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A field experiment was carried out at College Farm, College of Agriculture,
Rajendranagar, PJTSAU, Hyderabad, Telangana state, to evaluate the efficacy of
different soil amendments on physical characteristics of soil in maize crop. The
soil was sandy loam in texture. The soil moisture content of soil was increased in
order of application of tanksilt > vermicompost > biochar > FYM > RDF >
control. Application of tanksilt increased moisture content of soil 2.1 to 5.6 %
over control throughout growth period. The application of tanksilt and
vermicompost significantly increased the (AWC) available water content
compared to control. The application of different amendments tanksilt,
vermicompost and FYM (Farm Yard Manure) along with RDF significantly
decreased the bulk density compared to RDF (Recommended Dose of Fertilizers)
applied plots. Almost 50% increase in aggregate stability was observed with the
application of tanksilt (28.92 %). Application of all the amendments viz., tanksilt,
vermicompost, biochar and FYM reduced hydraulic conductivity to 0.020, 0.029,
0.031 and 0.028 cm min™ respectively over the control (0.034 cm min™).

Introduction

Soil having good structure, porosity,
hydraulic conductivity, bulk density and
strength provide good medium for growth to
beneficial microorganisms, better nutrient and
water movement into the soil profile, higher
nutrient and water retention and more root
growth ultimately provide higher vyield as
compared to degraded soil having poor
physical properties (Abdallah et al., 1998).
The vermicompost is an “organic fertilizer”

produced by interactions between earthworms
and soil microorganisms, resulting in a
material with a high degree of maturity, high
porosity, aeration, drainage and water storage
capacity. The use of vermicompost promotes
productive  capacity of soils through
improvement in physical properties (Edwards
and Burrows, 1988). Biocahr is a
carbonaceous product obtained through the
thermal decomposition of biomass in the
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absence of oxygen or little oxygen at high
temperature. It has good physical properties
i.e. high porosity, large surface area (Van
Zwieten et al., 2010). The physical properties
like porosity, water holding capacity, bulk
density and soil moisture content was
improved with the application of FYM
(Choudhary and Kumar, 2013). Due to
application of tanksilt to soil, bulk density
(BD) and hydraulic conductivity of soil was
decreased, Water holding capacity (WHC)
and soil moisture content was increased
(Jeyamangalam et al., 2012).

Materials and Methods
Experimental site and design

A field experiment was carried out at College
Farm, College of Agriculture, Rajendranagar,
PJTSAU, Hyderabad, Telangana state, India.
Maize variety 900-M-GOLD was cultivated
during rabi 2014-15 in Randomised Block
Design (RBD) with 6 treatments replicated
four times. Treatments consist of T;-
vermicompost @ 5t ha, T--FYM @ 10 t ha?,
Ta-tanksilt @ 50 t ha™, T,- biochar @10 t ha
! Ts- control (without any fertilizer), Te- RDF
(NPK-200, 60, 50 kg ha™). Recommended
Dose of Fertilizers was commonly applied
from treatment T, to Ty.

Analysis of soil physical properties

Bulk density of the experimental soil was
estimated by core sampler method following
the standard procedures (Klute,
1986).Gravimetric soil moisture content of
the soil was estimated by gravimetric method
by drying the soil in oven at 105%
temperature of to a constant weight. Saturated
hydraulic conductivity of the soil was
estimated by constant water head method
(Dakshinamurthy and Gupta, 1967) at knee
high and harvest stage. Aggregate stability of
the soil was estimated by wet sieving method

(Yoder, 1936). 50 g of aggregates sieved
through nests of sieves (5, 2, 1, 0.5, 0.25 and
0.1 mm) in Yoder's apparatus. The dry
aggregates from each sieve are collected,
weighed and estimated for aggregate stability.
Available water content of the soil was
estimated by Pressure plate membrane
method (Dane and Hopmans, 2002). AWC
(Available water content) of soil was
estimated by the difference in soil water
content between field capacity (FC) and
permanent wilting point (PWP). The particle
size analysis was carried out by Bouyoucos
hydrometer method (Piper, 1966).

Soil samples were drawn at random from 0 to
30 cm soil depth of experimental field and
were analyzed for their physical properties by
adopting standard procedures. The results
were summarized in table 1.

Results and Discussion
At knee high stage

Significant decreases in bulk density were
observed with the addition of tanksilt,
vermicompost and FYM (Table 2). Though,
slight increases in bulk density were observed
from knee high stage to at harvest. The effect
of various amendments in reducing the bulk
density was sustained till the harvest of the
crop. A perusal of the data indicates that
significantly lower bulk density of 1.354 Mg
m™ was recorded with the application of
tanksilt @ 50 t ha™.The application of
tanksilt, vermicompost and FYM significantly
decreased the bulk density (1.354, 1.356 and
1.362 Mg m™ respectively compared to the
control (1.373 Mg m™®). The percentage
decrease in bulk density was 1.4, 1.24 and
0.81 % respectively, with application of
tanksilt, vermicompost and FYM. The
application of biochar and RDF resulted in
decrease in bulk density (1.366 and 1.372 Mg
m™®) which was on par with the control (1.373
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Mg m™®). The reduction in bulk density by
organics may be due to the improvement of
aggregation and structure inturn improves
porosity of soil which has direct influence on
the bulk density of the soil (Ganiger et al.,
2012).

The application of different amendments viz.,
tanksilt, vermicompost and FYM along with
RDF significantly decreased the bulk density
compared to the RDF alone but the
application of biochar along with RDF was on
par with application of RDF alone. A
reduction in bulk density in different soils was
reported by several workers (Alburquerque,
2013 and Karer et al., 2013) with application
of biochar whereas in the present study it was
not significant. This may be due to low level
i.e., < 0.5 % (w/w) of soil/biochar was applied
here. The addition of finely divided peat like
material  ‘vermicompost’ increased the
porosity of the soil and hence decreased the
bulk density (Ghosh et al., 2013).The
application of tanksilt significantly decreased
the bulk density compared to biochar
application but it was on par with
vermicompost and FYM application.

At harvest

A perusal of the data indicates that
significantly lower bulk density of 1.359 Mg
m* was recorded with the application of
tanksilt @ 50 t ha®. The application of
tanksilt, vermicompost and FYM significantly
decreased the bulk density (1.359, 1.363 and
1.362Mg m™®) respectively compared to the
control (1.38 Mg m?®). The percentage
decrease in bulk density was 1.53, 1.24 and
1.31% respectively. The application of
biochar and RDF results in bulk density
(1.371 and 1.377 Mg m™ which was on par
with the control (1.38 Mg m™®). The
application of different amendments viz.,
tanksilt, vermicompost and FYM along with
RDF significantly decreased the bulk density

compared to the RDF alone but the
application of biochar along with RDF was on
par with application of RDF alone. The
application of tanksilt significantly decreased
the bulk density compared to biochar
application but it was on par with
vermicompost and FYM application.

Hydraulic conductivity
At knee high stage

Data pertaining to the hydraulic conductivity
at knee high stage and harvest was presented
in table 3. The hydraulic conductivity at knee
high stage ranged between 0.017 to 0.034 cm
min™. The highest being recorded in control
(0.034 cm min™) followed by RDF applied
plots (0.032 cm min™). Application of all the
amendments reduced hydraulic conductivity.
Almost  50% reduction in  hydraulic
conductivity was observed with the
application of tanksilt (0.017 cm min™).
Among the amendments hydraulic
conductivity in the order of biochar >
vermicompost > FYM > tanksilt. Annadurai
(2011) reported that application of tanksilt
increased the water holding capacity thereby
hydraulic conductivity was reduced to the
minimum value.

At harvest

In general the hydraulic conductivity values
were similar to that of a knee high stage
except a slight increase of 0.002 to 0.003 cm
min™ was observed in the all the treatments.
The hydraulic conductivity at harvest ranged
between 0.020 to 0.034 cm min™. The highest
is being recorded in control (0.034 cm min™).
Application of all the amendments reduced
hydraulic conductivity. Almost 50% reduction
in hydraulic conductivity was observed with
the application of tanksilt (0.020 cm min™).
Among the  amendments hydraulic
conductivity is in the order of biochar >
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vermicompost > FYM> tanksilt. Application
of a laboratory produced biochar from black
locust increased the available water capacity
by 97% and saturated water content by 56%
but reduced hydraulic conductivity (Uzoma et
al., 2011).

A slight increase of hydraulic conductivity
was observed from knee high stage. The
decrease in hydraulic conductivity due to
application of amendments may be attributed
to improvement of microporosity due to clay
addition (tanksilt) or better aggregation by
vermicompost, FYM and biochar.

Available water content
At knee high stage

Field capacity and permanent wilting point
values were determined by pressure plate
apparatus and the difference in volumetric
moisture content between these two were
calculated at knee high stage and at the
harvest. Close examination of data (Table 4)
indicates that significantly higher available
water content of 11.52 % was recorded with
the application of tanksilt @ 50 t ha™.

The tanksilt application improved the clay
content in the plough layer which had direct

bearing on improving available water content
(Bhanavase et al., 2011). Studies by Osman,
2008 also demonstrated that addition of
tanksilt @ 50, 100, 150 and 375 tractor load
ha-1 improved the available water content by
0.2,0.7, 1.2 and 3.2 %, respectively.

The application of tanksilt and vermicompost
significantly increased the available water
content (2.5 and 1.48 %) respectively,
compared to the control (9.02 %). The
application of biochar, FYM and RDF
resulted in available water content of (9.14,
9.43 and 9.29 %) respectively, which was on
par with the control. Biochar application
increased the water retention capacity of the
soil because it increased soil porosity and also
due to adsorptive nature of biochar (Herath et
al., 2013). However in the present study
statistically significant increase in available
water content due to the biochar addition was
not observed. Tryon (1948) reported that
application of charcoal increased AWC in
sandy soil, no effect in a loam soil, and
decreased moisture content in a clay soil.
Such a response may be due to attributed to
the hydrophobic nature of the charcoal.
Because the soil moisture retention may only
be improved in coarse — textured soils, a
careful choice of biochar/soil combination
needs to be taken into consideration.

Table.1 Initial soil physical properties

Soil physical property values
Textural class Sandy loam
a) Sand (%) 75.6

b) Silt (%) 8.0

c) Clay (%) 16.4

Bulk density (Mg m™) 1.37
Hydraulic conductivity (cm min™) 0.037
Available water content (%) 9.03
Aggregate stability (%) 18.88

Soil moisture content (%) 7.00
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Fig.1 Soil amendments impact on gravimetric moisture content throughout the crop growth period
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At harvest of maize

Bulk density
Treatments Knee high stage Harvest
T1: Vermicompost 1.355 1.363
T,: FYM 1.362 1.362
T3 : Tanksilt 1.354 1.359
T,4: Biochar 1.366 1.368
Ts: Control 1.373 1.373
Ts: RDF 1.372 1.372
CD (P =0.05) 0.007 0.007
SEmz+ 0.0026 0.0026

(RDF was commonly applied from treatment T, to Ty)

Table.3 Soil amendments impact on hydraulic conductivity (cm min™) at knee high stage and

At harvest of maize

Hydraulic conductivity
Knee high

Treatments stage Harvest
T1: Vermicompost 0.027 0.029
T,: FYM 0.026 0.028
T3 : Tanksilt 0.017 0.020
T, : Biochar 0.029 0.031
Ts: Control 0.034 0.034
Ts: RDF 0.032 0.032
CD (P =0.05) 0.005 0.004
SEmz+ 0.001 0.001

(RDF was commonly applied from treatment T, to T,)

Table.4 Soil amendments impact on soil available water content (%) at knee high stage and

At harvest of maize

Available water content (%)
Treatments Knee high stage Harvest
T1: Vermicompost 10.50 10.81
T,: FYM 9.43 9.33
T5: Tanksilt 11.52 11.20
T4 : Biochar 9.14 9.14
Ts: Control 9.02 9.02
Ts: RDF 9.29 9.10
CD (P =0.05) 1.01 0.97
SEmz+ 0.33 0.32

(RDF was commonly applied from treatment T, to Ty)
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Table.5 Soil amendments impact on aggregate stability (%) at knee high stage and
At harvest of maize

Aggregate stability (%)
Treatments Knee high stage Harvest
T1: Vermicompost 22.48 23.45
T,: FYM 20.36 21.01
Ts: Tanksilt 27.98 28.92
T,4: Biochar 25.09 26.95
Ts: Control 18.90 19.95
Te: RDF 21.03 20.42
CD (P =0.05) 2.12 2.77
SEm+ 0.7 0.91
(RDF was commonly applied from treatment T, to Ty)
Tanksilt and vermicompost significantly significantly increased the available water
increased the available water content content compared to the RDF alone but the

compared to the RDF alone but the
application of FYM and biochar was on par
with application of RDF alone. The
application of tanksilt significantly increased
the available water content compared to
vermicompost, FYM and biochar application.

At harvest

A perusal of the data indicates that
significantly higher available water content of
11.20 % at harvest was recorded with the
application of tanksilt @ 50 t ha™. The
application of tanksilt and vermicompost
significantly increased the available water
content (2.18 and 1.79 %) respectively
compared to the control (9.02 %). The
application of biochar, FYM and RDF results
in available water content (9.14, 9.33 and 9.10
%) which was on par with the control. Soil
water holding capacity and total porosity (%)
increased with an increase in the ratio of
vermicompost applied because vermicompost
itself has a high WHC and increased porosity
because it creates larger aggregates with
larger air spaces in between them when it is
mixed with soil (Nada et al.,2011).

The application of different amendments viz.,
tanksilt and vermicompost along with RDF

application of FYM and biochar along with
RDF was on par with application of RDF
alone. The application of tanksilt significantly
increased the available water content
compared to vermicompost, FYM and biochar
application.

Aggregate stability
At knee high stage

The aggregate stability at knee high stage
ranged between 20.90 to 27.98 % (Table 5).
The highest being recorded in tanksilt applied
plots (27.98 %) followed by vermicompost
applied plots (22.48%) and lowest in the
control (20.90%).

Application of all the amendments increased
the aggregate stability. Almost 50% increase
in aggregate stability was observed with the
application of tanksilt (27.98 %).

Among the amendments aggregate stability
increased in the order of tanksilt >
vermicompost > biochar > FYM. Oades
(1984) reported that organic matter addition
increased the stability of macro aggregates
through the binding of the soil mineral
particles by polysaccharides.
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At harvest

The aggregate stability at harvest followed
same trend as that of a knee high stage except
slight decrease was observed. The aggregate
stability at harvest ranged between 19.95 to
28.92%. The highest being recorded in
tanksilt applied plots (28.92 %) followed by
vermicompost applied plots (23.45 %) and
lowest in the control (19.95 %). Application
of all the amendments increased the aggregate
stability. Almost 50% increase in aggregate
stability was observed with the application of
tanksilt (28.92 %). Among the amendments
aggregate stability increased in the order of
tanksilt > vermicompost > biochar > FYM.
Application of biochar increased the
aggregate stability compared to the control.
Increase in aggregate stability was probably
associated with the formation of water-stable
macroaggregates by the application of biochar
(Herath et al., 2013).

Soil moisture content

Gravimetric soil moisture content at regular
intervals throughout crop growth period was
monitored and was presented in Figure 1.
From the data it was evident that highest
moisture content was observed in tanksilt
applied plots followed by vermicompost
applied plots and lowest being the control i.e.,
without any fertilizer application. The
moisture content was increased in the order of
tanksilt > vermicompost > biochar > FYM
>RDF > control.

Application of tanksilt improved the moisture
holding capacity of the soil and hence an
increase of 2.1 to 5.6 % moisture content over
the control was observed throughout crop
growth period. The results were in line with
results obtained by Rao et al., 2013 who
found that 2.77 % increase in soil moisture
content by application of tanksilt @ 60 t ha™
in soils of rainfed conditions. The increase in

moisture content by application of tanksilt
was due to its high water retention capacity
(11.5 %) and tanksilt in their study contained
0.3% organic carbon (Rao et al., 2013). In the
present study, the organic carbon of applied
tanksilt is 0.3%. Studies by Osman, 2008 also
demonstrated that addition of tanksilt @ 50,
100, 150 and 375 tractor load ha™ improved
the available water content by 0.2, 0.7, 1.2
and 3.2 %, respectively. The increase in root
zone gravimetric moisture content by 1% by
application of 100 tractor loads ha™ of tanksilt
was recorded by Osman, 2008. Significant
increase in moisture content was observed
with application of vermicompost @ 5 t ha™
over the control and RDF however it was on
par with that of tanksilt application. Studies
by Gutierrez et al., (2007), Fauziah and
Agamuthu (2009) have shown that average
water holding capacity of vermicompost was
25 % while its total organic content was 12
%.

Though an increase in gravimetric moisture
content of 1 to 2 % was observed by
application of FYM and biochar but it was
statistically on par with RDF and control
plots. The application of different
amendments improved WHC of the soil and
hence more uptake of water and nutrients
which inturn reflected by dry matter
production and ultimately the yield of the
crop.

The results indicate that the addition of
tanksilt and vermicompost significantly
improved moisture content of the soil and
hence the irrigation interval may be enhanced.
So, that the water requirement of the crop was
reduced.

Application of soil amendments improved soil
physical environment and inturn improved
yield of maize crop. From the experiment, it
was found that application of tanksilt @ 50 t
ha™ resulted in good soil physical conditions
compared to vermicompost, FYM, biochar,
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RDF and control. The gravimetric soil moisture
content was increased in order of tanksilt >
vermicompost > biochar > FYM > RDF >
control. Application of tanksilt increased
moisture holding capacity of soil 2.1 to 5.6 %
over control throughout growth period. The
application  tanksilt and  vermicompost
significantly increased the (AWC) available
water content (2.5 and 1.48 %) respectively
compared to control (9.02%). However the
application of biochar, FYM and RDF resulted
in AWC of (9.14, 9.43 and 9.29%) which was
on par with the control. The application of
different amendments tanksilt, vermicompost
and FYM along with RDF significantly
decreased the bulk density compared to RDF
applied plots. Significant increase in stability of
aggregates  was  noticed in  tanksilt,
vermicompost, biochar and FYM application
over control (19.95 %). Application of all the
amendments viz., tanksilt, vermicompost,
biochar and FYM reduced hydraulic
conductivity to 0.020, 0.029, 0.031 and 0.028
cm min™ respectively over the control (0.034
cm min™).
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