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1. INTRODUCTION

Wheat (Triticum aestivum L.) is the second most important cereal crop of the world
after rice, both in terms of area and production. In India wheat is the second most important
food crop next to rice and it contributes nearly 35% to the national food basket. Among winter
crops, it contributes about 49% of the food grains in 2012—13. It meets 20 per cent of the total
food, 19 per cent of calories and 20 per cent of protein requirements of the global population
besides being a major source of dietary fiber in human nutrition since decades. In India, the
area, production and productivity of wheat jumped up from 12.8 to 29.65 m ha, 11.4t0 93.5 m
tons and 887 to 3153 kg ha? by 1966-67 to 2013-14 (FAO, 2013). Yet, Productivity of wheat
is very low in India in comparison to major wheat producing countries viz., UK (7.9 t ha),
Germany (7.8 t hal), France (7.5t ha') China (4.7 t hal) etc. The three states namely U. P.,
Punjab and Haryana are agriculturally important in north-western plain zone and contribute
68.29 per cent towards India wheat production. The state of U. P. is the major player with
almost 50 per cent share but the productivity is very low being 2.85 t ha as against 4.36 t ha
in Punjab (FAO, 2013). The total area of wheat in the world is around 222.6 m ha with
production of 716.16 m t. The normal world productivity is 32.17 g ha (FAO, 2014). It is
grown across a wide range of environments around the world and has the highest adaptation
among all the crop species. Worldwide more land is devoted to the production of wheat than
any other contributes about 60% of daily protein requirement and more calories to world
human diet than any other food crop. In Uttar Pradesh, wheat is grown in typical semiarid
climate which is characterized by high temperature during crop growth.

Wheat is the most important winter crop grown in India during rabi (November to

April). This golden grain winter cereal is a major contributor to the food security system and



provides more than 50 per- cent calories to the people who are mostly dependent on this staple
food. Wheat is cultivated in almost every state except Kerala. Based on the agro- climatic
condition and varying agro- ecological production conditions, the country is broadly divided
into six wheat growing zones. The maximum wheat growing duration is in Northern Hill Zone
and minimum in Peninsular Zone. Based on the present rate of population growth of 1.5 per
cent and per capita consumption of 180 g of wheat per day in the country, the demand for
wheat is expected to be around 109 million tonnes by 2020 (Anon. 2009). Wheat contributes
nearly one third of the total food grain production. It is consumed mostly in the form of bread
as ‘Chapatti’. Wheat is responsible for the success story of green revolution as its increased
many folds due to availability of input responsive high yielding varieties of the crop. There
are several inputs which made it possible to raise the productivity of wheat but fertilizer is the
main contributor and responsible for about 40 percent of increases productivity of wheat.
Wheat straw is used for feeding the cattle. The approximate chemical composition of the
wheat kernel is starch 63-71%, protein 10-15%, water 8-17%, cellulose 2-3%, fat 1.5-2%,
sugar 2-3% and mineral matter 1.5-2%.

The common bread wheat occupies more than 90% of total wheat area along with
10% area under Triticum durum (Anonymous, 2012). Its cultivation is common under rainfed
condition only, on account of higher susceptibility to rusts. A large area has come in Punjab
under irrigated condition due to high yielding varieties developed to obtaining the foreign
exchange. The crop is mostly grown under irrigated condition. It could be sown late in
December and January without much fear of heat injury during grain filling even in the south
zone. Rice and wheat is the hub of food security of the global population.

In 21 st century, there will be a need of about 250 million tones to feed the rapidly

increasing population. Wheat is grown in India in different cropping sequences, among them
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rice-wheat is important one. Rice (Oryza sativa) - Wheat (Triticum aestivum L.) system play a
significant role in food security contributing 76% to the total food grain production of the
country. Enhancement of wheat production from limited land area is great challenge for
Indian agriculturist. Apart from developing high yielding wheat varieties, integrated nutrient
management will be required to boost wheat production.

Plant nutrient plays an important role in growth and productivity of a crop. As wheat
crop is highly responsive to applied nutrient through various sources, a proper fertility
management is an important parameter for optimizing the productivity of wheat crop. Wheat
is generally grown in intensive cropping system with higher use of inorganic especially
nitrogenous fertilizers. This condition is adversely affected and therefore it is needed to
supply the nutrient to the crop in combination with organic sources. Indian soil are generally
deficient in nutrient particularly nitrogen. It has been universally observed that the nitrogen
use efficiency which is low as about 30-37% is utilized while the rest is lossed through
volatilization, denitrification and leaching. The phosphorous use efficiency is 15-20% while
rest is fixed in the soil and not available to the plant easily. Nitrogen is required by wheat crop
in large amount and most of the soils in wheat growing areas are deficient in nitrogen
availability. Nitrogen is an important metabolic element for growth and development of plant.
It is considered essential for synthesis of Protein and other bio chemical products of plants
such as protoplasm which is the basis of life. Therefore, nitrogen is directly concerned with
physiological process occurring with in the plants. Although nitrogen is the most important
element which play the vital role in wheat nutrition as it is required the growing period of the
crop. Nitrogen fertilization always results in an increase in above ground dry matter and root

biomass production which results into higher productivity as well as higher residue left in soil



after the harvest of the crop which helps in improving the fertility of soil. The nitrogen use
efficiency value become high with combination of FYM and Azosprillum.

It is believed that inorganic fertilizers give good response & high yield of crop but
after sometimes leaves some deleterious effect on soil, ultimately damaging its fertility.
However, inorganic fertilizers have their own utility in a system of soil fertility maintenance
and they now to come to form an essential part of all system of scientific agriculture practised
in many countries and India also. In recent years increasing fertilizer input cost, soil health,
sustainability and pollution consideration have led to renewed interest in the use of organic
manure. The crop yield in spite of balance use of nitrogen, phosphorus and potassium
fertilizer are declining year to year. The use of vermicompost along with chemical fertilizers
play an important role in maintenance of Physico-chemical properties and fertility of soil.

Long time studies carried out at several locations in India indicate that application of
all the needy nutrients through chemical fertilizers have effect on soil health leading to
unsustainable yield. Organic manure is also important source of nutrient addition to soil but
contain low amount of nutrient and therefore, whole crop requirement can not be fulfilled by
their application. Chemical fertilizers on the other hand are available in fixed grades, hence,
all nutrients are not supplied in balanced quantities. Therefore, for maintaining soil fertility,
there is a need of integrate the two sources of nutrients. During the decade, the concept of
integrated nutrient management has emerged as an important tool for maintaining soil fertility
and crop productivity. The research findings on various aspects of the integrated nutrient
management on wheat are reviewed. Thus, integrated use of organic manures with optimal
levels of NPK fertilizers is the need of the day that will not only improve the nutrient status
but has also shown greater potential in stabilizing crop yields over a period of time. The basic

concept underlying the principle of integrated nutrient management is to maintain or adjust
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plant nutrient supply to achieve a given level of crop production by optimizing the benefits
from all possible sources of plant nutrients. The basic objectives of INM are to reduce the
inorganic fertilizers requirement and to restore organic matters (O.M.) in soil to enhance the
nutrient use efficiency and to maintain soil health in terms of physical, chemical and
biological properties. The integrated use of organics and chemical fertilizers at optimum
levels as determined by soil tests in long-term fertilizer experiments indicate the build-up of
micronutrient and secondary nutrient reserves such as Zn, Cu, Mn, Ca, Mg and S. Therefore,
INM in sustainable cropping systems is of paramount importance.

The three most vital nutrients that a plant can receive are nitrogen (N), phosphorous
(P) and potassium (K). The use of organic manure along with chemical fertilizer to play an
important role for maintence of physico-chemical properties and fertility of soil (Pandey et al.,
2009).

Indian soil are generally deficient in nutrient particularly nitrogen. The reduction of N
retarted growth and development of plants, turn foliage to pale green colour and reduces the
crop yield. It has been universally observed that the nitrogen use efficiency which is low as
about 30-37% is utilized which the rest is lossed through volatilization, denitrification and
leaching. Nitrogen is an important metabolic element for growth and development of plant.
Nitrogen is considered as essential for synthesis of protein and others biochemical products of
plant such as protoplasm which is the life. The nitrogen use efficiency value become high
with combination of FY M, vermicompost, pressmud and Azosprillium. Therefore, nitrogen is
directly concerned with physiological process occurring with in the plants. Although nitrogen
is the most important element which plays the vital role in wheat nutrition as it is required

throughout the growing period of the crop. Nitrogen aids in the plant's growth above ground.



Phosphorus is second most important major plant nutrient after nitrogen for crop
production. It has been called as the “key of life for the plants”. It is a structural component of
cell membranes, chloroplast and mitochondria. It is necessary for such life process of plant as
photosynthesis, development of plant cell as well as synthesis and breakdown of
carbohydrates and transfer of energy with in the plants. It also strengthens the stem of cereal
plants, reducing their tendency to lodge. Phosphorous enhances plant cell division. It also
helps in flower and seed production and in the development of a strong root system.

Potassium plays an important role in the maintenance of cellular organization by
regulating the permeability of cellular membranes and keeping the protoplasm in a proper
degree of hydration by stabilizing the emulsion of high colloidal properties. Potassium has a
great buffering action and stabilize various enzymes system. It plays role in photosynthesis
and translocation of food from leaves to seeds. It also enhance the plants ability to resist pest
attack, moisture stress and cold condition. Adequate supply of this nutrient promotes the
formation of fully developed grain with a high starch contents.

Due to energy crisis the use of chemical fertilizer in crop has become not only costly
but also short in supply. The country in thus, in great need for alternate source which can
supplement partially or wholly the use of chemical fertilizers. Since ancient time, farmer in
India have been using FYM in their farms. Since, ancient time farmers in India have been
using FYM in their farms, there has been several times increase in demand of manures and
fertilizers for maintaining optimum productivity. The quantity of FYM available to the
farmers could cover only 5- 10 per cent of the area every year which means that a field can
receive FYM application after a gap of 8- 10 years. Therefore, for making integrated nutrient
management more effective, there is a need to increase the availability of organic manures.

The use of organic manure like FYM, Vermicompost, Preesmud with fertilizer is receiving
6



great attention in intensive agriculture. Application of organic along with inorganic source not
only improve soil health but with also improve the produce quality and fertilizer use
efficiency and there by reducing the cost of cultivation. Use of organic manure have been
found to be promising in arresting the decline in productivity through correction of
deficiencies of secondary and micronutrient (Kumar and Tripathi, 1999). Organic source of
nutrient applied to preceding crop benefit the succeeding crop to great extent (Singh et al.,
1996).

FYM is also important component of sustainable agriculture. It contains 0.5% N,
0.2% P,0sand 0.5% KO respectively. Besides its manorial properties it has valuable physical
effect on soil texture and improve water holding capacity of the soil. The quality of FYM
available to the farmer could cover only 50 to 10% of the area every year which means that a
field can receive FYM application after a gap of 8 to 10 years. The recent concept of
integrated nutrient management (INM) is very important for sustaining the production and
improved soil health. The basic concept underlying the principal of integrated nutrient
management is to maintain or adjust plant nutrient supply to achieve a given level of crop
production by optimizing the benefits from all possible sources of plant nutrients. The basic
objectives of INM are to reduce the inorganic fertilizers requirement and to restore organic
matters in soil to enhance the nutrient use efficiency and to maintain soil health in terms of
physical, chemical and biological properties. Therefore making of integrated nutrient
management (INM) more effective, there is a need to consider the organic manures. Some
organic manure viz. farmyard manure and vermicompost and Preesmud are important
constituents of integrated plant nutrient management system. However, one of the demerits of
the FYM is that it may a carry weed seeds although its nutrient content is quite low. Whereas

vermicompost is free from weed seed. Incorporation of vermicompost, farm wastes as well as
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practices of green manuring are viable alternative to FYM and compost for improving soil
fertility and sustaining productivity of crops.

Recently, vermicompost technique has been developed for increasing the
availability of organic sources of nutrients. Vermicompost being a major component of
organic manure has attracted attention of scientist word wide since it is an entirely nature
product which maintain the soil ecosystem and leaves no adverse effect on it. Vermicompost
is the compost that is prepared with the help of earth worms during the process of
vermicompost a strong heat is not generated so the soil holds nutrients, beneficial bacteria,
valuable enzymes and vitamins. This helps in better vegetative growth, heavy flowering and
insect. In U.P., vermicompost is emerging as a major practice for recycling of residues and
wastes. Vermicompost is a rich mixture and minor plant nutrients. It contains 3 % Nitrogen,
1% Phosphorous and 1.5% Potash. Vermicompost is an excellent base for the establishment of
beneficial free living and symbiotic microbes. Application of vermicompost increase the total
microbial population of nitrogen fixing bacteria. The use of vermicompost has been advocated
as a part of integrated nutrient management (INM) in various field crops. Vemicomposting
has been developed for increasing the availability of organic resources of nutrients. Recycling
of organic wastes through biological agents such as microbes and earthworms is well
established practices. It is also advantageous in conserving soil moisture, nutrients, bacteria
and valuable enzymes and in preventing leaching of nutrients.

Bio- fertilizers are recognized as important component of sustainable agriculture.
These bio fertilizers are used to inoculate cereal crop for increasing the growth, vyield
attributes and yield. Azosprillium is a associative (non- symbiotic) aerobic nitrogen fixing
bacteria commonly found in close association with vegetable crops. If the seed is inoculated

with the Azosprillium and sown in favourable weather condition at proper sowing time with
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suitable varieties it shall become possible to fetch good yield of wheat. The yield of wheat
increased due to inoculation with Azosprillium as alone and in combination. (Singh et al.,
2004, Kachrao and Razdan 2006).

Hypothesized that the applications of different organic sources in conjution supply
plant the plant nutrients in optimum amount during the growth period. Therefore keeping
these things in mind present experiment “Integrated Nutrient Management for Sustainable
Wheat (Triticum aestivum L.) Production in Western U.P.” was undertaken at Crop Research
Center of Sardar Vallabhbhai Patel University of Agriculture and Technology, Meerut, with
the following objectives.

1. To assess the effect of nutrient management options on growth, yield and quality of
wheat.

2. To assess the impact of nutrient management options on nutrient content and uptake by
wheat.

3. To work out the economic feasibility of different nutrient management strategies.

4. To assess the organic carbon and N, P, K availability in soil under nutrient management

options.



2. REVIEW of LITERATURE

In the ensuing text an attempt has been made to review the relevant
research work carried out by various workers in different agro climatic conditions in India
and abroad. “Integrated Nutrient Management for Sustainable Wheat (Triticum aestivum
L.) Production in Western U.P.” have been presented below:

2.1 Effect of organic manures on wheat

Over the past century, many of the basic scientific principles of plant nutrition and
soil fertility have been developed and documented. During last few decades, inorganic
chemical fertilizer have been widely accepted as major source for improving and
maintaining the soil fertility with the advent of these abundant and relatively inexpensive
chemical fertilizer, farmers developed a thinking that agricultural manures are agricultural
wastes of last, it has been realized that it is not possible through chemical fertilizers to add
every nutrient in natural balanced manure. The traces of micronutrients which are essential
for plants are not supplied by chemical fertilizers but organic manures supply
micronutrients (Hesse 1984). Application of organic manures increase the organic matter
content in the soil which increase the water holding capacity in sandy soil and drainage in
clay soils which results in improving the soil fertility (Gupta et al., 1990).

The beneficial impact of organic manures on physical, biological and chemical
properties of soils is widely known but the full appreciation for the some remains largely
ignored in commercial chemical agriculture. Organic manures also increase the nutrient
holding capacity of soil and minimize the effect of toxicants. Organic manures make the
soil biologically active as these are good source of food and energy for soil micro-
organisms and increase the activity of microbes which bring non-available plant nutrients
into available from (Yawalkar et al., 1992) thus improving the growth, yield and quality of

crop plants.
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Nayak and Gupta (1995) reported that available P increased with the application of
organic matter and there was also an increase in the dry matter yield of tops and roots of
the crop. The beneficial effect of organic manures on soil health and crop production has
been extensively reviewed by various other workers (Yawalkar et al., 1992 and Verma,
1995). Yadav et al. (2003) observed that build up in organic carbon and P content of the
soil after 2 years application of organic sources of nutrients in wheat. Significantly higher
organic carbon was obtained in the plots supplied with 10 tonnes FYM ha either alone or
in combination with the control. Slow mineralization of organic matter leads to build up of
organic carbon.

Dhaliwal and Walia (2008) reported that incorporation of FYM, G.M and CRI in
the soil has beneficial effect on soil health by improving physico-chemical properties
besides supplying the macronutrients like N, P and K and increasing the availability of the
micronutrient like Zn, Cu, Fe and Mn in the soil. Moreover, the results obtained the
addition of these manures decreased the bulk density and increased the level of organic
carbon, field capacity, permanent wilting point and available soil moisture.

2.1.1 Effect of Growth

Farmyard manure (FYM) is an important source of nutrients and has direct
influence on soil properties and plant growth. Sharma (1981) observed that the panicle
length, number of panicles m?, under of grains per panicle and test weight of wheat
increased with the application of FYM at 12 t ha in conjunction with each NPK level up
to Neo P30 Kso only as compared to some fertilizer level alone. The application of FYM
with higher fertilizer levels that Neo P30 K3o however, did not significantly affect the above
said growth and developmental characters of wheat because of higher and readily
availability of nutrients from the higher fertilizer doses as compared to FYM to meet out

the requirements of the plants.
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Ranwa et al. (1999) revealed that application of organic manures improved yield
attributes and grain, straw and biological yield of wheat. Application of vermicompost at
the rate 7.5 or 10 t ha? yielded higher than 10 t ha FYM. Increasing dose of nitrogen
improved significantly the yield attribute and yields of the crop. Integration of
vermicompost at 10t ha® or 7.5t ha™ or FYM 10 ha® with 100 kg N ha* produced grain,
straw as well as biological yields at par to recommended dose of fertilizer during both the
years.

Pang and letay (2000) reported that conventional fertilizer management to organic
farming has been proposed as a means to reduce ground water degradation or these factor
lead to better establishment and better growth of crop plant supreme position of FYM over
the inorganic fertilizer had a significant effect on the crop yield of wheat which was 7.05%
higher as compared with the control application of FYM had a positive influence on roots
development, tillering and flowering, hence resulted in betterment of yield and quality.

Ranwa et al. (2001) reported that the application of vermicompost at 10 t ha*
significantly improved the number of tillers, dry matter accumulations, LAI.

Nehra (2001) revealed that application of vermicompost at 15 t ha recorded
maximum value for all the growth parameters and significantly more yield as compared to
other organic manures.

Agarwal et al. (2003) resulted that treatment with 75% vermicompost + 25%
farmyard manure gave the greatest plant height at 105 days after sowing (DAS) and also
leaf attributes number at 90 DAS, dry weight at 105 DAS and number of seeds per spike,
test weight grain yield per plot and harvest index at 105 DAS.

Yadav et al. (2005) observed that plant height and effective tillers m?* row
increased significantly with each successive increment of N from 120 to 180 kg ha™.

Effective tillers m? row length increased by 29.3% with 180 kg N ha™ over 120 kg N 120
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N ha. This might be due to the fact that nitrogen plays a vital role in cell division and cell
enlargement as well as increased sink size.

Tulsa Ram and Mir (2006) reported that application of FYM @ 10t ha® + 120 kg
N ha significantly increased plant height, effective tillers/m row length, grain/spike, grain
and straw yields over the control and FYM @ 10 t ha® + 100 kg N ha.

Singh et al. (2007) observed that application of FYM to wheat induced better
growth of plant which resulted in taller plant, more tiller m=, length of spike, grain weight
per spike, test weight, yield of grain and straw over the control.

Singh et al. (2008) showed that application of FYM 7.5 t ha? + 50% RDF +
biofertilizers recorded the highest plant height, effective tillers m?2, grains/spike and 1000
seed weight during both the years. The highest grain yield of wheat was also recorded with
the combined application of FYM 7.5 t ha + 50% RDF + bio-fertilizers.

Gowda Channabasana et al. (2008) a field experiment was conducted during rabi
season of 2006-07 on red loamy soil of main Agricultural Research Station, University of
Agricultural Sciences, Dharwad to study the effect of organic manures on growth of
wheat. Application of vermicompost @ 3.8 t ha? + poultry manure @ 245 t ha* recorded
plant height (86.30 cm) than other treatments.

Yadav et al. (2009) reported that growth and yield components of rice and wheat
were not affected to level of significance during the first year. The tallest plant and highest
dry matter production of rice and wheat were recorded with the treatment in situ
incorporation of wheat/rice straw+GM+PM @ 5T ha+PSM .

Sepat et al. (2010) reported that integrated use of fertilizers with FYM and bio-
fertilizers increased the number of spikes m?, grains/spike and the test weight. The
enhanced early vegetative growth in terms of higher leaf area index, dry matter

accumulation and vigorous root system resulted in more spikes which consequently

13



increased the number of spike bearing tillers significantly. The combined application of
75% RDF or RDF along with FYM, bio-fertilizer and zinc also increased the grain/spike.

Rajhans et al. (2011) the investigation was aimed to determine the characteristics
of different composts prepared by using wheat straw adopting suitable techniques, the
maximum content of nutrients in compost, whereas content of these nutrients were very
less in NADEP and Local composting methods. The maximum content of ash and higher
production of compost in NADEP composting method is associated with the content of
40% soil with wheat straw.

Fecondo et al. (2012) reported that the use of the compost generally improved the
growth and production of the crops and increased soil organic matter and nutrients content.

Chaplot and Sumeriya (2013) reported that the application of organic manures
effective, however, both significantly improved growth, chlorophyll content and dry
matter accumulation by plant parts at successive stages, over no manure i.e. farmyard
manure (FYM) @ 10t ha! and biogas slurry (BGS) @ 3.33 t ha* proved equally.
2.1.2 Effect on yield and yield attributes

Hasan and Kamal (1998) found that grain, straw yield and protein contents were
higher in wheat with N in 4 splits + 10 t FYM. There is a positive effect of applying FYM
and various amounts of N fertilizers on soil N balance, crude protein content.

Sharma et al. (1999) conducted on experiment at different growth stages in late
sown wheat in an acid alfisoil of Himalayan region, reported that an application of 8 t
FYM and 90 kg P.0s ha™* considered at optimum, gave a grain yield of 3.87 t ha. The
uptake of Ca and Mg increased with application of FYM and P.

Ranwa and Singh (1999) reported that the application organic manures improved

yield attributes and grain, straw and biological yields of wheat.
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Ranwa (1999) in an investigation at Hisar reported that application of
vermicompost at the rate of 10 t ha™ remaining at par with 7.5 t ha* significantly increased
number of effective tillers, length of spike, number of grains per spike, grain weight per
spike, grain and straw yield of wheat over 5t ha™.

Pang and Letay (2000) reported that conventional fertilizer management to organic
farming has been proposed as a means to reduce ground water degradation. All these
factor lead to better establishment and better growth of crop plant. Super imposition of
FYM over the inorganic fertilizer had a significant effect on the crop yield of wheat which
was 7.05% higher as compared with the control. Application of FYM had a positive
influence on roots developments tillering and flowering, hence resulted in betterment of
yield and quality.

Nehra and Hooda (2000) studied the integrated use of organic manures with NPK
fertilizers for wheat production. Among organic manures, 15 t vermicompost ha gave the
best results and 2.5 t press mud (filter cake) the worst. Among fertilizer treatments, 60 kg
N ha™ gave lower yield than higher N rates or NPK fertilizer.

Negi et al. (2000) conducted an experiment on rainfed wheat with application of 10
t FYM ha caused a significant increase in grain (by 3.52 g ha) and straw (by 3.37 q ha
) yield.

Hati et al. (2000) reported that grain yield of wheat increased significantly with
integrated application of fertilizers of organic manure (FYM) up to 138.5% and 123% by
recommended dose of NPK+ FYM @ 10 t ha® over the control, respectively. The
combined use of inorganic and organic manure enhanced the inherent nutrient supplying

capacity of soil.
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Bhardwaj et al. (2000) reported that wheat cultivars were sown with vermicompost
at 5, 10 and 20% of NPK. Among the treatment, 20% of vermicompost produced the
highest wheat yield.

Sushila and Giri (2000) observed that application of nitrogen up to 90 kg ha*
increased the grain yield significantly by increasing yield attributes, e.g. Number of spike,
length of spike, 1000- grain weight of wheat.

Yonglin et al. (2001) to investigate the application of fertilizer NPK combined with
OM had a better yield-increase effect than the application of fertilizer NPK alone,
especially combined with farmyard manure at a higher dose. It is concluded that the
application of fertilizer NPK combined with O.M. might not only make good use of
resources, but also enhance wheat yield.

Singh and Agarwal (2001) reported that the plant height dry matter accumulation,
effective tillers, grains per spike, grain straw and biological yield increased significantly
with the graded levels of FYM up to 20t ha* but the response decreased with the increase
of FYM from 20 to 30t ha™.

Patil and Bhilare (2001) results showed that all treatments recorded significantly
higher values for yield and yield components over the control. The 1/2 PMC + 1/2 FYM
treatments recorded the highest values for plant height, number of tillers per plant, weight
of grains per earhead, 1000-grain weight, grain yield, straw yield and protein content of
grain.

Dikshit et al. (2001) observed that when the application of NPK recommended
dose was associated with organic manures, higher yield levels were obtained. The highest
grain yield, straw yield and energy yield were recorded in 100% NPK and compost
treatment which accounted for the highest cost of cultivation but the highest gross

returns.Maximum net profit and cost benefit ratio were achieved in NPK + FYM treated
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plot which indicated that economic yield can be obtained with integrated plant nutrient
supply.

Babita et al. (2001) revealed that the application of higher level of fertility 150 kg
N, 150 kg P20s, 75 kg K to wheat crop gave the maximum grain and straw yield with
significantly higher content of N, P in grains and straw and also significantly higher
content of K and S in grain and straw were recorded under lower level of fertility (100 kg
N, 50 kg P20s) during both the years.

Chaudhary et al. (2001) reported that the highest grain yields were obtained with N
at 90 kg ha* (3877 kg ha*) and 120 kg ha (3871 kg ha) + FYM on late sown wheat.

Rawat and Pareek (2003) reported that the yield and N, P, K content of wheat grain
and straw increased with increasing rates of FYM and NPK uptake of the crop also
increased with increasing rates of FYM and NPK. The treatments had no significant
effects on the organic carbon and available N, P and K content in the soil at harvest.

Thakaral et al. (2003) revealed that recommended dose of N and P along with 5t
ha! of vermicompost produced highest grain yield but it was non significant during both
the years. Yield improvement was attributed to the higher number of effective tillers, more
number of grains per spike and bolder seeds of wheat crop under integrated nutrient supply
system.

Singh et al. (2003) reported that Farm Yard Manure (FYM) resulted in the highest
wheat yield. The application of FYM, Vermicompost or GM reduced the NPK rate by 1/3
without reducing wheat yield.

Agrawal et al. (2003) reported that treatment with 75% vermicompost+ 25%
manure gave the significantly higher no of seed per spike, test weight, grain yield per plot

and harvest index.
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Maiti et al. (2003) revealed that the results confirm that favorable effects of NPK
with Farm Yard Manure. Jan et al. (2003) to study the wheat sown after pearl millet was
inferior in terms of emergence rate, number of plants per m2 and spike emergence. The N
fertilizer enhanced emergence. The legume residue (soybean) resulted in greater plant
emergence per m? and taller plants, but delayed flowering. The results indicated the
beneficial effect of leguminous residue, particularly soybean plant material on wheat
production.

Singh and Agarwal (2004) observed that application of 10, 20 and 30 t FYM ha
enhanced the agronomic efficiency by 4.4, 7.1 and 7.9 kg grain added kg™ N. Application
of 10 t FYM ha! substituting 34.1 kg N requirement compared to without FY M.

Singh and Singh (2005) observed that the increase in the grain yield was 29.91,
18.81, 35.45 and 45.21 % owing to FYM application at 15t ha™* and vermicompost at 7.5,
10 and 15t ha* over no organic manure respectively. The harvest index was not influenced
significantly by the application of organic manures since recommended dose of NWA
applied to all plots including control, the incensement in grain yield owing to
vermicompost decreased correspondingly with the decrease in the amount of
vermicompost used.

Swarup and Yaduvanshi (2005) suggested that gypsum or FYM / press mud along
with recommended dose of fertilizer must used to sustain the productivity of rice-wheat
cropping system in areas having sodic ground water for irrigation.

Singh and Singh (2005) observed that the increase in the grain yield was 29.91,
18.82 and 35.45 and 45.21% sowing to FYM application at 15 t ha™* and vermicompost at
7.5, 10 and 15 t ha over no organic manure respectively. The harvest index was not
influenced significantly by the application of organic manures. Since recommended dose

of N was applied to all plots including control, the increment in grain yield owing to
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vermicompost decreased correspondingly with the decrease in the amount of
vermicompost used. It means that the supply of nutrients to the crop, including
phosphorus, potassium, zinc and other nutrients was a function of amount of
vermicompost used.

Singh and Yadav (2006) found that with the application of 150 kg ha® N produced
34.9, 27.3 and 5.1% more spike m™, and 27.8, 26.7 and 8.0% more grain/spike than that of
0, 50, and 100 kg N ha™* respectively.

Singh et al. (2006) observed that complete dose of NPK fertilizer with and without
organic amendment increase or maintained the sustainability to rice-wheat cropping
system. The residual effect of the organic materials application of rice on the succeeding
wheat crop during all the years was positive and increase in wheat grain yield range from 4
to 8%.

Shah and Ahmad (2006) reported that integrated use of urea and FYM performed
better than the use of urea of FYM alone in term of improving crop performance and grain
yield of wheat despite the fact that the level of applied N was same i.e. 120 kg N ha
either alone from urea, FYM or combination of both the combination of inorganic (urea)
and organic FYM at 75:75 or 50:50 ratio based on result and is therefore recommended for
optimum wheat production.

Reddy et al. (2006) observed that the application of 50% inorganic + poultry
manure @ 1t ha® + Azospirillium resulted in higher grain yield, straw yield, number of
effective tiller/unit area and grains per panicle in wheat.

Kumar et al. (2007) recorded higher yield of rice-wheat with the use of organic
manure. They also reported that bio-fertilizer have added advantage in wheat production.
Singh et al. (2007) observe that application of FYM to wheat significantly increased

length of spike, grain weight per spike, test weight, grain and straw yield over the control.
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Chaudhary et al. (2007) the field was conducted at Iglas, Aligarh, Uttar Pradesh,
India. Treatment include combination of vermicompost and N at recommended (120 kg ha
! as urea), half of recommended dose as urea or FYM (farm yard manure) and 100 kg N
ha! as urea. Application of vermicompost at the rate of 10 t ha® 120 kg N ha® and
Farmyard manure 15 t ha + 120 kg N ha? increased the grain yield by 202.4 and 155.5%
straw yield by 182.0 and 178.2% and biological yield by 190% and 184.7% respectively
over control.

Behra et al. (2007) application of available organic sources, particularly FYM and
poultry manure along with full recommended doses of NPK fertilizer to wheat was
essential for improving productivity grain quality, profitability, soil health and
sustainability.

Gupta and Sharma (2007) Observed that increasing fertilizer dose from 75 to 100%
of recommended dose significantly increased yield attributes, such as spikes m? grains per
spike, spike length and 1000-grains weight and grain and straw yields. However, upon
further increase in the fertilizer dose 125% of recommended dose, the various yield
attributes and grain and straw yield did not exhibit significant variation.

Mukherjee (2008) reported that the grain and biological yields of wheat increased
significantly with the inclusion of bio fertilizers and maximum benefit was recorded with
the combined application of the 3 sources.

Gowda et al. (2008) reported that the application of vermicompost @ 3.8 t ha! +
poultry manure @ 2.45 t ha? recorded significantly higher plant height (86.30 cm),
number of leaves (40.50) and higher number of tillers (94.60) at 90 DAS and it also
recorded higher number of ear heads per meter square (160.10), 1000 seed weight (42.73
g) and seed yield (3043 kg ha?) seedling dry weight (311.27 mg ) and protein content

(13.41%) compared to other treatments. RDF also accounted at par yield and yield
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parameters with that of former treatment. Application of organic manures in combinations
with each other recorded at par B: C ratio with that of RDF.

Gopinath et al. (2008) a transition period of at least two years is required for
annual crops before the produce may be certified as organically grown. The purpose this
study was to evaluate the effects the three organic amendments on yield of wheat. The
organic amendments there composted FYM, vermicompost and lantana, compost applied
to soil at four application rates 60 kg N ha*, 90 kg N ha?, 120 kg N ha? and 150 kg N ha’
1. The grain yield of wheat in all the treatments involving organic amendments was
markedly lower (36.55% and 23.54%) less in the first and second year of transition
respectively than with the mineral fertilizer treatment.

Dahiya et al. (2008) reported that integration of vermicompost or farm yard
manure with chemical fertilizers exhibited beneficial effect on yield attributes and yield of
wheat.

Pandey et al. (2009) reported that the application of FYM 10 t ha' with RDF
produced similar grain yield (3.4-3.6 t ha) as the yield obtained under 150% RDF alone
(3.3-3.6 t ha).

Pandey et al. (2009) reported that application of 150% RDF together with 10 tones
FYM although produced maximum grain yield (3.8-3.9 t ha'), however, highest benefit:
cost ratio (1.5-1.7) was obtained with 10 t FYM ha together with RDF only. Addition of
10 t ha™* FYM with fertilizers levels significantly increased the nutrient uptake by the crop,
improved the organic carbon content, N, P and K status and significantly reduced the bulk
density of the soil as compared to chemical fertilizer alone.

Shalaby et al. (2010) reported that a highly significant effect of application rates
for compost on both grain and straw yield of wheat and weight of 1000 grains were

obtained. The rate 10 ton compost ha! + 50% NPK showed the highest beneficial effect
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wherever, compost a surpassed the other compost B and C on the detrimental parameter.
While the highest rate of compost (20 ton ha™) gave the lowest effect on plant growth and
yield.

Hakeem et al. (2010) study on the Application of inorganic + organic sources
increased plant height, no. of tillers, grain yields and test weight and showed marked
response on grain yield and 1000 seed wheat.

Ghanshyam et al. (2010) to evaluate available N and P in soil after green gram
harvest, increased significantly over no organic manure application of FYM and
vermicompost in green gram. NPK uptake by green gram as well as succeeding wheat crop
increased significantly with 9 kg P ha™* over control. Application of 75% RDF (113, 20
and 40 kg ha! N, P and K) to wheat grown on residual fertility of manures and P applied
to green gram, gave significantly higher productivity and net return of wheat as well as in
green gram-wheat cropping system.

Tahir et al. (2011) to checks the results of this experiment indicate that organic
matter along with recommended dose of synthetic fertilizers could be helpful in increasing

the stagnant grain yield of wheat in our country.

Zahedifar et al. (2011) study was conducted to determine the number of tillers,
grains/spike, spike-length, grain-yield, and 1000-grain weight increased with P and OM

applications.

Singh et al. (2011) reported that the growth parameter viz. number of tillers hill*
and plant height significantly increased due to presence of nitrification inhibitors in nimco
fertilizer, they slowly supplied nitrogen to plant and decreased the looses of nutrients
resulting more nitrogen available to plant. Combined application of organic manures and

inorganic fertilizers increased the dry matter accumulation, number of grains spike™, grain
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yield, straw yield and NPK uptake by wheat crop compare to treatment T> where full dose
of NPK applied through urea, single superphosphate and manure of potash. Application of
50% N through nimco and 50% through Bhu amrit showed maximum number of tillers
hillX, plant height, number of grains spike™, dry matter accumulation and test weight. The
highest grain and straw yield of wheat to the extent of 44.9 and 69.56 q ha™* respectively
was obtained where recommended dose of nitrogen was applied in ratio of %:%/, through
nimco and Bhu amrit, respectively.

Dadhich et al. (2011) a field experiment was conducted at Udaipur to study the
direct effect of fertilizer P, FYM and biofertilizers alone and in combinations on soybean
and their residual effect on subsequent wheat. Result obtained that the application of
increasing levels of P, FYM and biofertilizers significantly enhanced the seed/grain yield
of soybean and subsequent wheat.

Meena et al. (2012) reported that wheat crop also, integrated use of NPK and FYM
(7.5 t ha) gave significantly higher grain yield (5.23 t ha) as compared with general
recommended dose of NPK (4.28 t hal). Conjoint use of fertilizer NPK and FYM,
improved soil physical health as revealed by a significant decrease in soil bulk density
(BD) and an increase in water holding capacity vis-a-vis sole fertilizer treatments or
unfertilized control during the years of experimentation. Soil BD decreased from 1.50 Mg
m in NPK to 1.40 mg m3 in NPK + FYM + ID plots. Water holding capacity increased
from 36.1% in NPK to 39.4% in NPK + FYM plots. Among biological parameters of soil
health, microbial biomass C, microbial biomass N (MBN) and de hydrogenise activity
were measured, which varied from 178 to 373 mg kg?, 22.8 to 65.8 mg kg™ and 43.7 to
61.0 u TPF/24 h/g of soil, respectively in different treatments. In general highest values of
these parameters were recorded in treatments that received NPK + FYM with or without

ID.
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Kumar and Pannu (2012) to study increase in dose of organic manures from 75 to
150 and 225 kg N ha! by any sources increased the grain yield of wheat significantly
increased during both the year. The increase in level of poultry manure increased the N, P
and K uptake from Ty (80.5, 83.2, 18.9, 19.5, 81.0 and 81.7 kg ha') and from T1o (93.2,
96.6, 21.6, 22.6, 89.0 and 90.4 kg ha) in T11 treatment during both the years of study,
respectively.

Davari et al. (2012) the results of this study show that VC+RR+B was the most
productive treatment, while FYM+RR+B was the most economical treatment with respect
to increasing net profit. This was because of the higher price of vermicompost compared
with FYM. Both of these combinations resulted in improved grain quality and nutrient
uptake by grain. The present study thus indicates that a combination of FYM+RR+bio
fertilizers or VC+RR +bio fertilizers hold promise for organic wheat farming.

Ahmad et al. (2013) reported that the combinations of NPK+PM 50 kg ha™ having
high plant height (102.53) while number of (343) tillers ha' was obtained high in
combination with NPK+ city compost 300 kg ha?l which was at par with combination
(NPK+ press mud 500 kg/acre) having plant height 100.90 Spike length, number of
grains/spike, 1000 grains weight, grain yield t ha* was 13.35 c¢m, 61.85, 40.60 grams and
3.14 t ha' respectively, obtained in treatment (NPK+press mud 500 kg/acre). While
minimum amount of plant height (94.80), number of tillers m? (223), spike length ( 10.35
cm), number of grains/ spike (43.43), 1000 grains weight (35.33 g), grain yield t ha™* ( 38.
41) was found in control where no dose of organic and inorganic fertilizer were applied.
2.1.3 Effect on nutrient content uptake and quality

Jadhav et al. (1997) in a pot experiment on rice observed that dry matter
production and uptake of the most major nutrients were highest from 75 kg N ha? as urea

+ 25 kg N ha* as vermicompost.
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Prasad and Prasad (1998) reported that the major portion of the nutrients through
organic sources and almost available to wheat, while the remaining will be available to
succeeding crop in the cropping system. Sushila and Giri (2000) found that grain yield,
quality and water use efficiency of wheat increased due to application of FYM. An
application of FYM recorded the saving at 45 kg N ha™.

Kathuria et al. (2004) found that application of organic manure significant
increased the content and uptake of N and P in wheat grain and straw significantly.

Singh et al. (2008) reported that application of FYM, vermicompost, green
manuring and rice residue incorporation alone or in combination with bio-fertilizers
supplemented by NPK fertilizers improved the soil fertility besides maintaining higher
sustainable productivity.

Ibrahim (2008) to evaluate the partial replacement of N fertilizers by additional of
equivalent level of organic fertilizers to wheat production could be a useful way to save
the amount of irrigation water used in wheat production by prolonging the irrigation
interval and enhancement of plant growth and increasing nutrients uptake by plants and to
avoid nitrate leaching especially under sandy soils and consequently reducing pollution
problems.

Verma and Mathur (2009) found that integrated use of FYM with chemical
fertilizers or use of FYM alone exerted significant effect on the active pools of soil carbon.
The C/N ratio was highly and significantly correlated with soil microbial biomass carbon,
soil microbial biomass nitrogen, water soluble carbon, water soluble carbohydrates and

dehydrogenise activity under maize crop.

Verma et al. (2010) significant improvement in the physico-chemcial properties of
the soil was observed by the addition of FYM alone or in combination with inorganic over

100% NPK. Addition of organic matter through FYM alone or along with recommended
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dose of NPK further improved the properties of soil. The beneficial effects of fertilizers
with FY' M application on soil properties are due to incorporation of larger amount of plant
residue through roots and stubbles due to better plant growth in the fertilizers and manures
plot. However, when compared with initial status, significant decrease in bulk density, no

change in pH and increase in EC and CEC.

2.2 Effect of inorganic fertilizers on wheat

The role of fertilizers in boosting crop production has already been proved and they
have become so essential that the cultivation of present day wheat crop without them is
rather a dream. Use of chemical fertilizers has increased the crop yield, but caused many
environmental problems including soil, air and water pollution and finally human health
hazards and making the crop productivity unsustainable (Eid et al. 2006). Fertilizers play
vital role in production and productivity of any crop but continuous and imbalanced use of
high analysis chemical fertilizers badly influences production potential and soil health use
of chemical fertilizer in combination with organic manure is essentially required to
improve the soil health (Bajpai et al. 2006). Behara (1995) reported that the use of
optimum quantity of fertilizer and their suitable method of application are essential for
improving the productivity level and finally the income. Behara et al. (2007) observed that
the optimum dose of nutrients and their sours play an important role in increasing the
productivity of these crops. Due to prolonged cultivation of crops with recommended dose
of inorganic fertilizers alone, the productivity of soil has gone down and time has come to
supplement their inorganic fertilizers with organics and micronutrient to sustain the

fertility and productivity of the soils.

2.2.1 Effect on growth
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Prasad et al. (1982) reported that increasing rate of N application from 150 to 170
kg ha? along with other nutrients significantly enhance the growth parameters viz., plant
height, number of shoots and dry matter accumulation.

Singh and Brar (1994) found that the N application at 60, 90, 120 and 150 kg N ha’
! influenced growth as well as yield attributing characters significantly. All these
characters except 1000 grain weight increased with each increment in nitrogen dose.

Pal et al. (1996) reported that leaf area index, dry matter accumulation and CGR
increased significantly with recommended level of fertilizers (N1oo Pso Kas kg ha*) over
50% of recommended fertilizers maintained 33-35% more green leaf area, dry matter
accumulation at faster rate and produced 39% more at maturity that 50% of recommended
level which accumulated dry matter at faster rate per unit leaf area, per unit time by
reducing death of tillers and senescence of leaf.

Banga et al. (1996) reported that both N and P content in grain and straw improved
with the addition of each fertilizer unit.

Kataria and Bassi (1997) recorded that the application of 120 kg N ha? to wheat
crop produced significantly taller plants, more number of tillers and dry matter.

Azad and singh (1997) reported that grain yield increased with application of 100
kg N ha and no significant further increase with 125 kg N ha* fertilizer application has
always-beneficial effect on growth and development of plant.

Gwal et al. (1999) studied on a field experiment which conducted on Sehore,
Madhya Pradesh, India to determine the effect of different levels of fertilizer on growth of
late-sown wheat reported that, averaged over the cultivars, plant height, number of tillers
plant™ increased with NPK rate.

Magsood et al. (1999) reported that a field experiment which conducted at

Faisalabad, Pakistan to determine the growth and yield response of wheat to N, P and K
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application in different combinations and resulted that the highest grain yield was achieved
from plot fertilized at the rate of 140-75-50 kg NPK ha™* which was significantly higher
than control and other treatments.

Yadav et al. (2000) experiment conducted at Hissar and reported that the 75% of
recommended N dose with bio-fertilizer gave similar yield to the recommended rate
without bio-fertilizer inoculations of wheat.

Singh and Agarwal (2001) found that application of graded levels of nitrogen and
recommended dose of N, P and Zn fertility significantly enhanced number of tillers at 45
days after sowing, plant height, dry matter accumulation, effective tillers per meter row
length, grain per spike, straw and biological yield. Pandey et al. (2003) observed that plant
height, effective tiller per meter row length, ear length, grain per ear, test weight, grain
yield, straw yield, harvest index, grain protein content, net return and nitrogen uptake was
highest with 180 kg N ha™.

Hussain et al. (2002) Investigations on the effect of three NPK levels (35-25-25,
70-50-50 and 105-75-75 kg ha™) on growth and quality of wheat cultivars, were carried
out at Faisalabad, Pakistan. Different NPK levels significantly affected plant height,
number of tillers.

Kumar and Arora (2003) studied at New Delhi, India and reported that the effects
of N with or without P and K on the growth and spectral response of wheat were the
normalized difference vegetation index (NDVI) increased up to 70-80 days after sowing
then decreased thereafter. At 80 DAS, the highest NDVI was recorded for 125 kg N ha
without P and K; when P and K were supplied, NDVI was highest at 150 kg N ha®. The
results suggest that 40-90 DAS may be the most suitable growth stage for spectral

assessment in wheat.
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Yadav et al. (2005) observed that plant height and effective tillers/m row increased
significantly with each successive increment of N from 120 to 180 kg ha®. Effective
tillers/m row length increased by 29.3% with 100 kg N ha* over 120 kg N ha™. This might
be due to the fact that nitrogen plays a vital role in cell division and cell enlargement as
well as increased sink size. Singh et al. (2006) reported that complete dose of N, P, K
fertilizer with and without organic amendment increase or maintained the sustainability of
rice-wheat cropping system. The residual effect of the organic materials application of rice
on the succeeding wheat crop during all the years was positive and increase in wheat grain
yield range from 4 to 8 per cent.

Jakhar et al. (2006) a study was conducted in Hisar, Haryana, India, during the
rabi season to determine the effect Nitrogen on Crop physiological parameters and dry
matter accumulation increased with the increasing nitrogen rate from 100 to 125 kg ha™.
Treatment with 150 kg N ha* was statistically at par with 125 kg N ha™.

Shou et al. (2006) reported that a field experiment conducted at Yinchuan,
Ningxia, China to determine the effect of NPK on wheat, the NPK application remarkably
increased dry matter weight and NPK concentration and accumulation in the plants.

Singh and Yadav (2006) study that application of nitrogen significantly increase
the growth parameters. 150 kg N ha™ produced significantly taller plants and dry matter
than all other treatments.

Laghari et al. (2010) field investigations were conducted at Department of
Agronomy, Sindh Agriculture University, Tandojam, Pakistan and reported that Fertilizer
application significantly enhanced growth of wheat. Application of 120-60-60 NPK kg ha
1 to TD-1 recorded maximum tillers, dry matter, leaf area index, crop growth rate and NPK

uptake. Further increase in NPK rate had a non-significant response on these traits.
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However, application of 180-60-60 NPK kg ha? or higher fertilizer regimes produced tall
plants, maximum nodes stem?, internodes length, prolonged maturity days.

Rehman et al. (2010) reported that a field experiment which conducted at KPK
Agricultural University, Peshawar, Pakistan to determine Phenology, leaf area index and
of rain fed wheat influenced by organic and Inorganic fertilizer resulted different levels of
NPK and FYM alone or in combination had significant effect on tillers m?, days to 50%
heading, days to maturity, leaf area index, and plant height. Maximum tillers m2 (330),
days to 50% heading (117), days to maturity (151.1) and plant height (82.4) were recorded
at 80-60-60 kg NPK ha. Maximum leaf area index (2.50) was recorded at 80-60-30 kg ha
!, while minimum leaf area index (2.23) was found at low level of 40-30-30 kg NPK ha™.

Bhaduri and Gautam (2012) found that highest grain and straw yield of 46.6 and
67.6 q ha* respectively were obtained at 200 kg N ha*. The higher magnitude of response
up to 150 kg N ha* levels may be due to the favourable effect of N on plant vegetative
growth. Application of P and K also had such type of effect on grain yield.

Ashutosh Barthwal et al. (2013) reported that at 90 days offer sowing NPK
application at 170 N, 60 P,Os and 120 KO kg ha? recorded the highest value of growth
parameters. The magnitude of increase in plant height was 12.4 and 18.8%, number of
shoots/m? was 17.8 and 18.4% and dry matter accumulation was 15.98 and 18.04% over
farmer fertilizer practice (N120 + P40 + Ko) and recommended practice (Niso + Pso+Kao),
respectively. Plant height, number of shoots/m? and dry matter accumulation was superior
under higher dose of NPK due to better nutrient availability and reduced inter-plant
competition in the community.

2.2.2 Effect on yield and yield attributes
Singh and Prasad (1998) showed that test weight of wheat was significantly

increased with the application of 80 kg N ha*, while the grain yield increased by 24.9 and
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47.4% by the application of 40 and 80 kg N ha , respectively, Over control. Hasan and
Kamal (1998) found that grain, straw yield and protein contents were higher in wheat with
N in 4 splits + 10 t FYM. There is a positive effect of applying FYM and various amounts
of N fertilizers on soil N balance, crude protein content.

Kumar et al. (1999) found that application of N at 0 to 180 kg N ha? increased
plant height, length of spike, and 1000 grain weight and the entire attributes registered
significantly higher yield.

Gwal et al. (1999) studied on a field experiment which conducted on Sehore,
Madhya Pradesh, India to determine the effect of different levels of fertilizer on yield and
quality of late-sown wheat reported that averaged over the cultivars, spike length, grain
protein content increased with NPK rate.

Magsood et al. (1999) reported that a field experiment which conducted at
Faisalabad, Pakistan to determine the yield response of wheat to N, P and K application in
different combinations and resulted that the highest grain yield was achieved from plot
fertilized at the rate of 140-75-50 kg NPK ha* which was significantly higher than control
and other treatments.

Singh and Singh (2000) studies the effect of potassium application in rice-wheat
cropping system and reported that the highest value of yield attributes were recorded at Keo
irrespective of the K, application in the two crops.

Sushila and Giri (2000) observed that application of nitrogen upto 90 kg ha’
increased the grain yield significantly by increasing yield attributes, e.g. number of spike,
length of spike, 1000- grain weight of wheat.

Kaur et al. (2001) from Ludhiana, Punjab reported that all yield attributes increased
with increasing nitrogen rate except 1000 grain weight in 1998-99, nitrogen at 150, 180 and

210 kg ha? resulted significantly higher grain yield over 120, 150 and 180 kg ha'was
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superior over to 210 kg N ha™.

Shama and Vyas (2001) obtained that the significant improvement in effective tillers
m2, ear length, 1000-grain weight and grain yield of wheat was found during residual effect

of increased level of P fertilization at 90 kg P,Os ha.

Dikshit et al. (2001) observed that when the application of NPK recommended dose
was associated with organic manures, higher yield levels were obtained. The highest grain
yield, straw yield and energy yield were recorded in 100% NPK and compost treatment
which accounted for the highest cost of cultivation but the highest gross returns. Maximum
net profit and cost benefit ratio were achieved in NPK + FYM treated plot which indicated

that economic yield can be obtained with integrated plant nutrient supply.

Sharma and Manohar (2002) reported that application of 120 kg N ha™enhanced
the grain and straw yield of wheat by 63.5 and 30.1% respectively over 30 kg N ha™,

Magsood and Ali (2002) observed that the application of N increased the yield and
yield attributes of wheat, giving the highest no. of productivity tillers (871.73 m?), number
of grains per spike (44.28), 1000 grain weight (36.57 gm) when N was applied @ 160 kg ha
1.

Hussain et al. (2002) investigations on the effect of three NPK levels (35-25-25,
70-50-50 and 105-75-75 kg ha) on yield attributes of wheat cultivars, were carried out at
Faisalabad, Pakistan. Different NPK levels significantly affected number of fertile tillers,

1000-grain weight, and grain protein content of wheat.

Panday et al. (2003) observed that plant height, effective tillers per metre row
length, ear length, grain per ear, test weight, grain yield, straw yield, harvest index, grain

protein content, net return and nitrogen uptake was highest with 180 kg N ha™.

32



Parihar (2004) reported that the yield attributing character like effective tillers/m
row length increased significantly with application of 120 kg N ha™.

Pandey et al. (2004) showed significantly effect on growth characters is height of
plant and number of tillers per plant at different growth stages and number of grain par ear
and test weight of 1000 gain of harvest with addition of K. The yield significantly increased

with increasing levels of potassium up to 60 kg K20 ha™.

Ram et al. (2005) an experiment was conducted in Hissar, Hariyana, (India) during
Rabi season and observed that the crop yield increased with increasing Nitrogen rates.

Yadav et al. (2005) reported that application of 150 kg and 180 kg N ha was at par
significantly increasing the grain yield. Hussain et al. (2005) reported that application of 150
kg and 180 kg N ha* was at par significantly increasing grain yield.

Kulkami et al. (2005) reported that significant increase in yield and straw yield were
increased with application of potassium up to 120 kg K2O ha? beyond this marginal
decrease in yield. Yadav et al. (2005) reported that application of 150 kg and 180 kg N ha*
was at par significantly increasing the grain yield.

Duhan et al. (2006) conducted a pot experiment and reported that the application of
N significantly increased the wheat grain yield over the control and the extent of increase
was 2.18 g pot™ with 200 mg N kg? soil over the control. Kachroo and Razdan (2006)
found that the increase in N levels lead to significant increase in yield attributing
characters and grain yield in wheat.

Shukla et al. (2006) observed that the maximum grain yield of 38.48 and 40.28 q
ha! was obtained with 180 kg N ha® which was at par with 150 kg N ha? (37.85 and
37.54 g hal) and significantly higher than that of 120 kg N ha (32.94 and 34.57 g ha?)
during 1999-2000 and 2000-2001 respectively. A similar trend was also observed for straw

yield. Number of ear heads/m? increased with increasing nitrogen up to 180 kg N ha.
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Singh and Yadav (2006) an experiment conducted at Faizabad (U.P.) observed that
application of 150 kg N ha increase the yield attributes and yield of wheat if increased the
grain yield by 96.6, 65.0 and 37.7% compared to 0, 50 and 100 kg N ha™.

Singh (2006) observed that increase in the levels of NPK applied both to rice and
wheat increased their grain and straw yield significantly. Giving the additional values at
150% recommended dose i.e. 6.42 and 3.38 g ha™ compared with 100% NPK (34.67 and
41.18 g hal) in rice and wheat respectively.

Deshmukh et al. (2007) reported that all the growth and yield attributing characters
and straw yield and grain yield were significantly higher due to the application of 150 kg N
ha™* while it was at par with 120 kg N ha™.

Kumar et al. (2007) a field experiment was conducted in Varanasi, U.P. (India)
during rabi season observed that N at 200 kg ha? gave the maximum number of spike-
lets/ear, number of grains/ear, test weight, grain yield and straw yield.

Shirpurkar et al. (2007) a field experiment was conducted at the Niphad (India)
reported that the grain and straw yield (13.29 and 27.65.q ha) of wheat increased with
significantly with the application of 80 kg N ha*. It might be reduce to significantly highest
number of ear heads/m? (196.08) and number of grains per ear head (32.41).

Gupta et al. (2007) observed that increasing fertilizer dose from 75 to 100% of
recommended dose significantly increased yield attributes, such as spikes/m?, grain per
spike, spike length and 1000 — grain weight and grain and straw yields. However, upon
further increase in the fertilizer dose 125% of recommended dose, the various yield
attributes and grain and straw yield did not exhibit significantly variation.

Kumar et al. (2007) observed that N at 200 kg ha* gave the maximum number of

spike-lets/ear, number of grains/ear, test weight, grain yield and straw yield. Alam and
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Sinha (2008) reported that optimum nitrogen doses 150 kg N ha* for maximum yield and
yield attributing characters in wheat.

Panchal et al. (2008) observed that crop fertilized with 160 kg N ha? yield
significantly higher grain yield than 120 kg N ha, but it was at par with 140 kg N ha™.
Kazemeini et al. (2008) reported that nitrogen level from 0 to 40 and 40 to 80 kg ha™
wheat yield increase significantly number of spikes/m? increased significantly only when
nitrogen level was increased from 0 to 80 kg ha™.

Srivastava et al. (2008) reported that a field experiment was conducted at Banaras
Hindu University, Varanasi, India to assess the effect of organic manures (FYM, green
leaf manure cleric and biogas slurry) under various fertility levels on yield of wheat crop.

Choudhary et al. (2009) reported that a field experiment conducted on a western
Himalayan soils to study the effect of organic manures and inorganic fertilizers on
productivity, nutrient uptake and soil fertility in rice (Oryza sativa)-wheat (Triticum
aestivum L.) crop sequence in western Himalayas and resulted in consistent and significant
improvement in grain yield of wheat with increase in fertilizer levels with significantly
highest grain yield in wheat (4.89 t ha*) in FYM supplied plots @ 10 t ha'+150% NPK
dose.

Gupta et al. (2009) results indicated that increasing nitrogen levels from 120 to 150 kg
ha* significantly increased ear heads/m? and the mean grain (40.04 ¢ ha) and straw (124.4
q hal) yield and further increase in nitrogen level to 180 kg ha® decreased the ear heads/m?
and grain yield. Application of 150 Kg N ha® showed mean increase of 16% in grain yield

over 120 kg N ha™.

Pareta et al. (2009) reported that maximum grain and straw yield (45.03 and 58.54 q
ha') were observed with the 140 kg N ha* in wheat.

Polara et al. (2009) a pot experiment conducted under net house condition to study
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the effect of four level of potassium Ko, Keo, Koo, and Kizo kg ha™ on grain yield. The grain
yield of wheat was significantly increased due to application of potassium up to K g0
treatment and further it was decreased with increased in level of K.

Barar et al. (2009) reported that the grain yield of wheat crop increased
significantly with the application of phosphorus, by increasing the dose of phosphorus
additional grain yield to the tune of 2.7 and 3.2 q ha® were achieved at PAU Farm and
farmers field respectively.

Laghari et al. (2010) field investigations were conducted at Department of
Agronomy, Sindh Agriculture University, Tandojam, Pakistan and reported that Fertilizer
application significantly enhanced yield components of wheat. Application of 120-60-60
NPK kg ha? to TD-1 recorded spike length, grains spike™, biological yield, grain yield,
harvest index, and NPK uptake. Further increase in NPK rate had a non-significant
response on these traits.

Rahim et al. (2010) reported that fertilizer P doses 0, 47, 81 and 111 kg P.Os ha*
were calculated by using adsorption isotherms and applied by broadcast and band
placement. Wheat grain yield increased from 1.58 mg ha to 3.94 mg ha* with the use of P
@ 81 kg P20s ha.

Rehman et al. (2010) reported that a field experiment which conducted at NPK
Agricultural University, Peshawar, Pakistan to determine Phenology, and grain yield of
rain fed wheat influenced by organic and Inorganic fertilizer resulted different levels of
NPK and FYM alone or in combination had significant effect on grain yield. Maximum
grain yields (2505 kg ha™) were recorded at 80-60-60 kg NPK ha. However, maximum
grain yield was recorded at 80-60-60 kg NPK ha™ and 30t FYM ha™.

Singh et al. (2010) reported that a field experiment was conducted at NDUA&T,

Kumarganj, Faizabad, during rabi season to study the effect of irrigation levels and
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fertility sources on grain yield. The highest grain and straw yield was obtained under
100% RD of NPK (F1) through fertilizer which was found significantly superior over other
sources of fertility.

Khan et al. (2011) reported that application of P had a positive influence on growth
and grain yield of wheat. However the maximum growth and yield wheat was recorded at

120 kg ha* P,Os application.

2.2.3 Effect on nutrient content, uptake and quality

Robinson et al. (1992) reported that the nutrient present in vermicompost and
readily available to the plants. P uptake by plant is enhanced due to increase in phosphate
activity induced by earthworms. Vermicompost was beneficial for sugarcane yield also.

Banga et al. (1996) reported that both nitrogen and phosphorus contents in grain
and straw were improved with the addition of each fertilizer dose. However uptake both in
grain and straw increased significantly only upto 120 kg N + 60 kg P20s ha™.

Laxminarayana and Patiram (2006) reported that application N, P and K either
alone or in combination and graded doses of N, P and K recorded significantly higher
uptake of N, P and K in rice over that of control. Gupta et al. (2007) found that nutrient
uptake (except P uptake) in wheat increased significantly with increase in fertility level
from 75 to 100% of recommended fertilizer dose. Further increase in fertility level to
125% of recommended fertilized dose could not being about significant increase in N, P
and K uptake. The increase in nutrient content was in consonance with higher grain and
biological yields and increase in nutrient content in plant tissue with increase in fertility
levels.

Pandey et al. (2009) observed that uptake of N, P and K increased with
progressive increase in the supply of N, P and K nutrients to the crop. Probably because of

high available of these nutrients and higher grain and straw yield at higher fertility levels.
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Application of FYM with fertilizer levels significantly increases the NPK uptake by the
crop than the application of fertilizer alone.

Bhaduri and Gautam (2012) reported that nitrogen application of 150 to 200 kg ha
increased the uptake from 112.3 to 130.4 kg ha™. However, for the production of grain
yield higher uptake of N was useful only up to 150 kg N ha and the rest could have been
used for the vegetative growth.

Jat et al. (2013) found that the maximum uptake of N, K, S and Zn in wheat was
recorded at 9 kg Zn ha’. Uptake of N, S, K and Zn in wheat grain was 49.3, 50, 51.4 and
53.7% higher and in straw was 44.08, 50, 41.8 and 48.2% higher under 9 kg Zn ha™ over
control, respectively. Significantly response of wheat to Zn by the application of 9 kg Zn
ha could be directly attributed to an enhanced availability of Zn ha? could be directly
attributed to an enhanced availability of Zn in soil at a level below where the optimum
requirement of crop is fulfilled. This showed that enhancement in Zn levels not only
increased the yields but also increased the nutrient concentration and ultimately their
uptake.

Ashutosh Barthwal et al. (2013) reported that application of NPK at 170, 60 and
120 kg N, P,0s and K,O ha? resulted in more uptake of N, P and K. This may be
attributed to increased grain and straw yield of crop and their respective nutrient contents
owing to increased availability of nutrients to the crop as a result of improved soil fertility.

2.3 Effect of various organic and inorganic sources on nutrient content and uptake of
wheat.
Singh (1999) reported that the wheat cv. VL421 was given 0, 5 or 10 t farmyard

manure (FYM) haor 40 kg N ha, 80:60 kg NP ha™ or 40:30:30 or 60:30:30 kg NPK ha-
1 Yield and N, P and K uptake increased with increasing rates of FYM. Yield was highest

with NPK among the inorganic treatments.
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Singh et al. (2002) reported that the effect of organic and inorganic N sources on
the quality of wheat (UP2338) and soil nutrient balance. Treatments comprised farmyard
manure (0, 10, 20 and 30 t ha!) in the main plots and N fertilizers (0, 60, 120 and 180 kg
ha') and a recommended fertilizer (120 kg N+ 26.2 kg ZnSO4 hal) in the subplots,
farmyard manure at 10 t ha™ with the recommended fertilizer or 20 t farmyard manure +
120 kg N ha enhanced grain yield, improved grain quality, and resulted in a positive soil
nutrient balance after 2 crop cycles.

Agarwal et al. (2003) resulted that treatment with 75% vermicompost + 25%
farmyard manure gave the greatest plant height at 105 days after sowing (DAS), and also
leaf attributes number at 90 DAS, dry weight at 105 DAS and number of seeds per spike,
test weight grain yield per plot and harvest index at 105 DAS.

Khalil et al. (2004) results revealed that all manure treatments whether combined
with or without bio fertilizers led to a significant increase in wheat dry weights. The
weight of the plants grown on a clay soil was higher than that grown on sandy or
calcareous soils. The response of wheat to organic manure treatments was more
pronounced in sandy and calcareous soils than in the clay one. Although N, P and K
contents of wheat were higher in the clay soil, yet the response to organic manuring was
more obvious in sandy and calcareous soils.

Kathuria et al. (2004) the organic manures significantly increased the content and
uptake of N and P in grain and straw. In both years, the highest N contents of grain and
straw were obtained with 160 kg N ha® and 100% NPK on soil test basis, whereas the
highest P contents of grain and straw were obtained with 120 kg ha, 160 kg N ha, 90 kg
ha? + Azotobacter and 100% NPK on soil test basis. N and P uptake by grain and straw
increased with the increased in the N fertilizer rate, and with the application of 90 kg ha*

+ Azotobacter and 100% NPK on soil test basis.
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Sharma et al. (2005) reported that the highest grain, straw and biological yields of
wheat and maximum nutrient uptake were recorded when lantana Vermicompost along
with 67 and 100% recommended dose of fertilizers (120, 60 and 30 kg ha! NPK) was
applied. Hence, 67% of recommended dose of NPK along with lantana vermicompost at
10 tones ha was considered to be best treatment. Among organic manures lantana
vermicompost was found to be superior over carrot grass vermin compost followed by
farm yard manure in increasing the nutrient uptake and wheat yield.

Singh and Singh (2005) reported that the application of all organic manures
significantly increased the uptake of N, P and K in grain and straw and their total uptake,
grain and straw yields and protein content in grain over the no organic manure
treatment during both years. Among various organic sources, FYM at 15 t ha recorded
the highest N, P and K uptake in straw yield and protein content in grain. Application of
recommended dose of fertilizer resulted in the maximum total uptake of N, P and K grain
and straw yields and protein content in grain which was significantly higher over no
fertilizer, 25, 50 and 75% of the recommended dose of fertilizers .

Chaturvedi (2006) the data revealed that the analysis for respective years of
experimentation further revealed that the maximum plant height (91.9 cm), total number of
tillers m? (1798), leaf number m? (1070), leaf weight (275 g m™), leaf area index (2.48),
dry matter accumulation (18.34 tones ha*), number of grains per spike (47.5), 1000 grain-
weight (45.2 g), seed yield (5.05 tones ha), straw yield (7.0 tones ha) and N, P and K
uptake (49.3, 7.2 and 50.1 kg ha?), were recorded in the plots receiving phosphorus in
combination with phosphate-solubilising bacteria (P. strata) and farmyard manure
indicating that the combined application of phosphorus and farmyard manure with

phosphorus-solubilising bacteria had highest degree of influence on growth, yield and
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nutrients uptake of wheat thus emphasizing the need for P application in conjunction with
solubilise and organic source (farmyard manure) to wheat and other crops.

Stalenga (2007) to determine the nitrogen (N) and potassium (K) nutrient status of
wheat cultivated in the organic system was lower compared with the other farming
systems. Assuring sufficient supply of nitrogen to cereals under the conditions of organic
farming is particularly difficult in early growth stages. In the integrated and conventional
systems wheat was sufficiently supplied with NPK. Cobra cv. proved to be more adapted
to the organic system than the other cultivar. Results indicate that classical nutrient status
indices are of lesser use for organic farming.

Thakral and Madan (2008) reported that different organic and inorganic sources of
wheat nutrition.The experiment comprised four treatments, application of recommended
dose of nitrogen through inorganic sources proved best with 11.84% protein content in
grain. Maximum nitrogen content in grain (1.82%) was recorded with recommended dose
of nitrogen through inorganic source during all the years under study. The N, P and K
uptake in grain and straw was highest, when nitrogen was applied through inorganic
sources in comparison to organic source.

Kajla et al. (2008) the results showed that the application of recommended dose of
nitrogen fertilizer through inorganic sources proved to be the best with 11.94% protein
content in the grains. The N, P, K uptake in grains and straw was highest when the
recommended dose of N fertilizer through inorganic sources was applied.

Maitra et al. (2008) reported that the increase in N, P and K uptake with 60 kg
P,Os hat were 20.5, 44.0 and 54.9% respectively, over the P treatment. Grain and straw
yield of wheat increased significantly with farmyard manure at 5 and 7.5 t ha™ applied in
sun hemp over the FYM treatment, although the yield recorded with 5 and 7.5t FYM ha

were at par. The increase in grain and straw yield less than 5 t FYM ha™ was 6.60 and
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14.05 respectively. A combined dose of 60 kg P,Os with 7.5 t FYM ha applied in sun
hemp recorded the highest grain yield of wheat (4.55 t hal), which was 21.3% higher than
that without P and FYM. The N, P and K uptake by wheat increased significantly due to
the residual effect of FYM and P applied in sun hemp crop. The application of P and FYM
had significantly improved the organic carbon and available N, P and K status in post
harvest soil after 2 years of cropping.

Nitika et al. (2008) the results of study revealed that nutrient composition of both
organic and inorganic wheat varieties is comparable and protein digestibility is higher in
wheat varieties grown under organic conditions. The people of North India, where wheat is
a staple cereal, can therefore be encouraged to use organically grown wheat varieties as
they are free from hazardous effects of synthetic pesticides fertilizers. Mandal et al. (2009)
the results indicate that in the background of long-term fertility management regimes, crop
growth (rhizospheric feed back) stages have significant impact on the nutrient dynamics in
soil and nutrient concentration in growing plants.

Randhe et al. (2010) to study Nitrogen, phosphorus and potassium uptake were
significantly increased in grains and straw with the incorporation of organic and inorganic
fertilization. The N, P and K increased with increasing levels of recommended dose of
fertilizer. Maximum nutrients uptake (192.30 kg N, 20.65 kg P and 176.99 kg K ha™) was
observed with the application of 100% RDF. Among organic manures, 125%
recommended N through vermicompost (16.48t ha) influenced significantly uptake of
nitrogen, phosphorus and potassium, maximum being 165.99 kg N, 18.29 kg P and 157.68
kg K ha* respectively.

Singh and Kumar (2010) reported that the treatment 75% NPK+ vermicompost at 3
t hal + foliar spray of ZnSO4 (0.5%) at 30 DAS and other treatment 75% NPK+ FYM at

10 t hal + foliar spray of ZnSO, (O.5%) at 30 DAS observed highest values for the
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growth, yield and quality parameters as well as for the nutrient content and uptake of
wheat.

Zahedifar et al. (2011) the results confirmed that wheat-plants required much more
P at early stages. The tentative conclusion is that flag-leaf P analysis, instead of stem, may
be used to evaluate the nutritional status of winter wheat.

Akhtar et al. (2011) reported that the use of NEC (200 mg kg™ soil) for wheat
production could be a useful tool to improve the efficiency of commercial N- fertilizer.

Singh et al. (2013) reported that the maximum protein content was observed under
the recommended dose of nitrogen through inorganic source which was at par with
inorganic source based on soil test value.

2.4 Integrated Nutrient Management in Wheat

Modern agriculture largely depends on the use of high input technologies viz., high
yielding varieties, chemical fertilizers, pesticides, herbicides and labour saving but energy
intensive farm machinery. Although high input chemical agriculture has certainly resulted
in spectacular gains in productivity, it has degraded some of the natural bases on which
this system rests. Heavy withdrawal of nutrients from the soil is one of such problems. The
fertilizer use is not only inadequate but also highly imbalanced because of fertilizer to be
used by an average Indian farmer depends on its availability and price and is rarely
decided by local recommendation or soil tests. Under present day situation it is not
possible to completely revert back to organic farming but integrated use of organic
manures and fertilizers has been found to be promising not only in maintaining higher
productivity but also for providing mobility in crop production Lal and Mathur, 1988.

Yadav et al. (2003) reported that integration of farm yard manure (FYM) along
with chemical nitrogen significantly increased the yield of wheat as well as of succeeding

green gram. Kumar et al. (2005) field studies indicated that application of FYM, green
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manure, crop residues, bio-fertilizers and other wastes either alone or along with inorganic
fertilizers enhanced the organic carbon and other plant nutrients in soil.

Jat et al. (2006) found that integrated nutrient management aims and improved the
physical, chemical and biological health of soil and enhances the availability of both
applied and native soil nutrients during growing season of the crops.

Verma et al. (2010) reported that application of 20 t FYM ha™ and combined use
of NPK and 10 t FYM ha™ recorded significant differences in the soil properties.

Mubarak and Singh (2011) observed that combined application of recommended
fertilizer dose, farmyard manure 15 t ha! and bio-fertilizer significantly improved wheat
yield and soil nutrient status. Increase over the alone application of chemical fertilizer
during 2004-05 and 2005-06 respectively. Wheat yield and nitrogen uptake showed
significant increase when grown after pulses. Integrated nutrient management is very
essential which not only sustains high crop production over the years but also improved
soil health and ensures safe environment.

2.4.1 Effect on growth
Nambiar and Abrd (1992). The major components of integrated nutrient supply

system are fertilizer, FYM, compost, crop residues, farm or industrial wastes such as rice
or wheat straw, rice husk, sugarcane trash etc. and bio-fertilizers like Azotobacter,
Rhizobium and blur green algae. Gill et al. (1994) showed a positive response of wheat to
applied N in combination of FYM.

Rao et al. (1998) found that integrated use of 16 t FYM (to soybean) + 44 kg P ha
(to both wheat and soybean) produced the maximum wheat grain yield. In combination
with FYM fertilizer P recovery was greater at all increasing rates compared with those of
no manure.

Hati et al. (2000) found that grain yield increased significantly with integrated

application of fertilizer and organic manure (FYM) upto 138.5 and 123% by recommended
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dose of NPK + FYM @ 10 t ha over the control, respectively. The combined use of
inorganic and organic manure enhanced the inherent nutrient supplying capacity of soil.

Patil and Bhilare (2001) showed that all treatments recorded significant higher
values for growth and yield component over the control the ¥2 PMC + % FYM treatments
recorded the highest values for plant height, number of tiller per plant, weight of grain per
year head, 1000- grain weight, yield, straw yield and protein content of grain.

Thakaral et al. (2003) Revealed that recommended dose of N and P>Os along with
5 ton ha* of vermicompost produced highest grain yield but it was non significant during
both the year, yield improvement was attribute to the higher no of effective tiller, plant
height more no of grain per spike and bolder seed of wheat crop under integrated nutrient
supply system.

Upadhyay et al. (2004) reported that application of biodynamic product CPP
improved the soil fertility, percent organic carbon, available phosphorus and available
potassium were increased by 0.04%, 41.2 kg and 8.2 kg ha™ respectively.

Singh et al. (2006) observed that all the growth and yield parameters improved
significantly due to Integrated Nutrient Management practice treatment over the rest of
treatments. integrated use of inorganic fertilizer either 25% or 59% of RDF through FYM,
press a mud and packing straw and the rest RDF through inorganic fertilizer give
significantly increased plant height, dry matter, high grain and straw yields of both rice
and wheat over 75% of RDF through organic sources and 25% RDF through inorganic
fertilizer. The maximum grain yield (3.67 t hal) and straw vyield (5.24 t ha?) were
produced in the higher level of nitrogen (120 kg ha*). The grain yield being the function
of cumulative effect of yield attributes increased significantly by 0.31 t ha® due to
additional application of 60 kg N ha. The increase in yield attributes might be ascribed to

supply of nitrogen at higher level, resulting into increased photosynthetic activities and
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translocation of photosynthetic, which promote the growth, better partitioning of
photosynthetic in yield attributes and eventually produced more yield (Sen et al. 2003).

Sharma et al. (2007) reported that application of 187.5 kg N ha + FYM 10 t ha™ +
Azotobactor recorded significantly more plant height. The enhancement in growth with
increase in fertility was owing to rapid conversion of synthesized photosynthates into
protein to form more protoplasm, thus increasing the number and size of cell which might
have increased the plant height.

Verma et al. (2009) reported that application of FYM alone or in combination with
chemical fertilizers (which were at par with each other) increased soil organic content after
harvest of maize and wheat crops. Reason attributed is the direct incorporation of organic
matter, better root growth and more plant residues addition after harvest of crops.

Singh and Pal (2011) found that the tallest plant were observed at application of
RDF + FYM seed treatment with Azotobactor, followed by 75% RDF + FYM seed
treatment with Azotobactor during both years. The plant height was increased by
application FYM and seed treatment with Azotobactor along with chemical fertilizers.
Total plant dry matter accumulation was recorded significantly highest at integrated
application of RDF + FYM Seed treatment with Azotobactor during both years but it was
found at par with 75% RDF + FYM Seed treatment with Azotobactor.

Usadadiya and Patel (2013) reported that application of 120 kg N ha™ showed its
significant superiority over lower level of nitrogen, it has recorded significantly the higher
plant height, number of effective tillers, grains per spike, test weight, chlorophyll content
in leaves and protein content in grain and the harvest index as compared to 60 kg N ha™.

2.4.2 Effect on yield and yield attributes
Banwasi and Bajpai (2001) observed that 50, 75 and 100 percent of the

recommended NPK rate (100:50:30 kg ha) were used and highest yield of wheat were

obtained with the 100% NPK. Jadho et al. (2001) a field experiment was conducted in
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Akola, Maharashtra observed that 100% recommended dose of NPK to wheat resulted in
the highest yield of Sorghum-wheat cropping system (67.05 g ha).

Bhagat (2001) observed that highest yield of wheat (34.56 ¢ ha™) were obtained
with the treatment 50% NPK + 50% FYM in Groundnut-wheat cropping system. Pandey
et al. (2004) reported that application of 150, 75, 50 kg N, P and K ha? recorded
significantly higher values of yield attributing characters, grain and straw yield by the crop
than the lower levels of fertilizer.

Singh et al. (2005) reported that grain yield of wheat (Triticum aestivum L.) was
significantly higher under various organic manure (FYM, pressmud, vermicompost and
green manures) than no organic manure applied to the proceeding kharif fodder crop.
Application of 100% NPK on soil test basis, being at par with 120 and 160 kg N ha™
produced significantly higher grain yield of wheat than the control.

Kathuria et al. (2005) revealed that grain yield of wheat (Triticum aestiuum L.) was
significantly higher under various organic manures (FYM, green manure, press mud and
vermicompost). Application of 100% NPK on soil test basis, being at par with 120 and
160 kg N ha? produced significantly highest grain yield of wheat than the control (no
fertilizer), 60 kg N ha* and 90 kg N ha* + Azotobacter.

Bindia et al. (2005) reported that grain and straw yields increases with biofertilizer
inoculation and application of FYM and N fertilizer, grain yields obtained with 75% of the
recommended N rate FYM (32 q ha) or biofertilizer (29.71 g ha) and 100% of the
recommended N rate (29.76 g hal) were on at par, sustaining that the application of
biofertilizers or FYM could reduce the N fertilizer rates by 25%.

Kumar et al. (2005) reported 100% NPK (120 kg N + 26.2 kg P + 49.8 kg K ha?)

with farm yard manure 10 t ha* increase the yield attributes and yield wheat.

47



Sharma and Sharma (2006) reported that integrated nutrient management involving
FYM and NPK fertilizer is a must for the sustainability of cropping system. Tulasa and
Mir (2006) observed that the application of 10 t FYM + 120 kg N ha* significantly
increased plant height, effective tillers/m row length, number grains per spike, grain and
straw yields over the control and 10 t FYM + 100 kg N ha! in wheat.

Kamla at el. (2006) field experiments were conducted in Dhaulakuan, Himachal
Pradesh, India, during the 2003-04 and 2004-05 cropping seasons, to monitor the
combined use of green manures, crop residues, compost and fertilizers on the yield and N
uptake in a rice-wheat cropping system.

Behar et al. (2007) found that application of available organic sources, particularly
FYM and poultry manure along with full recommended doses of NPK fertilizer to wheat
was essential for improving productivity, grain quality, profitability, soil health and
sustainability.

Sharma et al. (2007) observed that application of 187.5 kg N ha* + FYM 10 t ha!
and 150 kg N ha* + FYM 10 t ha* + Azosprillium recorded significantly higher grain and
straw yields.

Mamta et al. (2007) was reported through a field experiment which was conducted
at Hisar, Haryana, India, to determine the effects of organic and inorganic fertilizers on the
growth and yield of wheat. The highest values for yield, leaf area index, crop growth rate
and relative growth rate were recorded in the treatment with the recommended dose of N
through inorganic source. The minimum values were observed in the treatment where the
recommended dose of N through organic source was applied.

Muhammad et al. (2008) the impact of organic manure and compost on
productivity of wheat (Triticum aestivum L.) was investigated in sandy clay loam soil. The

amounts of various organic manures to supplement the inorganic fertilizers must be
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optimized to increase crop yield. Changes in growth and yield parameters of wheat relative
to inorganically fertilized controls were measured. Organic amendments had positive but
variable effects. The organic manures application increased the wheat yield by 11.13
(105%) to 13.53 (128%) g pot™, relative to the control. The wheat plant height, number of
tillers, spike length, straw vyield, grain yield and 1000-grain weight all were statistically
different from that of control.

Billore et al. (2009) the results occurred revealed that the integrating poultry
manure @ 2.5t ha* followed by farm yard manure @ 5 t ha™* with recommended 50% of
the recommended dose of fertilizers improved the yield of wheat.

Lakhdar et al. (2009) observed that the risks related to municipal solid waste compost
application in comparison to farmyard manure and mineral fertilizers on durum wheat
were investigated on a short-term experiment. Compost was applied at 40 t ha® and 80 t
ha* with or without chemical fertilizers. Analogously, farmyard manure was applied at 40
t hal. Both compost and farmyard manure improved plant growth and nutrient uptake.
Pandey et al. (2009) reported that application of FYM and FYM at varying fertility levels
produced significantly higher values for yield attributing characters, i.e. effective tillers
per meter row length, number of grain per ear heads and test weight in both the years than
the application of chemical fertilizers alone. Application of FYM with 150% RDF
recorded higher values of yield indices and was found to be at par with the application of
FYM with 125% RDF and significantly surpassed over RDF with FY M.

Rathor and Sharma (2010) reported that the significant improvement sowing to
appropriate combination of NPK, VC, FYM, Zn and PSB was observed for the nutrient
uptake by the crop and the maximum nutrient uptake was noticed due to 100% RDF of

NPK+VC+Zn+PSB and minimum with control.
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Rehman et al. (2010) reported that a field experiment which conducted at KVK
Agricultural University, Peshawar, Pakistan to determine Phenology, leaf area index and
of rain fed wheat influenced by organic and Inorganic fertilizer resulted different levels of
NPK and FYM alone or in combination had significant effect on tillers m?, days to 50%
heading, days to maturity, leaf area index, and plant height. Maximum tillers m (330),
days to 50 % heading (117), days to maturity (151.1), and plant height (82.4) were
recorded at 80-60-60 kg NPK ha™. Maximum leaf area index (2.50) was recorded at 80-
60-30 kg ha*, while minimum leaf area index (2.23) was found at low level of 40-30-30
kg NPK ha'.

Shalaby et al. (2010) reported that the effect of compost and mineral fertilizers on
yield and nutrients uptake by wheat plant. The experiment included three main plots as
type of rice straw and maize stalk with different activators, compost (farmyard manure)
and (mineral activator). Five sub plots were fertilization treatments (100% recommended
NPK, 5 ton compost/fed+75% recommended NPK, 10 ton compost/fed+50%
recommended NPK, 15 ton compost/fed+25recommended NPK and 20 ton compost/fed).
A highly significant effect of application rates for each compost on both grain and straw
yield of wheat and weight of 1000 grains were obtained grain surpassed that straw.

Singh et al. (2010) reported that a field experiment was conducted at NDUA&T,
Kumarganj, Faizabad, during rabi season to study the effect of irrigation levels and
fertility sources on yield attributes. The 100% RDF of NPK through fertilizers recorded
significantly higher spikelet’s spike™, spike length, grains spike®, over Fs and F4 and it
was statistically on par with 75% RD of NPK (F2) through fertilizers +25 % RDF through
FYM.

Sepat el al. (2010) revealed that treatment where RDF was applied in combination

with FYM, bio-fertilizers produced the highest grain yield. This was closely followed by
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treatment receiving 75% RDF + FYM + Bio-fertilizer +INM (RDF + FYM + Bio-
fertilizer) on average gave 23% higher grain yield than RDF alone showing the beneficial
effect of combined use of fertilizers with FYM and bio-fertilizers.

Meena et al. (2012) reported that the treatment where recommended dose of
fertilizers (RDF) were applied in combination with FYM, bio-fertilizers produced the
highest grain yield of 50.39 and 52.73 q ha™ during 2007-08 and 2008-09, respectively.
The treatment was followed by the treatment receiving RDF + FYM + BF during 2007-08
which recorded grain yield of 49.28 g ha™ and application of RDF + FYM during 2008-09
i.e 51.22 g ha? during both the years of study, the treatments RDF + FYM and RDF +
FYM + BF were statistically at par with RDF + FYM + BF also produced significantly at
par grain yield during 2008-09 to the RDF + FYM + BF.

Agamy et al. (2012) reported that a field experiment was conducted at the
Experimental Farm of Faculty of Agriculture, Fayoum University to study the effect of the
application of biofertilizers farm yard manure and mineral fertilizer (NPK) singly or in
combination on yield, anatomical structure and physiological analysis of wheat plant. The
results showed that, the application of Bio-fertilizer and FM in combination with NPK
significantly increased the growth characters were reflected in yield.

Singhal et al. (2012) conducted with integrated nutrient management on wheat at
IARI research farm New Delhi. Grain yield of wheat with 50% NPK fertilizer + NPK
enriched compost was significantly higher than that of 100% NPK fertilizer, it was at par
with 50% NPK fertilizer + NP enriched compost. The treatment 50% NPK fertilizer along
with NPK enriched compost recorded maximum N uptake (105.0 kg hal). A better
correlation was observed between amino sugar-N with grain yield N uptake by wheat.

2.4.3 Effect on nutrient content, uptake and quality
Kumar and Yadav (1995) showed that manuring with FYM increased the NPK

uptake by grain and straw of wheat. A small amount of nutrient substituted by the organic
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source proved to be beneficial for plant growth. FYM applied with chemical fertilizer
results in better uptake of nutrients.

Jadhav et al. (1997) in a plot experiment on rice observed that dry matter
production and uptake of the most major nutrients were highest from 75 kg N ha as urea
+ 25 kg N ha'* as vermicompost.

Singh (1999) revealed that application of 10 t FYM ha* yielded significantly
higher grain and straw yields of wheat over 5t ha® and control (no FYM). Incorporation
of FYM and application of N, P and K also exhibited significantly effect on uptake of
NPK by grain and straw, FYM @ 10 t ha® with 60 kg N + 30 kg P,Os+ 30 kg K20 ha was
found optimum level to get the maximum yield in wheat under low valley situation of U.
P. hills.

Dwivedi and Thakur (2000) application of FYM together with 150% RDF recorded
higher nutrients uptake in both the years and K uptake in second year by the crop at 125%
RDF with FYM alone. This might be due to increased efficiency of fertilizers in the
presence of FYM resulting in increased uptake.

Srrenivash et al. (2000) reported that available N in soil increased significantly
with increasing levels of vermicompost at all the growth stages ridge gourd while N
contain increased significantly with increased level of vermicompost. The highest N
uptake was observed with vermicompost @ 10t ha™* + 50:25:25 kg NPK through chemical
fertilizer.

Gupta and Sharma (2006) observed that application of 100% NPK to both crops
attained the maximum N (214.1 kg ha?l) and P (43.0 kg ha) uptake by the rice-wheat
cropping system. However, 50% NPK + 50% N through FYM to rice followed by 100%
NPK to wheat attained the maximum K uptake (208.4 kg ha') by the whole system along

with highest positive N (35.5 kg ha?) and P a balance (78.5 kg ha) in the soil. While, in
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case of K, positive nutrient balance in soil was only recorded by application of 50% NPK
+50% N through wheat straw to rice followed by 100% NPK to wheat crop (54.5 kg ha™).

Sharma et al. (2007) observed that application of 187.5 kg N ha™ integrated with
FYM 10 t ha! and bio-fertilizer (Azosprillium) being at par with 187.5 kg N ha® + FYM
10 t hat and 150 kg N ha* + FYM (10 t ha*) + Azosprillium recorded significantly higher
N, P and K uptake than rest of the treatment. Such results are obvious, as application of
fertilizer N in combination with organic manure and bio-fertilizer is known to improve
various physico-chemical properties resulted in enhance nutrient absorption or uptake
these finding confirm those of Singh (2006).

Singh et al. (2008) reported that green manuring in-situ or application of FYM (10
t hal) or vermicompost (5 t ha) one in a year, during kharif, were equivalent to 60 kg N,
13 kg P and 25 kg K fertilizer ha®. Integrated application of bio-fertilizers like
Azotobactors, BGA and PSB, along with organic manures, reduced the N and P fertilizer
requirement further by 60 kg N and 13 kg P ha™.

Srivastava et al. (2008) reported that a field experiment was conducted at Banaras
Hindu University, Varanasi, India to assess the effect of organic manures (FYM, green
leaf manure and biogas slurry) under various fertility levels on yield and NPK uptake by
rice and their residual effect on wheat crop. Increased fertility levels from 25 to 75% of
RFD in rice resulted maximum nutrient uptake by rice as well as residual wheat crop.

Pandey et al. (2009) to study the long term effect of fertilizer on the uptake of
nitrogen phosphorus, potassium and sulfur by rice and wheat. Nutrient removal by rice at
higher level of NPK was relatively higher than that of the lower levels of NPK fertilizer.
The uptake of N, P, K and S by rice under control increased to 168.66, 156.84, 138.87 and

406.01% at 150% NPK+compost+crop residue treatment. The nutrient uptake was
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enhanced by the integrated use of compost+crop residue with chemical fertilizer at all
levels of NPK.

Rathor et al. (2009) a pot culture experiment was conducted in the pot house at
Lakhaoti, Bulandshahr, U.P. to study the effect of integrated use of Vermicompost,
Azosprillium and inorganic fertilizers on nutrient content and their uptake by wheat.
Significant improvement sowing to appropriate combination of NPK, VC and
Azosprillium was observed for the nutrient content and their uptake by the crop and the
maximum nutrient content and their uptake was noticed due to 100% RFD of NPK+ VC
and Azosprillium and minimum with control.

Pandey et al. (2009) found that maximum NPK uptake by the crop was recorded at
150% RDF with FYM together and was similar to the NPK uptake by the crop at 125%
RDF with FYM together, but significantly higher than the RDF with FYM together,
although,

Sepat et al. (2010) reported that increased N, P and K contents along with higher
grain and straw yield of wheat from treatments receiving combined application of NPK
fertilizers, FYM, bio-fertilizers resulted in higher NPK uptake by wheat as compared to
the treatments were no fertilizer or manures was applied or only NPK fertilizers were
applied which recorded low N, P and K content in grains and straw on one hand and also
lower grain and straw yield on the other.

Mubarak and Singh (2011) found that combined application of RDF + FYM 15t
hal + bio-fertilizer recorded significantly higher nitrogen uptake followed by application
of FYM 15 t ha along with RDF. This may be attributed to the increased grain and straw
yield of crop and their respective nutrient contents owing to increased availability of
nutrients to the crop as a result of improved soil fertility. Farmyard manure acts as a

nutrient reservoir and releases nutrients slowly, expected to be more closely matched with
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supply and demand by the crop. There results confirm the findings of Patidar and Mali
(2001) and Brar et al. (2001).

Meena et al. (2012) reported that integrated use of NPK and FYM (7.5 t ha!) gave
significantly higher grain yield (5.23 t ha') as compared with general recommended dose
of NPK (428 t ha). Conjoint use of fertilizer NPK and FYM, improved soil physical
health as revealed by a significant decrease in soil bulk density (BD) and an increase in
water holding capacity (WHC) vis-a-vis soil fertilizer treatments or unfertilized control
during the years of experimentation soil BD decreased from 1.50 mg/m? in NPK to 1.40
mg/m® in NPK + FYM + ID plots. Water holding capacity increased from 35.1% in NPK
to 39.4% in NPK + FYM plots.

2.5 effect of Azospirillum
2.5.1 Effect on growth

Alvarez et al. (1996) reported the effect of Azospirillum in wheat seed promoting
caleoptile growth in wheat seedling was under water stress.

Panwar and Singh (2000) have found that significant effect on wheat growth with
use of Azospirillum.

Amooaghaie et al. (2002) in laboratory experiment conducted to determine the
suitable strains and optimum concentration of Azospirillum brasilense reported that
inoculation with Azospirillum strain (106-107 CFO) increased the growth of wheat.

Singh et al. (2006) conducted experiment for 2 crop season (1998-99 and 1999-
2000) in Ludhiana, Punjab to determine the effect of Azospirillum seed inoculation and
found significant effect on growth of wheat.

2.5.2 Effect of yield and yield attributes
Elanchezhion and Panwar (1997) had observed significant effect on yield attributes

like dry No of grains and test weight.
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Shivankar and Joshi (2000) studied the effect of Azospirillum and phosphate
stabilizer on yield of irrigated wheat at Akola, India during 1995-97 and pointed that the
grain yield increased significantly as treated with bio-fertilizer ranged from 12.15 to 12.79
% or 11.39 to 13.34 % as compared to untreated crops. same result was found Panwar and
Singh (2000).

Aradakani et al. (2001) on an experiment conducted to investigate the effect of bio-
fertilizer (Azospirillum) on yield components and result showed that it increases 1000-
grain weight of wheat significantly. Ardakani et al. (2001) had been showed that
individually, Azospirillum caused significant increase in grain yield of wheat.

Creus at al. (2004) reported in Argentina that a better water studies and an
additional elastic adjustment in Azospiriltum inoculated wheat plant could be crucial in
promoting higher grain yield significantly.

Singh et al. (2006) pointed out that the grain yield increased significantly due to
seed treated with Azospiriltum. Geus at al. (2009) in an experiment conducted in
Argentina and observed that the yield component is higher due to  Azospirillum
inoculation over control.

2.6 Economics of treatments

Singh and Uttam (1994) reported that a field experiment which conducted at
Kanpur, UP, India to determine the effect of plant growth regulators and fertility levels on
economics of wheat resulted highest net returns were obtained with 120 kg N + 60 kg P +
60 kg K ha™.

Patra et al. (1998) found that combining 125 per cent NPK and FYM gave the
highest number of spike m? and net returns.

Singh et al. (2010) reported that a field experiment was conducted at NDUA&T,

Kumarganj, Faizabad, during rabi season to study the effect of irrigation levels and
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fertility sources on net return. The 100% RD of NPK through fertilizers recorded
significantly higher net return over Fs and Fs and it was statistically on par with 75% RD
of NPK (F.) through fertilizers + 25 % RDF through FY M.

Dikshit et al. (2001) the effect of integrated use of organic manures and inorganic
fertilizers (NPK) were studied on yield and economics of wheat cultivation in Jabalpur,
Madhya Pradesh (India). Wheat grain and straw yields increased in all treatments except
for 50% NPK + poultry manure (T10). Using 50 or 75% integrated with organic source
(compost/farmyard manure), yield level was comparable with full recommended dose of
NPK (Ty) and when the application of NPK recommended dose was associated with
organic manure, and higher yield levels were obtained. Maximum N uptake (91.10) P2Os
(25.83), K20 (323.0) and S (13.91) kg ha? occurred in T, treatment. The highest grain
yield (51.3 q ha?), straw yield (87.36 q ha) were recorded in 100% NPK and compost
treatment which accounted for the highest cost of cultivation (Rs 5910 ha) but the highest
gross returns (Rs 15390 ha'). Maximum net profit (Rs 9800 ha™) and cost: benefit ratio
(2:1.79) were achieved in NPK+FY M treated plot which indicated that economic yield can
be obtained with integrated plant nutrient supply.

Mondol et al. (2005) an investigation was undertaken to evaluate the effect of
nitrogen and compost alone as well as in combination for wheat productivity. The
experiment was designed with 7 treatment combinations with four levels of nitrogen (0,
80, 120 and 160 kg ha) and three levels of compost (0, 5 ton and 10 ton ha™) and laid out
in a randomized complete block design with 3 replications. The variety of wheat was
Satabdi. The grain yield of wheat was significantly influenced by different treatments over
absolute control. The yield was recorded to increase with increasing level of N and
compost up to 160 kg ha' and 10 ton ha?, respectively. From the response curve the

maximum N was found to be 162.2 kg ha™ and economic dose 157.3 kg ha™™.
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Gupta et al. (2007) observed that net return as well as benefit: cost ratio increased
with increase in fertilizer dose and highest returns were observed at 125% of
recommended fertilizer dose during first and second year respectively in wheat.

Yadav et al. (2009) reported that economics is the ultimate deciding factor to adopt
a practice by the farmer. Total cost of cultivation under different treatments varied from
34.25 to 37.55 x 10% Rs ha. Highest net return of 57.65 x 10° Rs per ha’. Was recorded in
the treatment of in situ incorporation WS+GM+EM @ 5 t ha' + PSM in the crops, rice
and wheat.

Zade and Kaleem (2009) reported that the effect of Compost on Economics
Slightly higher net return and benefit cost ratio were achieved but actual grain yield, straw
yield and test weight which was slightly higher from 100% recommended dose of NPK.
Arvind Kumar et al. (2012) The experiment was conducted at the Horticultural Research
Centre of Sardar Vallabhbhai Patel University of Agriculture and Technology Meerut
(U.P.) during the Year 2009-10 to evaluate the economics, viability and feasibility of
NADEP Compost. The economics of NADEP compost was calculated on the basis of cost
of production and labors used.

Chaudhary et al. (2001) reported that N at 80 kg ha™ + FYM resulted in the highest
net return (15275 Rs ha). Although N at 40 kg ha™ with no much gave the highest cost
benefit ratio (1: 9.37).

Pandey et al. (2009) conducted an experiment and found that the highest benefit:
cost ratio (1.5 - 1.7) was obtained with 10 t FYM ha* together with RDF.

Bhoite et al. (2006) reported that application of either 50% - 75% N through green
manure to rice irrespective of fertilizer applied to both the crops, significantly more net
returns and benefit: cost ratio of the system than all other manorial combinations. The next

best treatment was 100% NPK to rice and wheat + 50% N through FYM to rice.
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Pandey et al. (2006) observe that significantly higher net return was observed at
125% of the recommended dose of fertilizer. While the net return per rupees investment
increased significantly only upto recommended dose of fertilizer. Ram and Mir (2006)
reported that the highest net return were obtain with application of 15 tones FYM+100 kg
N hal. The maximum net return (Rs 15808) was obtained from 15t FYM+100 kg N ha*
along with inoculation of Azosprillium+ Azotobactor benefit. Cost ratio was also the
highest with the combination (1:1.25).

Vipin Kumar et al. (2008) The experiment was conducted at the Horticultural
Research Centre of Sardar Vallabh Bhai Patel University of Agriculture and Technology,
Meerut (Uttar Pradesh, India) during 2006-07 to evaluate the economic viability and
feasibility of NADEP compost. The experiment consisted of five different treatments viz.,
T1 (Normal NADEP), T2 (Normal NADEP+50 kg Urea), Ts (Normal NADEP+1 kg
Azotobacter), T4 (Normal NADEP+1/2 kg Trichoderma) and Ts (Normal NADEP+80 kg
MOP). The economics of preparing the material (Rs/kg) and the amount of NPK (Rs kg?)
were also determined. The results showed that the treatment (T1) has the minimum cost of
production of NADEP compost i.e., 0.068 Rs kg?, and the maximum was 0.15 Rs kg™ in
treatment (Ts). The minimum cost of production of N (7.77 Rs kg?), P (5.98 Rs kg?) and
K (7.01 Rs kg?) were found in treatment T,, T4 and Ti respectively. Whereas the
maximum cost of production of N (30.58 Rs kgl), P (34.75 Rs kg!) and K (11.58 Rs kg?)
was in treatment Ts.

Reddy et al. (2009) A study undertaken on economics of vermicompost
production in Coorg district of Karnataka revealed that the production of vermicompost is
economically viable as the rate of return per rupee of investment was 1.78 and 1.52 under
vat and heap methods of production, respectively. The annual average production costs

worked out to Rs. 72680 and Rs. 23262 under vat and heap methods with net incomes of
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Rs. 56755.54 and Rs. 12145.80, respectively. As the production of vermicompost is an
economically viable and bankable proposition, financial institutions can extend financial

assistance to farmers for vermicompost production.
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3. MATERIALS AND METHOD

The field experiment entitled “Integrated Nutrient Management for Sustainable Wheat
(Triticum aestivum L.) Production in Western U.P.”” was conducted during rabi (winter)
seasons of 2011-2012 and 2012-2013. The details of materials used and methodology adopted
during the course of investigation are presented below under fallowing heads.

3.1 Experimental site and Location

The field experiment was conducted at the Crop Research Centre of Sardar
Vallabhbhai Patel University of Agriculture and Technology, Modipuram, Meerut (Uttar
Pradesh) in rabi (winter) seasons of 2011-2012 and 2012-2013. Meerut is located on the
Delhi-Dehradun highway. The Crop Research Centre is located at 29° 04" North latitude, 77°
42 East longitude and at an altitude of 237 meters above the mean sea level. The area lies in
the heart of the Western Uttar Pradesh has sub-tropical climate.

3.2 Climate and Weather

The climate of this region is subtropical and semi-arid and climate characterized
with very hot and dry summers and extremely cold winters. The mean maximum temperature
of this region is about 43°C to 45°C is not uncommon during summer while very low
temperature (4-10°C) accompanied by frost may be experienced in December-January. The
winters are cool, frost generally occurs towards the end of December and may continue till the
end of January. The monsoon generally begins during the third week of June and desists by
the end of September. The total precipitation and its distribution in this region various largely,
about 80 to 90% of its received during July to September and few showers are also a common

feature during the month of December to January and in late spring season.
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Mean weekly meteorological data for the season during experimentation period 2011-
12 and 2012-13 based on the observations collected at the meteorological observatory of
SVPUAA&T, Modipuram, Meerut are depicted in Fig.1 (a) and 1(b).

In general, maximum temperature exhibited gradual decline with advancement in
crop age up to January and thereafter start to increase up to harvesting of crop. The lowest
mean temperature (2.9°C) was recorded in the last week of December during 2011-12.
Whereas during 2012-13 the lowest mean temperature (1.2°C) was recorded in first week of
January. The maximum temperature (34.14°C) was observed in fourth week of April during
2011-2012 and (35.2°C) in third week of April during 2012-2013.Minimum temperature
varying from 2.9°C to 19.71°C during the crop growth period in both years. The mean relative
humidity during crop growth period varied from 88.28% to 21.92% during rabi, 2011-12 and
96.2% to 29.5% during rabi, 2012-13.

While the minimum temperature was 3.88°C in 1% standard week and the Relative
Humidity ranged from 80.71 to 96.0% recorded respectively in the morning.
3.3 Soil of the experimental field

The composite soil sample to a depth of 0 — 15 cm was collected from the experiment
field prior to sowing of the crop. The sample was analyzed for its Physico-chemical attributes
and the values obtained are given in Table 3.1. The mechanical and chemical analysis
indicates that the soil of experimental unit was low in organic carbon, and medium in

available N, P and K with alkaline in reaction.
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Fig. 1(a): Mean weekly Agro-meteorological data during the crop growing season (2011 - 12) of wheat
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Fig. 2(b):

Mean weekly Agro-meteorological data during the crop growing season (2012 - 13) of wheat
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Table.1 Physico-chemical properties of soil of the experimental field.

Soil parameters/characteristic Values Methods adopted

A. Mechanical composition

Clay (%) 20.7

Sand (%) 61.5 International pipette method (Jackson,1973)
Silt (%) 17.8

Textural class Sandy loam

B. Chemical composition

Available N (kg ha?) 245.6 AlkalineKMnOsmethod

(Jackson, 1973)

Available P (kg ha) 13.4 Olsen’s method (Olsen et al., 1954)

Available K (kg ha) 185 Flame photometry (Hanway and Heidel,
1952)

Organic carbon (%) 0.43 Walkley and Black Method (Jackson, 1973)

pH(soil: water, 1:2.5) 7.60 Electrode pH meter Suspension method

(Jackson, 1973

Electrical conductivity (dS/m) 0.24 Conductivity meter Suspension method

(Jackson, 1973)

C. Physical properties

Bulk density (Mg/md) 1.405 Core sample method (Piper, 1996)

Porosity (%) 45.78 Danielson and Sutheriand (1986)

3.4: Cropping history of the field
The crops grown in the experimental field during previous years have been presented

in Table-3.2.

65




Table.2 Cropping history of the field

S.No. Year Crop taken
Kharif Rabi
1. 2008-2009 Rice Wheat
2. 2009-2010 Rice Wheat
3. 2010-2011 Rice Wheat
4, 2011-2012 Rice Wheat
5. 2012-2013 Rice Wheat

3.5 Source of fertilizers

Organic Fertilizers - Farmyard manure, Vermicompost, Preesmud.
Inorganic Fertilizers-

Nitrogen source as (Urea 46 %)

Phosphorus sources as (DAP 46 % P20s, 18 % N)

Potash sources as (MOP 60 % K20)

Bio- fertilizer- Azosprillium

3.6 Material of Experiment

Wheat variety DBW-16 was used as seed at the rate of 120 kg ha® and farmyard
manure, vermicompost and pressmud as source of organic fertilizers, and Inorganic fertilizers
as Urea (46% N), DAP (18% N & 46% P.0s) and MOP (60% K:O) were used as

experimental material during the experiment
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3.7 Experimental details

The experiment was laid out in randomized block design with different combinations of
organic and inorganic fertilizers to supplement RDF. The detail of the treatments description
is given in Table-3.3, and layout plan is depicted in Fig.2.

Table.3 Treatment description

Treatments Treatment combinations

T1 100% NPK through chemical fertilizer

T2 75 % NPK + 3 t/ha FYM + Azosprillium

T3 50 % NPK + 6 t/ha FYM + Azosprillium

T4 25 % NPK + 9 t/ha FYM + Azosprillium

Ts 75% NPK + 1 t/ha pressmud+ Azosprillium

Te 50 % NPK + 2 t/ha pressmud+ Azosprillium

T7 25 % NPK + 3 t/ha pressmud + Azosprillium

Ts 75 % NPK + 1 t/ha vermicompost+ Azosprillium
To 50 % NPK + 2 t/ha vermicompost+ Azosprillium
Tao 25 % NPK + 3 t/ha vermicompost+ Azosprillium
Tu Control
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3.8 Detail of layout

Total cultivated Area

Net cultivated Area

Design

No. of replications

Number of Total treatments

Total experimental units

Crop and Variety

Main Irrigation channels (1)

Sub irrigation channel (2)

Plot border
Gross plot size
Net plot size

Number of row per plot

Space in row to row

Direction of row
Seed (gm/ plot)

Total used seed

Seed rate

53 m. length and 24 m. Width (1272m?)

660 m?

RBD (Randomized Block design)

03

11

33

Wheat DBW-16

1.5m.

1.0 m.

1.0 m.
5 x 4 m?
4.0x3.0m?

11 rows

20 cm

East to West
240 gm

6.500 kg

120 kg/ha



3.9 Cultural operations
The details of cultural operations carried out during pre and post sowing of wheat
crop in experimental field are presented in Table 3.4.
3.9.1 Field preparation
Field was ploughed twice with disc harrow during both the cropping seasons and
temporary layout was performed to apply organic manure. FYM were applied uniformly as
per treatments and incorporated into the soil before the sowing of the crop. To attain good tilth
pre-sowing irrigation was applied in the field after making bunds as per treatments. Field was
harrowed twice fallowed by cultivator and planking to get well pulverized seed bed.
3.9.2 Fertilizers application
The experimental crop was fertilized uniformly with N, P and K was applied
through urea, Di-ammonium phosphate and muriate of potash, respectively. Nitrogen was
applied in three splits; 1/2 as basal and the rest was top-dressed in two equal splits at 25 and
60 day after sowing fallowing irrigation.

3.9.3 Seed rate and sowing

Certified seed of wheat DBW-16 were sown at 20 cm rows distance on December 07,
2011 and December 09, 2012 during the first and second growing seasons, respectively.
Sowing was done by hand behind the country plough with seed rate of 120 kg ha™. After
sowing, planking was done for proper placing of seed in the furrow.
3.9.4 Herbicide application

Metasulfuran+sulfosulfuran were used as a herbicide and applied uniformly in
standing crop to control the weeds.
3.9.5 Water application

Irrigation water applied on critical stages of the crop.
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Table.4 Schedule of cultural operations carried out in the experimental field

Particulars of operation

Date of operation

Method used

2011 - 12 2012 - 13
Pre-sowing irrigation 25-11-2011 | 27-11-2012 | By tube-well
Ploughing 01-12-2011 | 03-12-2012 | Tractor drawn disc plough
Harrowing 03-12-2011 | 05-12-2012 | By Tractor
Levelling 04-12-2011 | 06-12-2012 | Manually
Layout 06-12-2011 | 08-12-2012 | Manually
Sowing 07-12-2011 | 09-12-2012 | Manually
Fertilizers Applications
(a) Basal Dressing 07-12-2011 | 09-12-2012 | Manually
(b) First top dressing (N) 01-01-2012 | 03-01-2013 | Manually
(c) Second top dressing (N) 27-02-2012 | 29-02-2013 | Manually
Herbicides application 11-01-2012 | 13-01-2013 | Manually (Byknapsack sprayer)
Irrigation
1% irrigation 28-12-2011 | 30-12-2013 | By tube-well
2" irrigation 16-01-2012 | 18-01-2013 | By tube-well
3 irrigation 14-02-2012 | 16-02-2013 | By tube-well
4™ jrrigation 05-03-2012 | 08-03-2013 | By tube-well
5M irrigation 25-03-2012 | 28-03-2013 | By tube-well
Harvesting 24-04-2012 | 26-04-2013 | Manually by sickle
Threshing 29-04-2012 | 01-05-2013 | Pullman Thresher

3.9.6 Harvesting and threshing

Crop was harvested after the full maturity (complete loss of green colour from the

glumes, yellowing of spike lets). The border (2 rows from both sides and 0.5 meter from with




sides of plots) were marked and harvested to distinguish the net plot area. The produce of net

plot were kept separately and threshed individually with the help of Pullman thresher.

3.10 Treatment evaluation

The following observations were recorded to evaluate treatment effect.

3.10.1 Growth studies

To study the behavior of the developing plant under the influence of different
treatments three lines of the one meter row length representing the whole plant in each plot
were selected at random and these lines were marked with sticks. From these lines periodical
observations were recorded at an interval of 30 days, starting from sowing of wheat. The
effect of various treatments on growth in terms of number of plants, tillers, plant height was

hooked out for vegetative and reproductive phases of plant.

3.10.2 Plant height

Five plants were tagged randomly from the sampling area for recording height (cm)
at 30, 60, 90 DAS and at harvesting. The height was measure from ground surface to the base

of fully opened leaf before the ear emergence and up to the base of ear heading.

3.10.3 Number of tillers per meter row length

Total number of tillers per meter row length was recorded from five places (marked

with sticks) in each plot 30, 60, 90 DAS and at harvesting.

3.10.4 Dry matter accumulation
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Plants were harvested from one meter row length from the one row per plot at 30,
60, 90 DAS and at harvesting. The plants were sun dried separately and then oven dried at 72
+ 0.5°C till the constant weight is obtained. The dry matter accumulation was expressed in

gm* row length.

3.10.5 Leaf area index (LAI)

Leaf area from pre-marked uniform plants from each replication was measured from
all the treatments at 30, 60 and 90 DAS. The following formula was used for calculating the

leaf area index:

Leaf area (cm?)

LAl = .
Ground area (cm*)

3.10.6 YIELD AND YIELD ATTRIBUTES

The observations on yield and yield attributing characters were taken from three
selected rows in each plot at the time of harvest. Following yield attributing characters were
recorded.

3.10.7 Spike length (cm)

Ten spikes of wheat were randomly selected at harvest and their length was measured
in centimeter from the neck to the tip of the spike and mean length of spike was computed.
3.10.8 Number of spikelets per spike

Spikelets from the ten ear heads were counted and average was computed.

3.10.9 Number of grains spike™
The number of grains from 5 spikes selected for length of spike as mentioned were

above recorded and later an average number of grains spike™ was worked out.
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3.10.10 Test weight (1000 grain weight)
After threshing and weighing, a random sample of grains was taken from each plot.

From this sample 1000 grains were quanded at random and their weight (g) was taken.

3.10.11 Grain yield (t hat)
Grains were separated with a plot thresher from biomass obtained from each net plot
and converted in t ha.
3.10.12 Straw yield (t ha™)
Straw yield net plot area was computed by subtracting the grain yield from
biological yield and later converted into t ha™.
3.10.13 Biological yield (t ha™)
After harvesting, the wheat crop was sun dried up to five days and then weight of net
harvested area of wheat in each plot was recorded and converted into t ha™.
3.10.14 Harvest Index
Harvest index was calculated from economic yield (grain) and biological yield (grain

+ straw) by using the following formula.

Grain yield

HI 100

= X
Biological yield
3.10.15 Protein content
Protein content in grains was calculated by using the formula
Protein content (%) = Nitrogen (%) x 5.73

3.11 Collection of soil samples

From 0-15 cm depth from each plot the soil samples were collected. These samples

were processed and analyzed for various physic-chemical properties.
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3.11.1 Particle size analysis

The relative proportion of sand, silt and clay in soil sample was determined by using
Bouzoukis hydrometer method as describing by Bouzoukis, (1962) using hydrogen peroxide
(30%) to oxidation of organic matter. This method measures the viscosity of soil suspension at
the surface at different time. One hundred gram of processed soil was suspended in distilled
water in the presence of 100 ml of 10% sodium hexa Meta phosphate as a dispersing agent
and volume was made to one liter. After vigorous agitation, soil suspension was allowed to
settle down and hydrometer reading was taken at 40 second and 2 hours interval. Hydrometer
reading at 40 second measures the silt and clay content of soil whereas reading at 2 hours
measures the clay content. This is accordance with Stake’s Law, which states that the
resettling of suspended particles is dependent on size of particles, sand being the first to settle,
and clay being last. While calculating the temperature correction was also applied to
hydrometer reading. Sand, silt and clay content were determined as:

Correction factor (CF) = (Actual room temperature in °F - 68) x0.2

(S-B) + CF

Percent silt + clay = %100
Weight of sample (g)
Where, S & B= sample reading and blank reading respectively take at 40 second

(S-B) + CF

Percent clay = %100

Weight of sample (g)
Where, S & B = sample reading and blank reading respectively taken after 2 hours
Percent Silt = Percent silt + clay — Percent clay

Percent sand content can be calculated by difference of
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Percent sand = 100- (silt + clay)

3.11.2 Available nitrogen in soil

The available nitrogen was determined by distilling the soil with alkaline potassium
permanganate solution 0.32% (Subbiah and Asija, 1956) which oxidizes and hydrolyses the
organic matter present in the soil. The liberated ammonia was absorbed in the boric acid.
Titrate the distillate against 0.02N sulphuric acid taken in burette until pink color start
appearing.
3.11.2 Available phosphorus in soil

The available phosphorus content of soil was determined by the method described by
Olsen et al. (1954). 2.5 gm of dried soil sample containing pinch of Darco G- 60 was
extracted with 50 ml of 0.5 M NaHCO3 (pH 8.5) for 30 minutes. Five ml of filtrate was taken
in 25 ml volumetric flask; 2-3 drops of p- nitro phenol indicator added resulted yellow Color
was developed. After that 5N H>SO4 drop by drop were added until yellow color disappear to
acidify up to 5 pH. 4 ml of ascorbic acid solution was added to the flask and volume was
made. The blue color was obtained; the intensity of blue colour which is proportional to
phosphate was read on the spectrophotometer at a wave length of 730 nm by using a red filter.
The blank was also prepared by adding the entire chemical except soil. The concentration of
available phosphorus in soil was expressed in kg ha™.

Available phosphorus (kg hal) = ppm of P calculated from standard curve x dilution
factor x 2.24.
3.11.3 Available potassium in soil

The available potassium content of soil was determined by the method described by

Hanway and Heidel, (1952) Five gm of processed soil was taken in a 150 ml conical flask
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and extracted with 25 ml of neutral normal ammonium acetate solution. The filtrate was
aspirated in to the atomizer of the calibrated flame photometer and reading was noted. The

concentration of available potassium in soil was expressed as kg ha™ and calculated as:

Available potassium (kg ha!) = ppm Kx dilution factor x 2.24.

3.12 pH Measurement

The pH was determined with the help of glass electrode on a pH meter in (1:2) soil

+ water suspension (Jackson, 1973).

3.13 Organic carbon

Organic carbon was determined by walkley and Black Method 1934.

3.14 Chemical plant analysis

Analysis of grain and straw samples of wheat crop was carried out for their nitrogen,
phosphorus and potassium contents. Sun dried samples were oven-dried at 70 £ 2° C and
ground in Wiley Mill. 0.2 And 0.5 g of grain and straw respectively, were digested in di acid
mixture of HNO3z and HCIO4 (4:1). After digestion, a known volume was made with distilled
water and stored in well washed plastic bottles after filtration through what man filter paper
no. 42. All the estimations in the aliquot were made according to the following procedures:
3.15 Total Nitrogen in plant

Nitrogen content in grain, straw of wheat plant was determined by Automatic N

analyzes using 0.2 g finally powdered samples.
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3.16 Total phosphorus in plant

Phosphorus content in grain, straw of wheat plant in aliquot was determined by
vanadomolybdo phosphoric acid yellow colour method (Jackson, 1973)
3.17 Total Potassium in plant

Potassium in grain, straw of wheat plants was determined by flame  photometric

method (Jackson, 1973).

3.18 ECONOMIC ANALYSIS
3.18.1 Cost of Cultivation (Rs ha?)
Cost of cultivation of wheat crop was worked out including treatment cost on the basis
of total market price of different inputs used in cultivation (Appendix XVI).
3.18.2 Gross returns (Rs hat)
The monetary value of grain and straw yield was computed in rupees using support
price of outputs. Gross return was obtained by adding monetary values of grains and straw.
Gross Return (Rs ha!) = Grain yield (q ha) x price ((Rs. q%) +
Straw yield (q ha) x price ((Rs. q?)
3.18.3 Net returns (Rs ha?)
Net return for each treatment combination was calculated by deducting the cost of
cultivation from the respective grass return.
Net Return (Rs. hal) = Gross return — Cost of cultivation
3.18.4 Net benefit: Cost ratio
The net benefit: cost ratio was computed for the crop as well as for the system by the

fallowing formula:
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_ Net return (Rs./ ha)
Cost of cultivation (Rs./ ha)

Net benefit: cost ratio
3.19 Statistical Analysis
The data recorded during the course of investigation were subjected to statistical
analysis using analysis of variance technique (ANOVA) for RBD as prescribed by Cochran
and Cox (1963). Standard error of Mean in each ease and critical difference only for

significant cases were calculated at 5% levels of probability as under.

3.19.1 Standard error of mean

Standard error of mean was calculated as follows:-

Standard Error of mean =
N R

Where,
SEM + = Standard error of mean
EMSS =  Error mean sum of square
r = Number of replications on which the observation is based.

3.19.2 Critical Difference
The critical difference at 5% level of significance was estimated to compare treatment

means wherever, ‘F’ test was significant.

C.D.=SEm (+) x V2 x t (at error degree of freedom)
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4. EXPERIMENTAL RESULTS

The observation pertaining to crop growth, development, yield and yield attributes and
monetary aspects, recorded during the course of investigation entitled “Integrated Nutrient
Management for Sustainable Wheat (Triticum aestivum L.) Production in Western U.P.”
in crop season of 2011-12 and 2012-13 were subjected to statistical analysis. The effect of
nutrient has been systematically tabulated for illustrated graphically for easy comprehension
and understanding of pattern, as follows:

4.1 Growth studies
4.1.1 Plant height (cm)

Nutrient had significant effect on plant height at all the growth stages during both the
year of investigation. The relevant data present in Table 4.1 and Fig.4.1 and their analysis of
variance presented in (Appendix-I11).

In general, the crop attained more plant height during 2012-13 than in 2011-12.
Further, the plant height picked up with advancement in crop age irrespective of the treatment
during both the year investigation. Plant height increased as the crop growth advanced and
reached to maximum at maturity. Application of different nutrient management practices
influenced the plant height significantly over the control. Each successive nutrient doses from
100% NPK to control plot resulted in significant reduction in plant height at all the growth
stages during both the years. The effect of nutrient management on plant height recorded at
different stages of crop growth (30, 60, 90 and at harvest) was found significant at both the
year. Gain in plant height was much more between 30 to 60 DAS rather than 60 to 90 DAS.
The application of 100% NPK produced maximum plant height which was at par with 75%

NPK + 1 ton ha® vermicompost+ Azosprillium and it was observed superior over rest of the
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Table 4. 1 Effect of integrated nutrient management on plant height (cm) of wheat at various stages.

Treatment 30 DAS 60DAS 90 DAS At harvest

2011-12 2012-13 2011-12 2012-13 2011-12 2012-13 2011-12 2012-13

100% NPK through chemical fertilizer 15.6 16.2 41.4 43.5 66.8 70.2 76.2 79.3
75 % NPK + 3t/ha FYM + Azosprillium 13.6 14.6 39.8 42.5 64.6 68.6 75.2 78.1
50 % NPK + 6 t/ha FYM + Azosprillium 11.2 12.1 37.6 39.2 62.8 65.3 73.2 76.1
25 % NPK + 9 t/ha FYM + Azosprillium 9.6 10.7 36.2 37.5 60.8 63.6 70.6 72.9
75%NPK+ 1 t/ha pressmud-+Azosprillium 11.9 12.6 38.5 40.5 63.5 65.7 73.8 76.6
50 %NPK+ 2 t/ha pressmud+Azosprillium 10.2 11.1 36.8 38.1 61.4 64.2 71.5 74.2
25 % NPK + 3 t/ha pressmud +Azosprillium 9.2 10.2 35.7 37.1 60.4 62.8 70.1 72.8
75 % NPK + 1 t/ha vermicompost+Azosprillium 14.9 15.8 411 43.1 66.4 69.7 75.8 78.7
50 % NPK + 2 t/ha vermicompost+Azosprillium 12.5 13.2 39.2 41.9 64.2 67.6 74.7 775
25 % NPK + 3 t/ha vermicompost+Azosprillium 10.8 11.6 37.2 38.7 62.2 64.9 72.8 75.7
Control 8.2 9.3 27.3 29.4 48.5 50.2 57.6 60.2
SEm(#) 0.53 0.49 0.53 0.31 0.41 0.52 0.33 0.26
C.D. (P=005) 158 146 158 092 122 154 099 0.7
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Fig.4.1 Effect of integrated nutrient management on plant height (cm) of wheat at various stages.

# 100% NPK through chemical fertilizer 75 % NPK + 3 t/ha FYM + Azosprillium

450 % NPK + 6 t/ha FYM + Azosprillium 25 9% NPK + 9 t/hha FYM + Azosprillium

M 759%NPK+ 1 t/ha pressmud+Azosprillium 50 %NPK+ 2 t/ha pressmud+Azosprillium

i 25 % NPK + 3 t/ha pressmud +Azosprillium M 75 % NPK + 1 t/ha vermicompost+Azosprillium
150 % NPK + 2 t/ha vermicompost+Azosprillium i 25 % NPK + 3 t/ha vermicompost+Azosprillium
u Control

90 ~

Plant height (cm)

2011-12 2012-13 2011-12 2012-13 2011-12 2012-13 2011-12 2012-13

30 DAS 60DAS 90 DAS At harvest

Treatment
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treatments at all the stages of plant height during both the year. The control plots resulted
significant reduction in plant height compared to other treatments at 30, 60, 90 DAS and at
harvest. Control plot produces shorter plant at all the growth stages measured in studies.

4.1.2 Dry matter accumulation (g m™)

The variations in plants dry matter accumulation (g m™) under different nutrient
management practices were significant at all the stages of crop growth during both the years
(Appendix V).

In general, dry matter accumulation (g m™) followed an increasing trend with
advancement in crop age and reached its peak at maturity (Table 4.2 and Fig 4.2). Nutrient
management treatments had significant effect on dry matter accumulation during both years.
Further, perusal of the data revealed that dry matter accumulation (g m™) decreased
significantly with nutrient doses from 100% NPK to control irrespective of the crop stages
and years. At harvest, 100% NPK crop accumulated more dry matter than other nutrient
options during both the years. In general the increase in dry matter accumulation was more up
to at harvest stage. Whereas, at 30 DAS the maximum dry matter accumulation per meter row
was recorded under 100% NPK was statistically at par with 75% NPK + 1 ton ha’
vermicompost+ Azosprillium during both years. The application of 100% NPK had
significantly higher dry matter which is at par with 75 % NPK + 1 ton ha™ vermicompost+
Azosprillium while significantly different than control, at 60 DAS during 2011-12 and 2012-
13 respectively. Whereas, at 90 DAS and at harvest highest dry matter accumulation was
recorded in 100% NPK during both years but which was significantly at par with 75% NPK +
1 ton ha vermicompost+ Azosprillium at harvest during 2011-12, 2012-2013 and it was

significantly higher than rest of the treatments during both years. Minimum dry matter
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Table 4. 2 Effect of integrated nutrient management on dry matter accumulation (g) m™ row length in wheat at various stages.

Treatment 30 DAS 60DAS 90 DAS At harvest
2011-12 2012-13 2011-12 2012-13 2011-12 2012-13 2011-12 2012-13

100% NPK through chemical fertilizer 12.6 13.7 109.6 111.3 187.3 190.8 241.0 245.6
75 % NPK + 3t/ha FYM + Azosprillium 11.8 12.3 106.1 107.5 181.2 182.7 229.2 230.0
50 % NPK + 6 t/ha FYM + Azosprillium 10.6 11.2 99.3 102.4 167.4 169.3 208.2 211.3
25 % NPK + 9t/ha FYM + Azosprillium 9.5 10.2 91.3 93.1 159.2 160.4 194.3 196.5
75%NPK+ 1 t/ha pressmud+Azosprillium 10.8 11.9 102.1 104.6 171.6 172.6 214.3 216.5
50 %NPK+ 2 t/ha pressmud+Azosprillium 9.8 10.5 94.9 97.9 162.4 166.5 197.1 200.4
25 % NPK + 3 t/ha pressmud +Azosprillium 9.2 9.9 90.4 94.2 156.7  159.2 1885  191.2
75 % NPK + 1 t/ha vermicompost+Azosprillium 12.2 13.3 107.4 110.8 185.5 190.6 234.4 239.3
50 % NPK + 2 t/ha vermicompost+Azosprillium 11.2 12.1 105.3 106.2 176.8 178.2 222.1 225.7
25 % NPK + 3 t/ha vermicompost+Azosprillium 10.1 10.8 97.2 103.2 165.9 169.8 203.6 207.2
Control 8.2 8.9 64.2 66.7 116.8 117.8 152.6 153.8
SEm() 0.23 0.27 0.88 0.75 0.92 1.54 241 2.22
C.D. (P=0.05) 0.69 0.79 2.61 3.36 2.74 4.59 7.16 6.60
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Fig. 4.2 Effect of integrated nutrient management on dry matter accumulation (g) m™ row length in wheat at various stages.

#100% NPK through chemical fertilizer 75 % NPK + 3 t/ha FYM + Azosprillium

50 % NPK + 6 t/ha FYM + Azosprillium 25 % NPK + 9 t/ha FYM + Azosprillium

# 75%NPK+ 1 t/ha pressmud+Azosprillium 50 %NPK+ 2 t/ha pressmud+Azosprillium

M 25 % NPK + 3 t/ha pressmud +Azosprillium 75 % NPK + 1 t/ha vermicompost+Azosprillium

50 % NPK + 2 t/ha vermicompost+Azosprillium M 25 % NPK + 3 t’ha vermicompost+Azosprillium
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accumulation was recorded on control plot at 30, at 60, at 90 DAS and at harvest during both
years.
4.1.3 Number of effective tillers per meter row length

Number of tillers per meter row length was recorded at different stages of crop growth
and data are given in (Table 4.3 and fig 4.3) and their analysis of variance is presented in
Appendix V.

The number of tillers increased up to at 90 DAS but maximum tillering was recorded
between at 30 and at 60 DAS during both the years. Application of 100% NPK +FYM 10t ha’
! produced highest number of tillers per metre row length (84.8, 71.6 and 68.4 and 92.5, 78.4
and 74.2) which was at par with 75% NPK + 1 t ha vermicompost+ Azosprillium treated plot
at 60, at 90 DAS and at harvest during both years and it was significantly higher than rest of
the treatments during both years during both the year 2011-12 and 2012-13, respectively.
Lower number of tillers were recorded on control plot at 30, at 60, at 90 DAS and at harvest
during both years.

4.1.4 Leaf area index

Nutrient management exhibited significant variation in leaf area index of wheat at all
the growth stages during both the years except at 90 DAS during 2011-12 and 2012-2013 and
data are given in (Table 4.4 and fig 4.4) their analysis of variance is presented in Appendix
VI.

In general, crop had high the LAI during 2012-13 than in 2011-12. Further an increase
in LAI was noted with the advancement of crop age up to 60 DAS and a decline thereafter,
with treatments and year. The increase was more prominent during 30-60 days period as

compared to 60-90 days. Application of 100% NPK had significantly higher LAI than the rest

85



Table 4.3 Effect of integrated nutrient management on number of effective tillers m™ row length in wheat at various stages.

Treatment 30 DAS 60DAS 90 DAS At harvest
2011-12 2012-13 2011-12 2012-13 2011-12 2012-13 2011-12 2012-13

100% NPK through chemical fertilizer 27.8 34.5 84.8 92.5 71.6 78.4 68.4 74.2
75 % NPK + 3t/ha FYM + Azosprillium 26.9 32.7 83.9 90.7 70.8 77.3 67.7 73.1
50 % NPK + 6 t/ha FYM + Azosprillium 25.1 30.5 82.1 87.2 69.2 73.1 65.8 69.7
25 % NPK + 9t/ha FYM + Azosprillium 23.5 27.1 80.7 84.4 66.8 70.4 63.5 66.8
75%NPK+ 1 t/ha pressmud+ Azosprillium 25.8 31.2 82.7 87.9 69.8 73.9 66.5 70.3
50 %NPK+ 2 t/ha pressmud+ Azosprillium 24.2 28.5 81.1 85.5 67.9 71.6 64.4 67.6
25 % NPK + 3 t/ha pressmud + Azosprillium 23.2 26.4 80.2 83.7 66.1 69.8 63.1 66.0
75 % NPK + 1 t/ha vermicompost+ Azosprillium 27.2 33.6 84.2 91.1 71.3 77.8 68.1 73.8
50 % NPK + 2 t/ha vermicompost+ Azosprillium 26.4 32.1 83.3 90.1 70.2 76.7 67.2 72.4
25 % NPK + 3 t/ha vermicompost+ Azosprillium 24.8 29.1 81.7 86.4 68.8 72.4 65.1 68.7
Control 15.6 20.9 66.6 71.8 40.2 46.8 38.5 46.3
SEm(*) 2.54 0.02 0.27 0.40 0.27 0.33 0.20 0.37
C.D. (P=0.05) N.S. 0.07 0.80 1.19 0.79 0.99 0.62 1.09

N.S. non significant
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Table 4.4 Effect of integrated nutrient management on Leaf area index in wheat at various stages.

Treatment 30 DAS 60DAS 90 DAS
2011-12 2012-13 2011-12 2012-13 2011-12  2012-13

100% NPK through chemical fertilizer 1.38 1.51 3.96 4.39 3.48 3.59
75 % NPK + 3t/ha FYM + Azosprillium 1.36 1.49 3.86 4.3 3.43 3.54
50 % NPK + 6 t/ha FYM + Azosprillium 1.31 1.44 3.82 4.24 3.37 3.48
25 % NPK + 9t/ha FYM + Azosprillium 1.25 1.38 3.75 4.14 3.31 3.42
75%NPK+ 1 t/ha pressmud+ Azosprillium 1.33 1.46 3.83 4.25 3.39 3.5

50 %NPK+ 2 t/ha pressmud+ Azosprillium 1.28 1.41 3.77 4.16 3.33 3.44
25 % NPK + 3 t/ha pressmud + Azosprillium 1.22 1.35 3.73 4.12 3.30 3.41
75 % NPK + 1 t/ha vermicompost+ Azosprillium 1.37 1.5 3.88 4.32 3.45 3.56
50 % NPK + 2 t/ha vermicompost+ Azosprillium 1.35 1.48 3.85 4.29 3.41 3.52
25 % NPK + 3 t/ha vermicompost+ Azosprillium 1.29 1.42 3.79 4.21 3.35 3.46
Control 1.18 1.31 3.68 4.02 3.26 3.37
SEm(2) 0.004 0.003 0.027 0.013 0081  0.083
C.D. (P=0.05) 0.013 0.010 0.079 0.040 N.S. N.S.

N.S. non sianificant
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Fig. 4.3 Effect of integrated nutrient management on number of effective tillers m™ row length in wheat at various

stages.
#100% NPK through chemical fertilizer 75 % NPK + 3t/ha FYM + Azosprillium
450 % NPK + 6 t/ha FYM + Azosprillium 25 % NPK + 9 t/ha FYM + Azosprillium
# 75%NPK+ 1 t/ha pressmud+Azosprillium 50 %NPK+ 2 t/ha pressmud+Azosprillium
M 25 % NPK + 3 t/ha pressmud +Azosprillium 75 % NPK + 1 t/ha vermicompost+Azosprillium
1450 % NPK + 2 t/ha vermicompost+Azosprillium M 25 % NPK + 3 t/ha vermicompost+Azosprillium
100 - u Control
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Fig.4.4 Effect of integrated nutrient management on Leaf area index in wheat at various stages.
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of the treatment and at 30 and 60 DAS while remain unaffected at 90 DAS during both the
year. The Lower LAI was recorded on control plot at 30, at 60, at 90 DAS during both years.

4.2 Yield and Yield attributes
Data on various Yyield attributing characters viz; spike length, number of

spikelets/spike, number of grains/spike and test weight as influenced by different treatments
were recorded and presented in (Table 4.5 depicted in (Fig 4.5) and their analysis of variance
is presented in Appendix VII.

4.2.1 Spike length (cm)
The crop performed better during 2012-13 than in 2011-12 in respect of spike length.

Further the data indicated that spike length differ with the nutrient management option
irrespective of years. The spike length measure was significantly affected by nutrient
management practices during both the years. Application of 100% NPK resulted in higher
spike length (9.6 and 9.9) which was at par with 75% NPK + 1 ton ha? vermicompost+
Azosprillium (9.3 and 9.3) and significantly higher than the rest of the treatments during both
years. The minimum spike length (5.4 and 5.8) was recorded in control plots.

4.2 .2 Number of spikelets per spike

Nutrient management option significantly influenced the number of spikelet’s spike™
during both the years. The data pertaining are presented in (Table 4.5) depicted in (Fig 4.5)
and their analysis of variance is presented in Appendix VII.

Number of spikelets per spike were influenced significantly due to nutrient
management practices. The highest number of spikelets (14.8 and 15.6) per spike was
observed in 100% NPK and these were found statistically at par with 75% NPK + 1 ton ha*

vermicompost+ Azosprillium during 2011-12 and 2012-13 and significantly higher than the
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remaining treatments. The minimum number of spikelets per spike was recorded in control
treatments.
4.2.3 Number of grains per spike

The variations in number of grains spike™ were significant for nutrient management
practices during both the years the data was recorded are presented in (Table 4.5) depicted in
(Fig 4.5) and their analysis of variance is presented in Appendix VII.

In general, higher number of grains spike™ was noticed in 2012-13 than in 2011-12.
Further, perusal of data indicated that number of grains spike? differ with nutrient
management option during both the years. Number of grains per spike were affected
significantly by the nutrient management practices. Among nutrient management practices
significantly higher number of grains (35.5 and 36.7) per spike was observed under 100%
NPK over the treatments being at par with 75% NPK + 1 ton hal vermicompost+
Azosprillium in respect to grains per spike during both the year 2011-12 and 2012-13. The
minimum number of grains per spike was recorded in control treatments during both years.
4.2.4 1000-grain weight (g)

Significant variation in 1000-grain weight was recorded under nutrient management
option during both the years. The data pertaining to test weight i.e 1000 grain weight of wheat
recorded are presented in (Table 4.5) depicted in (Fig 4.5) and their analysis of variance is
presented in Appendix VII.

The nutrient management practices had significantly affected on the 1000-grains
weight of wheat during both years. The higher test weight (34.8 and 35.8) observed in the
treatment 100% NPK statistically at par with 75% NPK + 1 ton hal vermicompost+
Azosprillium during 2011-12 and 2012-13, were significantly superior over rest of the

treatments. Lowest test weight (28.2 and 28.5) was recorded in control treatment.
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Table 4. 5 Effect of integrated nutrient management on length of spike (cm), spikelet’s spike*, number of grain spike™ and 1000-grain

weight (g).
Treatment Length of spike Number of Number of 1000 -grain weight
(cm) spikelets/spike grains/spike (9)
2011-12 2012-13 2011-12 2012-13 2011-12 2012-13 2011-12 2012-13
100% NPK through chemical fertilizer 9.6 9.9 14.8 15.6 355 36.7 34.8 35.8
75 % NPK + 3 t/ha FYM + Azosprillium 9.1 9.4 14.2 14.8 33.9 35.6 33.9 34.8
50 % NPK + 6 t/ha FYM + Azosprillium 8.5 9.1 13.1 13.6 32.1 34.3 32.1 32.8
25 % NPK +9t/ha FYM + Azosprillium 7.6 8.7 11.9 12.8 29.8 32.2 30.8 31.6
75%NPK+ 1 t/ha pressmud+Azosprillium 8.7 9.2 13.9 14.1 32.3 34.2 329 33.6
50 %NPK+ 2 t/ha pressmud+Azosprillium 8.1 8.8 12.4 13.0 30.1 32.8 31.6 32.4
25 % NPK + 3 t/ha pressmud +Azosprillium 7.4 85 11.3 12.4 28.6 31.7 30.1 30.8
75 % NPK + 1 t/ha vermicompost+Azosprillium 9.3 9.6 14.6 15.3 34.8 36.1 34.4 35.4
50 % NPK + 2 t/ha vermicompost+Azosprillium 9.0 9.3 13.7 14.2 32.4 35.2 33.4 34.3
25 % NPK + 3 t/ha vermicompost+Azosprillium 8.4 89 12.6 13.6 30.9 33.6 31.4 32,5
Control 5.8 6.3 9.1 9.6 26.4 27.8 28.2 28.5
SEm(2) 045 013 014 023 039 034 029 029
C.D. (P=0.05) 044 039 043 068 117 101 _ 086 0.5
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Fig. 4.5 Effect of integrated nutrient management on length of spike (cm), spikelet’s spike™, number of grain spike-
L and 1000-grain weight (g).
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4.3 Grain yield (q ha?)

Significant variation was noted in wheat grain yield under different nutrient
management option during both the years (Table 4.6), depicted in (Fig 4.6) and their analysis
of variance in Appendix VIII. A close perusal of the data shows that yield was more during
second year than first year of experimentation.

The yield is the final assessment of treatment in any agronomic investigation. Grain yield was
significantly influenced by nutrient management practices. Adoption of nutrient management
practices increased the grain yield significantly over control treatment during both years. The
maximum grain yield (41.50 and 43.78 q ha™) observed with the application of 100% NPK
was statistically at par with 75% NPK + 1 ton ha® vermicompost+ Azosprillium and
significantly higher than the remaining treatments during both the year. Lowest grain yield
(24.10 and 25.23) was recorded in control. Grain yield increased by 41.92 and 41.33 percent
due to application 100% NPK and 75% NPK + 1 ton ha? vermicompost+ Azosprillium over
control during 2011-2012. While such increase was 42.37 and 40.43 percent during 2012-
2013. Inoculation effect of Azosprillium along with FYM and V.C on grain yield of wheat
was more or less similar during both the year while pressnud was found significantly inferior
to vermicompost.

4.3.1 Straw yield q ha

Difference in straw yield per hectare due to nutrient management practices was
significant during both the years. Data pertaining to the straw yield as influenced by nutrient
management option are presented in (Table 4.6), depicted in (Fig 4.6) and their analysis of
variance is presented in Appendix VIII.

The data indicate that straw yield varied significantly due to nutrient management

treatments during both the years. The highest straw yield (60.90 and 62.26) recorded with the
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application of 100% NPK was found statistically at par with 75% NPK + 1 ton ha?
vermicompost+ Azosprillium and significantly higher than the remaining treatments during
both the years. Straw yield increased by 35.20 and 34.75 percent due to application 100%
NPK and 75% NPK + 1 ton ha* vermicompost+ Azosprillium over control during 2011-2012.
While such increase was 34.13 and 62.67 percent during 2012-2013. Lowest straw yield
(43.43 and 41.23) was recorded in control treatment.
4.3.2 Biological yield g ha™*

Various nutrient management practices brought significant differences in biological
yield of wheat during both the years. A close perusal of the data presented in (Table 4.6),
depicted in (Fig 4.6) and their analysis of variance is presented in Appendix VIII. Reveal that
adoption of nutrient management practices increased the biological yield significantly over
control during both years. Biological yield decreased significantly with nutrient management,
100% NPK produced higher biological yield as compared to other nutrient management
options during both the year. The maximum biological yield (102.40 and 106.04) observed in
the treatment 100% NPK was statistically at par with the 75% NPK + 1 ton ha’
vermicompost+ Azosprillium and significantly superior over rest of the treatments during
both years. Lowest biological yield (63.56 and 66.23) was recorded in control treatment.
4.3.3 Harvest Index

Harvest index, a measure of source-sink relationship, differed non significantly under
nutrient management practices. The data pertaining harvest index to wheat recorded is
presented in (Table 4.6) and (Fig 4.6) and their analysis of variation are presented in

Appendix VIII.
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Table 4.6 Effect of integrated nutrient management on Grain, straw, biological yield (q ha*) and harvest index (%) of wheat.

Treatment Grain Yield Straw Yield Biological Yield  Harvest Index (%)
(a ha) (q ha) (q ha)

2011-12 2012-13 2011-12 2012-13 2011-12 2012-13 2011-12 2012-13
100% NPK through chemical fertilizer 41.50 43.78 60.90 62.26 102.40 106.04 40.52 41.28
75 % NPK + 3t/ha FYM + Azosprillium 39.70 40.86 60.05 60.54 99.75 10240  39.79 40.25
50 % NPK + 6 t/ha FYM + Azosprillium 37.26 38.63 58.86 59.82 96.12 98.45 38.76 39.23
25 % NPK + 9t/ha FYM + Azosprillium 34.85 36.45 56.63 58.69 01.48 95.14 38.09 38.31
75%NPK+ 1 t/ha pressmud+Azosprillium 38.59 39.94 59.26 59.94 98.01 99.88 39.37 39.98
50 %NPK+ 2 t/ha pressmud+Azosprillium 36.14 37.48 58.66 59.71 94.80 97.19 38.12 38.56
25 % NPK + 3 t/ha pressmud +Azosprillium 34.50 35.94 56.38 58.36 90.94 94.30 37.93 38.11

75 % NPK + 1 t/ha vermicompost+Azosprillium 41.08 42.36 60.42 60.90 101.05 103.26  40.47 41.02
50 % NPK + 2 t/ha vermicompost+Azosprillium 39.08 40.45 59.58 60.15 98.66 100.70  39.61 40.16
25 % NPK + 3 t/ha vermicompost+Azosprillium 37.00 38.45 58.72 59.78 95.72 98.23 38.65 39.14

Control 2410 2523 3946 4100 6356  66.23 37.91  38.09
SEm(+) 0.55 0.66 0.17 0.40 0.87 1.12 2.84 2.86
C.D. (P=0.05) 1.63 1.97 0.50 119 258 332 NS N.S.

N.S. non significant
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Fig. 4.6 Effect of integrated nutrient management on Grain, straw, biological yield (g ha™) and harvest index (%)

of wheat.
# 100% NPK through chemical fertilizer 75 % NPK + 3t/ha FYM + Azosprillium
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M 25 % NPK + 3 t/ha pressmud +Azosprillium 75 % NPK + 1 t/ha vermicompost+Azosprillium
50 % NPK + 2 t/ha vermicompost+Azosprillium M 25 % NPK + 3 t/ha vermicompost+Azosprillium
120 - u Control

Grain,straw, biological yield (q ha ) and harvest index (%6)

=
o
o

0
o

2]
o

I
o

N
o

o

2011-12

2012-13 2011-12 2012-13 2011-12

Grain Yield Straw Yield

ha-1 ha-1
(a ) (a ) Treatment

Biological Yield

2011-12 2012-13

Harvest index
Harvest Index (%)

97



Harvest index which express proportion of economic yield in total biological yield did
not influenced significantly by the nutrient management practices during both years.
Numerically maximum harvest index value (40.52 and 41.28) was observed in the treatment
100% NPK than rest of the treatments during both years. Lowest harvest index (37.91 and
38.09) was recorded in control treatment.

4.4 Nutrient content (%) and uptake (kg ha) by crop
4.4.1 Nitrogen content

Data pertaining to the nitrogen content in wheat grain and straw are presented in
(Table 4.7), depicted in (Fig 4.7a) and their analysis of variation are presented in Appendix
IX.

Application of nutrient management treatments significantly affected the nitrogen
content in grain as well as straw during both years of study. The maximum nitrogen content
(1.71 and 1.93) in grain recorded with the treatment 100% NPK was at par with 75% NPK + 1
ton ha! vermicompost+ Azosprillium and significantly higher than the remaining treatments
during both years. Highest nitrogen content (0.41 and 0.46) in straw was recorded in treatment
100% NPK which were at par with 75% NPK + 1 ton ha? vermicompost+ Azosprillium and
significantly higher than the remaining treatments during 2011-12 and 2012-13. Lowest
nitrogen content in grain (1.23 and 1.26) was recorded in control plots. Similarly lowest

nitrogen content was found in control plot straw during both the years.

4.4.2: Nitrogen Uptake
The data pertaining nitrogen uptake by grain and straw of wheat are presented in
(Table 4.7), depicted in (Fig 4.7b) and their analysis of variation are presented in Appendix

IX.
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Nitrogen uptake was more during 2012-13 in both grain as well as in straw. The
uptake of nitrogen in grain and straw differ significantly with the application of nutrient
management treatments during both years. Maximum nitrogen uptake (70.96 and 84.70) in
grain recorded with the application of 100 % NPK was statistically similar to Ts and
significantly higher than rest of the treatments during both years. Highest nitrogen uptake
(24.97 and 28.63) in straw recorded in treatment 100% NPK was statistically at par with Tg
and significantly higher than rest of the treatments during both years. Lowest nitrogen uptake
by grain (29.64 and 31.92) and straw (6.70 and 7.38) was recorded in control plots.

4.4.3: Total Nitrogen Uptake

The data pertaining total nitrogen uptake by wheat are presented in (Table 4.7),
depicted in (Fig 4.7b) and their analysis of variation are presented in Appendix IX.

Total uptake of nitrogen differ significantly with the application of nutrient
management practices during both years. The highest total uptake of nitrogen (95.93 and
113.12) by wheat recorded with the treatment 100% NPK was statistically at par with Tg and
significantly higher than rest of the treatments during both years. Lowest total nitrogen uptake
(36.34 and 39.16) was recorded in control plots during 2011-12 and 2012-13 respectively.
4.4.4: Phosphorus content

The data pertaining to phosphorus content of wheat grain and straw given in (Table
4.8), depicted in (Fig 4.8a) and their analysis of variation are presented in Appendix X.

Phosphorus content was more in grain as compared to straw during both years. The
maximum phosphorus content (0.36 and 0.37) in grain recorded with the treatment 100%
NPK was statistically at par with 75% NPK + 1 ton ha? vermicompost+ Azosprillium and

significantly higher than the rest of the treatment during both the year 2011-12 and 2012-
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Table 4.7 Effect of integrated nutrient management on N content, N uptake and total uptake of nitrogen by Grain and Straw of wheat.

Treatment

100% NPK through chemical fertilizer

75 % NPK + 3 t/ha FYM + Azosprillium

50 % NPK + 6 t/ha FYM + Azosprillium

25 % NPK + 9 t/ha FYM + Azosprillium
75%NPK+ 1 t/ha pressmud+Azosprillium

50 %NPK+ 2 t/ha pressmud+Azosprillium

25 % NPK + 3 t/ha pressmud +Azosprillium

75 % NPK + 1 t/ha vermicompost+Azosprillium
50 % NPK + 2 t/ha vermicompost+Azosprillium
25 % NPK + 3 t/ha vermicompost+Azosprillium
Control

SEm(z)

C.D. (P=0.05)

N content (%0)

N uptake (kg ha™)

Grain
2011-2012

1.71
1.62
1.52
1.41
1.55
1.45
1.37
1.68
1.60
1.47
1.23
0.011

0.033

2012-13
1.93
1.80
1.68
1.57
1.72
1.61
1.55
1.88
1.76
1.62
1.26

0.030

0.088

Straw
2011-2012

0.41
0.36
0.31
0.24
0.34
0.26
0.20
0.38
0.35
0.29
0.17
0.01
0.04

Grain

2012-13  2011-2012

0.46
0.40
0.34
0.28
0.38
0.29
0.23
0.42
0.37
0.33
0.18
0.02
0.05

70.96
64.31
56.63
49.14
59.81
52.40
47.26
69.01
62.53
54.39
29.64
1.79
5.32

2012-13
84.7
74.7

65.45
57.36
68.69
60.34
56.57
80.01
72.58
62.4
31.92
3.12
9.21

Straw
2011-2012 2012-13
24.97 28.63
21.61 24.21
18.24 20.33
13.59 16.43
20.14 22.77
15.25 17.31
11.27 13.42
22.96 25.57
20.85 22.25
17.02 19.72
6.70 7.38
0.93 1.01
2.77 2.99

Total uptake (kg ha’

2011-2012
95.93
85.92
74.87
62.73
79.95
67.65
58.53
91.97
83.38
71.41
36.34

3.04
9.05

)

2012-13

113.12
97.75
85.22
73.65
91.46
77.65
69.12

105.20
93.44
82.00
39.16

4.08

12.12
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Fig.4.7(a) Effect of integrated nutrient management on N content by Grain and Straw of wheat.

Nitrogen content (%)
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Fig.4.7(b) Effect of integrated nutrient management on N uptake, total uptake of nitrogen by Grain and Straw of

Nitrogen uptake kg hal

wheat.
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450 % NPK + 6 t/ha FYM + Azosprillium 25 9% NPK + 9 t/ha FYM + Azosprillium
# 75%NPK+ 1 t/ha pressmud+Azosprillium 50 %NPK+ 2 t/ha pressmud+Azosprillium
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2013. Highest phosphorus content (0.17 and 0.19) in straw was recorded in treatment 100%
NPK being statistically at par with 75% NPK + 1 ton ha vermicompost+ Azosprillium and
significantly higher than rest of the treatments during both years. Lowest phosphorus content
in grain (0.25 and 0.27) and (0.10 and 0.11) in straw was recorded in control plots.
4.4.5: Phosphorus uptake

The data pertaining phosphorus uptake by wheat grain and straw are presented in
(Table 4.8), depicted in (Fig 4.8b) and their analysis of variation are presented in Appendix X.

Application of nutrient management treatments resulted in a significant variation in
phosphorus uptake by wheat grain as well as in straw. The maximum phosphorus uptake
(14.52 and 15.76) in grain recorded with the treatment 100% NPK was statistically at par with
75% NPK + 1 ton ha™ vermicompost+ Azosprillium and significantly higher than the rest of
the treatment during both the year 2011-12 and 2012-2013. Highest phosphorus uptake (9.74
and 11.20) by straw also recorded in treatment 100% was statistically at par with 75% NPK +
1 ton ha! vermicompost+ Azosprillium during both the year. Lowest phosphorus uptake by
grain (6.02 and 6.81) and (3.94 and 4.51) by straw was recorded in control plots.
4.4.6: Total phosphorus uptake

The data pertaining total phosphorus uptake by wheat are presented in (Table 4.8),
depicted in (Fig 4.8b) and their analysis of variation are presented in Appendix X.

Total uptake of phosphorus in wheat was significantly affected by different nutrient
management treatments over the control during both years. The maximum total phosphorus
uptake (24.26 and 26.96) in wheat recorded with the treatment 100% NPK was statistically at

par with 75% NPK + 1 ton ha™* vermicompost+ Azosprillium during both the year. Lowest

103



Table 4.8 Effect of integrated nutrient management on P content, P uptake and total uptake of Phosphorus by Grain and Straw of

wheat.
Treatment P content (%) P uptake (kg ha™) Total uptake (kg ha?)
Grain Straw Grain Straw

2011-2012 2012-13 2011-2012 2012-13 2011-2012 2012-13 2011-2012 2012-13 2011-2012 2012-13
100% NPK through chemical fertilizer 0.36 0.37 0.17 0.19 14.52 15.76 0.74 11.20 24.26 26.96
75 % NPK + 3 t/ha FYM + Azosprillium 0.33 0.34 0.15 0.17 13.10 13.89 9.00 10.29 22.10 24.18
50 % NPK + 6 t/ha FYM + Azosprillium 0.31 0.32 0.12 0.13 11.55 12.36 7.06 7.77 18.61 20.13
25 % NPK + 9 t/ha FYM + Azosprillium 0.30 0.31 0.11 0.11 10.45 11.30 6.22 6.45 16.67 17.75
75%NPK+ 1 t/ha pressmud+Azosprillium 0.32 0.33 0.13 0.12 12.34 13.18 7.70 7.19 20.04 20.37
50 %NPK+ 2 t/ha pressmud+Azosprillium 0.30 0.31 0.11 0.12 10.84 11.61 6.45 7.16 17.29 18.77
25 % NPK + 3 t/ha pressmud +Azosprillium 0.29 0.30 0.11 0.11 10.00 10.78 6.20 6.41 16.20 17.19

75 % NPK + 1 t/ha vermicompost+Azosprillium 0.34 0.35 0.16 0.17 13.96 14.82 9.66 10.35 23.62 25.17
50 % NPK + 2 t/ha vermicompost+Azosprillium 0.32 0.33 0.15 0.16 12.50 13.34 8.93 9.62 21.43 22.96

25 % NPK + 3 t/ha vermicompost+Azosprillium 0.31 0.32 0.12 0.13 11.47 12.30 7.04 1.77 18.51 20.07

Control 0.25 0.27 0.10 0.11 6.02 6.81 3.94 451 9.96 11.32
SEm() 0.006 0.006 0.004 0.006 0.464 0.475 0.223 0.261 0.744 0.852
C.D. (P=0.05) 0.018 0.017 0.012 0.017 1.378 1.410 0.664 0.774 2.211 2.533
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Fig.4.8(a) Effect of integrated nutrient management on P content by Grain and Straw of wheat.
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Fig.4.8 (b) Effect of integrated nutrient management on P uptake, total uptake of Phosphorus by Grain and Straw

of wheat.
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total phosphorus uptake (9.96 and 11.32) was recorded in control plots during 2011-12 and
2012-13 respectively.
4.4.7: Potassium content

The data pertaining to potassium content of wheat grain and straw are presented in
(Table 4.9), depicted in (Fig 4.9a) and their analysis of variation are presented in Appendix
XI.

Potassium content in grain and straw was significantly affected by different nutrient
treatments during both years. The maximum potassium content (0.42 and 0.44) in grain
recorded with the treatment 100% NPK was statistically at par with 75% NPK + 1 ton ha*
vermicompost+ Azosprillium and significantly higher than the rest of the treatments during
both years. Highest potassium content (1.66 and 1.68) by straw was recorded with the
treatment 100% NPK was statistically at par with 75% NPK + 1 ton ha? vermicompost+
Azosprillium and significantly higher than the rest of the treatment during both years. Lowest
potassium content in grain (0.25 and 0.27) and (1.21 and 1.22) straw was recorded in control
plots.

4.4.8: Potassium uptake

The data pertaining to potassium uptake by wheat grain and straw are presented in
(Table 4.9), depicted in (Fig 4.9b) and their analysis of variation is presented in Appendix XI.

Application of nutrient management treatments gave significantly higher uptake of
potassium in grain as well as in straw over control. The maximum potassium uptake
(17.01and 18.82) by grain recorded with the treatment 100% NPK was statistically at par with
75 % NPK + 1 ton ha! vermicompost+ Azosprillium and significantly higher than the rest of
the treatment during both years. Highest potassium uptake (101.09 and 104.60) by straw

recorded with the treatment 100% NPK was statistically at par with 75% NPK + 1 ton ha*
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Table 4.9 Effect of integrated nutrient management on K content, K uptake, total uptake of Potassium by Grain and Straw of wheat.

Treatment

100% NPK through chemical fertilizer

75 % NPK+3 t/ha FYM +Azosprillium

50 % NPK+6 t’ha FYM +Azosprillium

25 % NPK+9 t/ha FYM +Azosprillium

75%NPK+1 t/ha pressmud+Azosprillium

50 %NPK+2 t/ha pressmud+Azosprillium

25 % NPK+3 t/ha pressmud +Azosprillium

75 % NPK+1 t/ha vermicompost+Azosprillium

50 % NPK+2 t/ha vermicompost+Azosprillium

25 % NPK+3 t/ha vermicompost+Azosprillium

Control

SEm(z)
C.D. (P=0.05)

K content (%)

K uptake (kg ha?)

Grain
2011- 2012-13
2012
0.42 0.44
0.38 0.38
0.33 0.35
0.27 0.29
0.34 0.35
0.29 0.31
0.26 0.28
0.40 0.41
0.36 0.37
0.32 0.33
0.25 0.27
0.009 0.008
0.026 0.023

Straw

2011-2012

1.66

1.59

1.48

1.31

1.51

1.34

1.29

1.62

1.57

1.37

1.21

0.016
0.049

2012-13

1.68

1.61

1.50

1.32

1.53

1.36

1.31

1.64

1.59

1.39

1.22

0.018
0.055

Grain
2011-2012

17.01

15.08

12.29

9.40

13.12

10.48

8.97

16.43

14.06

11.84

6.02

0.597
1.772

2012-13

18.82

15.52

13.52

10.57

13.97

11.61

10.06

17.36

14.96

12.68

6.81

0.701
2.082

Straw
2011-2012

101.09

95.48

87.11

74.18

89.48

78.60

72.73

97.88

93.54

80.45

47.75

2.129
6.324

2012-13

104.60

97.47

89.73

77.47

91.71

81.21

76.45

99.88

95.64

83.09

50.02

2.127
6.319

Total uptake (kg ha’

)
2011-2012

118.10
110.56
99.40
83.58
102.60
89.08
81.70
114.31
107.60
92.29

53.77

1.589
4.721

2012-13

123.42

112.99

103.25

88.04

105.68

92.81

86.51

117.24

110.60

95.77

56.83

1.621
4.816
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Fig.4.9(a) Effect of integrated nutrient management on K content by Grain and Straw of wheat.
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Fig.4.9(b) Effect of integrated nutrient management on K uptake, total uptake of Potassium by Grain and Straw of

wheat.
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vermicompost+ Azosprillium and significantly higher than the rest during both the year 2011-
12 and 2012-2013. Lowest potassium content in grain (60.02 and 6.81) and (47.75 and 50.02)
straw was recorded in control plots.

4.4.9: Total potassium uptake

The data pertaining total potassium uptake by wheat are presented in (Table 4.9),
depicted in (Fig 4.9) and their analysis of variation are presented in Appendix XI.

Total potassium uptake by wheat was significantly affected by different nutrient
management treatment over control during both years. The highest total potassium uptake
(118.10 and 123.42) by wheat recorded with the treatment 100% NPK which was at par with
the 75 % NPK + 1 ton ha® vermicompost+ Azosprillium during both years. Lowest total
potassium uptake (53.77 and 56.83) was recorded in control plots during 2011-12 and 2012-
13 respectively.

4.5 Combined NPK uptake (Kg ha?)
The data pertaining combined NPK uptake by wheat are presented in (Table 4.10), depicted in
(Fig 4.10) and their analysis of variation are presented in Appendix XII.

Combined NPK uptake by wheat was significantly affected by different nutrient
management treatment over control during both years. The maximum NPK uptake by wheat
recorded with the treatment 100% NPK was at par with the 75% NPK + 1 ton hal
vermicompost+ Azosprillium during both years. Lowest NPK uptake was recorded in control

plots during 2011-12 and 2012-13
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Table 4.10 Effect of integrated nutrient management on combined NPK uptake of wheat.

Treatment Combined NPK uptake (Kg ha™)
2011-12 2012-13
100% NPK through chemical fertilizer 238.29 263.50
75 % NPK + 3t/ha FYM + Azosprillium 218.58 234.92
50 % NPK + 6 t/ha FYM + Azosprillium 192.88 208.60
25 % NPK + 9t/ha FYM + Azosprillium 162.98 179.44
75%NPK+ 1 t/ha pressmud+Azosprillium 202.59 217.51
50 %NPK+ 2 t/ha pressmud+Azosprillium 174.02 189.24
25 % NPK + 3 t/ha pressmud +Azosprillium 156.43 172.82
75 % NPK + 1 t/ha vermicompost+Azosprillium 22990 247.61
50 % NPK + 2 t/ha vermicompost+Azosprillium 212.41 227.0
25 % NPK + 3 t/ha vermicompost+Azosprillium 182.21 197.84
Control 100.07 107.31
SEm(%) 3.316 5.028
C.D. (P=0.05) 9.851 14.938

112



Fig.4.10 Effect of integrated nutrient management on combined NPK uptake of wheat.

Combined NPK uptake Kg ha!

300

250

N
o
o

150

100

50

H 100% NPK through chemical fertilizer 75 % NPK + 3 t/ha FYM + Azosprillium

M 50 % NPK + 6 t/ha FYM + Azosprillium 25 % NPK + 9t/ha FYM + Azosprillium

M 75%NPK+ 1 t/ha pressmud+Azosprillium i 50 %NPK+ 2 t/ha pressmud+Azosprillium

M 25 % NPK + 3 t/ha pressmud +Azosprillium M 75 % NPK + 1 t/ha vermicompost+Azosprillium
14 50 % NPK + 2 t/ha vermicompost+Azosprillium M 25 % NPK + 3 t/ha vermicompost+Azosprillium

2011-12 2012-13
Treatment

113




4.6 Protein content

Protein content in wheat grain is influenced significantly by the integrated nutrient
management and Azosprillium application. The data related to protein content are presented in
Table 4.11; Fig 4.11 and the analysis of variance are shown in Appendix XIII.

Application of 100% NPK has proven the best with (10.69 % and 12.06 %) protein
content in grain at par with 75% NPK + 1t ha® vermicompost+ Azosprillium with (10.50%
and 11.00 % ) and significantly higher than the rest of the treatments during both the year .
However, lowest protein content was recorded (7.69 % and 7.88 %) under treatment control
plot during 2011- 2012 and 2012-2013.

4.7 Nutrient availability in soil

Soil samples were taken from plough layer of soil (15 cm depth) and were analysed for
available N.P.K, organic carbon and soil pH after harvest of the wheat crop.
4.7.1 Available nitrogen in soil (kg ha)

The data pertaining to available nitrogen in soil are presented in (Table 4.12), depicted
in (Fig 4.12) and their analysis of variation are presented in Appendix XIV.

Application of nutrient management treatment significantly improved the available
nitrogen in soil over control during both years. It indicated that highest available nitrogen
(235.60 and 236.71) in soil recorded with the treatment application 75% NPK + 1 t ha?
vermicompost+ Azosprillium was at par with 100% NPK and significantly higher than the
rest of the treatment during both years. Lowest available nitrogen (200.01 and 200.73) was
recorded in control plots during 2011-12 and 2012-13 respectively.

4.7.2 Available Phosphorus in soil (kg ha?)
The data pertaining to available phosphorus in soil are presented in (Table 4.12),

depicted in (Fig 4.12) and their analysis of variation are presented in Appendix XIV.
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Table 4.11 Effect of integrated nutrient management on Protein content in wheat grain.

Treatment

Protein content (%)

100% NPK through chemical fertilizer

75 % NPK + 3t/ha FYM + Azosprillium

50 % NPK + 6 t/ha FYM + Azosprillium

25 % NPK + 9t/ha FYM + Azosprillium
75%NPK+ 1 t/ha pressmud+Azosprillium

50 %NPK+ 2 t/ha pressmud+Azosprillium

25 % NPK + 3 t/ha pressmud +Azosprillium

75 % NPK + 1 t/ha vermicompost+Azosprillium
50 % NPK + 2 t/ha vermicompost+Azosprillium
25 % NPK + 3 t/ha vermicompost+Azosprillium
Control

SEm(%)

C.D. (P=0.05)

2011-12

10.69
10.13
9.50
8.81
9.69
9.06
8.56
10.50
10.00
9.19
7.69
0.31
0.91

2012-13

12.06
11.25
10.50
9.81
10.75
10.06
9.69
11.75
11.00
10.13
7.88
0.44
1.30
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Fig.4.11 Effect of integrated nutrient management on Protein content in wheat grain.
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Application of nutrient management treatment and significantly increased the available
phosphorus in soil over control during both years. The highest available phosphorus (14.64
and 15.14) in soil recorded with the treatment application 75 % NPK + 1 t ha'
vermicompost+ Azosprillium was statistically at par with 100% NPK and significantly higher
than the rest of the treatments during both years. Lowest available phosphorus (10.54 and
10.68) was recorded in control plots during 2011-12 and 2012-13 respectively.

4.7.3 Available Potassium in soil (kg ha™)

The data pertaining to available potassium in soil are presented in (Table 4.12),
depicted in (Fig 4.12) and their analysis of variation are presented in Appendix XIV.

Nutrient management treatments significantly increased the available potassium in soil
over control during both years. The highest available potassium (180.56
and 180.56 and 181.06 ) in soil recorded with the treatment application 75% NPK + 1t ha*
vermicompost+ Azosprillium was statically at par to 100% NPK and significantly higher than
the rest of the treatment during both years. Lowest available potassium (166.75 and 166.95)
was recorded in control plots during 2011-12 and 2012-13 respectively.

4.7.4 Organic carbon in soil

The data pertaining to organic carbon in soil are presented in (Table 4.13), depicted in
(Fig 4.13) and their analysis of variation are presented in Appendix XIV.

Organic carbon content in soil was influenced significantly by nutrient management.
The highest organic carbon content (0.51 and 0.52) in soil recorded with the application 75%
NPK + 1t ha! vermicompost+ Azosprillium was statistically at par with 100% NPK and 75%
NPK + 3 t/ha FYM + Azosprillium during both years. Lowest organic carbon (0.40 and 0.42)

was recorded in control plots during 2011-12 and 2012-13 respectively.
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Table 4.12 Effect of integrated nutrient management on Available N, P, K of the soil after harvest in wheat.

Treatment Available N (kg ha™) Available P (kg ha™) Available K (kg ha)
2011-12 2012-13 2011-12 2012-13 2011-12  2012-13
100% NPK through chemical fertilizer 234.78 235.38 14.24 14.64 179.45 180.35
75 % NPK + 3t/ha FYM + Azosprillium 233.23 233.75 14.02 14.38 178.65 179.25
50 % NPK + 6 t/ha FYM + Azosprillium 226.54 227.68 13.45 13.65 176.40 176.70
25 % NPK + 9t/ha FYM + Azosprillium 220.65 220.84 12.56 12.85 173.25 173.43
75%NPK+ 1 t/ha pressmud+Azosprillium 228.45 230.26 13.60 13.80 177.38 177.76
50 %NPK+ 2 t/ha pressmud+Azosprillium 222.54 222.86 12.89 13.19 174.46 174.66
25 % NPK + 3 t/ha pressmud +Azosprillium 218.89 219.45 12.14 12.42 173.10 173.28
75 % NPK + 1 t/ha vermicompost+Azosprillium 235.60 236.71 14.64 15.14 180.56 181.06
50 % NPK + 2 t/ha vermicompost+Azosprillium 231.72 232.14 13.79 14.13 177.89 178.19
25 % NPK + 3 t/ha vermicompost+Azosprillium 224.05 225.25 13.14 13.32 175.80 176.05
Control 200.01 200.73 10.54 10.68 166.75 166.95
SEm(Z) 0.66 0.80 0.19 0.22 0.54 0.58
C.D. (P=0.05) 1.95 237 0.58 0.65 1.62 1.73
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Fig.4.12 Effect of integrated nutrient management on Available N, P, K of the soil after harvest in wheat.
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4.7.5 Soil pH

The data pertaining harvest index to wheat recorded is presented in (Table 4.13), (Fig
4.13) and their analysis of variation are presented in Appendix XV.

Soil pH did not differ significantly by the nutrient management practices during both
years. Numerically the maximum soil pH value (8.20 and 8.22) was observed in the treatment
control plot during both years. Lowest soil pH (7.44 and 7.45) was recorded in 25% NPK + 3
ton ha™* pressmud + Azosprillium treatment.

4.8 ECONOMICS
4.8.1 Cost of cultivation (Rs ha)

The data pertaining to cost of cultivation are presented in (Table 4.14), (Fig 4.14). The
data indicates the highest cost of cultivation (28,532and 31,254) was observed in the treatment
25 % NPK + 3 t/ha vermicompost+Azosprillium due to high amount of costly vermicompost
which was applied in the treatment followed by 75% NPK + 1 t ha?! vermicompost+
Azosprillium. The lowest cost of cultivation (19,740and 21,530) observed in control plots.
4.8.2 Gross return (Rs ha?)

The data pertaining to gross return is presented in (Table 4.14) and (Fig 4.14). The
data indicates the highest gross return (69,175and 77,781) was observed in the treatment
100% NPK which was applied in the treatment followed by 75% NPK + 1 t ha'
vermicompost+ Azosprillium. The lowest gross return (41,195and 46,361) observed in control

plots during both years.
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Table 4.13 Effect of integrated nutrient management on Organic carbon and Soil pH of the soil in wheat.

Treatment Organic carbon(%o) Soil pH
2011-12 2012-13 2011-12 2012-13
100% NPK through chemical fertilizer 0.49 0.50 8.18 8.19
75 % NPK + 3t/ha FYM + Azosprillium 0.48 0.49 8.18 8.19
50 % NPK + 6 t/ha FYM + Azosprillium 0.45 0.45 7.91 7.92
25 % NPK + 9t/ha FYM + Azosprillium 0.43 0.44 7.46 7.48
75%NPK+ 1 t/ha pressmud+Azosprillium 0.46 0.47 8.12 8.13
50 %NPK+ 2 t/ha pressmud+Azosprillium 0.44 0.45 7.68 7.70
25 % NPK + 3 t/ha pressmud +Azosprillium 0.43 0.44 7.44 7.45
75 % NPK + 1 t/ha vermicompost+Azosprillium 0.51 0.52 8.18 8.19
50 % NPK + 2 t/ha vermicompost+Azosprillium 0.47 0.48 8.17 8.18
25 % NPK + 3 t/ha vermicompost+Azosprillium 0.45 0.46 7.89 7.91
Control 0.40 0.42 8.20 8.22
SEm(+) 0.01 0.01 0.59 0.20
C.D. (P=0.05) 0.03 0.03 N.S. N.S.

N.S. non significant
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Fig.4.13 Effect of integrated nutrient management on Organic carbon and Soil pH of the soil in wheat.
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4.8.3 Net returns (Rs ha?)

The data pertaining to net return is presented in (Table 4.14) and (Fig 4.14). The data
indicates the highest net return (44,904and 51,518) was observed in the treatment 100% NPK
which was applied in the treatment followed by 75% NPK + 1 t ha! vermicompost+
Azosprillium. The lowest net return (21,455and 24,831) observed in control plots during both
years.

4.8.4 B: C ratio
The data pertaining to B: C ratio is presented in (Table 4.14) and (Fig 4.15). The data

indicates the highest B: C ratio (1.85 and 1.96) was observed in the treatment 100% NPK
closely followed by 75 % NPK + 3 t/ha FYM + Azosprillium. The lowest B: C ratio (1.09

and 1.15) observed in control plots during both years.
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Table 4.14 Effect of integrated nutrient management on Cost of cultivation, Gross return, Net returns and B: C ratio of wheat.

Treatment

100% NPK through chemical fertilizer

75 % NPK + 3t/ha FYM + Azosprillium

50 % NPK + 6 t/ha FYM + Azosprillium

25 % NPK + 9t/ha FYM + Azosprillium
75%NPK+ 1 t/ha pressmud+Azosprillium

50 %NPK+ 2 t/ha pressmud+Azosprillium

25 % NPK + 3 t/ha pressmud +Azosprillium

75 % NPK + 1 t/ha vermicompost+Azosprillium
50 % NPK + 2 t/ha vermicompost+Azosprillium
25 % NPK + 3 t/ha vermicompost+Azosprillium
Control

SEm(+)

C.D. (P=0.05)

Cost of cultivation Gross return Net returns B: C ratio
(Rs ha) (Rs ha) (Rs ha)

2011-12 2012-13 2011-12 2012-13 2011-12 2012-13 2011-12 2012-13
24271 26263 69175 77781 44904 51518 1.85 1.96
24048 26179 66623 73323 42575 47144 1.77 1.80
23664 25896 63153 70097 39489 44201 1.67 1.71
23282 25613 59463 66815 36181 41202 1.55 1.61
23648 25679 64982 71901 41334 46222 1.75 1.80
22864 24896 61647 68511 38783 43615 1.70 1.75
22082 24113 58945 66027 36863 41914 1.67 1.74
25798 28012 68509 75456 42711 47444 1.66 1.69
27164 29745 65699 72653 38535 42908 1.42 1.44
28532 31254 62780 69842 34248 38588 1.20 1.23
19740 21530 41195 46361 21455 24831 1.09 1.15
819.00 906.97 719.09 1016.67  738.98 1471.57 0.06 0.11

2433.08 269441 2136.24 3020.28 2195.30 4371.69 0.17 0.32
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Fig. 4.14 Effect of integrated nutrient management on Cost of cultivation, Gross return, Net returns of wheat.
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5. DISCUSSION

The experimental evidences presented in preceding chapter, in order to quantify the
relative contribution of nutrient management, provide a detailed account of wheat
performance in terms of growth, development, yield, yield attributes and monetary aspects.
An attempt has been made here to examine and evaluate the important observations recorded
during the course of investigation in terms of ‘causes’ and relationship as for as possible.

Plant nutrition which is the most important factor affecting growth and development of
a crop is not a simple problem. Its solution depends upon much more than the liberal use of
commercial fertilizers, organic manures or other materials. Under these situations integration
of chemical fertilizers with organic manures has been found quite promising not only in
maintaining higher productivity but also in providing greater stability in crop production as
evident from the long term fertilizer experiments (Nambiar and Abrol, 1992). Farmyard
manure (FYM) is being used as a major source of organic manure in field crops since ancient
times. Limited availability of this manure is, however, an important constraint in its use as a
source of nutrients. Wheat crop responds positively to applied fertilizers with FYM (Gill et
al., 1994). Application of organic along with inorganic sources not only improve soil health
but with also improve the produce quality and fertilizer use efficiency and there by reducing
the cost of cultivation. Organic manures, particularly FYM, not only supply macronutrients,
but also meet the requirement of micronutrients, besides improving soil health Tripathi,
(2010).

The capacity of a crop to produce economic yield is the function of its nutrient and

environment that largely govern growth and development right form germination to maturity.
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Crop performance at maturity is the resultant of success or failure of various plant processes
occurs through vegetative and reproductive phases.

The three most vital nutrients that a plant can receive are nitrogen (N), phosphorous
(P) and potassium (K). Nitrogen aids in the plant’s growth above ground. Phosphorous
enhances plant cell division. It also helps in flower and seed production and in the
development of a strong root system. Potassium improves the plant’s ability to fight off
disease. It also gives it strong stems. Plant nutrition is the most important factor affecting
grain yield, nutrient uptake and quality of a crop. This factor becomes still more important
when an exhaustive crop like wheat is grown in an intensive crop rotation consisting of cereal
crops. Hence, integrated nutrient management consisting of use of organic manures and
chemical fertilizers are gaining importance for maintaining soil productivity. Its effect on
wheat was studied in the present investigation and compared with different nutrient sources.
The results of investigation are described and the explained in the light of work done by
various workers. The effects of various treatments were observed on various growth, yield and
nutrient uptake parameters and can be grouped under following head:
Weather conditions

Nutrient and environment interaction studies made on various crop in India and abroad
categorically advocates significant and large variations in expression of nutrient with
environment. Weather variations i.e. temperature, relative humidity and rainfall etc. are of
great significance that change invariably with i.e. latitude, longitude and geological location,
attitude, season etc. Comparison of weather attributes of the study years revealed variation in
temperature, relative humidity and rainfall encompassing the critical stages of crop growth
and development. This led to yield variation between the study seasons i.e. rabi 2011-12 and

2012-13. Wheat crop, irrespective of the treatments, performed better during 2011-12 than
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during 2012-13. Critical perusal of growth and yield attributes vindicated better crop
establishment, growth and yield formation during 2012-13 in comparison to 2011-12. Dry
matter accumulation, an overall growth index was also higher during 2012-13, irrespective of
the growth stages and this provided the base for better formation and synthesis of reproductive
organs i.e. number of spikes, spikelet’s spike? etc. exclusively the yield determiners.
Cumulative effect of better formation of the yield determiners was possibly behind the yield
superiority during 2012-13. The weather attributes are suggestive of more congenial
environment for growth and yield formation as crop received 80 mm rains during 2011-12 as
against 184.5 mm during 2012-13, better distribution of rainfall would have favored the crop
growth and development. Maximum temperature ranged from 15.14-34.78 °C and minimum
from 2.9-19.71 °C during 2011-12 as against respective maximum and minimum temperature
of 11.0-34.14 °C and 1.2-19.71 °C during 2012-13.

Effect on plant Growth and growth parameters

Vegetative and reproductive growth of a plant is affected by physiological and
metabolic processes which are modified by environmental conditions and varying cultural
practices. Although, it is not possible to modify entirely the plant environment under field
conditions to suit the seeds of a particular plant type, however, it can be manipulated to a great
extent by judicious organization of controllable factors like selection of variety, seed rate,
sowing time, nutrient supply, irrigation and plant protection.

In the present studies application of nutrient management treatments affected the
overall growth of wheat plants measured in terms of plant height, number of tillers and dry
matter accumulation, during both years.

Plant height (Table 4.1) increased at a faster rate during at 60 at 90 DAS was

significantly affected by different nutrients treatments. The plant height was significantly
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affected at 30, at 60, at 90 DAS and at harvest in different treatments. The maximum plant
height were recorded with the application of 100% NPK which is at par with the 75% NPK +
1 t ha* vermicompost+ Azosprillium during both years. The control plots resulted significant
reduction in plant height than rest of the treatments at all the growth stages. Such a higher
plant height in 100% NPK can be associated with sufficient nutrient supply at the active
growth stage. Similar results of increased plant height were also reported by Kumar and
Ahlawat (2004), Tulsa Ram and Mir (2006), Singh et al. (2007) ,Singh et al. (2008), Thakral
et al. (2003) and Singh et al. (2006), Patra el al. (1998).

Dry matter production in crop is a function of current photosynthesis. Balanced
nutrition helps in achieving higher dry matter accumulation through enhanced canopy cover
which ultimately increased higher amount of assimilated through higher rate of current
photosynthesis. Dry matter accumulation (Table 4.2) is a function of total plant stand, plant
height, number of tillers per meter row length hence all these characters will ultimately affect
dry matter accumulation by crop. Maximum dry matter accumulation was observed in 100%
NPK being at par with 75% NPK + 1t ha vermicompost+ Azosprillium at 30, 60, 90 DAS
and at harvest during 2011-12 and 2012-2013, respectively. Minimum dry matter
accumulation was recorded in control plots at 30, at 60, at 90 DAS and at harvest. The
beneficial impact of organic manures on physical, biological and chemical properties of soils
is widely known but the full appreciation for the some remains largely ignored in commercial
chemical agriculture. Organic manures also increase the nutrient holding capacity of soil and
minimize the effect of toxicants. Organic manures make the soil biologically active as these
are good source of food and energy for soil micro-organisms and increase the activity of
microbes which bring non-available plant nutrients into available from (Yawalkar et al. 1992)

thus improving the growth character. The contributions of organic and inorganic sources of
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nutrients also produced better growth parameters viz., plant height, number of effective tillers
and finally dry matter. Similar results were also reported by Jakhar et al. (2006), Sepat et al.
(2010).

The number of tillers per meters row length (Table 4.3) increased up to at 60 DAS and
started declining their after at 90 DAS and at harvest. The highest number of tillers per meter
row was recorded in 100% NPK which were at par with 75% NPK + 1 t ha™* vermicompost+
Azosprillium. Lowest number of tillers was recorded in control plots at 30, at 60, at 90 DAS
and harvest. Such a higher number of tillers in these treatments can be linked with optimum
supply of essential nutrients at active tillering stage. Similar results were also reported by
Singh and Agarwal (2001) and Jat et al. (2013).

The maximum leaf area index (table 4.4) were recorded with 100% NKP which was
statistically at par with 75% NPK + 1 t ha? vermicompost+ Azosprillium and found
significantly superior over control plot during all the stages. Minimum number of leaf area
index was observed in control plot at all stages. A similar result has been reported by Rehman
et al. (2010). It may be due to mineralization of organic manure and increased activity of bio
fertilizers under soil environment. The enhancement in growth with increased in fertility was
owing to rapid conversion of synthesized photosynthates in to protein to from more
protoplasm, thus increasing the number and size of cell which might have increased the leaf
area.

Yield attributes and yield

The vyield of a crop depends upon the source sink relationship and is the cumulative
function of various growth parameters and yield attributing components viz; spike length,
spikelets per spike, number of grains per spike and test weight (1000 grain weight). Any

factors affecting these parameter ultimately affects the biological and economical yields of
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crop. Applications of vermicompost with inorganic sources of fertilizer at any level were
found to improve the yield attributing character (Table 4.5) grain, straw and biological yield
(Table 4.6) in comparison to control. An increase of 65.51 and 57.14, 62.63 and 62.50, 34.46
and 32.01 and 23.40 and 25.61 per cent of length of spike, spikelets per spike, number of
grains per spike and 1000 grain weight was observed during 2011-12 and 2012-13
respectively, with 100% NPK over control. The effect of 100% NPK being statistically at par
with 75% NPK + 1 t ha vermicompost+ Azosprillium and were superior to control during
both years in respect of yield attributing characters. More yield attributes were found in the
treatment where organic and inorganic sources of plant nutrients were applied over control.
This may be due to effect of organic and inorganic sources on the adequate nutrient supply for
longer period, which will affect crop growth and photosynthetic activity. Similar results were
reported by Muhammad et al. (2008), Patil and Blihore (2001). Stimulated vegetative growth
of wheat on account of adequate and prolonged supply of essential nutrients in treatment
receiving vermicompost and biofertilizer in addition to 75% NPK manifested itself in increase
number of effective tillers, grain/spike and test weight similar beneficial effect of INM on
yield attributes of wheat has been reported by Sharma et al. (2009). Such improved yield
attributes can be linked with balanced nutrition particularly nitrogen with play a vital role in
cell division and cell elongation as well as increase in sink size which provide a feedback to
sources for production of higher amount of photo-synthate. Higher level of nutrients improved
the fertility level of soil and creates congenial condition for better growth and development
thus improved the yield attributes. These results are in conformity with those reported by Sen
et al. (2003), Singh and Yadav (2006), Singh et al. (2007) and Ashutosh Barthwal et al.

(2013), Singh and Singh 2005 and Ranwa (1999).
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Application of nutrient management treatments significantly increased the grain, straw
and biological yield of wheat during the years of experimentation. The grain, straw and
biological yields were recorded significantly higher in the treatments 100% NPK which were
41.50 and 43.78; 60.90 and 62.26 and 102.40 and 106.04 g ha™ which was at par with 75%
NPK + 1 ton hal vermicompost+ Azosprillium during both years. Overall the grain yield
increased was 72.19 and 73.52, 35.20 and 51.85 and 61.13 and 60.11 per cent over control by
the application of 100% NPK, 75 % NPK + 1t ha* vermicompost+ Azosprillium 2011-12 and
2012-13 respectively. The harvest index was not influenced significantly by the application of
nutrient management treatments during both years of study. Highest number of harvest index
was found in 100% NPK and lowest in control plot.

The beneficial effect of organic manures on grain, straw, biological yields and yield
attributing characters might be assigned to the fact that after proper decomposition and
mineralization, these manures supplied available plant nutrients directly to the plants and also
had solublising effect on fixed forms of nutrients in soil. Similar findings were also reported
by Mubarak and Singh, (2011). The combination use of organic manures and chemical
fertilizers enhanced the inherent capacity of soil as reported by Pandey et al. (2009), Verma
and Mathur, (2009), Verma, et al. (2010) and Meena et al. (2012), Singh and Singh (2005).
The organic manures also increase the adsorptive power of soil for cations and anion
particularly phosphates and nitrates and these adsorbed ions are released slowly for the benefit
of crop during entire crop growth period leading to higher yields reported by Dhaliwal and
Walia, (2008).

Nitrogen, phosphorus and potassium contents and uptake by crop
Application different nutrient management treatments increased nitrogen, phosphorus

and potassium content and their uptake and total uptake by wheat grain and straw significantly
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over control during both years (Table 4.7, 4.8, 4.9) with few exceptions. Among different
nutrient management treatments, highest value for NPK content and uptake was recorded with
100% NPK. An increment of 39.02 and 53.17, 44.00 and 37.04 and 68.00 and 62.96 per cent
in N, P and K content in grain and 141.17 and 155.55, 70.00 and 72.72 and 37.19 and 37.70
per cent in straw was recorded with 100% NPK+FYM over control during 2011-12 and 2012-
13 respectively (Table..) Similarly higher nitrogen content in the treatment where INM was
followed may be more translocation of photosynthesis to gain. Similar results are in
confirmation with the finding of Jadhav et al. (1997) and Srivastava et al. (2008). NPK
contents increase might be due to the solubilisation effect of organic manures on native
nutrients solubilisation and releasing of nutrients for a longer duration might be the reason for
greater availability. Kathurai et al. (2004) reported that organic sources had a longer and
greater efficiency as compared to inorganic source that might be responsible for higher uptake
by building material.

Application different nutrient management treatments increased significantly the
uptake of NPK in grain and straw over control (Table 4.7, 4.8, 4.9). The uptake of these
nutrients was more in 2012-13 as compared to 2011-12 because the yield was more during the
Second year of experiment. Among nutrient management treatments 100% NPK and 25%
NPK + 3t ha® pressmud + Azosprillium recorded maximum and minimum NPK uptake,
respectively.

Total uptake by crop was significantly affected in grain and straw. Total N, P and K
uptake was observed highest in grain and straw under the treatment 100% NPK followed by
75% NPK + 1t hal vermicompost+ Azosprillium over control during 2011-12 and 2012-13
respectively. More uptake of nitrogen in the treatment where fertilizer was applied alone and

with combination over control may be due to better availability of nutrient to plant owing to
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improved physical condition of soil. Similarly higher nitrogen content in the treatment where
INM was followed may be more translocation of photosynthesis to gain. Phosphorus better
vegetative growth and the phosphorus were finally translocated to the grain from straw
making total phosphorus significant due to different treatments. Removal of potassium is very
high by cereal crops. Unfortunately, application of K did not receive due attention for most of
Indian soil which were considered adequate in native K supply. But intensive agriculture led
to occurrence of K deficiency in soil and thereby low uptake of K by the crop. Applications of
organic manures are also found to increase the exchangeable K status of the soil. Higher N, P
and K contents and their uptake by wheat have also been reported by Gupta and Sharma
(2006), Sharma et al. (2007), Singh et al. (2008), Pandey et al. (2009), Sepat et al. (2010),
Mubarak and Singh (2011) and Meena et al. (2012). Jadhav et al. (1997) and Srivastava et al.
(2008), Kathuria et al. (2004)

Combined NPK uptake was increased significantly by the combine application of
100% NPK resulted into highest uptake of NPK in the soil, it was significantly at par with
75% NPK + 1 t ha® vermicompost+ Azosprillium. The decomposition of FYM and
Vermicompost resulted in the formation of CO2 which plays important role in the
solubilization of P and K resulting into formation of phosphohumic complex, which are more
easily extracted by plants. Farm yard manure is better for building of nutrient in soil due to its
higher quality applied to the soil compared to Vermicompost. The application of organic
manures have been reported not only to improve the nutrient content in the soil but help in
bringing native nutrient content to uptake form in the soil due to priming effect. Similar
results were reported by Singh et al. (1999).

Protein content
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Application of 100% NPK has proven the best with 10.69 and 12.06%
Protein it was statistically at par with 75% NPK + 1 t ha'! vermicompost+
Azosprillium. The result in table indicate that integrated nutrient
application through chemical fertilizer, vermicompost ad bio- fertilizer
improve the protein content in grain over control. Similar results have been
reported by Hasan and Kamal (1998). Nitrogen is most important factor
which determines protein constituent of grain. It is essential for vegetative
and reproductive stages. Nitrogen not only affects wheat productivity but
also has a synergistic effect on quality of grain. Nitrogen is important
constituent of protein, enzyme and chlorophyll and is involved in all
processes associated with protoplasm, enzymatic reaction and
photosynthesis (Tisdale et al., 1995).

Effect on available NPK and organic carbon in soil

Incorporation of organic manures and chemical fertilizers generally affects physical,
chemical and biological properties of soil. During this study available N, P and K organic
carbon were measuring during 2011-12 and 2012-13 after harvest of crop from various
treatments during both years. Available N, P and K increased in soil with the application of
different nutrient management treatments during both years. The application of organic
manures have been reported not only to improve the nutrient content in the soil but also helps
in bringing native nutrients into the available from thus increasing the available nutrient
contents in the soil. Moreover, organic manures crates better environment for biological
activity in the soil which results into more fixation of N and more solubilising effect on other

fixed form of nutrients. The available nitrogen was significantly higher in the treatment 75%
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NPK + 1t ha vermicompost+Azosprillium followed by 100% NPK during both the year.
The highest available phosphorous content was observed with the treatment 75% NPK + 1t
ha™ vermicompost+Azosprillium which was at par with 100% NPK during both the year. The
highest available potassium content was observed with the treatment 75% NPK + 1t ha'
vermicompost+Azosprillium which was at par with 100% NPK during both the year. Lowest
available nitrogen, phosphorous and potassium was recorded in control plot during 2011-12
and 2012-13. Increase in nutrients in soil by the application of organic manures was also
reported by Sharma et al. (2007), Dhaliwal and Walia (2008) and Prasad et al. (2010).

Organic carbon in soil varied significantly among different nutrient treatment.
Maximum carbon content was recorded in 75 % NPK + 1 t/ha vermicompost+Azosprillium
(0.51 and 0.52) was statistically at par with 100% NPK (0.49 and 0.50) during both the years
which was significantly higher to control. In soil pH was non significantly different among
different nutrient treatments during both the year. Studies conducted by various workers have
established the fact of maintenance of soil fertility in terms of improved organic content and
available nutrients in soil by application of organic manures in combination with chemical
fertilizers in different ratio as Singh et al. (2008), Verma and Mathur (2009) and Verma et al.
(2009).

Above result on effect of different nutrient option on available N, P, K indicates that
were also reported by Robinson et al. (1992). Application of FYM, vermicompost with
fertilizer significantly improves the soil health along with enhanced organic carbon in soil that
the application of fertilizer alone. Similar result was also reported by Pandey et al. (2009).
Inclusion of FYM in the different treatment schedule improved the organic carbon status and
available N, P and K in soil. Similar result were also reported by Singh et al. (2006) and

Hakeem et al. (2010).
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Economics

Cost of cultivation (Rs ha), Net return, B: C ratio

Based on two years studies it can be conducted that maximum highest cost of
cultivation was observed in the treatment 25% NPK + 3 t/ha vermicompost+Azosprillium
which  was applied in the treatment followed by 50% NPK + 2 t/ha
vermicompost+Azosprillium and rest of the treatments. The lowest cost of cultivation
observed in control plots both the year. Gross return was observed highest in treatment 100%
NPK closely followed by 75% NPK + 1 t ha vermicompost+ Azosprillium. The lowest gross
return observed in control plots in 2011-12 and 2012-13. Similar result was also reported by
Pandey et al. (2006). Net return was observed highest in treatment 100% NPK closely
followed by 75% NPK + 1 t ha' vermicompost+ Azosprillium. The lowest net return
observed in control plots in both the year. B: C ratio was observed to be highest in treatment
100% NPK closely followed by 75 % NPK + 3 t ha' FYM + Azosprillium. The lowest B: C
ratio observed in control in 2011-12 and 2012-13. Similar result was also reported by Ram
and Mir, (2006). The result on current studies showed that cost of cultivation was marginally
higher when the nutrients were applied in combination. Due to higher grain and straw yields,
the gross return and net income was also higher with use of organic and inorganic fertilizers.
Similar result was also reported by Singh et al. (2006) and Bhaduri and Gautam (2012), Zabe

and Kaleem (2009) and Lone et al. (2011).
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6. SUMMARY AND CONCLUSION

—
The investigation entitled, “Integrated Nutrient Management for Sustainable

Wheat (Triticum aestivum L.) Production in Western U.P.” was conducted during winter
season 2011-12 and 2012-13 at Crop Research Centre of Sardar Vallabh Bhai Patel University
of Agriculture and Technology, Meerut with the objective to study the effect of different level
of organic manures (Vermicompost, FYM and Pressmud), fertilizers and bio-fertilizer on
growth yield attributing, yield and economic of wheat and work out optimum combination of
organic and inorganic sources of nutrients. Experiment was laid out in a randomized block
design with three replications. Studies were conducted with eleven treatments viz., 100%
NPK, 75% NPK+ 3 ton ha® FYM+ Azosprillium, 50% NPK+ 6 ton ha® FYM+ Azosprillium,
25% NPK+ 9 ton ha? FYM+ Azosprillium, 75% NPK+ 1 ton ha™ pressmud+ Azosprillium,
50% NPK+ 2 ton ha® pressmud+ Azosprillium, 25% NPK+ 3 ton ha® pressmud+
Azosprillium, 75% NPK+ 1 ton ha? vermicompost+ Azosprillium, 50% NPK+ 2 ton ha’
vermicompost+ Azosprillium, 25 % NPK+ 3 ton ha! vermicompost+ Azosprillium, Control.
The findings of the present investigation are summarized below:
» Among the different nutrient management practices the application of 100% NPK
recorded maximum plant height which was at par with 75% NPK + 1 ton hal
vermicompost + Azosprillium and was significantly superior over rest of treatments at

30, 60, 90 and harvest.

» The maximum dry matter accumulation was recorded with the treatment 100% NPK
which was statistically at par with 75% NPK+ 1 ton ha™® vermicompost+ Azosprillium
and significantly superior over rest of the treatments. At maturity dry matter

accumulation (g m?) was 241.0 and 245.6 in 100% NPK during 2011-12 and 2012-13.
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Minimum dry matter accumulation was weighted with the control plot. Reduction in
dry matter accumulation was 36.69 % and 37.38 % was observed during 2011-12 and
2012-13 over control.
> At all stages maximum number of tillers per meter row length was found in 100%
NPK treated plot. Which was statistically at par with 75% NPK+ 1 ton ha’
vermicompost + Azosprillium at all the growth stages during both the year. The only
exception was number of tillers per meter row length in 30 DAS which remained
unaffected by nutrient management treatment during 2011-12 minimum number of
tillers per meter row length were obtained in control plot at all the stages in
comparison to rest of the treatments.
> Leaf area index (LAI) differed significantly at 30, 60, and 90 days stages during both
the years under different nutrient management practices. LAI declined at 30 and 60
days stages with each nutrient management from 100% NPK to control. The maximum
Leaf area index (LAI) was recorded with the treatment 100% NPK which was
statistically at par with 75% NPK + 1 ton ha* vermicompost+ Azosprillium. Minimum
dry matter accumulation was weighted with the control plot.
> Yield attributing characters like length of spike, number of spikelet spike, number of
grains spike?, 1000-grain weight exhibited variations due to different nutrient
management practices. A declining trend was noticed with nutrient doses in respect of
all parameters. With the application of 100% NPK highest mean spike length (9.7 cm),
mean number of spikelet’s per spike (15.2 cm) mean number of grains per spike (36.1)
and mean 1000-grain weight (35.3 g) followed by rest of the treatment. Number of
grains per spike declined significantly from 25.63 to 24.25 % when doses of nutrient

were declined from 100% NPK to control.
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» Significant variations were noted in wheat grain yield under different nutrient
management during both the years. Mean, over the years, yield reduction was 17.97 q
ha or 42.14 % with 100% NPK to control. Almost similar trend was noticed in
respect of straw and biological yield being highest in 100% NPK followed by 75%
NPK + 1 ton ha! vermicompost+ Azosprillium and lowest in control during 2011-12
and 2012-13

» Harvest index did not influenced significantly by the application of nutrient
management treatments during both years. It was observed maximum in 100% NPK
followed by 75% NPK + 1 ton ha® vermicompost+ Azosprillium lowest harvest index
was recorded in control plots.

» Nitrogen, phosphorus and potassium content and their uptake by wheat grain and straw
and total NPK uptake increased significantly under the influence of nutrient
management treatments in comparison to control treatments during both years of
experimentation. Among nutrient management treatments maximum and minimum N,
P and K content and their uptake were recorded with 100% NPK and control,
respectively.

» Significantly higher protein content was found with the application of 100% NPK
proven the best with (10.69 % and 12.06 %) protein content in grain which was at par
with 75% + 1 t ha' vermicompost+ Azosprillium (10.50 % and 11.75 %).

> Available N, P and K in soil were observed highest in treatment 75% + 1 t ha’
vermicompost+ Azosprillium followed by 100% NPK during the both years. Available
N, P and K observed highest in 75% + 1 t ha* vermicompost+ Azosprillium than other

treatments. Lowest available N, P and K were recorded in control plot.
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Organic carbon in soil varied significantly among different nutrient treatments.
Highest organic carbon in soil was recorded with the application of 75% + 1t ha?
vermicompost+ Azosprillium. Lowest organic carbon was recorded in control plots.
Soil pH differs non-significantly among different management during both the year.
Highest soil pH in control plot and lowest in 100% NPK.

The data indicates the highest cost of cultivation (28,532 and 21,254) was observed in
the treatment 100% NPK which was applied in the treatment followed by 25% NPK +
3 ton ha? vermicompost+ Azosprillium. The lowest cost of cultivation (19,740 and
21,530) observed in control plots.

Gross return, net return and B: C ratio differed significantly under different nutrient
management practices. Application of 100% NPK fetched highest gross return of Rs
73478 hal, net return of Rs 4821 ha* with B: C ratio of 1.90 while the lowest returns
were obtained with control, gross return being Rs 43778 ha, net return-Rs 23143 ha
and B: C ratio of 1.12. Significantly higher gross return & Net return was found with
the application of 100% NPK which was found at par with 75% NPK + 1 ton ha’

vermicompost+ Azosprillium.

CONCLUSION

On the basis of two years study on “Integrated Nutrient Management for Sustainable

Wheat (Triticum aestivum L.) Production in Western U.P.” the highest growth characters were

recorded with 100% RDF through inorganic source of nutrient which were statistically similar

to the treatment of 75% NPK + 1 ton ha? vermicompost + Azosprillium and significantly

higher than the rest of the treatments and control. Among the different combination of organic

manures with inorganic source of nutrients, 75% NPK + 1 ton ha? vermicompost +

Azosprillium recorded significantly higher yield attributes and yield along with higher gross
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return and net return and Soil organic carbon (%). Although application of 100% NPK yielded
more among all the nutrient management options but it was found at par with 75% NPK + 1
ton ha vermicompost + Azosprillium in grain yield, gross return and net return. In view the
buildup of Soil organic carbon and improvement in nutrient availability, application of 75%
NPK + 1 ton ha' vermicompost+ Azosprillium was found best among all nutrient
management options. Keeping in view the sustainability of soil health 75% NPK + 1 ton ha*
vermicompost + Azosprillium proved better. Thus 75% NPK + 1 ton ha® vermicompost +
Azosprillium may be suggested for good performance of wheat crop and sustainability of soil

health and crop yields in future.
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Appendix-1

Weekly meteorological data during the experimental season Rabi (2011-2012).

Standard Temperature (°C) Rainfall Relative Humidity (%)
week _ _ (mm) : —
Maximum Minimum Maximum Minimum
49 27.28 11.0 0.00 88.28 52.57
50 22.94 5.8 0.00 85.42 61.14
51 20.7 3.9 0.00 84.42 50.57
52 22.9 2.9 0.00 83.75 34.87
1 15.71 9.57 15.50 75.35 64.71
2 16.35 5.28 0.00 75.35 43.42
3 15.14 7.42 7.75 80.35 61.71
4 19.85 5.14 0.00 74.5 27.92
5 20.14 6.1 0.00 76.21 26.57
6 19.42 6.85 0.00 72.78 34.78
7 20.35 8.94 0.00 66.92 33.21
8 25.85 10.5 0.00 64.78 37.78
9 25.93 8.93 0.00 71.5 31.88
10 26.35 10.5 0.00 71.78 21.92
11 27.00 12.28 19.25 76.35 29.64
12 30.21 13.71 0.00 68.28 24.07
13 32.85 16.92 0.00 75.42 24.42
14 34.78 19.35 0.00 67.14 30.64
15 27.16 18.21 34.75 68.57 45.14
16 32.92 19.64 2.15 63.71 32.57
17 34.14 19.71 0.60 58.57 30.07




Appendix-11

Weekly meteorological data during the experimental season Rabi (2012-2013)

Standard Temperature (°C) Rainfall Relative Humidity (%0)
week Maximum Minimum (mm) Maximum Minimum

49 23.9 5 0.00 88.2 42

50 22 7.5 31.5 86 53.9
51 19.7 5.4 0.00 98 63.9
52 15.2 4.3 0.00 93.9 78.1
1 11 1.2 0.00 90.2 74.7
2 19.3 4.3 3.2 934 58.7
3 18.7 1.7 25.3 93.6 74.9
4 19.4 5.7 0.00 95.5 65

5 21.9 7.7 34.6 94.9 68.2
6 20.1 8.9 15.5 97 71.5
7 21 10.1 64.1 95.7 59.7
8 22.9 10.1 2.3 95.4 61.6
9 25.6 9.7 0.00 95.3 49.1
10 29.5 10.3 0.00 95 42.7
11 28.8 10.4 0.00 96.2 46.5
12 30.6 12.8 0.00 94.9 45.6
13 28.3 11.8 7.4 9.1 52.3
14 32.9 12.9 0.00 86.4 30.5
15 35.8 16.4 0.00 79.3 29.5
16 35.2 15.1 0.00 64.3 32.4
17 34.14 19.71 0.6 58.57 30.07




Appendix-111
Analysis of variance for Plant height (cm) at different nutrient option at various stages

Source of d.f Mean sum of square
variation 2011-12 2012-13

30 60 90 At harvest 30 60 90 At harvest
Replication 2
Treatment 10 16.76 43.99 73.06 80.43 15.36 47.51 88.64 84.14
Error 20 0.85 0.85 0.50 0.33 0.73 0.29 0.81 0.20

Appendix-1V
Analysis of variance for Dry matter accumulation (g m™) at different nutrient option at various stages

Source of d.f Mean sum of square
variation 2011-12 2012-13

30 60 90 At harvest 30 60 90 At harvest
Replication 2
Treatment 10 5.46 481.86 1133.76 1874.56 6.47 471.10 1207.62 1981.59
Error 20 0.16 2.31 2.54 17.42 0.21 3.84 7.16 14.78




Appendix-V
Analysis of variance for effective tillers per meter row length at different nutrient option at various stages

Source of d.f Mean sum of square
variation 2011-12 2012-13
30 60 90 At harvest 30 60 90 At harvest
Replication 2
Treatment 10 33.48 75.32 239.54 215.79 45.84 95.87 231.32 180.76
Error 20 19.27 0.22 0.21 0.13 0.00 0.49 0.33 0.41
Appendix-VI
Source of d.f Analysis of variance for Leaf area index at different nutrient option at various stages
variation Mean sum of square
2011-12 2012-13
30 60 90 30 60 90
Replication 2
Treatment 10 0.01 0.02 0.01 0.01 0.03 0.01
Error 20 0.00 0.00 0.02 0.00 0.00 0.02




Appendix-VII
Analysis of variance for yield attributing characters of wheat

Source of d.f Mean sum of square
variation Spike length (cm) Spikelet’s spike™ (No.) Grains spike™ (No.) 1000-grain weight (g)
2012-13 2013-14 2012-13 2013-14 2012-13 2013-14 2012-13 2013-14
Replication 2
Treatment 10 4.13 3.54 8.38 8.20 22.22 19.23 11.93 14.22
Error 20 0.07 0.05 0.06 0.16 0.47 0.35 0.25 0.25
Appendix-VIII

Analysis of variance for yield of wheat
Source of d.f Mean sum of square
variation Grain yield (g ha?) Straw yield (g ha?) Biological yield (g ha) Harvest index

2012-13 2013-14 2012-13 2013-14 2012-13 2013-14 2012-13 2013-14

Replication 2
Treatment 10 68.46 72.22 109.43 101.88 342.39 339.26 2.91 3.94
Error 20 0.90 1.32 0.08 0.48 2.27 3.74 24.23 24.54




Appendix-1X
Analysis of variance for N content, N uptake and total N uptake by grain and straw

Source of  d.f Mean sum of square
variance N content (%) N uptake (kg ha?) Total uptake (kg ha?)
Grain Straw Grain Straw

2011-12 2012-13 2011-12 2012-13 2011-12 2012-13 2011-12 2012-13 2011-12 2012-13

Replication 2

Treatment 10 0.06 0.10 0.02 0.02 406.06  609.28 88.72  108.32 869.74 1211.50
Error 20 0.00 0.00 0.00 0.00 9.63 29.27 2.62 3.05 27.88  49.92
Appendix-X
Analysis of variance for P content, P uptake and total P uptake by grain and straw
Source of  d.f Mean sum of square
variance P content (%) P uptake (kg ha) Total uptake (kg ha?)
Grain Straw Grain Straw

2011-12 2012-13 2011-12 2012-13 2011-12 2012-13 2011-12 2012-13 2011-12 2012-13

Replication 2
Treatment 10 0.00 0.00 0.00 0.00  15.98 16.97 7.62 10.79 49.17 56.76
Error 20 0.00 0.00 0.00 0.00 0.65 0.68 0.15 0.20 1.66 2.18




Appendix-XI
Analysis of variance for K content, K uptake and total uptake by grain and straw

Source of  d.f Mean sum of square
variance K content (%) K uptake (kg ha™) Total uptake (kg ha™)
Grain Straw Grain Straw

2011-12 2012-13 2011-12 2012-13 2011-12 2012-13 2011-12 2012-13 2011-12 2012-13
Replication 2
Treatment 10 0.01 0.01 0.07 0.07 34.29 36.30 697.06  689.82 1028.49 1027.09
Error 20 0.00 0.00 0.00 0.00 1.07 1.47 13.60 13.57 7.57 7.88

Appendix-XII
Analysis of variance for Combined NPK uptake (Kg ha?)

Source of variance d.f Mean sum of square

Combined NPK uptake (Kg ha)

2011-12 2012-13

Replication 2
Treatment 10 4690.55 5493.20
Error 20 32.99 75.86




Appendix-XIII

Analysis of variance for Protein content by grain

Source of variance d.f Mean sum of square
Protein content

2011-12 2012-13
Replication 2
Treatment 10 2.39 3.95
Error 20 0.28 0.58
Appendix-XIV
Analysis of variance for available N, P,K content and Organic carbon
Source of d.f Mean sum of square
variance Available N (kg ha?) Available P (kg ha?) Available K (kg ha) Organic carbon (%0)
2011-12 2012-13 2011-12 2012-13 2011-12 2012-13 2011-12 2012-13
Replication 2
Treatment 10 306.81 311.96 3.93 4.48 44.64 48.28 0.00 0.00

Error 20 1.29 1.91 0.12 0.15 0.89 1.01 0.00 0.00




Appendix-XV
Analysis of variance for Soil pH

Source of variance d.f Mean sum of square

Protein content

2011-12 2012-13
Replication 2
Treatment 10 0.26 0.26
Error 20 1.03 0.11
Appendix-XVI
Analysis of variance for Cost of cultivation, Gross return, Net returns and B: C ratio
Source of d.f Mean sum of square
variance — T 1 1 . :
Cost of cultivation (kg ha™) Gross return (kg ha™) Net returns (kg ha™) B: C ratio
2011-12 2012-13 2011-12 2012-13 2011-12 2012-13 2011-12 2012-13
Replication 2
Treatment 10 17285702.5  20965109.0  176541170.0 206261568.0 119207162.0 141650321.0 0.18 0.19
Error 20 2012316.65  2467801.69 1551251.26 3100823.03 1638217.01  6496523.08 0.01 0.03




Appendix-XVII

Common cost of cultivation price for wheat crop.

Particulars wheat crop (Rs. ha™)

2011-12 2012-13

Field preparation

Presowing irrigation 1300 1400
Land preparation (1 ploughing STP 3 hrs.) 1050 1200
Harrowing and ploughing ( 4 hrs.) 1400 1600
Lay out (2 labour) 250 300
Sowing

Seed 3120 3000
Furrow opening and planking 625 750
Bunding and channel preparation 625 750

Cost of fertilizer 100%0

Urea 1259 1363
DAP 2739 2804
MOP 533 567

Irrigation 3250 3750

Organic manure 1t

FYM 250 300
Pressmud 380 400
Vermicompost 2500 3000
Herbicide 650 680

Harvesting and threshing
Harvesting 3250 3750
Threshing 4100 4400




Appendix-XVIII

Price of inputs/ outputs used

S.N.

Particular

Inputs

Tractor with implements

Labour

Seed

Urea

DAP

MOP

FYM

Pressmud

Vermicompost

Azosprillium
Irrigation
Outputs
Wheat grain

Wheat straw

2011-12
350/hrs
125/manday
26/kg
300/bag
1050/bag
400/bag
250/t
350/t
2500/t
40/kg

130/hrs

1300/q

250/q

Cost (Rs.)

2012-13
400/hrs
150/manday
26/kg
325/bag
1075/bag
425/bag
300/t
400/t
3000/t
50/kg

140/hrs

1350/q

300/q
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Wheat (Triticum aestivum L.), the 2"@ most important food crop of the world and India next to rice
account for 31.5 % of the food grain basket of the country. Wheat is the backbone of food security of
India. It covers an area of 29.25 m ha with total production of 94.90 m t and average productivity of 29.89
g/ha.The total area of wheat in the world is around 222.60 m ha with production of 716.16 m t. The normal
world productivity is 32.17 q ha*.Wheat crop contributes substantially to the national food security by
providing more than 50 % of the calories to the people who mainly depend on it. The common bread wheat
occupies more than 90% of total wheat area and along with 10% area under Triticum durum. Non judicious
use of chemical fertilizer over a long term in agriculture had shown the adverse effect of soil health and
crop vield. Highly productive soils have started showing signs of declining productivity with increasing
cropping intensities. Capacity of soil to replenish nutrient level in soil is declining and therefore use of
chemical fertilizer increasing day by day. Indiscrimate uses of fertilizer adversely affecting the Physico-
chemical properties of the soil resulting in stagnation in productivity. Therefore we use integrated nutrient
management system it is a combine application of organic and inorganic along with bio-fertilizer. The
traces of micronutrients which are essential for plants are not supplied by chemical fertilizers but organic
manures supply micronutrients by the application of organic manures increase the organic matter content
in the soil which increase the water holding capacity in soil and improve the physico-chemical property of
soil. The beneficial impact of organic manure on physical, biological and chemical property of soil.

A field experiment was conducted in wheat during rabi season during 2011-12 and 2012-13 on
sandy loam soil at crop research center of Sardar Vallabh Bhai Patel University of Agriculture and
Technology, Meerut. Experiment was laid out in a randomized block design with three replications.
Studies were conducted with eleven treatments viz., 100% NPK, 75 % NPK + 3 ton ha! FYM +
Azosprillium, 50% NPK + 6 ton ha* FYM + Azosprillium, 25% NPK + 9 ton ha FYM + Azosprillium,
75 % NPK + 1 ton ha™* pressmud + Azosprillium, 50 % NPK + 2 ton ha* pressmud + Azosprillium, 25 %
NPK + 3 ton ha pressmud + Azosprillium,75 % NPK + 1 ton ha* vermicompost + Azosprillium, 50 %
NPK + 2 ton ha™ vermicompost + Azosprillium, 25 % NPK + 3ton ha® vermicompost + Azosprillium,
Control.

The highest growth characters were recorded with 100 % RDF through inorganic source of
nutrient which were statistically similar to the treatment of 75 % NPK + 1 ton ha® vermicompost +
Azosprillium and significantly higher than the rest of the treatments and control. Among the different
combination of organic manures with inorganic source of nutrients, 75 % NPK + 1 ton ha™ vermicompost
+ Azosprillium recorded significantly higher yield attributes and yield along with higher gross return and
net return. Higher nutrient content and nutrient uptake over control with inorganic fertilizer. On the basis
present study, it may be concluded that integrated use of organic source of nutrient can enhance the
productivity of wheat.

At maturity 100% NPK and 75 % NPK + 1 ton ha vermicompost + Azosprillium attained the
plant height 77.75 and 77.25 cm respectively. 100% NPK and 75 % NPK + 1 ton ha™* vermicompost +
Azosprillium accumulated 243.3 and 236.85 g/m of dry matter at maturity. Yield attributes (spike length,
grains per spike, spikelet’s spike®, 1000-grain weight etc), grain, straw and biological yield, and harvest
index (HI) markedly reduced in control plot. The mean grain yield obtained were 42.64q ha, and 41.72 q
ha! in 100% NPK and 75 % NPK + 1 ton ha vermicompost + Azosprillium respectively. 100% NPK
fetched highest gross return of Rs 73478 ha™, net return of Rs 48211 ha™ with B: C ratio of 1.90 while the
lowest (Rs 43778 ha™, Rs 23143 ha® and 1.12) with control plot. Although application of 100% NPK
yielded more among all the nutrient management options but it was found at par with 75 % NPK + 1 ton
ha vermicompost + Azosprillium in grain yield, gross return and net return. Therefore for the
sustainability of soil health 75 % NPK + 1 ton ha™* vermicompost + Azosprillium proved better. Thus 75 %
NPK + 1 ton ha* vermicompost + Azosprillium may be suggested for good performance of wheat crop and
sustainability of soil health and crop yields in future.

(Vivek) (Nishant)
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