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CHAPTER-I

INTRODUCTION

India is the second largest rice producing country in the world after China.
Although rice planted area in India is 40 per cent higher than in China, Indian rice
production is 30 percent below than Chinese production because of lower yields (2.3
tonnes per hectare in India vs. 4.7 tonnes in China). Indian rice yields are well below
the world average (2.9 tonnes/hectare), implying there is a great potential for increasing
production.

Rice is an important crop grown in nearly 44 million ha of land in the country
with the productivity of 2.2 t/ha which is less than the productivity of many Asian
countries. In Chhattisgarh, rice occupies average of 3.6 million ha with the productivity
of the state ranging between 1.2 to 1.6 t/ha depending upon the rainfall.

Chhattisgarh state occupies 13.51 million hectares with a gross cropped area of
about 5.68 million ha. The geographical area of the state is situated between 17046’ to
2406’ N latitude and 80015’ to 84051 E longitude. Elevations are ranging from 300 to
600 meter above the mean sea level.

Rice is being grown on wide range of soil and climatic conditions, Inceptisol
are shallow, well-drained, loamy soils on the gentle sloping and undulating plateau
(slightly dissected) with moderate erosion and occurrence of stones. They are immature
soils with weakly developed profile features. They are classified as loamy, kaolinitic,
isohyperthermic, Lithic Ustropepts. Inceptisol are locally called matasi soil. They have
a light texture and a shallow to moderate depth. These soils are widely used for

growing short-duration rice after bunding and leveling. After rice, they are left fallow



under rainfed conditions.

In the coming decades, a major issue in designing sustainable agricultural
systems will be the management of soil organic matter and the rational use of organic
inputs such as animal manures, industrial wastes, green manure and crop residues
(Powlson 1994). Maintaining or increasing soil organic matter content is of great
benefit in terms of recycling plant nutrients, minimizing the need for inorganic
fertilizers, and improving soil physical condition. Farmyard manure is the most
commonly used organic manure, but it is limited in supply and contains low and
variable nutrient contents. Green manures offer considerable potential as a source of
plant nutrients and organic matter.

Soil organic matter is thus an important component of soil quality and
productivity. Nevertheless, its measurement alone does not adequately reflect changes
in soil quality and nutrient status (Mathers et al, 2000; Chen et al, 2004).
Measurements of biologically active fractions of organic matter, such as microbial
biomass carbon (MBC) and nitrogen (MBN), and potential C and N mineralization
better reflects changes in soil quality and productivity that alter nutrient dynamics
(Hole et al., 2005). Because it is living, the microbial biomass responds much more
quickly to changing soil conditions, particularly decrease or increase in plant or animal
residues, than does soil organic matter as a whole. Measurable changes in microbial
biomass would thus reflect changes in soil fertility due, for example, to changes in the
total pool of soil organic matter (Brookes, 1995; El-Ghamry et al., 2001). The soil
microbial biomass (MBC and MBN) is the active component of the soil organic pool

playing an important role in nutrient cycling and plant nutrition and functioning of



different ecosystems. It is responsible for organic matter decomposition thus affecting
soil nutrient content and, consequently, primary productivity in most biogeochemical
processes in terrestrial ecosystems (Gregorich et al., 2000; Haney et al., 2001).
Applying organic amendments to soil not only increases the total organic carbon
content and its different fractions but also has a series of effects on microbial
proliferation and activity (Tejada et al., 2006; Ros et al., 2003). Soil microbial biomass
is undoubtedly a valuable tool for understanding and predicting changes in soil fertility
management and associated soil conditions such as nutrient dynamics and soil reaction
(Sharma et al., 2004; Yougun et al., 2007). It has assumed greater significance and
increasing interest in its determination (Azam et al., 2003).

One of the most important roles of the microbial biomass is the conversion of
organic matter into mineral nutrients available for plant uptake. The microbial biomass
is important for transforming nitrogen, phosphorus, sulphur, potassium, calcium,
magnesium, manganese and zinc into forms that can be used by plants. If it weren’t for
soil microbes, plant nutrients would remain ‘locked away’ indead plant and animal
tissue. About half the microbial biomass is located in the surface 10 cm of a soil profile
and most of the nutrient release also occurs here.

Soil microbial diversity is one of the most important microbial parameters in
soil. It has been demonstrated that soil microbial diversity is affected by anthropogenic
disturbance (Fox and MacDonald, 2003). Inorganic fertilizers, especially nitrogen (N),
phosphorus (P) and potassium (K), not only serve to maintain or improve crop yields,
but their application also directly or indirectly induce changes in soil chemical,

physical and biological properties. These changes, in the long-term, are believed to



have significant influences on the quality and productive capacity of the soil (Acton
and Gregorich, 1995). However, available information is conflicting and uncertainties
still remain about the long-term influence of inorganic fertilizers on soil microbial
biomass and microbial diversity. Some studies showed that chemical fertilizers
increase biomass C and N(Lynch and Panting, 1982; Kanazawa et al., 1988; Goyal et
al., 1992), but Sarathchandra et al. (2001) reported that nitrogen and phosphate
fertilizers had no significant effects on soil microbial populations and N application
reduced the functional microbial diversity in pasture soils.

Several studies have documented the long term beneficial effect of organic
fertilization on yield decline reversal. The benefits include sustaining high yield levels
through the combined application of inorganic and organic amendments, and at the
same time improving the overall soil health by improving SOM levels and microbial
activity. Li et al. (2010) demonstrated that long term organic amendments (OA)
usually enhanced rice yields but the effect depends on the quantity and quality of the
organic amendments, and the inherent nutrient and the SOC levels in soil. Similarly,
the long-term evaluation of the effects of organic amendments on the rice yields for
double rice cropping systems in subtropical China was positive on the yield trends for
either first or second rice crop in the treatments except for those without sufficient
nutrient supply (Bi et al. 2009). This positive effect was attributed mainly to the
increased soil organic carbon and soil nutrient capacity due to the long-term application
of OA.

All the above facts draw our attention towards adopting of integrated nutrient

management system and compared with use of chemical fertilizer alone. In view of the



above facts, the present experiment entitled “LONG TERM EFFECT OF

INORGANIC FERTILIZERS AND ORGANIC MANURES ON SOIL

FERTILITY STATUS, MICROBIAL BIOMASS CARBON, NUTRIENT

UPTAKE AND YIELD OF RICE ON INCEPTISOL” was undertaken with the

following objectives:-

1.

To study the influence of continuous use of inorganic fertilizers, green
manuring, rice residue and F.Y.M. application on soil fertility status.

To quantify the macro nutrient (N, P and K) uptake by rice crop as influenced
by different nutrient sources.

To find out the N, P and K balance sheet under internal nutrients supply system.
To study the effect of Integrated nutrient management practices on soil
microbial biomass carbon.

To assess the effect of combination of inorganic and organic treatment on

growth and yield of rice crop.
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CHAPTERII

REVIEW OF LITERATURE

The integrated nutrient management (green manure, FYM, rice residues and
fertilizers) greatly influenced the production of rice. It will guarantee for agricultural
production at high level with high quality produce while restoration, improvement and
maintenance of soil fertility.

A brief review of work done presented in this chapter under the following
heads.

2.1 Effect of Inorganic fertilizers on

2.1.1 Soil fertility status

2.1.2 Nutrient concentration and their uptake
2.1.3 Soil microbial biomass carbon

2.1.4 Growth and development

2.1.5 Yield

2.2 Effect of Integrated nutrient management on
2.2.1 Soil fertility status

2.2.2 Nutrient concentration and their uptake
2.2.3 Soil microbial biomass carbon

2.2.4 Growth and development

2.2.5 Yield

2.1 Effect of Inorganic fertilizers on

2.1.1. Soil fertility status

Acton and Gregorich (1995) reported that inorganic fertilizers, especially nitrogen



(N), phosphorus (P) and potassium (K), serve to maintain or improve crop yields, but their
application also directly or indirectly induces changes in soil chemical, physical and
biological properties. These changes, in the long-term experiment are believed to have
significant influences on the quality and productive capacity of the soil.

Dev G. (1997) reported that different techniques used for evaluating soil fertility and
approaches for recommending balanced fertilizer use based on soil tests are described. The
approach of general fertilizer recommendations related to soil test ratings is in common use
though it has its shortcomings. Because of the changing trend in agriculture, yield target
concept and fertilizer recommendations for maximum profits per hectare (or economic base)
are more promising. Yield target concept has the added advantage that targets can be varied
by taking into consideration the resources available. In case of increased cost or lesser
availability of fertilizers, relatively lower yield targets can be fixed and plant nutrients
applied resulting in higher returns and maintenance of soil fertility. The recommendations
must necessarily be point out to loss in yield and profit under the conditions of deviation
from use of fertilizers in balanced proportion.

Ogbodo E.N. (2013) the impact of long term use of inorganic fertilizers on the
chemical properties of soil. The results of the analysis indicated that the soils were very
strongly acidic to acidic (4.0-5.6), whereas exchangeable acidity (EA) was very high across
the entire locations. Organic carbon (OC) ranged from low to high (0.51-1.84); Cation
Exchange Capacity (CEC) was very low across the locations (1.65-4.5), whereas base
saturation ranged from very low to low (42.06-50.10). Total nitrogen and exchangeable
phosphorus ranged from moderate to medium (0.09-0.19 and 5. 70-24.8); potassium,

calcium, magnesium and sodium ranged from very low to low (0.05-0.32; 0.86-5.10; 0.30-



2.0 and 0.09-0.25), respectively across the locations. The soil microbial populations were
however stable and consistent with normal microbial population for natural agricultural
soils.

2.1.2. Nutrient concentration and their uptake

Chaudhary and Sinha (2007) reported that N and Zn content and their uptake by rice
plant at various stages of crop growth increased significantly by the application of increased
dose of N and ZnSO,4 The maximum uptake of 90.2 kg N ha! was recorded at 120 kg N ha’!
application which might be due to the fact that plant absorbed N proportionately as the pool
of available nitrogen increased in soil by addition of higher dose of nitrogen. Increase N
adsorption by rice crop due to N. Application of ZnSO, increased the concentration and
uptake of N at all the growth stages which might be attributed to easy transformation of urea
available N with addition of Zn (Kumar ef al. 1999).

Zaidi and Tripathi (2007) revealed that the application of N resulted in significant
increased in total N uptake with an increase in the dose upto 150 kg N ha™, during all the
three year. On average, the highest total N uptake of 123.11 kg ha™ was recorded with
application of 150 kg N ha™' and showing additional uptake of 78.46, 2-2.95 kg N ha'over 0,
50 and 100 kg N ha™', respectively. The highest agronomic efficiency of 26.54 kg grain per
kg N applied was recorded with 100 kg ha'which showed an increase of 2.39 kg grain per
kg N! applied over 50 and 150 kg N ha™', as reported by Gunri et al. (2004). Ramiah e al.
(1987) have also reported that significant increases in N uptake with increase in nitrogen
dose.

Sheoran et al. (2007) revealed that application of nitrogen through LCC based was

significantly increase nitrogen content into grain (45.6-46.1 kg grain per kg™ N applied). It



was superior over farmer’s practices (36.4 kg grain per kg™ N produced) of which applied N
through STCR (soil test crop response) model equation.

Bezbaruha et al. (2011) recorded that maximum N, P and K uptake values were re-
corded in 20 x 20 cm crop geometry and inorganic fertilizers treatment.
2.1.3 Soil microbial biomass carbon

Yan et al. (2000) showed that there was no significant correlation between soil
microbial diversity (substrate utilization patterns) and soil organic C when the C contents
were larger than 17.6 g kg™, but a positive relationship was observed at soil C contents
below this level.

Qi and Guang (2005) revealed that the under long-term fertilizer experiment (LTFE)
the balanced application of N, P and K promoted soil microbial biomass growth and
improvement of community composition.

Zhong and Cai (2006) reported that the most microbial parameters were mainly
correlated with soil organic carbon content rather than P and N, indicating that the
application of P and N did not directly affect microbial parameters in the soil, but did so
indirectly by increasing crop yields, thus promoting the accumulation of soil organic matter.

Zhong and Cai (2007) reported that microbial parameters were mainly correlated
with soil organic carbon content rather than P and N, indicating that the application of P and
N did not directly affect microbial parameters in the soil, but did so indirectly by increasing
crop yields, thus promoting the accumulation of soil organic matter.

Liu et al. (2011) concluded that the application of N fertilizer improved soil
microbial biomass and respiratory activity. But, microbial diversity was reduced when

excessive urea was applied in the tested paddy soil and the increase both in SMBC and



SMBN under fertilization treatment was found very significantly correlated to the increase
in SOC over controls across the sites. Also, the ratio of cultural fungal to bacterial
population numbers (F/B ratio) was well correlated with soil organic carbon contents in all
samples across the sites studied. SOC accumulation favoured a build-up of the microbial
community with increasing fungal dominance in the rice paddies under fertilization
treatments.

2.1.4. Growth and development

Singh et al. (1996) reported that increased level of N application upto 150 kg N ha™
increased the growth components like plant height, leaves and dry matter accumulation in
rice. Besides levels, its time of application greatly influenced the dry matter production.

Choudhary et al. (2007) reported that plant height and LAI significantly increase
with application of N 120 kg ha™ over control because of adequate N. Further they revealed
that the increase of N application from 0 to 120 kg ha™, significantly and progressively
increased the plant height, LAI, panicle m™, panicle length, grain panicle” and 1000-grain
weight. Plant growth depends on cell-division and enlargement for which adequate nutrition
is essential. Hence crop receiving 120 kg ha™ produced taller plants and more number of
panicle m™ (Gardner et al. 1988).

Sathiya et al. (2008) revealed that application of 175 kg N/ha in rice crop recorded
significantly higher growth attributes, yield attributes and grain yield (4876 kg/ha) over 100
and 125 kg N/ha of aerobic rice.

Bezbaruha ef al. (2011) conducted field experiments during the wet seasons of 2006
and 2007 at the Agricultural Experimental Farm of the Indian Statistical Institute, Giridih, a

part of eastern plateau region of India. The study was designed to investigate the effect of

10



planting geometry and nutrient management practices on productivity of two hybrid rice
cultivars. Split-plot design with three replications was adopted to carry out the experiment
by allocating combinations of treatments of planting geometry and rice cultivar in main-
plots and nutrient management treatments in sub-plots. “CNRH-3" rice proved its efficiency
in terms of grain yield and growth that was also reflected in yield and growth attributing
characters such as number of productive tillers, number of grains per panicle, length of
panicle, panicle weight, test weight and harvest index.

2.1.5. Yield

Dwivedi and Thakur (2000) reported that the treatment with 100:60:40 kg NPK/ha
i.e. 100% NPK recorded significantly higher grain yields (43.25 and 44.38 g/ha) than the
lower fertilizer rates (75 and 50% NPK) on rice crop.

Upadhyay et al. (2003) revealed that grain yield of rice increased significantly with
100 per cent recommended dose of N, P and K. They showed that the response to 100 per
cent N, P and K dose was 311 kg ha™ over the control yield of 229 kg ha™ in rice,
respectively.

Zaidi et al. (2007) reported that the application of splits of nitrogen i.e., '/s at 7 day
after transplanting + '/3 at panicle initiation stage produced maximum grain yield of 4881 kg
ha' and 1528 kg ha'or 47.9 per cent higher than in the recommended method of N
application.

Sheoran et al. (2007) revealed that application of N as per farmer’s practice (195 kg
N ha™) resulted the highest grain and straw yield and it was statistically at par with nitrogen
application as dictated by soil test analysis and recommendation basis (150 kg N ha™). The

per cent increase in grain yield due to farmer’s practice, recommended dose of N, P and K
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and soil test based fertilizer application was 17.6, 15.3 and 1.3 per cent, respectively over
LCC (leaf colour chart) based nitrogen scheduling practice.

Liao et al. (2010) reported that the application of K fertilizer (NPK) increased grain
yield by 56.7 kg ha ' over that obtained without K application (NP).

Bezbaruha ef al. (2011) reported that rice cultivars grown with the application of
inorganic fertilizers alone produced maximum grain yield and also recorded higher values of
ancillary characters.

Parvathi et al. (2013) showed that application of NPK (20:10:25 kg ha-1) + gypsum
+ zinc sulphate recorded highest pod yield of 1499 kg ha™ which was on par with NPK +
gypsum and FYM alone treated plot in groundnut crop.

2.2 Effect of Integrated nutrient management on
2.2.1. Soil fertility status

Rattan and Singh (1997) reported that rice-wheat cropping system practiced in 9.5
million hectares area contributed to an estimated 21.86 per cent of the total 191.09 million
tonnes of food grain production from 143 million hectares net cultivated area during 1994-
95. However, concerns have been expressed that adoption of this highly intensive system
has fatigued the soils in terms of declining crop and factor productivity. Imbalanced
fertilizer use has been one of the key factors. Even the application of recommended NPK
fertilizers devoid of organics has not been able to sustain its productivity. Review has been
made on the role of balanced fertilization integrated nutrient management on the
sustainability of the rice-wheat system.

Jaggi et al. (2001) reported that the long term fertilizer experiments have shown the

continuous application of suboptimal doses of chemical fertilizers to soils had a deleterious
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effect on soil productivity. However, integrated use of organic manures with optimal levels
of NPK fertilizers not only improved the nutrient status and soil health but also stabilized the
crop yields at higher level. The integrated use of organic and chemical fertilizers at
optimum levels as determined by soil test in LTFE's indicate the build up of micronutrient
and/or secondary nutrient reserves such as Zn and S.

Zia et al. (2002) reported that integrated plant nutrient management strategy
involving the use of inorganic fertilizers on soil test basis at the proper time, by appropriate
method of application, in balanced form and using all the possible sources of organic
manure (FYM, green manures, composts, crop straw and bio fertilizer etc), has to be
adopted. This will definitely enhance the productivity of rice and wheat crops by improving
soil fertility and ameliorating adverse soil physical conditions.

Zhao and Zhou (2011) showed that the combined application of organic and
inorganic fertilizers could increase the organic matter, alkaline nitrogen, available
phosphorus and potassium and increase the nutrient contents of soil and also the highest
productivity contribution to black soil fertility. It was the best fertilization structure of
increasing productivity level and improving the soil fertility.

Hou et al. (2011) reported that the twenty-five years plantation, organic manure

application combined with chemical fertilizers treatments were 65.4%-71.5% (P<0.05)
higher than CK, and 3.9%-7.8% (P <0.05) higher than NPK treatment in yield. Rice yield of
30F+70M treatment was the highest in all treatments, reached 12 346.90 kg? hm™. The
difference between 30F +70M and NPK treatments in yield was widening with each passing
year, the same as the 30F +70M and 70F +30M treatments. No fertilization for a long time

result in soil fertility degeneration, there was a significant increase of soil fertility with a
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long-time balanced fertilization, and organic manure application combined with chemical
fertilizers showed the most obvious increase of soil fertility relatively.

Hemalatha and Chellamuthu (2013) reported that the effect of continuous
fertilization on soil nutrient status was studied after 36 years of cropping cycle on an
Inceptisol. The soil reaction, as reflected in the pH, soil salinity as measured by EC has not
changed significantly due to the different fertilizer schedules adopted over these years. The
cation exchange capacity of the soil has increased significantly in the treatment receiving
100 per cent NPK+FYM. The organic carbon content of the soil has increased significantly
in all the treatments that received NPK at different levels. The highest value of 6.2 g kg™
was recorded in the treatment receiving NPK+FYM @ 10 t ha™ which 55 per cent higher
than control and also 107 per cent higher than the initial status. Available N, P and K status
increased due to 100 percent NPK+ FYM application and recorded 195, 26.7, 639 kg ha™,
respectively. The available statuses of Ca and Mg of the soil have increased significantly in
all treatments recording the highest status on continuous application of integrated fertilizer
management. The micronutrients like iron, zinc, manganese and copper were significantly
higher in the treatment receiving 100 per cent NPK + FYM. The Integrated nutrient
management practice sustained the soil fertility and soil health.

Rahman et al. (2012) noted that addition of mungbean residues or Sesbania biomass
to the fertilizer schedule ensures higher crop productivity and sustains soil fertility in maize-
legume-rice cropping pattern.

2.2.2. Nutrient concentration and their uptake
Swarup and Yaduvashi (2000) reported that soil pH was higher in inorganic fertilizer

treatment plot as compared to NPK + green manure treatment plots. Continuous use of
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NPK + green manure increased the organic carbon in 0-15 cm depth. There was a significant
increase in the available P status of the soil in plot receiving fertilizer P and those getting
green manure application over rest of the treatment. There was significant increase in
available K status of the soil in plot receiving fertilizer K and those getting green manure
over rest of the treatment.

Tiwari et al. (2000) reported that in rice, uptake of N was higher in the treatment 60
kg N+ green manure and 120 kg N + 60 kg P,Os + K,O ha! than 60 kg N ha! and control.
The uptake of K was higher in treatment 60 kg N + 60 kg P,Os and 120kg N+ 60 kg P,Os+
60 kg K,0 ha™ than 60 kg N ha and control.

Sharma et al. (2001) studied additions of green manure or FYM resulted in higher
removal of nutrients by the crops as compared to chemical fertilizers and build up of soil N,
P, K, Zn and organic carbon while reduced the soil pH. Katyal et al. (2002) reported that
increase in rice yield over years with application of 50% RDF (NPK) along with 50 per cent
through FYM with application.

Bajpai et al. (2002) reported that the substitution of 50 per cent or recommended N
to rice with either FYM or green manure along with 50 per cent RDF (NPK) through
chemical fertilizer improves organic carbon and available nutrient status of soil. Similar,
improvement was also observed in available N and P status of soil over initial values. Zia et
al. (2002) revealed that application of FYM to rice not only increased the rice yield but it
also improved the yield of following wheat crop.

Sharma et al. (2004) reported that grain as well as straw yield of rice was
significantly higher when it was supplied with 50 per cent of recommended dose of NPK

through chemical fertilizer along with 50 per cent of N through FYM as compared to control
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and farmer’s practices. Gill et al. (2004) also supported of the above result and reported that
agronomic efficiency (kg grain per kg’ N applied) was maximum by 50 per cent N
substituted through GM followed by 50 per cent N through FYM. Agronomic efficiency and
higher recovery efficiency under 100 per cent RDN (recommended dose of nitrogen) + 5
tonne FYM recorded higher than 100 per cent RDN could be ascribed to move uptake of N,
which might be due to prolonged N availability, as reported by Upadhyay et al. (2003).

Singh and Yadav (2004) reported that the values of plant height , shoot per running
meter, dry matter accumulation at harvest, number of effective shoots, length of spike,
number of spikelets, number of grain, grain weight per ear head and 1000-grain weight were
significantly higher in the treatment with rice residues incorporation over rice residue
removed and rice residue retained. Rice straw, used as crop residues helps in increasing
fertility status of soil, and thus increases grain yield and quality of rice. Similar findings
were also reported by Verma (2001).

Sarwar (2005) studied that increased concentration of NPK in paddy and straw of
rice with the combined use of FYM, sesbania green manure and chemical fertilizer
compared with application of chemical fertilizer and organic manures alone. Laxminarayana
and Patiram (2006) revealed that application of optimum doses of NPK in combination with
green manure @ 5 Mg ha™' recorded highest grain and straw yields and uptake of N, P and
K followed by 100% NPK + poultry manure and 100% NPK + FYM.

Islam et al. (2010) reported that the highest nutrients uptake by both grain and straw

was obtained from T_: N P K + PM (Poultry manure) treatment and lowest from control. Dar

et al. (2012) studied that uptake of nitrogen by paddy and straw was higher under integrated
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nutrient treatments. Kumar and Prasad (2008) reported that green manuring and green gram
residue incorporation enhanced the uptake of N, P and K by rice and wheat.

Choudhary and Suri (2009) reported that the grain and straw yield as well
as nutrient (NPK) uptake in both rice and wheat were significantly higher in plots receiving
farm yard manure (FYM) @ 10 t ha™, followed by berseem (Trifolium alexandrinum L.)
and green manure 'in-situ'+ FYM incorporation.

Kumari and Reddy (2011) reported that the incorporation of field bean crop residues
was found to be superior to any other crop residue incorporation with regard to growth and
yield of rice as well as nutrient uptake.

Das et al. (2013) showed that FYM application @ 15 t ha "' along with 100% NPK
fertilizers produced maximum yields, nutrients uptake and along with improvement in soil
properties.

2.2.3. Soil microbial biomass carbon

Goyal et al. (2009) showed that the application of rice straw compost @ 5 t/ha along
with half of the recommended dose of inorganic fertilizer increased the microbial biomass C
from 136 to 258 mg/kg.

Sun et al. (2010) showed that after 19-years fertilization, the soil MBC and MBN
under the application of organic manure plus inorganic fertilizers were 231 and 81 mg x kg’
! soil, and 148 and 73 mg x kg™ soil, respectively, being significantly higher than those
under non-fertilization, inorganic fertilization, and inorganic fertilization plus straw
incorporation. The ratio of soil MBN to total N under the application of organic manure and
organic manure plus inorganic fertilizers was averagely 6.0%, significantly higher than that

under non-fertilization and inorganic fertilization. Biolog-ECO analysis showed that the
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average well color development (AWCD) value was in the order of applying organic manure
plus inorganic fertilizers = applying organic manure > non-fertilization > inorganic
fertilization = inorganic fertilization plus straw incorporation. Under the application of
organic manure or organic manure plus inorganic fertilizers, the microbial utilization rate of
carbon sources, including carbohydrates, carboxylic acids, amino acids, polymers, phenols,
and amines increased; while under inorganic fertilization plus straw incorporation, the
utilization rate of polymers was the highest, and that of carbohydrates was the lowest. Our
results suggested that long-term application of organic manure could increase the red soil
MBC, MBN, and microbial utilization rate of carbon sources, improve soil fertility, and
maintain a better crop productivity.

Shah et al. (2010) showed that the green manure legumes and N fertilizer application
significantly increased the microbial biomass and activities in rice-wheat cropping system.

Nakhro and Dkhar (2010) studied the application of organic fertilizers increased the
organic carbon content of the soil and thereby increasing the microbial counts and microbial
biomass carbon.

Ultra and Javier (2011) revealed that soils subjected to long term organic fertilization
have unique microbial functional community and higher enzyme activities compared to plots
continuously fertilized with synthetic inorganic fertilizers.

Nath et al. (2011) studied that soil enzymes, microbial biomass carbon (MBC) and
bacterial population were assessed to gain understanding the effects of integrated nutrient
management (INM) under rice-wheat sequence grown during 2008 and 2009 in acid soils of
Assam. MBC (183.66 micro g/g) and maximum organic carbon (10.38 g/kg) accretion were

obtained in the treatment received enriched compost (2 tonnes/ha) continuously for four
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crops. Compost (2 tonnes/ha) coupled with biofertilizers resulted maximum Azospirillum
(5.79 log cfu/g), whereas enriched compost (2 tonnes/ha) favored elevated phosphate-
solubilizing bacterial (PSB) (5.10 log cfu/g) population in the study. Significant correlations
were existed among the enzymes as well as with buildup MBC, OC, Azospirillum and PSB
population under the sequence. Application of compost (2 tonnes/ha) and biofertilizers with
25% recommended N and P fertilizer resulted significant increase in available N (234.11
kg/ha). Similarly, rock phosphate (RP) carrying enriched compost showed highest P (28.04
kg/ha) status of the soils. The overall multifaceted effects of different INM treatments that
facilitated beneficial soil conditions in the present study reflected the significant increasing
the grain yields of both rice (3.68 tonnes/ha) and wheat (0.98 tonnes/ha) even over the 100%
NPK.

Ghosh et al. (2012) studied that inclusion of pulses in the rice-based system
improved the SOC content, being greater in surface soil (0-20 cm) and declining with soil
depth. The rice-wheat-mung bean system resulted in 6% increase in SOC and 85% increase
in soil microbial biomass carbon as compared with the conventional rice-wheat system.
Application of crop residues, farm yard manure (5 t ha™) and biofertilisers had greater
amount of carbon fractions and carbon management index (CMI) over control and the
recommended inorganic (N, P, K, S, Zn and B) treatment in the soil surface, particularly in
the system where pulses are included. Interestingly, in the puddled rice system, passive
carbon pool is more in surface soil than deeper layers. The relative proportion of active
carbon pool in surface layer (0-20 cm) to subsurface layer (20-40 cm) was highest in rice-
wheat-rice-chickpea (1.14:1) followed by rice-wheat-mung bean (1.07:1) and lowest in the

rice-wheat system (0.69:1). Replacing wheat with chickpea either completely or during
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alternate year in the conventional rice-wheat system also had positive impact on SOC
restoration and CMI. Therefore, inclusion of pulses in the rice-based cropping system and
organic nutrient management practices had significant impact on maintaining SOC in an
Inceptisol of the Indo-Gangetic plains of India.

Moharana et al. (2012) studied the significant build-up in soil fertility in terms of
alkaline KMnQOy4-N, Olsen-P, NH4OAc-K and CaCl,-S as well as SOC pools namely, total
organic carbon (TOC), Walkley and Black organic carbon (WBC), labile organic carbon
(LBC) and microbial biomass carbon (MBC) were maintained under FYM and integrated
nutrient management involving FYM and NPK than unfertilized control plot in 0-15 and
15-30 cm soil depths. The highest values of TOC (11.48 g kg™ ') and WBC (7.86 g kg ")
were maintained in FYM treated plot, while the highest values of LBC (1.36 g kg™') and
MBC (273 mg kg ') were found in FYM + NPK. The magnitude of change in pools of SOC
in sub-surface (15-30 cm) soil was low as compared to the surface soil (0-15 cm).
Significant increase in all the pools of SOC in FYM treated plots indicates the importance of
application of organic manure like FYM in maintaining organic carbon in soil. Highly
strong relationships were exhibited between LBC and MBC with yield, indicating that these
pools are more important for nutrient turn-over and their availability to plants than total
SOC. Carbon management index revealed that integrated nutrient management could be
followed for enhancing crop productivity, nutrient availability and soil carbon pools for
long-term. These results conclude that for sustainable crop production and maintaining soil
quality, input of organic manure like FYM is of major importance and should be advocated
in the nutrient management of intensive cropping system for improving soil fertility and

biological properties of soils.
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Nayak et al (2012) reported that application of NPK either
through inorganic fertilizers or through combination of inorganic fertilizer and organics such
as farm yard manure or crop residue or green manure improved the SOC, particulate organic
carbon, microbial biomass carbon concentration and their sequestration rate.

Bhattacharyya et al. (2012) studied the combined application of rice straw and green
manure was more effective in increasing WSC (water soluble carbon), MBC (microbial
biomass carbon), KMnO4-C concentrations and CMI (carbon management index) than the
inorganic fertilizer treatments, although it increased gaseous carbon emission. The combined
application of rice straw and an inorganic fertilizer was effective in sequestrating soil
organic carbon (1.39 Mg ha™), resulting in a higher grain yield. Therefore, it could be the
best option for improving productivity and carbon storage in the rice-rice cropping system.

Liu et al. (2013) showed that SOC concentration in the 0-20 cm soil layer increased
with time except in the CK (control) and N treatments. Long-term fertilization significantly
influenced SOC concentrations and storage to 60 cm depth. Below 60 cm, SOC
concentrations and storages were statistically not significant between all treatments. The
concentration of SOC at different depths in 0-60 cm soil profile was higher under NP+FYM
followed by under NP+S, compared to under CK. The SOC storage in 0-60 cm in NP+FYM,
NP+S, FYM and NP treatments were increased by 41.3%, 32.9%, 28.1% and 17.9%,
respectively as compared to the CK treatment. Organic manure plus inorganic fertilizer
application also increased labile soil organic carbon pools in 0-60 cm depth. The average
concentration of particulate organic carbon (POC), dissolved organic carbon (DOC) and
microbial biomass carbon (MBC) in organic manure plus inorganic fertilizer treatments

(NP+S and NP+FYM) in 0-60 cm depth were increased by 64.9-91.9%, 42.5-56.9%, and
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74.7-99.4%, respectively, over the CK treatment. The POC, MBC and DOC concentrations
increased linearly with increasing SOC content. These results indicate that long-term
additions of organic manure have the most beneficial effects in building carbon pools among

the investigated types of fertilization.

2.2.4. Growth and development

Gupta (2000) reported the available N, P, and K status in soil improved with the
individual application of fertilizer nutrients but still higher build-up of available N, P, and K
was noted in FYM/Compost treated plots.

Reddy et al. (2000) revealed that application of poultry manure (9 tonne ha™) to
paddy produced grain yield at par with recommended dose of fertilizers + 10 tonne farmyard
manure (FYM), but both were higher (67 and 69 per cent, respectively) than FYM or urban
compost alone. Poulty manure and sewage sludge produced better growth components, viz.,
plant height, and number of tillers hill”, total dry matter plant™ and yield components like
number of panicles hill”" and panicle weight. Usman (2000) reported that effects of organic
sources alone on the growth of rice plant and its growth parameters were not significant due
to their slow supply of nutrients. These growth parameters were improved when
supplemented with mineral fertilizers at the rate of 100-75-60 kg N, P,Os and K,O ha’! along
with organic materials.

Suresh and Reddy (2002) applied, chemical N and K from different fertilizer sources
was found dry matter production and plant height was non- significant. But application
50:50 proportion of FYM and complex fertilizer recorded significantly highest amount of

dry matter production at harvest compared with rest of the treatments.
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Kundu ef al. (2004) revealed that the growth factors like plant height, dry matter
accumulation and yield response positively correlated when the crop was provided with
inorganic nitrogen fertilizers along with crop residues.

Chaudhary et al. (2007) observed that maximum panicle length (27.80 cm) obtained
under 120 kg N ha™ as compared to (20.22 cm) in control. While the effect of N at 80 or 120
kg ha™ with FYM on 1000-grain weight was equally effective as reflected in their statistical
methods. Bhuaneshwari et al. (2007) revealed that application of 40 kg S ha™ in the presence
of FYM registered the highest (CGR, RGR and NAR) over other treatments. Similarly the
chlorophyll content increased with crop growth and was highest in presence of S @ 40 kg
ha'and FYM compared to rest of the treatment. Incorporation of green manure @ 8 to 10
tonne ha™ combined with 60 kg N ha™ produced nursery plant biomass equal to that with
120 kg ha™' of inorganic nitrogen.

Kumari and Reddy (2011) reported that the incorporation of fieldbean crop residues
was found to be superior to any other crop residue incorporation with regard to growth and
yield of rice as well as nutrient uptake.

2.2.5 Yield

Bhat ef al. (2001) reported that application of FYM and BGA inoculation either
alone or in combination increased the yield of rice. The increase in grain yield with the
application of FYM was 9.77 per cent over control.

Banik et al. (2002) reported that the highest mean grain yield was 3.53 tonne ha'and
maximum agronomic efficiency was 60.3 per cent with the application of inorganic fertilizer
followed by cow dung, where as 3.47 tonne ha” grain yields was recorded with an

agronomic efficiency of 57.5 per cent. Grain yield of rice recorded under organic sources of
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nutrient was not significantly different from that of inorganic fertilization though there was
improvement in soil quality parameters under organic sources.

Sudha and Chandini (2002) reported that NPK up to 105:52.5:52.5 kg ha™ and S up
to 25 kg ha™ , along with organic manures either as 10 tonnes farmyard manure or 5 tonne
vermicompost ha ', were effective in the improvement of the grain yield of rice. They
opined that application of N, P and K fertilizer along with FYM increased the growth
attributes, yield components and grain yield of rice compared to N, P and K fertilizer alone.

Upadhyay et al. (2003) observed that the three organic sources tried, green manuring
with Sesbania aculeate, compensating 50% of the recommended N gave the highest rice
yield of (59.7 q ha™").When same amount of N was supplemented through FYM and paddy
straw, production was higher with FYM. The superior effect of green manure over FYM of
paddy straw can be attributed to its fast decomposition which might led to enhanced
availability or release of nutrient as compared to other source of organic manure (Bhandari
et al. 1992).

Mandal et al. (2004) studied that rice straw incorporation coupled with organic
manure increases grain yield of wheat and improves soil physical condition. Residue
incorporation results more microbial activity than residue removal or burning. Thus, if
residues are managed properly, then it can warrant the improvements in soil properties and
the sustainability in crop productivity.

Pandey et al. (2007) reported that the application of FYM at Nyso P75Kgo or Njgo Peo
K40 or organic fertilizer level of Njgo Pso Kao +rym+ zn, being at par, produced significantly
higher panicle m~ and test weight, which was at per from control and by Ns5o P75 Kgo *FYM

and Njgo Peo Kao +FYM, respectively. It could be due to slow release of nutrients for longer
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period after decomposition of FYM +Zn which favored better plant growth and improved
the yield component of hybrid rice.

Raul et al. (2007) reported that grain yield of rice under 100 per cent RDN blended
with FYM was at par with 100 per cent RDN + 5 tonne FYM significantly superior to all
other treatment. The yield attributes like number of spikeletes panicle™,1000-grain weight
and reduced sterility percentage were highest under 100 per cent RDN blended with FYM,
variation in yield of rice on account of yield attributes under integrated nitrogen nutrition is
in conformity with the earlier finding of Upadhyaya et al. (2000). Maiti et al. (2006)
observed that maximum plant height (101.25 cm), dry matter accumulation (891.3 gm™),
LAI (5.13), number of panicles m™ (245), were recorded when crop received 125 per cent
increase in dose along with 5 tonne FYM.

Chaudhary and Sinha (2007) observed that yield attributes of rice, viz; effective tiller
hill!, dry matter (g m™), spikelets panicle”, fertility percentage and day taken to heading
increased due to hogher level of N and ZnSO, application over the control and also revealed
that application of 120 kg N ha™ significantly increased tiller hill"' and dry matter production
whereas, spikelets panicle”, fertility percentage and days to heading increased only upto 60
kg N ha™.

Choudhary and Suri (2009) reported that the Grain and straw yield as well
as nutrient (NPK) uptake in both wheat and rice were significantly higher in plots receiving
farm yard manure (FYM) @ 10 t ha', followed by berseem (Trifolium alexandrinum L.) or
green manure 'in-situ'+ FYM.

Ogbodo et al. (2009) studied that there is significantly greater grain yield achieved in

the organic manure treated plots was partially attributed to improvement in the physical
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properties of the soil.

Kundu et al. (2010) reported that the growth parameters, yield components and seed
yield of rice were maximum when organic manure was applied along with inorganic
fertilizer at 75% of the recommended dose (RDF).

Mehdi et al. (2011) studied the comparison of sesbania and FYM applied at 20 (ton
ha) showed that sesbania remained superior over the farm yard manure for improving the
paddy and straw yield of rice. The increased efficiency of NPK fertilizer with green
manuring may be due to chemical, enzymatic and metabolic transformation of organic
material, as the green manuring is continuously subject to degradation, thus more
susceptible to change in metal uptake than inorganic soil fractions.

Hossaen ef al. (2011) studied the maximum number of total grain per plant (97.45),
the highest weight of 1000 seeds (21.80 g), the maximum grain yield (7.30 t ha™) and straw
yield (7.64 t ha™') was recorded from T5: (70% NPKS+2.4 t poultry manure ha™) treatment
over control.

Shah et al. (2011) studied the relationship of green manure (GM) legumes grown in
the gap between wheat (Triticum aestivum) harvest and rice (Oryza sativa) planting for
sustainable rice-wheat system. These results suggested that grain and straw yields of both
rice and wheat crops have shown strong relationship with the total biomass of GM legumes.
The improvement gained in crop yields from GM legumes could be attributed to
improvement in the soil conditions and nutrient status of the soil. It is therefore
recommended that green manure legumes should be encouraged for sustainable soil and crop
productivity in rice-wheat system.

Rahman et al. (2012) reported that the highest grain yield 4.31 t/ha was found in
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IPNS dhaincha along with fertilizers for HYG (high yield goal basis) treatment. Tadesse et
al. (2013) showed that application of 15 t-FYM-ha™' significantly increased soil organic
matter and available water holding capacity but decreased the soil bulk density, creating a
good soil condition for enhanced growth of the rice crop. Application of 15 tFYM-ha™
increased the level of soil total nitrogen from 0.203% to 0.349%. Combined application of
15 t-ha*FYM and 100 kg-P,Os-ha™ increased the available phosphorous from 11.9 ppm to
38.1 ppm. Positive balances of soil N and P resulted from combined application of FYM and
inorganic N and P sources. Application of 15t ha™-FYM and 120 kg-N-ha 'resulted in 214.8
kg-ha™' ‘N positive balance while application of 15 t-ha™-FYM and 100 kg-P,Os-ha™' resulted
in a positive balance of 69.3 kg~P205'ha'1 available P. From the results of this experiment, it
could be concluded that combined application of FYM and inorganic N sand P fertilizers
improved the chemical and physical properties, which may lead to enhanced and sustainable
production of rice in the study area.

Subehia et al. (2013) studied that the long-term integrated effects of organics and
chemical fertilizers on grain yield of rice—wheat system and soil quality. Based on five
years’ moving average values, continuous cropping without fertilization or manuring
(control) gave the lowest grain yields of both rice and wheat. Application of 50% N through
FYM plus 50% NPK through chemical fertilizers to rice followed by 100% NPK through
chemical fertilizers to wheat (T3;) maintained the highest productivity of rice and wheat at
about 3.4 Mg ha ' and 3.3 Mg ha', respectively, as found from the pooled grain yield over
the years. The highest values of organic carbon, cation exchange capacity and available N,

P, and K were also recorded under this treatment (T3).
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CHAPTER - 111

MATERIALS AND METHODS

A field experiment entitled “LONG TERM EFFECT OF INORGANIC
FERTILIZERS AND ORGANIC MANURES ON SOIL FERTILITY STATUS,
MICROBIAL BIOMASS CARBON, NUTRIENT UPTAKE AND YIELD OF
RICE ON INCEPTISOL” was conducted in permanent plots since 1991-92 under All
India Coordinated Research Project on Integrated Farming System (IFS) with rice-
wheat cropping system. Details of materials used and the experimental techniques
adopted during the course of studies are briefly described in this chapter.
3.1 Location and Experimental site

The field experiment is being undergoing from 1991 at the Instructional Farm
of All India Coordinated Research Project on Integrated farming system (IFS), Indira
Gandhi Krishi Vishavidyalaya, Raipur, Chhattisgarh. The present experiment was
undertaken during kharif season of 2012 only i.e. after 21 crop cycle.
3.2 Geographical situation

Raipur is situated in mid eastern part of Chhattisgarh and lies at 21°16° N
latitude, 81°36” E longitude with an altitude of 298 m above the mean sea level.
3.3 Climatic condition

The general climate of this region is dry moist, sub humid and the region
receives 1200-1400 mm rainfall annually out of which about 88 percent is received
during rainy season (June to September ) and o nly 12% during winter season (October
to February). May is the hottest and December is the coolest month of the year. The

rainfall pattern has great variation during rainy season from year to year. Atmospheric

28



m Relative Humidity 11 (%)
—¢—Max. Tem.(0C)
——Min. Tem (0C)
=== Rain-Fall (mm)
—==—Relative Humidity | (%)

POTE-P09C

1205712061

PO8IT-P0CT

POTT-P0S

I

120p-das 8¢

B
!

dassz-dastz

daspz-dasyT

dasgr-dasys

dasg-1sn8y ¢

1sN3y0g-1sndvee

1sN8yez-1sndv/T

15N8y9T1-1sn8yQT

S
)

LL—

1sn8y6-1sn8y e

A\ U

_—/] |

~_

\ 1l |

[ ]\

W
aungz-aunfze

[\

2UNTZ-2UN(ST

1sn8yz-Ainr /e

Ainrgz-Ainroz
AnreT-AINreT

Anrzt-Ainrg

Ainrs-aunfez

100 -

Fig 3.1 Weekly meterological data during crop growth period (June 15, 2012 to Octber 26, 2013)

T T T
o o o o
lag} ~ —

90 -
80 -
70 -
60 -
50 -
40 -




humidity varies between 70 to 90 percent from mid June to March and wind velocity
is high from May to August with peak in June to July months. Soil
surface temperature of this region crosses 60°C, air temperature to 48° C and humidity
drops up to 3 to 4% during summer season.
3.4 Soil of experiment field

The soil is locally known as Matasi belonging to the order Inceptisol and
classified as mixed hyperthermic udic Ustrochrept (Chandra Khuri series). The
texture of the soil is sandy loam.

3.5 Experimental details and layout plan

Location : Instructional Farm, AICRP on IFS, College of
Agriculture, I.G.K.V. Raipur (C.G.)

Season ¢ Kharif-2012
Crop variety : Rice (Mahamaya)
Gross Plot : 100.8 m’
Plot Size : 62.4m’
Spacing : Row x Row (20 x 20cm)
Replications : Three
Design : Randomized Block Design
Treatments : Eleven

T, :No Fertilizer, No Organic manure (Control)

T, :50% Recommended NPK dose through fertilizer (40:30:20::N:P,05:K,0)

T5:75% Recommended NPK dose through fertilizer

T4 :100% Recommended NPK dose through fertilizer (80:60:40 ::N:P,05:K,0)

Ts :50% Recommended NPK dose through fertilizer+50%N through Farm yard manure
Te :75% Recommended NPK dose through fertilizer+25%N through Farm yard manure
T7 : 50% Recommended NPK dose through fertilizer+50%N through rice residue

Tg : 75% Recommended NPK dose through fertilizer+25%N through rice residue

To: 50% Recommended NPK dose through fertilizer+50%N through Green manure
T1o: 75% Recommended NPK dose through fertilizer+25%N through Green manure
T;1: Conventional Farmer’ Practice (50:30:20)
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3.6 Crop Husbandry
3.6.1 Preparatory cultivation

The experimental field was prepared by two cross ploughing followed by one
harrowing with the help of tractor. Thereafter, the field was flooded with water and puddling
was done by tractor drawn puddler.
3.6.2 Test Crop

Rice cultivar Mahamaya was taken as test crop. This variety was evolved at
IGKYV, Raipur and is a multiple cross of Asha and Kranti. This is a high yielding semi dwarf
variety having good tillering capacity with bold grains. It is photo insensitive and medium
duration (128-130 days) variety. The yield potential is about (6-6.5 tonne ha™).
3.6.3 Nursery management

Raised nursery beds of 10 m x 1 m x 0.15 m (length x width x height) were prepared

on well ploughed and levelled field with 30 cm distance between two beds. Seeds were sown
on 16 June 2012 in lines 10 cm apart @40 kg seed ha™. Basal dose of fertilizers @ 25 g urea
m~ and 50 g super phosphate m™ were applied at the time of nursery bed preparation. One
hand weeding was performed at 15 day after sowing to keep the nursery weed free. The
seedbeds received frequent light irrigation until the seedling was transplanted.
3.6.4 Manures and fertilizer application

The treatment include different organic manure such as farmyard manure, rice
straw and green manure i.e. sunnhemp (Crotolaria juncea). These sources were combined
with the inorganic fertilizer to assess the response of combined application of both the organic
and inorganic sources on the various soil and plant parameters of paddy crop. The nutrient

content of different organic sources is given in table 3.2.
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Table 3.2: Average N, P and K content in FYM, rice straw and green manure

Manure Nutrient content (%) Dry biomass (t ha™) for treatment
N P K
FYM 0.5 0.2 0.5 Ts.13.50 and T-6.75
Rice straw 0.2 0.2 0.3 T7-11.31 and Tg-5.65
Green manure 1.9 0.5 1.8 To-10.00 and T;-5.00

The insitu incorporation of 30 days old green manure crop was done at the time
of puddling. FYM and rice straw were also applied at the same time.

The N, P and K fertilizer were applied as per treatment through straight fertilizer
i.e. urea, single super phosphate and muriate of potash, respectively. One third dose of N and
entire P and K were applied as basal dose just before transplanting. The rest of N was applied
in two equal splits at tillering and panicle initiation stage.
3.6.5 Transplanting and crop raising

Twenty five days old seedlings of rice were transplanted on 1" July 2012 with
the distance of 20cm between rows and 10cm between hills by using 2-3 seedlings per hill.
Hand weeding operation was carried out at 20 and 50 days after transplanting.
3.6.6 Harvesting and Threshing

The matured crop of rice was harvested on 26™ October 2012. Grain and straw
yield was recorded plot wise and calculated on hectare basis.
3.7 Pre-harvest observation
3.7.1. Number of tiller (m?)

Number of tiller m™ were counted manually and then divided by plant population

m’ for obtaining number of tiller hill™.
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3.7.2 Post harvest observation
3.7.2.1 Panicle length

The length of panicle was taken from 10 panicle selected randomly after harvest
of rice. It was measured from the neck node to the tip of the apical grain. After this, average
length of panicle was determined.
3.7.2.2 Test weight

Grain samples were taken from the produce of each net plot. Out of the samples,
1000 grains were counted and the same were dried in an oven at 60°C to constant weight.
Thereafter, weight was recorded on an electronic balance.
3.7.2.3 Grain yield

The weighed bundles were threshed, winnowed and cleaned separately from each
net plot. The grain yield was observed at about 14% moisture content and converted to q ha™.
3.7.2.4 Straw yield

It was calculate by deducting the grain yield from bundle weight and converted
toqha.

3.8. Methods of analysis
3.8.1. Chemical analysis

pH

It was measured by glass electrode pH meter in 1:2.5 soil water suspensions after
stirring for 30 minutes as described by Piper (1967).
Electrical conductivity

The soil samples used for pH determination were allowed to settle down the soil

particles for 24 hours. The conductivity of supernatant liquid was determined by Solubridge

as described by Black (1965). 32



Organic carbon
It was estimated by Walkley and Black’s (1934) rapid titration method as described by
Jackson (1967). In this method, organic matter is oxidized with chromic acid ( potassium
dichromate + sulphuric acid).The unconsumed potassium dichromate is back titrated against ferrous
sulphate or ferrous ammonium sulphate.
Available nitrogen
Available nitrogen content in soil was determined by alkaline potassium permanganate
method as described by Subbiah and Asija (1956). The procedure involves distilling the soil with
alkaline potassium permanganate solution and absorbs the ammonia liberated in boric acid which is
then titrated with standard sulphamic acid.
Available phosphorus
Available phosphorus was estimated by the ascorbic acid method as described by Olsen,
(1954). In this method, 2.5 gm soil sample was taken and extracted with 0.5 M sodium bicarbonate
at pH 8.5. After extraction from the soil, phosphate in the extract is measured by the reaction of
phosphate with ammonium molybdate in an acid medium to form molybdophosphoric acid which is
then reduced to a blue coloured complex through reaction with ascorbic acid. Absorbance readings
were taken at an 882 nm wavelength using a double beam spectrophotometer.
A standard curve constructed from absorbance readings of standards is used to deduce
phosphate concentration of sample.
Available potassium
Available potassium was extracted from the 5 gm soil with the help of suitable extractant
neutral normal ammonium acetate by shaking, followed by filtration or centrifugation and K is

determined in the extract using flame photometer. It was described by Jackson in 1967. The analysis
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photometer is based on the measurement of the intensity of characteristic line emission given by the
element to be determined.
Microbial biomass carbon

Microbial biomass carbon is determined by the modified fumigation —incubation method
(Vance et al 1987) in which the main aim was to see if the amounts of C which could be directly
extracted from soils following fumigation were related to microbial biomass C. In this method, 40-
45gm soil was weighed in to a 500ml reagent bottle and kept for fumigation. Ethanol- free
chloroform was prepared immediately before fumigation. The chloroform was poured in a
separating funnel and washed with concentrated H,SO, (each with half the volume of chloroform)
and another three times with the same volume of distilled water similarly and the bottom whitish
phase was collected. All the washing was given to make the chloroform free of ethanol. The
required volume of ethanol free chloroform (10-20 ml) was kept in 500 ml reagent bottle containing
soil and placed in dark for 24 hrs. After 24 hours, the lid of the bottle is opened for 2 hours so that
gasses pass out.

In both fumigated and non-fumigated bottles, 160 ml of 0.5 M K,SO, is added and shaking
was done for 45 minutes. After shaking the suspension was filtered and 10 ml of the filtrate was
transferred in 500 ml conical flask. Then 10 ml 0.035 N K,Cr,O7 and 20 ml of concentrated H>SO4
were added to each flask. The blank was also run with 40 ml distilled water each along with same
procedure mentioned above. The flasks were kept on hot plate at 100-150° C for half an hour under
refluxing condition. Then the flasks were taken out and about 20 ml of distilled water added
immediately. The contents were allowed to cool down then add 5 ml orthophasphoric acid and 4-5
drops of diphenylamine indicator were added. The content was titrated against 0.05 N ferrous

ammonium sulphates to get a sea green/sea blue end point.

34



Microbial biomass carbon in soil (ug Cg™)

Ecr - Ecur
MBC =
Kkc

Where, Ecr= extractable carbon in the fumigated soil sample
Ecur = extractable carbon in the unfumigated soil sample

Kgc =0.25 +0.05 it represent the efficiency of extraction of SMBC

Plant chemical analysis

Plant and grain samples were dried at 55°C in an oven for 24 hours and were grinded
and used for analysis.
Nitrogen content

Nitrogen content analysis of grain and straw sample was done by taking 0.25 gm
uniform prepared sample in digestion tube. 1 gm salt mixture (K,SO4 and CuSO4.5H,0 in the
ratio of 10:1) was added in the tube. The 5 ml of concentrated H,SO,4 acid was added and
material was digested at 350 °C in digestion block till the material becomes colourless. Then
the nitrogen in digested material was distilled by automatic KEL plus distillation apparatuses.
Phosphorus and Potassium

One gram of grain and straw samples was taken in digestion tube and add 10 ml of di-
or tri acid mixture (Concentrated HNO;, HCIO4 and H,SOy in the ratio of 9:4:1). The material
was digested at 150 °C in KEL plus digestion block till the material become colourless. The
digested material was transferred in to 100 ml volumetric flask by repeated washing with
distilled water and made up the volume up to the mark. This digested material was used for

the estimation of P and K content analysis as given below.
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Phosphorus content
Phosphorus content was determined by vanadomolybdo-phosphoric acid yellow colour
complex method as described by Jackson (1973). An aliquot of 10 ml was taken, 10 ml of
vanado-molebdate yellow reagent was added and volume was made up to 50 ml. After half an
hour colour intensity was measured by Spectrophotometer.
Potassium content
Potassium content was determined by flame photometer as described by Chapman and
Pratt (1961). An aliquot of 10 ml was taken and made up to volume of 50 ml in volumetric
flask and potassium content was determined by flame photometer.
Nutrient uptake
The N, P and K uptake was also worked out by multiplying concentration with respective
dry weight of rice grain and straw on over dry basis i.e.
Nutrient uptake (kg ha™) = Concentration (%) x Dry matter yield (q ha™)
Grain and straw yield (kg h™")
At harvest, the grain and straw yield were recorded from the net plot area from each
treatment and converted into kg ha™.
3.9 Statistical analysis
The experiment was laid out in Randomized Block Design (RBD) with 11 treatments
and 3 replications. The data obtained from various characters under study were analyzed by

the method of analysis of variance as described by Gomez and Gomez (1984).
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Results and Discussion




CHAPTER -1V

RESULT AND DISCUSSION

A field experiment was conducted in kharif season of 2012 at the
Instructional Farm, Indira Gandhi Krishi Vishwavidyakya, Raipur on “Long Term
Effect of Inorganic Fertilizers and Organic Manures on Soil Fertility Status,
Microbial Biomass Carbon, Nutrient Uptake and Yield of Rice on Inceptisol”. The
result obtained from the present investigation are presented and discussed in this
chapter on the basis of yield attributes an assessment of the soil fertility, soil microbial
biomass carbon, nutrient uptake and yield data of rice crop in three following sub
headings:-

4.1 Effect of long term inorganic fertilizer and organic manure application on soil
chemical properties.

4.2 Effect of continuous application of inorganic fertilizer and organic manure on soil
microbial biomass carbon.

4.3 Effect of various combination of inorganic fertilizer and organic manure
application on nutrient content and uptake.

4.4 Relationship of soil microbial biomass carbon with soil fertility and crop yield.

4.5 Effect of combined application of inorganic fertilizer and organic manure
application on nutrient balance sheet.

4.6 Effect of different nutrient management practices on yield attributing characters

and yield of rice.
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4.1 Effect of long term inorganic fertilizer and organic manure

application on soil chemical properties

4.1.1 Soil pH

Soil pH was determined in different treatments after the harvest of rice crop and
the data was presented in Table 4.1. The soil pH after the harvest of rice crop showed
non-significant difference with respect to different organic manures and inorganic
fertilizers applied. In all the treatments, there was no remarkable change in soil pH as
compared to the control. However, higher value (7.5) of pH was recorded in 75% RDF
treatment and lower value (7.1) of pH recorded in 75% RDF + 25% GM-N. Similar
finding had been recorded by Sime (2001). Buffering action of soils does not permit to
alter the soil pH. The rise in pH is ascribed to decrease in organic carbon concentration
of the soil due to continuous cropping as reported by Agarwal et al (2010) and Swarup
and Yaduvashi (2000) also reported that soil pH was higher in inorganic fertilizer
treatment plot as compared to NPK + green manure treatment plots.
4.1.2 Soil EC

The data on electrical conductivity (EC) was presented in Table 4.1 revealed
that the effect of applied organic and inorganic fertilizer on EC was statistically non
significant. However, higher value (0.25dSm™) of EC was recorded in 75% RDF +
25% FYM-N treatment and lower value (0.20dSm™) of EC recorded in Farmer’s
practice treatment. Soil pH showed non-significant change over initial value with the
applied organic manure and inorganic fertilizer treatment. The different treatment did
not influence the pH and EC of soil. The values were almost constant and similar
finding was also reported by Urkurkar et al. (2010), with almost same set of treatment

in rice crop.
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4.1.3 Organic carbon

The data on soil organic carbon (SOC) after harvest of rice crop was presented
in Table 4.1. The SOC ranges vary from 0.56 to 0.75gm kg' amongst different
treatments. The level of application of inorganic fertilizer along with organic manure
significantly increased the organic carbon. After harvest of rice, SOC was recorded
highest (7.5gm kg™) in 50% RDF + 50% FYM-N, followed by 50% RDF + 50% GM-
N while, lowest (5.6gm kg') under control plots. The same finding during
experimentation revealed that integrated use of inorganic fertilizer with organic
manures increased the organic carbon and N, P and K status of the soil as reported by
Sharma et al. (2009).

Table 4.1: Effect of long term fertilizer and manure application on soil pH, EC
and organic carbon after harvest of rice (after 21 crop cycle)

Treatments After harvest of rice
pH EC(dSm‘l) Organic carbon(gm kg'l)
T Control 73| 02 5.6¢
T, 50% RDF (40:30:20) 7.3 0.22 6.2d
T3 75% RDF 7.5 0.23 6.4d
T4 100% RDF (80:60:40) 7.4 0.21 79%
Ts 50% RDF+50% FYM-N 7.2 0.22 754
T 75%RDF+25% FYM-N 7.3 0.25 6.8 ¢
T, 50%RDF+50% RR-N 7.2 0.21 6.8 C
Ts 75% RDF+25% RR-N 7.2 0.23 6.7 c
To 50% RDF+50% GM-N 7.2 0.22 79%
Tio 75% RDF+25% GM-N 7.1 0.22 6.8
T Farmer practices (50:30:20) 7.3 0.2 6.6 ¢
SEm+ 0.08 0.01 0.09
CD (P=0.05) NS NS 0.27

FYM- farm yard manure, RR- rice residues, GM- green manure
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4.1.4 Available N

The data on available N content in soil after harvest of rice crop was tabulated
in Table 4.2. The available N varies between 160 to 272 kg/ha amongst different
treatments. Application of fertilizer along with FYM and GM significantly increase the
available N in soil over 100 % RDF alone treatment. Higher amount of available N
(272 kg ha™') in soil was noted in 50% RDF + 50% GM-N followed by 50% RDF +
50% FYM-N and rice residues and lowest (160 kg ha™) was recorded in control.
Adding green manure favoured the soil conditions and might have helped in the
mineralisation of soil N leading to build up of increased available N.

4.1.5 Available P

The data on available P content in soil after harvest of rice crop was arranged in
Table 4.2. The range of available P was vary from 8.68 to 31.37 kg/ha in various
treatments. Available P content of soil was increased as compared to its initial status.
Highest available P (31.37 kg ha™) was obtained with 50% RDF + 50% FYM-N
followed by (28.88 kg ha™) 50% RDF+ 50% GM-N treatment and lowest (20.55kgha™)
in 50% RDF treated plot except control. When RR was incorporated in the soil, the P
availability increases, but the response was not significant when compared with 50% as
well as 75% RDF 1i.e. absolute inorganic fertilizer application.

Continuous use of balanced fertilizer since 1991-92 is conducive for
maintaining the soil available P. The results of the present study also revealed that
higher available P content were recorded in integrated nutrient management treatments
as compared to absolute control. It was also observed that successive significant

increase had occurred due to increasing levels of fertilizer application along with
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organic manure addition in soil. Similar results have also been reported by Thakur et
al., (2010). They found that exclusion and/or omission of P in the fertilizer schedule
had resulted in lowering the available P content in the soil. The results also support that
increasing levels of fertilizer application had resulted in substantially enhancing the
available P content and so was the case with use of FYM along with balanced dose of
fertilizer. Swarup and Yaduvanshi (2000), Thakur et al., (2010) have also reported the
beneficial effects of organic matter on available P in soils.

Table 4.2: Effect of continuous application of fertilizer and manure on available
N, P and K content in soil after harvest of rice (after 21 crop cycle)

Treatment Available nutrients (kg ha™)
N P K
T, Control 160 h 8.68 ¢ 207 £
T, 50% RDF (40:30:20) 207 g 20.55 be 225e
T3 75% RDF 238 e 22.81b 229 ¢
T4 100% RDF (80:60:40) 256d 27.87 a 260 a
Ts 50% RDF+50%FYM-N 268 ab 3137 a 264 a
T 75%RDF+25%FYM-N 263 be 27.58 a 247 be
T, 50%RDF+50%RR-N 258 cd 26.22 ab 239d
Ts 75% RDF+25%RR-N 252d 2438 b 228 e
To 50% RDF+50%GM-N 272 a 28.88 a 260 a
Tio 75% RDF+25%GM-N 266 b 26.21b 252 b
T Farmer practices (50:30:20) 224 23.42b 246 ¢
SEm+ 1.97 1.62 1.73
CD (P=0.05) 6.0 4.77 5.1

FYM-farm yard manure, RR- rice residues, GM- green manure
4.1.6 Available K
The data on available K after harvest of rice crop was presented in Table

4.2.Available K ranged between from 207 to 264 kg/ha amongst various combination
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of inorganic and organic nutrient management treatment. The higher available K (264
kg ha') was obtained with 50% RDF + 50% FYM-N and lower (207 kg ha™) in
control. Application of FYM along with 50% RDF inorganic fertilizer results
significantly higher amount of available N, P and K in soil as compared to 100% RDF
fertilizer alone. Continuous use of N,P and K fertilizer over the years reduced the
organic carbon status leading to a decline in the availability of macronutrients in soil
whereas, FYM incorporation along with N,P and K fertilizers increased the organic C
status of soil which consequently caused higher availability of N,P and K in soil. These
findings are in agreement with those of Krishna (2003).

4.2 Effect of long term inorganic fertilizer and organic manure application on soil
microbial biomass carbon

It was revealed that increase in application of inorganic fertilizers increased the
microbial biomass carbon (Table no 4.3) in soil. Application of 50% and 100% RDF in
rice significantly influenced the biomass C over control. The 50% RDF and 50%
FYM-N significantly increased the MBC than 100% RDF. The combination of
inorganic fertilizer with organic manure at 50% and 75% recommended dose of
fertilizer in rice showed significant increase in MBC over chemical fertilizer alone. The
incorporation of green manure legumes and N fertilizer application significantly
increased the microbial biomass and activities in rice-wheat system reported by Shah et
al. (2010). For sustainable crop production and maintaining soil quality, input of
organic manure like FYM is of major importance and should be advocated in the
nutrient management of intensive cropping system for improving soil fertility and
biological properties of soils concluded by Moharana et al. (2012). The effect was

more pronounced at higher level of FYM and GM application and/or incorporation in

42



soil. However, rice residues did not show any remarkable effect in the rice crop. The
increase in MBC is the result of combination of inorganic and organic can be attributed
to the readily available compound after decomposition of these organics supplying the
required substrate to microbes for their multiplication. Such increase in MBC has also
been reported by Dhull ez al. (2004).

Table 4.3: Effect of different combination of the inorganic fertilizer and organic

manure on soil microbial biomass carbon after harvest of rice (after 21
crop cycle)

Treatment Microbial biom;:; ;a:irlbon (ngCg™) of
T, Control 135.28 f
T, 50% RDF (40:30:20) 165.12 ¢
Ts 75% RDF 207.71d
T4 100% RDF (80:60:40) 23740 c
Ts 50% RDF+50%FYM-N 334.55a
T 75%RDF+25%FYM-N 283.20b
T, 50%RDF+50%RR-N 184.99 ¢
Ts 75% RDF+25%RR-N 179.56 ¢
To 50% RDF+50%GM-N 327.66 a
Tio 75% RDF+25%GM-N 279.44 b
T Farmer practices (50:30:20) 217.35cd
SEm+ 7.42
CD (P=0.05) 21.90

FYM-farm yard manure, RR- rice residues, GM- green manure
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4.3 Effect of various combination of inorganic fertilizer and organic manure
application on nutrient content and their uptake

4.3.1 Content in rice grain and straw

Nitrogen, Phosphorus and potassium content in grain as well as straw are
given in table 4.4. The different treatment combination significantly affected the N, P
and K concentration in grain and straw at harvest stage.
Nitrogen content

The nitrogen content in grain and straw was increased significantly with
integrated nutrient management practices over control. The nitrogen content in grain
and straw was ranged from 7.9 to 10.9 and 3.8 to 6.5 gm kg™, respectively. The higher
nitrogen content in grain was noted under treatment 50%RDF+ 50%GM followed by
50% RDF+ 50%FYM and lowest under the control. Similar kind of result in nitrogen
content was obtained in straw also.
Phosphorus content

Phosphorus content in grain and straw of rice under different treatment
combination is given in table 4.4. The P content in grain was ranged from 1.6 to 3.2 gm
kg amongst different treatment. The highest (3.2 gm kg') P content in grain was
recorded in 50%RDF+ 50%GM-N and lowest in control plot. Almost similar kind of
pattern was observed in phosphorus content in straw amongst various treatment

combinations.
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Table 4.4: Effect of integrated nutrient management fertilizer and organic
manure application on N, P and K content in grain and straw of rice

(after 21 crop cycle)

Nutrient Content (gm kg'l)

Treatment Grain | Straw | Grain| Straw | Grain| Straw
N P K
T, Control 79d | 3.8e 1.6e | 04d | 2.1d | 1.32d
T, 50% RDF (40:30:20) 8.4d | 43de| 2.4d | 0.5¢d | 2.3cd | 1.72bc
Ts 75% RDF 8.5cd | 5.1bc | 2.4cd | 0.5¢ |2.5abced 1.79bc
T4 100% RDF (80:60:40) 9.4abcd 5.0cd | 2.6bcd| 0.6bc | 2.6abc|1.81abc
Ts 50% RDF+50% FYM-N 10.7ab| 6.4a | 2.9ab | 0.8ab | 2.9a | 1.97a
Ts 75%RDF+25% FYM-N 10.2abd 5.5bc | 2.7bcd| 0.7abc| 2.7ab | 1.74bc
T 50%RDF+50% RR-N 8.8cd | 5.9ab | 2.8abc| 0.7abc| 2.6abc|1.81abo
Tg 75% RDF+25% RR-N 9.2bcd| 5.4bc | 2.6bcd| 0.7abc| 2.3bcd| 1.76bc
Ty 50% RDF+50% GM-N 109a| 6.5a | 3.2a | 0.8a | 2.9a | 1.88ab
Tio 75% RDF+25% GM-N 10.2abc¢ 5.9ab | 2.8ab | 0.7ab | 2.8a | 1.72bc
Ty1| Farmer practices (50:30:20) 8.6¢cd | 49cd| 2.6¢cd| 0.6¢c |2.5abcd 1.69c
SEm:+ 056 | 0.27 | 0.15 | 0.05 | 0.14 | 0.55
CD (P =10.05) 1.65 | 0.79 | 043 | 0.14 | 040 | 1.63

FYM-farm yard manure, RR- rice residues, GM- green manure

Potassium content

Potassium content in grain was ranged from 2.1 to 2.9gm kg™ in different

treatments. The higher (2.9 gm kg™ potassium content in grain was recorded in 50%

RDF+50%FYM-N and 50% RDF+ 50%GM-N and lowest (2.1gm kg-1) in control

plots. Potassium content in straw was ranged from 13.2 to 19.7gm kg and increased

significantly with applied all treatment combination over control. The highest (9.7gm
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kg ™) potassium content in straw was measured in 50% RDF+ 50%FYM-N treated plot,
while lowest (16.9 gm kg™') in farmer’s practices. The results are in agreement with the
finding of Sarwar (2005) who studied that increased concentration of N, P and K in
paddy grain and straw of rice with the combined use of FYM, Sesbania green manure
and chemical fertilizer compared with application of chemical fertilizer and organic
manures alone.

4.3.2. Uptake of N, P and K by grain and straw as influenced by different fertilizer

and integrated nutrient management practices

Nitrogen uptake

Nitrogen uptake by grain, straw and total by rice is given in table 4.5. and fig
4.4. The nitrogen uptake by grain was ranged from 10.34 to 76.29 kg ha™. The 50%
RDF+ 50% GM-N had highest nitrogen uptake 76.29 kg ha™ by grain followed by
74.33 kg ha™ in 50% RDF + 50% FYM-N and the lowest (10.34 kg ha™ ) under control
plots. Almost similar trend was observed in nitrogen uptake by straw among various
treatment combinations. Due to incorporation of 50% or 25% RR-N with 50% or 75%
RDF the N uptake by straw was similar to that obtained in 100% RDF.

Among INM combinations 50% RDF + 50% GM —N gave highest N uptake
by grain as compared to other INM treatment at 50% RDF (T5, T7 and T9). The INM
treatments at 75% RDF level were almost similar (T6, T8 and T10) in N uptake by
grain. The results are in agreement with the findings of Dar et al. (2012) who studied
that uptake of nitrogen by paddy and straw was higher under integrated nutrient

treatments.
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Total uptake

The total nitrogen uptake by rice crop was ranged from 19.12 to 138.2 kg ha™
and increased significantly with applied fertilizer treatment over control. Significantly
higher (138.2 kg ha™) N uptake was recorded in treatment 50%RDF +50% GM-N,
followed by 133.59 kg ha™ in 50%RDF + 50% FYM-N and lowest (65.45 kg ha™)
under 50% RDF among fertilizer treatment plot ( Table 4.5. and Fig 4.4.) The results
are in agreement with Laxminarayana and Patiram (2006), revealed that application of
optimum doses of NPK in combination with green manure @ 5 Mg ha™' recorded
highest grain and straw yields and uptake of N, P and K followed by 100% NPK +

poultry manure and 100% NPK + FYM.

Table 4.5: Nitrogen uptake by rice as affected by nutrient management practices
(after 21 crop cycle)

Nitrogen uptake (kg ha™)
Treatment Grain Straw Total
T, |Control 10.34 8.78 19.12 h
T, | 50% RDF (40:30:20) 36.45 29.00 6545¢
Ts | 75% RDF 52.72 47.10 99.82 dc
T4 | 100% RDF (80:60:40) 65.69 47.42 113.11 cd
Ts | 50% RDF+50%FYM-N 74.33 59.26 133.59 ab
Te |75%RDF+25%FYM-N 68.71 51.21 119.92 be
T; | 50%RDF+50%RR-N 53.70 47.75 101.45 dc
Ts | 75% RDF+25%RR-N 52.90 41.50 94.40 ef
Ty | 50% RDF+50%GM-N 76.29 61.87 138.20 a
Tio | 75% RDF+25%GM-N 69.47 56.54 126.01 abc
Ty | Farmer practices (50:30:20) 44.13 37.39 81.53 f
SEm+ 3.68 2.34 4.76
CD (;= 0.05) 10.87 6.92 14.03

FYM-farm yard manure, RR- rice residues, GM- green manure
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Phosphorus uptake

Phosphorus uptake by rice grain, straw and total under different treatment is
given in table 4.6. and fig 4.5. The increase in application of inorganic fertilizer
significantly increased the P uptake by grain and simultaneously the uptake by straw
and total also. The phosphorus uptake by grain ranged from 2.13 to 22.09 kg ha™'. The
highest (22.09 kg ha™) phosphorus uptake by grain was noted under 50%RDF +50%
GM-N, followed by 19.83 kg ha™' in 50%RDF+50%FYM-N and lowest (10.32 kg ha™)
under 50% RDF with respect to applied treatment. The highest (18.3 kg ha™) uptake
was recorded in 100% RDF compared to all inorganic fertilizer. Similar trend was
observed in phosphorus uptake by straw among various treatment combinations.

Table 4.6: Phosphorus uptake by rice as affected by nutrient management
practice (after 21 crop cycle)

Phosphorus uptake (kg ha™)

Treatment Grain Straw Total
T, Control 2.13 0.91 3051
T, 50% RDF (40:30:20) 10.32 3.57 13.9h
T 75% RDF 14.74 4.97 19.7 £
T4 100% RDF (80:60:40) 18.30 5.95 243 cd
Ts 50% RDF+50%FYM-N 19.83 7.1 269b
T 75%RDF+25%FYM-N 18.01 6.18 242 cd
T, 50%RDF+50%RR-N 17.01 5.46 22.5de
Ts 75% RDF+25%RR-N 15.19 5.03 20.2 ef
To 50% RDF+50%GM-N 22.09 7.52 29.6 a
Tio | 75% RDF+25%GM-N 19.11 6.86 26 be
T Farmer practices (50:30:20) 13.04 4.21 172 g
SEm+ 0.93 0.45 0.79
CD (P=0.05) 2.73 1.32 2.35

FYM-farm yard manure, RR- rice residues, GM- green manure
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Total uptake

Total phosphorus uptake by rice ranged from 3.05 to 29.6 kg ha and increasing
significantly with increasing dose of applied fertilizer and manure over control. The
significantly highest (29.6 kg ha™) P uptake was recorded in 50% RDF + 50% GM-N

closely followed (26.9 kg ha™) by 50%RDF + 50%FYM-N and lowest (13.9 kg ha™)

in 50% RDF with respect to applied inorganic fertilizer. The nitrogen and phosphorus
uptake by grain and straw were also increased due to increased grain yield and
concentration of the nutrients in respective treatments (Table 4.5). Similar finding were
observed by Makarim et al. (2005) and Natarajan et al. (1994).
Potassium uptake
Potassium uptake by grain, straw and total under inorganic fertilizer and INM

treatments is given in table 4.7 and fig 4.6. The K uptake by grain ranged from?2.80 to
20.18 kg ha™'. The highest (20.18 kg ha™") K uptake was recorded in 50%RDF + 50%
GM-N followed by 19.88 kg ha™ in 50%RDF + 50%FYM-N and lowest (2.80 kg ha™)
in control plots. The K uptake by straw ranged from 30.85 to 183.34 kg ha™'. The
highest (183.34 kg ha™') K uptake by straw was noted in 50%RDF + 50%FYM-N
followed by (179.79 kg ha) in 50%RDF + 50% GM-N and the lowest 30.85 kg ha™ in
control plots.
Total uptake

The total potassium uptake by rice ranged from 33.65 to 203.22 kg ha™ and
increased significantly by increasing dose of applied fertilizer and manure over control.
Significantly highest 203.22 kg ha™ K uptake was recorded in 50%RDF + 50% FYM-

N closely followed by 199.97 kg ha in 50%RDF + 50% GM-N and lowest 127 kg ha
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in 50%RDF with respect to applied treatment. The results are in agreement with the
findings of Das et al. (2013), showed that FYM application @ 15 t ha ' along with
100% NPK fertilizers produced maximum yields, nutrients uptake and improve in soil
properties.

Table 4.7: Potassium uptake by rice as affected by different treatment (after 21
crop cycle)

Potassium uptake (kg ha™)

Treatment Grain Straw Total
T, Control 2.8 30.85 33.65f
T, 50% RDF (40:30:20) 9.84 117.16 127.00 e
T 75% RDF 15.4 165.03 180.43 b
T4 100% RDF (80:60:40) 18.18 171.72 189.90 ab
Ts 50% RDF+50%FYM-N 19.88 183.34 203.22 a
Te 75%RDF+25%FYM-N 18.11 162.79 180.91 b
T, 50%RDF+50%RR-N 15.75 147.34 163.09 ¢
Tg 75% RDF+25%RR-N 13.45 136.16 149.61d
To 50% RDF+50%GM-N 20.18 179.79 199.97 a
Tio 75% RDF+25%GM-N 18.96 165.92 184.88 b
T Farmer practices (50:30:20) 12.74 129.32 142.06 d
SEm+ 0.78 4.53 4.55
CD(P=0.05) 2.29 13.36 13.41

FYM-farm yard manure, RR- rice residues, GM- green manure
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4.4 Relationship of soil microbial biomass carbon with soil fertility and crop yield

Correlation coefficient between the selected various component of soil
fertility with soil microbial biomass carbon (MBC) was worked out and the values of
correlation coefficient are presented in table 8. Correlation analysis was performed to
quantify the relationship of soil MBC with soil fertility and crop yield. This analysis
was carried out to find out the contribution of various component of soil fertility to soil
MBC. The correlation study revealed that soil MBC was significantly and positively
correlated with organic carbon, available nitrogen, phosphorous, potassium and crop
yields. It can be concluded from the above results that the highly positive significant
correlation coefficient was found between organic carbon, available nitrogen,
phosphorous, potassium, and crop yield and it was explained by r =, 0.82, 0.76, 0.79,
0.89, 0.76 and 0.74, respectively during rice season. Zhong and Cai (2006) reported
that the most microbial parameters were mainly correlated with soil organic carbon
content rather than P and N indicating that the application of P and N did not directly
affect microbial parameters in the soil, but did so indirectly by increasing crop yields,
thus promoting the accumulation of soil organic matter.

Table 4.8: Relationship between of soil fertility and crop yield with soil microbial
biomass carbon (after 21 crop cycle)

S. No. Parameters r-value
1. |Microbial biomass carbon vs. organic carbon 0.82%*
2. |Microbial biomass carbon vs. available nitrogen 0.76**
3. |Microbial biomass carbon vs. available phosphorous 0.79%*
4. |Microbial biomass carbon vs. available potassium 0.89%*
5. |Microbial biomass carbon vs. grain yield 0.76%*
6. |Microbial biomass carbon vs. straw yield 0.74%*

** significant at 1%
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4.5 Effect of combined application of inorganic fertilizer and organic manure on
nutrient balance sheet

It is always desirable to calculate the apparent nutrient balance to attain the
desirable level of production without depleting the native reserves and ensuring the
maintenance and improvement in soil fertility. Nutrient’s drain has been calculated on
the basis of the removal by grain and straw of the crops which were harvested. The
balance sheets of available N, P and K in rice as influenced by inorganic fertilizer and
organic manure are presented in Table 4.9. The data showed that on inputs (nutrient
applied) and outputs (nutrient uptake) of nutrients indicated the N, P and K removal
was the highest in 50%RDF+50%FYM-N followed by 50% RDF+50%GM-N over rest
of the treatments. The maximum negative N balance was recorded in treatment
50%RDF+50%FYM-N (-54.83). Phosphorus is relatively immobile in soil as compared
to N and K. The maximum positive balance of P was recorded in treatment 75%
RDF+25% RR-N (+5.8 kg ha™) followed by 50%RDF+50% RR-N (+3.5 kg ha™)
while, maximum negative balance of P was recorded in treatment Farmer practices (-
4.2 kg ha). The negative P balance is obviously due to absence and/or lower dose of
P in fertilization schedule whereas positive P balance is because of addition of P in
excess of its uptake by crops (Dwivedi ef al. 2007). The maximum negative balance of
K in soil was recorded under 50%RDF+50%FYM-N (-170 kg ha™') treatment. Thakur
et al. (2011) reported that balanced use of fertilizers alone significantly responsible for
build up of organic carbon and available P. A declining trend of available N and K
from its initial status was noticed as a result of continuous cropping, which indicated

considerable soil mining of available N and K.
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Table 4.9: Effect of application of inorganic fertilizer and organic manure on nutrients (N, P and K) balance sheet (after 21

crop cycle)

Balance sheet of Nutrients ( kg ha™)

Nutrient added through Nutrient removed by grain + .
Treatment fertilizer and manure straw Net gain or loss

N P K N P K N P K
T Control 0 0 0 19.12 3.05 33.65 -19.12 -3.05 -33.65
T, 50% RDF 40 13 17 65.45 13.9 127 -25.45 -0.9 -110
T3 75% RDF 60 20 25 99.82 19.7 180.43 -39.82 +0.3 -155.43
Ty 100% RDF 80 26 33 113.11 243 189.9 -33.11 +1.7 -156.9
Ts | 50%RDF+50%FYM-N 80 26 33 134.83 26.9 203.22 -54.83 -0.9 -170.22
Ts | 75%RDF+25%FYM-N 80 26 33 119.92 24.2 180.91 -39.92 +1.8 -147.91
T, 50%RDF+50% RR-N 80 26 33 101.45 22.5 163.09 -21.45 +3.5 -130.09
Tg 75% RDF+25% RR-N 80 26 33 94.40 20.2 149.61 -14.4 +5.8 -116.61
To 50% RDF+50%GM-N 80 26 33 132.98 29.6 199.97 -52.98 -3.6 -166.97
Tio | 75% RDF+25%GM-N 80 26 33 126.01 26 184.88 -46.01 0 -151.88
T Farmer practices 50 13 17 81.53 17.2 142.06 -31.53 -4.2 -125.06

FYM= farm yard manure, RR= rice residues, GM= green manure.
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4.6 Effect of different nutrient management practices on yield attributing
characters and yield of rice
4.6.1 Yield attributing character of rice

1. Number of tiller per m’

Data pertaining on number of effective tillers per m” (Table 4.10.) showed that
this parameter was significantly influenced with combination of applied inorganic
fertilizer and organic manure over control. The 50% RDF+ 50% GM-N showed higher
response on number of tillers as compare to other treatment combination. The
integration of recommended fertilizer dose along with organic residues like 50% N
through GM (483 m?), FYM (456 m?), and RS (424 m?), and 25% N through GM (453
m?), FYM (440 m®) and RS (434 m?) along with 50 and 75% RDF showed comparable
and/or on par number of effective tillers amongst them.

At harvest, all the treatments combination proved significantly superior over
control in producing effective tillers per square meter. The 50% RDF+ 50% GM-N
gave maximum (453 m?) number of effective tillers and minimum (298 m?) in farmer’s
practise plot.

2. Panicle length

The data on panicle length is given in Table 4.10 showed that all the treatments
had significant differences over the control. The highest (24.55 cm) panicle length was
recorded in 50% RDF+ 50% GM-N followed by 24 ¢m in 50% RDF+ 50% FYM-N
and lowest (16.04 cm) under control plots. The 50, 75 and 100% RDF alone and in
combination with 25 and 50% RR-N and farmer practice were at par on panicle length
and significantly inferior over rest of the INM treatments. The results are in agreement
with the finding of Chaudhary et al. (2007) who observed that maximum panicle length

was obtained under 120 kg N ha™' (27.80 cm) as compared to in control (20.22 m).
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While the effect of N at 80 or 120 kg ha™ with FYM on 1000-grain weight was equally

effective as reflected in their statistical methods also.

Table 4.10: Effect of continuous cropping and fertilization on yield attributing
characters of Rice (after 21 crop cycle)

Treatment Effectiv_: tiller | Panicle length | Test weight

(m™) (cm) (gm)
T, Control 113 f 16.04 c 30.86 ¢
T, 50% RDF (40:30:20) 353d 2130 31.89 be
T3 75% RDF 348 d 21.83 ab 33.01 ab
Ty 100% RDF (80:60:40) 460 a 22.52 ab 33.56a
Ts 50% RDF+50% FYM-N 456 b 24 ab 3421 a
Ts 75%RDF+25% FYM-N 440 b 22.38 ab 3394 a
T 50%RDF+50% RR-N 424 c 21.23b 33.92a
Tg 75% RDF+25% RR-N 434 b 22.32 ab 3346 a
To 50% RDF+50% GM-N 483 a 2455 a 33.31 ab
Tio 75% RDF+25% GM-N 453 b 22.56 ab 32.86 ab
Ty1| Farmer practices (50:30:20) 298 e 21.5 ab 33.85a

SEm+ 9 1.06 0.48

CD (P=0.05) 26 3.11 143

FYM-farm yard manure, RR- rice residues, GM- green manure
3. Test weight

The data on test weight (1000- seeds) is presented in Table 4.10. The highest
test weight, 34.21 g was recorded in 50%RDF+ 50% FYM-N followed by 33.31 g in
50%RDF+ 50% GM-N and lowest (30.86 g) in control plot. The results are conformity
with the findings of Hossaen et al. (2011) who revealed that the maximum number of

total grain per plant (97.45), the highest weight of 1000 seeds (21.80 g), the maximum

55



grain yield (7.30 t ha™) and straw yield (7.64 t ha™") were recorded in treatment T5
(70% NPKS+2.4 t poultry manure ha™) whereas the lowest number of effective tillers
per hill was 6.1.

4.6.2. Effect of different nutrient management practices on rice yield

The yield of rice increased with increasing the levels of mineral nutrients from
50 to 100% RDF. Treatment Tg consisting of 50% RDF + 50% GM-N as received from
green manuring registered highest grain yield (70.23 g/ha) of rice which was
significantly superior to the control, farmer’s practice and different levels of mineral
nutrients i.e. from 50 to 100 % RDF. It was because of the immobilization of nitrogen
and comparable to that of 100% inorganic fertilizer treatment (T4), 50% (Ts) and 75%
(T¢) RDF +25/50% N as received from FYM and 25% N received from GM in Ty
respectively (Table 4.11).

Significant residual effect of FYM and GM incorporation in soil was recorded
on grain yield of rice. Thus, the use of FYM and GM with fertilizer N has helped in
sustaining the yield of rice as reported by Singh et al/ (2001). Rice was found to be
more responsive than rabi crops to green manuring, which might be due to direct effect
of green manure in supplying nutrient to rice crop and beneficial effect on soil health as
reported by Kumar and Singh (2010). Mehdi et al. (2011) studied the comparison of
Sesbania and FYM applied at 20 ton ha™' showed that Sesbania remained superior over
the farm yard manure for improving the paddy and straw yield. The increased
efficiency of NPK fertilizer with green manuring may be due to chemical, enzymatic

and metabolic transformation of organic material, as the green manuring is
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continuously subject to degradation, thus more susceptible to change in metal uptake
than inorganic soil fractions.

Table 4.11: Effect of long term inorganic fertilizer and organic manure
application on rice yield (after 21 crop cycle)

Yield (q ha™)
Treatment

Grain Straw

T, Control 13.13 ¢ 23.29 ¢
T, 50% RDF (40:30:20) 43.54 cd 68.13 cd
T; 75% RDF 61.77b 92.08 a
T4 100% RDF (80:60:40) 70.1 a 94.79 a
Ts 50% RDF+50%FYM-N 69.27 a 93.13 a
T 75%RDF+25%FYM-N 67.5a 93.75a
T, 50%RDF+50%RR-N 60.73 b 81.46b

Ts 75% RDF+25%RR-N 57.6b 77.5b
To 50% RDF+50%GM-N 70.23 a 95.83 a
Tio 75% RDF+25%GM-N 68.29 a 96.25 a
T Farmer practices (50:30:20) 51.04 ¢ 76.46 b

SEm-+ 2.78 3.72
CD (P=0.05) 8.15 10.90

FYM-Farm yard manure, RR- Rice residues, GM- Green manure
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Fig 4.8: Grain and straw yield of rice as affected by different inorganic fertilizer
and integrated nutrient management practices
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CHAPTER-V

SUMMARY, CONCLUSION AND SUGGESTIONS FOR

FUTURE RESEARCH WORK

The present study entitled “LONG TERM EFFECT OF INORGANIC
FERTILIZERS AND ORGANIC MANURES ON SOIL FERTILITY STATUS,
MICROBIAL BIOMASS CARBON, NUTRIENT UPTAKE AND YIELD OF
RICE ON INCEPTISOL” was carried out during kharif season of 2012 under All
India Coordinated Research Project (AICRP) on Integrated Farming System (IFS) at
the Instructional Farm of College of Agriculture, Indira Gandhi Krishi Vishavidyalaya,
Raipur, Chhattisgarh. The present experiment was laid in randomized block design
(RBD) and replicated three times with eleven treatments viz. control ( no fertilizer and
manure application) (T;), 50% RDF (T3), 75% RDF (T3), 100%RDF (T4), 50% RDF +
50% FYM-N (Ts), 75%RDF +25% FYM-N (Ts), 50% RDF + 50% RR-N (T7), 75%
RDF + 25% RR-N (Ts), 50% RDF + 50% GM-N (Ty), 75% RDF+ 25% GM-N (To),
Farmer’s practices 50:30:20 (T;;). A medium duration high yielding rice variety
“Mahamaya” was taken as a test crop.

The findings indicated that application of inorganic fertilizer alone did not
influence soil pH and EC, but showed higher pH recorded in inorganic fertilizer
compared to integrated nutrient management practices and/or control. The electrical
conductivity did not vary in different treatments. Incorporation of inorganic fertilizer
and organic manure had significantly increased the organic carbon status of the soil.

The FYM helped in sustaining / maintaining the highest level of organic carbon (7.5gm
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kg™) in 50% RDF + 50% FYM-N followed by application of inorganic fertilizer along
with green manure (7.2 gm kg™).

The different organic and inorganic treatment combinations had significantly
influenced the soil fertility status. The highest available nitrogen (272 kg ha™) content
was recorded in 50% RDF + 50% GM-N while, available phosphorus (31.37 kg ha™)
and potassium (264 kg ha™) status in soil were recorded maximum under 50% RDF +
50% FYM-N followed by 100% RDF (260 kg ha™).

The different combination of inorganic fertilizer and organic manure increased
the N, P and K content in grain and straw of rice crop. The nitrogen and phosphorus
content in grain was significantly higher under 50% RDF and 50%GM-N, whereas in
case of straw the pattern was found almost similar as observed in grain. Potassium
content in grain and straw was found higher in 50% RDF and 50% FYM-N.

The total N, P and K uptake by rice was significantly increased with different
treatment of inorganic fertilizer and organic manure. The total uptake of nitrogen (138
kgha™) and phosphorus (29.6 kg ha™) by rice was found higher in 50% RDF and 50%
GM-N whereas, total potassium (203 kg ha™) uptake was found maximum in 50%
RDF along with 50% FYM-N and lowest (33.65 kg ha™) in control.

Soil microbial biomass carbon was significantly influenced by different
treatment combinations. The FYM helped in maintaining highest (334.55 pgCg™' of dry
soil) microbial biomass carbon followed by green manure. A gradual increase was
observed due to graded levels of N, P and K i.e. 50 to 100 % over absolute control.

The balance sheets of N, P and K in rice as influenced by inorganic fertilizer

and organic manures showed that on inputs (nutrient applied) and outputs (nutrient
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uptake) of nutrients indicated that the N, P and K removal was higher in
50%RDF+50%FYM-N followed by 50% RDF+50%GM-N over rest of the treatments.
The maximum negative N balance (-54.83) was recorded in treatment 50%
RDF+50%FYM-N. The maximum positive balance (+5.8 kg ha™) of P was recorded in
treatment 75% RDF+25% RR-N followed (+3.5 kg ha™) by 50%RDF+50% RR-N
while, maximum negative balance (-4.2 kg ha™') of P was recorded in Farmer practices
treatment. The maximum negative balance (-170 kg ha™) of K in soil was recorded
under 50%RDF+50%FYM-N treatment.

The growth and yield parameter were significantly affected by different
treatments. The highest (34.21 g) weight of 1000 grain was observed in 50% RDF and
50% FYM-N and lowest in control. The maximum number (483 m™) of effective tiller
was recorded in 50% RDF + 50% GM-N over control. The highest panicle length
(24.55cm) was recorded in 50% RDF+ 50% GM-N followed by 50% RDF+ 50%
FYM-N (24 cm) and lowest (16.04cm) under control plot.

The yield of rice increased with increasing the levels of mineral nutrients from
50 to 100% RDF. Treatment Ty consisting of 50% RDF + 50% GM-N as received from
green manuring registered highest grain yield (70.23 g/ha) of rice which was
significantly superior over control. It was because of the immobilization of nitrogen
and comparable to that of 100% inorganic fertilizer treatment (T4), 50% (Ts) and 75%
(Ts) RDF +25/50% N as received from FYM and 25% N received from GM in Ty,
respectively.

Conclusions

From the above result the following conclusions can be drawn:-
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1.

Continuous application of chemical fertilizers alone or integration with any of the
organics did not influence pH and electrical conductivity of soil. However, the
organic carbon content was higher in 50% inorganic NPK fertilizers alongwith 50
% GM-N.  The inorganic fertilizer and organic manure maintained and/or
sustained highest levels of available N, P and K due to its long-term application.
The green manure was next in maintaining above nutrient / element followed by
FYM.

Higher response was observed in integrated use of organic along with inorganic
fertilizer for the nutrient supply of rice crop and further it improves the organic
carbon and available nitrogen and potassium content of soil.

Long term integrated nutrient management in continuous cropping system resulted
in a significant accumulation of microbial biomass in soil.

The accumulation of microbial biomass augmented the yield of rice crop. Among
the component of soil fertility studied, microbial biomass contributed only towards
organic carbon while other component remained unaffected.

The balance sheets of N, P and K in rice as markedly influenced by inorganic
fertilizer and organic manures, The maximum negative N balance (-54.83)was
recorded in treatment 50%RDF+50%FYM-N. The maximum positive balance
(+5.8 kg ha™) of P was recorded in treatment 75% RDF+25% RR-N followed by
50%RDF+ 50% RR-N (+3.5 kg ha™') while, maximum negative balance (-4.2 kg
ha™) of P was recorded in Farmer practices treatment. The maximum negative
balance (-170 kg ha') of K in soil was recorded under 50%RDF+50%FYM-N

treatment.
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6. Green manure is second best option for long-term sustainability and high yield in
this system followed by chemical fertilizer alone and integration with FYM.

7. All the yield attributing character and yield of rice significantly increased due to
residual effect of GM/FYM/RR residues along with 75% and 100% RDF in rice
over control.

8. The yield of rice increased with increasing the levels of mineral nutrients from 50
to 100% RDF. Treatment Ty consisting of 50% RDF + 50% GM-N as received
from green manuring registered highest grain yield (70.23 g/ha).

Suggestions for Future Work
1. Long- term effect of integrated use of organics along with chemical fertilizer on

nutrient dynamics and fractionation of soil organic matter and biological
properties of soil need to be studied.

2. The extent of microbial biomass accumulation is closely related to microbial
and enzyme activities in soil which should also be determined simultaneously
to establish and define their role in the dynamics of soil microbial biomass.

3. The changes in physical properties of soil in relation to micronutrient due to
chemical fertilizer and INM over the year need to be studied.

4. Role of long-term fertilizer experiment on developing suitable model for

precision farming with higher input use efficiency may be determined.
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Abstract




“LONG TERM EFFECT OF INORGANIC FERTILIZERS AND ORGANIC
MANURES ON SOIL FERTILITY STATUS, MICROBIAL BIOMASS
CARBON, NUTRIENT UPTAKE AND YIELD OF RICE ON INCEPTISOL”

BY

Kiran Rathore

ABSTRACT

The experiment was conducted during the kharif season of 2012 at
Instructional Farm of IGKV, Raipur (C.G.) to investigate the long term effect of
inorganic fertilizers and organic manures on soil fertility, nutrients uptake, nutrients
balance sheet, microbial biomass carbon (MBC) and yield of rice. The soil was sandy
loam and locally known as matasi, neutral in pH. low in available N, medium in
available P and K. The experiment was laid in randomized block design and
replicated three times with eleven treatments i.e. control ( no fertilizer and manure
application) (T), 50% RDF (T). 75% RDF (Ts), 100%RDF (T4). 50% RDF + 50%
FYM-N (Ts), 75%RDF +25% FYM-N (Ts), 50% RDF + 50% RR-N (T-), 75% RDF +
25% RR-N (Tg), 50% RDF + 50% GM-N (Ty), 75% RDF+ 25% GM-N (T)),
Farmer’s practices 50:30:20 (T;;). A medium duration high yielding rice variety
“Mahamaya” was taken as a test crop.

The results revealed that combined application of inorganic fertilizer and
organic manure ie. integration of fertilizers and manures during kharif improves
chemical properties of soil like organic carbon content, available N, P and K status in
soil, microbial biomass carbon in soil and nutrient balance sheet as compared to
absolute and/or alone inorganic fertilizer application. At harvest of rice no significant
change was observed with respect to pH and EC of soil. However, application of
organics (farm yard manure, rice residues, green manure) with inorganic fertilizer
treatment in rice along with 50 and 75% RDF gave higher soil organic carbon,
available P and MBC content of soil as compared to control. Whereas, depletion of
negative balance of available N and K were found in all the treatments, show the
mining of these nutrients from available pool of soil.

Further, the result revealed that MBC positively significant correlated with
organic carbon, available N, P and K and yield of rice. The macro nutrients uptake,
yield attributing parameter and grain yield were found superior in different organic
and inorganic treatment combination at 25, 50% and along with GM and/or FYM as

compared to 50% or 75% RDF to the rice crop. ﬂl

pee g
Department of Soil Science and Dr. Alok Tiwari
Agricultural Chemistry (Major Advisor)

College of Agriculture, IGKV, Raipur

63



References




REFERENCES

Acton, D.F., Gregorich, L.J., 1995. The Health of Our Soils: Toward Sustainable Agriculture in
Canada. Agric. Agri-FoodCanada, CDR Unit, Ottawa.

Agarwal, M., Nand R. and Ram S. 2010. Long- term effect of inorganic and manure on physical
and chemical properties of soil after 35 year of continuous cropping of rice-
wheat. Pantnagar journal of Research. 8(1): 76-80.

Azam, F., Farooq, S. and Lodhi, A. 2003. Microbial biomass in agricultural soils-determination,
synthesis, dynamics and role in plant nutrition. Pakistan J. Biol. Sci., 6: 629-639.

Bajai, R.K., Upadhyay, S.K., Joshi, B.S. and Tripaththi, R.S. 2002. Productivity and economics
of rice-wheat cropping system under integrated supply system. Indian J. of
Agronomy. 47: 467-472.

Banik, P. Ghosal, P.K., Sasmal, T.K., Bhattacharya, S., Sarkar, B.K. and Bagchi, D.K. 2002.
Effect of organic and inorganic nutrient for soil quality conservation and yield of
rainfed low land rice in sub-tropical plateau region. J. of Agronomy and crop
science. 192(5): 331-343.

Bezbaruha, R., Sharma, R. C. and Banik P. 2011. Effect of Nutrient Management and Planting
Geometry on Productivity of Hybrid Rice (Oryza sativa L.) Cultivars. American
Journal of Plant Sciences, 2: 297-302.

Bhandari, A.L., Sood, A., Sharma, K.N and Rana, D.S. 1992. INM, in rice-wheat system.
J.Indian Soc. of Soil Science, 40: 742-747.

Bhattacharyya, P., Roy, K. S., Neogi, S., Adhya, T. K., Rao, K. S. and Manna, M. C. 2012.
Effects of rice straw and nitrogen fertilization on greenhouse gas emissions and

carbon storage in tropical flooded soil planted with rice. Soil-and-Tillage-

64



Research. 124: 119-130.

Bhuvaneshwari, R., sriramachandrasekharen, M.V. and Ravichandran, M. 2007. Integrated use
of FYM and S for the growth and yield of rice (Oryza sativa).Oryza. An
International journal on Rice,44(2): 169-171.

Bhat, J.A., Chakrabortty, S. Sharma, D.P. and Thomas, T.2001. Effect of integrated nutrient
management on soil properties, nutrient uptake growth and yield of rice. Journal
of Environment and Ecology. 23(2): 390-394.

Bi, E., Zhang, L., Schmidt, T. C., and Haderlein, S. B. 2009. Simulation of nonlinear sorption of
N-heterocyclic organic contaminates in soil columns. Journal of Contaminant
Hydrology, 107(1-2), 58-65.

Black, C.A. 1965. Method of soil analysis American Agronamy Inc., Madison, Wisconsin, USA.
131-137

Brookes, P.C. 1995. The use of microbial parameters in monitoring soil pollution by heavy
metals. Biol. Fertil. Soils, 19: 269-279.

Chaudhary, S.K. and Sinha, N.K. 2007. Effect of levels of nitrogen and zinc on grain yield and
their uptake in transplanted rice .oryza. An International journal on Rice,44(1):
44-47.

Chapman, H.D. and Pratt, P.F..1961. method of analysis for soils, plants and waters. University
of California. USA.

Chaudhary, S.K., Thakur, S.K. and Pandey, A.K. 2007. Response of wetland Rice (Oryza sativa)
to N and Zn, Oryza. An International journal on Rice,44(1): 31-34.

Chen, C.R., Xu, Z.H., Mathers, N.J. 2004. Soil carbon pools in adjacent natural and plantation

forests of subtropical Australia. Soil Sci. Soc. Am. J., 68:282-291.

65



Choudhary, A. K. and Suri, V. K. 2009. Effect of organic manures and inorganic fertilizers on
productivity, nutrient uptake and soil fertility in rice (Oryza sativa)-wheat
(Triticum aestivum) crop sequence in westerns Himalayas. Current Advances in
Agricultural Sciences. 1(2):65-69.

Dar, S. R., Thomas T., Dagar J. C., Mir H., Amin A., Shankar V., Singh D., Pundir A. K., Malik
R. K. and Grover G.P. 2012. Yield Potential, Nutrient Uptake, Metal
Fractionation and Effect on Soil Properties under Integrative Use of Varied C:N
Ratio Composts, Fly Ash and Inorganic Fertilizer Nitrogen in Rice Grown on
Inceptisol. Journal of Agricultural Science.4(6).

Das, T., Ram, S. and Ram, N. 2013. Effect of long term application inorganic fertilizers and
manure on yields, nutrients uptake and grain quality of wheat under rice-wheat
cropping system in a Mollisols.www. gbpuat.ac.in/research/ 9(2).

Dev, G. 1997. Soil Fertility Evaluation for Balanced Fertilisation, (Potash & Phosphate Inst. of
Canada - India Programme, Gurgaon, Haryana) Fert.News 42(4) 23-34.

Doran, J.W., Parkin, T.B., 1994. Defining and assessing soil quality. In: Doran, J.W., Coleman,
D.C., Bezdicek, D.F.,Stewart, B.A. (Eds.), Defining Soil Quality for a
SustainableEnvironment. Soil Science Society of America, Madison, WI, 3-21.

Dwivedi, D. K. and Thakur, S. S. 2000. Effect of organic and inorganic fertility levels on
productivity of rice (Oryza sativa) crop. Indian-Journal-of-Agronomy. 45(3): 568-
574.

El-Ghamry, A.M., Abid Subhani and El-Naggar, E.M. 2001. Effect of organic residues on soil
microbial biomass in different Egyptian soils. Pakistan Journal of Biological

Sciences, 4: 1479-1483.

66


http://ovidsp.tx.ovid.com/sp-3.7.1b/ovidweb.cgi?&S=ABFJFPHGOBDDKEBLNCPKICDCFOEDAA00&Search+Link=%22Choudhary%2c+A+K%22.au.
http://ovidsp.tx.ovid.com/sp-3.7.1b/ovidweb.cgi?&S=ABFJFPHGOBDDKEBLNCPKICDCFOEDAA00&Search+Link=%22Suri%2c+V+K%22.au.
http://ovidsp.tx.ovid.com/sp-3.7.1b/ovidweb.cgi?&S=ABFJFPHGOBDDKEBLNCPKICDCFOEDAA00&Complete+Reference=S.sh.14%7c46%7c1
http://ovidsp.tx.ovid.com/sp-3.7.1b/ovidweb.cgi?&S=ABFJFPHGOBDDKEBLNCPKICDCFOEDAA00&Complete+Reference=S.sh.14%7c46%7c1
http://ovidsp.tx.ovid.com/sp-3.7.1b/ovidweb.cgi?&S=ABFJFPHGOBDDKEBLNCPKICDCFOEDAA00&Complete+Reference=S.sh.14%7c46%7c1
http://ovidsp.tx.ovid.com/sp-3.7.1b/ovidweb.cgi?&S=ABFJFPHGOBDDKEBLNCPKICDCFOEDAA00&Complete+Reference=S.sh.14%7c46%7c1

Fox, C.A., MacDonald, K.B., 2003. Challenges related to soil biodiversity research in agro
ecosystems-issues within the context of scale of observation. Can. J. Soil Sci., 83,
231-244.

Gardner, F.P., Pearce, B.R. and Mitchell, R.L. 1988.Physiology of crop plants.Scientific
Publication, Jodhpur, Rajasthan.

Ghosh, P. K., Venkatesh, M. S., Hazra, K. K. and Kumar, N. 2012. Long-term effect of pulses
and nutrient management on soil organic carbon dynamics and sustainability on
an inceptisol of Indo-Gangetic plains of India. Experimental-Agriculture. 48(4):
473-487.

Gill, M. S., Dhaliwal, S.S., Walia, S>S> and Brar, A.S. 2004. Sustaining productivity of rice
(oryza sativa)- Wheat (triticum aestivum) system through integrated nutrient
management approach under punjab condition. National symposium on Resource
Conservation and Agricultural Productivity, Nov., 22-25, Ludhiana, Punjab.

Gomez, K.A. and Gomer, A.A. 1984. Statistical procedures for Agricultural Research. An
Internationa Rice Research Institute Book, wiley Interscience publication, new
York.

Goyal S., Singh D., Suneja S. and Kapoor K. K. 2009. Effect Of Rice Straw Compost On Soil
Microbiological Properties And Yield Of Rice. Indian Journal of Agricultural
Research. 43(4): 263-268.

Goyal, S., Mishra, M.M., Hooda, LI.S., Singh, R., 1992. Organic matter-microbial biomass
relationships in field experiments under tropical conditions: effects of inorganic
fertilization and organic amendments. Soil Biol. Biochem. 24, 1081-1084.

Gregorich, E.G., Liang, B.C., Drury, C.F. Mackenzie, A.F. and McGill, W.B. 2000. Elucidation

67



of the source and turnover of water soluble and microbial biomass carbon in
agricultural soils. Soil Biol. Biochem., 32: 581-587.

Gupta, N. C. 2000. Impact of Long term Manure and fertilizer Application on Nutrient Status
and other Properties in Alluvial Soils of Bihar. Rajendra Agricultural University.

Jackson, M. L. 1967. Soil Chemical Analysis, prentice Hall of India Pvt. Ltd., New Delhi, 205.

Haney, R.L., Franzluebbers, A.J., Hons, F.M., Hossner, L.R. and Zuberer, D.A.. 2001. Molar
concentration of K2SO4 and soil pH effect estimation of extractable C with
chloroform fumigation extraction. Soil Biol. Biochem., 33: 1501-1507.

Hemalatha S. and Chellamuthu S. 2013. Impacts of long term fertilization on soil nutritional
quality under finger millet : maize cropping sequence. Journal of Environmental
Research And Development. 7(4).

Hole, D.G., Perkins, A.J., Wilson, J.D., Alexander, I.H., Grice, P.V., and Evans, A.D. 2005.
Does organic farming benefit biodiversity? Biol. Conserv., 122: 113-130.

Hossaen, M. A., Shamsuddoha, A. T. M., Paul, A. K., Bhuiyan, M. S. I. and Zobaer ,A. S. M.
2011. Efficacy of different organic manures and inorganic fertilizer on the yield
and yield attributes of Boro Rice. Krishi Foundation: Mirpur, Bangladesh
9(1/2): 117-125.

Hou Hong-qian, LIU Xiu-mei, LIU Guang-rong, LI Zu-zhang LIU Yi-ren, HUANG Yong-lan, JI
Jian-hua,SHAO Cai-hong, WANG Fu-quan Effect of Long-Term Located
Organic-Inorganic Fertilizer Application on Rice Yield and Soil Fertility in Red

Soil Area of China [J]., 2011, 44(3): 516-523.

68



Islam M. S., Islam M. Z., Rahman, G. K. M. M. and Chowdhury M. A. A. H. 2010. Effect of
Some Secondary And Micro Nutrients Along With Organic Amendments On T.
Aman. Int. J. Sustain. Crop Prod. 5(4):51-58.

Jaggi R.C et.al 2001 Integrated Plant Nutrient Management (IPNM) in Agriculture : The Need of
the Day, Indian Farmers' Digest 34(1) 10-12.

Kanazawa, S., Asakawa, S., Takai, Y., 1988. Effect on fertilizer and manure application on
microbial numbers, biomass, and enzyme activities in volcanic ash soils. L
Microbial numbers and biomass carbon. Soil Sci. Plant Nutr. 34, 429-439.

Katyal, V., Gangwar, B., Gangwar, K.S. and Singh, K.P. 2002. Changes in productivity and soil
fertility under rice (oryza sativa)-Wheat (Triticum aestivum) System as influenced
by long —term integrated.

Kennedy, A.C., Papendick, R.I., 1995. Microbial characteristics of soil quality. J. Soil Water
Conserv. 50, 243-248.

Kennedy, A.C., Smith, K.L., 1995. Soil microbial diversity and the sustainability of agricultural
soils. Plant Soil 170, 75-86.

Krishna, D. 2003. Studies on dynamic behaviour of phosphorous addition and its relationship
with Rice (Oryza sativa L.) in a long term fertilizer experiment on a Mollisol.
Thesis, Master of Science in Agriculture (Soil Science), G.B.P.U.A.

Kumar, V. and Prasad, R. K. 2008. Integrated effect of mineral fertilizers and green manure on
crop yield and nutrient availability under rice-wheat cropping system in
calciorthents. Journal of the Indian Society of Soil Science. 56(2): 209-214.

Kumar, V. and Singh A.P. 2010. Long —term effect of green manuring and FYM on yield and
soil fertility status in rice- wheat cropping system. Journal of the Indian Society of Soil

Science. 58(4): 409-412.

69


http://agris.fao.org/?query=%2Bauthor:%22Kumar,%20V.%22
http://agris.fao.org/?query=%2Bauthor:%22Prasad,%20R.K.%22
http://agris.fao.org/?query=%2BcitationTitle:%22Journal%20of%20the%20Indian%20Society%20of%20Soil%20Science%22

Kumari, C. R. Reddy, D. S. 2011. Sustainable nitrogen = management
in rice based cropping system. Indian Journal of Agricultural Research.45 (2):93-
103.

Kundu, S., Kundu, A. L. and Bandopadhyay, S. 2004. Studies on crop yield as influenced by
the use of crop residues in conjunction with nitrogenous fertilizer in rice-wheat
cropping system. Indian-Agriculturist. 48(1/2): 69-74.

Laxminarayana K. and Patiram. 2006. Effect of Integrated Use of Inorganic, Biological and
Organic Manures on Rice Productivity and Soil Fertility in Ultisols of Mizoram.
Journal of the Indian Society of Soil Science. 54 (2): 213- 220.

Liao, Y., Zheng S., Lu Y., Yang Z., Nie J. and Xie J. 2010. Long-term effect of fertilizer
application on rice yield, potassium uptake in plants, and potassium balance in
double rice cropping system. Frontiers of Agriculture in China. 4 (4): 406-415.

Li Z., Ming Liu, Xiaochen Wu, Fengxiang Han , Taolin Zhang Bi. 2010. Effects of long-term
chemical fertilization and organic amendments on dynamics of soil organic C and
total N in paddy soil derived from barren land in subtropical China. Soil & Tillage
Research 106: 268-274.

Lin, X.G., Yin, R., Zhang, H.Y., Huang, J.F., Chen, R.R., Cao, Z.H., 2004. Changes of soil
microbiological properties caused by land use changing from rice—wheat rotation
to vegetable cultivation. Environ. Geochem. Health 26 (2), 119-128.

Liu, E., Yan, C., Mei, X., Zhang, Y. and Fan, T. 2013. Long-term effect of manure and fertilizer

on soil organic carbon pools in dryland farming in northwest China. €e56536. doi:
10.1371/journal.pone.0056536. Epub 8 (2).

Liu, M., Ekschmitt, K., Zhang, B., Holzhauer, S. I. J., Li, Z., Zhang, T. and Rauch, S. 2011.

70


http://ovidsp.tx.ovid.com/sp-3.7.1b/ovidweb.cgi?&S=CGHFFPFDCHDDDEDHNCPKOEMCLJOBAA00&Complete+Reference=S.sh.14%7c80%7c1
http://ovidsp.tx.ovid.com/sp-3.7.1b/ovidweb.cgi?&S=CGHFFPFDCHDDDEDHNCPKOEMCLJOBAA00&Complete+Reference=S.sh.14%7c80%7c1
http://link.springer.com/search?facet-author=%22Yulin+Liao%22
http://link.springer.com/search?facet-author=%22Shengxian+Zheng%22
http://link.springer.com/search?facet-author=%22Yanhong+Lu%22
http://link.springer.com/search?facet-author=%22Zengping+Yang%22
http://link.springer.com/search?facet-author=%22Jun+Nie%22
http://link.springer.com/search?facet-author=%22Jian+Xie%22
http://link.springer.com/search?facet-author=%22Jian+Xie%22
http://link.springer.com/search?facet-author=%22Jian+Xie%22
http://link.springer.com/search?facet-author=%22Jian+Xie%22
http://link.springer.com/search?facet-author=%22Jian+Xie%22
http://www.ncbi.nlm.nih.gov/pubmed?term=Liu%20E%5BAuthor%5D&cauthor=true&cauthor_uid=23437161
http://www.ncbi.nlm.nih.gov/pubmed?term=Yan%20C%5BAuthor%5D&cauthor=true&cauthor_uid=23437161
http://www.ncbi.nlm.nih.gov/pubmed?term=Mei%20X%5BAuthor%5D&cauthor=true&cauthor_uid=23437161
http://www.ncbi.nlm.nih.gov/pubmed?term=Zhang%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=23437161
http://www.ncbi.nlm.nih.gov/pubmed?term=Fan%20T%5BAuthor%5D&cauthor=true&cauthor_uid=23437161

Effect of intensive inorganic fertilizer application on microbial properties in a
paddy soil of subtropical China. Agricultural-Sciences-in-China. 10(11): 1758-
1764.

Lynch, J.M., and Panting, L.M., 1982. Effects of season, cultivation and nitrogen fertiliser on the size
of the soil microbial biomass. J. Sci. Food Agric. 33, 249-252.

Maiti, S., Saha, M., Banerjee, H. and Pal, S. 2006. Integrated nutrient management under hybrid rice-
hybrid rice cropping sequence. Indian J. Agron. 51(3): 157-159.

Makarim, A.K. and Shuartatik, E.2005. Partial, efficiency concept in new rice plant type as indicated
by N uptake. Paper presented at International Rice Conference, Bali,
Indonesia,September 12-14.

Mandal, K. G., Misra, A. K., Hati, K. M., Bandyopadhyay, K. K., Ghosh P. K. and Mohanty M.
2004. Rice residue- management options and effects on soil properties and crop
productivity. Indian Institute of Soil Science (ICAR). 2 (1): 224-231.

Mathers, N.J., Mao, X.A., Xu, Z.H., Saffigna, P.G., Berners-Price, S.J., Perera, M.C.S. 2000.
Recent advances in the application of C-13 and N-15 NMR spectroscopy to soil
organic matter studies. Aust. J. Soil Res., 38: 769-787.

Mehdi, S. M., Muhammad S., Abbas, S. T., Ghulam, S. and Akhtar, J. 2011. Integrated nutrient
management for rice-wheat cropping system in a recently reclaimed soil .Soil
Environ. 30(1): 36-44.

Moharana, P. C., Sharma, B. M. and Biswar, D. R. 2012. Long-term effect of nutrient
management on soil fertility and soil organic carbon pools under a 6-year-old
pearl millet—-wheat cropping system in an Inceptisol of subtropical India. Field

Crops Research, 136: 32-41.

71



Nakhro N. and Dkhar M.S. 2010. Impact of Organic and Inorganic Fertilizers on Microbial
Populations and Biomass Carbon in Paddy Field Soil. Journal of Agronomy, 9:
102-110.

Natarajan, K. and Pushpavalli, R.1194. Strategies for higher nitrogen use efficiency in low land
Rice .Indian fertilizer Science.PP 92-93.

Nath, D. J., Ozah, B., Baruah, R., Barooah, R. C., and Borah, D. K. 2011 Effect of integrated
nutrient management on soil enzymes, microbial biomass carbon and bacterial
populations under rice (Oryza sativa)-wheat (Triticum aestivum) sequence.
Indian-Journal-of-Agricultural-Sciences. 81(12): 1143-1148.

Nayak, A. K., Gangwar, B., Shukla, Arvind K., Mazumdar, Sonali P., Kumar, Anjali, Raja,Kumar
Anil, Kumar Vinod, Rai, P.K, and Mohan,Udit 2012. Long-term effect of
Different Integrated Nutrient Management on Soil Organic Carbon and its
Fractions and Sustainability of Rice-Wheat System in Indo-Gangatic Plain of
India. Field Crops Research 129-139.

Ogbodo E.N.2013. Impact of the use of Inorganic Fertilizers to the Soils of the Ebonyi State
Agro-Ecology, South-Eastern Nigeria. Journal of Environment and Earth
Science.3(7).

Ogbodo, E. N.; Ekpe, 1. L.; Utobo, E. B. 2009. Effect of Organic and Inorganic Fertilizers on Physical
Properties of an Ultisol and Rice Production in South Eastern Nigeria. American-
Eurasian Journal of Sustainable Agriculture. 3 (3) 615.

Olsen, S.R., Cole, C.V., Franks, S.W. and Dean, L.A. 1954. Estimation of available phosphorous
in soils by extraction with sodium carbonate. U.S.D.A. Cir. No. 933: 119

Pandey, N. Verma, A.K., Anurag, Tripathi, R.S. 2007. Integrated nutrient management in

72



transplanted hybrid rice (oryza sativa). Indian J. Agron. 52(1): 40-42.

Parvathi E., Venkaiahl K., Munaswamy V., Naidu M.V.S., Giridhara T.Krishna and
Prasad T. N. V. K. V. 2013. Long-term effect of manure and fertilizers on the
physical and chemical properties of an alfisol under semi-arid rainfed conditions.
International journal of Agriculture science. 3(4):500-505.

Piper, C.S. 1967. Soil and plant analysis.Indian reprint. Hans Publications. Bombay.

Powlson, D.S. 1994. Quantification of Nutrient Cycle Using Long-term experiment. In Long-
Term Experiments in Agricultural and Ecological Science (Leigh, R.A.,and
Johnston,A.E., eds.). Wallingford, UK: CAB Internation.97-115.

Qi-chun, Z. and Guang-huo W.2005.Studies on nutrient uptake of rice and characteristics of soil
microorganisms in a long-term fertilization experiments for irrigated rice. journal

of zhejiang university science. 6(2):147-154.

Rahman M. H. Islam. M. R Jahiruddin , M.,. Rafii M. Y, Hanafi M. M. and Malek M. A. 2013.
Integrated nutrient management in maize-legume-rice cropping pattern and its
impact on soil fertility. Journal Food, Agriculture and Environment (JFAE)11, 1,
648-652.

Rahman, M. H., Islam, M. R., Jahiruddin, M. and Haque, M. Q. 2012. Management of organic
manure and inorganic fertilizer in the maize-mungbean/dhaincha-T. Aman rice
cropping pattern for increased crop production. Bangladesh-Journal-of-
Agricultural-Research. 37(2): 225-234.

Rattan R. K. and Singh A. K. (1997) Role of Balanced Fertilisation in Rice-Wheat Cropping
System, (IARI, New Delhi 110 012) Fert.News 42(4) 79-97.

Rashid, M., Khan, K.A.R. and Ahmed, Z.A. 1992. Integrated used of nutrient in rice-wheat

73



cropping system. In; Proceedings of international symposium on paddy soil.
China, Academia Sinica. 449-456.

Reddy, V.C., Ananda, MG. and murthy, K.N.K. 2000. Effect of different nutrient sources on
growth and yield of paddy (oryza sativa L.).Environment and ecology. 2004.
22(4): 622-626.

Ros, M., Herna'ndez, M.T., Garci’a, C. 2003. Soil microbial activity after restoration of a
semiarid soil by organic amendments. Soil Biol. Biochem., 35: 463—469.

Roul, P. K., Sarawagi, S. K., Shrivastav, S.K. and Kumar, Deepak. 2007. Effect of integrated
nitrogen management techniques on productivity, nitrogen uptake, N- use
efficiency, economics and energetic of rice (oryza sativa)- Indian mustard
(Brassica juncea) sequence. Indian J. Agron. 51 (3) : 170-173.

Sarathchandra, S.U., Ghani, A., Yeates, G.W., Burch, G., Cox, N.R., 2001. Effect of nitrogen
and phosphate fertilisers on microbial and nematode diversity in pasture soils.
Soil Biol. Biochem. 33, 953-964.

Sarwar, G. 2005. Use of compost for crop production in Pakistan. Ph.D. Thesis, University of
Kassel, Germany.

Sathiya K., Sathyamoorthi K. and Martin G. J. 2008. Effect of nitrogen levels and split doses on
the productivity of aerobic rice. Department of Agronomy Tamil Nadu
Agricultural University, 9 (3): 527-530.

Shah Z., Ahmad S. R. and Rahman H. U. 2010. Soil microbial biomass and activities as
influenced by green manure legumes and n fertilizer in rice-wheat system Pak. J.
Bot., 42(4): 2589-2598.

Shah Z., Ahmad S. R., Rahman H. U., Latif A. and Shah A. 2011. Rice and Wheat Yields in

74



relation to Biomass of Green Manure Legumes. Sarhad J. Agric. 27(1): 73.

Sharma, J.J., Thakur, R.C., Saroch, Kapil. and Bharbava, Manoj. 2004. Long- trem effect of
integrated nutrient management supply in (Oryza sativa ) — wheat (Triticum
aestivum) on system productivity and soil health under irrigated condition.
National symposium on resource conservation and agricultural productivity. 22-
25, Lughiana, Punjab.

Sharma, M. P., Bali, S. V. and Gupta, D. K. 2001. Soil fertility of rice-wheat cropping system in
an Inceptisol as influenced by integrated nutrient management. Journal of the
Indian Society of Soil Science. T1(2): 82-86.

Sharma, P., S.C. Rai, R. Sharma and E. Sharma. 2004. Effects of landuse change on soil
microbial C, N and P in a Himalayan watershed. Pedobiologia, 48: 83-92.

Sharma, R., Dahiva, S., Rathee, A., Singh, D., Nandal, J.K., and Malik, R.K. 2009. Effect of INM on
Growth,Yield, Economics and Soil Fertility in Rice-Wheat Cropping

Sheoran, P., Singh ,K.P., Malik, R.K. and Sardana, V. R. 2007. Effect of nitrogen scheduling
practices on growth characteristics, yield and N uptake of medium duration rice
(Oryza sativa)varieties. Oryza. An international journal on rice,44(3): 109-255.

Sime ,T. 2001. Long term effect of fertilizer and manures on the availability and uptake of
calcium, magnesium and sulphur by wheat in a Mollisol. Thesis, master of
Science in Agriculture (soil Science), GBPUA & T, Pantnagar. 5-19.

Singh, G. R., Pandye K.S., Choudhary, K.K., and Sharma, R.B.,1996. Biofertilisers in Crop
Prodution . Indian Farming. 46(10): 34-36.

Singh, M., Singh,V. P. and Reddy, K. S. 2001. Effect of integrated use of fertilizer nitrogen and
FYM or Green manure on transformation of N, K and S and Productivity of rice-

wheat system on a vertisol. Journal of the Indian Society of Soil Science. 49(3):

75


http://ovidsp.tx.ovid.com/sp-3.7.1b/ovidweb.cgi?&S=ABFJFPHGOBDDKEBLNCPKICDCFOEDAA00&Complete+Reference=S.sh.14%7c14%7c1

430-435.

Singh, Rajveer and Yadav, D.S. 2004. Effect of rice —wheat residues management and nitrogen
level on wheat under rice-wheat cropping system. Nation symposinm on resource
conservation and agriculture productivity, Nov., 22-25, Ludhiana, Punjab.

Smith, J.L. and Paul, E.A., 1990. The significance of soil microbial biomass estimations. In:
Stotzky, G., Bollag, J.M. (Eds.), Soil Biochemistry, Marcel Dekker, New York,
(6): 357-396.

Sparling, G.P., 1997. Soil microbial biomass, activity and nutrient cycling as indicators of soil
health. In: Pankhurst, C.E., Doube, B.M., Gupta, V.V.S.R. (Eds.), Biological
Indicators of Soil Health. CAB International, 97—119.

Subbiah, V. and Asija, G.L. 1956. A rapid procedure for estimation of available nitrogen in soil
Current Science 25: 259-260.

Subehia, S. K., Sepehya, S., Rana, S. S, Negi, S. C. and Sharma, S. K. 2013. Long-term effect of
organic and inorganic fertilizers on rice (Oryza sativa 1.)-wheat (Triticum
aestivum 1.) Yield, and chemical properties of an acidic soil in the western
himalayas. CSK Himachal Pradesh Agricultural University, Palampur.

Sudha, B. and Chandini, S. 2002. Nutrient management in rice (Journal of Tropical
Agriculture). 40(1/2):63-64.

Sun, F. X., Zhang ,W. H., Xu, M. G., Zhang, W. J., Li, Z. Q. and Zhang, J. Y. 2010. Effects of
long-term fertilization on microbial biomass carbon and nitrogen and on carbon
source utilization of microbes in a red soil 11:2792-2798.

Suresh, K. and Reddy, G. Ramsubba. 2002. Effect of organic inorganic sources of nutrient on
growth and yield of rice. Oryza. An international journal on rice. 39(1/2): 57-59.

Swarup. A and Yaduvanshi, N.P.S.2000. Effect of integrated nutrient management on soil

76


http://www.ncbi.nlm.nih.gov/pubmed?term=Sun%20FX%5BAuthor%5D&cauthor=true&cauthor_uid=21361001
http://www.ncbi.nlm.nih.gov/pubmed?term=Zhang%20WH%5BAuthor%5D&cauthor=true&cauthor_uid=21361001
http://www.ncbi.nlm.nih.gov/pubmed?term=Xu%20MG%5BAuthor%5D&cauthor=true&cauthor_uid=21361001
http://www.ncbi.nlm.nih.gov/pubmed?term=Zhang%20WJ%5BAuthor%5D&cauthor=true&cauthor_uid=21361001
http://www.ncbi.nlm.nih.gov/pubmed?term=Li%20ZQ%5BAuthor%5D&cauthor=true&cauthor_uid=21361001
http://www.ncbi.nlm.nih.gov/pubmed?term=Zhang%20JY%5BAuthor%5D&cauthor=true&cauthor_uid=21361001

properties and yield of rice in Alkali Soil. J. Indian Soc. Soil sci. 48 (2): 279-282.
System. Indian Journal of Fertilisers 5(3): 31-34.

Tadesse, T., Dechassa, N., Bayu, W. and Gebeyehu, S. 2013. Effects of Farmyard Manure and
Inorganic Fertilizer Application on Soil Physico-Chemical Properties and Nutrient
Balance in Rain-Fed Lowland Rice Ecosystem. .4(2): 309-316.

Tejada, M., Herna'ndez, M.T., Garci’a, C. 2006. Application of two organic amendments on soil
restoration: effects on the soil biological properties. J. Environ. ual., 35: 1010—
1017.

Thakur, R., Sawarkar, D., Kauraw, D.L. and Singh, M. 2010. Effect of inorganic and organic
sources on nutrients availability in a Vertisol. Agropedology, 20(1): 53-59.

Thakur, S.D., Sawarkar, S.D., Vaishya, Vaishya, U.K. and Singh, M. 2011. Impact of continuous
use of inorganic fertilizers and organic manure on soil properties and productivity
under soybean-wheat intensive cropping of a vertisol. J. Indian Soc. Soil Sci.
59(1): 74-81.

Tiwari, V.N., Tiwari, K.N. and Awasthi, P.N. 2000. Role of Sesbania rostrata and
Phoshomicrobe ant varying levels of N in sustaining the production and
productivity of soil under rice- wheat/ chickpea cropping sequence. J. Indian Soc.
Soil Sci. 48(2): 257-262.

Vance, E. D., Brggke, P. C. and Jenkin, D. S. An extraction method for measuring soil microbial
biomass C. Soil Eiol. Biochem. 19(6): 703-707.

Ultra, V. U. and Javier E. 2011. Influence of long term Organic Fertilization on the soil
microbial community functional structure and enzyme activities in paddy soil. J.
For Res. DOI 10.1007/s10310-012-033-6.

Upadhyay, S.K., Sarkar, C., Bajpai, R.K. and Tripathi, R.S. 2000. Grain yield and N uptake of

77



rice as influence by N management practices under rainfed low land. An
internation journal on rice. 37(1) : 91-92.

Upadhyay, S.K., Bajpai, R.K. and Tripathi, R.S. 2003. Integrated nutrient management in rice-
wheat cropping system in C.G. J. Agril. Issues. 8(1/2): 69-74.

Urkurkar, J.S., Tiwari, A., Chitale, S. and Bajpai, R.K. 2010. Influence of Long- term Use of
Inorganic and Organic Manures on Soil Fertility and Sustainable Productivity of
Rice (oryza Sativa) and Wheat (triticum Aestivum) in Inceptisols. Indian Journal
of Agricultural Sciences 80(3): 208-212.

Usman,M. 2000.Effect of organic and inorganic manure on growth and yield of rice variety
Basmati-2000. Faisalabad (Pakistan). 138.

Verma K.P. 2001. Effect of crop residue incorporation and nitrogen on succeeding wheat. Indian
J. of Agronomy. 46(4): 665-669.

Yan, F., McBratney, A.B., Copeland, L., 2000. Functional substrate biodiversity of cultivated
and uncultivated a horizons of vertisols in Nw New South Wales. Geoderma 96,
321-343.

Yougun, H.E., Qingkui, W., Silong, W. and Xiaojun, Y. 2007. Characteristics of carbon and
nitrogen of soil microbial biomass and their relationships with soil nutrients in
Cunbnighamia lanceolata plantations. Front. For. China, 2(3): 266 — 271.

Zaidi, S.F.A. and Tripathi, H. P. 2007. Effect of nitrogen level on yield, N uptake and nitrogen
use efficiency of hybrid rice. Oryza.An International Journal On Rice. 44(2):181-
183.

Zhang, Q. and Wang, G. 2005. Studies on nutrient uptake of rice and characteristics of soil

microorganisms in a long-term fertilization experiments for irrigated rice. Journal

78



of Zhejiang University Science. 6(2): 147—-154.

Zhao J. and Zhou L. 2011.Combined Application of Organic and Inorganic Fertilizers on Black
Soil Fertility and Maize Yield. Journal of Northeast Agricultural University
(English Edition). 18(2) 24-29.

Zhong W.H. and Cai Z.C. 2007. Long-term effects of inorganic fertilizers on microbial biomass
and community functional diversity in a paddy soil derived from quaternary red
clay Chinese Academy of Sciences, Nanjing 210008, China. 8 4 —91.

Zia, M. S., Hussain, F., Aslam, M., Hashmi, N. I. and Hameed, A. 2002. Integrated Plant
Nutrition System for Sustainable Rice-Wheat Cropping Sequence. International

Jjournal of agriculture & biology. 4 (1):175-182.

79



Appendix




Appendix- I

Weekly Meteorological data during crop period (2012-13)

Std. Date Maxi. Mini. Rain- Relative
Met. Temp. Temp. Fall Humidity
Weeks cO) cO) (mm) (%)

no. | 1I
22 Jun 2-8 43.9 30.6 0.3 36.6 22.3
23 9-15 40.0 28.7 7.1 65.7 35.1
24 16-22 33.8 23.7 13.7 89.6 69.4
25 23-29 34.1 26.2 0.9 78.4 52.0
26 Jul 30-06 33.5 25.5 3.6 87.7 70.9
27 07-13 30.3 25.1 12.4 91.1 75.6
28 14-20 314 24.7 19.7 92.0 76.7
29 21-27 26.5 24.2 41.1 93.7 89.6
30 28-03 26.5 23.3 31.3 93.4 89.7
31 Aug 04-10 28.2 24.6 21.6 92.0 82.1
32 11-17 29.4 25.1 4.2 90.6 73.0
33 18-24 29.0 24.7 10.1 92.6 83.3
34 25-31 314 25.2 20.1 93.9 74.1
35 Sep 1-7 30.3 25.4 8.1 91.9 77.3
36 08-14 30.5 25.0 6.7 93.6 73.1
37 15-21 31.2 24.8 4.2 93.6 72.4
38 22-28 31.8 24.2 10.3 92.4 57.6
39 Oct 29-05 31.7 24.5 1.5 90.1 63.9
40 06-12 31.5 21.3 0.0 88.6 44.0
41 13-19 32.0 19.3 0.0 90.6 353
42 20-26 31.3 18.6 0.0 85.4 37.6




