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ABSTRACT

SOIL QUALITY ASSESSMENT AS INFLUENCED BY LONG TERM USE OF
INTEGRATED NUTRIENT MANAGEMENT TO SUGARCANE IN VERTISOL

By
DEEPAK DULAJI SAWALE

A candidate for the degree
of
DOCTOR OF PHILOSOPHY (AGRICULTURE)
in
SOIL SCIENCE AND AGRIL. CHEMISTRY
Mahatma Phule Krishi Vidyapeeth
Rahuri - 413 722

2018
Research Guide : Dr. A. L. Pharande
Department . Soil Science and Agricultural Chemistry

A field experiment was initiated during 2006-07 at Central Sugarcane
Research Station, Padegaon, Dist. Satara on preseasonal sugarcane (cv.CO-86032) as
plant cane followed by succeeding four ratoons during the year 2007-08 to 2010-11 in the
first cycle. The experiment was conducted on same site with same treatment
randomization as plant cane during 2011-12 followed by succeeding two ratoons during
2012-13 and 2013-14 to study soil quality assessment, carbon sequestration, yield,
nutrient uptake and juice quality as influenced by long term use of integrated nutrient
management to preseasonal sugarcane in Vertisol after completion of 7™ year during the
second cycle. The experiment consisted of eight treatments viz. 100 % of RD through
organics, 100 % NPK through inorganic, Fertilizer dose (AST) with FYM and
biofertilizers, 75 % of RD throgh organics + 25 % RD through inorganics, 50 % of RD
through organics and 50 % of RD through inorganics, 25 % of RD through organics +
75 % RD through inorganics, Use of Rishi- Krishi Tantra and Use of Jivamrut and three
replications on plots of 10.0 m x 7.2 m with RDF 400 : 170 : 170 to plant cane and 300 :
140 : 140 to ratoon, AST 400 : 170 : 128 to plant and 300 : 140 : 105 kg ha™ N,P,0s

and

Contd . ..
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Abstract contd . . . D. D. Sawale

K,O to ratoon cane, organic sources viz. sunhemp, green manuring, FYM, PMC,
vermicompost and biofertilizers viz. composting culture, azotobactor, acetobactor and
PSB were applied as per treatments to plant cane and ratoon. The experiment was laid in
randomized block design.

The results indicated that, under field condition, the bulk density was
significantly decreased with application of 50 % to 100 % RD through orgnanic
treatments as compare to 100 % RD through inorganic treatments in both the ratoons.
The application of 50 % RD through organics recorded significantly lowest index while it
was highest in 100 % RD through inorganic fertilizers in both the ratoons. The hydraulic
conductivity, available water content and maximum water stable aggregates was
significantly higher due to application of 25 % RD through organics and 75% RD through
inorganic fertilizers in I ratoon and at 11" ratoon.

The application of 50 % RD through organic and 50 % RD through
inorganics recorded significantly lowest values of pH (7.36 and 7.39) while use of
jiwamrut and Rishi Krishi tantra recorded significantly lowest values for electrical
conductivity (0.19 and 0.20 dS m™) in I* and 11" ratoon. The organic carbon content was
higher under 100 % RD through organics and 75 % RD through organics +25 % RD
through inorganic fertilizer in both the ratoons. The lowest values of calcium carbonate
content was recorded by use of jiwamrut and Rishi Krishi tantra than rest of the treatments
in both the ratoons. The higher cation exchange capacity was recorded due to application
of 50 % RD through organic and 50 % RD through inorganics followed by 25 % RD
through organics and 75% RD through inorganic fertilizers in both the ratoons.

The application of 25 % RD through organics and 75% RD through
inorganic recorded higher available nitrogen, phosphorus potassium, sulphur, silicon and
DTPA extractable micronutirents in both the ratoons. The exchangeable cations viz.,
sodium, potassium and magnesium were recorded higher in 100% RD through inorganic
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fertilizer in both the ratoons. The application of 25 % RD through organics and 75% RD
through inorganic recorded significantly higher values of  NH,™-N, NOs™-N and total
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nitrogen. The content of inorganic phosphorus fractions were in the order: Ca-P > Red-P
>Al-P > Fe-P > Sal-P > Occi-P and in case of potassium fractions were in the order:
lattice K > non-exchangeable K > exchangeable K > water soluble K due to application of
25 % RD through organics and 75% RD through inorganic in both the ratoons. Water
soluble carbon (WSC), permanganate oxidizable carbon (POXC), soil microbial biomass
carbon (SMBC) , particulate organic matter carbon (POMC), humic acid carbon and
fulvic acid carbon and soil organic carbon stock recorded higher values due to application
of 100% RD through organic in both the ratoons.

The application of 100 % RD through organics recorded higher microbial
counts of bacteria, fungi, actinomycetes and microbial respiration. The dehydrogenase, urease
and both acid and alkaline phosphates enzyme activity recorded significantly higher due to
application of 100 % RD through organics while it was the lowest in 100 % RD inorganic
fertilizer alone.

Available potassium, total potassium, total organic carbon, urease, dehydrogenase
activity, soil microbial biomass carbon, field capacity moisture, DTPA extractable Zn,
hydraulic conductivity and electrical conductivity were retained in the minimum data set by
using principle component analysis in I ratoon where as in 11 ratoon, highest weighted
variables were calcium phosphorus, total phosphorus, fixed potassium, total potassium, urease
activity, dehydrogenase activity, bacteria, reducted phosphorus, calcium carbonate and nitrate
nitrogen .

In both ratoons maximum soil quality index (0.94 and 0.95) was recorded due
to application of 25 % RD through organics and 75% RD through inorganics.

The maximum number of milliable canes, sucrose content and higher cane and
commercial cane sugar yield in It and 11" ratoon recorded due to 25 % RD through organics
and 75% RD through inorganics.
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The total uptake of nitrogen, phosphorus, potassium, sulphur, silicon and total
micronutrients viz., lron, manganese, zinc and copper was significantly increased due to
application of 25 % RD through organics and 75% RD through inorganics in both the ratoons.

Contd . ..
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Significant positive correlation was observed between soil quality index with cane yield in both
the ratoons ( r=0.853* and 0.893*). The soil quality index was positively correlated with
potassium, sulphur, silicon and iron uptake (r=0.831* to 0.935**).However, soil quality index
was not correlated with soil quality except sucrose (r=0.816%*).

Under incubation study, the release of NH;*-N, NO3™-N and soil available
phosphorus was gradually increased throughout the incubation period and reached a peak level
at 28 days of incubation due to application of 25 % RD through organics and 75% RD through
inorganics in both the ratoons. The constant K release was recorded highest due to application
of 25 % RD through organics and 75% RD through inorganics and it was gradually decreased

throughout the incubation period.
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1. INTRODUCTION

Soil is the backbone of agriculture and need to be nourished carefully for
sustaining the agricultural productivity and environmental security. Declining soil
fertility, mismanagement of plant nutrients and deteriorating soil physical environment
have made this task more difficult. While recycling and transfer of nutrients from non-
crop areas, crop residue and animal manures can partially make up for exports of mineral
nutrients by harvested produce, application of mineral fertilizers is essential to meet crop
requirements and to increase and sustain productivity.

The nutrient turnover in the soil is considerably high under intensive
farming and the plant nutrients are being depleted from the soil due to crop removal and
soil erosion, need to be supplied through an efficient and effective nutrient supply system
(Singh and Yadav, 1992) to restore and sustain the fertility and productivity of soils.
Integrated nutrient management (INM) is an age-old practice but its importance was not
realized in the pre-green revolution era due to low nutrient demands of the subsistence
agriculture. INM approach improves and sustains soil fertility and provides a sound basis
for crop production systems to meet the changing needs (FAO, 2001) through
optimization of the benefits from all possible sources of plant nutrients in an integrated
manner. It envisages exploitation and use of all the available sources of nutrients such as
compost, farm yard manure (FYM), oil cakes, crop residues, animal wastes, green
manures, green leaf manures, industrial byproducts and biologically fixed nitrogen in
conjunction with fertilizer material. These components possess great diversity in terms of
chemical and physical properties, nutrient release efficiencies, potential availability, crop
specificity and farmer acceptability.

Soil is a key natural resource and soil quality is an integrated effect of
management on most soil properties that determine crop productivity and sustainability.
Growing of crops one after another without giving due consideration to nutrient
requirement has resulted in decline in soil fertility (Ghosh et al., 2003). Soil quality
assessment has been suggested as an effective tool for evaluating sustainability of soil
and crop management practices (Hussain et al., 1999). Soil quality assessment is purpose
oriented and site-specific (Karlen et al., 1994) for assessing the soil quality indicators



(soil properties) are usually linked to soil function (Doran and Parkin,1994). Improved
soil quality often is indicated by increased infiltration, aeration, aggregate size and
stability, soil organic matter, microbial biomass and by decreased bulk density. A valid
soil quality index is helpful to interpret the data from different soil measurements and
shows whether management and land use are having the desired results for productivity
and environmental protection. Maintaining the soil quality at desirable level is very
complex issue due to involvement of climatic, soil, plant and human factors and their
interactions. There is an urgent need to adopt appropriate soil and plant management
practices so as to reduce soil degradation and maintain soil quality at desired level. The
recommended dose of NPK fertilizers alone does not sustain productivity under
continuous intensive cropping system (Yaduwanshi, 2003) whereas, inclusion of organic
manures improves physical properties, soil fertility and crop yields (Mandai et al., 2003),
the biological soil status (Ghai et al., 1988).

India is the second largest producer of sugarcane with 35 million farmers
cultivating in 51.44 lakh ha of land and the production of 3593.33 lakh tones of cane per
year. In India 2.2 % of total cropped area is occupied by sugarcane. The productivity is
69.90 t ha! with a recovery of 10.37 % sugar and in Maharashtra, 9.87 lakh ha of land
and the production of 915.38 lakh tones of cane per year. The productivity is 78.10 t hat
with a recovery of 11.30 % sugar (Cooperative sugar, 2015 and Economic survey of
M.S., 2015-16). The country’s requirement by 2025 AD has been projected at 625 MT
which means that there is need to raise the productivity of sugarcane and sustain the same
(Sundara, 1998). Integrated nutrient management (INM) involves the integrated use of
mineral fertilizers together with organic manures/ industrial agricultural wastes in
suitable combination complementing each other to optimize input use and maximize
production and sustain the same without impairing the crop quality or soil health. It
enables gainful utilization of wastes or underutilized renewable resources.

Sugarcane being a long duration crop with C4 metabolism produces very
heavy biomass and demands large amounts of moisture, nutrients and sunlight for its
optimum productivity. Long term experiments on manures and fertilizers in sugarcane
were conducted at Anakapalle (Andhra Pradesh), Padegaon (Maharashtra), Mandya
(Karnataka), Pusa (Bihar), Muzaffarnagar and Shahjahanpur (Uttar Pradesh). Continuous



application of ammonium sulphate in alluvial soils having no limiting factors gave higher
cane Yyield than that was obtained with organics; the cane yield was higher with basal
application of compost than without it; application of fertilizers increased the cane yield
several fold to that without it; green manuring or legumes prior to sugarcane proved
useful in producing more sugarcane; application of organics and chemical fertilizers
alone failed to maintain the productivity of soils and sugarcane and balanced application
of nutrients through an integrated use of organics and chemical fertilizers showed
promise in sustaining the cane productivity and fertility of soils (Singh and Roysharma,
1968; Singh and Yadav, 1994).

A crop of 100 tonne cane yield may remove 140 kg N, 34 kg P and 332 kg
K ha? from soil (Dang et al., 1995). For sustainable crop production, integrated use of
chemical and organic fertilizer has proved to be highly beneficial. Several researchers
have demonstrated the beneficial effect of combined use of chemical and organic
fertilizers to mitigate the deficiency of many secondary and micronutrients in fields that
continuously received only N, P or organic fertilizer. Dutta et al. (2003) reported that use
of organic fertilizers together with chemical fertilizers, compared to the addition of
organic fertilizers alone, had a higher positive effect on microbial biomass and hence soil
health. However, application of organic manure in combination with chemical fertilizer
has been reported to increase absorption of N, P and K in sugarcane leaf tissue in the
plant and ratoon crop, compared to chemical fertilizer alone (Bokhtiar and Sakurai 2005).
Application of organic fertilizers together with chemical fertilizers, compared to the
addition of organic fertilizers alone, had a higher positive effect on microbial biomass
and hence soil health (Kumaraswamy et al., 1998). The application of organic matter
from such resources as animal manure, crop residues and green manuring has been shown
to replenish soil organic C and improve soil fertility (Srivastava et al., 2009). Moreover
several kind of microbial agents capable of fixing N or mobilizing P and other nutrients
are becoming an integral component of Integrated Nutrient Management system of crops.
Integrated application of either of the organics with inorganic exhibited better impact on
the growth and yield characters and the 50:50 integration proved superior over others,
closely followed by 33:67% ratio (Srivastava et al., 2005). However the application of

25% less inorganic fertilizer to the recommended level of chemical fertilizer with press



mud or FYM could be used to prevent nutrient depletion and maintain productivity as
well (Bokhtiar et al., 2005). Organic fertilizer has residual nitrogen (N) effect after the
year of its application to land, as the decomposition of organic material usually takes
more than a year (Lund and Doss, 1980).

Organic farming is often understood as a form of agriculture with use of
only organic inputs for the supply of nutrients and management of pests and diseases. In
fact, it is a specialized form of diversified agriculture, wherein problems of farming are
managed using local resources alone. The term organic does not explicitly mean the type
of inputs used; rather it refers to the concept of farm as an organism. Often, organic
agriculture has been criticized on the grounds that with organic inputs alone, farm
productivity and profitability might not be improved because the limits of organic sources
(Chhonkar et al., 2003). In intensive farming systems organic agriculture decrease yield,
the range depends on the intensity of external input used before conversion (Stanhill,
1990). The components of use of rishi-krishi tantra and jiwamrut are commonly used by
organic sugarcane growers of Maharashtra which includes angara — soil beneath baniyan
tree 38 kg plus amrutpani i.e. ghee of local cow 625g, honey 1.25 kg, cow dung of local
cow 25 kg and water : 500 L ha. Application of above material three times i.e. one by
seed treatment and two times by fertigation and 25 kg dung of indigenous cow/
bullock/jaggery, urine of indigenous cow 2.5-25L, black/ old jaggery 2.5 kg, flour of any
pulses 5 kg, soil from rhizosphere of 5 kg root zone of same crop, 500 L water and
fermented for 2-7 days. This material should be applied at planting and at monthly
intervals per ha up to 5 month respectively.

Vertisols constitute a major part accounting for 22.2 % of the total
geographical area in India and are distributed mainly in the central part of India. These
soils contain a high proportion of swelling smectite clays. They require a careful
management in order to tap the potential, while avoiding decline in soil quality. To
understand the quality of these soils is crucial to develop and implement farming
practices that will keep them productive for the current and future generations.

The information regarding changes in the soil quality due to INM
practices to sugarcane under intensive cropping in irrigated soils (Vertisol) is scanty/

meager. Hence an investigation is planned to study the long term use of integrated



nutrient management in sugarcane at Central Sugarcane Research Station, Padegon, Nira,

Tal. Phaltan, Dist. Satara with following objectives to assess the long term effect (after 71"

year) of continuous fertilizer, manure and crop management practices on soil quality

indicators.

i To assess the long term effect of integrated nutrient management to preseasonal
sugarcane on soil quality indicators.

ii. To study the long term effect of integrated nutrient management on carbon
sequestration and soil quality index of Vertisol.

iii. To find out correlation between soil quality index with nutrient uptake, yield and

juice quality of preseasonal sugarcane.



2. REVIEW OF LITERATURE

The review pertaining to long term effect of integrated nutrient
management to pre seasonal sugarcane on different soil quality indicators i.e. physical,
chemical and biological, carbon sequestration and soil quality index of Vertisol and
correlation between soil quality index with nutrient uptake, yield and juice quality of pre
seasonal sugarcane are reviewed under different subheads.

Effect of long term application of integrated nutrient management on soil quality

parameters
2.1 Soil physical quality parameters
2.1.1 Particle size distribution of soil

Addition of compost improves soil structure and tilth. Biocomposts have
gained importance since the fertilizers and pesticides cause a lot of environmental
problems and health hazards and soil degradation (Ghugare et al., 1988).

The various organic manure viz., Farm Yard Manure (FYM), sugar factory
waste, crop residues (Trash mulch), green manuring, city waste and biofertilizer can be
used in integration with chemical fertilizer to increase the sugarcane production and
maintain soil fertility. Farm yard manure not only improved soil structure but also the
water holding capacity of the soil and provided essential elements in the soil (Kumar
et al., 2005).

2.1.2 Bulk density

Bulk density (BD) is an important physical property of soil which largely
determines the stock of both organic and inorganic form of carbon. The BD of Vertisols
varies greatly because of their swelling and shrinking nature, which changes with
moisture content. The soils have high BD when they are dry, and have low BD when they
are in a moist state. Bulk density has been reported to vary from 1.0 to 2.0 g cm™
depending on the moisture content. Bulk density usually tends to increase with depth due
to compression caused by overburden weight. It has been observed that a volume change
of nearly 60 % occurs when a dry Vertisol is saturated with water (Rao et al., 1978).

Singh et al. (2007a) observed that bulk density and water infiltration rates

were changed due to incorporation of organic manures in soil. The plots receiving



organic manures showed a decline in BD from 1.40 to 1.24 M gm™ and the water
infiltration rate in soil was improved by 30-35 % over the initial status. No change in BD
was observed in control and chemically fertilized plots, and there was a variability of 5
and 2.5% in the infiltration rate in the control and chemically fertilized plots respectively.

Application of NPK + farm yard manure @ 10 t ha* recorded significant
decrease in bulk density as compared to 100% NPK and 150 % NPK through chemical
fertilizers without organics (Katkar et al., 2013).

Continuous intensive cropping without addition of organics led to gradual
loss in soil quality under sorghum-wheat cropping system. The integrated use of organics
with chemical fertilizers recorded 6.9% reduction in bulk density over only chemical
fertilizers under long-term experimentation (Kharche et al., 2013).

Shukla et al. (2014) observed that in sugarcane (plant) crop, the highest
bulk density was observed with control (no nitrogen). Application of 100 % N through
organic showed lowest bulk density (1.30 Mg m) and highest infiltration rate (4.8 mm
h™). Bulk density of soil increased with frequency of ratoons. Soil tilth and infiltration
rate were improved by incorporation of organic. Consequently, bulk density decreased
with higher proportion of organic.

Sathish et al. (2016) observed that under rotation and monocropping,
application of FYM 10 t ha +100% NPK resulted in reduction in bulk density (1.25 and
1.32 g cm™) as compared with control in 20 year long term experiment of finger millet-
groundnut cropping system in southern India.

2.1.3 COLE value

Coefficient of linear extensibility (COLE) was introduced by Grossman et
al. (1968) as an index of soil shrinkage. The use of COLE was proposed by Dement and
Bartelli (1969) as a diagnostic property to identify vertic soil and their integrates in soil
taxonomy (Soil Survey Staff, 2006). This phenomenon in soil are related to total and fine
clay content of 2:1 and 2:2 phyllosilicate clay mineral system. If COLE values ranged
from 0.1 to 0.2 or higher indicated the dominance of smectite and fine grained

expandable 2:1 clay mineral component in soils (Dixon, 1982).



Wilding and Coulombe (1996) reported 0.07 to 0.20 COLE values for
selected Vertisol which were usually correlated with total and fine clay content, surface
area and water retention at field capacity and ESP values (Yerima et al., 1989).

Linear Extensibility (LE) helps to predict the potential of a soil to shrink
and swell. The LE of a soil layer is the product of the thickness in centimeters, multiplied
by the COLE of the layer in question. The COLE has been defined as the ratio of the
moist length and dry length. It is expressed as COLE = (Lm-Ld) / Ld, where Lm = length
of soil clod at 33 kPa and Ld = length of dry soil clod (room temperature). According to
soil taxonomy, a soil should be qualified for vertic subgroups if the LE value is more or
equal to 6 between the mineral soil surface and either a depth of 100 cm or a lithic
contact, whichever is shallower. In case of Vertisols slickensides, cracks and higher
COLE values are mutually inclusive. Since higher COLE values indicate the presence of
more shrink-swell minerals, namely smectite.

2.1.4 Dispersion index

Suarez et al. (1984) observed that degree of dispersion was higher at pH
9.0 than that of at pH 6.0. Relative role of sodicity and pH on the dispersion behaviour of
a representative soil in relation to CaCOz and organic matter was evaluated by Gupta et
al. (1984). Their study revealed that presence of CaCOs reduced dispersion at pH (6.0 to
10.8). Dispersion found to increased substantially with increase in pH or non calcareous
soil. They reported that CaCOs3 acted as an effective flocculent and therefore even at high
pH dispersion was less in calcareous soil.

Yadav (1989) reported that Vertisol soils had higher degree of dispersion
with lower Mg: Na ratio as compared with soils with higher Mg:Na ratio. Their study
further suggested favorable effect of Mg on soil aggregation as compared with sodium.
Sodium being monovalent and hydrated cation, decreases the thickness of diffuse double
layer and therefore soil aggregate get dispersed and continuity of capillaries was
disturbed and it led to poor water transmission property and high degree of dispersion.
The hazardous effect of different cations on physical properties of Inceptisol and Vertisol
was in the order of Na* > Mg?* > Ca?* (Prabhu et al., 1987).

Shadaksharappa et al. (1995) studied the soils of Malaprabha command
area (Vertisols) of Karnataka, they observed that dispersion index increased with increase



in depth of soil. Simple correlation between dispersion and soil properties indicated
significant negative relationship with EC and organic matter and positive relationship
with ESP. This suggested that both the electrolyte concentration and organic matter are
necessary to stabilize soil structure and to minimize dispersion. Hanchinal series of
irrigated Vertisol soil pedon showed 11.3 to 27.1 dispersion index at 9.31 to 18.81 ESP
level which increased with depth.

2.15 Hydraulic conductivity

Bandyopadhyay et al. (2010) studied the effect of sole application of
inorganic fertilizers (NPK) (N:P:K 30:26:25 kg ha') and combined application of
farmyard manure (FYM) @ 4 Mg ha and inorganic fertilizers (NPK + FYM) vis-a-vis
non application of fertilizers and manures (control) on changes in soil physical properties
and plant growth characteristics of soybean (cv. JS 335) in a deep Vertisol at the Indian
Institute of Soil Science, Bhopal during the year 2001-2004. The results indicated that
conjunctive use of recommended dose of fertilizer and farmyard manure (NPK + FYM)
resulted in significant increase in hydraulic conductivity (95.8%) and soil organic carbon
content (45.2 %) compared to control.

Kharche et al. (2013) observed that continuous intensive cropping without
addition of organics led to gradual loss in soil quality under sorghum-wheat cropping
system. The integrated use of organics with chemical fertilizers recorded 31.8% increase
in hydraulic conductivity over only chemical fertilizers under long term period of 22
years.

Application of NPK + farm yard manure @ 10 tonnes ha? recorded
significant decrease in bulk density as compared to 100% NPK and 150 % NPK through
chemical fertilizers without organics. This can be ascribed to direct addition of organic
matter through farmyard manure and increase in root biomass which helped in growth
and development of soil microorganisms causing beneficial effect on improvement in
mean weight diameter, available water capacity and hydraulic conductivity (Katkar et al.,
2013).
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2.1.6 Available water capacity

The sugarcane crop residues incorporation practice increases water
holding capacity of soil and permits the crop roots to extract water and nutrients from
deeper horizons of soil as studied by Sandhikar et al. (1982).

A three year field trial of sugarcane, comprising of eleven treatment
combinations of different organic manures with and without Gluconacetobacter
diazotrophicus (Gd), NPK and an absolute control was conducted to assess the effect of
these treatments on sugarcane total and economic vyield, the benefit: cost ratio, nutrient
balance and soil quality in a sugarcane plant-ratoon system. The maximum decreased in
soil bulk density (BD) (12%) with an increase in soil aggregate (17 %) and water
infiltration rate (35 %) was obtained with the addition of sulphitation press mud cake
(SPMC). Overall, the sugarcane crop responded well to different organic manures in a
multiple ratooning system with a better economic output and improved soil quality
(Singh et al., 2007b). Strategic planning in terms of an integrated application of these
manures with inorganic chemicals will not only sustain our soils but will also be
beneficial for our farmers in terms of reducing their dependence and expenditure on
chemical fertilizers.

The 100 % NPK + FYM plots retained significantly higher water than
control, 100 % N and 50 % NPK plots at all the matric potentials. The soil water
retentions (SWR) in the 100 % NPK + FYM and 100 % NPK treatments did not differ
significantly at matric potentials above 0.05 MPa. The 100 % NPK treatment retained
significantly higher water than control, 100 % N and 50 % NPK treatments at 0.01, and
0.033 MPa matric potentials. The difference in water retention due to treatment was more
conspicuous at lower (up to 0.05 MPa) than at higher (0.1-1.5 MPa) matric potentials
(Hati et al., 2007).

Umesh et al. (2013) reported that integrated effect of organic and
inorganic fertilizer to sugarcane lowered the bulk density. The higher bulk density (1.48
gcm®) was recorded in 50 % N + 100 % PK while lower (1.36 gcm™) was recorded in
100 % NPK +10 t Sugarcane Trash + 10 t Sulphitated Presmud ha. The pore space and
water holding capacity of post-harvest soil after sugarcane plant varied from 44.5 to 48.7

% and 30.9 to 36.2 %, respectively due to different treatment combinations.
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2.1.7 Aggregate stability (MWD)

Bandyopadhyay et al. (2010) studied the effect of sole application of
inorganic fertilizers (NPK) (N:P:K 30:26:25 kg ha?) and combined application of
farmyard manure (FYM) @ 4 Mg ha™ and inorganic fertilizers (NPK + FYM) vis-a-vis
non application of fertilizers and manures (control) on changes in soil physical properties
and plant growth characteristics of soybean (cv. JS 335) in a deep Vertisol at the Indian
Institute of Soil Science, Bhopal during the year 2001-2004. The results indicated that
conjunctive use of recommended dose of fertilizer and farmyard manure (NPK + FYM)
resulted in significant increase in mean weight diameter of the water stable aggregates
(13.8 %) and soil organic carbon content (45.2 %) compared to control. Among the
aggregates, in macro-aggregate fraction (250-500 um and 500-1000 um size fraction)
and in large macro-aggregate fraction (>2000 um) maximum soil organic carbon
concentration was recorded under NPK + FYM.

The electrical conductivity, SOC content, aggregation, water retention,
microporosity and available water capacity of the soil were increased as compared to the
unfertilized control which showed no significant effect on the physical properties of the
soil (Hati et al. 2013).

2.2 Soil chemical quality parameters
2.2.1 Soil pH and electrical conductivity

Singh et al. (2007) did not notice much variation in soil pH for the period
of 20 years in rice-wheat cropping system in northern India.

Babu et al. (2007) studied on effect of integrated use of organic and
inorganic fertilizers on soil properties and yield of sugarcane at ANGARAU, Tirupati
(A.P.) with treatments used fertilizers with press mud, sheep manure, FYM and poultry
manure. The results revealed that pH slightly decline in all the treatments containing
organic manures, the decrease in soil pH ranged from 1-5 % with maximum being
recorded with 100 % organic sources.

Ebhin Masto et al. (2007) reported that long term application of fertilizer
and manure in a maize-wheat—-cowpea cropping system did not affect soil pH and EC,
but SOC and available nutrients increased in all the treatments with better values in

optimum NPK-treated plots than in imbalanced or sub-optimal treatments.
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Venkatakrishnan and Ravichandran (2012) studied the effect of integrated
nutrient management on sugarcane yield and soil fertility on an Ultic Haplustalf and
observed that incorporation of organic matter helps in the stabilization of pH and resists
the fluctuations in pH due to management practices.

The soil pH was maintained at the conjunctive use of organics and
chemical fertilizer treatments over a period of 22 years which can be attributed to the
buffering effect caused due to organic matter (Kharche et al. 2013).

Sathish et al. (2016) reported that application of mineral fertilizer NPK
alone increased soil electrical conductivity under rotation but had no effect under
monocropping with control in 20 year long-term experiment of finger millet-groundnut
cropping system in southern India.

2.2.2 Total soil organic carbon

Yadav et al. (1987) studied and concluded that trash incorporation (5-8 t
hal) significantly increased levels of soil organic carbon content upon decomposition of
trash with time. The increased in organic carbon content in soil might be possible owing
to the humification of cane trash. Decomposition of trash was fast up to 60 days but
tended to stabilized at 90 days of decomposition as there was only marginal increase or
decrease in organic carbon content in soil at 120 days of incubation.

Rasal et al. (1988) prepared compost from sugarcane trash by adopting
composting technology and enriched by using nitrogen and low grade rock phosphate
with PSM, composting culture, dung and a symbiotic nitrogen fixers and reported that,
the matured compost was after 4 months applied @ 10 t ha* to wheat and gram with
graded levels of nitrogen and observed that the combined application of compost and
nitrogen fertilizer proved to be useful in increasing crop yield. It also improved SOC and
significantly improved soil physico-chemical properties.

Prasad and Singhania (1989) reported that most of the soils of Bangladesh
were deficient in organic matter content (<1.5 %). Thus organic matter management with
cow dung was the most effective organic matter source as compared to sesbania and rice
straw in respect of building up to organic carbon content in soils.

Application of 100 % N through organics brought about substantial
increased in organic carbon content of the soil. The highest enhancement in organic
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carbon content (0.65 over initial 0.40 %) at ratoon harvest was recorded in the treatment
receiving 100 % N through organic + biofertilizers + inter cropping of legume with
rhizobium + pests/diseases control by either synthetic pesticides or biopesticides. It was
closely followed by 75 % N through organics + bio-fertilizers + 25 % NPK through
inorganic + biopesticides (0.64 %). Application of recommended NPK through fertilizers
however enriched the soil organic carbon only to 0.55 %. Soil enrichment for available
nitrogen recorded the similar trend as that of organic carbon, (Singh and Srivastava,
2011).

The soil organic carbon and total nitrogen of soil varied significantly with
long-term application of manure and mineral fertilization. Significantly the highest soil
organic carbon (6.77 g kg) and total N (0.059 %) were recorded with application of
farm yard manure @ 10 t ha® + 100 % NPK. These values were enhanced by nearly 14
and 15 per cent compared to super optimal dose of fertilizers (150 % NPK) and 100 %
RDF respectively. The organic carbon content increased by 32 per cent in the treatment
of farm yard manure @ 10 t ha + 100 % NPK as compared to only recommended dose
of fertilizer in two decades. The increased in organic carbon over a period of 19 years
under integrated nutrient management over the initial can be attributed to addition of
farm yard manure which stimulated the growth and activity of micro-organism and better
root biomass (Katkar et al., 2013).

Kharche et al. (2013) found that initial organic carbon content of the soil
during 1984-85 was 6.4 g kg™ which was increased only to 6.8 g kg™ at 50 % RDF + 50
% N — FYM application suggesting marginal build-up in organic carbon content. The
organic carbon did not show much increased even after continuous manuring and
fertilization which may be due to oxidation of organic matter owing to prevailing high
temperature under semi-arid climate. However, the conjoint use of chemical fertilizers
with FYM, wheat straw and green manure was found beneficial for maintaining organic
carbon content compared to the use of only chemical fertilizers. The soil organic carbon
showed declining trend from its initial value of 6.4 g kg™ during 1984 to 5.2 g kg™ under
use of only chemical fertilizers. The organic carbon content at conjunctive use of
chemical fertilizers with organics was 30.7 % more as compared to the average organic

carbon observed at chemical fertilizers alone. The conventional practice of farmers
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involving only NP fertilizers in inadequate amount could not increase the organic carbon
content of soil considerably.

Umesh et al. (2013) studied on integrated effect of organic and inorganic
fertilizers on yield, quality parameter and nutrient availability of sugarcane and observed
that the highest organic carbon content (5.38 g kg™) was recorded in 100 % NPK +10 t
Sugarcane Trash ha! + 10 t Sulphitated Pressmud ha™, while lowest organic carbon
(4.79 g kg) was recorded in 50 % N 100 % PK. The application of organic manures at
same level of inorganic fertilizers was found to improve organic carbon content in soil.
Among the organic manures, BGS at 100 % NPK showed more pronounced effect on
organic carbon improvement in soil.

Shukla et al. (2014) showed that sugarcane cultivation can
restore/conserve soil fertility for longer period. Soil organic carbon also improved with
frequency of ratooning increasing level of organic with inorganic fertilizer improved
SOC content. Although, the differences between 50 % organic + 50 % inorganic and
100 % organic were non significant.

Under the finger millet-groundnut rotation, significantly greater OC
(0.56%) was observed with the application of FYM @ 10 t ha! +100% NPK relative to
the application of mineral fertilizers alone (0.42%) (Sathish et al. 2016).

2.2.3 Calcium carbonate content

Reshmi Sarkar et al. (2014) studied depth-wise distribution of free CaCO0s,
water soluble Ca, exchangeable Ca, Fe oxides, water soluble Fe, DTPA-Fe and
bicarbonate ions in different profiles of Vertisols from Dharwad, Hebballi and Hebsur of
North Karnataka and found that Free CaCO0s, exchangeable Ca and water soluble Ca were
found in maximum concentration at 60100 cm depth in all the three profiles, which
consequently increased the concentration of bicarbonate ion in subsurface soils than in
surface soils.

2.2.4 Cation exchange capacity (CEC)

Hemalatha and Chellamuthu (2013) observed that the cation exchange

capacity of the soil increased significantly in the treatment receiving 100 per cent

NPK+FYM The available status of Ca and Mg of the soil have increased significantly in
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all treatments recording the highest status on continuous application of integrated
fertilizer management.

Sharma and Subehia (2014) studied the effect of INM on rice-wheat
productivity and soil properties in North—Western Himalaya and found that application of
fertilizers either alone or in conjoint use with organics increased the CEC of soils
significantly over control. Among the different sources of organics, FYM recorded
highest CEC over wheat straw and green manure treated plots.

2.25 Exchangeable bases Na*, K*, Ca* *and Mg**

Marinari et al. (2000) revealed that use of organic fertilizer resulted in
higher exchangeable K and exchangeable Mg concentrations than the mineral treatments
at the same levels, whereas no differences for exchangeable Na and exchangeable Ca
were observed.

Babu et al. (2007) studied the effect of integrated use of organic and
inorganic fertilizers on soil properties and yield of sugarcane and found that at the end of
ratoon crop, the increase in available Ca was maximum (24.4 %) with the application of
FYM, whereas the application of poultry manure resulted in the highest increase in
available magnesium (47.4 %) over the initial soil values.

Hemalatha and Chellamuthu (2013) studied on a long term field
experiment on different doses of graded fertilizers with and without FYM in finger millet
— maize cropping sequence is in progress at the Tamil Nadu Agricultural University,
Coimbatore, since 1972. The cation exchange capacity of the soil has increased
significantly in the treatment receiving 100 per cent NPK+FYM. The available status of
Ca and Mg of the soil have increased significantly in all treatments recording the highest
status on continuous application of integrated fertilizer management.

2.2.6 Soil available nitrogen and nitrogen fractions

Mamata Begum et al. (2007) carried out an experiment to assess the
influence of integrated nutrient management on dynamics of nitrogen (N) and phosphorus
(P) in soil under a wheat-mungbean-maize cropping system. Eight treatments viz.,
fertilizers applied at 50, 75 and 100 % of the recommended dose (N120Ps0oKso), N12g only,
Peo only, FYM (@ 5 t ha') applied alone, and in combination with 50 and 75 %
recommended NPK were applied to wheat. These treatments were compared with no-
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fertilizer and manure control. Mungbean was grown following wheat without any
fertilizer or manure application. The treatments where higher amounts of fertilizer-N
were added, registered higher contents of ammonical, nitrate and alkaline KMnO4
oxidisable (available) N in the soil.

Va Nayak et al. (2013) conducted a field experiment during rabi season of
2007-08 on Vertisol at Marathwada Agricultural University, Parbhani, to assess the
relation of N fraction with available pool and supply of N in safflower. Total nitrogen,
NOz-N, NHs-N, total hydrolysable-N, organic ammonia content and acid insoluble N
significantly increased with integrated nutrient management. The highest values of these
parameters were recorded with treatment full recommended dose of fertilizer (RDF) +
vermi-compost @ 5 Mg ha! + vermi-wash spray + Azotobacter + phosphate soluble
bacteria (PSB) + cow dung urine slurry (CDUS) at critical growth stage) followed by
50 % RDF + vermi-wash spray + Azotobacter + PSB + CDUS at critical growth stage
and vermi-compost @ 2.5 Mg ha?! + vermi-wash + Azotobacter + PSB + CDUS at
critical growth stage. Available N showed significantly positive correlation with total N,
nitrate N, ammonical N, total hydrolysable, organic ammonia and acid insoluble N after
harvesting.

Umesh et al. (2014) studied to evaluate the effect of fertilizers and organic
manures (biogas slurry, green manure, sulphitation pressmud and sugarcane trash) on the
amount and distribution of nitrogen (N) fractions in soil. After 17" crop cycles of
sugarcane based cropping system, application of fertilizers alone and in combination with
organic manures significantly increased all the forms of N except NOs-N over control
(NsoP100K100). Among the various N fractions non-hydrolysable N was the dominant N
fraction. The highest values of these fractions were found in 100 % NPK + 20 t ha’
biogas slurry. The relative contents of these fractions were in order : non-hydrolysable N
> amino acid-N > unidentified-N > hydrolysable NHs +-N > exchangeable NH4 +-N >
hexoseamine-N > NOs-N.

Shukla et al. (2014) observed that level of available NPK contents in soil
at harvest of each crop (plant-ratoon) increased with increasing level of organic
proportion with inorganic fertilizer up to a level of 50 %. Application of 50 % N through

organic and remaining 50 % through inorganic left behind the higher nutrient status in the
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soil (278.8, 22.27, and 293.8 kg N, P,K ha! after harvesting of main crop) as compared to
nutrient status after first (254, 31.04 and 265.1 kg ha) and second ratoon (271.8, 34.25
and 275.5 kg N, P,K kg ha?).

2.2.7 Soil available phosphorus and phosphorus fractions

Badanur et al. (1990) studied the effect of different organic sources such
as subabul, sunnhemp, sorghum stubbles and safflower straw @ 5 t ha™* on soil properties
at Bijapur (Karnataka). It was noticed that nitrogen content increased with FYM (145 kg
hal), subabul (148 kg ha) and highest in sunnhemp (150 kg ha) while P and K
increased in sorghum stubbles (28.50 and 335 kg ha, respectively).

Singh et al. (1993) observed maximum accumulation of Ca-P form
followed by RS-P and minimum was noticed in Saloid-P form and Al-P form was more
than Fe-P. All the forms were decreased in control plots after 11 cycles of maize-wheat
sequence in long term experiment.

Mamata Begum et al. (2007) observed that mungbean was grown
following wheat without any fertilizer or manure application. Higher doses of fertilizer P
resulted in higher values of Olsen-P and total inorganic P. Application of FYM @ 5t hat
along with inorganic N was found to maintain the levels of all these forms of soil N up to
maize harvest.

Gable et al. (2008) studied the physico-chemical properties of soil as
affected by integrated nutrient management in maize-chickpea cropping system
experiment at Akola (M.S.) and reported that application of 75 % RDF + 25 % N through
leucaena lopping + biofertilizer recorded in the higher available phosphorus might be due
to addition of organic matter and enhanced activity of phosphorus solubilizing
microorganisms with organic matter.Whereas, increase in available phosphorus might
also be due to mineralization of organic phosphorus.

Wang Jun et al. (2010) found that in the soil with fertilizer P application,
contents of inorganic P fractions were in the order of Ca-P > Fe-P > Al-P > occluded P
and soil inorganic P fractions changed with fertilizer P rate differently. Fertilizer P
increased both Ca-P and Al-P contents and their percentages relative to inorganic P while

only contents for Fe-P and occluded P increased. Soil Ca-P remained stable after long-
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term fertilizer P application, and its relative content to on organic P declined linearly with
increasing fertilizer P rate.

Jha et al. (2011) conducted experiment to study one time application of
biomethanated distillery effluent in integrated nutrient management for enhancing
sugarcane productivity and to sustain soil health in Entisol and found that one time
application of biomethanated distillery effluent @ 150 m® ha in soil overall improved
the soil fertility which is a good index for sustaining soil health. The integrated use of
liquid organic manure had beneficial effect on the organic carbon content, available
nutrients, micro nutrients and microbial population of bacteria, fungi and actinomycetes
of soils increased significantly.

Three year field experiment on soybean conducted at Raipur to find out
the best source and levels of phosphorus with and without phosphorus solubalization
microbial seed treatment for higher growth and yield of soybean revealed that PSB and
VAM application enhanced the availability of different fraction of inorganic-P in soybean
crop (Swargi et al., 2012).

Chatterjee et al. (2014) conducted an experiment to study the fraction,
uptake and fixation of phosphorus (P) and potassium (K) in three soils with contrasting
characteristics and study revealed that, all soil P fractions including residual P in the
rhizosphere soil declined following 60 day growth of either wheat or chickpea and the
decreases were greater in soils with a history of high P application than low P.
Phosphorus fixation was positively correlated with different pools of iron and aluminum
compounds.

2.2.8 Soil available potassium and potassium fractions

Kumar and Verma (2002) studied the influence of integrated nutrient
management i.e. NP, NPK, Zn, N+ FYM @ 12.5 t ha, N+ press mud @ 12.5thal N +
green manure of dhaincha and found that application of organic manure + N and NPK
increased the available K (from 140 to 150 kg ha™?).

Sawarkar et al. (2013) conducted a long term fertilizer experiment aimed
on the effect of inorganic fertilizers with or without organic manure on yield, potassium
uptake and distribution of potassium fractions after thirty six years of soybean—wheat

cropping sequence during 2009-10 in a Vertisol. The investigations revealed that the
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maximum yield of soybean (1.84 t hal) and wheat (5.26 t ha') and K uptake by them
was obtained with the treatment 100 % NPK+FYM, followed by the treatment receiving
150 % NPK. Available-K was found to be maximum with 100 % NPK+FYM (295.2 kg
ha1), followed by 150 % NPK (284.2 kg ha) Moreover, K fractions (water soluble-K,
exchangeable-K, non-exchangeable-K, lattice-K and total-K) were significantly
decreased with increasing soil depth. The contribution of different K fractions at various
soil depths studied was in order of lattice-K> non-exchangeable-K > exchangeable-K >
water soluble-K. All the K fractions at 0-20 cm soil depth exhibited significant and
positive correlation with yield.

Kumar Vijay and Mehar Chand (2013) conducted two experiments at CCS
HAU Regional Research Station, Karnal, Haryana, India during 2004—2007 on the plant—
ratoon—plant sequence of sugarcane crops during 2008-2010 on plant-ratoon in
sequence. The application of organic manure (FYM or SPM/PMC) N 1/2 P or NP
increased the available K (from 180 up to 192 kg hat in the first experiment and 142 up
to 144 kg ha! in second experiment) over NP alone. The application of organic manure
(FYM or PM/PMC) NPK increased substantial available K in the soil (from 180 up to
200 kg hal in the first experiment and from 142 up to 154 kg ha in second experiment)
over NP alone.

Significant build-up in NH4OAc-K was observed due to application of
organic and inorganic fertilizers either alone or in combination in different physiological
growth stages of wheat over control. Plots receiving 100% NPK maintained significantly
higher NH4OAc-K in all the growth stages of wheat than others except plots receiving 50
% NPK+RP enriched compost which was at par. Plots receiving 100 % NPK increased
NHsOAc-K by 38.2, 44.2 and 42.3 per cent higher over control (Moharana et al. 2014).

Chatterjee et al. (2014) conducted an experiment to study the fraction,
uptake and fixation of phosphorus (P) and potassium (K) in three soils with
characteristics and study revealed that, available and non-exchangeable potassium was
highest in Vertisol and Inceptisol, respectively. Calcium-P was the dominant fraction in
soil and highest in Inceptisol. Maximum K-fixation capacity for both the clay fractions

was found in Vertisol (32.57 % for colloidal clay and 37.94 % for non colloidal clay).
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Potassium fixation showed positive significant correlation with amorphous ferri-alumino
silicate content.

Mazumdar et al. (2014) observed that there was significant difference
among the different treatments with respect to potassium fractions in 0-15 cm, 15-30 cm
soil layer. Moreover, K fractions were significantly decreased with increasing depth of
soil, with exception in non-exchangeable K. The contribution of different K fractions in
two soil depths studied was in the order of non-exchangeable-K > exchangeable-K >
water soluble-K. All the K fractions at 0-15 cm soil depth exhibited significant and
positive correlation with yield.

2.2.9 Soil available sulphur

Pothare et al. (2007) conducted an experiment at Akola on effect of long
term fertilization in Vertisols on soil properties and yield of sorghum-wheat cropping
sequence and reported significant increase in available NPK and S in 100 % NPK + 10 t
FYM ha',

Sharma et al. (2013) conducted experiments for two rabi seasons during
2007 and 2008 in the field of Department of Soil Science and Agricultural Chemistry,
Jawaharlal Nehru Krishi Vishwa Vidyalaya, Jabalpur (M.P.) to study the effect of
integrated nutrient management on yield, nutrient uptake, protein content and soil fertility
of wheat in a Vertisol. The results revealed that the conjunctive use of inorganic
fertilizers and organic manure along with biofertilizers and micronutrients gave highest
available S in soil as compared to other treatment combinations.

Sharma and Subehia (2014) observed that application of 100 % NPK
alone to both the crops increased the available S content by 90.9 per cent over control.
The data further revealed that the application of either fertilizers alone or in combination
with organic manures recorded an increase in the available S content of the soil over
control. Low S content in control could be due to no addition of S and its removal by
crops and secondly because of low organic carbon content in these treatments as S is
known to be an integral part of soil organic matter.

2.2.10 Soil available silicon
Savant et al. (1999) concluded that sugarcane is known to absorb more Si

than any other mineral nutrient, accumulating approximately 380 kg ha* of Si in a 12
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month old crop. Sugarcane (plant growth and development) responses to silicon
fertilization have been documented in some areas of the world, and applications on
commercial fields are routine in certain areas. The reason for this plant response or yield
increase is not fully understood, but several mechanisms have been proposed. Some
studies indicate that sugarcane yield responses to silicon may be associated with induced
resistance to biotic and abiotic stresses such as disease and pest resistance, Al, Mn and Fe
toxicity alleviation, increased P availability, reduced lodging, improved leaf and stalk
erectness, freeze resistance and improvement in plant water economy.

Sartori de Camargo et al. (2009) evaluated silicon availability in soils of
Brazil and the relationship between availability and uptake. They assessed the dry matter
yields of sugarcane cultivated in three soil types, with and without silicon fertilization.
The experiment was set up in a completely randomized factorial scheme (4 x 3 x 2) with
four silicon rates (0, 185, 370 and 555 kgha™ Si) as Ca-Mg silicate and three soils:
Quartzipsamment (RQ), Rhodic Hapludox (LV) and Rhodic Acrudox (LVdf), in four
repetitions. All plots (100 L) received same Ca and Mg quantities with additions of
dolomitic lime and or MgCl.. The LVdf soil showed the higher soluble silicon
concentration, followed by LV and RQ. Added Si applied increased the amounts of
soluble content in all soils but Si uptake in leaves of sugarcane were just increased to RQ
and LV. However, addition of Si to the soils did not promote changes in dry matter yields
and Si uptake on stalks of sugarcane.

Bokhtiar et al. (2012) found that Si content reached up to 2.64 % and
1.86 % per dry mass in top visible dewlap leaf tissues when amended with Ca-silicate
fertilizer in soils 1 and 2, respectively. Results showed that as compared to unamended
control, Si amended treatments significantly increased maximum dry matter and cane
yield by 77 % and 66 % and 41 % and 15 % in soil respectively. With increasing silicate
application, iron, copper, zinc, and manganese contents significantly decreased in leaf
tissues and soil contents in both soils. Soil pH, Si contents, available sulfur, exchangeable
Ca and magnesium, and cation exchange capacity increased significantly more or less,
whereas aluminum contents of soil decreased dramatically in both soils when amended

with Ca-silicate.
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2.2.11 Soil DTPA —extractable micronutrients

Hemalatha and Chellamuthu (2013) revealed that 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.

Kumar Vijay and Mehar Chand (2013) conducted two experiments at CCS
HAU Regional Research Station, Karnal, Haryana, India during 2004—2007 on the plant—
ratoon—plant sequence of sugarcane crops in and during 2008-2010 on plant-ratoon in
sequence. The application of organic manure (FYM or PM/PMC) N 1/2 P or NP
increased the available K (from 180 upto 192 kg ha in the first experiment and 142 upto
144 kg ha in second experiment) over NP alone. The application of organic manure
(FYM or PM/PMC) NPK increased substantial available K in the soil (from 180 up to
200 kg hal in the first experiment and from 142 up to154 kg ha* in second experiment)
over NP alone.

Sharma et al. (2013) conducted field experiment for two rabi seasons
during 2007 and 2008 in the field of Department of Soil Science and Agricultural
Chemistry, Jawaharlal Nehru Krishi Vishwa Vidyalaya, Jabalpur (M.P.) to study the
effect of integrated nutrient management on yield, nutrient uptake, protein content and
soil fertility of wheat in a Vertisol. The results revealed that the conjunctive use of
inorganic fertilizers and organic manure along with biofertilizers and micronutrients gave
highest available N, P, K, S and Zn in soil as compared to other treatment combinations.
Thus, integrated resource management improved the crop yields, produces quality grain
as well as improved the soil fertility.

Reshmi Sarkar et al. (2014) studied depth-wise distribution of free CaCO0s,
water soluble Ca, exchangeable Ca, Fe oxides, water soluble Fe, DTPA-Fe and
bicarbonate ions in different profiles from Dharwad, Hebballi and Hebsur of north
Karnataka and found that DTPA-Fe and water soluble Fe was concentrated in the surface
layers and was in reduced concentration at deeper soil layers.

2.2.12 Soil carbon fractions
Particulate organic carbon (POC) can be used as an indicator of soil

quality rather than total organic matter. Organo-mineral fractions of specific particle size
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(<0.053 um) can lead to develop stable micro aggregates and slow decomposition rate
within aggregates with respect to their composition and turnover (Camberdella and Eliott,
1992).

Gathala et al. (2007) found that amount of humus fractions found was in
the order of humin> humic acid > fulvic acid. Contents of humin, humic acid and fulvic
acid in the soil significantly increased with the application of fertilizer and farmyard
manure. The highest amount of these fractions was recorded under FYM @ 20 t ha'
followed by 100 % NPK + FYM @ 10t ha™.

Srivastava et al. (2008) conducted an experiment on productivity and
profitability of sugarcane (Saccharum spp. Complex hybrid) in relation to organic
nutrition under different cropping system at Lucknow (U.P.) and reported that, in the
enrichment and activity of soil microbes conspicuous in SMBC and SMBN was recorded
under all the organic nutrition at the harvest of sugarcane crop compared with the initial.

Manna et al. (2013) reviewed that more recently, a greater range of labile
soil organic matter attributes such as light fraction of organic matter (LF), particulate
organic matter (POM<53 um), water soluble carbon, acid hydrolysable carbohydrates,
microbial biomass and potentially mineralizable fraction of carbon are more sensitive to
changes in management practices. Typically, organic matter levels decline rapidly when
soil under native vegetation is converted to arable agriculture in the first 10-20 years and
then stabilize at a new equilibrium level.

Shukla et al. (2014) showed that soil microbial biomass N (SMBN) at
harvest increased in all the treatments as compared to initial values. Greater improvement
in SMBN was observed with higher proportion of organic applied with inorganic
fertilizer. Ratoon crops also behaved similar to plant crop. This was due to binding of
nitrogen compounds in organic form and reduced losses after application in the soil. Thus
maximum SMBN was observed in 100 % N supplied through organic.

2.2.13 Soil carbon sequestration

Khambalkar et al. (2013) observed that integrated use of optimal dose of
chemical fertilizers in combination with farmyard manure @ 10 t ha? year! and
biofertilizers under pearlmillet—-mustard cropping sequence significantly improved the

labile and maintained non labile carbon pool. Similarly, it remained dominant contributor
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for active pool over passive pool of organic carbon, increased soil organic carbon, crop
biomass carbon and total carbon sequestration of the system over unfertilized control.

Brar et al. (2013) observed positive impact of long-term rice—wheat
cropping system in C sequestration. The continuous adoption of this cropping system
even without any fertilizer application (control) contributed toward C sequestration (1.94
Mg C ha), which further increased to 3.30 and 4.10 Mg C ha in treatments of 100 %
NPK and 100 % NPK + FYM.

Srinivasarao et al. (2014) reported that long term experiments on major
rainfed production systems in India showed higher amount of crop residue C input
(Mg/haly) return back to soil in soybean-safflower (3.37) system practiced in Vertisol
region of Central India. Long term addition of chemical fertilizer and organic
amendments improved the SOC stock. For every Mg ha* increase in SOC stock in the
root zone, there occurs an increased in grain yield (kg ha*) of 13, 101, 90, 170, 145, 18
and 160 for groundnut, finger millet, sorghum, pearl millet, soybean and rice
respectively. Long term cropping without using any organic amendment and/or mineral
fertilizers can severely deplete the SOC stock which is the highest in groundnut-finger
millet system (0.92 Mg C/haly) in Alfisols. Some agroforestry systems also have a huge
potential of C sequestration to the extent of 10Mg/ha/y in short rotation eucalyptus and
leucaena plantations.

Phalke (2015) observed that among the various in situ recycling sugarcane
residues and industrial wastes alongwith fertilizer levels in soybean-maize crop sequence
in Vertisol, the in situ recycling of sugarcane residues with press mud compost @ 2 t ha
and 100 per cent recommended dose of N,P20s and KO fertilizers recorded better
stability of soil humus under this treatment increased soil carbon fractions, which
reflected the economically viable technique in improving soil health.

2.3 Effect of long term application of integrated nutrient management on
soil biological parameters
2.3.1 Soil microbial population and CO2 evolution

Shinde et al. (2002) studied three conventional nitrogen enriched legumes

cowpea, seshinia and glyricidia were incorporated with sugarcane trash in-situ. The

composting fungi, urea, groundnut cake and cowdung were also tried for the rapid
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decomposition of sugarcane trash and its effects on biochemical properties of soil was
studied. The maximum number of azotobactor 10* g™ was observed in trash + culture +
groundnut cake (38) and fungi 10° g* (72) P solubelizer 10 g was higher in trash +
culture + Urea (41) azotobactor 10* g! was higher in trash + culture + Sesbinia.
azotobacter 10* g* (27) and fungi 10° g* 48) and P solubilizer 10* g (29) was higher in
trash + culture + urea.

Venkateswarlu and Srinivasarao (2004) studied the diversity of microbial
population in soil in relation to various agricultural practices and reported that
management practices such as irrigation, tillage, cropping, fertilizer application, crop
residue incorporation, manuring and microbial inoculation have major impact on
diversity of biological population in soil.

Ramdoss et al. (2004) studied the influence of dhaincha incorporation for
enhancement of soil microorganisms in sugarcane. The treatments consisted of three
levels of nitrogen viz., 50, 75 and 100 per cent of recommended N ha* and 3 stages of
dhaincha incorporation (30, 45 and 60 DAS). They concluded that dhaincha
incorporation at 60 DAS with 75 % of recommended dose of nitrogen recorded higher
soil microbes bacteria 55 x 10° and fungi 65.3 x 10°.

Kannan et al. (2005) conducted a field experiment to study the influence
of different organic N sources viz., FYM, Vermicompost and Coir-pith compost on
biological properties of soil and they observed that application of different organic N
sources had significantly varied effects on the microbial build up in soil.

Bhalerao et al. (2006) carried out an experiment at C.S.R.S., Padegaon
(M.S.) to study the effect of substitution of inorganic fertilizers by organics for sustaining
sugarcane production and soil health. They reported that use of recommended dose of
NPK and FYM recorded the highest microbial count of N fixer and P solubilizer.

Acharya et al. (2008) reported that maintenance of soil fertility and
productivity is crucial for traditional knowledge and wisdom. Rishi —krishi method is
practiced by Maharashtra farmers. Normal earthworm count in one acre is 43560 but by
the addition of Amrut pani, earthworm count in an acre gets doubled 87120 due to

enhanced energy and congenial soil environment. Sugarcane, banana and other fruit crops
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give higher yield and quality of the produce bacteria and actinomycetes) was increased
significantly in treatment recommended dose of nitrogen through organic manures.

Battikopad et al. (2009) conducted an experiment at Agronomy Farm,
College of Agriculture, Pune (M.S.) to study the changes in microbial population (count)
in enriched cattle dung compost at different intervals. They found that use of rock
phosphate, micronutrients, Bacillus spp., Azotobacter, composting culture, effective
microorganism and earth worms was more effective and beneficial for increase activities
of microorganisms and composting of cattle dung.

Mateia et al. (2012) explained that increased humidity and lower
temperature in the Ap horizon of irrigated soil favoured increasing number of bacteria
(18 x 10 viable cells x g* dry soil) and their metabolic activity, expressed by the amount
of released carbon dioxide (CO2 46.83 mg x g dry soil), compared with non-irrigated
soil. Fungal microflora was more abundant starting from the depth of 25-50 cm, under
irrigation. Species diversity in irrigation conditions increased slightly both in surface and
in the bottom of soil profile. In irrigated soil, associations of bacterial species that
belonged to the genera Pseudomonas and Bacillus were dominant in the surface, and
actinomycetes from Series Albus in depth. Fungal consortia with species of genera
Penicillium, Aspergillus, Fusarium were dominant in both soil profiles.

2.3.2 Soil enzymes activity
23.2.1 Urease

Application of fertilizers alone or in conjunction with organic manures
resulted in significant increase in urease activity over control. Substitution of 25 % N
through any of organics resulted in lower urease activity in comparison to 50 %
substitution. Higher urease activity in all the treatments over control may be due to
addition of amide form of N applied through urea (Sharma and Subehia, 2014).
2.3.2.2 Deydrogenase

Dhull et al. (2005) found that soil organic C and total N level increased by
taking three crops or include of green manuring in the rotation. The maximum microbial

biomass C and dehydrogenese activity was higher in green manure rotation.
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Mandal et al. (2007) reported that continuous application of integrated
nutrient management technique for wheat cropping resulted significant increase in
dehydrogenase and phosphatase activity in soil.

Hase et al. (2011) reported that stimulated activity of soil dehydrogenase
and cellulose were most likely correlated with amendment of organic matter in sugarcane
ratoon soil in the form of sugarcane trash (5-6 t hat).

Manna et al. (2013) reported that application of NPK fertilizer + FYM has
significant increased the FDA, DHA activity and soil microbial activities.
2.3.2.3 Acid phosphates

Mandal et al. (2007) observed that no significant interaction between
treatments and stages of crop growth on acid phosphatase activity. The flowering stage of
wheat crop had the highest value (30.2 mg PNPkgh™), followed by the tillering (19.6mg
PNP kg*h?) and dough (14.9mg PNP kg? h) stages. Mean values for the treatments
for acid phosphatase activity ranged from 19.0 mg PNP kg*h in control to 24.4 mg PNP
kgth™in 100% NPK+FYM.

The higher amounts of acid phosphatase activity was maintained in plots
receiving 50 % NPK+ Rock Phosphate enriched compost in all the growth stages of
wheat over plots receiving 100 % NPK as well as RP enriched compost applied alone.
Plots receiving 50 % NPK+ Rock Phosphate enriched compost resulted in 76.4, 130.6
and 133.9 per cent greater build-up in acid phosphatase activity over control (Moharana
et al. 2014).
2.3.2.4 Alkaline phosphates

Alkaline phosphatase activities in soil interactive effect of 100 %
NPK+FYM treatment alkaline phosphatase activity in soils under different treatments
gave the following order : 100 % NPK+FYM >100 % NPK+S >100 % NPK >100 % NP
>100 % N> control (Mandal et al., 2007).

Moharana et al. (2014) observed that alkaline phosphatase activity
increased significantly due to application of RP enriched compost and inorganic
fertilizers in different physiological growth stages of wheat than control significantly
higher amount of alkaline phosphatase activity was observed in 50 % NPK+RP enriched

compost treated plots in all the crop growth stages. It was observed that plot receiving



28

100 % NPK increased alkaline phosphatase activity by 13.1, 21.7 and 32.6 per cent over
control.

Sathish et al. (2016) observed that under rotation and monocropping,
application of FYM 10t hal + 100 % NPK resulted in increased activities of urease,
deydrogenase and phosphates by 238, 241 and 117 % compared with 100 %
recommended NPK under rotation and by 51, 130 and 75 % respectively in finger millet
monocropping in 20 year long-term experiment of finger millet-groundnut cropping
system in southern India.

2.4 Effect of long term application of INM on growth, yield and juice
quality of preseasonal ratoon sugarcane at harvest
24.1 Growth contributing parameters

Nazirkar and Kamthe (2012) conducted a field experiment on vertisol
during the year 2005-06 at Mahatma Phule Agriculture University, Rahuri, to study the
effect of integrated nutrient management on growth and biochemical properties of
sugarcane (cv. Co. 86032). The use of biofertilizers (PSB, Azotobacter, Acetobacter and
Azospirillum) either individually or in combinations alongwith FYM (25 t ha) and RDF
(500:170:127 N, P.0Os and K,0O kg hal, respectively). The results revealed that integrated
use of chemical fertilizers alongwith FYM and biofertilizers (Azotobacter, Acetobacter
and Azospirilum) enhanced the plant growth, total chlorophyll content and NR activity of
sugarcane.

Application of 20 tonnes FYM ha to sugarcane recorded significantly
higher mean growth (tillers 1,70,200 ha, cane height 208.9 cm, dry matter accumulation
33.3 t hal), yield attributes (millable canes, 1,13, 600 ha cane diameter, 2.18 cm) and
cane yield (87.5 t ha) over no FYM. An experiment was conducted during rabi season
of 2008-09 and 2009-10 at Pusa to assess the effect of farmyard manure and fertilizer
levels on sugarcane (Navnit Kumar 2012). He also observed that an increased of 16.2 %
in cane yield, 26.31 % in net return, 8.5 % in benefit: cost ratio and 15.6 % in sugar yield
was noticed with FYM over its control.

The field experiment was conducted with a view to determine the
inorganic and organic nutrient sources and optimum rates for sugarcane production at

Agriculture Research Institute, Tandojam, Pakistan, during 2008-2009. The maximum



29

tillers plant?, plant height, stem girth, internodes plant™*, internode length, millable canes,
cane yield, leaf area plant?, leaf area index, crop growth rate and dry matter were found
higher with the application of FYM and or press mud applied at 20 t ha® with three-
fourth of recommended rate of NPK fertilizer (169-84-126) (Abdul Fatah Soomro et al.
2013). He also reported that higher cost benefit ratio (6.36 and 5.48) in the treatment
where press mud and farm yard manure were applied @ 20 t ha + three-fourth of the
recommended inorganic NPK fertilizer (169-84-126).The high net returns of Rs. 187935
hat was obtained with application of press mud applied @ 20 t ha ! + three-fourth of the
recommended inorganic NPK fertilizer (169-84-26). However, Rs. 179760 were obtained
with the application of farm yard manure applied @ 20 t ha® + three-fourth of the
recommended inorganic NPK fertilizer.

A field experiment at Crop Research Centre, Rajendra Agricultural
University, Pusa, Bihar during spring season of 201213 to evaluate the effect of
integrated nutrient management and genotypes on growth, yield and quality of sugarcane.
The highest stature of all the growth and yield attributes viz., plant height, tillers, millable
canes were noticed with the treatment 100% RDN through chemical fertilizer + 25%
RDN through pressmud, while the lowest stature of all the above mentioned growth and
yield attributes was recorded with treatment 75% RDN through chemical fertilizer.
Improvement of growth and vyield attributes under treatment 100% RDN through
chemical fertilizer + 25% RDN through pressmud ( Rathore et al., 2014).

Shukla et al. (2014) observed that in sugarcane (plant) crop, maximum
number of millable canes was counted with application of 100 % N through inorganic
fertilizer. There was increase of 38.83 % millable canes over control (no nitrogen)
Reduction in 50 % dose of inorganic fertilizer produced lower number of millable cane
(99,500 ha'l) in sugarcane (plant) crop. In sugarcane ratoon crops, the number of millable
cane increased with increasing proportion of organic up to 50 % level. Application of 100
% nutrient through organic source could not surpass it.

2.4.2 Cane yield

More et al. (2005) noticed that application of 100 percent NPK with 25 %
N through FYM + biofertilizer @ 5 kg composite culture to sugarcane produced
significantly higher cane yield (146.0 t hal) and CCS yield (20.1 t hal).
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Sonawane and Sabale (2000) studied on effect of different sources of
organic nitrogen on growth, yield and quality of suru sugarcane was conducted. They
revealed that the split application of 250 kg nitrogen (50 kg N through pressmud and 200
kg through urea) showed positive relationship and exhibited maximum cane yield (101.54
t hal), trash yield (7.89 t ha'') the second and third best treatments were application of
250 kg N ha*, 50 kg N through vermicompost, 50 kg N through sugarcane trash and 200
kg N through urea.

Kumar Vijay and Mehar Chand (2013) found that application of NPK
fertilizer increased the cane yield of plant (3.8-7.9 %) and ratoon crops (4.9-6.2 %) of
sugarcane, over NP treatment. Cane yields produced with the application of farm yard
manure (FYM) N 1/2 P, press-mud (PM)/press-mud compost (PMC) N 1/2 P, FYM NP,
PM/PMC NP, green manure (GM) NP were at par with application of NPK,
respectively.

Shukla et al. (2014) observed that in sugarcane (plant) crop, there was
27% increased in sugarcane yield (61.1 t ha™*) obtained with 100 % N application through
organic compared to no N level (No nitrogen) Although sugarcane (plant) crop yielded
higher with 100 % inorganic (100 % N through inorganic) but higher ratoon yields were
obtained with integration of two sources. Sugarcane (plant) crop yield increased by 47 %
with application of 100 % through inorganic source (urea) over no N (48 t hal).
Increasing proportion of organic with inorganic fertilizer significantly increased ratoon
cane yields in both the seasons.

2.4.3 CCSyield

Kumar et al. (2003) studied the effect of NPK fertilization on production
potential of autumn sugarcane based intercropping system, at Pantnagar, on silty clay
loam soil during 2000-02. They reported that the full recommended dose of NPK
(150:80:60 kg hat) recorded the highest cane yield (99.80 t hal) and CCS yield (11.0 t
ha'), which was higher than application of nutrients @ 75 per cent of recommended dose
of NPK.

Ramdoss et al. (2003) studied the nitrogen management in ratoon
sugarcane through intercropping with dhaincha on clay loam soil at Sirugamani during

2002-03. They reported that the application of 100 % nitrogen along with dhaincha
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incorporation recorded significantly higher cane yield (135 t ha'), CCS % (12.24) and
sugar yield (16.5 t ha'l).

Sharma et al. (2005) studied the effect of integrated nutrient management
on yield and quality of sugarcane on alkaline calcareous soil at Seorahi (U.P.) during
2001-04. They reported that among the organic sources (FYM, bio-compost and press
mud cake) for nitrogen substitution, FYM was found superior to obtain higher cane
(73.12 t hal) and CCS vyield (9.23 t hal). Further, 50 per cent N substitution through
FYM + 50 % N through RDF recorded significantly higher cane (76.05 t ha') and CCS
yield 9.47 t haX, respectively over all other nitrogen integration treatments.

Bhalerao et al. (2005) observed that treatment receiving 125 t ha target
yield with 10 t FYM + urea blended with neem cake recorded highest cane and CCS vyield
which was followed by the treatment 80 % RST + 4.5t PMC + 1t SWA + UBNC + BF
which recorded second highest, indicating that there is scope to replace 40 % chemical
fertilizers by using 9 tone pressmud cake (PMC) + 2 t spent wash ash (SWA) + urea
blended with neem cake (UBNC) + biofertilizer.

A field experiment was conducted to study the effect of organic manure
(FYM 10 t ha!) along with three levels of each of nitrogen (100, 200 and 300 kg ha),
phosphorus (0, 75 and 150 kg ha) and potassium (0, 75 and 150 kg ha*) for sugarcane
on alluvial soil at Nellore (A.P.) during 1999-2000, 2000-01 and 2001-02. The nutrients
required for production one tonne of sugarcane were 1.25 kg N, 0.79 kg P and 2.28 kg K
in plant cane, where as 2.42 and 2.63 for nitrogen, 1.09 and 1.02 for phosphorus and 5.82
and 2.04 for potassium in first and second ratoon canes, respectively (Ahmed and Reddy,
2004).

Patel et al. (2006) conducted a field experiments at Sugarcane Research
Station, NAU, Navsari (South Gujarat) during 2002-03 to 2005-06. The results revealed
that application of 100 per cent RDF + 25 per cent additional N through FYM to plant
crop and 100 per cent RDF to ratoon crop + trash incorporation with cellulolytic culture
could give highest total millable cane yield and CCS yield.

Jagtap et al. (2006) conducted a field experiment of suru sugarcane at
Central Sugarcane Research Station, Padegaon and Regional Sugarcane and Jaggery

Research Station, Kolhapur with different levels of N, P.Os and K>O. The results
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revealed that application of 125 percent additional dose of nitrogen, phosphorus and
potassium (310:145:145) over the recommended dose (250:115:115). The pooled data
from three seasons revealed the highest cane yield (136.07 t ha') and also the highest
CCS vyield (20.52 t hal) without affecting soil fertility and juice quality at both the
locations.

Saini et al. (2007) reported that maximum CCS yield was recorded by the
100 % NPK + 25 % N (FYM) + biofertilizers 14.8 t ha* followed by 14.6 t ha by 75 %
NPK + 25 % N (FYM).

2.4.4. Juice quality parameters

Abdul Fatah Soomro et al. (2013) reported that brix, pol, purity,
commercial cane sugar, NPK uptake and accumulation in sugarcane were higher with the
application of three-fourth of recommended rate of NPK fertilizer (169-84-1261) + 20
tons press mud ha.

Kumar Vijay and Mehar Chand (2013) found that application of NPK
fertilizer significantly increased the juice quality i.e. commercial cane sugar (CCS %) of
both plant crop and sugarcane ratoon, over NP treatment with application of NP only the
CCS % of plant and ratoon crops ranged from 11.51 to 11.87 % in first experiment and
12.14 to 12.32 %, whereas for NPK treatment, the CCS % ranged from 12.04 to 12.36 %
in first experiment and 12.45 to 12.82 % in second experiment. The application of FYM
NPK, PM/PMC NPK and GM NPK produced CCS % of plant and ratoon crops at par
with NPK fertilizes. However, the application of FYM N 1/2 P or PM/PMC N 1/2 P
produced lower juice quality (CCS %) of plant and ratoon crop than the application of
NPK fertilizers. Similarly the application of FYM NP or PM/PMC NP produced lower
juice quality (CCS %) or at par juice quality (CCS %) of plant and ratoon crop than the
application of NPK fertilizers. FYM NPK, or PM/PMC NPK or GM NPK produced
significantly higher sugar yield of plant and ratoon crops as compared to NPK fertilizes.
However with the application of FYM N 1/2 P or PM/PMC N 1/2 P produced lower
sugar yield of plant and ratoon crop than the application of NPK fertilizers. The
application of FYM and PM/ PMC with full NP produced lower sugar yield or at par

sugar yield of plant and ratoon crop than the application of NPK fertilizers.
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Rathore et al. (2014) conducted field experiment at Crop Research Centre,
Rajendra Agricultural University, Pusa, Bihar during spring season of 2012-13 to
evaluate the effect of integrated nutrient management and genotypes on growth, yield and
quality of sugarcane. They found that crop fertilized with treatment 100 % RDN through
chemical fertilizer + 25 % RDN through pressmud produced highest cane yield followed
by 125 % RDN through chemical fertilizer and 75 % RDN through chemical fertilizer +
25 % RDN through pressmud. The lowest value of cane yield was noted in treatment
75 % RDN through chemical fertilizer. Application of different integrated nutrient
management practices did not cause significant influence on juice quality viz., brix, pol
and purity per cent, however, different integrated nutrient management practices brought
significant impact on sugar yield. The highest sugar yield was recorded in treatment 100
% RDN through chemical fertilizer + 25 % RDN through pressmud and lowest in
treatment 75 % RDN through chemical fertilizer.
2.5 Effect of long term application of INM on total nutrient uptake
25.1 Macronutrients

Application sugarcane trash @ 3 t ha® in combination with various
nitrogen levels significantly increased the available K content in the soil. The available K
in the soil from 329 to 338 kg ha™ and 303 to 338 kg ha* was increased due to with and
without application of sugarcane trash respectively (Kumar and Sagwal 1998).

Manimaran and Kalyanasundaram (2006) observed that highest nitrogen,
phosphorus and potassium uptake of 107.90, 37.31 and 173.64 kg ha* respectively was
recorded in treatment Ms. The treatment S4 which received the recommended dose of
fertilizer applied along with Acetobacter and foliar spraying of micronutrients recorded
higher N (102.03 kg ha), P.Os (35.10 kg ha?) and K;O (165.71 kg ha™) uptake in
sugarcane.

Saini et al. (2006) observed that highest N (262.6 kg  ha?), P (224.5 kg
ha!) and K (34.48 kg ha') uptake was recorded in treatment receiving 100 % NPK +
25 % N through FYM + biofertilizers. It was also evident from the data that maximum
uptake of all the nutrients (N, P and K) by cane as compared to green top and trash in
planted cane. In ratoon crop the highest N, P and K uptake was observed in 100 % NPK

(inorganic) + trash incorporation with celluolytic culture + biofertilizer.
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Jagtap et al. (2006) observed that uptake of nutrient kg ha and kg t*
increased with increase P levels of fertilizer application. The highest nutrient uptake kg
hat was observed in treatment of application of NPK @ 125 per cent of recommended
dose.

Ravindra Babu (2009) conducted field experiment to know the effect of
Azotobacter and phospho bacteria on NPK content and uptake by sugarcane. The
observed that application of 75 per cent recommended dose of N and P along with 5 kg
Azotobacter and 8 kg phosphobacteria ha™ recorded significantly higher uptake of N
(216.9 kg hat), P (42.87 kg ha) and K (191.3 kg ha) in both plant and ratoon crops.
While significantly lower uptake values of N, P and K were recorded with the application
of 50 % recommended dose of N and P over other treatments. This clearly indicates that
there was a possibility of saving of 25 per cent of inorganic N and P fertilizers in
sugarcane plant as well as ratoon.

Keshavaiah et al. (2012) conducted field experiment during 2007-08 on
plant crop of sugarcane to study its response to different nutrient management practices.
Two sugarcane varieties viz.,, Co 62175 and Co 86032 were tried with eight nutrient
management practices. Among the nutrient management practices, five were organic in
nature, two integrated and the rest was only through chemical fertilizers. The uptake of
major nutrients viz., Nitrogen, phosphorus and potassium (NPK) was studied at 6 months,
9 months and at harvest of plant crop of sugarcane. The result revealed that among
nutrient management practices, significantly higher nitrogen (463.05 kg ha?) and
phosphorus (34.26 kg ha?) uptake was registered with recommended package of
practices (RPP) at harvest stage and potassium uptake (239.34 kg ha) at 6 months stage.
Higher uptake resulted in higher sugarcane production across varieties and nutrient
management practices. The residual soil fertility indicated significantly higher available
soil nitrogen with pressmud + FYM + french beans + biofertilizers (332.52 kg ha™?).

Umesh et al. (2013) reported that integrated effect of organic and
inorganic fertilizer to sugarcane the uptake of S ranged from 17.4 to 30.3 kg ha by
sugarcane crop under different treatments. The uptake of S increased from 17.4 to 22.6

kg ha with increasing levels of NPK alone, whereas, when applied along with organic
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manures the S uptake varied from 21.4 to 30.3 kg ha’. The response of BGS and SPM
was statistically at par which was significantly superior over green manuring.

Laharia et al. (2013) conducted an experiment with soybean (cv. JS-335)
on clayey soil at experimental farm of Dr. PDKV, Akola to compare response of organic
sources and found that the highest uptake of nutrients was with the application of 100%
RDN through vermicompost + jeevamrut which was statistically on par with treatment
100% RDN through vermicompost, 100% RDN through FYM + jeevamrut and 100%
RDN through FYM.

Three years of conjoint use of 10 t FYM ha'l with 100% NPK
significantly improved the organic carbon and available N, P and K contents over the
chemical fertilizers alone. Significantly higher grain yield of 5.36 t ha and total NPK
uptake by rice (96.3, 20.4 and 109.5 kg ha* respectively) with the application of 100%
NPK+10 t FYM ha as compared to the grain yield of 4.96 t ha and total NPK uptake
(86.5,18.1 and 96.8 kg ha™?, respectively) with the 100% NPK alone (Chesti et al. 2015 ).
25.2 Sulphur

Sharma et al. (2013) conducted an experiment for two rabi seasons during
2007 and 2008 in the field of Department of Soil Science and Agricultural Chemistry,
Jawaharlal Nehru Krishi Vishwa Vidyalaya, Jabalpur (M.P.) to study the effect of
integrated nutrient management on yield, nutrient uptake, protein content and soil fertility
of wheat in a Vertisol. The results revealed that maximum nutrient (N, P, K, S and Zn)
uptake by wheat 147.08, 28.44, 174.6, 51.94 kg ha™ and 335.6 g ha, respectively were
observed in the treatment receiving 75% NPK + 5t FYM ha + PSB + Azotobactor + Zn.
Further the conjunctive use of inorganic fertilizers and organic manure along with
biofertilizers.

Sathish et al. (2016) reported that under both moncropping and rotation,
extractable sulphur was found to be significantly greater (16.7 and 18.3 mg kg*
respectively) in FYM 10 t ha! + 100% NPK compared with 100% recommended NPK
(10.8 and 12.6 mg kg™ respectively) and on par with the application of FYM 10 t ha! +
50% NPK.



36

2.5.3 Silicon

A field experiment was conducted during rainy (kharif) season of 1999
and 2000 at Research Farm, Department of Agronomy, Banaras Hindu University,
Varansi, Uttar Pradesh, to study the effect of level and time of silicon application on
growth, yield and economics of rice (Oryza sativa L.). Different silicon levels led to
significant increase in plant height, dry matter production, panicles/m?, filled
grains/panicle, test weight and yield of rice. The maximum grain yield (6,588 kg ha™)
was recorded with highest level of silicon, i.e. 180 kg Si kg ha™*. However, the maximum
response was observed at 127 kg ha™ and thereafter decreased with increase in silicon
level. The highest net returns and benefit: cost ratio were recorded when silicon was
applied 120 kg Si kg ha? full as basal. The apparent silicon recovery and agronomic
efficiency were higher at the lowest silicon level (60 kg Si  ha') and decreased with
increasing silicon levels. However, the highest nitrogen, phosphorus, potassium and
silicon uptake was associated with 180 kg ha. Among the application time, full basal
application of silicon at the time of transplanting significantly increased the growth, yield
attributes, yield and uptake of nutrients compared with the other time of silicon
application (Singh et al., 2005).

Matichenkov and Calvert (2002) reported a crop removal of Si by
sugarcane exceeding uptake by macronutrients such as N, P and K. The concentration of
Si in sugarcane leaves usually varies from 0.1 to 3.2%, which is also a much wider range
than for other macronutrients.

Prakash et al. (2011) reported that foliar spray of silisic acid 2 and 4 ml L™ alone
increased the percent silicon and its uptake in both straw as well as grain in rice in both
hilly and coastal zones of Karnataka.

254 Micronutrients

Sharma et al. (2013) conducted experiments for two rabi seasons during
2007 and 2008 in the field of Department of Soil Science and Agricultural Chemistry,
JNKVV, Jabalpur ( M. P) to study the effect of integrated nutrient management on yield,
nutrient uptake, protein content and soil fertility of wheat in a Vertisol. The results
revealed that the maximum nutrient (N, P, K, S and Zn) uptake by wheat 147.08, 28.44,
174.6, 51.94 kg ha® and 335.6 g ha?, respectively were observed in the treatment
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receiving 75% NPK + 5t FYM ha® + PSB + Azotobactor + Zn. Further, the conjunctive
use of inorganic fertilizers and organic manure along with biofertilizers.

Naidu et al. (2013) observed that the highest uptake of Zn and Cu (119.69
and 38.12 g) was recorded in the treatment (Te) that received 50 per cent RDN + 50 per
cent N through FYM + BF + Panchagavya which was on par with treatment that received
50 per cent RDN + 50 per cent N through VC + BF + Panchagavya (106.66 and 32.25 g
hal). However, it was significantly superior over rest of the treatments. The highest
uptake of Fe and Mn (367.18 and 103.71 g ha') was recorded in the treatment (Te) that
received 50 per cent RDN + 50 per cent N through FYM + BF + Panchagavya and it was
on par with treatments T1o and T4 receiving 50 per cent RDN + 50 per cent N through VC
+ BF + Panchagaya (333.96 and 93.30 g ha™) and 50 per cent RDN + 50 per cent N
through FYM + BF (331.57 and 94.14 g ha™), respectively but significantly superior over
rest of the treatments.

Venkatakrishnan and Ravichandran (2007) conducted field experiment on
sugarcane at Tamil Nadu. They observed that application of seasonal pressmud @ 25 t
ha! + recommended NPK + lignite flash @ 25 t ha™® + humic acid @ 30 kg ha™* recorded
the highest N, P, K stem uptake of 86.42, 47.84 and 204.35 kg ha™. Regarding tops and
trashes uptake of highest NPK registered 80.45, 38.89 and 147.04 kg ha™. They also
reported that seasonal pressmud @ 25 t ha™! + recommended NPK + lignite flash @ 25 t
hal + Humic acid @ 50 kg ha™* recorded the highest stem uptake Fe, Mn, Zn and Cu of
6.83, 2.27, 1.24 and 0.74 kg ha*. The top and trash uptake of Fe, Mn, Zn and Cu of 5.95,
2.15, 1.01 and 0.60 kg ha™®).

2.6 Soil quality assessment

Parr et al. (1992) suggested that increased infiltration, aeration,
macropores, aggregate distribution and their stability and soil organic matter and
decreased rate of bulk density, soil resistance, erosion and nutrient runoff are some of the
important indicators for improved soil quality.

A long term experiment comprising tillage and conjunctive nutrient use
treatments under a sorghum-mung bean system was conducted during 1998-2005 on
semi-arid tropics alfisols at Hyderabad by Sharma et al. (2005 and 2008). They reported
that soil quality index obtained by integration of key indicators varied from 0.66 (control)
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to 0.89 (4 Mg compost +2 Mg Gliricidia loppings ha™) under reduced tillage. Tillage did
not influence the soil quality index, whereas, the conjctive nutrient use treatment had a
significant effect. On an average under both conventional tillage and reduced tillage, the
sole organic treatment improved the soil quality by 31.8 per cent over control. The
percentage contribution of the key indicators towards the soil quality index was microbial
biomass carbon (28.5%), available N (28.6%), DTPA-Zn (25.3 %), DTPA-Cu (8.6 %),
hydraulic conductivity (6.1 %) and mean weight diameter (2.9 %).

Sharma et al. (2011) explained that out of 19 soil quality parameters
studied, significant influence of the soil and nutrient-management treatments was
observed on almost all the parameters except exchangeable calcium (Ca), available iron
(Fe), labile carbon (LC), and bulk density (BD) A standard methodology using principal
component analysis (PCA) and linear scoring technique (LST) was adopted to identify
the key indicators and for computation of soil quality indices. The various key soil
quality indicators identified for these Vertisols under cotton + green gram system were
pH, electrical conductivity (EC), organic carbon (OC), available K, exchangeable
magnesium (Mg), dehydrogenase assay (DHA), and microbial biomass carbon (MBC).
The soil quality indices as influenced by different long-term soil and nutrient-
management treatments varied from 1.46 to 2.10. Among the treatments, the conjunctive
use of 25 kg P.Os ha? + 50 kg N ha! through leuceana green biomass maintained
significantly higher soil quality index with a value of 2.10 followed by use of 25 kg N +
25 kg P20s + 25 kg N ha! through FYM (2.01) The order of percent contribution of
these identified indicators to soil quality indices was OC (28 %) > MBC (25 %) >
available K (24 %) > EC (7 %) > pH (6 %) = DHA (6 %) > exchangeable Mg (4 %).

Kundu et al. (2012) assessed the soil quality of AESR 10.1 covering
largely Vertisols using 15 physical, chemical and biological attributes of two districts i.e.
Sehore and Vidisha. The soil with RSQI values less than 50 % were rated as poor, 50-70
% as medium category and more than 70 % as good quality soils. About 4, 78 and 18 %
soil samples of Sehore and 16, 78 and 66 % soil samples of Vidisha districts belonged to
poor, medium and good quality respectively.

The soil quality index was high (1.25) for soils of midland region, while it

was low in the tail region (0.79) owing to soil degradation due to salinity and sodicity in
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tail region of the Mula Command. The Ca: Mg ratio was found to be the most
predominant soil quality indicator followed by organic carbon, ESP, CEC/clay and EMP
in determination of soil quality. The soil quality index was negatively correlated with
ESP, ECe and pHs indicating soil quality degradation due to salinity and sodicity hazards
observed by Kale (2013).

The integrated use of organics with chemical fertilizers recorded an
increased to the tune of 31.8 % hydraulic conductivity, 5.5 % aggregate stability, 23.4 %
available moisture, 15.1 % labile carbon and 6.9% reduction in bulk density over only
chemical fertilizers under long-term period of 22 years (Kharche et al., 2013).

Sathish et al. (2016) observed that the largest SQI (7.29) was observed in
FYM 10 t hal + 100 % NPK treatment and the smallest (3.70) SQI was for the control
(no fertilizer and no FYM applied).

2.7 Correlation coefficient studies

Shukla and Mishra (1997) found that correlation coefficient values for
fungal and bacterial population with dehydrogenase, urease and phosphatase activity
were found highly significant in sandy loam soil.

LI Juan et al. (2008) reported that some of soil microbial properties
(Cmic/Nmic, urease activity) were positively correlated with soil nutrients. Cmic/Nmic
was significantly correlated with soil organic matter and soil total nitorgen contents. The
correlation between catalase activity and soil nutrients was not significant. In addition,
except of catalase activity, the soil pH in this experiment was negatively correlated with
soil microbial properties.

Nayak et al. (2012) showed that across the agro-climatic zones of IGP,
increased in SOC, POC, Cmin and MBC content was significantly related to increase in
rice SYI and System SYI while Wheat SYI was positively and significantly related to
POC and Cmin. It has been reported that MBC is regarded as one of the most sensitive
indicators of the sustainability of the management systems. There were also significant
correlations among SOC and its fractions in the soil.

Sebiomo et al. (2011) reported that soil organic matter had positive

correlation with actinomycetes (0.376), fungi (0.462) and bacteria (0.673) count.
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Umesh et al. (2013) reported that sugarcane yield, juice recovery, sucrose
% and sugar yield were positively and significantly correlated with pore space, water
holding capacity, organic carbon, available N, available P and available K.

2.8 Laboratory incubation study

Becker et al. (1994) studied parameter affecting residues nitrogen
mineralization in flooded soil. Seven legume species, three legume-rice straw
combinations, rice straw alone were incorporated in soil at 100 mg N kg-1 dry soil and
incubated for 6 weeks. Residues N release was not correlated with residues N, C/N ratio.
Net N mineralization was correlated to lignin/N. NH4-N accumulation rates were higher
in residues with lower lignin/N ratio than material with higher lignin /N ratio.

Medhi et al. (1996) reported that effect of green manures (organic) and
inorganic sources of nitrogen on nutrients in soil and growth of rice. Incorporation of
Sesbania aculeate and prilled urea as a source of N, increased NH4+-N up to 28 days and
then declined to a very low level.

Ghuman et al. (1997) reported that NOs-N in the 0-0.10 m soil layer was
similar in green manured plot. NO3z-N was lower after sunnhemp sowing than control, but
after incorporation of sunnhemp NOs-N increased up to 4 weeks of green manuring than
that of control NOs-N content in the soil generally decreased with time of incubation.

Prasad and Singhania (1989) conducted an incubation experiment to study
the effect of different manures and fertilizer combination on soil chemical properties.
Application of manures and / or fertilizer increased NH4-N with increase in time of
incubation in soil. Combination of inorganic fertilizers with organic manures was better

than fertilizer alone or manures alone.
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3. MATERIAL AND METHODS

The present investigation on “Soil Quality Assessment as Influenced by
Long Term Use of Integrated Nutrient Management to Sugarcane in Vertisol” The long
term experiment was initiated from 2006 at Central Sugarcane Research Station,
Padegaon. The details of the material used and methods adopted during the conduct of
this investigation are described in this chapter.
3.1 Location and climate

The Central Sugarcane Research Station, Padegaon is located in scarcity
zone of Maharashtra, geographically at an elevation of 556 m above mean sea level on
18°-12”N latitude and 74°-10”E longitude. The data on weather parameters during the
crop season (July, 2013 to August, 2015) recorded at the meteorological observatory
located at CSRS, Padegoan (MS) are given in Table 1.

Table 1. Monthly mean meteorological data during experimental period
Sr. No. Temperature Humidity (%0) Sunshine | Rainfall | Rainy
(°C) (hrs.) (mm) days
Max. Min. | Mor. Eve.

Nov 05 30.4 11.5 99 43.2 9.1 0.0 0.0
Dec 05 28.7 10.4 97.9 50.5 8.5 0.0 0.0
Jan 06 29.4 9.7 98.0 39.3 9.1 0.0 0.0
Feb 06 325 11.9 94.2 34.4 9.7 0.0 0.0
Mar 06 34.2 16.5 91.8 46.6 9.6 19.4 1
April 06 38.0 20.0 84.2 39.0 10.2 0.0 0.0
May 06 37.9 23.4 89.2 51.3 9.2 98.9 4.0
June 06 32.3 22.8 95.7 72.8 6.4 281.3 13.0
July 06 28.2 22.3 97.0 86.6 2.8 103.1 15.0
Aug 06 27.7 21.7 97.0 89.2 3.5 79.0 11.0
Sept 06 30.4 21.9 98.6 75.6 6.1 191.0 15.0
Oct 06 315 19.6 96.5 56.8 7.3 24.2 4.0
Nov 06 30.0 17.3 98.2 56.6 7.4 14.8 6.0
Dec 06 28.3 12.3 98.5 54.6 8.7 0.0 0.0
Jan 07 29.9 11.7 97.6 39.8 8.8 0.1 1.0
Feb 07 31.5 13.3 95.9 38.1 9.6 0.0 0.0
Mar 07 35.3 16.4 88.8 39.0 9.7 0.0 0.0
April 07 38.4 20.8 80.2 35.1 9.6 3.2 1.0
May 07 37.0 23.1 87.5 48.6 10.0 9.2 1.0
June 07 32.8 23.0 93.5 67.3 6.1 271.1 17.0
July 07 29.0 22.6 97.4 84.5 3.8 102.6 18.0
Aug 07 29.4 21.8 95.1 84.8 3.7 102.2 24.0
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Sept 07 29.9 214 97.8 77.7 4.9 44.0 18.0
Oct 07 32.3 18.6 93.1 40.6 7.8 3.0 1.0
Nov 07 40.4 13.8 96.0 39.3 8.5 15.4 2.0
Dec 07 29.2 12.9 96.5 46.5 7.7 0.0 0.0
Jan 08 29.7 10.2 98.9 66.8 9.1 0.0 0.0
Feb 08 30.7 12.3 92.8 41.2 9.4 0.0 0.0
Mar 08 34.7 17.6 89.3 36.5 8.6 50.0 6.0
April 08 37.3 20.1 87.4 31.3 10.0 13.9 2.0
May 08 37.1 22.6 89.1 47.3 13.7 0.0 0.0
June 08 31.8 22.8 90.7 73.5 3.8 22.8 12.0
July 08 30.0 28.6 95.5 76.6 6.5 21.2 10.0
Aug 08 29.0 214 97.5 78.8 4.2 92.2 14.0
Sept 08 29.5 27.8 97.6 74.6 5.7 219.4 19.0
Oct 08 315 17.3 97.9 58.7 8.4 45.6 6.0
Nov 08 30.4 22.7 97.0 51.3 7.6 11.0 4.0
Dec 08 29.8 12.1 98.0 46.4 7.6 3.3 2.0
Jan 09 30.2 115 98.7 42.7 8.5 0.0 0.0
Feb 09 33.6 16.6 96.5 35.4 9.5 0.0 0.0
Mar 09 35.4 16.2 93.7 54.6 11.8 6.4 3.0
April 09 38.3 21.1 88.1 40.9 9.6 0.2 1.0
May 09 36.5 28.9 86.3 56.7 8.9 8.8 4.0
June 09 32.2 22.6 94.2 73.7 7.3 243.3 9.0
July 09 28.6 22.1 94.3 87.1 3.0 74.2 26.0
Aug 09 29.5 21.4 97.3 88.6 5 174.4 15.0
Sept 09 30.7 22.0 97.1 85.7 5.2 85.2 12.0
Oct 09 30.6 18.0 97.0 82.5 6.8 107.5 8.0
Nov 09 29.0 16.3 97.0 62.4 6.8 139.9 7.0
Dec 09 28.9 13.8 98.2 51.7 7.7 0.7 2.0
Jan 10 28.5 12.8 98.0 51.0 7.6 0.0 0.0
Feb 10 32.3 15.1 96.1 44.1 8.2 0.0 0.0
Mar 10 36.3 18.4 97.0 59.0 8.4 5.7 1.0
April 10 38.6 20.9 92.1 49.1 8.7 29.0 2.0
May 10 38.2 23.3 89.9 51.0 8.8 1.1 1.0
June 10 32.5 22.8 97.4 74.9 6.1 222.3 14,
July 10 29.8 21.6 98.0 86.6 2.9 93.9 13.0
Aug 10 29.6 22.1 98.0 90.5 3.6 77.2 15.0
Sept 10 39.0 21.3 98.0 85.3 7.0 141.5 14.0
Oct 10 30.6 20.2 98.0 83.3 7.1 193.0 10.0
Nov 10 38.8 19.9 98.0 73.7 6.3 42.6 9.0
Dec 10 27.5 12.9 97.4 60.8 7.8 0.0 0.0
Jan 11 28.6 10.3 97.2 61.9 8.0 0.0 0.0
Feb 11 30.7 12.6 98.0 74.1 8.9 0.0 0.0
Mar 11 35.2 16.2 98.0 65.2 8.3 1.8 1.0
April 11 36.9 21.0 94.4 51.7 7.3 0.0 0.0
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May 11 37.1 22.9 91.0 59.9 7.9 21.7 2.0
June 11 30.6 24.2 95.1 85.0 4.6 106.6 11.0
July 11 29.6 23.3 97.7 89.4 3.2 116.3 18.0
Aug 11 29.2 22.7 97.5 80.1 2.9 40.2 12.0
Sept 11 29.7 21.0 97.8 77.4 5.2 117.3 13.0
Oct 11 31.0 20.9 97.9 72.0 6.3 50.8 5.0
Nov 11 30.3 19.4 97.7 73.9 7.9 0.0 0.0
Dec 11 29.8 12.2 97.7 75.2 8.2 0.0 0.0
Jan 12 29.2 11.3 97.4 8.1 8.5 0.0 0.0
Feb 12 32.4 12.8 96.6 50.4 8.6 0.0 0.0
Mar 12 35.8 15.0 93.1 52.2 7.4 0.0 0.0
April 12 37.4 21.8 91.2 42.7 8.2 91.3 4.0
May 12 37.6 23.4 88.3 45.5 10.2 46.9 2.0
June 12 33.1 24.3 88.9 64.4 7.1 34.2 7.0
July 12 30.8 23.7 92.1 73.9 3.6 22.5 7.0
Aug 12 29.4 22.3 94.7 75.0 4.4 49.4 13.0
Sept 12 29.4 22.0 96.1 70.7 4.6 41.0 9.0
Oct 12 31.2 20.1 97.5 68.1 6.8 57.4 7.0
Nov 12 30.7 17.1 96.8 64.2 7.8 10.2 1.0
Dec 12 30.5 14.5 97.3 56.7 8.5 00.0 0.0
Jan 13 31.0 12.0 96.6 40.8 8.1 0.0 0.0
Feb 13 32.3 14.6 93.4 42.5 7.9 0.0 0.0
Mar 13 35.6 16.7 89.4 44.8 8.0 0.5 0.0
April 13 37.8 20.9 88.4 50.8 9.1 0.0 0.0
May 13 38.5 24.4 855 49.5 8.0 0.0 0.0
June 13 30.9 22.0 93 68 4.0 154.4 10.0
July 13 274 214 95 81 1.9 67.1 8.0
Aug 13 28.7 21.6 96 82 4.0 49.9 4.0
Sept 13 30.3 20.9 97 83 5.3 252.6 10.0
Oct 13 31.1 20.9 97 82 7.3 37.0 2.0
Nov 13 30.0 15.3 97 74 8.1 00.0 -
Dec 13 29.0 11.6 95 65 7.9 0.05 -
Jan 14 29.4 12.7 96 48 7.1 - -
Feb 14 31.1 12.5 88 48 8.5 4.3 1.0
Mar 14 34.3 19.4 90 54 7.8 10.9 2.0
April 14 38.5 20.8 79 35 8.1 1.8 -
May 14 375 23.1 84 52 7.6 104.2 3.0
June 14 34.6 23.7 84 60 7.6 32.6 2.0
July 14 29.8 22.3 85 60 2.9 79.8 6.0
Aug 14 29.6 21.7 95 75 3.9 310.6 14.0
Sept 14 30.3 21.7 92 68 5.6 25.9 4.0
Oct 14 31.2 20.0 93 60 6.9 65.8 5.0
Nov 14 30.3 16.7 93 49 7.6 86.7 3.0
Dec 14 28.1 11.7 95 48 7.5 31.6 1.0
Jan 15 28.2 11.0 94 47 7.2 - -
Feb 15 32.6 12.7 90 47 8.7 - -
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3.2 Soils

The soils of the experimental site is classified as Typic Haplustert
(Vertisol) belongs to bumne soil series. The soil samples were collected and analyzed at
the start of experiment in 2006 having low available nitrogen (198 kg ha™), very high
Phosphorus (32 kg ha*) and high Potassium (354 kg ha™). The soil was slightly alkaline
in reaction (pH 8.30) and high organic carbon content (0.72%).
3.3 Field experiment

The long term field experiment is continued from 2007 at Central
Sugarcane Research Station, Padegoan, Dist. Satara (MS), on same treatment site with

same randomization in each cycle (Fig. 1).

3.3.1

Cropping history of experimental field

The information regarding the crops grown on the experimental plot

during previous eight years. The details are as below

Year Sugarcane Date of Date of Date of soil
crop Planting Harvesting Sampling
/Ratooning
2006-07 | Plant cane 9/11/2005 12/02/2007 --
2007-08 | Ratoon-I 12/02/2007 08/03/2008 --
2008-09 | Ratoon-l1I 08/03/2008 07/03/2009 --
20090 | Ratoon-Ill 07/03/2009 11/03/2010 --
201011 | Ratoon-1V 11/03/2010 17/3/2011 --
2011-12 | Plant cane 01/11/2012 16/03/2013 --
2012-13 | Ratoon-I 16/03/2014 14/03/2014 15,16/03/2014
2013-14 | Ratoon-II 14/03/2014 22/02/2015 23/2/2015
3.3.2 Experimental Details

1. Location CSRS, Padegaon, Tal- Phaltan, Dist- Satara(MS)

2. Year of start 2006-07

3. Crop :  Sugarcane

4.  Soil type Vertisol

5. Season Preseasonal

6. Variety :  Co. 86032

7.  Treatment - 8

8. Replication : 3

9. Design : RBD

10. Duration 10 years

11. Plot Size Gross: 10.0mx 7.2 m

Net: 8.0 mx4.8m
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3.3.3 Treatment details

Tr. | Treatment Nutrient sources for plant cane Nutrient sources for ratoon
No.

1. 100 % of RD 1.Sunhemp (GM) before 1. In situ trash (7.5 t) composting

through organics

sugarcane
2. Use of FYM @ 25t hat
3.Use of PMC @ 5t ha'
4. Use of Vermicompost @ 2.5t ha
5. Composite culture of BF@5 kg ha’]

2. Use of FYM @ 12t ha*

3.Use of PMC @ 5t ha'

4. Use of Vermicompost@2 t ha™
5. Composite culture of BF@5 kg ha'

2. 100 % NPK NPK (400:170:170) NPK (300:140:140)
through inorganiq Ferrous sulphate: 25kg ha™ Iron sulphate : 25 kg ha™*
Zinc sulphate : 20 kg ha™ Zinc sulphate : 20 kg ha™*
3. Fertilizer dose | 1.NPK (400 :170 :128 kg ha™) 1.NPK(300:140:105 kg ha™)
As per soil test Iron sulphate : 25 kg ha* Iron sulphate : 25 kg ha™
(AST) with FYM|  Zinc sulphate : 20 kg ha™* Zinc sulphate : 20 kg ha™
and biofertilizers | 2. Biofertilizers as seed treatment 2. BF @ 5 kg ha™ (i.e. Azotobactor,
@ 5 kg ha™* (i.e. Azotobactor, Acetobactor, Azospirillum and
Acetobactor, Azospirillum and PSB @ 1.25 kg each)
PSB,1.25 kg each) 3. Trash mulching, fertilizer
3.FYM @ 25t ha™ application by crow bar method
in two splits without off barring
and inteculturing operations

4. 75 % of RD 1. Sunhemp (GM) before sugarcane (1. In situ trash (7.5 t) composting
through organics | 2. Use of FYM @ 15 t ha 2. Use of FYM @ 8tha'
+25%RD 3. Use of PMC @ 2 t ha* 3. Use of PMC @ 2.5t ha*
through inorganiq 4. Use of Vermicompost @ 1 tha™ |4. Use of Vermicompost@ 1.5 t ha™

5. Composite culture of BF@5 kg ha|5. Composite culture of BF@5 kg ha'l
6. NPK (100:43:43 kg ha™) 6. NPK (75:35:35 kg ha?)

5. 50 % of RD 1. Sunhemp (GM) before sugarcane |1. In situ trash (7.5 t) composting
through organic | 2. Use of FYM @ 4 t ha™ 2. Use of FYM @ 4t ha'
and 3. Use of PMC @ 1t ha* 3. Useof PMC @ 1tha*

50 % of RD 4. Use of Vermicompost@ 0.5 t ha™|4. Use of Vermicompost @0.5 t ha™
through 5. Comp.culture of BF @ 5 kg ha™ |5. Composite culture of BF @5 kg ha'
inorganics 6. NPK (200:85:85 kg ha™) 5. NPK (150:70:70 Kg ha™)

6. 25 % of RD 1. Sunhemp (GM) before sugarcane |1. In situ trash (7.5 t) composting
through organics | 2. Composite culture of BF@5kg ha|2. Composite culture of BF@ 5 kg ha*
+75%RD 3. NPK (300:128:128 kg ha™) 3. NPK(225:105:105 kg ha™)
through inorganic

7. Use of Rishi- 1.Angara — soil beneath 1. Angara — soil beneath baniyan

Krishi Tantra

baniyan tree : 38 kg ha™
2. Amritpani
i. Ghee of local cow: 625g ha*
ii. Honey : 1.25 kg ha™*
iii. Cow dung of local cow:25 kgha
iv. Water : 500 L ha™.
Application of above material three
times i.e. one by seed treatment and
two times by fertigation.

tree : 38 kg ha*

2. Amritpani

i. Ghee of local cow: 625 g ha™
ii. Honey : 1.25 kg ha™

iii. Cow dung of local cow:25 kg ha’}
iv. Water : 500 L ha™.
Application of above material three
times through fertigation.
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8. Use of Jivamrut | 1. 25 kg dung of Indigenous cow/ : | 1. 25 kg dung of Indigenous
bullock/Jaggery cow/bullock/buffalo
2. Urine of indigenous cow2.5-25L| 2. Urine of indigenous cow : 12.5-
3. Black/ old jaggery : 2.5 kg 25L
4. Flour of any pulses : 5 kg 3. Black/ old jaggery:2.5 kg
5. Soil from rhizosphere of : 5 kg | 4. Flour of any pulses: 5 kg
root zone of same crop 5. Soil from rhizosphere of : 5 kg
6. water : 500 L root zone of same crop
* Fermentation for 2-7 days 6. water : 500 L
* This material should applied at * Fermentation for 2-7 days
planting and at monthly intervals | * This material should be applied at
per ha up to 5 month. monthly interval per ha up to 5
months
3.34 Fertilizers

Urea, single superphosphate, suphala (10:26:26), muriate of potash,

ferrous sulphate and zinc sulphate were used to supply N, P20s, K>O, Fe and Zn. The

treatment wise quantity of chemical fertilizers and organics were added. Composite

culture of biofertilizers i.e. Azotobactor, Acetobactor, Azospirillum and PSB @ 1.25 kg

each were added in respective treatment.

3.3.5

Organics and chemical fertilizers added

Table 2. Quantity of organics added to plant sugarcane and ratoon

Cycle Tr. No. and Ty | T2 | Ts | Ta Ts Ts Tz | Ts | Total
organics (t ha)

(tha™)
Plant Sunhemp 30 - - 130 30 30 - - 120
I |caneand [FYM 73 - | 25 | 47 20 -- - | - 165
I*to IV" [PMC 25 | - [ - |12 5 - - | - 42
ratoon  |Vemi. 105 | - - 7 - 2.5 - - 20
Trash 30 - |30 | 30 30 30 - - 150
Total 1685 | - [ 55 [126 | 85 625 | - - 497
Plant Sunhemp 30 - 0 | 30 30 30 - - 120
2" lcaneand |FYM 49 - | 25 | 31 12 - - - 117
Ito 1 |PMC 10 | - |- 17 3 - - |- 20
ratoon  |Vemi. 6.5 - - 4 1.5 - - - 12
Trash 15 - |15 | 15 15 15 - - 75
Total 1105 | - | 40 | 87 | 615 45 - - 344
Grandtotal | 279 | - | 95 | 213 | 146.5 |107.5 - - 841
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Table 3. Total quantity of nutrients added through chemical fertilizers to plant
sugarcane and ratoon
Cycle Tr. No. and
nutrients T> T3 Ts Ts Ts ( l;r 0:;'_1)
(kg ha'!) g
I |Plant cane and |Nitrogen 1600 | 1700 | 400 | 800 |1200| 5700
Ito V™ Phosphorus 590 730 | 183 | 365 | 548 2416
ratoon Potassium 590 548 | 183 | 365 | 548 2234
Iron Sulphate 125 125 - - - 250
Zinc Sulphate 100 100 - - - 200
Total 3005 |3203 | 766 | 1530|2296 | 10800
2" Plant cane and  |Nitrogen 1000 | 1000 | 350 | 500 | 750 3600
I*to 11" ratoon |Phosphorus 450 450 | 113 | 225 | 338 1576
Potassium 450 338 | 113 | 225 | 228 1354
Iron Sulphate 75 75 - - - 150
Zinc Sulphate 60 60 - - - 120
Total 2035 [1923| 576 | 950 [ 1316 | 6800
Grand Total 5040 |5126 | 1342|2480 |3612 | 17600
3.4 Methods
34.1 Soil analysis

The soil samples were collected from selected treatments at 0-30 cm depth
and composite and representative soil sample was prepared by drying in shade on paper
sheet, gently ground in wooden mortar and pestle, mixed and sieved through 2 mm sieve
for further analysis for physical and chemical quality parameters. For biological quality
parameters, collected samples were stored in deep fridge for respective parameter
analysis.

3.4.2 Plant analysis

The cane and top representative samples were collected from each plot
after harvest of I1tand 11" ratoon crop. Samples transported quickly to the laboratory and
washed each tissue sample by sponging with a piece of cotton wool moistened in a 0.1%
detergent teepol followed by rinsing with two lots of pure water. The collected samples
were dried in shade, oven dried at 70°C and ground to fine powder used for chemical
analysis.

3.4.3 Juice quality analysis
Sugarcane juice quality parameters were analyzed on AUTO-POL

analyzer available at Central Sugarcane Research Station, Padegoan, Dist. Satara.
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Table 4. Standard methods used for analysis

Ii(r)' Parameter Method Used Reference

A) | Soil analysis

I. | Physical properties

1. | Soil Texture International Pipette method | Piper (1966)

2. | Bulk density Core method Blake and Hartage (1986)
3. | COLE value Soil paste rod Schafer and Singer (1976)
4. | Dispersion index International Pipette method | Mustafa and Latey (1969)
5. | Hydraulic conductivity Constant head undisturbed | Black et al.( 1965)

core

6. | Moisture retention at Pressure plate and pressure | Richard (1948)
33Kpa and 1500Kpa mem. Apparatus
7. | Aggregate stability Yoder apparatus Black et al (1965)
Il | Chemical properties
1. |pH(1: 2.5) Potentiometry Jackson (1973)
2. |EC(1:2.5) Conductometry Jackson (1973)
3. | Organic carbon (%) Wet oxidation Nelson and Sommer (1982)
4. | CaCOj3 (%) Acid neutralization Allison and Moodier (1965)
5. | Exchangeable bases Na*, Glycol-ethanol Loveday (1974)
K*, Ca**and Mg*™*
6. | Cation Exchange Capacity | Saturating with NH,Oac Palemino and Rhoades
and NH,Cl and extracting | (1977)
by Mg(NOs),
7. | Available N Alkaline permanganate Subbaih and Asija (1956)
8. | Available P 0.5 M NaHCO; Watanabe and Olsen (1965)
(pH 8.5)
9. | Available K N N NH;Oac Jackson (1973)
10 | Available S Turbidimetric Willams and Steinbergs
(1959)
11 | Available Si 0.01M CaCl; (Continuous | Korndorfor et al. (1999)
shaking for one hr.)
12. | DTPA Micronutrients Atomic absorption Lindsay and Norvell (1978)
(Fe, Mn, Cu, and Zn,) spectrophotometer
13. | Fractions of nitrogen Micro-Kjeldahl Keeney and Nelson (1982)
14. | Fractions of Phosphorus Modified procedure of Peterson and Corey
Chang and Jackson (1966)
15 | Fractions of Potassium Flame photometer Wood and Deturk (1941)
and Kundsen et al. (1982)
I11) | Biological properties
a) | Microbial analysis
1. | Total Bacterial count Serial dilution plating Halvorsun and Zeigler
technique (1993)
2. | Total Fungi count Serial dilution plating Halvorsun and Zeigler
technique (1993)
3. | Total Actinomycetes Serial dilution plating Halvorsun and Zeigler

count

technique

(1993)
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b) | Carbon fractions
1. | Total organic carbon Dry ashing / TOC analyzer | Nelson and Sommer
(1982)
2. | Labile pool of carbon Permagnate oxidation Blair et al., (1995)
(POSC) method
3. | Particulate Organic Matter | Wet sieving method Cambardella and Eliott
Carbon (1992)
4. | Water soluble Carbon Water extraction method Mc Gill et al. (1986)
5. | Soil Microbial Biomass Chloroform fumi. Brooks et al. (1985)
Carbon Extraction method
6. | Fractions of humic 0.5 N NaOH extractant Stevenson (1994)
substances (humic acid method
and fulvic acid)
7. | Carbon stock Computation Blair et al. (1995)
c) | Soil enzyme assays
1. | Dehydrogenase Spectrophotometry Casida et al. (1964)
2. | Urease Titrimetric Tabatabai and Bremmer
(1972)
3. | Acid phosphatase Spectrophotometry Tabatabai and Bremner
(1972)
4. | Alkaline phosphatase Spectrophotometry Tabatabai and Bremner
(1972)
d) | Soil respiration Alkali trap method Anderson (1982)
B) | Plant analysis
1. | TotalN Micro- kjeldahl method Jackson (1973)
2. | Total P Vanadomolybdate yellow | Jackson (1973)
colour method
3. | Total K Flame photometric Chapman and Pratt (1961)
4. | Total S Turbidimetric Tabatabai and Bremner
(1970)
5. | Micronutrients Atomic absorption Spectro | Zososki and Bureau
(Fe, Mn, Zn and Cu) photometric (1977)
6. |C.CS. Winter and carp formula Parthasarthy et al. (1979)
7. | Brix Brix hydrometer Spencer and Meade
(1964)
8. | Pol Poloriscope Lane and Euton (1993)
9. | Reducing sugars Volumetry Lane and Euton (1993)
35 Soil quality index (SQI)

The soil quality index was assessed by following four main steps (i) define

goal (ii) select a minimum data set (MDS) of indicators that represent the best soil

function (iii) score the MDS indicators based on their performance of soil function and

(iv) integrate the indicator scores into a comparative index of soil quality.

The significant variables were chosen for the next step in MDS formation

through principle component analysis (PCA) (Andrews et al., 2002a and Shukla et al.,
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2004). The principle components receiving high eigen values and variables with high
factor loading were assumed to be variables that the best represented the system
attributes. Therefore, only the PCs with eigen > 1 (Brejda et al. 2000) and those that
explained at least 5 per cent of the variation in the data (Wander and Bollero,1999) were
examined. Within each PC, only highly weighted factors retained for MDS. Highly
weighted factor loadings were defined as having absolute values within 15 per cent of the
highest factor loading. When more than one factor was retained under a single PC,
multivariate correlation coefficients were employed to determine if the variables could be
considered redundant and therefore, eliminated from the MDS (Andrews et al. 2002a).
After determining the MDS indicators, every observation of each MDS
indicator was transformed using a linear scoring method (Andrews et al. 2002b).
Indicators were arranged in order depending on whether a higher value was considered
‘good’ or ‘bad’ in terms of soil function. For ‘more is better’ indicators, each observation
was divided by the highest observed value such that the highest observed value received a
score of 1. For ‘less is better’ indicators, the lowest observed value (in the numerator)
was divided by each observation (in the denominator) such that the lowest observed value
score of 1.0nce transformed, the MDS variables for each observations were weighted
using the PCA results. Each PC explained a certain amount (%) of the variation in the
total data set. This percentage, divided by the total percentage of variation explained by
all PCs with eigen vectors >1, provided the weighted factor for the variables chosen
under a given PC. The weighted MDS variables score were then summed up for each

observation using the following equations (Sharma et al., 2005, 2008)

n

SQI=Y Wi Si
i=1

Where,

Si is the score for the subscripted variable and Wi is the weighing factor
derived from the PCA. Here the assumption is that higher index scores meant better soil
quality or greater performance of soil function. Further, the per cent contribution of each
final key indicator was also calculated. The SQI values so obtained were tested for their

level of significance at P=0.05.
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The principle component analysis (PCA) was performed on standardized
measured soil attributes with a mean of 0 and variance of 1. The PCs with eigen values <
1 indicates the PC could explain less variance than an individual attributes and therefore,
it was rejected.

3.6 Sustainable yield index (SY1)

Sustainable yield index (SY1) was calculated for the treatments taking into

consideration last 8 years by using following formula (Singh et al.1990).
SYl=Y-§
Y max.

Where,
Y: Mean yield over the year
d : Treatment standard deviation
Y max.: Maximum yield of the treatment
3.7 Incubation study
The laboratory incubation study was conducted under ambient condition.
The soil for incubation study was collected from field. The collected soil samples were
processed in the laboratory. The sufficient sieved soil was filled in plastic bottle. The
sufficient quantity of distilled water was added in soil and then allowed to evaporate the
moisture to attain the moisture at field capacity moisture. The moisture content of soil in
bowls was maintained at field capacity by adding distilled water gravimetrically. Soil
sampling was done at intervals of 0, 7, 14, 21 and 28 days and analysed for different
nitrogen fractions, available phosphorus and step K release study.
3.8 Statistics
Simple correlation analysis and multiple regression analysis were carried
out among soil properties, soil quality index and yield of sugarcane in study area as per
the procedure outlined by Panse and Sukhatme (1995). The soil quality index was worked

out by principle component analysis as per the procedure given by Kshirsagar (1972).
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4. RESULTS AND DISCUSSION

The cultivation of sugarcane is predominantly followed in command areas
of Maharashtra since last five to six decades. The sugarcane growers used the excess
water and unjudicious use of chemical fertilizers and less use of organic manures.
Similarly, the sugarcane grown in command areas are one plant cane and two or three
ratoons with an ill management of water and fertilizer application. As a result there was
degradation of soil quality and decline in sugarcane productivity in alarming manner. The
situation pose the constrains in sugarcane cultivation for enhancing the hectare
productivity and improvement in soil quality. In view of this, the present investigation
was undertaken entitled “Soil quality assessment as influenced by long term use of
integrated nutrient management to sugarcane in Vertisol”. The experiment was conducted
at Central Sugarcane Research Station Padegaon on Vertisol during 2012-13 (I* ratoon)
and 2013-14 (11" ratoon).

The results obtained inrespect to soil quality, sugarcane yield, carbon
sequestration, quality of juice and soil quality are discussed here under appropriate heads
and subheads.

4.1 Effect of long term use of integrated nutrient management on soil
physical properties of preseasonal ratoon sugarcane at harvest
4.1.1 Particle size distribution of soil

Data pertaining to particle size fractions (sand, silt and clay) of soil as
influenced by various INM treatments to preseasonal ratoon sugarcane are presented in
the Table 5. The particle size distribution of soil were not significantly affected by the
treatments. However, the clay content was increased to the tune of 1.0 per cent to 4.61
per cent and sand content decreased to the tune of 7.58 to 10.30 over initial values in both
the ratoons. As regards silt content magnitudly no differences were obtained due to

various INM treatment to preseasonal ratoon sugarcane in both the ratoons.
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Table 5. Effect of long term use of INM on particle size distribution of soil in

preseasonal ratoon sugarcane at harvest

Tr Treatment Particle size distribution (%)
No. Plant cane, | and Il Ratoon of It Ratoon 11"Y Ratoon
' 11" cycle Sand | Silt | Clay | Sand | Silt | Clay

T1 | 100 % of RD through organics 10.18 | 28.07 | 58.97 | 10.21 | 28.93 | 59.01

T, | 100 % NPK through inorganic 10.50 | 31.53 | 56.60 | 10.54 | 32.40 | 56.65

Ts | Fertilizer dose (AST)With FYM 14 55 | 3007 | 57.23 | 10.23 | 30.98 | 57.25

and BF
0 0,
Ta Zr?r_/i"ng';gFthhrorg*z‘r’/"RD 10.27 | 29.37 | 58.15 | 10.25 | 30.36 | 58.16
Ts | 50 % of RD thr.org.and 50% of | 4 57 | 59 41 | 57.58 | 10.36 | 30.41 | 57.60
RD thr. inorg.
0 0
Ts fﬁ_ﬁgfg?mhr'org'”w’m 10.49 | 31.19 | 57.55 | 10.46 | 32.15 | 57.67
T7 | Use of Rishi- Krishi Tantra 10.33 | 29.20 | 56.77 | 10.35 | 30.11 | 55.78
Ts | Use of Jivamrut 10.23 | 29.47 | 57.95 | 10.30 | 30.31 | 57.97
SE+ 0.42 | 081 | 1.01 | 0.20 | 069 | 1.04
CD at5 % NS | NS | NS | NS | NS | NS
Initial status 11.35 | 30.81 | 56.64 | 11.36 | 30.79 | 56.66

It suggests that integrated nutrient management could facilitate formation
of fine size particles which is good for nutrient retention and supply, water retention and
compatibility. The texture of all soil was remain clayey in all the treatments after I and
11" ratoon of preseasonal sugarcane. The texture of soil is slowly changing property and
cannot be easily modified by cultural or manurial practices. These results are in
conformity with Kumar et al. (2005) and Hati et al. (2013).

4.1.2 Bulk density

Bulk density was significantly varied among the INM treatments (Table
6). The treatments T1 (100 % RD through organic fertilizers), T4 (75 % RD through
organic and 25 % RD through inorganic fertilizers) and Ts ( 50 % RD through organic
and 50 % RD through inorganic) recorded significantly lower values of bulk density at
harvest of I and 11" ratoon (1.21 and1.20 Mg m™) as compared to T2 (100 % RD through
inorganic fertilizers). The decreased bulk density enhanced the porosity of the soil and

resulted in an increased hydraulic conductivity and water retention.
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In general, the effect of integrated application of organic and inorganic
fertilizers on BD was more pronounced than the sole application of fertilizer NPK. This
could be ascribed to the greater level of organic C content maintained as a result of
continuous applications of FYM, and biofertilizers. Schjonning et al. (1994) also reported
reduced BD of soil resulting from application of cattle manure in a long-term integrated
nutrient-management experiment. However, there is a marginal reduction in BD under
sole NPK treatments than control, probably because of increased biomass production
with consequent increase in organic-matter content of the soil by application of graded
doses of NPK fertilizers (Bharadwaj and Omanwar, 1992). The greater SOC content in
the surface soil and more compaction in the subsurface layer resulting from continuous
cultivation practice with intercultural operations and mass of the soil above (Ghuman and
Sur, 2006). These results are in conformity with Umesh et al.(2013), Kharche et al.
(2013) and Sathish et al. (2016).

4.1.3 COLE value

The COLE value was significantly affected due to different integrated
nutrient management treatments to preseasonal ratoon sugarcane. Among the treatments,
application of 100 % RD through organic recorded significantly higher COLE value
(0.30) which was on par with T4 (75 % RD through organic and 25 % RD through
inorganic fertilizers), Tz (fertilizer as per soil test with FYM and biofertilzers) and Ts (50
% RD through organic and 50% RD through inorganic) in I* ratoon. Whereas in 11"
ratoon, the T4 (75 % RD through organic and 25 % RD through inorganic fertilizers)
recorded significantly higher COLE value (0.33) and on par with T3z and Ts treatments
(Table 6). While the lowest (0.22 and 0.24) was recorded in treatment T7 (i.e. use of rishi
krishi tantra) and initial sample (0.20) in both the ratoons, It was also correlated with clay
content of soil in said treatments. The combined use of inorganic fertilizers along with
organic sources and biofertilizers significantly imporoved cole values of soil (Marathe

and Bharambe, 2005 and Nandapure et al., 2011).
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Table 6. Effect of long term use of INM on bulk density and COLE value of
soil to preseasonal ratoon sugarcane at harvest
Tr. Treatment Bulk Density COLE value
No. (Mg m-)
Plant cane, 1 and 11 Ratoon of 11™cycl I* i LA L
antcane, fan atoon o cycle Ratoon | Ratoon | Ratoon | Ratoon
T, | 100 % of RD through organics 1.21 1.22 0.30 0.30
T, | 100 % NPK through inorganic 1.28 1.24 0.24 0.24
T; | Fertilizer dose (AST) with FYM and BF 1.22 1.21 0.29 0.31
T4 | 75 % of RD thr org.+ 25 % RD thr. inorg. 1.21 1.20 0.29 0.33
Ts | 50 % of RD thr.org.and 50% of RD thr. inorg. 1.21 1.20 0.28 0.31
Ts |25 % of RD thr. org. + 75 % RD thr.inorg. 1.22 1.22 0.27 0.30
T, | Use of Rishi- Krishi Tantra 1.24 1.24 0.22 0.24
Tg | Use of Jivamrut 1.22 1.23 0.24 0.29
SE+ 0.004 | 0.006 | 0.007 | 0.009
CDat5% 0.012 0.017 | 0.020 | 0.026
Initial status 1.24 1.25 0.20 0.20

4.1.4 Dispersion index

The dispersion index was influenced significantly by different INM
treatments. Among the treatments, fertilizers application as per soil test with FYM and
biofertilizers (T3) treatment recorded significantly lowest dispersion index (11.45 and
11.47%) in I and 11" ratoon respectively. Which was closely followed by 50% RD
through organics and 50% RD through inorganics (Ts). While, it was the highest (13.64
% and 13.68%) in T» (100 % NPK through inorganics) in I®and 11" ratoon respectively
(Table 7). These results are in conformity with that of Prabhu et al. (1987), Yadav (1989)
and Shadaksharappa et al. (1995).
4.1.5 Hydraulic conductivity

The hydraulic conductivity under different treatments was stastically
significant and varied from 0.74 to 0.89 and 0.76 to 0.93 cm hr! in I and 11" ratoon as
compared to initial values (0.57 and 0.55 cm hrt) respectively. The hydraulic
conductivity increased in 11" ratoon as compared to I* ratoon. It was on par with all
treatments except T2, Ts and T7 treatments. However, it was on par with Ts (i.e. 50 % RD
through organic and 50 % RD through inorganic) in 11" ratoon. The treatment Te and Ts
(i.e. 50 % RD through organic and 50 % RD through inorganic) recorded significantly
higher hydraulic conductivity in comparison with T> (i.e.100 % NPK through inorganics)

treatment. The per cent increase in hydraulic conductivity due to 25 % RD through
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organics and 75 % RD through inorganic (Te) and Ts (i.e. 50 % RD through organic and
50 % RD through inorganic) treatments was between 15.8 and 17.0 in I*'ratoon and 13.1
and 17.7 in 11" ratoon respectively over 100% NPK through inorganic treatments. In
general, the hydraulic conductivity increased due to various INM treatments to presesonl
sugarcane. Among the treatments, the application of 25 % RD through organics and 75 %
RD through inorganic treatment (Ts) recorded significantly higher hydraulic conductivity
(0. 89 and 0.93 cm hrt) at harvest of I ratoon and 11 ratoon respectively (Table 7).

Table 7. Effect of long term use of INM on dispersion index and Hydraulic

conductivity of soil in preseasonal ratoon sugarcane at harvest

Dispersion Index Hydraulic
Treatment P Conductivity
Tr. (%) 4
(cmhr™)
No. nd |st ||nd |st ||nd
Plant cane, | and Il Ratoon of 11" cycle Ratoon | Ratoon | Ratoon | Ratoon
T1 | 100 % of RD through organics 12.72 12.74 0.85 0.84
T, | 100 % NPK through inorganic 13.64 13.68 0.76 0.79

T; | Fertilizer dose (AST) with FYM and BF 11.45 11.47 0.82 0.85

T, | 75 % of RD thr org.+ 25 % RD thr. inorg. 12.08 12.10 0.80 0.84

Ts | 50 % of RD thr.org.and 50% of RD thr. 11.49 1151 088 0.90

inorg.
Ts |25 % of RD thr. org. + 75 % RD thr.inorg. 13.22 13.25 0.89 0.93
T7 | Use of Rishi- Krishi Tantra 12.24 12.26 0.74 0.76
Tg | Use of Jivamrut 12.37 12.38 0.75 0.77
SE+ 0.022 0.021 0.034 0.025
CDat5% 0.066 0.063 0.102 0.075
Initial status 11.35 11.36 0.57 0.55

Integrated nutrient treatments had a significant effect on hydraulic
conductivity of the soil. The combined application of NPK, FYM, and biofertilizer
recorded the maximum hydraulic conductivity (0.89 and 0.93 c¢cm hr?). It is well known
that better aggregation and increased porosity as a consequence of the addition of
organics have favorable effects on hydraulic conductivity, which influences the soil water
dynamics. Addition of organics and balanced fertilizer caused better aggregation and may
have resulted in an increase in effective pore volume. The soil permeability is a function
of effective pore volume which has a direct influence on hydraulic conductivity of the
soil (Flowers and Lal, 1998). Similar results are also reported by Katkar et al. (2013),
Kharche et al. (2013) and Hati et al. (2013).
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4.1.6 Available water content

Among the treatments, the T4 (75 % RD through organic and 25 % RD

through inorganic fertilizers) and T1 (100% RD through organics) recorded significantly
higher values of water content (26.29 and 25.44%) in It and 11" ratoon respectively.
However, in I* ratoon the treatment T4 (75 % RD through organic and 25 % RD through
inorganic fertilizers) was sighnificantly superior over rest of the treatments. While in 11"
ratoon T1 (100% RD through organics) and T4 (75 % RD through organic and 25 % RD
through inorganic fertilizers) recorded more or less available water content in 11" ratoon.
Both the treatments were was on par each other and significantly superior over rest of
the treatments in 11" ratoon (Table 8).

The highest available water content was observed in continuous
application of organic, inorganic and biofertilizers treatments. Improvement in structural
condition of soil due to the application of FYM with inorganic chemical fertilizer and
microbial inoculants could be the possible reason. The water holding capacity is
controlled primarily by the number of pores, their size distribution, and specific surface
area of soils. Haynes and Naidu, (1998) and Hudson (1994) reported that soils having
high organic matter content had greater available water holding capacity than soils of
similar texture with less organic matter. Similar results are reported by Hati et al. (2006
and 2007), Singh et al. (2007a) and Sathish et al. (2016).

4.1.7 Mean weight diameter (Aggregate stability)

Different treatment to preseasonal ratoon sugarcane showed significant
effect on water stable aggregates (MWD) in both ratoons. The Te¢ (25 % RD through
organics and 75 % RD through inorganic) treatment recorded maximum water stable
aggregates (0.910 and 0.977 mm) in I*and 11" ratoon respectively. Whereas, lower values
were recorded in Ty i.e. use of rishi-krishi tantra treatment (0.670 and 0.719 mm and

initial values (0.611 and 0.664 mm) respectively) (Table 8).
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Table 8. Effect of long term use of INM on available water content and mean

weight diameter of soil in preseasonal ratoon sugarcane at harvest

Tr. Treatment AWC (%) MWD (mm)
No. Plant cane | and Il Ratoon of 11" cycle * I * "
y Ratoon | Ratoon | Ratoon | Ratoon
T; | 100 % of RD through organics 25.41 25.44 0.699 0.742
T, | 100 % NPK through inorganic 23.55 23.76 0.848 0.861

T; | Fertilizer dose (AST) with FYM and BF 23.72 23.60 0.926 0.946

T4 | 75 % of RD thr org.+ 25 % RD thr. inorg. 26.29 25.40 0.749 0.801

Ts | 50 % of RD thr.org.and 50% of RD thr. 24.45 24.86 0.802 0.849
inorg.

Ts |25 % of RD thr. org. + 75 % RD thr.inorg. 24.67 24.73 0.910 0.977

T7 | Use of Rishi- Krishi Tantra 23.32 23.89 0.670 0.719

Tg | Use of Jivamrut 23.70 22.58 0.683 0.722

SE+ 0.08 0.019 0.013 0.011

CDat5 % 0.24 0.058 0.039 0.034

Initial status 24.66 23.52 0.611 0.664

The increased mean weight diameter are resulted in higher soil organic
matter due to increased root biomass and root exudates which might have acted as
binding agent and increased the soil aggregation. It was observed that irrespective of the
treatments, the maximum content of water stable aggregates was observed in the 0.25 to
1.00 mm size fraction. This finding is in agreement with Six et al. (2000) and Mikha and
Rice (2004). Similarly, Bandopadhayay et al. (2010) also reported that the application of
NPK + FYM treatment recorded maximum aggregate mass in 0.5 to 1.00 mm size
fraction. These results are in conformity with Hati et al. (2013) and Kharche et al. (2013).
4.2 Effect of long term use of INM on soil chemical properties at harvest

The data pertaining to soil chemical properties as influenced by different
integrated nutrient management treatments at harvest of 1t and 11" ratoon of preseasonal
sugarcane are presented in Table 9 to 18.

4.2.1 Soil pH and electrical conductivity

The data revealed that the application of 50 % RD through organics and
50 % RD through inorganic (Ts) recorded significantly the lowest value of pH (7.36). It
was significantly superior over rest of the treatments in 1% ratoon. While, the application
of 100 % NPK through inorganic fertilizer recorded significantly the highest pH value
(7.77) than rest of the treatments. The per cent decrease in pH values over initial values in

I ratoon ranged from 9.40 to 9.92 and 11" ratoon from 9.36 to 9.90. However, in 11"
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ratoon, use of rishi-krishi tantra recorded significantly the lower (pH 7.31) than rest of the
treatments. Similar trend was also noticed in increasing pH in T» treatment as that of I
ratoon (pH 7.74). In general, the soil pH in ratoon | decreased to the tune of 0.28 to 0.47
units due to incorporation of organic sources with chemical fertilizers than that of
chemical fertilizers alone (Table 9). Decrease in pH might be attributed to increase in
potential presence of CO, and production of organic acids during organic matter
decomposition and nitrification process stimulated by continuous application of organic
and inorganic fertilizer as well as H* ion release by roots through root exudates.

When inorganic and organic treatments were compared, soil Higher pH
was observed in T, where 100% NPK has been applied through organic sources both in
ratoon | and Il. The marginal increased in soil pH in integrated treatments might be due
to the moderating effect of organics over the years as it decreases the activity of
exchangeable AP* ions in soil solution due to chelating effect of organic molecules
(Prasad et al. 2010). Similar results have been reported by Wang and Yang (2003),
Ghuman and Sur (2006) and Guo et al. (2010).

As regards electrical conductivity at harvest of preseasonal ratoon
sugarcane, the use of either jiwamrut or rishi-Krishi tantra recorded significantly the
lowest values for EC in both the ratoons than rest of the treatments (Table 9). The per
cent increase electrical conductivity over initial values was 10.50 and 16.67 for ratoon |
and Il respectively. The increase in electrical conductivity of soil with continuous
application of fertilizers was due to addition of salts through fertilizers and solubalization
of native minerals. Similar findings were reported by Venkatakrishnan and Ravichandran
(2012), Kharche et al. (2013) and Sathish et al. (2016).

4.2.2 Total soil organic carbon

The different integrated nutrient management treatment had significant
effect on total organic carbon content of soil. The organic carbon content increased in 11"
ratoon as that of I ratoon due to various treatments under both the ratoons. The total
organic carbon content increased from 9.00 to 45.6 per cent over initial soil test values in

both the ratoons.
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Table 9. Effect of long term use of INM on pH and electrical conductivity of
soil in preseasonal ratoon sugarcane at harvest
Tr. Treatment pH (1:2.5) EC (dSm?)
No. | Plant cane, | and Il Ratoon of 11" cycle Ist [ Ist ||nd
Ratoon | Ratoon | Ratoon | Ratoon
T1 | 100 % of RD through organics 7.39 7.38 0.27 0.25
T, | 100 % NPK through inorganic 7.77 7.74 0.24 0.27
T; | Fertilizer dose (AST) with FYM and BF 7.49 7.48 0.21 0.27
T4 | 75 % of RD thr org.+ 25 % RD thr. inorg. 7.42 7.39 0.30 0.28
Ts | 50 % of RD thr.org.and 50% of RD thr. inorg.| 7.36 7.39 0.29 0.29
Te |25 % of RD thr. org. + 75 % RD thr.inorg. 7.55 7.53 0.28 0.29
T; | Use of Rishi- Krishi Tantra 7.44 7.31 0.20 0.20
Tg | Use of Jivamrut 7.44 7.42 0.19 0.20
SE+ 0.008 | 0.007 0.006 0.005
CDat5% 0.024 | 0.022 0.018 0.014
Initial status 7.83 7.81 0.18 0.19

The highest build up of organic carbon was recorded under 100 % RD
through organics in 1% (0.96%) and in 11" ratoon (0.99 %) and it was on par with 75 %
RD through organics and 25 % RD through inorganic (T4) and significantly superior over
rest of the treatments. While, it was the lowest in use of rishi-krishi tantra (0.72 and
0.74 %) treatment in both the ratoons at harvest (Table 10). The total organic carbon
content of soil increased through their decomposition of organic matter and formation of
humi substances after harvest of sugarcane due to application of different integrated
nutrient management treatment. Higher production of root biomass might have increased
the organic carbon content. Similar results were reported by Umesh et al. (2013), Shukla
(2014) and Sathish et al. (2016).

Table 10. Effect of long term use of INM on total organic carbon and calcium
carbonate of soil in preseasonal ratoon sugarcane at harvest
Tr. Treatment TOC (%) ; CaCO; (%) ;
No. nd I 1" I Ratoory 11"
Plant cane, | and Il Ratoon of 11" cycle Ratoon | Ratoon Ratoon
T:1 | 100 % of RD through organics 0.96 0.99 3.95 4.14
T, | 100 % NPK through inorganic 0.78 0.79 4.48 5.20
T3 | Fertilizer dose (AST) with FYM and BF. 0.82 0.84 4.36 4,51
T4 | 75 % of RD thr org.+ 25 % RD thr. inorg. 0.93 0.96 4.09 4.21
Ts | 50 % of RD thr.org.and 50% of RD thr. inorg. 0.90 0.92 4.17 4.26
Te |25 % of RD thr. org. + 75 % RD thr.inorg. 0.86 0.87 4.22 4.42
T7 | Use of Rishi- Krishi Tantra 0.72 0.74 3.88 4.03
Ts | Use of Jivamrut 0.74 0.75 4.01 4.07
SE+ 0.013 0.017 0.073 0.134
CDat5% 0.040 0.052 0.221 0.406
Initial status 0.66 0.68 4.27 4.33
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4.2.3 Calcium carbonate (CaCOs3) content

Calcium carbonate content at harvest of ratoon sugarcane was
significantly influenced by various inorganic treatments. Among the various treatments
either use of rishi-krishi tantra or use of jiwamrut recorded the lowest values than rest of
the treatments in both the ratoons. However, very small deviation was noticed in calcium
carbonate content of soil over initial calcium carbonate values in soil due to different
integrated nutrient management treatment at harvest (Table 10). Results are in conformity
with Reshmi Sarkar et al. (2014).

4.2.4 Cation exchange capacity (CEC)

The CEC was influenced due to various integrated nutrient management
treatment to ratoon preseasonal sugarcane at harvest over initial CEC values. Among the
various treatments, application of 50% RD through organic and 50 % through inorganic
recorded significantly higher values of CEC (53.36 cmol (p+) kg™) and (53.68 cmol (p+)
kg?) in I®and 11" ratoon. It was closely followed by Tg treatment i.e. 25 % RD through
organics and 75 % RD through inorganic. Both the treatments were on par with Tz and T4
treatments in both the ratoons (Table 11). The use of jiwamrut recorded significantly
lower values of CEC at harvest in both the ratoon. The increase in CEC with the
application of fertilizers and organic manures might be due to the formation of higher
amount of humic substances and clay humus complexes, which provided a store house
for exchangeable cations. The findings are in conformity with the earlier research
findings of Subehia and Sepehya (2012), Hemalatha and Chellamuthu (2013) and
Sharma and Subehia (2014).

Table 11. Effect of long term use of INM on cation exchange capacity of soil in
preseasonal ratoon sugarcane at harvest
Treatment Cation Exchange Capacity
Tr. (Cmol (p+)kg?)
No. | Plant cane, | and Il Ratoon of 11" Cycle I'Ratoon 11" Ratoon
T1 | 100 % of RD through organics 51.81 52.00
T, | 100 % NPK through inorganic 50.12 50.24
T; | Fertilizer dose (AST) with FYM and BF. 52.57 52.75
T, | 75 % of RD thr org.+ 25 % RD thr. inorg. 52.80 53.03
Ts | 50 % of RD thr.org.and 50% of RD thr. inorg. 53.36 53.68
Ts |25 % of RD thr. org. + 75 % RD thr.inorg. 53.13 53.51
T; | Use of Rishi- Krishi Tantra 50.12 50.28
Tg | Use of Jivamrut 49.55 49.69
SE+ 0.29 0.63
CDat5% 0.87 1.91
Initial status 48.23 48.42
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4.2.5 Exchangeable cations

The exchangeable cations viz., Ca®**, Na* and K* were significantly
influenced due to different integrated nutrient management treatment to ratoon
preseasonal sugarcane at harvest (Table 126). As regards exchangeable calcium, the
higher values were recorded due to application of either 25 % RD through organics and
75 % RD through inorganic (35.83 and 37.50 cmole (p+) kg™) or 100 % NPK through
inorganic (cmol (p+) kg?) in I and 11" ratoon. It was on par with all the treatments
except treatment T7 and Ts. In general, the exchaegable cations viz., Ca?*,Mg?*, Na* and
K* increased due to different INM treatments over initial values except use of jiwamrut
(Tg) treatment.

Integrated nutrient management treatments did not show significant
difference in exchangeable magnesium in I and 11" ratoon at harvest. However, the
treatment Te (25 % RD through organics and 75 % RD through inorganic) recorded
higher values for exchangeable magnesium (14.83 and 16.67 cmol (p+) kgt in ISand 11
ratoon respectively).

The exchangeable sodium and potassium was increased in 11" ratoon as
compared to I ratoon irrespective of treatments. The exchangeable sodium and
potassium content of soil was significantly influenced by various treatments at harvest of
ratoon sugarcane. Among the treatments application of 100 % NPK through inorganic
fertilizer recorded significantly higher values for exchangeable sodium (1.38 and 1.49
cmol (p+) kg™) and for potassium (0.73 and 0.85 cmol (p+) kg?) in I and 11" ratoon.
However, it was on par with Te and T4 treatments. However, it was on par with Ts
treatment in 1% ratoon and Te, T4, Ts and T treatments in 11" ratoon in respect to
exchangeable sodium. A measure of relative amount of exchangeable sodium in
comparison total cations in the soil are dependent on factors such as type of minerals,
concentration of electrolytes and status of soluble cations. Hence the exchangeable
sodium percentage values did not follow the definite trend in soils. These results are in
line with findings of Thangasamy et al. (2005) and Nagendra and Patil (2015).

The treatment 100 % NPK through inorganic (T2 recorded significantly
higher values for exchangeable potassium (0.73 and 0.85 cmol (p+) kg?) in I*and 11"

ratoon and which were on par with Te treatment in 1% ratoon and Te and T3 treatments in
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11" ratoon. While, the lowest values for exchangeable sodium and potassium were
recorded due to use of jivamrut treatment (Tg) (Table 12).

The increase in cation exchange capacity of soil and exchangeable cations
Ca?* and Mg?* in soil might be attributed to continuous application of organics along
with chemical fertilizers i.e. integrated nutrient management. Similar observations were
also reported by Marinari et al. (2000), Hemalatha and Chellamuthu (2013) and Sharma
and Subahia (2014).

4.2.6 Soil available nitrogen and nitrogen fractions

The available nitrogen content of soil significantly increased in 11" ratoon
as compared to I* ratoon due to different treatments. The application of 25 % RD through
organics and 75 % RD through inorganic treatment recorded significantly higher soil
available nitrogen (249 kg ha* and 256 kg ha®) at It and 11" ratoon respectively. The
increase in available nitrogen content was 19.1 per cent and 10.3 per cent over initial
status of nitrogen in I ratoon and 11" ratoon respectively. However, it was on par with T
(1.e.100 % RD through inorganic), Ts (i.e. fertilizer as per soil test with FYM and
biofertilzers) and Ts (i.e. 50 % RD through organics and 50 % RD through inorganic)
treatment in 1% ratoon and 11" ratoon. While, the lowest value was recorded with either
use of rishi-krishi tantra or jiwamrut treatments (Table 13). The increase in available
nitrogen content due to different integrated nutrient management treatments over the
chemical fertilizers alone might be attributed to greater multiplication of microbes caused
by addition of organic matter for the transformation of organically bound nitrogen to
inorganic form. The favorable conditions under organic additions might have held in
mineralization of soil leading to built up of higher available nitrogen in soil. The similar
results were also reported by Keshavaiah et al. (2012) and Navanit Kumar (2012).

The ammonical (NHs-N) nitrogen and nitrate (NO3-N) were significantly
influenced (Table 15) due to various integrated nutrient management treatments. It varied
from 10.27 to 17.73 mg kg in case of NH4N and 1.67 to 18.67 mg kg™ in I and 11"
ratoon respectively. Among the various treatments T (i.e. 25 % RD through organics and
75 % RD through inorganic) recorded significantly higher NH4'N (17.73 and 18.67 mg

kg) in I and 11" ratoon.
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Table 12. Effect of long term use of INM on exchangeable cations of soil in preseasonal ratoon sugarcane at harvest
. 1 keq
Tr. Treatment Exchangeable Cations (Cmol (p+) kg™)
No. Calcium Magnesium Sodium Potassium
Plant cane, | and Il Ratoon of 11" cycle Ist Ind Ist Ind Ist Ind Ist Ind
Ratoon | Ratoon | Ratoon | Ratoon | Ratoon | Ratoon | Ratoon | Ratoon
T1 | 100 % of RD through organics 32.67 34.17 9.50 10.50 1.23 1.34 0.49 0.64
T> | 100 % NPK through inorganic 35.83 37.50 13.00 14.33 1.38 1.49 0.73 0.85
Ts | Fertilizer dose (AST) with FYM and BF 35.00 36.33 12.63 14.17 1.16 1.23 0.64 0.79
T4 | 75 % of RD thr org.+ 25 % RD thr. inorg. 34.17 35.67 11.80 12.50 1.27 1.38 0.56 0.70
Ts | 50 % of RD thr.org.and 50% of RD thr. inorg. 35.00 36.33 11.17 11.67 1.23 1.38 0.62 0.75
Ts | 25 % of RD thr. org. + 75 % RD thr.inorg. 35.83 37.50 14.83 16.67 1.34 1.41 0.68 0.83
T7 | Use of Rishi- Krishi Tantra 30.33 31.50 9.17 10.00 1.21 1.34 0.49 0.60
Tg | Use of Jivamrut 29.50 30.50 8.33 9.83 1.16 1.23 0.45 0.49
SE+ 1.38 1.37 1.38 1.60 0.037 0.048 0.017 0.03
CDat5% 4.18 4.16 NS NS 0.111 0.145 0.051 0.08
Initial status 30.00 30.83 7.83 8.67 0.87 0.99 0.43 0.48
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The nitrate nitrogen showed magnitudly lower values as compared to NH4
N in I®and 11" ratoon at harvest. It ranged between 7.93 and 13.53 and 8.13 and 14.0 mg
kg due to different treatment in I and 11" ratoon respectively. The similar trend was
noticed as that of ammonical, nitrate nitrogen content at harvest due to different
integrated nutrient management treatments. The treatment Te recorded significantly
higher values for NHs-N (13.53 and 14.0 mg kg™) at I* and 11" ratoon, which was on par
with T3 and T, treatments (Table 15).

The total nitrogen content increased in 11" ratoon as compared to 1% ratoon
due to different treatments. The total N content was significantly influenced due to
different integrated nutrient management treatment. Among the various treatments, the
treatment Te (25 % RD through organics and 75 % RD through inorganic) recorded
significantly higher values of total nitrogen (0.082 and 0.089 %) in I** and 11" ratoon
respectively. It was on par with Ts, T and Ts treatments in 1% ratoon and in 11" ratoon.
However, Ts treatment was significantly superior over rest of the treatments. While, the
lowest values for NH4'N, NO3'N and total nitrogen was recorded in treatment Tg (use of
jiwamrut) an increase (11.58 to 18.11, 9.81 to 18.11 and 10.00 to 15.34 per cent) of NH4
N, NOz'N and total nitrogen in both the ratoons (Table 15).

The nitrogen fractions like NHs-N, NOs-N and total nitrogen were
increased due to continuous addition of organic manure along with fertilizers might have
stimulated mineralization of nitrogen. The amount and distribution of nitrogen (N)
fractions in soil after 17" crop cycle of sugarcane based cropping system, the application
of fertilizer alone and incombination with organic manures significantly increased all the
forms of N except NOs-N over control. The relative content of different N fractions were
in order : Non hydrolysable N > amino acid-N > unidentified -N > hydrolysable NH4-N
> exchangeable NHs-N > hexosamine-N > NOs-N (Umesh et al. 2014) in sugarcane crop.
Similar results are in line with Va Nayak et al. (2013) and thereby these fractions
contributed mostly towards the availability and nitrogen nutrition of crops either directly
or indirectly.

In general, the increase in NH4-N, NOs-N and total nitrogen content of soil
with organic and INM treatments might be due to addition of organic manures and

fertilizers increases organic carbon which helped to enrichment of these fractions as a
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consequences of inter transformation among the different soil nitrogen fractions (Sharma
and Verma, 2001).
4.2.7 Soil available phosphorous and phosphorous fractions

The soil available phosphorous content was significantly influenced by
different integrated nutrient management treatments at harvest of sugarcane and it was
increased to the tune of 10 per cent to 64 per cent in 1% ratoon and 15 to 72.5 per cent in
11" ratoon over initial soil P content. The application of 25 % RD through organics and
75 % RD through inorganic recorded maximum soil available phosphorous (36.96 and
39.58 kg ha™) content at harvest of It and 11" ratoon and it was statistically on par with
application of fertilizer dose as per soil test with FYM and biofertilizer treatment (T3).
While the lowest values for soil available phosphorus content was recorded under T7 (use
of rishi-krishi tantra) treatment (Table 13). The available phosphorus content was
increased by the application of organics, inorganics and biofertilizers with chemical
fertilizers to ratoon sugarcane. The increase in phosphorus may be attributed to the
decomposition of organic matter accompanied by release of appreciable quantities of CO»
which plays important role in increase in availability of phosphorus due to formation of
carbonic acid and reduce the phosphate fixing capacity of soil (Tandon, 1987).Generally,
addition of organic manures, green manure, crop residues and biofertilizers with
inorganic fertilizers had beneficial effect in increasing phosphorus availability.

In general, integrated application of organics with fertilizers recorded
higher available P content over application of inorganic fertilizers alone. Build-up in
available P with the conjoint use of fertilizers with organics was ascribed to the release of
organic acids during decomposition which in turn helped in releasing native phosphorus
through solubilizing action of these acids. Also, organic matter forms a coating on
sesquioxides and makes them inactive and thus, reduces the phosphate fixing capacity of
soil, which ultimately helps in release of ample quantity of plant available P. The similar
results have also been reported by Venkatkrishanan and Ravichandran (2012) and
Hemalatha and Chellamuthu (2013).

A scan through the data (Fig.14) suggested that the minimum amount of
phosphorus was in occluded phosphorus. Whereas, maximum amount was in Ca-P. The
Ca-P varies from 334.5 to 520.3 mg kg in the soil. The high values might be attributed
to alkaline soil reactions. All the inorganic phosphorus fractions were found higher in 11"
ratoon as compared to 1% ratoon. All the inorganic phosphorus fractions were influenced
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significantly due to different integrated nutrient management treatment to ratoon
sugarcane (Table 16). Among the treatment Ts (i.e. 25 % RD through organics and 75 %
RD through inorganic) recorded significantly higher values for Ca-P (520.3 and 524.2 mg
kgh), Red. Soluble-P (115.67 and 135.33 mg kg'), Al-P (117.72 and 123.75 mg kg*), Fe-P
(43.98 and 44.98 mg kg') Sal-P (6.38 and 6.50 mg kg?) and Occluded-P (2.63 and 2.92
mg kg™). However, all the inorganic P fractions were on par with Ts (i.e. fertilizer as per
soil test with FYM and biofertilzers) treatment in both the ratoons baring few exceptions
i.e.in case of Ca-P, Red. Soluble-P, Fe-P, Sal-P and Occluded-P were also on par with T»
(1.e.100 % NPK through inorganic) treatment.

The organic P content of soil was significantly influenced due to different
treatment (Table 17). The treatment Te recorded significantly higher organic P (442.2 and
445.5 mg kg') in both the ratoons and it was on par with T3, Ts, T2 and T4 treatments.
While, the lowest values for organic P content was registered under T7 (.e. use of rishi
krishi tantra) treatment.

Total P content was influenced significantly due to different treatment
(Table 17). Among the treatments, Ts (i.e. 25 % RD through organics and 75 % RD
through inorganic) treatment recorded significantly higher total-P (1288.9 and 1283.2 mg
kgh) content in I%and 11" ratoon. It was on par with Ts (i.e. fertilizer as per soil test with
FYM and biofertilzers) treatment. While, the use of jiwamrut recorded the lowest values
for total P content.

The content of inorganic phosphorus fractions where in the order of Ca-P
> Red-P >Al-P > Fe-P > Sal-P > Occi-P fractions changed with continuous application of
organic sources along the phosphorus fertilizers might be due to accumulation and
transformation from one fraction to another fraction which improved the soil P
availability. The released organic acids during the process of decomposition also
solubalize native P leading to increased P availability. This result is conformity with
Mamata Begum et al. (2007), Wang Jun et al. (2010) and Chatterjee et al. (2014).

The Ca-P showed the highest contribution among all phosphorus form at
harvest of sugarcane. It might be due to calcareous nature of soil. The similar results were
also reported earlier by Singh et al. (1993) and Swargi et al. (2012).
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Table 13. Effect of long term use of INM on soil available nutrients in preseasonal ratoon sugarcane at harvest
Tr. Treatment Nitrogen Phosphorus Potassium Sulphur Silicon
No. (mg kg?)
(kg ha)
Plant cane, | and 11 Ratoon of It [nd Ist |d Ist TE It TE It TE
11" cycle Ratoon | Ratoon | Ratoon | Ratoon | Ratoon | Ratoon | Ratoon | Ratoon | Ratoon | Ratoon
T: | 100 % of RD through organics 229 234 | 27.83 | 30.29 | 424 429 | 13.87 | 15.10 | 58.01 | 60.93
T, | 100 % NPK through inorganic 243 247 30.31 | 33.13 434 442 1403 | 1537 | 66.72 | 68.40
Ts aFrfgt'lB'f:er dose (AST)withFYM 1, 250 | 3470 | 3756 | 452 459 | 1576 | 1717 | 67.21 | 69.25
0, 0,
Ta Zhi f’ng';gRD throrg+25%RD | 533 | 233 | 3053 | 3284 | 421 | 426 | 1552 | 1647 | 60.80 | 63.37
0, 0,
Ts | 50 % of RDthr.org.and 50% of 237 | 241 | 3284 | 3524 | 436 | 440 | 1488 | 1594 | 62.48 | 6551
RD thr. inorg.
0, 0,
Te fhE; i/;;ngD thr.org. + 75%RD | g 256 | 36.96 | 3958 | 473 481 | 1619 | 17.68 | 69.89 | 73.24
T, | Use of Rishi- Krishi Tantra 217 221 2477 | 26.39 376 380 11.72 | 13.01 | 51.73 | 53.23
Ts | Use of Jivamrut 222 226 25.26 | 26.69 363 366 11.05 | 12.24 | 49.01 | 50.02
SE+ 3.77 5.94 1.32 1.39 | 10.03 | 14.82 | 0.85 0.97 2.97 3.36
CDat5% 11.43 | 18.01 | 3.99 420 | 3043 | 4496 | 259 2.95 8.99 | 10.19
Initial status 209 232 2252 | 22.95 345 351 9.28 983 | 41.67 | 42.06




69

Table 14. Effect of long term use of INM on soil available micronutrients in preseasonal ratoon sugarcane at harvest
Tr. Treatment Soil DTPA micronutrient (mg kg?)
No. Iron (Fe) Manganese Zinc (Zn) Copper (Cu)
Plant cane, | and 11 Ratoon of 11" cycle (Mn)
|st ||nd |st ||nd |st ||nd |st ||nd
Ratoon Ratoon | Ratoon | Ratoon | Ratoon Ratoon | Ratoon | Ratoon
T 100 % of RD through organics 10.97 11.59 34.24 36.21 1.12 1.18 6.44 6.55
T., | 100 % NPK through inorganic 9.33 9.61 25.85 | 26.94 1.01 1.19 5.14 5.25
Ts ;eF”"'Z” dose (AST)withFYMand | 1) 50 | 1148 | 2061 | 31.85 | 194 209 | 611 | 630
0, 0
T4 i7n50 r/s OfRDthrorg.+ 25%RDIN. | 1076 | 1115 | 3312 | 3511 | 1.37 152 | 638 | 658
0, 0,
Ts | S0%of RDthr.org.and 50% 0fRD | 17 | 1066 | 2801 | 2000 | 1.35 149 | 6.08 5.86
thr. inorg.
0, 0,
To | 25% of RDthr. org. +75% RD 9.72 | 1063 | 2812 | 2010 | 1.27 148 | 586 6.14
thr.inorg.
T7 | Use of Rishi- Krishi Tantra 9.30 9.56 28.04 | 28.11 1.18 1.34 571 6.14
Te | Use of Jivamrut 8.80 9.23 27.54 | 28.57 0.96 1.30 5.31 5.34
SE+ 0.075 0.070 0.074 | 0.049 0.036 0.028 0.022 0.027
CDat5% 0.227 0.213 0.225 | 0.147 0.109 0.086 0.068 0.083
Initial status 7.92 8.33 23.32 | 23.59 0.87 0.95 5.05 5.34
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Table 15. Effect of long term use of INM on nitrogen fractions of soil in
preseasonal ratoon sugarcane at harvest
Tr. Treatment Nitrogen fractions
No. NH4-N NOs-N Total N
Plant cane,l and 11 (mgkg?) (mgkg?) (%)
Ratoon of 11" cycle Ist I|nd Ist I|nd Ist ||nd
Ratoon | Ratoon | Ratoon | Ratoon | Ratoon | Ratoon
T: | 100 % of RD through 1260 | 14.93 | 980 | 10.27 | 0.069 | 0.072
organics
T, 100 % NPK through
inorganic 14.93 15.87 11.20 11.67 0.077 0.079
T; | Fertilizer dose (AST) with
FYM and BE 15.87 16.33 11.67 12.13 0.079 0.082
0 0
Ta | 15%OTRDMrOG+25% 1307 | 1967 | 980 | 1043 | 0.072 | 0.074
RD thr. inorg.

Ts | 50 % of RD thr.org.and

50% of RD thr. inorg. 14.00 15.40 10.27 10.73 | 0.075 0.079

0, 0,
Te |25%0fRDthr.org. +75% 1,23 | 1867 | 1353 | 1400 | 0.082 | 0.089

RD thr.inorg.
T, | Use of Rishi- Krishi Tantra| 11.53 12.13 7.93 8.13 0.068 0.071
Tg | Use of Jivamrut 10.27 | 13.07 9.33 10.20 | 0.061 | 0.060
SE+ 0.98 0.94 0.83 0.90 0.002 | 0.002
CDat5% 2.96 2.85 2.52 2.72 0.007 | 0.006
Initial status 8.87 9.33 7.47 8.40 0.055 | 0.058
4.2.8 Soil available potassium and potassium fractions

The soil available potassium content was increased in 11" ratoon as
compared to 1% ratoon by the different integrated nutrient management treatment and it
was increased by 37 per cent over initial soil K content in both the ratoons (Table 13).
There was significant increase in soil available potassium (473 and 481 kg ha) due to
Te (application of 25 % RD through organics and 75 % RD through inorganic) in I and
11" ratoon. However, it was on par with T3 (fertilizer as per soil test with FYM and
biofertilzers) treatment in I ratoon and T2 (100 % RD through inorganic) and Ts
(fertilizer as per soil test with FYM and biofertilzers) in 11™ ratoon.

The available potassium content of soil after harvest of sugarcane varied
significantly due to different INM treatments. The increase in available potassium may
be attributed to direct addition of potassium to availability pools of soil. The beneficial
effect of organic matter on available potassium may be ascribed to reduction of fixation

and release of potassium due to interaction of organic matter with clay decides the direct
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addition of potassium to the available potassium pool of the soil. The lowest values for
soil available potassium content was noticed under Tg (use of jiwamrut) treatment.
Similar results were also reported by Prasad et al. (2010) Navanit Kumar (2012) and
Venkatkrishanan and Ravichandran (2012).

All the fractions of potassium were significantly influenced (Fig.15) by
the different treatments in I and 11" ratoon. The different potassium fractions
magnitudly in the decreasing order: lattice K > non-exchangeable K > exchangeable K >
water soluble K due to different integrated nutrient management treatments in Iand 11"
ratoon. Application of 25 % RD through organics and 75 % RD through inorganic (Ts)
resulted and increased in all the fractions as compared to other treatments in both the
ratoons. As regards the water soluble K, the Te treatment was on par with Tz and T»
treatment in both the ratoons. The exchangeable K in T (25 % RD through organics and
75 % RD through inorganic) treatment was on par with all the treatment except T and
Tg treatment in both the ratoons (Table 18).

The non-exchangeable K in the Ts (25 % RD through organics and 75 %

RD through inorganic) treatment was on par with T3 (fertilizer as per soil test with FYM
and biofertilzers) treatment in both the ratoons. Whereas, in reserve K or lattice K the Te
treatment was on par with T3 treatment in It ratoon and T3 and T, treatments were on par
in 11" ratoon. While all the K fractions was the lowest under Ts (use of jiwamrut)
treatment.

The total K content, the Te i.e. 25 % RD through organics and 75 % RD
through inorganic treatment showed significantly higher values in It and 11" ratoon
(3867 and 3933 mg kg™). However, it was on par with T3 (fertilizer as per soil test with
FYM and biofertilzers) treatment in both the ratoons. While, the lowest was registered
under Tg (use of jiwamrut) treatment in both the ratoons (Table 18).

The contribution of different potassium fractions was in the order of lattice
K > non-exchangeable K > exchangeable K > water soluble K after harvest of ratoon

sugarcane. These forms of potassium were remain in dynamic equilibrium with one
another. The readily available or water soluble K has been reported to be a dominant
fraction in initial stage while exchangeable and non-exchangeable K contribute more in

latter stage of plant growth (Sharma et al., 2009). The readily available and exchangeable
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K was removed by crops under intensive cultivation. Under this situation non-
exchangeable K plays an important role by releasing to an exchangeable and soluble
form. The dynamic of K in soil depends on rate of application and mining of K from the
system (Singh, 2009). The similar results were also reported by Sawarkar et al. (2013)
and Mazumdar et al. (2014).

4.2.9 Soil available sulphur

Analogous to soil available nitrogen, phosphorus and potassium, the
sulphur content was increased in 11" ratoon as compared to I% ratoon among the various
treatments. The available soil sulphur was increased to the tune of 74 per cent to 79.8 per
cent over initial soil sulphur content in ratoon 1 and 11" respectively. The application of
25 % RD through organics and 75 % RD through inorganic (Te) recorded significantly
higher values for soil available sulphur (16.19 and 17.68 kg ha) in I and 11" ratoon.
However, it was on par with all the treatments except use of rishi-krishi tantra (T7) and
use of Jiwamrut (Tg) treatments (Table 13). The increase in available sulphur might be
due to contribution of sulphur from the soil through microbial oxidation of organic
sources and addition of SSP which contained about 12 % of S in different treatment.
Addition of FYM, sugarcane trash and green manure contributed an appreciable amount
of sulphur. These results are in conformity with Sharma et al. (2013), Sharma and
Subehia (2014) and Singh et al. (2015).

4.2.10 Soil available silicon

The available silicon content of soil magnitudly increased in 11" ratoon as
compared to 1% ratoon. There was significant increase in soil available silicon due to
different integrated nutrient management treatments. The maximum values for soil
available silicon (69.89 and 73.24 kg ha™) were recorded due to application of 25 % RD
through organics and 75 % RD through inorganic. However, it was on par with T3, T2 and
Ts in I ratoon and T3, T, Ts and T4 in 11" ratoon respectively (Table 13).

Increase in availability of silicon in soil might be attributed to many
potential sources to meet the first requirement of silicon, however only a few met all
these requirements, crop residues especially silicon accumulating plant such as sugarcane
trash. While, the lowest values were recorded under use of jiwamrut treatment (Tg).
These results are in conformity with Savant et al. (1999), Bokhtiar et al. (2012) and
Meena et al. (2014).
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Table 16. Effect of long term use of INM on phosphorus fractions of soil in preseasonal ratoon sugarcane at harvest
Tr. Treatment Phosphorus fractions (mg kg?)
No. Plant cane,l and Il Ratoon Saloid bound -P | Aluminum bound -P| Iron bound -P | Calcium bound-P
of 11" cycle Ist T It T It [nd Ist Ind
Ratoon | Ratoon | Ratoon | Ratoon | Ratoon | Ratoon | Ratoon | Ratoon
T: | 100 % of RD through organics 403 | 411 | 7233 | 7813 | 2925 | 3175 | 4274 | 4306
T, | 100 % NPK through inorganic 5.54 5.65 92.59 100.0 41.21 42.15 481.0 484.6
T | Fertilizer dose (AST) with FYM and BF 5.88 5.99 104.7 1125 | 41.21 | 4334 | 5038 | 507.5
T, | 75 % of RD thr org.+ 25 % RD thr. inorg. | 403 411 9259 | 100.0 | 36.33 | 36.83 | 4459 | 4493
T ?noo‘g of RD thr.org.and 50% of RD thr. 4.20 4.28 98.37 106.3 | 37.81 | 39.37 | 4542 | 4576
Te | 25 %lof RD thr. org. + 75 % RD thr.inorg. | 6-38 6.50 1177 | 1238 | 4398 | 4498 | 5203 | 524.2
T. | Use of Rishi- Krishi Tantra 3.19 3.25 69.44 | 75.00 | 26.01 | 26.67 | 353.0 | 355.7
Te | Use of Jivamrut 3.02 3.03 63.93 | 66.25 | 2471 | 26.86 | 3345 | 337.0
SE+ 0.42 0.46 5.95 4.76 231 1.78 21.50 21.26
CD at 5 % 1.28 1.38 1804 | 1444 | 701 | 540 | 6520 | 64.49

Initial status 1.85 1.88 54.63 57.25 19.43 21.14 327.5 333.8
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Table 17. Effect of long term use of INM on phosphorus fractions of soil in preseasonal ratoon sugarcane at harvest
Tr. Treatment Phosphorus fractions (mg kg™?)
No. Plant cane,l and Il Ratoon Occluded -P Reductant -P Organic -P Total -P
of 11" cycle Ist T It T It Ind Ist Ind
Ratoon | Ratoon| Ratoon Ratoon| Ratoon | Ratoon| Ratoon | Ratoon
T1 | 100 % of RD through organics 1.31 146  |86.67 |1040 |3633 |366.0 |984.2 |1016.0
T2 {100 % NPK through inorganic 1.75 2.19 104.0 | 99.67 | 386.1 | 389.0 | 1112.2 | 1123.3
Ts |Fertilizer dose (AST) with FYM and BF 2.48 2.63 104.0 | 1343 | 4282 | 431.4 | 1190.2 | 1237.7
T4 |75 % of RD thr org.+ 25 % RD thr. inorg. 1.46 1.60 82.3 95.33 | 379.1 | 381.9 | 1041.7 | 1069.0
Ts |50 % of RD thr.org.and 50% of RD thr. inorg. 1.60 2.48 91.00 | 86.67 | 408.9 | 411.9 | 1096.1 | 1108.6
Te [25 % of RD thr. org. + 75 % RD thr.inorg. 2.63 2.92 115.7 | 1353 | 442.2 | 4455 | 1288.9 | 1283.2
T, |Use of Rishi- Krishi Tantra 1.31 1.46 8233 | 91.00 | 2843 | 286.4 | 819.6 | 8395
Ts |Use of Jivamrut 1.17 1.17 78.00 | 82.33 | 300.1 | 302.3 | 805.4 | 817.9
SE+ 0.28 0.27 7.21 950 | 24.46 | 22.95 | 32.64 | 39.00
CDat5% 0.84 0.81 21.87 | 2881 | 74.18 | 69.60 | 98.99 | 118.29
Initial status 0.87 1.32 62.33 | 91.67 | 231.3 | 233.3 | 643.3 | 680.8
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4.2.11 Available micronutrients (DTPA extractable)

The increased in availability of DTPA extractable iron (Fe), zinc (Zn) and
manganese (Mn) content in Tz i.e. fertilizer dose as per soil test with FYM and
biofertilizers treatment might be due to the direct application of ferrous sulphate, zinc
sulphate with organic manures and chemical fertilizers increased solubility due to
decrease in soil pH by virtue of organic treatments. While copper significantly increased
due to different INM treatment after harvest of sugarcane (Table 14). This might be due
to the breakdown of organic residues and release of Cu in soil solution. It is also reported
that available Cu was increased with increase in organic carbon content.

In general, increase in DTPA extractable micronutrients was increased
over initial values due to conjoint use of chemical fertilizers with organic sources. This
might be attributed to reduction in pH of soil and organic sources act as a chelates and
thereby release the micronutrients like Fe, Mn, Zn and Cu in the soil solution. All these
results are in conformity with Hemalatha and Chellamuthu (2013) and Reshmi Sarkar
(2014).

4.2.12 Effect of long term use of INM on soil carbon fractions and soil
organic carbon stock at harvest

The data pertaining to the different carbon fractions (Table 19 and Fig.16 )
showed that the concentration of water soluble carbon (WSC), permanganate oxidizable
carbon (POXC), soil microbial biomass carbon (SMBC), humic acid carbon and fulvic
acid carbon were significantly higher in 100 % RD through organics than those in
different integrated nutrient management treatment in both the ratoons.The active pools
of in the decreasing order: POMC > SMBC>POXC >WSC due to different treatment in
both the ratoons.
4.2.12.1 Water soluble carbon (WSC)

The water soluble carbon content (17.87 and 18.30mg kg™) was maximum
under 100 % RD through organics and significantly superior over rest of the treatments
(Table 19). The next best treatment was T4 i.e.75 % RD through organic and 25 % RD

through inorganic treatment. It was lowest in use of rishi-krishi tantra (T7).
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4.2.12.2 Permanganate oxidizable carbon (POXC)

Application of 100 % RD through organics registered significantly higher
POXC (24.83 and 25.54 mg kg1) in It and 11" ratoon, which was on par with T4 i.e. 75 %
RD through organic and 25 % RD through inorganic treatment (Table 19).
4.2.12.3 Soil microbial biomass carbon (SMBC)

The application of 100 % RD through organics significantly recorded
higher soil microbial biomass carbon (487 and 498 mg kg?) in It and 11" ratoon. It was
on par with the 75 % RD through organic and 25 % RD through inorganic (T4) while,
the lowest was recorded under T7 (use of rishi krishi tantra) treatment (Table 19).

The application of chemical fertilizers alone or in combination with
organics significantly increased the MBC. Higher stress due to no addition of nutrients
restricted crop production and thus carbon substrate (root exudates) with consequent
reduction in MBC. Microbial biomass carbon increased with increase in dose of
fertilizers. It might be due to the formation of root exudates and higher biomass of roots
of previously harvested crops, which plays an important role in increasing biomass
carbon (Bedi et al., 2009).

Long term application of organics viz., FYM, sugarcane trash or green
manure with inorganic fertilizers for 8 years led to a substantial increase in MBC over
application of fertilizers alone. The supply and availability of additional mineralizable
and readily hydrolysable carbon due to manure application might be responsible for
higher microbial activity and MBC in organic manure treated plots. These results are in
line with the findings of Gogoi et al. (2016), Nath et al. (2016) and Sathish et al. (2016).

4.2.12.4 Particulate organic matter carbon (POMC)

As regards the POMC, application of 100% RD through organic (T1)
recorded significantly higher POMC (1259 and 1275 mg kg™). It was significantly
superior over rest of the treatments. The next best treatment was T4 (i.e. 75 % RD
through organic and 25 % RD through inorganic) and the lowest was T7 (use of rishi
krishi tantra) treatment (Table 19).
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Table 18. Effect of long term use of INM on potassium fractions of soil in preseasonal ratoon sugarcane at harvest
Treatment Potassium fractions (mg kg™)
Tr. Water Sol.-K Exch. -K Non —Ex.-K Lattice- K Total K

Plant cane,l and Il Ratoon of

No.
1" cycle

|st ||nd |st ||nd |st ||nd |st ||nd |st ||nd
Ratoon | Ratoon | Ratoon | Ratoon | Ratoon | Ratoon | Ratoon | Ratoon | Ratoon | Ratoon

T, | 100 % of RD through organics 11.83 12.17 251.7 254.7 511.7 515.0 2592 2685 3367 3467

T2 | 100 % NPK through inorganic 13.33 13.67 268.3 | 2723 | 548.3 | 551.6 2770 2829 3600 3667

Fertilizer dose (AST) with FYM

To | e 1417 | 1467 | 2707 | 2740 | 5750 | 5766 | 2874 | 2935 | 3733 | 3800
0, 0,
T Zhi f’n‘;';gRD throrg+25%RD | 11 o0 | 1217 | 2566 | 2613 | 5217 | 5233 | 2643 | 2737 | 3433 | 3533
0, 0,
T |20 %ofRD throrg.and 50% of | ) oy | 1593 | 2600 | 2648 | 5367 | 5383 | 2724 | 2784 | 3533 | 3600
RD thr. inorg.
0, )
T t2h5r f’ngthD thr.org. + 75%RD | 1600 | 1633 | 2767 | 2767 | 588.3 | 591.7 | 2086 | 3049 | 3867 | 3933
T. | Use of Rishi- Krishi Tantra 1050 | 1017 | 2300 | 2316 | 4967 | 4983 | 2430 | 2426 | 3167 | 3167
Ta | Use of Jivamrut 967 | 1017 | 2233 | 2250 | 486.7 | 4883 | 2347 | 2410 | 3067 | 3133
SE+ 103 | 089 | 864 | 1004 | 638 | 744 | 6401 | 852 | 6328 | 82.74
CDat5 % 313 | 270 | 2621 | 3046 | 19.36 | 22.58 | 1942 | 258.3 | 1935 | 250.95

Initial status 9.50 12.03 | 233.3 | 240.0 | 470.0 | 473.0 2221 2274 2933 3000
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Table 109. Effect of long term use of INM on carbon fractions in preseasonal ratoon sugarcane at harvest
N Treatment Carbon fractions (mg kg™) Carbon fractions (%)
r.
No, | Plant cane, I and 11 Ratoon wWsc POXC SMBC POMC HA-Carbon | FA-Carbon
Of “ CyC|e ISt “nd ISt “nd ISt “nd ISt “nd ISt “nd ISt “nd
Ratoon | Ratoon | Ratoon | Ratoon | Ratoon | Ratoon | Ratoon | Ratoon | Ratoon | Ratoon | Ratoon| Ratoon
T: | 100 % of RD through organics| 17.87 | 18.30 | 24.83 | 25.54 | 487 498 | 1259 | 1275 | 47.06 | 51.95 | 28.23 | 33.48
T, | 100 % NPK through inorganic| 9.20 10.83 | 14.10 | 14.43 411 416 929 938 28.81 | 28.44 | 25.03 | 25.43
Ts Ef(r't\'/:'zer dose (AST) with 11.80 | 11.90 | 18.66 | 18.98 | 456 | 465 | 1019 | 1032 | 40.66 | 44.12 | 27.40 | 29.84
0, 0,
Ta | TS%OTRDINOG+25% | 1000 | 1590 | 2064 | 2178 | 472 | 482 | 1144 | 1150 | 44.26 | 48.44 | 26.87 | 31.15
RD thr. inorg.
0, 0,
Ts | 50 % of RDthrorg.and 50% | 1) o0 | 1577 | 1942 | 19.84 | 428 | 436 | 1006 | 1110 | 41.43 | 45.19 | 26.86 | 30.46
of RD thr. inorg.
0, 0,
To |25%0fRDIhr.0rg. +75% | 1) 16 | 1770 | 1774 | 1854 | 415 | 421 | 1070 | 1082 | 38.77 | 41.88 | 27.63 | 30.14
RD thr.inorg.
T+ | Use of Rishi- Krishi Tantra 9.00 9.70 14.37 | 14.82 387 392 797 808 3292 | 3480 | 24.03 | 25.73
Ts | Use of Jivamrut 9.60 10.47 | 15.69 | 15.95 388 394 816 827 31.72 | 33.13 | 24.31 | 25,54
SE+ 0.82 0.84 1.51 1.45 18.74 | 15.43 | 29.87 26.7 0.30 0.37 0.35 0.39
CDat5% 2.50 2.54 4.57 4.40 56.84 | 46.81 | 90.61 81.1 0.90 1.14 1.07 1.19
Initial status 8.10 7.90 13.27 | 14.48 347 351 711 787 26.88 | 27.28 | 19.77 20.8
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4.2.12.5 Humic acid (HA) carbon and Fulvic acid (FA) carbon

The HA carbon and FA carbon were significantly increased due to
application of 100 % RD through organic matter and significantly superior over rest of
the treatment in both ratoons. However, the fulvic acid carbon was on par with Tg (i.e. 25
% RD through organic and 75 % RD through inorganic) and Tz (i.e. fertilizer as per soil
test with FYM and biofertilzers) treatments (Table 19). The active pools of carbon
fractions were in the decreasing order POMC > SMBC > POXC > WSC due to different
treatments in both the ratoons. These forms are likely to be more sensitive to
management practices than the total soil organic carbon content. Thus, these soil carbon
fractions may serve as an indicators of future changes in total soil carbon content. The
continuous application of organic sources along with chemical fertilizers, the total soil
organic carbon content and thereby the labile fractions (WSC, POXC and SMBC) of
carbon were increased due to mineralization.

The results of different carbon fractions and their values are in conformity
with Srivastava et al. (2008), Manna et al. (2013) and Shukla et al. (2014).
4.2.13 Soil organic carbon stock

The application of 100 % RD through organics significantly registered the
highest soil carbon stock in 30 cm (35.35 and 37.23 Mg ha®) which was significantly
superior over rest of the treatments. The next best treatment was 75 % RD through
organic and 25 % RD through inorganic (T4) while the lowest values for soil organic
carbon stock were recorded under T ('use of rishi krishi tantra) treatment (Table 20 and
Fig.17). The increase in soil organic carbon pool favorably influences crop productivity
by increase in water holding capacity of soil, influencing crop productivity by increasing
water holding capacity of the soil, improving soil biological activity and nutrient cycling
along with physical, especially soil-water-air relations and improved bioavailabiity of

nutrients (Wani et al., 2003, Pathak et al., 2005 and Bhattacharya et al., 2009).



80

Table 20. Effect of long term use of INM on soil carbon stock in preseasonal
ratoon sugarcane at harvest
Treatment Soil carbon stock (Mg ha?)
Tr. Plant cane | and 11 Ratoon Ist T
No. of 11" cycle Ratoon Ratoon
T1 | 100 % of RD through organics 35.35 37.23
T2 | 100 % NPK through inorganic 27.32 26.73
Ts | Fertilizer dose (AST) with FYM and BF 29.89 30.77
T4 | 75 % of RD thr org.+ 25 % RD thr. inorg. 34.46 35.42
Ts | 50 % of RD thr.org.and 50% of RD thr. inorg. 32.58 33.70
Te |25 % of RD thr. org. + 75 % RD thr.inorg. 31.35 31.63
T7 | Use of Rishi- Krishi Tantra 26.83 27.58
Tg | Use of Jivamrut 27.16 29.07
SE+ 0.448 0.313
CDat5% 1.357 0.950
Initial status 24.49 25.56
4.3 Effect of long term use of INM on soil biological parameters
4.3.1 Effect of long term use of INM on soil microbial population and CO;

evaluation at harvest

The count of all groups of microbes i.e. bacteria, fungi and actinomycetes
showed minimum count under T> (100 % RD through inorganic fertilizer) treatment. In
general, addition of organic matter resulted in increased microbial count as compared to
the chemical fertilizer treatment. Among the treatments, the application of 100 % RD
through organic showed significantly the highest count of bacteria (30.00 and 31.41 cfu
x10° g? soil), fungi (42.9 and 44.22 cfu x10% g soil ) and actinomycetes (22.70 and
24.33 cfu x10* g soil). It was statistically at par with 75 % RD through organic and 25
% RD through inorganic fertilizers (T4) and 50 % RD through organic and 50 % RD
through inorganic (Ts) treatments in both the ratoons.

The total microbial count was higher whenever the organics were added
particularly under the application of 100 % RD through organic and in conjunction with
75 % and 50 % organic treatments (Table 21).

The overall results on biological properties of soil indicated that the
microbial population of soil was significantly elevated due to incorporation of different

organics. The soil organic carbon is the basic energy material required for growth and
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activity of different soil microorganisms. The incorporation of different organics in soil
increased the organic carbon content of the soil and subsequently resulted in increased
microbial activity. Similar results have been reported earlier by Venkateswarlu and
Shrinivasarao (2004), Bhalerao et al. (2006) and Mateia et al. (2012).

Table 21. Effect of long term use of INM on soil microbial population in

preseasonal ratoon sugarcane at harvest

Tr. Treatment Soil microbial population
No. Bacteria Fungi Actinomycete
Plant cane,l and 11 (cfu x10° g soil) | (cfu x10® gt soil) | (cfu x 10*g?* soil)
Ratoon of 11" cycle Ist Ind Ist Ind Ist ||nd
Ratoon | Ratoon | Ratoon | Ratoon | Ratoon | Ratoon
1. | 100 % of RD through 30.00 | 31.44 | 42.90 | 4422 | 22.70 | 24.33
! | organics
T, | 100 % NPK through 18.78 | 10.67 | 2111 | 2000 | 17.89 | 17.22
Inorganic
Fertilizer dose (AST) with
Ts | EvM and BE 2478 | 26.78 | 3222 | 34.44 | 19.89 | 20.78
0, 0,
T, | D%OTRDIrorg+25% | o9c6 | 5975 | 3978 | 42.80 | 21.33 | 23.78
RD thr. inorg.
0, 0,
T, | 20 % of RDthr.org.and 50% o0 09 | 856 | 3733 | 38.44 | 2022 | 21.56
of RD thr. inorg.
0, 0,
T, |22 % OfRDthr.0rg. +75% 5, 51 | 2457 | 3200 | 3047 | 17.80 | 16.44
RD thr.inorg.
T, | Use of Rishi- Krishi Tantra| 23.67 | 25.11 | 32.67 | 3156 | 17.33 | 18.22
Te | Use of Jivamrut 2256 | 23.89 | 27.78 | 29.11 | 18.11 | 17.33
SE+ 1.13 1.16 1.39 2.21 0.97 1.03
CD at5 % 3.44 3.52 4.20 6.71 2.93 3.11
Initial status 15.00 | 14.33 | 1267 | 1578 | 1511 | 14.33

Application of organic and inorganic sources of fertilizers in soil has an
immense impact on mineralization pattern of carbon in soil as well as long run influence
on soil quality. The carbon mineralization was evaluated by measuring the rate of CO;
evolved during the decomposition of organic and in conjunction with inorganic fertilizer.
The CO; evolution was increased in 11" ratoon as compared to 1% ratoon due to different
treatments. Among the treatments, 100 % RD through organics (Ti) recorded
significantly higher CO, evolution (66.03 and 77.00 mg CO, 100 g* soil 24 hrs?) in I®
and 11" ratoon respectively (Table 22). It was on par with T4 treatments i.e. 75 % RD
through organic and 25 % RD through inorganic fertilizers. These results indicated that,

the use of 100 % RD through organics and integrated use of organic and inorganic
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treatments recorded significantly higher amount carbon mineralization than application of

100 % RD through inorganic fertilizer alone. The application of organics and inorganics

in integrated manner provides optimum supply of nutrients for microbiological activity

for carbon mineralization in soil, which may be attributed to higher yields with fertilizers

resulting in addition of higher root biomass to the soil and hence soil CO> evolution is a

function of root biomass (Lalfakzuala et al. 2008).

The increased respiration of microbial population (Fig.19) with increasing

organic matter content of soil could be attributed to the fact that the soils receiving higher

application of organics had increased levels of carbon in surface soil. It was also

associated with increased levels of microbial biomass, microbial diversity and higher

metabolic activity (Fraser et al. 1988).

Table 22. Effect of long term use of INM on soil CO: respiration in preseasonal
ratoon sugarcane at harvest
Treatment CO: respiration
Tr. (mg100 g* soil 24 hrs™)
No. Plant cane, 1 and 11 Ratoon of 11" cycle I I
Ratoon Ratoon
T1 | 100 % of RD through organics 66.03 77.00
T> | 100 % NPK through inorganic 41.72 47.03
Ts | Fertilizer dose (AST) with FYM and BF 56.82 63.82
T4 | 75 % of RD thr org. + 25 % RD thr. Inorg. 63.52 72.45
Ts | 50 % of RD thr. org.and 50% of RD thr. inorg. 59.14 65.10
Te |25 % of RD thr. org. + 75 % RD thr. Inorg. 51.07 57.11
T7 | Use of Rishi- Krishi Tantra 41.05 47.78
Ts | Use of Jivamrut 46.25 50.54
SE+ 1.75 2.09
CDat5% 5.32 6.34
Initial status 39.16 42.08
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4.3.2 Effect of long term use of INM on soil enzyme activity at harvest
43.2.1 Urease enzyme activity

The results indicated in Table 23, revealed that the higher organic matter
levels provide a more favorable environment for the accumulation enzymes in the soil
matrix. Among the different treatment, the application of 100 % RD through organics
recorded significantly higher urease enzyme activity (54.17 ug and 57.91 NHs-N g hr?)
in I*and 11" ratoon respectively. However, it was on par with 75 % RD through organic
and 25 % RD through inorganic (T4) and 50 % RD through organic and 50 % RD through
inorganic (Ts) treatment in I and 11" ratoon. It was on par with T4 (75 % RD through
organic and 25 % RD through inorganic) treatment in 11" ratoon, while, it was the lowest
in application of inorganic fertilizers alone i.e. 100 % RD through inorganics (T2)
treatment (Table 23).

The higher urease enzyme activity in all the treatments over control might
be due to addition of amide form of N applied through urea or on the rates of formation
of carbon dioxide or on the rates of formation of NH4* from urea. The higher urease
activity observed under combined application of organics and fertilizers over chemical
fertilizers alone are in line with the findings of Sharma and Subehia (2014) and Sathish
et al. (2016).
4.3.2.2 Dehydrogenase activity

It is commonly used as an indicator of biological activity of soil as this
enzyme is known to oxidize soil organic matter. Dehydrogenase activity was increased
from 4.35 pg TPF g soil hrt in 100 % NPK through inorganic fertilizers (T2) to 6.94 pg
TPF g!soil hr! in 100 % RD through organics (T1) treatment. The treatment T recorded
significantly higher dehydrogenase activity (6.94 ug TPF g™ soil hr!) which was on par
with 75 % RD through organic and 25 % RD through inorganic (T4) treatment and 50 %
RD through organic and 50 % RD through inorganic (Ts) treatment in I* ratoon. The data
revealed that, the decrease in organic dose from 100% to 50%, decreased the
dehydrogenase activity in soil over 100 % NPK through inorganic alone (Table 23).
Application of any of the organics led to a substantial increase in dehydrogenase activity
over rest of the treatments. In comparison to 100 % NPK through fertilizers, the conjoint

use of fertilizers and organic materials showed significant increase in dehydrogenase
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activity. Higher dehydrogenase activity in plots treated with integrated nutrient
management might be due to increased availability of substrate and also beneficial effect
of long term application of organic manures for dehydrogenase activity under these
treatments. These results supported by the findings of Hase et al. (2011), Nath et al.
(2012), Manna et al. (2013) and Sathish et al. (2016).

4.3.2.3 and 4 Acid and alkaline phosphatase enzyme activity

Both acid and alkaline phosphatase activity increased in 11" ratoon as
compared to I* ratoon. In general, acid and alkaline phosphatase enzyme activity was
higher in organically treated plots as that of 100% NPK through inorganic treatment.

Among the treatments, acid phosphatase enzyme activity (39.86 pug PNP
gt hrtand 43.05 ug PNP g* hr) was significantly higher in 100% RD through organics
treatment in 1% ratoon and closely followed by T4 and Ts i.e. 75 % RD through organic
and 25 % RD through inorganic and 50 % RD through organic and 50 % RD through
inorganic treatments, which were on par with each other and significantly superior over
rest of the treatments, while, it was the lowest registered under Tg treatment (use of
jiwamrut).The application of 75 % RD through organics and 25 % RD through inorganic
recorded significantly higher acid phosphatase activity (43.26 pg PNPg? hrt) in 11
ratoon and closely followed by 100 % RD through organics (T1) treatment (Table 23).
Both the treatments were on par with Ts, T3 and Te treatments while it was the lowest in
Tgtreatment (use of jivamrut).

The application of 100 % RD through organics registered higher alkaline
phosphatase activity (26.91 ug PNP g™ hr?) and closely followed by T4 and Ts treatment
and on par with each other in I ratoon. It was the lowest in 100 % NPK through
inorganic treatment. In case of 11" ratoon, the application of 50 % RD through organics
and 50 % RD through inorganic recorded significantly higher alkaline phosphatase
enzyme activity (29.77 ug PNP g* hr?) and closely followed by T, and T treatment and
statistically on par with T3 treatments i.e. fertilizer dose as per soil test with FYM and
biofertilizers. The T treatment (100 % NPK through inorganic) recorded the lowest
value for alkaline phosphatase enzyme activity (15.26 pg PNP g? hr?) in 11" ratoon
(Table 23).
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Table 23. Effect of long term use of INM on soil enzyme activity in preseasonal ratoon sugarcane at harvest
Treatment Soil enzyme activity
Acid Alkaline
Deh
Tr. ( Nlljr?zse_lh 1) (e )f?;zge_rllsii) Phosphatase Phosphatase
No.| Plant cane, I and Il Ratoon of 11" cycle Hg MR g Hg 9 (ng PNP gthrt) | (ng PNP g*hr?)
|st “nd |St “nd |st “nd |st “nd
Ratoon | Ratoon Ratoon Ratoon Ratoon | Ratoon| Ratoon| Ratoon
T: | 100 % of RD through organics 54.17 | 57.91 6.94 7.28 30.86 | 43.05 | 26.91 | 29.51
T2 | 100 % NPK through inorganic 32.33 | 34.95 4.35 4.55 27.82 | 29.40 | 14.26 | 15.28
Ts | Fertilizer dose (AST) with FYM and BF 45.65 | 48.50 5.74 6.20 36.51 | 40.66 | 23.41 | 27.29
T4 | 75 % of RD thr org.+ 25 % RD thr. inorg. 51.38 | 55.89 6.61 7.12 39.58 | 43.26 | 26.72 | 29.64
Ts | 50 % of RD thr.org.and 50% of RD thr. inorg| 4983 51.14 6.22 6.61 38.80 4264 | 26.19 29 77
Te |25 % of RD thr. org. + 75 % RD thr.inorg. 43.07 | 47.20 5.56 5.69 34.68 | 38.77 | 21.49 | 24.26
T7 | Use of Rishi- Krishi Tantra 40.80 | 43.77 5.48 5.81 31.34 | 33.40 | 18.78 | 20.58
Te | Use of Jivamrut 40.21 | 42.08 5.22 5.53 2416 | 26.91 | 1558 | 17.82
SE+ 2.41 1.75 0.26 0.27 0.93 2.06 | 0.92 1.59
CDat5>% 7.30 5.31 0.80 0.82 2.81 6.26 | 2.80 4.81
Initial status 28.42 | 29.97 3.47 3.32 23.08 | 25.07 | 13.95 | 15.30
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In the present study, it was observed that a higher acid phosphatase
activity was in soils fertilized with organic, inorganic and biofertilizers. Phosphatase
activity increased when glucose and nitrogen sources were added to the soil, in other
words, when the source of nutrients has an equilibrated balance between N and C, as in
organic and inorganic. The increase in soil phosphatase activity could have been due to
the soil substrate enrichment.

The results revealed that the acid and alkaline phosphatase enzyme
activity was closely related to organic carbon content in soil and use in conjunction with
inorganic fertilizers. The significant increase in phosphatase activities in the organic
treated soils may be due to enhanced microbial activity and perhaps diversity of
phosphate solubalizing bacteria due to manure inputs over the years. It was also closely
related to the microbial biomass C content in soil. Similar results are in conformity with
Mandal et al. (2007), Moharana et al. (2014) and Sathish et al. (2016).

4.4 Effect of long term use of INM on growth, yield and juice quality of
preseasonal ratoon sugarcane at harvest
44.1 Growth

The number of millable cane (NMC) was significantly influenced by
different integrated nutrient management treatment. The Ts i.e. 25 % RD through
organics and 75 % RD through inorganic treatment recorded significantly higher number
of millable canes (91,640 ha?) at I and (83,820 ha?) 11" ratoon (Table 24). The
integrated use of organic and inorganic fertilizers with biofertilizers increased the
availability of nutrients which resulted in higher no of millable cane, height and girth
which ultimately reflected on increase in yield of cane. The similar results were also
reported by Rathore et al. (2014) and Shukla et al. (2014).

4.4.2 Cane and commercial cane sugar yield

The cane yield of ratoon preseasonal sugarcane was significantly
influenced by various integrated nutrient management treatments. The Te i.e. 25 % RD
through organics and 75 % RD through inorganic treatment recorded significantly higher
cane yield (132.09 and 124.69 t ha') at I and 11" ratoon (Table 25). The next best
treatment was T3 (fertilizer dose as per soil test with FYM and biofertilizers). Both the Ts

and T3 treatment were on par with each other in 1t and 11" ratoon.
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Table 24. Effect of long term use of INM on number of millable canes of
preseasonal ratoon sugarcane at harvest
Treatment NMC
Tr. (,000ha™)
No. Plant cane,l and 11 Ratoon of 11" cycle I e
’ Ratoon Ratoon
T1 | 100 % of RD through organics 73.53 67.27
T> | 100 % NPK through inorganic 84.16 76.95
Tz | Fertilizer dose (AST) with FYM and BF 87.01 79.55
T4 | 75 % of RD thr org.+ 25 % RD thr. inorg. 75.43 69.00
Ts | 50 % of RD thr.org.and 50% of RD thr. inorg. 75.78 69.30
Te |25 % of RD thr. org. + 75 % RD thr.inorg. 91.64 83.82
T7 | Use of Rishi- Krishi Tantra 64.84 59.29
Tg | Use of Jivamrut 67.25 61.51
SE+ 3.89 3.55
CDat5% 11.79 10.78

The application of 25 % RD through organics and 75 % RD through

inorganic recorded significantly the highest commercial cane sugar (CCS) yield (18.81
and 18.41 t ha®) at I and 11" ratoon, which was on par with T3 (17.60 and 17.24 t ha)
and T (16.88 and 16.52 t ha) at It and 11" ratoon. The minimum CCS was recorded in

Tsg i.e use of jiwamrut treatment and in T+ i.e.use of rishi- krishi tantra in both the ratoons.

Table 25. Effect of long term use of INM on cane, top and CCS vyield in
preseasonal ratoon sugarcane at harvest
Tr. Treatment Yield (tha?)
No. | Plant cane,l and Il Ratoon of 11" It Ratoon 11" Ratoon
cycle Cane | CCS | Top | Cane | CCS | Top
T, | 100 % of RD through organics 95.05 | 13.05| 10.14| 89.83 | 12.78| 9.56
T, | 100 % NPK through inorganic 119.37 | 16.88 | 12.37| 112.71| 16.52| 11.69
T; | Fertilizer dose (AST) with FYM 130.05 | 17.60 | 14.19| 121.14| 17.24| 13.32
0 [0)
Ta ZnSOrg’OfRDthrorg*zs/"RD”"' 107.66 | 14.77 | 12.93| 101.67| 14.46| 12.22
0 0
Ts | 50 % of RD thr.org.and 50% of 11323 | 1525 | 11.63| 106.91| 14.92| 10.93
RDthr. inorg.
0, 0,
To | & ﬁ:;‘;RDthr' org-+ 5% RD 1 13509 | 18.81 | 14.90| 124.69| 18.41| 13.98
T, | Use of Rishi- Krishi Tantra 83.67 | 11.53 | 8.08 | 79.01 | 11.28| 7.64
Tg | Use of Jivamrut 8256 | 11.36 | 8.81 | 77.96 | 11.12| 8.32
SE+ 3.78 | 0.637 | 1.00 | 3.89 | 0.623| 0.90
CDat5 % 11.47 193 | 3.02 | 1181 | 189 | 2.73
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It was clearly indicated that nutrients applied through chemical, organic,
biofertilizers and green manuring showed balance nutrient supply improved, physical,
chemical as well as biological properties of soil resulted in higher cane yield and
commercial cane sugar yield. Similar results are in conformity with Shukla et al. (2004),
More et al. (2005) and Kumar and Meher Chand (2013).

4.4.3 Economics of It ratoon and 11" ratoon of preseasonal sugarcane

Data pertaing to the influence of inorganic and organic sources of
nutrients on economics of It and 11" ratoon are presented in (Table 26 and 27) along
with cane yield. The results showed that application of 25 % RD through organics and
75 % RD through inorganics (Ts) recorded higest monetery returns (Rs. 297194 and
Rs. 280551 ha™) and B:C ratio (2.44 and 2.48) for I*and 11" ratoon repectively.But
treatment Ty i.e. 100 % nutrient application through organics alone recorded lower

B:C ratios for 1(1.27) and 11" (1.23) ratoon respectively.

Table 26. Effect of sources of nutrients on economics of yield of preseasonal
sugarcane (I ratoon )
Tr. Cane Cost of Gross Net B:C
No. yield cultivation | monetary | returns | ratio
Treatment (tha-l) | (Rsha-l) returns | (Rs ha-!)
(Rs ha-1)
0
Ti | 100%of RD through | oo 0o | 169773 213872 | 45094 | 1.27
organics
0
T2 | 100 % NPK through 11937 | 121679 268577 | 146898 | 2.21
inorganic
Ts | Fertilizerdose (AST) | 1445 | 121257 202611 | 171354 | 2.41
with FYM
Ts | 75 % of RD thr org.+
25 9% RD thr. inorg, 107.66 153566 242237 88670 1.58
Ts | 50 % of RD thr.org.and
50% of RD thr. inorg. 113.23 135104 254766 119661 1.89
Te |25 % of RD thr. org. +
75 % RD thr.inorg, 132.09 121867 297194 175326 2.44
Tz | Use of Rishi- Krishi 8367 | 113888 188257 | 74369 | 1.65
Tantra
Ts | Use of Jivamrut 82.56 114358 185757 71399 1.62
SE+ 3.78 8508 8508
CDat5% 11.47 25806 25806
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Table 27. Effect of sources of nutrients on economics of yield of preseasonal
sugarcane (11" ratoon )
Tr. Cane Cost of Gross Net B:C
No. yield cultivation | monetary | returns | ratio
Treatment (tha-Y) | (Rsha-) returns | (Rs ha-1)
(Rs ha-1)
0
Ty | 100%ofRDthrough | 89.83 | 164351 | 202113 | 37792 | 1.23
organics
0,
T2 | 100 % NPK through 11271 | 114917 | 253603 | 138686 | 2.21
inorganic
To | Fertilizerdose (AST) | 151 14 | 115881 | 276366 | 160485 | 2.38
with FYM
T4 | 75 % of RD thr org.+ 25
% RD thr. inorg. 101.67 148533 228768 80235 | 1.54
Ts | 50 % of RD thr.org.and
50% of RD thr. inorg. 106.91 128884 240548 111664 | 1.87
Te |25 % of RD thr. org. + 75
% RD thr.inorg. 124.69 113207 280551 167344 | 2.48
T7 | Use of Rishi- Krishi 7901 | 100431 | 177782 | 68351 | 162
Tantra
Te | Use of Jivamrut 77.96 109901 175413 65512 | 1.60
SE+ 3.89 7979 7979
CDat5% 11.81 24201 24201

4.4.4 Juice quality parameters

The brix, pol and purity per cent of preseasonal I and 11" ratoon were not
influenced by various integrated nutrient management treatments except brix at I ratoon.
However, the brix (22.24% was significantly higher due to application of 25 % RD
through organics and 75 % RD through inorganic, which was at par with T3 (fertilizer
dose as per soil test with FYM and biofertilizers) and T. (100 % NPK through inorganic
fertilizers) treatments respectively (Table 28).

The sucrose content of preseasonal sugarcane was significantly influenced
by different treatment. The Te recorded maximum sucrose content (21.26 %). It was
statistically on par with T3, T> and Ts treatments respectively. The sucrose content was
not influenced by different integrated nutrient management treatment in 11" ratoon.
However, the Ts i.e. 25 % RD through organics and 75 % RD through inorganic
treatment recorded higher values of sucrose (21.71%). The treatment Tg i.e. use of

jivamrut recorded lowest values for sucrose content of preseasonal sugarcane at harvest.
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Results are reported by Abdul Fatah Sumaro (2013), Kumar and Meher Chand (2013)
and Rathore et al (2014).

As regards reducing sugar, it was significantly affected by different
treatments of integrated nutrient management to preseasonal sugarcane in both the
ratoons. The application of 100% NPK through inorganic fertilizers (T) recorded higher
values for reducing sugars (0.565%), which was on par with T3 treatment i.e. application
of fertilizers as per soil test with FYM and biofertilizers in 1 ratoon. In case of 11" ratoon
the application of 100 % NPK through inorganic fertilizers (T2) recorded significantly
higher reducing sugar (0.552 %) which was significantly superior over rest of the
treatments. While the treatment T+ i.e. use of rishi- krishi tantra as well as Ts i.e. use of
jiwamrut recorded lowest values for reducing sugar in both the ratoons. Application of
organic manure together with chemical fertilizer, compared to addition of either organic
manure or inorganic fertilizer alone had higher positive effect on yield and quality of
sugarcane. These results are in conformity with Shrivastava et al (2005) and Bokhthiyar
and Sukuria (2008).

In general, the use of rishi- krishi tantra (T7) and use of jiwamrut (Ts) is
often understood as a form of agriculture with use of only organic inputs for the supply of
nutrients and management of pest and diseases. The organic agriculture has been
criticized on the grounds that with organic alone,farm productivity and profitability might
not be improved because of the avalabilty of organic sources is highly restricted coupled
with intensive farming systems. Organic agriculture decreses yield, the range depends on
intensity of external inputs used before conversion. The results are in conformity with the
findings of Wynen (1999), Halberg and Kristensen (1997) and Chhonkar et al. (2003).
However, traditional rainfed agriculture (with low external inputs) organic agriculture has

shown potential to increase yield (Singh et al. 2001 and Huang et al.1993).
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Table 28. Effect of long term use of INM on juice quality parameters of preseasonal ratoon sugarcane at harvest
Treatment Juice quality parameters
Tr. |st ”nd |st ||nd
No. | Plant cane,l and 11 Ratoon Ratoon Ratoon Ratoon
nd
Ratoon of 11" cycle Brix Pol | Purity | Brix Pol | Purity CCS | Sucrose| Red. | CCS | Sucrose| Red.
Sugar Sugar
) P—
T1 | 100 % of RD through 21.02 | 20.08 | 96.96 | 20.90 | 20.86 | 96.87 | 13.74 | 20.38 | 0.390 | 14.30 | 20.24 | 0.370
organics
0,
T2 ilnoocigé’n'?'cpmhro“gh 2189 | 20.64 | 9554 | 21.72 | 21.40 | 9551 | 14.14 | 2091 | 0565 | 14.69| 20.75 | 0.552
Ts | Fertilizerdose (AST) | ) 1 | 1978 | 96.43 | 2177 | 20.74 | 96.04 | 1352 | 21.16 | 0558 | 14.21| 2088 | 0.526
with FYM and BF
0,
Ta | 75%OfRD 0.+ 25| o) oo | 50 06 | 96.91 | 21.24 | 2075 | 96.46 | 13.72 | 2050 | 0.456 | 1422 | 20.49 | 0.434
% RD thr. inorg.
0,
Ts | S0%of RDthrorg.and | o) ool 1969 | 9550 | 21.47 | 2041 | 96.46 | 1346 | 20.80 | 0.350 | 13.98| 2071 | 0.327
50% of RD thr. inorg.
0,
Te |25% 0fRDthr.0rg. + | ), ) 5001 | 9556 | 22,07 | 2158 | 95.47 | 1426 | 21.26 | 0465 | 1482 | 21.07 | 0462
75 % RD thr.inorg.
T7 $§§tf:R'Sh" Krishi 2123 | 2015 | 95.93 | 21.11 | 2093 | 9589 | 13.79 | 2036 | 0.295 | 14.35| 2024 | 0.283
T, | Use of Jivamrut 2147 | 20.11 | 9459 | 21.22 | 20.86 | 9452 | 13.76 | 2029 | 0.243 | 1430 | 20.05 | 0.225
SE+ 024 | 0574 | 0.765 | 0349 | 1.014 | 1.12 | 3.89 | 0168 | 0.004 | 0.73 | 0236 | 0.006
CDat5 % 0741 NS | NS | NS | NS | NS | 1.79| 0511 | 0011| NS | NS | 0.019




92

4.5 Effect of long term use of INM on total nutrient uptake in preseasonal

ratoon sugarcane at harvest.
45.1 Macronutrient uptake
4511 Nitrogen

The data on nitrogen uptake by ratoon sugarcane was significantly
influenced by different integrated nutrient management practices. Among the integrated
nutrient management 25 % RD through organics and 75 % RD through inorganic (Te)
registered significantly higher nitrogen uptake (160.7 and 156.1 kg ha) in I* and 11"
ratoon followed by Ts i.e. fertilizer dose as per soil test with FYM and biofertilizers and
on par with each other.
45.1.2 Phosphorus

The application of 25 % RD through organics and 75 % RD through
inorganic recorded significantly higher phosphorus uptake (73.1 and 69.7 kg ha?) in I
ratoon and 11™ ratoon respectively. In case of I* ratoon, it was on par with T3 treatment
i.e. fertilizer dose as per soil test with FYM and biofertilizers. However in 11" ratoon the
treatment Te was significantly superior over rest of the treatment (Table 29).
45.1.3 Potassium

The potassium uptake by pre-seasonal ratoon sugarcane crop was
influenced significantly by different integrated nutrient management treatments. Among
the treatments application of 25 % RD through organics and 75 % RD through inorganic
i.e.Te recorded significantly higher potassium uptake (495.9 kg ha?) closely followed by
Ts treatment (495.4 kg ha?) ie. fertilizer dose as per soil test with FYM and
biofertilizers. Both the treatments were on par with each other and significantly superior
over rest of the integrated nutrient management treatments. In case of 11" ratoon also the
similar trend was noticed in case of potassium uptake by sugarcane (Table 29).
45.2 Sulphur

The higher sulphur uptake 53.57 and 45.23 kg ha* for It and and 11"
ratoon respectively was noticed in Te (25 % RD through organics and 75 % RD through
inorganic). In I* ratoon the treatment Te was on par with T, T4 and Ts treatments. In 11"
ratoon however, the treatment Te was significantly superior over rest of the treatments.

The lowest sulphur uptake was recorded in treatment T- and Tg i.e. use of rishi- krishi
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tantra and use of jiwamrut due to use of jiwamrut i.e. Tg treatment in both the ratoons
(Table 29).
453 Silicon

The data on silicon uptake revealed that the application of 25 % RD
through organics and 75 % RD through inorganic i.e. Te treatment recorded significantly
higher silicon uptake (123.96 kg ha® and 119.48 kg ha®) in I®tand 11" ratoon, which was
significantly superior over rest of the treatments and on par with T3 treatment i.e.
fertilizer dose as per soil test with FYM and biofertilizers. Both the treatments in 11"
ratoon were significantly superior over rest of the treatments. The lowest values for
silicon uptake were recorded in Tg treatment (i.e.use of jiwamrut) in both the ratoons
(Table 29).

The uptake of nutrients like N, P, K, S and Si significantly increased by
the application of INM to sugarcane in ratoon. It was due to fact that added nutrients
increased the nutrient concentrations in sugarcane by providing balanced nutritional
environment inside the plant and higher photosynthetic efficiency which favour higher
dry matter accumulation and resulted in more uptakes of N, P, K, S and Si by sugarcane.
Similar results were also reported by Keshavaiah et al. (2012), Laharia et al. (2013),
Chesti et al. (2015) and Sathish et al. (2016).

45.4 Micronutrients

The application of 25 % RD through organics and 75 % RD through
inorganic i.e. Te recorded maximum iron (6176 and 5868 g ha) and zinc (1037 and 993 ¢
ha™) uptake in I*and 11" ratoon followed by T3 treatment. It was on par with each other.
The lowest iron uptake was recorded in T7 and Tg i.e. use of rishi- krishi tantra and use of
jiwamrut in both the preseasonal ratoon sugarcane (Table 30).

The result revealed that the application of fertilizer dose as per soil test
with FYM and biofertilizer dose (T3) recorded significantly higher manganese uptake
(2284 and 2184 g ha™) in I®and 11" ratoon. It was significantly superior over rest of the
treatments in both the ratoons. The treatment Tg i.e. use of jiwamrut recorded the lowest

for manganese uptake in both the ratoons (Table 30).



94

Table 29. Effect of long term use of INM on total nutrient uptake by preseasonal ratoon sugarcane at harvest
Tr. Treatment Total Nutrient uptake (kg ha)
No. Plant cane, Nitrogen Phosphorus Potassium Sulphur Silicon
I and 11 Ratoon of II”dcycIe st |nd Ist |nd Ist |nd st |nd Ist |nd
Ratoon | Ratoon | Ratoon | Ratoon | Ratoon | Ratoon | Ratoon | Ratoon | Ratoon | Ratoon
T1 | 100 % of RD through organics 103.7 | 99.3 43.3 385 | 3483 | 3336 | 3197 | 2628 | 79.94 | 74.31
T2 | 100 % NPK through inorganic 1326 | 127.3 54.9 49.8 | 4074 | 390.7 | 38.76 | 29.19 | 92.31 | 89.48
T; | Fertilizer dose (AST) with FYM
154.8 149.9 66.3 60.8 495 .4 469.1 46.73 37.25 117.38 | 114.05
and BF
T4 | 75 % of RD thr org.+ 25 % RD
) 114.2 109.4 52.6 49.5 398.0 381.1 43.27 36.62 97.88 96.08
thr. inorg.
Ts | 50 % of RD thr.org.and 50% of
] 121.2 116.0 55.1 50.8 395.5 379.3 39.52 32.33 94.35 91.09
RD thr. inorg.
Te |25 % of RD thr. org. + 75 % RD
] 160.7 156.1 73.1 69.7 495.9 480.3 53.57 45.23 123.96 | 119.48
thr.inorg.
T7 | Use of Rishi- Krishi Tantra 80.1 76.6 34.7 316 | 2857 | 270.7 | 23.16 | 20.88 | 63.36 | 59.46
Ts | Use of Jivamrut 84.9 81.2 33.6 300 | 2751 | 261.8 | 2140 | 19.09 | 61.22 | 54.94
SE+ 5.2 5.8 3.2 2.8 20.1 26.7 481 1.41 1.41 4,14
CDat5% 15.8 17.4 9.6 8.6 61.1 81.0 | 1459 | 4.26 426 | 12.56
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The application of 25 % RD through organics and 75 % RD through
inorganic i.e. Te registered significantly higher copper uptake (424 g ha?) and closely
followed by Ts treatment i.e. fertilizer dose as per soil test with FYM and biofertilizer
dose in I* ratoon. Both the treatments were on par with each other and significantly
superior over rest of the treatments. The application of fertilizer dose as per soil test with
FYM and biofertilizer recorded significantly higher copper uptake (416 g hal) in 11"
ratoon and on par with treatment Tei.e. 25 % RD through organics and 75 % RD through
inorganic (Table 30). While minimum values for copper uptake in both ratoons was
recorded due to application of jiwamrut (Tg) (Table 30).

The balance use of organic, inorganic and biofertilizers helped to improve
and sustain the soil fertility and provide a sound basis for crop production systems to
meet the bioavalability of nutrients to crop production. These results are in conformity
with Venkatkrishanan and Ravichandran (2007) Naidu et al. (2013) and Sharma et al.
(2013).

Table 30. Effect of long term use of INM on total micronutrient uptake by

preseasonal ratoon sugarcane at harvest

Tr. Treatment Total micronutrient uptake (g ha?)
No. It Ratoon 11"¥ Ratoon
Plant cane,l and Il Ratoon
of 11 ¢cycle Fe [Mn| Zn [ Cu| Fe |Mn | Zn | Cu

T: |100 % of RD through organics| 4131 | 1067 | 674 | 270 | 3944 |1023 | 663 | 262

T> |100 % NPK through inorganic| 4996 | 1535 | 840 | 360 | 4628 |1490 | 823 | 353

Ts |Fertilizer dose (AST) with 6047 |2284 | 997 | 423 | 5839 |2184 | 978 | 416
FYM and BF

Ts [75% of RD throrg.+25% | 4874 | 1158 | 632 | 259 | 4640 |1080 | 607 | 252
RD thr. inorg.

Ts [50 % of RD thr.org.and 50% |5091 |1130 | 696 | 260 | 4877 |1151 | 677 | 254
of RD thr. inorg.

Te |25 % of RD thr.org.+75 % RD| 6176 | 1872 | 1037 | 424 | 5868 |1872 | 993 | 409

thr.inorg.
T7 |Use of Rishi- Krishi Tantra 3455 | 835 | 443 | 132 | 3136 | 732 | 422 | 128
Ts [Use of Jivamrut 3435 | 640 | 440 | 138 | 3084 | 556 | 417 | 135

SE+ 219 163.2 | 380 |11.2 | 179.6 [89.1 [39.1 | 149

CDat5% 665 | 192 | 115 | 339 | 545 | 270 | 119 | 453
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4.6 Soil quality assessment
4.6.1 Selection of sensitive indicators and development of soil quality
indicators

Soil indicators were selected on the basis of their importance in crop
production for providing nutrients for crop growth. Total 65 parameters including
nutrient uptake and yield from It and 11" ratoon were used for principle component
analysis to assess the soil quality.

The analysis requires the computation of Eigen value and Eigen vectors of
correlation matrix with many variables (soil). The direction of maximum variability was
estimated by Eigen vectors while the Eigen value specifies the variance of the vector. The
data set was subjected to principle component analysis to identify the critical soil
parameters under different long term use of integrated nutrient management that can be
considered as a soil indicators. The first five PC’s had Eigen value less than 1.

4.6.2 Soil quality assessment for I*' ratoon

The soil quality was assessed by proper selection of indicators and the PC
1 and PC2 which explained about 5% of the variability within the measured data were
retained. The highest weighted variables under PC1 to PC5 included available potassium,
total potassium, hydraulic conductivity, field capacity, electrical conductivity, available
zinc, organic carbon, total nitrogen, fixed potassium, total phosphorus, Ca-P, SMBC, and
available zinc (Table 31). It was assumed that the variables having the highest correlation
sum best represented the group. AV-K, Total K, TOC, Urease, Dehydrogenase activity,
Soil microbial biomass carbon, Field capacity moisture, DTPA extractable Zn, hydraulic
conductivity and electrical conductivity were retained in the minimum data set. The
hydraulic conductivity provides good aeration in the soil, which was improved due to
organic carbon enhanced by regular use, as well as better root growth. The hydraulic
conductivity and organic carbon helped in augmenting growth of the microbes in the soil

which are indicated by the dehydrogenase assay.
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Table 31. Soil properties retained in MDS for soil quality index in I° ratoon of
preseasonal sugarcane at harvest
Tr. No.|AV-K | Total P | TOC | Urease | DHA |[SMBC| FC |Zn-Soil | HC | EC
T: 424 984 096 | 54.17 | 6.94 | 487 |43.83| 1.12 | 0.79 | 0.27
T 434 | 1112 |0.78 | 32.33 | 435 | 411 |43.07| 101 | 0.76 | 0.24
T3 452 1190 | 0.82 | 4565 | 574 | 456 |44.04| 194 | 0.82 |0.21
Ts 421 1042 093 | 51.38 | 6.61 | 472 |44.46| 1.37 0.8 |0.30
Ts 436 1096 | 09 | 49.83 | 6.22 | 428 |4439| 135 | 0.88 | 0.29
T 473 1289 |0.86 | 43.07 | 556 | 415 |44.26| 1.27 | 0.89 | 0.28
T7 376 820 [0.72| 408 | 548 | 387 |43.78| 1.18 | 0.74 | 0.20
Ts 363 805 |[0.74| 40.21 | 522 | 388 |44.21| 096 | 0.75 | 0.19
Initial | 345 643 |0.66 | 28.42 | 3.47 | 347 |41.18| 0.87 | 0.57 | 0.18
Table 32. Soil characteristics of the PCs obtained for the principle component
analysis (I*' ratoon)
PC1 PC2 PC3 PC4 PC5
Total DHA : . Zn-Soil Electrical
Tr. No. Phosphorus (ug TPF Sg'tl lr:nglgﬂj)re (mgkg* conductivity
(mgkg™ soil) gt hr?) 0 soil) (dSm)
T: 984.21 6.94 43.83 1.12 0.27
T2 1112.2 4.35 43.07 1.01 0.24
T3 1190.17 5.74 44.04 1.94 0.22
Ty 1041.73 6.61 44.46 1.37 0.30
Ts 1096.08 6.22 44.39 1.35 0.29
Te 1288.87 5.56 44.26 1.27 0.28
T7 819.61 5.48 43.78 1.18 0.20
Ts 805.37 5.22 44.21 0.96 0.19
Initial 643.34 3.47 41.18 0.87 0.18
Table 33. Calculation of SQI using the soil factors (I° ratoon)
Tr. No. PC1 PC2 PC3 PC4 PC5
Total DHA Soil moisture Zn-Soil Electrical
Phosphorus at FC conductivity
T 0.76 1.00 0.99 0.58 1.50
T2 0.86 0.63 0.97 0.52 1.33
T3 0.92 0.83 0.99 1.00 1.20
Ty 0.81 0.95 1.00 0.71 1.67
Ts 0.85 0.90 1.00 0.70 1.61
Te 1.00 0.80 1.00 0.65 1.56
T7 0.64 0.79 0.98 0.61 1.11
Ts 0.62 0.75 0.99 0.49 1.06
Initial 0.50 0.50 0.93 0.45 1.00
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Table 34. Calculation of SQI using the weight factor from the eigenvalues of
PCA (I ratoon)
Tr. PC1 PC2 PC3 PC4 PC5 SQl
No. Total DHA Soil moisture | Zn-Soil E.C.
Phosphorus at FC
T1 0.457 0.292 0.039 0.039 0.033 0.85
T> 0.516 0.183 0.039 0.039 0.029 0.79
T3 0.552 0.242 0.039 0.039 0.026 0.91
Ts 0.483 0.278 0.040 0.040 0.036 0.87
Ts 0.508 0.262 0.040 0.040 0.035 0.88
Te 0.598 0.234 0.040 0.040 0.034 0.94
T7 0.380 0.231 0.039 0.039 0.024 0.70
Ts 0.374 0.220 0.040 0.040 0.023 0.68
Initial 0.298 0.146 0.037 0.037 0.022 0.52
4.6.3 Soil quality assessment for 11" ratoon

In 11" ratoon PCA analysis, total 6 PCs were obtained. Highest weighted

variables under PC1 to PC5 included calcium, phosphorus, total phosphorus, fixed

potassium, total potassium, urease activity, dehydrogenase activity, bacteria, reducted

phosphorus, calcium carbonate and nitrate nitrogen were retained from minimum data

set.

Table 35. Soil properties retained in MDS for soil quality index (11" ratoon)
Tr. Ca-P |Total-P|Fixed K| Total | Urease| DHA | Bact. | Red-P| CaCO3|NOs-N
No. K
T, |430.56| 1016 | 2685 | 3467 | 57.91 | 7.28 | 31.44| 104 | 4.14 | 10.27
T, |484.64| 1123 | 2829 | 3667 | 34.95| 455 | 19.67| 99.67| 52 | 11.67
Ts |507.52| 1238 | 2935 | 3800 | 485 | 6.2 | 26.78| 1343 | 451 | 12.13
T, |449.28| 1069 | 2737 | 3533 | 55.89 | 7.12 | 30.78 | 95.33 | 4.21 | 10.13
Ts 4576 | 1109 | 2784 | 3600 | 51.14 | 6.61 | 28.56 | 86.67 | 4.26 | 10.73
Te |524.16| 1283 | 3049 | 3933 | 47.2 | 5.69 | 2457 | 1353 | 4.42 | 14.00
T; |355.68| 839.5 | 2426 | 3167 | 43.77 | 581 | 25.11| 91.00| 4.03 | 8.13
Tg |336.96| 8179 | 2410 | 3133 | 42.08 | 553 | 23.89| 82.33 | 4.07 | 10.2

Initial | 333.84| 680.8 | 2274 | 3000 | 29.97 | 3.32 | 14.33| 91.67 | 4.33 | 8.40
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Table 36. Soil characteristics of the PCs obtained for the principle component
analysis (11" ratoon)
Tr. PC1 PC2 PC3 PC4 PC5 PC6
No. Total P DHA Bacteria Red-P CaCOs3| NOs3-N
(mg kg™ soil) | (ug TPFlg'1 soil | (ug TPFlg'l soil | (mg kg™ soil)| (%) |(mg kg™ soil)
hr-) hr™)
T1 1016 7.28 31.44 104 4.14 10.27
T2 1123 4.55 19.67 99.67 5.2 11.67
T3 1238 6.2 26.78 134.3 451 12.13
Ts 1069 7.12 30.78 95.33 4.21 10.13
Ts 1109 6.61 28.56 86.67 4.26 10.73
Te 1283 5.69 24.57 135.3 4.42 14.00
T7 839.5 5.81 25.11 91.00 4.03 8.13
Ts 817.9 5.53 23.89 82.33 4.07 10.20
Initial 680.8 3.32 14.33 91.67 4.33 8.4
Table 37. Calculation of SQI using the soil factors (11" ratoon)
Tr. No. PC1 PC2 PC3 PC4 PC5 PC6
Total DHA Bacteria Red-P | CaCOs | NO3—N
Phosphorus
T: 0.792 1.000 1.000 1.263 1.027 0.734
T2 0.875 0.625 0.626 1.211 1.290 0.834
T3 0.965 0.852 0.852 1.632 1.119 0.866
Ty 0.833 0.978 0.979 1.158 1.045 0.724
Ts 0.864 0.908 0.908 1.053 1.057 0.766
Te 1.000 0.782 0.781 1.644 1.097 1.000
T7 0.654 0.798 0.799 1.105 1.000 0.581
Ts 0.637 0.760 0.760 1.000 1.010 0.729
Initial 0.531 0.456 0.456 1.113 1.074 0.600
Table 38. Calculation of SQI using the weight factor from the eigenvalues of
PCA (11" ratoon)
Tr. PC1 PC2 PC3 PC4 PC5 PC6
No. Total DHA | Bacteria | Red-P | CaCOs | NOs—N | 9
Phosphorus
T 0.464 0.278 0.060 0.040 0.025 0.014 0.88
T2 0.513 0.174 0.037 0.038 0.032 0.016 0.81
T3 0.566 0.237 0.051 0.052 0.028 0.016 0.94
Ty 0.489 0.272 0.059 0.022 0.026 0.014 0.88
Ts 0.507 0.253 0.054 0.033 0.026 0.014 0.87
Te 0.587 0.218 0.047 0.052 0.027 0.019 0.95
T7 0.384 0.222 0.048 0.035 0.025 0.011 0.72
Ts 0.374 0.212 0.045 0.032 0.025 0.014 0.70
Initial 0.311 0.127 0.027 0.035 0.027 0.011 0.54
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4.6.4 Soil quality index (SQI)

The highest soil quality index was observed in the treatment T i.e. of
25 % of RD through organic + 75 % RD through inorganic (0.94 and 0.95) followed
by treatment T3 i.e. Fertilizer dose (AST) with FYM and biofertilizers (0.91 and 0.94)
in both the ratoons. Use of chemical fertilizer with organic manures helped in
maintaining the higher soil quality index. The optimum and balanced use of fertilizers
enhanced the soil quality index. It could be noticed that the balanced application of
nutrients along with organic manures and biofertilizers through treatments viz. T7 and
Te helped in improving the soil quality as compared to imbalanced use of nutrients.
Similar findings are in conformity with Sharma et al. (2004), Katkar et al. (2013),
Kharche et al. (2013) and Sathish et al. (2016).

Table 39. Soil quality index in presesonl ratoon sugarcane
Tr. Treatment Soil Quality Index (SQI)
No. | Plant cane,l and Il Ratoon of 11" cycle ISt Ratoon 11" Ratoon
T1 | 100 % of RD through organics 0.85 0.88
T2 | 100 % NPK through inorganic 0.79 0.81
T3z | Fertilizer dose (AST) with FYM 0.91 0.94
T4 | 75 % of RD thr. org. + 25 % RD thr. Inorg. 0.87 0.88
Ts | 50 % of RD thr. org.and 50% of RD thr. Inorg. 0.88 0.87
Te |25 % of RD thr. org. + 75 % RD thr. Inorg. 0.94 0.95
T7 | Use of Rishi- Krishi Tantra 0.70 0.72
Tg | Use of Jivamrut 0.68 0.70
Initial 0.51 0.52
Table 40. Major contributing factors in It ratoon (%)
Tr.No. Total DHA Soil moisture | Zn-Soil E.C.
Phosphorus at FC
T 53.14 33.95 4.53 4.53 3.84
T2 64.02 22.70 4.84 4.84 3.60
T3 61.47 26.95 4.34 4.34 2.90
Ty 55.07 31.70 4.56 4.56 4.10
Ts 57.40 29.60 4.52 4.52 3.95
Te 63.21 24.74 4.23 4.23 3.59
T7 53.30 32.40 5.47 5.47 3.37
Ts 53.66 31.56 5.74 5.74 3.30
Mean 57.66 29.20 4,78 4.78 3.58
Initial 55.19 27.04 6.85 6.85 4.07
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Table 41. Major contributing factors in 11" ratoon (%)

Tr. Total P DHA Bacteria Red-P CaCOs | NO3-N
T 52.67 31.56 6.81 4.54 2.84 1.59
T2 63.33 21.48 4.57 4.69 3.95 1.98
Ts 60.21 25.21 5.43 5.53 2.98 1.70
Ty 55.44 30.84 6.69 2.49 2.95 1.59
Ts 57.16 28.52 6.09 3.72 2.93 1.58
Ts 61.79 22.95 4.95 5.47 2.84 2.00
T7 52.97 30.62 6.62 4.83 3.45 1.52
Ts 53.28 30.20 6.41 4.56 3.56 1.99

Mean 57.11 27.67 5.94 4.48 3.19 1.74

Initial 57.81 23.61 5.02 6.51 5.02 2.04

Integrated use of inorganic fertilizers and organic manure found better under
the long term which sustained crop productivity and enhanced soil quality in sugarcane
ratoon grown on Vertisol. Organics along with chemical fertilizers found to be viable options
in increasing soil organic carbon, nutrient turn over, enhancing microbial biomass, thereby
improvement in availability of nutrients in soil, maintenance of soil quality and achieving the
sustainable productivity of sugarcane for long run in irrigated conditions.

4.6.5 Yield and sustainable yield index

Table 42. Yield of preseasonal sugarcane and sustainable yield index (SY1) after
8 years of cultivation with oragnics and chemical fertilizers

Tr. Treatment Yield SYI

No. (t hal)
T; | 100 % of RD through organics 87.22 0.742
T, | 100 % NPK through inorganic 100.19 0.626
T3 | Fertilizer dose (AST) with FYM 111.18 0.632
T4 | 75 % of RD thr. org. + 25 % RD thr. Inorg. 95.97 0.709
Ts | 50 % of RD thr. org.and 50% of RD thr. Inorg. 99.43 0.689
Te |25 % of RD thr. org. + 75 % RD thr. Inorg. 113.38 0.692
T7 | Use of Rishi- Krishi Tantra 76.87 0.602
Tg | Use of Jivamrut 75.36 0.643

The vyield varied widely among the treatments compared, the relative
performance of different treatment was as follows. T,;>T;>T¢>Ts >Tg >T3>T, >T7 (Table 42),
with respect to sustainable yield index, application of chemical fertilizers with organics
caused a further increase in SY| and the magnitude of increase was higher with application of
nutrients through organic sources only i.e. T; (0.742) followed by T, (0.709), Ts (0.692) and
Ts (0.689).The results indicated that application of only organics with inorganic fertilizers
registred higher SY1 values. The results also corroborated with the findings of Ghosh et al.
(2012). The value was lowest (0.602) in T i.e. use of rishi- krishi tantra.
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4.7 Correlation studies

The coefficient of correlation (r) between soil quality and yield, nutrient
uptake and juice quality parameters in I and 11" ratoon were computed (Table 43).
47.1 I*t ratoon

The soil quality was correlated with cane and top yield. The ‘r’ values are
between 0.853* and 0.885*. The soil quality index were highly correlated with nutrient
uptake except manganese and zinc (The r values between 0.831* and 0.935*). Among the
nutrients uptake of sulphur and silicon were highly correlated with soil quality (0.935** and
0.928*%*).
4.7.2 11" ratoon

The soil quality index showed the positively significant correlation with cane
and top yield (r=0.867* and 0.893*). The soil quality index were highly correlated with
potassium, sulphur, silicon and iron uptake (r=0.921** and 0.928**). Whereas, available soil
nitrogen, phosphorus, manganese, zinc and copper were correlated (r between 0.813* and
0.899%). The juice quality parameters, the soil quality index was not correlated with different
parameters except sucrose (0.816%)

Table 43. Correlation coefficient (r) of soil quality index with different
parameters at harvest

Parameters | It Ratoon | 11" Ratoon
Yield
Cane 0.853* 0.887*
Top 0.885* 0.893*
Uptake of nutrients
Nitrogen 0.853* 0.868*
Phosphorus 0.900* 0.899*
Potassium 0.905* 0.921**
Sulphur 0.935** 0.923**
Silicon 0.928** 0.928**
Iron 0.903* 0.927**
Manganese 0.757* 0.813*
Zinc 0.757* 0.862*
Copper 0.831* 0.860*
Juice quality
Brix 0.482 0.572
Pol 0.022 0.126
Purity 0.512 0.496
CCS 0.018 0.126
Sucrose 0.778 0.816*
Reducing Sugar 0.654 0.691

*=at 0.05 level and **=at 0.1 level




4.8 Laboratory Incubation Study
4.8.1. Nitrogen mineralization
48.1.1 Ammonical nitrogen (NHs—N)
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The variation in NHs —N mineralization was noticed among the different

treatment in I* ratoon (Table 44). The ammonical and nitrate nitrogen gradually increased

throughout the incubation period. The higher values were obtained at 28 days of

incubation in different treatment. The application of 25 % RD through organics and 75 %

RD through inorganic significantly released the highest NHs—N from O to 28 days of

incubation than that of rest of all treatments. The cumulative release was also reflected in

same treatment.

Table 44. Effect of long term use of INM on periodical ammonical nitrogen
content of soil in I’ ratoon
Tr. Incubation (NH4-N) (mg kg'*)
No. days Cumulative
Treatment 0 ! 14 21 28 NH4-N
T. [100 % of RD through organics | 12.33 | 12.73| 14.36 | 16.08| 17.91| 73.41
T> [100 % NPK through inorganic | 14.60 | 14.80| 16.04 | 17.29| 18.57 81.3
Ts Zﬁét'é'éerdose (AST)WIthFYM | 10 60| 15.93| 18.27 | 20.67| 23.14|  93.61
0, 0,
Ta Zr?r /i"ng‘;gRDthrorg'+25/" RD | 1333 |13.40| 15.93 | 1857| 21.30| 8253
Ts 50 % of RD throrg.and 50% of | 1395 | 14 13| 16,69 | 19.44| 22.39|  86.58
RD thr. inorg.
0, 0,
Ts ﬁf’r ﬁ(;’rngDthr'org'”s/"RD 17.67 | 17.87| 20.66 | 23.66| 26.86 | 106.72
T, |Use of Rishi- Krishi Tantra 1147 | 11.67| 12.96 | 14.34| 1584| 66.28
Ts |Use of Jivamrut 1020 | 10.40| 11.64 | 12.98| 14.43| 59.65
SE+ 0273 0.376| 038 | 0.38 | 0.38 -
CD @ 5% 0828 | 1.140| 1.14 | 1.14 | 1.14 -
Initial status 8903 | 9.27 | 9.73 | 1062| 11.61| 50.16
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Table 45. Effect of long term use of INM on periodical ammonical nitrogen
(NH4-N) content of soil (mg kg™?) in 11" ratoon

Tr. Incubation (NH4-N) (mg kg?)

No. days Cumulative
Treatments 0 7 14 21 28 NHs-N

T: |100 % of RD through organics | 12.53 | 15.07| 16.72 | 18.47| 20.33 83.12

T> |100 % NPK through inorganic | 14.67 | 15.87| 17.09 | 18.35| 19.66 85.64

T [Fertilizer dose (AST)WIth FYM | 15 67 116 67| 19.08 | 21.54| 24.06 |  97.02

and BF
Te [1S%OTRDthrorg+25%RD | 1543 111 93 14,54 |17.24| 2004 |  77.08
thr. inorg.
Ts 50 % of RD thr.org.and 50% of | 4, 7 | 1560| 18.23 [ 21.00| 23.93 | 92.83
RD thr. inorg.
Ts tzhsr (:/;’]grgRDthr'org'”E’%RD 17.80 | 18.93| 21.95 | 24.97| 27.98 | 111.63
T, |Use of Rishi- Krishi Tantra 1153 | 12.27| 1357 | 14.97| 1647 | 6881
Te |Use of Jivamrut 10.27 | 13.13| 14.36 | 15.72| 17.20 | 70.68
SEx 025 | 037 | 037 | 037 | 037 -
CD@ 5% 075 | 1.12 | 112 | 1.12 | 1.12 -
Initial status 0.40 | 9.57 | 1021 | 1L.11| 1212 | 52.41

The lowest values for NHs —N was obtained in treatment T7 and Ts. i.e.
use of Rishi- Krishi Tantra and use of Jiwamrut throughout the incubation period. The
similar trend was also noticed in 11" ratoon (Table 45) as that of I¥ ratoon. The highest
cumulative release was obtained for NH4 —N content in Te treatments in both the ratoons.

This was in conformity with the observation made by Somani and Saxena
(1976) they were reported that leguminous residue green manuring or succulent plant
materials would decompose faster. The rate of release of NHs—N was slow in the
beginning followed by sharp increase, reaching a peak rate at 28 days of incubation. The
result indicated that the combined application of organics and chemical fertilizers
released higher amount of N than chemical fertilizer alone. This could be attributed to the
application of chemical fertilizer which on hydrolysis released inorganic N at much faster
rate. The lowest release of NHs—N noticed in treatment Tg. i.e. use of jiwamrut This was
in conformity with the observation made by Prasad and Singhania (1989) and Ghuman
et al. (1997).
4.8.1.2 Nitrate nitrogen (NO3™-N)

The release of nitrate nitrogen content was gradually increased upto 28
days and reached a peak at 28 days of incubation in different treatments. The Ts i.e. 25 %
RD through organics and 75 % RD through inorganic treatment recorded significantly the
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highest value cumulative NO3-N during the incubation than rest of the treatments. It was

the lowest in treatment Tg i.e. use of jiwamrut and T7 i.e.use of rishi- krishi tantra (Table

46). The similar trend was also registered in 11" ratoon as that of I ratoon (Table 47).

Table 46. Effect of long term use of INM on periodical nitrate nitrogen content
of soil in I°t ratoon
Incubation (NO3-N) (mg kg)
Tr. No. ays Cumulative
Treatment 0 ! 14 21 28 NOs-N
T: [100 % of RD through organics| 9.80 | 9.87 | 11.18 | 12.45| 14.11 57.41
T, [100 % NPK through inorganic | 11.13| 11.20 | 12.14 | 13.09 | 14.08 61.64
Ts |Fertilizer dose (AST) with
FYM and BF 11.20| 11.80 | 13.44 | 15.09| 17.14 68.67
To [I5%OFRDrorg.+25% | g4 | 967 | 1155 | 1340| 15.63 | 59.65
RD thr. inorg.
Ts  90%of RD throrg.and 50% | 1 67| 1047 | 1228 | 14.12| 1627 | 63.81
of RD thr. inorg.
0, 0,
T t2h5r .;?;;BD thr.org-+75% RD| 15 17| 1367 | 15.65 | 17.68| 19.78 |  80.25
T- |Use of Rishi- Krishi Tantra 7.93 8.00 9.04 | 10.08| 11.19 46.24
Ts |Use of Jivamrut 9.47 9.33 10.17 | 11.03| 12.23 52.23
SE+ 014 | 0.306 | 0.31 | 0.31 | 0.31 --
CD@5% 041 | 0929 | 0.93 | 0.93 | 0.93 --
Initial status 753 | 7.53 799 | 8.46 | 8.93 40.44
Table 47. Effect of long term use of INM on periodical nitrate nitrogen (NOs-N)
content of soil (mgkg™) in 11" ratoon
_ 1
E;‘ Incubation days (NOs-N) (mg kg") Cumulative
Treatment 0 7 14 21 28 NOs-N
T1 |100 % of RD through organics 10.13| 10.40| 11.72 | 13.17 | 14.79 60.21
T, |100 % NPK through inorganic 11.47| 11.73| 12.68 | 13.64 | 14.67 64.19
Ts zs&tgéer dose (AST)WIthFYM 1 15 50| 12.97| 13.99| 1512 | 17.75 | 71.33
0, 0,
Ta i7n50 r/g of RDthrorg+25% RDthr.| 1 571 1033|1216 | 13.78 | 1545 | 61.99
0, 0,
Ts fhor /i"ng‘;gRD thr.org.and 50% of RD| 14 g7 | 1087 | 12.80| 1461 | 16.78 | 65.93
0, 0,
T t2h5r {;;gRD thr.org+75%RD | 1) 07| 14.20| 16.25| 1832 | 2049 | 83.33
T7 |Use of Rishi- Krishi Tantra 8.13 | 8.20 | 9.26 | 10.33 | 11.45 47.37
Ts |Use of Jivamrut 10.13| 10.27| 11.24 | 12.13 | 13.23 57.00
SE+ 0.206| 031 | 0.31 | 0.31 0.31 --
CD@5% 0.625| 095 | 0.95 | 0.95 0.95 --
Initial status 853 | 853 | 899 | 9.46 9.97 45.48




106

The result indicated that the combined application of legume crop
residues and chemical fertilizers release higher amount of N than that of chemical
fertilizers alone. This could be attributed to the application of chemical fertilizer
particularly N through urea which on hydrolysis released inorganic N at much faster
rate. Similar findings were made by Prasad and Singhania (1989) and Ghuman et al.
(1997).

4.8.2 Soil available phosphorus

The release rate of soil available phosphorus was slow in the beginning
and gradually increased throughout the incubation period due to different treatments
in both the rations (Table 48 and 49). A significant variation was noticed in soil
available phosphorus content during incubation period due to different treatments.
The Te i.e. 25 % RD through organics and 75 % RD through inorganic treatment
recorded maximum values for soil available P content as compared to rest of the
treatments throughout the incubation period in both ratoons. While, it was the lowest
In T i.e. use of rishi-krishi tantra treatments in both the ratoons during the incubation
period. The highest peak reached at 28 days of incubation in all the treatments in both
the ratoons. Highest cumulative release for soil available phosphorus content was
noticed in Te i.e. 25 % RD through organics and 75 % RD through inorganic
treatments in both the ratoons.

The mineralization of phosphorus might have incresed due to
soubalization of inorganic phosphorus in soil, mostly mediated by microbiological
activities. Due to secretion of organic acids like latic, butyric, acetic, propionic,
gluconic, glyconic, mallic, oxalic and citric acids and release of CO> through root
respiration which prevents phosphorus fixation of phosphorus ion with chelating
effect and there by encourages solubalization in soluble phosphates (Pattanayak

et al.,2009).
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Table 48. Effect of long term use of INM on periodical soil available phosphorus
(mg kg?) in It ratoon
Tr. Incubation Soil available phosphorus (mg kg?)
No. days Cumulative
Treatment 0 ! 14 21 28 Av.P
T: (100 % of RD through organics | 11.74 | 11.92 |12.31|12.72 | 13.16 61.85
T, (100 % NPK through inorganic | 14.48 | 14.66 |15.13 |15.60 | 16.09 75.96
and BE : . . . : :
T4 t7h5r "f)ng‘;gRD throrg+25%RD | 1345 | 1363 |14.06 [14.53 | 1502 |  70.69
Ts 50 % of RD thr.org.and 50% 0f | 15 54 | 1241 |12.81 (1326 | 13.76 |  64.48
RD thr. inorg.
Te t2h5r ‘;/;;;RD thr.org+75%RD | 153, | 1650 |17.08 [17.68 | 18.30 | 8588
T+ |Use of Rishi- Krishi Tantra 10.26 | 10.44 |10.73 |11.09 | 11.53 54.05
Ts |Use of Jivamrut 1091 | 11.09 [11.27 |11.58 | 12.03 56.88
SEx 0.224 | 0.216 |0.216 |0.216 | 0.216 --
CD@5% 0.680 | 0.655 |0.655 |0.655 | 0.655 --
Initial status 9.96 9.96 |10.10 |10.41 | 10.87 51.30
Table 49. Effect of long term use of INM on periodical soil available phosphorus
(mg kg™ in 11" ratoon
Tr. Incubation Soil available phosphorus (mg kg?)
No. days Cumulative
Treatment 0 ! 14 21 28 Av.P

T: |100 % of RD through organics | 12.57 | 12.75 |13.17 | 13.59 | 14.01 66.09

T> |100 % NPK through inorganic | 14.61 | 14.79 |15.32 | 15.80 | 16.24 76.76

Ts |Fertilizer dose (AST) with 1560 | 15.77 |16.41|16.95| 17.41 | 82.14

FYM and BF
) 0,
Ta t7h5r /i"ngigRDthr org+25%RD| 1403 | 1420 | 1465|1511 | 1560 | 7359
) [0)
Ts 50 % of RD thr.org.and 50% 0f | 1) g6 | 1314 |1353|13.99 | 1449 | 68.11
RDthr. inorg.
0, )
Te fhilﬁcf’rg@thr'org'”w"RD 1652 | 1670 |17.31|17.91 | 1850 | 86.94
T, |Use of Rishi- Krishi Tantra 10.88 | 11.06 |11.35|11.72 | 12.17 57.18
Ts |Use of Jivamrut 11.10 | 11.28 |11.46|11.78 | 12.23 57.85
SEx 045 | 045 | 045 | 045 | 045 -
CD @5 % 136 | 1.36 | 1.36 | 1.36 | 1.36

Initial status 10.15 | 10.23 |10.30 | 10.60 | 11.07 52.35
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4.8.3 Cumulative K release

Among the treatment Te i.e. 25 % RD through organics and 75 % RD
through inorganic recorded significantly highest step-K during the incubation period as
compared to rest of the treatments in I ratoon, while it was lowest recorded under Tsg
treatment i.e. use of Jiwamrut treatment (Table 50). More or similar trend was also
noticed in step-K content of soil in 11" ratoon (Table 51). The cumulative total step K
content was also reflected in Te i.e. 25 % RD through organics and 75 % RD through
inorganic in both the ratoons. The next best treatment was Ts i.e. fertilizer dose as per soil
test with FY M and biofertilizers.

The application of organics along with inorganic fertilizers recorded
higher values of Steps-K. The higher amount of exchangeable K in INM treated plots
over the years may be due to fact that organic additions could increase the CEC of soils
which was responsible for holding of more amount of water soluble and exchangeable K
and helped in release of both the forms from non- exchangeable pools. (Yaduvanshi and
Swarup, 2006, Sawarkar et al., 2013).

Table 50. Effect of long term use of INM on Step K content of soil (mg kg™) in
I* ratoon

Incubation Step K content (mg kg?)

Tr. days Cum.
No. Treatment 0 ! 14 21 28 Step K

T: |100 % of RD through organics 410.00 | 401.67 | 391.67 | 381.67 | 373.33| 1958.34

T> |100 % NPK through inorganic 365.00 | 361.67 | 356.67 | 358.33 | 350.00| 1791.67

Ts |Fertilizer dose (AST)WIth FYM |16 7 | 413.33 | 401.67| 391.67 | 383.33| 2006.67

and BF
Ta t7h5r (yi"ng‘;gRD throrg+25%RD | 3,9 33 | 375.00 | 365.00 | 358.33 | 350.00| 1826.66
0, [0)
Ts 150 % of RD thr.org.and 50% of | 40 04 | 356 67| 353.33 | 350.00 | 341.67| 1761.67
RD thr. inorg.
1) 0
Te chSrI(;:;EIRD throrg+75% RD | 433 33 | 428.33| 423.33 | 401.67 | 391.67| 2078.33
T, |Use of Rishi- Krishi Tantra 325.00 |321.67 | 316.67 | 315.00|306.67| 1585.01
T [Use of Jivamrut 313.33 | 306.67 | 305.00 | 303.33 | 295.00| 1523.33
SEx 430 | 377 | 373 | 222 | 232 | -
CD @5 % 13.05 | 1144 | 11.32 | 6.72 | 7.02

Initial status 292 290 300 298 290 1470
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Table 51. Effect of long term use of INM on periodical Step K content of soil
(mg kg1 in 11" ratoon

Tr. Incubation Step K content (mg kg?)

No. ays Cum.
Treatment 0 ! 14 21 28 Step K

T1 [100 % of RD through organics 406.67 | 405.00 | 396.67 | 390.00 | 380.00 | 1978.34

T> |100 % NPK through inorganic 366.67 | 366.67 | 361.67 | 360.00 | 358.33 | 1813.34

Ts |Fertilizer dose (AST) With FYM | 410 33 | 49000 | 405.00 | 405.00 | 388.33 | 2036.66

and BF
0, 0,
Ta tﬁfﬂg‘;;mhr 0rg-+25%RD | 376 67 | 375.00 | 366.67 | 366.67 | 356.67 | 1841.68
0, [0)
Ts (50 % of RD thr.org.and 50% of | o) o7 | 360 00 | 356.67 | 363.33 | 348.33 | 1790.00
RD thr. inorg.
0, 0,
Ts tzhg’rlﬁ?]é’r;.FQDthr'org'*?S/"RD 435.00 | 431.67 | 420.00 | 413.33 | 398.33 | 2098.33
T, [Use of Rishi- Krishi Tantra 325.00 | 326.67 | 315.00 | 333.33 | 313.33 | 1613.33
T, [Use of Jivamrut 311.67 | 313.33 | 310.00 | 326.67 | 301.67 | 1563.34
SE+ 4393 | 4196 | 3.046 | 6280 | 2.430 | --
CD@5 % 1332 | 12.73 | 9.248 | 19.05 | 7.37 -
Initial status 203 | 297 | 302 | 320 | 297 | 1509

The application of organics along with inorganic fertilizers (Ts) recorded
higher values of cumulative K release. The higher amount of exchangeable K in INM
treated plots over the years might be due to facts that organic additions could increase the
CEC of soils and responsible to adsorb more amount of water soluble and exchangeable
K and also desorbed the forms from nonexchangeable pools. Similar results were also
reported by Yaduvanshi and Swarup (2006) and Sawarkar et al. (2013). Use of jiwamrut
(Ts) and use of rishi krishi tantra ( T7) resulted in lowest values of cumulative K release.

Sugarcane is predominant crop under the command area of Maharashtra
and monocropping over the years and excessive dependence on chemical fertilizers has
led to decrease in soil health, nutrient status and yield. The long term integrated nutrient
management has proved the efficiency of NPK fertilizers when used in conjunction with
organic manures (minimum of 25 % through organic mannurs) for obtaining higher yield
of sugarcane. It is evident from the study, the application of 25 % RD through organics
and 75 % RD through inorganics significantly increased the soil quality indicators, i.e.
hydraulic conductivity, AWC, all nitrogen, phosphorus and potassium fractions, available
nitrogen, phosphorus, potassium, sulphur and silicon and available micronutrient cations,
soil quality index, yield, nutrient uptake and juice quality of preseasonal sugarcane over

the use of rishi-krishi tantra and use of jivamrut in Vertisol.
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5. SUMMARY AND CONCLUSIONS

The field investigation were carried out at Central Sugarcane Research
Station, Padegaon on “Soil quality assessment as influenced by long term use of
integrated nutrient management to sugarcane in Vertisol” is a long term experiment
conducted from 2006 in same site of experiment. The results obtain from I and 1"
ratoon of 11" cycle of preseasonal sugarcane is summarized under with following
subheads.

)] Field study
1) Long term use of INM on soil physical properties at harvest

The treatments of T1 (100% RD through organic fertilizers), T4 (i.e. 75%
RD through organic and 25 % RD through inorganic fertilizers) and Ts (i.e. 50% RD
through organic and 50% RD through inorganic) recorded significantly lower values for
bulk density as compared to T> (i.e. 100 % RD through inorganic fertilizers) in both the
ratoons.

The application of 50% RD through organics recorded significantly the
lowest dispersion index followed by fertilizer dose as per soil test with FYM and
biofertilizers in I* ratoon. It was the highest in T2i.e.100 % NPK through inorganics. The
similar trend was noticed in 11" ratoon as that of I ratoon sugarcane.

The COLE values were reduced significantly due to application of
organics. The application of 25 % RD through organics and 75 % RD through inorganic
treatment (Te) recorded significantly higher hydraulic conductivity, water stable
aggregates in I* and 11" ratoon.

Among the treatment, the T4 (i.e.75 % RD through organic and 25 % RD
through inorganic fertilizers) and Ti1 (i.e. 100 % RD through organic) recorded
significantly higher values of available water capacity in Itand 11" ratoon.

The Te i.e. 25 % RD through organics and 75 % RD through inorganic
treatment recorded maximum water stable aggregates i.e. 0.910 and 0.977 mm in I and
11" ratoon. The lower water stable aggregate was found in T+ i.e. use of rishi-krishi tantra

treatment.
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2) Long term use of INM on soil chemical properties at harvest

The treatment Ts i.e.50 % RD through organics and 50 % RD through
inorganic recorded significantly the lowest value of pH, while the application of 100 %
NPK through inorganic fertilizer (T2) recorded significantly the highest (pH 7.77) in I*
ratoon. The rishi-krishi tantra (Ts) recorded significantly the lowest values in I° ratoon.
The use of jivamrut (Ts) and rishi-krishi tantra (T7) recorded significantly the lowest
values for electrical conductivity in I and 11" ratoon.

The highest significant build up of organic carbon (0.96% and 0.99%)
content was recorded under 100 % RD through organics (T1) followed by (T4) i.e. 75 %
RD through organic and 25 % through inorganic treatment (0.93% and 0.96%) in both
the ratoons. The use of rishi-krishi tantra and Jiwamrut recorded significantly the lowest
values of calcium carbonate than rest of the treatments in both the ratoons.

The application of 50 % RD through organic and 50 % through inorganic
(Ts) recorded significantly higher values of cation exchange capacity of soil in Itand 11"
ratoon. It was at par with Te treatment i.e. 25 % RD through organics and 75 % RD
through inorganic.

The application of 25 % RD through organics and 75 % RD through
inorganic treatment (Te) recorded significantly higher soil available nitrogen,
phosphorus, potassium, sulphur and silicon and available micronutrient cations in both
the ratoons.

The exchangeable cations viz., Na, K and Mg were found significantly
higher in 100 % NPK application through inorganic fertilizer in I®and 11" ratoon. The
higher values of exchangeable calcium were recorded in 25 % RD through organics and
75 % RD through inorganic and 100 % NPK through inorganic treatment.

The treatments Te (i.e. 25 % RD through organics and 75 % RD through
inorganic) recorded significantly the higher values of NH4-N, NOs-N and total nitrogen.
Whereas, the lowest values for NH4-N, NOs-N and total nitrogen were recorded in
treatment Tg (i.e. use of jiwamrut) in both the ratoons.

The treatment Ts (i.e. 25 % RD through organics and 75 % RD through
inorganic) recorded significantly maximum values for Ca-P, Red. Soluble-P, Al-P, Fe-P,

Sal-P, Occluded-P and total P in both the ratoons. The use of Jiwamrut recorded the
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lowest values for P fractions. The content of inorganic phosphorus fractions were in the
order, Ca-P > Red-P >Al-P > Fe-P > Sal-P > Occi-P in both the ratoons.

The potassium fractions were in the decreasing order: lattice K > non-
exchangeable K > exchangeable K > water soluble K. It was influenced by integrated
nutrient management treatments in I and 11" ratoon. Application of 25 % RD through
organics and 75 % RD through inorganic (Te) showed increased in all the fractions of
potassium as compared to other treatments in both the ratoons.

The application of 100 % RD through organics significantly recorded
higher water soluble carbon (WSC), permanganate oxidizable carbon (POXC), soil
microbial biomass carbon (SMBC), particulate organic matter carbon (POMC), humic
acid carbon and fulvic acid carbon and soil organic carbon stock in It and 11" ratoon.
The active pools of carbon fractions in the decreasing order : POMC > SMBC > POXC >
WSC due to different treatment in both the ratoons. Whereas, the use of jiwamrut and
rishi-krishi showed less carbon fractions.

3) Long term use of INM on soil biological properties at harvest

Application of 100 % RD through organic showed significantly the higher
microbial count of bacteria, fungi and actinomycetes. The total microbial count was more
wherever, organics were added particularly under the application of 100 % RD through
organic and in conjunction with 75 % and 50 % organic treatments in both the ratoons.

The application of 100 % RD through organics (T1) resulted higher
microbial respiration followed by treatment Tsi.e. 75 % RD recorded through organic
and 25 % through inorganic in 1t and 11" ratoon.

The application of 100 % RD through organics recorded significantly
higher dehydrogenase and urease enzyme activity in It and 11" ratoon. While, it was the
lowest in application of inorganic fertilizers alone i.e. 100% RD through inorganics (T2)
treatment.

Both acid and alkaline phosphatase enzyme activity was increased in 1™
ratoon as compared to I* ratoon. In general acid and alkaline phosphatase activity was

higher in organically treated plots as that of 100% NPK through inorganic treatment.
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4) Soil quality assessment

In both the ratoons the significantly higher soil quality index (0.94 and
0.95) was obtained under Ts i.e. 25 % RD through organics and 75 % RD through
inorganic followed by Ts i.e. fertilizer dose AST, FYM and biofertilizers treatment.
While, it was the lower in T7 i.e. use of rishi-krishi tantra, Tg i.e. use of Jiwamrut
treatments and control plot in both the ratoons. The major contributing factors are total
phosphorus, dehydrogenase activity, soil available zinc, field capacity and electrical
conductivity in I ratoon, while in 11" ratoon the, the major contributing factors are total
phosphrous, total organic carbon, dehydrogenase activity, reducted phosphorus, calcium
carbonate and nitrate nitrogen.

5) Long term use of INM on yield, growth and juice quality parameters of
preseasonal ratoon sugarcane at harvest

The number of millable cane was significantly influenced by different
integrated nutrient management treatment. The Te i.e. 25 % RD through organics and
75% RD through inorganic treatment significantly recorded higher number of millable
canes at I and 11" ratoon.

Among the treatment, Te i.e. 25 % RD through organics and 75 % RD
through inorganic treatment recorded significantly higher cane, top and CCS vyield at I
and 11" ratoon stages.

The application 25 % RD through organics and 75 % RD through
inorganic treatment recorded maximum sucrose content at I and 11" ratoon. However,
brix, pol and purity I and 11" ratoon of preseasonal sugarcane were not significantly
influenced due to various integrated nutrient management treatments except brix at I
ratoon. The application of 100% NPK through inorganic fertilizers (T2) recorded higher
values for reducing sugars in both the ratoons.

6) Long term use of INM on nutrient uptake at harvest

The total uptake of nitrogen, phosphorus, potassium, sulphur and silicon
was significantly increased due to application of 25 % RD through organics and 75 %
RD through inorganic (Te) treatment in both the ratoons. The micronutrient uptake which

was significantly increased under Te treatment.
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1) Correlation studies

The soil quality was correlated with cane and top yield in I ratoon, the r
values are between 0.853* and 0.885*. The soil quality index were highly correlated with
nutrient uptake except manganese and zinc (The r values between 0.831* and 0.935%).
Among the nutrients uptake of sulphur and silicon were highly correlated with soil
quality (0.935** and 0.928**).

In 11" ratoon, the soil quality index was correlated with cane and top yield
(r=0.867* and 0.893*) in 11" ratoon. The soil quality index were highly correlated with
potassium, sulphur, silicon and Iron uptake (r=0.921** and 0.928**). Whereas, nitrogen,
phosphorus, manganese, zinc and copper were correlated (r between 0.813* and
0.899*).As regards the juice quality parameters, the soil quality index was not correlated
with different parameters except sucrose (r=0.816%).

1) Laboratory incubation study

The application of 25 % RD through organics and 75 % RD through
inorganic significantly released highest NHs—N from 0 to 28 days of incubation than that
of rest of all treatments. The Te i.e. 25 % RD through organics and 75 % RD through
inorganic treatment recorded significantly the highest of NOz-N during the incubation
than rest of the treatment while it was the lowest under treatment Ts i.e. use of Jiwamrut.
The similar trend was also registered in 11" ratoon as that of I ratoon.

The highest peak reaching at 28 days of incubation in all the treatments in
both the ratoons. The highest cumulative for soil available phosphorus content was
noticed in treatments in both the ratoons.

Among the treatment, Ts i.e. 25 % RD through organics and 75 % RD
through inorganic recorded significantly highest step-K during the incubation period as
compare to rest of the treatments in I and 11" ratoon.

Conclusions

The omission of fertilizers over the years resulted in significantly lower
yield of preseasonal sugarcane in comparison to rest of the treatments. The application of
25 % RD through organics and 75 % RD through inorganics significantly increased the
soil quality indicators, soil carbon sequestration, soil quality index, yield, nutrient uptake
and juice quality of preseasonal sugarcane over the use of rishi-krishi tantra and use of
jivamrut in Vertisol.



115

6. LITERATURE CITED

Abdu Fatah Soomro, Shmasuddin Tunio, Fateh Chand Oad and Inaitullah Rajper. (2013)
Integrated effect of inorganic and organic fertilizers on the yield and quality of
sugarcane (Saccarum officinarum L.) Pakistan Journal of Botany 45 (4), 1339-
1348.

Acharya, C.L., Rao, A. Subba and Ghosh, P.K. (2008) Managing soil health through
indigenous knowledge.Indian Farming 3, 4-7.

Ahmed, S. Riyazuddin and Reddy, Krishna P.V. (2004) Influence of organic manure
(FYM) in prescription of inorganic fertilizer for different yield target of sugarcane
based on soil test crop response correlation. Cooperative Sugar 36 (1), 29-36.

Allison, L.E. and Moodier, C.D. (1965) Methods of soil analysis. Part-11, Black C.A.
(Ed.) American Society of Agronomy Madison, W.I. pp. 1387-88.

Anderson, J.P.E. (1982) Soil respiration. in methods of soil analysis, Part-2 [A.L. Page,
R.H. Miller and D.R. Keeney (eds.)]chemical and microbiological properties,
Agronomy Monograph No.9, ASA-SSSA Publisher. Madison, Wisconsin, USA,
pp. 831-871.

Andrews, S.S., Karlen, D.L. and Mitchell, J.P. (2002b) A comparison of soil quality
indexing methods for vegetable production systems in Northen California.
Agriculture Ecosystem and Environment 90,25-45.

Andrews, S.S., Mitchell, J.P., Mancinelli, R., Karlen, D.L., Hartz, T.K., Horwath, W.R.,
Pettygrove, G.S., Scow, K.M. and Munk, D.S. (2002a) On farm soil quality in
California’s Central Valley. Agronomy Journal pp.12-23.

Babu, M., Vijaya Sankar, Reddy Mgstan, Subramanyam, A. and Balaguravaiah. (2007)
Effect of integrated use of organic and inorganic fertilizers on soil properties and
yield of sugarcane. Journal of the Indian Society of Soil Science 55 (2), 161-166.

Badanur, V.P., Poleshi, C.M. and Naik Balchandara, K. (1990) Effect of organic matter
on crop Yyield and physical and chemical properties of a vertisol. Journal of the
Indian Society of Soil Science 38, 426-429.



116

Bandyopadhyay, K.K., Misra, A.K., Ghosh, P.K. and K.M. Hati (2010) Effect of
integrated use of farmyard manure and chemical fertilizers on soil physical
properties and productivity of soybean. Soil and Tillage Research 110,115-125.

Battikopad, G.M., Jadhav, M.B., Sawale D.D. and Mane, S.R. (2009) Changes in
microbial population (count) in enriched cattle dung compost at different
intervals. Journal of Soil and Crop19 (1), 193-195.

Becker, M., Ladha, J.K., Simson, I.C. and Ottow, C.G.(1994) Parameter affecting
residues nitrogen mineralization in flooded soil. Soil Science Society of American
Journal 58, 1666-1671.

Bedi, P., Dubey, Y.P. and Datt, N. (2009) Microbial properties under rice-wheat cropping
sequence in an acid Alfisol. Journal of the Indian Society of Soil Science 57, 373-
377.

Bhalerao, V.P., Jadhav, M.B. and Bhoi, P.G. (2005) Substitution of chemical fertilizers
using different organics and studying their effects on soil properties, nutrient
uptake, yield and quality of sugarcane. Co-operative Sugar 36 (1), 903-905.

Bhalerao, V.P., More, N.B., Patil, A.\V. and Bhoi, P.G. (2006) Substitution of
inorganic fertilizers by organics for sustaining sugarcane production and soil
health. Indian Sugar pp. 37-44.

Bharadwaj, V. and P.K. Omanwar. (1992) Impact of long-term fertilizing
treatments on bulk density, water contents, and microbial population of
soil. Journal of the Indian Society of Soil Science 40, 553-555.

Bhattacharyya, T., Ray, S.K., Pal, D.K., Chandran, P., Mandal, C. and Wani, S.P. (2009)
Soil carbon stocks in India-issues and priorities. Journal of the Indian Society of
Soil Science 57 (4), 461-468.

Black, C.A., Evans, D.D., White, J.L., Elsminger, L.E. and Clark, F.E. (Eds) (1965.)
Method of soil analysis | and Il. American Society of Agronomy.No.9 Madison,
Wisconsin, USA.

Blair, G.J., Lefroy, R.D.B. and Lisle, L. (1995) Soil carbon fraction based on their degree
of oxidation and development of carbon management index for agricultural

system. Australian Journal of Agriculture Research 46, 1459-1466.



117

Blake, G.R. and Hartage, K.H. (1986) Bulk density. In Methods of soil analysis, part-I,
Klute, A. (Ed.) Il edition, American Society of Agronomy. and
Soil Science Society of America., Madison, USA. pp.371-373.

Bokhtiar, S.M., Hai-Rong Huang, Yang-Rui Li and Dalvi, V.A. (2012) Effects of silicon
on yield contributing parameters and its accumulation in abaxial epidermis of
sugarcane leaf blades using energy dispersive x-ray analysis. Journal of Plant
Nutrition 35, 1255-1275.

Bokhtiar, H., Rehman, R.C. and Rahman, A.B.M.M. (2005) Efficacies of some organic
fertilizers on sustainable sugarcane production in old Himalayan piedmont plain
soil of Bangladesh. Pakistan Journal of Sugarcane 20 (1), 2-5.

Bokhtiar, S.M. and Sakurai, K. (2005) Integrated use of organic manure and chemical
fertilizer on growth, yield and quality of sugarcane in high Ganges river flood
plain soils of Bangladesh. Communication in Soil Science and Plant Analysis
36,1823-1837.

Brar, B.S., Kamalbir Singh, Dheri, G.S. and Balwinder Kumar.(2013) Carbon
sequestration and soil carbon pools in a rice—wheat cropping system, Effect of
long-term use of inorganic fertilizers and organic manure. Soil and Tillage
Research 128,30-36.

Brejda, J.J., Moormam, T.B., Karlen, D.L. and Dao, T.H. (2000) Identification of
regional soil quality factors and Indicators. I, Central and Southern High plains.
Soil Science Society of American Journal 64, 215-2124.

Brooks, P.C., Landman, A., Pruden, G. and Jenkinson. (1985) Chloroform fumigation
and release of soil nitrogen, a rapid direct extraction method to measure
microbial biomass nitrogen in soil. Soil Biology and Biochemistry 17, 837-842.

Cambardella, C.A. and Eliott, E.T.(1992) Particulate soil organic matter Changes across a
grassland cultivation sequence. Soil Science Society of American Journal 56,
777-783.

Casida, L.E., Jr. Klein, D. and Santora, R. (1964) Soil dehydrogenase activity. Soil
Science 98, 371-378.

Chapman, H.D. and Pratt, P.F. (1961) Methods of Analysis of soils, Plant and water.
Division of Agricultural Sciences University of California., USA. pp. 564-568.



118

Chatterjee, D., Datta, S.C. and Manjaiah, K.M. (2014) Fractions, uptake and fixation
capacity of phosphorus and potassium in three contrasting soil orders. Journal of
Soil Science and Plant Nutrition 14 (3), 640-656.

Chesti, M.H, Kohli, Anshuman, Mujtaba Aziz, Sofi, J.A. Tabasum Nazir Qadri, Q.J.A.
Peer, Dar, M.A. and Bisati, I.A. (2015) Effect of integrated application of
inorganic and organic sources on soil properties, yield and nutrient uptake by Rice
(Oryza sativa L.) in intermediate zone of Jammu and Kashmir. Journal of the
Indian Society of Soil Science 63(1), 88-92.

Chhonkar, P.K. (2003) Organic farming: Science and belief. Dr R. V. Tamhane Memorial
Lecture delivered at the 68th Annual Convention of the Indian Society of Soil
Science, CSAU&T, Kanpur.

Cooperative Sugar (2015) 47 (3) pp. 40-42.

Dang, Y.P., Verma, K.S. and Pannu, B.S. 1995. Need for potassium fertilization in
sugarcane. Indian Sugar XLV: 229-235.

Dement, J.A. and Bartelli, L.J. (1969) The role of vertic subgroups in the comprehensive
soil classification system. Soil Science Society of American Proceedings 33, 129-
131.

Dhull, S.K., Goyal, S., Kapoor, K.K. and Mundra, M.C. (2005) Crop rotation effects on
soil organic matter and soil microbial properties. Indian Journal of Agricultural
Research 39 (2), 128-132.

Dixon, J.B. (1982) In Vertisols and Rice soils of the tropics. Symposia Papers-11. 121
Cong. Soil Science Mineralogy of vertisol. New Delhi. pp. 48-59.

Doran, W. and Parkin, T.B. (1994) Defining and assessing soil quality. In 'Defining Soil
Quality for a Sustainable Environment' (Eds. J.W. Doran, D.C. Coleman, D.F.
Bezdicek, and B.A. Stewarts. Soil Science Society of America, Wisconsin pp.3-21.

Dutta, S., Pal, R., Chakeraborty, A. and Chakrabarti, K. (2003) Influence of integrated
plant nutrient supply system on soil quality restoration in a red and laterite soil.
Archives of Agronomy and Soil Science 49, 631-637.

Ebhin Masto R., Pramod, K., Chhonkar, Dhyan Singh and Patra, A.K. (2007) Soil quality
response to long-term nutrient and crop management on a semi-arid Inceptisol.

Agriculture Ecosystem and Environment 118, 130-142.



119

Economic Survey of Maharashtra. (2015-16) Directorate of economics and statistics,
planning department, Government of Maharashtra, Mumbai. pp.4-5.

Flowers, M.D. and Lal, R. (1998) Axle load and tillage effects on soil physical properties
and soybean grain yield on a mollic wchraqualf in northwest Ohio. Soil Tillage
Research 48, 21-35.

Food and Agriculture organization (2001) Report of the 3" research coordinator meeting.
FAO/IAEA Co-ordinated Research Project on Management of Nutrients and
Water in Rainfed Arid and Semi-arid Areas for Increasing Crop Production. 24—
28 September, Vienna.

Fraser, D.G., Doran, JW., Sahs, W.W. and Lesoing, G.W. (1988) Soil microbial
population and activities under conventional and organic management. Journal of
Environment Quality 17, 585-590.

Gable, D.B., Kubde, K.J., Katore, J.R., Fiske, A.V. and Deshmukh, M.R. (2008) Physico-
chemical properties of soil as affected by integrated nutrient management in
maize-chickpea cropping system. Journal of Soil and Crops 18 (2), 462-468.

Gathala, M.K., Kanthaliya, P.C., Arvind Verma and Chahar, M.S. (2007) Effect of
integrated nutrient management on soil properties and humus fractions in the
long-term fertilizer experiments. Journal of the Indian Society of Soil Science 55
(3), 360-363.

Ghai, S.K, Rao, D.L.N. and Batra, L. (1988) Nitrogen contribution to wetland rice by
green manuring with Sesbania spp. in an alkaline soil. Biology and Soil Fertility
6, 22-25.

Ghosh Subhadip, Wilson Brian, Ghoshal Subrata, Senapti Nimai and Manadal Biswapati.
(2012) Organic amendments influence soil quality and carbon sequestration in the
Indo-Gangetic plains of India. Agriculture, Ecosystem and Environment 156, 134-
141.

Ghosh, P.K., Dayal, D., Mandai, K.N., Wanjari, R.H. and Hati, K.M. (2003)
Optimization of fertilizer schedules in fallow and groundnut based cropping
system and an assessment of system sustainability. Field Crop Research 80, 83-
98.



120

Ghugare, R.V., Magar, S.S. and Daftardar, S.Y. (1988) Effect of distillery effluent
(spentwash) with dilution on growth and yield parameters of adsali sugarcane (Co
740). Paper in National Seminar on Sugar Factory and Allied Industrial Wastes-A
new focus, 1-3.

Ghuman, B.S. and Sur, H.J. (2006) Effect of manuring on soil properties and yield of
rainfed wheat. Journal of the Indian Society of Soil Science 54 (1), 6-11.

Ghuman, S., Sur, H.S. and Lal, K. (1997) Effect of green manuring on soil properties and
yield of wheat under dryland conditions. Journal of the Indian Society of Soil
Science 45 (1), 99-103.

Gogoi, B., Barua, N.G. and Baruah, T.C. (2010) Effect of integrated supply of nutrients
on soil microbial biomass carbon in an Inceptisol of Assam. Journal of the Indian
Society of Soil Science 58, 241-244.

Grossman, R.B., Brasher, B.R., Franzmeier, D.P. and Walker, J.L. (1968) linear
extensibility as calculated from natural clod, bulk density measurement. Soil
Science Society of American Proceedings 32, 570-573.

Guo, J.H., Liu, X.J., Zhang, Y., Shen, J.L., Han, W.X., Zhang, W.F., Christie, P.,
Goulding, K.W.T., Vitousek, P.M. and Zhang, F.S. (2010) Significant
acidification in major Chinese croplands. Science 327, 1008-1010.

Gupta, R.K., Bhumbla, D.K. and Abrol, I. P. (1984) Effect of sodicity, pH organic matter
and calcium carbonate on the dispersion behavior of soil. Soil Science 13, 245-
251.

Halberg, N. and Kristensen, I.S. (1997) Expected crop yield loss when converting to
organic dairy farming in Denmark. Biological agriculture and horticulture 14,
25-41.

Halvorsun, H.O. and Ziegler, N.R. (1993) Application of statistics to problems in
bacteriology. I.A. means of determining bacterial population by the dilution
method. Journal of Bacteriology 25, 101-121.

Hase, C., Ghayal, N., Taware, P. and Dhumal, K. (2011) Influence of sugarcane
monocropping on rhizosphere microflora, soil enzymes and NPK status.

International Journal of Pharma Biology and Science 2 (1), 188-202.



121

Hati, K.M., Anand Swarup, Dwivedi, A.K., Misra, A.K. and Bandyopadhyay, K.K.
(2007) Changes in soil physical properties and organic carbon status at the topsoil
horizon of a vertisol of central India after 28 years of continuous cropping,
fertilization and manuring. Agriculture Ecosystem and Environment 119,127—
134.

Hati, K.M., Chaudhary, R.S., Mandal, K.G., Misra, A.K., Singh, R.K., Wani, S.P., Singh,
P. and Pathak, P. (2013) Effect of land management and cropping systems on
runoff, soil loss, soil water dynamics and crop yield in a Vertisol of Central India.
Journal of the Indian Society of Soil Science 61(2),79-88.

Hati, K.M., Mandal, K.G., Misra, A.K., Ghosh, P.K. and Bandyopadhyay, K.K. (2006)
Effect of inorganic fertilizer and farmyard manure on soil physical properties, root
distribution, and water-use efficiency of soybean in Vertisols of central India.
Bioresource Technology 97, 2182-2188.

*Haynes, R.J. and Naidu, R. (1998) Influence of lime, fertilizer, and manure applications
on soil organic matter content and soil physical conditions, A review. Nutrient
Cycling in Agroecosystems 51, 123-137.

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), 1571-1576.

Huang, S.S., Tai, S.F., Chen, T.C. and Huang, S.N. (1993) Comparison of crop
production as influenced by organic and conventional farming systems. Taichung
Dist. Agric. Improvement Stn. Special Publication 32, 109-125.

Hudson, B.D. (1994) Soil organic matter and available water capacity. Journal of Soil
and Water Conservation 49, 189-194.

Hussain, 1., Olsen, K.R., Wander, M.M. and Karlen, D.L. (1999) Adaptation of soil
quality indices and application to three tillage systems in southern rllinois. Soil
and Tillage Research 50, 237-249.

Jackson, M.L. (1973) Soil Chemical Analysis. Prentice Hall Pvt. Ltd., New Delhi. pp.69-
182.

Jagtap, S.M., Jadhav, M.B. and Kulkarni, S. (2006) Effect of levels of NPK on yield and
quality of suru sugarcane (Cv. CO-7527) Indian Sugar 56 (7), 35-39.



122

Jha, C.K., Alm, M. and Sinha, S.K. (2011) Integrated nutrient management through bio-
methanated distillery effluent for enhancing sugarcane production and sustaining
soil health in Entisol of Bihar. Proc. 10" Joint Conv. Of STAI and DSTA. pp. 30-
42,

Kale, K.D. (2013) Assessment of soil quality degradation due to salinity and sodicity and
its relation with crop productivity in mula command area of Ahmednagar District,
Maharashtra State. Ph.D (SSAC) thesis submitted to Mahatma Phule Krishi
Vidypeeth Rahuri.(MS) India.

Kannan, P., Saravanan, A., Krishnakumar, S. and Natarajan, S.K. (2005) Biological
properties of soil as influenced by different organic manures. Res. Journal of
Agricultural and Biological Science 1(2), 181-183.

Karlen, D.L., Wollenhaupt, N.C., Erback, D.C., Berry, E.C., Swan, J.B., Eash, N.S. and
Jordakl, J.L. (1994) Crop residue effects on soil quality following 10 years of no
till corn. Soil and Tillage Research. 31, 149-167.

Katkar, R.N., Kharche, V.K., Sonune, B.A., Wanjari, R.H. and Muneshwer Singh (2013)
Long term effect of nutrient management on soil quality and sustainable
productivity under sorghum-wheat crop sequence in Vertisol of Akola,
Maharashtra. Agropedology.b (2), 103-114.

Keeney, D.R. and Nelson, D.W. (1982) Nitrogen-inorganic forms “In methods of soil
analysis Part 2, Chemical and Mineralogical properties “Page, A.L.(Ed), II Edn.
Am. Soc. Agron. INC. and Soil Sci. Soc. Soc. Am., Inc. Madison, Wisconsm,
USA. pp.643-693.

Keshavaiah, K.V., Palled, Y.B., Shankaraiah, C., Channal, H.T. Nandihalli, B.S. and
Jagadeesha, K.S. (2012) Effect of nutrient management practices on nutrient
dynamics and performance of sugarcane Karnataka Journal of Agricultural
Sciences 25 (2),187-192.

Khambalkar, Priyadarshani A., Tomar, P.S. and Verma, S.K. (2013) Influence of
integrated nutrient management on carbon sequestration and its relationship with
productivity of pearlmillet (Pennisetum glaucum)-mustard (Brassica juncea)

cropping sequence. Indian Journal of Agronomy 58 (4), 480-489.



123

Kharche, V.K., Patil, S.R., Kulkarni, A.A., Patil, VV.S. and Katkar, R.N. (2013) Long-term
Integrated Nutrient Management for Enhancing Soil Quality and Crop
Productivity under Intensive Cropping System on Vertisols. Journal of the Indian
Society of Soil Science 61(4), 323-332.

Korndorfor, G.H., Coelho, M.N., Snyder, G.H. and Mizutani, C.T. (1999) An evaluation
of soil extractants for silicon availability in upland rice. Journal of plant Nutrition
23,101-106.

Kshirsagar, A.M. (1972) Multivariate analysis. Marcel and Dekker, New York.

Kumar Sanjay, Rana, N.S. and Saini, S.K. (2003) Effect of NPK fertilization on
production potential of autum sugarcane based inter cropping. Indian Journal of
Sugarcane Technology 18(1-2), 55-58.

Kumar Vijay and Mehar Chand. (2013) Effect of integrated nutrients management on
cane yield, juice quality and soil fertility under sugarcane based cropping system.
Sugar Technology 15, 214-218.

Kumar Vijay and Sagwal O.P. (1998) Effect of sugarcane trash and fertilizer nitrogen
applications on the nutrient status and soil physical properties in Haryana soil.
Indian Sugar 47: 967-971.

Kumar Vijay, Dang, Y.P., Jawahar Singh, Mehla A.S. and Dhawan A.K. (2005)
Relationship between nitrogen and phosphorus use efficiency and different
morpho-physiological characters in sugarcane. Co-operative Sugar 36,405-409.

Kumar, V. and Verma, K.S. (2002) Influence of use of organic manures in combination
with inorganic fertilizers on sugarcane and soil fertility. Indian Sugar 6 , 177-
181.

Kumaraswamy, K., R.V. Reddy and K. Babu. (1998) Cumulative effect of continuous
cropping and manuring of sugarcane on organic matter and NPK status of the soil.
Journal of the Indian Society of Soil Science 46, 47-49.

Kundsen, D., Peterson, G.A. and Pratf, P.F. (1982) Lithium, sodium and Potassium
inorganic forms “In methods of soil analysis Part 2, Chemical and Mineralogical
properties” Page, A.L.(Ed), II Edn. Amer. So. Agron. INC. and Soil Sci. Soc. Soc.
Am, Inc. Madison, Wisconsm, USA. pp.225-245.



124

Kundu, S., Vassanda Coumar, M., Saha, J.K., Rajendiran, S., Hati, K.M., Biswas, A.K.,
Reddy, K.S. and Subba Rao, A. (2012) Assessing soil health of Vertisol of AESR
10.1 using selected physical, chemical and biological attributes of soils. Journal
of the Indian Society of Soil Science 60 (4), 281-287.

Laharia, G.S., Darshana U. Patil and Damre, P.R. (2013) Effect of organic sources on soil
fertility, nutrient uptake and yield of soybean. Crop Research 1,2 and 3,155-159.

Lalfakzuala, R., Kayang, H. and Dkhar, M.S. (2008) The effect of fertilizers on soil
microbial components and chemical properties under leguminous cultivation.
American-Eurasian Journal of Agricultural and Environmental Science 3,314-
324.

Lane, J.H. and Euton, L. (1993) Determination of sugar by Fehling’s solution with
methyl blue as indicator. Joural of Chemical Society of India 42, 32-34.

LI Juan, ZHAO Bing-giangl, LI Xiu-yingl, JIANG Rui-bol and So Hwat Bing. (2008)
Effects of Long-Term Combined Application of Organic and Mineral Fertilizers
on Microbial Biomass, Soil Enzyme Activities and Soil Fertility. Agriculture
Science of China 7 (3),336-343.

Lindsay, W.L. and Norvell, W.L. (1978) Development of DTPA soil test for Zn, Fe, Mn
and Cu. Soil Science Society of American Journal 42, 421-428.

Loveday, J. (1974) Method for soil analysis of irrigated soils, CAB Technical Comm. No.
54. Commonwealth Agri. Bureau Farnham Royal, Bucks England in Association
with Commonwealth Scientific and Industrial Research Organization, Australia.
pp. 118-120.

*Lund, Z.F. and Doss, B.D. (1980) Residual effects of dairy cattle manure on plant
growth and soil properties. Agronomy Journal 72,123-130.

Mamata Begum, Narayanasamy, G., Rai, R.K. and Biswas, D.R. (2007) Influence of
integrated nutrient management on nitrogen and phosphorus in soil under wheat-
mungbean-maize cropping system. Journal of the Indian Society of Soil Science
55 (2), 175-183.

Mandai, U.K., Singh, O., Victor, U.S. and Sharma, K.L. (2003) Green manuring, its
effect on soil properties and crop growth under rice-wheat cropping system.

European Journal of Agronomy 19, 225-237.



125

Mandal, A., Patra A.K., Singh, D., Swarup, A. and Masto, R.E. (2007) Effect of long
term application of manure and fertilizer on biological activities in soil during
crop development stages. Bioresource Technology 98, 3585-3592.

Manimaran, S. and Kalyansundaram (2006) Effect of spacing, planting techniques,
intercropping and nutrient management on the yield and macronutrient uptake of
sugarcane (CO-8603). Indian Sugar 56(7), 23-27.

Manna, M.C., Praomad Jha, Brijlal Lakaria and Subba Rao, A. (2013) Soil organic matter
under different bago-climatic regions of India. Scientific bulletin.lISS. Bhopal.
pp. 1-87.

Marathe, R.A. and Bharambe, P.R. (2005) PKV Research Journal 29,179-182.

Marinari, S.G., Masciandaro, Ceccanti, B. and Grego, S. (2000) Influence of organic and
mineral fertilizers on soil biological and physical properties. Bioresource
Technology 72, 9-17.

Mateia, Gabi-Mirela., Mateia, S., Victoria Mocanua, Seceleanua, I., Valentina Cotet,
Sorina Dumitrua. (2012) Study on microbial communities and soil organic matter
in irrigated and non-irrigated Vertisol from Boianu. Soil Forming Factors and
Processes from the Temperate Zone 11, 1-8.

Matichenkov, V.V. and Calvert, D.V. (2002) Silicon as a beneficial element for
sugarcane. Journal of American Society of Sugarcane Technology 22,21-30.

Mazumdar, S.P. Kundu, D.K. Ghosh, D. Saha, A.R. Majumdar, B. and Ghorai, A.K.
(2014) Effect of long-term application of inorganic fertilizers and organic manure
on yield, potassium uptake and distribution of potassium fractions in the new
gangetic alluvial soil under jute-rice-wheat cropping system. International
Journal of Agriculture and Food Science Technology 5 (4), 297-306.

*Mc Gill, W.B., Cannon, K.R., Robertson, J.A. and Cook, F.D. (1986) Dynamics of soil
microbial biomass and water-soluble carbon in Breton L after 50 years of
cropping two rotations. Canadian Journal of Soil Science 66,1-19.

Medhi, B.D., Barthaakur, H.P. and Barthaakur, S.N. (1996) Effects of organic and
inorganic source of nitrogen on the nutrients in soil and soil solution of rice.
Journal of the Indian Society of Soil Science 44(2), 263-266.



126

Meena, V.D., Dotaniya, M.L., Coumar Vassanda., Rajendiran, S. Ajay., Kundu, S. and
Subba Rao, A. (2014) A case for silicon fertilization to improve crop yields in
tropical soils. Proceedings of the National Academy of Sciences, India, Section B.
Biological Sciences 84 (3), 505-518.

Mikha, M.M. and Rice, C.W. (2004) Tillage and manure effects on soil and aggregate
associated carbon and nitrogen. Soil Science Society of American Journal 68,
809-816.

Moharana, P.C., Biswa, D.R., Patra, A.K., Datta, S.C., Singh, R.D. and Bandyopadhyay,
K.K. (2014) Soil nutrient availability and enzyme activities under wheat-green
gram crop rotation as affected by rock phosphate enriched compost and inorganic
fertilizers. Journal of the Indian Society of Soil Science 62 (3), 224-234.

More, N.B., Deshmukh, S.U., Bhoye, U.K. and Pawar, S.M. (2013) Influence of organic
and chemical nutrient sources on sugarcane yield and soil in inceptisol Journal of
Agriculture Research and Technology 38 (3), 353-360.

More, N.B., Bhalerao, V.P., Patil, A.V. and Bhoi, P.G. (2005) Integration of nutrient
sources for sustaining and production and its effect on soil yield and quality of
seasonal sugarcane. Indian Sugar. pp. 21-28.

*Mustafa, M.A. and Latey, J. (1969) The effect of two non-ionic surfactant on aggregate
stability of soil. Soil Science 107, 343-347.

Nagendra, B.R. and Patil, P.L. (2015) Characterization and classification of soil resources
of Shirol West-1 microwatershed. Karnataka Journal of Agricultural Sciences
28(4),504-5009.

Naidu, K., D. Radder, B.M. Patil, P.L. Hebsur, N.S. and Alagundagi, S.C. (2013) Effect
of integrated nutrient management on nutrient uptake and residual fertility of
chilli (Cv. byadgi dabbi) in a vertisol. Karnataka Journal of Agricultural Sciences
22 (2),306-3009.

Nandapure, S.P., Sonune, B.A., Gabhane, V.V., Katkar, R.N. and R.T. Patil (2011) Long
Term Effects of Integrated Nutrient Management on Soil Physical Properties and
Crop Productivity in Sorghum-Wheat Cropping Sequence in a Vertisol. Indian
Journal of Agricultural research 45(4),336-340.



127

Nath, D.J., Ozah, B., Baruah, R., Barooah, R.C., Borah D.K. and Gupta, M. (2012) Soil
enzymes and microbial biomass carbon under rice-toria sequence as influenced by
nutrient management. Journal of the Indian Society of Soil Science 60, 20-24.

Navanit Kumar (2012) Productivity, quality and nutrient balance in spring sugarcane
(Saccharum spp. hybrid complex) under organic and inorganic nutrition. Indian
Journal of Agronomy 57 (1), 68-73.

Nayak, A.K., Gangwar, B., Arvind K., Shukla, Sonali P. Mazumdara., Anjani Kumar.,
Rajab, R. Anil Kuma., Vinod Kumar., Raia, P.K. and Udit Mohan. (2012) Long-
term effect of different integrated nutrient management on soil organic carbon and
its fractions and sustainability of rice—wheat system in Indo Gangetic Plains of
India. Field Crops Research 127, 129-139.

Nazirkar, R.B. and Kamthe, N.D. (2012) Effect of INM for pre-seasonal sugarcane on
growth, nutrient uptake, biochemical composition and soil properties. An Asian
Journal of Soil Science 7(1), 89-92.

Nelson, D.W. and Sommer, L.E. (1982) Total carbon, organic carbon and Organic matter.
In, Methods of soil Analysis, Part-11, Page, A.L. (Ed.), Am. Soc. Agron. Inc. Soil
Sci. Am. Inc. Madison, Wisconsin, USA. PP. 539-579.

Palemino, M. and Rhoades, J.D. (1977) Determining cation exchange capacity, A new
procedure for calcareous and gypsiferrous soil. Soil Science Society of American
Journal 41, 524-528.

Panse, V.A. and Sukhatme, P.V. (1995) Statistical methods for Agricultural workers,
Revised Edn. ICAER, New Delhi.

Parr, J.F., Papendick, R.I., Hornick, S.B., and Meyer, R.E. (1992) Soil quality, attributes
and relationship to alternative and sustainable agriculture. American Journal of
Alternative Agriculture 7, 5-11.

Parthasarthy, S.V., Manohar Rao, P.J. and Krishna, B. (1979) Guide to sugarcane
research and development publication by sugar technical services Sorypur. pp.
213-214.

Patel, C.L., Patel, M.N., Patel, G.G. and Patel, A.A. (2006) Sustaining sugarcane

production through integration of nutrient sources in sugarcane based cropping



128

system. Deccan Sugar Technologist Association, Pune (India) 54" Annual
Convention. pp. A91-A96.

Pathak, P., Sahrawat, K.L., Rego, T.J. and Wani, S.P. (2005) Measurable biophysical
indicators for impact assessment: changes in soil quality. In Natural Resource
Management in Agriculture: Methods for assessing economic and environmental
impacts (B. Shiferaw, H.A. Freeman and S.M. Swinton, Eds.), Wallingford, UK:
CAB International, pp. 75-96.

Pattanayak, S.K., Sureshkumar, P. and Tarafdar, J.C. (2009) New Vista in Phosphorus
Research. Journal of the Indian Society of Soil Science 57 (4), 536-545.

Peterson, G.W. and Corey, R.B. (1966) A modified change and Jackson procedure
routine fractions of inorganic soil P. Proceedings of Soil Science of America 30,
363-565.

Phalke, D.H. (2015) Soil health as influenced by recycling of in situ sugarcane crop
residue and industrial wastes under soybean-maize sequence in Vertisol. Ph.D.
thesis submitted to Mahatma Phule Krishi Vidyapeeth, Rahuri, Dist. Ahmednagar
(M.S)) India.

Piper, C.S. (1966) Soil and plant analysis. Hans Publications Bombay. pp.368.

Pothare, S., Rathod, P.K., Ravankar, H.N., Patil, Y.G., Yewale, A.C. and Pothare
Dhammadina. (2007) Effect of long term fertilization in vertisols on soil
properties and yield of sorghum wheat sequence. The Asian Journal of Soil
Science 2 (1),74-78.

Prabhu, N.V., Talashilkar, S.C. and Chavan, A.S. (1987) Inter-relationship between
dispersion ratio and water transmission characteristics of salt affected soils of
Maharashtra. Journal of the Indian Society of Soil Science 35, 497-501.

Prakash, N.B., Chandrashekar, N., Mahendra, C., Patil, S.U., Thippeshappa, G.N. and
Laane, H.M. (2011) Effect of foliar spray of soluble silicic acid on growth and
yield parameters of wetland rice in hilly and coastal zone soils of Karnataka,
South India. Journal Plant Nutrition 34, 1883-1893.

Prasad, J., Karmakar, S., Kumar, R. and Mishra, B. (2010) Influence of integrated

nutrient management on yield and soil properties in maize-wheat cropping system



129

in an Alfisol of Jharkhand. Journal of the Indian Society of Soil Science 58, 200-
204.

Prasad, R.A. and Singhania, R.A. (1989) Effect of different types of enriched manures
and time of incubation on soil properties. Journal of the Indian Society of Soil
Science 37, 319-322.

Ramdoss, G., Kannappan, K. and Kathiresan, G. (2003) Effect of stages of dhaincha
incorporation and nitrogen levels on the yield and quality of sugarcane. Indian
Sugar. May 2003 pp. 103-104.

Ramdoss, G., Kathiresan, G. and Kannappan, K. (2004) Nitrogen management in ratoon
sugarcane through intercropping of dhaincha. Indian Sugar 28(5), 493-495.

Rao, K.B., Ramavatharam, N., Prihar, S.S. and Quasar, M.A. (1978) Changes in bulk
density of soils due to changes in moisture content. Journal of the Indian Society
of Soil Science 26,320 —322.

Rasal, P.H., Shingte, V.V., Kalbhor, H.B. and Patil, P.L. (1988) A study on production
and evaluation of enriched sugarcane trash compost. Journal of Maharashtra
agricultural Universities 13 (1), 28-31.

Rathore, A.K., Harendra Singh and Rituja Jain.(2014) Growth, yield and quality of
Sugarcane (Saccharum Spp. Hybrid Complex) as influenc/ed by integrated
nutrient management and genotypes. The Bioscan 9 (2), 727-730.

Ravindra Babu, P. (2009) Effect of NPK application through organic manures on cane
yield and juice quality of sugarcane. Indian Sugar 58(11), 39-42.

Reshmi Sarkar, Basavarajl, B. and Sandipta Kar. (2014) Influence of calcium on
distribution of different forms of iron in Vertisols. Agropedology, 16 (1), 32-36.

Richard, L.A. (1948) Porous plate apparatus for measuring moisture retention and
transmission of soils. Soil Science 66,105-110.

Saha, S., Chakraborty, D., Sharma, A.R., Tomar, R.K., Bhadraray, S. Sen, U., Behera, U
K., Purakayastha, T.J., Garg, R.N. and Kalra, N. (2010) Effect of tillage and
residue management on soil physical properties and crop productivity in maize
(Zea mays)-Indian mustard (Brassica juncea) system. Indian Journal of
Agricultural Sciences 80 (8), 679-685.



130

Saini, S.K., Rajesh, A., Singh, V. and Sinha, S.K. (2006) Effect of fly ash pressmud cake
and phosphorous solubilizing bacteria (PSB) on yield and growth and quality of
sugarcane. Indian Sugar 7, 25-28.

Saini, S.K., Tyagi, S. and Singh, D. (2007) Effect of integrated nutrient management on
soil fertility and productivity in sugarcane and its ratoon in sugarcane based
cropping system, an economic study. Co-operative Sugar 38 (5), 57-62.

Sandhikar, N.K., Apparao, C.V. and Subbaiah, A.R. (1982) A note on sugarcane trash in
corporation in sugar factory farm of A.P. Proc. DSTA. 32" pp. 53-56.

*Sartori de Camargo, Ménica, Korndorfer, Gaspar Henrique, and Wyler, Patricia.(2009)
Silicon absorption by sugarcane: effect of soils type and silicate fertilization. The
Proceedings of the International Plant Nutrition Colloquium XVI, Department of
Plant Sciences, UC Davis, UC Davis.

Sathish, A., Ramchandrappa, B.K. Shankar, M.A., Shikanth, Babu, P.N., Ch.
Shrinivasrao and Sharma, K.L. (2016) Long-term effects of organic manure and
manufactured fertilizer additions on soil quality and sustainable productivity of
finger millet under a finger millet-groundnut cropping system in southern India.
British Society of Soil Science, Soil Use and Management pp.1-11.

Savant, N.K., Korndorfer, G.H., Datnoff, L.E. and Snyder, G.H. (1999) Silicon nutrition
and sugarcane production, a review. Journal of Plant Nutrition 22 (12), 1853-
1903.

Sawarkar, S.D., Khamparia, N.K., Risikesh Thakur, Dewda, M.S. and Muneshwar Singh.
(2013) Effect of long-term application of inorganic fertilizers and organic manure
on yield, potassium uptake and profile distribution of potassium fractions in
Vertisol under soybean-wheat cropping system. Journal of the Indian Society of
Soil Science 61 (2), 94-98.

Schafer, W.M. and Singer, M.J. (1976) A new method of measuring shrink-swell
potential using paste. Soil Science Society of American Journal 40, 805-806.

Schjonning, P., Christensen, B.T. and Carstensen, B. (1994) Physical and chemical
properties of a sandy loam receiving animal manure, mineral fertilizer or no

fertilizer for 90 years. European Journal of Soil Science 45, 257-268.



131

Sebiomo, A., Ogundero, V.M. and Bankole, S.A. (2011) Effect of four herbicides on
microbial population, soil organic matter and dehydrogenase activity. African
Journal of Biotechnology 10(5), 770-778.

Shadaksharappa, G.S., Patil, C.V. and Hebsur, N.S. (1995) Irrigation induced changes in
soil properties of Malaprabha command area. Journal of Maharashtra
agricultural Universities 20, 283-284.

Sharma Upender and Subehia, S.K. (2014) Effect of long term integrated nutrient
management on Rice (Oryza sativa L.)-Wheat (Triticum aestivum L.) productivity
and soil properties of north —western Himalaya. Journal of the Indian Society of
Soil Science 62 (3), 248-254.

Sharma, A., Jalali, V.K., Arya, Vivek, M. and Rai, Pradeep (2009) Distribution of various
forms of potassium in soils representing intermediate zone of Jammu region.
Journal of the Indian Society of Soil Science 57, 205-208.

Sharma, B.L., Singh, S., Prakash, V., Mishra, A., Srivastava, P.N., Singh, D.N. and
Singh, S.B. (2005) Integrated nutrient management in sugarcane, performance of
FYM, biocompost and press mud cake with inorganic N on growth and quality
indices. Co-operative Sugar 36(12), 993-997.

Sharma, G.D., Risikesh Thakur, Som Raj, Kauraw, D.L. and Kulhare, P. S. (2013)
Impact of Integrated Nutrient Management on Yield, Nutrient Uptake, Protein
Content of Wheat (Triticum astivam) and Soil Fertility in a Typic Haplustert. The
Biscan 8 (4),1159-1164.

Sharma, K.L., Kusuma Grace, J., Mishra, P.K. Venkateswarlu, B., Nagdeve, M.B.,
Gabhane, V.V., Maruthi Sankar, G., Korwar, G.R., Ravindra Chary, G., Srinivasa
Rao, C., Pravin N. Gajbhiye, Madhavi, M., Mandal, U.K. Srinivas, K. and
Kausalya Ramachandran (2011) Effect of soil and nutrient-management
treatments on soil quality indices under cotton-based production system in rainfed
semi-arid tropical Vertisol. Communication in Soil Science and Plant Analysis
42,1298-1315.

Sharma, K.L., Kusuma, J.G., Mandal, U.K., Gajbhiye, P.N., Srinivas, K., Korwar, G.R.,
Hima Bindu, V., Ramesh, V.M., Kausalya, R. and Yadav, S.K. (2008) Evaluation

of long-term soil management practices using key indicators and soil quality



132

indices in a semi-arid tropical Alfisols. Australian Journal of Soil Research
46,368-377.

Sharma, K.L., Srinivas, K., Mandal, U.K, Vittal, K.P.R., Kusuma Grace, J. and Maruthi
Sankar, G. (2004) Integrated Nutrient Management Strategies for Sorghum and
Green gram in Semi arid Tropical Alfisols. Indian Journal of Dryland Agriculture
Research and Development 19,13-23.

Sharma, R.P. and Verma, T.S., (2001) Dynamics of nitrogen fractions with long term
addition of lantana camara biomass in rice-wheat cropping sequence. Journal of
the Indian Society of Soil Science 49, 407-412.

Shinde, D.B., Bangar, N.D. and Pawar, N.B. (2002) Comparative efficiency of legumes
and microbial inoculums on decomposition of sugarcane trash in-situ. Journal of
Maharashtra agricultural Universities 27 (2), 131-137.

Shukla, A.K. and Mishra, R.R. (1997) Effect of herbicide butachlor on nitrogen
transformation and soil microbes. Journal of Indian Society of Soil Science 45 (3),
571-574.

Shukla, M.K., Lal, R. and Ebinger, M. (2004) Soil quality indicators for reclaimed mine
soils in South Estern Ohio. Soil Science 169 (2),133-142.

Shukla, S.K., Singh, P.N., Chauhan, R.S. and Solomon, S. (2014) Soil physical, chemical
and biological changes and long term sustainability in subtropical India through
integration of organic and inorganic nutrient sources in sugarcane. Sugar
Technology published online on 8" January 2014.

Singh, A.K., Sarkar, A.K., Kumar, Arvind and Singh, B.P. (2009) Effect of long-term use
of mineral fertilizers, lime and farmyard manure on the crop yield, available plant
nutrient and heavy metal status in acidic loam soil. Journal of the Indian Society
of Soil Science 57, 362-365.

Singh, A.K., Singh, Raghvendra and Singh, Kalyan. (2005) Growth, yield and economics
of rice (Oryza sativa) as influenced by level and time of silicon application.
Indian Journal of Agronomy 50 (3),190-193.

Singh, A. and Roysharma, R.P. (1968) Long term experiments with fertilizers and

manures on sugarcane in India. Experimental Agriculture 4, 65-75.



133

Singh, G.R., Chaure, N.K. and Parihar, S.S. (2001) Organic farming for sustainable
agriculture. Indian Farming 52, 12-17.

Singh, G.B. and Yadav, D.V. (1992) Integrated nutrient supply system in sugarcane and
sugarcane based cropping systems. Fertilizer News 37 (4): 15-22.

Singh, G.B. and Yadav, D.V. (1994) Critical analysis of long term manurial experiments
on sugarcane in India. Fertilizer News 39 (10): 25-34.

Singh, G.B. and Yadav, D.V. (1996) Plant nutrient supply needs, efficiency and policy
issues for sugarcane for the years 2000-2005. In Proceedings of symposium on
plant nutrient supply needs, efficiency and policy issues, 2000-2025, ed. J.S.
Kanwar and J.C. Katyal, 169-181. New Delhi, India, National Academy of
Agricultural Sciences.

Singh, H., Sharma, K.N. and Arora, B.R. (1993) Influence of continuous fertilization to a
fixed maize-wheat sequence on the changes in chemical pools of soil phosphorus
and potassium. National Seminar on Development in Soil Sciences Abstracts,134-
136.

Singh, K.P. and Srivastava, T.K. (2011) Sugarcane productivity and soil fertility in plant
— ratoon system under integrated and organic nutrient management in sub-tropics,
Indian Journal of Sugarcane Technology 26 (1),10-15.

Singh, K.P., Archna Suman, Singh, P.N. and Menhi Lal. (2007b) Yield and soil nutrient
balance of a sugarcane plant-ratoon system with conventional and organic
nutrient management in sub-tropical India. Nutrient cycling in Agro-ecosystems
79, 209-219.

Singh, K., Bansal, S.K. and Moinuddin (2007a) Effect of continuous cropping for twenty
years on some properties of the intensively cultivated alluvial soil and nutrient
indexing of rice. Journal of the Indian Society of Soil Science, 55, 265-269.

Singh, N.J., Athokpam, H.S., Devi, K.N., Chongtham N., Singh, N.B., Sharma, P.T. and
Dayananda, S. (2015) Effect of farm yard manure and press mud on fertility status
of alkaline soil under maize-wheat cropping sequence. African Journal of
Agricultural Research 10(24),2421-2431.



134

Singh, R.P., Das, S.K., Bhaska Rao, U.M. and Narayana Reddy, M. (1990) Sustainability
index under different management. Annual report, CRIDA, Hyderabad, India. p
106.

Six, J., Paustian, K., Elliott, E.T. and Combrink, C. (2000) Soil structure and organic
matter. Distribution of aggregate-size classes and aggregate-associated carbon.
Soil Science Society of American Journal 64, 681-689.

Soil Survey Staff. (2006) Keys to Soil Taxonomy, 10" Edition, United States Department
of Agriculture, Washington,D.C.1-325.

Somani, L.L. and Saxena, S.N. (1976) Tropical Agriculture 132, 9-12.

Sonawane, D.A. and Sabale, R.N. (2000) Effect of different sources nitrogen on growth,
yield and quality of sugarcane. Journal of Maharashtra agricultural Universities
25 (1),15-17.

*Spencer, E.F. and Meade, G.P. (1964) Cane sugar Handbook. 9" Edn. John Wiley and
sons, Inc., New York.

Srinivasarao, Ch., Lal, R., Kundu, S., Babu, P., Venkateswaralu, B. and Singh, A.K.
(2014) Soil carbon sequestration in rainfed production systems in the semiarid
tropics of India. Science and Total Environment 487, 587-603.

Srivastava, P.N., Singh, D.N. and Singh, S.B. (2005) Integrated nutrient management in
sugarcane: performance of FYM, biocompost and pressmud cake with inorganic
N on growth and quality indices. Cooperative Sugar 36(12), 993-998.

Srivastava, T.K., Lal, M., Singh, K.P., Suman, A. and Kumar, P. (2009) Enhancing soil
health and sugarcane productivity in a plant-ratoon system through organic
nutrition modules in subtropics. Indian Journal of Agricultural Sciences 79 (5),
346-350.

Srivastava, T.K., Singh, K.P., Menhi Lal, Suman, A. and Kumar, P. (2008) Productivity
and profitability of sugarcane (Saccharum spp. Complex hybrid) in relation to
organic nutrition under different cropping system. Indian Journal of Agronomy 53
(4), 310-313.

Stanhill, G. (1990) The comparative productivity of organic agriculture. Agriculture.

Ecosystem and Environment 30, 1-26.



135

Stevenson, F.J. (1994) Humus Chemistry, Genesis, Composition, Reactions. 2" ed. John
Wiley and Sons. New York. 196p.

Suarez, D.L., Rhoades, J.D., Lavado, R. and Grieve, C.M. (1984) Effect of pH on
saturated hydraulic conductivity and soil dispersion. Soil Science Society of
American Journal 48 : 50-56.

Subbaih, B.V. and Asija, G.L. (1956) A rapid procedure for the estimation of available
nitrogen in Soils. Current Science 25,259-260.

Subehia, S.K. and Swapana Sepehya. (2012) Influence of long-term nitrogen substitution
through organics on yield, uptake and available nutrients in a Rice-Wheat system
in an Acidic Soil. Journal of the Indian Society of Soil Science 60 (3), 213-217.

Sundara, B. (1998) Sugarcane Cultivation, Vikas Publishing House Pvt. Ltd., 576, Masjid
Road, Jangpura, New Delhi, 110014.

Sarawgi, S.K., Shrikant Chitale, Alok Tiwari and Sandeep Bhoi. (2012) Effect of
phosphorus application along with PSB, Rhizobium and VAM on P fractionation
and productivity of soybean (Glycine max). Indian Journal of Agronomy 57(1),
55-60.

Tabatabai, M.A. and Bremner, J.M. (1970) A simple turbidimetric method of determination
of total sulphur in plant. Agronomy Journal 62, 805-808.

Tabatabai, M.A. and Bremner, J.M. (1972) Assay of urease activity in soil. Soil Biology and
Biochemistry 4,479-487.

Tandon H.L.S. (1987) Phosphorus Research and Agricultural Production in India FDCO New
India.

Thangasamy, A., Naidu, M.V.S., Ramavatharam, N. and Raghava Reddy, C. (2005)
Characterization, classification and evaluation of soil resources in sivisagiri micro-
watershed of Chittoor district in Andhra Pradesh for sustainable land user planning.
Journal of the Indian Society of Soil Science 53,11-21.

Umesh, U.N., Vipin Kumar, Alam, M., Sinha, S.K. and Khusboo Verma. (2013) Integrated
effect of organic and inorganic fertilizers on yield, quality parameter and nutrient
availability of sugarcane in calcareous soil. Sugar Technology 15(4), 365-369.

Umesh, U.N., Vipin Kumar, Prasad, R.K., Singh, K.D.N. and Singh, A.P. (2014) Effect of

integrated use of inorganic and organic materials on the distribution of different



136

forms of nitrogen in soil and their influence on sugarcane yield and nutrient uptake.
Journal of the Indian Society of Soil Science 62 (3), 209-215.

Va Nayak, Jatav, G.K. and Bhagat, R.K. (2013) Different N fractions and their relationship
with available nitrogen, yield and nutrient uptake in safflower (Carthamus
tinctorious) in Vertisol. Current Advances in Agriculture Sciences 5(1),135-137.

Venkatakrishnan, D. and Ravichandran, M. (2007) Effect of integrated nutrient management
on growth and yield of sugarcane. International Journal of Tropical Agriculture 25
(1-2),163-168.

Venkatakrishnan, D. and Ravichandran, M. (2012) Effect of integrated nutrient management
on sugarcane Yyield and soil fertility on an Ultic Haplustalf. Journal of the Indian
Society of Soil Science 60(1),74-78.

Venkateswarlu, B. and Srinivasarao, C. (2004) Soil microbial diversity and the impact of
agricultural practices. Indian Journal of Dryland Agriculture Research and
Development 19(2),97-105.

Wander, M.M. and Bollero, G.A. (1999) Soil quality assessment of tillage impacts on
Illonois. Soil Science Society of American Journal 63,961-971.

Wang Jun, Liu Wen-Zhaol, Mu Han Feng and Dang Ting-Hui. (2010) Inorganic phosphorus
fractions and phosphorus availability in a calcareous soil receiving 21 year
superphosphate application, Pedosphere 20(3),304-310.

Wang, M.C. and Yang, C.H. (2003) Type of fertilizer applied to a paddy-upland rotation
affects selected soil quality attributes. Geoderma 114, 93-108.

Wani, S.P., Pathak, P., Jangawad, L.S., Eswaran, H. and Singh, P. (2003) Improved
management of Vertisols in the semi-arid tropics for increased productivity and soil
carbon sequestration, Soil Use and Management 19, 217-222.

Watanabe, F.S and Oslen, S.R. (1965) Test of ascorbic acid methods for phosphorus in water
and sodium bicarbonate extract of soil. Proceedings Soil Science Society of America
21, 677-678.

Wilding, L.P. and Coulombe, C.E. (1996) Expansive soils. Distribution, morphology and
genesis. In Proc. NATOARW on clay swelling and expansive soils. Kluwer
Academic, Dordrecht, Netherlands.

Willams, C.H. and Steinbergs, A. (1959) Soil sulphur fractions as chemical indices of
available sulphur in some Australian soils. Austrian Journal Agricultural Research
10, 340-352.



137

Wood, L.K. and Deturk, F.E. (1941) Adsorption of ammonia and potassium in non-
exchangeable form. Proceedings Soil Science Society of America 5,152-161.

Wynen, E. (1994) Economics of organic farming in Australia. In The Economics of Organic
Farming (eds Lampkin, N. H. and Padel, S.), CAB, Wallingford, UK, pp. 185-199.

Yadav, D.V., Singh, T. and Shrivastva, A.K. (1987) Recycling of nutrients in trash with
nitrogen for higher cane yield. Biological Waste 20, 133-141.

Yadav, J.S.P. (1989) Irrigation induced soil salinity and sodicity. Proceeding of world food
day symposium on environmental problems affecting agriculture in Asia and pacific
region held at FAO, Bangkok, Thailand, pp. 47-62.

Yaduvanshi, N.P.S. and Swarup, A. (2006) Effect of long-term fertilization and manuring on
potassium balance and non exchangeable K release in a reclaimed sodic soil. Journal
of the Indian Society of Soil Science 54,203-207.

Yaduwanshi, N.P.S. (2003) Substitution of inorganic fertilizers by organic manures and the
effect on soil fertility in a rice -wheat rotation on reclaimed soil in India. Journal of
Agriculture Sciences 140, 161- 168.

Yerima, B.P.K., Wildasing, L.P., Calhoun, F.G. and Hallmark, C.T. (1989) Volcanic ash-
influenced Vertisols and associated Mollisols of El Salvador.Physical, chemical and
morphological properties. Soil Science Society of American Journal 51, 699-708.

Zososki, R.J. and Bureau, R.G. (1977) A rapid nitric per chloric acid digestion method for
multi element tissue analysis. Communication in Soil Science and Plant Analysis
8(5),425-436.

* Originals are not seen



138

7. VITA

DEEPAK DULAJI SAWALE
A candidate for the degree
of

DOCTOR OF PHILOSOPHY (AGRICULTURE)

Title of Thesis

Mayjor field
Biographical information

Personal

Educational

Professional

Soil Quality Assessment As Influenced By Long Term
Use of Integrated Nutrient Management to Sugarcane
in Vertisol.

Soil Science and Agricultural Chemistry

Born at Ambe, Tal. Junnar, Dist. Pune, Maharashtra on 27™
July, 1977. Son of Shri. Dulaji and Sau. Chandrabhaga
Sawale.

e Passed S.S.C. from Annasaheb Awate Vidyyalaya,
Junnar, Dist. Pune in1993.

e Passed H.S.C. from Shri. Shiv Chattrapati College
of Arts, Commerce and Science Junnar, Dist. Pune
in 1995.

e Passed B.Sc. (Agri.) from College of Agriculture,
Pune, MPKV, Rahuri in 1999.

e Passed M.Sc.(Agri.) in Agricultural Chemistry
with first class from Post Graduate Institute,
M.P.K.V., Rahuri in 2001.

e Junior Research Assistant at Breeder, AICRP on
Safflower, ZARS, Solapur from 2003 to 2004.

e Junior Research Assistant at Micronutrient
Research Scheme, Department of Soil Science and
Agricultural Chemistry, MPKV, Rahuri from 2004
to 2006.

e Sr. Research Assistant from April 2006 to
December 2007



Publications

Contact Details

139

e Assistant Professor of Soil Science and
Agricultural Chemistry from December 2007 at
Division of Soil Science and Agricultural
Chemistry, College of Agriculture, Pune to till

date.
Research 115
Technical 117
Extension 128
Books Chapter : 02

Flat No. E-604, Kamalraj Balaji Residency,
Dighi Bhosari Road, Bhosari,
Pune 411 015

Mob. No. : 8275473522
E-mail : ddspune@yahoo.co.in



mailto:ddspune@yahoo.co.in

	Mr. Sawale Deepak Dulaji
	Mr. Sawale Deepak Dulaji (1)
	Department   :    Soil Science and Agricultural Chemistry

