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Chapter |

INTRODUCTION

Oilseeds play a vital role in Indian economy, accounting for 5% of gross
national product and 10% of the value of agricultural product. In India, oilseeds are
the second largest agricultural commodity after cereals, which occupy about 13.5% of
the gross cropped area in the country. India is the fourth largest oilseed economy in
the world after the U.S., China and Brazil, and it is the second largest importer after
china (Anonymous 2014). The country accounts for 15 per cent of global oilseeds
area, 7 per cent of vegetable oils production and 10 per cent of the total edible oils
consumption (Jha et al., 2012). Rapeseed-mustard is the third important oilseed crop
in the world after soybean (Glycine max) and palm (Elaeis guineensis Jacq.). Among
the seven edible oilseeds cultivated in India, rapeseed-mustard (Brassica spp.)
contributes 28.6% to the total production of oilseeds. It ranks second in oilseeds

production after groundnut, sharing 27.8% in the India’s oilseed economy.

Rapeseed- mustard oil is considered to be an important constituent of Indian
diet and its oil is used as main cooking medium especially in northern India. Both the
seed and oil are used as condiment in the preparation of pickles and flavoring curries
and vegetables. Apart from these oil is also utilized for preparation of hair oils,
medicines and soaps. The cake obtained after the oil extraction is mostly used as
cattle feed and manure. Green stem and leaves are a good source of fodder for cattle.
The leaves of young plants are used as green vegetables as they supply enough
sulphur and minerals in the diet. In tanning industry, mustard oil is used for softening

of leather.

In ‘Rape seed and Mustard’ group of oil seeds, mustard [Brassica juncea (L.)
Czernj. & Cosson] occupies the prime position in India. Mustard is predominantly
cultivated in Rajasthan, Uttar Pradesh, Haryana, Madhya Pradesh, and Gujarat. It is
also grown under some nontraditional areas of South India including Karnataka,
Tamil Nadu, and Andhra Pradesh. It is cultivated both under irrigated (79.2%) and
rainfed (20.8%) conditions. Indian mustard accounts for about 75-80% of the 5.8 m ha

of rapeseed and mustard with the productivity of 1142 kg ha® in the country. Mustard
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seed has 36% protein content with a high nutritive value. The oil content varies from
37 to 42 %. It is a winter (Rabi) season crop that requires relatively cool temperature,
a fair supply of soil moisture during the growing season and a dry harvest period
(Banerjee et al., 2010).

The country witnessed yellow revolution through a phenomenal increase in
production and productivity of rapeseed and mustard from 2.68 m t and 650 kg/ha in
1985-86 to 6.96 m t and 1022 kg/ha in 1996-1997, respectively. In spite of these
achievements, there exists a gap between production potential and actual realization.
In India rapeseed-mustard is grown on an area of 5.53 m ha with production and
productivity of 6.41m t and 1157kg/ha. In spite of increased production and
productivity of rapeseed-mustard in the country, the per capita consumption (8.2 kg
capita! year?) of fats and oils is quite low. The requirements of fats and oils will be
much higher in view of increasing population and improved and increased standard of

living of the people in near future.

All the major nutrients viz. Nitrogen, phosphorus potassium and sulphur play
important role in increasing the yield and quality of mustard. Nitrogen is known to
activate most of metabolic activities and transformation of energy. Phosphorus is
essential for cell division and meristematic growth of tissue. It also helps in seed and
fruit development and it stimulates flowering as well. Adequate potassium results in
superior quality of the whole plant due to the improved efficiency of photosynthesis,
increased resistance to some diseases and greater water use efficiency. Potassium
helps in maintaining a normal balance between carbohydrates and proteins. Sulphur
application greatly influences chlorophyll synthesis, carbohydrate as well as protein
metabolism and finally results in improvement in growth characters, contributing to
higher dry matter accumulation in plants Willenbrink, (1967). It has been
experimentally found that, in cauliflower cultivation the highest curd yield and the
highest benefit cost ratio were observed by application of N through urine.(Khanal et
al., 2011).

However, the productivity of oilseeds is now slowing down coupled with
decline in soil fertility. Low and imbalanced use of fertilizers is one of the major

reasons for low productivity. It has been recognized that N, P and K fertilizers alone
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are not always sufficient to provide balanced nutrition for optimal yield and quality of
mustard (Jain and Sharma, 2000). The chemicals give an immediate effect on crop
production for small duration but creates long term ill effects on both ecosystem and
soil health. Intensive use of chemical fertilizers and other chemicals has produced
environmental problems and increased production costs.

The exploitative agriculture for centuries in our country has brought down the
fertility status of the soil to a level that even the application of fertilizers at higher
rates is unable to sustain the productivity of soil. Therefore, in order to sustain the
productivity and promote the health of the soil combined use of organic and chemical
fertilizers is imperative.

On one hand chemical fertilizers alone do not provide all the nutrients in
balanced quantities needed by the plants and on the other hand encourage depletion of
soil organic matter content, adversely affect biological and physical properties of soil,
also their increasing prices, soil health deterioration, sustainability and pollution
consideration in general have led to renewed interest in the use of organic manures.
The Use of organic manure not only helps to sustain crop yields but also plays a key
role by exhibiting both direct as well as indirect influence on the nutrient availability
in soil by improving the physical, chemical and biological properties of soil and also
improves the use efficiency of applied fertilizers (Singh and Biswas, 2000).

The escalating price of fertilizers in recent years, limit their use in crop
production. Therefore, the nutrient application through chemical fertilizers, if
supplemented with low cost organic sources will not only economize the nutrient use
but also improve the soil health and factor productivity on sustainable basis.

Crop + dairy is the predominant farming system in the country practiced by
over 70 % farm households. The abundant quantity of cattle excreta consisting of
dung and urine is available. Though part of cattle dung is used as manure but major
quantity of urine goes waste. However, cattle urine has a good manurial value and can
be utilized as a bio fertilizer. (Ledgard et al., 1982; Khanal et al., 2011 and Singh et
al., 2012). Cattle urine is a good source of nitrogen, phosphate, potassium, calcium,
magnesium, chlorite and sulphate (Belie et al. 2000). Application of cow urine has
also been reported to correct the micronutrient deficiency, besides improving the soil

texture and working as a plant hormone.
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Therefore, it seems that cow urine under livestock based integrated farming
system has a great potential for use as a bio fertilizer in crop production.

So that Crop production could be economized. This will also improve the
fertilizer use efficiency as well as the soil health. With these facts in view, a field trial
was conducted to explore the possibility of economizing fertilizer use in mustard by
partial replacement of fertilizer through cow urine as bio-fertilizer.

Keeping in view the all above facts, the present experiment entitled “ Effect of
fertility levels and cow urine application on growth , yield, and quality of Indian
mustard [Brassica juncea (L.) Czernj. & Cosson]” was planned and carried out during
2013 -14 at the Institute of Agricultural Sciences, B.H.U. , Varanasi with the
following objectives :

1. To study the effects of fertility and cow urine levels on growth, yield and
quality of Indian mustard.
2. To study the treatment effect on nutrient uptake.

3. To work out the economics of various treatments.
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REVIEW OF LITERATURE

Mustard is the most important oilseed crops for edible oil in northern India. In
the last few years, the yield levels of mustard are either declining or stagnating
because of appreciable decline in the organic matter level and fertility of soils all over
the country. In this direction, it is the need of the hour to lay emphasis on application
of adequate quantities of plant nutrients a key aspect of increasing productivity of
different crops particularly in the areas where farmers following intensive agriculture.
In this regard, the available literature on “Effect of fertility levels and cow urine
application on growth, yield, and quality of Indian mustard [Brassica juncea (L.)

Czernj. & Cosson]” is presented in this chapter under the following headings.
2.1 EFFECT OF NITROGEN
2.1.1 Effect of nitrogen on growth parameters

Growth of plant is perhaps most significantly controlled by deficiency of
nitrogen than any other macro element derived from soil. Nitrogen has direct effect on
growth and yield attributes of rapeseed and mustard. Application of nitrogen in right
amount and right time remarkably enhances the yield of Indian mustard, as this crop
is exhaustive in nature and requires more energy for its proper growth and

development.

Singh and Saran (1987) reported that application of nitrogen to toria improved
the plant growth in terms of plant height, primary branches plant™ and dry matter
accumulation. Increasing levels of nitrogen application up to 90 kg N ha* markedly

improved the values of these growth characters.

Rathore and Manohar (1989) found that increase in rate of nitrogen
application from 30 to 180 kg N ha* enhanced the number of branches and dry matter
production plant™ as compare with untreated plot of Brassica juncea.

Nepalia et al. (1990) observed that application of nitrogen up to 60 kg N ha

increased plant height, dry matter plant™ and leaf area index of Indian rape(Brassica
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compestris var Toria). Nitrogen application at the rate of 60 kg N ha* significantly
increased the plant height, leaf area index and primary and secondary branches in
mustard (Joshi et al.1991). Similarly, Agrawal and Gupta (1991) working on
mustard found increase in plant height and number of branches plant? with

corresponding increase in nitrogen levels up to 60 kg N ha™.

Chauhan et al. (1993) conducted experiment on sandy loam soil with low
organic matter content at Gurgaon. It was observed that application of 60 kg N
resulted marked increase in plant height, primary branches plant? of Indian mustard
over 40 kg N ha.

Padmini et al. (1994) conducted a study on Indian mustard (Brassica juncea)
to assess the influence of nitrogen; they reported that increase in nitrogen application
rate from 30 to 60 kg N ha? resulted in improvement in leaf area index(LAI), net
assimilation rate (NAR) and crop growth rate (CGR) of plants. Similarly, Shukla and
Kumar (1993) found that application of N increased CGR, LAR, and LAI while RGR
decreased at higher N rates. Yadav et al. (1994) found increased leaf water potential,
stomatal conductance, light absorption and leaf area index with increase in nitrogen

application in mustard.

Petal and Meisher (1996) performed a field experiment during 1992-94 at
Anand (Gujarat), on loamy sand soil with low organic C and N and medium available
P &K having pH-7.9. Nitrogen application @ 75 kg N increased plant height, primary
and secondary branches as compared to 25 kg N ha*. The result confirms the finding
of Mohan and Sharma (1992).

Tomar et al. (1997) carryout field experiment during 1991-92 at (Haridwar)
on sandy loam soil, poor in total N, available P, medium K and organic C with pH 7.7
of soil. It was found that nitrogen levels increased the plant height, branches plant™
and dry matter accumulation plant™ with increase in the level of nitrogen, up to 120
kg N ha,

Bhari et al. (2000) evaluating the effect of N levels (30, 60, 90, and 120 kg N
hal) on Indian mustard var. ‘Varuna’ reported that application of N up to 120 kg ha™*

resulted in significant increase in plant height, primary and secondary branches and
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siliquae plant® which was at par with 90 kg N ha™ in respect of growth attributing

characters.

Tripathi and Tripathi (2003) carried out an experiment to investigate the
effect of N levels (80, 120 160 and 200 kg ha*) on growth, yield and quality of Indian
mustard. The result revealed that plant height, leaf-area index, dry-matter
accumulation plant?, primary and secondary branches plant® increased with

increasing N levels up to 160 kg ha™.

Maurya et al. (2004) conducted an experiment in Bahraich, Uttar Pradesh, to
study the effect of N fertilizer (0, 50, 100 and 150 kg ha) on high-yielding Indian
mustard cultivars Vardan, Varuna and Pusa Bold. Pusa Bold fertilized with 150 kg N
ha! gave the highest germination percentage while Vardan with 150 kg N ha'
showed maximum plant height and number of branches per plant.

Thanki et al. (2004) conducted a field experiment in Gujarat, Indian mustard
cv. ‘Gujarat Mustard-1°. Plants were supplied with 25, 50 or 70 kg N ha*, 0, 25 or 50
kg P ha and 0 or 10 t farmyard manure ha™. Plant height, number of branches per
plant, number of siliquae per plant, 1000-seed weight, seed yield, oil yield and net
returns were increased, whereas oil content decreased with increasing rates of N. The
values for all the parameters measured were highest with the application of 50 kg P
ha! and 10 kg farmyard manure ha’. N, P and K uptake increased with increasing
rates of N, P and farmyard manure.

Dongarkar (2005) conducted a field experiment at Nagpur, Maharashtra,
during 2003-2004 to study the effect of four levels of nitrogen (0, 25, 50, 75 kg ha™?)
and three levels of sulfur (0, 20, 40 kg  ha) in mustard (Brassica juncea). It was
recorded that the application of 75 kg N ha?® over 25 kg N ha? significantly
influenced the growth of mustard. Plant height, number of branches, dry matter
production, number of siliquae were increased up to 75 kg N over control but at par
with 50 kg N ha',

Sah et al. (2006) observed that plant height and primary branches plant™
significantly increased up to 80 kg N ha, while secondary branches, dry matter plant”

Tand leaf chlorophyll content increased up to 120 kg N ha™.
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Kumar (2007) carried out investigation on Indian mustard var. ‘Vardan’
during 2003-2004 to find out the growth potential with varying nitrogen and sulphur
levels. It was observed that application of 80 kg N ha™* had significantly increased all
the growth parameters e.g. (plant height, number of branches, number of leaves, leaf

area and number of primary, secondary and tertiary branches).

Kumar et al. (2007) conducted a field trial in Narson, Uttar Pradesh, to study
the growth performance of mustard (B. juncea) at different N levels (0, 40, 80 and 120
kg/ha). It was recorded that the number of branches per plant, number of leaves per
plant, leaf area index, dry matter accumulation per plant and growth rate were

significantly increased with the increasing level of N up to 120 kg N ha™.

Kumar and Kumar (2008) performed a field experiment on ‘Vardan’ variety
of Indian mustard during 2003-2004 to study the effect of various doses of nitrogen
(0, 60, 80, 100, 120 and 140 kg ha*) and sulphur (0, 20, 40 and 60 kg ha™) on crop
growth rate and various developmental characters. The results indicated that 50%
flowering started significantly earlier in the plots fertilized with nitrogen and sulphur
compared to the control plot but the days to attain maturity were not affected by
fertilization. The seed growth duration was significantly longer by 9 days for
fertilized plots compared to control. However, crop growth rates at different stages of

growth were not affected by fertilizer application.

Dawson et al. (2009) reported that the highest plant height and maximum
plant dry weight was recorded with the application 100 kg N ha™* over 80 kg.

Zimik et al. (2010) conducted an experiment to study the effect of nitrogen
levels (50, 75 and 100 kg ha) on growth of mustard. The result revealed that the leaf
area (LA), leaf area index (LAI), net assimilation rate (NAR), plant growth efficiency
(E), yield efficiency rate (YER), dry matter percentage (DM%) and vegetable yield
improved significantly up to 100 kg N ha.

2.1.2 Effect of nitrogen on yield attributes and yield

Singh and Saran (1987) reported that application of nitrogen up to 90 kg N

ha! to Indian rape (B. campestris var. toria) grown in sandy loam soil improved yield
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attributes viz., siliquae plant® and 1000-seed weight but the differences among the

various N levels were not significant.

Experiment conducted on mustard at Jobner, Rajasthan, revealed that the
yield and number of siliqua plant? significantly increased with increasing levels of
nitrogen application up to 120 kg N ha?. However, optimum dose of nitrogen
application was worked out as 147.5 and 166.8 kg N ha™ during 1984-85 and 1985-
86, respectively (Rathore and Manohar, 1989).

On sandy loam soil at Varanasi, Singh et al (1998) reported that seed and
stover yield, removal of nitrogen, phosphorus and potassium significant increased
with increasing levels of nitrogen up to 80 kg N ha? under rainfed condition.
Maximum seed (WUEs), biomass (WUEp) and net return were also recorded with 80
kg N ha',

Singh et al. (1993) performed an experiment at Hissar, during 1991-92 on
sandy loam soil with slightly alkaline in reaction, low in organic carbon and available
N. It was found that Indian mustard var. RH 30 gave significantly higher seed yield,

test weight and harvest index content than ‘Varuna’ with application of 120 kg N ha™.

Dubey and Khan (1993) in a study on mustard variety ‘Varuna’, found
significant response of nitrogen application. The seed yield significantly increased
with increasing levels of Nitrogen up to 90 kg N ha™. The increase in the seed yield
was 75.21, 164.53 and 223.08 per cent owing to 30, 60 and 90 kg N ha, respectively

over no nitrogen.

Chauhan and Paroda (1993) carried out field experiment at Gurgaon
(Haryana) on sandy loam soil, low in organic C and available N and it was observed
that nitrogen application at 80 kg N ha™ recorded markedly higher values of growth
and yield attributes and seed yield of raya except 1000 seed weight. Similar response
to N application has also been reported by Rathore and Manohar (1989) and Singh
and Saran (1997).

Thakuria and Gogoi (1994) conducted field experiment at Jorhat (Assam),
during 1989-91. The soil was sandy loam in texture with acidic reaction (pH 4.8). It

was found that application of 80 kg N ha* significantly increased seed yield and yield
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attributes in both the years. Similar findings have also been reported by Vir and
Verma (1981), Singh and Singh (1987) and Singh and Singh (1991).

Aulakh et al. (1995) reported that application of 0, 50, 100 and 150 kg N ha'
to B. campestris var. sarson cv GSL-1 resulted in significant increase in seed yield up
to 100 kg N ha' However Das and Das (1995) obtained that the highest yield of
toria with 90 kg N ha™.

Mahal et al. (1995) working on toria at Ludhiana found significant increase
in seed yield up to 120 kg N ha® with a response of 6-7 kg seed per kg N. They

further reported that at 120 kg N ha* the seed yield was maximum with two irrigation.

Ali et al. (1996) working on rapeseed reported from Dhaka, Bangladesh that
increasing levels of nitrogen up to 120 kg N ha improved the yield components viz.
siliquae m™ and seeds siliqua™. It also enhanced seed and stover yield as well as
harvest index. Similarly, Singh et al., (1996) obtained the highest seed yield of
mustard at 120 kg N ha. Arthamwar et al. (1996) found a linear increase in seed

yield of mustard due to increase in nitrogen levels from 0-100 kg N ha™.

Mahal et al. (1996) conducted field experiment during 1992 and 1993 at
Ludhiana. It was found that application of nitrogen @ 90 kg N ha? significantly
increased the total siliquae plant?, 1000-seed weight, seed yield and oil content over
60 kg N ha! while it remained at par with 120 kg N ha™.

Shahidullah et al. (1996) working on mustard (Brassica juncea) cv. Kalyani,
Sonali, Daulat and Tori-5 and Nitrogen levels ( 0, 75, 00, 125 and 150 kg N ha?)
found that seed yield increased up to 100 kg N ha™ and maximum yield was noted

with var. Sonali.

Deekshitula et al. (1997) found that the number of siliquae plant, 1000-seed
weight and N uptake increased significantly up to 150 kg N ha, while the number of
seeds siliqua™ increased significantly only up to 100 kg N ha. However, Kumar et
al. (1997) reported that the highest LAI, dry matter and yield were obtained with 150
kg N hal. Singh et al. (1997) in a field trail at Ludhiana, working on Brassica juncea
cv. RLM 619 reported that the seed yield were comparable at 125 and 150 kg N but
both levels produced significantly higher seed yield than 100 kg N ha'.
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Akhtar and Bohra (2000) reported that siliqua plant™?, test weight, seed yield,
stover yield as well as output-input ratio were increased with increasing levels of N
application up to 90 kg ha?. Application of 60 kg N ha under rainfed condition
resulted in significant increase in siliqua plant™, test weight and seed yield. However,
Singh and Kumar (1996) and Bhan and Singh (1976) reported marked improvement
in seed yield, number of siliqua plant® and number of seeds siliqua® with the
application of nitrogen. Significant increase in seed yield of mustard was obtained
with every increment in the level of N up to 120 kg ha. Meena and Sharma (2002)
found that application of 60 kg N registered significantly higher seed and stover yield
of mustard over the control 30 kg N but it remained statistically at par with 90 kg N

ha™.

Dhaka and Satish (2003) and Jain et al. (2002) observed that seed and stover
yields enhanced with increasing N rates up to 80 kg N ha', while integration of P2Os

and N produced higher yield as compared to 80 kg N ha*alone.

Prein and Kumar (2004) reported that significant increase in number of
siliquae plant™® up to 120 kg N ha* and number of seeds siliqua™ up to 80 kg N ha*
which resulted significant increase in seed yield up to 120 kg N ha. Nitrogen levels

did not affect siliqua length and test weight of mustard.

Singh and Sinsinwar (2005) conducted field experiment at Bharatpur
(Rajasthan) on sandy loam soil. All the yield attributes were significantly increased
with increasing levels of nitrogen up to 80 kg N ha, which ultimately resulted in

significant increase in grain yield.

Kumar et al. (2010) observed that application of 80 kg N/ha and 45 kg S
hatsignificantly increased the seed yield with concomitant increase in growth and
yield attributes. The per cent increase in seed yield at 80 kg N ha™over 60, 40 and 20
kg N were 2.4, 12.0 and 15.5. Increasing levels of nitrogen and sulphur appreciably
improved vyield attributes (plant height, branches plant?, dry matter accumulation,
siliquae plant?, seeds siliquae™, seed and stalk yield). The uptake of N and S

significantly increased up to highest rate of 80 kg N and 45 kg S ha'l, respectively.

Singh (2010) conducted a field experiment during 2004-2005 and 2005-2006

to study the response of Indian mustard Brassica juncea to nitrogen and sulfur levels
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under rainfed conditions. Application of 80 kg N ha* and 45 kg S ha* significantly
increased the seed yield with concomitant increase in growth and yield attributes.
Increasing levels of nitrogen and sulfur appreciably improved the growth characters,
yield attributes (plant height, branches plant, dry matter accumulation, siliquae plant
! seeds siliquae, seed and stalk yield) and protein content. Similarly, Mohiuddin et
al. (2011) reported that the siliquae plant?, seed and stover yield increased with
increasing Nitrogen levels up to 80 kg N ha™*. Further increase in N level i.e. 120 kg N

ha had a negative effect on seed yield.
2.1.3 Effect of nitrogen on nutrient content and uptake

The concentration of nitrogen in seed of mustard has been found to increase
progressively with increasing levels of N application (Gupta et al., 1972 and Aulakh
et al., 1980). Similarly, increased seed N content, N and P uptake and apparent
recovery of applied N due to 60 kg N ha* in rainfed mustard has been reported by Vir
and Verma (1979).

In clay soil of low fertility at Udaipur, Bhati and Rathore (1982) working on
Indian mustard observed significant influence of nitrogen application on nitrogen
content of seed and stover. They noted the highest nitrogen uptake with application of
60 kg N hal. Whereas, with increasing rate of N application up to 120 kg N ha* has
been reported by Patil and Bhargava (1987). Similarly increased nitrogen content in
seed and stover as well as N uptake by Oliferous Brassica due to increasing rates of N
were reported by Singh and Saran (1987), Rathore and Manohar (1990) and Nuttal
and Malhi (1991).

A field experiment conducted on Brassica species in sandy loam soil at
Hissar in Haryana revealed that N and P concentration in seed and stover were
increased correspondingly with increasing rate of nitrogen application up to 120 kg N
ha! (Singh et al., 1993). However, N, P and K uptake increased up to 80 kg N ha™.
Similarly, Dubey and Khan (1993) recorded increase in N content and uptake due to
nitrogen application up to 90 kg N ha’. Das and Das (1994) also reported increase in

N, P, and S uptake in seed with increasing nitrogen rate up to 90 kg N ha™.

In field experiment Dubey et al. (1994) found that nitrogen application up to
90 kg N ha increased N and S content and uptake in mustard seed, whereas, Kumar
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et al. (1995) observed significant improvement in nitrogen content and uptake up to
60 kg N ha.

According to Kakati and Kalita (1996) and Shukla and Kumar (1997)
nitrogen concentration as well as uptake of rapeseed and mustard increased with
increasing rates of N application up to 120 kg N ha*. Similarly, Patel et al. (1998)
noticed that 0, 25, 50 or 75 kg N ha applied to mustard enhanced the contents of
N and S as well as N, P, and S uptake.

2.1.4 Effect of nitrogen on quality parameters

The oil percentage in seed and quality are greatly influenced by fertilizers
use. Among the major plant nutrients, nitrogen has been found to play a key role in
determining the oil accumulation in seeds of Brassica. Nevertheless, experiments
conducted on the influence of nitrogen have shown marked variations in results. Oil
content in particular, has shown erratic response to nitrogen application, though,
majority of studies indicate a depressing effect of nitrogen in oil content of seed,

particularly at higher rates.

Dubey and Khan (1993) at Powerkheda, Madhya Pradesh, working on
mustard variety ‘Varuna’, found decline in seed oil percentage with increasing levels
of nitrogen application up to 90 kg N ha™. However, the reduction was significant
only up to 60 kg N ha. Nitrogen content of seed, which also indicates the seed

protein content, was negatively correlated with nitrogen application.

Arora et al. (1994) working with Indian mustard reported that oil content and
iodine value increased with increasing rates of nitrogen from 0 to 90 kg N ha. While
Thakral et al. (1996) observed that oil content decreased by increasing levels of N.
However, lodine value, protein and glucosinolate content were increased. Similar
results were also obtained by Kabati et al. (1996) with the application of 0-100 kg N
hal. Kumar et al. (1995) observed that oil content in Brassica genotypes declined
with increasing levels of nitrogen application up to 90 kg N ha. However, oil yield
increased. Decrease in oil content by increasing N levels has also been reported by Ali
et al. 1996.
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Thakral et al. (1996) working with Brassica spp. observed that oil content
decreased by increasing levels of N. However, iodine value, protein and glucosinolate
content were increased. Similar result was also obtained by Kabati et al. (1996) with
application of 0-100 kg N ha* Ahmed et al. (1998) found that application of S and N
with increasing rates resulted increase in oil yield and maximum oil yield was found
with 100 kg N and 60 kg S ha. Singh et al. (1998) noticed that the application of 120
kg N and 9.2 kg S ha resulted significant increase in the protein and oil content of

Indian mustard.

Dhaka and Kumar (2003) observed that oil content decreased due to
increasing N rate. While the trend was reverse for protein content. However, Meena
and Symeriya (2003) reported the highest oil content (37.04%) with application of 60
kg N hal, while 90 kg N ha resulted in maximum protein content (21.55%). Premi
and Kumar (2004) observed that oil content in mustard seed significantly decreased
with increase in N levels up to 80 kg ha™. Nevertheless Singh et al. (2004) found that
N application did not influence the oil content in mustard but oil yield and chlorophyll

content were increased up to 90 kg N ha.

Singh et al. (2010) reported that mean plant height, total dry matter
accumulation, leaf area and seed yield were higher when 100% recommended
fertilizers (120, 40, 20, 40 kg N, P,K, S ha™) were applied along with Farmyard
manure (FYM) at 10 t ha, ZnSOs (25 kg ha') and seed treatment with Azotobacter.
Mean seed yield of mustard with this treatment increased by 41.2% over application
of recommended fertilizers. More application of fertilizer increased protein content
but reduced the glucosinolate content in seed. Oil content decreased at higher
inorganic fertility levels it was improved with application of FYM and Azotobacter .

Singh et al. (2010) found that the quality parameters like oil and protein
content in seed and their yield were influenced significantly by various fertility levels.
Oil content increased significantly with increasing fertility levels up to 100% RDF
and thereafter decreased with increase in fertility. However, protein content increased

with increasing in fertility level and recorded the highest value at 150% RDF.
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2.2 EFFECT OF PHOSPHORUS
2.2.1 Effect of phosphorus on growth parameters

Pareek et al. (1999) carried out a field experiment during 1996-97 on loamy
sand soil at Jobner, Rajasthan, to investigate the effect of phosphorus, sulfur and
phosphate solubilizing bacteria (PSB, Pseudomonas radiata) on the growth and yield
of mustard [Brassica juncea] cv. Bio 902. Application of 15 kg P2Os ha™* significantly
increased plant height but the number of primary and secondary branches were higher
with 30 kg P20s ha't.

Chaubey et al. (2001) performed a field experiment on an Entisol of Ujhani
(U.P.) to evaluate the response of mustard (Brassica juncea cv. Rohini) to phosphorus
(0, 40 and 60 kg P,Os hal) fertilization. It was reported that with the increasing level
of P and S up to 60 kg P.Os and 30 kg S ha, respectively there was significant

increased in growth parameters i.e. (Plant height, number of branches Plant™?).

Davaria, et al. (2001) carried out field experiment at Junagadh, Gujarat. The
treatments comprised P,Os at 0, 25, and 50 kg ha. In the P treatments, numbers of
primary branches plant™ (6.9), secondary branches per plant (12.6), siliquae per plant
(278) and seeds per siliqua (12.1), 1000-seed weight (3.54 g), seed yield (15.43 g ha’
1), and stover yield (39.44 g ha) were highest with 50 kg P,Os ha. It was further
observed that application of 50 kg P-Os ha* significantly increased leaf chlorophyll
content as well as P and S contents of seeds.

Kantwa and Meena (2002) reported from Jobner, Rajasthan that, the
application of phosphorus up to 45 kg P20s hasignificantly increased the growth

parameters.

Indian mustard cv. ‘Gujarat Mustard-1’ plants were supplied with 25, 50 or
70 kg N, 0, 25 or 50 kg P and 0 or 10 t FYM ha* in a field experiment conducted in
Gujarat. The values of growth parameters viz. plant height and branches per plant
were highest with the application of 50 kg P,0s ha™and 10 kg FYM ha [Thanki et al.
(2004)].

Bohra et al. (2006) conducted an experiment during the rabi season of 1997-
98 at Varanasi, to study the growth and nutrient uptake patterns of Indian mustard

(Brassica juncea) at various levels of N, P and S. Application of P up to 60 kg ha*
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significantly enhanced dry matter per plant but plant height, branches per plant and
leaf chlorophyll content increased significantly only up to 40 kg P ha. Similarly,
Singh et al. (2008) conducted a field study during 2003-04 in Uttar Pradesh, to
evaluate the effect of P (0, 20, 40 and 60 kg ha™*) levels on the performance of Indian
mustard cv. ‘Varuna’. A linear increase in final plant height, number of functional

leaves/plant, siliquae/plant, were observed with application of 60 kg P ha™.

Khatkar et al. (2009) performed a field experiment during 2004-2005 at
Agricultural Research Farm, Allahabad. The experiment consisted of three factors
namely nitrogen (80 and 100 kg ha*) and sulphur (10, 20 and 30 kg ha), phosphorus
(40 and 60 kg ha™) with blanket application of potash at 40 kg ha. Significantly
higher plant dry weight was recorded at 60 kg P.Os hal. Also, more number of
siliquae plant™, seed siliqua™ and the test weight was also recorded with higher levels

of these factors which ultimately resulted in higher seed yield.

On sandy loam soil, Sahu and Sah (2011) reported that the plant height,
primary branches per plant, leaf area index, dry matter accumulation per plant, crop
growth rate and relative growth rate of Indian mustard increased significantly up to 50
kg P20sha* and 40 kg S ha't.

2.2.2 Effect of phosphorus on yield attributes and yield

Working on Indian mustard Patel et al. (1999) reported that application of P
significantly increased the yield parameters, seed and Stover yield, oil and protein
content up to 80 kg P ha. However, Sharma et al. (2001) found that the seed and

straw yield significantly increased with increasing levels of P up to 60 kg P2Os ha™.

Singh et al. (1999) reported that seed yield increased with up to 100 kg N
(166t hal) and 30 kg P (1.41 t ha). However, Bhari et al. (2000) noted that P
application up to 45 kg P ha* resulted in significant increase in secondary branches and

siliquae plant* only up to 45 kg P2Os ha™.

Jat et al. (2000) reported that number of siliquae plant™, number of seeds
siliqua™ and seed yield significantly increased with the highest level of P (40 kg ha™),
however, harvest index was not affected to the level significance by P application.

However, Jakhar and Singh (2004) recorded significant increase in dry matter
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accumulation plant™ and plant height with the residual effect of 40 kg P ha*applied in

preceding crop.

Pareek et al. (1999) carried out a field experiment on loamy sand soil at
Jobner, Rajasthan, to investigate the effect of phosphorus, sulfur and phosphate
solubilizing bacteria (PSB, Pseudomonas radiata) on the growth and yield of mustard
[Brassica juncea] cv. Bio 902. Application of 15 kg P.Os ha* significantly increased
dry matter accumulation, number of siliqua plant?, seeds siliqua™, length of siliqua
and test weight over the control (no P). However, the seed and straw yields were

increased upto 30 kg P2Os ha.

Sumeriya et al. (2003) conducted experiment at Jobner, Rajasthan, on
mustard grown at Mloamy sand soil. The application of phosphorus fertilizer at 60 kg
ha! significantly increased the yield parameters. The highest number of siliquae

plant?, seeds siliquae™ and seed yield were obtained with 60 kg P.Os ha*-

Saxena et al. (2005) conducted an experiment during 2002-03 in Uttar
Pradesh, to study the effects of phosphorus and iron on the growth, yield and oil
content of Indian mustard (Brassica juncea) cv. ‘Varuna’ treatments comprised 0 and
40 kg P20s hal; and 0, 15 and 30 kg Fe ha™. Application of 40 kg P.Os ha*recorded
higher number of branches  plant?, siliquae plant™, seed yield plant? and oil content
than control. Rana et al. (2005) conducted a field experiment at IARI New Delhi, to
study the effects of 3 phosphorus levels (0, 25 and 50 kg P2Os ha?), on rainfed Indian
mustard (Brassica juncea cv. Pusa Barani). Progressive increase in P levels increased
the yield attributes and seed yield, but the increase in seed yield was significant only
up to 25 kg P-Os/ha.

Giri et al. (2006) carried out an experiment on mustard variety ‘Pusa bold’ at
Nagpur, Maharashtra, during 2003-04 to study the effect of phosphorus and sulfur
application on growth and yield of Brassica juncea. Application of 50 kg P ha*
recorded significantly higher seed yield (13.47 g ha') as compared to other levels of

phosphorus.

Singh et al. (2007) reported marked improvement in yield attributes as well
as seed and stover yields of Indian mustard with progressive increase in phosphorus
levels up to 60 kg P ha™t. He conducted a field study during 2003-04 in Uttar Pradesh,
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to evaluate the effect of P (0, 20, 40 and 60 kg ha™/ha) levels on the performance of
Indian mustard cv. Varuna. A linear increase in siliquae plant?, seed yield, total dry

matter content and stover yield ware observed with application of 60 kg P ha™.

Mir et al., (2010) reported that the optimum effect of the application of 60 kg
P2Os ha-1 on seed yield was presumably due to maximum pods/plant, seed/pod and
seed weight, as these parameters were found to be positively correlated with yield of
the crop. The seed yield and oil yield increased by application of fertilizers 60 kg
P,Os ha-1.

2.2.3 Effect of phosphorus on nutrient content and uptake

Gupta et al. (1972) working on Indian mustard obtained non-significant
improvement in seed and stover P content with increasing P application rates. They
further recorded more concentration on P in seed than stover. Rajput et al. (1994)
noted that increasing phosphorus levels significantly reduced N content in husk and
stem. However, the uptake of N, P and K by seed significantly enhanced with
application of 80 kg P-Os ha*. Similarly, the P and S content of soyabeen increased
with increasing levels of P,Os from 0 to 80 kg ha but N content increase upto 120 kg
P,0s ha! (Aulakh et al., 1995). Jain et al. (1995) applied 20, 40 and 60 kg P2Os ha*
to mustard and observed significant increase in N, P, K and S uptake of seed and

stover up to 40 kg P20s ha't.
2.2.4 Effect of phosphorus on quality parameters

Thanki et al. (2004) conducted a field experiment in Gujarat, during 1995-98
on Indian mustard cv. Gujarat Mustard-1, it was observed, the oil yield increase with
the application of 50 kg P/ha and 10 kg FYM ha™.

Saxena et al. (2005) conducted an experiment during 2002-03 in Uttar
Pradesh, to determine the effects of phosphorus and iron on the growth, yield and oil
content of Indian mustard (Brassica juncea) cv. ‘Varuna’. They observed that the
application of 40 kg P ha! recorded significantly higher seed yield and oil content
than without P.

Bhat et al. (2006) reported that oil content decreased with increasing N and P

rates. Although the extent of decrease in seed oil content was lower than increase in
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seed yield and thus the total edible oil yield was still higher with higher fertilizer rates

compared to the normal recommended rates of fertilizer.

Faujdar et al. (2008) conducted an experiment with four levels of P (0, 20, 40
and 60 kg/ha) and four levels of S (0, 20, 40 and 60 kg ha™) to determine the yield
and quality of Indian mustard. They reported that application was beneficial in
increasing, oil content and oil yield, protein content, chlorophyll content as well as S-
containing amino acids in seeds. However, Lone et al. (2010), reported that oil
content increased with increasing P levels (0, 30 and 60 kg ha*) but beyond this level

i.e., 90 kg P ha'* showed no considerable increase in oil content.
2.3 EFFECT OF POTASSIUM
2.3.1 Effect of Potassium on growth attributes

In a field experiment Mukherjee (1990) applied 0, 20, 40 and 60 kg K20 ha'
to mustard cv. T 59 and rapeseed cv. B 9 and reported significant increase in LA,
CGR, dry matter, was with 40 kg K,O ha. In another study, Ghosh et al., (1993)
recorded a response of 3.73 kg mustard seeds per kg of K>O added irrespective of the
status of K in the soils

Bhati and Sharma (2006) studying the influence of K and its time of
application on leaf area index (LAI) and chlorophyll content of mustard found that
application of K @ 60 kg K ha significantly increased LAI over control at 45 DAS.
Potassium application also significantly increased chlorophyll content at 45 and 90
DAS.

Cheema et al., (2012) carried out a field study was to assess the influence of
different levels of K fertilization (0, 30, 60, 90,120 kg ha™) on two canola cultivars
viz. Bulbul-98 and Zafar-2000. Results revealed that increasing rate of K enhanced

leaf area index and crop growth rate in both cultivars.
2.3.2 Effect of potassium on yield attributes and yield

Prasad and Chuhan (1999) observed that greater K in plants improved the

carbohydrate metabolism and hence yield. They also reported that the application of

19



Review of Literature

N: P (100: 50 and NPK (100: 50: 50) significantly increased the shoot hill ™}, effective

shoot hill'* and plant height than control in rice.

Khan et al., (2004) carried out Studies to assess the influence of different
levels of potassium fertilization (0, 25, 50, 75, 100, 125 & 150 kg ha-1) on seed yield
of canola. The results revealed that the highest seed yield at highest level K; however,
it remained at par with treatments 50, 75, 100 and 125 kg K ha-1. While minimum

seed yield was recorded in case of control i.e. with no K.

Fanaei et al., (2009) reported that with increasing potassium application rates,
negative effect of water stress on grain yield was ameliorated and seed yield
improved. Results of this study showed that potassium application can positively
affect seed yield and water use efficiency of rapeseed and Indian mustard under
severe and mild stress conditions. It is concluded that potassium application was
effective on plant growth and formation of economic yield by ameliorating damages

caused due to water stress.

A field experiment was carried out by Mozaffari et al., (2012) at Qazvin-Iran
during 2009-2010 to assess the effect of different levels potassium (Ko, Kas, Koo and
Kiss kg ha') on yield and some of the agronomical characteristics in Mustard
(Brassica juncea). The results showed that increasing levels of Potassium up to 135

kg K ha! had a significant effect on seed oil percentage (SOP) and harvest index (HI)

Cheema et al., (2012) carried out a field study was to assess the influence of
different levels of K fertilization (0, 30, 60, 90,120 kg ha™) on two canola cultivars
viz. Bulbul-98 and Zafar-2000. Highest seed yield (3067.24 kg ha') was obtained
when K was applied at 120 kg ha™. While minimum seed yield (2353.85 kg ha™) was

recorded in case of control.
2.3.2 Effect of potassium on nutrient content and uptake

Tiwari et al., (2012) investigated the effect of five levels of potassium viz. 0,
20, 40, 60 and 80 KO kg ha™ applied as muriate of potash on mustard. Potassium
content in seed and stover increased with the use of K over the control. The removal

of K increased as yield increased, up to 194 kg KO ha™. Similarly, K content
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increased in seed (from 0.88 to 0.99 percent) but there was no marked effect on stover
K content .The removal of K increased mainly by the increased yield, up to a level of
184 kg K20 ha™.

2.3.3. Effect of potassium on quality parameters

Khan et al., (2004) carried out Studies to assess the influence of different
levels of potassium fertilization (0, 25, 50, 75, 100, 125 and 150 kg ha™) on oil
contents of canola. The highest seed yield was obtained with K @ 150 kg ha, which
was however, at par with treatments where 50, 75, 100 and 125 kg K ha' were
applied. While lowest seed yield was recorded in case of control i.e. without K.
However, Oil content progressively decreased with increase of K level with highest
(42.86%) in case of control and lowest (37.42%) with a K level of 150 kg ha.

At Kanpur Tiwari et al., (2012) while studying the response mustard to five
levels of potassium at(0, 20, 40, 60 and 80 K»O kg ha*) applied as muriate of potash
observed that, increasing doses of potassium up to 60 kg K20 ha? significantly
increased seed and stover yields of mustard. Likewise, protein and oil content were
also increased significantly by K application. Similar results showing the benefit of K

on crop yield have also been reported by Prasad et al. (1993).

Paliwal and Singh (2014) conducted a field experiment to evaluate response
of mustard (Brassica juncea L. Czernj. and Cosson) to potassium in combination with
other nutrients on yield and quality was conducted at Govind Ballabh Pant University
of Agriculture and Technology, Pantnagar during Rabi season of 2012-13. Protein
yield (306 kg ha) and oil yield (736 kg ha*) were recorded maximum at 150% NPK

level.

2.4 EFFECT OF FERTILITY LEVELS
2.4.1 Effect of fertility levels on growth parameters

Fertility management with high dose of nutrients (80 kg N, 40 kg P-Os and
40 kg K20 hal) irrespective of their sources, caused appreciable improvement in
growth attributes viz. plant height, functional leaves and dry matter of rapeseed cv. B-
9 (Pradhan et al., 1997).
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Chaudhary et al. (2003) investigated the effect of N, P, K and Zn on the
growth and yield attributes of Indian mustard at Kanpur, Uttar Pradesh. He found that
the application of N at 30 kg + P at 20 kg+ K at 20 + Zn at 5 kg, and N at 60 kg + P at
30 kg + S at 20 kg ha™produced the highest growth rate.

Khatkar et al. (2009) performed a field experiment during 2004-2005 at
Agricultural Research Farm, Allahabad. The experiment consisted of three factors
namely nitrogen (80 and 100 kg ha) and sulphur (10, 20 and 30 kg ha*), phosphorus
(40 and 60 kg ha™) with blanket application of potash at 40 kg ha™. Highest plant
height, SPAD values and maximum plant dry weight was recorded with higher doses

of these factors.

Athokpam (2010) conducted a field trial 2003-04 and 2004-05 to study the
effect of NPK levels on the growth of broad leaf mustard on clay soil taking 13
treatment combinations consisting of three doses of nitrogen (50, 100 and 150 kg),
two levels of phosphorus (50 and 100 kg), two levels of potassium (50 and 100 kg
ha') and a control for each treatment, replicated thrice. The result revealed that the,
leaf area index, net assimilation rate, plant growth efficiency, dry matter percentage
increased significantly in highest fertility levels(100 kg N ha, 100 kg, P2Os ha, and

100 kg K20 hal) in comparison to control.

2.4.2 Effect of fertility levels on yield attributes and yield

Bohra et al. (1999) conducted a field experiment to determine the effect of
different levels of NPK (25, 50, 75 and 100% of the recommended dose), applied two
weeks prior to sowing on Indian mustard cv. Pusa Bold in Varanasi, Uttar Pradesh,
India, during 1999-2000 and 2000-01. Significant improvement in crop yield and
yield attributes (siliquae plant™, test weight, siliqua length and seed yield plant) was

observed with increasing NPK levels from 25 to 100% of recommended dose.

Singh et al. (2000) studied the effect of different levels of N and P and K on
Indian mustard cv. Varuna and found that increasing levels of N up to 120 kg ha, k
and P up to 45 kg ha increased the length of siliqua, number of siliqua, seed siliqua™,

seed yield and test weight significantly.
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Tomar et al. (2005) conducted a field experiment in Madhya Pradesh, during
the rabi season of 2003-04 to investigate the response of Indian mustard cultivars
(CS-614-4-1-4, SAL-7, Kranti, SAL-9 and CS-52) to N, P, K at 60-30-15, 80-40-20,
100-50-25 and 120-60-30 kg/ha. SAL-9 showed higher yields than the other cultivars.
Increasing N, P, K rates up to 100, 50, 25 produced higher seed, stover and biological

yield over rest of the treatments.

Singh and Butter (2006) studied the effect of varying fertility levels on
mustard varieties (YTN-6,BSO-772, Vardan, JGN 01-15, Kranti and RH 9801) and
found significantly higher yield with 100% RDF compared to 75 of recommended
dose.

Ghimire and Bana (2009) conducted an experiment during rabi of 2008-09
and 2009-10 at Pantnagar, to study the effect of different doses of recommended
fertilizers on yield and yield attributes. They concluded the fact that with an increase
in recommended dose of fertilizer (RDF), seed and stover yields increased
significantly up to 100% (1.04t/ha and 3.41 t/ha) and 125% of RDF (2.03 t/ha and 6.0
t/ha) in 2008-09 and 2009-10, respectively.

Athokpam (2010) concluded that NPK content and vegetable yield increased
significantly with the application of the treatment combination of 100 kg N ha*, 100
kg, P2Os hal, and 100 kg K20 ha* in comparison to control in mustard crop.

Paliwal and Singh (2014) conducted a field experiment to evaluate the
response of mustard (Brassica juncea L. Czernj. and Cosson) to potassium in
combination with other nutrients on yield. The results revealed that higher seed yield
per hectare was obtained at 150% NPK due to higher values of yield attributing
characters viz. number of siliquae per plant, length of siliqua, 1000- seed weight and

seed weight per plant.
2.4.3 Effect of fertility levels on nutrient content and uptake

Dixit and Gautam (1996) stated that total uptake of N, P, K were highest in
mustard crop receiving the recommended dose of fertilizer i.e. 80-40-40 kg N, P20s,

K20 ha’. Roy et al. (1985) reported that NPK uptake was significantly enhanced with
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increasing fertility levels from 20, 20, 10 kg N, P20s, K20 ha! to 100, 50, 50 kg N,
P-0s, K20 ha™.

Bohra et al. (2006) conducted an experiment during the rabi season of 1997-
98 at Varanasi, to study the growth and nutrient uptake patterns of Indian mustard
(Brassica juncea) at various levels of N, P and S. Results showed that the uptake of
NPK and S by both seed and stover significantly increased with successive increase in
nitrogen levels up to 120 kg N ha, sulphur levels up to 60 kg S ha, and phosphorus
levels up to 60 kg P ha™.

Tomar et al. (2005) conducted a field experiment at Madhya Pradesh, during
the rabi season of 2003-04 to investigate the response of Indian mustard cultivars to
different fertility levels. Increasing N, P, K rates up to 100, 50, 25 produced higher N,
P and K uptake in comparison to other lower fertility levels

2.4.4 Effect of fertility levels on quality parameters of mustard

Puri et al. (1999) while working on effect of fertility levels on mustard
quality, found significant influence of varying degrees of fertility levels on soil status
of nutrient concentration (N and P) and oil content in seeds (Brassica juncea). The
highest seed yield and oil content were noted in the treatment 100, 40, 20 kg N, P, K

hal.

Singh et al. (2008) studied the effect of fertility level on nutrient uptake of
Indian mustard under late sown condition during rabi season of 2007 and 2008. The
results revealed that oil content increased significantly with increasing fertility level
up to 100% RDF (F2) and thereafter decreased with increase in fertility. However,
protein content increased with increasing in fertility level and recorded the highest
value at 150% RDF (F4).

Ghimire and Bana (2009) while working on the effect of fertility levels on
quality of mustard at Pantanagar concluded that Oil content decreased but oil yield
(340 and 627 kg/ha) and protein content (23.7 and 22.9%) improved significantly up
to 100% of RDF in both the years. Similarly, protein yields (245 and 456 kg/ha) and
glucosinolate content (80.3 and 87.6 mM/g of seed) increases up to 100 and 125% of
RDF in 2008-09 and 2009-10, respectively.
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2.4.5 Effect of fertility levels on economics of mustard cultivation

Chaudhary et al. (2003) investigated the effect of N, P and Zn on the growth,
yield attributes and economics of Indian mustard at Kanpur, Uttar Pradesh. They
observed that the application of N at 30 kg + P at 20 kg +K 20 kg + Zn at 5 kg, and N
at 60 kg + P at 30 kg +30 kg K + S at 20 kg ha™* produced the highest net return and

benefit: cost ratio.

Kumar et al. (2006)While working on sandy loam soils of Kukumseri in
Lahaul valley of Himachal Pradesh showed that application of 20 kg N, 60 kg P>Os
and 30 kg K2O/ha resulted in highest net return (Rs. 1,40,849) and B:C ratio value of
6.25.

At Pantnagar, Uttarakhand, Ghimire and Bana (2012) working on mustard, to
study the effect of different fertility levels on Indian mustard. They concluded the fact
that with an increase in recommended dose of fertilizer (RDF), seed and stover yields
increased significantly up to 100% (1.04 t/ha and 3.41 t/ha) and 125% of RDF (2.03
t/ha and 6.0 t/ha) in 2008-09 and 2009-10, respectively, thereby increased the net

returns to farmers.

2.5 EFFECT OF INTEGRATED NUTRIENT MANAGEMENT
2.5.1 Effect of INM on growth attributes of mustard

The main reason for low productivity of oilseeds in India is inadequate use of
nutrients and indiscriminate use of inorganic fertilizers that causes imbalance in soil
fertility arising from it. This needs immediate restoration and sustenance of soil
fertility through an integration of different available nutrient sources that will increase
yield per unit area to meet the shortage of oilseeds.

On clayey soil with pH 7.8 at Nagpur (Maharashtra), Gudadhe et al. (2005)
observed that the seed inoculation with Azotobacter or/and PSB along with 100% RDF
(40, 20, 20 NPK kg ha™) significantly increased plant height, number of branches, dry
matter and leaf area plant! of mustard (cv. ‘Pusa bold’). The inoculation of
Azotobacter + PSB along with 100% RDF recorded the highest growth rate followed
by 75% RDF + Azotobacter + PSB.

Mandal and Sinha (2002) while working with effect of INM on growth
attributes and yield of Indian mustard concluded that, the plant height, branches

25



Review of Literature

plant™, no of functional leaves per plant and plant dry matter of Indian mustard were
improved at 100% recommended rate of NPK + 10 t FYM ha™ compared with 100%
NPK alone.

Tripathi et al. (2011) conducted a field experiment during Rabi season, 2005-
06 and 2006-07 at the Crop Research Centre of Pant University of Agriculture and
Technology, Pantnagar to study the effect of integrated nutrient management (INM)
on growth attributes of Indian mustard cultivar Kranti. Application of 100 %
recommended dose of fertilizers along with farmyard manure, sulphur, zinc, boron
and Azotobacter (seed treatment) resulted in maximum plant height, dry matter
accumulation, total branches plant™.

2.5.2 Effect of INM on yield attributes and yield

Sarkar et al. (1997) reported that application of high dose of nutrients (80 kg
N, 40 kg P20Os and 40 kg K20 ha ) half through organic and remaining half through
inorganic fertilizers caused 12.17% and 99.5% increase in grain yield respectively as
compared to the high dose of nutrients through inorganic fertilizer and crop receiving
no fertilizer.

The application of 100% recommended fertility level and 75% of the
recommended fertility levels with FYM @ 10 t ha® were statistically at par in all
yield attributes, i.e., number of branches plant, number of siliqua plant® , number of
seeds siliqua™® , test weight and seed yield (Jain and Sharma, 2000).

Shrivastva et al. (2000) observed that application of 80, 40, 20 kg NPK ha
and seed inoculation of Azotobacter increased the seed yield significantly over sole
NPK treatments.

In a field experiment Ghosh et al. (2001) while studying the response of 3
levels each of K (0, 12.5, 25 Kg ha-! ) and N (0, 40 and 80 kg ha-! ) and bio-fertilizers
(Azotobacter, Azospirillum) of rapeseed under irrigated condition. The crop responded
significantly to K and N application. Seed inoculation with either of the bacteria
significantly improves the yield attributes and yield of seeds and oil, though the
magnitude of increase was 23 more with Azotobacter. Interaction between K and bio-
fertilizer and between bio-fertilizer and N were found significant in increasing the
yield of rapeseed.

In another field experiment Mandal and Sinha (2002) studied the yield

attributes and yield of Indian mustard (B. juncea) as influenced by different integrated
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nutrient management treatments (50 and 100% recommended rate of fertilizers (80.0,
17.2,33.2 kg N, P, K hal), 10 t farmyard manure (FYM)ha%, 10 kg borax ha™ and 20
kg ZnSO4 ha. It was at par with 100% NPK + borax + ZnSO4 and 50% NPK +
FYM + borax + ZnSO4. Treatment with 100% NPK + FYM, 100% NPK + borax +
ZnS04 and 50% NPK + FYM + borax + ZnSO4 recorded 27, 26 and 25% seed yield
increase, respectively, over 100% NPK; and by 134, 132 and 130% over the control.

Chand and Ram (2007) observed that the highest seed yield, stover yield under
the treatment 10 t ha' FYM + 75% of recommended NPK treatment + inoculation
with B. megaterium var. phosphaticum + Azotobacter chroococcum. NPK at 75%
recommended dose + Azotobacter chroococcum increased mustard seed yield by 23%

over the control during a field study in Rajasthan, India.

Nagdiv et al. (2007) observed that application of 75% RDF + Azotobacter +

PSB gave highest yield contributing characters and seed yield ha* of Indian mustard.

Tripathi et al. (2011) Pantnagar conducted an experiment to study the effect of
integrated nutrient management (INM) on yield of Indian mustard cultivar Kranti.
concluded that application of 100 % recommended dose of fertilizers along with
farmyard manure, sulphur, zinc, boron and Azotobacter (seed treatment) resulted in
maximum siliquae plant?, seeds siliqua™, test weight and significantly higher seed

yield was obtained.
2.5.3 Effect of INM on nutrient content and uptake

Singh et al. (2006) carried out a field experiment during 2001-02 and 2002-03,
in Rajasthan, to evaluate the response of Indian mustard cv. ‘RH-30" to FYM (2.5 and
5 t/ha) and inorganic N (0, 40, 80 kg/ha) applied alone or in combination with
biofertilizers (Azotobacter chroococcum and Azospirillum). Nutrient content and
nutrient uptake by plants significantly increased with the application of FYM +

biofertilizers (Azotobactor chroococcum + Azospirillum) over the control.

Field experiment was conducted by De et al. (2014) in West Bengal during
2007, 2008 and 2009 to study the effect of integrated nutrient management on nutrient
content and uptake and of Rapeseed. He concluded that treatment T (50% RDF +
FYM @ 25t hat + VC @1.25thal+ NC @ 1.25t ha! + PM @ 1.25 t ha?)
recorded highest nutrient uptake with respect to 100 % NPK alone.
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2.5.4 Effect of INM on quality parameters of mustard

Abraham and Lal (2002) reported that that 33 per cent recommended dose of
NPK along with PSB + Azospirrilum + poultry manure significantly increased the oil
content and protein content in seed in comparison to NPK levels alone.

Singh and Singh (2006) reported the response of Indian mustard cv. Rh-30 to
FYM (2.5 and 5 t ha') and inorganic N (0, 40, 80 kg ha™) applied alone or in
combination with bio-fertilizers (Azotobacter chroococcum, Azospirillum). Seed oil
content and oil yield increased significantly with the application of FYM 5 t ha'
along with Azotobacter chroococcum and Azospirillum.

2.5.5 Effect of INM on economics of mustard production
Under conditions of fertilizer scarcity and escalating cost, economical use of
fertilizers and their efficient management is of great significant.

Tripathi et al. (2011) conducted a field experiment during Rabi season, 2005-
06 and 2006-07 at the Crop Research Centre of G. B. Pant University of Agriculture
and Technology, Pantnagar to study the effect of integrated nutrient management
(INM) on growth, yield and quality of Indian mustard cultivar Kranti. Net returns and
B : C ratio were recorded maximum in 100 % recommended dose of fertilizers + 2 t
FYM + 40 kg S + 25 kg Zn S04 + 1 kg B ha + Azotobacter (seed treatment).

A field experiment was conducted by De et al. (2014) in the experimental
farm of Uttar Banga Krishi Viswavidyalaya, West Bengal during 2007, 2008 and
2009 to study the effect of integrated nutrient management on economics of Rapeseed
(Brassica campestris var. yellow sarson). Treatment T (50% RDF + FYM @ 2.5 t hat
+VC @1.25that+ NC @ 1.25t ha' + PM @ 1.25 t ha) recorded highest grain
yield of 13.48 g ha! which was statistically at par with T (T + Neemcake @ 2.5 t ha™®)
and T (T +Vermicompost @ 2.5 t ha') (13.40 q ha'). However, T (100 % RDF+
Borax @ 10.0 Kg ha') fetched highest B: C ratio.

2.6 EFFECT OF COW URINE:
2.6.1 Effect of cow urine on growth and yield attributes:

Rates of application of nitrogen (N), potassium (K), and sulphur (S) in urine
are very high and these can have a marked effect on growth and element
concentration of pasture (During & McNaught, 1961; Joblin & Keogh 1979).
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Urine causes a marked depression in N fixation by clovers particularly in
winter. Distribution data of Richards & Wolton (1976) show that under intensive
dairy farming (three cows per ha) urine affects about 40% of the grazed area. Such an
addition must cause an overall decrease in N fixation by at least 10% annually.

Ledgard, et al. (1982) in New Zealand, evaluated the effects of cow urine and
equivalent nitrogen, potassium, and sulphur treatments on pasture yield, botanical
composition, herbage chemical composition and N fixation by clovers during winter
and spring. They noticed that urine caused a large increase in ryegrass yield, entirely
due to Its N content. The effect on yield lasted 2 to 3 harvests. Urine increased the N
concentration of grass (particularly the nitrate fraction) and increased the potassium

concentration of grass and clover.

Saunders (1987) studied the effects of cow urine and equivalent nitrogen,
potassium, and sulphur treatments on pasture yield, botanical composition, herbage
chemical composition, and N fixation by clovers were examined during winter and
spring. Urine caused a large increase in ryegrass Yield, due entirely to its N
component. The effect on yield lasted 2-3 harvests and was followed by a decrease in
clover growth. Urine increased the N concentration of grass (particularly the nitrate
fraction) and increased the potassium concentration of grass and clover. N fixation by

clover was markedly decreased by urine, particularly during the winter.

Leterme et al.( 2003) used cow urine to study the fate of N applied as urine in
spring, summer and autumn on ryegrass receiving two different fertilizer rates (100
and 300 kg N hayr?) in France. Ammonia volatilization of labeled urine N was less
than 4% and immobilized urine N represented 21-31% of the applied 15 N. Recovery
of labeled N in plants ranged from 30 to 65% of N input as urine, showing a decrease
in autumn for the highest fertilizer nitrogen treatment. The plant recovery of urine N
was relatively high in autumn (49%) when urine was deposited on ryegrass receiving
a fertilizer rate of 100 kg N hat yr. Lower N fertilizer regimes can therefore lower

the leaching potential of urine N in pastures.

De and Licinio (2007) conducted experiment, at the UFV campus, in a

protected environment and organic culture system. The application ways of cow urine
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(soil and leaf) were allocated in the parcels and the concentrations of cow urine
solutions (0.00, 0.25, 0.50, 0.75, 1.00, and 1.25%) were allocated in the sub parcels.
Weekly, starting after seven days of seedling transplant, 5, 5, 10, 20 and 20 ml of
solution per plant were applied. Cultivar utilized was Regina 2000. When applied via
soil, urine concentrations provided significant response in almost all growth
attributing characters, with the exception of leaf area; when applied via leaves, there
was no effect on the number of leaves, leaf area, stems dry mass, root fresh mass and
head volume. The linear increment of SPAD index was observed with applied urine
concentration, as well as quadratic response along time. The highest head productivity
was registered in plants that received urine solution via leaves in a concentration of
1.25%, corresponding to the increase of 28.1% in productivity, compared to control;
when applied via soil, at the optimal concentration of 1.01%, productivity was of
14.92 Mg ha’, corresponding to the increase of 47.3% in productivity, compared to
control. The effects observed on lettuce growth and productivity, due to applied urine
solution is due to factors other than only quantity of nutrients used in the solutions.

Oliveira et al. (2009) in Zimbawe studied the effect of cow urine on the
growth and yield of 'Regina 2000' lettuce, in an experiment carried out from January
13, 2006 to March 22, 2006. Cow urine was applied at different concentrations (0.00,
0.25, 0.50, 0.75, 1.00 and 1.25 %). At harvest, the following variables were
evaluated: fresh (FLM) and dry (DLM) leaf mass, fresh (FSM) and dry (DSM) stem
mass, stem length (SL), fresh (FRM) and dry (DRM) root mass, fresh (FHM) and dry
(DHM) head mass and commercial yield (CY). The increase in cow urine
concentrations increased the performance of all lettuce characteristics, except DRM,
which presented reduction, and DSM and FRM, which were not affected. The highest
yield was obtained with the concentration of 1.25% applied to leaves and with 1.01%,
applied to soil, corresponding, respectively to increases of 28.1% and 47.3%, in
comparison to the control. Application to leaves, in comparison to application to soil,
resulted in greater FLM (0.50 and 1.25%), SL (0.50; 0.75 and 1.25%), FSM and FRM
(0.5%), FHM and CY (0.50 and 1.25%), but lower DSM and FRM (1.25%) and DRM
(2.0 and 1.25%). The application of cow urine solution at 1.25% to leaves or 1.0% to
soil was recommended for lettuce crops.

Vahanka et al. (2010) concluded that after regular use of cow urine in the

crops farmers of vadodara found that soil microorganism population increased along
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with the crop vyield. It has also improved the soil texture and structure and there was
no occurrence of any insect pest and diseases . They concluded that cow urine worked
as growth promoters. (Vahanka et al. 2010).

Khanal et al. (2010) carried out a field experiment in Nepal on farmer’s field
during 2009-2010, to test the efficacy of cattle urine alone and in combination with
urea as a potential supplement to nitrogenous fertilizers in improving yield and quality
of cauliflower cv. Kathmandu Local. The experiment was laid out in a randomized
complete block design with eight treatments; 100 kg N ha* supplied by urea, 100 kg
N ha supplied by urine, 125 kg N ha* supplied by urine, 75 kg N ha* supplied by
urine, 50 kg N ha supplied by urine, 100 kg N ha supplied by urea (75 kg) and
urine (25 kg), 100 kg N ha* supplied by urea (50 kg) and urine (50kg), 100 kg N ha!
supplied by urea (25 kg) and urine (75 kg) having three replications. Application of
125 kg N ha through urine significantly increased vegetative characters. Application
of 100 kg N ha* through urine significantly increased yield and quality characters as
compared to application of either higher or lower dose of urine. Fifty percent
substitution of urea by urine produced better morphological, yield and quality
character than other combinations of urine and urea.

Singh et al. in 2012 concluded that, 15 tonnes FYM + 120, 60, 30 kg N,
P.Os, K2O/ha and spray of fresh cow urine and Neemuchmutka khad improved soil
health along with sustainable productivity of rice under temperate condition. Thus the
application of 15 tonnes FYM + 120, 60, 30 kg N, P.Os, K.O/ha along with three
spray of Neemuch mutka khad or fresh cow urine in rice was found suitable.

Singh et al. (2014) conducted a field experiment to assess the effect of
varied levels of nitrogen and cow urine on rice crop during kharif season of 2009 with
the six treatment combinations as T1 = NPK (120, 60, 60 kg ha), T, = NPK (120, 60,
60 kg hat +cow urine), Ts = NPK (100, 60, 60 kg ha + cow urine), T4 = NPK (90,
60, 60 kg ha + cow urine) and Ts = NPK (60, 60,60 kg ha cow urine) including
control (To). The application of nitrogen @ 90 kg ha* with 60 kg ha™potassium and
phosphorus + cow urine (T4) was found to be the best treatment regarding growth,
yield and nitrogen content of paddy.

Cow’s urine boosted the annual rye grass yield by causing an increase in
nitrogen (N) content of the soil but a marked depression in N fixation by 10%

annually in clovers particularly in winter. The effects on yield lasted 2-3 harvests and
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were followed by a decrease in clover growth. Total N content in the cow urine is
very high ranging from 6.8 to 21.6 g N/I, out of which an average of 69% is urea.
Urine increased the N concentration of grass (particularly the nitrate fraction) and
increased the potassium concentration of grass and clover. Increased pasture growth
from urine patches has been observed even following high N fertilizer application
which may be due to greater amount of N applied or to some interaction with one of

the other elements in urine such as potassium or sulphur (Mohanty et al. 2014).

Timothy et al. (2014) carried out an in vitro assay at Zimbabwe, to establish
if cow urine at different concentrations (500 pL/ml, 300 pL/ml, 200 pL/mL, and 100
pL/mL) can be used to control the growth of F. lateritium, the fungal agent causing
Fusarium bark disease in coffee. The undiluted cow urine was most effective in
inhibiting fungal growth with the rest of the cow urine concentrations showing dose

dependent efficacy compared to the negative control (P < 0.01).
2.6.2 Effect of cow urine on economics:

Gupta and Yadav (2001) conducted field trials in kharif season for evaluating
cow urine efficacy against stem borers and cost benefit in soybean production. There
was reduction in percent stem tunneling at almost all levels of cow urine. The yield
data indicates that cow urine at 25, 50 and 75 % concentration recorded significantly
higher yield than control. Highest cost benefit ratio (1: 18.9) was obtained from 75%

COW urine.

Khanal et al. (2010) carried out a field experiment in Nepal on farmer’s field
during 2009-2010, to test the efficacy of cattle urine alone and in combination with
urea as a potential supplement to nitrogenous fertilizers in improving yield and quality
of cauliflower cv. Kathmandu Local. The highest curd yield and the highest benefit

cost ratio (5.84) were observed by application of 100 kg N ha* through urine.
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Chapter 111

MATERIALS AND METHODS

A field experiment entitled “Effect of fertility levels and cow application on
growth, yield and quality of Indian mustard [Brassica juncea (L.) Czernj. &
Cosson]” was conducted during winter (rabi) season of 2013-14 at the IFS block of
Agricultural Research Farm, Department of Agronomy, Institute of Agricultural
Sciences, Banaras Hindu University, Varanasi, Uttar Pradesh (India), situated under
North East Plain Zone of the country. The detailed information on location, soil,
climatic and weather condition recorded during the crop season along with materials

used and methods employed are described in this chapter.

3.1 LOCATION OF THE EXPERIMENTAL SITE

The Agricultural Research Farm, Institute of Agricultural Sciences, Banaras
Hindu University is situated at a distance of 10 kilometer from Varanasi railway
station in the south east direction. The geographical situation of the farm lies in the
Northern Gangetic Alluvial plain at 25°18” North latitudes, 83°03” East longitude and
at an altitude of 80.71 meters above the mean sea level.

The experimental field was well drained with uniform topography and assured
source of water supply.
3.2 CLIMATIC CONDITION OF VARANASI

The weather of Varanasi has been classified under moisture deficit zone-4
with moisture deficit index of -20 to -40 per cent and falls in the belt of semi arid to
sub humid climate having hot summer and cold winter. The normal period for the
onset of monsoon in this region is the third week of June and it lasts up to the end of
September and sometimes up to first week of October. A light shower of rain is often
experienced in January and February. Months of March to May are generally dry. The
average annual precipitation (P) of Varanasi is 1100 mm and annual potential
evapotranspiration (PET) is about 1525 mm. So the annual moisture deficit in this
region is 425 mm. The distribution of rainfall as percentage of annual is 88% from
June to September, 5.7% from October to December, 3.3% from January to February

and 3% from March to May. The differences between total rainfall received (about
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875 mm) and evaporation losses (about 665 mm) are always positive (about 210 mm)
during rainy season (from July-October). However, in the subsequent months from
November onwards to June, the differences are always negative. Varanasi comes
under semi humid climate with extremely hot weather in May-June and cold during
winter. Generally maximum and minimum temperature ranges between 23°C to 40°C
and from 4.9°C to 24.5°C, respectively. The temperature begins to rise from the
middle of February and reaches to its maximum in May and middle of June. The
coldest period of the year is between last weeks of December to first week of January.
The mean relative humidity is 70 per cent, which rises up to 82.8 per cent during July
to September and fall down to 35 per cent during the end of April to early June. Data
on meteorological parameters were recorded at the meteorological observatory of the
Agricultural Research Farm, Institute of Agricultural Sciences, Banaras Hindu
University, Varanasi, during the period of experimentation, have been described
below
3.2.1 Temperature (°C)

The weekly mean maximum and minimum temperature during the
experimentation ranged from 31.9 °C to 17.5°C and 9.8 to 20.1 °C, respectively. The
maximum temperature was recorded 31.9 °C in the 12" standard week (March)

whereas; the lowest minimum temperature remained 9.8 °C in the month of January.

3.2.2 Rainfall (mm)

The total rainfall received during the crop period (Nov.5 to March 25) was
134.4 mm. The pattern of rainfall distribution was not normal during the experimental
period. The highest rainfall (37.1 mm) was recorded during the meteorological week
No.3" of 2014.

3.2.3 Relative humidity (%)
The weekly maximum relative humidity ranged between 66 to 94 per cent and
minimum relative humidity varied from 38 to 76 per cent during the period of

experimentation i.e. 46" to 11" standard week
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Table 3.1: Meteorological observations during the crop growing period (2013-14)

Week Month & Rainfall | Temperature R.H. (%) Wind Sunshine | Evaporation
No. Date mm (°C) Speed hours (mm)
_ _ (km hr?)
Max | Min | Max. | Min.
45 Nov 05-11 0.0 27.7 | 155 84 60 0.6 7.6 1.6
46 12-18 0.0 26.2 | 115 90 48 1.2 7.9 1.5
47 19-25 0.0 26.7 | 25.0 89 41 1.0 8.5 1.8
48 26-02 0.0 26.4 | 13.7 87 46 19 8.1 1.6
49 Dec 03-09 0.0 254 | 137 89 43 1.3 8.2 1.5
50 10-16 0.0 240 | 10.6 88 48 25 8.3 1.7
51 17-23 0.0 235 | 115 83 57 2.0 7.5 1.6
52 24-31 0.0 21.1 | 10.3 85 49 3.1 7.8 1.4
1 2014, Jan 1-7 0.0 20.7 | 113 91 59 3.1 6.9 1.3
2 8-14 22.4 179 | 10.7 92 68 3.2 2.0 1.1
3 15-21 37.1 18.1 | 10.6 92 76 2.1 0.6 0.8
4 22-28 0.0 204 | 117 94 63 3.2 24 14
5 29-04 0.0 20.1 9.8 89 63 1.9 4.6 1.2
6 Feb 05-11 0.0 249 | 123 81 45 3.2 9.1 2.7
7 12-18 24.4 204 | 11.0 83 54 3.8 3.1 1.3
8 19-25 155 235 | 123 82 64 1.8 7.6 1.8
9 26-04 34.5 239 | 156 87 68 2.9 3.6 1.8
10 March 05-11 0.0 27.0 | 13.0 83 45 2.3 8.1 3.0
11 12-18 0.5 285 | 159 82 55 2.5 8.3 3.5
12 19-25 0.0 319 | 175 66 38 2.6 9.5 4.7
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3.2.4 Sunshine duration (hrs)

The average duration of bright sunshine was 6.49 hours. The maximum and
minimum weekly bright sunshine duration ranged between 0.6 and 9.5 hours,

respectively during the period of investigation.
3.2.5 Evaporation (mm)

The evaporation data obtained from weather bureau class A Pan Evaporimeter
revealed that the average evaporation during the crop period varied from 0.8 to 4.7

mm day.
3.3 FIELD EXPERIMENT

A field experiment was conducted on mustard during winter season of 2013-
14 at the Agriculture research farm, Institute of Agricultural Sciences, B.H.U.,

Varanasi, U.P.
3.4 SOIL OF EXPERIMENTAL SITE

Table 3.2: Chemical properties of Initial soil sample

Parameters Value Method employed

Organic carbon (%) 0.38 Walkley and Black’s (Jackson,1973)

pH (1:2.5 Soil : water suspension) 7.8 Glass electrode digital pH meter
(Jackson, 1973)

Electrical conductivity (1:2.0 Soil : | 0.18 Systronics electrical conductivity

water suspension) (dS m™) at 25°C meter (Jackson, 1973)

Available N (kg ha?) 138.48 | Alkaline permanganate method
(Subbiah and Asija,1956)

Available P-Os (kg ha™) 23.48 | 0.5 N NaHCOs extractable (Olsen et
al., 1954)

Available K20 (kg hat) 172.10 | Ammonium acetate extractable flame
photometer (Jackson,1973)

Available S ( mg kg?) 20.73 | Turbidity method

Available B (mg kg™) 0.75 | Hot water extract

Available Zn (mg kg?) 0.53 | EDTA extract
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3.5 CROPPING HISTORY OF EXPERIMENTAL FIELD

Field experiment was conducted at the IFS block of Agricultural Research
Farm, Institute of Agricultural Sciences during rabi 2013-14 at fixed site to study, the
Effect of fertility levels and cow urine on growth, yield and quality of Indian mustard
[Brassica juncea (L.) Czernj. & Cosson. ].

Table 3.3 Cropping History

Year Kharif Rabi
2008-09 Rice Wheat
2009-10 Rice Wheat
2010-11 Rice Wheat
2011-12 Rice Wheat
2012-13 Rice Wheat
2013-14 Rice Present experimental

crop(Mustard)

3.6 EXPERIMENTAL DETAILS

The experiment was laid out in split plot design with three replications. The
main plot treatment consisted three fertility levels i.e. 50%, 75% and 100% RDF
(Recommended fertilizers dose)where as four levels of cow urine i.e. 0, 300, 600,
900 | ha't were allocated to sub-plots. So the total numbers of treatment combinations
were twelve. The treatments were replicated thrice to avoid any effect of
heterogeneity. The treatments within main plots and sub-plots were randomly
allocated in each replication as per standard procedure. The details of treatments are

given in table 3.6.2 and layout plan in fig 3.2.
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3.6.1 Details of layout

Main plot treatments

Materials and Methods

Sub-plot treatments 4
No. of Treatment combinations 12
No. of replications 3
Total no. of plots 36
Experimental design Split plot
Gross plot size 7.2mx2.68m
Net plot size 6.4mx1.65m
Field border 1.5m
Plot border 0.75m
Replication border 1.0m
Main irrigation channel 1m
Sub irrigation channel 1.0m

> Main plot treatment — Three fertility levels

F1=50% (Recommended Dose of Fertilizer)
F2=75% (Recommended Dose of Fertilizer)
F3=100% (Recommended Dose of Fertilizer)

> Subplots treatment —Four levels of cow urine application(U)

U0=0I. Urine + 900 I. Water/ha

U1=300 | Urine + 600 I. Water/ha
U2=600 | Urine + 300 I. Water/ha

U3=900 I Urine + 0 I. Water/ha

3.6.2 Chemical analysis of cow urine used in the experiment

N (%)

K (%)

P (%)

Ca (%)

Mg (%)

S (%)

PH

0.976

11

0.0917

0.01

0.1

0.081

7.97
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3.6.3 Treatment combinations

Symbol Treatments
F1iUo 50% RDF*+ 0 I. Urine + 900 |. Water/ha
F1iU1 50% RDF + 300 I. Urine + 600 |. Water/ha
FiU2 50% RDF + 600 I. Urine + 300 I. Water/ha
FiUs 50% RDF+ 900 I. Urine + 0 |. Water/ha
F2Uo 75% RDF + control U0 + 900 I. Water/ha
FaU1 75% RDF + 300 1. Urine + 600 |. Water/ha
FaU2 75% RDF + 600 1. Urine + 300 |. Water/ha
F2U3 75% RDF + 900 I. Urine + 0 |. Water/ha
FsUo 100% RDF + control UO + 900 I. Water/ha
FaU1 100% RDF + 300 I. Urine + 600I. Water/ha
FsU2 100% RDF + 600 I. Urine + 300 |. Water/ha
FsUs 100% RDF + 900 I. Urine + 0 |. Water/ha

*RDF: 120 kg N + 60 kg P-Os + 60 kg K20 + 40 kg S ha*
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3.7 SELECTION OF EXPERIMENTAL MATERIALS

3.7.1 Source of nutrients

3.7.1.1 Inorganic sources

Urea

Urea is most widely used N fertilizer and is produced by heating ammonia
with CO> under high temperature (160 - 170°C). Urea contains the highest percentage
of nitrogen (46.6%) among solid fertilizers. It contains nitrogen in the amide form.
This organic fertilizer is cheaper than any other solid nitrogenous fertilizer in India.

Di-ammonium phosphate (DAP)

Di-ammonium phosphate is the most commonly used phosphatic fertilizer and
is produced by reacting calcium nitrate with mono-calcium phosphate and it contains
18% N and 46% P,0s.

Muriate of potash (MOP)

Muriate of potash or potassium chloride (KCI) is most common and cheapest
fertilizer among the potassic fertilizers. It contains 58-60% K:O.

Elemental sulphur

Sulphur is applied in the form of elemental sulphur. Elemental sulphur

contains 80% S.
3.7.1.2 Organic sources
Cow Urine

Fresh cow urine was collected from the IFS unit of Agricultural Research
Farm of the Institute of Agricultural Sciences, B.H.U. Jersey and Holstein-Friesian
cross bred cows maintained in the dairy unit of IFS model were given balanced diet
consisting of dry fodder, green fodder, concentrate, salt, mineral mixture and calcium.
Storage of urine was done in plastic container at room temperature. The urea N
content of the urine was determined 1 day before application to ascertain the amount
of nutrients applied.
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3.8 CROP AND VARIETY

Crop : Mustard

Botanical name Brassica juncea (L.) Czernj. & Cosson.

Family ; Brassicaceae
Variety Pro agro 4001
Pro agro 4001

The cultivar ‘Pro agro 4001’ is mostly suited for the regions of Rajasthan,
Haryana, Gujarat, Uttar Pradesh and Bihar. The seed is the dark brown and the plants
take 120-140 days to mature. It is medium to tall in height ranging from 1.6 to 1.85
m. The yield potential of this cultivar is 12 to 20 q ha having bold seeds with 38-
40% oil.

3.9 FIELD OPERATIONS

The details of the field operations performed during the period of

experimentation are described in Table 3.6.

Table 3.6: Schedule of cultural operations

S. No. Operations Date
1. Ploughing and planking 06.10.2013
2. Layout of the experimental field 11.11.2013
3. Sowing 12.11.2013
4. Fertilizers application 11.11.2013
5. Thinning 30.11.2013
6. Weed management
a. Pre emergence application of 13.11.2013
Pendimethalin @3 I./ha
b. Hand rotary weeding 10.12.2013
7. Spraying of insecticide (Rogor) 07.01.2014
8. Spraying of fungicide(Dithane M. 45) 28.01.2014
9. Irrigation 23.01.2014
15.02.2014
10. Harvesting 28.03.2014
11. Threshing 1.04.2014
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3.9.1 Land preparation

Proper field preparation and fine seed bed are essential for good germination
and growth of mustard in order to have a suitable field for sowing. The experimental
field was ploughed criss- cross with a tractor drawn disc and dry weeds as well as
stubbles were removed. The field was again ploughed by cultivator and finally
planking was done to obtain a good tilth. The block borders and plot bunds were made
manually as per the layout plan (Fig. 3.1). The experimental plots were leveled before
sowing of seeds.

3.9.2 Nutrient application

Furrows were opened in each plot at a distance of 40 cm. Half of N and full
doses of phosphorus and potassium as per treatment were applied in furrows after
mixing with moist soils The sources of nitrogen, phosphorus, potassium and sulphur
were Urea, DAP, MOP and elemental sulphur, respectively. The rest half nitrogen
was top dressed through urea at one month stage. Cow urine with or without water as
per treatment was also applied in furrows through rose can. Cow urine was applied in

the soil as per the treatment just before sowing.
3.9.3 Seed rate and sowing

After the final field preparation, the seeds of ‘Pro agro 4001’ Indian mustard
were sown at the rate of 5 kg ha™ at a row distance of 40 cm. The sowing was done in
furrrows, opened with the help of kudal and covered after sowing.

3.9.4 Thinning

Thinning of plants was done after 18 days of sowing in order to keep only one
robust and healthy plant at a distance of 15 cm to maintain proper plant population.
Each plot accommodated 18 rows.

3.9.5 Water management

The crop was grown under irrigated condition. One pre sown and two post
sowing irrigation were applied to save the crop and maintain optimum soil moisture

for plant growth.
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3.9.6 Weed management

Pendimethalin was applied as pre emergence spray. This was accompanied by one

mechanical-cum-mannual weeding at 4 week stage of the crop.

3.9.7 Plant protection

To protect crop from aphids (Lipaphis erysimi) Dimethoate 30EC was sprayed
@1.0 I. /ha during flowering to pod formation stages. As a prophylactic measure
against alternaria blight mancozeb @ 2.5 kg ha-! was also mixed with the spray
solution for aphid.

3.9.8 Harvesting and threshing

The crop was harvested as soon as 80 per cent siliquae turn yellowish brown
to prevent shattering. First of all border plants were harvested. Thereafter, plants from
each net plot area were harvested carefully, bundled, tagged and were taken to
threshing floor and kept separately. After proper sun drying the bundles were threshed

separately.

3.10 OBSERVATIONS RECORDED

For recording biometric observation at regular interval, two sampling area i.e.
one for destructive and other for non- destructive were marked. The observations like
plant height and branches were taken from non-destructive sampling area i.e. net plot
area while the observation like dry matter accumulation per plant were taken from
destructive area i.e. area apart from net plot. For recording growth parameter of 5
plants from net plot area were selected randomly and tagged and their observation
were recorded at 30, 60, 90 DAS and at harvest. Yield and yield attributing character

were recorded after harvest.

3.10.1 Plant height (cm)

Plant height of five randomly tagged plants was measured from base of plant
up to the growing tips of main stem and average height was recorded in cm.
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3.10.2 Functional leaves plant?

The number of functional green leaves per plant were counted and expressed
as average number of leaf per plant.

3.10.3 Leaf Area Index (LAI)

Leaves of five plants taken from each penultimate rows as treatment wise for
dry matter observation were removed for leaf area estimation which was recorded
with a leaf area meter (Systronics 211). The LAI was worked out using the formula as
suggested by Radford (1967).

Leaf area/ plant (cm?)

Leaf Area Index = 5
Land area/ plant (cm?)

3.10.4 Dry matter accumulation plant? (g)

For recording dry matter accumulation, 5 plants from each plot were cut from
the ground level of border rows. Sampled plants were sun dried first then dried in an
oven for 24 hours to get constant dry weight. Thereafter, the average dry weight was
recorded in g plant™,

3.10.5 Branches plant?

Five randomly tagged plants were used for counting the number of branches.
All primary and secondary branches were counted at 30, 60, 90 DAS and at harvest.
The average number of branches per plant was worked out.

3.10.6 Siliquae on main shoot

Total numbers of siliqguae on main shoot of five tagged plants were counted
and average number of siliguae on main shoot was computed. Total number of
siliquae on five tagged plant were counted and average number of siliquae per plant
was recorded.
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3.10.7 Siliqua length (cm)

Length of 10 siliqua of each five plants was measured with a linear scale and
expressed as mean length of siliqua (cm).

3.10.8 Seeds siliqua?

Ten siliquae of each five plants used for measuring siliqua length were split
open and number of seed was counted and the mean was expressed.

3.10.9 Test weight (1000-seed weight)

From the representative sample of each plot one thousand seeds were counted

and weighed to record 1000 seeds weight in gram.
3.10.10 Seed yield (kg ha?)

The seed vyield of net plot after cleaning and proper drying was recorded in
grams and converted into kilogram per hectare by multiplying with appropriate

conversion factor.
3.10.11 Stover yield (kg ha't)

After threshing stem and chaff weight per plot were recorded and added
treatment-wise. These were converted to kilogram per ha by multiplying with

appropriate conversion factor.
3.10.12 Harvest index (%)

Harvest index was calculated by the formula given below by Donald and
Hamblin, 1978:

Economicyield

i ——x100
Bilogical yield

Harvest index (%) =

Where,
Economic yield = seed yield (kg ha™®)

Biological yield = seed yield + stover yield (kg ha™)
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3.11 LABORATORY STUDIES

3.11.1 Oil content in seed

Oil content in seed was estimated by Soxhlet method given by Sankaran
(1966).

Weight of oil (g)
Weight of seedsample (g)

Oil content (%) = 100

3.11.2 Qilyield (kg hal)

Oil yield was obtained from oil content multiplied by seed yield and expressed

in kg per hectare.

Oil content (%) in seedx seed yield (kg ha ™)

Oil yield (kg ha ) = o

3.11.3 N, P and K content in plant

Plant material for this study was drawn at harvest of mustard and the seed
were dried at 70°C for 48 hours, the plant material thus obtained was ground with the
help of grinder and passed through mesh sieve and then used for determination of N,
P and K contents. The nutrient content of were then estimation as following method

give in Table 3.7.

Table 3.7: Chemical analyses of plant

Analysis Method Reference
Total ‘N’ Micro Kjeldahl method Jackson (1973)
Total ‘P’ Vanadomolybdate phosphoric | Jackson (1973)

acid yellow colour method

Total ‘K’ Flame photometer method Jackson (1973)
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3.11.4 Estimation of nitrogen in stover and seed sample

Nitrogen content in plant and seed sample was determined by Modified
Kjeldahl Method as per procedure outlined by Gupta (2007). In a digestion tube 0.5 g
of powdered plant straw was taken and 10 ml of di-acid solution (9:1, H2SO4:HCIO4)
was added and kept for overnight then 10g of sulphate mixture [(20 parts K2SOa) + 1
part catalyst mixture (20 parts CuSO4 + 1 part selenium powder)] was added and
heating was done in a digestion chamber till a clear colourless solution appears, then
cooled and filtered through Whatman No. 42 filter paper in a 50 ml volumetric flask

and made up to the volume with distilled water.

Ten ml of 4% boric acid solution containing bromocresol green and methyl
red indicator was taken in a conical flask, outlet of distillation apparatus was dipped
into boric acid solution. 10 ml of the aliquot was taken and transferred to the
distillation tube of Kjeltec Semi-Auto Nitrogen Analyzer and 10 ml of 40 % NaOH
was sucked and added to the distillation tube. Then the instrument was put on
distillation for 9 min. After completion of distillation, the boric acid was titrated

against 0.005 N H2SOg4. Blank was also run and N content was calculated by formula.

Calculation

T x 0.005 x 0.014 x 50 x 100
10 x 0.5

Percent N in Plant material =

T = Sample reading - Blank reading

3.11.5 Digestion for P, K in stover and seed

0.5 gram dried and powdered plant sample (20 mesh) was taken in a 50 ml
digestion tube and 10 ml di-acid mixture (4:1 v/v HNOs: HCIO4) was added to it and
was kept overnight. It was then digested on a block digester till a colorless solution
was obtained. The volume of acid was reduced till the flask contained only moist
residue. The flask was cooled and 25 ml of distilled water was added. The solution
was filtered into a 50 ml volumetric flask and diluted up to mark. Digestion of seed

was also done in similar manner.
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3.11.6 Phosphorus content in stover and seed

Five ml of digest was taken in a 25 ml volumetric flask and 2 drops of 2, 4
di-nitrophenol indicator was added. Ammonium solution was added till yellow colour
appeared and then 6 N HCI was added (drop wise) till it become colorless. Then 5 ml
of Vanadate molybdate solution was added and diluted to 25 ml with distilled water,
mixed well and the intensity of yellow colour was read on spectrophotometer by using
blue filter at 440 nm wave length. A blank was also run without P solution
simultaneously. First standard reading and then sample reading was taken.
Phosphorus content in stover and seed was calculated using standard curve and
expressed as total P (%). Same procedure was followed to determination of P content

in seed. Standard solution of 1, 2,3,4,5 and 10 ppm were prepared.

Calculation

Abs. x dilution factor
TotalP% =

Slope of std curve x 10000

3.11.7 For Potassium content in stover and seed

Potassium content of plant and seed was determined by Flame Photometer
method (Jackson, 1973). In case of potassium, digested extract was used directly for
flame photometer determination of potassium. Potassium content of digested straw

and grain was determined by Flame Photometer. K content was calculated as under.

Calculation

R X dilution factor
10000

Total K % =

Where, R = Flame photometer reading, Dilution factor = 50/0.5 = 100 times

3.12 RELATIVE ECONOMICS

The economics of various treatments was worked out separately by taking into

account the existing price of inputs and produce. The investment on fertilizers, labour,
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and power for performing different operations such as ploughing, weeding, irrigation,
harvesting, threshing etc. were worked out (" ha?) as per rate prevalent at the
Agricultural Research Farm, Institute of Agricultural Sciences, B.H.U., Varanasi. The
cost of cultivation was taken into account for calculating economics of treatments and

expressed as net return (" ha) and output: input ratio.
(@)  Gross income (" ha?)

The yield of rice crop was converted into gross income in ~ per hectare on the

basis of current price of the grain and straw.
(b)  Netreturn (" ha?)
The net return was worked out by using following formula:
Net return ('Rs. ha) = Gross income ("Rs. hal) — cost of cultivation ('Rs. ha?)
(© Benefit: cost ratio (B: C ratio)

The output: input ratio was worked out on the basis of net return per unit cost

of cultivation (Rs. ha).

Gross income ('Rs. ha®)

Benefit : cost ratio =
Cost of cultivation ('Rs. hat)

3.13 STATISTICAL ANALYSIS

The observations recorded during the course of investigation were tabulated
and analyzed statistically to draw a valid conclusion. The data were analyzed as per
the standard procedure for “Analysis of Variance” (ANOVA) as described by Gomez
and Gomez (1984). The significance of treatments was tested by ‘F’ test (Variance
ratio). Standard error of mean was computed in all cases. The difference in the
treatment mean were tested by using Critical Difference (CD) at 5% level of
probability where ‘F’ test showed significant differences among means by the

following formula:
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2xerror sumof square
CD = \/ x a

N xt (errord.f.5%)

The results have been presented in the tabular form and depicted in figure

wherever necessary.

r—té/{/‘\\\%r\
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Fig. 3.1. Standard Week wise metrological Observations recorded at Metrological Observatory, B.H.U. during the period of
experimentation (2013-2014)
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Fig 3.2: Layout plan of the experiment
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Chapter 1V
EXPERIMENTAL FINDINGS

The summary of the experimental findings recorded during the course of study
are presented in this chapter. Data recorded during the course of experiment were
statistically analyzed and significant variation thus obtained, are described hereunder.
As none of the interactions was found significant only the main effects have been

presented.
4.1. EFFECT OF TREATMENTS ON GROWTH PARAMETERS
4.1.1. Plant height

The data pertaining to plant height at different stages of crop growth as
influenced by various treatments are presented in Table 4.1. A critical scanning of the
data revealed that different fertility levels caused marked variation on plant height at
all stages. It also observed that the plant height increased rapidly with advancement of

phenophases of crop up to 90 DAS, thereafter the linear growth was almost seized.

Increasing levels of fertility from 50 to 100 % caused marked improvement in
plant height at all the growth stages. However, 50 % and 75 % RDF at 30 DAS and 60
DAS and 75% and 100 % RDF at 90 DAS and at harvest remained statistically at par.

Variation in plant height due to urine levels was also observed at all stages of
plant growth. Lucid improvement in plant height was noticed with increasing levels
of urine application of 600 and 900 | ha. Nevertheless, at most of the stages
significant variation was observed only between 0 and 600 as well as o and 900 |

urine | ha.
4.1.2 Number of functional leaves plant

Data on number of functional leaves plant™ as influenced by different fertility
levels and urine levels are summarized in Table 4.2. Critical study of data showed
that green leaves plant? increased from 30 to 60 DAS and thereafter it declined.
Scrutiny of the data shows that cow urine and fertility levels significantly influenced
the number of functional leaf plant™ at all the dates of observation. Increasing levels

of fertility from 50 to 100 % RDF resulted in corresponding increase in number of
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green leaves plant? which was significantly higher than lower fertility levels at all
stages of observation. However, it was also noted that at 50 and 75 % RDF remained

statistically at par with respect to number of functional leaves per plant.

Increase in levels of urine application showed marked improvement on
production of functional leaves plant™? at all the stages of observation. Application of
600 and 900 | urine ha™! though remained comparable produced significantly higher

number of functional leaves plant™* than control at the stages of observation.
4.1.3 Leaf Area Index (LAI)

Observations recorded on LAl of mustard at 60 days after sowing are
presented in Table 4.3.

It is evident from data that there was a marked improvement in LAl with each
increment in fertility levels from 50 to 100 % RDF. Application of 75 % and 100 %
RDF though remained at par, produced significantly higher LAI than 50% RDF.

Urine application also showed lucid effect on LAl of mustard. Increasing
levels of urine application from 0 to 900 | ha™* correspondingly increased the LAI at
60 DAS. However, the differences between 300 and 600 as well as 600 and 900 | ha™
correspondingly increased the LAI at 60 DAS. However, the differences between 300
and 600 as well as 600 and 900 | ha of urine application failed to touch the level of

significance.
4.1.4 Chlorophyll content (SPAD values)

Chlorophyll in terms of SPAD was recorded in top 3 fully opened leaves at 60
and 90 DAS. The relevant of the data on chlorophyll content as affected by different
treatments are presented in Table 4.3. Perusal of the data revealed that with every
increment in fertility levels there was increase in chlorophyll content of crop at both
the stages. At 60 DAS, 75% and 100% RDF did not differ significantly with respect
to SPAD value.

Data presented in table 4.4 further revealed marked effect of urine application
on chlorophyll content of the test crop at 30 as well as 60 DAS. Increasing levels of
urine application from 0 to 900 | ha* correspondingly improved the SPAD values. 600
and 900 I urine ha* though remained at par, produced significantly higher chlorophyll
content than 300 I urine ha® and control.

52



Experimental Findings

4.1.5 Number of primary branches plant?

Data on primary branches plant? as influenced by different fertility levels and
cow urine are presented in Table 4.4. A cursory glance over the data revealed marked
improvement on the production of primary branches plant? at successive growth
stages up to harvest. It may further be noted that there was significant difference in
number of primary branches plant™ with increasing fertility levels from 50 to 100 %
RDF at all the growth stages.

Increasing levels of urine from 0 to 900 I ha! showed increasing trend, in
terms of number of primary branch plant® at all the stages of observation.
Application of 600 and 900 I. cow urine ha? though remained comparable recorded
significantly higher number of primary branch plant? at 60 and 90 DAS as well as
harvest.

4.1.6 Number of Secondary branches plant

Data on Secondary branches plant? as influenced by fertility levels and urine

levels has been presented in Table 4.5.

Perusal of the data revealed lucid effect of fertility levels enhanced number of
secondary branches plant?. Secondary branches plant™® declined significantly with
decreasing soil fertility from 100 to 50 % RDF. Nevertheless, at 30 DAS, the
difference between 0 and 300 | urine ha-! did not turn significant with respect to

secondary branches plant™.

Urine application also influenced the production of secondary branch in test
crop. Progressive increase in the number of secondary branches plant? was noticed
with each increment of urine level up to highest level at all the stages of observation.
Application of 600 and 900 | urine ha produced significantly higher number of
secondary branches plant? than control. However, the difference between 300 and

600 | urine ha'* was also significant at 60 and 90 DAS as well as at harvest.
4.1.7 Dry matter production (g plant?)

The data on dry matter production in crop plant as influenced by different

fertility and cow urine levels are presented in Table 4.6.

It is evident from the data that dry matter production plant? increased as

growth progressed, the values being maximum at harvest. Increasing levels of fertility
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correspondingly enhanced dry matter accumulation up to the highest level. With every
increment of fertility levels up to 100 % RDF, there was a sharp increase in dry matter
accumulation at all the stages. However, at 60 DAS, difference between 75 % and
100% failed to touch the level of significance.

Dry matter accumulation plant! was found to improve with urine application.
Increasing levels of urine application from 0 to 900 | ha enhanced dry matter
accumulation at all the stages. At 30, 90 DAS and at harvest application of 600 and

900 | urine ha™* produced significantly higher dry matter plant™ than lower level.
4.2 YIELD AND YIELD ATTRIBUTES

The data pertaining to yield attributes of tested crop are presented in Table 4.7.
Fertility levels and urine levels significantly influenced the vyield contributing

characters of mustard.
4.2.1 Number of siliqua on main shoot

Data on number of siliqua on main shoot as influenced by various treatments
are summarized in Table 4.7. A close examination of the data revealed marked
reduction in number of siliqua on main shoot with decreasing fertility levels from 100

to 50% RDF and the differences were significant between any two fertility levels

It may further be noted that urine application of 300 I, 600 I, 900 I, produced
marked increase with respect to number of siliqgua on main shoot over the control.
Notwithstanding the difference, between control and 300 | urine ha' remained

comparable.
4.2.2 Number of siliqua plant*

Data on number of siliqua plant™ as affected by fertility levels and urine levels
are given in Table 4.7.

Scanning of the data revealed that significant effect of different fertility levels on
number of siliqua plant?. Increasing levels of fertility from 50 to 100 percent RDF
progressively increased number of siliquae plant. However, the difference between
75 and 100 % RDF did not turn significant.

Application of cow urine also influenced the siliquae production in mustard. It
was noted that increase in urine levels from 0 to 900 | ha* urine correspondingly

enhanced the number of siliqua per plant and the urine applied at 300, 600 and 900 |
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urine ha* produced significantly higher siliquae plant* then control. Similarly, 900 |

urine ha also proved its distinct superiority over 300 | urine ha.
4.2.3 Length of siliqua (cm)

Data pertaining to length of siliqua are given in Table 4.7. Siliqua length was
found to increase with increasing fertility levels from 50 to 100 % RDF.

Nevertheless, the significant difference was noticed only between 50 and 100 % RDF.

Perusal of the data in Table 4.7 further revealed that increasing levels of urine
application, though increased siliqua length of mustard but the differences did not

differ significantly.
4.2.4 Seeds siliqua™

Data presented in Table 4.8 revealed pronounced effect of fertility levels on
seeds siliqua®. Decreasing fertility levels from 100 to 50 % RDF significantly

reduced the number of seeds/ siliqua.

Marked effect of urine application was also noticed on the production of
seeds/siliqua. Increasing levels of urine application from 0 to 900 | urine ha'
correspondingly increased the number of seeds siliqua™. Nevertheless, the differences
could touch the level of significance only between 0 and 600 as well as 0 and 900 |

urine ha™.
4.2.5 Test weight (1000 seed weight)

Data on fertility levels and urine levels imparted significant variation in 1000-
seed weight (g) of mustard depicted in Table 4.8. It is evident from the data that
fertility levels differed markedly in respect of test weight of 1000 seeds. Test weight
increased with increasing fertility levels from lowest to highest fertility levels.
Among the fertility levels 100 % RDF recorded highest test weight of (4.76 g),
followed by 75 per cent (4.40 g) and 50 per cent (3.97 g). However, the difference 75
to 100 % RDF failed to touch the level of significance.

As regards the urine application, test weight of mustard improved markedly
with increasing levels of urine application from 0 to 900 I urine hal. However, the

difference between 0 and 300 I ha* and 600 and 900 I ha™* were not significant.
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425 Seedyield (kg ha?)
The Data pertaining to seed yield (kg ha) of mustard influenced by different

treatments are given in Table 4.9.

The data revealed that there was significant increase in seed yield with
increasing fertility levels. Application of 100 % RDF produced 12.1 and 31.2 %
higher seed yield than 75 % and 50 % RDF respectively.

It is also cleared from the data that with increasing levels of urine application,
the seed yield (kg hat) of mustard improved markedly with increase in urine levels up
to 600 | ha over the control. However the difference between 600 and 900 | ha*
urine could not touch the level of significance.

4.2.6 Stover yield (kg ha)

The Data pertaining to stover yield (kg ha') of mustard influenced by fertility

and cow urine levels are given in Table 4.9.

It is apparent from the data that stover yield (kg hal) was influenced due to
fertility levels. With increase in fertility levels there was a steady improvement in the
stover yield (kg ha) up to highest level i.e. 900 | hal. Nevertheless, the significant
difference was noticed only between the 50 and 100 % RDF.

A cursory glance over the data revealed marked improvement in stover yield
with the application of urine. The data suggested that there was lucid improvement in
straw yield with each increment in urine levels from lowest to highest. However, 300

I urine ha'® failed to exert distinct superiority over control.
4.2.6 Harvest index (%)

The data on harvest index (%) as influenced by fertility levels as well as urine

levels are given in Table 4.9.

It is evident from the data that increasing fertility levels markedly increased

the harvest index but the differences could not reach to the level of significance.

The data presented in table 4.9 further revealed that harvest index of test crop
increased between 0 and 300 | urine ha and thereafter declined up to highest level

i.e. 900 I urine hal. Nevertheless, the differences remained comparable.
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4.3 QUALITY PARAMETERS
4.3.1 Oil content (%)

The data pertaining to seed oil content of Indian mustard seed are presented in
Table 4.10. A close review of data revealed that increasing levels of fertility resulted
in corresponding increase in oil content from 50 to 100 %. However, the increase in

seed oil content was significant only between 50 to 100 % RDF.

Perusal of the data in Table 4.10 further revealed that increasing levels of
urine application though increased the seed oil content (%) of mustard. However the
differences could prove significant only between 0 and 600 and 0 and 900 I urine ha.
4.3.2 Oil yield (kg ha't)

The cursory glance of data on oil yield (kg hat) as influenced by fertility
levels and cow urine are presented in Table 4.10 revealed that fertilizer application
resulted marked improvement in oil yield that increased significantly with increasing
fertility levels. The maximum oil yield of 450 kg ha was obtained with highest
fertility level that recorded 16.3% and 36.4% higher oil yield than 75 % and 50 %
RDF, respectively.

As regards the urine application, oil yield of mustard improved markedly with
increasing levels of urine application from 0 to 900 I urine ha-!. However, the oil

yield did not differ significantly between 600 and 900 I urine ha™.
4.3.3 Protein content in seed (%0)

The data pertaining to protein content are presented in Table 4.10. Scrutiny of
the data revealed marked effect of fertility levels on the protein content of mustard
seed. Increasing fertility level from 50 to 100 % RDF correspondingly enhanced the
seed protein content. However, the significant improvement in seed protein content

was noticed only between 50 and 100 % RDF.

As regards the urine application, protein content of mustard seed improved
with increasing levels of urine application from 0 to 900 I urine ha-!. Application of
600 and 900 | urine ha-! though remained comparable recorded significantly higher

seed protein content than control.
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4.3.4 Protein yield (kg ha?)

The data on protein yield (kg ha?) as influenced by fertility levels are
presented in Table 4.10. It is apparent from the data that fertilizer application
influenced seed protein yield. Increasing fertility levels from 50 to 100 % RDF caused
significant increase in protein yield. All the fertility level differed significantly in

respect of seed protein content.

It is also clear from the data that with regards to urine application, the protein
yield (kg hal) of mustard improved with increase in urine levels up to 900 I/ha.
Application of 600 and 900 | urine ha-! though remained at par recorded significantly

higher protein yield than lower level of urine application.

44 EFFECT OF FERTILITY AND COW URINE LEVELS ON N, P, K
CONTENTS IN SEED AND STOVER

4.4.1 Nitrogen content (%0) in seed

Data on seed N contents of mustard as influenced by fertility and cow urine
levels are presented in table 4.11. A close examination of the data revealed marked
effect of fertility levels on N content of seed. However the differences could touch the

level of significance only between lowest and highest fertility levels.

As regards the cow urine application, seed N content increased with increasing
levels of urine applications from 0 to 900 | urine ha®. Nevertheless, the significant

difference was established only between 0 and 600 as well as 0 and 900 | urine ha-*.
4.4.2 Phosphorus content (%0) in seed

A critical study of data on P content in seed Table 4.11 indicated improvement
in seed P content with each increment in fertility level. However the differences could

not touch the level of significance.

Similarly, seed P content was also increased with increasing levels of urine
application from 0 to 900 | urine ha! but the differences between any two levels

remained comparable.
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4.4.3 Potassium content (%) in seed

A critical study of the data presented in table 4.11 revealed that seed K content
of the test crop improved with increasing levels of fertility from 50 to 100 %.

However, the differences did not differ significantly.

Increasing levels of cow urine application, from 0 to 900 | ha-! increase the

seed K content. Nevertheless, the differences remained statistically at par.
4.4.4 Nitrogen content (%0) in stover

Data pertaining to N content in stover, summarized in table 4.11 revealed,
improvement in N content of stover. Nevertheless, the difference could not touch the

level of significance.

Further analysis of data revealed improvement in N content of stover with
each increment of urine level up to the highest level (900 I urine ha-). However, the

differences were significant only between 0 and 900 I urine ha-1.

4.4.5 Phosphorus content (%0) in stover

Data on P content in stover are presented in table 4.11. An inspection of the
data revealed improvement in P content of stover with increasing levels of fertility
from 50 t0 100 % RDF. However, the differences were not significant.

Similarly, the different levels of cow urine application failed to influence P
content of stover to the level of significance.
4.4.6 Potassium content (%) in stover

Data pertaining to K content in stover furnished in table 4.11 revealed that
increasing levels of fertility from 50 to 100 % RDF correspondingly enhanced K
content of stover. However, significant difference could not be noticed between any
two fertility levels.

Similarly, increasing levels of urine application from 0 to 900 | urine ha-!
though improved K content of stover but the differences were not significant.

4.5 EFFECT OF FERTILITY AND COW URINE LEVELS ON N, P AND K
UPTAKE
4.5.1 Nitrogen uptake by seed (kg ha)

An examination of the data presented in table 4.12 showed that there was lucid
effect of fertility levels on N uptake by seed. Increasing levels of fertility from 50 to
100 % RDF significantly increased N uptake by seed.
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Increasing levels of cow urine application from 0 to 900 | ha-! also enhanced
N uptake by seed. However, 600 and 900 | urine ha-! remained comparable.
4.5.2 Phosphorus uptake by seed (kg hat)

Data on P uptake by seed are presented in table 4.12. Scrutiny of the data
revealed marked effect of fertility levels on P uptake by seeds. P uptake by seeds
decreased significantly with decreasing levels of soil fertility from 100 to 50 % RDF.

Data presented in table further revealed marked effect of cow urine application
on p uptake by seed. Increasing levels of urine application increased P uptake by seed
up to highest level. Application of 600 and 900 | urine ha recorded significantly
higher P uptake by seed than control. Similarly, the difference between 900 and 300 |
urine ha't was also significant.

4.5.3 Potassium uptake by seed (kg ha?)

Perusal of the data presented in table 4.12 indicated lucid effect of fertility
levels on K uptake by seed. K uptake by seed increased significantly with each

increment of fertility level.

K uptake by seed was also improved with increasing levels of urine
application from 0 to 900 | urine ha*. Application of of 600 and 900 | urine ha*
though remained comparable, recorded significantly higher K uptake by seed than O |

urine ha. The difference between 900 and 300 | urine ha® was also significant.
4.5.4 Nitrogen uptake by stover (kg ha)

Perusal of the data regarding N uptake by stover presented in table 4.12
indicated that increasing levels of fertility from 50 to 100 % RDF significantly

increased N uptake by stover.

Similarly, increasing levels of cow urine application from 0 to 900 | ha-!
increased N uptake by stover. However, 0 and 300 | urine ha-! remained statistically
at par.

4.5.5 Phosphorus uptake by stover (kg ha)

Data on P uptake by stover presented in table 4.12 revealed that increasing
levels of fertility from 50 to 100 % RDF correspondingly improved P uptake by
stover. However, the differences were significant only between the lowest and highest

fertility levels.
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Increasing levels of cow urine application from 0 to 900 | urine ha-! also
improved P uptake by stover. Application of 600 and 900 | urine ha-! recorded
significantly higher P uptake by stover than control. The difference between 900 and
300 I urine ha-! was also significant with respect to P uptake by stover.

4.5.6 Potassium uptake by stover (kg hat)

Scrutiny of data presented in table 4.12 showed increase in K uptake by stover
with increasing levels of fertility from lowest to highest. However, the differences
could touch the level of significance only between 50 and 100 % RDF.

K uptake by stover was increased with each increment of urine level up to
highest level. Application of 600 and 900 | urine ha-! though remained comparable,

recorded significantly higher K uptake by stover than 300 | urine ha™* and control.
4.6 ECONOMICS

The data pertaining to economics of mustard as influenced by various
treatments are presented in Table 4.13. An introspection of data revealed that, there
was marked difference in the cost of cultivation of mustard under different treatments.
The cost of cultivation was markedly enhanced with increasing fertility levels from 50
to 100 % RDF.

Similarly, with each increment of cow urine application there was

corresponding increase in cost of cultivation of mustard up to 900 | ha™.
4.6.1 Gross return

The data with respect to gross return or income as influenced by fertility and
cow urine levels are presented in 4.13. An insight into the data clearly demonstrated
that gross return enhanced significantly with each increment of fertility level,
recording maximum at 100 % RDF.

Lucid effect of cow urine application was also observed on gross return.
Application of 600 and 900 I. cow urine ha* significantly increased gross return over
lower levels of urine application.

4.6.2 Net return

Data presented in table 4.13 revealed marked effect of fertilizer application on
net return of mustard. Increasing fertility levels from 50 to 100 % RDF
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correspondingly improved net return. However, the differences could turn significant
only between 50 and 100 % RDF.

Net return of mustard was increased with increasing levels of cow urine
application up to 900 | ha. Application of 900 | cow urine ha though remained
comparable to 600 | cow urine ha, recorded significantly higher net return over
control and 300 I cow urine ha.

4.6.3 Benefit: Cost ratio (B: C ratio)

Data pertaining to benefit: Cost ratio as affected by various treatments is
presented in Table 4.13. A close examination of data revealed improvement in B: C
ratio due to increasing levels of fertility from 50 to 100 % RDF. Nevertheless, the

differences failed to touch the level of significance.

Further, it was observed that benefit: Cost ratio improved with increasing
levels of cow urine application up to 600 | cow urine ha, thereafter it declined at
highest level of urine application. However, the significant difference in B : C ratio

was observed only between 0 and 600 | cow urine ha™.
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Table 4.1 Effect of fertility and cow urine levels on plant height (cm) at different

growth stages of mustard

Treatment Plant height (cm)

30 DAS 60 DAS 90 DAS At harvest

Fertility levels

50% RDF 16.3 84.2 128.8 139.0
75% RDF 16.0 86.8 136.1 151.1
100% RDF 171 90.9 139.8 156.7
S.Em+ 0.24 1.12 1.96 1.51
C.D.5% 0.93 4.39 7.69 5.94

Cow urine levels (I ha'l)

0 155 81.8 130.2 143.8
300 16.2 85.0 134.0 147.6
600 16.7 89.6 136.9 150.7
900 17.3 92.9 138.6 153.7
S.Em+ 0.24 1.18 1.16 1.68

C.D. 5% 0.72 3.52 3.44 4.98




Table 4.2  Effect of fertility and cow urine levels on number of functional leaf plant?
at different growth stages of mustard

Treatment Functional leaves plant?

30 DAS 60 DAS 90 DAS

Fertility levels

50% RDF 4.83 13.73 12.51
75% RDF 5.17 15.15 13.81
100% RDF 6.83 17.12 15.30
S. Emz+ 0.23 0.42 0.06
C.D.5% 0.92 1.66 0.25

Cow urine levels (I ha't)

0 4.89 14.00 13.10
300 5.60 15.11 13.50
600 5.86 15.87 13.92
900 6.22 16.35 15.00
S.Em+ 0.29 0.37 0.40

C.D. 5% 0.85 1.10 1.18




Table 4.3 Effect of fertility and cow urine levels on Chlorophyll content (SPAD) and
LAI of mustard

Treatment Chlorophyll content LAI

30 DAS 60 DAS 60 DAS

Fertility levels

40.1

50% RDF 22.1 3.10
75% RDF 25.5 43.6 3.52
100% RDF 28.4 44.8 3.70
S. Em#+ 0.42 0.36 0.08
C.D. 5% 1.66 141 0.32
Cow urine levels (I ha?)
0 41.2

23.5 3.10
300 24.6 42.1 3.37
600 26.3 43.6 3.60
900 27.0 44.5 3.69
S.Em+ 0.45 0.48 0.08

C.D.5% 1.33 1.42 0.25




Table 4.4 Effect of fertility and cow urine levels on primary branches plant? at

different growth stages of mustard

Treatment Primary branches plant

60 DAS 60 DAS At harvest
Fertility level
50% RDF 3.53 5.28 5.28
75% RDF 4.39 5.90 5.90
100% RDF 5.35 6.89 6.89
S.Em+ 0.21 0.12 0.12
C.D. 5% 0.81 0.48 0.48
Cow urine level (I ha-t)
0 3.95 9.55 5.55
300 4.30 5.92 5.92
600 4.47 6.16 6.16
900 4.95 6.45 6.45
S.Em+ 0.17 0.15 0.15
C.D. 5% 0.51 0.43 0.43




Table 4.5 Effect of fertility and cow urine levels on secondary branches plant™ at

different growth stages of mustard

Treatment Secondary branches plant

60 DAS 90 DAS At harvest

Fertility levels

50% RDF 3.65 8.21 8.21
75% RDF 4.30 11.03 11.03
100% RDF 5.30 14.26 14.26
S.Em+ 0.22 0.37 0.37
C.D. 5% 0.88 1.47 1.47

Cow urine level (I ha)

0 3.94 10.27 10.27
300 4.29 10.74 10.74
600 4.47 11.29 11.29
900 4.98 12.37 12.37
S.Em+ 0.17 0.32 0.32

C.D.5% 0.51 0.95 0.95




Table 4.6  Effect of fertility and cow urine levels on shoot dry weight (g plant?) at

different growth stages of mustard

Treatment Dry matter accumulation (g plant?)
30 DAS 60 DAS 90 DAS At harvest

Fertility level

50% RDF 1.8 37.0 50.1 56.1
75% RDF 2.6 40.3 62.3 69.4
100% RDF 3.1 44.3 68.3 75.8
S.Em+ 0.05 0.90 1.26 1.37
C.D. 5% 0.18 3.53 4.95 5.36

Cow urine level (I hat)

0 2.0 38.9 55.9 60.9
300 2.3 39.8 57.9 65.5
600 2.7 41.2 62.9 70.3
900 3.1 42.8 64.4 71.8
SEm+ 0.11 0.76 1.40 1.38

C.D. 5% 0.34 2.27 4.17 411




Table 4.7 Effect of fertility and cow urine levels on yield attributes of mustard

Treatment Siliquae on main Siliquae/plant Siliquae length
shoot (cm)
Fertility levels
50% RDF 37.7 130.3 4.38
75% RDF 42.5 133.7 4.58
100% RDF 48.0 136.7 4.72
S. Em+ 0.57 0.75 0.06
C.D. 5% 2.3 2.9 0.22
Cow urine levels (I ha'l)
0 40.5 130.9 4.47
300 41.6 133.3 4.55
600 43.6 134.7 4.56
900 45.2 135.4 4.66
S. Em+ 0.39 0.66 0.10
C.D. 5% 1.2 2.0 NS




Table 4.8 Effect of fertility and cow urine levels on yield attributes of mustard

Treatment Seeds siliqua™ 1000-seed weight
(@)
Fertility levels
50% RDF 6.58 3.78
75% RDF 8.17 4.19
100% RDF 9.50 453
SEm+ 0.34 0.09
C.D.5% 1.35 0.37
Urine level (I ha?)
0 7.11 3.97
300 8.00 4.05
600 8.33 4.24
900 8.88 4.40
SEm+ 0.33 0.08
C.D. 5% 0.97 0.23




Table 4.9  Effect of fertility and cow urine levels on seed yield, stover yield and

harvest index (%) of mustard

Treatment Seed yield Stover yield
(kg hat) (kg ha?) Harvest index (%)

Fertility levels

50% RDF 930 2709 25.6
75% RDF 1069 2970 26.6
100% RDF 1220 3270 27.4
S. Em+ 34.0 111.6 0.90
C.D.5% 133 438.3 NS
Cow urine levels (I ha'l)

0 996 2710 26.8
300 1052 2803 27.3
600 1115 3091 26.5
900 1130 3327 25.4
S. Em+ 12.7 52.0 0.43
C.D.5% 37.6 155.1 1.3




Table 4.10  Effect of fertility and cow urine levels on quality parameters of mustard

Protein yield
Oil content Oil yield Protein
1
Treatment (%) (kg ha'l) content (%) (kg ha)
Fertility levels
50% RDF 35.46 330 19.3 179
75% RDF 36.19 387 19.9 213
100% RDF 36.86 450 20.6 251
S Em+ 0.27 11.9 0.21 7.0
27,
C.D. 5% 1.06 46.7 0.84 3
Cow urine level
(I ha)
0 3525 352 19.3 192
300 35.96 379 10.8 209
600 36.69 409 20.1 225
900 36.78 416 20.4 231
S Eme+ 0.30 6.2 0.24 30
8.8

C.D. 5% 0.90 18.3 0.71




Table 4.11 Effect of fertility and cow urine levels on N, P, K content (%)

in seed and stover of mustard

Treatment N (%) P (%) K (%)
Seed Stover Seed  Stover Seed Stover
Fertility levels
50% RDF 3.08 0.73 0.579  0.090 0.72 1.08
75% RDF 3.19 0.75 0.629 0.096 0.77 1.16
100% RDF 3.29 0.82 0.655 0.100 0.78 1.19
S.Em+ 0.03 0.02 0.023 0.003 0.02 0.03
C.D. 5% 0.13 NS NS NS NS NS
Cow urine levels (I hat)
0 3.08 0.721 0.609 0.092 0.72 1.08
300 3.16 0.733 0.621  0.096 0.74 1.14
600 3.22 0.781 0.624 0.097 0.76 1.17
900 3.27 0.797 0.630  0.097 0.81 1.18
S. Em+ 0.04 0.021 0.020  0.003 0.03 0.04
C.D.5% 0.11 0.060 NS NS NS 0.11




Table 4.12 Effect of fertility and cow urine levels on N, P and K uptake by

seed and stover of mustard

Treatment N uptake (kg ha') P uptake (kg ha') K uptake (kg ha?)

Seed Stover Seed Stover Seed Stover

Fertility levels

50% RDF 28.63 19.9 5.38 2.44 6.65 29.42
75% RDF 34.12 224 6.73 2.84 8.19 34.44
100% RDF 40.15 26.9 7.99 3.30 9.57 39.15
S.Em+ 1.11 0.37 0.29 0.12 0.29 1.25
C.D. 5% 4.37 1.47 1.14 0.49 1.15 491

Cow urine levels (I hat)

0 30.78 19.5 6.12 2.49 7.15 29.27
300 33.43 21.7 6.56 2.70 7.78 32.09
600 35.96 24.2 6.97 3.00 8.49 36.41
900 37.04 26.7 7.15 3.26 9.14 39.43
S.Em+ 0.47 0.75 0.23 0.12 0.32 1.15

C.D.5% 1.41 2.23 0.68 0.36 0.94 3.41




Table 4.13 Effect of fertility and cow urine levels on economics of mustard

cultivation

Treatment Cost of B:C ratio
Gross return o
cultivation Net return

(Rs.) hat (Rs.) hat (Rs.) hat

Fertility levels

50% RDF 39924 25286 14638 1.577
75% RDF 45749 28213 17535 1.621
100% RDF 52078 31156 20922 1.671
S.Em#+ 1388 - 1388 0.052
C.D.5% 5449 - 5499 NS

Cow urine levels (I ha?)

0 42533 27255 15277 1.555
300 44889 27897 16991 1.608
600 47705 28539 19166 1.669
900 48541 29189 19360 1.660
S.Em+ 504 - 504 0.019
C.D. 5% 1497 - 1497 0.055

Market price of produce (Rs kg*?)
Seed :40

Stover :1



Fig. 5.1. Effect of fertility and cow urine levels on plant height of mustard
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Fig. 5.2. Effect of fertility and cow urine levels on number of primary & Secondary
branches/plant of mustard
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Fig. 5.6. Effect of fertility and cow urine levels on quality Parameters of mustard
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Fig. 5.4. Effect of fertility and cow urine levels on yield attributes of mustard

Fertility level

Urine levels | ha

160 -
m Siliquae on mainshoot  mSiliquae/plant
140
120 -
"
£ 100 -
2
£ 80 -
©
©
S 60 -
>
40 -
20 -
0 -
50% RDF 75% RDF 100% RDF 0 300 600 900
Fertility level Urine levels | ha'l
5 -
4.5 +
4 -
w 3.5
i)
3 3
£ 25 -
©
E 2 m Siliquae length (cm)
> 15 - .
) W 1000 seed test weight
1 .
0.5 -
0 -
50% 75% 100% 300 600 900
RDF RDF RDF




Fig. 5.3. Effect of fertility and cow urine levels on shoot dry weight (g/plant)
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Fig. 5.5. Effect of fertility and cow urine levels on Seed and Stover yield of mustard
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Fig. 5.7. Effect of fertility and cow urine levels on gross return and net return of mustard
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Fig. 5.6. Effect of fertility and cow urine levels on Seed and Stover yield of mustard
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Fig. 5.7. Effect of fertility and cow urine levels on gross return and net return of mustard
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Chapter V

DISCUSSION

The results of field studies obtained during the course of investigation are
presented in preceding chapter. In this chapter, an attempt has been made to explain
and substantiate the cause and effect relationship for justification of experimental
findings, duly supported by available literature.

The growth and development (phenotype) of crop plant are directly related to
their genetic constitution, though environmental factors and cultural practices do
influence growth and development by their direct and indirect impact on different
metabolic process of the plant (Gardner et al. 1988). Genetic constitution refers to
specific plant character whereas the major environmental factors include soil-
physical, chemical and biological properties along with climatic parameters like
temperature, sunshine, rainfall etc. under a particular set of agro-climatic condition.
Exploitation of maximum yield potential of crop depends on agronomic manipulation
of local environment, specially the edaphic factors and growth of genotype for the

advantage of crop plant.

Among the several agro-techniques that can raise the productivity of mustard,
adequate nutrition holds the prime position. The role of integrated nutrient
management is undoubtedly the most important factor among the agro- technique
applied to enhance the productivity of mustard. The recent increase in mustard
productivity has been mainly attributed to the increased use of inorganic fertilizers.
Nutrient supplied exclusively through inorganic sources though increased yield
initially, but sustainability in yield was not maintained over the years. Increasing use
of inorganic fertilizers is adversely affecting soil health and environmental condition.
Escalating fertilizers price in recent years, particularly that of P and K fertilizers is
also adding to the declining factor productivity. Hence, need of a convenient and low
cost technology, based on recycling of renewable sources was felt to meet the energy
requirement for achieving augmented crop productivity as it is vital for availability of

plant nutrients and maintenance of soil fertility.



Discussion

In this chapter an attempt has been made to elucidate possible reason for
variability obtained due to treatment difference on the basis of finding described in
preceding chapter. The result obtained is discussed here in light of general principles
of agronomy and established physiological and biological process. The results have

been duly supported by references available in literature as and where necessary.
5.1 Effect of weather conditions on the growth and yield of mustard crop

A set of favorable environmental conditions is essential for proper growth and
development of crop plant. Matching the crop phenology to the climatic environment
which prevails during the growing season is an important aspect to exploit genetic
yield potential. Mustard is a monocarpic annual in which growth and phenology are
climate dependent. Rate of vegetative growth as well as floral initiation and anthesis,
the vitally important components are easily affected by fluctuation in climatic
parameters and may change the effectivity of agronomic management. Genetic
responsiveness to photoperiod, temperature and humidity, affects the duration of
flowering period, time of flower initiation and date of anthesis in mustard crop.
Duration of crop growth is one of the main determinants of cumulative energy
intercepted by the crop. Thus, sensitivity to photo-thermal regime establishes the time
limit for energy input in crop. The meteorological data as well as regular field
observations show that crop remained almost unaffected by weather variation except a
few spells of mild moisture stress. The period between the first weeks of November to
first week of January was almost dry. In second to third week of January 59.5 mm
rain was received which coincided with the active growth stage and flowering stage of
the crop. Again in second week of February 24.4 mm rainfall was received which

proved useful for mustard for fruit development and seed filling.

Except few dry spells and unusual rain pattern the overall weather conditions
were satisfactory but timely intercultural operations, irrigation and proper
management practices minimized the adverse effect of weather on crop growth and
development and finally yield of the crop.

As such the weather conditions were satisfactory which favoured proper
growth and development.

64



Discussion

5.2 EFFECT OF FERTILITY LEVELS
5.2.1 Effect of fertility levels on growth

Growth of plant can be measured vertically in terms of plant height and
horizontally in terms of number of leaves, leaf area index, number of branches, dry
matter accumulation etc. Dry matter accumulation is more important because all other
vegetative characters are contained in it. Further, the growth characters viz., plant
height, number of functional leaves, leaf area index, dry matter accumulation, and
number of primary and secondary branches plant™* increased with the advancement in

the age of mustard crop irrespective of treatments.

The increasing fertility levels up to 100 % markedly influenced the growth
parameters viz. plant height, no of green leaf, leaf area index, leaf chlorophyll content
in terms of SPAD value, dry matter production as well as phonological events. All the
growth attributes improved with application of 100 % RDF at most of the growth
stages during the experimentation. This supports the well established fact that
combined application of nitrogen, phosphorus, potassium and sulphur in adequate
quantity is beneficial for growth and development.

Nitrogen being constituent of cell plays a vital role in cell division and cell
elongation by virtue of being the component of diverse type of metabolically active
compounds like amino acid, proteins, nucleic acids, flavins, proteins, enzymes, co-
enzymes and alkaloids. Therefore, it is vitally associated with activity of every living
cell. Thus, greater availability of ‘N’ at higher doses might have improved the protein
synthesis and photosynthesis leading thereby to rapid cell division and cell

enlargement, which resulted into vigorous plant growth.

Phosphorus is a constituent of ADP and ATP plays a key role in energy
transformation. It also helps in assimilation of photosynthetes into other metabolites
and hence acts as an activity zone for COz assimilation. Moreover, it is an integral part
of chromosome. It stimulates cell division and necessary for meristematic growth.

Therefore, adequate supply of P helps in faster growth of plant.
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Potassium as an activator of enzymes is engaged in protein and carbohydrate
metabolism. It also regulates carbohydrate translocation, synthesis of protein and

maintenance of stability, stomata opening, membrane permeability and P control.

Sulphur application greatly influences chlorophyll synthesis, carbohydrate as
well as protein metabolism and finally results in improvement in growth characters,

contributing to higher dry matter accumulation in plants Willenbrink, (1967).

As such adequate and balanced supply of N, P, K, S at 100 % RDF to mustard
favoured greater availability of these nutrients that ultimately resulted into enhanced

growth of plants.

The optimistic result of increasing fertilizer doses on plant height, number of
functional leaves, chlorophyll content and number of primary and secondary branches
may be explained as N required for the formation of chlorophyll and P for synthesis
of nucleic acids. Similarly, K is important for growth and elongation probably due to
its function as osmoticum and may react synergistically with 1AA responsible for
growth and development. The vigorous growth of aerial organs at 100 % RDF may be
due to high rate of synthesis of protoplasmic protein and in turn, protein synthesis
increased the cell size, which is responsible for vertical development of plants Nova
and Loomis, (1981). Similar effect of higher rates of fertilizer application to mustard
has also been reported. This is in confirmation with the finding of Chaudhary et al.
(2003); Khatkar et al. ,(2009) and Athokopam,(2010).

Increasing fertility levels from 50 to 100 % RDF favourably influenced the
leaf area index (LAI) recorded at 60 DAS (Table 4.3). However, the 75 % and 100 %
RDF remained comparable. It is possible that application of fertilizer (N, P, K, S) at
higher rates might have enhanced tissue differentiation and expansion that resulted in
taller plants and production of higher number of leaf plant® with expanded leaves
(Table 4.1 and 4.2). These results are in conformity with the findings of (Pradhan et
al., 1997), Chaudhary et al. (2003).

Chlorophyll content of leaves recorded as SPAD values at 30 and 60 DAS
increased with each increment of fertility level up to 100 % RDF (Table 4.3). This
could be ascribed to the availability of the vital nutrient elements (N, P, K, S) at
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higher rates of fertilizer application. These results are in agreement with findings of
Khatkar et al. (2009).

Shoot dry weight plant™ increased markedly with increasing levels of fertility
upto the highest level (Table 4.6). The balanced and adequate use of fertilizers at
highest rate of application promotes plant growth parameters viz. plant height, green
leaves plant™, LAI, branching and photosynthetic activity (chlorophyll content) that
ultimately produced higher shoot dry weight. Athokpam (2010) also reported similar

results.
5.2.2 Effect of fertility levels on yield attributes and yield of mustard

In the present investigation, yield attributing characters viz. siliqua on main
shoot, siliquae plant?, length of siliqua, seeds siliqua™ and 1000-seed weight were
are markedly higher at higher rates of fertilizer application (Fig 5.1). However, for all
the yield attributing characters, except the siligua on main shoot the differences
between 75 and 100 % RDF were not significant. The higher number of siliqua on
main shoot at higher rates of fertilizer application is attributed to taller plant and
thereby longer central axis at higher fertility level. The increase in siliquae plant*may
be explained due increase in number of branches under higher fertility levels. With
the application of higher rates of fertilizer, the tissue differentiations from the somatic
to reproductive, meristematic activity and the development of floral primordia might
have been enhanced causing greater production of flowers which latter developed to
siliqua. Higher fertility levels is likely to induce greater translocation of
photosynthates from leaves via stem to sink site i.e. siliqua and seeds. This resulted in
bigger siligua and more numbers of seed which on maturity becomes bold with
highest test weight. These results are in accordance with the findings of Bohra et al.
(1999) and Singh et al. (2000).

Increased NPKS levels enhanced the seed and stover yields significantly up to
100 % RDF. The highest yields increase were recorded under 100 % RDF followed
by, 75 % RDF and 50 % RDF. Higher yields associated with higher levels of fertility
were consistently observed because of enhanced growth and yield attributes. The
positive response of mustard to applied nutrients up to 100 % RDF was also reported
by Bohra et al. (1999), Singh and Butter (2006), Ghimire and Bana (2009)
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The increase in yield due to application of nitrogen, phosphorus , potassium
and sulphur in higer doses may be attributed to cumulative effect of increase in
siliquae on main shoot, siliqua plant?, seeds siliqua™, siliqua length and 1000-seed
weight. The results are in conformity with the findings of Bohra et al. (1999), Singh et
al. (2000), Tomar et al. (2005), Singh and Butter (2006), Ghimire and Bana (2009),
Paliwal and Singh (2014).

Harvest index of mustard was found to increase with increasing fertility levels
from 50 to 100 % RDF (Table 4.9). However differences did not differ significantly.
This shows that both the seed and stover utilized the applied nutrients at the same

level of efficiency. These facts were also supported by Ghimire and Bana (2009).
5.2.3 Effect of fertility levels on quality of mustard
5.2.3.1 Effect of fertility levels on oil content and oil yield

Oil content of seed was decreased with reducing levels of fertility from 100 to
50 % RDF (Table 4.10). However, the difference was significant only between 100 %
and 50 % RDF. The maximum seed oil content at highest fertility level is attributed to
the adequate availability of nutrients particularly that of sulphur. Similar results have
been reported by Kachroo and Kumar (1999).

The improvement in seed oil content with increasing rates of fertility might be
due to the role of sulphur in the formation of acetyl Co-A, a precursor compound for
synthesis of long chain fatty acids. Besides this sulphur is the constituent of a multi
enzyme complex “fatty acid synthetase’’ that plays an important role in oil synthesis.
Increased oil yield accompanied with higher seed yield at higher levels of fertility
ultimately enhanced the oil yield (Table 4.10). Similar findings were reported by
Singh (1983), Sadhu et al. (1997); Tomar et al. (1997); Singh and Singh (2005); Bhat
et al., (2006).

5.2.3.2 Effect of fertility levels on protein content and protein yield

Seed protein content of mustard was also increased with increasing fertility
levels up to 100 % RDF (Table 4.10), though 50 % and 75 % RDF remained

comparable. This could be ascribed mainly to the greater availability of nitrogen and
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sulphur at higher fertility levels as there exists direct relationship between nitrogen
content and protein content in plants and sulphur is a constituent of three amino acids
viz. cysteine, cystine and methionine. The protein yield is the resultant effect of seed
yield and protein content. Therefore, the higher protein yield with increasing fertility
levels is justified. These findings are in agreement with those of Kachroo and Kumar
(1999); Singh et al. (2008).

5.2.4 Effect of fertility levels on nutrient content and uptake

Nitrogen, phosphorus, potassium contents in seed and stover increased with
increasing fertility level up to 100 % RDF (Table 4.11). However, the difference was
significant only for N content of seed between 50 and 100 % RDF. This could be
attributed to the greater availability of nitrogen at higher rates of application. In
general, higher concentration of N, P and K were recorded in seed than straw
suggesting efficient translocation of nutrients to the sink i.e. seed. Application of
higher levels of fertilizers (NPKS) assured the availability of nutrients in adequate
amount. Hence, at 100 % RDF, there was more healthy and vigorous plant growth as
evident by taller plants, more number of leaf, branch, LAI and dry matter production.
This accompanied with better nutrient contents which resulted in significantly higher
nutrient uptake by seed and stover with increasing fertility levels up to 100 %
RDF(Table 4.11). These results are in close conformity with the findings of Dixit and
Gautam (1996), Tomar et al. (2005) and Bohra et al. (2006). Nitrogen, phosphorus
and potassium uptake were positively influenced by adequate supply of nutrients. The
release of nutrient in soil solution depends upon intensity and capacity of soil to
supply these nutrients. Adequate supply of nutrient increased nitrogen, phosphorus

and potassium content for their effective uptake.
5.3 EFFECT OF URINE LEVELS
5.3.1 Effect of cow urine levels on growth of mustard

In present investigation lucid effect of cow urine application was noticed on
growth attributing character of mustard viz. plant height, no of functional leaves
plant, primary and secondary branches plant?, chlorophyll content (SPAD), LAI, dry

weight of shoot plant? at all stages of crop growth during the experimentation.
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However, the effect of urine application on growth attributing characters was more
pronounced at 900 I. ha™* followed by 600 I. urine ha™* (Table 4.1 to 4.6).

The growth attributing characters improved probably due to better supply of
Nitrogen at higher rates of urine application. Besides this the different enzymes and
hormones present in cow urine are also responsible for the better growth of plant
Vahanka et al. (2010). Nitrogen, the most deficient element in Indian soils, the major
constituent of cell and plays a key role in plant metabolism by virtue of being
essential constituent of diverse types of metabolically active compounds like amino
acids, proteins, nucleic acids, prophyrins, flavins, purine, pyrimidine, nucleotides,
enzymes, co-enzymes (Agrawal and Sharma, 1976 ). Hence, it is associated with the
activity of every living cell. The chemical analysis of the cow urine applied in the
present investigation showed to contain 0.978 % N, 0.0917 % P, 0.11 ppm K, Ca 0.80
ppm and Mg 3.21 ppm. Therefore more availability of N at higher rates of cow urine
application has favoured protein synthesis and greater SPAD values (Table 4.3)
indicate increased leaf chlorophyll content and thereby higher photosynthesis.
Potassium, the other constituent of cow urine (0.11 ppm) as an activator of enzymes
regulates carbohydrate metabolism and protein synthesis; it also controls P, stomatal
opening and membrane permeability. Besides N and K, the urine application at
higher rates might have also improved the supplies of phosphate, sulphate, Ca, Mg
and micronutrients as well. This might have led to rapid cell division and
enlargement, which ultimately resulted, into vigorous plant growth. The findings of
present investigation is in conformity with the findings of Kumar et al. (1997), During
& McNaught, (1961) Joblin & Keogh (1979).

Cattle urine is also known to supply minerals, hormones and enzymes useful
to plant growth and development Vahanka et al. (2010). Adequate supply of urine
promotes differentiation and expansion of tissues resulting in the production of more
no of functional leaves plant™. In the present study it is also possible that taller plants
and increased branching at higher levels of urine have helped the plants in producing
higher no of functional leaves per plant, LAI, leaf chlorophyll and there by higher dry
matter production (Table 4.2, 4.3 and 4.6 ).
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5.3.2 Effect of cow urine levels on yield attributes and yield of mustard

Yield attributing characters viz. siliquae on main shoot, siliqua plant™, seeds
siliqua’®, siliqua length, 1000 seed weight and seed yield plant™ are presented in Table
4.10. All the yield attributing characters were positively influenced by increasing
levels of urine. The results are in close conformity with the findings of Khanal et al.
(2010); Vahanka et al. (2010); Singh et al. (2014).

As nitrogen is one of the major component of cow urine, its application has
been found to enhance the process of tissue differentiation, cell multiplication, cell
enlargement i.e. from somatic to reproductive phase, meristematic activity and
development of floral primodia leading thereby to increased flowering and ultimately
the fruit setting. As a result of this, higher siliqua plant™® was obtained with increasing
levels of urine application up to highest level (900 | ha). Moreover, the taller shoot
produced under the influence of higher doses of urine, enabled the plants to bear
higher number of siliqua on main shoot which is considered to be the major
determinator of mustard seed yield.

As nitrogen and potassium both are involved in protein synthesis and K helps
in the translocation of photosynthates to sink, under adequate urine supply, there
would have been greater translocation of photosynthates from source to sink leading
thereby to production of bigger siliqua with more number of seeds (Fig. 5.4). The
favourable effect of urine on yield attributing character viz. siliquae on main shoot,
siliqua plant™, seed siliqua?, siliqua length and 1000 seed weight was reflected on
seed vyield plant?® and seed yield ha. (Fig. 5.5) Consiquently, the seed yield was
increased significantly with increasing levels of urine application up to 900 | ha*. The
results are in agreement with the findings of (Mohanty et al. 2014); Oliveira et al.
(2009) and Singh et al. (2014).

Increasing levels of urine application from 0 to 900 | ha' favorably improved
the stover yield. Higher urine levels produced taller plants and increased no of
functional leaves plant?, primary and secondary branches plant™ and accumulation of
dry matter plant™ which ultimately resulted into higher stover yield. This observation
confirms the findings of Ledgard, et al. (1982) and Saunders (1987).
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The harvest index was slightly improved with the application of 300 | urine
ha* but there after it declined with increasing levels of urine application up to highest
level and the decline in harvest index between 300 and 600 | urine ha' was
significant. This shows that at higher levels of urine application, the translocation of
photosynthates to the sink was not efficient that favoured more to the stover

production than seed.
5.3.3 Effect of cow urine levels on quality of mustard

Quality parameter includes oil percentage, oil yield, protein content etc.
Synthesis of oil by plant organs is a complicated series of bio-chemical reactions.
Certain intermediate compounds which formed as a result of oxidation of
carbohydrates are utilized in the synthesis of oil and fats. Rapid inter conversion takes
place in living cell, the glycerol and fatty acids are final components which are
derived from carbohydrates during respiration. During maturation of oilseeds, an
increase in seed oil content occurs concurrently with a decrease in the quantity of
carbohydrate present which suggests that carbohydrates in seeds are being converted

in to fat.

Oil vyield of mustard improved markedly with increasing levels of urine
application from 0 to 900 I urine ha. (Fig. 5.6) As regards the urine application,
protein content of mustard seed improved with increasing levels of urine application
from 0to 900 I urine ha. This could be attributed nutrients availability particularly
the sulphates, under the highest level of cow urine application (Ledgard et al. 1982).
The role of sulphur in enhancing the oil content of oil seeds in general and mustard in
particular is well documented[ Kachroo and Kumar (1999); Yadav et al. (2005);
Singh et al. (2008)].

As cow urine is known to promote the nitrogen uptake, higher levels of urine
application resulted in increased seed protein content and protein yield in plants.
Similar results were shown by Khanal et al. (2010) and (Mohanty et al. 2014).

5.3.4 Effect of urine levels on nutrient content and uptake of mustard

As regards the cow urine application, seed N, P and K content increased with

increasing levels of urine applications from 0 to 900 | urine ha. However, the
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differences were significant with respect to N content of seed and stover (Table 4.11).
This shows more efficient utilization of cow urine by mustard. This supports the
finding of (Mohanty et al. 2014).

Increasing levels of cow urine application from 0 to 900 | ha! also enhanced
the uptake of nitrogen, phosphorus and potassium both by seed and stover. This could
be ascribed to the better nutrient contents and higher seed and stover yield at higher
fertility levels. Urine increased the N concentration of crop (particularly the nitrate
fraction) and increased the potassium concentration of crop. By the application of
cow urine, soil microorganism population increased along with the crop yield. So, it
may be possible that N, P, K uptake by crop increased as there were lots of enzymes
are secreted by the microbes. These results are in conformity with Vahanka et al.
(2010), Singh et al. (2014).

5.4. Comparative economics

In modern agriculture, crop production is taken as business. Therefore, based
on the experimental results, the practices giving maximum net return under particular
set of condition can only be recommended to the farmers. Under present investigation
large variations were noticed for gross return and cost of cultivation under different
fertility and urine levels. The differences in gross return under various fertility and
urine levels were mainly due to the differences in seed and stover yield. Whereas the
cost of cultivation was varied due to different quantities of fertilizer and urine applied.

Increasing fertility levels significantly enhanced the gross return up to highest
level (100 % RDF). However, the cost of cultivation was also increased with each
increment in fertility level due to larger quantities of fertilizers and urine applied. The
net return also increased with increasing levels of fertility up to highest level.
However, 75 and 100 % RDF remained comparable with respect to net return. (Fig.
5.7) Benefit: cost ratio also followed similar trend. This shows that 100 % RDF was
more remunerative over lower levels of fertility. Gross return and net return were also
increased with increasing levels of urine application from 0 to 900 | ha.
Nevertheless, the difference between 75 and 100 % RDF remained at par both for
gross as well as net return. This shows that though seed and stover yield did not differ

significantly between 600 and 900 | urine ha? but due to better market price of
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produce, application of cow urine at 900 | ha® was more remunerative than lower
levels. However, the benefit: cost ratio increased with increasing levels of urine
application up to 600 | ha but thereafter declined. Urine levels at 600 and 900 | ha
being at par recorded significantly higher benefit: cost ratio than control. This shows
that profit earned per unit of investment was more with the use of 600 and 900 | urine
hal. This is in conformity with the findings of Gupta and Yadav (2001).
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Chapter VI

SUMMARY AND CONCLUSION

The present investigation entitled “Effect of fertility levels and cow urine
application on growth, yield, and quality of Indian mustard [Brassica juncea (L.)
Czernj. & Cosson]”was carried out at the Agricultural Research Farm, Institute of
Agricultural Sciences, Banaras Hindu University, Varanasi during the winter (rabi)

season of 2013-14 with the following objectives:

1. To study the effects of fertility and cow urine levels on growth, yield and

quality of Indian mustard.
2. To study the treatment effect on nutrient uptake.

3. To work out the economics of various treatments.

The soil of experimental site was Gangetic alluvial having sandy clay loam
texture with pH 7.8. Experimental soil was moderate in fertility with organic carbon
of 0.38 and available nitrogen content being 138.48 kg ha’, available phosphorus
(23.31 kg ha!) and available potassium (172.10 kg ha?) in soil. The experiment was
laid out in split plot design. The main plot treatment consisted three fertility levels
i.e. 50%, 75% and 100% RDF (Recommended fertilizers dose) whereas four levels of
cow urine i.e. 0, 300, 600, 900 I hal were allocated to sub-plots. To maintain
homogeneity water @ 900, 600, 300, and 0 | ha™* was added to the urine levels i.e. 0,
300, 600, 900 | ha? respectively. The total numbers of treatment combinations were
twelve. The treatments were replicated thrice to avoid any effect of heterogeneity.
The treatments within main plots and sub-plots were randomly allocated in each
replication as per standard procedure. So the total numbers of plots in the experiment

were 36.

Application of nitrogen phosphorus, potassium and sulphur were made through

the urea, di-ammonium phosphate, muriate of potash and elemental sulphur,
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respectively. Fresh cow urine was collected from the IFS unit of Agricultural
Research Farm of the Institute of Agricultural Sciences, B.H.U. The maximum
recorded temperature during the experiment was 31.9 °C in the 12" standard week
(March) whereas; the lowest minimum temperature remained 9.8 °C in the month of
January. The total rainfall received during the crop period (Nov 5 to March 25) was
134.4 mm. Irrigation was applied depending upon requirement as per standard
practice. Effective rainfall was also taken into consideration for scheduling irrigation.
Other crop management practices were followed as per the recommendation of the

area.

Response to fertility and cow urine levels were measured in terms of various
quantitative and qualitative expressions. Growth and yield attributing characters studied
were plant height (cm), functional leaves plant?, leaf area index, chlorophyll content
(SPAD) dry matter accumulation, number of primary and secondary branches, siliquae
plant, siliqua on main shoot, siliqua length, seeds siliqua™* and 1000-seed weight. Seed
and stover yields (kg ha™) were also recorded. Oil and protein contents were estimated
to assess the effect of treatments on qualitative aspects. Oil and protein yields were
determined by simple calculations. Nitrogen, phosphorus and potassium contents in
seed and stover were also estimated and total removal of nitrogen; phosphorus and

potassium were worked out.

The data collected during the course of experimentation were subjected
to statistical analysis to draw valid conclusions. Finally the different treatments were
assessed for their gross return, net return and output input ratio. The important findings

and broad conclusion emerging from the investigation are summarized hereunder.
6.1 Effect of fertility and cow urine levels on growth parameters

Plant growth parameters viz., plant height, functional leaves plant™, leaf area
index, dry matter accumulation, number of primary and secondary branches were
immensely influenced by nutrient management. Plant height, functional leaves plant™,
leaf chlorophyll content (SPAD value), leaf area index, dry matter accumulation and
primary and secondary branches plant™ increased with increasing fertility and cow urine
levels. The value of all these growth parameters improved significantly at 100 % RDF.

The next best fertility level with respect to growth parameters is 75 % RDF.
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Lucid effect of cow urine application was noticed on growth attributing
character of mustard viz. plant height, no of functional leaves plant?, primary and
secondary branches plant™, shoot dry weight plant™ at all stages of crop growth. Leaf
chlorophyll content at 30 and 60 DAS as well as LAI at 60 DAS also increased with
increasing urine levels up to 900 | ha™* though remained at par recorded significantly

higher values of growth attributing character than control at different stages.
6.2 Effect of fertility and cow urine levels on yield attributes and yield of mustard

The yield attributes viz., siliquae plant™, siliqua length, seeds siliqua™* and 1000-seed
weight increased with increasing fertility levels up to 100 % RDF. All the yield
attributing character and yield increased significantly from lowest to highest fertility
level. Application of 100 % RDF produced 12.1 and 31.2 % higher seed yield than 75
% and 50 % RDF respectively.

As regards the urine application, the increasing levels of urine application up to
900 | cow urine ha enhanced the yield attributes as well as seed and stover yield.
Nevertheless, for most of the characters the differences between 0 and 300 | ha and

600 and 900 | ha'* were not significant.
6.3 Effect of fertility and cow urine levels on quality parameters of mustard

Increasing levels of fertility resulted in corresponding increase in oil content
from 50 to 100 %. However, the increase in seed oil content was significant only
between 50 to 100 % RDF. Fertilizer application also resulted marked improvement
in oil yield that increased significantly with increasing fertility levels. The maximum
oil yield of 450 kg ha was obtained with highest fertility level that recorded 16.3%
and 36.4% higher oil yield than 75 % and 50 % RDF, respectively.

As regards the urine application, seed oil content and oil yield of mustard
improved markedly with increasing levels of urine application from 0 to 900 | urine
hal. But oil content and oil yield did not differ significantly between 600 and 900 |

cow urine ha™.

Increasing fertility levels from 50 to 100 % RDF correspondingly enhanced
the seed protein content. However, the significant improvement in seed protein

content was noticed only between 50 and 100 % RDF. However, increasing fertility
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levels from 50 to 100 % RDF caused significant increase in protein yield and all the

fertility level differed significantly.

Protein content of mustard seed improved with increasing levels of urine
application from 0 to 900 | urine hal. However, significant difference was observed
only between 0 to 900 | urine ha*. The protein yield (kg ha™) of mustard improved
with increase in urine levels up to 900 I/ha. Application of 600 and 900 | urine ha™
though remained at par recorded significantly higher protein yield than lower level of

cow urine application.

6.3 Effect of fertility and cow urine levels on nutrient content and uptake by

mustard

In this context, the N, P, K content of mustard seed and stover increased with
increasing levels of fertility. However, significant difference between 50 and 100 %
RDF was noticed only for N content of seed.

As regards the cow urine application, N content in seed and stover increased
with increasing levels of urine applications from 0 to 900 | urine ha™*. Similarly, P and
K content in seed and stover was also increased with increasing levels of urine
application from 0 to 900 | urine ha! but the differences between any two levels

remained comparable.

Nitrogen, phosphorus and Potassium uptake by seed and stover decreased
markedly with decreasing levels of soil fertility from 100 to 50 % RDF. Increasing
levels of fertility from 50 to 100 % RDF correspondingly improved N, P and K uptake
by stover.

Similarly, increasing levels of cow urine application from 0 to 900 | ha*
increased significantly N, P and K uptake by seed and stover but the differences were

significant only between 0 and 600 and 0 and 900 I urine ha™.
6.4 Effect of fertility and cow urine levels on the economics of mustard

The gross return increased significantly with increasing fertility levels from
50 % to 100 % RDF. Net return also followed similar trend but the significant
difference was observed only between 50 % and 100 % RDF. Benefit: cost ratio also

increased with each increment in fertility level but the differences were not significant.
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Increasing levels of cow urine application from 0 to 900 | ha' registered
corresponding increase in gross as well as net return. All the urine levels differed
significantly except 600 and 900 | urine ha. Application of 600 I urine ha™ being at
par with 900 I ha ! recorded significantly higher benefit: cost ratio than lower levels.

Conclusion

On the basis of the experimental findings of present investigation following

conclusions are drawn:

No curtailment in the recommended fertilizer dose (120 kg N + 60 kg P2Os +
60 kg K20 + 40 kg S ha't) to mustard is possible.

Cow urine application up to 900 | ha! enhanced the growth, yield and quality

of mustard.

Application of 100 % RDF and 900 | urine ha* was found remunerative.

6.5 Recommendation

On the basis of economic analysis of experimental findings, it is recommended
that 100 % RDF and 900 | urine ha* should be applied to mustard.

e ——r—

79



BIBLIOGRAPHY

Abraham, T. and Lal, R.B. Sustainable enhancement of yield potential of mustard
[Brassica juncea (L.) Czernj. & Cosson], through Integrated Nutrient
Management in a legume based cropping system for the inceptisol, Cruciferae
Newsletter, 24, 99-100, 2002.

Agrawal, S.K. and Gupta, M.L. Effect of irrigation, nitrogen and phosphorus levels on
yield and yield attributes of mustard, Indian Journal of Agronomy, 36(4), 607-
609, 1991.

Ahmad, A., Abraham, G., Gandotra, N., Abrol, Y. P. and Abdin, M.Z. Interactive
effect of sulphur and nitrogen on growth and yield rapeseed-mustard [Brassica
juncea (L.) Czernj. & Cosson], genotypes, Journal of Agronomy and Crop
Science, 181(4), 193-199, 1998.

Akhtar, Z. and Bohra, J. S. Effect of nitrogen levels on the performance of mustard
varieties under minimal irrigation. In: Proceeding of National Seminar on
Oilseeds and Oil Research and Development. Needs in the Millennium
February 2-4, DOR, Hyderabad, pp. 125-126. 2000.

Ali, M.H., Zaman, S.M.H. and Hossain, S.M.A. Variation in yield, oil and protein
content of rapeseed (B. campestris) in relation to levels of nitrogen, sulphur
and plant density, Indian Journal of Agronomy, 41(2). 290-295, 1996.

Anonymous. National Research Centre on Rapeseed-Mustard, Bharatpur. 2014.

Arora, A., Singh, V. and Das, R.R. Yield and quality of mustard affected by rate of N
and S in Inceptisols, Journal of Oilseeds Research, 11(2), 273-276, 1994.

Arthamwar, D.M., Shelke, V.B. and Ekshinze, B.S. Effect of nitrogen and phosphorus
on yield attributes, seed and oil yield of Indian mustard [Brassica juncea (L.)
Czernj. & Cosson], Indian Journal of Agronomy, 41(2), 282-285, 1996.

Arya, R.L., Varshney, J.G. and Kumar, L. Effect of integrated nutrient application in
chickpea + mustard intercropping system in the semi-arid tropics of North
India, Communications in Soil Science and Plant Analysis, 38(1/2), 229-240,
2007.



Bibliography

Athopam, H.S., Meitei, W.I. and Devi, H.J. Effect of nitrogen, phosphorus, potassium
on growth and yield of broad leaf mustard, Environment and Ecology, 28(3A),
1700-1704, 2010.

Aulakh, M.S., Pasricha, N.S. and Sahota, N.S. Yield nutrient concentration and
quality of mustard crop as influenced by nitrogen and sulphur fertilizers,
Journal or Agricultural Sciences (U.K.), 94(3), 545-549, 1980.

Aulakh, M.S., Pasricha, N.S., Azad, A.S. and Ahnjar, K.L. Influence of fertilizer P
application on N, P, S and oil content and fatty and profile of soybeans,
Journal Research of Punjab Agriculture University, 32(2), 140-142, 1995.

Baldev, R. and Pareek, R.G. Effect of phosphorus, sulphur and PSB on growth and
yield of mustard, Agricultural Science Digest (Karnal), 19(3), 203-206, 1999.

Banerjee, A., Dutta, J.K. and Mondal, N.K. Impact of different combined doses of
fertilizers with plant growth regulators on growth yield of mustard (Brassica
campestris cv. B9) under old alluvial soil of Burdwan, West Bengal, India,
Front. Agriculture, China, 4(3), 341-351, 2010.

Bhari, N.R., Siaz, R.K. and Mann, P.S. Response of Indian mustard [Brassica juncea
(L.) Czernj. & Cosson], of North Western Rajasthan, Indian Journal of
Agronomy, 45(4), 746-751, 2000.

Bharti, T.K. and Rathore, S.S. Response of Indian mustard to irrigation and nitrogen
fertilizations, Indian Journal of Agronomy, 27(4), 451-453, 1982.

Bhat, G.S., Pasricha, N.S. and Ahriya, K.L. Effect of fertilizer and phosphorus on
grain yield, nutrient uptake and oil quantity of sunflower, Indian Society of
Soil Sciences, 45(2), 292-296, 1997.

Bhati, A.S. and Sharma, S.K. Influence of potassium and time of application on leaf
area index and chlorophyll content of mustard, Environment and Ecology,
24s(Special 3), 724-725, 2006.



Bibliography

Black, C.A., Evans, D.D., White, J.L., Ensminger, L.E. and Clark, F.E. “Method of
Soil Analysis” Part 1-Physical and Mineralogical Properties, Including
Statistics of Measurement and Sampling, 1965.

Bohra, J.S., Sah, D. and Shukla, D.N. Effect of nitrogen, phosphorus and sulphur on
growth attributes and nutrient uptake by Indian mustard [Brassica juncea (L.)
Czernj. & Cosson], Crop Research (Hisar), 31(1), 52-55, 2006.

Bouyoucos, G.T. Hydrometer method for measuring particle size analysis of soil,
Agronomy Journal, 5(4), 464-465, 1962.

Chaudhary, H.P., Prasad, K. and Uttam, S.K. Effect of nitrogen, phosphorus, sulphur
and zinc on growth, yield attributes and yield or mustard under rainfed
condition, Bhartiya Krishi Anusandhan Patrika, 18(3/4), 124-129, 2003.

Chauhan, D.R., Paroda, S., Kataria, O.P. and Singh, K.P. Response of Indian mustard
[Brassica juncea (L.) Czernj. & Cosson], to biofertilizers and nitrogen, Indian
Journal of Agronomy, 40(1), 86-90, 1993.

Chauhan, D.R., Paroda, S., Ram, M., Paroda, S. and Ram, M. Response of Indian
mustard [Brassica juncea (L.) Czernj. & Cosson], to biofertilizer, sulphur,

nitrogen fertilization, Indian Journal of Agronomy, 41(4), 620-623, 1996.

Chesin, L. and Yien, C.H. Turbid metric determination of available sulphates, Process
Soil Science American, 14, 149-151, 1950.

Choubey, A.K., Kaushik, M.K. and Singh, S.B. Phosphorus and sulphur fertilization
in relation to yield attributes and seed yield of Indian mustard [Brassica
juncea (L.) Czernj. & Cosson], Bioved, 12(1/2), 53-56, 2001.

Das, K.N. and Das, K. Effect of sulphur and nitrogen fertilization on yield and N
uptake by rapeseed. Journal of Indian Society of Soil Sciences, 42(3), 476-
478, 1994.

Davaria, R.L., Khanpara, V.D., Kaneria, B.B., Mathukia, R.K. and Asodaria, K.B.
Effect of phosphorus and sulphur on growth, yield, quality and nutrient



Bibliography

content of mustard [Brassica juncea (L.) Czernj. & Cosson], Gujarat
Agricultural University Research Journal, 26(2), 77-79, 2001.

De, B., Das, B., Das, B. and Sinha, A. C. Effect of integrated nutrient management on
yield, nutrient uptake and economics of rapeseed (Brassica campestris var.
yellow sarson) in terai region of West Bengal. Journal of Crop and Weed,
10(1): 69-72, 2014.

Develin, R.M. and Witham, F.H. Plant Physiology (4" ed.). CBS Publishers and
Distributors, New Delhi, 1986.

Dhaka, A.K. and Kumar, S. Response of fertility levels and organic sources on later
planted raya. Annals of Agricultural Research, 19(2), 129-133, 2003.

Dhindsa, K.S. and Gupta, S.K. Effect of date of sowing, spacing and fertility levels on
yield and chemical composition of Torai (Brassica campestris var. Torai),
Indian Journal of Agricultural Sciences, 7(3-4), 155-158, 1973.

Donald, C.M. and Hamblin, J. The biological yield and harvest index of cereal as
agronomic and plant breeding criteria. Advances in Agronomy, 28, 361-405,
1978

Dongale, J.H. Yield composition and nutrient by mustard in relation to irrigation and
N-P fertilization, Journal of Indian Society, Costal Agricultural Research,
8(1), 25-29, 1980.

Dubey, A.V., Vaishya, U.K., Bapat, P.N. and Tomar, V.S. Microbial solubilization of
rock phosphate: an alternative phosphorus source for mustard crop, JNKVV
Research Journal, 31(1/2), 54-55, 2000.

Dubey, O.P. and Khan, R.A. Effect of nitrogen in Indian mustard [Brassica juncea
(L.) Czernj. & Cosson], under irrigated condition, Indian Journal of
Agronomy, 38(4), 582-587, 1993.



Bibliography

Dubey, O.P., Khan, R.A. Effect of nitrogen and sulphur on sulphur content in Indian
mustard [Brassica juncea (L.) Czernj. & Cosson], and their residual balance in
soil, Indian Journal of Agronomy, 38(4), 582-587, 1996.

Dubey, O.P., Sahu, T.R. and Garg, D.C. Response and economics in relation to
nitrogen and sulphur nutrition in Indian mustard [Brassica juncea (L.) Czernj.
& Cosson], Journal of Agronomy, 39(1), 49-53, 1994.

Earl, H.J. and Tollenaar. Crop physiology and metabolism: maize leaf absorptance of
photosynthetically active ration and its estimation using a chlorophyll meter,
Crop Science, 37, 436-440, 1997.

Faujdar, R.S., Mathur, A.K. and Verma, A.K. Yield and quality of mustard as
influenced by different levels of phosphorus and sulphur, Asian Journal of
Soil Science, 3(1), 207-208, 2008.

Ganguly, S. and Prasad, A. Role of plant extracts and cow urine distillate as
immunomodulators: A review. Journal of Medicinal Plants Research, 5(4),
649-651, 2011.

Garnayak, L.M., Singh, N.P., Singh, S. and Paikaray, P.K. Influence of irrigation and
nitrogen on growth, yield and nutrient uptake by late-sown Brassica oilseed,
Indian Journal of Agronomy, 45(2), 371-378, 2000.

Ghimire. T.B., Bana.O.P.S. Effect of fertility levels on mustard (Brassica juncea)
seed vyield, quality and economics under varying poplar (Populus deltoides)

tree densities, Indian journal of agronomy, 56(4), 2011.

Ghosh, D.C., Panda, P.K. and Sahoo, P.M. Response of rainfed rapeseed [Brassica
juncea (L.) Czernj. & Cosson], to NPK, Indian Journal of Agriculture
Research, 29(1-2), 5-9, 1995.

Gomez, K.A. and Gomez, A.A. Statistical procedures for Agricultural Research, (2nd
Ed. 1984), John Willey and Sons Inc. New York, USA, 1976.

Vv



Bibliography

Gupta, B.R., Pathak, P.K., Bhan, Suraj and Singh, A. Effect of NPK on yield, nutrient
uptake and quality of torai (Brassica campestris var. Torai-T9), Indian
Journal of Agronomy, 17(1), 88-91, 1972.

Gurjar, B.S. and Chauhan, D.V.S. Yield attributes and seed yield of Indian mustard
[Brassica juncea (L.) Czernj. & Cosson], as influenced by varieties, fertility
levels and spacing in Harshi Command area, Indian Journal of Agronomy,
42(1), 142-144, 1996.

Gurjar, B.S., Khan, H. and Chauhan, D.V.S. Effect of fertilizer levels, spacing and
verities on yield and quality of mustard [Brassica juncea (L.) Czernj. &
Cosson], in Harshi Commended area of north Madhya Pradesh, Agricultural
Science Digest, 16(3), 167-189, 1996.

Hayat, S., Hussain, A., Khan, T. and Yahiya, M. Response of mustard to varied levels
of nitrogen and phosphorus, New Agriculturist, 7(2), 187-189, 1996.

Jackson, M.L. Soil Chemistry Analysis. Prentice Hall of India Pvt. Ltd., New Delhi,
1973.

Jain, N.K,, Vyas, A.K. and Singh, A.K. Effect of P and S fertilization on growth and
nutrient uptake by mustard [Brassica juncea (L.) Czernj. & Cosson], Annals of
Agricultural Research, 16(3), 389-390, 1995.

Jat, R.S., Khamgarot, S.S. and Rathore, S.S. Effect of different fertility level on
growth yield of mustard [Brassica juncea (L.) Czernj. & Cosson], Annals of
Agricultural Research, 21(3), 421-423, 2000.

Jha, G.K,, Pal, S., Mathur , V.C., Bisaria, G., Anbukkani , P., Burman, R.R. and
Dubey, S.K. Edible Oilseeds Supply and Demand Scenario in India:

Implications for Policy, Indian Agricultural Research Institute, 1-6, 2012.

Kakati, P.K. and Kalita, M.M. Response of Indian mustard varieties to nitrogen,
Indian Journal of Agronomy, 41(2), 332, 1996.

Vi



Bibliography

Kantwa, S.R. and Meena, N.L. Effect of irrigation, phosphorus and PSB on growth
and yield of mustard, Annals of Agricultural Research, 23(3), 456-460, 2002.

Kachroo, D. and Kumar, A. seed weight, oil and protein contents of Indian mustard as
influenced by N and S fertilization, Ann Agric Res 20 (5), 369-371,1999.

Khanal, A. Shakya, S. M., Shah, S. C., Sharma, M. D. Utilization of urine waste to
produce quality cauliflower. The Journal of Agriculture and Environment, 12,
2001.

Khatkar, Y., Dawson, J., Kishanrao, J., Dixit, Z.K. and Khatkar, R. Effect of nitrogen,
phosphorus and sulphur fertilization on growth and yield of mustard [Brassica
juncea (L.) Czernj. & Cosson], International Journal of Agricultural Science,
5(2), 396-398, 2009.

Khattak, S.U., Khan, A., Shahi, S.M, Zeb, A. and Igbal, M.M, Effect of nitrogen and
phosphorus fertilization on aphids infestation and crop yield of rapeseed
cultivars, Pakistan Journal of Zoology, 28(4), 335-338, 1996.

Kumar, A. and Kumar, S. Growth potential of Indian mustard var. ‘Vardan’ to
varying levels of nitrogen and sulphur, Indian Journal of Agricultural
Research, 41(4), 287-291, 2008.

Kumar, N., Singh, S. and Singh, V. Effect of sulphur level on yield, oil content and
this uptake by Indian mustard [Brassica juncea (L.) Czernj. & Cosson], Indian
Journal of Agronomy, 51(1), 63-64, 2007.

Kumar, P., Dhingra, P.K., Singh, V.P. and Pannu, P.K. Oil yield, oil content and
nitrogen uptake in different Brassica genotypes as affected by irrigation and
nitrogen application, Crop Res. (Hissar), 10(2), 145-147, 1995.

Kumar, R., Singh, V.P. and Faroda, A.S. studies on the oil yield and nitrogen uptake
by raya cultivars as influenced by nitrogen levels under irrigated and
conserved soil moisture conditions, Haryana Journal of Agronomy, 4(2), 182-
181, 1989.

vii



Bibliography

Kumar, S., Verma, S.K., Singh, T.K. and Singh, S.B. Effect of nitrogen and sulphur
on growth, yield and nutrient uptake by Indian mustard [Brassica juncea (L.)
Czernj. & Cosson] under rainfed condition, Indian Journal of Agricultural
Sciences, 81(2), 145-149, 2010.

Kumpawat, B.S. Integrated nutrient management in blackgram (Vigna mungo) and its
residual effect on succeeding mustard [Brassica juncea (L.) Czernj. &
Cosson] crop, Indian Journal of Agricultural Sciences, 80(1), 76-79, 2010.

Lal, K. and Dravid, M.S. Interaction effect of P, S, K2SiOz and FYM on dry matter
accumulation and utilization of P and S by mustard in Balsam and sandy soil

Hissar, Journal of Nuclear Agriculture Biology, 22, 184-188, 1993.

Lal, R., Singh, S., Singh, H. and Mehar, C. Periodical dry matter accumulation of
Brassica spp. as affected by irrigation and nitrogen levels, Indian Journal of
Agricultural Research, 34(4), 271-274, 2002.

Lal, S., Singh, P., Singh, Kotru, R., Hassan, B., Chand, L., Lone B.A. Cow urine
spray and integrated nutrient management of rice on productivity and energy
use under temperate valley conditions, Indian Journal of Agricultural
Sciences 82(7), 583-588, 2012

Leterme, P., Barre, C., Vertes, F. The fate of 15N from dairy cow urine under pasture
receiving different rates of N fertilizer. Agronomie, 23, 609-616, 2003.

Lone, A.N., Mir, M.R., Payne, W.A., Khan, A.V., Mir, D.T, Sheikh, S., Wani, S.A.
and Hassan, A.H.A. Effect of phosphorus and potassium on yield and quality
characteristics of mustard [Brassica juncea (L.) Czernj. & Cosson], Applied
Biological Research, 12(2), 78-80, 2010.

Mahal, S.S., Gill, M.S. and Singh, P. Response of torai (Brassica campestris subsp.
oleifera var toria) to irrigation, nitrogen and sulphur, Indian Journal of
Agronomy, 42(4), 670-674, 1996.

viii



Bibliography

Mandal, M.R.l. and Gaffer, M.A. Effect of different levels of nitrogen and
phosphorus on yield and yield contributing character of mustard, Bangladesh
Journal of Agriculture Research, 8(1), 37-43, 1983.

Marschner, H. Mineral nutrition of higher plants, Academic Press Inc. Londan,
U.K.,1986

Meena, B.S., Sharma, B.S. and Sharma, R.P. Effect of nitrogen, irrigation and
interculture on vyield attributes and yield of mustard [Brassica juncea (L.)
Czernj. & Cosson], Research on Crops, 3(1), 37-39, 2002.

Meena, N.L. Effect of nitrogen and sulphur on growth, yield attributes and seed yield
of mustard [Brassica juncea (L.) Czernj. & Cosson], in eastern plains of
Rajasthan, Indian Journal of Agronomy, 49(3), 186-188, 2004.

Mohammad, F., Khan, T., Afridi, R.M. and Fatma, A. Effect of nitrogen on carbonic
anhydrase activity, stomatal conductance, net photo-synthetic rate and yield of
mustard [Brassica juncea (L.) Czernj. & Cosson], Photosynthetica, 34(4),
595-598, 1997.

Mohan, K. and Sharma, H.C. Effect of nitrogen and sulphur on growth, yield
attributes, seed and oil yield of mustard [Brassica juncea (L.) Czernj. &
Cosson], Indian Journal of Agronomy, 37(4), 748-754.

Mohanty, 1., Senapat, M.R., Jena, I. and Palai, S. Diversified uses of cow urine.

International Journal of Pharmacy and Pharmaceutical Sciences, 6(3), 2014.

Mohanty, L., Sahu, S.K. and Mitra, G.N. Effect of fertilizers application on yield and
quality of mustard, Orissa Journal of Agriculture Research, 5(1-12), 104-106,
1992.

Mudholkar, N.J. and Ahlawat, I.P.S. Response of rapeseed to plant density and
fertilization, Indian Journal of Agronomy, 26(2), 184-188, 1981.



Bibliography

Nagdive, S.J., Bhalerao, P.D. and Dongarwar, U.R. Effect of irrigation and intergrated
nutrient management on growth and yield of Indian mustard [Brassica juncea
(L.) Czernj. & Cosson], Annals of Plant Physiology, 21(2), 182-185, 2007.

Narula, N., Gupta, P.P. and Lakshminarayana, K. Field response of Indian mustard
[Brassica juncea (L.) Czernj. & Cosson], to inoculation of soil isolated and
analogue resistant mutant of Azotobacter chroococcum, Annals of Biology,
9(1) 144-148, 1993.

Nuttals, W.F. and Malhi, S.S. The effect of lime and rate of ‘N’ application on the
yield and N uptake of wheat barley, flax and four cultivar of rapeseed.
Canadian Journal of Soil Science, 712), 227-238, 1991.

Olsen, S.R.C.V., Watanabe, F.S. and Dean, L.A. Estimation of available phosphorus
in soil by extraction with sodium bicarbonate USDA Circular 939, pp. 19-23.
Fine Method of Soil Analysis, Agron. No. 9; Black, C.A. (ed.), American
Society of Agronomy, Inc., Madison, Wisconsin, 1954.

Pareek, R.G. Effect of phosphorus, sulphur and PSB on growth and yield of mustard,
Agricultural Science Digest (Karnal), 19(3), 203-206, 1999.

Patel, A.l., Patel, D.M. and Patel, K.R. Response of mustard [Brassica juncea (L.)
Czernj. & Cosson], to varying levels of irrigations, nitrogen and sulphur,
Journal of Oilseeds Research, 12(2), 279-281, 1997.

Patel, J.R. and Shelke, V.B. Effect of farm yard manure, phosphorus and sulphur on
growth yield and quality of Indian mustard, Indian Journal of Agronomy,
43(4), 713-717, 1998.

Patel, J.R. and Shelke, V.B. Effect of farm yard manure, phosphorus and sulphur on
yield attributes, yield, quality and net return of mustard, Bhartiya Krishi
Anusandhan Patrika, 14(1/2), 93-99, 1999.

Patel, J.R. Effect of irrigation and nitrogen on mustard, Journal of Maharashtra
Agriculture Universities, 23(3), 259-261, 1998.



Bibliography

Patel, R.H. and Meisher, T.G. Effect of farm yard manure, nitrogen and source of
fertilizer on growth, yield attributes and yield of Indian mustard [Brassica
juncea (L.) Czernj. & Cosson], Indian Journal of Agricultural Sciences, 67(6),
237-240, 1997.

Patel, S.R. and Thakur, DS, Effect of N and P levels on growth, yield and quantity of
torai (B. campestris L.) under irrigated condition, Crop Research (Hisar),
15(1), 26-30, 1998.

Patil, B.N. and Bhargava, S.C. Seed quality studies in rapeseed mustard in relation to
nutritions, Annals of Plant Physiology, 1(1), 81-87, 1987.

Patil, B.N., Lakkineni, K.C. and Bhargava, S.C. Seed yield and yield contributing
characters as influenced by N supply in rapeseed-mustard, Journal of
Agronomy and Crop Science, 177(3), 197-205, 1996.

Pradhan, A.C. and Sarkar, S.K. Growth and yield of Rapeseed-mustard varieties as
influenced by sulphur and boron application, Indian Agriculturist, 37(1), 21-
26, 1994,

Prasad, S. and Shukla, D.N. Response of seed and oil yield and some physiological
attributes of mustard to different levels and methods of nutrient application,
Journal of Oilseed Research, 8, 20-28,1991

Prem, O.P. and Kumar, M. Response of Indian mustard [Brassica juncea (L.) Czern;.
& Cosson], to different levels of nitrogen and phosphorus under rainfed
condition, Indian Journal of Agronomy, 38(3), 51-53, 2004.

Premi, O.P. and Kumar, M. Response of Indian mustard [Brassica juncea (L.) Czern;j.
& Cosson], to different levels of nitrogen and phosphorus under rainfed
condition, Indian Journal of Agronomy, 38(1), 47-48, 2004.

Puri, G., Jaipurkar, S.A. and Bajpai, R.K. Influence of soil fertility status and

application of primary nutrients (NPK) on chemical composition and oil

Xi



Bibliography

content of mustard [Brassica juncea (L.) Czernj. & Cosson], grown in
vertisol, Journal of Soils and Crops, 9(2), 164-167, 1999.

Radford, P.J. Growth analysis formulae, their use and abuse, Crop Science, 7, 171-
175, 1967.

Rajput, R.L., Srivastava, U.K. and Verma, O.P. Physiological analysis of yield
attribution in soybean as influenced by varying levels of phosphorus,
irrigation and row spacing, Agricultural Science Digest, 14(2), 133-135, 1994.

Rana, K.S., Rana, D.S. and Gautam, R.C. Influence of phosphorus, sulphur and boron
on growth, yield, nutrient uptake and economics of Indian mustard [Brassica
juncea (L.) Czernj. & Cosson], under rainfed condition, Indian Journal of
Agronomy, 50(4), 314-316, 2005.

Rao, S.S. and Shaktawat, M.S. Effect of phosphorus and gypsum application in
presiding groundnut (Arachis hypogia) on soil fertility and productivity of
Indian mustard [Brassica juncea (L.) Czernj. & Cosson], Indian Journal of
Agronomy, 47(4), 487-494, 2002.

Rathore, P.S. and Manohar, S.S. Effect of sulphur and nitrogen on quality parameters
of mustard [Brassica juncea (L.) Czernj. & Cosson], Farming Systems, 5(1-2),
29-32, 1989.

Rathore, P.S. and Manohar, S.S. Effect of sulphur and nitrogen on seed yield and
nitrogen uptake by mustard. Indian Journal of Agronomy, 35(4), 361-363,
1990.

Reager, M.L., Sharma, S.K. and Yadav, R.S. Yield attributes,yield and nutrient uptake
of Indian mustard [Brassica juncea (L.) Czernj. & Cosson], as influenced by
nitrogen levels and its split application in arid western Rajasthan, Indian
Journal of Agronomy, 51(3), 213-216, 2006

Xii



Bibliography

Sadhu, A.C., Malavia, D.D., Mathukia, R.K. and Khanapara, V.D. Water and nutrient
management in Indian mustard [Brassica juncea (L.) Czernj. & Cosson], and
their residual effect on rainy groundnut (Arachis hypogea), Indian Journal or
Agronomy, 42(2), 342-347, 1997.

Sahoo, S.K., Dwibedi, S.K. and Pradhan, L. Effect of biofertilizers and levels of
nitrogen on yield and nutrient uptake of Indian mustard [Brassica juncea (L.)
Czernj. & Cosson], Environment and Ecology, 28(1), 129-131, 2010.

Sahu, B. and Sah, D. Growth parameters, dry matter accumulation and yield on Indian
mustard [Brassica juncea (L.) Czernj. & Cosson], as effected by phosphorus

and sulphur levels, Environment and Ecology, 29(1), 53-56, 2011.

Sankaran, A. A Laboratory manual for agricultural chemistry, Asia publishing house
Bombay, 255-257, 1966.

Sarmah, P.C., Katyal, S.K. and Debnath, M.C. Effect of fertility levels and plant
population on some physiological parameters of Sunflower, Crop Research,
19(3), 391-397, 2000.

Saunders, W. H. M. and Ruakura, A. A. Effects of cow urine and its major
constituents on pasture properties, Soil and Plant Research Station, Ministry
of Agriculture and Fisheries, Private Bag, Hamilton, New Zealand Published
online: 16 Jan 2012.

Saxena, K.K., Kumar, A. and Verma, H.R. Growth, yield and oil content of mustard
[Brassica juncea (L.) Czernj. & Cosson], as influence by application of

phosphorus and iron, Farm Science Journal, 14(1), 97-98, 2005.

Sharma, S.K., Rao, D.S.R.M. and Singh, D.P. Effect of crop genotypes and nitrogen
levels on yield of Brassica juncea, Indian Journal of Agronomy, 42(2), 357-
360, 1997.

Xiii



Bibliography

Shrivastava, U.K., Rajput, R.L. and Dwivedi, M.L. Response of soybean-mustard

cropping system to sulphur and biofertilizers on farmer’s field, Legume
Research, 23(4), 277-278, 2000.

Shukla, A. and Kumar, A. Dry matter accumulation, nitrogen content its uptake and
seed yield of Indian mustard [Brassica juncea (L.) Czernj. & Cosson], as
influenced by varieties and nitrogen fertilization, Indian Journal of Agronomy,
39(21), 38-42, 1997.

Shukla, A. and Kumar, A. Seed yield and oil content of Indian mustard varieties as
influenced by N fertilization. Journal of Research, BAU, 9(2), 107-110, 1997.

Shukla, R.K., Kumar, A., Mahapatra, B.S. and Basanth, K. Integrated nutrient
management practices in relation to morphological and physiological
determination of seed yield in Indian mustard [Brassica juncea (L.) Czernj. &
Cosson], Indian Journal of Agricultural Sciences, 72, 670-672, 2002.

Singh, J.K., Mishra, P.J. and Singh, R.A. Nutrient uptake, moisture use and
economics of Indian mustard [Brassica juncea (L.) Czernj. & Cosson]
varieties at rainfed conditions. Environment and Ecology, 32 (4), 1277—1281,
2014.

Singh, M. K., Singh, R. P. and Rai, S. Effect of Nitrogen Levels and Cow Urine on
Soil N Status, Growth and Yield on Paddy (Oryza sativa L.), 16(1), 54-57,
1998.

Singh, R. K., Singh, Y., Singh, A.K., Kumar, R. and Singh, V.K. Productivity and
economics of mustard (Brassica juncea) varieties as influenced by different

fertility levels under late sown condition, Indian Journal of Soil Conservation.

Singh, B. and Kumar, V. Response of Indian mustard [Brassica juncea (L.) Czernj. &
Cosson], to nitrogen and sulphur application under rainfed condition, Indian
Journal of Agronomy, 42(2), 286-289, 1996.

Xiv



Bibliography

Singh, D. and Verma, B.S. Effect of different source of sulphur on the yield of Indian
mustard [Brassica juncea (L.) Czernj. & Cosson], in pearl millet-mustard
cropping system, Annals of Biology, 23(1), 17-18, 2007.

Singh, D. and Verma, B.S. Indian mustard seed and oil yield as affected by sulphur
and fertilization, Annals of Biology, 23(1), 19-21, 2006.

Singh, D., Jain, K.K. and Sharma, S.K. Quality and nutrient uptake in mustard as
influenced by levels of nitrogen and sulphur, Journal of Maharashtra
Agricultural University, 29(1), 87-88, 2004.

Singh, D.V. and Nad, B.K, N-S interaction as affecting yield and mustard uptake in
mustard-moong cropping sequence under various nutrient combinations, Crop
Research, 19(3), 403-408, 2000.

Singh, K. and Singh, D. Response of mustard to nitrogen and spacing, Indian Journal
of Agronomy, 32(1), 15-17, 1987.

Singh, R. and Sinsinwar, B.S. Effect of integrated nutrient management on growth,
yield, oil content and nutrient uptake of Indian mustard [Brassica juncea (L.)
Czernj. & Cosson], in eastern part of Rajasthan, Indian Journal of
Agricultural Sciences, 76(5), 322-324, 2005.s

Singh, S. and Saran, G. Effect of nitrogen and sulphur on growth, yield quality and
nutrient uptake of Indian rapeseed, Indian Journal of Agronomy, 32(4), 474-
475,1987.

Singh, S.P. and Singh, V. Effect of nitrogen, sulphur and zinc on Indian mustard
[Brassica juncea (L.) Czernj. & Cosson], Indian Journal of Agricultural
Sciences, 75(12), 828-830, 2005.

Singh, T. and Brar, J.S. Effect of nitrogen and phosphorus application on seed yield of
Indian mustard [Brassica juncea (L.) Czernj. & Cosson], Annals of Biology,
15(1), 123-124, 1999.

XV



Bibliography

Singh, V., Lodhi, M. and Verma, N.K. Effect of phosphorus and sulphur levels on
growth and yield of mustard [Brassica juncea (L.) Czernj. & Cosson], variety
“Varuna’, Agricultural Science Digest, 28(1), 59-60, 2014.

Singh, V, Response of mustard to irrigation and fertilization, Madras Agricultural
Journal, 70, (1), 15-18, 1983.

Singh, Y. and Singh, M. Effect of sowing time, spacing and nitrogen levels on yield
of mustard [Brassica juncea (L.) Czernj. & Cosson], Indian Journal of
Agronomy, 36(3), 429-430, 1991.

Singh, Y., Singh, T., Singh, U.N. and Rajput, P.K, Effect of nutrient management on
yield, quality and economics of irrigated Indian mustard [Brassica juncea (L.)
Czernj. & Cosson], Indian Journal of Agricultural Sciences, 80(8), 691-694,
2010.

Sparks, P.L. Method of soil analysis part-3 chemical methods, American Society of
Agronomy INL, Madison, Wisconsin USA, 1996.

Subbiah, B.W. and Asija, G.L. A rapid procedure for estimation of available nitrogen
in soil, Current Science, 25(8), 259-260, 1956

Sumeria, H.K. Response of mustard [Brassica juncea (L.) Czernj. & Cosson], to
phosphorus, triacontanol granule and growth promoters, Agriculture Science
Digest, 23(2), 134-136, 2003.

Sumeriya, H.K., Meena, N.L. and Mali, A.L. Effect of phosphorus, tricontanol
granule and growth parameters on productivity of mustard [Brassica juncea
(L.) Czernj. & Cosson], International Journal of Tropical Agriculture, 18(3),
283-286, 2000.

Suneja, S., Lakshminarayana, K. and Gupta, P.P. Role of Azotobacter chroococcum
siderophores in control of bacterial rot and Sclerotinia rot of mustard, Indian
Journal of Mycology and Plant Pathology, 24(3), 202-205, 1994.

XVi



Bibliography

Thakral, S.K., Faroda, A.S and Gupta, S. Effect of nitrogen and fertility levels and
quality of Brassica spp., Annals of Agricultural Research, 4, 153-160, 1996.

Thakral, S.K., Singh, B.P. and Foroda, A.S. Comparative returns from Brassica
species grown under different irrigation and fertility levels, International
Journal or Tropical Agriculture, 13(1-4), 211-216, 1995.

Thakur, K.S. Response of promising varieties of Indian mustard [Brassica juncea (L.)
Czernj. & Cosson], to nitrogen and spacing under mid-hills, rainfed conditions
of Himachal Pradesh, Indian Journal of Agronomy, 44(4), 816-819, 1998.

Thakuri, K. and Gogoi, P.K. Response of rainfed Indian mustard [Brassica juncea
(L.) Czernj. & Cosson], to nitrogen and row spacing, Indian Journal of
Agronomy, 41(2), 279-281, 1996.

Thanki, J.D., Patel, A.M. and Patel, M.P. Effect of nitrogen, phosphorus and farm
yard manure on growth, yield, quality and nutrient uptake of Indian mustard
[Brassica juncea (L.) Czernj. & Cosson], Journal of Oilseed Research, 21(2),
296-298, 2004.

Tomar, S., Tomer, T.S., Kumar, S., Tomar, S., Singh, M. and Singh, S, Response of
Indian Mustard [Brassica juncea (L.) Czernj. & Cosson], to nitrogen,
phosphorus and potassium fertilizers, Indian Journal of Agronomy, 41(4),
624-626, 1996.

Tomar, T.S., Singh, S., Kumar, S. and Tomar, S. Response of Indian mustard
[Brassica juncea (L.) Czernj. & Cosson] to nitrogen, phosphorus and sulphur
fertilization, Indian Journal of Agronomy, 42(1), 148-151, 1997.

Tripathi, K., Chaturvedi, S., Shukla, D. K. and Saini, S. K. Influence of integrated
nutrient management on growth, yield and quality of Indian mustard (Brassica
juncea L.) in tarai region of northern India, Journal of Crop and Weed, 7(2),
104-107, 2011.

XVii



Bibliography

Vir, P. and Verma, B.S. Effect of N,P and row spacing on yield, yield attributes and
oil content of rainfed mustard, Indian Journal of Agronomy, 26(1), 37-41,
1981.

Vir, P. and Verma, B.S. Effect of nitrogen and phosphorus content and their uptake in
rainfed mustard, Indian Journal of Agricultural Sciences, 49(12), 950-952,
1979.

Walkley, A.J. and Black, C.A. Estimation of soil organic carbon by the chromic acid
titration method, Soil Science, 37, 29-38, 1934.

Yadav, R.B., Singh, H.R. and Yadav, H.S. Effect of different levels of zinc and
sulphur on Indian mustard [Brassica juncea (L.) Czernj. & Cosson],
Agricultural Research, 33(1/3), 74-76, 2010.

Yadav, S.S., Singh, B., Singh, S. and Tikko, A. Effect of levels and sources of
phosphorus and sulphur on growth and yield of Indian mustard [Brassica
juncea (L.) Czernj. & Cosson] in light textured soils of southern, Haryana
Journal of Agronomy, 21(2), 136-137, 2005.

#Citation of bibliography is given as per the University guidelines.

Xviii



Appendix - 1

General cost of cultivation (Rs ha™) of Mustard

S. | Operations Materials Input Rate Cost
No. (Rs.) (Rs.)
1 | Field preparation
(a) | Discing One tractor (45HP) for 400/h 800
2h
b | Cultivation with double one tractor (45HP) for 400/h 1600
cultivator(twice) 4 hrs
2 | Layout 4 man days 150/ man 600
day
3 | Sowing with Kudal 22 man days 150/ man 3300
day
4 | Seed 5 kg 60/ kg 300
5 | Thinning 8 man days 150/ man 1200
day
6 | Weeding
(@) | Chemical Weeding Pendimethalin @3.3lit /ha | 300/lit. 990
(b) | Mechanical Weeding 8 man days 150/ man 1200
day
7 | Irrigation (2) (1 pre + 1 post) | Water for 2 irrigation 350 700
Jirrigation
Labour charge 4 man days 150/ man 600
day
8 | Plant protection - -
(a). | 2 spraying against aphid Rogor 25 EC 2 Litre | 370 /lit.
(b). | 2 spraying against alternaria Dithane M 45 4 kg 200 / kg 800
blight
Labour charges 4 man days 150/ man 600
day
10 | Harvesting 15 man days 150/ man 2250
day
11 | Bundle making, Threshing 15 mandays 150/ 2250
and Winnowing mandays
Total 17190
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Appendix — 11

Cost of cultivation (Rs ha'l) for various combinations of fertility and cow urine

levels.
Sn | Treatme | General | Fertilz | Total | Interest on Land Total
0. nts Cost of | er and | Worki | working Revanue Cost of
cultivati | urine ng capital (Rs.120/ann | cultivati
on price | Capita | (14%/ann um) on
I um)
1 F1Uo 17190 | 5485.6 | 22675. | 1587.292 60 24323
6
2 FiUq 17190 | 6085.6 | 23275. | 1629.292 60 24965
6
3 FiU2 17190 | 6685.6 | 23875. | 1671.292 60 25607
6
4 F1Us 17190 | 7285.6 | 24475. | 1713.292 60 26249
6
5 F2Uo 17190 | 8221.6 | 25411. | 1778.812 60 27250
6
6 FoUq 17190 | 8821.6 | 26011. | 1820.812 60 27892
6
7 FoU, 17190 | 9421.6 | 26611. | 1862.812 60 28534
6
8 FoUs3 17190 | 10021. | 27211. | 1904.812 60 29176
6 6
9 FsUo 17190 | 10971. | 28161. | 1971.291 60 30193
3 3
10 FsU1 17190 | 11571. | 28761. | 2013.291 60 30835
3 3
11 FsU> 17190 | 12171. | 29361. | 2055.291 60 31477
3 3
12 FsUs; 17190 | 12771. | 29961. | 2097.291 60 32119
3 3
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