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I. INTRODUCTION

The greatest challenge of the 21st century in many
developing countrics is to producc the basic neccessities food,
fodder, fucl and fibre for human consumption and rearing of
domestic animals from the limited available land. Nearly 90 per
cent of food requirements will have to come from land based
farming. But the availability of land for agriculture is
shrinking evecry day as it is occupied for non-agricultural
purpose. Under this situation, the additional food production
would become possible through intensive cropping programme.
Intensive farming which makes grcater demands for plant
nutrients and soil fertility should be maintained at a
rcasonably high lecvel to sustain farming as a profitable
endeavour. This would be possible only through judicious use
of organic manures along with reduced level of chemical

fertilizers.

At present situation with intensive farming involving
promising hybrids and varictics, dcmands [for chcmical
fertilizers has been increased. Due to energy crisis, prohibitive
costs of fertilizers and poor purchasing powcr of marginal and
small farmers, it is very difficult to meet the demand of plant
nutricnts through chemical fertilizers alonc. It is also fclt that
there is deg'radation in soil physical and chemical properties
with continuous use of chemical fertilizers and intensive

cultivation. Use of organic manures along with optimum rate of



fertilizer application is ecssential under rainfed agriculture for
sustaincd production. Addition of nutricnts in the form of
fertilizer will accelerate the decomposition rate of organic
sources. Response of crop to plant nutrients like nitrogen,
phosphorus and potassium can be incrcased by the application
ol organic sources along with chcemical fertilizer and thus the

yields of crops are improved (Hegde, §998).

In India next to food grains, oilseceds and pulses are
considered as major agricultural crops. India stands first in
the world in arca and production of both oilsceds and pulses.
Annually, we need 38 kg and 20 kg of pulses and edible oil
respectively on per capita consumption, but at present, we are
able to supply only 14 and 6.5 kg pulses and edible oil per
capita pcr annum. In order to alleviatec the shortage, India is
importing cdible oil every year. The shortage of pulses and
oilseeds has aggravated the problem of malnutrition. Thus,
there is an urgent need to increase the production of both
oilsccds and pulscs to mcect the rcquircments by manipulating
the production practices appropriately. The production of
oilsceds and pulses can be increased mainly through two ways,
that is (1) by increasing arca under these crops and (2) by
incrcasing thce production per unit arca (lHlegde and Kiresur,

1999).

The first one can be achicved only by substituting area
under food crops by oilseeds and pulse crops as the total area

available is gencrally constant. But the area under oilseeds



and pulses does not seem to expand as there is equally
ubiquitous demand for other crops and commodities. The
solution therefore, lies in the second option, that is in boosting
the productivity of these crops in the existing area. The area
increase per se can be achieved without affecting the food
production through many ways and intercropping or mixed

cropping is the most important among them.

The main concept of intercropping is to get increased
total productivity per wunit land area and time and also
judicious and equitable utilisation of land resources and
farming inputs including labour, not to mention of insurance
against failure of one or other crops. One of the main recasons
for intercropping advantage is that, in intercropping,
component crops are able to use growth resources differently,
so that when grown together, they complement each other and
make better use of growth resources than when grown
separately (Willey, 1979). A careful selection of crops can
reduce mutual competition to a considerable extent. The classic
examplc of temporal cffect is when fast growing carly maturing
crop is grown with a slow growing, latc maturing one. The
demands of the two crops complement cach other in time.
Spatial effects can also be important. The growth rhythm,
duration and capacity to photosynthesize at low light
intensities are some of the important considerations in selection
of componcnt crops. As such, in intercropping system,
combined lcal canopy may makec bcetter usc of nutricnts and

water (Virupakshappa and Kircsur, 1997).
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Among the seven oilseed crops grown in Karnataka,
sunflower occupies the second place in area and production next
only to groundnut. In Karnataka, sunflower is grown over an area
of 11.08 lakh ha with a production of 4.12 Jlakh tonnes (Hegde and
Kiresur, 1999). In transitional tract sunflower is grown as entire
crop in kharif season under rainfed condition.- In transitional tract,
the rainfall of about 800 mm is well distributed during both kharif
and rabi season and there is no dirth of moisture for Crop covering
from June to October - November . Hence, there is a possibility of
taking a compatible intercrop with diversity in growth habit and
duration. Pigeonpea occupying maximum area under pulses in
Karnataka (4.95 lakh ha) is one of such crops. Sunflower and
pigeonpea are the plants of contrasting growth habits both
morphologically and physiologically .  Pigeonpea is being long
duration and dccp rooted crop fits well between short duration and
shallow rooted crops like sunflower . Besides, growth of pigeonpea
is very slow in the early stages of growth, during which the more
rapidly growing intercrops dominates and utilize the early resources
efficiently . Pigeonpea picks-up growth is increased with profuse
branching only after the harvest of associated short duration
intercrops and yields substantial quantity of seeds. Marginal and
small farmers cannot afford to invest more on fertilizers due to high
tertilizer cost. Hence, there is a need to develop low cost input
technology to get higher production from intensive cropping apart

from maintaining soil fertility .
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In view of the cxisting situation, the present

investigation was carriecd out at Agricultural Collcge Farm,

Dharwad during kharif season of 1998-99 with the following

objcclives.

1.

To study the effects of organic manures and inorganic
fertilizers on growth and yield of sunflower and pigeonpea

crops.

To know the ecffect of organic manures and intercrops on

soil fertility and

To determine a suitable combination of organic and
inorganic nutrient management for sunflower - pigeonpea

intercropping systcm.

e



REVIEW OF LITERATURE



1. REVIEW OF LITERATURE

It is imperative to make use of the organics along with
inorganic manurcs to maintain soil fertility and get sustained
yields. The review of literature pertaining to intercropping
systems, the effect of organic and inorganic sources of
nutrient on growth and yield components, yield, change in soil
physical and chemical properties and economics are presented

in this chapter.
2.1 Intercropping systems

Intercropping is an age old practice of growing
simultaneously two or more crops in the same piece of land.
Intercropping has been a regular practice followed by farmers
of India, Africa, Sri-Lanka and West Indies (Ayyangar and
Ayyer, 1942). Intcrcropping is mainly practiced to cover the
risk of failure of one of the component crops due to vagaries
of wcathcr or pcst and discasc incidence (Ayyangar and Ayyecer,

1942 and Singh and Katyal, 1966).

Intercropping may also lead to increase in production
per unit area per unit time without affecting the production of
main crop Lo a grecat cxtent. When legumes arc uscd as
intercrops, they provide beneficial cffcct on soil fertility by
fixing atmospheric nitrogen. Best utilisation of nutrients,

moisture, space and solar cnergy can be derived through



mixcd/ intcrcropping system of cultivation (Ayycr, 1963; Donald,

1963 and I‘rancis and llcichel, 1973).

Yield advantages in intercropping system is mainly
because of differential usc of growth resources by the
component crops. The main way for complimentarity to occur is
when the growth pattern of component crops differ in time.
The yield advantages in intercropping system are associated
with a fuller usc of environmental resources over time (Willey

et al., 1986).

Pujari et al (1996) reported that pigeonpea was
intercropped with maize, sunflower, [ibiscus cannabinus,
sesame and blackgram in a 1:2 or 1:3 row proportion and found
that pigeonpea yiclds were higher in a 1:2 row proportion.

2.2 Crop competition and biological basis for
intercropping advantages

2.2.1 Resource use

Donald (1963) opined that intercropping system involves
growing togcther two or morc crop specics with the assumption
that they could exploit the environmental resources better than
one Crop. If the two specics grown togcther are mutually
beneficial then there is a co-opcration. On the contrary,
compctition rcsults when they tend to be mutually harmful and
this competition is mainly for water, light and nutrients. The

rclationships for co-opcration and competition are density



decpendent. At low densitics therc is a co-opceration and finally

active competition comes into play as the density increases.

Willey and Natarajan (1978) observed that, component
crops in a sorghum/ pigeonpea intercropping system are in
some way able to usc resources rather differcently, so that,
when grown together they complement cecach other and make

better use of resources than when grown separately.
2.2.2 Spatial complementarity

In addition to temporal complecmentarity between
component crops, spatial complementarity may also be possible.
It is often suggested that a combined lcaf canopy may make
better spatial use of light or a combined root system may make

better spatial use of nutrients and water in general.
2.2.2.1 Light interception

Willey and Roberts (1976) emphasised that, light was the
most important factor when better temporal use of resources
was achicved duc to the better distribution of lcaf arca over
time. Yield advantage of more than 20 per cent was achieved in
sunflower and radish intercropping but peak light interception
values werce not higher than thosc of the sole crops (Lakhani,

1976).

At ICRISAT, measurement of light interception showed

that intercropping did not intercept more light energy than



sole cropping, but this cnergy was mare efficiently converted

into dry matter (Reddy et al, 1980).

Shinde ¢t al (1996) rcported that, sunflower and
groundnut intercropping system harvested morc LUE than the

sole groundnut crop.

At Punec, mean Intercepted PAR was highest in sole
sunflower and lowest in sole pigeonpea upto around 80 days
after sowing. After sunflower harvest, sole pigeonpea
intercepted morc PAR  than the inter-cropping trcatments

(Lakudzode et al., 1998).
2.2.2.2 Nutrients and water

Competition presumably may occur for any nutrient
added for plant growth. In a situation where there is finite
supply of readily available nutrient, the competitive success of
any plant is governed by number of individuals drawing on
the supply and by the relative rates at which they taken up
the nutrients. An alternate situation 1is one in which a
nutricnt is prescnt in a range of physical and chcemical forms
and the competitive ability of different species may be
determined by their capacity to make usc of the forms (Donald,

1963).

Slatyer (1955) reported that, the success of any species
in competition for water will depend on the rate and

competitiveness with which it can make use of soil moisture
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supply. Better water usc was probably a common causc of
yield advantages in secmi-arid tropical arca because this was

basically thc most limiting rcsource (Buker and Norman, 1975).
2.3 Economic returns

Economic returns obtained from the systems viz.,
intercropping or sole cropping depends mainly on the
component crops, their yield and the price prevailing during

the pcriod when the study was undertaken.

Singh and Singh (1977) rcported that, intercropping of
sunflower and cowpea gave the highest additional monetary
returns (Rs. 703/ha) followed by sunflower + greengram (Rs.

489/ha) and sunflower + groundnut (Rs. 473/ha) intercropping.

Umrant ct al (1987) rcaliscd thce highest monetary
returns (Rs. 9,270/ha) under intcrcropping of sunflower and
pigeonpea in 2:1 row proportion at 45 cm when compared to

other intcrcropping trcatments.

Intercropping of pigeonpca and sunflower in 2:1 row
proportion with 67:33 per cent rccommended plant populations
of pigeonpea and sunflower recorded the highest additional net
incomec (Rs. 2210/ha) over sole crop of sunflower and Rs. 873

pcr ha over solc crop of pigeonpea (Birvadar ct al, 1988).

Subbareddy and Venkateshwaralu (1988) found that,
intercropping of sunflower and pigeonpea in 2:1 row proportion

gave the highest gross returns (Rs. 5308/ha) when compared to
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othcer trcatment combinations and sole crops of sunflower and

pigeonpeca.

Intercropping of pigeonpea and sunflower in 1:1 row
proportion with 45 x 20 cm spacing recorded highest B:C ratio
at Bangalorc and Hiriyur and intercropping of sunflower +
pigeonpca in l:1 row at 45 x 20 cm spacing registecred higher "
LTR of 1.37 and 1.67 at Bangalore and Hiriyur, respectively‘
followed by intercropping at 30 x 20 c¢cm in 1:1 row proportions

(Balakrishna et al, 1994).

Kulmi (1996) reported that, intercropping of wheat and
sunflower in 4:1 row ratio was more productive and
remunerative, which recorded 9.1 per cent higher wheat-
equivalent yicld, 9.0 per cent higher productive cfficiency, 11.8
per cent higher net returns, 51.3 per cent higher net
returns/Re. investment with the higher monetary advantage
and the highest land equivalent ratio than the other treatment
combinations.

2.4 Combined use of organic and inorganic sources
of nutrients on growth and yield

Intensive agriculture with very high nutrient turnover
in soil plant system coupled with low and imbalanced fertilizer
use results in deterioration of native soil fertility and poses a
scrious thrcat to long tecrm sustainabiliiy of crop production.
Long term studies in many cropping systems have clearly
indicated that necither chemical fertilizers nor organic sources

of nutrient could sustain high productivity of intensive
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cropping systems. Ncvertheless, intcgrated usc of fertilizers
and organic sources has helped in maintaining yield stability
through corrcction of marginal deficicncies of secondary and
micronutrients, enhancing the efficiency of applied nutrients

and providing favourable soil physical environment.

Satyanarayana Rao (1987) studied at Bijapur
(Karnataka), he did not find any significant difference in plant
height of sunflower due to combined use of organic and
inorganic source of nutrients. Similar results were reported
by Bellakki (1991) and Patel et al (1992). Niranjan and Arya
(1992) studied an effect of organic and inorganic sources on
groundnut yicld at lJhansi, during kharif and rabi in sandy
loam soil, reported that 100 per cent RDF significantly
incrcascd thc plant hcight followed by 50 pcer cent RDE plus

six per cent FYM/ha.

Goudreddy et al (1989) recorded application of farm
yard manure at the rate of 5 t/ha increased the grain number
per ear, grain weight per ear, 1000 grain wecight of rabi
sorghum on mecdium black soils of Dharwad. Patel ct al. (1992)
did not find significant difference in panical length, spikelet
pcr car, grain pcr panicle, 1000-grain weight of whcat, duc to
usc of inorganic fertilizer alonc or incombination with organic
fertilizer in loamy sand soil of Sardar Krishinagar during
winter season. Incorporation of wider C:N ratio materials with
inorganic fertilizers were found beneficial over inorganic

fertilizer application alone. Lakshminarasimhan et al (1973)
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observed 28 per cent increasce in rainfed maize grain yield over

that of NPK fertilizer alone.

Verma et al (1981) in rainfed conditions of Rajasthan
on clay loam soil noticed the significant increase in grain and
stalk yield of sorghum in sorghum - pigeonpea intercropping /
system with RDIY (1856, 3854 kg/ha) over 5 t/ha FYM application
(549, 2263 kg/ha). Further, they noticed no significant

differences in yield of FYM plus RDF over RDF alone.

Helkaih et al (1981) worked at Coimbatore reported
that, combined application of organic sources with inorganic
fertilizers increased the grain and stover yield of sorghum
significantly over control or inorganic fertilizer alone. Singh
and Brar (1985) studicd the cffect of organic manurcs and
nitrogen on grain yicld in a maize-wheat rotation on loamy
sand at Ludhiana and obtained significantly increased grain
yield with the incorporation of 20 tonnes per hectare of cowpea
as a green manure (35 q/ha) over FYM application of 2d
tonnes/ha (30.2 g/ha). However, the yield obtained with
cowpca as a grcen manurc was cqual to that obtained at 120 kg

N per ha fertilizer application (32.7 gq/ha).

Sharma ect al (1988) conducted experiment on alluvial
soil of Jalandhar with [FYM and grcen manurc dhiancha and
rcportecd that thesce treatments incrcasced yicld of potato tubers
by 55 and 51 q/ha in the absence of nitrogen, which was
equivalent to 38 and 35 kg N/ha. Both organic manures

increased thc wheat yicld. The increase in whecat yield was
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cquivalent to residual cffect of 80 kg N/ha of fertilizer appliced

to polato.

Results obtained with organic and inorganic source of
nutricnts in vertisols of Bijapur (Karnataka) under dryland
condition showed that application of 50 per cent organic source
plus 50 per cent inorganic source helped not only increase the
yield of sorghum and safflower but also improved the soil

physical and chemical properties (Anon., 1989).

Goudreddy et al (1989) studied the rcsponse of rabi
sorghum to nitrogen and farmyard manure on a medium black
soil at Dharwad and found that application of 60 and 120 kg
N/ha produced the higher grain yield of 57 gq/ha (32.80%) and
64 q/ha (48.70%) respectively compared to no nitrogen
application (44 q/ha). Application of FYM at 5 t/ha
significantly incrcased the grain yield. The increase in yield
due to FYM application was to the tune of 9.8 per cent over

control.

Minhas and Anilsood (1994), the field study conducted
on acid alfisol at Palampur, noticed, significant increasec in crop
yields of potato and maize with the incrcase in farmyard
manurc application along with the chemical fertilizers. Reddy
et al (1996) reported that in a intercropping system of
sunflower and groundnut, sunflower yiclds deccrcascd by

decreasing the NPK rates to the sunflower crop.
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To assess the fecasibility of wuniform planting of
pigeonpea intercropped with greengram, under varying levels
of fertility at Bijapur (Karnataka), recommended fertilization (30
kg N/ha + 60 kg P,Os/ha for pigconpeca and 20 kg N/ha + 40
kg P,O5/ha for greengram) scperately drilled gave higher
grain yicld (15.44 q/ha pigconpca + 8.30 gq/ha grcengram) than
either solc pigeonpea (16.84 q/ha) or greengram (8.92 g/ha) or
rest of the intercropping treatments followed (Rajput et al.,

1995).

Gupta and Rathore (1995) reported from Arjia
(Rajasthan) that, application of full recommended dose of
fertilizer to both the component crops in pigeonpea + sesame
intercropping system  significantly increased the growth
attributes (plant height and dry matter production/plant), yield
attributes (number of pods/plant, number of seeds/plant and
seed yield/plant) seed and stover yields of both the component
crops and number of branches/plant and 1000 seed weight of
pigeonpea (main crop) over all other lower doses of fertilizer

applicd.

Singh and Jagadev Singh (1998) opined that, application
of farmyard manurc (FYM) @ five and ten tonnes per ha
significantly increased the growth, yield attributes and yield of
sunflower over no I'YM and Azotobactor inoculation. ‘There was
10 and 16 per cent yield increase with five and ten tonnes per
ha of FYM respectively over no FYM. Increasing levels of N

and P significantly increased plant hcight, yicld attributes and

[ wany, |
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sccd yicld upto 80 kg N and 40 kg P70s5/ha and lcal arca, dry
matter and stalk yicld upto 120 kg N and 60 kg P,05/ha
increase in seed yield over the control was 36.7 and 58.7 per

cent with 40 and 20 kg and 80 and 40 kg N and P,0O5/ha

respectively.

Ujjinaiah ct al. (1994) rcported that, application of
organic manure exhibited a significant influence on the
sunflower yield with increase in the dose of FYM there was a
significant increase in the yield of sunflower crop upto 10
tonncs FYM per ha; beyond which the cnhancement was not
discernible. The response could be attributed to the enhanced
growth intcrms of plant height, stem diamcter which reflected
in substantial increase in head diameter. The 100 seed weight
and oil content wcre not significantly altered by the different
doses of FYM.

2.5 Influence of organic and inorganic sources on
soil properties

Use of organic sources as a source of plant nutrient is
csscntial to supply balanced nutrients to the plants and rcturn
at least a part of the nutrients drawn from the soil. Due to
prohibitive costs of fertilizers, the organic sources play an
important role in increasing the crop yield and improving soil
physical propcrtics. Differcnt kinds of matcrials such as FYM,
vermicompost, poultry manure and crop residues are used to
substitutc part of fertilizers in order to increasc and sustain

the yiclds of crops.



B .k Soil physical properties

The physical properties of soils are more important in
determining how best soils can be used. They range from
propertics that dctermine a soils suitability for the production

of different crop plants.

It is well known fact that organic materials which are
more resistant to decomposition have a more long- lasting
effect on soil aggregation (Martin and Waksman, 1940). Kanwar
and Prihar (1962a) noticed the benelicial cffcet on  the
formation of large size aggregates in silt loam soils, when
fertilizers supplied in balanced proportion, singly or in

combination with organic manures.

Havanagi and Mann (1970) obscrved more number of
waterstable aggrcgates with the incorporation of grcen manurc
(sunhemp) and farmyard manure over control in black soil at
IARI, New Delhi. Subramanian et al. (1975) on sandy loam soil
at Coimbatore, under irrigated condition noticed significant
cffect on formation of soil aggregates by merc incorporation of

maizce stalks and farmyard manure than fertilizer alonc.

Incorporation of organic sources, dccrease the bulk
density, increase the water holding capacity and air porosity

which found to improve soil-water rclationship.

Biswas et al. (1964) in an alluvial sandy loam soil at

Bhubaneshwar noticed highest bulk density in plots where
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chemical fertilizer applied alone.  Wherein the plots recciving
organic matter in the form of farmyard manure, rapesced cake
and grecn manurc in combination with supcrphosphate were

having lower bulk density.

Ganal and Singh (1988) observed significant decrease in
bulk density with farmyard manurc application over control.
Badanur et al (1990) noticed significant reduction in bulk
density in vertisols when sorghum and safflower crop residucs
were incorporated into the soil at the rate of 5 t/ha. Sarkar
and Rathod (1992) rcported that bulk density valuc decreased
by 1.42 per cent due to incorporation of crop residue over

control.

Havanagi and Mann (1970) reported that no appreciable
variation in thc maximum water holding capacity duc to
incorporation of grcen manure or farmyard manure over
control. Lavti (1990) observed the higher percentage of water
holding capacity in Alfisols of Udaipur due to incorporation of
organic matcrials, like farmyard manure, rice straw, groundnut
shell, whecat straw over control. Aziz Quercshi (1991) noticed
maximum walcr holding capacity of soil with redgram

incorporated in black soils.

Sharma et al. (1987) also noticed incrcased cumulative
infiltration of water, when farmyard manurc and plant residues
incorporated into soils. The highest cumulative infiltration of

water recorded with farmyard manurc treated plot (Ganal and

Singh, 1988).

4
|
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2.5.2 Chemical properties

Incorporation of organic sources, profoundly influences
many chcmical properties of soil. Soil reaction is one of the

important factors influencing the nutrient availability.

Singh and Singh (1974) observed reduction in soil pH
with the incorporation of sunhemp and farmyard manure when
compared to control. Pandey ct al (1985) rcported decrease in
pH with incorporation of organic residues over fertilizer

application in sandy loam soil.

Sureshlal and Mathur (1988) studied the effect of long
term manuring and fertilization on physico-chemical properties
of acidic red loam at Ranchi. They noticed incrcasc in soil phH

due to combined application of mapures and fertilizers.

Bharambe ct al (1990) noticed rcduced plHl when paddy straw,: ,,h

saw dust and farmyard manure incorporated in the soil.

Das ¢t al (1991) recported that addition of manures
(farmyard manure, poultry manurc and pig manurc) increased
the pH of soil at 12 days of incubation and declined thereafter.
The reduction of pH was much pronounced in casc of low
organic mattcr status soil trcated with higher dosc of cither
poultry manurc or pig manurc at 36 days of incubation in acid

alfisols.

Patiram and Singh (1993) noticed increased soil pH of

acid soils, duc to continuous application of manure. More

e
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(1994) obscrved that application of farmyard manurc, whecat
straw and dried biogas slurry decreased the pH of sodic

vertisols at Parbhani.

Organic carbon content of soil changed rapidly with
addition of crop residues or organic manures Immobilization
and mineralization of nutrients are two important processes i
that take place simulteneously in the soil on addition ’of:
organic rcsidues. Kanwar and Prihar (1962b) observed that
both organic manure and fertilizer application had increased
organic carbon content of the soil. lHelkaih et al (1981) found
that application of compost significantly increased (0.49%)

organic carbon over control (0.32%) in black soils.

Sharma et al (1984) in sandy loam soils at Ludhiana
observed decline in organic carbon from 0.25 to 0.19 per cent
after 10 years in control plot with maize - wheat scquence
irrespective of phosphorus and potassium application. Organic
carbon was significantly higher in plot where farmyard manure

was applicd.

Singh and Brar (1985) at Ludhiana noticed significant
increase in organic carbon percentage after four years of
farmyard manurc and grcen manurc application. Sharma ct al
(1987) found that application of farmyard manurec during both
the crop scasons significantly incrcascd, thce organic carbon
content of the soil over control. There had been a build up of
organic carbon from the initial value with the application of

organic wastes (Srivastav et al, 1988 and Singh and Brar,
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1985) noticed significant increase in the available nitrogen
content of the soils after four years of farmyard manure and

green manure application.

Chellamuthu ef al. (1988) at Coimbatore observed that
the total nitrogen increased by the increased application of

nitrogen either as farmyard manure or as ammonium sulphate.

Udayasoorian et al. (1989) studied continuous addition
of organic matter on chemical properties of alfisols. They found
that addition of farmyard manure @ 25 t/ha per crop increased

all the fractions of nitrogen in both surface and subsurface soils.

Somani and Sexana (1975) on clay loam soils observed
the increased phosphorus with wheat crop residue and farmyard
manure, while inorganic fertilizers were alone decreased when
compared with initial content. Satyanarayana Rao (1987)
recorded increase in available phosphorus content of the soil at
the harvest due to incorporation of subabul, farm yard manure
and recommended dose of fertilizer when compared with control
in black soils of Bijapur (Karnataka). Bhriguvanshi  (1988)
reported that continuous  application of farmyard manure

increased the available phosphorus content.

Das et al. (1991) found increase in available phosphorus
status of alfisol with application of organic manure after 12 days
of incubation, which drastically decreased afterwards. Patiram

and Singh (1993) noticed that continuous application  of
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farmyard manure increased the available phosphorus content of

the soil.

Pandey ef al. (1985) reported that application of fly ash
considerably improved the available potassium status of the
sandy loam soil at Kanpur , during kharif season. Chellamuthu
et al. (1988) noticed increased available potassium status of soil

when farmyard manure was incorporated in to the soil.

Lavanya and Manickam (1991) reported that 100 per
cent NPK fertilizer along with organic materials resulted in
higher availability of potassium. More (1994) noticed higher
amount of available potassium where farmyard manure, wheat
straw, press mud and biogas slurry incorporated into the sodic

vertisols at Parbhani.

Somalkar e al. (1997) noticed that addition of 18.5
tonnes farmyard manure per ha once in two years along with 50
kg nitrogen per hectare to cotton and 50 kg nitrogen and 25 kg
potassium per ha to sorghum has been found to favourably
influence the available nitrogen, phosphorus and potassium
content of the soil in cotton-sorghum  rotation in vertisols at

Nagpur .

Jagadev Singh et al. (1998) reported from Hisar, that
application of farmyard manure 10 t/ha significantly improved
the nitrogen and phosphorus contents in seed and stalk of
sunflower in both the years (1992-93) and potassium content in

the second year only.
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I11. MATERIAL AND METHODS

A field experiment was conducted at Main Research
Station, Dharwad (Karnataka) in vertisols during kharif season
of 1998-99, to study the effect of integrated nutrient
management in sunflower - pigconpea intercropping system.
The material used and techniques adopted during the course of

investigation arc described in this chapter.
3.1 Experimental site

The experiment was conducted at the Agricultural
College Farm, Dharwad, in Plot No. 152 of "F" block during
kharif season, 1998-99.

3.2 Soil and its characteristics

The experiment was laid out in vertisol. A composite
soil sample was collected from 0 to 30 cm depth in experimental
plot before sowing and analysed for physical and chemical
characteristics. The results of soil analysis along with

mcthods lollowed arc furnished in Table 1.
3.3 Climatic conditions

The Agricultural College Farm, Dharwad is situatcd in
the transitional tract of Karnataka stptc on 15726 N latitude,
75°07° E longitude and has an altitude of 678 meters above the
mean sea level. The Agricultural College Farm is situated in

the central transitional tract of Karnataka state and receives a



Table 1. Physical and chemical characteristics of the soil

in the experimental site
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Particulars Values obtained

Method adopted

I. Physical properties

i. Mechanical analysis

Coarse sand (%)
Fine sand (%)
Silt (%)

Clay (%)

ii. B.D. (g/cc)

I1. Chemical properties

Organic carbon (%)

Soil pH (1:2.5)

Electrical
conductivity (dS/m)

Available
nitrogen (kg/ha)

Available
phosphorus (kg/ha)

Available
potassiun (kg/ha)

14.

29.

51.

150,

29.

312.

.46

12

20

22

.35

.61

.70

.28

50

16

80

International Pippette
Method (Piper, 1966)

Core Sampler method
{Dastane, 1961)

Walkley's and Black's method
(Jackson, 1967)

Jackson, 1967

Electrical conductivity
bridge

Subbaiah and Asija (1956)
Olson's Method (Jackson,
1967)

Jackson, 1967
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fairly well distributed mean annual rainfall of 790.2 mm.> April
and May are the months of maximum temperature ranging from
35.8°C to 38.3°C . December and January are the months of
minimum temperature ranging from 27.5°C to 30.5°C . The
relative humidity fluctuates between 58 to 93 per cent. The
meteorological data for the year 1998-99 and the mean of 48
years recorded at the meteorological observatory , Agricultural

College Farm, Dharwad, are presented in Table 2.

The rainfall during the cropping period (July 1998 to
January 1999) of the experiment was 486.6 mm which was higher
than the average rainfall for the past 40 years. The maximum and
minimum temperature during the cropping period were 30.17°C
and 27.05°C in the month of October 1998 and July 1998
respectively . The distribution of rainfall, maximum and minimum

temperature in different months are shown in Fig. 1.
3.4 Previous crop in the experimental plot

General crop of maize was taken during kharif season of

1997-98 and kept fallow during rabi season.

3.5 Experimental details

3.5.1 Design and layout

The field experiment was laid out in a randomised block
design (Factorial) with 15 treatment combinations comprising
three organic sources and five fertilizer levels and replicated

three times. The plan of layout of the experiment is given In
Fig. 2.
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Fig. 1 Monthly meteorological data for the year 1998 and the average of 48 years

(1950-97) recorded at the meteorological observatory of the Agricultural
College Farm, Dharwad
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Fig. 2. PLAN OF LAYOUT
Treatments

I. Organic sources

i. FYM @ 7.5 t/ha
ii. Vermicompost @ 4.7 t/ha
iii. Poultry manure @ 2.7 t/ha

II. Fertilizer levels

i. 100% RDF for both sunflower and pigeonpea crops

ii. 100% RDF for sunflower and 75% RDF for piggonpea
ijii. 100% RDF for sunflower and 50% RDF for pigeonpea
iv. 100% RDF for sunflower and 25% RDF for pigeonpea
v. 100% RDF for sunflower and No RDF for pigeonpea

* RDF = Recommended dose of fertilizers



3.5.2 Trcatments
I. Organic manures

i) FYM @ 7.5 tonnes/ha
it} Vermicompost @ 4.7 tonnes/ha

iii) Poultry manure @ 2.7 tonnes/ha
II. Inorganic fertilizers

i) 100% RDF for both sunflower and pigeanpea crops

ii) 100% RDF for sunflower and 75% RDF for pigeonpea
iii) 100% RDF for sunflower and 50% RDF for pigeonpea
iv) 100% RDF for sunflower and 25% RDF for pigeonpea
v) 100% RDF for sunflower and No RDF for pigeonpea

3.5.3 Plot size

Gross plot = 4.8 m x 4.2 m
Net plot = 3.6 m x3.0 m

3.6 Incorporation of organic manures

The organic sources used in the investigation were
farmyard manure, vermicompost and poultry manure. They
. were incorporated in to the soil at 10 - 15 cm depth a week prior

to sowing.
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3.7 Crops and genotypes
The cultivars used in the experiment were KBSH-1 of
sunflower and S-1 of pigeonpea with row proportion 2:1
(SF:PP) and spacing followed is 60 cm x 30 cm.

3.8 Cultural operations

3.8.1 Land preparation

Land was ploughed with wodden plough after the receipt
of pre monsoon showers. Soil was brought to a fine tilth by

harrowing two times. Plots werc laid out as per the plan
(Fig. 2).

3.8.2 Application  of fertilizer

In intercropping treatments fertiljzers were applied based
on plant population. The recommended doses for sunflower and
pigeonpea were 35:50:35 and 25:50:0 N, P,0,, K,O kg per ha
respectively . The sources of fertilizer for nitrogen, phosphorus
and potassium were in the form of urea, single super phosphate
and muriate of potash respectively . Pertilizer was applied at
five cm away from seed line to a depth of five centimeters at the

time of sowing.
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Treatments irertilizers N:P504:K50
(kg/ha)
SF pPp
i. 100% RDF for both SF and PP 35:50:35 25:50:0
ii. 100% RDF for SF and 75% RDF for PP 35:50:35 18.50:37.50:0
iii. 100% RDF for SF and 50% RDF for PP 35:50:35 12.50:25:0
iv. 100% RDF for SF and 25% RDF for PP 35:50:35 6.25:12.50:0
v. 100% RDF for SF and No RDF for PP 35:50:35 0:0:0

3.8.3 Seeds and sowing

Bold and healthy seeds of sunflower and pigeonpea
were sclected and trecated with ceresan at the rate of two
grams per kg of sced. Sunflower and pigconpea were sown on
sixth July 1998 by providing required inter and intra row
spacing (60 cm x 30 cm). At each spat two seeds were dibbled
in sunflowcr and pigconpca. After 15 days, sccdlings werc

thinned out to maintain only one plant per hill.
3.8.4 After care

To kcecp the crop frec of wceceds, two hocings and two
hand weedings were carried out. Even-though, there were no
disease and pcst incidence in the carly stage of crop as a
preventive measurc, monocrotophos spray was given at 30 days
altcr sowing. Pigconpca crop was drenched with cndosulphon
at the rate of 36 ml in 18 liters of water to prevent stem gall
weevil at 45 days after sowing. Pigeonpea crop was sprayed

with monocrotophos at the rate of 15 ml in 36 liters of water
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and Bavistin along with Dithane-M-45 a1 90, 100 and 125 days
aftcr sowing to control the pod borey and powdery mildew

disease.
3.8.5 Harvesting and threshing

Sunflower was harvested on 26th October 1998. The
crop maturity was judged when the back of the capitulam
turned to lemon yellow colour. The heads from the net plot
were cut at their base and sun dried. The seeds were
scparatced by hand threshing. The produce was clcaned and
seed yield per net plot was recorded after complete drying.
The stalk yield from cach nect plot was recorded after sun

drying.

Pigconpca was harvested on 29th January 1999. The
plants were cut at the base close to the ground level. The
plants were heaped and left for drying. The dried plants were
threshed with a bamboo stick to separate the seeds from pods.
After threshing, the produce was wjnnowed, cleaned and
weighed. Thce stalk weight from cach net plot was rccorded

after sundrying.

3.9 Collection of experimental data

3.9.1 Sunflower growth components

For recording various biomectric observations five plants
were selected at random from each nect plot and observations

were recorded at 30, 60, 90 days after sowing and at harvest.
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3.9.2 Plant height (cm)

The height of five plants was mcasurcd from the basc
of the plant to the growing tip of the plant at 30 days after
sowing and to the capitulam at 60, 90 days after sowing and at

harvest. The mean plant height (cm) was computed.
3.9.3 Number of green leaves per plant

Total number of fully opened green leaves present in
each of the five plants were counted and their mean was taken

as thc number of lecaves per plant.

3.9.4 Leaf area per plant

Length and breadth of all fully opened green leaves
per plant were measured (cm). Leaf lepgth was measured from
the base to the tip of the lamina and byreadth was taken at the
widest point of the lamina. From this mean length and breadth
of leaf were worked out. The leaf ares was calculated as per

the formula given by Schneiter, 1978.

LA = {(I. x W) x 0.6683) - 2.45
Where, LA = Leaf area in dm?
= Length of leaf in cm

L
W = Breadth of leaf in cm

The number of lcaves per plant was multiplicd by LA to

get leaf area per plant.
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3.9.5 Dry matter production and accumulation in
different  parts
The randomly selected three plants were partitioned into
different plant parts namely , stem, leaves, petiole and capitulam
and oven dried at 70°C to constant weight. The sum of the dry
weights of all the plant parts was taken as the dry matter
production per plant.

3.9.6 Sunflower yield and yield components

At the time of harvesting, five plants were selected

randomly for recording yield and yield components.
3.9.6.1 Diameter of the head

The distance between the two diagonally opposite edges
of the head was recorded as head diameter (cm) from five
randomly selected plants from each net plot. Mean of five

plants was taken as diameter of the head.
3.9.6.2 Number of seeds per head

The seeds obtained from each head of five sample plants
were cleaned and counted. From this mean pumber of seeds per

head was calculated.
3.9.63 Seed yield per plant

The seeds from the heads of five randomly selected

plants were separated and the seed yield was recorded. The
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mean weight of seed of the five heads was taken as the seed

yield per plant.
3.9.6.4 1000-seed weight

From the seed yield of each net plot, 1000-seeds were

randomly collected and their weight was recorded in grams.
3.9.6.5 Per cent chaffyness
It was calculated by using thc following formula.

Number of unfilled sceds per head

Per cent x 100

chaffyness Total number of sceds

3.9.6.6 Harvest Index

[t was calculated by using the formula given by Donald

(1962).

Economic yield (kg/ha) Seed yield (kg/ha)
Harvest = =
Index Biological yield (kg/ha) Seed and stalk yield (kg/ha)

3.9.6.7 Stalk yield

The weight of the stalks in the nct plot was rccorded
after complete sun drying and the stalk yield per hecctare was

calculated.
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3.9.6.8 Seed yield

The sun dried heads from eagh net plot were hand
threshed, cleaned and the weight of the seeds was recorded.
From the seed yield of net plot, seed yield per hectare was

calculated.

3.9.7 Quality parameter
3.9.7.1 0Oil content

The oil content of the scceds was cstimated from the
sample of seeds drawn from the net plot yield of each
treatment by Nuclcar magnetic resonance spcctrometer and was

expressed in percentage.
3.9.7.2 0il yield

The oil yield per hectare was worked out on the basis

of seed oil content and seed yield.
3.9.8 Pigeonpea growth components

For recording observations ag detailed below, five
plants from each net plot were selected at random and
obscrvations werc rccorded at 30, 60, 90, 120, 150, 180 days

after sowing and at harvest.
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3.9.8.1 Plant heigHt (cm)

Plant height from the ground level to the growing tip
of the plant was recorded and mean plant hecight was worked

out.
3.9.8.2 Number of leaves per plant

Total number of fully opened green trifoliate leaves
produced per plant were counted and mean was taken as

numbcr of lecaves per plant.
3.9.8.3 Leaf area per plant

Leaf area per plant (dm?) wag worked out by Disc

method on dry weight basis.
3.9.8.4 Number of primary branches per plant

Total number of branches arising from the main stem
were counted and the mean was taken as number of primary

branches per plant.
3.9.8.5 Number of secondary branches per plant

Total number of branches arising from the primary
branches were counted and the mean was taken as number of

secondary branches per plant.
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39.8.6 Dry matter production and accumulation in
different plant parts
The randomly selected three plants were partitioned into
their component parts namely , stem, leaves, petiole and pods.
These were dried in hot air oven at 70°C and their weights were
recorded separately . The sum of the meap dry weight of all the
plant parts was taken as the dry matter production per plant.

3.10 Yield and yield components
3.10.1 Number of pods per plant

The number of matured pods were counted and the mean

number of pods per plant were calculated.
3.10.2 Number of seeds per pod

The seeds from ten representative matured pods were
separated and counted and the mean number of seeds per pod
were calculated by dividing the number of seeds by the number

of pods.
3.10.3 Seed yicld per plant

The seeds from the pods of five plants were separated by
threshing and their mean weight was taken as seed yield per

plant.
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3.10.4 Hundred seed weight

From the seed yield of each net plot, 100-seeds were
randomly collected and their weight was taken as hundred seed

weight.
3.10.5 Seed yield per hectare

The pods from each net plot were threshed, cleaned
and seed yield was recorded. From the seed yield from net

plot, seced yicld per hectare was computed.
3.10.6 Stalk yield per hectare

The plants in the net plot after threshing were dried
and their weight was recorded. From this, stalk yield per

hectare was calculated.

3.10.7 Harvest index (HI)

Harvest index was calculated by wusing the formula

suggested by Donald (1962).

Economic yield (kg/ha) Seed yield (kg/ha)

Harvest = =
index Biological yield (kg/ha) Seed and stalk vield (kg/ha)

3.11 Sunflower seed equivalent yield (q/ha)

Sunflower seed equivalent yield was calculated by

using the formula.
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Yield of pigeonpea  x  Price of the grain
Sunflower equivalent yield (q/ha) pigeoupea
of grain pigeonpea (q/ha) =

Price of the sunflower crop (Re/ha)

Sunflower equivalent yield  Sunflower yield + Sunflower equjvalent
(q/ha) of intercropping = (g/ha) yield of grain pigeonpea
system (g/ha)

3.12  Soil analysis
3.12.1  Soil physical properties
3.12.1.1 Bulk density

Bulk density of soil in each treatment was estimated by
core sampler method as described by Black (1965).

3.12.1.2 Infiltration  rate

Infiltration rate of all the treatments was determined by

double ring infiltrometer Dastane (1961).
3.12.1.3 W ater stable aggregates

Water stable aggregates was estimated by wet sieving
method as described by USD A Staff (1968).

3.12.1.4 Maximum water holding ¢apacity

Maximum water holding capacity was determined by

means of Keen-Racikowski cup method (Piper , 1966).
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3.12.2 Chemical properties '

Soil samples 0-20 cm depth were collected separately
from each treatment in all the three replications before
incorporation  of organic manures and after harvest of both
crops. The soil samples were chemically analysed for various

characteristics.
3.12.2.1 Soil reaction

Soil reaction was determined by using pH meter by

taking 1:2.5 ratio soil and water (Piper, 1966).
3.12.2.2 Electrical conductivity

Electrical  conductivity was  determined by using

conductivity bridge and expressed as dS/m.
3.12.23 Organic carbon

Organic carbon was determined by Walkey's and Black

wet oxidation method (Jackson, 1967).
3.12.2.4 Available nitrogen

It was estimated by alkaline permanganate  oxidation
method as outlined by Subbiah and Asija (1956).

3.12.2.5 Available phosphorus

Available phosphorus content of sojl was determined by
Olsen's method as described by Jackson (1967).
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3’. 12.2.6 Available potash

It was determined by flame photometer after extracting
with neutral normal ammonium acetate as described by Muhr et
al. (1965).

3.13 Chemical analysis of organic saurces

The samples of FYM, vermicompost and poultry
manure were analysed for pH, EC, orgaxﬁc carbon and total
nutrient content (NPK). The data are presepted in Table 3. The
pH of these three organic sources were pear neutral but the
electrical conductivity of poultry manure was higher (1.31 dSm-
1) compared to vermicompost (1.29 dSm ') and FYM (0.24 dSm~-
D, The poultry manure was marginally  superior to
vermicompost and FYM in N and P content but low in K

content.
3.14 Plant analysis for NPK contents (%)

Nitrogen content of stem and seeds at harvest was
estimated by modified micro-kjeldhal's ~ method as outlined by
Jackson (1967) and expressed as percentage, Total phosphorus
and potassium of stem and shoot were cxtracted by wct ashing
method. P content was estimated by Vanedomolybdate
phosphoric  yellow colour method (Jackson, 1967) and K was
determined by Flame photometer method ‘(Jackson, 1967) and

expressed in percentage.



Table 3. Nutrient composition of FYM, vermicompost and
poultry manure

Particulars FYM Vermicompost Poultry

manure
pH (1:2.5) 7.23 7.15 7.08
EC (ds m™ 1) 0.24 1.29 1.31

Total nutrients (%)

N 0.49 0.78 1.44
P 0.65 0.94 1.97
K 0.57 0.45 0.32

Organic carbon (%) 40.70 39.20 38.61
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3.15 Nutrient uptaké studies

The uptake of nitrogen, phosphorus and potassium was
calculated by multiplying the oven dry weight at harvest of
plant samples with their corresponding percentage of nitrogen,
phosphorus and potassium and expressed as kg per ha from
each plant parts. From these, the total uptake per ha was
computed by mathematical addition of the uptake from different

plant parts and of crops.

% of nutrient concentration x Biomass kg/ha

Nutrient uptake =
100

3.16 Chemical analysis of soil after harvest

Soil samples after harvest of the crops from 0-60 cm
soil depth was collected from each treatment in all three
replications. The soil samples were chemically analysed for
available organic carbon, nitrogen, phosphorus and potassium

of the soil.

Available soil nitrogen was estimated by alkaline
permanganate oxidation method as out lined by Subbaiah and
Asija (1956). Available phosphorus was determined by Olsen’s
method as out lined by Jackson (1967). Available potassium
was extracted with nentral normal ammonium acetate and the
content of K in the solution was estimated by flame photometer

(Jackson, 1967). Organic carbon was determined by Walkely
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and Black’s wet oxidation method by oxidising organic matter

as described by Jackson (1967).
3.17 Economics

The cost of the following items was considered for

working out the cost of cultivation of different treatments..lh7

I. Labour charges (from land preparation to processing)
I1. Seeds.

III. Fertilizers.

IV. Plant protection chemicals.

V. Miscellaneous (land rent, marketing charges, etc.,).

The prices of the inputs that were prevailing at the
time of their use and prices of crop commodities at the time of
marketing were taken to work out the cost of cultivation and
gross return. The details of the cost of inputs and the values
of produce considered in the calculation are given in

Appcndix-I.

The net profit per hectare was calculated by deducting
the cost of cultivation per hectare from the gross income per

hectare.
Benefit : Cost ratio was workeq out as follows;

Net profit in Rs./ha

Benefit : Cost ratio =
Cost of cultivation in Rs./ha
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3.18 Statistical analysis and interpretation of data

Data recorded on various characters were subjected to
Fisher’s method of analysis of variance and interpretation of
data was done as given by Phanse and Sukhatme (1967). The
level of sign@ficance used in ‘F’° and ‘t’ test were P = 0.05
critical difference values were calculated wherever the ‘F’ test

was significant.
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1V. EXPERIMENTAL RESULTS
The results of the experiment conducted during the
kharif season of 1998-99 to study the effect of integrated
nutrient management in sunflower - pigconpea intercropping

system arc prescnted in this chapter.

4.1 Sunflower
4.1.1 Growth parameters

4.1.1.1 Plant height (cm)

The data on plant hecight of sunflower as influenced by
integrated nutricnt management at different stages of growth

are presented in Table 4.

Intcgrated nutriecnt management did not influcnce the
plant height significantly at any ol the growth stages. ‘The
interaction effect of organics and inorganic fertilizers was also
not significant. Howcver, the plant hcight of sunflower varied

from 190.45 to 197.26 cm undcr diffcrent trcatments at harvest.
4.1.1.2 Number of green leaves per plant

The data on number of green lcaves produccd per plant
as influenced by integrated nutrient management are presented

in Table 5.

Integrated nutricnt management in sunflower -
pigeonpea intercropping system significantly influenced the

number of lecaves at 90 DAS. The number of lcaves produced
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Plate 1. General view of the experimental plot at
30 Days after sowing

Plate 2. General view of the experimcntal plot at
flowering of sunflower (60 Days alter sowing)
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by sunllower at 30 DAS and 60 DAS were 1105 and 20.75 pey
plant which was reduced to 4.92 per plant at 90 DAS and

number of leaves per plant at harvest was nil.

Inorganic fertilizer did not have any significant
influence on the number of leaves produced by sunflower at

any of thc stages of growth.

Organic sources had significant influence on the
number of lcaves produced by sunflower at 90 DAS. At 90
DAS, trecatments rcceiving vermicompost produced signilicantly
higher number of leaves (5.16/plant) when comparcd to that
produced under FYM (4.53/plant) and it was on par with

poultry manure (5.06/plant).

Interaction effect of organics and inorganic fertilizers
was not significant with respect to the number of leaves

produced by sunflower at any of the stages of growth.
4.1.1.3 Leaf area per plant (dm?)

The data on lecaf arca (dm?) per plant of sunflower as
influcnced by intcgrated nutricnt management at dillcrent

stages of growth are presented in Table 6.

Integrated nutrient management in sunflower -
pigconpea intercropping system significantly influences the lcal
area (dm?) per plant at 90 DAS. The leal arca (dm?) produced
by sunflower at 30 DAS and 60 DAS was 6.43 and 30.29 dm® pecr

plant which was reduced to 12.99 dm? per plant at 90 DAS.
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Inorganic fertilizer levels did not have any significant

influence on the leaf area produced by sunflower at any ol the

stages of growth.

Organic sources had significant influence on the leaf
area produced by sunflower at 90 DAS. At 90 DAS, plants
under vermicompost rccorded significantly higher lcaf arca
(13.87 dm?/plant) when comparcd to that produced under FYM

(11.38 dm?®/plant) and it was on par with that of poultry

manurc (13.72 dm?/plant).

Intcraction cffcect of organic sources and inorganic
fertilizer levels was not significant with respect to the lcaf
arca producced by sunflower at any of thc stages ol growth.
4.1.1.4 Dry matter ;l)roduction and its accumulation in

dlfferent plant parts

4.1.1.4.1 Dry matter production (g/plant)

The data on dry matter produced by sunflower as
influenced by organic sources and inorganic fertilizer levels at

differcnt growth stages arc prcscnted in Table 7.

Integrated nutrient management in  sunflower -
pigeonpea intercropping system had no significant influcnce on
the dry matter production at all stages of growth cxcept at 90
DAS. The dry matter produced by sunflower at 30 DAS, 60
DAS and 90 DAS was 8.32 g/plant, 85.68 g/plant and 103.36

g/plant which was rcduced to 80.45 g/plant at harvest.
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Platc 5. Trecatment showing Vermicompost + 100% RDI
for sunflower and 75% RDF for Pigeonpea

Plate 6. Treatment showing IYM + 100% RDI for
sunflower and No RDF for pigeonpea
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Inorganic fertilizers did not have any significant
influence on the dry matter produced by sunflower at any of

the stages of growth.

Organic sources had significant influence on the dry
matter produced by sunflower at 90 DAS. At 90 DAS, plants
under poultry manurc produced significantly higher dry matter
production (106.35 g/plant) when comparcd to that produccd
under FYM (98.35 g/plant) and it was on par with that

recorded under vermicompost (105.40 g/plant).

Interaction cffcct of organic sources and inorganic
fertilizer levels had non-significant influcnce on the dry matter

produced by sunflower at any of the stages of growth.
4,1.1.4.2 Dry matter accumulation in leaves (g/plant)

The data on dry matter accumulation in sunflower
lecaves at different growth stages as influcnced by organic

sources and inorganic fcrtilizer levels arc presented in Table 8.

Intcgrated nutricnt management in sunflower pigconpea
intercropping system had non-significant influcnce on the dry

matter accumulation in lcaves (g/plant) at all stages of growth.

Inorganic fertilizers did not have any significant
influence on the dry matter accumulation in leaves (g/plant) of

sunflower at any of the stages of growth.
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Organic sourccs also had non-significant influcnce on
the dry matter accumulation in leaves (g/plant) of sunflower at

any of the stages of growth.

Interaction cffect of organic sources and morganic
fertilizer levels also had non-significant cffect on the dry

matter accumulation in lecaves of sunflower at any of the stages

of growth.

4.1.1.4.3 Dry matter accumulation in stem (g/plant)

The data on drymatter accumulation in stem  as
influenced by organics and inorganics at different growth

stages arc prescnted in Table 9.

Integrated nutrient management in  sunflower -
pigconpca intercropping system had non-significant influcnce
on dry matter accumulation in stem (g/plant) at all stages of
growth except at 90 DAS. The dry matter accumulation in stcm
(g/plant) of sunflower at 30 DAS, 60 DAS and 90 DAS was 3.08
g/plant, 32.34 g/plant and 39.93 g/plant which was rcduced to
36.43 g/plant at harvest.

Inorganic fertilizers did not have any significant
influcnce on the dry matter accumulation in stem (g/plant) of

sunflower at any of the stages of growth.

Organic sources had significant influence on the dry
matter accumulation in stem (g/plant) of sunflowcr at 90 DAS.

Al 90 DAS, plants undcr vermicompost produced significantly
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St

~higher dry matter accumulation in stem (41.07 g/plant) when
compared to that accumulated under FYM (38.11 g/plant) and it

was on par with poultry manurec (40.60 g/plant).

Interaction effect of organics and inorganics had non-
significant influence on the dry matter accumulation in stem

(g/plant) of sunflower at any of the stages of growth.
4.1.1.4.4 Dry matter accumulation in petiole (g/plant)

The data on dry matter accumulation in pectiole of
sunllowcer as influcnced by organics and inorganics at ditlerent

growth stages arc prcented in Table 0.

Integrated nutricnt management 1 sunflower -
pigeonpea intcrcropping system did not influecncc the dry
matter accumulation in sunflower pctioles at any of thc growth

stages.

Inorganic fertilizers did not have any significant
influence on the dry matter accumulation in pctiole (g/plant) of

sunflower at any of thc stagecs of growth.

Organic sources also did not bring any significant
diffcrence in the dry matter accumulation in sunflower pctiolcs

at any of the stages of growth.

Interaction effect of organics and inorganics had non-
significant influence on the dry matter accumulation in pectioles

(g/plant) of sunflower at any of thc stages ol growth.
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4.1.1.4.5 Dry matter accumulation in head (g/plant)

The data on dry matter accumulation in sunflower hcad

as influenced by organics and inorganics are presented in

Table 11.

Integrated nutrient management in  sunflower -
pigeonpea intercropping system did not influence the drymatter

accumulation in head at any of the growth stages.

Inorganic fertilizers did not have any significant
influence on the dry matter accumulation in hcad (g/plant) of

sunflower at any of the stages of growth.

Organic sourccs also had non-signilicant influcnce on
the drymatter accumulation in hcad (g/plant) of sunflowcr at

any of the stages of growth.

Interaction effcct of organics and inorganics had non-
significant influencc on thc dry matter accumulation in hcad

(g/plant) of sunflower at any ol thc stages of growth.

4.1.2 Yicld and yield components
4.1.2.1 Head diameter (cm)

The data pertaining to hcad diamcter as influenced by
organics and inorganics at different growth stages arc

presented in Table 12.
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Platc 7. Trcatmcnt showing Poultry manurc + 100% RDI
for sunflower and 25% RDF for pigeonpea

Platc 8.  Trcatment showing FFYM + 100% RDI® for
sunflower and 50% RDF for pigconpea
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Integratcd nutrient management in  sunflower -
pigconpca intcrcropping systecm did not influence the hecad

diameter  (cm) of sunflower at any of thc growth stages.

Inorganic fertilizers did not have any significant
influence on the head diameter of sunflower at any of the

stages ol growth.

Organic sourccs also did not bring any significant
difference in thc hcad diamcter of sunflower at any of the

stages of growth.

Interaction cffect of organics and inorganics had non-
significant influcncc on the hcad diameter of sunflower at any

of the growth stagcs.
4.1.2.2 Number of seeds per head

The data pertaining to numbcer ol sunflower sceds
produccd per hcad as influcnced by organics and inorganic

fertilizer levels arc prescnted in Table 13.

Intecgrated nutricnt management in sunflower -
pigeonpea intercropping system did not influence thc number
of seeds per hecad of sunflower at any of the growth stages.
The number of sceds per hcad of sunflower at harvest was
940.40. However, the number of sunflower sceds produccd per
head under vermicompost was higher (954.07) than that

produced under FYM (920.00) and poultry manurc (947.13).
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Inorganic fertilizers did not bhring any  significant
difference in the number of sunflower sceds produced per
head. However, the number of sunflower sceds produced under
vermicompost with 100% RDF was higher (954.07) than that
produced under FYM with 100 per cent RDF  (920.00) and

poultry manure with 100 per cent RDF (947.13).

Interaction effect of organics and inorganics was not
significant with respecet to the number of sunflower sceds

produced per hcad.
4.1.2.3 Seed yield per plant (g)

The data on sced yield per plant as influenced by

integrated nutrient management is presented in Table 13.

Integrated nutrient management in sunflower -
pigeonpea intercropping system did not influcnce the sunflower
seed yield produced per plant. Iowever, thc mcan sced yicld

(g) produced per plant was 27.58 g/plant.

Inorganic fertilizer lcvels to sunflower did not have
any significant influcnce on the sced yicld produced per plant
(g). However, sunflower grown under vermicompost with 100
per cent RDF reccorded higher sced yicld 28.71 g/plant than
that recorded under FYM with 100 per cent RDE 25.78 g/plant

and poultry manurc with 100 pcr cent RDE 28.20 g/plant.

Interaction cffect of organics and inorganics had non-

significant influence on the sced yicld of sunflower per plant,
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4.1.2.4  Thousand sced wcight (g)

The data on 1000-sced wcight of sunflower as

influenced by integrated nutrient management is presented in

Table 13.

Effect of organics, inorganics and thcir intcraction was
not significant on the 1000-sced weight of sunflower. However,

1000-seed weight ranged from 31.72 to 33.21 g undecr different

treatments.
4.1.2.5 Per cent chaffyness in sunflower seeds

The data pertaining to per cent chaffyness in sunflower
seeds as influenced by integratcd nulricnt managcment arc

presented in Table 13.

Integrated nutricnt managcment 1in sunflower -
pigeonpca intercropping system did not inllucnce the per cent
chaffyness in sunflower sceds. llowever, thc mcan per ccent

chaffyncss in sunflower sceds was 25.53.

Inorganic fertilizer levels did not have any significant
influence on the per cent chaffyness in sunflower sceds.
liowcver, the sunflower grown under vermicompost with 100 per
cent RDF recorded lower pecr cent of chaffyncss (24.65%) than
that recorded undcr FYM with 100 per cent RDF (26.64%) and

poultry manure with 100 per cent RDEF (25.32%).
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Plate 3. Sunflower heads showing Tg, T;4 and
treatments

Plate 4. Sunflower heads showing Ts, T4 and
trcatments
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Interaction cffect of organics and inorganics had non-
significant influence on the per cent chaffyness in sunflower

seeds.
4.1.2.6 Seed oil content (%)

The data on seed oil content of sunflower as influenced

by integrated nutricnt managcment is presented in Table 14.

Integrated nutrient management in  sunflower -
pigconpca intcrcropping system did not bring any influcnce on
the seced oil content (%). Ilowever, the mecan sced oil content in

sunflower was 40.60 per cent.

Inorganics, organics and their interaction did not
influence the seed oil content of sunflower significantly.
Howcver, the sced oil content ranged from 38.25 to 42.34 per

cent in different treatments.
4.1.2.7 Seed yield (g/ha)

The data pertaining to influence of intcgrated nutricnt
management on seed yield of sunflower are presented in

Table 15.

Integrated nutrient management in  sunflower -
pigeonpea intercropping system did not influence the sced
yicld (q/ha). llowever, the sunflower grown under
vermicompost with 100% RDF rccorded higher sced yicld 13.24

q/ha than that rccorded under FYM with 100 per cent RDE
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(11.83 g/ha) and poultry manure with 100 per cent RDI (12.68
q/ha).

Interaction cffect of organics and inorganics had non-

significant influence on the seed vyield (q/ha) in sunflower.

4.1.2.8 0il yield (q/ha)

The data on oil yicld of sunflower as influcnced by

integrated nutrient management is prescnted in Tablc [4.

Intcgratcd nutricnt management in sunflower -
_pigeonpea intercropping system did not have any influence on
oil yield (q/ha). However, the sunflower grown under
vermicompost with 100% RDI' rccorded higher oil yicld 5.38 g/ha
than that recorded under FYM with 100 per cent RDF (4.71

q/ha) and poultry manurc 100 per cent RDF (5.36 q/ha).

Inorganics, organics and thecir intcraction did not

influence the oil yicld (q/ha) of sunflower significantly.
4.1.2.9 Stalk yield (q/ha)

The data pertaining to influence of integrated nutricnt
management on  stalk  yield of sunflower is prcsented in

Table 15.

Integrated nutriecnt management in  sunflower -
pigeconpea intercropping system did not influcnce the stalk
yield (q/ha). However, the sunflower grown undecr

vermicompost with 100 pcr cent RDE recorded higher stalk



GH

amuew Anod = JNd

1sodwodnId A = DINA

sinuew pieiuue = JAAA

I9ZI[ILIAY JO ASOP PIPUIWWOINY = Y

UENUBIS-UON = ‘SN

SN SN SN SN SN SN SN SN SN °p¢ 1® d'D

0100 S00°0 +00°0 Ll€ 68l 9’1 60 60 132 -w3’s

Bioup x 610 “B1ou] 810 ‘ioup x 810 ‘Bioug 810 Bioup x 810 “B1oug 810 22IN0Y

10 suedt A3 Sutaedwod 10y

SC0 sco 970 sT0 tLE 6L°LE SE€8¢ 01'9¢ 85Tl 89°CI Tl £8°11 UBdA

$C0 ¥Z0 $C0 SCO0 05's¢ [T9¢ 959t €L EE 6¢11 LST1 811 4! A ON ~ AT 0001

§TO yZo §TO0 €0 99¢ 88°9¢t 6l'LE 8L°GE £0°Cl o'l 8+ C1 6911 409 %esT - 4AY %6001

SCO A LTO tC0 ot'LE 134 1T'8¢ Spo¢ oLl A4l P8t SLTI AaY 200 = A %6001

970 9t0 920 §TO 69 '8¢ 81°6¢ 88°6¢ 00'Lt 8Tt §s¢l SIvl srel A0 %5 + AAY %001

LT0 90 920 LT0 L8'8¢ LT'6E £6.6¢ [§°LE 6v €l I8¢l STHl [4a4 QY %6001 + A %6001

eaduoaBid + IMOJung

UB3\ Nd INA INAA UBIN Nd INA WAL eS|\ Wd INA WAA sowediQ
Xaput 153412l (ey/b) ppaiA yers (ey/b) poKk pads

JuswaSeurwW JUSLNU PAIRISIIUI £q PIOUSN[FUI SE JISMOJJUNS JO Xapul 1s3a1ey pue (ey/b) pIa1& ypeis ‘(ey/b) p1e1d paag ‘g1 2IqeL



| Stalk yield

—_ Seed yield

Yield (q/ha)

2N

_,«~.§§§§§*

»’u\\\\\\\\\\\\\‘ i

.k\\\\\\\\\\\\\\\\_

8 N\

A\
\

=N

|
e &\\\\\\N&\P

VA

~;f'~'§§§§§§“
N

—

—

50

30+

20

o
-

0 /

T T2 T3 T4 TS T6 T7

T8 T9 T10 T11 T12 T13 T14 T15

flower-pigeonpea

Treatments
Seed and stalk (q/ha) yield of sunflower as influenced by

integrated nutrient management in sun

intercropping system

Fig. 3.



69

yield 38.35 q/ha than that recorded under FYM with (00 per

cent RDF (36.10 g/ha) and poultry manure with 100 per cent
RDF (37.79 q/ha).

Inorganics, organics and their interaction has non-

significant influence on the stalk yicld (q/ha) in sunflower.

4.1.2.10 Harvest index (HI)

Differences in the harvest index of sunflower duc to
intcgratcd nutricnt management i.¢., organics, inorganics and
their interactions were non-significant on harvest index.
However, the harvest index rccorded in sunflower varies from

0.24 to 0.27 1in different trcatments (Table 15).

4.2 Pigeonpea
4.2.1 Growth parameters
4.2.1.1 Plant height

The data on plant height of pigconpca as influcnced by
integrated nutricnt management at diffcrent growth stages arc

prcsented in Table 16a and b.

Integrated nutrient management in sunflower -
pigeonpea intercropping system had non-significant influence
on the plant hcight (cm) at all the stages of growth cxcept at
120 DAS and 150 DAS. The plant hecight at 30 DAS, 60 DAS, 90
DAS, 180 DAS and at harvest werc 18.17 cm, 88.10 cm, 134.86

cm, 181.17 cm and 184.29 c¢m, rcspectively.
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Organic sources did not havc any significant influcnce
on the plant height (cm) of pigeonpea at any of the stages of
growth. However, at harvest vermicompost recorded higher
plant height (185.65 cm) than recorded under FYM (182.62 cm)

and poultry manurc (184.59 cm).

Inorganic fertilizer levels had significant influcnce on
the plant height (cm) of pigconpca at 120 DAS and 150 DAS.
The pigeonpea grown wunder 100 per cent RDE rccorded
significantly highcr plant hcight at 120 DAS (166.85 ¢m) and at
150 DAS (180.18 c¢cm) when compared to that recorded under No
RDF (151.62 cm and 157.96 cm).

Interaction effect of organics and inorganics also had
non-significant influence on the plant hecight (cm) of pigconpca

at any of the stages of growth.
4.2.1.2 Number of primary branches per plant

The data on numbcr of primary branches per plant of
pigeonpea as influenced by integrated nutrient managcment in
- ‘
sunflower - pigconpea intcrcropping system at diffcrent growth

stages are presented in Table 17a and b.

Integrated nutrient management in  sunflower -
pigconpca intercropping has significant influence on the
number of primary branches per plant at all the stages of

growth except at 60 DAS.
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Organic sources didnot have any significant influcnce
on the number of primary branches per plant at all the stages
except at 120 DAS. At 120 DAS, FYM applicd trcatments
significantly reduced the number of primary branches
produced by pigeonpea when compared to trcatments reccived
poultry manure. The number of primary branches produced in
FYM applicd pigconpca at 120 DAS was 8.93 pcr plant and it
was significantly incrcascd to 10.03 per  plant  under

vermicompost applicd pigeonpcea.

Inorganic fertilizer levels had signilicant inllucnce on
the number of primary branches produced per plant at all the
stages of growth cxcept at 60 DAS. ‘The numbcer of primary
branches produced in 100 pcer cenr RDIF applicd prgconpea at
90 DAS was 7.94 per plant and it was significantly reduced to
6.70 per plant under No RDF level A similar trend was
followed at 120 DAS, 150 DAS, 180 DAS and at harvcest. At the
timc of harvesting, thc number of primary branches produccd
by pigeonpea under 100 per cent RDF level (14.85/plant) was 25
pcr cent  higher than that produccd under No  RDI
(11.18/plant).

Interaction effect of organics and inorganics also had
non-significant influence on the number of primary branches
produced per plant of pigeonpea at any of the stages of

growth.
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4.2.1.3 Number of secondary branches per plant

The data on number of secondary branchcs per plant of
pigeonpea as influcnced by integrated nutrient management in

sunflower - pigeonpea intercropping system are presented in

Table 18a and b.

Integrated nutrient management in sunflower -
pigconpca intercropping system has significant influcnce on the
number of secondary branches per plant at all the stages of

growth.

Organic sources did not have any significant influence
on the number of secondary branches per plant at all the
stages except at 150 DAS and 180 DAS. At 150 DAS, poultry
manure applied treatments significantly increased thc number
of secondary branches produced by pigconpca when comparced
to treatments reccived FYM. A similar trend was followed at
180 DAS. The number ()l’..‘;ccondury branches produced in
poultry manurc applicd pigconpca at 150 DAS and 180 DAS were
13.68 per plant and 15.05 pcr plant and these were
significantly reduced to 12.28 per plant and 13.31 pcr plant

undcr FYM applicd pigconpca.

Inorganic fertilizer levels also had significant influence
on the number of secondary branches produced per plant at all
the stages of growth. The number of sccondary branches
produccd in 100 per cent RDIT applicd pigeonpea at 90 DAS was

6.01 pecr plant and it was significantly reduced to 3.89 per
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plant undecr No RDI. A similar trend was followed at 120 DAS,
150 DAS, 180 DAS and at harvest. At the time of harvesting,
the number of sccondary branches produced by pigeonpea
under 100 per cent RDF level (14.94/plant) was 21 per cent

higher than that produccd under No RDF (11.80/plant).

Interaction cffcct of organics and inorganics also had
non-significant influence on the number of secondary branches
produccd pcr plant ol pigconpca at any ol the stages ol

growth.
4.2.1.4 Number of leaves per plant

The data pertaining to the influcnce of integrated
nutrient managemcnt in sunflower - pigconpca intcrcropping
system on number of leaves per plant at different growth

stages are presented in Table 19a and b.

Integrated nutricnt managcment in sunfllower -
pigconpca intecrcropping system has significant influence on the
number of leaves per plant at all the stages of growht except

at 30 DAS.

Organic sources had significant influcnce on the
number of lcaves per plant only at 90 DAS, 120 DAS, 150 DAS
and 180 DAS. At 90 DAS, vecrmicompost applicd trcatments
significantly incrcased the number of lcaves produced by
pigeonpea when comparcd to trcatments applied with FYM. A
similar trend was followed at 120 DAS and 150 DAS. But at 180

DAS, the number of lcaves produced undcer poultry manurc
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applicd pigeconpes was 8489 per plant and it was sigmbicantly
decreased to 78.31 per plant rccorded in FYM applicd

pigeonpea.

Inorganic fertilizer levels had significant influence on
the number of leaves produccd per plant at all thc stages of
growth cxcept at 30 DAS. The pigconpca grown undcer (100 per
cenr RDF produced significantly higher numbcer of lcaves at 60
DAS (51.90/plant), 90 DAS (154.16/plant), 120 DAS (211.69/plant),
150 DAS (205.73/plant), 180 DAS (93.50/plant) and at harvest
(45.48/plant). When compared to that produccd under No RDF
(43.33, 125.48, 162.96, 161.35, 73.68 and 34.81/plant).

Intcraction cffect ol organics and inorganics did not
have any significant influence on the number of lIcaves
produced per plant of pigconpca at any of thc stages of

growth.
4.2.1.5 Leaf area per plant (dm?)

The data pertlaining to lcal arca pcr plant ol pigconpcea
as influenced by integrated nutrient management in sunflowcer
- pigconpea intercropping system arc prcsented in Table 20a

and b.

Integrated nutrient management in sunflower -
pigconpca intercropping system has signilicant influecnce on the
leaf area of pigeonpeca at all the stages of growth cxcept 30

DAS.
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Organic sources had signiticant influence on the leaf
area of pigeonpea only at 90 DAS, 120 DAS, 150 DAS and 180
DAS. The pigeonpea grown under poultry manure recorded
significantly higher leaf area at 90 DAS (24.03 dm?/plant) and
180 DAS (24.79 dm?®/plant) when compared to that rccorded
under FYM (20.33 and 20.75 dm?/plant) and thecsc arc on par
with that recorded wunder vermicompost (23.35 and 23.75
dm?/plant). llowever, during 120 DAS and 150 DAS pigconpea
grown under vermicompost recorded significantly higher leaf
arca (49.84 and 44.83 dm?/plant) when comparcd to that
recorded under FYM (45.61 and 38.80 dm’/plant) and these are

on par with that recorded under poultry manurc (49.66 and

44,53 dm?®/plant).

Inorganic fertilizer levels also had significant influcnce
on thc lcaf arca of pigconpca at all the stages of growth
except at 30 DAS. At 60 DAS, plants undcer 100 pcr cent RDE
recorded significantly higher, leaf area (15.89 dm?/plant) when
comparcd to that rccorded under No RDIF (12.46 dm?/plant) and
" 25 per cent RDF (13.09 dm?/plant). At 90 DAS, 120 DAS, 150
DAS, 180 DAS and at harvest similar trend was followed. At
the time of harvesting, plants under 100 per cent RDF rccorded
significantly higher leaf area (8.69 dm?/plant) and it was 37
per cent higher than that recorded under No RDF level (5.47
dm?/plant).
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Interaction cffect of organic sources and inorganic

fertilizer levels was not significant with respect to leafl arca

per plant of pigeonpea at all the stages of growth.

4.2.1.6 Dry matter production and its accumulation in
different parts

4.2.1.6.1 Dry matter production (g/plant)

The data on dry matter produced by pigconpea as
influenced by integrated nutrient management in sunflower -
pigeonpea intercropping system at different stages of growth

arc presented in Table 2la and b.

Integrated nutricnt managcment in sunflower-pigeconpca
intercropping system had significant effect on the dry matter
produced by pigeonpca at all the stages of growth cxcept at 30
DAS and 60 DAS. The dry matter production at 30 DAS and 60

DAS wcere 4.79 g/plant and 44.77 g/plant.

Organic sourccs did not have any signilicant influcnce
on the dry matter produced by pigconpca at all the stages ol
growth except at 120 DAS and 150 DAS. At 120 DAS, poultry
manure applied treatments significantly incrcased the dry
matter produced by pigeconpca when comparcd to trcatments
received FYM. A similar trend was followed at 150 DAS. The
dry matter produced in poultry manurc applicd pigconpca at
120 DAS and 150 DAS were 116.20 g/plant and 156.01 g/plant
and these were significantly rcduced to 102.02 g/plant and

. 138.99 g/plant undecr I'YM applicd pigconpeca.
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Inorganic fertilizer levels also had significant influcnce
on the drymatter produced by pigeonpea at all the stages of
growth except at 30 DAS and 60 DAS. At 90 DAS plants under
100 per cent RDF rccorded significantly higher dry matter
production (114.11 g/plant) when compared to that recorded
under No RDF (93.81 g/plant) and 25 pcr cent RDE (96.84
g/plant). At 120 DAS, 150 DAS, 180 DAS and at harvest similar
trend was followed. At the time of harvest plants under 100
per cent RDF recorded significantly higher dry matter
production (165.77 g/plant) and it was 22 pcr cent higher than

that recorded under No RDF level (129.34 g/plant).

Interaction effect of organics and inorganics was not
significant with respect to the dry matter produced by

pigeonpea at any of the stages of growth.
4.2.1.6.2 Dry matter accumulation in leaves (g/plant)

The data on dry matter accumulation in lcaves ol
pigconpca as influcnced by intcgrated nutricnt management at

* different stages of growth arc presented in Tablc 22a and 22b.

Integrated nutrient management in sunflower -
pigeonpea intercropping system had significant cficct on
the dry matter accumulation in the leaves of pigeconpea at

all the stages of growth cxcept at 30 DAS.

Organic sources did not have any significant influence

on the dry matter accumulation in the lcaves ol pigeconpea at
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all the stages of growth cxcept at 120 DAS and 150 DAS. Al
120 DAS, poultry manure reccived treatments significantly
increased the dry matter accumulation in the lcaves of
pigeonpea when compared to treatments which received FYM. A
similar trend was followed at 150 DAS. The drymatter
accumulation in the leaves of pigeonpea in poultry manurc
received treatments at 120 DAS and 150 DAS were 30.77 g/plant
and 27.78 g/plant and thcsc were significantly reduced to 24.97

g/plant and 21.96 g/plant undcr I'YM rccecived trcatments.

Inorganic fertilizer levels significantly reduced the dry
matter accumulation in leaves of pigeonpea at all the stages of
growth cxcept at 30 DAS. At 00 DAS, the dry matter
accumulated in pigeonpea lecaves under 100 pcr cent RDE level
was significantly higher (18.43 g/plant) than thc dry matter
accumulated in leaves of pigeonpea under no RDF lcvel (13.14
g/plant). At 90 DAS, 120 DAS, 150 DAS, 180 DAS and at
harvest similar trend was followed. At thc time of harvesting
thc dry matter accumulated in lcaves of pigeonpea under 100
per cent RDF level (6.12 g/plant) was 21 pecr cent higher than

that accumulated under No RDF level (4.82 g/plant).

Interaction cffect of organic sourccs and inorganic
fertilizer levels was not significant with respect to the dry
matter accumulation in the lcaves of pigconpca at all the stages

of growth.
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4.2.1.6.3 Dry matter accumulation in stem (g/plant)

The data pertaining to dry matter accumulation in stem
as influenced by integrated nutrient management in sunflower-

pigeonpea intercropping system arc presented in lable 23a

and b.

Integrated nutricnt management in sunflower -
pigconpcq intcrcropping system had signilicant clfccet on the
dry matter accumulation in pigconpca stem at all the stages of

growth cxcept 30 DAS and 60 DAS.

Organic sourccs did not have any significant influence
on the dry matter accumulation in the stem of pigconpea at all
thc stages of growth cxcept at 120 DAS and 150 DAS. At 120
DAS, poultry manure received trecatments significantly incrcascd
the dry matter accumulation in the stem of pigeconpca when
comparcd to thc trcatments which rcceived FYM. A similar
trend was followed at 150 DAS. ‘The dry matter accumulation in
the stem of pigeonpea in poultry manure rcccived trcatments at
120 DAS and 150 DAS arc 82.32 g/plant and 85.08 g/plant and
these were significantly reduced to 73.52 g/plant and 74.81

g/plant under FYM recccived trcatments.

Inorganic fertilizer levels significantly rcduced the dry
matter accumulation in stem of pigconpca at all the stages of
growth cxcept at 30 DAS and 60 DAS. Al 90 DAS, thc dry
matlter accumulated in pigconpca stem under 100% RDIE level was

significantly higher (84.70 -g/plant) than thc dry matter
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accumulated in pigeonpeca stem under No RDF level (72.67
g/plant). AL 120 DAS, 150 DAS, 180 DAS and al haivest similar
trend was followed. At the time of harvesting, the dry matter
accumulated in stem of pigeonpea under 100 per cent RDF level

(99.64 g/plant) was 20 per cent higher than that accumulated
under no RDF level (80.14 g/plant).

There were no signiticant differences in the dry matter
accumulation in stem of pigeconpea duc to intcraction citect of
organic sources and inorganic fertilizer levels at any of the
stages of growth.
4.2.1.6.4 Dry matter accumulation in petioles

(g/plant)

The data pertaining to dry matter accumulation in
petioles of pigeonpea as influcnced by integrated nutrient
managecment at diffcrent stages ol growth arc prescented in

Table 24a and b.

Intcgrated nutricnt management in suntlower -
pigeonpea intercropping system had significant cifect on the
dry matter accumulation in pectioles of pigconpca at all the

stages of growth except at 60 DAS.

Organic sources have non-significant influence on the
dry matter accumulation in thc pctioles of pigconpca at all the
stages of growth cxcept at 120 DAS, 150 DAS and 180 DAS. At
120 DAS, poultry manurce received  pigeonpeu stgutficantly

incrcased the dry matter accumulation in thc pctioles when
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compared to pigeconpeca which rececived FYM. A similar trend
was followed at 150 DAS. But, the dry matter accumulation in
the petioles of pigconpea in vermicompost rccecived treatments
at 180 DAS rccorded significantly higher (1.76 g/plant) than
the dry matter accumulated in petioles of pigconpca under FYM

received treatments (1.50 g/plant).

Inorganic fertilizer levels significanty reduced the dry
matter accumulation in pctioles ol pigconpea at all the stages of
growth except at 60 DAS. At 90 DAS, thec dry matter
accumulated 1n pctioles of pigconpeca under {00 pcer cent RDE
level was significantly higher (2.69 g/plant) than the dry
matter accumulation in pctiolecs ol pigconpca undcer No RDF
level (2.00 g/plant). At 120 DAS, 150 DAS, 180 DAS and at
harvest similar trend was followed. At the time ol harvesting,
the dry matter accumulation in pctioles ol pigconpeca under 100
per cent RDE Jevel (158 g/plant) was 27 per cent higher than

that accumulated under No RDI level (116 g/plant).

Interaction cffect of organic sourcecs and inorganic
fertilizer levels was not significant with respect to dry matter
accumulated in pigconpeca pctioles at any ol the stages of

growth.

4.2.1.6.5 Dry matter accumulation in pods (g/plant)

The data pertaining to intlucnce ol integrated nutricent
management on the dry matter accumulation in pods at 150 DAS,

180 DAS and at harvest arc presented in Table 25.
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Integrated nutrient management in sunflower -
pigeonpea intercropping system had significant influence on

the dry matter accumulation in pods at 150 DAS, 180 DAS and

at harvest.

Organic sourccs significantly reduced the dry matter
accumulation in pigeonpca pods at 150 DAS, 180 DAS and at
harvest. The dry matter accumulated in pods at 150 DAS, 180
DAS and at harvest under poultry manurc trcated pigeconpea
were 40.06, 50.12 and 53.86 g pecr plant and these were
respectively reduced to 34.89, 44.67 and 44.98 g pcr plant
under FYM trcated pigconpca. The rcduction in dry matter
accumulated in pods of FYM trcated pigconpeca were 13, 11 and
16 per cent when comparcd to the poultry manurc treated

pigeonpea at 150 DAS, 180 DAS and at harvest respectively.

Inorganic fecrtilizer levels had significant influcnce on
the dry mattcr accumulation in pods at 150 DAS, 180 DAS and
at harvest. Under 100 per cent RDIE level, pigconpcea
accumulated significantly higher dry matter in pods at 150 DAS
(;15.52 g/plant), 180 DAS (51.28 g/plant) and at harvest (58.21
g/plant) when comparcd to the dry matter accumulated in pods
under 100 per cent RDE level was 22 and 206 per cent higher
than that accumulated undcr 25 per cent RDEF and No RDE

levels, respectively.

The dry matter accumulation in pigconpea pods was not

influcnced by the intcraction cffect of organic sources and
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inorganic fertilizer levels in sunflower -

pigeonpea
intercropping system.
4.2.2 Yield and yield components
4.2.2.1 Number of pods per plant
The dats on number of pigeonpea pods per plant as

influenced by integrated nutrient management arc presented in

Table 26.

Integrated nutrient management in sunflowecr -
pigeonpea intercropping system had significant influence on

the number of pods producecd by pigconpea.

Organic sourccs had significant influcnce on the
number of pods produccd by pigconpca. The number of pods
produced by poultry manure reccived pigeonpca  was
significantly higher (96.45/plant) than that producced undcer
FYM received pigconpeca (85.36/plant). Pigconpca pods
produced under FYM trcatcd pigconpca was 12 per cent lower

than that produced under poultry manurc trcatcd pigconpca.

Inorganic fertilizer levels had significant influcnce on
the number of pods produced by pigeonpea. The pigconpca
grown under 100 per cent RDF level produced significantly
highcr numbcr of pods per plant (115.07) and it was 29 and 406
per cent higher than that produced under 25 per cent RDF

lcvel (81.52) and No RDIF level (66.68), respectively.
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Interaction cffcect ol organic sources and inorganic
fertilizer levels was not signilicant with respect to the number

of pods produced by pigeonpea.

4.2.2.2 Number of seeds per pod

The data pertaining to number of sceds per pod as
influenced by intcgrated nutricnt management arc prescented in

Table 26.

Organic sources, inorganic fertilizer levels and their
interactions did not affect the number of pigeonpeca sceds per
pod signilicantly. However, the number ol sceds per pod

ranged from 3.53 to 3.78 in diffcrent trcatments.
4.2.2.3 Seed yield per plant (g)

The data on sced yield per plant as influcnced by

integrated nutrient managcment arc prescnted in Table 26.

Integrated nutrient management in  sunflower -
pigeonpea intercropping system had significant influcnce on

the seed yield of pigeonpea per:plant.

Organic sourcecs had significant influcnce on sced yicld
of pigeonpea per plant. The sced yicld of pigconpca per plant
rccorded under vermicompost received treatment (32.57 g/plant)
was 18 per cent higher than that rccorded under FYM reccived
trcatment (26.87 g/plant) and it was on par with that rccorded

under poultry manurc rcccived trcatment (32.18 g/plant).
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Inorganic fertilizer levels had significant effect on the
sced yicld of pigconpca per plant. The pigeconpeca grown under
100 per cent RDF level recorded significantly higher seed yicld
(36.35 g/plant) and it was 23 and 30 per cent higher than that
rccorded under 25 per cent RDE level (27.92 g/plant) and No

RDIF level (25.43 g/plant), respectively.

Interaction effect of organics and inorganic fertilizer
levels was not significant with respect to sced yicld per plant

of pigeonpea.
4.2.2.4 Hundred seed weight (g)

The data on hundred sced weight of pigeconpea as
influcnced by intecgrated nutricnt management arc presented in

Table 26.

LEffect of organic sourcces, inorganic fertilizer levels and
their interactions were not significant on 100-sced weight (g).
However, 100-sced wecight ranged from 10.62 to 11.87 g undcr

different treatments.
4.2.2.5 Seed yield (q/ha)

The data on sced yicld of pigconpea as influcnced by

intcgrated nutricnt managcement arc prescented in Table 27,

Integrated nutrient management in  sunflower -
pigconpca intercropping system had significant clffecet on sced

yicld of pigeconpca.



Plate 9. General vicw of the experimental plot after
sunflower harvest

Plate 10. Pigconpca plants showing T7, T4 and T
treatments
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Organic sources did not have significant influence on
the sced yicld (q/ha) of pigeconpeca. lowcver, the pigeconpea
grown under poultry manure rccorded higher sced yicld (8.37

q/ha) than recorded under FYM (8.01 gq/ha) and vermicompost
(8.27 g/ha).

Inorganic fertilizer levels had significant ciffect on sced
yicld of pigeonpea. The sced vyicld of pigconpeca recorded
under 100 per cent RDE level was signiticantly higher (8.80
q/ha) when comparcd to that rccorded under 25 per cent RDFE
level (8.06 q/ha) and No RDF level (7.38 g/ha). Howcver, the
sccd yicld rccorded under 75 per cent RDE level (8.46 g/ha)
and 50 per cent RDF level (8.37 q/ha) were on par with that
reccorded under 100 per cent RDE level.  The sced yicld of
pigeonpca rccorded under 100 per cent RDE level was cight
and sixtecn per ccent higher than that rccorded under 25 per

cent RDF level and No RDFE level, respectively.

Intcraction cffect of organic sourccs and inorganic
fertilizer levels was not significant with respecct to the sced

yicld of pigconpea.
4.2.2.6 Stalk yield (q/ha)

The data pertaining to stalk yicld of pigconpca as
influcnced by intcgrated nutricnt management arc presented in

Table 27.
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Organic sources did not have any significant cffcct on
the stalk yicld (q/ha) of pigeconpca. lHowcver, the pigconpea
grown under vermicompost recorded higher stalk yield (27.55
q/ha) than rccorded wunder [FYM (26.87 q/ha) and poultry
manure (26.81 q/ha).

Variation in inorganic fertilizer levels influcnced  the
stalk yicld of pigeonpca significantly. The stalk vyicld of
pigconpca rccorded under 100 per cent RDE O level  was
significantly higher (30.89 q/ha) when comparcd to that
recorded under 25 per cent RDE level (25.05 g/ha) and No RDF
level (23.66 q/ha). However, the stalk yicld rccorded under 75
per cent RDFE level (28.61 q/ha) and 50 pcr cent RDIF level
(27.16 g/ha) werc on par with that rccorded under 100 per
cent RDE level. The stalk yield ol pigeconpeca rccorded under
100 per cent RDE level was 19 and 23 per cent higher than
that recorded undcr 25 per cent RDIY level and No RDI level,

respectively.

Interaction ecffect of organic sources and inorganic
fertilizer levels was not significant with respect to the stalk

yield of pigconpea.
4.2.2.7 Harvest index (HI)

The data on harvest index of pigeonpea as influcnced
by intecgrated nutrient management arc  prescnted n

Tablc 27.
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Organic sources did not have any significant influcnce
on the harvest index of pigeonpea. However, pigeonpea grown
under poultry manure recorded higher harvest index (0.238)

than that rccorded undcr FYM (0.230) and vermicompost (0.231).

Inorganic fertilizer levels had significant influcnce on
thc harvest index ol pigconpca. ‘The pigeconpca grown undcer
25 per cent RDF level recorded significantly highcer harvest
index (0.243) when compared to that recorded under 100 per

cent RDF level (0.221).

Interaction effect of organics and inorganic tertilizer
levels also had non-significant influcnce on the harvest indcex

of pigeonpea.
4.3  Sunflower seed equivalent yield (g/ha)

The data on sunflowcr sced cquivalent as influcnced by
integrated nutrient management in sunflower - pigeconpea

intcrcropping system arc prescented in Table 27,

Organic sources had significant influcnce on  the
sunflower seed equivalent. The sunflower seced equivalent
recorded under vermicompost was significantly higher (22.54
q/ha) when compared to that recorded under 'YM (20.84 g/ha).
ilowever, the sunflower sced cquivalent recorded under poultry
manure (22.09 q/ha) was on par with that recorded under

vermicompost. The incrcasc in sunflower sced cquivalent under
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vermicompost was cight per cent over that rccorded under

FYM.

Inorganic fertilizer levels had  signilicant  clicet on
sunflower sced equivalent. Sunflower sced cquivalent rccorded
under 100 pcr cent RDIF was significantly higher (23.39 q/ha)
when compared to that recorded under No RDE (19.69 q/ha).
However, sunflower sced cquivalent rccorded under 75 per cent
RDF (22.79 q/ha) and 50 per cent RDI (22.12 q/ha) were on par
with that rccorded under 100 per cent RDE. The incrcasce in
sunflower seed cquivalent under 100 per cent RDF was 16 per

cent over that recorded under No RDF.

" Interaction cffcct of organic sources and inorganic
fertilizer levels did not influcncee the sunflower sced cquivalent
significantly.

4.4 Nutrient concentrations and uptake in sunflower
and pigeonpea crops
4.4.1 Nutrient concentrations (%)

4.4.1.1 Nutrient concentration of sunflower

The data on mean N, P and K concentration (%) in sceds
and stem at harvest of sunflower as influecnced by integrated
nutricnt managecment in sunflower - pigconpca intcrcropping

system arc prescnted in Table 28a and b.

Organic sourccs, inorganic fertilizer levels and their
interactions did not affect the N, P and K concentration (%) in

seccds and stem of sunflower significantly. lHowever, the N, P
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and K concentration in sceds werce 2.57, 0.41 and 0.74 per cent,
respectively and in stem were 0.59, 0.033 and 0.51 per cent,

respectively.
4.4.1.2 Nutrient concentration of pigeonpea

The data on mcan N, P and K concentration (%) in sceds
and stem at harvest of pigeonpea as influenced by integratcd
nutrient management in sunflower - pigeonpca intercropping

system are presented in Tablc 29a and b.

Organic sourccs rccorded significant differences with
respect to only P and K nutﬁcnts. Application of poultry
manurc rccorded significnatly higher P content both in stem
and sceds (0.14% and 0.39%) than reccorded under FYM (0.12%
and 0.30%). Poultry manurc rcccived trecatment rccorded
significantly higher K content both in stem and sceds (1.35%

and 1.26%) than recorded undcr FYM (1.20% and 1.18%).

With different levels of RDF, significant variations in
nutrient content (N, P and K) in both stem and sccds wcrc
observed, significantly higher N content of 1.63 pcr cent in
stem and 4.55 per ccnt in sceds werc rccorded with 100 per
cent RDF level than rccorded under No RDEF level (1.29% and
4.06%). A similar trcnd was obscrved in casc of both P and K
nutricnts. Significantly higher P and K content in stem (0.14%
and 1.42%) and in sceds (0.42% and 1.36%) wcre rccorded with
IOOV per cent RDF level than rccorded under No RDIE level

(0.10% and 1.12% in stcm and 0.25% and 1.17% in sccds).
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There were no significant differences in the nutrients
concentration (N, P and K) in sceds and stem of pigconpca as

influenced by integrated nutrient managecment.

4.4.2 Nutrient uptake (kg/ha)
4.4.2.1 Nutrient uptake of sunflower (kg/ha)

The data on N, P and K uptake (kg/ha) of sunflowcr as
influenced by integrated nutricnt management in sunflower -

pigeonpea intercropping system are presented in Table 30.

Only organic sources rccorded significant diffcrence
with respect to only N uptake (kg/ha). Application of
vermicompost rccorded significantly higher N uplake (277.46
kg/ha) than rccorded under FYM (254.76 kg/ha) and it was on
par with poultry manure reccived trcatment (275.64 kg/ha).
With respect to P and K uptake there werce no significant
differences. However, higher P and K uptake were reccorded
with poultry manurc (38.59 and 106.70 kg/ha) followed by
vermicompost (36.45 and 103.84 kg/ha) and I'YM (33.74 and 93.41
kg/ha).

Inorganic fertilizer levels did not have any significant

influence on the N, P and K uptake (kg/ha) ol suntlowcr.

Intcraction clfcct of organic sourccs and inorganic
fertilizer levels had non-significant cffect on the nutrient (N, P

and K) uptake (kg/ha) of sunflowcr.
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4.5 Soil chemical analysis after harvest

4.5.1 Organic carbon (OC)

The data on organic carbon content in  soil after

‘harvest of the crops arc presented in Table 32.

Organic sources, inorganic fertibizer levels and  their
intcractions did not affect the organic carbon content of the
~ soil significantly. Howcver, combined application of FYM + 100
per cent RDIEF recorded highest organic carbon in the soil

(0.642%) and least organic carbon was noticed with FYM + No

RDF (0.598%).
4.4.2 Available soil nitrogen (kg/ha)

The data on available soil nitrogen (kg/ha) alter

harvest of the crops arc presented in Table 32,

Available soil nitrogen after harvest of the crop
differed significantly duc to diffcrent  fertilizer  lcvels.
Available soil nitrogen was significantly higher with 100 per
cent RDF (172.22 kg/ha) than noticed under No RDE (125.22
kg/ha).

Application of organic sources resulted in non-
significant diffcrences in available nitrogen. However, higher
available soil nitrogen (153.61 kg/ha) was noticed with
application of poultry manurc followed by application of

vermicompost (153.00 kg/ha) and FYM (145.03 kg/ha).
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Available soil nitrogen did not differ significantly duc

to intcractions bectween organic sources and inorganic fertilizer

lfevels.
4.5.3 Available soil phosporus (P)

Data  pertaining o available soil  phosphorus arc
presented in Table 32. There was significant differences

between organic sourccs and inorganic fertilizer lcvels.

Available soil phosphorus differed significantly duc to
different levels of inorganic fertilizers. Significantly higher
available soil P (32.44 kg/ha) was rcocrded with 100 pcer cent

RDF than recorded under No RDF (19.48 kg/ha).

Significant dilfcrences in available soil phosphorus duc
to organic sourccs was noticed. Application of poultry manurc
recorded significantly higher available soil phosphorus (28.80
kg/ha) than recorded undcr farm yard manurc (24.31 kg/ha)
and it was on par with application of vcrmicompost (28.02

kg/ha).

Available soil phosphorus did not differed significantly
due to interaction effects of organic sources and inorganic

fertilizer levels.
4.5.4 Available soil potassium

The data on available soil potassium (kg/ha) after

harvest of the crops arc prescented in Tablc 32.



Q¥
Lo !
amnuew Aaynod = J\d
1IsodwoonuIa g = JIAA
slnuvw pieAune] - N A
15ZI[1L13} JO 2SO PIPUIWWOIY = J(TY
URIYIUSIS-UON, = SN
S'N w0t SN SN ey [€¢ SN ss €l SN SN SN SN %¢ 1B A
I 6T'8 r9 §6C LYl 11 0<8 oLt 1L €00 6100 s100 ~w3's
Siour x BIQ “f1ou] B0 Sioup x 810 ‘10U 810 ‘Bioup X B0 F1ouy 810 ‘B1ou] X 810 Sioup D10 $20IN0§
30 sugdur 3yl Sursedwod oy
860 SI°C0E  €596T I816T | sOLC 08 8¢ TORT  ISHT | SSOSI (9SSl QO'ESL  €0°SHI | 0190 1190 6090 0190 UBOIN
T1'88C T000E L698T ELELLT gF 61 61 £¢ T4 ST CTSTE  ox 0Ll sl'sTl 01°0T1 109°0 090 1090 860 40¥ ON - 40 0001
6TTOT  EX00€  6S06T 9B SRI | 9t 6T er9C 69'LT 96'1C | TETHT  STOrl  ¢89Fl  SR6ED | 8090 <190 0090 £090 A %$T + 40 %6001
T1'96T 65908  0S€6T LUSBBT | rL LT (AR L86T POET | 60°TEL T6SST Le'PST LESHD | 8090 €190 8090 090 40Y %06 ¢+ 30Y %001
08'68T €6+0E LT96T 0T8I | 610t 851t £80¢ LUBT | 687091 18791  €0€91  £8't5l | 6090 0190 £190 +09°0 AU %L + 3AY %001
98°CIE 8LElE  PESIE  9F6tE | tHCE 69°ct LS1E LOTE | TTTLL  $9'8LY  €O'ELl  00'S91 | €290 §19°0 <190 90 A %001 + 40Y %6001
8aduoadig + Jamopung
UE3JN Nd QNA AT | uBsiy Wd IJNA WAL | Uedy INd INA WAL | UBdN Wd JMA I sowedio

(/DY) Wnisselod 9[qe[leAY (ey/3Y) (d) stuoydsoyd o[qefieAy (ey-BY) UsBoaiu IQE[IRAY (2%) uoqres dWe3IQ

S]9A3] 19Z1]1L19] dIuedioul
pUE $991M0s dIuesIo Aq pasuanyul se sdoId 3o 1saarey Jaye [10s ut wnisselod pue sruoydsoyd ‘usSontu ajqe{eAR ‘U0GIEd dWUEFI) ¢ AqRL



123

Variations in inorganic fecrtilizer levels had significant
diffcrences in available soil potassium. Signilicantly highcer
available soil potassium (322.86 kg/ha) was noticed with 100 per

cent RDF than noticed undcr No RDI' (288.11 kg/ha).

Available soil potassium did not differed significantly
due to different organic sources. However, higher available
soil potassium (305.15 kg/ha) was recorded with poultry manurc

followed by vermicompost (296.53 kg/ha) and [I'YM (291.82
kg/ha).

Available soil potassium did not differ significantly with
respect to intcractions ol organic sourccs and inorganic
fertilizer levels.

4.6 Economics of integrated nutrient management in
sunflower - pigeonpea intercropping system

The data on cconomics as influcnced by integrated
nutrient management in sunflowcr - pigconpeca intercropping

system are prescnted in Table 33.

Among the organic sources cost of cultivation was
highest with vermicompost (Rs. 8287/ha). This was followed by
FYM (Rs. 7718/ha) and poultry manurc (Rs. 7298/ha). In casc
of inorganic fertilizer levels 100 per cent RDE recorded highest
cost ol cultivation (Rs. 8751/ha) and lcast cost ol cultivation
was rccorded with No RDF (Rs. 6784/ha). With recspect to
organic sources and inorganic fertilizer level interaction

highest cost of cultivation was rccorded under vermicompost +
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100 pcr cent RDIF for sunflower and 100 per cent RDI for
pigeonpea (Rs. 9437/ha) and lcast cost of cultivation was
recorded with poultry manure + 100 per cent RDF for sunflower

and No RDI for pigconpca (Rs. 6398/ha).

In case of organic sources higher gross rcturns (Rs.
17622/ha) was recorded with application of vermicompost
followed by poultry manure and FYM (Rs. 17545 and 16531/ha,
respectively). Among thc inorganic fertilizer levels 100 per
cent RDF recorded highest gross returns (Rs. 18712/ha) and
lcast gross rcturns was rccorded with No RDEF (Rs. 15754/ha).
With respect to interactions highest gross rcturns was
recorded under vermicompost + 100 per cent RDF for sunflower
and 100 pecr cent RDEF for pigeonpceca (Rs. 17622/ha) and lcast
gross rcturns was rccorded with FYM + 100 RDE for sunflower

and No RDF for pigeonpea (Rs. 15385/ha).

Net returns were significantly higher with the
application ol poultry manurc (Rs. 10247/ha) than rccorded
under FYM (Rs. 8813/ha) and vermicompost (Rs. 9334/ha).
Among the inorganic fertilizer levels 100 per cent RDFE recorded
highest net returns (Rs. 9961/ha) and lcast gross rcturns was
rccdrdcd with No RDF (Rs. 8970/ha). With respect  to
interactions highest nct recturns was rccorded undcr poultry
manurc + 100 pcr ccent RDE for both sunflower and pigconpca
(Rs. 10933/ha) and lecast nct rcturns was rccorded with I'YM +
100 per cent RDF for sunflower and No RDI for pigconpcea (Ks.

8568/ha).
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Among organic sourccs significantly higher benefit
cost ratio was noticed in poultry manure (1.41) followed by FYM
(1.15) and vermicompost (1.13). With respect to inorganic
fertilizer levels No RDF recorded significantly higher B:C ratio
(1.33) than recorded under 100 per cent RDEF (1.14). There is
no significant differences in B:C ratio as influenced by organic
sources and inorganic fertilizer levels. lowever, highest B:C
ratio was rccordcd undcr poultry manurc + 100 pcr cent RDFE
for sunflower and No RDF for pigconpeca (1.50) and lowest B:C
ratio was noticed under FYM + 100 per cent RDE for both

sunflower and pigconpca crops (1.05).



DISCUSSION



127

V. DISCUSSION

The results obtained from the experiment conducted
during kharif season of 1998-99 undcr rainfcd conditions to
study thc effcct of organic sources and inorganic fertilizer
levels in sunflower - pigconpea intercropping system, on the
growth and yicld of componcnt crops and cconomics of the
integrated nutrient management in sunflower - pigconpea

intcrcropping system arc discusscd in this chapter.

The growth and yield of a purc crop is governed by
soil and weather parameters besides management practices.
Wherecas, the imposition ol intcrcropping not only altcrs the
conditions availablc for thc purc crop by compctition but also
influences the complementarity of onc over thc other. In the
present day context of enhancing thc productivity of both the
oilseeds and the grain legumcs, the combination of Lhc
important oilsced crop of sunflower with that ol the most
potential pulse crop of pigeconpca was brought to accruc
greater yield advantages under some optimum combinations.
Water and fertility resources to cach of thesc crops and then
examine their individual yield potentials as wecll as the overall

productivity of a particular systcm.



128
5.1 Weather and crop growth

Crop growth is mainly dependent on cnvironmental
factors and fluctustions in wcather conditions greatly influcnce
on it. During the ycar 1998 a wecll distributed raintall of
790.20 mm was received (Table 2). The maximum number of
rainy days (22) during the month of Junc 1998-99 werce
recorded. Meteorological paramcters indicated that maximum
and minimum temperatures were conducive to crop growth and
development. Relative humidity varicd from 58 per cent in
April to 93 per cent during Octlober. Thus, thc overall
cnvironment was conducive for better growth at all stages of

crops growth.

5.2 Effect of organic sources and inorganic fertilizer
levels on yield, dyleld components and oil content
in sunflower and pigeonpea
The integrated nutricnt management enrich thc soil with

nutricnts. Which helps in producing higher grain and foddcer

yield. The integratcd nutricnt management i1s thce maintainance
and possible improvement ol soil fertility for sustaining crop
productivity on long term basis. This can be achicved by
scientific management of different sources of nutricnts tor

optimum growth, yield and quality of differcnt crops.

In casc of sunflower, among organic sources application
of vermicompost rccordcd higher sced yicld (13.24 ¢/ha) than
poultry manure and FYM (12.68 and 11.83 gq/ha). Application of

vermicompost was comparable to 100 pcr cent RDIF to sunflower
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and 75 pcr cent RDE to pigeconpca (13.28 q/ha) (lablc 15).
This indicates the possibility of substitution of organic sources
i.e., poultry manure (2.7 t/ha). Effects of poultry manure
(12.68 q/ha) were on par with thc application of 100 per cent
RDF to sunflower and 50 per cent RDF to pigconpca (12.70
q/ha) and cffects of FYM (11.83 q/ha) werc on par with the
application of 100 per cent RDF to sunflower and 25 per cent

RDF to pigeonpea (12.03 g/ha).

The sced yicld of sunflower differcd non-significantly
with the application of organics, inorganic fertilizer levels and
their combinations (Table 15). Application of vermicompost +
100 per cent RDEF to both sunflower and pigconpca rccorded
higher sced yicld (14.25 g/ha) than the rest of the trcatments.
Application of cithcr FYM, vcrmicompost or poultry manurc in
conjunction with 100 per cent RDF for both sunflower and
pigeonpea increased the seed yicld by 10.47, 19.44 and 16.22
pcr cent, respectively over application of cither I'YM,
vermicompost or poultry manurc in conjunction with 100 per
cent RDEF to sunflower and No RDIY to pigeconpea. At 100 per
cent RDF to sunflower and 75 per cent RDIF to pigeconpca the
per cent increcasc in sced yicld with combination ol any
organics werc 8.47, 18.87 and 14.61 pcr ccnt as comparcd Lo
cither FYM, vermicompost or poultry manurc in conjunction
with 100 per cent RDF to sunflower and No RDI' to pigconpcea,

respectively.
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These studics indicate that, application of 100 pcr cent
RDF to both sunflower and pigeconpca + vermicompost or 100
per ccent RDEF to both sunflower and pigconpca + poultry
manurc hclps to get higher yiclds of sunflower as comparcd Lo

100 per cent RDF to both sunflower and pigconpca + [FYM.

In case of pigeonpeca, application of poultry manurc
recorded higher seed yield (8.37 q/ha) than vcrmicompost and
FYM (8.27 q/ha and 8.01 q/ha). Application of poultry manurc
was comparable to 100 pcer cent RDE to suntlower and 50 per
cent RDEF to pigeconpceca (8.37 q/ha) (Tablc 27). This indicates
the possibility of substitution of recommended dosce of fertilizen
(25:50 kg NP/ha). Effccts of vermicompost (8.27 g/ha) was on
par with the application ol 100 per cent RDIY to sunflower and
50 per cent RDF to pigconpa (8.37 q/ha) and cffects of I'YM
(8.01 g/ha) was on par with thc application of 100 per cent
RDF to sunflower and 25 per cent RDF to pigconpceca (8.00

q/ha).

The sced yicld of pigconpca differed signilicantly with
the application of inorganic fertilizer levels (Table 27).
Application of poultry manure + 100 per cent RDEF to both
sunflower and pigconpca rccorded higher sced yicld (8.98 q/ha)
than the rest of the trcatments. Application ol cither I'YM,
vermicompost and poultry manure in conjunction with 100 pcr
cent RDIF for both sunflower and pigeconpea crops incrcascd
pigeonpeca sced yicld by 16.26, 15.09 and 17.04 pcr cent,

respectively over application of cither FYM, vermicompost and
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poultry manurc in conjunction with {00 pcer cent RDEE for only

sunflower and No RDIY to pigconpeca, respectively.

Integration of cither FYM, vermicompost or poultry
manure with 100 per cent RDF to both sunflower and pigconpea
and above organics with 100 per cent RDF to sunflower and 50
per cent RDF to pigeonpca werc on par indicating the
reduction in 50 per cent RDF to an intcrcrop i.c., pigeonpca by
use of organics. Similarly, higher grain yicld of sorghum was
recorded with application of rccommended dosc of fertilizer
with cnriched FYM and soil inoculation of  Azospirilium
(Veerabadran and Rajcendran, 1993). At Bangalore 25 to 50 per
cent substitution of RDEF in sunflwoer and groundnut was
observed with application of vermicompost (Kale ct al, 1994).
Krishnamoorthy (1995) who obscrved higher grain yicld of
kharif sorghum duc to combincd application of vcrmicompost
(2.5 t/ha), Azospirillum (10 kg/ha) and RDI (100:75:37.5 kg
NPK/ha).

Irrespective of organic sources of nutriecnts with
application of 100 per cent recommended dosc of fertihizer
(RDF) to both sunflower and pigeconpea rccorded significantly
higher grain yield of pigconpca (8.80 g/ha) as comparcd to 25
per cent RDF to pigeonpca and without fcertilzicr to pigconpca
(Tablc 27). Reduction in fertilizer dosc to pigeonpca decrcascd

the grain yicld significantly (ecither 25 or 0% RDF).

The increase in sced yield of sunflower and pigconpea

with combincd application of cither FYM, vermicompost or
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poultry manurc atong with 100 pcr cent RDE to both sunilower
and pigconpca werce altributed to their favourable cffccts on
yield components viz., head diamcter (12.97 c¢m), number of
seeds per hcad (964.67), sced yicld per plant (28.99 g), 1000-
seced weight (32.97 g) and chaffyncss per cent (24.72) (Table 12
and 13). In case of pigconpea, number of pods per plant
(115.07), number of seeds per pod (3.75), sced yicld per plant
(36.35 g) and 100-seed weight (11.31 g) (Table 26). -

In case of sunflower, hcad diamctcr, number of sceds
per hcad, sced yicld per plant, 1000-sced weight and per cent
chaffyness were non-significant as influenced by organic
sourccs, inorganic fertilizer levels and their intcraction cifcct.
However, irrespective of organic sources of nutrients with
application of 100 pcr cent RDEF for both sunllowcr and
pigeonpea rccorded higher hecad diamcter, number of sceds per
hcad, sced yicld per plant, 1000-sced wcight and per cent
chaffyness. But, highest sunflower hecad diamcter (13.26 cm)
rccorded under poultry manurc + [00 per cent RDE for both
sunflower and pigconpca crops as comparcd to other
treatments. Similarly highest number of secds pcr head
(975.33) and 1000-seed weight (33.21 g) wecre rccorded under
vermicompost + 100 per cent RDF for both sunflower and
pigeonpea. But, per cent chaffyness was highest with FYM +
100 per cent RDEF for sunflower and zero per cent RDF  to

pigeonpea (28.20%) (Table 12 and 13).
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These studices indicate that, application of 100 per cent
RDF to both sunflower and pigconpca + vermicompost or 100
per cent RDF to both sunflower and pigconpca + poultlry
manure helps to get higher valucs of yicld components of
sunflower as compared to 100 per cent RDF to both sunflower
and pigconpca + IFYM. This may bc attributed to higher per
cent of nutrients obscrved under vermicompost and poultry

manurc as comparcd to FYM.

In casc of pigconpca, numbcer of pods pcr plant and
seed yield per plant with 75 per cent RDIF to pigconpea was on
par with 100 pecr cent RDE  to pigeconpeca was applicd in
combination with diffcrent organics. In casc of pigeconpea,
numbcr ol pods per plant and sced vicld per plant with 75 per
cent RDEF to pigeconpca was on par with 100 per cent RDE to
pigeonpea when applicd in combination with different organics.
But it was significantly highcr over no fertilizer and 25 per
cent RDE to pigeonpea along with diffcrent organics. This may
be attributed to slow reclcasc of nutricnts. Similar rcsults were
rcported by many workers (Krishnamurthy ct al, 1973; Sarig ct
al., 1988; Porwal and Pushpendra Singh, 1992). Significant
corrclation was also obscrved in between chlorophyll content,
1000-grain weight and grain wcight on main stem in oats (Grib
ct al, 1990). Goudreddy ct al. (1989) rccorded application of
farmyard manure at thc ratc of 5 t/ha incrcasc thc grain
number per car, grain wecight per car, 1000-grain wecight of

rabi sorghum on mcdium black soils ol Dharwad. Application of
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farmyard manure (?‘YM) @ five and ten tonnes per ha
signilicantly increcased the growth, yicld attributes and yicld of
sunflower over no FYM and Azotobactor inoculation (Singh and
Jagadev Singh, 199§). The incrcasc in yicld may also bc
attributed to the improvement brought about in soil physical
conditions like soil structure and incrcascd microbial activity
resulting in better moisture utilization (Bhosckar and

Raikhelkar, 1990 and Krishnamoorthy, 1995).

Recommended dosc of fertilizer in combination with
organics has rccorded signilicantly higher harvest index as
compared to 50 pecr cent RDI and No fertilizer trcatments in
casc of pigeonpeca. But, in casc ol sunilowcr rccommended dosc
of fertilizer in combination with diffcrent organic sources did
not record significant cffect on harvest index (Table 27 and

15).

Combined application of organics with 100 pcr cent RDE
to both the crops has resulted in significantly higher stalk
yicld as compared to lesscr levels of RDEF to pigeconpca i.c., 25
per cent RDF and No fertilizer to pigconpca. But in casc of
sunflower, the variations in RDI levels to pigeonpca did not

affect the sunflower stalk yield significantly (Table 27 and 15).

The higher stalk yicld of both sunflower and pigconpca
in combined application of organic sourccs and 100 per cent
RDF for both sunflowcr and pigconpca trcatments was duc o
better growth and development resulted in higher dry matter

accumulation in stem, lecaves, hcad, pods, ctc., (Table 8, 9, 10,
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11, 22a, 22b, 23a, 23b and 25). The incrcasc in stalk yicld was

also due to morc availablc nitrogen, phosphorus and potassium.

This agrees with the findings of Jagtap and Pharande (1982).

The oil content (%) in sunflower did not vary signilicantly

(Table 14). This may be duc to favourable effcct of organic

sources in addition to rccommended dosc of fertilizer.

5.3 Effect of organic sources and inorganic fertilizer
levels on growth and growth components of
sunflower and pigeonpea
Among thc various growth lactors that dcterminc the

growth of crop, nutrient supply is most important onc.

Germination percentage did not differ significantly in
both the crops with application of organics and dilferent
levels of fertilizers. Being a nutricnt cxhaustive crops,
sunflower and pigeonpca responded to fertilizer application.
Irrespective of organic sources, successive increase in
recommended dose of fertilizer to pigconpca has significantly
increased the plant height of pigeonpeca (Table 16a and b).
Similarly increase in vigour of plants with fertilizer appliation
was rcported by Agnal (1990); Hirpara ct al (1992) and Anon.
(1993a). As indicated by plant height, the growth of the
plants did not differ significantly with application of FYM,
vermicompost and poultry manurc. Similar findings werc also
reported by many workers (Pocovskay et al, 1985) and Sarig

et al. (1988), Krishnamoorthy and Varanabhaiah (1986).
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Application of 100 per cent RDF to both sunflower and
pigeonpea recorded higher plant height of both sunflower and
pigeonpea as compared to other treatments. This increcasc in
plant heights can bc attributed to increased uptake of
nitrogen. The results obtained in the present investigation arc

in accordance with thosc rcported by Gupta and Gupta (1975).

Bheemaiah et al (1986) and Krishnamoorthy (19935),
observed increase in growth (plant hcight) with application of
vermicompost, Azospirillum and other organics along with
fertilizer. Application of vermicompost in addition to 50 per

cent RDF has rcsulted improvement in plant hcight (Mastiholi,

1994).

Green leaves per plant in both the crops werc highest
with the application of organic sources + 100 pcr cent RDI for
both sunflower and pigconpca at all the stages (Table 5 and
19a and 19b). At Dharwad, during kharif, rccommcnded dosc of

fertilizer has rccorded higher number of lcaves (lHunshal, 1978).

Intcgration of cither FYM, vcrmicomﬁost or poultry
manure with 100 per cent RDF for both sunflowcr and
pigeonpea has rectained higher number of grcen lcaves in
sunflower and pigeonpea (5.21 and 154.16) as comparcd to No
fertilizer application to pigconpca (4.52 and 125.48) at 90 DAS.
Krishnamoorthy (1995) reported significantly highcr number of
green lecaves with combined application of vermicompost and

Azospirillum in kharif sorghum. Nijhawan and Kanwar (1952)
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recported incrcasc in number of grcen lecaves per plant with
vermicompost application. Application of FYM increascd green
lecaves at harvest (Bakale, 1970). Reccommended dose of
fertilizer to both the crops with organic sourccs has rccorded
significantly higher lcaf area compared to 25 per cent or
without fertilizer to pigconpea (Table 6, 20a and 20b). These
results are in confirmity with Agnal (1990); Hirpara et al. (1992)
and Ishwar Singh et al (1993). In casc of pigeconpea, higher
number of trifoliate lcaves in above trecatment was duec Lo
highcr number of primary and sccondary branches noticed in
that treatmcnt comparcd to other oncs (Table [7a, 17b, 18a and

18b).

Recommended dosc ol fertilizers (RDIF) to both crops
‘with organic sourcecs rccorded significantly higher dry matter
production (DMP) at all the stages of crops growth. Recduction
in the fertilizer dosc to pigconpca has an adversc clifcct on
dry matter production (Tablc 7 and 2la and 21h). llowecver, in
sunflower organic sourccs rccorded significant variations among
thosc vermicompost recorded significantly highest dry matter
production of sunflower (83.12 g) as comparcd to 'YM (76.42 g)
at harvest. Similar obscrvations wcrc made by Warsit (1973)

and Agnal (1990).

Further, combincd application of cither of the organics
with 100 per cent RDF for both crops rccorded maximum dry
mattcr production during thc cntirc crops growth pcriod as a

result of increase in dry matter accumulation 1n plant parts



viz., lcaves, stem, petiole and hcad (Table 8, 9, 10 and 11) of
sunflower and in casc of pigconpca arc lcaves, stem, pctiole
and pods (Table 22a, 22b, 23a, 23b, 24a, 24b and 25). Thesc
results arc in confirmity with the [findings ol Goudrcddy
(1982); Devasenapathy and Subbarayalu (1985); Savalagi and
Savalagi (1991) and Krishnamoorthy (1995).

Organics along with RDF to both the crops enhanced
lcal arca per plant (Table ¢ and 20ua and 20b).  lligher leal
area in these treatments could be attributed to incrcased
supply of nutrients upto harvest stages of both the crops.
Maintainance of higher lcal arca duc to application ol organics
in cojunction with RDF to both the c¢rops during crop growth
period resulted in higher lcat arca (1LA) in these trcatments
ultimately increased thc process of photosynthesis. These
results are in confirmity with the findings of Pawar ct al
(1987), Krishnamurthy ¢t al (1973) and Mastiholi (1994).

5.4 Effect of organic sources and inorganic fertilizer
levels on nutrient uptake and nutrient
availability in the soil after harvest of the
Crops
Uptake of N, P and K incrcascd with progressive

incrcasc in the levels of fertilizers to pigeconpcea. lHundred per

cent rccommended dosc of fertilizer (RDF) along with organic

sources recsulted in maximum uptakc of N, P> and K (Tablc 30

and 31). This might be duc to incrcased availability of

nutricnts in the soil solution with incrcasc in lertility levels.

Uptake of nutrients is infact associatcd with thc mctabolic
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activitics of plants and with the concentration and distribution
of ions in the rhizosphere. Similar results were also rcported

by Roy and Wright (1974) and Deshmukh et al (1994).

Soil analysis after harvest of the crops indicated that,
organic carbon content did not differed significantly with
variation in fertilizer levels and different organic sources
(Table 32). Results arc in confirmity with the findings of
Anon., 1993b and Mastiholt (1994). Available P and K contents
in the soil after harvest of the crops were highest (33 and 309
kg PP and K/ha, respectlively) with the application ol RDF

(Anon., 1992).

With respcct to sunflower, only uptake of N was
significantly higher with vermicompost (277.46 kg/ha) (Table
30) as compared to FYM (254.76 kg/ha) and it was on par with
poultry manure (275.64 kg/ha). Uptake of P and K wecrc did
not vary significantly. Increasec in uptake of N with
vermicompost was 8.20 per cent over I'YM.  Vermicompost and
poultry manure werc found supcrior over I'YM and rccorded

signilicantly higher uptake of N, P and K.

With respect to pigconpea, uptake of N, P and K were
significantly higher with poultry manurc as comparced to I'YM
and it was on par with vermicompost (Tablc 31). Incrcasc in
uptake of N, P and K with poultry manurc were 12.41, 18.01

and 26.36 pcr cent, respectively over FYM.
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With respect to inorganic fertilizer levels, uptake of N,
P and K were significantly higher with 100 per cent RDE (Table
30 and 31) as compared to 50, 25 per cent RDF and No
fertilizers to pigeonpea. Increasc in uptake of N, P and K with
100 per cent RDF were 21, 23 and 29 per cent, respectively
over 50 per cent RDEF and 206, 30 and 38 pcr cent, respectively
over 25 per cent RDF and 32, 36 and 52 per cent, respectively

over no fertilizer.

The increasc in grain and stalk yicld and dry matier
could be correlated with incrase in uptake of N, P and K. It
was obscrved, vermicompost and poultry manurc found to alter
the nutrient availability and also thc plants ability to takc up
nutrients or even affect the growth mecchanism of the plants
(Springett and Syers, 1979). The wormi cast forms suitable
base for survival of benecficial microbes whose activity is
essential for releasing nutricnts to higher plants (Atlavinyte
and Vanagas, 1982). Application ol vermicompost, poultry
manure and FYM gave significantly higher N, P and K uptakec.
It - was also observed improvement in physico-chemical and
biological properties of soil with addition of organic manurcs.
Krishnamoorthy (1995) also observed highcr N, P and K uptake
due to addition of vermicompost in conjunction with

Azospirillun.

Organic carbon content incrcascd duc to application ol
FYM along with 100 per cent RDF for both sunflower and

pigconpea (0.642%) (Table 32). Rcsults arc in confirmity with
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the findings of Gour ct al (1992); liclkaih ct al. (1981); llapsc
(1993) and Krishnamoorthy (1995). While comparing with no
fertilizer application to pigeonpca, there was higher organic
carbon content (0.623%) with the combincd application of cither
vermicompost, poultry manurc or FYM along with 100 pecr cent
RDI" to both sunflower and pigeonpca. Similar findings were
reported by Koni (1983); Anon. (1993b) and Mastiholi (1994).
Application of organic sources along with 100 per cent RDF for
both sunflower and pigeonpeca recorded highest available N, p
and K in the soil (178.65, 33.69 and 339.46 kg/ha). Similar
results were found by Rao and Dokhore (1994) and Mastiholi
(1994). Kalc and Bano (1988) rcported that chemical composition
of vermicompost was 0.66, 0.99 and 0.40 pcr cent N, P50 and
K50, respectively has increased the availability of phosphorus.
Increase in available P with vermicompost application was also
reported by Kale et al (1992) observed that phosphorus in the
soil was more in vermicompost appliecd plots {ollowed by FYM.
It might be duc to higher PP content of vermicompost (0.75, 1.12

and 0.52 per cent of N, P,0g and K50, respectively).

Uptakc of N, PP and K was highcst with combination of
organics and inorganic fertilizers viz., poultry manurc + 100
per cent RDF for both sunflower and pigconpca (275.64, 38.59
and 106.70 kg NPK/ha in sunflowcr and 89.83, 40.30 and 80.59
kg NPK/ha in pigconpeca, respectively) (Table 30 and 31). This
was followed by vermicompost + 100 pcr ccent RDEF for both
sunflower and pigconpca wcere significantly supcerior over IFYM

+ 100 per cent RDE for bhoth sunfiower and pigconpca. Similar
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trend was observed with the combined application ol organics
along with 50, 25 and 0 pecr cent RDF.  Thesce results arc in
confirmity with the findings of Kale et al (1992); Alagawadi and
Gaur (1992) and Deshmukh et al (1994).

The integrated use of chemical fertilizers along with
organic manurcs arc also important for improving the soil
properties. Application of poultry manure + 100 per cent RDF
for both sunflower and pigeconpea recorded significantly higher
available soil nitrogen (Table 32), followed by vermicompost +
100 per cent RDE for both sunflower and pigconpea.  lHighest
available P and K were rccorded with the application of poultry
manurc + 100 pcr cent RDIEY for both sunflower and pigconpea
(33.69 and 313.78 kg PK/ha). However, application of
vermicompost + 100 per cent RDEF for both sunflower and
pigconpca obtaincd highest available P and K in the soil (31.57
and 315.34 kg PK/ha). This might bc duc to bctter residual
effect of combined application of organic manurcs and inorganic
fertilizers.

5.5 Economics of integrated nutrient management in
sunflower — pigeonpea intercropping system

The ecconomics of different intcgrated nutricnt
management treatments (organic manurcs + inorganic fertilizer
levels) indicated that, nct rcturns were highest with poultry
manure + RDF (Rs. 10247/ha) followed by vermicompost + RDF
(Rs. 9334/ha) and FYM + RDIF (Rs. 8813/ha).  But bencelit cost

ratio in vermicompost + RDI® (1.13) was lowcr than application
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of FYM + RDF (1.15) and poultry manurc + RDF (1.41). Despite
of lower gross returns, nct returns in FYM and poultry manurc
applied treatments were increased becausc of FYM’s lower cost
and poultry manure’s lesser quantity to supply same amount of
N. The net returns with 100 per cent RDF for both sunflower
and pigconpca and 100 pcr cent RDE for sunflower and 75 per
cent RDF for pigeonpca werc on par. Indicating that, about 25
per cent to 50 per cent fertilizer can be saved in inter
cropping system. Similarly B:C ratio was highcest  with
application of 100 per cent RDF to sunflower and No fertilizer
to pigeonpea (1.33). It is evident that chcap source of plant
nutrients such as poultry manurc was most ecffective in
sunflower - pigeonpea intcrcropping system. The nct rcturns
with vermicompost werce found higher than IF'YM at all inorganic
fertilizer levels but it was recorded lower B:C ratio duc to
higher cost. It is proflitablc if farmcr precparcs vermicompost
on his own farm with his on farm resources. Once farmer gocs
to scll preparation of vermicompost than ultimately therce was
lower cost of cultivation in vcrmicompost then only it was
fecasible. Otherwisc it can’t be fcasiblec but by applying
vermicompost will maintain thc sustainable soil hcalth. But the
benceficial effects of vermicompost with respect to maintainance
of soil helath cannot be ignored for suitable productivity. On
the other hand dcleterious cffect of fertilizers on soil physical,
chemical and biological propertics should also bc considered in
nutrient management system. With rcspect to poullry manure

as it contains higher concentration of N, P and K than I'YM
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and vermicompost. So its requirement is less Lo supply samc
quantity of nutrients. Thus, cost of cultivation will be lcsser.
It is also profitable if its availability is solved. In the present
investigation it was observed that application of poultry
manure + 100 per cent RDF to sunflower and 50 per cent RDF
to pigconpea, farm yard manurc + 100 per cent RDIE (o
sunflower and 50 per cent RDF to pigeonpea. ‘The results arce
in confirmity with the findings of Mastiholi (1994) and
Krishnamoorthy (1995) and he stated that, application of
vcrnﬁcompost plus  Azospirillum along with RDIF  rccorded

highest net returns and bcnefit cost ratio.
Practical application of the results

{. Hhighest sunflower sced cquivalent yicld can be obtlainced
with integrated nutrient application of vermicompost (4.7
t/ha) + 100 per RDF to both sunflower (35:50:35 kg NPK/ha)
and pigeonpea (25:50 kg NP/ha) or poultry manurc (2.7
t/ha) + 100 per cent RDI to both sunflower and pigconpca

Crops.

2. lHlighest net rcturns can be obtained by the combined
application of poultry manurc + 100 pecr cent RDIF to both

sunflower and pigeonpea.

3. Application of 50 per cent RDEF to pigconpca and 100% RDF
to sunflower + poultry manure was found most cost cifective

and recorded highest B:C ratio.
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Future line of work

1.

To evaluate nutrient management in sunflower + pigeonpea

intercropping system with various mecthods of cvaluation of

crop mixtures.

To evaluate the land based and crop based fertilization for

sunflower + pigeonpea intercropping systcem.

It is important to know thec long term cifccts of application

of organic sourccs on soil propcertics.
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V1. SUMMARY

A ficld cxperiment was conducted at Agricultural College
Farm, Dharwad, on medium black soil under rainfed conditions
during kharif season of 1998-99 to study the cffect of organic
sources and inorganic fertilizer levels in intercropping of
sunflower and pigeonpeca on the growth and yicld of the
component crops, total yields and thc cconomics of the
intecgrated nutricnt management in  intercropping  system.
There were 15 trcatments, threce organic sources (FYM,
vermicompost and poultry manurc) and five inorganic fcrtilizer

levels. The results are summarised in this chapter.

Maximum plant hecight of sunt‘lowcr at 60, 90 DAS and at
harvest was recorded with the application of poultry manure +
100 per cent RDF for both sunflower and pigconpeca, whilc the
least plant hcight was obscrved in FYM + 100 pcr cent RDEF to
sunflower and No fcrtilizer to pigeconpca trcatment. Application
ol cither of the organic sources + 100 pcr cent RDIY for both
sunflower and pigeonpca rccorded maximum plant height at all
the crop growth stages. With respect to pigeconpca also similar
results werc found at 150, 180 DAS and at harvest. llighest
number of grcen lcaves per plant and lcal arca were noticed in
either of the organics + 100 per cent RDF for both sunflower
and pigeonpea treatment in both sunflower and pigconpcea
crops. Combined application of vermicompost + 100 per cent

RDF for both crops and poultry manurc + 100 pcr cent RDI for
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both crops rccorded maximum number of green leaves per plant
at all the crop growth stages. With respect to pigeconpcea
maximum number of primary and secondary branches were

noticcd at 1[50, 180 DAS and at harvest with cither of the

organics + 100 per cent RDF for both the crops.

Total dry matter production was highest with Comhincd
application of either of the organics along with 100 per ccnt
RDF for both the crops at all the crop growth stages. While it
was lowest with combincd application of cither of the organics
along with 100 pcr cent RDEF tor suntlower and No fertihzer for
pigconpca. Maximum total dry matter production was rccorded
undcr combined application of cither vermicompost or poultry
manure with 100 per cent RDF lor both crops. Dry matter
accumulation of lcaf, stem, pctiole and hcad were highest with
combined application of ecither vermicompost or poultry manurc
+ 100 per cent RDIY for both the crops. With respeet to
pigeonpeca dry matter accumulation of lcaf, stem, pctiole and
pods also wcerce highest with cither ol the organics + 100 per
RDF for both thc crops. With respect to sunflower, dry mattcr
production and accumulation in lcat, stem and petiole did not
differ significantly amongst fcrtilizer lcvels to pigconpea and
organics. But, with respect to pigeconpca dry matter
production and accumulation in lcaf, stem and pods differ

significantly amongst fertilizer levels.

licad diamctcr was higher with cither of organics along

with 100 per cent RDE for both the crops comparcd o other
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Lrcatments. Combincd application of cither  vermicompost oy
poultry manurc with 100 per cent RDE for both the crops
attained maximum head diameter of sunflower. Number of seeds
per head did not differ significantly duc to fertilizer levels
and organic manurcs. Number of sceds per hcad was maximum
under application of either of vermicompost or poultry manure
+ 100 per cent RDF for both crops comparcd to other
treatments. Lowest numbcr of sceds per head was with
application of I'YM + 100 pcr cent RDEF for sunflower and No
fertilizer to pigconpca. Thousand sced wcight and sced yicld
per plant were higher with cither of organics + 100 pcr cent
RDF for both thec crops. Combincd application of cither
vermicompost or poultry manurc along with {00 per cent RDF
for both thc crops rccorded maximum 1000-sced weight and
seed yield per plant. Seced yield was highest with combined
application of vermicompost + 100 pcr cent RDE for both the
crops (14.25 q/ha) and it was lcast with application of FYM +
100 per cent RDF for sunflower and No fertilizer for pigeonpcea
(11.12 gq/ha). Poultry manurc with 100 pcr ccent RDEF for both
the crops (13.81 q/ha) was rccorded similar results as that of

vermicompost + 100 per cent RDEF for both thc crops.

Number of pods per plant and sced yicld per plant
were higher with vermicompost or poultry manurc + 100 per
cent RDF for both the crops. Combincd application of poultry
manurc + 100 per cent RDI for both crops rccordcd maximum
number of pods per plant and sced yicld per plant and it was

significantly higher than FYM + 100 per cent RDIE for sunflower
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and No fertilizer for pigconpea and on par with vermicompost i
100 -pcr cent RDF for both crops. Number of sceds per pod
and 100 seed weight were higher with combined application of
cither of the organics + 100 per cent RDEF for bolh the crops.
Number of seeds per pod and 100 secd weight did not differ
significantly amongst fertilizer levels and organic manurcs.
Seed yield was highest with poultry manurc + 100 per cent RDF
for both crops (8.98 q/ha) and it was lecast with application of
FYM + 100 per cent RDE for sunflower and No fertilizer to
pigeonpea (7.21 g/ha). Combined application of cither poultry
manurc or vermicompost with 100 per cent RDIF for both the

crops rccorded on par recsults.

Combined application of cithcr vermicompost or poultry
manurc + 100 pcr cent RDIE for both crops rccorded on par
yield as that of vermicompost or poultry manurc + 100 per cent
RDE for sunflower and 50 per cent RDEF for pigconpca. The
results indicates possibility of saving 50 per cent RDF due to
combined application of organic.s and inorganic f{ertilizers arc
applied together in sunflower -~ pigconpca intercropping

system.

Stalk yield of both crops werc maximum with application
of organics with full dose of fertilizers to both crops comparcd
to lesser dose of fertilizers. Highest stalk yiclds ol sunflower
and pigeonpea were rccorded with the application of
vermicompost + 100 per cent RDIE for both the crops. llowever,

application of poultry manurc + J00 per ccent RDF for both
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crops recorded maximum harvest index in both the crops. Per
cent oil content in the seeds of sunflower was maximum with

the combined application of organics with 100 per cent RDF for

both the crops.

Highest uptake of N, P and K wcrc observed with
combincd application of organics and 100 per cent RDE for both
crops and lowest uptake of nutriecnts was obscrved with lower
doscs of fertilizer to pigconpca. Combincd application of cither
vermicompost or poultry manurc with 100 per cent RDE for
both crops resulted in higher uptake of N, P and K from the
soil in both the crops. Fertilizer levels and organics did not
record significant difference in organic carbon contcnt ol the
soil. Combined application of cither vermicompost or poultry
manure with 100 per cent RDF for both crops increcased thce
organic carbon content comparcd to lower doscs of fertilizer to
pigconpeca. Available soil N, P and K were signilicantly higher
due to combined application of organics with 100 pcr cent RDF
for both crops. Application of organics and fcrtilizer lcvels on
available soil P and K differed significantly.  Highest available
soil P and K were rccorded with combined application of cithcr
vermicompost or poultry manurc with 100 per ccent RDE for

both crops compared to other treatmcents.

LEconomics of the integrated nutrient management on
cost of cultivation in the treatments involving vermicompost
application were more due to higher cost of vermicompost.

Highest gross returns wecrc obtained with combinced application
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of vermicompost + 100 pcr cent RDE tor both crops. Whercas,
net returns were maximum with the application of poultry
manure in conjunction with 100 per cent RDF for both crops.
This might be duc to lower quantity of poultry manurc
required to supply same quantity of N. Thec highest benefit :
Cost ratio was noticed with the combincd application of poultry
manure + 100 per cent RDF to sunflower and No fertilizer to
pigeonpea followed by FYM + 100 pcr cent RDF to sunflower

and No fertilizer to pigonpca trcatment.
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APPENDIX - 1
Sl. Particulars Price
No. (in Rs.)
1. Seed material
a. Sunflower (KBSH-1) 50.00 per kg
b. Pigeonpea (JS-1) 15.00 per kg
2. Inorganic fertilizers
a. Urea 336.00 per gtl.
b. SSP 308.00 per qtl.
c. MOP 390.00 per qtl.
3. Organic manures
a. FYM 200.00 per t.
b. Vermicompost 600.00 per t.
C. Poultry manure 400.00 per t.
4. Plant protection chemicals
a. Monocrotophos 300.00 per 1
b. Endosulphon 210.00 per 1
c. Dithane-M-45 200.00 per kg
d. Bavistin 550.00 per kg
5. Labour wages
a. Men labour 30.00 per day
b. Women labour 30.00 per day
c. Bullock pair with a man 80.00 per day
6. Miscellaneous
a. Land rent 1000.00 per ha per
year
b. Marketing and handling 2% of the
charges gross returns
7. Qut put
a. Sunflower 800.00 per q.
b. Pigeonpea 900.00 per g.
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An experiment was conducted at Main Research Station, University of Agricultural
Sciences, Dharwad, during kharif season of 1998 to study the effect of integrated nutrient
management in sunflower-pigeonpea intercropping system. The experiment was laid out in
Randomized Block Design (Factorial) with {ifteen treatment combinations, comprising three
organic sources and five fertilizer levels. The treatments were replicated three times.

llighest sunflower seed equivalent yield can be obtained with combined application
of either vermicompost (4.7 t/ha) or poultry manure (2.7 t/ha) with 100 per cent RDF to both
sunflower (35:50:35 Kg NPK /ha) and pigeonpea (25:50:0 Kg NPK/ha). This is due to higher
seed yields of Sunflower (13. 24 and 12. 068 ¢/ha) and pigeonpea (8. 27 and 8. 37 ¢/ha) were
recorded in the above treatments. The higher yields of both the crops is due to the better yield
attributing characters like head diameter, number of sceds per head, number of pods per plant,

seed vield per plant and 1000 seed weight were recorded in the same treatments.

With respect to oil content there is no significant variation among the treatments.
But, among the organic sources poultry manure recorded higher (41.41%) oil content than
the other two organic sources.

In sunflower, vermicompost recorded significantly higher N uptake (278 kg/ha) as
compared to FYM (255 kg/ha) and it was on par with poultry manure (276 kg/ha). There is no
significant difference with respect to P and K uptake. In pigeonpea, application of 100 per cent
RDF to both crops recorded significantly higher N (103 kg/ha), P (40 kg/ha) and K (81 kg/ha)
uptake as compared to lower doses of RDF to pigeonpea. Among the organic sources poultry
manure recorded significantly higher P (40 kg/ha) and K (81 kg/ha) uptake as compared to
other two organic sources. However, interaction effect of organic sources and inorganic
fertilizer Tevels had no significant effect on the nutrient uptake by both sunflower and pigeonpea
Crops.

[ighest net returns (Rs. 10933/ha) was obtained by the combined application of
poultry manure with 100 per cent RDF to both sunflower and pigeonpea than that recorded
under FYM with 100 per cent RDF to only sunflower and no RDF to pigeonpea (Rs. 8508/ha).

Application of poultry manure plus 100 per cent RDF to sunflower and without RDF
to pigeonpea was found most cost effective and recorded highest B : € ratio (1. 50).





