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Abstract

A field experiments was conducted under All India Co-ordinate Research Project on “Long term
Fertilizer Experiment” during 2015-16 with soybean-wheat cropping sequence at the Research Farm
Department of Soil Science and Agricultural Chemistry, J.N. Krishi Vishwa Vidyalaya, Jabalpur (M.P.),
India to the present investigation was assess the chemical properties of a Vertisol. There were. Ten
treatments were imposed with four replications in simple randomized block design in both soybean and
wheat crops. The treatments were T1 (50% NPK), T2 (100% NPK, T3 (150% NPK), T4 (100%
NPK+HW), T5 (100% NPK + Zn), T6 (100% NP), T7 (100% N), T8 (100% NPK+FYM), T9 (100%
NPK-S) and T10 (Control). The results obtained from the present investigation clearly indicated that
chemical properties changes in pH and EC in surface and sub-surface soils under different treatments
were statistically non-significant. However, the treatments of long-term application of balanced nutrients
with and without FYM have significant effect on organic carbon content, cation exchange capacity,
calcium carbonate and microbial biomass carbon in surface and sub-surface soils under soybean-wheat
cropping system.

Keywords: Soil properties, pH, EC, organic carbon, cation exchange capacity and calcium carbonate,
soybean and wheat sequence and FYM

Introduction

Long Term Fertilizer Experiment (LTFE) play an important role in understanding the complex
interactions involving plant, soil, climate, management practices and their effect on soil
productivity over a long period of time I. Therefore, such experiments recognized as a
valuable repertoires of information relating to the sustainability especially under intensified
cultivation . Initially, the aim was confined to demonstrate unequivocally, the attainable
higher productivity potential with the use of chemical fertilizers as well as to identify and
evaluate the impact of input management on sustainable soil fertility and subsequent
productivity of crops Bl In this connection, to study the impact of the continuous addition of
fertilizer and organic manure for sustainability of high production farming, the ICAR initiated
in 1972, the All India Coordinated Research Project (AICRP) on Long Term Fertilizer
Experiments (LTFE) to study changes in soil quality, crop productivity and sustainability in
the Soybean — Wheat cropping system on a Vertisol of Jabalpur.

Long-term experiments are conducted with the aim to monitor the impact of fertilizer input
management on soil fertility and sustainability of a production system [“. Assessment of
nutrient status is one of the key parameters to evaluate the fertility status of a soil 1 Correct
estimate of nutrient will not only help in assessing the amount of fertilizer added to soil but
will also help in evaluating the soil fertility status, to develop the strategies for sustainability of
any crop production system [6, Management of soil fertility has emerged as a key area of
concern to realize the potential of soil recourses for sustainable crop production [, Increase
organic matter in soil the clay humus complex become more active and provide more
exchange sides thereby improve availability of nutrient further reported that decline in yield
even with increase use of recommended NPK fertilizers the reduction in yield generally
accounted to the result deficiency of secondary and micro nutrient as a result due to limited use
of organic manure and less recycling of crop residue led to depletion of nutrient from soil
reserves which directly deteriorates the fertility of soil 1.
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Therefore the present study was undertaken to investigate the
effect og long term application of fertilizer and manure
impacts on soil properties in surface and subsurface under 46™
years old soybean-wheat cropping sequence on a Vertisol.

Materials and Methods

Field experiments were conducted during Kharif and Rabi
seasons of 2015-16 at the AICRP on LTFE research field of
Department of Soil Science and Agricultural Chemistry,
INKVV, Jabalpur, situated at 23.10° N latitude, 79.57" E
longitudes and at elevation 393 meter above mean sea level in
the South-Eastern part of the Madhya Pradesh. The
experimental soil is medium black belonging to Kheri series
of fine montmorillonitic hyperthermic family of Typic
Haplustert and known as medium deep black soil. Ten
treatments were imposed with four replications in simple
randomized block design in both soybean and wheat crops.
The treatments were T1 (50% NPK), T2 (100% NPK, T3
(150% NPK), T4 (100% NPK+HW), T5 (100% NPK + Zn),
T6 (100% NP), T7 (100% N), T8 (100% NPK+FYM), T9
(100% NPK-S) and T10 (Control). Where 100% NPK stands
for 20:80:20 kg ha* and 120:80:40 kg ha N: P,Os: K;0. For
the present study two sets of soil samples each for chemical
analysis were collected with the help of core sampler from
selected sites from each plot as per the treatments for surface
(0-15 cm) and sub-surface (15-30 cm) soils after harvest of
soybean and wheat crops grown during 2015-16. Soil pH was
determined in a 1:2.5 soil-water suspension by glass electrode
of Beckman pH meter (Piper, 1950). The soil suspension used
for pH determination was allowed to settle down and
conductivity of supernatant liquid was determined by using
conductivity meter (Black, 1965). The results are expressed in
dSm™ at 25°C. Organic carbon in soil was determined by
Walkley and Black rapid titration method (1934). The CEC of
soil sample was measured by leaching it with neutral 1N
NH4OAc solution which saturates the soil surface with NH4*
ions. The residual electrolytes were then removed by leaching
with 99% isopropyl alcohol until the leachate was free of
residual electrolytes. The NH4* ions which was adsorbed by
soil sample, finally, determined by Kjeldhal distillation
method into 2% H3BOs. The boric acid containing ammonium
borate was titrated by standard acid in the presence of mixed
indicator to find out the meg. of exchangeable NH.* adsorbed
by soil sample (Amma, 1989). Analysis of soil calcium
carbonate content was done using rapid titration method
(Jackson, 1973) and microbial biomass carbon was done
using soil fumigation method.

Result and discussion

Soil pH

The perusal of the data on soil reaction of the experimental
soil indicated that intensive cropping with continuous use of
fertilizer singly or in combination over 46th years has resulted
a slight changes in soil pH. The pH of the soil was 7.6 at the
time of inception of experiment. Data on pH of surface and
sub-surface soils as influenced by long term application of
fertilizer after harvest of soybean and wheat crops are given in
Table 1. Data clearly indicated that pH of surface and sub-
surface soils were not affected significantly by long-term
application of integrated nutrient. It is also evident from data
that pH of surface soil was lower than the sub-surface soil in
all the treatments. Data further showed that pH of surface and
sub-surface soils were slight decrease in soil pH was recorded
in the treatments received FYM along with inorganic nutrients
in both the soil depths, No significant change in soil pH under

different treatments was might be due to higher buffering
capacity of Vertisols. . also reported that soil pH remained
almost unchanged if balanced fertilizers were used along with
organic manure (FYM) might be due to stabilizing effects of
FYM. However, findings of [* 1 indicated that pH of sub-
surface soil increased under integrated treatments might be
due to the moderating effect of organics over the years as it
decreases the activity of exchangeable Als* in soil solution
due to chelating effect of organic molecules.

Electrical Conductivity

Data (Table 1) clearly showed that electrical conductivity
(EC) of surface (0-15 cm) and sub-surface (15-30 cm) soils
after harvest of soybean and wheat crops was not affected
significantly by the treatments of long-term application of
integrated nutrients. Electrical conductivity of sub-surface and
surface soils was varied from 0.14-0.29 dSm and 0.17-0.20
dSmt in soybean crop and from 0.16 to 0.19 dSm-1 and 0.18
to 0.21 dSmlin wheat crop respectively. Further it was
observed that electrical conductivity of surface soil was lower
than the sub-surface layer and lowest EC was obtained in
control treatment at both the soil depths. The values of EC did
not show remarkable alternation and this may be attributed to
the low residual effect of applied inputs and high buffering
capacity of soil. The findings are well supported by those
reported by [£2 3],

Soil organic carbon

The response of long term manuring and fertilizer use is an
intensive cropping over the last 46" years are illustrated in
Table (1). The data revealed that the lowest organic carbon
content 5.73 g kg* was note in control where no fertilizer was
practiced. However, the organic carbon values improved
significantly with proportionate increment in fertilizer
addition at sub optimal (5.62 g kg™), optimal (7.59 g kg*) and
super optimal (8.51g 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 [4 1. However, imbalance fertilizer
application yielded low organic matter decomposition of plant
residues but, addition of P with N resulted in abrupt increase
of organic carbon and further addition of K i.e. 100% NPK as
slightly improved while, appreciable improvement in organic
carbon content was marked with 100% NPK+FYM which had
comparatively higher in compared to its initial level reported
116, 771 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 fact that cultivation enhanced
and promote the decomposition of plant organic residues at
surface level.

Calcium carbonate

The data pertaining to the effect of long-term application of
integrated nutrients on calcium carbonate content in soil at 0-
15 cm and 15-30 cm depths are given in Table 1. Data clearly
indicated that calcium carbonate in soil at both the depths was
significantly affected by different treatments of nutrient
application. Data further revealed that calcium carbonate of
surface and sub-surface soils was maximum under 150% NPK
treatment while, it was lowest under control treatment. Higher
value of CaCOsin surface and sub-surface soil after harvest of
soybean and wheat crops was recorded in the treatments of
balanced application of nutrients and lower values in
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imbalanced nutrient application treatments. It may be due to
long term application of SSP which also contains calcium.
Identical finding were also reported by I 4. Further it was
found that content of calcium carbonate in surface soil was
lower than the sub-surface soil might be due to dissolution
effect of organic acids produced during decomposition of
organic matter in soil. The finding are well supported by those
reported by [18. 191,

Soil microbial biomass carbon

Application of organics along with inorganic fertilizers
recorded significantly higher level of SMBC as compared to
other treatments during soybean-wheat crop (Table 1). The
highest SMBC was recorded with the addition of 100% NPK
+ FYM followed by 150% NPK. The result illustrated the
lowest value of SMBC in control. Among organics applied in
kharif season, the highest residual effect on SMBC was
noticed by 100% NPK+FYM. It might be due to the supply of
additional mineralizable and readily hydrolyzable carbon due
to organic manure application resulted in higher microbial
activity and in turn higher microbial biomass carbon. These
results are in conformity with 202151,

Bulk density
Data clearly indicated that bulk density of soil at both the
depths was no significantly affected by different treatments of

nutrient application. Data further revealed that bulk density of
surface and sub-surface soil was highest (1.35 and 1.39 Mgm-
%) under control (T1) and lowest (1.30 and 1.33 Mg m?)
under Tg (100% NPK with FYM) followed by T3 (150 %
NPK) treatments. It was also evident from the data that bulk
density of sub-surface soil layer was higher as compared to
surface soil layer in all the treatments. The results clearly
indicated that integration of organic source with inorganic
nutrients decrease the bulk density of soil and also the bulk
density increased with soil depth irrespective of the nutrients
application treatments. It was might be because of addition of
FYM and more root biomass in 100% NPK with FYM
treatment which resulted in lower bulk density in both after
harvest of soybean and wheat crops. The findings are in good
agreement of those reported by [?223.9],

Conclusions

Our results showed that the chemical (OC, CaCO; and
microbial biomass carbon) properties of surface and sub-
surface soil after harvest of soybean and wheat crops were
significantly altered by long-term application of integrated
nutrients. However, treatments of long-term application of
integrated nutrients did not affected pH, EC and bulk density
of surface and sub-surface soils, significantly neither after
harvest of soybean.

Table: Effect of continuous application of chemical fertilizers and manure on soil properties after harvest of soybean crop at 0-15 and 15-30cm

Treatment pH EC dSm'! OCgkg™? CaCO3 % MBC BD Mg m'
0-15 cm|15-30 cm|0-15 cm|15-30 cm|0-15 cm|15-30 cm|0-15 cm|15-30 cm|0-15 cm|15-30 cm|0-15 cm|15-30 cm
50% NPK 7.56 7.58 0.14 0.16 5.62 4.38 5.54 6.25 248 222 1.34 1.37
100% NPK 7.63 7.68 0.18 0.18 7.59 5.49 5.75 6.37 285 245 1.32 1.36
150% NPK 7.64 7.69 0.17 0.19 8.51 6.20 6.42 6.59 353 303 1.31 1.36
100% NPK+ HW| 7.57 7.64 0.17 0.17 7.54 5.32 5.75 6.41 280 243 1.32 1.34
100% NPK +Zn| 7.65 7.65 0.18 0.18 7.62 5.33 5.74 6.40 286 241 1.32 1.35
100% NP 7.59 7.60 0.18 0.17 6.75 4.75 5.63 6.27 239 211 1.34 1.37
100% N 7.52 7.63 0.18 0.16 5.19 3.78 5.26 5.68 203 192 1.35 1.38
100% NPK+FYM| 7.53 7.60 0.17 0.19 8.94 6.33 6.08 6.49 395 382 1.30 1.33
100% NPK-S 7.58 7.65 0.18 0.18 7.22 5.15 5.43 5.83 282 258 1.34 1.38
Control 7.54 7.57 0.14 0.15 4.21 3.58 5.08 5.20 201 186 1.35 1.39
S.Em. + 0.059 | 0.049 | 0.011 | 0.010 0.26 0.39 0.18 0.35 8.95 12.07 | 0.011 | 0.009
CD (p=0.05) NS NS NS NS 0.77 1.12 0.53 1.01 25.98 | 35.01 NS NS
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