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INTRODUCTION

Soybean (Glycine max L. Merill) is an important leguminous and
oilseed crop which has played significant role in the yellow revolution in
India. Since, it is rich in oils (17-21%) and protein (38-42%), it is
considered suitable for feeding humans as well as animals (lbrahim and
Kandil 2007).

During the past four decades the use of high yielding varieties of
crops and inorganic fertilizers has resulted in rapid increase in
agricultural production. Fertilizer is one of the key inputs responsible to
increasing agricultural production, but it must be realized that their cost
and other constraints frequently discouragement farmers from using
them in recommended quantities and balanced proportion. Further, the
imbalance use of chemical fertilizer also deteriorated soil health. Indian
agriculture, particularly when there is more and more use of non-
sulphur containing fertilizers and lesser use of organic manures (Raina
and Tanawade 2005).Removal of S by crops in India is about 1.26
million tonne (Mt), where its replenishment through fertilizers is only
about 0.76 Mt (Tiwari and Gupta 2006). Furthermore, the use efficiency
of added S through external sources is also very low, being only 8-10%
(Hedge and Murthy 2005). Sulphur deficiencies in Indian soils were
estimated to occur in about 130 districts (Tandon 1991). About 45%
districts of the country showed more than 40% S deficiency (Singh
2000). The fertilizer responsive varieties have accelerated the depletion
of S reserves in the soil, even from lower soil depths (Pillai 1994).
Sulphur is a mobile nutrient element in the soil system which moves
down to the lower soil layers due to various pedalogical as well as
frequent irrigations and rains that further enhanced the extent of S
movement and alteration in soil system (Tripathi and Hazara 2000).

Sulphur deficiency in crop is gradually becoming widespread in
different soils in several states of India due to fast depletion of natural
soil resource of sulphur through the continuous use of sulphur free
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fertilizers, inadequate recycling of crop residues, input exhaustive high
yielding crop varieties, high sulphur requiring crops, practice of
intensive multiple cropping system and leaching losses through down
the profiles. More than 70-90% of soil sulphur is in the organic form (as
that of N) in combination with C and N. The inorganic sulphur (10-30%)
is present as sulphate/sulphide (SO4? form. Availability of sulphur is
influenced by various soil factors and hence its availability varies widely
with soil type (Balanagoudar and Satyanarayana 1990).

Under intensified cultivation crop removal is the main source of
nutrient depletion and there is a negative balance due to inadequate
replacement of the depleted nutrients, which lowers the productive
capacity of soils in turn deteriorating the quality of future crop. In view
of the above facts, the present study was undertaken to find out the
influence of fertilizer on the distribution of sulphur in Vertisol under

soybean-wheat cropping sequence.

In recent years, an increased frequency of sulphur deficiency
has been observed all over the world. When sulphur is deficient, both
quantity and quality of the crops are reduced. Sulphur deficiency
symptoms show a pale green coloration of younger leaves first as
sulphur is not very mobile in the plant. In severe cases of sulphur
deficiency the entire plant can be stunted and pale green. Affected
plants may be thin stemmed and spindly. Source of sulphur Organic
matter, Soil minerals, the atmosphere, pesticides organic wastes,

irrigation water and fertilizer.

It also plays an important role in the synthesis and formation of
certain essential amino acids like cysteine, cystine and methionine, the
building blocks for the proteins. In the absence of sufficient sulphur,
several essential enzymatic activities and physiological functions are
inhibited. Thus, maintenance of an optimum level of sulphur in the soil
in relation to other nutrients is essential for maximum crop production

and its quality aspects.
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Soil is the main source of sulphur nutrition of crops and its
availability is dependent on sulphur fractions. Sulphur in soil can be
broadly grouped into five forms viz. available-S, water soluble-S, heat
soluble-S, organic-S and total-S. Among these sulphur pools, organic-S
dominantly controls the level of plant available sulphur. Soil structure
can protect soil organic matter against microbial attack by providing
physical protection within water stable soil aggregates. Organic sulphur
is reported to constitute between 5%and 98% of the available sulphur in

Indian soils.

The knowledge of relative distribution of sulphur at different soil
depth may be helpful in formulation of a sound fertilizer programme in
realizing higher economic productivity under Long Term Fertilizer use in

a cropping system.

The present study is planned to evaluate the “Distribution of
sulphur pools as influenced by long term application of fertilizers and

manure in Vertisol” with the following objectives.
Objectives

1. To determine the effect of continuous addition of fertilizer and

manure on status of soil sulphur pools.

2. To work out the relationship between the fraction of sulphur with

availability of sulphur in soil.
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REVIEW OF LITERATURE

The present investigation on impact of various nutrients input
through fertilizers and manure on aggregate associated sulphur pools in
a Vertisol was to assess the extent of soil aggregation and the contents
in sulphur pools associated with them. Also to evaluate the effect of
amount of soil available nutrients in soil surface and subsurface layers
on sulphur fractions and their relationship with different soil parameters.
Relevant literature on these aspects is reviewed in this section below.

2.1 Soil pH

Patiram and Singh (1993) after three years of continuous
application of manures and nitrogenous fertilizers in acid Inceptisols of
Sikkim found that application of manure increased the pH due to
decrease of Al and release of basic cations during decomposition of
manure whereas, application of nitrogenous fertilizers decreased the pH
of the soil.

Sharma et al. (2000) reported decrease in pH with the application
of FYM. In contrary to this, Balaguravaiah et al. (2005) reported an
increase in pH with application of FYM continuously for eighteen years.

Zhang et al. (2008) observed the decrease in soil pH by 0.2 to 1.1
units from the initial value (pH 5.3). The maximum fall in soil pH was
due to application of N alone either as urea (pH 4.7) or ammonium
sulphate (pH 4.4). This is due acid producing nature of these
nitrogenous fertilizers. With an increase in the levels of NPK from 50 to
150 per cent of optimal dose there was a corresponding decrease in
soil pH. Inclusion of organic manure along with NPK fertilizers resisted
drastic fall in pH due to buffering action of organic matter (Sudhir et al.
2002). Similar trend was observed in sub surface layer (Hati et al.
2008).

Verma et al. (2010) studied the integrated nutrient management
on soil properties under long term field experiment (LTFE) in a Typic

Haplustept at Udaipur. They observed that application of 20 tone FYM
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ha' and combined use of NPK with 10 tone FYM ha' showed no

marked changes in soil pH over the 9 years of experimentation.

Birla (2012) studied the continuous application of fertilizers and
manure to crops grown with soybean-wheat in sequence. He observed
the range of pH between 7.50 (50% NPK) to 7.62 (100% NPK and
150% NPK) in various treatments at 0-20 cm depth. There was no any

significant effect of continuous use of fertilizers and manure on soil pH.

Patel (2014) reported that the there was no significant effect of
continuous use of fertilizers and manure on soil pH and it was ranged
between 7.46 to 7.60 in various treatments after 42 cropping cycle of

continuous application of fertilizers and manure.

From the perusal of literature it is clear that the pH of soil may
decrease if fertilizers having residual acidity are continuously used in
acid soil while, it may remain almost unchanged if fertilizer are used in
normal soil having high buffering capacity. Further it also appears that
use of organic manure (FYM) may act as and stabilizing factor (Dwivedi
et al. 2007).

2.2 Soil EC

Khiani and More (1984) carried out long term field experiment on
cotton and sorghum in medium black clay loam soil of Pune under
rainfed condition on cotton and sorghum. The finding indicates that the
EC of soil remain unaltered when continuous application of FYM
applied to these crops over a period of 10 years @ 6.2 tonne ha™
Similar finding was observed by Santhy et al. (1999).

Grewal et al. (1999) reported that under pearl millet wheat
cropping sequence at Hisar, continuous fertilizers for 13" years caused
a non significant difference in EC of the sandy loam soil covering
surface and subsurface horizons.

In this connection, It has been established that continuous use of
inorganic fertilizer over a long period of time have no marked influence

on EC of the soil and conjoint use of FYM and fertilizer may cause
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meager change which could be due to addition of organic manure which

increased the buffering capacity of the soil (Dwivedi et al. 2007).

Raghuvanshi (2013) studied the continuous application of fertilizers
as affected by EC. He observed that EC ranged between 0.12 (100% NPK-
S) to 0.18 dSm™ (150% NPK) in various treatments. It was found that
various doses of fertilizers and manure did not result in any significant

effect on soil EC at 20 cm depth in vertisol.

Patidar (2014) observed that the EC of the soil at 0-20 cm depth
ranged 0.12 to 0.18 dSm™. It indicates that imposition of different

treatments had not affected any significant change in soil EC.
2.3 Organic carbon

Tomar (2003) from their studies in Typic Haplustert clay soil
following soybean-wheat crop sequence receiving inorganic fertilizers
either alone or with FYM continuously for 31 years had observed that
organic carbon content was 1.02%(100% NPK + FYM) as compared to
0.58% in control. Similarly, Verma et al. (2005) also reported that the
application of 100% NPK through FYM 10 t ha’ and FYM 20 t ha™’

significantly improved the organic carbon content of soils.

Bajpai et al. (2006) found that organic carbon content increased
from 22.9 to 27.4 per cent over the initial level (5.1 g kg'1) and from
27.5 to 31.2 per cent over control by continuous application of FYM
over the years. An overall increase in organic carbon was observed in

surface layer.

Behera and Singh (2009) reported an increase in SOC with the
application of fertilizers. Difference in OC content due to application of
fertilizers might be the result of differential rate of oxidation of organic

matter by microbes.

Tabassum et al. (2010) reported that integrated use of chemical
fertilizers and organic sources maintained initial status of soil organic
carbon after 4 years of cropping. But, the integrated use of 50 per cent
NPK with 5t FYM / 1t poultry manure / 5 t urban compost per hectare to
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soybean and 100 per cent NPK to wheat and use of FYM alone
significantly improved the soil organic carbon status in surface soil as
compared to control and initial status.

Lakaria et al. (2012) reported that the soil organic carbon storage
with turnover rates of biomass under different IPNS modules in a
vertisol had improved in carbon sequestration through balanced and
integrated nutrient management. The highest C addition and storage
was recorded under 16 and 8 t ha™ FYM addition to soybean and wheat

respectively.

Persual of above literature shows that the continuous use of
inorganic fertilize alone or with FYM tends to improve organic carbon
content of the soil.

2.4 Available nitrogen content of the soil

Tyagi and Bhardwaj (1994) examined soil samples for variation in
N, P and K availability with depth. They reported that the maximum
value (235 kg ha") of available N in surface layer and minimum (70 kg

ha) in deeper layer of soil. .

Singh et al. (2002) noticed the highest available N content in
surface and subsurface layer with application of 100% NPK+FYM as
compare to control and it frequently decline with increasing soil depth.

Sonune et al. (2003) reported that after ten years of continuous
cropping and manuring, highest available N content was recorded in
treatment where FYM was applied in conjunction with chemical
fertilizers followed by super optimal (150% NPK) dose of chemical

fertilizers.

Kumar and Singh (2010) reported that combined application of
100 per cent NPK + green gram + 5.0 t FYM each year resulted in
significantly higher available N, P and K in post-harvest soil at the end
of six years cycle in rice-wheat cropping system.

Thakur et al. (2011) found that after thirty-six years conjoint use
of FYM with 100 per cent NPK significantly improved the available N, P
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and S by 126.8, 25.5 and 28.5 kg ha™ in soil over its initial values,
thereby indicating significant contribution towards sustaining the soil
health.

Singh et al. (2012) concluded that the estimated amount of N
fixed by soybean annually varied from 62.8 to 161.1 Kg ha'. However
the net gain of N in soil after offsetting the N derived by soybean from
soil varied from 24.2 to 66.5 kg ha'annually. The highest percentage of
N derived from the atmosphere was recorded in the control treatment,
but the highest amount of N, fixed was found in the 100% NPK

treatment.

Patel (2014) reported that the available nitrogen content of soil
varied from 193 to 329 kg ha'. The highest value of available N was
recorded in 100% NPK +FYM treatment (329 kg ha'). Available N
content in soil increased successively and significantly from 214 to 287
and 310 kg ha'as the doses of fertilizer increased from 50% to 100%
and 150% NPK, respectively.

2.5 Available phosphorus content of the soil

Sharma (1992) reported that the highest build up in soil available
phosphorus was 66.2 kg ha™ and 54.6 kg ha' respectively in surface
and sub surface soil layers with the application of FYM and crop residue
treated plots as compare to control plot. It was attributing to their
beneficial effect on soil physiochemical and microbiological properties.

Reddy and Surekha (1999) concluded that the chickpea has the
ability to access P normally not available to other crops in a Vertisol by
mobilizing sparingly soluble Ca-P due to acidification of rhizosphere

through it’s citric acid exudates.

Bhattacharya and Ghosh (2001) studied on Typic Ustochrept of
Delhi and they reported that available P content in soil increased due to
application of highest levels of phosphorus. Perusal of above
information reveals that increasing levels of P application continuously

either alone or with organic manure helps in improving the available P
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content of soil with time. It may also cause changes in its spatial
distribution.

Mann et al. (2006) observed that continuous growing of maize -
wheat-cowpea cropping sequence over the years with the
recommended dose of NPK and FYM significantly increased the
available N, P and K content of the soil. Similarly Behera and Singh
(2009) reported a build-up in the available P under all the treatments
except control as compared to initial value after 31 years of continuous

cropping and fertilizer use in maize-wheat system.

Kumar and Singh (2010) reported that combined application of
100 per cent NPK + green gram + 5.0 t FYM each year resulted in
significantly higher available N, P and K in post-harvest soil at the end

of six years cycle in rice-wheat cropping system.

Singh et al (2013) reported that the sub surface (15-30 cm) soil
showed lower content of various P as compared to surface soil. Sharma
and Paliwal (2014) reported that bicarbonate extiractable organic P

increased over the initial content in all the treatments.
2.6 Available potassium content of the soil

Singh (2002) reported that the highest available K content in
surface, sub surface and third layer of soil with application of 100%
NPK + FYM as compare to other treatments. The maximum amount of
K depletion was recorded from 30-50 cm soil layer of the Typic
Haplustert. Intensive cropping with high yielding varieties makes a
considerable effect on the soil natural resources therefore even the
soils, which are currently sufficient in K, may begin to show response to
K when higher amounts on P or N applied (Swarup and Rao 1999). In
this connection, Tyagi and Bhardwaj (1994) have noted the variation in
K availability with depth. The maximum availability (152.5 kg ha') was
reported on surface layer and minimum (27.5 kg ha™') in deepest layer.

Yadhuvanshi and Swarup (2006) studied the distribution pattern
of soil K at various depths of soil profile indicate that a major portion of
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applied K remained in the top 30 cm soil and moved in successively
decreasing amounts down the profile to a depth of 60 cm in the plots
receiving K fertilizer. The highest and lowest values were obtained in
150% NPK and 100% NP for estimation treatments, respectively.

Bhattacharya et al. (2007) noticed that the crop removal of K
often equals or exceeds that of nitrogen under intensive cropping with
high yielding varieties and imparity in nutrient use, K form soil getting
depleted is evident form number of field experiments conducted across
the country under the AIRCP on long term fertilizer experiment. The K is
thus recognized as deficient element after N and P in Indian soil.

Singh and Wanjari (2012) found that available K in soil
significantly increased in 100% NPK and 100% NPK + FYM treatments,
whereas in other treatments changes in available K was statistically
non-significantly. Similar findings were also found by Singh et al.
(2014).

Sawarkar et al. (2013) found maximum available K with 100%
NPK +FYM (295.2 kg ha"), followed by 150% NPK (284.2 Kg ha™). All
the K fractions at 0-20 cm soil depth exhibited significant and positive
correlation with yield. Hence, much attention is required for potassium

fertilizers to maintain K status of soil and to prevent K mining.

2.7 Effect of continuous addition of fertilizers and manure on
distribution of sulphur pools

2.7.1 Available sulphur content of the soil

Singh et al. (2001) have found that rice-wheat grown in sequence
and supplied P through single super phosphate since 1991 caused an
increase in the available S content. This increase was further
accentuated when FYM was included in the treatment.

Tiwari et al. (2002) studied on the status of soil nutrients, their
depletion and build up and crop productivity after 28 years (1972-00) of
intensive cropping under various fertilizer and manorial treatment on

Typic Haplusterts of Jabalpur. They showed that the omission of
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sulphur in the fertilizer schedule has caused a continuous depletion in
the available sulphur status of soil.

Setia and Sharma (2005) found that available sulphur content in
the plough layer (0-15 cm) ranged from 10.1 to 16.7 mg kg™'. They also
found that all forms of S decreased with increasing soil depth but this
effect was more noticeable up to 45-60 cm soil depth.

Sharma and Chaudhary (2007) studied status of available sulphur
contained in Shiwalic foot hills of Himachal Pradesh and found that it

varied from 11.2-38.2 kg ha™' with a mean value of 22.7 kg ha™.

Thakur and Sawarkar (2009) reported that the successive
addition of S fertilizer increased the available S status from its initial
status (15.6 kg S ha') and the highest deposition (44.12 kg S ha™') was
observed in the treatment receiving 100% NPK+FYM followed by 150%
NPK (39.83 kg S ha'). While the lowest status was recorded where
continuous S free fertilizers were added (14.43 kg S ha™) at 0-20 cm
soil depth, and declined progressively due to the intensive cultivation.
The available S contents increased in subsoil 20-40 cm soil layer and
thereafter the value reduced significantly with increasing soil depth.

Birla (2012) reported that the available sulphur was successively
increased with the increasing in fertilizer doses from 50% NPK (23.94
kg ha') to 100% NPK (34.32 kg ha') and 150% NPK (38.67 kg ha™).
However, the lowest content was observed in control (17.94 kg ha™)
followed by 100% NPK-S (20.36 kg ha™'). Similarly Kaleeswari (2012)
observed the available sulphur content from 1.25 to 198.75 mg kg™ with

the mean value of 48.64 mg kg™' in surface soil.

Paul and Mukhopadhyay (2014) reported that the range of water
soluble, sulphate, adsorbed, organic form and total sulphur were 6.91 to
26.23, 13.73 to 30.38, 3.19 to 42.91, 150.27 to 372.73 and 178.57 to
433.09 ppm, respectively. The critical level of available sulphur for
moong bean (B1, Sonali) grown on acid soils of terai tract of Eastern
India, was 18.0 mg kg™".

38



2.7.2 Water soluble sulphur

Balik et al. (2009) found that after twenty six years of continuous
cultivation total sulphur decreased by about 3-8 per cent; water soluble

S by 65-68 per cent and absorbed S by 39-44 per cent in the topsoil.

Karthikeyan and Shukla (2011) reported that the water soluble
sulphur, sulphate sulphur and heat soluble sulphur increased with
increasing levels of sulphur. At same level of sulphur with increasing
levels of boron, the water soluble sulphur and sulphate sulphur were
found to decrease, but the heat soluble sulphur did not show significant

change in the soils.

Patel et al. (2011) reported that different forms of sulphur
decreased with depth. All the forms of sulphur had significant positive
relationship with organic carbon. The electrical conductivity of soil was
positively correlated with sulphate sulphur, water soluble sulphur and
heat soluble sulphur while it was negatively correlated with total
sulphur, organic sulphur and non-sulphate sulphur.

Paul and Mukhopadhyay (2014) reported that the surface soil
samples of some terai soils of Eastern India were collected and
analysed to evaluate different forms of sulphur status and soil test
methods for predicting response of moong bean crop to sulphur
application. The range of water soluble, sulphate adsorbed, organic
form and total sulphur were 6.91 to 26.23, 13.73 to 30.38, 3.19 to
42.91, 150.27 to 372.73 and 178.57 to 433.09 ppm, respectively.

2.7.3 Heat soluble sulphur

Setia and Sharma (2005) reported that heat soluble sulphur in
surface layer (0-15 cm) ranged between 22 to 42 mg kg™'. This form of
sulphur also exhibited a decline in its status with increasing soil depth.
The extent of decrease was higher up to 45-60 cm soil depth. It is
obvious because this form of S is associated with organic S and organic

S decreased with depth as reported by Mishra et al. (1990).
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Reddy et al. (2009) reported increasing level of FYM application
increased the content of sulphur in all fractions. The content of heat
soluble sulphur increased from 22.14 to 127.55 mg kg’ and 11.15 to

84.26 mg kg in surface and sub-surface soils, respectively.

Birla (2012) reported that the highest value of heat soluble S
32.75 mg kg"' was obtained in 100% NPK when applied with FYM
followed by 150% NPK (31.00 mg kg™') while the lowest value 23.75 mg
kg™' was found in control followed by 100% NPK-S (25.75 mg kg™'). He
also observed the content of heat soluble sulphur was found to be
declined with the depth and comparatively lower content was noted at

20-40 cm depth than that of surface soil.
2.7.4 Organic sulphur

Organic form of sulphur is estimated from the soil using NaH>PO4
extracting solution (Bardsley and Lancaster 1960). In humid and semi
arid region, it is mostly found in the form of organic compound, while in
arid region as an inorganic compound, mostly as sulphate salts of
different cations like Ca, Mg, Na and K.

Anonymous (2001) recorded that intensive cropping with
continuous use of 100% NPK without sulphur resulted in depletion of
organic sulphur concentration by 17.80% over control in 27 year old
long term experiment. While increasing level of FYM application
increased the content of sulphur in all fractions. Organic sulphur content
increased from 98.20 to 745.07 mg kg in surface soils and 49.30 to
371.12 mg kg™ in sub-surface soils (Reddy et al. 2009).

Raut and Mali (2003) observed the organic sulphur content in
Vertisols, Inceptisols and Entisols ranged from 0.4 to 36.8, 3.4 to 30.4
mg kg™, respectively. In this connection the average organic sulphur
values were higher in Vertisols than in Inceptisols at surface and
decreased with depth (Bhatnagar and Trivedi 2005).

Kumar et al. (2011) reported that the movement of sulphur down

the depth was more from surface soil treated with organic S but at the
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same time it restricted the downward movement up to only 45 cm in the
organic-manure- and crop-residue-treated soils.

Scherer et al. (2012) reported that organic sulphur is the main S
binding form in soils and contributes up to 95 per cent of total soil S in
cultivated temperate soils .However, this generalization does not apply
in the tropics.

Singh et al. (2013) reported a wide horizontal variation in total S
(261 to 760 mg kg') in surface soil and organic S was the dominant
fraction throughout the profile. Although contributed total S decline with
depth.

2.7.5 Total sulphur

The total sulphur is estimated from the soil by digesting it with
KNOs+ HNOg3; (Choudhary and Cornfield 1996). The total sulphur
content of the soil depends on genetic soil type, humus content, and

mechanical composition and parent materials.

Sakal and Singh (2001) reported that high yielding crop varieties
and multiple cropping, coupled with use of high analysis S-free
fertilizers and restricted use of organic manures, in a long run, has
accelerated the depletion of soil S reserves. The similar findings were
also reported by Reddy et al. (2004) they concluded that distribution of
different farms of sulphur was observed in decreasing trend with depth
in both Inceptisols and Vertisols.

Das et al. (2006) observed higher amount of total-S, organic S
and available S in the surface layer than the corresponding underlying
layers which was attributed to leaching of sulphate down the horizon
through excess irrigation and inadequate sulphur fertilization to
recharge subsurface soils.

Patel and Patel (2008) found that the total, organic, adsorbed and
available S showed a decreasing trend with increase in profile depth.
The sulphate S distribution remained more or less constant in soil
profiles of most of the soil series. While, increasing level of FYM
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application increased the content of sulphur in all fractions (Reddy et al.
2009). Similarly Kumar et al. (2011) also reported that increasing
fertility levels significantly augmented total and available S content
which was higher under inorganic S-treated plots.

Das et al. (2012) observed total S content varied from 268 to 901
mg kg'. Organic-S constituted the dominant form (65.9 to 79.6%) of
total S followed by non-sulphate-S (14.9 to 27.4%). Water soluble S
(8.37 to 6.24%), available S (5.56 to 6.25%) and adsorbed S (0.95 to

2.95%) constituted only small fractions of the total S, respectively.

Basumatary and Das (2012) studied the forms of sulphur and
their relationships with soil properties and sulphur availability indices
were investigated Assam. The abundance of various forms of sulphur
was in the decreasing order i.e. total S >organic S (83.12-87.17%) >
heat soluble S (4.78-6.12%) >sulphate S>water soluble S> adsorbed S.

2.8 Effect on long term application of fertilizers and manure on

soybean yield

Majumdar et al. (2002) reported that the higher yield of soybean
due to farmyard manure application may be due to additional nutrients
supplied by it as well as improvement in physical and biological

properties of soil.

Sonune et al. (2003) showed that the application of
recommended dose of NPK (100:50:40 for sorghum and 120:60:60 kg
ha™ for wheat) and 10 t FYM ha™' recorded the highest grain and straw
yield of sorghum and wheat and also improved available NPK and

organic carbon content of soil.

Selvi et al. (2004) reported that without fertilizer application and
100% N alone the values of yields were lower. Application of 100% NPK
+ FYM recorded significantly the highest grain yield, straw yield and
biomass C, N, P followed by 150% NPK application.

Kundu et al. (2007) reported that the unfertilized plot supported
0.56 mg ha™' of soybean yield. Soybean responded to inorganic NPK
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application and the yield increased significantly to 0.87 mg ha™' with
NPK. Maximum yield of soybean (2.84 mg ha') were obtained in the
plots under NPK + farmyard manure (FYM) treatment, which were
significantly higher than yields observed under other treatments. The
study also showed that the combined NPK and FYM application
sustained long-term productivity of the soybean-wheat system.

Thakur and Sawarkar (2009) reported that the application of
recommended dose of N, P and K with manure at 15 tones ha™ helped
in sustaining the yields of soybean. The results of the experiment
revealed that the yield of soybean significantly improved with increasing
the levels of fertilizer and manure. These findings indicate that
application of integrated use of optimal fertilizer dose with manure is
successful in maintaining high level of soybean productivity and in the

maintenance and improvement of soil fertility.

Thakur et al. (2011) reported that after thirty-six years of
intensive cropping application of recommended dose of N, P and K with
organic manure @ 15 t FYM ha™' resulted in 145 and 292 per cent

increase in soybean yield over control.

Khaim et al. (2013) reported that the highest grain yield (2699 kg
ha') was obtained in 100% RDF. which has statistically identical to
75% RDF +1 tone poultry manure ha'and lowest grain yield (1570 kg
ha') was recorded from control.

2.9 Relationship with in sulphur pools

Tripathi and Singh (1992) reported that and organic sulphur
ranged from 106.6 to 325 and 65 to 228.4 ppm and 5.5 to 21.2 mg kg ".
They found the relationship between total sulphur and other forms of
sulphur was positive and significant. While Sakal and Singh (2001)
observed that total and available sulphur was positively and significantly
correlated with pH, EC and organic carbon.

Sharma and Jaggi (2001) reported that a significant positive
correlations were obtained between organic S and total S (r=0.97), total
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water soluble S and sulphate S (r=0.79) as well as heat soluble-S
(r=0.71), and heat soluble S and sulphate-S (r=0.70) in 13
representative surface soils of acid Alfisols of Kangra district suggesting
an interrelated dynamic equilibrium among all the forms of S. Stepwise
correlations revealed that by and large free CaCO3, OC, pH and CEC
affected large variations in the sulphur availability indices (49-71%) and
its forms (86.88%).

Rashid et al. (2000) studied the soils of Pakistan and reported
that 0.15% CaCl, extractable sulphur content indicated sulphur
deficiency in 40% fields in two Chakwal and Attok district of rain fed
Potahar plateau. Sulphur availability in soils was positively related with
clay (r=0.26**) and organic matter content (r=0.33**) and negatively Y

related with sand content(r=-0.31).

Dutta (2009) revealed that all the forms of sulphur viz., available,
water soluble, heat soluble, organic and total sulphur were significantly
and positively correlated with yield and uptake of sulphur in grain and
straw/stover of both the crops. Sulphur uptake by wheat was 61.76,
65.62, 58.51 and 62.42 per cent, respectively.
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MATERIAL AND METHODS

The present study was conducted to assess the extent of
secondary nutrients additions through fertilizers and the effect of
amount of fertilizer and manure on the movements of nutrients in the
surface and subsurface of a Vertisol. The study was conducted in the
All India Coordinated Research Project on Long Term fertilizer
Experiment (LTFE). This experiment was started with maize fodder as
the first crop in summer season of 1972. Since then soybean (Kharif).
Wheat (Rabi), maize fodder (summer) crop rotation was adapted to
1994. However, since 1994 the -cultivation of maize fodder was
discontinued and the cropping sequence being followed is soybean
(kharif) and wheat (Rabi). The LTFE is laid out on a permanent site at
the Experimental field Department of Soil Science and Agricultural
Chemistry, Jawaharlal Nehru Krishi Vishwa Vidyalaya. Jabalpur (MP).
The materials used and the methods adopted during the estimation of

various parameters are being described in the following sub-sections.
3.1 Soil

The soil of the experimental field is medium black belonging to
Kheri series of fine montmorillonitic hepertherimc family of Typic
Haplustert. At the beginning of this experiment in 1972, pooled soil
sample was collected before application of the treatments. Soil of the
experiment site was clay in texture with available N and P in low range
while available K in medium range. The available sulphur was 17.47 kg
ha™ below critical level. The pH of soil was 7.6 with neutral normal in
reaction. The pooled soil sample was analyzed for different soil

properties and the data for various parameters are given in Table 1.
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Table 3.1.

start of the Long-Term Fertilizer Experiment (1972)

Physico-chemical properties of soil (0-20 cm depth) at the

S.No. Soil Properties Unit Value
1. Mechanical composition
i Sand Y% 25.27
ii. Silt % 17.91
iii. Clay % 56.82
2 Textural class - Clay
3. Bulk density Mg m™ 1.3
4, Particle density Mg m™ 2.5
5. Cation exchange capacity C mol (P*)kg™ 49.0
6. |pH (1:2.5) - 7.6
7. Electrical conductivity (1:2.5) dSm’™ 0.18
8. Organic carbon g kg™ 5.70
9. Calcium carbonate Y% 4.60
10. | Available nitrogen kg ha™ 193.0
11. | Available phosphorus kg ha™ 7.60
12. | Available potassium kg ha™ 370.0
13. | Available sulphur kg ha™ 17.47
14. | Available zinc mg kg™ 0.33

Source: Annual report (2014) of AICRP on Long-Term Fertilizer Experiment,
JNKVV, Jabalpur.

3.2 Climate

Jabalpur region has a peculiar semi arid and subtropical climate
with a characteristics feature of dry summer and cold winter. The
experimental site is situated at 23°10”N latitude and 79°57 E longitude
and located at 393 meters above the mean sea level. In winter season
(i.e. from November to February) the average temperature ranges from
8.9°C to 34.5°C and the relative humidity varies from 70% to 90%. Dry
and warm weather usually persist during the month of March to June.
During summer the temperature may attain a value as high as 46°C.
Monsoon season extends from mid June to mid September. The
temperature during this period varies from 22°C to 35°C and the relative
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humidity ranges between 41% to 92%. The average annual rainfall of

the region ranges between 1130 to 1440 mm (11 to 14 cm).

Table 3.2. Mean weekly meteorological observations recorded during

the crop growth period (2014-15)

Standard Temperature Relative Wind . .
Months|Meteorological (°C) humidity (%) |velocity Rainfall Sunshine
Weeks (SMW) [ Max. | Min. | Max. | Min. |(kmhr)| (MM | hours
27 34.5 | 26.1 71 41 7.4 296.8 6.5
July 28 31.3|1256 | 79 59 7.1 116.0 5.9
29 32.3124.5| 90 79 5.8 117.5 3.2
30 28.2 | 23.3 | 91 79 55 119.9 3.4
31 26.3 246 | 92 79 54 32.4 2.3
32 27.7 | 23.7 | 86 73 7.9 145.8 4.9
Aug. 33 28.2 |1 24.0 | 86 63 6.1 101.8 5.0
34 30.2 | 25.1 83 65 4.1 84 .4 6.7
35 31,9242 | 88 65 4.1 3.0 7.8
36 30.8 | 23.7 | 91 71 4.1 52.2 2.4
Sep. 37 30.7 | 23.4 | 91 72 4.8 87.4 3.8
38 30.8|23.5| 89 55 4.2 11.0 8.5
39 319|216 | 85 41 2.5 0 10
40 33.4|21.0| 86 53 2.3 2.3 9.4
41 32.4 | 20.4 | 88 55 4.7 0 8.4
Ocit. 42 32.5|18.8 | 91 44 2.3 0 7.9
43 31.6 | 16.6 | 89 41 1.7 0 8.8
44 279 | 14.4 | 87 29 1.6 0 8.6
45 28.2 | 13.9 | 87 29 2.6 0 8.2
Nov. 46 28.6 | 144 | 83 26 2.5 0 6.0
47 27.9 | 8.9 82 20 1.8 0 8.6
48 28.4 | 10.2 | 85 24 2.1 0 8.6
49 28.7 | 8.0 88 24 2.5 0 8.7
Dec. 50 29.0| 11.8 | 89 52 2.6 3.2 6.2
51 25.3| 5.6 86 32 2.2 0 7.6
52 23.8 | 4.8 87 32 2.1 0 8.5

Source: Meteorological section, JNKVV, Jabalpur (MP)

3.3 Experiment
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The layout of the experiment is presented in Fig. 1. The
experiment consists of 8 treatments replicated four times in a
randomized block design. The gross plot size being 17x10.8 m with 1 m
spacing in between the treatments and 2 m spacing between the
replications. An additional strip is also retained as no crop control
(Fallow strip) by the side of the main experiment. The recommended
fertilizer dose (100%NPK) for each crop was estimated on the basis of
soil test value. The details of the treatments are:-

Treatments

The study was conducted on following eight treatments marked
as (*) out of treatments.

Ty = 50%NPK

T, = 100%NPK

Ty = 150% NPK

Ty = 100% NPK + Handweeding
Ts = 100% NPK + Zn (as ZnSQO,)#
*Te = 100% NP

T, = 100% N

*Tg = 100% NPK + FYM

*Te = 100% NPK-S (Sulphur free)
*Tio = Control

# (Due to high build up of Zn in the treatment, the application of Zn as ZnSO,
was discontinued since, 1987).

3.4 Experimental details

Design used : Randomized block design
Replication : 04

Treatments : 8

Plot size ; 17x10.8 m (183.6 m?)
Space between replications : 2m

Space between plots : 1m

Experimental area : 146X58 m

Cropping sequence : Soybean-wheat

RDF soybean 20:80:20 kg ha' NPK
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Nutrient sources

i. | Nitrogen Urea (46% N)

ii. | Phosphorus | Single superphosphate (16% P20s) while, Di-
ammonium — phosphate (46% P20s) in Ty

iii. | Potassium | Muriate of potash (60% K20)

These treatments were applied to each crop of kharif soybean
and rabi wheat. However, the application of FYM @ 5 t ha™ is being
practiced only to soybean crop during kharif season. The sources of
nutrients NPK were urea, single super phosphate (SSP) and muriate of
potash, respectively. In sulphur free treatment instead of SSP,

Diammonium phosphate is being used.
3.5 Collection of soil samples
3.5.1 Sampling area

For the present study, soil samples were collected from the long-
term fertilizer experiment on a permanent site at the Experimental
Research Station of J.N. Krishi Vishwa Vidyalaya, Department of Soil
Science and Agricultural Chemistry, Jabalpur (M.P.).

3.5.2 Soil sampling

For the present investigation soil samples were collected with the
help of tube auger and screw auger from each plot of the above
mentioned treatments. The samples were drawn from surface down
wards up to 30 cm depth at an interval of 15 cm (0-15 and 15-30 cm)

after the harvest of soybean crop 2014.

Composite representative soil samples were obtained from these
samples for each plot. Each composite sample consisted of a mixture of
four sub samples from different locations of each plot to secure

representative sample of the plot selected for sampling. The mass of
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each collected sample was reduced to about 500 g by adopting the
technique of quartering. These soil samples were cleaned, air-dried,
crushed by wooden pestle and mortar passed through 2 mm stainless
steel sieve and stored in polythene bags at room temperature until

analysis. These soil samples were used for analysis.
3.6 Methods of soil analysis
3.6.1 Soil pH

Soil pH was determined in a 1:2.5 soil water suspension by glass

electrode pH meter (Piper, 1950).
3.6.2 Electrical conductivity

The soil suspension used for pH determinations were allowed to
settle down and conductivity of supernatant liquid was determined by
using conductivity meter (Piper, 1950). The results are expressed in
dSm™ at 25°C.

3.6.3 Organic Carbon

Determination of organic carbon was done by Walkley and
Black’s rapid titration method (1934) as described by Piper (1950).

3.6.4 Available nitrogen

Available nitrogen in soil sample was determined by adapting the

alkaline permanganate method of Subbiah and Asija (1956).
3.6.5 Available phosphorus

The phosphorus content of soil was estimated by extraction
procedure as described by Olsen et al. (1954). Soil available
phosphorus was extracted using 0.5 M NaHCOj; (pH 8.5) and
determination was done by ascorbic acid method as described by Miller

and Keeney (1982). The transmittance or absorbance of the blue color
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so developed was read after 10 minutes, on spectrophotometer at 660

nm wavelength.
3.6.6 Available potassium

The available potassium was extracted with neutral normal

ammonium acetate with flame photometer (Muhr et al. 1965).
3.6.7 Determination of sulphur pools
3.6.7.1 Available sulphur

Soil was extracted by 0.15% solution of chloride and sulphur was
determined by turbidimetric method (Chesin and Yien 1951). The
transmittance or absorbance of the solution was read on

spectrophotometer wavelength at 420 nm
3.6.7.2 Water soluble sulphur

Soil was extracted by de ionized water and sulphur was
determined by turbidimetric method (Chesin and Yien 1951). The
transmittance or absorbance of the solution was read on

spectrophotometer wavelength at 420 nm.
3.6.7.3 Heat soluble sulphur

Heat soluble sulphur was determined by taking 5g of air dried soil
into a silica crucible to which 20ml of distilled water added. Then this
was placed on a boiling water bath and evaporated to dryness. After
cooling it was heated in a hot air oven at 102°C for 60 min. After cooling
it was transferred in to a 50ml centrifuge tube and extracted with 33mi
of 1% Nacl. An aliquot of 25ml aliquot was pipette in to a silica basin
and evaporated to dryness with 2ml of 3% H»O,. The crucible was
heated in a hot air oven at 102°C for 60 min to ensure the removal of
excess Hy0O,. After cooling the residue was taken up in 25 ml distilled

water, transferred to a centrifuge tube and centrifuged to remove
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suspended matter. Sulphur was then determined, by taking a suitable

aliquot, turbidimetrically (Williams and Steinbergs, 1959).
3.6.7.4 Organic sulphur

This was determined by taking the weighed quantity (1g) of air
dried (20 mesh) soil with 1g of NaHCOg3 in a porcelain crucible. Ignite
the mixture at 500°C in an electric furnace (muffle) for 3 hrs. After
cooling, transferred the contents of the crucible to a 100 ml flask and
add 25ml of the extracting solution (Dissolve 4.6g NaH.PO4.H-O 1 liter
of 2N acetic acid). After the reaction subsides the contents of the flask
were shaken for half an hour. Afterward the solution was filtered
through a dry Whatman No.1 filter paper. An aliquot of the filtrate was
for the eturbidimetrically determination of sulphate (Bardsley and

Lancaster 1960).
3.6.7.5 Total sulphur

One gram of air dried soil (ground to pass 0.5 mm sieve) was
taken in 250 ml beaker, 10 ml of digesting solution (100g AR grade
KNO3+350 ml concentrated HNOj3 and dilute to 1 liter) was added. The
contents were evaporated to dryness on a stem bath. Then the beaker
was placed in an electric furnace, heat to 500°C and maintain at this

temperature for three hours (Chaudhary and Cornfield 1966).

After cooling 5ml of 25% HNOj; was added and again digested
the contents for one hour on steam bath to dryness. Extracted the
soluble salts with distilled water and solution was filtered through a
whatman filter paper no. 42. Filtrate was dilute to know volume. Aliquot
was taken for determination of sulphur turbidimetrically (Chaudary and
Cornfield 1966).
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3.7 Soybean grain yield

The grain yields were recorded after harvest of soybean crop.

3.8 Statistical analysis of the experimental data

The data thus generated on soil parameter and seed yield were
statistically analyzed to draw suitable inference as per standard method
described by Panse and Sukhatme (1970).
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RESULTS

The result obtained from the experiment carried out to study on
distribution of sulphur pools as influenced by long term application of
fertilizers and manure in a Vertisol and relevant data are presented in

this chapter.
4.1 Physico- chemical properties of soil
4.1.1 Soil pH at two depths

The experiment was started in 1972 when the initial value was
7.6 at 0-20 cm soil depth. The pH values at different soil depth as
influenced by the continuous imposition of the different treatments are

presented in Table 4.1.
Soil pH at 0-15 cm

Initial value of the soil pH (0-20 cm) when the experiment started
in 1972 was 7.6. However, the pH values as influenced by the
continuous imposition of the different treatment are presented in Table
4.1. The result revealed that the soil pH (0-15 cm) ranged between 7.47
to 7.59.

Soil pH at 15-30 cm

The pH value at 15-30 cm depth ranged between 7.58 (100% N)
to 7.67 (150% NPK) in various treatments. The value is slightly higher
as compared to the pH values at surface. Treatment which includes for
study intermediate between two and indicated that pH of the soil was

not much affected by the imposition of treatments.
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Table 4.1. Physico-chemical properties of soil

Physico-chemical properties of soil

Treatments pH EC (dSm™) OC (g kg™)
0-15cm 15-30 cm 0-15cm 15-30 cm 0-15cm 15-30 cm
50% NPK 7.51 7.61 0.15 0.17 6.25 5.28
100% NPK 7.56 7.64 0.17 0.20 7.25 6.65
150% NPK 7.59 7.67 0.19 0.21 8.04 7.12
100% NP 7.55 7.63 0.17 0.19 6.70 5.75
100% N 7.47 7.58 0.16 0.17 5.32 4.82
100% NPK + FYM 7.55 7.60 0.18 0.19 9.31 7.93
100% NPK (S FREE) 7.57 7.61 0.16 0.17 6.74 5.57
CONTROL 7.56 7.59 0.15 0.16 4.98 3.87
SEmz 0.18 0.17 0.01 0.02 0.30 0.31
CD (P=0.05) NS NS NS NS 0.89 0.91
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4.1.2 Soil EC at two depths

Initial EC value of the soil (0-20 cm) when the experiment was
started in 1972, was 0.18 dS m™'. The EC values at different depths in
soil as influenced by continuous application of the various treatments

are showed in Table 4.1
Soil EC at 0-15cm

The result revealed that the EC of the soil at 0-15 cm depth
ranged between 0.15 dSm™ (50% NPK and control) to 0.19 dSm
(150% NPK) in various treatment and noticed that the continuous
application of different doses of fertilizers and manure did not resulted
in any significant effect on soil EC.

Soil EC at 15-30 cm

The EC value slightly higher as compared to those observed in 0-
15 cm depth and ranged between 0.16 (control) to 0.21 dSm™ (150%
NPK). However, the differences were found to be non-significant.

4.1.3 Distribution of organic carbon in soil at two depths

Soil organic carbon content at surface (0-20 cm) was 5.70 g kg™
when the experiment was started in 1972. The soil organic carbon
content as influenced by the imposition of different treatments as
described (Table 4.1).

Soil OC Content at 0-15 cm

The data observed in Table 4.1 showed that the organic carbon
significantly increased with increase in the doses of fertilizers. The
lowest value was noticed in control (4.98 g kg™') which was increased to
6.25, 7.25 and 8.04 g kg™ respectively due to use of 50% NPK, 100%
NPK and 150% NPK of RDF. The highest content 9.31 g kg was
observed in 100% NPK+FYM treatment.

Soil OC Content at 15-30 cm

Soil organic carbon content at 15-30 cm depth found to be lower
as compared to the content found at 0-15 cm depth. However, it was
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found that with increasing level of fertilizer OC content of soil continued
to increase and the values were found to be higher as compared to
control. The lowest value was noticed 3.87 g kg™’ in control whereas
inclusion of FYM along with 100% NPK (7.93 g kg') treatment
increased the OC content followed by 150% NPK (7.12 g kg™)
treatment. However, 50% NPK and 100% NPK (5.28 and 6.65 g kg™)
found lower as compared to 150% NPK (7.12 g kg ™).

4.2 Effect of continuous addition of fertilizers and manure on
distribution of available nutrients

4.2.1 Distribution of available N at two depths

Available N content in surface soil (0-20 cm) was 193.00 kg ha™
when the experiment was started. The available N content values in soil
as influenced by the continuous addition of fertilizers and manure are
presented in Table 4.2.

Content of available N at 0-15 cm

The result revealed that the available N content in soil increased
successively and significantly from 217 to 275 kg ha™' and 291 kg ha™
as the doses of fertilizer increased from 50%, 100% and 150% NPK
treatment respectively (Table 4.2). The highest value of available N
(310 kg ha™) was recorded in 100% NPK+FYM treatment. While, the

lowest value of available N was observed in control (182 kg ha™).
Content of available N at 15-30 cm

The available content of N in soil decreased with soil depth. The
highest available N content (280 kg ha') was recorded in 100%
NPK+FYM whereas the lowest values was noticed as 165 kg ha™ in
control followed by 100% N (180 kg ha'). The slightly higher value of
available N content was obtained in 100% NPK (238 kg ha™) as
compared to 100% NPK-S (217 kg ha™).

58



Table 4.2. Effect of continuous addition of fertilizers and manure on distribution of available nutrients

Available nutrients status
Treatments N (kg ha™") P (kg ha™) K (kg ha™)
0-15cm 15-30 cm 0-15cm 15-30 cm 0-15cm 15-30 cm
50% NPK 217.00 182.00 22.61 20.16 243 234
100% NPK 275.00 238.00 33.18 28.95 275 253
150% NPK 291.00 260.00 40.55 39.15 296 275
100% NP 240.00 215.00 30.75 28.88 225 180
100% N 198.00 180.00 11.26 10.80 207 172
100% NPK + FYM 310.00 280.00 42.88 40.81 328 297
100% NPK (S FREE) 248.00 217.00 30.15 27.86 255 245
CONTROL 182.00 165.00 10.01 9.80 208 165
SEmz 12.18 12.90 2.20 2.05 11.14 11.51
CD (P=0.05) 35.35 37.44 6.40 5.94 32.34 33.39

59




4.2.2 Distribution of available P at two depths

Available P content in surface soil (0-20 cm) was 7.6 kg ha™
when the experiment was started. The available P content values in soil
as influenced by the continuous addition of fertilizers and manure are

presented in Table 4.2.
Content of available P at 0-15 cm

Available P content in soil increased successively and
significantly from 10.01 kg ha' (control) to 22.61, 33.18 and 40.60 kg
ha™ in 50, 100 and 150% NPK treatments (Table 4.2) respectively. The
highest value 42.88 kg ha™' was noticed with 100% NPK when applied
along with FYM. However, the difference in P content was almost equal
and at par in 100% NPK (33.15 kg ha') and 100% NPK-S (30.15 kg
ha) while the lowest value observed in control (10.10 kg ha™") followed
by 100% N (11.26 kg ha™).

Content of available P at 15-30 cm

The result presented in Table 4.2, showed that the available P
content declined with the depth. The available P content raised
significantly from 9.80 kg ha' (control) to 40.81 kg ha’' (100%
NPK+FYM). The content of available P was higher in 100% NPK (28.95
kg ha™') as compared to 100% NPK-S (27.86 kg ha'). However, the
buildup of available P in 150% NPK was higher 39.15 kg ha™ in
comparison to 28.95 kg ha' in 100% NPK while maximum value (40.80
kg ha™) was coincide with 100% NPK+FYM.

4.2.3 Distribution of available K at two depths

The available K content was 370 kg ha' when the experiment
was started. The available K content as influenced by different doses of
fertilizers and manure are presented in Table 4.2.
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Content of available K at 0-15 cm

It was noticed that the available K content was increased with
successive addition of fertilizers from 50% (243 kg ha™'), 100% (275 kg
ha) and 150% NPK (296 kg ha™') treatment respectively, whereas the
highest value (328 kg ha™') was noted where 100% NPK applied along
with FYM. However, the value 255 kg ha' was observed in 100% NPK
sulphur free lower as compare to 100% NPK (275 kg ha™). The
available content of K was found at par in 50% NPK (243 kg ha™) and
100% NP (225 kg ha™'). The minimum content of available K was found
in control (208 kg ha™).

Content of available K at 15-30 cm

The highest value of available K (297 kg ha™) was recorded in
100% NPK+FYM followed by 150% NPK (275 kg ha') whereas; the
lowest value (165 kg ha™') was observed in control followed by 172 ha™
in 100% N. The content of available K was found to be higher in 100%
NPK (253 kg ha™') as compared to 100% NPK-S (245 kg ha™). The data
also showed that available K status was declined from surface to lower
depth.

4.3 Effect of continuous addition of fertilizer and manure on
distribution of sulphur pools

4.3.1 Distribution of available sulphur form at two depths

The initial value of available sulphur content was 17.47 kg ha™
when the experiment was started. The effect of long term application of
fertilizers and manure on available sulphur is presented in Table 4.3

and same are described below.
Content of available sulphur form at 0-15 cm

Perusal of the data showed (Table 4.3) that the content of
available sulphur was successively and significantly increased with the
increasing in fertilizer doses from 50% NPK (24.17 kg ha") to 100%
NPK (34.98 kg ha') and 150% NPK (39.30 kg ha). The content
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Table 4.3. Effect of continuous addition of fertilizers and manure on distribution of sulphur pools

Sulphur pools (kg ha™)

Treatments Available S Water soluble S Heat soluble S Organic S Total S

0-15 | 15-30 0-15 15-30 0-15 15-30 0-15 | 15-30 0-15 15-30
50% NPK 2417 | 22.34 | 15.66 10.15 3467 | 3140 | 65.42 | 49.12 | 193.25 | 175.94
100% NPK 34.98 | 32.64 25.92 18.95 38.30 34.48 71.02 | 54.63 | 211.17 193.60
150% NPK 39.30 | 37.21 30.97 20.02 40.08 | 36.44 | 73.00 | 66.79 | 216.71 | 197.19
100% NP 30.82 | 27.40 | 24.56 18.13 34.57 | 30.11 | 55.31 | 49.65 | 209.01 | 180.35
100% N 15.08 | 14.63 10.29 8.03 25.12 22.33 45.81 36.75 | 152.54 132.68
100% NPK + FYM 42.66 | 38.47 | 3155 29.88 49.72 | 37.38 | 79.01 | 64.48 | 234.53 | 204.99
100% NPK (S FREE) 15.94 | 14.63 11.51 8.50 25.23 | 23.56 | 4491 | 37.59 | 152.37 | 133.75
CONTROL 13.95 | 12.72 | 10.59 7.52 2448 | 21.30 | 43.31 | 35.39 | 149.17 | 130.00
SEmz 0.81 0.97 1.17 1.14 1.74 1.42 2.20 1.60 5.45 6.05
CD (P=0.05) 2.39 2.85 3.45 3.33 5.12 4.17 6.47 4.71 16.04 17.79
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of available sulphur high amount found in 100% NPK + FYM (42.66 kg
ha'). The content of available sulphur was found significantly higher in
100 % NPK (34.98 kg ha'') as comparatively to 100% NPK-S (15.94 kg
ha') whereas the content of available sulphur was found to be higher in
100% NP (30.82 kg ha™') as compared to 50% NPK (24.17 kg ha™).
However, the highest and lowest content of available S was observed in
100% NPK + FYM (42.66 kg ha') and control (13.95 kg ha™)

respectively.
Content of available sulphur form at 15-30 cm

The data presented in Table (4.3) that the maximum buildup of
available sulphur was observed in 100% NPK+FYM (38.47 kg ha™) as
well as in 150% NPK (37.21 kg ha™'). However, the minimum content of
available sulphur was observed in control (12.72 kg ha™) followed by
100% NPK-S (14.63 kg ha™'). Whereas, the content of available sulphur
was found significantly higher in 100% NPK (32.64 kg ha™) as
compared to 100% NPK-S (14.63 kg ha™). Further the available sulphur
content was also significantly higher in 50% NPK (22.34 kg ha™)
comparatively with 100% N (14.98 kg ha™"). This was also found that the
content of available sulphur decreased with soil depth.

4.3.2 Distribution of water soluble sulphur form at two depths

The effect of long term application of fertilizers and manure on
water soluble sulphur is presented in the Table 4.3.

Content of water soluble sulphur form at 0-15 cm

Perusal of the data showed (Table 4.3) that the content of water
soluble sulphur was significantly increased with the increasing in
fertilizer doses from 50% NPK (15.66 kg ha™') to 100% NPK (25.92 kg
ha') and 150% NPK (30.97 kg ha'). The highest content of water
soluble sulphur found in 100% NPK + FYM (31.55 kg ha™'). The content
of water soluble sulphur was found to be higher in 100 % NPK (25.92 kg
ha) as comparatively to 100% NPK-S (11.51 kg ha™). Whereas the

content of water soluble sulphur was found to be higher in 100% NP
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(24.56 kg ha') as compared to 50% NPK (15.66 kg ha™'). However, the
lowest content was observed in control (10.50 kg ha™) followed by
100% NPK-S (11.51 kg ha™).

Content of Water soluble sulphur form at 15-30 cm

The data presented in Table 4.3 that the maximum buildup of
water soluble sulphur was observed in 100% NPK+FYM (29.88 kg ha™)
as well as in 150% NPK (20.02 kg ha'1). However, the minimum content
of water soluble sulphur was observed in control (7.52 kg ha™') followed
by 100% NPK-S (8.50 kg ha'). Whereas the content of water soluble
sulphur was found higher in 100% NPK (18.95 kg ha™') as compared to
100% NPK-S (8.50 kg ha™'). This was also found that the water soluble
sulphur content was higher in 50% NPK (10.15 kg ha™) comparatively
with 100% N (8.03 kg ha™). This was also found that the content of
water soluble sulphur decreased with soil depth.

4.3.3 Distribution of heat soluble sulphur form at two depths

The data presented in Table 4.3 showed the influence of

fertilizers and manure on heat soluble sulphur and described below.
Content of heat soluble sulphur form at 0-15 cm

The data presented in Table 4.3 showed that the content of heat
soluble sulphur was increased successively and significantly from
control (24.48 kg ha™) to 50% NPK (34.67 kg ha'), 100% NPK (38.30
kg ha™) and 150% NPK (40.08 kg ha') and 100% NPK + FYM (49.72
kg ha™'). While the lowest content of Heat soluble sulphur was confined
in control (24.48 kg ha™') as well as in 100% N (25.12 kg ha™").

Content of heat soluble sulphur form at 15-30 cm

The data presented in Table 4.3 showed that the highest value of
heat soluble sulphur was (37.38 kg ha™') obtained in 100% NPK when
applied with FYM followed by 150% NPK (36.44 kg ha') while the
lowest value 21.30 kg ha™' was found in control followed by 100% N
(22.33 kg ha™). The content of heat soluble sulphur was found lower in
50% NPK (31.40 kg ha') as compared to 100% NPK (34.48 kg ha™).
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Heat soluble sulphur was also significantly higher in 100% NP (30.11 kg
ha) to 100% N (22.33 kg ha™).

The data also revealed that the content of heat soluble sulphur
was found to be declined with the depth and comparatively lower

content was noted at 15-30 cm depth than that of surface soil.
4.3.4 Distribution of Organic sulphur form at two depths

The effect of continuous use of fertilizers and manure on content

of organic-S is showed in the Table 4.3 and same are described below
Content of Organic-S form at 0-15 cm

Perusal of the data (Table 4.3) revealed that continuous cropping
and fertilization the highest content was noticed in 100% NPK + FYM
(79.01 kg ha') treatment followed by 150% NPK (73.00 kg ha™). The
organic sulphur was progressively increased from 50% NPK (65.42 kg
ha') to 100% NPK (71.02 kg ha) and 150% NPK (73.00 kg ha™).
Organic sulphur content was significantly higher in 150% NPK (73.00 kg
ha) as compared to 50% NPK (65.42 kg ha') while the lowest content
of organic sulphur was noticed in control (43.31 kg ha') as well as in
100% NPK-S (44.91 kg ha™).

Content of organic-S form at 15-30 cm

The data presented in the Table 4.3 showed that the highest
value (64.48 kg ha™') was observed in 100% NPK+FYM while the lowest
value (35.39 kg ha™') was noted in control. The organic sulphur content
was comparatively higher in 100% NP (49.65 kg ha') as that was
observed in 100% N (36.75 kg ha). It was also found that the content
of organic sulphur was higher in 100% NPK (54.63 kg ha) as
compared to 100% NPK-S (37.59 kg ha™). It was also noticed that the
content of organic sulphur was comparatively lower as compared to the

content observed at surface soil.
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4.3.5 Distribution of Total-S form at two soil depths

The effect of long term application of fertilizers and manure on
total sulphur is presented in the Table 4.3.

Content of total-S at 0-15 cm

The data presented in Table 4.3 showed that the maximum build
up of total sulphur form was observed in 100% NPK+FYM (234.59 kg
ha), followed by 150% NPK (216.71 kg ha') while the minimum
content of total sulphur was found in control (149.17 kg ha'). The
content of total-S was lower in 100% N (152.37 kg ha') in comparison
to 100% NP (209.01 kg ha™'). However, total sulphur content was also
lower in 50% NPK (193.25 kg ha™') as compare to 100% NP (209.01 kg
ha™).

Content of total-S at 15-30 cm

The data presented in Table 4.3 showed that the content of total
sulphur form were progressively and successively increased from 50%
NPK (175.94 kg ha'), 100% NPK (193.60 kg ha') and 150% NPK
(197.19 kg ha') where as the maximum build up 204.99 kg ha’
confined when 100% NPK applied along with FYM. The lowest content
of total sulphur was recorded in control (130.00 kg ha™') followed by
100% N (132.88 kg ha™). It was also observed that the total sulphur
content was higher in 100% NP (180.35 kg ha™') as compared to 100%
N (132.00 kg ha'). The data also showed that the content of total
sulphur decreased with the depth as content was comparatively higher
at surface.

4.4 Effect of long term application of fertilizers and manure on
soybean seed yield

The data presented in Table 4.4 revealed that the seed yield of
soybean increased with increasing fertilizer doses from 50% (925 kg
ha™) to 100% (1100 kg ha') and 150% NPK (1225 kg ha™). However,
the maximum seed yield (1300 kg ha') of soybean was obtained when
optimal dose (100% NPK) of fertilizer was applied along with FYM
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while, the lowest seed yield was observed in control (513 kg ha™') where

no fertilizer was applied since 1972 which was followed by 100% N (675
kg ha). The seed yield of 100% NPK (1100 kg ha') was higher as
compared to 100% NPK-S (988 kg ha') where S was not included in
fertilizer schedule. This was also found that the seed yield of 100% NP
(925 kg ha') is comparatively lower to 100% NPK (1100 kg ha™).

Table 4.4. Effect of long term fertilizers and manures on seed yield

(kg ha') of soybean

Treatments seed yield
50% NPK 925
100% NPK 1100
150% NPK 1225
100% NP 925
100% N 675
100% NPK + FYM 1300
100% NPK (S FREE) 988
CONTROL 513
SEmz+ 59.62
CD (P=0.05) 173.02
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4.5 Relationship with in sulphur pools and seed yield of soybean

The data clearly indicated in the Table 4.5 that the all sulphur
pools were highly significant relationship with available sulphur. The
correlation coefficient values were 0.982**, 0.923**, 0.879** and 0.959**

respectively for water-S S, heat-S S, organic-S and total-S.

Table 4.5. Zero order matrix correlation studies between sulphur pools

with available sulphur and soybean seed yield

2
Coefficient of correlation with (r values)

Parameter
Available Water Heat Organic Total
sulphur soluble soluble sulphur | sulphur
sulphur sulphur
Available - 0.982** 0.923** 0.879** | 0.959**
sulphur
Yield 0.769 0.726 0.734 0.733 0.697
*Significant at 1% level of significance
**Significant at 5% level of significance
Sulphur pools show highly significant and positive correlation
with soybean seed yield. The correlation coefficient values are 0.769,

0.726, 0.734, 0.733 and 0.697 respectively for available-S S, water-S S,

heat-S S, organic-S and total S.
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DISCUSSION

The present investigation was conducted the part of All India
Coordinated Research Project on Long Term Fertilizer Experiment. This
study aims to evaluate the distribution of sulphur pools as influenced by

long term application of fertilizers and manure in a Vertisol.

This chapter deals with discussion on the experimental finding
along with specific reasoning under following appropriate sub head as

under:-

5.1 Effect of continuous addition of fertilizers and manure on
chemical properties of soil

The chemical properties of the soil are the chemical environment
such as pH, EC, organic carbon and the status of available nutrients
etc. are of great significance as they favorably influence the fertility of
the soil for subsequent plant development, growth and yield potential.
They are discussed as follows.

5.1.1 Soil pH

The result of the present investigation indicated that the soil pH
values did not changes significantly by continuous application of
fertilizers and manure. The initial pH of surface soil when the
experiment commenced was 7.6 in 1972. After the harvesting the pH
values from various treatments, of the surface and sub surface layer
ranged from 7.47 to 7.67 respectively (Table 4.1 and Figure 3). It
appeared that no substantial changes occurred due to treatments as
reported earlier by use of chemical fertilizer like urea net residual acidity
could not create significant alteration in pH values of the soil. This
effects appears to have controlled by the presence of calcium
carbonate Dwivedi et al. (2007), Verma et al. (2010) and Patel (2014)
concluded that use of organic manure (FYM) might act as stabilizing
factor for maintaing the soil reactions in the cultivated soils.
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5.1.2 Soil EC

The EC measured (Table 4.1 and Figure 4) also did not show any
appreciable changes over the years due to continuous application of
fertilizers and manure in almost all the treated plots. This could also be
due to the peculiar characteristics of black soils that possessed inherent
high buffering capacity (Dwivedi et al. 2007) which affected the slight
alterations in EC of soil due to fertilizer addition as stated earlier by
Grewal et al. (1999).

There were no considerable changes in EC of the soil with depth
as a result of continuous addition of fertilizers and manure. These
results are also in agreement with the finding of Raghuvanshi (2013)
and Patidar (2014).

5.1.3 Organic carbon

The response of long term manuring and fertilizer use is an
intensive cropping are illustrated in Table 4.1 and Figure 5. The data
revealed that the lowest organic carbon content (3.87 g kg™') was noted
in control where no fertilizer was practiced. However, the organic
carbon values improved significantly with proportionate increment in
fertilizer addition at 50% NPK (6.25 g kg™') and 100% NPK (7.25 g kg™")
and 150% NPK (8.04 g kg™') doses. This finding appeared to be due to
enhanced root development of crop resulting higher residues as a result
of intensive farming with continuous fertilizer applications. These results
are also in agreement with the finding of Tabusam et al. (2010) and
Lakari et al. (2012). Thus, FYM addition had a pronounced effect on
organic carbon build up of the soil (Bajpai 2006 and Verma et al. 2005)
thereby integration of chemical fertilizer along with organic manure
proved to be beneficial to sustaining the soil health and crop
productivity (Tomar 2003).

The higher organic carbon content was obtained at surface and
declined progressively with depth. The magnitude of organic carbon

was higher on surface and declined with depth could possibly due to the
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fact that cultivation enhanced and promote the decomposition of plant
organic residues at surface level (Behra and Singh 2009).

5.2 Effect of continuous addition of fertilizers and manure on

distribution of available nutrients
5.2.1 Available N

Available N content as affected by various treatments were
presented in the Table 4.2 and Figure 6, which indicated that higher
values of N content was obtained from surface soil could be due to the
presence of residues after the harvest of crop as suggested by Tyagi
and Bhardwaj (1994) and Singh et al. (2012). However, due to addition
of fertilizer doses 50%NPK, 100% NPK and 150%NPK, N content was
correspondingly improved indicating an impact of fertilizer application
on enrichment of N pools (Thakur et al. 2011 and Patel 2014). The
highest N content was registered in 100% NPK+FYM (310 kg ha™)
treatments followed by 150% NPK (291 kg ha™") could be resulted due
to better biological activities in presence of FYM (Sonune et al. 2013;
Kumar and Singh 2010).

It has also been noted that higher status of N was obtained on
the surface while progressively declined with depth but the rate of
depletion was more apparent from surface to subsurface (Singh et al.
2002) while, it was stabilize below 40 cm down profile. Thus, could be
attributed to higher root biomass in the rhizospheric upper soil layer and
which declined with increasing soil depth. Similar observations have
also been reported by Tyagi and Bhardwaj (1994).

5.2.2 Available P

Result on available P status (Table 4.2 and Figure 7) was
revealed that continuous fertilization and manuring remarkably
improved the available P in almost all treatments receiving P annually
as compared to application of fertilizer without P. The large difference in
P content monitored from various fertility treatments receiving 50%
NPK, 100% NPK and 150% NPK doses of nutrient indicating higher P
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build up respectively. Further more the highest content was found when
integrated application of fertilizer was practiced with FYM (42.88 kg
ha™) followed by 150% NPK (40.55 kg ha™') treatments indicating the
beneficial effect of FYM on mineralization of P to a greater extent in
soil, Mann et al. (2006), Bhattacharya and Ghosh (2001).

The doses also emphasized that accumulation of P was higher at
surface as compared to the lower depth. Such a behavior was attributed
to the fixation of applied P with the soil and its subsequent restricted

movement Singh et al. (2013).
5.2.3 Available K

The changes in available K status as a result of continuous
cropping and fertilizers application were illustrated in Table 4.2 and
Figure 8. The data revealed that the application of 100% NPK and
150% NPK doses resulted in depletion of available K leading to a
negative balance and ultimately at reflects on consequent loss of K
fertility in further successive years (Bhattacharya et al. 2007). Hence
the soil initially well supplied (370 kg ha™') would decline in available K
status.

A declining trend in available K status was found with depth and
maximum content which gradually declined to lower depths as reported

earlier by Yadhuvanshi and Swarup (2006).

5.3 Effect of continuous addition of fertilizers and manure on
distribution of sulphur pools at various soil depths

5.3.1 Available sulphur

Results showed (Table 4.3 and Figure 8) that content of available
sulphur form was increased with addition of S over without additions i.e.
in control (13.95 kg ha™') and 100% NPK-S (15.94 kg ha™') which could
be due to higher transformation of added fertilizer S to available S
retention in soil. Singh et al. (2001) have found that rice-wheat grown in
sequence and supplied P through single super phosphate since 1991

caused an increase in the available S content. This increase was further
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accentuated when FYM was included in the treatment. It has also been
noted that a significantly higher content of available S was observed
with successively higher addition of S from 100% NPK to 150% NPK
dose which might be due to the differential conversion of applied S in
available S form as a result of varying transformation (Sharma and
Choudhary 2007). However, addition of FYM along with optimal dose
resulted in maximum build up of available S this could be due to the
release of organic acids during the decomposition of organic matter
ultimately causing resolution of applied as well as native S into
available S compounds thereby it increases the activity and
concentration of available S in soil (Thakur and Sawarkar 2009 and
Birla 2012).

5.3.2 Water soluble sulphur

Results showed (Table 4.3 and Figure 9) that content of water
soluble sulphur form was increased with addition of S over without
additions i.e. in control (10.50 kg ha") and 100% NPK-S (11.51 kg ha™)
which could be due to higher transformation of added fertilizer S to
available S retention in soil. Singh et al. (2001) have found that rice-
wheat grown in sequence and supplied P through single super
phosphate since 1991 caused an increase in the available S content.
This increase was further accentuated when FYM was included in the
treatment. It has also been noted that a significantly higher content of
available S was observed with successively higher addition of S from
100%NPK to 150%NPK dose which might be due to the differential
conversion of applied S in available S form as a result of varying
transformation (Sharma and Choudhary, 2007). However, addition of
FYM along with optimal dose resulted in maximum build up of available
S this could be due to the release of organic acids during the
decomposition of organic matter ultimately causing resolution of applied
as well as native S pools into soluble S compounds thereby it directly
increases the activity and concentration of available S status in soil
Thakur and Sawarkar (2009) and Birla (2012).
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5.3.3 Heat soluble sulphur

Results showed (Table 4.3 and Figure 10) that content of heat
soluble-S form was increased with addition of S over without additions
i.e. in control (24.48 kg ha') and 100% NPK-S (25.23 kg ha) which
could be due to higher transformation of added fertilizer S to Heat
soluble-S retention in soil. The higher concentration in surface soil is
probably due to the mineralization of organic matter left after harvesting
of crop and higher organic carbon in the surface soil. These results are
in consonance with the finding of Reddy et al. (2009). This form of
sulphur also exhibited a declined in its status with increasing soil depth.
It is obvious because this form of sulphur is associated with organic-S
and organic-S decreased with depth as reported by Setia and Sharma
(2005). The highest content of heat soluble sulphur was obtained in
100%NPK+FYM as reported by Birla (2012).

5.3.4 Organic sulphur

Organic sulphur content in sub surface soil was found to be at par
in 100% NPK+FYM and 150%NPK treatment. The ratio of total to
organic sulphur in these treatment were around 30% indicating that
these soil retained around 28-30% of sulphur in the organic form in
surface soil layer and sub surface layer. However, it varied from 20-
33% in different treatments at different depth. Organic sulphur is the
main binding form in soil and contributes up to around 95% to total
sulphur in cultivated temperate soil. Scherer et al. (2012) also reported
similar findings and concluded that higher organic sulphur content was
confined to the surface soil and decrease down the profile.

Application of increasing doses of fertilizers increased the content
of organic-S form in the surface soil (Table 4.3 and Figure 11) as the
subsequent addition of S with higher transformation thereby lower
content was noted in control (43.31 kg ha™') and 100% NPK-S (44.91 kg
ha™) due to absence of addition of S. Anonymous (2001) recorded that

intensive cropping with continuous use of 100% NPK without sulphur
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resulted in depletion of organic sulphur concentration by about 17.80%
over control in a 27 year old experiment.

The organic-S was progressively declined with depth and the
highest accumulation was observed at surface. Similar finding was also
reported by Kumar et al. (2011) and Singh et al. (2013).

5.3.5 Total sulphur

The effect of continuous cropping and fertilizer applications on
content of Total-S form revealed that (Table 4.3 and Figure 12) the
lower content was recorded in control (149.17 ha™') followed by 100%
NPK-S (152.37 kg ha') which could be because of the fact that without
application of fertilizer and or without S inclusion in fertilizer schedule
has obviously resulted in its lower content. On the other hand
successive additions of S from 50%, 100% and 150% NPK resulted in
proportionate increase in Total-S in soil. It might be due to
proportionate higher transformation of S from inherent and applied
sources into Total-S. Increase in availability of sulphur with increasing
fertilizer dose from 50% NPK to 100% NPK (Kumar et al. 2011).
However, maximum content was found when 100% NPK was applied
with FYM indicating synergistic influence of FYM on accelerating the
rate of transformation into the Total-S in soil for subsequent utilization
by crop plants (Sakal and Singh 2001 and Patel and Patel 2008).

A declining trend in Total-S form was found with depth and
highest content of Total-S form confined to surface and gradually
declined to lower depths. This could be due to lower movement of
Total-S which restricted further movement to lower depths (Das et al.
2006).

5.4 Effect of long term application of fertilizer and manure on
soybean seed yield

The perusal of the data (Table 4.4 and Fig. 13) indicated that the
lowest seed yield (513 kg ha™') was recorded in control. While, it was

found to be increased (925 kg ha™) in treatment receiving sub optimal
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fertilizer dose (50% NPK), which was significantly higher than that
obtained with application of 100% N alone (675 kg ha™'). These results
indicated that even if 50% of recommended optimal dose applied it was
found to be much beneficial in comparison to the application of
imbalanced nutrient application. Application of recommended optimal
dose (100% NPK) resulted in productivity of seed yield for 1100 kg ha
but exclusion of sulphur (i.e. 100% NPK-S) dose had resulted in
comparatively lower seed yield (988 kg ha') amounted to decline yield
of soybean for about 31.31%. On the other hand, the seed yield
obtained in 100% NPK + FYM treatment (1300 kg ha') was higher than
150% NPK treatment (1225 kg ha™).

There, it could also be concluded that long term application of
FYM in combination with 100% NPK significantly improved the
biochemical properties of soil as well as productivity of crops grown in
black soils (Khaim et al. 2013).

5.5 Relationship with in sulphur pools and soybean seed yield

The data of the Table 4.5 and Figure 14 clearly indicated that the
all forms sulphur pools was significantly correlated with available
sulphur. The correlation coefficient values of available sulphur were
0.982, 0.923, 0.879 and 0.959 respectively for water soluble sulphur,
heat soluble sulphur, organic S and total S. sulphur availability in soils
was positively correlated with clay (r=0.26") and organic matter content
(r=0.33") and negatively related with sand content (r=0.31"") (Rashid et
al. 2000).

The data of the Table 4.5 and Figure 15 clearly indicated that the
all forms sulphur pools was significantly correlated with soybean seed
yield. Correlation values of yields were 0.769, 0.726, 0.734, 0.733 and
0.697 respectively for available S, water S S, heat S S, organic S and
total sulphur. Dutta (2009) revealed that all forms of sulphur viz.,
available S, water S S, heat S S, organic S and total S were

significantly correlated with seed yield.
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SUMMARY, CONCLUSIONS AND SUGGESTIONS FOR
FURTHER WORK

Long term fertilizer experiment at JNKVV, Jabalpur was initiated
at fixed site of experimental field during 1972. The present investigation
entitled “Distribution of sulphur pools as influenced by long term
application of fertilizers and manure in a Vertisol” was carried out during
kharif 2014-15. Further, the present investigation was conducted to
evaluate the different pools of S along with status of available major
nutrients i.e. N, P and K, as well as physicochemical parameters of soil
under study in fertility treatments of long term fertilizer experiments.
The present study was carried out with 8 treatments out of 10
treatments with 4 replications in a randomized block design. The
fertilizers were applied @ 20:80:20 kg ha' N, P,Os and KO in

soybean.

6.1 Effect of continuous addition of fertilizers and manure on

distribution of physico-chemical properties of soil
6.1.1 pH and EC

No appreciable changes have been found in pH and EC of the
experimental soil over its initial value (7.6 and 0.18 dSm™). No
remarkable variation in status of pH and EC was also exhibited with

lower soil depths as well as that noted on surface soil.
6.1.2 Organic carbon content

A significant positive enrichment in organic carbon content was
observed with continuous additions of fertilizers manures. Over its initial
value (5.7 g kg') thereby lower content was noted when no fertilizer
was used or imbalanced applications were practiced. However,
maximum content (9.31 g kg™') was found in treatment 100% NPK+FYM
(5 ton ha™).
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6.2 Effect of long term application of fertilizers and manure on
distribution of available nutrients

6.2.1 Available N

The continuous application of fertilizers and manure significantly
increased the available N content over its initial value (193 kg ha™"). The
application of 100% NPK along with FYM had highest content of
available N (310 kg ha™). The surface soil contained higher N while it
decreased with the increasing depth.

6.2.2 Available P

Available P status of the soil showed wide variations from its
initial value 7.60 kg ha™. Inclusion of P with fertilizer remarkably
increased its status from 22.61, 33.18 and 40.55 kg ha' at 50% NPK,
100% NPK and 150% NPK application of fertilizer. The maximum
content was obtained when NPK was applied with FYM (42.88 kg ha™).
It has also been noted that available P status generally decreased from

surface to subsurface soil.
6.2.3 Available K

The continuous additions of fertilizers and manure had resulted in
continuous depletion of available K over its initial status (370 kg ha™).
The highest content 328 kg ha™' was obtained when 100% NPK fertilizer
applied with FYM whereas the lowest content 208 kg ha™' was found in
control plot. This was also found that the content of available K declined
progressively with increasing soil depth.

6.3 Effect of continuous addition of fertilizers and manure on
distribution of sulphur pools

6.3.1 Available sulphur

Available S status of the soil showed remarkably increased on its
status from 24.17 to 34.98 kg ha™' and 39.30 kg ha™" at 50% NPK, 100%
NPK and 150% NPK application with S. The maximum content was
obtained when NPK was applied with FYM (42.66 kg ha™). It has also
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been noted that available S status generally decreased from surface to
subsurface and tends to decline further to a deeper layers.

6.3.2 Water soluble sulphur

Water soluble sulphur status of the soil showed the while
inclusion of S with fertilizer remarkably increased its status from 15.66
to 25.92 kg ha ' and 30.97 kg ha™' at 50% NPK, 100% NPK and 150%
NPK application. The maximum content was obtained when NPK was
applied with FYM (31.55 kg ha™). It has also been noted that available
S status generally decreased from surface to subsurface and tends to
decline further to a deeper layers.

6.3.3 Heat soluble sulphur

In this connection, lower content of heat soluble-S was found in
control (24.48 kg ha™') followed by 100% NPK-S (25.23 kg ha') where S
was not included while, a remarkably higher buildup was associated
when proportionally higher NPK was applied. However, the maximum
content was coinciding with 100% NPK+FYM (49.72 kg ha™).
Comparatively a higher content was found on the surface and it
declined in lower depth.

6.3.4 Organic sulphur

The continuous application of fertilizer and manure has resulted
in significantly higher accumulation of organic-S in the soil which
ranged from 43.31 kg ha™ (control) to 79.01 kg ha™' (100% NPK+FYM).
With respect to the depth organic-S content was confined to the surface
in higher amounts and declined with increasing soil depth.

6.3.5 Total sulphur

There was a mark improvement in the content of Total-S due to
continuous addition of fertilizer as compared to without addition of
fertilizer. This improvement was more pronounced in treatments
particularly receiving balanced application over imbalanced one. The
highest content was found with 100% NPK+FYM (234.53 kg ha™). Total-
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S content generally lower in 15-30 cm soil depth as compared to
surface soil i.e. 0-15 cm depth.

6.4 Effect of continuous addition of fertilizers and manure on
grain yield of soybean

The continuous application of fertilizer and manure resulted in
significantly higher yield which ranged from 513 kg ha™ (control) to
1300 kg ha™ (100% NPK+FYM). However, when 100% NPK was
applied with organic manure i.e. 100% NPK+FYM rank most superior

treatment.
6.4.1 Relationship with in sulphur pools and soybean seed yield

Sulphur pool was highly significant correlation with available
sulphur. The correlation coefficient values of available sulphur were
0.982, 0.923, 0.879 and 0.959 respectively for water soluble —S, heat
soluble-S, organic-S and total-S. Also significant relationship was
recorded amongst seed yield of soybean with all sulphur pools.
Correlation values of yields were 0.769, 0.726, 0.734, 0.733 and 0.697

respectively for available S, water S S, heat S S, organic S and total S.
6.5 Conclusions

1. From the results obtained under long term experiment with
continuous addition of fertilizers and manures in a Vertisol of
Jabalpur improved the physicochemical properties of the soil it

rendered the remarkable improvement in organic carbon content.

2. The distribution pattern of sulphur in soil revealed that all the
sulphur pools decreased with increasing soil depth, irrespective
of the treatments and it is dependent upon rate of fertilizer

application.

3. The total-S form was found to be predominantly in higher
amounts followed by organic-S, heat soluble-S available-S.

4. The productivity of soybean was gently influenced with balanced
fertilizer application over imbalanced applications. However,
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6.6

maximum yield was noted when 100% NPK+FYM was in
practiced specially soybean-wheat grown under intensive
cultivation of crops grown on in black soil (Vertisol) of central
India.

Suggestions

The finding of this study provides some suggestion on which

further line of work could be taken up.

1.

The experiment should be conducted in Vertisol of different agro

climatic zones of M.P. with predominated cropping system.

Benefits of different sources of nutrients should also be evaluated
considering their economics and keeping in view other nutrients

being applied indirectly through fertilizers.

Assessment of heavy metal content in the experimental soil
needs monitoring for evaluation of soil health.

Effect of integrated application of balanced fertilizers along with
organic manure on physical and chemical environment of the soil

needs to be investigated in further understandings.

Identification of climate parameter influencing soil and crop
productivity needs incorporated for prediction of crop productivity.
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Fig. 3. Depth wise distribution of soil EC
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Fig. 6. Depth wise distribution of soil available phosphorus
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Fig. 12. Depth wise distribution of total sulphur (kg ha!)
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Fig. 13. Soybean yield at different treatments
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Fig. 14. Relationship within soil sulphur pools
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