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ABSTRACT 

TH^^ SOURCES IH IRRIGATED 
WHEAT (TritlfiiiB agati3QUL L.) AND THIER EFFECTS 

IN BAJRA-WHEAT SEQUENCE 
By 

RAMCHANDRA DATTATRAYA NIGADE 
A candidate for the degree of 

MASTER OF SCIENCE (AGRICULTURE) 
1995 

Research Guide "TrlVrK:i:'ihl7e 

—?!!!!!:'!!!:! = Agro„o«y 

The present investigation entitled "Nitrogen 
SUflsT,-rar.o/Vthrough organic sources in irrigated wheat (Iriliciua 
^ i Y l H L L.) and their effects in bajra-wheat sequence" was 
carried out in season of 1993-94 at Post Graduate Institute 
Farm of Mahatma Phule Krishi Vidyapeeth, Rahuri. The experiment 
was laid out in Randomised Block Design with four replications 
and twelve treatments. The treatments consists of three levels 
of nitrogen , 60, 90 and 120 kg N/ha through different 
sources , chemical fertilizer, FYM and vermicompost with 80 
kg P2O5 and 60 kg K20/ha as common dose. In addition there were 
three treatments JLLZL. , 120 kg N + 10 t FYM/ha, 90 kg N/ha 
applied as half N through fertilizer and remaining half through 
FYM and vermicompost. The gross and net plot sizes were 4.50 x 
3.60 m2 3 gQ ^ 2.70 m^, respectively. 
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Abstract contd... ~iigldl"R:i: 

The soil of the experimental field was clayey in 
texture with fairly good water holding capacity and slightly 
alkaline in reaction. The soil was low in available nitrogen, 
medium in available phosphorus and fairly rich in available 
potash. In general the climatic condition was good during the 
crop growth period. 

The growth attributes of wheat were expressed in 
terms of plant height, number of tillers, leaf number and leaf 
area, dry matter accumulation per plant etc. The maximum height 
of plant (90.08 cm) with more number of leaves (8.65/plant), 
were observed with application of 120 kg N through fertilizers + 
10 t FYM/ha. As regards the number of tillers it was°^^Righer 

A 
With 120 kg N + 10 t FYM/ha. The minimum number of 
tillers/plant were observed with, application of graded levels 
of nitrogen through FYM. MoLOfve-̂  maxinum leaf area (9.850 
sq.dm) and dry matter accumulation (7.075 g) per plant was 
noticed with application of 120 kg N supplimented with 10 t 
FYM/ha. 

The yield contributing characters viz., number of 
productive tillers, length of panicle, number of grains per 
panicle and test weight were increased with the increasing in 
the levels of nitrogen. The maximum values of these characters 
were observed with 120 kg N supplimented with 10 t FYM/ha. The 
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Abstract contd... "7 Higade R.D. 

yields in terms of grain and straw ave . it is observed 
that the maximum grain (48.23 q/ha) and straw (58.89 q/ha) 
yields were obtained with the application of 120 kg N 
suppliaented with 10 t FYM/ha, 

The uptake of N, P2O5 and K2O in wheat grain and 
straw was with the application of 120 kg N/ha through 
fertilizer with 10 t FYM/ha. The protein content in the grain 
was More (13.44 %) with sa«e level of fertilizer. The maximuB 
benefit cost ratio (1.22) was obtained due to application of 120 
kg N/ha through chemical fertilizer only. 

The nutrient status of soil after bajra-wheat 
sequence indicated that application of nitrogen partly through 
inorganic and organic sources help in maintaining the organic 
carbon status at higher level. The nitrogen balance studies 
after crop sequence indicated that the available nitrogen status 
of soil was reduced due to application of nitrogen through 
organic sources than inorganic sources. This might be due to 
slow release of nitrogen through organic sources. In general it 
was observed that application^nitrogen in combination of 
inorganic and organic sources^'fl^r" geUing good yield and 
maintain better soil health. 

Page 1 to 113 
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Introbuctton 



1 - I N T R O D U C T I O N 

Amongst the cereals, wheat (Trit.lmim aestivnm L.) 
is predominant in regard to it's antiquity and its importance as 
a food of mankind. Wheat contributes more calories and more 
protein to the worlds diet than any other crop. Due to its 
adaptability to varying soils and climatic conditions and also 
for easy cultivation, wheat is superior to that of any other 
crop. 

Wheat has diverse uses. About 80 to 85 per cent 
consumption of the wheat is in the form of chapatee (Unleavened 
flat bread). It is also used for preparation of breads, 
biscuits and other products. From nutritional point of view, 
wheat grain contains starch, soluble sugars, cellulose and 
hemicellulose, fats, various minerals like P & Fe, vitamins like 
thiamine riboflavin and nicotinic acid. Most important of all, 

^^^^^ is the cheapest source of gluten and 
particularly the lysine content. Besides its value as food 
grain, wheat straw (bhusa) is also an important cattle feed. 

The area under wheat in India is about 24.23 
million ha with production of about 58.85 million tonnes and the 
average yield is about 23.48 q/ha. Wheat is one of the most 
important raiii cereal crop in Maharashtra. It occupies an area 
of about 6.8t) m.ha with production of 7.98 m.tons and the 
average yield is 11.74 q/ha (Anon 1993). The lower per hectare 
production of wheat in Maharashtra might be due to shorter 
growing period and higher proportion under rainfed conditions. 



Fertilizer price hikes alongwii.h related pollution 
hazards caused by injudicious use and over fertilization in 
connand areas have evoked awareness among the farmers and 
researchers for exploitation and utilization of organic 
resources available in the country. In the past, the use of 
organic manures have been reported to improve physical, chemical 
and biological properties of soils (Acharya at ai. 1988). 
However, due to low nutrient content and slow acting Mature 
these organics alone may not be able to meet the nutritional 
demand of high yielding crops and thus they are used as 
supplementary to chemical fertilizers. 

Organic manures like FYM and compost have been 
traditionally important inputs for maintaining soil fertility 
and ensuring yield suitability. It playu a direct role in 
supplying macro and micro nutrients. Besides supplying 
nutrients to the current crop very often leave substantial 
residual effect on succeeding crop in the system. It was 
observed that fertilizer requirement of rahl crop could be 
reduced by 25 per cent through substituting 25 per cent nitrogen 
needs of kharif crop through FYM. At most of the locations, the 
integrated use of chemical fertilizers and FYM resulted markedly 
higher productivity than that with application of chemical 
fertilizers alone. (Hegde and Dwivedi, 1993). 

Recently there is boo® of vermicompost in the state 
of Maharashtra and a considerable number of farmers have shown 
eagerness in using it for the crop production. Vermicompost is 



the mixture of earthworms eggs, casts, facis decomposed compost 
and soil. The vermicompost generally p<asfTes a good structure, 
porosity and moisture holding capacity coupled with reasonable 
quantities of plant nutrients (Edward fii. ai. 1985). It is 
supposed that it will be substitute for the conventional 
inorganic fertilizers. 

«heat follows after kharif sorghum or bajra under 
irrigation or many times it is grown as a rainfed crop on kh«rif 
fallow land. In Western Maharashtra on large scale it is also 
grown after groundnut. Bajra-wheat sequence is predominant in 
North Western Plain zone and Central zone of India, Even with 
application of recommended dose of fertilizers, yield potential 
of this system (cereal-cereal) has reached to a plateau due to 
deterioation in soil health (Roshanlal and Hooda, 1993). In 
sustained crop production, organic manure plays an important 
role. Inorganic manures on the other hand, will continue to be 
one of the main instrument for quickening the pace of 
agricultural production. The results of a large number of 
experiments on manures and fertilizers conducted in the country 
and abroad revealed that neither the chemical fertilizers alone 
nor the organic sources exclusively can achieve the production 
sustainability of soil as well as crops un.:*er highly intensive 
cropping system. Therefore it becomes necessary to know the 
suitable combination of chemical fertilizer with organic 
manures for higher crop production and profitability. 

With increase in population, cur compulsion would 
be not only to stabilize agricultural production but to increase 



it further inAsustainable nanner. The nation has witnessed that 
the green revolution with high input use has reached plateau and 
is now sustained with dininishing return and falling dividend. 
Nevertheless, the intensive use of inputs has not polluted the 
soil water and environment but ifc slow degradation in 
the soil also causing injury to hunan beings. It is 
because of this, the health conscious developed countries and 
the sophisticated domestic population are ready to pay more 
premium price for food raised without chemicals. 

" - - • ̂  " A. 

The present investigation a:;e aimed to develop 
suitable integrated nutrient supply system for cereal based 
cropping sequence involving more efficient use of fertilizers in 
conjunction with judicious combination of organic farm wastes 
would help in long term to maintain sustainability of soil with 
the following objectives. 

1. To find out nitrogen economy through FYM and vermicompost. 

2. To explore the possibility of supplementing nitrogen for 
wheat through organic sources like FYM and vermicompost. 

3. To study the comparative economics of organic and inorganic 
sources of fertilizers in wheat. 

i 

4. To work out the optimum dose of nitrogen for wheat grown 
after bajra. 



of literature 



2 . R E V I E W O F L I r E R A T U R E 

Nitrogen being najor nutrienc, it plays inportant 
role in crop production. In general, soils of Maharashtra are 
deficient in nitrogen as a result there is positive response to 
nitrogenous fertilizers. However, continuous applications of 
chenical fertilizers adversely affect the soil health. For 
naintaining good health of soil and better crop production use 
of organic source of /ifj+V/crrf̂  is inportant. 

Nitrogen substitution partly through various 
organic sources like FYM, conpost, veri.iconpost and partly 
through inorganic fertilizers proved to ba best in terns of 
productivity. A brief review of research work done on the 
perfornance of bajra-wheat sequence in relation to different 
sources of fertilizers and its effect on improveiient of the soil 
fertility is presented in this chapter. 

In general, the information available on growth 
and yield of wheat alone and in bajra-wheat sequential cropping 
on substitution of nitrogen through organic and inorganic 
sources is meagre and have been disoussed in the below 

paragraphs* 

2.1 Effect of chesical fertilizers 
2.1.1 Growth contributing characters 

Host of the investigators reported that the 
nitrogen favourably influenced the growth characters such as 



33-A 

plant height and tillers in wheat. Sinilarly the yield and 
yield contributing characters namely productive tillers, length 
of panicle, number of grains per panicle, 1000 grain weight, 
total yield of grain also found to be i ' by nitrogen 
application. 

2.1.1.1 Plant height 

Application of 100 kg N/ha produced 4 en more 
plant height than that with 60 kg N/ha es reported by Auti 
(1880). Thus it appears that height of wheat plant increased 
with increase in nitrogen dose upto 180 kg per hectare. It was 
also observed by Singh and Agarwal (1983) that the plant height 
increased markedly upto 90 kg N/ha. 

Plant height of wheat recorded with the application 
of 120 + 6 0 + 6 0 kg NPK/ha was the highest during entire growth 
and was significantly more than the rest of the reduced levels 
tried as reported by Nikam (1985). 

The maximum plant height of wheat with 120 kg N/ha 
was reported by Dhuka at ai. (1991) and it was significantly 
superior over 40 kg N/ha. Similarly Patel and Upadhayaya (1993) 
reported that with application of 150 kg N/ha produced maximum 
plant height in wheat than 120 kg N/ha. 

2.1.1.2 Tillering 

The trial conducted at Rahuri by Borse and Mahajan 
(1980) on wheat revealed that there was positive response to 
nitrogen fertilization in terms of obtaining productive tillers 



with 100 kg »/ha over 50 kg N/ha and thereafter the differences 
were non significant. It was also observed by Reddy and Prasad 
(1980) that by application of nitrogen significantly increased 
the nunber of grain producing tillers over no nitrogen. The 
study conducted by Rao and Bhardwaj (1981) showed ths.t there was 
significant increase in earbearing shoots per meter row length 
upto 120 kg N/ha. 

Application of nitrogen ® 120 kg/ha recorded more 
productive tillers per unit area as reported by Bhaliya at ai. 
(1983). The number of effective tillers were not increased in 
case of^wheat crop beyond application of 30 and 80 kg N/ha 
(Singh and Agarwal, 1983). The increase in total number of 
effective tillers per plant with increase in nitrogen dose were 
observed by Singh and Awasthi (1983). 

The significant increase in number of effective 
tillers per plant with the increasing levels of nitrogen upto 
120 kg/ha was reported by Singh at. ai. (If84). Each increment 
of nitrogen level increased the number of ears significantly 
upto 120 kg/ha (Sambasiva ai. ai., 1984). 

The number of total tillers and productive tillers 
per plant produced with application of 120 + 8 0 + 8 0 kg NPK/ha 
was maximum at all the stages of growth and was significantly 
more than that recorded with 80 + 30 + 30 kg NPK/ha level as 
observed by Nikam (1985). 

Application of 120:60:60 k,l NPK/ha produced 
significantly more effective tillers (Girothia al ai., 1987). 
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Significant difference due to varying levels of nitrogen were 
observed on producing the effective tillers, showing higher 
values with all N (120 kg M/ha) applied through urea (Patel 
at al., 1992). 

Application of N through inorganic sources to the 
extent of 100 kg/ha increased nunber of tillers/n row length 
(Gajendra, 1993). r . ' there was no 
difference between the tillers produced due to 60 kg •< e>r 100 kg 
N/ha. Effective t5.11ers per metre row length increased 
significantly upto 120 kg N/ha as reported by Patel and 
Upadhayaya (1993). Application of sub optimun level of 
fertilizer (60:30:30 kg NPK/ha) significantly reduced the nunber 
of tillers per metre row length due to poor fertility statu? as 
reported by Singh stt al. (1993). 

2.1.1.3 Leaf nunber and leaf area 
Maximum number of functional leaves and leaf area 

per plant was obtained with full dose of fertilizer i.e. 100 kg 
N + 50 kg PgOs/ha than the reduced dose of fertilizers i.e. 60 
kg N + 30 kg PgOs/ha as reported by Auti (1960). Leaf area in 
case of wheat crop was found to be more with the increase in the 
nitrogen levels from 120 kg N to 160 kg N/ha as pointed out by 
Zope (1981). 

The LAI increased to a maximum extent upto 75 days 
after .sowing and then declined thereafter. The LAEr decreased 
with the advancement of age. At lower level of nitrogen the LAIt 
was comparatively higher with increase in the levels of 
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nitrogen. The LA.t was conparatively higher with increase in the 
levels of nitrogen, the LAX was reduced reported by Sanbasiva fit 
ai. (1982). 

The functional leaf nunber and leaf area per plant 
due to application of 120:60:60 kg NPK/ha was highest throughout 
the growth period as reported by Nikan (1985). 

Jadhav (1989) reported that the nean maximum leaf 
area was recorded on 42nd day. The leaf area per plant was 
significantly increased with the increased levels of fertilizer 
application to wheat. 

2.1.1,4 Dry natter production 

The dry matter production was significantly 
influenced due to different levels of fertilizers on all the 
days of observations as reported by Auti (1980). Application of 
100 kg N + 50 kg P205/ha significantly produced more dry matter 
than application of 60 kg N + 30 kg PjOg/ha. Dry matter 
production per plant significantly increased with application of 
100 kg N/ha over 50 kg N/ha and the dry matter produced due to 
100 and 150 kg H/ha were on par (Borse and Hahajan, 1980). 

Balasubramanian and Singh (1932) reported that the 
grain and straw dry matter of wheat at different growth stages 
significantly increased with increasing in the levels of N from 
0 to 180 kg K per hectare. 

The study conducted by Nikam (1985) revealed that 
the total dry matter production increased significantly with 
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every successive increase in the levels of fertilizers and the 
maximum dry matter production was observed with 120:80:80 kg 
NPK/ha and it was significantly more than other lower levels of 
fertilizer. The dry matter production in the plant was maximum 
at harvest of wheat as reported by Jadhav (1989). He further 
reported that the dry matter production per plant was 
significantly increased with Increase in the levels of 
fertilizer to wheat crop. 

2.1.2 Yield contributing characters 
2.1.2.1 Length of panicle 

Earhead length of wheat with 100 kg H + 50 kg 
P205/ha was significantly more than 60 kg N + 30 kg P2O5 as 
observed by Auti (1980). The study conducted by Dahatonde 
(1981) revealed that there was significant response to nitrogen 
fertilisation in increasing earhead length upto 80 kg N/ha. 
.'Application of 120 kg N/ha produced maximum spike length of 
wheat in 1977-78, whereas in 1978-77, dose of 90 kg N/ha was on 
par with 80 kg and 120 kg N/ha as reported by Singh and Agarwal 
(1983). There was significant response to nitrogen 
fertilization in increasing earhead length with application of 
nitrogen upto 150 kg N/ha as observed by Singh and Awasthi 
(1963). Nikam (1985) reported that the panicle length recorded 
with 120:60:80 kg NPK/ha was the highest (8.19 cm) and was 
significantly more than 80:30:30 kg NPK/ha. While, studying the 
effect of K fertilization on length of spike by Dhuka at ai. 
(1991), it was observed that, the length of spike obtained with 
80 and 120 kg N/ha was more or less same but it was 
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significantly highar than 40 kg H/ha. Length of panicle was 
found to increase significantly with successive increase in the 
levels of fertilizer upto 100:50:50 level (Pol at. ai., 1981). 
Singh fit. ai. (1992) reported that length of panicle responded 
significantly to application of nitrogen. The naxinuii panicle 
length was obtained with 120 kg N/ha. Patel and Upadhayaya 
(1993)'''̂  observed that length of earhead increased significantly 
upto 120 kg N/ha. 

2.1.2.2 Hu«ber of spikelets per panicle 
The study conducted by Bhaliya at. ai- (1983) 

indicated that application of 120 kg N/ha recorded highest 
spikelets per ear. While Nikam (1985) reported that the 
spikelets number produced with 120:80:60 kg NPK/ha was the 
highest (20.00) and significantly nore than that with 60:30:30 
kg NPK/ha level, Nunber of spikelets per panicle was also 
significantly increased by N application as observed by Dhuka 
ai. ai. (1991). 

2.1.2.3 Kuaber of grains per panicle 
Application of 100 kg N + 50 kg P205/ha produced 

significantly nore nunber of grains per earhead than that due to 
60 kg N + 30 kg PgOs/ha (Auti, 1980). A trial conducted at 
Rahuri by Borse and Mahajan (1980) revealed that there was a 
significant response to nitrogen fertilization for nunber of 
grains per earhead upto 100 kg N/ha level. 

Sharna (1981) reported that each successive 

increase in the level of fertilizer fron NQ PQ KQ ^120 ^80 
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KgQ increased the nunber of grains per panicle. Application of 
80 k£ N/ha gave significantly nore nunber of grain per earhead 
as conpared to 60 and 40 kg N/ha which were at par (Raghu 
aJL., 1983). The nunber of grains per earhead was significantly 
increased with increasing in the level of nitrogen upto 120 kg 
N/ha (Singh ei. al. , 1884). This nay be probably due to the 
favourable effect of nitrogen on grain formation and 
development. 

Nikam (1985) reported that the nunber of grains per 
panicle was increased significantly with every successive 
increment in the level of fertilizer. However, the difference 
between application «i-F 120:60:60 and 100:50:50 kg NPK/ha levels 
were not significant and the nunber of grains per panicle 
recorded in 120:60:60 kg NPK/ha was the highest (39.80). 
Sinilar observations were reported by Dhuka ei. ai. (1991); Pol 
&L ai., (1991) and Singh ei. al., (1992). The grains per 
spikelet ' were increased with increase in the N levels to the 
extent of 120 kg N/ha. 

2.1.2.4 Thousand grain weight 
An experiment conducted at Niphad revealed that the 

mean thousand grain weight increased significantly with 
application of 100 + 5 0 + 4 0 kg NPK/ha over control (Anonymous, 
1984). The study conducted by Nikam (1985) revealed that 
application of 120:60:60 kg NPK/ha produced maximum thousand 
grain weight of wheat (43.87 g) and was significantly more than 
rest of the N levels tried. It was observed by Girothia ei. al. 
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(1987) that thousand grain weight was not affected by fertilizer 
application. 

The thousand grain weight was increased with the 
increase in the fertilizer levels but the test weight obtained 
with the application of 90:45:30 kg NPK/ha and 120:60:40 kg 
HPK/ha were on par (Upadhaya and Dubey, 1991). The study 
conducted by Pol (1991) revealed that test weight were found to 
increase significantly with the increase in the fertilizer 
levels upto 100:50:50 kg NPK/ha. Sinilar observations were 
recorded by Singh at al. (1992). However, Chougule at ai. 
(1993) observed reverse trend in which thousand grain weight was 
not significantly influenced by application of fertilizer and it 
was slightly decreased with increase in the levels of 
fertilizer. Thousand grain weight increased upto 150 kg N/ha 
than its lower level (Patel and Upadhaya, 1993). 

2.1.3 Grain and straw yield 

Application of nitrogen 9 100 and 150 kg/ha 
significantly increased grain and straw yield of wheat over 50 
kg N/ha undor Rahuri condition (Borse and Mahajan, 1980). The 
study conducted by Malik (1981) revealed that the grain and 
straw yield increased with increasing in the levels of nitrogen 
upto 120 kg N/ha. Bhaliya at. ai. (1983) also reported similar 
results. 

The naxinum grain yield of wheat was obtained with 
90 kg N/ha and was on par with 60 kg N/ha was observed by Singh 
and Gulani (1983). The response in terns of grain per kg of 
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nitrogen for 30, 60, 90, 120 and 150 kff N/ha were 18.2, 15.0, 
10.7, 6.7 and 4.9 kg , The response of 
nitrogen was positive which produced productive tillers, higher 
nunber of grains per earhead and inprovenent in thousand grain 
weight. The response of nitrogen was upto 120 kg N/ha. 

A field trial conducted at lARI New Delhi, revealed 
that due to application of nitrogen grain and straw yields were 
increased over control. Successive increment of nitrogen upto 
80 kg/ha increased the grain and straw yield (Sanbasiva al. al., 
1984). 

Nikam (1985) reported that per hectare grain and 
straw yields obtained with 120:80:60 kg NPK/ha were the highest 
and significantly nore than other reduced levels tried except 
100:50:50 kg NPK/ha which was on par. The grain yield increased 
with increasing in the fertilizer dose upto 120:60:60 kg NPK/ha 

i 
/ (Girothia, 1987). Further increase in the levels of fertilizers 

i.e. 180:90:90 kg NPK/ha did not cause additional increase in 
yield. However, straw yield increased with the increase in dose 
of fertilizer upto 180:90:90 kg NPK/ha. This nay be due to 
improveaent in vegetative growth of crop. 

The grain and straw yields at 80 and 120 kg N/ha 
were equal but significantly superior over 40 kg N/ha as 
observed by Dhuka at ai. (1991). With increase in the 
fertilizer levels grain yield increased upto 90:45:30 kg NPK/ha. 
But there was no variation between the yields obtained with 
90:45:30 and 120:60:40 kg NPK/ha as reported by Upadhaya and 
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Dubey (1991). Application of 120 and 160 kg N/ha produced 
equally better yield of grain and straw than 80 kg N/ha. 
Application of nitrogen at 80 kg N/ha increased grain and straw 
yield of wheat by 12.1 and 10.9 per cent over 40 kg N/ha, 
respectively. Siuilar results were obtained by Singh al. ai. 
(1992). 

Grain and straw yields were found to be increased 
with addition of fertilizer over the optinun dose but response 
to various levels of fertilizers below the optiaun dose was not 
consistent (Naphade ai. ai., 1993). However, a significant 
reduction in yield was observed when the fertilizer dose was 
decreased to the extent at 50 per cent of optinun dose. 

Patel and Upadhayaya (1993) observed that the grain 
and straw yields were significantly increased with increasing 
rates of N upto 120 kg/ha. 

2.1.4 Quality of wheat grain 
2.1.4.1 Concentration of nitrogen, phosphorus and potash in 

plant and grain 

An experiment conducted by Auti (1980) revealed 
that the fertilizer dose had significant effect on the per cent 
concentration of N and P in grain and straw. The treatnent of 
100:50:00 kg NPK/ha exhibited significantly nore P content in 
grain of wheat than that of lower level of 60:30:00 kg NPK/ha. 
The N concentration in grain and straw with reconnended dose of 
fertilizer increased from 2.94 to 1.84 per cent, respectively. 
The lowest concentration of P (0.17) and K (0.20) per cent in 
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wheat grain in control was reported by Sinha aL ai. (1981). The 
study conducted by Reddy and Bharadwaj (1883) revealed that 
application of nitrogen increased M and K contents but reduced P 
content in grain and straw while, application of phosphorus upto 
50 kg P205/ha enhanced the nitrogen, phosphorus and potassiun 
content in grain and straw. 

Hikam (1885) in the studies on effect of 
fertilizers on HPK concentration in grain and straw, indicated 
that concentration of nitrogen, phosphorus and potash increased 
with increase in the levels of NPK. The naxinun NPK 
concentration was recorded with the level of 120:80:80 kg NPK/ha 
at all the stages of crop growth and in all the constituent 
Plant parts. N uptake through grain and straw increased with an 
increase in the level of nitrogen. The increase in N uptake 
through grain and straw was 25.5 and 53.7 per cent with 80 kg 
N/ha and SO.4 and 58.0 per cent with 120 kg H/ha over 40 kg 
N/ha, raspectively as reported by Ohuka at. ai. (1992). 

2.1.4.2 Uptake of nitrogen, phosphorus and potash by grain and 
stran at harvest 

Vaishya and Singh (1981) reported that nitrogen 
uptake by grain was noticed upto 120 kg N/ha in all seed rates. 
Progressive increase in H uptake by straw was observed with 
increase in the levels of nitrogen upto 180 kg/ha. Singh and 
Agarwal (1983) revealed that the nitrogen uptake by wheat crop 
was significantly higher upto 90 kg N/ha in 1978-77, whereas in 
1977-78, it was narkly significant upto 80 kg N/ha. The total 
uptake of nitrogen, phosphorus and potash in grain and straw 
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were increased with the increase in the levels of fertilizers. 
The highest uptake was noticed duo to 120:60:80 kg NPK/ha level 
as reported by Nikan (1885). 

Pol (1991) observed that the uptake of najor 
nutrients like NPK was also found to increase appreciably with 
increase in the levels of fertilizers. Naphade oL aJL. (1993) 
reported that nean total KPK uptake increased with progressive 
increase in the supply of NPK to the crop probably because of 
higher availability of these nutrients. 

2.1.4.3 Protein concentration in grain 
The study conducted by Auti (1980) revealed that 

the protein content in grain increased with increase in the 
levels of nitrogen. Singh and Awasthi (1983) observed that the 
protein content in grain increased significantly with increase 
in nitrogeit level upto 150 kg N/ha. 

It was observed by Hikan (1985) that the protein, 
wet gluten and dry gluten content in grain increased with 
increase in the levels of NPK fron 80:30:30 to 120:80:60 kg 
NPK/ha. Jadhav and Koregave (1988) revealed that the protein 
content in wheat grain and straw and protein production was 
significantly more when wheat was grown with full fertilizer 
dose than half dose. 

Patel at al. (1991) observed that there was 
significant increase in protein content with increasing levels 
of N. Similar results were reported by Pol fii. ol. (1991). 
Singh at. 5tl. (1992) observed that the maximum value of protein 
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was obtained with 120 kg N/ha followed by 100 and 80 kg H/ha. 
Chougule ftt ai. (1993) reported that increase in nitrogenous 
fertilizer increase the protein content and pelshenke value in 
wheat grain. Patel and Upadhayaya (1993) revealed that protein 
content was significantly increased upto 150 kg N/ha. 

2.2 Effect of organic aanures 
2.2.1 Growth contributing characters 

The application of earthworn compost to wheat crop 
increased the plant height, number of tillers, number of leaves, 
earhead length and dry matter per plant over control (Nijwan and 
Kanwar, 1952). The vegetative growth of paddy crop (cv. IR-20) 
was influenced by the w»rmcast was superior than fertilizer. 
The field study conducted by Cisse (1988) revealed that the 
application of organic manure to groundnut increased the number 
of branches per plant and growth rate at later stage of crop 
development. 

/ 
Field studies conducted for three years showed that 

application of FYM 9 10 tons/ha increased the number of spikelet 
per meter row length over no FYM application. Also the number 
of grains per spike, 1000 grain weight and grain weight per 
spike recorded significantly higher values than no FYM 
application (Negi at. al., 1988). Application of FYM 9 20 
tons/ha has resulted to increase all other yield contributing 
characters of maize except length and girth of cobs (Khanday 
fit aJL., 1990). 



33-A 
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However, the yields obtained by 30 and 45 t/ha were on par. The 
residual effect of FYM applied to kharif crop produced alnost 
equal grain yield of wheat in rahi season to that of cumulative 
effect i.e. residue of FYM + application of FYM (Singh and 
Dubey, 1987). 

Application of FYM • 10 ton/ha resulted in 
significant increase in grain and straw yield of wheat was 
reported by Kegi el. ai. (1988). The study conducted by Khanday 
fil ai. (1990) revealed that application of 20 t FYM/ha resulted 
in significantly nore grain yield of naize. Field trial 
conducted on sugarcane crop by Deshpande (1990) showed that the 
production with worm cast treated plot was the sane as that of 
with chemical fertilizers. The only difference was in quality 
of sugarcane. The application of worm compost increased sugar 
content in sugarcane. The combination of FYM and bio-
fertilizers consistently increased the grain yield of wheat over 
control as observed by Badiyala and Verma (1991). 

The study conducted by Mishra aJL al. (1992) 
revealed that mean pod yield of groundnut received with enriched 
compost at 10 to 12 tons/ha was significantly higher than 
unenriched compost and biogas slurry. However, it was on par 
with FYM application and application of equivalent quantity of H 
through urea. Enriched compost was superior to other organic 
manure in terms of yield of groundnut as well as residual effect 

on wheat crop. 
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The naxinun grain and dry natter yields were 
obtained due to application of compost prepared from microbial 
inoculants plus recommended dose of fertilizers which were 19 

and 28 per cent higher over compost plus recommended dose of 
fertilizer alone in the studies on wheat at College of 
Agriculture, Pune ddring 1 9 9 2 (Anonymous, 1 9 9 3 ) . 

The application of vermicompost 9 5 MT/ha increased 
the cane yield by 1 2 . 8 6 MT/ha over control (Hapse, 1 9 9 3 ) . The 
application of vermicompost along with FYM, cane trash and paddy 
straw improved yield and recovery of sugarcane as compared to 
use of chemical fertilizers as reported by Jambhekar ei. al. 
( 1 9 9 3 ) . 

2.2.3 Nutrient uptaka and residual fertility 
^ Under higher application of FYM to the extent of 45 

t/ha applied twice in a year which confcuin. about 3.18 per cent 
organic carbon. In case the lower amount of organic matter (15 

t FYK/ha) was added which has retained higher percentage of 
organic carbon in the soil. Winter application of FYM leaves 
more organic carbon in the soil than summer application as 
reported by Rahul and Singh ( 1 9 8 2 ) . The study conducted by 
Singh FII. £LI. ( 1 9 8 3 ) revealed that application of FYM 

significantly increased organic carbon and available P and K 
status in the soil. 

Bhriguvanshi ( 1 9 8 8 ) indicated that organic carbon 
status of c ' ^ o i l s was significantly improved by the 
application of FYM alone, it played a definite role in improving 
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the water holding capacity of the soil which waa due to the 
iBprovenent in structural condition of soil. 

Gupta JLL ai. (1988) observed that, organic carbon 
and available P content in soil was increased upto 52 days after 
application of FYM. The available N content of the soil 
increased upto 20 days after FYM application and thereafter 
decreased at all the FYM levels. Sharna fitt ai. (1989) conducted 
an experiment on effect of organic wastes and in 

conbination with earthworns on the available nutrient status of 
soil with wheat and naize as test crop. They observed that the 
residual fertility of soil was inproved significantly due to 
addition of increased dose of organic wastes. The periodical 
changes in C/H ratio of the soil enriched with organic wastes in 
conbination with earthworns revealed a narked decrease in their 
values over the control and conpost alone. 

Hooda fit ai. (1991) reported that, during winter 
season nitrogen uptake in wheat crop was nore under FYM source 
conpared to other treatnents. Phosphorus uptake also showed the 
sane trend. Anong the different organic sources of N for rice 
only FYM registered its residual effect on the succeeding wheat. 
FYM and wheat cut straw incorporation resulted in significantly 
lower N uptake than fertilizer and green nanure treatnent 
(Bhandari at ai., 1992). 

Shinde (1992) observed that, the physico-chenical 
and biological properties were found to be highly influenced by 
addition of FYM, conpost and farn wastes. The addition of 



33-A 

organic manures greatly influenced the water stable aggregates, 
organic carbon content and thereby nore nutrient availability. 

k field trial conducted at Padegaon revealed that, 
due to use of verniconpost, there was increase in soil available 
NPK content at harvest. However, pH and EC as well as soil clay 
content was also increased due to use of vernioonpost, 
indicating use of verniconpost was not nuch beneficial in 
probleiiatic soils (Jadhav at al., 1993). Jambhekar aJL al. 
(1993) showed that pH of soil after harvest of the sugarcane was 
slightly elevated in vermicoBpost systen. However, EC of soil 
was substantially decreased as compared to that of original 
soil. After harvest of the sugarcane, level of all three major 
nutrient was found to be increased. 

2.3 Effect of organic and inorganic sources (interaction) 
2.3.1 Growth and yield of crop 

Sharma (1981) reported that each successive 
increase in the level of fertilizer a significant increase in 
growth und yield was recorded. Application of FYH • 12 tons/ha 
in conjunction with different fertilizer levels exhibited a 
significant increase in the grain and straw yield of wheat over 
ferfciliaer treatment alone. The interaction effect of 
fertilizers and FYH was found to be significant upto a level of 

The highest average grain production was recorded 
with HPK + FYM and the lowest yield obtained with nitrogen alone 
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indicating beneficial effects of application of 
fertilizer^, on acidic red soil (Sinha ct al., 1981). 

Gill and Meelu (1982) obtained increased grain 
yield^with the conbined use of organic and inorganic sources of 
fertilizers. Complementary use of both these sources was 
advantageous and substantial amount of inorganic H was saved. 
Two third N applied through FYM and supplemented one third N 
through inorganic sources were equally beneficial. 

Patel fiJL ai. (1992) reported that grain yield of 
wheat obtained with 120 kg N/ha applied through inorganic 
fertilizers was similar to that obtained with 90 kg N/ha through 
inorganic fertilizers + 30 kg H/ha through castor, 90 kg N 
through inorganic + 30 kg N through oak compost. It indicated 
that the application of N partly through caster cake or oak 
compost helped in maintaining the grain yield similar to that 
full dose of N applied through inorganic fertilizers. Among the 
growth and yield attributes significant difference due to 
treatments were observed on effective tillers, showing higher 
values with all N applied through urea. The combined 
application of organic manures with chemical fertilizers showed 
beneficial effects over chemical fertilizers 'Shinde, 1992). 

Kasole fil al. (1993) revealed that, among the N̂  
management practices the combined application of H as 50 per 
cent through FYM and 50 per cent N through fertilizers gave 
significantly higher grain yield of sorghum (50.28 q/ha) 
'Hh^r) 100 per cent recommended dose of NPK through 
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fertilizer (48.3 q/ha). However, during ratii season 
significantly superior yield (37.04 q/ha) of wheat was recorded 
in treatment of 50 per cent reconmended NPK dose through 
fertilizer and 50 per cent substitution N through wheat cut 
straw applied^ aurlng kharif and 100 per cent reconmended NPK 
dose through fertilizer to wheat. The integrated use of FYM 
^^^ fertilizer at optinun level proved significantly better 

than fertilizer alone as reported by Naphade fit al. (1993). 

2.3.2 Nutrient uptake and residual fertility 

Results of a long tern experinent with application 
^2^5' ^2® ^^^ i" different conbinations revealed that pH 

and EC of the soil remained acre or less unaffected 

Total and 
available H increased significantly with application of FYM and 
Phosphate but not with K. Available P increased by 3 and 4 ppn 
with 30 and 60 kg P205/ha, respectively. FYM had positive, 
while K had no effect on available P content of soil. Available 
K increased with FYM and K application but not with phosphate 
(Chaudhary fit. ai., 1981). 

Prasad fit bJl. (1983) observed a narked change in 
soil pH due to continuous use of fertilizer, FYM --• - ne. The 

MPKV LIBRRR'' application of FYM in conbinations w: had no 
influence on soil pH but the initial leve rbon of 

T03293 
soil was increased. FYM in cocbinations i . HPK dose had 
greater accumulation of available P and K than full dose of NPK 
only. Application of nitrogen ŝ lone dec-'̂ â̂  . the 
. . N and p. erf fhese-)]-

r'32e>3 
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Bhriguvanshi (1988) reported that the pH of the 
soil renained alnost unchanged by the action of fertilizer and 
nanure. Organic carbon was significantly inproved by the 
application of FYM or in conjunction with nitrogenous 
fertilizer. Application of FYM with NPK increased the, uptake 
greatly as conpared to the application of NPK alone. This night 
be attributed to the increasing efficiency of the fertilizers 

. « . . .... 
and FYM in respect of the^uptake observed by Haphade fii. al. 
(1993). 

Application of FYM plus full recoBDended dose of 
NPK to wheat crop was studied by Acharya at ai. (1988) and 
reported that the inprovement in structural index, infiltration 
rate, water retention characteristics, organic carbon content, 
available NPK status of the soil in addition to higher yields 
than treatnent receiving one and half tiue nore of reconnended 
dose of NPK. Continuous N application and control plots 
considerably fle-k-'i''iOrr€<.î  the soil physical and chenical 
properties. 

2.4 Effect of cropping sequence 
2.4.1 Growth and yield of crop 

Singh at al. (1981) reported that hybrid 
pearlnillet responded significantly to the application of N, P 
and FYM but did not respond to applied K. Wheat was found 
highly responsive to the direct application of N and P. 
Application of 12 tons of FYM could substitute 30 kg N/ha during 
kharif and 20 kg N during tabl in bajra-wheat sequence. 



33-A 

With each successive increase in the level of 
rW'lsfertilizer a significant increase in growth and yield^f^wa?^ 

recorded. Application of FYM at 12 t/ha in conjunction with 
different fertilizer levels exhibited a significant increase in 
the yield of grain and straw of wheat over fertilizer treatnent 
alone. The interaction effects of fertilizer and FYM were found 
to be significant at the level of NQQ, P30 and Rgg. A 
significant residual effect of 12 tons FYM/ha and that of H12O' 

^60 recorded on the grain yield of nung in a wheat-

mungbean sequence (Sharna, 1981). 

A field experinent was conducted at Hanumangarh to 
study the possibility of nitrogen economy through use of FYM in 
comparisiori with fertilizer combination of N, P and K in a crop 
sequences idlz.., bajra-wheat-moong. Results revealed that under 
desert tract there was no possibility of economizing nitrogen 
through US9 of FYM due to high temperature during'summer. The 
residual effect of FYM was significant in moong crop as stated 
by Khan fci. al. (1982). 

Rahul and Singh (1982) observed that yield of wheat 
and bajra increased with increasing in the dose of FYM and 
nitrogen, cumulative mode of FYM was found best followed by 
direct and residual in both wheat and bajra. The response of 
wheat to added FYM @ 15 tons/ha was of higher order in absence 
of nitrogen than that with 120 kg K/ha. The best combination 
was 15 tons of FYM with 120 kg N/ha. 
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Application of 100 and 150 kg N/ha to pearlnillet 
gave significantly higher grain yield of wheat over 50 kg N/ha 
as reported by Singh at ai. (1983). The residual effect at 
higher doses of nitrogen night have been attributed to the fact 
that the residual nitrogen Bight have been utilized. Results 
obtained from a field experiment conducted on bajra-wheat 
sequence for 8 years have shown the mean response of an order of 
5.6, 5.5, 4.9 q/ha in bajra and 13.2, 12.1 and 10.0 q/ha in 
wheat with 80 kg p205/ha when applied as cumulative, direct and 
residual phases of manuring, respectively. Direct and residual 
effect of FYM at 15 t/ha to both the crops were equivalent to 30 
kg PgOs/ha with same mode of application as observed by Chahal 
al aJL. (1884). 

An experiment conducted at Ludhiana to study the N 
and P requirement of wheat sown after different kharif crops 
indicated that the yield of wheat sown after maize, arhar and 
fallow remained at par with each other and was significantly 
higher than that after bajra. Bajra thus proved the poorest 
preceeding crop because of the widest C:N ratio of its roots. 
Groundnut remained a poorer kharif crop for wheat than maize, 
arhar and fallow due to its greater consumption of N than that 
of others and lower CEC of roots of wheat sown after it than 
that of the one grown after other crop (Gogoi auid Sandhu, 1884). 

Raj fit al. (1984) reported that wheat grain yield 
in fallow-wheat rotation was significantly higher than that of 
bajra-wheat rotation of all the nitrogen levels studied. This 
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indicated that preceeding bajra crop left the soil poor in 
fertility. It was further observed that response of wheat to 
applied nitrogen was obtained upto 120 kg N/ha in bajra-wheat 
rotation, whereas it was only upto 80 kg N/ha in fallow-wheat 
rotation. 

Comparative study on legune-wheat and fallow-wheat 
sequence showed better performance over sorghun-wheat sequence. 
It is possible to save nitrogen to the extent of 30 kg N/ha when 
legume was included in the crop sequences as reported by Shinde 
fil al. (1984). The study conducted by Yadav and Singh (1988) 
revealed that the yield of wheat after pulses was higher as 
compared to fallow at 90 and 120 kg N/ha. 

Ramshe and Patil (1987) indicated that yield 
attributes were favourably influenced by the preceeding 
groundnut crop and that was reflected on maximum grain yield 
production of wheat. For obtaining specific yield level of 
wheat as 30 q/ha the bajra-wheat crop sequence required 88 kg 
N/ha, whereas green gram-wheat, groundnut-wheat and cowpea-wheat 
crop sequences required 38, 43 and 80 kg N/ha, respectively. 
The N economy at this specific yield level of wheiat was to the 
extent of 30, 23 and 28 kg/ha through preceeding green gram, 
groundnut and cowpea for fodder, respectively as compared to 
bajra-wheat. 

The study conducted by Jadhav and Koregave (1988) 
revealed that, grain and straw yield of wheat and monetary 
returns and net profit were more with groundnut-wheat cropping 
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sequence as compared to sorghun-wheat cropping systen. The 
economy in fertilizer use to wheat to the extent of 20.90, 25.75 
kg N and 10.19 and 12.69 kg P205/ha could be achieved due to 
groundnut with half and full dose of fertilizer, respectively. 
Wheat would be fertilized with recommended dose of fertilizer 
when grown after sorghum. However, fertilizer dose to wheat 
could be reduced to 2/3 of the recommended level of fertilizer 
when it was grown after groundnut. Higher grain yield of wheat 
was obtained when it was grown after^Cpaired row (30/90 cm) + 2 
rows of intercrop^- Significantly higher wheat yield was 
obtained after bajra + cow pea intercropping system than growing 
wheat after the pure crop of bajra (Balyan and Seth, 1989). 

Hooda fii. ai. (1991) reported that the highest grain 
yield of bajra was obtained with 100 per cent nitrogen 
application through chemical fertilizers. The residual effect 
on succeeding wheat crop was significantly better over control. 
The partial replacement of nutrients (N) with either FYH or 
green manure gave yield of pearlmillet at par to that obtained 
in case of 100 per cent HPK applied through fertilizer. 
Replacement of nutrient with FYH was better as compared to green 
manure or wheat straw. 

Application of N and P fertilizer directly to 
ground""^at initial stage had better effect on grain yield of 
wheat in groundnut-wheat sequence as reported by Gajendra Oiri 
(1993). It was further reported that neither nutrients applied 
to wheat nor to groundnut in the subsequent season showed any 
improvement. There was no carry over effect of N on wheat crop 
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hence yield and yield attributes of wheat renained unchanged 
under various N levels applied to preceeding groundnut. 

The study conducted by Kasole at al. (1993) at 
Rahuri revealed that coubined application at N through organic 
and inorganic sources as 50 per cent N through FYM and remaining 
50 per cent N through fertilizer gave significantly higher grain 
yield of sorghun followed by 100 per cent reconnended dose of 
NPK through fertilizer. However, during subsequent rabi season 
significantly superior yield of wheat was recorded due to 
application of 50 per cent HPK through fertilizer and renaining 
50 per cent through wheat cut straw applied during khnrif season 
and full reconnended dose of NPK through fertilizer to wheat. 

An agrononic investigation was carried out to study 
the effect of preceeding bajra crop on yield of wheat. Results 
indicated that highest grain and straw yield of wheat was 
obtained under full dose of inorganic fertilizers. The organic 
treated plot recorded higher grain and straw yield over 75 per 
cent reconnended NP dose applied through ohenical fertilizer 
(Roshanlal and Hooda, 1993). 

2.4.2 Nutrient uptake and residual fertility 
The study conducted by Singh fit aJL. (1981) revealed 

that narked residual response to FYM to wheat crop was observed 
but there was no residual resfponse to P application. The 
response of P was of higher order in wheat as compared to 
pearlnillet. A field experiment conducted on bajra-wheat 
sequence showed that cumulative use of 60 kg P205/ha raised the 
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available P level. However N and R status decreased with 
continuous cropping. The studies further revealed that pH and 

EC were sone what reduced due to continuous cropping. The 
levels of organic carbon also decreased with fertilizer use and 
continuous cropping as reported by Chahal at. ai. (1984). 

The lowest yield of wheat was obtained in bajra-
wheat sequence. That night be due to greater anount of 
PotassiuB removal fron the soil as compared to other preceeding 
crop. It was observed that high absorption potassium coupled 
with lowest removal of N by bajra might have distributed the 
balance of nutrients in the soil leading to an adverse effect on 
yield of wheat (Gogoi and Sandhu, 1984). 

All the kharif proceeding crops improved the 
residual N and K status in the soil over the initial values. 
Groundnut and bajra had better effects in improvement of NPK in 
the soil. The initial P status in the soil was decreased to 
some extent after all the kharif crops. The residual available 
N in the soil after wheat when, it was proceeded by leguminous 
crop was more, while residual P after preceeding black gram and 
bajra and K after preceeding groundnut and bajra were 
significantly more than the rest of the crops. Increase in the 
levels or nitrogen for wheat increased the residual N in the 
soil, whereas P and K were higher in magnitude at no nitrogen 
and lower level of nitrogen for wheat (Ramshe and Patil, 1987). 

Jadhav and Koregave (1988) observed that, the N and 
P uptake was increased significantly when wheat was grown after 
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groundnut as compared to after sorghun. N and P uptake was also 
increased significantly when wheat was preceeded by sorghun or 
groundnut with full dose as conpared to half dose. 

Bhandari at al. (1892) showed that, anong the 
different organic sources of H for rice only FYM and wheat cut 
straw incorporation resulted in significantly lower N uptake 
than 100 per cent fertilizer and green manure treatment. 

Patil fil al. (1993) reported that, all the organic 
manures , FYM, wheat cut straw and sunnhemp incorporated in 
combination with inorganic sources invariably resulted in 
improvement on available N status of soil. Thereby marked 
uptake pattern by sorghum and wheat was observed. Application 
of 50 per cent recommended dose of NPK through fertilizer plus 
50 per cent through wheat cut straw incorporated in kharif 
registered the highest uptake of N in rahi followed by the 
treatment of 50 per cent recommended dose of NPK through 
fertilizer plus 50 per cent through green manuring in kharif. 

The substituation of 50 per cent NPK through FYM or green 
manuring proved to be superior to other treatments. 

Roshanlal and Hooda (1993) conducted an agronomic 
investigation to study the effect of proceeding bajra crop on 
yield of wheat. Results indicated that the soil fertility 
status after bajra was higher in those treatments where organic 
sources were adopted as compared to inorganic fertilization. 
The effect of residual soil fertility on succeeding wheat crop 
was significantly better over control. 
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Most of the investigator reported that the nitrogen 
favourably influenced the growth characters like plant height, 
tillering, leaf number, leaf area and dry matter accumulation 
with successive increase in nitrogen dose upto 120 kg N/ha. 
Yield contributing characters such as length of panicle, number 
of spikelets per panicle, number of grains per panicle thousand 
grain weight was also found to be increased. The grain and 
straw yield increased with increasing the fertilizer dose upto 
120:60:60 kg NPK/ha. 

Field studies conducted by many of the 
investigators showed that, the addition of organic manures not 
only contribute to the yield increase but also improve the 
physico-chemical properties of the soil. Application of 10 t 
FYM /ha resulted in significant increase in grain and straw 
yield of wheat. 

Application of FYM @10 t/ha in conjunction with 
different fertilizer levels exhibited a significant increase in 
the growth and yield of wheat over fertilizer treatment alone. 
Complementary use of both organic and inorganic sources was 
advantageous and substantial amount of N through inorganic 
sources was saved. 

It was revealed by many researchers that the yield 
of wheat and bajra inceased with increase in the dose of FYM and 
nitrogen. Legume-wheat and fallow-wheat showed better 
performance over bajra-wheat sequence. Wheat would be 
fertilized with recommended dose of fertilizer when grown after 
sorghum or bajra. However, fertilizer dose to wheat could be 
reduced to 2/3 of the recommended level of fertilizer when it 
was grown after legumes. 
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3 . M A T E R I A L S A N D M E T H O D S 

The present investigation was carried out on 
irrigated wheat during taki season of 1993-94. The details of 
the naterials used and the technique followed during the conduct 
of the experiment are given in this chapter under different 
headings as follows, 

3.1 Details of the experinental Haterials 
3.1.1 Experinental site 

The experiment was laid out at the Post Graduate 
Institute, Central Campus Farm in 'B' Block Survey No. 50 of 
Mahatma Phulo Krishi Vidyapeeth, Rahuri, Dist. Ahnednagar during 
natii 1993-94. 

3.1.2 Soil 
The soil of the experimental site was uniform and 

levelled. In order to study the some physical properties and 
nutrient status of the soil of the experimental field, the soil 
samples from 0 to S>o cm depth of previously planned experiment 
as per treatment were taken from the experimental area before 
lay out the experiment. Physical properties of the soil oi 
clay^ silt, fine sand, coarse sand and the nutrient status as 
available nitrogen, available P2O5, available K2O, organic 
carbon and pH were determined. The data on physical and 
chemical properties are given in Table 1.' 
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experimental 

Sr. Soil property ii^^ho^us^d 

1. Coarse sand (%) ~"T~1~0 internaUonir"pi;;ttr 
method (Piper, 1988) 

2. Fine sand (%) 25.50 — / / — 

3- Silt (X) 15.50 __//__ 
4- Clay (Z) 50.80 __//__ 
5. Textural class clayey 

8. pH (1:2.5 soilrwater) 8.20 Glass electrode nethod 
(Piper, 1968) 

7. Organic carbon (X) 0.59 Walkey and Black rapid 
titration nethod 
(Piper, 1988) 

8. Organic .matter (%) i . o i Organic carbon per cent 
X 1.724 

nitrogen 125.00 Alkaline potassium per-
magnate method (AGAC 
1975) 

10.Available phosphate 12.9) Olsens method (Olsen & 
Dean 1985) 

11.Available potash (kg/ha) 450.00 Flame photometeX(Hanway 
and Haidal, 1987) 

Table 2 : Initial chemical composition of soilfb- w. cm) as per 
treatment from experimental site ^ • 

Sr. Treatment Organic Available kg/ha 
carbon 

_ _ _ N p K 
1. 120 kg K/ha through 0.52 101.29 13.39 383 45 

chemical fertilizer 

2. 90 kg K/ha through 0.53 107.40 17.81 383.05 
chemical fertilizer 

3. 60 kg N/ha through 0.52 110.38 22.00 411.45 
chemical fertilizer 
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Table 2 Contd... 

Sr. Treatnent Organic Availabirkg/hi 
carbon 

N P K 
^^ through 0.57 74.05 22.7r~~426y45~' r In 

^^^^ through 0.56 80.75 24.51 442.22 r in 

^^^^ through 0.52 89.16 25.81 458.25 F YM 
7. 120 kg H/ha through 0.59 96.30 19.72 368 75 vermicoapost 

8. 90 kg N/ha through 0.56 98.78 20.85 391 65 vernicoBpost 

9. 60 kg R/ha through 0.57 105.25 22.83 443 87 vernicoiipost 

10. 120 kg N/ha through 0.63 102.87 19.84 360.00 
fertilizer + 10 t FYM 

11. 45 kg H/ha through 0.53 97.69 25.08 395 60 
fertilizer + 45 kg 
H/ha through FYM 

12. 45 kg H/ha through 0.51 90.61 21.61 379 85 
fertilizer + 45 kg 
H/ha through verniconpost 

3.1.3 Geo particular and climatic conditions 

The soil of the experinental plot was clayey in 
texture. IOH in available nitrogen, low in available phosphorus 
and high in available potassium; It was slightly alkaline in 
reaction. 

Geographically the central campus of Mahatma Phule 
Krishi Vidyapeeth, Rahuri is situated in between 19*-47' Horth 
to 19--57' Horth latitute and 74"-19' East longitude. The 
altitude varies from 495 to 569 iieter above mean sea level. 
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Cliaiatically the area fall in semi-arid sub tropical zone with 
annual precipitation varying fron 307 to 56b nn. The rainfall 
is erratic and ill distributed coupled with frequent droughts. 
The rainy days vary from 19 to 68 in different years. Out of 
total annual rainfall about 60 per cent is received from June to 
September from south west monsoon while late rains are received 
in the month of October. 

3.1.4 Climatic condition during the experimental period 
In order to have an idea about the climatic 

conditions prevailed during the period of the present 
investigation, the weekly data on weather parameters obtained 
from the central meteorological observatory located in 'B' block 
are recorded for 1993-94 in rahi season and presented in 
Table 3. 

Table a : »bteoroIogical data during ijahx 1993-94 (November 1993 
to Karch 1994) 

Month Meteoro- Mean Temp Relative Humidity Rainfall Ho. of 
logical "C X (mm) rainy 
week days 

Max Min Morning Evening 
Nov. 93 45 29.4 12.9 72 35 — — 

46 30.5 16.7 74. 49 — — 

47 30.3 16.3 77 37 6.0 1 
46 26.4 7.6 71 23 — — 

Dec. 93 49 24.0 6.7 86 64 70.3 2 
50 27.2 10.4 84 37 — — 

51 26.6 7.3 84 31 — — 

52 26.9 9.4 82 37 — — 



38 

Table 3 contd... 
Month Meteoro- Mean Teiip Relative Hunidity Rainfall Ho. of 

logical "C X (bb) rainy 
week days 

Max Min Morning Evening 
Jan. 94 1 28.9 11.2 86 39 

2 29.2 13.0 88 40 1.00 
3 27.0 8.7 85 40 
4 24.2 13.9 81 38 
5 28.4 8.8 78 29 

Feb. 94 8 29.7 11,8 72 28 
7 30.9 11.8 79 25 
8 30.7 10.8 74 24 
9 33.3 10.9 78 19 

Mar. 94 10 34.8 14.2 81 17 
11 38.8 15.4 82 18 
12 37.9 18.4 58 23 
13 37.8 17.4 59 31 

Total — — — — — 77.3 3 

During the season, the aean naximun temperature 
ranged fron 24.2'C to 37.9'C, while the nean nininun tenperature 
ranged from 6.7°C to 18.7'C during the rabi season of 1993-94 
with relative humidity ranging from 59 to 88 per cent in the 
morning and 16 to 84 per cent at the evening. In general 
climatic condition for wheat sown during rabi season of 1993-94 
was fairly high tenperature at germination and initial growth 
stage. There was comparatively high relative humidity during 
the month of December and January. The total rainfall received 
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during raili 1993-84 was 77.3 «« in 3 rainy days. Out of which 
the «axi«uiu rainfall 70.3 «« was received in the first week cf 
December which was useful for heavy tillering of wheat crop. 

3.2 Cropping history of the experiaental field 
The cropping history of the experimental field for 

the previous three years are presented in Table 4. The present 
investigation was carried out in plots preceded by bajra 
experinent. 

Table 4 : Cropping history of the experimental field for 
previous three years 

Kh«if """Rabi iu^;; 
1990-91 '""i'; 

1991-92 Cowpea Mustered 
1992-93 — ^heat 
1993-94 Badra Present 

investigation 

3.3 Seeds and fertilizers 
3.3.1 Seeds 

The seed of wheat variety HD 2189 was obtained from 
Central Store, Mahatna Phule Krishi Vidyapeeth, Rahuri. 

3.3.2 fertilizers 

Nitrogen was given through 3 different sources such 
as chemically through urea containing 46 per cent N, FYM 
containing 0.74 per cent N, vernicompost containing 1.08 per 
cent K, Phosphorus through single super phosphate containing 16 
per cent PgOg and potash through murate of potash containing 80 
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per cent KgO. All P and K was applied as basal dose prior to 
sowing to all the treatuents. 

3.4 Methods 
3.4.1 Expariaental details 

The experiment was laid out in a Randonised Block 
Design with four replications. There were twelve treatnents 
with three sources of nitrogen xii., inorganic, FYM and 
veruicoBpost. Each having three levels of nitrogen as 120, 90 
and 60 kg H/ha. Additional three treatments were combination of 
inorganic and organic fertilizers. The details of the 
treatments alongwith symbol used are presented in Table 5. The 
plan of layout is depicted in Fig. 1, 

3.4.2 The other details of the experiment are as follows 
a) Total number of plots 48 
b) Plot size 

Gross : 4.50 x 3.80 mj 
Met : 3.60 X 2.70 m^ 

c) Method of sowing : line sowing 
d) Date of sowing : 28/11/1893 
e) Row to row spacing : 22.5 cm. 

3.4.3 Field operations 
The details of the various cultural operations 

carried out in the experimental plot during rab| season of 1983-
94 are presented in Table 8. 
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Table 5 : Details of treataents and synbols used 
Sr. Treatnents '"synbols 

1. Reconnended dose of nitrogen (120 kg N/ha) 
through fertilizer ^ 

2. Application of 75 per cent of reconnended To 
dose of nitrogen (90 kg N/ha) through 
fertilizer 

3. Application^of 50 per cdnt of reconnended TO 
dos.e of nitrogen (60 kg N/ha) through 
fertilizer 

100 per cent of recommended dose of nitrogen 1a 
through FYM alone (120 kg N/ha) ^ 

5. 75 per cent of reconnended dose of nitrogen Tc 
(90 kg N/ha) through FYM alone ^ 

6. 50 per cent of recommended dose of nitrogen To 
(60 kg N/ha) through FYM alone ® 

' 100 per cent of recommended dose of nitrogen T7 
(120 kg N/ha) through vermicompost alone 

8- 75 per cent of recommended dose of nitrogen To 
(90 kg N/ha) through vermicompost alone 

9- 50 per cent of recommended dose of nitrogen TQ 
(80 kg N/ha) through vermicompost alone 

IC. 100 pet cent of recommended dose of T 
nitrogen through fertilizer + recommended 
dose of FYM (120 kg N/ha + 10 t FYM/ha) 

10 

11. 37.5 per cent of recommended N through T11 
fertilizer 37.5 per cent recommended 
N through FYM (45 kg N through fertilizer 
^ 45 kg N through FYM/ha) 

12. 37.5 per cent of reconnended N through T^o 
fertilizer + 37.5 per cent reconnended 
N through verniconpost (45 kg N through 
fertilizer + 45 kg N through verniconpost 
per hectare) 
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Table 6 Schedule of field operations carried out in the 
experimental plot during rabi season of 1993-94 

Sr.No. Field operations Frequency Date 
A) Preparatory tillage 

1. Rotavatory operation 1 23.11.93 
2. clod crushing 1 25.11.93 
3. Collection of stubbles 1 28.11.93 
4. Preparation of layout 1 27.11.93 
5. Levelling of beds 1 27.11.93 

B) Sowing and fertilizer application 
1. Fertilizer application 1 28.11.93 
2. Sowing and covering 1 28.11.93 

C) Post sowing 
1. Irrigations 5 29.11.93 

28.12.93 
13.1.94 
31.1.94 
15.2.94 

2. Weeding 1 25.12.93 
3. Hoeing 1 23.12.93 
4. Top dressing 1 28.12.93 

D> Harvesting 1 18.3.94 
E) Threshing 1 20.3.94 

3.4.3.1 Preparation of layout 
The purpose of the study was to see the residual 

effect of organic material left after the experiaent on bajra, 
the experimental layout for wheat was prepared by superimposing 
the plot of wheat by keeping the same treatment. 

3.4.3.2 Sieving of organic manure 
The FYM and vermicompost which is utilized for the 

experimental purpose was sieved and undecomposed bigger size 
material and stones were separated. 
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3.4.3.3 Fertilizer application 

Wheat was fertilized as per the treatnents. But 
only organic fertilizer were applied 3 days before sowing to 
that treatnent plots on 25.11.93 and well nixed with help of 
kudali. Where as the chemical fertilizers were applied on 
28.11.93 before sowing. 

3.4.3.4 Sowing 

The experimental plot was sown on 28.11.93. The 
seeds were sown by adopting line sowing in shallow furrows 
opened by the marker. 

3.4.3.5 Weeding 

Mechanical weeding was rdone on 23th December 1993 
whereas the hand weeding was done on 25th December 1993. 

3.4.3 Irrigations 

First irrigation was given on 29th Hovember 1993 
immediately after sowing to ensure the proper germination and 
subsequent four irrigation were given as per requirement of the 
crop as given in Table 6. 

3.5 Biometric and other observations 
3.5.1 Sampling techniques 

For recording various growth observations five 
plants were selected at random from each net plot. The price 
labels were tied to each plant for easy identification. All the 
observations on plant height, number of leaves, panicles length, 
number of grains per earhead, number of spikelets per panicle 
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were recorded on these plants. The detailed schedule adopted 
for recording various growth observations is given in Table 7. 

3.5.2 Gronth studies 
3.5.2.1 Plant count 

The nunber of plants emerged were recorded on the 
20th day after sowing. In every net plot 3 spots of one neter 
length were selected at random and the number of plants per 
meter length was recorded. 

3.5.2.2 Height of the plant 

Five randomly selected plants were used for 
observations of the height of the plant. It was recorded on the 
main shoot from the ground level to the base of last fully 
opened leaf upto the stage of panicle emergence. After panicle 
initiation, the height was measured from ground level to the 
base of panicle in cm. 

3.5.2.3 Number of tillers per plant 

The total number of shoots from each of one meter 
length from 3 random places from each net plot was counted. 
The average number of tillers per plant was computed by dividing 
the number of shoots, excluding the main shoot by the number of 
main shoots, recorded on the 20th day of growth. 

3.5.2.4 Humber of functional leaves per plant 

The total number of fully opened green leaves per 
plant was recorded as functional leaves. 
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Table 7 : Schedule of bioaetric observations 
Sr. Characters 
No. observed 

Frequency No.of plants 
of selected 
observa- randonly 
tions 

Observations 
recorded in 
days after 
sowing 

A) Preharvest study 
1. Emergence count 1 

2. Height of plant (cu) 4 

3. No.of functional 3 
leaves per plant 

4. Total nuBber of 4 
tillers per plant 

5. Leaf area (sq.dn) 3 
per plant 

8. Dry matter per 4 
plant (g) 

7. Productive tillers 1 
per plant 

B) Post harvesting study 
1. Length of panicle (ca) 1 
2. Nusber of spikelets 1 

per panicle 
3. Nunber of grains per 1 

panicle 
4. Weight of grain per 1 

plant (g) 
5. Thousand grain weight 1 

(g) 

6. Grain yield per net 
plot and per hectare 

at one neter 
length 

5 

5 

2 

2 

5 

5 
5 

Represen-
tative 
sample from 
net plot 
Net plot 
and per 
hectare 

20 

30>60,90 & 
at harvest 
30,80 & 90 
day 
30,80,90 & 
at harvest 
30,60 & 90 
day 
30,80,90 & 
at harvest 
At harvest 

At harvest 
At harvest 

At harvest 

At harvest 

At harvest 

At harvest 
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Table 7 contd... 
Sr. Characters 
No. observed 

7. Straw yield per net 
plot and per hectare 

8. Total bionasa per net 
plot and per hectare 

C) CheMical analysis 
1. Physical and chenical 

properties of soil 

Frequency 
of 
observa-
tions 

2. Plant analysis for 
nitrogen, phosphorous 
and potash content 

3. Total uptake of 
nitrogen (ktf/ha) 

4. Total uptake of 
phosphorous (kg/ha) 

5. Total uptake of 
potash (kg/ha) 

No.of plants 
selected 
randomly 

Net plot 
and per 
hectare 
Net plot 
and per 
hectare 

Observations 
recorded in 
days after 
sowing 
At harvest 

At harvest 

Aggregate Before 
representative laying 
samples reduced out of 
fron sanples the 
collected fron expt. 
12 spots in 
experimental 
field 

At harvest 

At harvest 

At harvest 

At harvest 

1 

1 

1 

D> Quality 
1. Nitrogen, phosphorous 

and potassium concentration 
in grain 

2. protein percentage 
in grain 

At harvest 

At harvest 
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3.5.2.5 Leaf area per plant (sq.da) 

The two randomly selected plants froa net plot were 
uprooted for dry natter study and used for deternining the leaf 
area. The functional leaves carefully renoved froB the sten and 
they were grouped in to three classes as per the size viz,, snail 
medium and large, and its leaf area was measured on leaf area 
meter directly. 

3.5.2.6 Dry aatter per plant 

The dry matter per plant was recorded at an 
interval of 30 days after sowing by utilizing the same plant 
uprooted for leaf area study. The plants were cut at the ground 
level, air dried and finally dry weight was recorded after 
drying in oven at 60'C to 65'C until the constant weight was 
obtained. 

3.5.3 Post harvest studies 
3.5.3.1 Length of panicle 

The length of panicle was measured from the basal 
spikelets to the tip of the panicle, excluding awns from five 
randomly selected panicle. The mean length of panicle was then 
worked out in cm. 

3.5.3.2 Humbor of spikelets per panicle 
The number of spikelets per panicle were counted 

from the same panicles which were used for measuring the panicle 
length, at harvest and the mean per panicle was worked out. 
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3.5.3.3 Hunber of grains per panicle 
The sane panicle in each treatnent which were used 

for the study of mean length of panicle were used for this 
study. The grain nunber per panicle was counted and the nean 
was couputed. 

3.5.3.4 Weight of grain per plant 
The grain weight in gran per plant fron five 

randoasly selected plants was recorded and average was conputed 
to obtain grain weight per plant. 

3.5.3.5 Thousand grain weight 
The random samples of grains from the total grain 

. » * 
produce obtained from each net plot was drawn, then thousand 
grains were counted and weigfited to obtain thousand grain weight 
'*from each treatment. 
3.6 Yields 
3.6.1 Yield of total bionass per plot 

The harvested produce from net plot was dried for, 
some days and was weighed to record the total biomass per plot. 

3.6.2 Yield of grain per plot 
The panicle of the plants were threshed after 

drying and winnowed. The grain weight obtained was recorded as 
per treatments. 

3.6.3 Yield of straw per plot 
After threshing the panicle the weight of straw 

arrived at by deducting the weight of grain from the weight of 
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total produc3 per plot. The per hectare yield of grain, straw 
and total biomass was then computed. 

3.8.4 Straw to grain ratio 

The ratio was estimated from the yield of grain and 
straw obtained from the net plot in the corresponding 
treatments. It is estimated by dividing the straw weight by 
grain weight. 

3.7 EconoBic studies 
3.7.1 Gross monetary returns 

The gross monetary returns were worked out by 
considering the prevailing market prices of the produce during 
the year of experimentation. 

3.7.2 Cost of cultivation 
The cost of cultivation was worked out by 

considering the amount required for the purchase of inputs like 
seeds, fertilizers, irrigation charges etc and the expenditure 
on the labours and bullocks required for field operations etc. 

3.7.3 Mot monetary returns 
The net monetary returns were worked out by 

substracting the cost of cultivation from the gross monetary 
returns of the corresponding treatment. 

3.7.4 Beuefic cost i&tio 
The benefit cost ratio was worked out by 

considering the per hectare values of net profit and cost of 
cultivation. 
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3.8 Cheaical study 

The observational plants collected at harvest were 
used for chenical analysis. The dried straw sanples after 
grinding were passed through Wiley mill (20 nesh) and used for 
chemical analysis. Grain samples were ground in an electric 
grinder and used for chemical analysis. 

3.8.1 Plant analysis for nutrient content 
1. Nitrogen was estimated by modified Kjeldahis method 

(Parkinson and Allen, 1975). 

2. Protein content of the grain was determined by multiplying 
percent nitrogen in grain with concentration factor 6.25 
(A.O.A.C. 1975). 

3. Phosphorus was determined in aliquot of the acid extract by 
measuring the intensity of the vanado phosphomolybdate yellow 
colour with spectronic 20 (640 jj) (Jackson, 1973). 

4. Potash was determined in an aliquot of the acid extract by 
measuring its concentration in flame photometer method 
(Chapman and Pratt, 1980). 

Nutrient uptake 
The uptake of nitrogen.phosphorus and potash by 

grain and straw was calculated by multiplying per cent N, P and 
K concentration in grain and straw with their respective yields. 
Total uptake was recorded by summing up the respective uptake by 
grain and straw. 
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3.8.2 Scil analysis 
Conposite soil samples from 0-30 en soil depth fron 

each net plot were collected after harvest of the crop. They 
were ground in wooden pastel and nortar after air drying and 
passed through 2 nn sieve and were used for ohenical analysis. 
For the determination of organic carbon, soil samples were 
passed through 0.6 mm sieve. 

1. Organic carbon was determined by Walkey-Blacks wet oxidation 
method (Jackson, 1973). 

2. Soil pH was determined (1:2.5 Soil:water) (Jackson, 1973). 

3. EC at 25°0 was measured by Electrical conductivity meter 
method (Jackson, 1973). 

4. Available nitrogen : Available nitrogen was determined by 
modified alkaline potassium permangnate method (Subbiah and 
Asioa, 1956). 

5. Available phosphorus : Available phosphorus was determined by 
modified Olsen's method (Olsen and Dean, 1965). 

6. Available potassium : Available potassium was determined by 
Flame photometer method (Hanwey and Heidal, 1967). 

3.9 StatiBtical analysis and interpretation of data 
Vhe data thus recorded were statistically analysed 

by using tho techniques of analysis of variance (Fisher, 1970) 
and test of significance was carried out as given by Cochran and 
Cox (1967) and Panse and Sukhatme (1985). In the tabular data 
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in the text C.D. values have been given for conparison only in 
cases where 'F' test was significant, figures for S.E. ± are 
given. The data regarding interactions which are significant 
only were presented, suitable graphical illustrations of data 
have been given at the appropriate places. The statistical 
analysis was carried out by conputer. 
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RESULTS A-lflD DISCUSSION 

An experiment on 'Nitrogen s(;sŝ /rŵ /£;̂ /through organic 
sources in irrigated wheat and their effects in bajra-wheat 
sequence' was conducted during rabt, 1993-94. The detail 
results of the said investigation are presented below under 
appropriate subheadings. 

4.1 Plant coant 
The data on nean initial plant count of wheat per 

netre row length at 20 days after sowing as influenced by 
various treatments are presented in Table 8. 

The mean number of initial plant of wheat crop was 
50.50 per meter row length at 20 days. Data presented in Table 
8 indicated that the initial plant count per metre row length 
was not significantly influenced due to different treatments, 
indicating thereby that the initial plant stand was uniform. 

4.2 Growth studies 
4.2.1 Plant height 

The plant height generally indicate the vigour and 
growth of the plant. The data pertaining to the mean plant 
height as influenced periodically by the different treatments 
are presented in Table 9 and graphically shown in Fig. 2. The 
mean plant height in cm increased progressively from 12.93 cm at 
30th day of observation to 71.82 cm at harvest stage of the 
crop. 

7'W2> 
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Table 8 Ne&n nuaber of plants per meter 
different treatments length as affected by 

Sr. Treatments 
Ho. 

Mean number of plants per 
meter length at 15' days 
after sowing 

1. 120 kg N/ha through fertilizer 
2. 90 kg H/ha through fertilizer 
3. 60 kg H/ha through fertilizer 
4. 120 kg H/ha through FYM 
5. 90 kg H/ha through FYM 
8. 60 kg H/ha through FYM 
7. 120 kg H/ha through vermioompost 
8. 90 kg H/ha through vermioompost 
9. 60 kg H/ha through vermioompost 
10. 120 kg H/ha through fertilizer + 

10 t FYM 
11. 45 kg H through fertilizer + 45 kg 

H through FYM 
12. 45 kg H through fertilizer + 

45 kg H through vermioompost 
F test 
S.E. t 
C.D. at 5 X 

50.75 
50.25 
51.00 
50.00 
51.50 
49.25 
50.75 
49.75 
48.00 
53.00 

51.25 

50.50 

M.S. 
1.25 

Mean 50.50 
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The plant height differed significantly due to 
different levels and sources both organic and inorganic during 
all the stages of growth. Application of 120 kg H with 10 t 
FYM/ha produced oaximun plant height, the height being 90.08 cn 
per plant at harvest and it was significantly higher than rest 
of the treatnents except recomnended levels given through 
sources to which it was on par during all the stages of growth. 
Application of 90 kg N through inorganic sources produced next 
higher plant height which was equally good with reconnended N 
with 10 t FYM/ha and reconmended dose through inorganic sources 
during 30 days after sowing. 

As regards application of reconnended dose of 
nitrogen through vernicoiipost produced nore plant height than 
its squivalant dose through FYM, but they were on par during all 
the stages of growth except at harvest. At harvest it is 
decreased than application of recomnended dose through 
verniconpost produced significantly nore plant height than sane 
dose given through FYM. 

Application of 90 kg H/ha through inorganic sources 
produced higher plant height than 45 kg N through inorganic 
sources and renaining 45 kg N either through verniconpost or FYM 
but all these treatnents were on par during all the growth 
stages. 

The nininun plant height was produced due to 
application of 60 kg N through FYM during all the stages of 
growth. 
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Table 9 : Mean height of plant (en) as influenced periodically by 
different treatments 

Sr 
No, 

Treatments Days after sowing 

1. 120 kg N/ha through fertilizer 

30 

15.60 

60 

61.80 

90 

82.20 

At 
harvest 
87.00 

2. 90 kg N/ha through fertilizer 15.08 59.70 78.85 82.33 
3. 60 kg N/ha through fertilizer 13.98 52.00 71.68 75.05 
4. 120 kg N/ha through FYM 11.08 44.65 66.03 88.23 
5. 90 kg N/ha through FYM 10.58 39.70 54.00 56.85 
6. 60 kg N/ha through FYM 10.43 36.95 47.33 52.25 
7. 120 kg N/ha through vermioompost 12.05 45.93 70.08 73.95 
8. 90 kg N/ha through vermiconpost 11.13 40.83 55.25 59.68 
9. 60 kg N/ha through vermioompost 10.38 38.20 50.53 54.08 
10. 120 kg N/ha through fertilizer + 

10 t FYM 15.65 65.50 84.68 90.08 

11. 45 kg N through fertilizer + 
45 kg N through FYM 14.33 57.25 74.48 79.88 

12. 45 kg N through fertilizer + 
45 kg N through vermioompost 14.90 59.50 76.68 80.10 

F test Sig. Sig. Sig. Sig. 
S.E. t 0.57 1.429 1.606 1.637 
C.D. at 5 % 1.65 4.116 4.627 4.717 

Mean 12.93 50.17 67.65 71.62 



30 DAS 60 DAS 90 DAS -B- AT HARVEST 

100 
Plant height (cm) 

5 6 7 8 9 1 
Treatments 

Fig,2; Mean plant height (cm) as 
influenced by different treatments at 

various stages of growth 
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Increase in height of wheat with increase in 
nitrogen dose was reported by Auti (1980), Agarwal (1983), Nikam 
(1985), Dhuka ei ai. (1991) and Upadhayaya (1993). Increase in 
plant height due to application of 12 t FYM/ha alongwith 
different fertilizer levels was also reported by Sharna (1981) 
and Shinde (1992). 

4.2.SL Nunber of tillers per plant 
The data on mean number of tillers per plant are 

presented in Table 10 and graphically depicted in Fig. 3. 

The data indicated that the mean number of tillers 
per plant differed significantly due to different treatments 
during all the stages of growth. At harvest mean number of 
tillers per plant were 1.02, 

Application of 120 kg N/ha with 10 t FYM/ha 
produced maximum tillers per plant and the highest being 2.88-
per plant at 80 DAS and it was significantly higher over rest of 
the treatments during all the growth stages except 80 DAS during 
which it was at par with 120 kg N/ha through inorganic sources. 

Application of 90 kg H^half of which given through 
vermicompost and remaining half through inorganic sources 
produced higher number of tillers than half N given through FYM 
and remaining half through inorganic sources and full through 
inorganic sources but all these were on par. 

As regards application of recommended dose of 
nitrogen through vermicompost produced more number of tillers 
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Table 10 : Mean nunber of tillers per plant as influenced periodically 
by different treatnents 

Sr 
No, 

Treatments Days after sowing 
30 60 90 At 

harvest 
1. 120 kg N/ha through fertilizer 2 .103 2.820 1.970 1.165 
2. 90 kg N/ha through fertilizer 2 .027 2.688 1.948 1.065 
3. 60 kg N/ha through fertilizer 2 .003 2.520 1.905 0.940 
4. 120 kg N/ha through FYM 1 .933 2.403 1.828 0.980 
5. 90 kg N/ha through FYM 1, .943 2.373 1.813 0.933 
6. 60 kg N/ha through FYM 1, .925 2.205 1.798 0.813 
7. 120 kg N/ha through vermicompost 1. ,998 2.485 1.885 1.005 
8. 90 kg N/ha through vermicompost 1. ,945 2.388 1.823 0.933 
9. 60 kg N/ha through vermicompost 1. 925 2.288 1.795 0.882 
10. 120 kg N/ha 

10 t FYM 
through fertilizer + 2. 202 2.880 2.093 1.323 

11. 45 kg H 
45 kg H 

through fertilizer + 
through FYM 

2. 072 2.890 1.968 1.085 

12. 45 kg N 
45 kg N 

through fertilizer + 
through vermicompost 

2. 095 2.713 1.980 1.103 

F test Sig. Sig. Sig. Sig. 
S.E. + 0. 030 0.050 0.031 0.037 
C.D. at 5 % 0. 085 0.143 0.088 0.107 

Mean 2. 014 2.538 1.899 1.018 



- 30 DAS 60 DAS 90 DAS AT HARVEST 
Number of ti l lers/plant 

6 7 
Treatments 

Fig,3; Mean number o1 tillers per plant 
as influenced periodically by different 

treatments 
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per plant than the same dose applied through FYM but they were 
on par during all the stages of growth except at 30 DAS. 

The minimum tiller number per plant was observed 
due to application of 60 kg N through FYM or vemicompost. 

The results are in conformity with the findings 
obtained by Rao and Bharadwaj (1981), Bhaliya si ai. (1983), 
Singh and Awasthi (1983), Singh at ai. (1984), Nikam (1985), 
Girothia ei ai. (1987), Patel fit al. (1992), Shinde (1992), 
Patel and Upadhyaya (1993) and Singh ei. ai- (1993). 

4.2.3 Functional leaf number per plant 
Data pertaining to mean functional leaf number per 

plant as affected periodically by different treatments are 
presented in Table 11 and graphically shown in Fig. 4. 

From the data presented in Table 11, it was seen 
that the mean leaf count per plant was more in early growth 
stages and declined there after with advancement in age of crop 
due to sencencence of leaves at later stages. The mean 
functional leaves per plant at 30th, 60th and 90th days were 
7.62, 6.03 and 4.13, respectively. The mean number of 
functional leaves per plant was significantly influenced due to 
different levels of nitrogen through inorganic and organic 

sources. 

The application of 120 kg N through fertilizer with 
10 t FYM/ha produced the maximum functional leaf number per 
plant at all the growth stages and it was significantly higher 
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Table 11 : Mean functional leaf nunber per plant as influenced 
periodically by different treatnents 

Sr. 
No. 

Treatmetns Days after sowing Sr. 
No. 

30 60 90 
1. 120 kg N/ha through fertilizer 8.30 7.05 4.85 
2. 90 kg N/ha through fertilizer 8.10 6.45 4.30 
3. 60 kg N/ha through fertilizer 7.45 5.80 3.95 
4. 120 kg N/ha through FYM 7.18 5.90 3.95 
5. 90 kg H/ha through FYM 7.28 5.15 3.77 
6. 60 kg N/ha through FYM 6.80 5.10 3.57 
7. 120 kg N/ha through yermicompost 7.30 5.80 4.10 
8. 90 kg N/ha through vermicompost 7.08 5.45 3.85 
9. 60 kg N/ha through vermicompost 6.78 5.10 3.55 
10. 120 

10 
kg N/ha 
t FYM 

through fertilizer + 8.65 7.30 4.90 

11. 45 
45 

kg N through fertilizer + 
kg N through FYM 

8.15 8.55 4.25 

12. 45 
45 

kg N through fertilizer + 
kg N through vermicompost 

8.38 6.70 4.45 

F test Sig. Sig. Sig. 
S.E . + 0.105 0.126 0.088 
C.D . at 5 % 0.304 0.363 0.254 

Mean 7.619 6.029 4.125 



Number leaves/plant 

30 DAS - + - 60 DAS 90 DAS 

3 4 6 6 7 8 9 11 
Treatments 

Fig.4; Mean functional leaf number per 
plant as Intluenced periodically by 

different treatments 
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than rest of the treatments except reconmended levels given 
through inorganic sources to which it was at par. It was 
followed by application of 45 kg N through fertilizer + 45 kg N 
through vermicompost produced next higher leaf nunber which was 
equally good with recommended dose throu'gh inorganic sources 
during 30 and bo days after sowing. However, it was on par with 
*90 kg N supplied through inorganic sources and 45 kg N through 
fertilizer + 45 kg N through FYM. 

As regards application of full dose of nitrogen 
through vermicompost produced more number of functional leaves 
than its application through FYM but both were at par. 

4,2.4 Leaf area per plant 
The data regarding the mean leaf area per plant 

(dm^) as affected periodically by different treatments are 
presented in Table 12 and graphically depicted in Fig. 5. 

It was observed from the Table 12 that the mean 
leaf area per plant increased rapidly upto 80 DAS and reaching 
maximum of 7.655 dm^ per plant and thereafter it declined due to 
the senenscence of matured leaves. 

Leaf area per plant was maximum and significantly 
more with the application of 120 kg N through inorganic sources 
+ 10 t FYM/ha at all the growth stages than rest of the 
treatments. It was followed by 120 kg N/ha through fertilizers. 

Application of 90 kg N i.e. 45 kg H through 
fertilizer and remaining 45 kg N either through vermicompost or 
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Table 12 : Mean leaf area per plant (d®^) as influenced periodically 
by different treatnents 

Sr. 
No. 

Treatmetns Days after sowing 

1. 120 kg N/ha through fertilizer 
30 

5.66 
60 
9.21 

90 
8.20 

2. 90 kg N/ha through fertilizer 4.30 8.85 7.98 
3. 60 kg N/ha through fertilizer 3.72 7.58 7.45 
4. 120 kg N/ha through FYM 3.18 6.97 6.00 
5. 90 kg N/ha through FYM 2.97 8.37 5.80 
6. 60 kg N/ha through FYM 2.29 5.41 4.90 
7. 120 kg N/ha through vermicompost 3.45 7.89 8.97 
8. 90 kg N/ha through vermicompost 3.18 6.89 6.10 
9. 60 kg N/ha through vermicompost 2.85 6.14 5.48 
10. 120 

10 
kg N/ha 
t FYM 

through fertilizer + 6.27 9.85 9.15 

11. 45 
45 

kg N through fertilizer + 
kg N through FYM 

4.29 8.45 8.05 

12. 45 
45 

kg N through fertilizer + 
kg N through vermicompost 

4.41 8.65 8.11 

F test Sig. Sig. Sig. 
S.E . + 0.118 0.157 0.155 
C.D . at 5 % 0.340 0.453 0.445 

Mean 3.880 7.655 7.015 



30 DAS 60 DAS 90 DAS 

Leaf area {sq.clm)/plant 
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Fig.5; Mean leaf area {sq.dm}/plant 
as intluenced periodically by different 

treatments 
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FYM produced significantly higher leaf area than application of 
full dose of nitrogen through either of the sources. 

As regards application of 120 kg N either through 
vernicompost or FYM, vermicompost showed its superiority over 
FYM. The lowest leaf area per plant was observed with 
application of 60 kg N through FYM. Similar results were 
obtained by Auti (1980), Zope (1981), Nikan (1985) and Jadhav 
(1989). 

4.2.5 Dry natter accumulation 
The data pertaining to the dry natter accunulation 

per plant as affected by different treatnents are presented in 
Table 13 and graphically shown in Fig. 6. The nean dry natter 
accumulation per plant was 0.824, 1.900, 4.293 and 5.304 g 
during 30, 80, 90 and at harvest, respectively. 

The dry matter production differed significantly 
due to different levels and both the sources (organic and 
inorganic) during all the stages of growth. 

Application of 120 kg N with 10 t FYM/ha produced 
maximum dry matter during all the stages of growth and the 
highest being 7.075 g per plant at harvest. It was 
significantly superior over rest of the treatments except on 90 
DAS during which it was at par with recommended dose and 75 per 
cent of recommended dose through fertilizer. Application of 90 
kg N applied partly through inorganic and partly through 
vermicompost produced higher dry matter than same quantity of N 
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Table 13 : Mean dry natter accunulation^per plant as influenced 
periodically by different treatnents 

Sr. 
No. 

Treatments Days after sowing 

1. 120 kg N/ha through fertilizer 

30 

0.811 

60 

2.954 

90 

5.582 

At 
harvest 
6.437 

2. 90 kg N/ha through fertilizer 0.721 2.578 5.285 6.087 
3. 60 kg N/ha through fertilizer 0.525 2.221 4.474 5.293 
4. 120 kg N/ha through FYM 0.548 1.165 3.945 4.823 
5. 90 kg N/ha through FYM 0.533 0.963 3.380 4.487 
6. 60 kg N/ha through FYM 0.476 0.863 3.212 4.217 
7. 120 kg N/ha through vermicoBpost 0.579 1.446 4.305 5.195 
8. 90 kg N/ha through vermicompost 0.531 0.967 3.603 4.824 
9. 60 kg N/ha through vermicompost 0.500 0.878 3.378 4.400 
10. 120 

10 
kg N/ha 
t FYM 

through fertilizer + 0.985 3.415 5.730 7.075 

11. 45 
45 

kg N 
kg N 

through fertilizer + 
through FYM 

0.602 2,599 4.342 5.456 

12. 45 
45 

kg N 
kg N 

through fertilizer + 
through vermioompost 

0.873 2.748 4.552 5.550 

F test Sig. Sig. Sig. Sig. 
S.E . + 0.054 0.126 0.202 0.133 
C.D , at 5 % 0.155 0.362 0.583 0.383 

Mean 0.624 1.900 4.293 5.304 
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Fig,6: Mean dry matter (g/plant) as 
affected by different treatments at 

various growth stages 
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applied partly through inorganic and partly through FYM during 
all the stages of growth. 

As regards application of full dose through 
vermicompost produced nore dry matter than sane dose applied 
through FYM and both were at par. 

The minimum dry matter was obtained due to 60 kg N 
applied either through FYM or vermicompost during all the stages 
of growth. 

It was evident from the data in Table 13 that the 
accumulation of dry matter increased with advancement in age of 
crop. The results are inconfirmity with the results obtained by 
Auti (1980), Borse and Mahajan (1980), Balasubramanian and Singh 
(1982), Nikam (1985) and Jadhav (1989). 

4.3 Studies on yield contributing characters 
The data regarding the mean number of productive 

tillers per plant, length of panicle, number of spikelets per 
panicle, number of grains per panicle, grain weight (g) per 
plant at harvest and thousand grain weight (g) are presented in 
Table 14 and 15, respectively. 

4.3.1 Number of productive tillers per plant 
It would be evident from the data in Table 14 that 

the mean number of productive tillers per plant was 0.^3. 

The mean maximum number of productive tillers 
(1.11/plant) was observed with application of 120 kg H through 
fertilizers with 10 t FYM/ha and was significantly higher than 
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Table 14 : Hean nunber of productive tillers per plant, length of 
panicle and nunber of spikelets per panicle as influenced 
by different treatnents 

Sr. Treatmetns No. of Length of 'Norof 
productive panicle spikelets 
tillers (CB) per 
per plant panicle 

1. 120 kg N/ha through fertilizer 0,91 8.17 20.98 
2. 90 kg N/ha through fertilizer 0.89 8.09 20.00 
3. 60 kg N/ha through fertilizer 0.78 7,63 18.10 
4. 120 kg N/ha through FYM 0.77 5.99 13.45 
5. 90 kg N/ha through FYM 0.75 5.59 12.25 
6. 60 kg N/ha through FYM 0.72 3.97 11.43 
7. 120 kg N/ha through vermiconpost 0.79 6.64 16.30 
8. 90 kg N/ha through vermiconpost 0.77 5.90 14.80 
9. 60 kg N/ha through vermicompost 0.74 4.05 14.45 
10. 120 kg N/ha through fertilizer + 

10 t FYM 1.11 8.45 22.53 

11. 45 kg N through fertilizer + 
45 kg N through FYM 0.88 7.90 19.60 

12. 45 kg N through fertilizer + 
45 kg N through vermicoDpost 0.90 7.96 19.85 

F test Sig. Sig. Sig. 
S.E. ± 0.030 0.272 0.856 
C.D. at 5 X 0.086 0.784 2.467 

Mean 0.833 8.706 16.98 



67 

rest of the treatnents. It was followed by application of 120 
kg N/ha (0.913 tillers/plant) and was significantly higher than 
rest of the treatnents except application of 90 kg H/ha either 
through fertilizer alone or partly through fertilizer and partly 
through FYM or vernicoapost. 

The nininun productive tiller per plant was 
obtained due to application of 60 kg H either through FYM or 
vermicompost. 

The results are in line with those obtained by 
Reddy and Prasad (1980), Rao and Bharadwaj (1981), Bhaliya at 
ai. (1983), Singh and Awasthi (1983), Singh at ai. (1984), 
Sambasiva at ai. (1984), Nikan (1985), Girothia at. ai. (1987), 
Patel ai. ai. (1992), Gajendra (1993), Patel and Upadhyaya (1993) 
and Singh at ai. (1993). 

4.3.2 Length of panicle 
Length of panicle was significantly influenced due 

to different treatments. The naxinun and significantly nore 
panicle length (8.45 cm) was recorded due to application of 120 
kg N through chemical fertilizer + 10 t FYM/ha than rest of the 
treatments except application of 120 kg N/ha through fertilizer 
and 90 kg H either through inorganic sources or partly through 
inorganic and vermicompost or inorganic and FYM were equally 
effective in producing same size panicle length. 

Application of 120 kg N/ha given through 
vermicompost produced panicle of higher length than the same 
dose applied through FYM. However, both were at par. 
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4.3.3 Huaber of spikelets per panicle 

It was evident fron the data in Table 14 that the 
mean number of spikelets per panicle was 18.98. The mean number 
of spikelets per panicle differed significantly due to different 
treatments. The application of 120 kg H through fertilizer + 10 
t FYM/ha produced maximum and significantly more spikelets per 
panicle than rest of the treatments except application of 120 
kg N/ha through fertilizer which were at par. 

Application of 90 kg N either through fertilizer or 
half through inorganic source and remaining half through 
vermicompost or half through inorganic source and remaining half 
through FYM and 60 kg N/ha through inorganic source were equally 
effective in producing spikelets per panicle. 

As regards application of recommended dose of 
nitrogen through vermicompost produced significantly more number 
of spikelets than its equivalant dose given through FYM. The 
lowest spikelets number was due to application of 60 kg N/ha 
through FYM. 

4.3.4 Number of grains per panicle 
The data in Table 15 indicate that the mean number 

of grains per panicle was 34.40. 

The differences in the mean number of grains per 
panicle due to different treatments were significant. The 
highest number of grains (48.43) per panicle was observed with 
application of 120 kg N applied through fertilizer supplemented 
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Table 15 : Mean nunber of grains per panicle, grain weight (g) per 
plant and thousand grain weight (g) at harvest as 
Influenced by different treatments 

Sr. 
No. 

Treatnetns No. of 
grains/ 
panicle 

Grain 
weight/ 
plant 
(g) 

Thousand 
grain 
weight 
(g) 

1. 120 kg N/ha through fertilizer 43.28 2.18 45.13 
2. 90 kg N/ha through fertilizer 40.13 2.08 44.28 
3. 60 kg N/ha through fertilizer 38.18 1.94 42.93 
4. 120 kg N/ha through FYM 27.42 1.85 40.50 
5. 90 kg N/ha through FYM 25.10 1.53 37.88 
6. 60 kg N/ha through FYM 21.95 1.35 36.38 
7. 120 kg N/ha through vermicompost 34.86 1.74 43.00 
8. 90 kg N/ha through vermicompost 30.62 1.51 38.13 
9. 60 kg N/ha through vermicoEpost 24.48 1.39 36.98 
10. 120 

10 
kg N/ha 

t FYM 
through fertilizer + 46.43 2.28 46.78 

11. 45 
45 

kg N through fertilizer + 
kg N through FYM 

39.55 1.98 43.63 

12. 45 
45 

kg N through fertilizer + 
kg N through venaicompost 

40.80 2.02 44.15 

F test Sig. Sig. Sig. 
S.E 2.393 0.051 0.646 
C.D. at 5 X 6.895 0.146 1.882 

Mean 34.40 1.80 41.81 
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with 10 t FYM/ha. It was significantly higher than rest of the 
treatnents but on par with application of 120 kg N/ha through 
fertilizer, 90 kg H/ha either through inorganic sources or half 
through inorganic and vernicompost or half through inorganic 
source and remaining through FYM and all these were equally 
effective in producing grain number per panicle. 

Application of recommended dose through 
vermicompost produced significantly higher number of grains per 
panicle than similar dose applied through FYM. 

4.3.5 Grain weight (g> per plant at harvest 
The data in Table 15 indicate that the mean grain 

weight per plant was 1.80 g. The differences in the mean grain 
weight per plant due to various treatments were significant. 
Application of 120 kg N through fertilizer + 10 t FYM/ha 
produced significantly more grain weight than rest of the 
treatments except with 120 kg N/ha applied through fertilizer 
which was on par. 

The next higher grain weight per plant obtained was 
due to application of 120 kg H/ha and was on par with 
application of 90 kg N/ha through organic source or half through 
organic source and remaining half through vermicompost. The 
application of 120 kg N/ha through vermicompost produced higher 
grain weight per plant than same quantity applied through FYM 
but both were on par. 
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4.3.6 Thousand grain weight 
The data presented in Table 15 revealed that the 

Dean thousand grain weight was 41.81 g. 

The differences in the mean thousand grain weight 
due to various treatnents studied were significant. The test 
weight recorded with application of 120 kg H through fertilizer 
supplenented with 10 t FYM/ha produced maxinun weight of grain 
(46.78 g), which was significantly superior than the rest of the 
treatments except application of 120 kg N through fertilizer to 
which it was at par. 

The next higher test weight was obtained due to 90 
kg N/ha applied through inorganic source and produced 
significantly higher 1000 grain weight than rest of the 
treatments but on par with application of 90 kg N/ha applied 
half through inorganic source and remaining half either through 
vermicompost or FYM. 

Application of 120 kg H/ha through vermicompost 
produced significantly higher 1000 grain weight than its 
application through FYM. 

The minimum 1000 grain weight was obtained due to 
60 kg N/ha half of it through inorganic source and remaining 
half either through vermicompost or FYM. 

The values of yield contributing characters JLLZ.. , 
length of panicle, number of spikelets per panicle, number of 
grains per panicle and grain weight per plant and test weight 
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were the highest with application of 120 kg N through fertilizer 
with 10 t FYM/ha and values were 8.45 cm, 22.53, 46,43, 2.28 and 
48.78 g, respectively. Similar results were reported by Auti 
(1980), Dahatonde (1981), Singh and Agarwal (1983), Singh and 
Awasthi (1983), Nikam (1985), Dhuka si. a±. (1991), Pol ai. al. 
(1991), Singh si. ai. (1992) and Patel and Up ad hy ay (1893) in 
respect of length of panicle Bhaliya oL al. (1983), Nikam (1995) 
and Dhuka ei &1. (1991) in respect of number of spikelets per 
panicle. Auti (1980), Borse and Mahajan (1980), Sharma (1981), 
Rahul fii al. (1983), Singh si &1. (1984), Nikam (1985), Dhuka at 
al. (1991), Pol fit al. (1991), Singh at al. (1992) in respect of 
number of grains per panicle. Anonymous (1984), Nikam (1985), 
Girothia fii. al. (1987), Upadhyaya and Dubey (1991), Pol &L al. 
(1991), Singh ai. al. (1992), Chougule ai. al. (1993) and Patel 
and Upadhyaya (1993) in respect of 1000 grain weight. 

4.4 Yield studies 
The data pertaining to the yield of grain, straw, 

total biomass quintal per hectare and straw to grain ratios as 
affected by different treatments are presente^d in Table l6 and 
graphically depicted in Fig. 7. 

ft was clear from the data in Table 18 that the 
*mean grain, straw and total biomass per hectare was 33.50, 45.81 
and 81.37 q/ha, respectively. The mean grain to straw ratio was 

1:1.37. 
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4.4.1 Yield of grain per hectare 
The grain yield was significantly influenced due to 

various treatments under study. 

It could be seen from the data in Table 16 that the 
application of 120 kg N through fertilizer + 10 t FYM/ha 
recorded the highest grain yield (48.22 q/ha) were significantly 
superior over all other treatments. Except with application of 
120 kg N/ha through fertilizer which was on par. 

The yield obtained with application of 120 kg H/ha 
through fertilizer was on par with 90 kg N/ha applied through 
fertilizer. The grain yield recorded with 90 kg N/ha through 
chemical fertilizer was on par with the application of same 
quantity of which half through fertilizer and remaining half 
through vermicompost. 

Application of 120 kg N/ha through vermicompost 
produced higher grain yield than its application through FYM but 
both were at par. It was observed that application of 80 kg 
H/ha through FYM produced minimum yield and was at par with same 
quantity applied through vermicompost or even 90 kg N/ha through 
FYH. 

4.4.2 Yield of straw per hectare 
The data presented in Table 16 indicate that the 

per hectare straw yields were significant due to various 
treatments. Application of 120 kg N/ha through fertilizer with 
10 t FYM/ha produced significantly higher straw yield (58.89 



74 

Table 16 : Hean yield of grain, straw and total bionass per hectare 
and grain to straw ratio as affected by different treatments 

Sr, 
No, 

Treatments Grain Straw Yield Grain 
yield/ yield/ of to 
per per bio- straw 
hectare hectare iiass/ ratio 
(Qtl) (Qtl) hectare 

(Qtl) 

1. 120 kg N/ha through fertilizer 45.65 55.14 100.80 1 

2. 90 kg N/ha through fertilizer 42.44 52.98 95.42 1 

3. 80 kg N/ha through fertilizer 37.16 47.32 84.49 1 
4. 120 kg N/ha through FYM 30.61 41.15 71.76 1 
5. 90 kg N/ha through FYM 27.39 37.55 64.94 1 

6. 60 kg N/ha through FYM 24.43 34.46 58.90 1 

7. 120 kg N/ha through vermicompost 34.72 44.75 79.47 1 

8. 90 kg N/ha through vermicompost 31.38 41.67 73.05 1 
9. 60 kg N/ha through vermicompost 27.52 37.55 65.07 1 
10. 120 kg N/ha through fertilizer + 48.22 58.89 107.12 1 

10 t FYM 
11. 45 kg N through fertilizer + 

45 kg N through FYM 
12. 45 kg N through fertilizer + 

45 kg N through vermicompost 
F test Sig. 
S.E. + 1.473 
C.D. at 5 % 4.243 

Sig. 
2.000 

Sig. 
3.649 

1 . 2 1 

1.25 
1.27 
1.34 
1.37 
1.41 
1.29 
1^33 
1.36 
1.22 

37.42 47.84 85.91 1:1.28 

39.09 50.41 89.53 1:1.29 

5.762 10.512 

Mean 33.51 45.81 81.37 1:1.37 
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q/ha) than the rest of the treatments except with 120 kg N/ha 
through fertilizer which was on par. Application of 90 kg N/ha 
through fertilizer produced equivalent quantity of straw with 
120 kg N/ha applied through inorganic source and 90 kg N/ha half 
of which applied through inorganic fertilizer and remaining half 
through vermicompost, were at par. Application of 120 kg N/ha 
through vermicompost produced higher fodder than the same 
applied through FYM but both of them were at par. 

Minimum fodder yield was obtained due to 
application of 60 kg N/ha applied through either vermicompost or 
FYM. 

4.4.3 Total biomass yield per hectare 
The differences in the total biomass yield in q/ha, 

due to various treatments were significant. 

Total biomass production on hectare basis was 
maximum (107.12 q) with the application of 120 kg N/ha through 
fertilizer + 10 t FYM/ha and was significantly more than rest of 
the treatments except with the application of 120 kg N/ha 
through fertilizer. The next higher biomass production was due 
to 90 kg N/ha through inorganic source and it was significantly 
higher than rest of the treatments but on par with the same 
quantity applied half of which through inorganic source and 
remaining half either through vermicompost or FYM. 

Application of 120 kg N/ha through vermicompost 
produced higher biomass than its application through FYM but 
both of them were at par. The minimum quantity of biomass was 
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obtained due to application of 80 kg N/ha through vernicompost 
or FYM. 

4.4.4 Grain to straw ratio 
The data pertaining to the grain to straw ratio are 

presented in Table 18. 

The data were not statistically analysed hence the 
inferences were drawn fron the mean values. 

The grain to straw ratio obtained with application 
of 60 kg N/ha through FYM was the widest (1:1.41) while it was 
narrowest with the application of 120 kg N/ha through fertilizer 
(1:1.21). In general grain to straw ratio was narrow with the 
application of nitrogen through fertilizer as conpared to 
nitrogen applied through organic sources. 

Consequent upon the expression of growth characters 
and yield attributes discussed earlier the trend renains sane. 
Application of 120 kg N/ha through fertilizer supplenented with 
10 t FYM/ha produced maxinun grain yield (48.22 q/ha), straw 
yield (58.88 q/ha) and total bionass (107. 11 q/ha) and it was 
significantly superior over rest of the treatments but was on 
par with 120 kg N/ha applied through fertilizer alone. 

Several research workers have reported that 
application of 120 kg N/ha or more produced significantly higher 
grain and straw yields than that of reduced levels of N Borse 
and Mahajan (1980), Malik (1981), Bhaliya ai. al. (1983), Singh 
and Gulani (1983), Sambasiva at ai. (1984), Nikan (1985), 
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Girothia (1987), Dhuka at ai. (1991), Upadhyaya and Dubey (1991) 
and Naphade si. al. (1993). However, application of organic 
manure in conjunction with recoumended dose of nitrogen has 
produced significantly higher grain and straw yields than the 
recommended dose. Similar observations were made by Sharma 
(1981), Sinha at ai. (1981), (Jill and Meelu (1982), Patel at ai. 
(1992), Shinde (1992), Kasole ai. al. (1993) and Naphade al ai. 
(1993). 

4.5 EconoBical studies 
The data in respect of economics of fertilizer 

application are presented in Table 17. 

The maximum gross monetary returns of Rs. 27080/ha 
were obtained with 120 kg N/ha + 10 t FYM/ha. It was followed 
by application of 120 kg N/ha given through fertilizer alone 
(Rs. 25583/ha). However, while considering the net profit the 
trend changed. The maximum net profit (Rs. 17642/ha) was with 
application of 120 kg N/ha thrpugh fertilizer alone and it was 
followed by application of 90 kg N/ha through fertilizer. 
Substitution of nitrogen partly or completely through organic 
source reduced the net profit due to its prices. The maximum 
benefit cost ratio (2.22) was obtained with the application of 
120 kg N/ha through fertilizer and the lowest being obtained 
(0.03) with the application of 120 kg N/ha given through FYM. 
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Table 17: Mean cost of cultivation, total nonetary returns, net profit 
and benifit cost ratio as affected by different treataents 

Sr. Treatments Cost Total Net Benefit 
No. of mone- profit cost 

culti- tary (Rs/ha) ratio 
vation returns 
(Rs/ha) (Rs/ha) 

1. 120 kg H/ha through fertilizer 7941 25583 17642 1 2.22 
2. 90 kg N/ha through fertilizer 7767 24869 17102 1 2.20 
3. 60 kg H/ha through fertilizer 7593 20952 13359 1 1.76 
4. 120 kg N/ha through FYM 16844 17363 519 1 0.03 
5. 90 kg N/ha through FYM 14444 15573 1129 1 0.08 
6. 60 kg N/ha through FYM 12044 13944 1900 1 0.16 
7. 120 kg N/ha through vermiconpost 18355 19598 1243 1 0.07 
8. 90 kg H/ha through vermicompost 15848 17669 1823 1 0.12 
9. 60 kg H/ha through vermicompost 12799 15638 2839 1 0.22 
10. 120 kg N/ha through fertilizer + 13941 27080 13119 1 0.94 

10 t FYM 
11. 45 kg N through fertilizer + 11105 21103 9998 1 :0.90 

45 kg N through FYM 
12. 45 kg K through fertilizer + 11672 22071 10399 1:0.89 

45 kg N through vermiconpost 

Mean 
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4.6 Chesical studies 
The data on chenical studies are reported in Table 

18 to 22. 

4.6.1 Concentration of N, P and K in wheat grain 
The data pertaining to N, P and K content in grain 

as affected by different treatments are presented in Table 18. 

The nean N, P and K content in grain was 1.856, 
0.484 and 0.457 per cent, respectively. 

The nitrogen content differed significantly due to 
various treatnents. The maxinuii H content in grain was observed 
with the application of 120 kg N/ha applied through chenical 
fertilizer + 10 t FYM/ha and it was significantly nore than rest 
of the treatments except application of 120 kg N/ha applied 
through fertilizer and 90 kg N/ha of which 45 kg N through 
chemical fertilizer and remaining 45 kg N given through either 
FYM or vermicompost. Concentration of N in grain where N was 
supplied through vermicompost was on par with the 90 kg N 
applied through fertilizer. As regards 120 kg N supplied 
through vermicompost was superior to that of sane quantity 
supplied through FYM. 

Phosphorus and potassium content in wheat grain was 
not influenced significantly due to different treatments. 
However, maximum P and K content was observed with the 
application of 120 kg N/ha through fertilizer alone and in 
combination with 10 t FYM/ha, respectively. 
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Table 18 : Mean concentration of N, P 
by different treatments 

and K in wheat tfrain as affected 

Sr. 
Ho. 

Treatnents Percentage in 
N P 

grain 
K 

Protein 
percent 
in 
grain 

1. 120 kg N/ha through fertilizer 2.067 0.528 0.500 12.93 
2. 90 ks N/ha through fertilizer 1.820 0.480 0.488 11.38 
3. 60 kg H/ha through fertilizer 1.785 0.450 0.438 11.16 
4. 120 kg N/ha through FYM 1.750 0.469 0.438 10.94 
5. 90 kg N/ha through FYM 1.680 0.457 0.425 10.50 
6. 60 kg N/ha through FYM 1.680 0.446 0.413 10.50 
7. 120 kg N/ha through verniconpost 1.820 0.485 0.475 11.38 
8. 90 kg N/ha through vernicompost 1.820 0.471 0.425 11.37 
9. 60 kg N/ha through verniconpost 1.820 0.457 0.425 11.38 
10. 120 

10 
kg N/ha 
t FYM 

through fertilizer + 2.150 0.536 0,500 13.44 

11. 45 
45 

kg N 
kg H 

through fertilizer + 
through FYM 

1.960 0.528 0.475 12.25 

12. 45 
45 

kg N 
kg N 

through fertilizer + 
through vernicompost 

1.925 0.499 0.488 12.03 

F test Sig. N.S. N.S. Sig. 
S.E . t 0.087 0.023 0.025 0.545 

C.D . at , 5 % 0.251 N.S. N.S. 1.571 

Mean 1.858 0.484 0.457 11.605 
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The results are in confornity with the reports of 
Auti (1980), Sinha si al. (1981), Nikan (1985) and Dhuka si. al. 
(1992). 

4.8.2 Protein percent in grain 
The data on nean protein percent in wheat grain as 

affected by different treatnents are presented in Table 18. 

It was clear from the data in Table 18 that the 
mean protein content in grain was 11.61 per cent. The 
differences in protein per cent as influenced by different 
treatnents were significant. 

Application of 120 kg N through fertilizer + 10 t 
FYM/ha recorded the highest protein per cent (13.44) and was 
significantly higher than all other treatnents, except 
application of 120 kg N/ha through fertilizer alone and 
application of 90 kg N/ha of which 45 kg N applied through 
fertilizer and remaining 45 kg N either through FYM or 
vermicompost, which were on par. It could also be seen from the 
data that protein percentage in grain was nore due to 
application of 120 kg H/ha through fertilizer and it was on par 
with the application of 120, 90 and 80 kg H applied through 
vermicompost and application of 90 kg H/ha through fertilizer 
alone. The application of nitrogen through vermicompost showed 
more protein percentage in grain than same dose applied through 
FYM. 
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The results are in confornity with the reports of 
Auti (1980), Nikam (1985), Jadhav and Koregave (1988), Patel fil 
ai. (1991), Pol fit ai. (1991), Singh si. ai. (1992), Chougule el 
ai. (1993) and Patel and Upadhyaya (1993). 

4.6.3 Concentration of N, P and K in wheat straw 
The data pertaining to H, P and K content in straw 

as affected by different treatments are presented in Table 19. 

It would revealed that the mean concentrations of 
N, P and K in straw were 0.359, 0.108 and 1.650, respectively. 

The mean N and P content in straw was not 
significant. However, the maxinun N and P percentage was 
observed with application of 120 kg N/ha through fertilizer with 
10 t FYM/ha. 

The K content in straw was significant. Maximum K 
percentage in straw was observed with application of 120 kg N/ha 
through fertilizer alone, and was significantly more than rest 
of the treatments except application of 120 kg N through 
fertilizer + 10 t FYM/ha, 90 kg N half of which through 
fertilizer and remaining either through FYM or vermicompost. It 
was observed that K content in straw with the application of 90 
and 120 kg N/ha through vermicompost was on par with 90 kg N 
through fertilizer which was also superior than the same dose 
applied through FYM only. 
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Table 19 : Hean concentration of H, P 
by different treatnents 

and K in wheat straw as affected 

Sr. 
No. 

Treatmetns Percentage in straw 

1. 120 kg N/ha through fertilizer 0 
N 
.420 

P 
0.125 

K 
1.838 

2. 90 kg N/ha through fertilizer 0 .385 0.102 1.713 
3. 60 kg N/ha through fertilizer 0 .350 0.096 1.813 
4. 120 kg N/ha through FYM 0 .350 0.108 1.550 
5. 90 kg N/ha through FYM 0 .350 0.102 1.500 
6. 60 kg N/ha through FYM 0 .315 0.098 1.425 
7. 120 kg N/ha through vermicOBpost 0 .350 0.102 1.888 
8. 90 kg N/ha through vermioonpcst 0 .350 0.102 1.813 
9. 60 kg K/ha through vermiconpost 0 .315 0.098 1.500 
10. 120 

10 t 
kg H/ha 
FYM 

through fertilizer + 0 .420 0.131 1.825 

11. 45 kg N 
45 k£ N 

through fertilizer + 
through FYM 

0 .350 0.114 1.775 

12. 45 kg H 
45 kg N 

through fertilizer + 
through vermiconpost 

0 .350 0.119 1.763 

F test N .S. N.S. Sig. 
S.E. t 0 .57 0.011 0.048 
C.D. at 5 X N .S. N.S. 0.131 
Mean 0 .359 0.108 1.850 
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4.6.4 Uptake of nitrogen by wheat grain, straw and total at 
harvest 

The data in respect of uptake of nitrogen by wheat 
grain, straw and total uptake are presented in Table 20 and 
graphically dipicted in Fig. 8, 

The data pertaining to mean uptake of nitrogen 
through grain, straw and total uptake by both differed 
significantly due to various treatments. The mean uptake of 
nitrogen through grain straw and total were 68.45, 18.55 and 
83.43 kg/ha, respectively. 

The mean uptake of nitrogen through grain differed 
significantly due to various treatments. The maximum uptake of 
nitrogen through grain (103.65 kg/ha) was due to application of 
120 kg N/ha through fertilizer + 10 t FYM/ha and was 
significantly higher than rest of the treatments and was at par 
with application of 12(5 kg N^ha through fertilizer. Application 
of 120 kg N through vermicompost resulted significantly more H 
uptake in grain than same quantity through FYM. 

As regards straw the similar trend was observed as 
that of grain. The maximum N uptake in straw was observed due 
to application of 120 kg N/ha through fertilizer + 10 t FYM/ha 
and was significantly higher than rest of the treatments and was 
on par with 120 kg N and 90 kg N/ha through fertilizer alone. 

As regards the total N uptake through biomass it 
was observed that the mean maximum total N uptake (128.25 kg/ha) 
was noticed due to application of 120 kg N/ha through fertilizer 



85 

Table 20 : Mean uptake of nitrogen 
straw and total as affected by different treatments 

Sr. 
No 

Treatnetns Grain 
(kg/ha) 

Straw 
(kg/ha) 

Total 
(kg/ha) 

1. 120 kg N/ha through fertilizer 94.51 22.97 

2. 90 kg H/ha through fertilizer 77.20 20.40 97.60 

3. 60 kg H/ha through fertilizer 66.90 16.13 83.03 

4. 120 kg H/ha through FYM 53.22 14.62 67.84 

5. 90 kg N/ha through FYM 46.32 13.20 59.51 

6. 60 kg N/ha through FYM 41.21 10.70 51.68 

7. 120 kg N/hsi through verniconpost 63.34 15.55 78.89 

8. 90 kg N/ha through vermioonpost 57.11 14.66 71.78 

9. 60 kg H/ha through verniconpost 49.89 11.79 61.68 

10. 120 kg H/ha through fertilizer + 
10 t FYM 

103.65 24.63 128.28 

11. 45 kg H through fertilizer + 
45 kg N through FYM 

73.44 16.58 90.02 

12. 45 kg K through fertilizer + 
45 kg N through verniconpost 

75.82 17.39 93.23 

F test Sig. Sig. Sig. 

S.E. t 4.69 2.06 4.75 

CD. at 5 % 13.50 5.94 13.67 

66.88 16.55 83.43 
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+ 10 t FYM/ha and was significantly higher than rest of the 
treatments but was on par with application of 120 kg H/ha 
through fertilizer alone. Application of 120 kg N/ha given 
through vemicompost produced conparatively higher N uptake than 
its application through FYM. 

Significantly less uptake of nitrogen by grain, 
straw and total was observed due to application of 80 kg N/ha 
through FYM. The results are in conformity with those obtained 
by Vaishy and Singh (1981), Singh (1981), Singh and Agarwal 
(1983), Nikam (1985), Raguwanshi el. ai. (1988), Pol &L al. 
(1991), Naphade ei. ai. (1993). 

4.6.5 Phosphorus uptake by wheat grain, straw and total uptake 
at harvest 

The data in respect of uptake of phosphorus by 
grain, straw and total uptake are presented in Table 21 and 
graphically shown in Fig. 9. 

The mean uptake through grain, straw and total was 
17.296, 5,038 and 22.338 kg/ha, respectively. 

The maximum P uptake by grain and total uptake was 
observed due to application of 120 kg N/ha through fertilizer + 
10 t FYM/ha which was significantly superior over rest of the 
treatments but on par with application of 120 kg N through 
fertilizer alone. However, P uptake through straw with 
application of 120 kg N/ha through fertilizer was on par with 
application of 90 kg N/ha through fertilizer and half of which 
through fertilizer and half through vermicompost or FYM. 
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Table 21 : Mean uptake of phosphate (kg) per hectare by wheat grain, 
straw and total as affected by different treatments at 
harvest 

Sr. 
No. 

Treatoetns Grain 
(kg/ha) 

Straw 
(kg/ha) 

Total 
(kg/ha) 

1. 120 kg N/ha through fertilizer 24.13 6.91 31.04 
2. 90 kg N/ha through fertilizer 20.33 5.47 25.81 
3. 60 kg N/ha through fertilizer 18.80 4.53 21.13 
4. 120 kg N/ha through FYM 14.30 4.55 18.85 
c \J . 90 kg N/ha through FYM 12.58 3.91 18.48 
8. 60 kg N/ha through FYM 10.93 3.36 14.29 
7. 120 kg N/ha through vermioompost 16.81 4.62 21.46 
8. 90 kg N/ha through vermioompost 14.73 4.30 19.03 
9. 60 kg N/ha through vermioompost 12.55 3.85 16.20 
10. 120 kg N/ha through fertilizer + 

10 t FYM 25.88 7.74 33.61 

11. 45 kg N through fertilizer + 
45 kg N through FYM 19.71 5.42 25.13 

12. 45 kg N through fertilizer + 
45 kg N through vermioompost 19.01 5.99 25.00 

F test Sig. Sig. Sig. 
S.E. ± 1.109 0.833 1.470 
C.D. at 5 % 3.198 1.824 4.236 

Mean 17.296 5.038 22.336 
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Uptake of phosphorus through grain, straw and 
through both vas maxinun with 120 kg N/ha through vernicompost 
and its various levels were on par. The nininun uptake of 
phosphorus was observed due to application of 60 kg H/ha through 
FYM. 

4.6.6 Potash uptake by wheat grain, straw and total at harvest 
Data regarding nean uptake of potash by wheat grain 

straw and total uptake as influenced by various treatments are 
presented in Table 22 and graphically shown in Fig. 10. 

The nean uptake of potash in grain, straw and total 
was 18.42, 76.14 and 92.85 kg/ha, respectively. 

The maxinuB uptake of potash through grain, straw 
and total (24.11, 107.44, 131.55 kg/ha) was noticed with the 
application of 120 kg through fertilizer + 10 t FYM/ha. It was 
significantly superior over all other treatnents except 
application of 120 kg N/ha through fertilizer. 

Application of reconnended dose of nitrogen through 
vernicompost produced nore uptake of potash through grain, straw 
and both over its application through FYM but both these were at 
par. Application of 90 kg N/ha through organic fertilizer 
obtained more uptake of potash in case of wheat grain, straw and 
through both than its application half of which applied through 
inorganic source and remaining half either through vernicompost 
or FYM but all these were at par. 
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Table 22 : Mean uptake of potash (k£) per hectare by the wheat 
grain, straw and total as affected by different 
treatnent at harvest 

Sr. 
No. 

Treatmetns Grain 
(kg/ha) 

Straw 
(kg/ha) 

Total 
(kg/ha) 

1. 120 N/ha through fertilizer 22.87 97.73 120.80 
2. 90 kg N/ha through fertilizer 20.70 90.80 111.50 
3. 60 kg N/ha through fertilizer 16.28 76.17 92.44 
4. 120 kg N/ha through FYM 13.29 63.49 76.78 

5. 90 kg N/ha through FYM 11.45 55.94 67.39 

6. 60 kg N/ha through FYM 10.08 49.16 59.25 

7. 120 kg N/h& through vermiconpost 16.53 75.60 92.13 

8. 90 kg N/ha through verniconpost 13.40 67.22 80.62 

9. 60 kg N/ha through vernicompost 11.62 56.21 67.83 

10. 120 
10 

kg H/ha 
t FYM 

through fertilizer + 24.11 107.44 131.55 

11. 45 
45 

kg 1 
kg 1 

S through 
» through 

fertilizer + 
FYM 

17.68 84.87 102.55 

12. 45 
45 

kg 1 
kg I 

« through 
H through 

fertilizer + 
vernicoBpost 

19.08 89.06 108.14 

F test Sig. Sig. Sig. 

S.E . ± 1.018 3.782 3.887 

C.D . at 5 % 2.932 10.897 11.199 

Mean 16.422 76.140 92.854 
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4.7 Chenical studies of soil 
The data pertaining to chenical studies of soil 

after harvest of wheat crop are presented in Table 23 and 24. 

4.7.1 Organic carbon percent 
The data regarding soil organic carbon content as 

influenced by different treatnents are presented in Table 23. 

The data given in Table 23 revealed that the nean 
soil organic carbon per cent after harvest of wheat crop was 
0.62 per cent and differed significantly due to various 
treatnents. 

The naxinum organic carbon (0.89 X) was accunulated 
due to application of 120 kg N + 10 t FYM/ha and was 
significantly higher than rest of the treatnents except 
application of 120 and 90 kg N/ha applied through FYM. While, 
the low, organic carbon content in soil was in different levels 
of nitrogen applied through fertilizers. 

4.7.2 Hean total nitrogen per cent 
The data pertaining to total nitrogen per cent in 

soil after harvest of wheat was presented in Table 23. 

The total nitrogen per cent was significantly 
influenced due to different treatnents. The nean total nitrogen 
per cent was 0.052. The nean naxinun total nitrogen per cent of 
0.057 was observed due to application of 120 kg H through 
fertilizer + 10 t FYM/ha. It was significantly nore than rest 
of the treatnents except with application of 120 kg N and 90 kg 
N/ha applied through FYM only which were on par. 
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Table 23 :Hean organic carbon (X), total nitrogen (X) in soil and 
C:H ratio after harvest of wheat as affected by different 
treatments 

Sr. 
No. 

Treatmetns Organic 
carbon <%> 

Total 
nitrogen 
(X) 

C:N 
ratio 

1. 120 kg N/ha through fertilizer 0.56 0.048 11.99 
2. 90 kg H/ha through fertilizer 0.56 0.046 12.08 
3. 60 kg N/ha through fertilizer 0.53 0.045 11.92 
4. 120 kg N/ha through FYM 0.67 0.056 11.98 
5. 90 kg N/ha through FYM 0.66 0.055 11.87 
6. 60 kg N/ha through FYM 0.62 0.052 12.03 
7. 120 kg N/ha through vernicoiipost 0.64 0.053 11.99 
8. 90 kg N/ha through vernicoBiyost 0.63 0.053 12.09 
9. 60 kg N/ha through vernioonpost 0.63 0.052 12.03 
10. 120 

10 
kg H/ha 

t FYM 
through fertilizer + 0.69 0.057 11.98 

11. 45 
45 

kg N through fertilizer + 
kg through FYM 

0.62 0.052 11.99 

12. 45 
45 

kg N through fertilizer + 
kg H through vermicompost 

0.60 0.051 11.95 

F test Sig. Sig. N.S. 

S.E . ± 0.010 0.001 0.325 

C.D . at 5 % 0.030 0.002 N.S. 

Mean 0.62 0.052 11.98 
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4.7.3 Carbon to nitrogen ratio 
The data regarding carbon to nitrogen ratio is 

presented in Table 23. 
The carbon to nitrogen ratio was not influenced 

significantly due to various treatnents. The nean C:N ratio of 
soil after harvest of wheat crop was 11.98. The C:N ratios 
remains unchanged due to graded levels of nitrogen given through 
various sources was also reported by Sharna at ai. (1989). 

4.7.4 M, P and K status of soil after harvest of wheat 
The data pertaining to the available N, P and K 

status of soil after harvest of wheat crop as influenced by 
different treatments are presented in Table 24 and graphically 
shown in Fig. 11. 

The mean available H, P and K was 127.83, 20.78 and 
389.40 kg/ha, respectively. 

The mean naxinun available nitrogen in soil after 
wheat harvest was 141.75 kg/ha due to application of 120 kg N/ha 
+ 10 t FYM/ha and was significantly higher than rest of the 
treatments except application of 120 kg N and 90 kg N/ha through 
inorganic sources. Application of 120 kg N/ha either through 
vermicompost or FYM had similar available N in soil. 

As regards the available phosphorus and potassium 
in the soil the differences were not significant due to graded 
levels of nitrogen given through various sources. The results 
corbororate with the results obtained by Chaudhari (1981), 
Prasad et al. (1983), Acharya aJL ai. (1988) and Raghuwanshi fit 
ai. (1988). 
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Table 24 : Mean II, P and K content in soil at harvest of wheat as 
diffected by different treatnents 

Sr. 
No. 

Treatmetns Available H, P and K in 
soil (kg/ha) 

H 
1. 120 kg N/ha through fertilizer 138.00 21.43 397 .50 
2. 80 kg N/ha through fertilizer 134.50 20.68 375 .25 

3. 60 kg N/ha through fertilizer 123.75 20.58 389 .25 

4. 120 kg N/ha through FYM 123.00 20.84 392 .25 

5. SO kg N/ha through FYM 120.75 19.99 391 .75 

6. 80 kg N/ha through FYM 126.00 20.28 386 .25 

7. 120 kg N/ha through vernicompost 123.00 20.79 397 .50 

8. 90 kg N/ha through verniconpost 121.50 19.83 378 .00 

9. 60 kg N/ha through vermiconpost 122.25 20.42 366 .75 

10. 120 
10 

kg N/ha 
t FYM 

through fertilizer + 141.75 22.28 411.50 

11. 45 
45 

kg N through fertilizer + 
kg N through FYM 

127.75 21.43 400 .50 

12. 45 
45 

kg N through fertilizer + 
kg N through vemiconpost 

131.75 20.79 386 .25 

F test Sig. N.S. N.S • 

S.E . ± 3.029 0.687 13. 556 

C.D . at 5 % 8.726 N.S. N.S • 

Mean 127.83 20.78 389.40 
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4.8 Balance sheet of available nitrogen in bajra-wheat 
sequence 

The data presented in Table 25 indicated that there 
was overall loss of nitrogen at the end of bajra-wheat cropping 
system. The study revealed that there was gain in available 
nitrogen if it is applied through inorganic sources. The graded 
levels of nitrogen applied through FYM had lost more nitrogen 
than the same levels applied through vermicompost. It indicates 
that amongst organic sources vermicompost is better source. 

The study further revealed that the combinations of 
inorganic and organic sources reduced the loss of nitrogen than 
the whole quantity of nitrogen applied through either of the 
organic sources. Amongst the combinations of inorganic and 
organic sources at particular N level it was observed that 
combinations of inorganic and vermicompost was better than same 
N applied through inorganic sources and FYM. 

Further, it was observed that the maximum gain of 

nitrogen was with recommended dose of H supplemented with 10 t 

FYM/ha. 
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Table 25 : Balance sheet of available soil nitrogen in various treatment in bajra-Hheat sequence 

Treatients Initial Addition of nitrogen Reioval of nitrogen by Expected Actual Net 
available through fertilizer (kg) crop (kg) balance balance loss or 
soil N of (kg) gain in 

Kharif Rabi Total Kharif Rabi Total nigrogen nigrogen 
(kg) (kg) 

125 60 120 180 57 118 175 130 138 + 8 

125 45 90 135 54 98 152 108 135 + 27 

125 30 60 90 49 83 132 83 124 + 41 

125 &0 120 180 17 68 85 220 123 - 97 

125 45 90 135 12 60 72 188 121 - 67 

125 30 60 90 11 52 63 152 126 - 26 

125 60 120 180 24 79 103 202 123 - 79 

125 45 90 135 21 72 93 167 122 - 45 

125 30 60 90 17 62 79 136 122 - 14 

0 125 60 120 180 61 128 189 116 142 • 26 

1 125 45 90 135 36 90 126 134 128 - 6 

2 125 45 90 135 42 93 135 125 132 + 7 

otal -1500 555 1110 1665 401 1003 1404 1761 1536 -225 



bic 26 : Bal a n c e s h e e t o f a v a i l a b l e s o i l p h o s p h o r « s in variflds t r a a t a e n t in b a j r a - n l i e a t s e q a e n c e 

;at«ent - I n i t i a l A d d i t i o n of pho s p h o r u s fietoval of p h o s p h o r u s by Expected Actual Net 
avai l a b l e through f e r t i l i z e r (kg) croD (kg) balance balance loss or 
soil P of (kg) gain in 

Kharif fiabi Total Kharif Rabi Total P (kg) P (kg) 

12.91 30 60 90 13.17 31.04 44.21 58.7 21.43 - 3 7 . 2 7 

12-91 30 60 90 10.03 25.81 35.84 67.07 20.68 - 4 6 . 3 9 

30 60 90 8 . 52 21.13 29.65 73 . 26 20 . 58 - 5 2 . 6 8 

12-91 30 60 90 5.34 18.85 24.19 78.72 2 0 . 8 4 - 5 7 . 8 8 

'2.91 30 60 90 3.1 7 16.48 1 9.65 8 3 . 2 6 19.99 - 6 3 . 2 7 

^ i2.9! 30 60 90 1.73 14.29 16.02 86.89 20.26 - 6 6 . 6 3 

' i2-91 30 60 90 8.07 21.46 29.53 73.38 20.79 - 5 2 . 5 9 

8 12.91 30 60 90 5.02 19.03 24,05 78.86 19.83 - 5 9 . 0 3 

1 2,91 30 60 90 4,19 16.20 20.39 8 2 . 5 2 20 . 42 - 6 2 . 1 0 

1 2,91 30 60 90 1 5,65 33.61 49.26 53.65 22.28 - 3 1 . 3 7 

11 12.91 30 60 90 6.24 25.IJ 3 1.37 7 1.54 21.43 -5 0 . 1 1 

12 12.91 30 60 90 8 . 9 0 25.00 33.90 69.01 20.79 - 4 8 , 2 2 

.9 Balance sheet of available phosphorus in bajra-wheat 
sequence 

The data presented in Table 26 showed that there 
as overall loss of phosphorus at the end of bajra-wheat crop 
equence. The loss in the available soil phosphorus in the bajra-
fheat crop sequence with the various treatments was in the range 
f 31.37 to 66.63 kg/ha. The maximum loss was in the treatment 
ĥere 60 kg N/ha was applied through FYM, while the mimimum was in 
he treatment where 120 kg N/ha through fertilizer + 10 t PYM/ha 
'as added. 

L 



e 27 : Ba l a n c e s h e e t of a v a i l a b l e soil p a t a s s i M in va r i o v s t r e a t i e a t i« b a j r a - n h a a t s e ^ M n c e 

tient Initial A d d i t i o n of po t a s s i u * Reioval of po t a s s i u i by Exp e c t e d Actual Ket 
availabl e through fertilizer ( k g ) crop (kg) balance b a l a n c e loss or 

^ of (kg) gain in 

Kharif fiabi Total Iharif Rabi Total K (kg) K ( k g ) 

<50 --- 60 60 --- 120. 6 0 1 2 0 . 6 0 4 0 7 . 4 0 3 9 7 . 5 0 - 9 . 9 0 

<50 --- 60 60 --- 111.50 111.50 3 9 8 . 5 0 3 7 5 . 2 5 - 2 1 . 2 5 

<50 --- 60 60 --- 92 . 4 4 9 2 . 4 4 417.56 389.25 - 2 8 . 3 1 

<50 --- 60 60 --- 76.78 76.78 4 3 3 . 2 2 3 9 2 . 2 5 - 4 J . 9 7 

<50 - - 60 60 --- 67.39 6 7 . 3 9 442.61 3 9 1 . 7 5 - 5 0 . 8 6 

<50 --- 60 60 - - 59.25 59.25 4 5 0 . 7 5 3 8 6 . 2 5 - 6 4 . 5 0 

<50 --- 60 60 --- 92.13 92.13 41 7 . 8 7 3 9 7 . 5 0 - 2 0 . 3 7 

<50 --- 60 60 --- 80.62 80.62 4 2 9 . 3 8 3 7 8 . 0 0 - 5 1 . 3 8 

<50 --- 60 60 --- 67.83 6 7 . 8 3 4 4 2 . 1 7 3 6 6 . 7 5 - 7 5 . 4 2 

<50 --- 60 60 --- 131.55 131.55 $ 7 8 . 4 5 41 1.50 + 3 3 . 0 5 

1 <50 --- 60 60 --- 102.55 102.55 4 0 7 . 4 5 4 0 0 . 5 0 - 6 . 9 5 

2 <50 --- 60 60 --- 108.14 108.14 4 0 1 . 8 6 3 8 6 . 2 5 - 1 5 . 6 1 
10 Balance sheet of available potassiiun in bajra-wheat 

sequence 
The data presented in Table 27 indicated that there 

IS overall loss of potassium at the end of bajra-wheat crop 
iquence. However, the gain in potash was only observed in the 
reatment 120 kg N/ha + 10 t FYM/ha. The loss in the available 
)il potassium in the bajra-wheat crop sequence with the various 
reatments was in the range of 6.95 to 75.42 kg/ha. The maximum 
)ss was in the treatment where 60 kg N/ha was applied through 
jrmicompost, while the mimimum was in the treatment 45 kg N 
irough fertilizer + 45 kg N through vermicompost was added. 



^ u m m a r p a n b €ontlniioni 

SF-; 



S. SUMMARY ANO CONCLUSION 

5.1 Sumnary 
The present investigation on the 'Nitrogen suesrrrunoM 

through organic sources and their effects on irrigated wheat in 
bajra-wheat sequence' was carried out at Post Graduate 
Institute, Central Campus Farm in 'B' block of Mahatna Phule 
Krishi Vidyapeeth, Rahuri in Ahmednagar district during rahi 
season of 1993-94. The experiment was laid out in randomised 
block design with twelve treatments replicated four times. The 
first nine treatments consisted of three levels of nitrogen 
jtii., 60, 90 and 120 kg N/ha through various sources ylz.., 
chemical fertilizer (urea) and organic sources such as FYM and 
vermicompost. The common basal dose of 60 kg P2O5 and 60 kg 
K20/ha were applied to all the treatments at sowing. In 
addition there were three treatments zlZL. , recommended dose of 
120 kg N with 10 t FYM/ha and 90 kg N of which half through 
inorganic source and remaining half through either FYM or 2 
vermicompost. The gross and net plot sizes were 4.50 x 3.60 m 

and 3.60 x 2.70 m^, respectively. 

The soil of experimental field was clayey in 
texture low in available nitrogen medium in available P2O5 and 
fairly rich in available KgO content. In general the season was 
normal for the growth of wheat. 

Besides yield data, the periodical growth 

attributes and the yield contributing characters of wheat were 
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recorded. The data regarding economics, N, P and K content in 
grain and straw were recorded and uptake of these nutrients was 
also worked out. The protein content in grain was determined. 
The fertility status before start of experiment and balance 
sheet of nitrogen in bajra-wheat sequence after harvest was also 

worked out. 

The growth characters . plant height, number of 

tillers. leaf number, leaf area per plant, dry matter 
accumulation were determined periodically. The chemical studies 
viz., N, P and K content in soil at initial stage and after 
harvest, its concentration in grain, straw and in both, uptake 
of these nutrients in grain, straw and both were determined. 

5.1.1 Growth characters 
The growth contributing characters iiz.., plant 

height, number of tillers, number of leaves, leaf area and dry 
matter accumulation per plant were influenced significantly due 
to graded levels of nitrogen given through both organic and 
inorganic sources. The mean maximum plant height (90.08 cm), 
green leaves (4.90), highest number of productive tillers 
(1.11/plant) were observed with 120 kg N through fertilizer 
supplemented with 10 t FYM/ha and was significantly higher over 
rest of the treatments. It was also observed that amongst the 
sources of nitrogen, application of nitrogen through inorganic 
source was better than both the organic sources in case of 

growth attributes. 
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Similarly maximum leaf area (9.15 dm^/plant) more, 
dry matter accumulation (9.07 g/plant) were obtained due to 120 
kg N/ha through fertilizer supplemented with 10 t FYM/ha and was 
significantly better than rest of the treatments. 

5.1.2 Yield contributing character 
The studies on the magnitude of yield attributes 

such as number of productive tillers per plant, panicle length, 
number of spicklets, number of grains per plant, grain weight 
were significant. The maximum number of productive tillers 
(l.ll/plant), more panicle length (8.45 cm), highest number of 
spikelets per panicle (22.83) and higher number of grains per 
panicle (46.43) were observed with 120 kg N through fertilizer 
supplemented with 10 t FYM/ha and all these yield attributes 
were significantly more than rest of the treatments except 
application of 120 kg N/ha through inorganic source. 

The higher number of grain weight (2.28 g) per 
plant, the maximum test weight (46.78 g) were noticed due to 
application of 120 kg N through fertilizer supplemented with 10 
t FYM/ha and both these yield attributes were significantly 
superior over rest of the fertilizer treatments. As regards the 
economic yields, it was seen that maximum grain (48.22 q/ha) and 
straw (58.89 q/ha) yields were obtained due to 120 kg N/ha 
supplemented with 10 t FYM/ha. The grain to straw ratio was 
wider due to 60 kg N/ha applied through FYM while, it was narrow 
(1:1.21) due to 120 kg N/ha through fertilizer. 
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5.1.3 CheBical studies 

The chemical study indicated that the naximum N 
content in grain (2.15 %) and protein (13.44 *) were observed 
due to 120 kg N through fertilizer supplemented with 10 t 
FYM/ha. As regards the uptake of major nutrients, the maximum 
uptake of N (125.27 kg/ha), P (33.61 kg/ha) and K (131.55 kg/ha) 
through total biomass was due to application of 120 kg N/ha 
through fertilizer with 10 t FYM/ha and each was significantly 
higher than rest of the fertilizer treatments. 

5.1.4 Econonic study 
The maximum gross returns (Rs. 27066/ha) were 

obtained due to 120 kg N/ha through fertilizer supplemented with 
10 t FYM/ha followed by 120 kg N/ha through fertilizer. 
However, maximum net profit (Rs. 17642/ha) was obtained due to 
application of 120 kg N/ha through fertilizer alone. It was 
followed by application of 90 kg N/ha (Rs. 17102/ha) through 
fertilizer. 

The net profit (Rs. 13119/ha) was obtained due to 
120 kg N/ha through fertilizer supplemented with 10 t FYM/ha and 
it was at higher order. The margin of net profit was reduced 
due to organic sources particularly through FYM. The maximum 
benefit cost ratio (1.22) was obtained due to application of 120 
kg N/ha through fertilizer. It was followed by application of 
90 kg N/ha (1.20) through fertilizers. 
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5.1.5 Nutrient status of soil 
The study revealed that the organic carbon content 

in soil improved after bajra-wheat sequence. The naximun 
organic carbon content (0.69 %) was with 120 kg N/ha through _ 
fertilizer supplemented with 10 t FYM/ha. It was interesting to 
note that with the application of Nitrogen through inorganic 
source reduced the status of organic carbon content in the soil. 
However, combinations of organic and inorganic nitrogen sources 
help in maintaining the organic carbon content in soil at higher 
level (0.62 %). The available nitrogen status of the soil 
improved due to combine application of both inorganic and 
organic nitrogen sources. 

5.1.6 Nitrogen balance study 
It was observed that the available nitrogen status 

of soil was reduced due to nitrogen application through organic 
means than inorganic source. However, combine application of 
inorganic and organic sources improve the available nitrogen 
status (142 kg N/ha) to greater extent. The overall gain in 
available nitrogen status was higher (26 kg N/ha) due to 120 kg 
N/ha through fertilizer supplemented with 10 t FYH/ha. 

5.2 Conclusions 
On the basis of results of present investigation 

following broad conclusions can be drawn. 

1. For obtaining good yields of cropping sequence and to 
maintain better nutrient status of soil it is necessary to 
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apply recommended dose of fertilizer supplemented with FYM 

for both the crops. 

2. For high production and productivity of cropping sequence 
such as bajra-wheat and to maintain the soil health combined 
application of 120 kg N/ha through urea + 10 t FYM/ha to 
wheat crop should be applied. 

3. Among both the organic sources of nitrogen vermicompost was 

better than FYM. 
r - 3 2 9 3 
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Itean grain and fodder yield of bajra H and P uptake by pearliillet as 
influenced by different treataents at harvest 

Sr. 
No. 

Treataents Grain 
yield 
(q/ha) 

Fodder 
yield 
(t/ha) 

N uptake (kg/ha) P uptake (kg/ha) Grain 
yield 
(q/ha) 

Fodder 
yield 
(t/ha) Grain Fodder Total Grain Fodder Total 

1. 60 kg H + 30 kg PjOj/ha through 
fertilizer 

35.78 4.36 34.27 22.39 56.66 8.78 4.39 13.17 

2. 45 kg H + 30 kg PjOj/ha through 
fertilizer 

33.12 3.93 32.71 21.22 53.93 6.99 3.04 10.03 

3. 30 kg N + 30 kg PjOj/ha through 
fertilizer 

31.06 3.47 29.46 19.92 49.38 6.07 2.45 8.52 

4. 60 kg N/ha through FYN alone 27.70 2,82 12.31 5.07 17.38 3.48 1.86 5.34 
5. 45 kg N/ha through FY« alone 24.80 2.31 8.41 3.93 12.34 2.32 0.86 3.17 
6. 30 kg N/ha through FYH alone 22.00 2.26 7.46 3.31 10.77 1.38 0.35 1.73 
7. 60 kg N/ha through veriicoipost 

alone 
30.94 3.21 17.84 6.54 24.38 5.49 2.58 8.07 

S. 45 kg N/ha through veriicoapost 
alone 

28.14 2.86 15.85 5.55 21.40 4.22 1.40 5.62 

9. 30 kg N/ha through veriicoipost 
alone 

24.48 2.64 12.95 4.53 17.48 3.30 0.89 4.19 

10. 60 kg N + 30 kg PjOj/ha through 
fertilizer + 10 t FYN 

40.47 4.62 36.51 24.16 60.67 10.31 5.34 15.65 

11, 22.5 kg N through cheiical 
fertilizer • 22.5 kg N through 
FYH 

25.83 2.70 21.30 14.24 35.54 4.14 2.10 6.24 

12. 22.5 kg N through cheiical 
fertilizer + 22.5 kg N through 
veriicoipost 

30.64 3.05 26.30 16.07 42.37 5.95 2.95 8.90 

S.E. t 0.863 0.161 0.454 0.12 — 0.077 0.037 — 

C.D. at 5 X 3.34 0.623 1.41 0.38 — 0.24 0.11 — 

Kean 29.58 3.19 21.37 12.24 33.52 5.20 2.35 7.55 
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APPENDIX-II 

Following prices were considered for calculating 
cost of cultivation 

Particulars Rates (Rs.) 

1. Man and women Rs. 20.10/day 
2. Bullock pair Rs. 75.00/day 
3. Wheat grain Rs. 500.00/q 
4. Wheat straw Rs. 50.00/q 
5. Urea Rs. 2.84/kg 
6. Single superphosphate Rs. 3.03/kg 
7. Murate of potash Rs. 4.60/kg 
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