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INTRODUCTION 



I. INTRODUCTION 

The grea tes t challenge of the 21st cen tury in many 

developing countr ies is to produce the basic necessi t ies food, 

fodder, fuel and fibre for human consumption and rear ing 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 agr icu l tu re is 

shr ink ing every day as it is occupied for non-agr icu l tura l 

purpose. Under this situation, the additional food production 

would become possible th rough intensive cropping programme. 

Intensive farming which makes g rea te r demands for plant 

n u t r i e n t s and soil fer t i l i ty should be maintained at a 

reasonably high level to sustain farming as a profitable 

endeavour . This would be possible only th rough judicious use 

of organic manures along with reduced level of chemical 

fert i l izers. 

At present situation with in tensive farming involving 

promising h y b r i d s and var ie t ies , demands for chemical 

fert i l izers has been increased. Due to energy cris is , prohibit ive 

costs of ferti l izers and poor purchas ing power of marginal and 

small farmers, it is very difficult to meet the demand of plant 

nu t r i en t s through chemical fert i l izers alone. It is also felt that 

the re is degradat ion in soil physical and chemical proper t ies 

with continuous use of chemical fert i l izers and intensive 

cultivation. Use of organic manures along with optimum rate of 



rcrt i l izcr applicalioti is essential under rainled agr icu l lu re for 

sustained produetion. Addition of nu t r i en t s in the form of 

ferti l izer will accelerate the decomposition rate of organic 

sources. Response of crop to plant nu t r ien t s like ni trogen, 

phosphorus and potassium can be increased by the application 

of organic sources along with chemical fertil izer and thus the 

yields of crops are improved (liegde, 1998). 

In India next to food gra ins , oilseeds and pulses are 

considered as major agr icul tura l crops. India s tands first in 

the world in area and production of both oilseeds and pulses. 

Annually, we need 38 kg and 20 kg of pulses and edible oil 

respect ively on per capita consumption, but at present , we are 

able to supply only 14 and 6.5 kg pulses and edible oil per 

capita per annum. In order to alleviate the shor tage, India is 

importing edible oil every year. The shor tage of pulses and 

oilseeds has aggravated the problem of malnutrit ion. Thus, 

there is an u rgen t need to increase the production of both 

oilseeds and pulses to meet the requirements by manipulating 

the production practices appropr ia te ly . The production of 

oilseeds and pulses can be increased mainly th rough two ways, 

that is (1) by increasing area under these crops and (2) by 

increasing the production per unit area (liegde and Kiresur, 

1999). 

The first one can be achieved only by subs t i tu t ing area 

under food crops by oilseeds and pulse crops as the total area 

available is generally constant . But the area under oilseeds 
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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 product ivi ty of these crops in the existing area. The area 

increase per se can be achieved without affecting the food 

production through many ways and in te rc ropping or mixed 

cropping is the most important among them. 

The main concept of in te rc ropping is to get increased 

total product ivi ty per unit 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 reasons 

for i n t e r c r o p p i n g a d v a n t a g e is tha t , in i n t e r c ropp ing , 

component crops are able to use growth resources differently, 

so that when grown together , they complement each other and 

make be t te r 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 

example of temporal effect is when fast growing early matur ing 

crop is grown with a slow growing, lute matur ing one. The 

demands of the two crops complement each other in time. 

Spatial effects can also be important. The growth rhythm, 

dura t ion and capaci ty to pho tosyn thes i ze at low l ight 

intensi t ies are some of the important considerat ions in selection 

of component crops. As such, in in te rc ropping system, 

combined leaf canopy may make be t te r use of nu t r ien t s and 

water (Virupakshappa and Kircsur, 1997). 



Among the seven oilseed crops grown in Karnataka, 

sunilower 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 Jakh 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 deep 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 

fertilizer 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 existing situation, the present 

investigation was carried out at Agricultural College Farm, 

Dharwad during kharif season of 1998-99 with the following 

objectives. 

1. To study the effects of organic manures and inorganic 

fertilizers on growth and yield of sunflower and pigeonpea 

crops. 

2. To know the effect of organic manures and intercrops on 

soil fertility and 

3. To determine a suitable combination of organic and 

inorganic nutrient management for sunflower - pigeonpea 

intercropping system. 



REVIEW OF LITERATURE 



11. REVIEW OE LITERATURE 

It is imperative to make use of the organics along with 

inorganic manures to maintain soil fertility and get sustained 

yields. The review of l i te ra ture per ta ining to in te rc ropping 

systems, the effect of organic and inorganic sources of 

nu t r ien t on growth and yield components, yield, change in soil 

physical and chemical proper t ies and economics are presented 

in this chapter . 

2.1 I n t e r c r o p p i n g s y s t e m s 

I n t e r c r o p p i n g is an age old prac t ice of growing 

simultaneously two or more crops in the same piece of land. 

In te rc ropping has been a regular pract ice followed by farmers 

of India, Africa, Sri-Lanka and West Indies (Ayyangar and 

Ayyer, 1942). In te rc ropping is mainly practiced to cover the 

r isk of failure of one of the component crops due to vagaries 

of weather or pest and disease incidence (Ayyangar and Ayyer, 

1942 and Singh and Katyal, 1966). 

In te rc ropping may also lead to increase in production 

per unit area per unit time without affecting the production of 

main crop to a great extent. When legumes arc used as 

in tercrops , they provide beneficial effect on soil fertility by 

fixing atmospheric ni t rogen. Best utilisation of nu t r i en t s , 

moisture, space and solar energy can be derived th rough 



mixed/ in tercropping system of cultivation (Ayyer, 1963; Donald, 

1963 and I-'rancis and Ilcichel, 1973). 

Yield advantages in in te rcropping system is mainly 

because ol d i l lerent ia l use of growth resources by the 

component crops. The main way for complimentarity to occur is 

when the growth pa t te rn of component crops differ in time. 

The yield advantages in in te rcropping system are associated 

with a fuller use of environmental resources over time (Willey 

et al, 1986). 

Pujar i et al. (1996) r epo r t ed tha t pigeonpea was 

in tercropped with maize, sunflower, Hibiscus cannabinus, 

sesame and blackgram in a 1:2 or 1:3 row proport ion and found 

that pigeonpea yields were higher in a 1:2 row proport ion, 

2.2 Crop competition and biological basis for 
intercropping advantages 

2.2.1 Resource use 

Donald (1963) opined that in te rc ropping system involves 

growing together two or more crop species with the assumption 

that they could exploit the environmental resources be t te r than 

one crop. If the two species grown together are mutually 

beneficial then there is a co-operation. On the contrary , 

competition resul ts when they tend to be mutually harmful and 

this competition is mainly for water, light and nu t r i en t s . The 

relat ionships for co-operation and competition are densi ty 
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dcpcndcnl . At low dcnsi l ics there is a co-operation and iinally 

active competition comes into play as the densi ty increases . 

Willey and Natarajan (1978) observed that , component 

crops in a sorghum/ pigeonpea in te rcropping system are in 

some way able to use resources ra the r differently, so that , 

when grown together they complement each other and make 

be t te r use of resources than when grown separately. 

2.2 .2 Spat ia l c o m p l e m e n t a r i t y 

In addi t ion to temporal complementari ty between 

component crops , spatial complementarity may also be possible. 

It is often suggested that a combined leaf canopy may make 

be t te r spatial use of light or a combined root system may make 

be t te r spatial use of nu t r i en t s and water in general . 

2.2.2 .1 L i g h t i n t e r c e p t i o n 

Willey and Roberts (1976) emphasised that, l ight was the 

most important factor when be t te r temporal use of resources 

was achieved due to the be t te r dis t r ibut ion of leaf area over 

time. Yield advantage of more than 20 per cent was achieved in 

sunflower and radish in te rcropping but peak l ight intercept ion 

values were not higher than those of the sole crops (Lakhani, 

1976). 

At ICRISAT, measurement of light intercept ion showed 

that in tercropping did not in tercept more light energy than 



9 

sole cropping, but this energy was more efficiently converted 

into dry matter (Reddy et al, 1980). 

Shinde et al. (1996) reported that, sunflower and 

g roundnu t in tercropping system harves ted more LUE than the 

sole g roundnu t crop. 

At Pune, mean Intercepted PAR was highest in sole 

sunflower and lowest in sole pigeonpea upto around 80 days 

af ter sowing. After sunflower h a r v e s t , sole pigeonpea 

intercepted more PAR than the in te r -c ropp ing t reatments 

(Lakudzode et al., 1998). 

2.2 .2 .2 N u t r i e n t s a n d w a t e r 

Competition presumably may occur for any nu t r i en t 

added for plant growth. In a situation where the re is finite 

supply of readily available nut r ien t , 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 nu t r i en t s . An a l te rnate situation is one in which a 

nu t r i en t is present in a range of physical and chemical forms 

and the competi t ive abili ty of d i f ferent species may be 

determined by their capacity to make use of the forms (Donald, 

1963). 

Slatyer (1955) reported that , the success of any species 

in competition for water will depend on the ra te and 

competit iveness with which it can make use of soil moisture 
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supply. BcUcr water use was probably a common cause ol" 

yield advantages in semi-arid tropical area because this was 

basically the most limiting resource (Buker and Norman, 1975). 

2.3 E c o n o m i c r e t u r n s 

Economic r e tu rns obtained from the systems viz., 

i n t e r c r o p p i n g or sole c ropp ing depends mainly on the 

component crops, their yield and the price prevail ing dur ing 

the period when the s tudy was under taken . 

Singh and Singh (1977) reported that, in te rc ropping of 

sunflower and cowpea gave the highest additional monetary 

r e t u r n s (Rs. 703/ha) followed by sunflower + greengram (Rs. 

489/ha) and sunflower + g roundnu t (Rs. 473/ha) in te rc ropping . 

Umrani ct al. (1987) realised the highest monetary 

r e tu rns (Rs. 9,270/ha) under in te rc ropping of sunflower and 

pigeonpea in 2:1 row proportion at 4.5 cm when compared to 

other in te rcropping t reatments . 

In te rc ropping of pigeonpea and sunflower in 2:1 row 

proport ion with 67:33 per cent recommended plant populations 

of pigeonpea and sunflower recorded the highest additional net 

income (Rs. 22l0/ha) over sole crop of sunflower and Rs. 873 

per ha over solo crop ol pigeonpea (liiradar ct a/., 19H8). 

Subbareddy and Venkateshwaralu (1988) found that, 

in te rc ropping of sunflower and pigeonpea in 2:1 row proport ion 

gave the highest gross r e tu rns (Rs. 53()8/ha) when compared to 
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other trcalmcnl combinations and sole crops ol sunflower and 

pigeonpea. 

Intercropping of pigeonpea and sunflower in 1:1 row 

proportion with 45 x 20 cm spacing recorded highest B:C ratio 

at Bangalore and Hiriyur and intercropping of sunflower + 

pigeonpea in 1:1 row at 45 x 20 cm spacing registered higher 

LTR of 1.37 and 1.67 at Bangalore and Hiriyur, respectively 

followed by intercropping at 30 x 20 cm in 1:1 row proportions 

(Balakrishna ct 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 yield, 9.0 per cent higher productive efficiency, 11.8 

per cent higher net re turns , 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 u s e of o r g a n i c and inorganic sources 
of nutr ients 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 

serious threat to long term sustainabilily of crop production. 

Long term studies in many cropping systems have clearly 

indicated that neither chemical fertilizers nor organic sources 

of nutrient could sustain high productivity of intensive 
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cropping systems. Nevertheless, in tegrated use ol ferti l izers 

and organic sources has helped in maintaining yield stability 

th rough correction of marginal deficiencies of secondary and 

micronutr ients , enhancing the efficiency of applied nu t r i en t s 

and providing favourable soil physical environment. 

Sa tyana rayana Rao (1987) s tudied 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 nu t r i en t s . Similar resul t s were repor ted 

by Bellakki (1991) and Patel ct al. (1992). Niranjan and Arya 

(1992) studied an effect of organic and inorganic sources on 

g roundnu t yield at Jhansi , du r ing kharif and rabi in sandy 

loam soil, r epor t ed tha t 100 per cent RDF signif icant ly 

increased the plant height followed by 50 per cent RDU 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 weight of rabi 

sorghum on medium black soils of Dharwad. Patel ct al. (1992) 

did not find significant difference in panical length, spikelet 

per ear, grain per panicle, 1000-grain weight of wheat, due to 

use of inorganic fertilizer alone or incombination with organic 

fertil izer in loamy sand soil of Sardar Krishinagar dur ing 

winter season. Incorporation of wider C:N ratio materials with 

inorganic fert i l izers were found beneficial over inorganic 

ferti l izer application alone. Lakshminarasimhan et al. (1973) 
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observed 28 per cent increase in rainfed maize grain yield over 

that of NPK fertil izer alone. 

Verma et al. (1981) in rainfed conditions of Rajasthan 

on clay loam soil noticed the significant increase in gra in and 

stalk yield of sorghum in sorghum - pigeonpea in te rc ropping / 

system with 11131' (1856, 3854 kg /ha) over 5 t / ha FYM application 

(549, 2263 kg /ha ) . Fur ther , 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 

fert i l izers increased the grain and stover yield of sorghum 

significantly over control or inorganic fertilizer alone. Singh 

and Brar (1985) studied the effect of organic manures and 

ni t rogen on grain yield 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 20 

tonnes /ha (30.2 q /ha ) . However, the yield obtained with 

cowpea as a green manure was equal to that obtained at 120 kg 

N per ha fertil izer application (32.7 q /ha) . 

Sharma et al. (1988) conducted experiment on alluvial 

soil of Ja landhar with FYM and green manure dhiancha and 

reported that these t reatments increased yield of potato tube r s 

by 55 and 51 q /ha in the absence of ni t rogen, which was 

equivalent to 38 and 35 kg N/ha. Both organic manures 

increased the wheat yield. The increase in wheat yield was 
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cquivalcnl to residual cl lcct ol 80 kg N/ha ol Icrt i l izcr applied 

lo potato. 

Results obtained with organic and inorganic source of 

nu t r i en t s in vcrtisols 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 proper t ies (Anon-, 1989). 

Goudrcddy ct al. (1989) studied the response of rabi 

sorghum to ni t rogen 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 q /ha (32.80%) and 

64 q /ha (48.70%) respec t ive ly compared to no n i t rogen 

applicat ion (44 q / h a ) . Application of FYM at 5 t / h a 

significantly increased 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 s tudy conducted 

on acid alfisol at Palampur, noticed, significant increase in crop 

yields of potato and maize with the increase in farmyard 

manure application along with the chemical fert i l izers. Rcddy 

et al. (1996) reported that in a in te rc ropping system of 

sunflower and g roundnut , sunflower yields decreased by 

decreas ing the NPK rates to the sunflower crop. 
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To assess the Icasibil i ty of uniform plant ing of 

pigconpea in tercropped with greengram, under vary ing levels 

of fertility at Bijapur (Karnataka), recommended fertilization (30 

kg N/ha + 60 kg P205/ha for pigconpea and 20 kg N/ha + 40 

kg l'2*^\5/ha for greengram) seperately drilled gave higher 

grain yield (15.44 q /ha pigconpea + 8.3U q/ha greengram) than 

ei ther sole pigconpea (16.84 q /ha) or greengram (8.92 q /ha) or 

res t of the in te rc ropping t reatments followed (Rajput et al., 

1995). 

Gupta and Rathore (1995) repor ted from Arjia 

(Rajasthan) that, application of full recommended dose of 

fertil izer to both the component crops in pigconpea + sesame 

in tercropping system significantly increased the growth 

a t t r ibu tes (plant height and dry matter product ion/p lant ) , yield 

a t t r ibu tes (number of pods/plant , number of seeds /p lan t and 

seed yield/plant) seed and stover yields of both the component 

crops and number of b ranches /p lan t and 1000 seed weight of 

pigconpea (main crop) over all o ther lower doses of ferti l izer 

applied. 

Singh and Jagadev Singh (1998) opined that , application 

of farmyard manure (I-YM) @ five and ten tonnes per ha 

significantly increased the growth, yield a t t r ibu tes and yield of 

sunflower over no lYM 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 height, yield a t t r ibu tes and 
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seed yield uplo 80 kg N and 40 kg P205/ha and leal" area, dry 

matter and stalk yield upto 120 kg N and 60 kg P203/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 P205/ha 

respect ively. 

Ujjinaiah ct al. (1994) reported that , application of 

organic manure exhibited a significant influence on the 

sunflower yield with increase in the dose of FYM the re was a 

significant increase in the yield of sunflower crop upto 10 

tonnes I'YM per ha; beyond which the enhancement was not 

discernible. The response could be a t t r ibu ted to the enhanced 

growth interms of plant height, stem diameter which reflected 

in substant ia l increase in head diameter. The 100 seed weight 

and oil content were 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 nu t r i en t is 

essential to supply balanced nu t r i en t s to the plants and r e tu rn 

at least a par t of the nu t r i en t s drawn from the soil. Due to 

prohibit ive costs of fert i l izers , the organic sources play an 

important role in increasing the crop yield and improving soil 

physical proper t ies . Different kinds of materials such as FYM, 

vermicompost, poultry manure and crop res idues are used to 

subs t i tu te par t of ferti l izers in order to increase and sustain 

the yields of crops. 
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2.5.1 Soil p h y s i c a l p r o p e r t i e s 

The physical proper t ies of soils a re more important in 

determining how best soils can be used. They range from 

proper t ies that determine a soils suitability for the production 

of different crop plants . 

It is well known fact that organic materials which are 

more res is tant to decomposition have a more long- last ing 

effect on soil aggregat ion (Martin and Waksman, 1940). Kanwar 

and Pr ihar (1962a) noticed the bcnelicial c l l cc t on the 

formation of large size aggrega tes in silt loam soils, when 

fert i l izers supplied in balanced proport ion, singly or in 

combination with organic manures . 

llavanagi and Mann (1970) observed more number of 

waters table aggrega tes with the incorporation of green manure 

(sunhemp) and farmyard manure over control in black soil at 

lARI, New Delhi. Subramanian et ah (1975) on sandy loam soil 

at Coimbatorc, under i r r igated condition noticed significant 

effect on formation of soil aggrega tes by mere incorporation of 

maize stalks and farmyard manure than ler t i l izer alone. 

Incorporation of organic sources, decrease the bulk 

densi ty, increase the water holding capacity and air porosity 

which found to improve soil-water relat ionship. 

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

Bhubaneshwar noticed highest bulk densi ty in plots where 
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chemical Icrtil izcr applied alone. Wherein the plots receiving 

organic matter in the form of farmyard manure, rapeseed cake 

and green manure in combination with superphospha te were 

having lower bulk densi ty. 

Ganal and Singh (1988) observed significant decrease in 

bulk densi ty with farmyard manure application over control. 

Badanur et al. (1990) noticed significant reduction in bulk 

densi ty in vertisols when sorghum and safflower crop residues 

were incorporated into the soil at the rate of 5 t /ha . Sarkar 

and Rathod (1992) reported that bulk densi ty value decreased 

by 1.42 per cent due to incorporation of crop residue over 

control. 

Mavanagi and Mann (1970) reported that no appreciable 

variation in the maximum water holding capacity due to 

incorporation of green 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 materials, like farmyard manure, rice straw, g roundnu t 

shell, wheat straw over control. A/,i/. Quereshi (1991) noticed 

maximum water holding capaci ty of soil with redgram 

incorporated in black soils. 

Sharma et al. (1987) also noticed increased cumulative 

infiltration of water, when farmyard manure and plant res idues 

incorporated into soils. The highest cumulative infiltration of 

water recorded with farmyard manure t reated plot (Ganal and 

Singh, 1988). 
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2.5 .2 C h e m i c a l p r o p e r t i e s 

Incorporation of organic sources , profoundly influences 

many chemical proper t ies of soil. Soil reaction is one of the 

important factors influencing the nu t r i en t availability. 

Singh and Singh (1974) observed reduction in soil pH .|r 

with the incorporation of sunhemp and farmyard manure when 

compared to control. Pandey ct al. (1985) repor ted decrease in 

pH with incorporation of organic res idues over ferti l izer 

application in sandy loam soil. 

Sureshlal and Mathur (1988) studied the effect of long 

term manuring and fertilization on physico-chemical proper t ies 

of acidic red loam at Ranchi. They noticed increase in soil pH 

due to combined application of manures and ferti l izers. 

Bharambe ct al. (1990) noticed reduced pH when paddy straw, i?̂  

saw dus t and farmyard manure incorporated in the soil. 
iMi 

Das et al. (1991) reported that addition of manures 

(farmyard manure, poultry manure and pig manure) increased 

the pH of soil at 12 days of incubation and declined thereaf ter . 

The reduction of pH was much pronounced in case of low 

organic matter s ta tus soil t reated with higher dose of e i ther 

poultry manure or pig manure at 36 days of incubation in acid 

alfisols. 

Patiram and Singh (1993) noticed increased soil pH of 

acid soils, due to continuous application of manure. More 
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(1994) observed that appliealion ol larmyard manure, wheat 

straw and dried biogas s lu r ry decreased the pH of sodic 

vert isols at Parbhani . 

Organic carbon content of soil changed rapidly with 

addition of crop residues or organic manures Immobilization 

and mineralization of nu t r i en t s a re two important processes / 

that take place simulteneously in the soil on addition of 

organic res idues . Kanwar and Pr ihar (1962b) observed that 

both organic manure and fertil izer application had increased 

organic carbon content of the soil. Ilclkaih cL a]. (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 sequence 

i r respec t ive of phosphorus and potassium application. Organic 

carbon was significantly higher in plot where farmyard manure 

was applied. 

Singh and Brar (1985) at Ludhiana noticed significant 

increase in organic carbon percentage after four years of 

farmyard manure and green manure application. Sharma cl al. 

(1987) found that application of farmyard manure dur ing both 

the crop seasons significantly increased, the 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 et 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 et 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 et 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 tlie 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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111. 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 Exper imenta l s i te 

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 character i s t i c s 

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 

methods followed arc furnished in Table 1. 

3.3 Climatic condit ions 

The Agricultural College I'arm, Dharwad is situated in 

the transitional tract of Karnataka stutc on 1.5 26' 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 
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T a b l e 1 . P h y s i c a l and c h e m i c a l c h a r a c t e r i s t i c s of t h e s o i l 
i n t h e e x p e r i m e n t a l s i t e 

Par t i cu la rs Values obtained Method adopted 

I . Physical proper t ies 

i . Mechanical analysis Internat ional Pippette 
Method (Piper, 1966) 

Coarse sand (%) 

Fine sand (%) 

Silt (%) 

Clay (%) 

ii. B.D. (g/cc) 

5.46 

14.12 

29.20 

51.22 

1.35 Core Sampler method 
(Dastane, 1961) 

I I . Chemical p r o p e r t i e s 

Organic carbon (%) 

So i l pH ( 1 : 2 . 5 ) 

Electrical 
conductivity (dS/ra) 

Available 
potassium (kg/ha) 

0.61 

7.70 

0.28 

Available 
nitrogen (kg/ha) 150.50 

Available 
phosphorus (kg/ha) 29.16 

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

Jackson, 1967 

Electrical conductivity 
bridge 

Subbaiah and Asija (1956) 

Olson's Method (Jackson, 
1967) 

Jackson, 1967 
312.80 
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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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(1950-97) recorded at the meteorological observatory of the Agricultural 
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LEGEND 

T^ = FYM + 100% RDF for both SF and pP 

T2 = FYM + 100% RDF for SF and 75% RDF for PP 

T3 = FYM + 100% RDF for SF and 50% RDF for PP 

T4 = FYM + 100% RDF for SF and 25% RDF for PP 

T5 = FYM + 100% RDF for SF and No RDF for PP 

Tg = Vermicompost + 100% RDF for bot|i SF and PP 

T-j = Vermicompost + 100% RDF for SF and 75% RDF for PP 

Tg = Vermicompost + 100% RDF for SF and 50% RDF for PP 

Tg = Vermicompost + 100% RDF for SF end 25% RDF for PP 

T^Q = Vermicompost + 100% RDF for SF and No RDF for PP 

"̂ 11 ~ Poultry manure + 100 RDF for both SF and PP 

T]̂ 2 = Poultry manure + 100 RDF for SF and 75% RDF for PP 

T-ĵ3 = Poultry manure + 100 RDF for SF and 50% RDF for PP 

T-^^ = Poultry manure + 100 RDF for SF and 25% RDF for PP 

T]̂ 5 = Poultry manure + 100 RDF for SF and No RDF for PP 

FYM @ 7.5 t/ha 

Vermicompost @ 4.7 t/ha 

Poultry manure @ 2.7 t/ha 

RDF = Recommended dose of fertilizer 

SF = Sunflower 

PP = Pigeonpea 



< 15.5 m 
'̂  

7o-0t*i 

^ 

T3 

T7 

•^12 

Til 

Tl4 

T5 

Tl 

Te 

Tl5 

TlO 

T4 

Tl3 

T6 

T9 

T2 

Tg 

T5 

T6 

T4 

T7 

Til 

Ts 

TlO 

Tl 

T12 

Tl3 

T2 

Tl5 

T3 

Tl4 

T-

10 

14 

11 

15 

12 

13 

^ N 

4.e m 

< 4.2 m > 

Fig. 2. PLAN OF LAYOUT 

Treatments : 

I. Organic sources 

i. FYM @ 7.5 t/ha 
i'i. Vermicompost @ 4.7 t/ha 
iii. Poultry manure @ 2.7 t/ha 

II. Fertilizer levels 

i. 100% RDF for both sunflower and pigeonfvea crops 
ii. 100% RDF for sunflower and 75% |IDF 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 

* RDF = Recommended dose of fertilizers 
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3.5.2 Treatments 

I. Organic manures 

i) FYM @ 7.5 tonnes/ha 
ii) Vermicompost @ 4.7 tonnes/ha 

iii) Poultry manure @ 2.7 tonnes/ha 

II. Inorganic fertilizers 

i) 100% RDF for both sunflower and pigeonpea 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 X 3.0 m 

3.6 lacorporatioQ 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 wjth row proportion 2:1 

(SFiPP) 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 fme tilth by 

harrowing two limes. Plots were laid out as per the plan 

(Fig. 2). 

3.8.2 Application of fertilizer 

In intercropping treatments fertilizers were applied based 

on plant population. The recommended doses for sunflower and 

pigeonpea were 35:50:35 and 25:50:0 N, P2O5. ^2^ ^^ P^̂  ^^ 

respectively . The sources of fertilizer for nitrogen, phosphorus 

and potassium were in the form of urea, single super phosphate 

and muriate of potash respectively . Fertilizer was applied at 

five cm away from seed line to a depth of five centimeters at the 

time of sowing. 



SF 

35:50:35 

35:50:35 

35:50:35 

35:50:35 

35:50:35 

P P 

25:50:0 

18.50:37.50:0 

12.50:25:0 

6.25:12.50:0 

0:0:0 
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T r e a t m e n t s Ic r t i l i z . c r s NrPjO^iK^O 
( k g / h a ) 

i. 100% RDF for both SF and PP 

ii. 100% RDF for SF and 75% RDF for PP 

iii. 100% RDF for SF and 50% RDF for PP 

iv. 100% RDF for SF and 25% RDF for PP 

V. 100% RDF for SF and No RDF for PP 

3.8.3 S e e d s a n d s o w i n g 

Bold and healthy seeds of sunflower and pigeonpea 

were selected and treated with ccrosan at the rate of two 

grams per kg of seed. Sunflower and pigeonpea were sown on 

sixth July 1998 by providing required inter and int ra row 

spacing (60 cm x 30 cm). At each spot two seeds were dibbled 

in sunflower and pigeonpea. After 15 days , seedlings were 

thinned out to maintain only one plant per hill. 

3.8.4 A f t e r c a r e 

'fo keep the crop free of weeds, two hoeings and two 

hand weedings were carr ied out. Evon- though, there were no 

disease and pest incidence in the early s tage of crop as a 

prevent ive measure, monocrotophos spray was given at 30 days 

after sowing. Pigeonpea crop was drenched with endosulphon 

at the ra te of 36 ml in 18 l i ters of wftter to p reven t stem gall 

weevil at 45 days after sowing. Pigeonpea crop was sprayed 

with monocrotophos at the rate of 15 ml in 36 l i ters of water 
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and Bavistin along wilh Dithane-M-45 al 90, 100 and 125 days 

alLcr sowing lo control the pod horc | and powdery mildew 

disease. 

3.8.5 H a r v e s t i n g a n d t h r e s h i n g 

Sunflower was harves ted on 26th October 1998. The 

crop maturi ty 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 

separated by hand thresh ing . The produce was cleaned and 

seed yield per net plot was recorded after complete d ry ing . 

The stalk yield from each net plot was recorded after sun 

dry ing . 

Pigeonpca was harves ted on 29lh January 1999. The 

plants were cut at the base close to t|ie ground level. The 

plants were heaped and left for d ry ing . The dried plants were 

th reshed with a bamboo stick to separa te the seeds from pods. 

After th resh ing , the produce was wjnnowed, cleaned and 

weighed. The stalk weight from each net plot was recorded 

after sundry ing . 

3.9 Col lect ion of e x p e r i m e n t a l da ta 

3.9.1 Sunflower growth components 

For recording various biometric observat ions five plants 

were selected at random from each net plot and observat ions 

were recorded at 30, 60, 90 days after sowing and at harves t . 
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3.9.2 Plant h e i g h t (cm) 

The height of five plants was measured from the base 

of the plant to the growing tip of the plant at 30 days after 

sowing and to the capitulam at 60, 90 d&ys after sowing and at 

harves t . The mean plant height (cm) w&s computed. 

3.9.3 Number of g reen leaves per plant 

Total number of fully opened green leaves p resen t in 

each of the five plants were counted and their mean was taken 

as the number of leaves per plant. 

3.9 .4 Leaf a r e a p e r p lant 

Length and breadth of all fully opened green leaves 

per plant were measured (cm). Leaf length was measured from 

the base to the tip of the lamina and b read th was taken at the 

widest point of the lamina. From this mean length and bread th 

of leaf were worked out. The leaf areu was calculated as per 

the formula given by Schneiter , 1978. 

LA - {(L X W) X 0.6683) - 2.45 

Where, LA = Leaf area in dm^ 

L = Length of leaf in cm 

W = Breadth of leaf in cm 

The number of leaves per plant was multiplied 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 number of seeds per 

head was calculated. 

3.9.6.3 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 1 0 0 0 - s e e d w e i g h t 

From the seed yield of each i^et plot, 1000-seeds were 

randomly collected and their weight was recorded in grams. 

3.9 .6 .5 Per c e n t c h a f f y n e s s 

It was calculated by using the following formula. 

Number of unfilled seeds per head 
Per cent = x 100 
chaffyness Total number of seeds 

3.9 .6 .6 H a r v e s t I n d e x 

It 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 Sta lk y i e l d 

The weight of the stalks in the net plot was recorded 

after complete sun dry ing and the stalk yield per hectare was 

calculated. 
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3.9.6.8 Seed yield 

The sun dried heads from eaph net plot were hand 

threshed, cleaned and the weight of tjie 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 Oil content 

The oil content of the seeds was estimated from the 

sample of seeds drawn from the net plot yield of each 

treatment by Nuclear magnetic resonance spectrometer and was 

expressed in percentage. 

3.9.7.2 Oil 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 

observations were recorded 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 height was worked 

out. 

3.9.8.2 Number of l eaves per plant 

Total number of fully opened green trifoliate leaves 

produced per plant were counted and mean was taken as 

number of leaves per plant. 

3.9.8.3 Leaf area per plant 

Leaf area per plant (dm^) wa^ 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 s econdary branches per plant 

Total number of branches arising from the primary 

branches were counted and the mean w^s taken as number of 

secondary branches per plant. 
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3.9.8.6 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 mean 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 yield 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 H u n d r e d s e e d w e i g h t 

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 S e e d y i e l d p e r h e c t a r e 

The pods from each net plot were th reshed , cleaned 

and seed yield was recorded. From the seed yield from net 

plot, seed yield per hectare was computed. 

3.10.6 S ta lk y i e l d p e r h e c t a r e 

The plants in the net plot after th resh ing were dried 

and their weight was recorded. Frpm this , stalk yield per 

hectare was calculated. 

3.10.7 H a r v e s t i n d e x (HI) 

Harvest index was calculated by using the formula 

sugges ted by Donald (1962). 

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

3.11 S u n f l o w e r s e e d e q u i v a l e n t y i e l d ( q / h a ) 

Sunflower seed equivalent yield was calculated by 

using the formula. 
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Yield of pigeoiq)ea x Price of the grain 
Sunflower equivalent yield (q/ha) pigeonpea 
of grain pigeoi^iea (q/ha) = r-

Price of the sunflower crop (Rs/ha) 

Sunflower equivalent yield Sunflower yield + Sunflower equivalent 
(q/ha) of intercropping = (q/ha) yield of grain plg60tq)ea 
system (q/ha) 

3.12 Soil analysis 

3.12.1 Soil physical properties 

3.12.1.1 Bulk density 

Bulk density of soil in each treatipent 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 Water 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 papacity 

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. 

3.12.2.3 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 soil 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 sources 

The samples of FYM, vermicornpost and poultry 

manure were analysed for pH, EC, orgajiic carbon and total 

nutrient content (NPK). The data are presented in Table 3. The 

pH of these three organic sources were near neutral but the 

electrical conductivity of poultry manure wjis higher (1.31 dSm' 

)̂ compared to vermicompost (1.29 dSm"')jind FYM (0.24 dSm" 

^). The poultry manure was marginally superior to 

vermicompost and FYM in N and P cqntent 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 extracted by wet 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. 
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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~^) 0.24 1.29 1.31 

Total nutrients (%) 

N 0.49 

P 0.65 

K 0.57 

Organic carbon (%) 40.70 

0 . 7 8 

0 . 9 4 

0 . 4 5 

3 9 . 2 0 

1.44 

1.97 

0 .32 

3 8 . 6 1 
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3.15 Nutrient uptake s t u d i e s 

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 ^otal uptake per ha was 

computed by mathematical addition of |,he uptake from different 

plant parts and of crops. 

% of nut r ien t concentrat ion x Biomass k g / h a 
Nutrient uptake = 

100 

3.16 Chemical ana lys i s of soil after h a r v e s t 

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 descr ibed by Jackson (1967). 

3.17 E c o n o m i c s 

The cost of the following items was considered for 

working out the cost of cultivation of different treatments. .Ih7 

I. Labour charges (from land prepara t ion to processing) 

II. Seeds. 

III. Fert i l izers. 

IV. Plant protection chemicals. 

V. Miscellaneous (land rent , market ing charges , etc.,) . 

The prices of the inputs that were prevail ing at the 

time of their use and prices of crop cpmmodities at the time of 

market ing were taken to work out thq cost of cultivation and 

gross r e tu rn . The details of the cost of inpu t s and the values 

of p roduce cons idered in the calculat ion a re given in 

Appcndix-1. 

The net profit per hec tare was calculated by deduct ing 

the cost of cultivation per hectare from the gross income per 

hectare . 

Benefit : Cost ratio was workec| out as follows; 

Net profit in Rs . /ha 
Benefit : Cost ratio = 

Cost of cult ivation in Rs. /ha 
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3.18 Statist ical analys i s and interpretat ion of data 

Data recorded on various charftcters were subjected to 

Fisher's method of analysis of variance and interpretation of 

data was done as given by Phanse anii Sukhatme (1967). The 

level of significance used in 'F ' and "f test were P = 0.05 

critical difference values were calculated wherever the 'F' test 

was significant. 
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IV. 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 presented in this chapter. 

4.1 Sunflower 

4.1.1 Growth parameters 

4.1.1.1 Plant height (cm) 

The data on plant height of sunflower as influenced by 

integrated nutrient management at different stages ol growth 

are presented in Table 4. 

Integrated nutrient management did not influence the 

plant height significantly at any ol the growth stages. The 

interaction effect of organics and inorganic fertilizers was also 

not significant. However, the plant height of sunflower varied 

from 190.45 to 197.26 cm under different treatments at harvest. 

4 . 1 . 1 . 2 Number of green leaves per plant 

The data on number of green leaves produced per plant 

as influenced by integrated nutrient management are presented 

in Table 5. 

Integrated nutrient management in sunflower 

pigeonpea intercropping system significantly influenced the 

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

plot at 

Plate 2. General view of the experimental plot at 
flowering of sunflower (60 Days after sowing) 
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by sui i l lowcr at 30 DAS and dO DAS wcic 11.05 and 20.7.5 pcr 

p lan t which was reduced Lo 4.92 per p lanl at 90 DAS and 

number of leaves per p lant at h a r v e s t was nil. 

I n o r g a n i c l e r t i l i z c r did not h a v e any s ign i f i can t 

inf luence on the number of leaves p roduced by sunflower at 

any of the s t ages of g rowth . 

Organic sources had s ignif icant inf luence on the 

number of leaves p roduced by sun l lower at 90 DAS. At 90 

DAS, t r ea tmen t s rece iv ing vcrmicompost p roduced signil icantly 

h i g h e r number of leaves (5 .16/plant ) when compared to tha t 

p roduced u n d e r FYM (4.53/plant) and it was on par with 

pou l t ry manu re (5 .06/p lan t ) . 

I n t e r ac t i on effect of o rgan i c s and inorgan ic fe r t i l i ze rs 

was not s igni f icant with r e s p e c t to the number of leaves 

p r o d u c e d by sunflower at any of the s t ages of g rowth . 

4 . 1 . 1 . 3 L e a f a r e a p e r p l a n t ( d m ^ ) 

The data on leaf area (dm^) per plant ol sun l lower as 

inf luenced by i n t e g r a t e d n u t r i e n t management at d i l i c r c n t 

s t a g e s of g rowth a r e p r e s e n t e d in Table 6. 

I n t e g r a t e d n u t r i e n t managemen t in sunf lower 

pigconpea i n t e r c r o p p i n g system s ignif icant ly inf luences the leaf 

a rea (dm^) pe r p lant at 90 DAS. The leaf a rea (dm^) p roduced 

by sunflower at 30 DAS and 60 DAS was 6.43 and 30.29 dm^ per 

p lant which was r educed to 12.99 dm^ per p lant a t 90 DAS. 
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Inorganic fertilizer levels did not have any significant 

influence on the leaf area produced by sunflower at any of 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 recorded significantly higher leaf area 

(13.87 dmVplant) when compared to that produced under FYM 

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

manure (13.72 dm^/plant). 

Interaction ellcct ol organic sources and inorganic 

fertilizer levels was not significant with respect to the leaf 

area produced by sunflower at any ol the stages ol growth. 

4.1.1.4 Dry matter production and its accumulation in 
different plant par t s 

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 

different growth stages are presented in Table 7. 

In tegra ted nu t r ien t management in sunflower 

pigeonpea intercropping system had no significant influence on 

the dry matter production at all stages of growth except at 90 

DAS. The dry matter produced by sunflower at 30 DAS, 60 

DAS and 90 FMS was H.32 g/plant, H5.6H g/plant and 103.36 

g/plant which was reduced to K0.45 g/plant at harvest. 
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Plate 5. Trcatmcnl showing Vcrmicompost + 100% IIDF 
for sunflower and 75% IIDF for Pigeonpea 

Plato 6. Treatment showing FYM + 100% IIDF 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 manure produced significantly higher dry matter 

production (106.35 g/plant) when compared to that produced 

under FYM (98.35 g/plant) and it was on par with that 

recorded under vermicompost (105.40 g/plant) . 

Interaction effect of organic sources and inorganic 

fertilizer levels had non-significant influence on the dry matter 

produced by sunflower at any of the stages of growth. 

4 .1.1.4.2 D r y m a t t e r a c c u m u l a t i o n in l e a v e s ( g / p l a n t ) 

The data on dry matter accumulation in sunflower 

leaves at different growth stages as influenced by organic 

sources and inorganic fertilizer levels are presented in lable 8. 

Integrated nutr ient management in sunflower pigconpea 

intercropping system had non-significant influence on the dry 

matter accumulation in leaves (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 sources also had non-signilicanl inllucncc on 

the dry matter accumulation in leaves (g/plant) of suntlower at 

any of the stages of growth. 

Interaction effect of organic sources and inorganic 

fertilizer levels also had non-significant effect on the dry 

matter accumulation in leaves of sunflower at any of the stages 

of growth. 

4.1.1.4.3 Dry matter accumulation in stem (g/plant) 

The data on drymat tcr accumulation in stem as 

influenced by organics and inorganics at dilfcrcnt growth 

stages are presented in fable 9. 

In tegra ted nu t r ien t management in sunflower 

pigeonpea intercropping system had non-significant inllucncc 

on dry matter accumulation in stem (g/plant) at all stages of 

growth except at 90 DAS. The dry matter accumulation in stem 

(g/plant) of sunflower at 30 DAS, GO DAS and 90 DAS was 3.08 

g/plant, 32.34 g/plant and 39.93 g/plant which was reduced to 

36.43 g/plant at harvest . 

Inorganic fertilizers did not have any significant 

influence 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 sunflower at 90 DAS. 

At 90 DAS, plants under vcrmicompost produced signil icantly 
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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 manure (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 petiole of 

sunflower as influenced by organics and inoiganics ut di l lcrcnt 

growth stages are preented in fable 10. 

In tegra ted nut r ien t management in sunflower 

pigeonpea intercropping system did not influence the dry 

matter accumulation in sunflower petioles at any of the growth 

stages. 

Inorganic fertilizers did not have any significant 

influence on the dry matter accumulation in petiole (g/plant) of 

sunflower at any of the stages of growth. 

Organic sources also did not bring any significant 

difference in the dry matter accumulation in sunllower petioles 

at any of the stages of growth. 

Interaction effect of organics and inorganics had non­

significant influence on the dry matter accumulation in petioles 

(g/plant) of sunflower at any of the stages of 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 head 

as influenced by organics and inorganics are presented in 

Table 11. 

In tegra ted nu t r i en t 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 head (g/plant) ol 

sunflower at any of the stages of growth. 

Organic sources also had non-significant influence on 

the drymatter accumulation in head (g/plant) of sunflower at 

any of the stages of growth. 

Interaction effect of organics and inorganics had non­

significant influence on the dry matter accumulation in head 

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

4.1.2 Yield and yield c o m p o n e n t s 

4.1.2.1 Head diameter (cm) 

The data pertaining to head diameter as influenced by 

organics and inorganics at different growth stages are 

presented in Table 12. 
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I'lalc 7. TrcaLmcnL showing Poultry manure + L00% RDF 
for sunflower and 25% RDF for pigeonpea 

I'laLc 8. Trcalmcnt showing FYM + 100% 1<J3F for 
sunflower and 50% RDF for pigeonpea 
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In tegra ted nut r ien t management in sunllowcr 

pigconpea intercropping system did not influence the head 

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

Inorganic fertilizers did not have any significant 

influence on the head diameter of sunflower at any of the 

stages of growth. 

Organic sources also did not bring any significant 

difference in the head diameter of sunflower at any of the 

stages of growth. 

Interaction effect of organics and inorganics had non­

significant influence on the head diameter of sunllowcr at any 

of the growth stages. 

4.1.2.2 Number of s e e d s per head 

The data pertaining to number of sunflower seeds 

produced per head as influenced by organics and inorganic 

fertilizer levels are presented in fable 13. 

In tegra ted nut r ien t management in sunllowcr 

pigeonpea intercropping system did not influence the number 

of seeds per head of sunflower at any of the growth stages. 

The number of seeds per head of sunflower at harvest was 

940.40. However, the number of sunflower seeds produced per 

head under vermicompost was higher (954.07) than that 

produced under FYM (920.00) and poultry manure (947.13). 
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Inorganic I crLili/crs did not bring any signilicanL 

difference in the number of sunflower seeds produced per 

head. However, the number of sunflower seeds produced under 

vermicompost with 100% W:)F 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 respect to the number ol sunflower seeds 

produced per head. 

4.1.2.3 Seed yield per plant (g) 

The data on seed yield per plant as influenced by 

integrated nutr ient management is presented in Table 13. 

In tegra ted nu t r ien t management in sunflower 

pigeonpea intercropping system did not influence the sunflower 

seed yield produced per plant. However, the mean seed yield 

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

Inorganic fertilizer levels to sunflower did not have 

any significant influence on the seed yield produced per plant 

(g). However, sunflower grown under vermicompost with 100 

per cent RDF recorded higher seed yield 2K.71 g/plant than 

that recorded under FYM with 100 per cent RDF 25.78 g/plant 

and poultry manure with 100 per cent RDl" 28.26 g/plant. 

Interaction effect of organics and inorganics had non­

significant influence on the seed yield of sunflower per plant. 
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4.1.2.4 T h o u s a n d s e e d w e i g h t (g) 

The data on 1000-sccd weight of sunllower as 

influenced by integrated nutr ient management is presented in 

Table 13. 

Effect of organics, inorganics and their interaction was 

not significant on the 1000-secd weight of sunflower. However, 

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

treatments. 

4.1.2.5 Per cent challyness in sunflower seeds 

The data pertaining to per ccni chaffyness in sunflower 

seeds as influenced by integrated nutr ient management are 

presented in Table 13. 

In tegra ted nut r ien t management in sunflower 

pigeonpca intercropping system did not influence the per cent 

chaffyness in sunflower seeds. However, the mean per cent 

chaffyness in sunflower seeds was 25..53. 

Inorganic fertili/.cr levels did not have any significant 

influence on the per cent chaffyness in sunflower seeds. 

However, the sunflower grown under vermicompost with 100 per 

cent RDF recorded lower per cent of chaffyness (24.65%) than 

that recorded under FYM with 100 per cent RDV (26.64%) and 

poultry manure with 100 per cent IIUF (25.32%). 
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Interaction cllcct ot organics and inorganics had non­

significant influence on the per cent chaffyness in sunflower 

seeds. 

4.1.2.6 Seed oil con t en t {%) 

The data on seed oil content of sunflower as influenced 

by integrated nutr ient management is presented in I'able 14. 

In tegrated nut r ient management in sunflower 

pigeonpea intercropping system did not bring any inllucncc on 

the seed oil content (%). However, the mean seed oil content in 

sunflower was 40.60 per cent. 

Inorganics, organics and their interaction did not 

influence the seed oil content of sunflower significantly. 

However, the seed oil content ranged from 38.25 to 42.34 per 

cent in different treatments. 

4.1.2.7 Seed yie ld ( q / h a ) 

The data pertaining to influence of integrated nutr ient 

management on seed yield of sunflower arc presented in 

Table 15. 

In tegra ted nut r ient management in sunflower 

pigeonpea intercropping system did not influence the seed 

yield (q /ha) . However, the sunllower grown under 

vermicompost with 100% RDf recorded higher seed yield 13.24 

q/ha than that recorded under I'YM with 100 per cent RI31' 
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(11.83 q/ha) and poultry manure with 100 per cent RDl (12.68 

q/ha) . 

Interaction effect of organics and inorganics had non­

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

4.1.2.8 Oil yield (q/ha) 

The data on oil yield ol sunilowcr as inllucnccd by 

integrated nutr ient management is presented in Tabic 14. 

In tegra ted nut r ien t management in sunilowcr 

pigeonpea intercropping system did not have any influence on 

oil yield (q /ha) . However, the sunflower grown under 

vcrmicompost with 100% \<l)l- recorded higher oil yield 5.38 q/ha 

than that recorded under FYM with 100 per cent RDF (4,71 

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

Inorganics, organics and their interaction did not 

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

4.1.2.9 Stalk yield (q/ha) 

The data pertaining to influence of integrated nutr ient 

management on stalk yield of sunflower is presented in 

Table 15. 

In tegra ted nu t r i en t management in sunflower 

pigeonpea intercropping system did not influence the stalk 

yield (q /ha) . However, the sunflower grown under 

vcrmicompost with 100 per cent RDl- recorded higher stalk 
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yield 38.35 q /ha than that recorded under FYM with 100 per 

cent RDF (36.10 q /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 yield (q /ha) in sunflower. 

4.1.2.10 Harvest index (HI) 

Differences in the ha rves t index of sunflower due to 

in tegrated nu t r ien t management i.e., organics , inorganics and 

their interact ions were non-significant on harves t index. 

However, the harves t index recorded in sunflower varies from 

0.24 to 0.27 in different t reatments (fable 15). 

4.2 Pigeonpea 

4.2.1 Growth parameters 

4.2.1.1 Plant height 

The data on plant height of pigeonpea as influenced by 

in tegra ted nu t r i en t management at different growth stages arc 

presented in Table I6a and b. 

I n t eg ra t ed n u t r i e n t management in sunflower 

pigeonpea in te rc ropping system had non-signif icant influence 

on the plant height (cm) at all the s tages of growth except at 

120 DAS and 150 DAS. The plant height at 30 DAS, 60 DAS, 90 

DAS, 180 DAS and at harves t were 18.17 cm, 88.10 cm, 134.86 

cm, 181.17 cm and 184.29 cm, respect ively. 
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Organic sources did not have any significant influence 

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 manure (184.59 cm). 

Inorganic fertilizer levels had significant influence on 

the plant height (cm) of pigeonpea at 120 DAS and 150 DAS. 

The pigeonpea grown under 100 per cent R\)l recorded 

significantly higher plant height at 120 IMS (166.85 cm) and at 

150 DAS (180.18 cm) when compared to that recorded under No 

1<DF (151.62 cm and 157.96 cm). 

Interaction effect of organics and inorganics also had 

non-significant influence on the plant height (cm) of pigeonpea 

at any of the stages of growth. 

4.2.1.2 Number of primary branches per plant 

The data on number of primary branches per plant of 

pigeonpea as influenced by integrated nutr ient management in 

sunflower - pigeonpea intercropping system at dilfcrcnt growth 

stages are presented in Table 17a and b. 

In tegra ted nu t r ien t management in sunflower 

pigeonpea intercropping has signiiicant 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 didnoi have any significant influence 

on the number of primary branches per plant at all the stages 

except at 120 DAS. At 120 DAS, FYM applied treatments 

significantly reduced the number of primary branches 

produced by pigeonpea when compared to treatments received 

poultry manure. The number of primary branches produced in 

FYM applied pigeonpea at 120 DAS was 8.03 per plant and it 

was significantly increased to JO.03 per plant under 

vcrmicompost applied pigeonpea. 

Inorganic fertilizer levels had significant influence on 

the number of primary branches produced per plant at all the 

stages of growth except at 60 DAS. (he number ol primary 

branches produced in 100 pci cenr KDf applied pigeonpea al 

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 harvest . At the 

time of harvest ing, the number of primary branches produced 

by pigeonpea under 100 per cent IIDI- level (14.85/plant) was 25 

per cent higher than that produced under No KDi 

(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 s e c o n d a r y b r a n c h e s p e r plant 

The data on number of secondary branches per plant of 

pigeonpea as influenced by integrated nutr ient management in 

sunflower - pigeonpea intercropping system are presented in 

Table 18a and b. 

In tegra ted nut r ien t management in sunflower 

pigeonpea intercropping system has significant influence 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 the number 

of secondary branches produced by pigeonpea when compared 

to treatments received FYM. A similar trend was followed at 

180 DAS. I he number ol sccondaiy branches jjrcjduccd in 

poultry manure applied pigeonpea at 150 DAS and 180 DAS were 

13.68 per plant and 15.05 per plant and these were 

significantly reduced to 12.28 per plant and 13.31 per plant 

under FYM applied pigeonpea. 

Inorganic fertilizer levels also had significant influence 

on the number of secondary branches produced per plant at all 

the stages of growth. i'he number of secondary branches 

produced in 100 per cent KDi' applied pigconj^ea at 00 DAS was 

6.01 per plant and it was significantly reduced to 3.89 per 
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planl u n d e r No K.131-'. A similar i r cnd wus lollowcd at 120 DAS, 

150 DAS, 180 DAS and at h a r v e s t . At the time of h a r v e s t i n g , 

the number ol s eeondary l ^ a n c h e s p roduced l)y pigccjiipca 

u n d e r 100 per cent RDF level (14.94/plant) was 21 per cen t 

h i g h e r t h a n tha t p roduced u n d e r No RDV (11 .80/p lant ) . 

I n t e r ac t i on e l l cc t of o r g a n i c s and ino rgan ic s also had 

non- s ign i f i can t inf luence on the number of s econda ry b r a n c h e s 

p roduced per plant oi p igconpea at any of the s t ages ol 

g rowth . 

4.2.1.4 Number of leaves per plant 

The da ta p e r t a i n i n g to the inf luence ol i n t e g r a t e d 

n u t r i e n t management in sunflower - p igconpea i n t e r c r o p p i n g 

sys tem on number of leaves per p lant a t d i f fe ren t g rowth 

s t a g e s a r e p r e s e n t e d in Table 19a and b. 

I n t e g r a t e d n u t r i e n t managemen t in sunf lower 

p igconpea i n t e r c r o p p i n g system has s ign i l i can t in l luencc on the 

number of leaves per p lant at all the s t ages of g rowht except 

at 30 DAS. 

Organic sources had s ignif icant inf luence on the 

number of leaves per p lant only at 90 DAS, 120 DAS, 150 DAS 

and 180 DAS. At 90 DAS, vcrmicompost appl ied t r ea tmen t s 

s ignif icant ly i nc reased the number of leaves p roduced by 

p igconpea when compared to t r e a t m e n t s appl ied with lYM. A 

similar t r end was followed at 120 DAS and 150 DAS. IJut at 180 

DAS, the number of leaves p roduced u n d e r poul t ry manure 
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applied pigconpcu was M.H'i pui plant, and iL was sigiul icaiiLly 

d e c r e a s e d to 78.31 p e r p l an t r e c o r d e d in I'YM appl ied 

p igeonpea . 

I no rgan i c fe r t i l izer levels had s ignif icant inf luence on 

the number of leaves p roduced pe r p lant at all the s t ages of 

g rowth except at 30 DAS. The pigeonpea grown u n d e r 100 per 

c e n r 1<DF p roduced s ignif icant ly h i g h e r number of leaves at 60 

DAS (5 I .90 /p l an t ) , 90 DAS (154. IG/plant ) , 120 DAS (21 1 .()9/plant) , 

150 DAS (205.73/plant) , 180 DAS (93.50/plant) and at h a r v e s t 

(45 .48/p lant ) . When compared to tha t p roduced u n d e r No R\)\-

(43.33, 125.48, 162.96, 161.35, 73.68 and 34 .81/p lant ) . 

In t e rac t ion effect of o rgan i c s and ino rgan ics did not 

have any s igni f icant inf luence on the number of leaves 

p roduced per p lant of p igeonpea at any of the s t ages ol 

g rowth . 

4.2,1,5 Leaf area per plant (dm^) 

The da ta p e r t a i n i n g to leal a rea per plant ol p igeonpea 

as inf luenced by i n t e g r a t e d n u t r i e n t management in sunflower 

- p igeonpea i n t e r c r o p p i n g sys tem a r e p r e s e n t e d in fable 20a 

and b. 

I n t e g r a t e d n u t r i e n t m a n a g e m e n t in sunf lower 

p igeonpea i n t e r c r o p p i n g sys tem has s ign i l i can t in l lucncc on the 

leaf a rea of p igeonpea at all t he s t ages of g rowth except 30 

DAS. 



HJ 

Organic sources hud signilicanL inllucncc on Lhc leal 

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 dmVplant) and 

180 DAS (24.79 dm' /p lant ) when compared to that recorded 

under FYM (20.33 and 20.75 dmVplant) and these arc on par 

with that recorded under vcrmicompost (23.35 and 23.75 

dm^/plant). However, during 120 DAS and 150 DAS pigeonpea 

grown under vcrmicompost recorded significantly higher leaf 

area (49.84 and 44.83 dm^/plant) when compared to that 

recorded under FYM (45.61 and 38.80 dm^/plant) and these are 

on par with that recorded under poultry manure (49.66 and 

44.53 dmVplant) . 

Inorganic fertilizer levels also had significant influence 

on the leaf area of pigeonpea at all the stages ol growth 

except at 30 DAS. At 60 DAS, plants under 100 per cent 1<J)F 

recorded significantly higher, leaf area (15.89 dm^/plant) when 

compared to that recorded under No RDf (12.46 dm' /p lant ) and 

25 per cent RDF (13.09 dmVplant) . At 90 DAS, 120 DAS, 150 

DAS, 180 DAS and at harvest similar trend was followed. At 

the time of harvest ing, plants under 100 per cent RDF recorded 

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). 



00 

o 
feb 

• * - • 

c 
1) 

c 
1) 
B 
<u 
00 

c 

c 
1) 

'C 
• 4 - * 

3 c 
T3 
I) 

• * - • 

a 

x t 
1) 

c 

in 

a 
cs 
I) ex c o 
•u 
00 

B. 
o 

•^ 

l - c 

d 

o 

c 
OJ 

^. 

(X 

u 
[ ^ 

"̂  
Nr-

c* 
>̂  Lb 

^ 

> 
fc 

o 
'/-I 
r»-i 
"O 

O 
-T 
»Ai 
w-i 

u-> 
h~ 
O 
i n 

vo 
(N 
oo 
-3-

O 
\o 
VD 
r^l 

00 
O 

r-r-l 

oo 
ô 
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Interaction ellcct ol organic sources and inorganic 

fertilizer levels was not significant with respect to leaf area 

per plant of pigeonpea at all the stages of growth. 

4.2.1.6 Dry mal ter producl iori and i l s accumulat ion in 
d i f f e r e n t par t s 

4.2.1.6.1 Dry matter p r o d u c t i o n ( g / p l a n t ) 

The data on dry matter produced by pigeonpea as 

influenced by integrated nutr ient management in sunllowcr -

pigeonpea intercropping system at different stages of growth 

are presented in fable 21a and b. 

Integrated nutrient management in sunflowcr-pigeonpea 

intercropping system had significant ellect on the dry matter 

produced by pigeonpea at all the stages oi growth except at 30 

DAS and 60 DAS. The dry matter production at 30 DAS and 60 

DAS were 4.7*J g/plant and 44.77 g/jjlaiit. 

Organic sources did not have any significant influence 

on the dry matter produced by pigeonpea at all the stages of 

growth except at 120 DAS and 150 DAS. At 120 DAS, poultry 

manure applied treatments significantly increased the dry 

matter produced by pigeonpea when compared to treatments 

received FYM. A similar trend was followed at 130 DAS. fhe 

dry matter produced in poultry manure applied pigeonpea at 

120 DAS and 150 DAS were 116.20 g/plant and 156.01 g/plant 

and these were significantly reduced to 102.02 g/plant and 

. 138.99 g/plant under fYM applied pigeonpea. 
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Inorganic fertilizer levels also had signiiicanl inllucncc 

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 recorded significantly higher dry matter 

production (114.11 g/plant) when compared to that recorded 

under No l ^ F (93.81 g/plant) and 25 per cent RDl (96.84 

g/plant) . At 120 DAS, 150 DAS, 180 IMS and at harvest similar 

trend was lollowcd. At the time oi hiirvcst plants under 100 

per cent RDF recorded significantly higher dry matter 

production (165.77 g/plant) and it was 22 per 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 accunnula t ion in l e a v e s ( g / p l a n t ) 

'i'he data on dry matter accumulation in leaves ol 

pigeonpea as influenced by integrated nutr ient management at 

different stages of growth are presented in fable 22a and 22b. 

In tegra ted nu t r i en t management in sunflower 

pigeonpea intercropping system had significant effect on 

the dry matter accumulation in the leaves of pigeonpea at 

all the stages of growth except at 30 DAS. 

Organic sources did not have any significant influence 

on the dry matter accumulation in the leaves of pigeonpea at 



30 
all the stages ol growth except at 120 IMS and 130 IMS. At 

120 DAS, poultry manure received treatments significantly 

increased the dry matter accumulation in the leaves ol 

pigeonpea when compared to treatments which received I'YM. A 

similar t rend was followed at 150 DAS. The drymat tc r 

accumulation in the leaves of pigeonpea in poultry manure 

received treatments at 120 DAS and 150 DAS were 30.77 g/plant 

and 27.78 g/plant and these were signilicantly reduced to 24.97 

g/plant and 21.96 g/plant under lYM received treatments. 

Inorganic fertilizer levels signilicantly reduced the dry 

matter accumulation in leaves of pigeonpea at all the stages of 

growth except at 30 DAS. At 00 DAS, the dry matter 

accumulated in pigeonpea leaves under 100 per cent RDf level 

was significantly higher (18.43 g/plant) than the dry matter 

accumulated in leaves of pigeonpea under no RDF level (13.14 

g/plant) . At 90 IMS, 120 DAS, 150 DAS, 180 DAS and at 

harvest similar trend was followed. At the time ol harvest ing 

the dry matter accumulated in leaves of pigeonpea under 100 

per cent l ^ F level (6.12 g/plant) was 21 per cent higher than 

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

Interaction effect of organic sources and inorganic 

fertilizer levels was not significant with respect to the dry 

matter accumulation in the leaves of pigeonpea at all the stages 

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

The da ta pe r t a in ing to d r y mat te r accumulat ion in stem 

as inf luenced by i n t e g r a t e d n u t r i e n t management in s u n l l o w e r -

p igeonpea i n t e r c r o p p i n g sys tem a rc p r e s e n t e d in Table 23a 

and b . 

I n t e g r a t e d n u t r i e n t managemen t in s u n l l o w e r 

p igeonpea i n t e r c r o p p i n g system hud s ign i l i can t c l l ec t on the 

d r y ma t t e r accumulat ion in pigeonpea stem at ail the s t ages of 

g rowth except 30 DAS and 60 i^AS. 

Organic sources did not have any s ign i l i can t inf luence 

on the d r y ma t t e r accumulat ion in the stem of p igeonpea at all 

the s t ages of g rowth except at 120 DAS and 130 DAS. At 120 

DAS, pou l t ry m a n u r e received t r e a tmen t s s ignif icant ly inc reased 

the d r y mat te r accumulat ion in the stem ol pigeonpea when 

compared to the t r ea tmen t s which received fYM. A similar 

t r end was followed at 150 DAS. 1 he d i y mat ter accumulat ion in 

the stem of p igeonpea in pou l t ry manure received t r ea tmen t s at 

120 DAS and 150 DAS a re 82.32 g / p l a n t and S5.0H g / p l a n t and 

t he se were s ignif icant ly r educed to 73.52 g / p l a n t and 74.81 

g / p l a n t u n d e r FYM received t r e a t m e n t s . 

I no rgan i c fer t i l izer levels s ignif icant ly r educed the d r y 

mat te r accumulat ion in stem of p igeonpea at all the s t ages of 

g rowth except at 30 DAS and 60 DAS. At 90 DAS, the d ry 

mat te r accumulated in pigeonpea stem undei lOO/u KDf level was 

s ignif icant ly h i g h e r (84.70 g / p l a n t ) than the d ry mat ter 
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^ Ô —. 

VO — 

r- ON 

O 
O 

NO 

>ri oo 

— so 

p m 

oo — 

o ON 
o 

NO 
oo (N — 

NO 

C i 
C 
O 
CJ 
01, 

I 

O g 

§ 5 
o 

o • 

O 

a 
. O 
c"-
O 
O 

o 
o • 

r J 

, o 
O 
O 

^ 
O 

Q 

o 

o 

NO 

NO' 

J3 

cx: 

I 
I 

i' 

5' 

SO 

O 

c 

X 

so 

o 

5 

SI) 

O 

o 

oc 
o 

Z 

NO 

94 

o Z 

o 
c 

§ 

•a 

o 

o 

-a 
-a 
<u 
G 

-1 

!g 
h 

• V ) 

nJ 

o 

y cc 

o 

^ 
' 

^ • 

^ 

e 
g' 
3 Q 

a. 
II 

, 
X, 
tx 

.̂ — _ 



1) 

c 
i) 

ca 

1) 

OB 

C 

5 
0) 

OH 

U 

c 

0 0 

O 
O 

00 

O 

CM 

o 
o 

0 0 

95 
oo 

1/1 

oo 

00 
00 

o 
o 
00 

VO 

O 

o 
00 

o 
00 
o o 

00 

o 
00 

oo 

o 

D 
t^ 
r) 
OS 

T 
• o 
OO 

0 0 

oo 
r l 
0 0 

c-
T 

oo 

X 

ch 
t:' 
C 

=fl 

1 

=n 
1 -

C 

1 

§ 

I 

CJJ 

c 

I" 

o 

o 

o 

T 

vr. 

t/5 

z 

o 

t/i 

V. 

o 

Oft 

c 
u a O. 
f= 
o 
(̂  
o 
u. 

I— 

p 

ir. 

f 
UJ 
t / ) 

Z 

' / I 

z 

— Cs 
i n '"• 
^ o 

00 

t: 

•/"> 
« 
o 
u 

;i 
•n 

1' 
c 

Z 

" 
'w/1 

z 

o 
- T ] 

7, 
u 
•u 

E 
o 

K; 

U-. 

2 

•u 
-) 

(• 
•r) 

t 
U-

^ 
Uu 

*/i 
O 

ti 
f; 
u 

^ 
II 

(.̂  
Z 

^ 
'i 
u 

"3 
(̂  O H 

p 

)? 



06 

accumulated in p igeonpca stem u n d e r No RDl' level (72.67 

g/planL). At 120 IMS, 150 DAS, IHO UAS and uL liuivcsL .siiiiiiar 

t r e n d was followed. At t he time of h a r v e s t i n g , the d ry mat te r 

accumula ted in stem of p igeonpea u n d e r 100 per cen t KDl- level 

(99.64 g / p l a n t ) was 20 per cen t h i g h e r than t ha t accumulated 

u n d e r no RDF level (80.14 g / p l a n t ) . 

T h e r e were no s ign i l i can l d i i r c r e n c c s in the d r y inaLtcr 

accumulat ion in stem ol p igeonpea due to in te rac t ion e l l ee t ol 

o rgan i c sou rces and inorgan ic fer t i l izer levels at any of t he 

s t ages of g rowth . 

4.2.1.6.4 Dry matter accumulation in petioles 
(g/plant) 

The da ta pe r t a in ing to d r y mat te r accumulat ion in 

pet ioles of p igeonpea as inf luenced by i n t e g r a t e d n u t r i e n t 

management at d i f fe ren t s t ages ol growth a r e p r e s e n t e d in 

fable 24a and b. 

I n t e g r a t e d n u t r i e n t managemen t in s u n l l o w e r 

p igeonpea i n t e r c r o p p i n g sys tem had s ignif icant effect on the 

d r y ma t t e r accumulat ion in pet ioles of p igeonpea at all the 

s t ages of g rowth except a t 60 DAS. 

Organic sources have non-s ign i f i can t inf luence on the 

d r y mat te r accumulat ion in the petioles of p igeonpea at all the 

s t ages of g rowth except at 120 DAS, 150 DAS and 180 DAS. At 

120 DAS, pou l t ry m a n u i e received pigeonpea signil icuiiLly 

inc reased the d r y mat te r accumulat ion in the petioles when 



97 
compared Lo pigconpca which received i/YM. A similar t r end 

was followed at 150 DAS. But, the d r y mat te r accumulat ion in 

the pet ioles of p igconpca in vermicompost rece ived t r ea tmen t s 

at 180 DAS recorded s ignif icant ly h ighe r (1.7G g / p l a n t ) than 

the d r y mat te r accumulated in pet ioles of p igconpca u n d e r FYM 

received t r e a tmen t s (1.50 g / p l a n t ) . 

Inorgan ic fertil i / .er levels signil icantly reduced the d ry 

mat te r accumulat ion in petioles ol p igconpca at all the s t ages of 

g r o w t h excep t at 60 DAS. At 90 DAS, the d r y m a t t e r 

accumulated in petioles of p igconpca u n d e r 100 per cent llDf 

level was s ignif icant ly h ighe r (2.69 g / p l a n t ) than the d r y 

mat te r accumulat ion in petioles ol pigconpca u n d e r No KDf 

level (2.06 g / p l a n t ) . At 120 DAS, 150 DAS, ISO DAS and at 

h a r v e s t similar t r end was followed. At the time ol h a r v e s t i n g , 

the d r y mat te r accumulat ion in petioles of pigconpca u n d e r 100 

per cen t KDI' level (i.5H g / p l a n t ) was 27 per cent highei than 

tha t accumulated u n d e r No UDf level (l.K) g / i ) lan t ) . 

I n t e r ac t i on effect of o rgan ic sources and inorgan ic 

fe r t i l izer levels was not s ignif icant with r e spec t to d ry mat te r 

accumulated in p igconpca petioles at any of the s t ages of 

g rowth . 

4.2.1.6.5 Dry matter accumulation in pods (g /plant) 

The data pe r t a in ing to in l iucnce ol i i i t eg ia ted n u t r i e n t 

management on the d r y maltei accumulal ion in pods at 150 DAS, 

180 DAS and at h a r v e s t a r e p r e s e n t e d in l ah i c 25. 
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In tegra ted nu t r ien t 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 sources significantly reduced the dry matter 

accumulation in pigeonpea 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 manure treated pigeonpea 

were 40.06, 50.12 and 53.86 g per plant and these wore 

respectively reduced to 34.89, 44.67 and 44.98 g per plant 

under FYM treated pigeonpea. The reduction in dry mailer 

accumulated in pods of FYM treated pigeonpea were 13, 11 and 

16 per cent when compared to the poultry manure trcalcd 

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

Inorganic fertilizer levels had significant influence on 

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

at harves t . Under 100 per cent RDi' level, pigeonpea 

accumulated significantly higher dry matter in pods at 150 DAS 

(45.52 g/plant) , 180 DAS (51.28 g/plant) and at harvest (58.21 

g/plant) when compared to the dry matter accumulated in pods 

under 100 per cent iU)l' level was 22 and 26 per cent higher 

than that accumulated under 25 per cent RDf and No RDI-

levels, respectively. 

'I'he dry matter accumulation in jjigeoiipea pods was nol 

influenced by the interaction effect of organic sources and 
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inorganic fertil izer levels in sunflower - pigeonpea 

intercropping system. 

4.2.2 Yield and y ie ld c o m p o n e n t s 

4.2.2.1 Number of pods p e r plant 

The data on numlicr ol i)igconpca pods per plant as 

influenced by integrated nutr ient management are presented in 

Table 26. 

In tegra ted nu t r i en t management in sunflower 

pigeonpea intercropping system had significant influence on 

the number of pods produced by pigeonpea. 

Organic sources had significant influence on the 

number of pods produced by pigeonpea. The number ol pods 

produced by poultry manure received pigeonpea was 

significantly higher (*)0.4.'i/planl) Lhan that jiroduccd under 

FYM received pigeonpea (85.36/plant). Pigeonpea pods 

produced under FYM treated pigeonpea was 12 per cent lower 

than that produced under poultry manure treated pigeonpea. 

Inorganic fertilizer levels had significant influence on 

the number of pods produced by pigeonpea. 'fhe pigeonpea 

grown under 100 per cent RDF level produced significantly 

higher number of pods per plant (11.5.07) and it was 2'J and 46 

per cent higher than that produced under 25 per cent RDF 

level (81..52) and No KDf level iUU.UH), respectively. 
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Inlcraclion cffccl ot organic sources and inorganic 

fertilizer levels was not signilicanl with rcspecl Lo Ihe number 

of pods produced by pigeonpea. 

4.2.2.2 Number of s eeds pe r pod 

The data pertaining to number of seeds per pod as 

influenced by integrated nutrient management arc presented in 

Table 26. 

Organic sources, inorganic Icrti l i /xr levels and their 

interactions did not affect the number of pigeonpea seeds per 

pod significantly. However, the number ol seeds per pod 

ranged from 3.53 to 3.78 in different treatments. 

4.2.2.3 S e e d y ie ld per plant (g ) 

The data on seed yield per plant as inlluenccd l)y 

integrated nutr ient management arc presented in fable 26. 

In tegra ted nu t r i en t management in sunflower 

pigeonpea intercropping system had significant influence on 

the seed yield of pigeonpea per plant. 

Organic sources had significant influence on seed yield 

of pigeonpea per plant. The seed yield of pigeonpea per plant 

recorded under vermicompost received treatment (32.57 g/plant) 

was 18 per cent higher than that recorded under lYM received 

treatment (26.87 g/plant) and it was on par with that recorded 

under poultry manure received treatment (32.18 g/plant) . 
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Ino rgan ic fer t i l izer levels had s ignif icant effect on the 

seed yield of p igeonpca per plant . I he pigcoiipca grown u n d e r 

100 pe r cent I ^ F level r ecorded s ignif icant ly h i g h e r seed yield 

(36.3-5 g / p l a n l ) and it was 23 and 30 per cent h ighe r than tha t 

r eco rded u n d e r 25 per cent R\)l level (27.92 g / p l a n t ) and No 

Kl)f level (25.43 g / p l a n t ) , r e spec t ive ly . 

In te rac t ion effect of o rgan i c s and inorgan ic fer t i l izer 

levels was not s ignif icant with r e s p e c t to seed yield per p lant 

of p igeonpca . 

4 . 2 . 2 . 4 H u n d r e d s e e d w e i g h t ( g ) 

The data on h u n d r e d seed weight ol p igeonpca as 

in l iuenccd hy i n t c g i a l c d n u t r i c n l m;miigcmcnt a rc p r e s e n t e d in 

Tahle 26. 

Effect of o rgan ic sou rces , inorgan ic lertili/ .ci levels and 

the i r i n t e r ac t i ons were not s ignif icant on 100-seed weight (g). 

However, 100-secd weight r anged from 10.62 to 11..S7 g u n d e r 

d i f fe ren t t r e a t m e n t s . 

4 .2 .2 .5 S e e d y i e l d ( q / h a ) 

' fhe data on seed yield of p igeonpca as inf luenced by 

i n t e g r a t e d n u t r i e n t management a r c p r e s e n t e d in l ah l e 27. 

I n t e g r a t e d n u t r i e n t managemen t in sunf lower 

p igeonpca i n t e r c r o p p i n g system had s ign i i i can t c l l ec t on seed 

yield of p igeonpca . 



Plate 9. General view of the experimental plot after 
sunflower harves t 

Plate 10. Pigconpca plants showing T-j, T^^ and T3 
treatments 
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Organic sources did not have significant influence on 

the seed yield (q/ha) of pigeonpea. However, the pigconpea 

grown under poultry manure recorded higher seed yield (8.37 

q/ha) than recorded under FYM (8.01 q/ha) and vermicompost 

(8.27 q/ha) . 

Inorganic fertilizer levels had significant effect on seed 

yield of pigeonpea. The seed yield of pigeonpea recorded 

under 100 per cent l<l)f level was signiiicantly higher (8.80 

q/ha) when compared to that recorded under 2.5 per cent \i\)\' 

level (8.06 q/ha) and No IIDF level (7.38 q/ha) . However, the 

seed yield recorded under 75 per cent \U)i level (8.4() q/ha) 

and 50 per cent RDF level (8.37 q/ha) were on par with that 

recorded under 100 per cent RDf level. The seed yield of 

pigeonpea recorded under 100 per cent RDf level was eight 

and sixteen per cent higher than that recorded under 2.5 per 

cent IIDF level and No RDF level, respectively. 

Interaction effect of organic sources and inorganic 

fertilizer levels was not significant with respect to the seed 

yield of pigeonpea. 

4.2.2.6 Stalk yield (q/ha) 

The data pertaining to stalk yield of pigconpea as 

influenced by integrated nutr ient management are i)rescntcd in 

Table 27. 



Organic sources did not have any s ign i l i can t ellccL on 

the s ta lk yield ( q / h a ) of p igeonpea. However, the p igeonpca 

grown u n d e r vermicompost r eco rded h i g h e r s ta lk yield (27.55 

q / h a ) than recorded u n d e r I'YM (26.87 q / h a ) and poul t ry 

m a n u r e (26.81 q / h a ) . 

Variation in inorgan ic I c r l i l i / c r levels in l lucnccd Lhc 

stalk yield oi" p igeonpea s ign i l i can t ly . The stalk yield ol 

p i g e o n p e a r e c o r d e d u n d e r lUU per ceiil Kbt level was 

s ignif icant ly h i g h e r (30.89 q / h a ) when compared to that 

r eco rded u n d e r 25 per cent RDf level (25.05 q / h a ) and No RDi-

level (23.66 q / h a ) . However, the s talk yield r eco rded u n d e r 75 

per cent 1-lDF level (28.61 q / h a ) and 50 per cent RDf level 

(27.16 q / h a ) were on par with iha l r ecorded u n d e r 10(1 i:>cr 

cen t RDF level. I'he s talk yield ol p igeonpea recorded u n d e r 

100 per cen t RDf level was 1 <) and 23 per ccn l h igher than 

tha t r eco rded u n d e r 25 per cent liDl level and No RDf level, 

r e spec t ive ly . 

In t e r ac t ion effect of o rgan ic sources and inorgan ic 

fe r t i l izer levels was not s ignif icant with r e s p e c t to the s talk 

yield of p igeonpea . 

4 . 2 . 2 . 7 H a r v e s t i n d e x (HI) 

The da ta on h a r v e s t index ol p igeonpea as in l lucnccd 

by i n t e g r a t e d n u t r i e n t management a r e p r e s e n t e d in 

Table 27. 
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Plate 11. Pigconpca plants showing T^^ and To 
treatments 

Plate 12. Pigeonpea plants showing Ty and T3 
treatments 
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Organic sources did not have any s ign i l i can t inr iucncc 

on the h a r v e s t index of p igconpca . However, p igeonpca grown 

u n d e r pou l t ry manu re r ecorded h i g h e r h a r v e s t index (0.238) 

than tha t r eco rded u n d e r I'YM ((J.23U) and vcrmicompost (0.231). 

I no rgan ic fer t i l izer levels had s ignif icant in l luencc on 

the h a r v e s t index ol p igconpca. The pigconpca grown u n d e r 

25 per cent RDF level r ecorded s ignif icant ly h ighe r h a r v e s t 

index (0.243) when compared to that r ecorded unde r 100 per 

cent RDF level (0.221). 

I n t e r ac t i on effect of o rgan i c s and inorgan ic fc r t i l i /x r 

levels also had non-s ign i f i can t inf luence on the h a r v e s t index 

of p igeonpea. 

4.3 Sunflower seed equivalent yield (q/ha) 

The data on sunflower seed equ iva len t as inf luenced by 

i n t e g r a t e d n u t r i e n t management in sunflower - p igconpca 

i n t e r c r o p p i n g sys tem a rc p r e s e n t e d in fable 27. 

Organic sou rces had s igni f icant inf luence on the 

sunf lower seed equ iva len t . The sunflower seed equ iva len t 

r eco rded u n d e r vermicompost was s ignif icant ly h i g h e r (22.54 

q / h a ) when compared to tha t r ecorded u n d e r FYM (20.84 q / h a ) . 

However, the sunflower seed equ iva len t r ecorded unde r ))()ultry 

m a n u r e (22.09 q / h a ) was on par with tha t r ecorded u n d e r 

vcrmicompost . The inc rease in sun l lower seed equ iva len t u n d e r 
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vermicompost was e igh t per cent over tha t r ecorded u n d e r 

FYM. 

Inorgan ic Icrt i l i / .cr levels had s ign i l i can l e l l ec t on 

sunflower seed equ iva len t . Sunflower seed equ iva len t recorded 

u n d e r 100 per cen t KDF was s ignif icant ly h ighe r (23.39 q / h a ) 

when compared to tha t r eco rded u n d e r No IIUF (19.69 q / h a ) . 

However, sunf lower seed equ iva len t r ecorded u n d e r 75 per cent 

RDF (22.79 q / h a ) and 50 per cent I ^ F (22.12 q / h a ) were on par 

with tha t r eco rded u n d e r 100 per cent R\)l. The inc rease in 

sunf lower seed equ iva l en t u n d e r 100 per cent IIDF was 16 per 

cen t ove r tha t r eco rded u n d e r No RDF. 

In t e rac t ion effect of o rgan ic sources and inorgan ic 

I c r t i l i / e r levels did not in l iucncc the suiillowci seed c( |uivalcii l 

s igni f icant ly . 

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 da ta on mean N, P and K concen t ra t ion {%) in seeds 

and stem at h a r v e s t ol sunflower as influenced by i n t e g r a t e d 

n u t r i e n t management in sunflower - p igeonpea i n t e r c r o p p i n g 

sys tem a r e p r e s e n t e d in fable 2Ha and b. 

Organ ic sou rce s , ino rgan ic I c r t i l i / x r levels and the i r 

i n t e r ac t i ons did not affect the N, P and K concen t ra t ion (%) in 

seeds and stem of sunflower s igni f icant ly . However, the N, P 
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113 
and K conccn l raUon in seeds were 2.57, U.4I and 0.74 per ceiil, 

r e spec t ive ly and in stem were 0.59, 0.033 and 0.51 per cent , 

r e spec t ive ly . 

4 . 4 . 1 . 2 N u t r i e n t c o n c e n t r a t i o n o f p i g e o n p e a 

The data on mean N, P and K concen t ra t ion (%) in seeds 

and stem at h a r v e s t of p igeonpea as inf luenced by i n t e g r a t e d 

n u t r i e n t management in sunflower - p igeonpea i n t e r c r o p p i n g 

sys tem a r e p r e s e n t e d in Table 29a and b. 

Organic sources recorded s ign i l i can t d i l l c r e n c e s with 

r e s p e c t to only P and K n u t r i e n t s . Application of poul t ry 

manure recorded s ignif icnat ly h ighei P con ten t both in sLcni 

and seeds (0.14% and 0.39%) than recorded u n d e r i'YM (0.12% 

and 0.30%). Poul t ry manure received t r ea tmen t recorded 

s ignif icant ly h i g h e r K con ten t both in stem and seeds (1.35% 

and 1.26%) t h a n r eco rded u n d e r FYM (1.20% and 1.18%). 

With d i f fe ren t levels of RDl, s ignif icant var ia t ions in 

n u t r i e n t con ten t (N, P and K) in both stem and seeds were 

o b s e r v e d , s ignif icant ly h i g h e r N con ten t of 1.63 per cen t in 

stem and 4.55 pe r cen t in seeds were recorded with 100 per 

cent RDF level than r eco rded u n d e r No RDl- level (1.29% and 

4.06%). A similar t r e n d was o b s e r v e d in case of both P and K 

n u t r i e n t s . S igni l icant ly h ighe r P and K con ten t in stem (0.14% 

and 1.42%) and in seeds (0.42% and 1.36%) were r ecorded with 

100 pe r cen t RDF level than recorded u n d e r No RDV level 

(0.10% and 1.12% in stem and 0.25% and 1.17% in seeds ) . 
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There were no signilicant diflcrcnccs in Ihc nutr ients 

concentration (N, P and K) in seeds and stem ol pigeonpea as 

influenced by integrated nutr ient management. 

4.4.2 Nutr ient u p t a k e ( k g / h a ) 

4.4.2.1 Nutr ient u p t a k e oI s u n l l o w e r ( k g / h a ) 

The data on N, P and K uptake (kg/ha) ol' sunflower as 

influenced by integrated nutr ient management in sunflower -

pigeonpea intercropping system arc presented in I'able 30. 

Only organic sources recorded significant difference 

with respect to only N uptake (kg /ha) . Application of 

vcrmicompost recorded significantly higher N uptake (277.40 

kg/ha) than recorded under fYM (254.7() kg/ha) and it was on 

par with poultry manure received treatment (275.64 kg/ha) . 

With respect to P and K uptake there were no significant 

differences. However, higher P and K uptake were recorded 

with poultry manure (38.59 and 106.70 kg/ha) ioUowcd by 

vcrmicompost (36.45 and 103.84 kg/ha) and FYM (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) of sunllower. 

Interaction ellect of organic sources and inorganic 

fertilizer levels had non-significant effect on the nutr ient (N, P 

and K) uptake (kg/ha) of sunflower. 
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4.5 Soil chemical analysis after harves t 

4.5.1 Organic carbon (OC) 

The data on organic carbon conLcnL in soil al lcr 

harves t of the crops arc presented in I'able 32. 

Organic sources, inorganic lertilizer levels and their 

interactions did not affect the organic carbon content ol the 

soil significantly. However, combined application of lYM + 100 

per cent RDF recorded highest organic carbon in the soil 

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

RDF (0.598%). 

4.4.2 Available soil nitrogen (kg/ha) 

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

harvest of the crops are presented in lahle 32. 

Available soil ni trogen after harves t of the crop 

differed significantly due to different fertilizer levels. 

Available soil nitrogen was significantly higher with 100 per 

cent RDF (172.22 kg/ha) than noticed under No 1U)F (125.22 

kg/ha) . 

Application of organic sources resulted in non­

significant differences in available nitrogen. However, higher 

available soil ni trogen (153.61 kg/ha) was noticed with 

application of poultry manure 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 due 

to interactions between organic sources and inorganic fertilizer 

levels. 

4.5.3 Avai lable soil p h o s p o r u s (P) 

Data per ta ining to available soil phosphoius arc 

presented in Table 32. There was significant differences 

between organic sources and inorganic fertilizer levels. 

Available soil phosphorus differed significantly due to 

different levels of inorganic fertilizers. Significantly higher 

available soil P (32.44 kg/ha) was reocrdcd with 100 per cent 

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

Significant differences in available soil phosphorus due 

to organic sources was noticed. Application of poultry manure 

recorded significantly higher available soil phosphorus (28.80 

kg/ha) than recorded under farm yard manure (24.31 kg/ha) 

and it was on par with application of vermicompost (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 Avai lable soil p o t a s s i u m 

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

harvest of the crops are presented in Table 32. 
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Variat ions in inorgan ic fer t i l izer levels had s ign i t i can t 

d i i r c r c n c c s in avai lable soil potassium. Signi l icant ly h igher 

avai lable soil potass ium (322.86 k g / h a ) was noticed with 100 per 

cen t RDF than noticed u n d e r No RDI' (288.11 k g / h a ) . 

Available soil potass ium did not d i l l c r e d s ignif icant ly 

d u e to d i f fe ren t o rgan i c sou rce s . However, h ighe r avai lable 

soil po tass ium (305.15 k g / h a ) was r eco rded with pou l t ry m a n u r e 

followed by vermicompost (296.53 k g / h a ) and FYM (291.82 

k g / h a ) . 

Available soil potass ium did not differ s ignif icant ly with 

r e s p e c t to i n t e r ac t i ons of o rgan ic sources and inorganic 

fer t i l izer levels . 

4.6 Economics of integrated nutrient management in 
sunflower - pigeonpea intercropping sys tem 

The da ta on economics as inf luenced by i n t e g r a t e d 

n u t r i e n t management in sunflower - p igeonpea i n t e r c r o p p i n g 

sys tem a r e p r e s e n t e d in Table 33. 

Among the o rgan i c sou rces cost of cu l t iva t ion was 

h i g h e s t wi th vermicompost (Rs. 8287/ha) . This was followed by 

FYM (Rs. 7718/ha) and poul t ry manure (Rs. 7298/ha) . In case 

of inorgan ic fer t i l izer levels 100 per cent RDI' r ecorded h ighes t 

cost of cul t iva t ion (Rs. 8751/ha) and least cost ol cul t ivat ion 

was r eco rded with No R\)l- (Rs. 6784/ha) . With r e spec t to 

o rgan i c sou rces and inorgan ic fer t i l izer level in te rac t ion 

h i g h e s t cost of cu l t iva t ion was r eco rded u n d e r vermicompost + 



IPA 

100 per cent RDl lor sunllowcr and 100 per ccnl l<i)i- lor 

pigeonpea (Rs. 9437/ha) and Icasl cost of cultivation was 

recorded with poultry manure + 100 per cent RDF lor suntlower 

and No lUW for pigeonpea (Rs. 639H/ha). 

In case of organic sources higher gross re turns (Rs. 

17622/ha) was recorded with application of vermicompost 

followed by poultry manure and FYM (Rs. 17545 and 16531/ha, 

respectively). Among the inorganic fertilizer levels 100 per 

cent RDF recorded highest gross re turns (Rs. 18712/ha) and 

least gross re turns was recorded with No \i\)\' (Rs. 15754/ha). 

With respect to interact ions highest gross r e tu rns was 

recorded under vermicompost + 100 per cent RDF for sunflower 

and 100 per cent RDF for pigeonpea (Rs. 17()22/ha) and least 

gross re turns was recorded with lYM + 100 Rl)f lor suiillowci 

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

Net r e t u r n s were significantly higher with the 

application of poultry manure (Rs. 10247/ha) than recorded 

under FYM (Rs. 8813/ha) and vermicompost (Rs. 9334/ha). 

Among the inorganic fertilizer levels 100 per cent RDF recorded 

highest net re turns (Rs. 9961/ha) and least gross re turns was 

recorded with No RDi' (Rs. 8970/ha). With respect to 

interactions highest net re turns was recorded under poultry 

manure + 100 per cent \U)l for both sunflower and pigeonpea 

(Rs. 10933/ha) and least net re turns was recorded with lYM + 

100 per cent IU3F for sunflower and No \<\)\' for pigeonpea (Ks. 

8568/ha). 
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Among o rgan ic sources s ign i i ican l ly h ighe r benc l i l 

cost rat io was noticed in pou l t ry m a n u r e (1.41) rollowed by EYM 

(1.15) and vermicompost (1.13). With r e spec t to inorgan ic 

fer t i l izer levels No RDF recorded s ignif icant ly h i g h e r !i:C rat io 

(1.33) t han r eco rded u n d e r 100 per cen t RDF (1.14). There is 

no s igni f icant d i f fe rences in B:C rat io as inf luenced by o rgan ic 

sources and ino rgan ic fer t i l izer levels . However, h ighes t B:C 

rat io was recorded u n d e r poul t ry manure + 100 per cent RDF 

for sunflower and No RDF for p igconpea (1.50) and lowest B:C 

rat io was noticed u n d e r !• YM + 100 per cen t RDl' lor both 

sunflower and pigconpea c rops (1.05). 
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V. DISCUSSION 

The results obtained Irom the experiment conducted 

during kharif season of 1998-99 under rainlcd conditions to 

study the ellect of organic sources and inorganic fertilizer 

levels in sunflower - pigeonpea intercropping system, on the 

growth and yield of component crops and economics of the 

integrated nutr ient management in sunflower - pigeonpea 

intercropping system arc discussed in this chapter. 

The growth and yield of a pure crop is governed by 

soil and weather parameters besides management practices. 

Whereas, the imposition of intercropping not only alters the 

conditions available for the pure crop by competition but also 

influences the complementarity of one over the other. In the 

present day context of enhancing the productivity of both the 

oilseeds and the grain legumes, the combination of the 

important oilseed crop of sunflower with that of the most 

potential pulse crop of pigeonpea was brought to accrue 

greater yield advantages under some optimum combinations. 

Water and fertility resources to each of these crops and then 

examine their individual yield potentials as well as the overall 

productivity of a particular system. 
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5.1 Weather and crop growth 

Crop growlh is mainly dependent on environmental 

factors and fluctuations in weather conditions greatly influence 

on it. During the year 1998 a well distr ibuted rainlall of 

790.20 mm was received (Table 2). The maximum number of 

rainy days (22) during the month of June 1998-99 were 

recorded. Meteorological parameters indicated that maximum 

and minimum temperatures were conducive to crop growth and 

development. Relative humidity varied from 58 per cent in 

April to 93 per cent during October. Ihus , the overall 

environment was conducive for better growth at all stages of 

crops growth. 

5.2 Effect of orjganic sources and inorganic fertilizer 
levels on yield, yield components and oil content 
in sunflower ana pigeonpea 

The integrated nutr ient management enrich the soil with 

nutr ients . Which helps in producing higher grain and fodder 

yield. The integrated nutr ient management is the mainlainance 

and possible improvement ol soil fertility for sustaining crop 

productivity on long term basis. This can be achieved by 

scientific management of different sources of nutr ients for 

optimum growth, yield and quality of different crops. 

In case of sunflower, among organic sources application 

of vcrmicompost recorded higher seed yield (13.24 q/ha) than 

poultry manure and FYM (12.68 and 11.83 q/ha) . Application of 

vcrmicompost was comparable to 100 per cent liDl to sunflower 



and 75 per ccn l liDV lo p igconpca (13.28 q / h a ) (J able 15). 

This ind ica tes the poss ibi l i ty of s u b s t i t u t i o n ol o rgan ic sources 

i.e., pou l t ry m a n u r e (2.7 t / h a ) . Effects of pou l t ry ma nu re 

(12.68 q / h a ) were on par with the appl icat ion of 100 per cent 

I ^ F to sunflower and 50 per cen t IWl to p igeonpea (12.70 

q / h a ) and effects of FYM (11.83 q / h a ) were on par with the 

appl ica t ion of 100 per cen t RDF to sunflower and 25 per cent 

RDF to p igeonpea (12.03 q / h a ) . 

The seed yield ol sunflower differed non- s ign i l i can t ly 

with the appl ica t ion ol oi gan ics , i no igau ic Icitili / .ci levels and 

the i r combinat ions (Table 15). Application of vcrmicompost + 

100 per cen t RDF to both sunflower and pigconpca recorded 

h i g h e r seed yield (14.25 q / h a ) than the r e s t of the t r e a tmen t s . 

Application of e i t he r FYM, vcrmicompost or pou l t ry manure in 

conjunc t ion with 100 per cent RDF for both sunflower and 

p igeonpea i nc reased the seed yield by 10.47, 19.44 and 16.22 

pe r cen t , r e s p e c t i v e l y o v e r app l i ca t ion of c i t h e r lYM, 

vcrmicompost or pou l t ry ma n u re in conjunct ion with 100 per 

cen t 1<DF to sunflower and No R\)l to p igeonpea . At 100 per 

cen t RDF to sunflower and 75 per cen t RDf to p igeonpea the 

per cent i n c r e a s e in seed yield with combination of any 

o r g a n i c s were 8.47, 18.87 and 14.61 per cen t as compared to 

e i the r FYM, vcrmicompost or pou l t ry manure in conjunct ion 

with 100 per cen t RDF to sunflower and No 1<JJF to p igeonpea, 

r e spec t ive ly . 
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These s tud ie s indica te that , appl icat ion ol 100 per cent 

RDF to bo th sunflower and pigconpca + vermicompost or 100 

per cen t IIDF to both sunflower and pigconpca + poul t ry 

manu re he lps to get h ighe r yields ol sunl lower as compared to 

100 pe r cent RDF to both sunflower and pigconpca + FYM. 

In case of p igconpca, appl icat ion of pou l t ry manure 

recorded h ighe r seed yield (8.37 q / h a ) than vermicompost and 

FYM (8.27 q / h a and 8.01 q / h a ) . Application of pou l t ry manure 

was comparable to 100 per cent KDf to sunl lower and .SO per 

cen t IIDF to p igconpca (8.37 q / h a ) ( fab le 27). I his ind ica tes 

the possibi l i ty ol subs t i t u t i on ol recommended dose ol l e r t i l i / e r 

(25:50 kg NP/ha) . Effects of vermicompost (8.27 q / h a ) was on 

par with the appl icat ion of 100 per cent Rl)f to sunl lower and 

50 per cen t RDF to pigconpa (8.37 q / h a ) and effects of FYM 

(8.01 q / h a ) was on par with the appl icat ion of 100 per cent 

RDF to sunflower and 25 per cen t RDF to p igconpca (8.06 

q / h a ) . 

The seed yield of p igconpca differed s ignif icant ly with 

t he app l i ca t i on of i n o r g a n i c f e r t i l i ze r levels ( f a b l e 27). 

Application of pou l t ry manure + 100 per cent RDf to both 

sunflower and p igconpca recorded h ighe r seed yield (8.98 q / h a ) 

than the r e s t of the t r e a tmen t s . Application of e i the r FYM, 

vermicompost and poul t ry manure in conjunct ion with 100 per 

cen t \U)l for both sunl lower and pigconpca c rops inci eased 

p igconpca seed yield by H).26, 15.()<) and 17.04 per cent , 

r e spec t ive ly ove r appl icat ion of c i the r lYM, vermicompost and 
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poul t ry manure in coii juncliuu wilti 100 per cen l KDI' lor only 

sunflower and No KDI* lo p igeonpca, r c spcc l ivc ly . 

I n t e g r a t i o n of c i the r FYM, vermieomposl or pou l t ry 

m a n u r e with 100 per cent 1113F to both sunflower and pigconpca 

and above o rgan i c s with 100 per cent IIDF to sunflower and 50 

p e r c e n t RDF to p igeonpea were on p a r i n d i c a t i n g the 

reduc t ion in 50 per cent RDU to an i n t e r c r o p i.e., p igeonpea by 

use of o r g a n i c s . Similarly, h ighe r g ra in yield of sorghum was 

r eco rded with appl icat ion of recommended dose of fcrtili/ .er 

with e n r i c h e d FYM and soil inocula t ion oi A/.ospi rilliiin 

(Veerabadran and Ra jendran , 1993). At Bangalore 25 to 50 per 

cen t s u b s t i t u t i o n of RDl' in sun i lwocr and g r o u n d n u t was 

o b s e r v e d with appl icat ion of vermicompost (Kale ct al., 1994). 

Kr i shnamoor thy (1995) who o b s e r v e d h i g h e r g ra in yield ot 

kharif so rghum due to combined appl icat ion of vermicompost 

(2.5 t / h a ) , Azospirillum (10 k g / h a ) and RDl (100:75:37.5 kg 

NPK/ha). 

I r r e s p e c t i v e of o rgan ic sou rces of n u t r i e n t s with 

appl icat ion of 100 per cent rec(jinmcndcd dcjsc ol le iLil i /er 

(RDF) to both sunflower and pigeonpea recorded s ignif icant ly 

h i g h e r g ra in yield of pigeonpea (8.80 q / h a ) as compared to 25 

per cent RDF to p igeonpea and without ferti l / , icr to p igeonpea 

(Table 27). Reduct ion in Icrt i l i / .cr dose to pigeonpea dec reased 

the g ra in yield s ignif icant ly (e i ther 25 or 0% RDf). 

The i n c r e a s e in seed yield of sunflower and pigeonpea 

with combined appl icat ion of c i the r lYM, vermicompost or 
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poul l ry muiiuic along with 100 |)cr cent KI>1' lo hoUi siiiillowci 

and pigconpca were a l l r ihuLed lo ihe i r luvourab le cMccLs on 

yield components viz., head diameter (12.97 cm), number ot 

seeds pe r head (964.67), seed yield per p lant (2H.99 g), 1000-

seed weight (32.97 g) and chafl 'yness per cent (24.72) (Table 12 

and 13). In case of p igeonpea, number of pods per plant 

(115.07), number of seeds per pod (3.75), seed yield per p lant 

(36.35 g) and 100-seed weigh t (11.31 g) (Table 26). -

In case of sunflower, head diameter , number ol seeds 

per head, seed yield per plant , 1000-sccd weight and per cent 

chaf fyness were non- s ign i f i can t as inf luenced by o rgan ic 

sou rce s , i no rgan ic fer t i l izer levels and the i r in te rac t ion c l lcc t . 

However, i r r e s p e c t i v e of o rgan ic sources ot n u t r i e n t s with 

appl ica t ion of 100 per cent RDf for both sunflower and 

p igeonpea r eco rded h ighe r head diameter , number of seeds per 

head, seed yield per plant , 1000-sced weight and per cent 

chaf fyness . But, h i g h e s t sunflower head diameter (13.26 cm) 

recorded u n d e r pou l t ry manure + 100 per cen t R[)\' lor both 

sun f lower and p igeonpea c r o p s as compared to o t h e r 

t r e a t m e n t s . Similarly h ighes t number of seeds per head 

(975.33) and 1000-secd weight (33.21 g) were r eco rded u n d e r 

vermicompost + 100 per cent \U)\- for both sunflower and 

p igeonpea . But, per cen t chaf fyness was h i g h e s t with FYM + 

100 per cen t KiJF for sunflower and zero per cent RDf to 

p igeonpea (28.20%) (Table 12 and 13). 
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'I 'hcsc s tud i e s indica te that , appl icat ion ol 100 per cent 

RDF to both sun i lowcr and pigeonpca + vcrmicompost or 100 

per cent RDF to both sunflower and pigeonpca + poul t ry 

manure helps to get h ighe r va lues of yield components of 

sunflower as compared to 100 per cent RJJF to both sunflower 

and pigeonpca + FYM. This may be a t t r i b u t e d to h ighe r j^er 

cent of n u t r i e n t s o b s e r v e d u n d e r vcrmicompost and poul t ry 

manure as compared to lYM. 

In case of p igeonpca, number of pods per plant and 

seed yield pe r p lant with 75 per cent KJJf to p igeonpca was on 

par with 100 per cent R\)V to p igeonpca was appl ied in 

combination with d i f ferent o rgan i c s . In case of p igeonpca, 

number of pods per plant and seed yield per plant with 75 per 

cen t RDF to p igeonpca was on par with 100 per cen t RDl' to 

p igeonpca when appl ied in combination with d i f fe ren t o rgan i c s . 

But it was s ignif icant ly h ighe r over no fcr t i l izxr and 25 per 

cent RDF to p igeonpca along with d i l f e r c n t o rgan i c s . fhis may 

be a t t r i b u t e d to slow re lease of n u t r i e n t s . Similar r e s u l t s were 

r epo r t ed by many w o r k e r s (Kr i shnamur thy cl al., 1973; Sar ig cl 

ai, f988; Porwal and P u s h p e n d r a Singh, 1992). Signif icant 

cor re la t ion was also o b s e r v e d in between chlorophyl l con ten t , 

lOOO-grain weight and gra in weight on main stem in oats (Crib 

cl uL, 1990). Goudreddy cL ul. (19.S9) recorded appl icat ion of 

fa rmyard manure at the ra te of 5 t / h a inc rease the g ra in 

number per ear , g ra in weight per car , lOOO-grain weight of 

rabi so rghum on medium black soils of Dharwad. Application of 
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f a r m y a r d m a n u r e (FYM) @ l ive and ten l o n n c s per ha 

s ignif icant ly inc reased the g rowth , yield a t t r i b u t e s and yield ol 

sunflower ove r no FYM and Azoiobactor inoculat ion (Singh and 

J agadcv Singh, 1998). The inc rease in yield may also be 

a t t r i b u t e d to the improvement b r o u g h t abou t in soil physica l 

condi t ions like soil s t r u c t u r e and inc reased microbial ac t iv i ty 

r e s u l t i n g in b e t t e r m o i s t u r e u t i l iza t ion ( l i hoseka r and 

Raikhe lkar , 1990 and Kr i shnamoor thy , 1995). 

Recommended dose of fer t i l izer in combination with 

o rgan ic s has r ecorded s ignif icant ly h ighe r h a r v e s t index as 

compared to 50 per cent RDF and No fer t i l izer t r ea tmen t s in 

case of p igeonpea . liut, in case ol suni lower recommended dose 

of fer t i l izer in combination with d i f fe ren t o rgan i c sou rces did 

not record s ignif icant effect on h a r v e s t index ( f ab le 27 and 

15). 

Combined appl ica t ion of o rgan i c s with 100 per cent llDf 

to both t he c r o p s has r e su l t ed in s ignif icant ly h i g h e r stalk 

yield as compared to l e s se r levels of RDF to p igeonpea i.e., 25 

p e r cen t RDF and No fer t i l izer to p igeonpea . But in case of 

sunflower, the va r ia t ions in RDF levels to p igeonpea did not 

affect t he sunflower stalk yield s ignif icant ly (Table 27 and 15). 

The h i g h e r s ta lk yield of both sunflower and pigeonpea 

in combined appl ica t ion of o rgan ic sources and 100 per cent 

RDF for both sunf lower and pigeonpea t r ea tmen t s was due to 

b e t t e r g rowth and deve lopment r e su l t ed in h i g h e r d r y mat te r 

accumulat ion in stem, leaves , head, pods , e tc . , ( f ab le <S, 9, 10, 
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11, 22a, 22b, 23a, 23b and 25). The increase in slalk yield was 

also due to more available nitrogen, phosphorus and potassium. 

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

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

(Table 14). This may be due to favourable effect of organic 

sources in addition to recommended dose of fertiU/.cr. 

5.3 Effect of o r g a n i c s o u r c e s a n d i n o r g a n i c f e r t i l i z e r 
l e v e l s on g r o w t h a n d g r o w t h c o m p o n e n t s of 
s u n f l o w e r and p i g e o n p e a 

Among the various growth factors that determine the 

growth of crop, nutr ient supply is most important one. 

Germination percentage did not differ significantly in 

both the crops with application of organics and different 

levels of fertilizers. Being a nutr ient exhaustive crops, 

sunflower and pigeonpea responded to fertilizer application. 

I r respec t ive of organic sources , successive increase in 

recommended dose of fertilizer to pigeonpea has significantly 

increased the plant height of pigeonpea (Table 16a and b). 

Similarly increase in vigour of plants with fertilizer appliation 

was reported by Agnal (1990); Hirpara cl 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 manure. Similar findings were also 

reported by many workers (Pocovskay et al, 1985) and Sarig 

et ai. (1988), Krishnamoorthy and Varanabhaiah (1986). 
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Application of 100 per cent RDF to both sunllowcr and 

pigeonpea recorded higher plant height ol both sunllowcr and 

pigeonpea as compared to other treatments. This increase in 

plant heights can be a t t r ibu ted to increased uptake oi 

nitrogen. The results obtained in the present investigation arc 

in accordance with those reported by Gupta and Gupta (1975). 

Bheemaiah et al. (1986) and Krishnamoorthy (1995), 

observed increase in growth (plant height) with application ol 

vermicompost, Azospirillum and other organics along with 

fertilizer. Application of vermicompost in addition to 50 per 

cent RDF has resulted improvement in plant height (Mastiholi, 

1994). 

Green leaves per plant in both the crops were highest 

with the application of organic sources + 100 per cent RDF for 

both sunflower and pigeonpea at all the stages (Table 5 and 

19a and 19b). At Dharwad, during kharif, recommended dose ol 

fertilizer has recorded higher number of leaves (llunshal, 1978). 

Integration ol either lYM, vei micomjiost or |)oullry 

manure with 100 per cent RDF lor both sunflower and 

pigeonpea has retained higher number of green leaves in 

sunflower and pigeonpea (5.21 and 154.16) as compared to No 

fertilizer application to pigeonpea (4.52 and 125.48) at 90 IMS. 

Krishnamoorthy (1995) reported significantly higher number of 

green leaves with combined application of vermicompost and 

Azospirillum in kharit sorghum. Nijhawan and Kanwar (1952) 
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reported increase in number ol green leaves per plant with 

vermicompost application. Application ot FYM increased green 

leaves at harvest (liakalc, 197G). Recommended dose of 

fertilizer to both the crops with organic sources has recorded 

significantly higher leaf area compared to 25 per cent or 

without fertilizer to pigconpea (Tabic 6, 20a and 20b). These 

results are in confirmity with Agnal (1990); Hirpara et al. (1992) 

and Ishwar Singh et al. (1993). In case of pigeonpea, higher 

number of trifoliate leaves in above treatment was due to 

higher number of primary and secondary branches noticed in 

that treatment compared to other ones (Table 17a, 17b, l<Sa and 

18b). 

Recommended dose ot fcrt i l i /crs (RDl) to both crops 

with organic sources recorded signiticantly higher dry matter 

production (DMP) at all the stages of crops growth. Reduction 

in the fertilizer dose to pigeonpea has an adverse ellcct on 

dry matter production (Table 7 and 21a and 21b). However, in 

sunflower organic sources recorded significant variations among 

those vermicompost recorded significantly highest dry mutter 

production of sunflower (83.12 g) as compared to I'YM (76.42 g) 

at harvest . Similar observations were made by Warsi (1973) 

and Agnal (1990). 

Further , combined application oi cither ol the organics 

with 100 per cent RDF for both crops recorded maximum dry 

matter production during the entire crops growth period as a 

result of increase in dry matter accumulation in plant parts 



viz., leaves , stem, petiole and head (Table 8, 9, 10 and 11) ol' 

sunflower and in case of pigconpca a r e leaves , stem, petiole 

and pods (Table 22a, 22b, 23a, 23b, 24a, 24b and 25). These 

r e s u l t s a r e in confirmity with the f indings of Goudreddy 

(1982); Devasenapa thy and Subba raya lu (1985); Savalagi and 

Savalagi (1991) and Kr ishnamoor thy (1995). 

Organ ics along with RDl- to both the c rops enhanced 

leaf a rea per p lant ( f ab le 0 and 2()a and 20b). Higher leal 

a rea in t h e s e t r e a tmen t s could be a t t r i b u t e d to inc reased 

supply of n u t r i e n t s upto h a r v e s t s t ages of both the c r o p s . 

Maintainance of h i g h e r leaf area due to appl icat ion of o rgan i c s 

in cojunct ion with RDF to both the c r o p s d u r i n g c rop growth 

period resu l t ed in h ighe r leaf area (1,A) in these t r ea tmen t s 

ult imately i nc reased the p rocess ot p h o t o s y n t h e s i s . fhesc 

r e s u l t s a r e in confirmity with the f indings of Pawar ct al. 

(1987), K r i s h n a m u r t h y c( al. (1973) and MastihoU (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 increased with p r o g r e s s i v e 

inc rease in the levels of fe r t i l izers to pigeonpea. Hundred per 

cent recommended dose of fer t i l izer (RDf) along with o rgan ic 

sou rces r e su l t ed in maximum u p t a k e of N, P and K ( fab le 30 

and 31). This might be due to inc reased avai labi l i ty of 

n u t r i e n t s in the soil solution with inc rease in fer t i l i ty levels . 

Up take of n u t r i e n t s is infact associa ted with the metabolic 
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act iv i l ics or p lan ts and with the conccnLralion and dislr ibuLion 

of ions in the r h i z o s p h c r c . Similar r e su l t s were also r epo r t ed 

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

Soil ana lys i s a l t e r h a r v e s t of the e rops indica ted that , 

o rgan i c ca rbon con ten t did not differed s ignif icant ly with 

var ia t ion in fer t i l izer levels and d i l l c r e n t o rgan ic sources 

(Table 32). Resu l t s a r e in confirmity with the f indings of 

Anon., 1993b and Mastiholi (1994). Available 1' and K con ten t s 

in the soil af ter h a r v e s t ol the c rops were h ighes t (33 and 309 

kg 1* and K./ha, r e spec t ive ly ) with the appl icat ion ol Ki->1' 

(Anon., 1992). 

With r e s p e c t to sunf lower , only u p t a k e oi N was 

s ignif icant ly h ighe r with vermicompost (277.40 k g / h a ) ( fab le 

30) as compared to FYM (254.76 k g / h a ) and it was on par with 

pou l t ry ma nu re (275.64 k g / h a ) . Uptake of F and K were did 

not v a r y s ign i f i can t ly . I n c r e a s e in u p t a k e of N with 

vermicompost was 8.20 per cent over lYM. Vermicompost and 

pou l t ry ma nu re were found s u p e r i o r ove r I'YM and recorded 

s ignif icant ly h ighe r up take o! N, I' and K. 

With r e spec t to p igeonpea, u p t a k e of N, P and K were 

s ignif icant ly h i g h e r with pou l t ry manure as compared to lYM 

and it was on par with vermicompost (Table 31). I nc rease in 

u p t a k e of N, P and K with pou l t ry ma nu re were 12.41, 18.61 

and 26.36 per cent , r e spec t ive ly over lYM. 
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With r e spec t to inorgan ic fer t i l izer levels , u p t a k e of N, 

P and K were s ignif icant ly h ighe r with 100 per cent R[)l ( i 'able 

30 and 31) as compared to 50, 25 pe r cen t RDl' and No 

fe r t i l i ze rs to p igconpca . Inc rease in u p t a k e ol N, P and K with 

100 per cen t RDF were 21, 23 and 29 per cent , r e spec t ive ly 

ove r 50 per cent KDF and 20, 30 and 38 per cent , r e spec t ive ly 

over 25 per cent RDF and 32, 36 and 52 per cent , r e spec t ive ly 

ove r no fer t i l izer . 

The inc rease in gra in and stalk yield and d r y mat te r 

could be co r re l a t ed with i nc ra se in u p t a k e of N, P and K. It 

was o b s e r v e d , vermicompost and poul t ry manure lound to a l te r 

the n u t r i e n t avai labi l i ty and also the p lants abil i ty to take up 

n u t r i e n t s or even affect the growth mechanism of the p lants 

( S p r i n g e t t and S y e r s , 1979). The wormi cas t forms su i tab le 

base for s u r v i v a l of beneficial microbes whose ac t iv i ty is 

e ssen t i a l for r e l eas ing n u t r i e n t s to h ighe r p lan t s (At lavinyte 

and Vanagas, 1982). Application ol vermicompost, poul t ry 

m a n u r e and FYM gave s ignif icant ly h ighe r N, P and K up t ake . 

I t ' was also o b s e r v e d improvement in physico-chemical and 

biological p r o p e r t i e s of soil with addi t ion of o rgan ic m a n u r e s . 

Kr i shnamoor thy (1995) also o b s e r v e d h i g h e r N, P and K u p t a k e 

d u e to a d d i t i o n of ve rmicompos t in con junc t ion with 

A/.ospii ilium. 

Organic carbon con ten t inc reased due to appl icat ion of 

FYM along with 100 per cent RDF for both sunflower and 

pigeonpea (0.642%) ( l a b l c 32). Resul ts a r e in confirmity with 
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Ihc l ind ings ol Gour ct ol. (1992); llclkaih ct al. (19H1); I lapsc 

(1993) and Kr i shnamoor thy (1995). While compar ing wilh no 

fer t i l izer appl ica t ion to p igconpca , t h e r e was h i g h e r o rgan ic 

ca rbon con t en t (0.623%) with the combined appl icat ion ol e i t he r 

vermicompost , pou l t ry m a n u r e or FYM along with 100 per cent 

RDi- to both sun l lower and p igeonpea . Similar l i n d i n g s were 

r e p o r t e d by Koni (1983); Anon. (1993b) and Mastiholi (1994). 

Application of o r g a n i c s o u r c e s a long with 100 pe r cen t RDF for 

both sunflower and pigeonpea r eco rded h i g h e s t avai lable N, P 

and K in the soil (178.6.5, 33.69 and 339.46 k g / h a ) . Similar 

r e s u l t s were found by Rao and Dokhorc (1994) and Mastiholi 

(1994). Kale and liano (1988) r epo r t ed tha i chemical composition 

of vermicompost was 0.66, 0.99 and 0.40 per cen t N, 1*2̂ )5 ^'^d 

K2O, r e spec t ive ly has inc reased the avai labi l i ty of p h o s p h o r u s . 

I n c r e a s e in avai lable P with vermicompost appl ica t ion was also 

r e p o r t e d by Kale et al. (1992) o b s e r v e d tha t p h o s p h o r u s in the 

soil was more in vermicompost appl ied plots followed by FYM. 

It might be d u e to h ighe r P con ten t ol vermicompost (0.75, 1.12 

and 0.52 per cen t of N, P2O3 and K2O, r e spec t i ve ly ) . 

Uptake ol N, 1' and K was h ighes t wilh combinalion of 

o r g a n i c s and inorgan ic fe r t i l i ze rs viz., pou l t ry ma nu re + 100 

per cen t RDF for both sunf lower and pigeonpea (275.64, 38.59 

and 106.70 kg NPK/ha in sunflower and 89.83, 40.30 and 80.59 

kg NPK/ha in p igeonpea , r e spcc l ive ly ) ( f ab le 30 and 31). Ih i s 

was followed by vermicompost + 100 pe r cen t PJJF for both 

sunflower and p igeonpea were s ign i l ican l ly supe r io r over FYM 

+ 100 per cent Rl)i' lor both sunflower and pigconpca. Similar 



i'i n 

t r end was o b s e r v e d wilh the combined appl icat ion ol o i g a n i c s 

along with 50, 25 and 0 per cent RDl'. These r e su l t s a r c in 

confirmity with the f indings oi Kale ci al. (1992); Alagawadi and 

Gaur (1992) and Deshmukh ct al. (1994). 

The i n t e g r a t e d use of chemical fe r t i l i ze rs a long with 

o rgan ic manure s a r c also impor tant for improving the soil 

p r o p e r t i e s . Application of poul t ry manure + 100 per cent RDF 

for both sunflower and pigeonpea recorded s ignif icant ly h ighe r 

avai lable soil n i t r ogen (Table 32), followed by vcrmicompost + 

100 per cen t IU)1 lor both sunflower and pigeonijca. Highest 

avai lable P and K were r eco rded with the appl icat ion of pou l t ry 

manure + 100 per cen t IU)1 lor both sunl lower and pigeonpea 

(33.69 and 313.78 kg PK/ha) . However , app l i ca t ion of 

vermicompost + 100 per cent KDF for both sunflower and 

p igeonpea ob ta ined h ighes t avai lable P and K in the soil (31.57 

and 315.34 kg PK/ha) . This might be due to b e t t e r res idual 

effect of combined appl icat ion of o rgan ic manures and inorgan ic 

fe r t i l i ze r s . 

5.5 E c o n o m i c s of i n t e g r a t e d n u t r i e n t m a n a g e m e n t in 
s u n f l o w e r - p i g e o n p e a i n t e r c r o p p i n g s y s t e m 

The economics of d i f f e r en t i n t e g r a t e d n u t r i e n t 

management t r e a tmen t s (organic manure s + inorgan ic fer t i l izer 

levels) indicated that , net r e t u r n s were h ighes t with )Kniltry 

manu re + RDF (Rs. 10247/ha) followed by vermicompost + KIJF 

(Rs. 9334/ha) and FYM + RlJf (Rs. <SH13/ha). bu t l ieneli t cost 

ra t io in vermicompost + RDF (1.13) was lower than appl icat ion 



143 

of FYM + RDF (1.15) and poultry manure + \<Dl (1.41). Despite 

of lower gross re turns , net re turns in FYM and poultry manure 

applied treatments were increased because of FYM's lower cost 

and poultry manure's lesser quantity to supply same amount of 

N. The net re turns with 100 per cent RDF for both sunflower 

and pigeonpea and 100 per cent RDI' for sunflower and 7.5 per 

cent RDF for pigeonpea were on par. Indicating that, about 25 

per cent to 50 per cent fertilizer can be saved in inter 

cropping system. Similarly I1:C ratio was highest with 

application of 100 per cent RDl-̂  to sunflower and No fertilizer 

to pigeonpea (1.33). It is evident that cheap source of plant 

nutr ients such as poultry manure was most effective in 

sunflower - pigeonpea intercropping system. 1 he net re turns 

with vermicompost were lound higher than lYM at all inoiganic 

fertilizer levels but it was recorded lower B:C ratio due to 

higher cost. It is profitable if farmer prepares vermicompost 

on his own farm with his on farm resources. Once farmer goes 

to self preparation of vermicompost than ultimately there was 

lower cost of cultivation in vermicompost then only it was 

feasible. Otherwise it can't be feasible but by applying 

vermicompost will maintain the sustainable soil health. iJut the 

beneficial effects of vermicompost with respect to maintainance 

of soil helath cannot be ignored for suitable productivity. On 

the other hand deleterious eflect of fertilizers on soil physical, 

chemical and biological properties should also be considered in 

nutr ient management system. With respect to poultry manure 

as it contains higher concentration of N, F and K than FYM 
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and vermicompost. So its rcquircmenl is less lo supply same 

quantity of nutr ients . Thus, cost of cultivation will be lesser. 

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 R13F 

to pigconpca, farm yard manure + 100 per cent KDI' to 

sunflower and 50 per cent RDh to pigeonpca. 1 he results arc 

in confirmity with the findings of Mastiholi (1994) and 

Krishnamoorthy (1995) and he stated that, application of 

vermicompost plus A/.ospirillum along with R\)V recorded 

highest net re turns and benefit cost ratio. 

Practical application of the r e s u l t s 

1. Highest sunllower seed ec|uivalciU yield can ho obLaincd 

with integrated nutr ient application of vermicompost (4.7 

t /ha) + 100 per IIDF to both sunflower (35:50:35 kg Nl'K/ha) 

and pigeonpea (25:50 kg NP/ha) or poultry manure (2.7 

t /ha) + 100 per cent l ^ F to both sunflower and pigeonpea 

crops. 

2. Highest net re turns can be obtained l)y the combined 

application of poultry manure + 100 per cent KDI' to both 

sunflower and pigeonpea. 

3. Application of 50 per cent RJ)F to pigeonpea and 100% R\)V 

to sunflower + poultry manure was found most cost effective 

and recorded highest B:C ratio. 
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F u t u r e l ine of work 

1. To evaluate nutr ient management in sunflower + pigeonpea 

intercropping system with various methods oi evaluation o( 

crop mixtures. 

2. To evaluate the land based and crop based fertilization for 

sunflower + pigeonpea intercropping system. 

3. It is important to know the long icrm effects oi application 

of organic sources on soil proper lies. 



SUMMARY 



VI. SUMMARY 

A field experiment was conducted at Agricultural College 

Farm, Dharwad, on medium black soil under rainfed conditions 

dur ing kharif season of 1998-99 to study the effect of organic 

sources and inorganic fertilizer levels in intercropping of 

sunflower and pigeonpea on the growth and yield of the 

component crops , total yields and the economics of the 

integrated nutr ient management in intercropping system. 

There were 15 t reatments , three organic sources (lYM, 

vermicompost and poultry manure) and five inorganic fertilizer 

levels. The results are summarised in this chapter. 

Maximum plant height of sunflower at 60, 90 DAS and at 

harvest was recorded with the application of poultry manure + 

100 per cent RDF for both sunflower and pigeonpea, while the 

least plant height was observed in lYM + 100 per cent KDF to 

sunflower and No fertilizer to pigeonpea treatment. Application 

of either of the organic sources + 100 per cent R\)l lor both 

sunflower and pigeonpea recorded maximum plant height at all 

the crop growth stages. With respect to pigeonpea also similar 

results were found at 150, 180 DAS and at harvest . Highest 

number of green leaves per plant and leaf area were noticed in 

either of the organics + 100 per cent RDF for both sunflower 

and pigeonpea treatment in both sunflower and pigeonpea 

crops. Combined application of vermicompost + 100 per cent 

RDF for both crops and poultry manure + 100 per cent RDf lor 
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boLli CI013.S recorded iiiuxiiiuiiii iiunihei CJI gieei i leaves pei plaiil 

at all the c rop growth s t ages . With r e spec t to p igeonpca 

maximum number of pr imary and seconda ry b r a n c h e s were 

noticed at 150, 180 DAS and at h a r v e s t with c i the r ol the 

o rgan i c s + lOO per cent RDF lor both the c rops . 

Total d r y mat te r p roduc t ion was h ighes t with combined 

appl ica t ion of e i the r of the o rgan ic s along with 100 per cent 

I ^ F for both the c rops at all the c rop growth s t ages . While it 

was lowest with combined applicat ion ol c i the r ol the o rgan ic s 

along with 100 per cent RDl' lot suni lowcr and No lerLili/ci Icji 

p igeonpea. Maximum total d ry rnaUci jModucLion was recorded 

u n d e r combined appl icat ion ol e i the r vermicompost or i)Oultry 

manure with 100 per cent Rl)¥ lor both c rops . Dry mat te r 

accumulat ion of leaf, stem, petiole and head were h i g h e s t with 

combined appl ica t ion of e i the r vermicompost or pou l t ry manure 

+ 100 per cent RDl' for both the c rops . With r e spec t to 

p igeonpca d r y mat te r accumulat ion of leaf, stem, petiole and 

pods al.so were h ighes t with e i the r ol the o rgan ic s » 100 |)er 

RDF for both the c rops . With r e spec t to sunflower, d r y mat te r 

p roduc t ion and accumulat ion in leal, stem and petiole did not 

differ s ignif icant ly amongst fer t i l izer levels to p igeonpea and 

o r g a n i c s . But, wi th r e s p e c t to p igeonpea d r y m a t t e r 

p roduc t ion and accumulat ion in leaf, stem and pods differ 

s ignif icant ly amongs t fer t i l izer levels . 

Head diameter was h ighe r with e i the r ol o r g a n i c s a long 

with 100 per cent Kl)l'~ for both the c rops compared to o the r 
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LrcuLmcnLs. Combined u\)plicuLion ol c i lhc r vcvmicomposl o\ 

poul t ry manu re wilh 100 per cent KDI' lor both the c rops 

a t t a ined maximum head diameter of sunflower. Number of seeds 

per head did not differ s ignif icant ly due to fer t i l izer levels 

and o rgan i c m a n u r e s . Number of seeds per head was maximum 

u n d e r appl ica t ion of e i t he r of vermicompost or pou l t ry ma nu re 

+ 100 p e r c e n t RDF for bo th c r o p s compared to o t h e r 

t r e a t m e n t s . Lowest number of seeds per head was with 

appl icat ion of fYM + 100 per cent RlJl- lor sunflower and No 

fer t i l izer to pigeonpca. fhousand seed weight and seed yield 

per p lant were h i g h e r with e i the r of o rgan ic s + lOO per cent 

RDF for both the c r o p s . Combined appl icat ion oi c i the r 

vermicompost or pou l t ry manure along with 100 per cent RDI'' 

for both the c r o p s recorded maximum KJOO-sccd weight and 

seed yield per plant . Seed yield was h i g h e s t with combined 

appl icat ion of vermicompost + 100 per cent RDI' for both the 

c rops (14.25 q / h a ) and it was least with appl icat ion of FYM + 

100 per cen t RDI' for sunflower and No fer t i l izer for [)igeonpea 

(11.12 q / h a ) . Pou l t ry ma n u re with 100 per cen t RJJF lor both 

the c r o p s (13.81 q / h a ) was r ecorded similar r e s u l t s as tha t ol 

vermicompost + 100 per cen t RDF for both the c rops . 

Number of pods per plant and seed yield per plant 

were h i g h e r with vermicompost or pou l t ry ma nu re + 100 per 

cen t RDF for both the c rops . Combined appl ica t ion of pou l t ry 

manu re + 100 per cent RDF lor both c rops recorded maximum 

number of pods per p lant and seed yield per p lant and it was 

s ignif icant ly h i g h e r than FYM + 100 per cent RDI' for sunflower 
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and No Icrl i l i /cr lor pigconpca and cjn |)ar with vcrriiicomposL i 

100 per cent IIDF lor both crops. Number of seeds per pod 

and 100 seed weight were higher with combined application ol 

either ol the organics + 100 per cent KDl' lor both the crops. 

Number of seeds per pod and 100 seed weight did not dilTer 

significantly amongst fertilizer levels and organic manures. 

Seed yield was highest with poultry manure + 100 per cent R\)l' 

for both crops (8.98 q/ha) and it was least with application of 

I'YM + 100 per cent RDl lor sunflower and No lcrtili/,cr to 

pigeonpea (7.21 q/ha) . Combined application ol cither poultry 

manure or vermicompost with 100 per cent RDf lor both the 

crops recorded on par results . 

Combined application of either vermicompost or poultry 

manure + 100 per cent RDl' lor both crops recorded on par 

yield as that of vermicompost or poultry manure + 100 per cent 

l<i)l'' for sunflower and 50 per cent RDl' for pigeonpea. 1 he 

results indicates possibility of saving 50 per cent RDF due to 

combined application of organics and inorganic fertilizers arc 

applied together in sunflower - pigeonpea intercropping 

system. 

Stalk yield of both crops were maximum with application 

of organics with full dose of fertilizers to both crops compared 

to lesser dose of fertilizers. Highest stalk yields of sunflower 

and pigeonpea were recorded with the application ol 

vermicompost + 100 per cent RDf for both the crops. However, 

application of poultry manure + 100 per cent RDf for both 
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crops recorded maximum harvest index in both the crops. l»cr 

cent oil content in the seeds of sunflower was maximum with 

the combined application of organics with 100 per cent RDl' for 

both the crops. 

Highest uptake of N, P and K were observed with 

combined application of organics and 100 per cent Kl)!' lor both 

crops and lowest uptake of nutr ients was observed with lower 

doses of fertilizer to pigeonpea. Combined application ol cither 

vermicompost or poultry manure with 100 per cent \<\)l lor 

both crops resulted in higher uptake of N, I' and K from the 

soil in both the crops. Fertilizer levels and organics did not 

record significant difference in organic carbon content of the 

soil. Combined application of cither vermicompost or poultry 

manure with 100 per cent RDF for both crops increased the 

organic carbon content compared to lower doses of fertilizer to 

pigeonpea. Available soil N, P and K were significantly higher 

due to combined application of organics with 100 per cent RDf 

for both crops. Application of organics and fertilizer levels on 

available soil P and K dilfcred significantly. Highest available 

soil P and K were recorded with combined application ol either 

vermicompost or poultry manure with 100 per cent RJ-)I' for 

both crops compared to other treatments. 

Economics of the integrated nutr ient management on 

cost of cultivation in the treatments involving vermicompost 

application were more due to higher cost of vermicompost. 

Highest gross re turns were obtained with combined application 
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of vcrmicomposl + 100 per cent KlJl lor both crops. Whereas, 

net re turns were maximum with the application of poultry 

manure in conjunction with 100 per cent RDF for both crops. 

This might be due to lower quantity of poultry manure 

required to supply same quantity of N. The highest benefit : 

Cost ratio was noticed with the combined application of poultry 

manure + 100 per cent I ^F to sunflower and No fertilizer to 

pigeonpea followed by FYM + 100 per cent RDF to sunflower 

and No fertilizer to pigonpca treatment. 
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SI . 
No. 

APPENDIX - I 

Particulars Price 
(in Rs.) 

Seed material 
a. Sunflower (KBSH-1) 
b. Pigeonpea (JS-1) 

Inorganic fertilizers 

a. Urea 
b. SSP 
c. MOP 

Organic manures 

a. FYM 
b. Vermicompost 
c. Poultry manure 

Plant protection chemicals 

a. Monocrotophos 
b. Endosulphon 
c. Dithane-M-45 
d. Bavistin 

Labour wages 

a. Men labour 
• b. Women labour 
c. Bullock pair with a man 

Miscellaneous 

a. Land rent 

b. Marketing and handling 
charges 

50.00 per kg 
15.00 per kg 

336.00 per qtl, 
308.00 per qtl. 
390.00 per qtl 

200.00 per t. 
600.00 per t. 
400.00 per t. 

300.00 per 1 
210.00 per 1 
200.00 per kg 
550.00 per kg 

30.00 per day 
30.00 per day 
80.00 per day 

1000.00 per ha per 
year 

2% of the 
gross returns 

Out put 

a. Sunflower 
b. Pigeonpea 

800.00 per q. 
900.00 per q. 



INTEGRATED NUTRIENT MANAGEMENT IN RAINFED SUNFLO^VER 
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INTERCROPPING SYSTJEM/,-
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A B S T R A C t 
An experiment was conducted at Main Research Station, University of Agricultural 

Sciences, Uharwad, during kharif senson of 1998 to study the effect of integrated nutrient 

management in sunflower-pigeonpea intercropping system. The experiment was laid out in 

Randomized Block Design (I'actorial) with fifteen treatment combinations, comprising three 

organic sources and five fertilizer levels. The treatments were replicated three times. 

Highest 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 Nl̂ K /ha) and pigeonpea (25:50:0 Kg NPK/ha), This is due to higher 

seed yields of Sunflower (13. 24 and 12. 68 (j/ha) and pigeonpea (8. 27 and 8. 37 q/ha) were 

recorded in the above treatments. The higher yields of both the crops is due to the better yield 

altribuiiiig characters like head diametei', number of seeds [)er head, number of pods per plant, 

seed yield 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, vermiconq)ost 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 ? and K uptake. In pigeonpea, application of 100 per cent 

RDl' lo 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 1' (40 kg/ha) and K (81 kg/ha) uptake as compared lo 

other two organic sources. However, interaction effect of organic sources and inorganic 

fertilizer levels hud no significant effect on the nutrient uptake by l)oih sunflower and pigeonpea 

crops. 

Highest net returns (Rs. 10933/ha) was obtained by the combined application of 

poultry manure with 100 per cent RDF to both sunflower and pigeon()ea than that recorded 

under FYM with 100 per cent RDF to only sunflower and no RDF to pigeonpea (Rs. 8568/ha). 

Application of poultry manure plus 100 per cent RDF to sunflower and without RDl' 

to pigeonpea was found most cost effective and recorded highest B : C ratio (1. 50). 




