density and canopy architecture of

intercrops

One of the most important aspects which has
emerged from recent studies is that where intercropping
gives yield advantage, the total population optimum may
be higher than that of either of the sole crops
(Shelke 1977; Frayman and Venkateswaralu, 1977; Willey

and Rao, 1977).

Robinson (1984) reported that reducing the
plant population of sunflower from 52,000 plants per ha
in gole cropping to 22,000 plants per ha and
introducing a row of soybean in between the two rows
did not decrease the yield of sunflower significantly,

and an additional yield of soybean was obtained.

Shafshak et gL; (i986) observed an increased
LAI, LER and relative crowding coefficient with
increasing plant density of sunflower+soybean, to
higher than either sole crops. The yield of sunflower
was in the range of 46 to 66 per cent of sole crop and

that of soybean was 51 to 80 per cent, depending on the

plant population and planting pattern of intercrop.

Compatibility and compiementarity between the
two component crops in intercropping depends on the
morphological characters, maturity differences,

planting pattern, row proportion and spacing adopted



altogether influencing the canopy architecture and
light 1interception. In intercropping, better light

utilization is one of the factors for yield advantage.

In some intercropping systems there will be better
distribution of leaf area over time, hence temporal
use of light; in other intercropping systems better
distribution of leaf area within the <canopy profile

(vertical distribution of leaves), hence spatial use of

light.

Trenbath (1974) reviewed the canopy structure
of differrent crop mixtures in relation to light

interception and concluded that a taller component with

erect leaves and a shorter component with prostate
leaves is an ideal combination. In this respect,
sunflower was found to be an ideal intercrop with

legumes like soybean, groundnut, cowpea, biackgram and
greengram because of its non-branching erect stem and
shallow root system, whereas legumes are branched,
short statured and spreading in habit with deep roots

(Narwal and Malik, 1885; Singh and Singh, 1977).

Crookston and Kent (1976) suggested crop
mixtures of different inherent response to light
intensity like top canopy consisting of a component

with high light requirement and bottom of the canopy



€
with low light requiqyent. In this respect also,

sunf lower+soybean intercrop is a better combination.

Planting geometry plays an i%%rtant role in
modifying the canopy structure and light interception,
thus Iprofoundly influencing photosynthesis, the
drymatter production and yield of cfops. Normally
sunflower 1is planted in solid row spacing of 45 to 60
cm apart and intra row spacing of 20 cm, depending on
the genotype, moisture and fertility siatus of soil.
Planting in paiéﬁ rows without sacrificing the
sunflower plant population offers scope for inclusion
of compatible crop in between, since pairing of rows
opens up the canopy and increases the transmission of
light within the canopy. Singh and Singh (1977) found

that paired row planting of sunflower and introducing

two rows of legume intercrops (groundnut, cowpea or
greengram) at Jodhpur was superior than uniform
alternate rows of sunflower and Ilegumes. Growing

sunflower in 120/30 cm paired rows and three rows of
- legumes intercrops in between the two pairs gave
highest return than 1:1 or 1:4 (Sunflower : legumes)
row proportions at Belgaum (Umapathy et al., 1980). At
Bangalore, intercropping 1in alternate rows of 30 cm
apart reduced the seed yield of sunflower by 29 per

cent and that of soybean by 47 per cent éompared to

their sole crops, but the total productivity was



higher from the system (Shanthamalliah et al., 1978).
Chandrasekar and Morachan (1979) adopted the paired row
planting of sunflower (60/30 cm x 22.5 cm) and a row of
cowpea or two rows of groundnut were introduced in
between the two pairs. In the system the yield of
sunflower was on par with that of pure sunflower and
the yield of cowpea or groundnut was extra. Mohan
Kumar (1989) reported that groundnut+soybean
intercropping in 4:2 row proportion pfoduced highest
total o0ii yield and gross income compared to either
sunf lower+soybean or sunflowerfgroundnut intercropping

systems in rice fallows in Bangalore.

Narwal and Malik (1985) reported that
intercropping of legumes viz., soybean, greengram
cowpea and mothbean with sunflower in alternate rows,

had little effect on the growth of sunflower.

Shafshak et al. (1986) reported that among the
different planting patterns tried, 1:1 row proportion
of sunflower and soybean gave highest number of pods
per plant and seed per plant of soybean, whereas 2:4
row proportion gave highest leaf number per plant, 100

seed weight and largest head of sunflower.

Sunflo&er and soybean intercropped in a strip
of 1.66 - 2.32 m wide in ratios of 3:7 or 1:1, gave an

average 40 per cent more income and also reduced

10



disease infestation of sunflower with rust, brown spot

and blight, considerably (Anon., 1988).

Finlay (1875) observed the yield reduction in
soybean and maize to the extent of 61 and 9 per cent,
over their respective sole <crops when they are grown
in separate alternate rows. However, the LER was not

much affected (1.30 to 1.31) by planting patterns.

From the review on intercropping, it can be
generalized that the yield of soybean is much affected
than its associated sunflower or maize. Roquib et al.,
(1973) reported that the height of companion crop
determined the amount of yield reduction in soybean. It
was attributed to shading effect of sunflower or any
other tall gfowing companion c;ops on soybean (Dalal,
1977; Srivastava, et al. 1980).

2.2 Effect of Carbon dioxide fertilization on crops

002 being one of the important inputs in

photosynthesis, any change in the ambient CO,
concentration will have a profound effect on the
photosynthetic characteristics of the plants.

Currently, green plants grow in an atmosphere of about
335 ppm of CO5. Many scientists postulated an increase
in photosynthesis and plant production by CO,

enrichment. As early as 1804, De saussure reported

11



that peas ekposed to an atmosphere of 8 per cent C02

grew better than those in ambient air.

2.2.1 Effect of CO, fertilization on phyéiological

processes

Gaastra (1963) showed that CO0, is a limiting
factor and that at full sunlight the photosynthetic
carbon fixation rate is not saturated at ambient 002
levels. Therefore, CO, enrichment was found to
increase the photosynthetic rate of many crops viz.,

soybean (Ackerson, et al., 1884; Huber et al., 1984;

Havelka et al., 1884), sunflower (English et al., 1979;
Dhawan et ai., 1981), Plantago major (Poorter et al.,
1888) and in many green house plants (Mortensen,

1884). In these studies, increase in photosynthetic
rate was attributed to increase in substrate levels for
increase in rubisco activity or due to substantial
increasel in specific leaf weight. In contrast, a
decrease in photosynthetic rate for plants grown at
higher CO, concentration was reported by Spenser and
Bowes (1886) in water hyacinth and in cotton by Sasek
et al., (1885) either due to 1increased mesophyll
resistance (Bruggunik, 1984) or stomatal resistance
(Peet et -gl., 1986) or due to starch accumulation

(Sasek et al., 1985).

12



Higher concentration of CO2 not only increases
photosynthesis but also competes with oxygen to bring
down photorespiration. Foch et al. (1878) reported a
decrease in photorespiration to total photosynthesis
ratio with increasing C02 concentrations. Hicklenton
and Jolliff (1880) found that carbon dioxide enrichment
helped to suppress the activity of RuDP oxygenase and
reduce the formation of phosphoglycollate and thus
reducing photorespiration. Valle et al. (1985) noticed
a significant decrease in C0, compensation point in
soybean leaves adopted to high 002 levels indicating a

decrease in photorespiration.

Elevated CO, increases stomatal resistance and
therefore reduces transpiration. Sionit et al. (1981)
suggested that increasing CO, concentration may induce
wheat plants to osmoregulate more effectively and
possibly enable them to adopt ‘better‘ to subsequent
water stress. Morison and Gifford (1883) noticed that
the increase in transpiration efficiency at higher CO5
level was relatively higher in Cgj plants than C4
- plants. Reduced transpiration was seen in soybean by
Huber _e_L al. (1984) from 140 mg H,0 m 25”1 at ambient
level to 80 mg m 2 s ! at 600 ppm of C0,. Jones et al.
(1985) observed an increase in relationship between CO,
levels and transpiration rates in soybean plants with

instantaneous response to changes in CO2 concentration.
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On the contrary, Valle et al. (1985) failed to notice a
significant decrese in transpiration rate of soybean

plants grown at elevated CO, level.

These studies indicate increases in
photosynthesis and decreases in transpiration due to
C02' enrichment . As a consequence .WUE generally
increases. Rogers et al. (1983) reported that C0,
enrichment behaved as an ideal anti transpirant because
of decreased transpiration without affecting the influx
of CO, through the stomata. Valle (1985) reported a
doubling of WUE in soybean leaves at 660 ppm of CO,,
even though there was no significant decrease in
transpiration rate. Similar results were also obtained
by Jones et al. (1985) in soybean leaves. In
sunflower, Morison and Gifford (1884) reported that due
to doubling of CO, concentration in the air increased
the WUE by 50.7 per cent. Hence the increase in WUE of
plant at elevated CO, levels make them more drought
resistant. Sionit and Patterson (1985) noticed that
under stress conditions, net photosynthesis did not
decline as rapidly at high COé as at low C02 which
could be due to the maintenance of turgor at high CO,
concentrations. Marks and Strain (1888) worked on
asters (CS) and broomsedge (C,) and concluded that the

Cz plants would be better competitors during well

14



watered as well as water 'limited conditions wunder

elevated COz concentrations.

De and Sulaiman (1950) observed higher N
fixation in algal cultures aerated with two per cent
CO, air than the one aerated with ambient air. Richie
and Evans (1862) showed that Rhizobium gp require 002
for growth and provided a conclusive evidence that

Rhizobium japonicum cells from soybean noduleé contain

very active PEP carboxylase and propionyl-CoA
carboxylase enzyme. Hardy and Havelka (1873) found four
fold enhancement in N2 fixation by C02 enrichment of
soybean due to doubled specific activity of nodules,
doubled nodule fresh weight. The source-sink
relationship between photosynthesising leaves and
nodules was shown by Shivashankar (138976) and obtained
higher nitrogenase activity when soybean plants were

subjected to 1000 ppm CO5.

Increase 1in respiration rate at elevated 002
concentration has been reported by Potvin and Strain

(1885) in Eleusine indica and Echinocloa crusgalli.

Hrubec et al. (1985) found that dark respiration was
enhanced 1in young leaves of soybean and not in mature
ones indicating the differential effect of COz
enrichment in different plant ﬁarts. Gifford et al.

(1885) studied the response of three species of plants

and found that the root respiration of COZ enriched

. . -
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wheat plants was some times reduced. In sunflower,
respiration was enhanced and in mungbean no significant

difference was found.

Varying reports of effect of high C02 on
senescence have been given. Sionit et al. (1881)
noticed that leaves of wheat plants grown in higher C02

senesce four days earlier. Whereas, Hardy and Havelka

(1975) reported delayed senescence.in soybean, probably

because, the high C02 enabled nodules to fix nitrogen
faster, delaying extraction of nitrogen from the

leaves.
2.2.2 Effect of CO, fertilization on growth and yield

There is a large body of information regarding
the effect of COZ concentration on dry matter (DM)

accumulation in plants. CDZ enrichment increased DM

production in C3 cereal crops like wheat (Gifford,
1979), oil seed crops like soybean and sunflower
(Shivashankar et al., 1876; Havelka et al. 1984),

vegetable <crops like cucumber and cabbage (Slack and

Hand, 1885; Heij et al., 1984) fruit crops like
and Slack
oranges and tomatoes (Downton et al., 1887; Calvertk

t al.,

1975), root crops like casava and potato (Imai,
1884; Ku and Edward, 1877). Faster vegetative growth
of forest nurseries (Zimmerman et al., 1970). In

addition to food <crops and crops of commercial

16



importance, which would gain ad?antage out of enriched
COz concentrations, the weeds like water hyacinth and
wild rice have been reported to accelarate their growth
rates and produce greater DM (Poorter et al., 1988;

Potvin and Strain, 1985).

In soybean, the growth analysis was done to
reason out the increased DM at higher 002
concentrations and observed that it was due to
increased leaf area, leaf area duration and net

assimilation rate (Patterson and Flint, 1980; Rogers et
al., 1983) and due to decreased leaf area ratio and

specific leaf area (Patterson and Flint, 1880).

In sunffLer, Mauney et al. (1978) analysed the
effect of CO2 on growth, at vegetative, reproductive
and maturity stages and observed that at vegetative
stage the NAR and RGR were higher 1in COz enriched
treatment thereby the DM was increased. At reproductive
stage also the DM production and NAR were higher due
to C02 fertilization. Whereas, at maturity stage the
total DM was almost same in CO, enriched and in control
due to the fact that the duration of sunflower ‘was
reduced by ten days by COZ enrichment. They further
reported that the reduction in duration due to C02
fertilization is common in determinate types where the

entire stem apex is ended with an inflorescence. On

17



contrary, Morison and Gifford (1984) reported an
increase in dry weight (61.5%) and specific leaf weight

(11.3%) due to 002 enrichment.

The higher DM yield dué to C02 fertilization
usually leads to increase in seed yield. But the
extent of increase in seed yield depends'on the growth
stage and duration of enrichment. Cooper and Brun
(1967) recorded an increased seed yield from 24.7 g to
38.89 g per plant due to CO, enrichment throughout the
crop growth stage. Whereas, Hardman and Brun (1871)
studied the C02 enrichment effects at different stages
of crop growth and obtained an increase in seed yield
by 20 per cent when enrichment is made during
flowering, 37 per cent when enrichment is made from 50

per cent flowering to harvest and 50 per cent increase

through continous enrichment. Similarly, Havelka et

al. (1984) obtained 56 to 81 per cent increase in
seed yield of soybean varieties by 002 fertilization
due to increase in the number of seeds per unit area
and harvest index. Ackerson et al. (1980) reported
that soybeans continously exposed to higher C02

exhibited an 80 per cent increase in seed yield over

control.

An extensive review by Kimball and Idso (1983)
revealed that due to doubling of the present COz level

which is expected by 2025 AD the yield of agricultural

18



crops, on an average will increase by 36 per cent. But
on the climate point of view, several theoretical
models have predicted that the doubling of atmospheric
CO, concentration will increase the earths temperature

by 2-3%  which could seriously upset the ecological

balance. However, recent empirical evidence (Dahlman,
et al., 1885) suggests that the warming may only be
about 0.259C due to doubling of CO,. If this is the

case, the effect of CO0, on agricultural «crops |is
beneficial because of increased crop yields and
decreased water use efficiency. Hence according to
Dahiman et al. (1985) the elevated CO, is regarded as a

resource rather than a conventional air pollutant.

2.2.3 Response of C3 and C, plants to C0,

fertilization

Two ‘common types of crop plants (C3 and C,)
respond some what differently to changes in COZ
concentration. Wong (1879) reported that Cg crop
(cotton) would respond better than C, crop (maize) to
elevated CO, levels. Carison and Bazzas (1882)
observed that C, (amaranthus) does not respond to
higher CO, than C3 plants which have responded very
well wupto 1200 ppm of CO,. Several biochemical and
morphological differences exist between these plants,

but one of the main reasons is that C, plants fix C0,
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first through ribulose 1, 5—diphospha£e carboxylase,
whereas Qa plants fix CO, first through phosphoenol
pyruvate (PEP) carboxylase (Slack and Hatch, 1867).
Another reason is that C, plants appear to close their
stomata in response to increasing CO2 concentration to
a greater extent than C5 plants. Gifford (1870) found
that stomata of maize close above a concentration of
400 ppm CO, at a rate proportional to the increase of
COz, thus counterbalancing the effects of increased C02

levels in the ambient air.

Hence, leaves of C3 plants do have a better
'potential for response to increased C02 than those of
C4 plants because their stomata do not <c¢close readily
with increasing COz. Besides, increasing C02 may
inhibit photorespiration in Cs plants and
photosynthetic enzymes in these plants may be more

responsive to higher internal concentration of CO,.

2.2.4 Sources of CD2 and their feagibility of field

scale enrichment

For CDz enrichment,a source that is free of
contaminants, readily available at economically
cheaper rate and effectively dispensable to the «c¢rop

is needed.
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2.2.4.1 Pure COz

The COD, enrichment method has the fewest side
effects but yet it poses problems in injection of pure
COz from pressurized tanks of liquid COZ directly in to
the required site besides being costly. It can be used

to raise high value crops in green house.
2.2.4.2 Non traditional sources of Co,

The C02 produced as byproducts of various
industries can be used. But CO, gas may be
contaminated with pollutants like ethylene, 502, N02,

CO etc.
2.2.4.3 Combustion of fossil fuels

The CO, produced by combustion of fossil fuels
is another source. But major problems can arise with
combustion process and the water vapour ¢generated
during combustion <can complicate humidity control

inside a green house.
2.2.4.4 Acid treatment of unburnt lime

The CO, released during acid treatment of
unburnt lime (CaC03) can be used for CO2 enrichment,
but to monitor the reaction process to supply CO, at a
correct dose continuousiy for certain period during the

day is difficult.
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2.2.4.5 Biologically derived COZ

The major degradatory product of organic matter

decomposition is CO0,. Utilizing this biologically
derived CO, is another way of CO, enrichment
(Shivashankar et al., 1976). It was observed by
Shivashankar et al. (i1876) that incorporétion of straw

increased CO0, content of soil air and improved the
growth and yield of crops, hehge they concluded straw
incorporation as a partial substitution to the

expensive 002 enrich?ment.

Katyal (1977) and Geetha Kumari (1989) in their
studies observed an increase in CO, evolution with the
addition of organic amendments. Evolution of 002 was
highest 1in maize stalk compared to peat and compost
when applied to a sandy loam soil (Benedetti et al.,
1982)%..,. Maize vyield was favourably influenced by
evolution of C02 from incbrporated FYM, straw mulch and
chopped straw (Suri and Goswamy, 1982). Gupta and
Tripathi (1986) observed a linear relationCship between
rate of <carbon dioxide evolution and organic carbon
content of soil; CO, production was found more |in
poultry manure treated plots. A pot culture on 002
evolution pattern as influenced by straw and azolla
incarporation showed an increase in CO, concentration

at the soil surface (0-5 cm) ranging from 73 to 120 ppm

N
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at 31 days after incerporation of azolla (10 t/ha) and
/or straw (2 t/ha) (Shivashankar and Krishnaiah, 1886).
Carbon dioxide concentration measured at 45 days after
planting inside the canopy (15 cm above the soil
surface) of ragi and soybean pure and intercrops showed
27 to 55 ppm higher CO, in treatments where organic
amendment (4 t/ha) was applied at sowing over control

(Geetha Kumari, 1989).

The evolution of COz depends ~on many soil
factors like aeration, moisture content, type of
organic matter and its content, C:N ratio, pH etc.,
which altogether affect the microbial activity in the
soil. One of the early workers who used CO, evolution
rates to study organic matter decomposition was Wollny
(1888) who found CO, release to be in proportion with
the organic matter content in soil. According to
Tenney and Waksman (1830) under anaerobic condition
decomposition of all organic material is slower and it
is much slower if the plant material consist of more
resistant components (Hemicellulose and Lignin); hence
CO0, production is less. Moisture content also plays an
important role in the rate of decomposition as the

decrease in soil moisture content also decreases the

CD2 evolution. Raymond et al. (1977) reported a

moisture status of 60 to 80 per cent of field capacity

as favourable for optimum rate of decomposition.

N
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Prasanna Kumar (1983) obtained more CO, evolution in
soil amended with straw coméared to control in ks
laboratory incubation studies. He reported that though
mineralization was more with 1.0 per cent carbon than
with 0.5 per cent, the rate of mineralization was not
proportional to the level of carbon added. Application
of organic residues like maize stover or ragi husk
brought remarkable improvement in the biological
activity in terms of the activity of dehydrogenase
enzyme .and thus the C02 evolution (Venugopal, 1988;

Geetha Kumari, 1989).

Type of organic residues greatly influence the
rate of CO, evolution. Gaur et al. (1970) reported
higher C02 production rates in maize stover as compared
to cowpea straw and duné. Evolution of COz was highest
in maize stalk compared to peat and compost when
applied +to a sandy loam and incubated for 130 days at
SOOC under optimum water content (Benendetti et al.,
1982)%. Reinertsen et al. (1984) reported that
microbial biomass production and wheat straw
decomposition rates in the early stages were largely
dependant on the size of the water soluble carbon pool
and the extent of nitrogen immobilization was directly

related to the available carbon in the straw residue.
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2.2.4.6 Trapping of dark respiration Co,

A new technique to elevate the CO, lévels using
the CO2 released during dark respiration of plants and
soil respiration. Sudha (1990) studied the response of
seven tree species to elevated CO, by adopting this
technique in which the C02 released during night time
was trapped by covering the dug out trenches with
polythene structure. The forest seedlings inside were
observed to have faster growth with increased plant
heigh£, leaf number, leaf area and drymatter

accumulation.

2.3 Effect of organic amendments on physical,

chemical and biological properties of soil

The CO, supply to the crop canopy by organic
matter during its decomposition process is one among
many beneficial effects like on soil fertility and crop
yield. Application of farm .yard manure or straw

increased the total nitrogen, potash and organic carbon

content of soils (Biswas et al., 1971; Chaudhary et

al., 1981; Kuduk, 1978; Shivashankar, 1986; Venugopal
and Shivashankar, 1989) and it is an important source
of secondary and micronutrients (Katyal and Sharma,
1979; Parsa et al., 1979; Prasad and Singh, 1981).

Increase in hydraulic conductivity (Biswas et al.,

1970), Soil aggregation (Balasubramanian et al., 1972;

N
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Gattani et al., 1976; Laddha et al., 1984 and Dormaar
and Summerfeldt, 1986, cation exchange capacity
(Kapland and Ester, 1885), water holding capacity
(Anon., 1879; Anon., 1986), lowering the bulk density
(Havangi and Mann, 1979),crust strength (Anon., 1986)

were observed by the application of organic amendments.

Thus, organic amendment improves soil
fertility and productivity, thereby having positive
influence on growth and yield of crops. Favourable
effect of application of paddy straw on soybean yield
was reported as earily as 1929 by Thortan. Shivashankar
et al. (1975) reported a reduction in piant height of
soybean by straw incorporation but grain yield
increased progressively from 1.00 t in control to 1.96
t and 2.29 t ha ! with 2 and 4 t ha ! of wheat straw,
respectively. An increase in leaflet number, dry
weight, chlorophyll content and dry matter production
per plant and increase in per cent N, protein content
of seeds with a concurrent increase in soybean yield
was observed with 3 and 6 t ha—1 of straw by
Shivashankar et al. (1976). Shivashankar and Shantaram
(1980) obtained higher yield of soybean with 3 t ha !
of paddy straw incorporation both under rainfed and
irrigated conditions. In fingermillet, water hyacinth
incorporation at the rate of 6 t ha ! at 2 to 4 weeks

prior to transplanting increased the grain yield from



23 q to 34.5 q ha—l(Shivashankar, 1886). On contrary,
Norman and Krampitze (1946) observed a reduction in dry
matter production and N content of soybean plants by

straw incorporation.

B

Promotion of N, fixation is another favourable
effect of addition of organic amendment.  Shivashankar
et al. (1876), _, Shivashankar and Vlassak (1878),
Shivashankar and Shantharam (1980) reported that straw

application to soybean improved the nodulation and

nitrogenase activity and thus improving the growth and

yield.

To sum up, organic matter application was
observed to improve physical, chemical and biological
properties of soil, release C02 to the crop canopy
during 1its decomposition, enhance NZ fixation by

increasing the nitrogenase activity and promote growth

and yield of crops.
2.4 Effect of light enrichment on crops

Unlike other resources viz., nutrients and
water, light is ‘instantaneously avaialble’ and has to
be instantaneousiy intercepted by the crop, if it is to
be used for photosynthesis. Whereas, nutrients and
water can be stored in ‘reservoirs’ from which demands

could be made as and when required (Donald, 1861).

.
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Light 1is one of the important growth factors
affecting the yield of crops. Hence, there is a direct
correlation between total incoming solar radiation and
total biological yield (Nichiporvich, 1862) and grain
"yield (Hayashi, 1872). Light availability to the crop
canopoy can be increased (light enrichment) by three
ways viz. (1) increasing the leaf area index so that
the interception 1is increased (Shibles and Weber,
1965); (2) manipulation of the canopy architecture to

an ideal type for better light interception and 1light

distribution (Watson and Witts, 1858; Kriedeman gt

al., 1964; Pearce et al., 1867) and (3) artiectficial
light enrichment either by lamps or reflectors
(Johnston et al., 1968; Schou et al., 1978).

Donald (1963) observed tﬁat competition for
light occurred when one plant casts shadow on another
or within a plant when one leaf shades another |leaf.
He also 1indicated that competition for light was

affected by plant height.

At high productiviiy levels, the primary
ecological factor limiting the grain yield of many
crops 1is inadequate itight at the middle and Ilower
strata of the crop canopy. .Johnston et al., (1869)
enriched the soybean canopy with artificial light by

placing fluorescent lamp in the canopy throughout the

crop growth period and observed an increased yield by

N
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17 per cent. Whereas, Schou et al., (1978) used
reflectors for light enrichment for 15 days period at
diffeﬁht growth stages of soybean and obtained 57 per
cent more seed weight per plant when enrichment was
made during late flowering to mid pod formation stage.
The increased seed weight was attributed to enhanced
photosynthesis and delayed senescence of lower leaves.
Similarly, Streeter and Jeffers (1979) recorded 35 per
cent increase in seed yield when additional light was
given to the lower canopy at reproductive phase, mainly
due to increase in the number of pods at the Ilower
nodes, but the vegetative growth was not influenced by

light enrichment.

Soybean flowers profusely, but only a small
fraction of the flowers develop into mature pods and
others abscise either as flowers or as immature pods. A
prevalent hypothesis is that pod set is regulated by
the supply of photoassimilates to developing flowers
and pods. Hence, Heindle and Brun (1983) studied the
effect of short-term supplmemental.: white and red light
in the lower portion of the canopy, on abscission of
flowers and pods and obseved that the light treatment
reduced the flower abscission (from 35% to 31%) and pod
abscission (from 80% to 72%) and increased the seed

yield per node (0.119 to 0.220 g). Myers et al. (1987)

studied the pod set percentage by changing the quality

)
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of light assuming that the light quality may also
affect the pod setting, in addition to the light
quantity. They found that red supplemental light
caused a significant increase in fruit set compared to
far-red and control!, which lead to the conclusion that
the soybean recemes contain a photéreceptor which
detects the quality of light and regulate the
abscission of reproductive structures. They further
elaborated that the decreased red/far-red ratio at the
lower canopy by supplemental red light increased the
sucrose movement into the reproductive structures and
decreased the abscission of flowers and pods. Hence,
it can be concluded that the light intensity at the
lower canopy affects the photosynthetic efficiency of
lower leaves, whereas the light quality regulates the
translocation of sucrose into the recemes of lower

nodes.

In sunflower, summer crop yielded higher than
the kharif crop in South India (Chhabra et al., 1582;
krishnegowda, 1983) mainly because of higher light

intensity (540 cal/cmz/day) and higher sunshine hrs

(8.586) in summer as against kharif season (385
cal/cmz/day and 6.4 hrs) (Veeraraja Urs, 1977;
Habeebul lah et al., 1983). Kharif season is
characterized by several cloudy, partial cloudy,

overcast and rainy days: as a result the light
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intensity is approximately 40-50 per cent than that in

summer (Anon.,’ 1873; Murthy et al., 1975).

Rawson and Hindmarsh (1983) observed a
significant reduction in total biomass production and
seed yield due to shading and also the harvest index,

whereas the o0il content was incréged by shading.

A field experiment on sunflower was taken in
Australia both in winter and summer with an average
light intensity of 9.5 and 25.5 MJ/day, respectively
(Rawson et al., 1984). The results revealed that all
the growth and yield parameters were superior in summer
compared to winter, the linear rate of leaf area
increased with time was almost twice as fast wunder
;ummer than in winter, the final leaf area index was 5
in summer against 3 in winter and a very high
correlation of total biomass, total seed number and

filled seed number with the total radiation intercepted

between sowing to anthesis.
2.5 Interaction effect of CO, and light on crops

Incident light intensity influences the rate of
C02 fixation in plants, thus the response of crops to
C02 enrichment increases with increase in light
intensity. The net photosynthesis in soybean leaves has

been estimated to be from 8 to 65 mg COz/dmZ/hr with
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light saturation occuring between 20 and 160 K. lux
(Bohning and Burnside, 1956 and Beuerlein and
Pendleton, 1971). The positive interactions were
observed in soybean (Copper and Brun, 1967; Sionit et
al., 1882) and in sunflower (English et al., 1979) as
like in other crops. Generally, CS plagts reach their
peak carbon dioxide assimilation at relatively low
light inteﬁsity when compared to C, plants. The maximum
fixation of CO2 by a single leaf was observed only at
40 to 50 K.lux in soybean, potato and other Cz plants
(Chapman and Loomis, 1953; Burnside and Bohning, 1857
and Mahendra Singh et al., 1874). But the canopy
photosynthesis or the photosynthesis of a C3 crop
community responded upto 90 K. lux (Yoshida, 1872),
indicating that light intensity is the limiting factor

for photosynthesis of crop community of C3 plants also,

hence affecting the productivity.
2.6 Effect of triacontanol application on crops

A number of organic compounds which when
introduced into a piant in relatively small quantiity
induce developmental changes. This has led to the
discovery of plant hormones, .as agents controliling
growth and development, and attempts to modify the
growth of crop plants by applying these compounds in
agriculture and horticul ture, are being done

extensively.
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A long chain alcohol 1-Triacontanol a saturated
straight chain, primary alcoho! with 30 carBon (first
identified by Chibnall et al., 1933) has been shown
experimentlly to increase seedling growth and crop
yield when applied to different crops. It is a

naturally occurring wax component of many plant species

and 1is present in the environment wherever there |is

organic matter. At present, triacontanol would be
considered by most, to be secondary plant growth
substance and not a plant harmone. Literature
pertaining to the effect of triacontanol on

photosynthesis, photorespiration, flowering, growth and
yield and also environmental factors which inhibit the

triacontanol effects are reviewed here.

Ries and Wert (1977) working with alfalfa meal
and chloroform extracts of the meal observed the
increase in growth and yield of several plant species.
A crystalline substance isoiated from the active
fraction of alfalfa meal increased the dry weight and
water uptake of rice seedlings when sprayed on the
foliage or applied in nutrient culture. The substance
was identified as triacontanol by mass spectrometry.

Sprays containing this compound also increased the

growth of corn and barley. The report by Crizaldo et

al. (1979) on Albizia falcataria where 15 days old

seedlings were sprayed weekly with 12 treatments of
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triacontanol (0.05 to 0.60 ppm) for 5 weeks indicated
that 0.10 ppm and 0.15 ppm treatments produced the most
vigorous seedling growth and root development; but
above 0.15 ppm, toxicity symptoms appeared. Ge et al.
(1984) obtained an increase in the total length of the
root system by 62-88 per cent and plant:height by 23

per cent, when the seedlings of Poncirus trifoliate

were cultured 1in distilled water containing 0.3 ppm

triacontanol.

Rao (1885) reported that treatment of 0.5 ppm
triacontanol to rice at booting stage increased heat
resistance and photosynthetic rate of the leaves, while
leaf chlorophyll content was unaffected. Chen et al.
(1982) showed that 0.1 ppm triacontanol treatment to
cotton accelerated photophosgorylation in the
chloroplast and increased storage of ATP, leading to
increased dry matter accumulation in reproductive
organs, while delayed bud shedding and abscission of
young bolls. Debata and Murthy (1981) showed that
foliar spray of triacontanol at 10 ppm, 10 days after
anthesis 1in rice increased the chlorophyl{ content,
retention of green leaf area and mobilization of 14C

photosynthates. Haugstad et al. (1983) observed that

Chlamydomgnas reinhardtii (Cgz species) when cultured in

an aqueous solution containing triacontanol, the
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photorespiration was significantly reduced, whereas the

photosynthesis, was unaffected.

Ries et al., (1978) reported that foliar sprays
of triacontanol ranging from 5 to 500 mg/ha
significantly incresed marketable yield of 7 <crops
tested. However, the seed or soil treatment with
triacontanol did not show any fesponse. In maize -
soybean intercropping, triacontanol (Grinit as trade
name) application increased the grain yield of maize
from 33 to 55 q per ha with one spray and to 57.3 q per
- ha with two sprays. In intercropped soybean also, the
increase in yield was from 3.9 q per ha over to 4.66
and 5.5 q per ha with one and two sprays (Shivashankar,
1886). In another study, Patil and Bangal (1985)
showed application of foliar spray of 0.5 per cent
triacontanol to pigeonpea significantly increased the
number and weight of seeds per plant., Jadhav et l.,
(1987) also observed an increase in yield by 156 per
cent in mustard and 13 per cent in lablab bean by
foliar spray of triacontanol a£ 0.5 ppm concentration.
The higher yield was attributed to increase 1in the
partitioning of assimiliates towards the sink leading to

higher filled fruits per plant and harvest index.

There are many reports also, indicating no

positive effect of triacontanol on growth and yield of
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crops. Steffens and Worley (1980) under green house
conditions did not find any significant increase in
growth of soybean by soaking seeds with or by foliar
spray of triacontanol at 3-5 trifoliate leaf stage.
Similarly, Jourdan and Oplinger (1983) in field trials
observed no response to foliar ;pplication of
triacontanol at early reproductive stage and neither
did soaking the seeds. Bosland et al. (1878) obtained
no positive effect of triacontanol, appplied at 0.01,
1.0 and 10.0 ppm as a foliar spray at 8 to 10 leaf
stage of muskmelons. Bouwkamp and Mc Ardle (1980)
reported that triacontanol applied at 100 ppb to sweet
potato increased per cent dry weight and per cent
nitrogen of leaves soon after treatment but had no
measurable effeét on root yields, root protein or
‘percentage dry matter of the roots. Prasanna (13987)
reported a significant increase in photosynthetic rate
upto 86 to 120 hrs after application of triacontanol in
redgram and sunflower at 10 ppm concentration and in
groundnut at 1 ppm concentration, but did not find any
effect on yield and yield parameters; he further
reported that repeated foliar application at least four
times during the crop growth period may significantly

affect the yield as it was observed in redgram.

The effectivity of triacontanol is affected by

many factors. Ries.gi al (1883) observed that it is a
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more effective plant growth stimulator when formulated
as a <colloidal dispersion than as a suspension in
chloroform and Tween-20 or acétone, napthalene acetic
acid (NAA) and CaCl,. [t is more effective when
applied by low volume sprayers. McKeown (1983) observed
that the pH of the spray of > 8 was most effective when

applied to maize, rice or soybean.

The foregoing reviews on triacontanol shown to
increase photosynthesis, chlorophyll content,
translocation of photosynthates, thus the growth and
yield of crop. Howerver, many have reported no or poor

response of crops to application of triacontanol.
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I1l. MATERIAL AND METHODS

The investigations entitled "Productivity of

sunf lower-soybean intercropping system as influenced

by canopy architecture, CD2 fertilization, tria-
contanol, light enrichment, lime and organic
amendments™” were taken during kharif (August to

November) 1988 and 1989, and summer (January to May
1888 and 1990). The details of the material wused and
techniques adopted during the course of this

investigation are described in this chapter.

3.1 L.ocation
The experiments were conducted at the Main
Research Station, Hebbal, University of Agricultural

Sciences, Bangalore located at 139N latitude, 77937 E
longitude and at an aititude of 899 m above mean sea

level.
3.2 Soil properties

Prior to laying out of the experiments,

composite samples of soil were drawn from a depth of O-

i5 cm and analysed for physico-chemical
characteristics. The values obtained along with the
methods of determination are given in Table 1. Soil of
the experime;tal site was sandy loam, The field

capacity of the soil was 15.5 per cent with a permanent
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wilting point of 6.71 per cent. Bulk density of the
soil was 1.59 and pore space was 51.02 per cent. The pH
(6.7 to 6.9) was almost neutral and the Electric
conductivity (0.2 m mhos/cm at 250C) was normal. The
cation exchange capacity ranging from 7.62 to 768 meq
per 100 g was low. The organic carbon (0.58 to 0.70%),
the available nitrogen (359.50 to 371.60 kg/ha), the
available P,0g (47.6 to 50.02 kg/ha) and available K50
(280.50 to 310.20 kg/ha) contents were medium in all
the experimental sites. On the whole, the fertility

status of these three experﬂgntal sites was medium.

3.3 Climate
The normal as well as actual weather data on
rainfall, maximum and minimum temperature, relative

humidity, evaporation and bright sunshine hours that
prevailed during crop growth period are presented in

Appendix 1 and Fig 3.1, 3.2 and 3.3.
J.3.1 Normal climatic conditions

The normal annual rainfall of Hebbal is 804.8
mm. Premonsoon thunder showers are received right from
the month of April and the rainy season terminates in
November with two peaks, one occurring during the month
of May (105 mm) and the second in September (188 mm).
The maximum temperature ranges from 26.29c to 34.0%

and minimum temperature varying from 13.90C to 21.20C.
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The hottest month i; April and coldest, December. The
relative humidity is lowest in March (.53.1%) and high
from June to November (71.3 to 76.2%). Maximum
evaporation 1is recorded in the months of March and
April while the iowest in November. Maximum daily
bright sunshine hours are recorded ffom January to

April (8.4 to 8.9 hrs).
3.3.2 Climatic conditions during crop growing period

The meteorological data of thev crop growing
period (August to November 18988 and 1889, January to
May of 18838 and 1980) are bresented in Appendix 1 and
depicted in Fig. 3.1, 3.2 and 3.3. The rainfall during
18988 kharif season was heavy and more than the normal
in July (276.9 mm), August (278.3 mm) and September
(442.4 mm) and less than normal in October (69.6 mm)
and November (10 mm) months. Whereas in 1988 kharif,
the July (182.2 mm), September (215.6 mﬁ) and October
(199.8 mm) months received mére than the normal and
other months received less than normal. The daily
rainfall data during the cropping seasons are given in
Appendix 2 and graphically illustrated in Fig. 3.3.
There were 32 rainy days of > 2.5 mm rainfall in 1988

cropping season as against 21 in 1888.

Maximum temperature was almost normal during

1988 and 1989, whereas summer season of 1990 was warmer
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by 0.3 to 1.10C. Minimum temperature was considerably
below normal in October (-0.9) and November (-1.1)
1988) and January 1990 (-1.15), while it was more than
the normal in August 1988 (0.8), March (2.2) and April
(1.4) 1990, and normél in other months.A Open pan
evaporation was by and large normal in all the

seasons. The daily duration of sunshine hours that

prevailed during October and November 1988, and
February, September and November 1989 were above
normal by 0.8 to 1.6 hrs, whereas it was less than

normal in August 1988, January and October 1989 and May

1990 by 0.9 to 1.4 hrs.

3.4 Previous history of the experimental site
Three field experiments were taken in PG
Experimental Block of Main Research Station and each

experiment was repeated once in the succeeding year.

The preceding summer crop was ragi on the experimental

site where experiments-1 and Il were taken in kharif

1988 whereas, on the 'site where Experiment Il was
taken in summer 1989, the earlier crop was cowpea 1in
kharif 1988. And in the period between first and
second years of field investigations, the plots were

left fallow.



3.5 Crops and genotypes

The sunflower hybrid KBSH-1 and Soybean variety

Hardee were used in these investigations.

KBSH-1: The sunflower hybrid matures in 95 to 100 days
and yields 26 and 30 per cent more than the seed and
oil yield of BSH-1, respectively. Plant height is 120-
1560 cm, stem diameter is 1.75-2.25 cm and head diameter
is 15-17 cm. Thousand grain weight is 41.42 g and oil
per cent is 42-44. It yields around 20 g/ha under

irrigated conditions.

Hardee: This variety of soybean was introduced from
USA. It matures in about 100-105 days. Plants are
determinate in .habit, flowers are white, pod pubescence
is grey, seeds are bold, light yellow in colour with
rosy hilum. Thousand seed weight is 167 g; o0il and
portein contents are about 19.5 and 34 per cent,
respectively. Fairly tolerant to bacterial pastules

but susceptible to yellow mosaic virus.

3.6 Details of manures and fertilizers
Urea, super phosphate and muriate of potash
were used as source of N, P and K; respectively.

Chopped paddy straw and maize stover were used as

organic amendments in Experiment [I1.



3.7 Seeds and Seed treatment

Sunflower hybrid KBSH-1 seed was procured from
Al India Co-ordihate Research Project on Sunflower,
GKVK and Soybean variety, Hardee was obtained from Main
Research Station, Hebbal. Soybean seeds were treated

with UAS culture of Rhizobium japonicum.

3.8 Experimental details
3.8.1 Experiment 1[: Performance of sunflower and
soybean in intercropping with varied plant

populations and planting patterns

The field experiment was conducted for two
years with 14 treatments including two pure crops and
12 intercrop combinations from out of three factors.
The treatments were superimposed in the second year in

the same location plotwise.
Treatments:Sole crops

SF = Sunflower pure crop (60 cm x 20 cm) with

83,333 plants per ha (100%).

SB = Soybean pure crop (30 cm x 10 cm) with

3,33,333 plants/ha (100%).

Intercrops: Sunflower-soybean intercropping involved 12

treatments with all possible combinations of three

14



factors viz., population levels of sunflower (A, = 75%

and A, = 100%), population levels of soybean (B; = 50%.

82 = 75% and BS = 100%) and planting patterns of
sunf lower (C1 = uniform rows and C2 = paired rows).
A1B1C1 = Sunflower in uniform rows (80 cm x 20 cm/) with

62,500 plants per ha (75%) and a row of
soybean (1,66,666 plants/ha, 50%, 7.5 cm

between plants) in between the two rows.

AB4Cy = Sunflower in paired rows (105/55 cm x 20 cm)
with 62,500 plants per ha (75%) and two rows
of soybean (1,66,666 plants/ha, 50%, 7.5 cm

between plants) in between the two pairs.

A182C1 = Sunflower in uniform rows (S0 cm x 17.78 cm)
with 62,500 plants per ha (75%) and two rows
of soybean (2,50,000 plants/ha, 75%, 8.89 cm

between plants) in between the two rows.

Alec2 = Sunflower in paired rows (135/45 cm x 17.78
cm) with 62,500 plants per ha (75%) and four

rows of soybean (2,50,000 plants per ha, 75%,

8.89 cm between plants) in between the two

pairs.

AlBSCI = Sunflower in uniform rows (100 cm x 16 cm)
with 62.500 plants per ha (75%) and three rows
of soybean (3,33,33 plants/ha, 100%., S cm

between plants) in between the two rows.

r
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A183C2 = Sunflower in paired rows (150/50 cm x 16 cm)
with 62,500 plants per ha (75%) and five rows
of soybean (3,33,333 plants/ha, 100%, 7.5 cm

between plants) in between the two pairs.

A281C1 = Sunflower in uniform rows (60 cm x 20 cm) with
83,333 plants per ha (100%) and row of soybean
(1,66,666 plants/ha, 50%, 10 cm between plants)

in between the two rows.

AZBch = Sunflower in paired rows (75/45 cm x 20 cm)
with 83,333 plants per ha (100%) and two rows
of soybean (1,66,666 plants/ha, 50%, 10 cm

between plants) in between the two pairs.

AZBZC1 = Sunflower in uniform rows (75 cm x 20 cm) with
83,333 plants per ha (100%) and two rows of
soybean (2,50,000 plants/ha, 75%, 10.66 c¢m

between plants) in between the two rows.

AZBZCZ = Sunflower in paired rows (120/30 cm x 10 cm)
with 83;333 plants per ha (100%) and four rows
of soybean (2,50,00 plants/ha, 75%, 10.8 cm

between the plants) in between the two pairs.

A28301 = Sunflower in uniform rows (90 cm x 13.35 cm)
with 83,333 plants per ha (100%) and three

rows of soybean (3,33,333 plants/ha, 100%,



10 cm between plants) in between the two

rows.

AoB5Co, = Sunflower in paired rows (135/45 cm x 13.35
cm) with 83,333 plants per ha (100%) and five
rows of soybean (3,33,333 plants/ha, 100%,
8.33 cm Dbetween plants) in befween the two

pairs.
Design and layout

The experiment was laid out in RBD design with
three replications. The plan of layout is presented in

Fig. 3.4.
Plot size: 5 m x 3 m

Spacing and plant population: As per the treatment

details.

3.8.2 Experiment 1i: Effect of carbon dioxide

fertilization, light enrichment and
triacontanol sprays in sunf lower-soybean
intercropping

This field experiment was conducted for two
years (kharif 1988 and 1989) with eight treatment
combinations from out of three factors. The
treatments were superimposed in the second year in the

same location plotwise.
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Treatments

T1 : Pure control

T, ¢ COy fertilizatjon

T3 : Light enrichment

T4 : Triacontanol spray

Tg CO2 fertilization+ Light enrichment

T6 : C02 fertilization + Triacontanol spray
T; : Light enrichment + Triacontanol spray

Tg : CO, fertilization + Light enrichment

Triacontanol spréy

In the treatments feceiving CO, enrichment,
iransparent polythene open top chambers were
constructed around each plot of 2.25m x 1.75 m (3.94
m2) size with 1.75 m height (Plates 1 and 2). The
carbon dioxide gas was supplied through an overhead
distribution system of PVC tubes in a closed circuit
from carbon dioxide cylinders fitted with regulators.
Approximately 800 ppm of CO, was maintained in the
chamber during sunshine hours generally from 8.30 AM to
5 PM. The CO; enrichment was made for 60 days bétweén
30 days to 80 days after sowing. CO2 concentration was

measured by using a 002 Analyser (ADC, LCA2-10009).

Light enrichment to respective plots was made

through reflection of sunlight by atuminium sheets
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Plate 1. C02 and light enrichment to sunf lower-
soybean intercrop treatments :

Plate 2. A close view of CO, and light enriched
treatment






measuring 3 m length and 1.25 m width, inclined at 30°

to the vertical plane (Plates 1 and 2). The sheets were
placed at northern side of the plots, since the sun was
inclined towards south of around 230 with respect to
vertical (due to migration of sun towards southern
hemisphere) during August to December months at

Bangalore of 130N latitude (Subbiah Mudaliar, 1979).

Thus, the sheets were angled at approximately 530 to
the sun rays. The sheets were kept parallel to the
crop rows (i.e. in East-west direction). The light

enrichment was done during the same period of CO,
fertilization. The light intensity was measured using
tube solarimeter and it was around 25 per cent higher

in light enriched plots than control.

Triacontanol was sprayed to respective
treatments three times viz, Button stage (40 days
after sowing), at mid flowering (55 days after sowing)
and at mid seed filling (75 days after sowing) stages
of sunflower, which coincided with vegetative, mid
flowering and early pod filling stages, respectively in
soybean. Triacontanol in liquid formulation obtained
in the trade name of 'Grinit’ manufactured by Saklaspur
Organics Pvt. Ltd.., Bangalore was used at 0.05 ppm
concentration. Around 500 | of spray mixture was used

per ha.



Design and Layout

The factorial Experiment with a Randomized
Block Design consisted of eight treatments and three
replications. The plan of layout is presented in Fig.

3.5.
Plot size

Gross plot size: 4 m x 3.70m

Net plot size : 3 m x 2.25 m
Spacing and plant population

Sunflower was grown in uniform rows of 75 cm «x
16 cm with 83,333 plants per<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>