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Soil Physical Environment in Long Term Fertilizer Experiment on Typic Haplusterts in Sorghum...
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Abstract: A study was conducted to assess the long term effects of fertilizers and FYM on physical properties after 25th cycle of
sorghum-wheat cropping sequence in a Vertisol. The combined use of inorganic fertilizers (100% NPK) along with FYM @ 10
t ha-1 significantly improved the bulk density, porosity, soil moisture content of TypicHaplustert.
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INTRODUCTION

The use of NPK fertilizers under intensive farming
will not be appropriate, unless they are combined
with organic manure to have good soil
health.Improvement in structure, porosity, soil
moisture content and lowering ofbulk density for
sandy clay loam soil were observed under permanent
manorial trial (Biswas and Khosla, 1971). Application
of combined addition of organics in combination with
inorganics were resulted in improvement in soil
physical properties on black soil as compared to
inorganic alone (Bellaki et al., 1998). Sorghum and
wheat are the important food grain crops of the
Maharashtra. However such information is virtually
lacking in typical Vertisols supporting sorghum-
wheat crops of Vidarbha region and hence present
investigation was carried out.

MATERIALS AND METHODS

The present investigation was undertaken during the
year 2011-12 and 2012-13 on the old long- term
fertilizer experiment started since 1988, to study the
effects of long-term fertilization of Vertisol on soil
physical properties of sorghum-wheat cropping
sequence at Research Farm, Department of Soil
Science and Agricultural Chemistry, Dr. PDKV,
Akola. The soil at the start of experiment was Vertisol

with slightly alkaline in reaction (8.1), low in organic
carbon (4.6 g kg-1), available N (120 kg ha-1) and
available phosphorus (8.4kg ha-1) and high in available
potassium (358 kg ha-1). There were twelve treatments
replicated four times in a randomized block design
comprised of varying NPK levels with and without
FYM, S and Zn. The details of various treatments in
the permanent plot experiment are given in Table 1.
FYM containing on an average 0.52, 0.17, 0.56% N,P2O5
and K2O, respectively on dry weight basis was applied
in kharif season only. The recommended dose of
fertilizer was applied @ 100:50:40 and 120:60:60
N,P2O5 and K2O kg ha-1 to sorghum and wheat
respectively. Half dose of N and full dose of P and K
was applied at the time of sowing to sorghum and
wheat crops. Remaining half dose of N was applied
at 21 days after sowing. The sulphur (though gypsum)
was applied to each plot as per the treatments. Zinc
(through zinc sulphate) was applied once in two years
for wheat crop only. Plot-wise surface (0-15 cm) soil
samples were collected after the harvest of sorghum
and wheat. The soil samples were processed for
physical analysis. The bulk density of soil was
estimated by clod coating method (Blake and Hartge,
1986), moisture content by gravimetric method
(Khanna and Yadav, 1979). The porosity was
estimated from bulk density and particle density
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(Baver, 1949). The data were analysedstastically by
the methods described by Panse and Sukhatme (1985).

RESULT AND DISCUSSION

The effect of long term fertilization and manuring
with continuous cropping system on bulk density was
found to be significant. The data presented in
Table 2. showed significantly highest reduction in
bulk density of soil due to application of 100% NPK
+ FYM @ 10 t ha-1 treatments after sorghum (1.301,
1.299 Mg m-3) as well as wheat crops (1.300,1.297
Mg-3) in the respective years of experimentation.The
pooled data of the year of experimentation revealed
that, significantly lowest i.e. 1.300 and 1.299 Mg m-3

bulk density of soil was recorded in 100% NPK + FYM
@ 10 t ha-1 treatment but it was at par with alone
addition of FYM @10 t ha-1 (1.317, 1.318 Mg m-3) and
100% NPK + Zn @ 2.5 kg ha-1 (1.359, 1.361 Mg m-3)
treatments after kharif sorghum and wheat rabi.The
reduction in bulk density in the treatment of
integrated use of chemical fertilizers and organic
manures may be attributed to better aggregation
(Singh, 2000) and improvement in soil structure and
more pore space caused due to increase in soil organic
matter. (Selvi, 2005). Similar reduction in bulk density
of soil due to application of FYM with 100% NPK were
also observed by Bellaki et al. (1998). Highest bulk
density was observed in control plot (1.58 Mg m-3).
Reduction in bulk density in treatments receiving only
NPK could be attributed to the biomass production
with consequent increase in organic matter content
soil (Bhardwaj and Omanwar, 1992). Effect of various
long term treatments showed significant influence on

soil porosity of soil of experiment.The data presented
in Table 3. Showed significantly highest the soil
porosity of soil due to application of 100% NPK + FYM
@ 10 t ha-1 treatment after sorghum (50.52, 50.98%) as
well as wheat crops (50.95, 51.04%) in respective years
of experimentation.The pooled data of the year of
experimentation revealed that, significantly highest
i.e. 50.95 and 51.00 % porosity of soil was recorded in
100% NPK + FYM @ 10 t ha-1 treatment in sorghum
and wheat crop.The application of 100% NPK along
with FYM resulted significant increase in the porosity
of soil. It might be due to higher percentage of organic
carbon content and proliferation of biotic activity
could be the possible reason for such effect. Soil biota
influenced the soil properties through formation of
stable aggregates, development of organo-mineral
complexes by improving macro porosity(Mali
201).Application of 100% NPK + FYM @ 10 t ha-1 (T10)
resulted improvement in soil porosity (50.95, 51.00%)
in pooled mean data. However this treatment found
at par with 100% NPK + Zn @ 2.5 kg ha-1 FYM @ 10 t
ha-1 and 150% NPK. This might be due to
improvement in soils macro and micro-pores as a
result of improvement in organic matter status of soil
due to better crop growth and root biomass (Jadhao
2014). Continuous cropping with 100% N alone and
without manures and fertilizers (control) resulted
substantial decrease in soil porosity as a result of poor
crop growth under these treatments (Biswas and
Khosala 1971, Bellaki and Badanur 1997). Effect of
various long term treatments showed significant
influence on moisture content of soil of
experimentation. The data presented in Table 4

Table 1
Treatment Details

Tr. Treatment details N, P2O5 & K2O rate
(kg ha-1)

Sorghum Wheat Fertilizer source

T1 50% NPK 50:25:20 60:30:30 Urea, SSP, MOP
T2 75% NPK 75:37.5:30 90:45:45 Urea, SSP, MOP
T3 100% NPK 100:50:40 120:60:60 Urea, SSP, MOP
T4 100% NPK-S Free 100:50:40 120:60:60 Urea, DAP,MOP
T5 150% NPK 150:75:60 180:90:90 Urea, SSP, MOP
T6 100% NP 100:50:00 120:60:00 Urea, SSP
T7 100% N 100:00:00 120:00:00 Urea
T8 100% NPK + Zn @ 2.5 kg ha-1 100:50:40 120:60:60 Urea, SSP, MOP, ZnSO4

T9 100% NPK +S @ 37.5 kg ha-1 100:50:40 120:60:60 Urea, DAP MOP, Gypsum
T10 100% NPK + FYM @ 10 t ha-1 100:50:40 120:60:60 Urea, SSP,MOP
T11 FYM @ 10 t ha-1 10 t ha-1 No manure, Well decomposed FYM

no fertilizer
application

T12 Control - - -
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Table 2
Bulk Density of soil as influenced by long term manure and fertilizers application under sorghum-wheat cropping sequence

Tr.  Treatment Details Bulk Density (Mg m-3)

Sorghum Wheat

2011-12 2012-13 Pooled 2011-12 2012-13 Pooled

T1 50 % NPK 1.49 1.49 1.49 1.49 1.49 1.49
T2 75 % NPK 1.43 1.43 1.43 1.43 1.43 1.43
T3 100 % NPK 1.43 1.40 1.42 1.44 1.40 1.42
T4 100 % NPK-S 1.48 1.49 1.48 1.48 1.49 1.49
T5 150 % NPK 1.37 1.38 1.38 1.38 1.38 1.38
T6 100 % N P 1.45 1.46 1.46 1.46 1.46 1.46
T7 100 % N 1.53 1.53 1.53 1.53 1.53 1.53
T8 100 % NPK + Zn @ 2.5 kg ha-1 1.36 1.36 1.35 1.36 1.38 1.36
T9 100 % NPK + S @ 37.5 kg ha-1 1.42 1.42 1.42 1.42 1.42 1.42
T10 100 % NPK + FYM @ 10 t ha-1 1.30 1.29 1.30 1.30 1.29 1.29
T11 FYM @ 10 t ha-1 1.31 1.31 1.31 1.31 1.31 1.31
T12 Control 1.57 1.58 1.58 1.58 1.58 1.58
SE (m) + 0.023 0.023 0.023 0.024 0.023 0.024
CD at 5 % 0.066 0.067 0.066 0.071 0.068 0.070
Initial value 1.36

Table 3
Porosity of soil as influenced by long term manure and fertilizers application under sorghum-wheat cropping sequence

Tr. Treatment Details Soil porosity (%)

Sorghum  Wheat 

2011-12 2012-13 Pooled 2011-12 2012-13 Pooled

T1 50 % NPK 43.66 43.54 43.60 43.64 43.52 43.58
T2 75 % NPK 45.91 45.86 45.89 45.90 45.82 45.86
T3 100 % NPK 45.71 47.12 46.42 45.66 47.10 46.38
T4 100 % NPK-S  44.00 43.66 43.83 43.87 43.64 43.75
T5 150 % NPK 47.97 47.87 47.92 47.92 47.87 47.90
T6 100 % N P 44.99 44.80 44.90 44.92 44.77 44.85
T7 100 % N 42.01 42.01 42.01 41.98 41.96 41.97
T8 100 % NPK + Zn @ 2.5 kg ha-1 48.79 48.65 48.72 48.68 48.60 48.64
T9 100 % NPK + S @ 37.5 kg ha-1 46.41 46.27 46.34 46.30 46.23 46.26
T10 100 % NPK + FYM @ 10 t ha-1 50.92 50.98 50.95 50.95 51.04 51.00
T11 FYM @ 10 t ha-1 50.25 50.39 50.32 50.24 50.30 50.27
T12 Control 40.41 40.12 40.26 40.29 40.05 40.17
SE (m) + 0.86 0.88 0.87 0.93 0.89 0.91
CD at 5 % 2.49 2.53 2.51 2.69 2.58 2.64

Table 4
Moisture content soil as influenced by long term manure and fertilizers application under sorghum- wheat cropping sequence

Tr. Treatment Details Soil moisture (%)

Sorghum  Wheat

2011-12 2012-13 Pooled 2011-12 2012-13 Pooled

T1 50 % NPK 18.03 51.53 19.78 20.62 21.42 21.02
T2 75 % NPK 18.27 22.13 20.20 21.31 21.60 21.46
T3 100 % NPK 18.56 23.38 20.97 22.62 22.69 22.65
T4 100 % NPK-S  18.70 23.03 20.86 22.32 22.09 22.21
T5 150 % NPK 19.27 23.45 21.36 23.74 23.44 23.59
T6 100 % N P 19.39 22.50 20.94 22.23 22.62 22.42
T7 100 % N 19.47 22.03 20.75 21.33 21.42 21.37
T8 100 % NPK + Zn @ 2.5 kg ha-1 18.53 23.85 21.19 23.54 22.91 23.22
T9 100 % NPK + S @ 37.5 kg ha-1 19.30 24.11 21.70 24.10 23.57 23.84
T10 100 % NPK + FYM @ 10 t ha-1 20.05 25.68 22.86 24.57 24.07 24.32
T11 FYM @ 10 t ha-1 20.36 26.43 23.40 25.37 24.84 25.11
T12 Control 17.84 22.65 20.24 21.24 21.51 21.37
SE (m) + 0.90 1.27 1.08 1.08 1.12 1.10
CD at 5 % 2.59 3.65 3.12 3.12 3.24 3.18
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showed significantly highest soil moisture content
due to application of FYM @ 10 t ha-1 treatment after
sorghum (20.36, 26.43%) as well as wheat crops (25.37,
24.84%) during respective years of experimentation
and the lowest was observed in absolute control. The
pooled data of experimentation revealed that,
significantly highest i.e. 23.40 and 25.11% moisture
of soil was recorded in FYM @ 10 t ha-1 addition
treatment and it was at par with 100% NPK + FYM @
10 t ha-1 (22.86, 24.32%), 150% NPK (21.36,23.59%),
100% NPK + Zn @ 2.5 kg ha-1 (21.19, 23.22%) and
100% NPK + S @ 37.5 kg ha-1 (21.70, 23.84%). FYM @
10 t ha-1 reported significantly highest soil moisture
(23.40%) over all the other treatments. However
lowest moisture content was reported in absolute
control (20.24%) and was found at par with all the
other treatments under study of sorghum. Similar
trend was also observed after wheat crop. Continuous
application of FYM alone significantly increased the
moisture content of soil over all the treatments under
sorghum and wheat. Higher moisture content in soil
may be due to higher organic carbon more pore space
and good soil aggregation and due to ability of FYM
to hold water as well as increased porosity of soil
(Khaini and More 1984). It may be concluded that long
term application of FYM @ 10 t hai1 in combination
with recommended dose to sorghum (100: 50: 40 kg
ha-1) and wheat (120: 60: 60kg ha-1) significantly
improved the physical properties in Typic Haplustert
under semi-arid conditions.
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