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Effect of tillage and organics on soil physical properties or sorgnum
(Var. Co 26) in an alfisol having subsoil hard pan at shallow depth
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Abstract :© Effect of tillage practices and organics on physical properties at different depths
in an Alfisol having sub soil hard pan al shallow depth was studied in the [eld experiment
with sorghum as the test crop.  The bulk density of the soil reduced significantly due to chiscling
and this effect was more pronounced in 15-30 and 30-45 cm depths, where the bulk density
steeply reduced from 1.82to LL58 Mg m”, Application of cither farm yard manure or composted
coir pith @ 12,5 t ha' appreciably reduced the bulk density over control and their effects
were found to be comparable, A steep increase in hydraulic conductivity was obscrved due
lo chiseling in 15 - 30 cm depth (0.32 1o 2.78 em h'). No perceptible change was ohserved
in the surface layer due to different tillage practices, The applied organics had a marked favourable
effect on the hydraulic conductivity of the surface soil and on the pore size distribution,
The pore size distribution of the soil also indicated the positive influence of chiseling in all

the depths. (Key Words

distribmtion, Sorghum)

Among the various soil physical constraints,
subsoil hard pan at shallow depth is the one
which limits the crop growth to a greater extent.
Normally, the problem occurs in red soil area
due to illuviation of clay in the sub soil horizon
coupled with cementing action of oxides of iron
and alumina and calcium carbonate. Since red
soil occupies sixty two per cent of the total
Geographical area of Tamil Nadu and t(otally
5,218 sq. km is affected by this problem in
Coimbatore, Madurai and North Arcol districts
alone (Basker et af, 1995). It lowers the infiltration
and percolation rates, nutrient movement and
free air transport within the soil profile as well
as the contribution of subsoil fertility to crop
growth is hampered (Garcia et al. 1988). To
overcome this problem, the chisel ploughing to
a depth of 45 - 50 em at 0.5 m interval criss
cross was found to be effective. However, the
tillage effect is expected to depend up on the
crop growth and season, When sub soil occurs
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in red soils at shallow depth of low fertility,
due to root restriction, nutrients in the surface
soil are exhausted exorbilantly thus leading to
{urther deterioration of the soil. The present
study was, therefore undertaken to evaluate the
extent of influence of tillage practices and organics
on soil physical properties at different depths.

Materials and Methods

A field experiment was conducted during
1995 - 96, to study the direct effect of tillage
and organics in a sandy clay loam (Pichanur
series - Typic Haplustalf), reddish brown soil
having subsoil hard pan at shallow depth
(at 15 cm ) in the farmer's field at Nachipalayam
village of Madukkarai block of Coimbatore
district, Tamil Nadu, India. The undisturbed
soil samples collected from three depths wiz.
0-15, 15-30 and 30-45 cm were subjected to
various physical properties.

Physical properties of initial soil samples at different depths

Depth (cm)  Bulk Hydraulic Capillary ~ Non capillary  Total Infiltration
density conductivity porosity porosity porosity rate
(Mg m™) (em W) (%) (%) (%) (cm h')

0-15 |.45 2.38 35.26 12.08 47.34 0.62

15 - 30 1.81 0.30 32.44 7.96 40.40 -

30 - 45 ].84 0.34 33,68 8.04 41072
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* The results showed that the bulk density
was 1.45 Mg m? in surface layer, whereas the
bulk density was much higher in second (1.81
Mg m*) and third layers (1.84 mg m™). Contrary
to this, the hydraulic conductivity was very high
in surface layer (2.38 ¢cm h') compared to second
and third depths (0.30 and 0.34 cm h'), The
pore space was found to be higher in top layer
compared fo subsoil layers, The infiltration rate
was found to be 0,62 cm h'. The soil was tested
to be neutral in reaction pH 7.1; EC:0.42
dSm"; Organic carbon : 0.21%. The KMnO,
oxidasable N, Olsen- P and NH, OAI-K status
of the soil was 142, 7.3 and 112 kg ha"' respectively.
The iron and aluminium oxides were found to
be high.

The following treatments were imposed in
asplit plot design and the 27 treatment combinations
were teplicated thrice. The main plot trealments
(type of tillage) viz., T, Country ploughing twice
T, - Mould board ploughing twice ; T, - Chisel
pfuughing once + country ploughing twice;
Source of organics viz., M - No organics M
- Farm.yard manure @ 12.5 tha' M, - Curnpusteé
coir pith @ 12,5 t ha'., ‘The sub plot treatments
were N, - Nitrogen -, N, - 75 % of the recommended
N; N, - 100 % of the recommended N. At the
time seeding, 50 % of N, full dose of P and
K in the form of urea, single super phosphate
and muriate of potash respectively were applied
basally. The remaining half the dose of N was
top dressed on 45 days after sowing. The farm
yard manure and composted coir pith were applied
basally and incorporated thoroughly in the top
soil @ 12.5 t ha' as per the treatment schedule
15 days before sowing.

The undisturbed core samples were
collecied at 45 and 90 days after sowing and
at harvest in 3 depths wiz, 0-15 cm (D)),
15-30 c¢cm (D,} and 30-45 cm (D,) to monitor
the changes in the physical properties of the
soil and the data collected were subjected to
statistical scrutiny (Panse and Sukhatme, 1978).

Results and Discussion
Bulk Density (Table 1)

The bulk density values of (he core samples
collected on 45 Days After Sowing (DAS) revealed
that the lowest bulk density of [.54 Mg
m” was registered in the chiscled plots which
was significantly lower than other tillage treal-
ments.  The highest bulk density (1.67 Mg

m) was observed in country ploughing treatment.
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Among depths, significantly higher bulk densitics
were recorded in subsoil layers than in surfacc
soil. The interaction eflfect of T x D showed
that chiseled plots registered lesser bulk density
values in second and third depths compared (o
other tillage treatments. As far as the surface
soil is concerned, the values were comparable.

The results of bulk densilty on 90 DAS
and at post harvest stage revealed the same trend
as that of the bulk density values of 45 DAS.
The bulk density values were significantly lower
in second and third depths under chiseled plots,
whereas the bulk densitics were on par in these
depths in other tillage treatments. However, in
surface layer all the tillage trcatments behaved
similarly.

Irrespective of tillage treatments, the surface
layer registered significantly lower bulk density
values, In second depth, the bulk density values
were significantly lower due to chiseling, whereas
the other two tillage treatments did not alter
the bulk densily in subsurface layers.

Among the organics tricd, composted coir
pith and farm yard manure decreased the bulk
density of the surface soil, This finding is in
line with the findings ol Anderson et al. (1990)
who reported a reduction of bulk density due
to continuons application of farm yard manure
alone and in combination with inorganics
(Mahimairaja et al.,1986). In the present study.
however the bulk density in the subsurface layers
were not influenced due to application of organic
manures iz, farm yard manure and composted
coir pith,  This might probably due to the
incorporation of organic manure only in the top
layer prior 1o sowing. Irrespective of the stage
of crop, the interaction effect of manures with
tillape was not significant.

Hydraulic conductivity (Table 2)

The hydraulic conductivity values of the
core samples collected on 45 DAS indicated that
chiseling increased the hydraulic conductivily
value to 2,189 em h' which is significantly
superior than the other two tillage treatments.
The organics viz. composted coir pith and farm
yard manure at 12.5 1 ha' also significantly
improved the hydraulic conductivily compared
to control,

In second depth, the chiseled plots recorded
significantly higher values than the other two
tillage 1reatments. The results of hydraulic
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conductivity of soil samples on 90 DAS and
at post harvest stages revealed a similar trend
~as that of the results of hydraulic conductivity
on 45 DAS. The interaction of T x D indicated
that irrespective of tillage treatments, the surface
layer registered the highest value. In chiseled
plots, the hydraulic conductivity was significantly
higher in second depth (15-30 cm) than in third
‘depth. The first and third depths were on par
with each other.

A significant. increase in hydraulic con-
ductivity was observed in subsoil due to chiseling.
The initial hydraulic conductivity of 03 cm
h' in the second layer (15-30 cm) drastically
increased to 2.78 cm h' immediately afier chiseling.
It got slightly reduced to 2.74 cm h' on 45
DAS, 2.07 cm h' on 90 DAS and 1.90 cm
h'' at post harvest stage of sorghum crop. This
trend again confirmed - the earlier conclusions on
the effect of irrigation or rainfall on the resettling
of clay and sesquioxides.

Porosity (Table 3)

The statistical scrutiny of the data on total
porosity at all stages revealed that chiseling
increased the total porosity markedly than in
other two tillage treatments. Organic manuring
at the rate of 12,5 t ha” found to increase the
total porosity compared to control. The effect
was comparable among composted coir pith and
farm yard manure treatments. The top layer
was found to have significantly higher total
porosity than the subsurface layers. The interaction
effect was also found to be significant with respect
toT x Dand M x D. The T x D interaction
~showed that irrespective of the tillage treatments,
the total porosity was found to be significantly
higher in first layer followed by second depth.
The lowest value was observed in the third depth.

The pore size distribution of the soil at
different depths indicated that there was a positive
influence due to chiseling at all the depths,
whereas the effect was observed only in the
surface layer due to other tillage treatments. As
in the case of bulk density -and hydraulic
conduclivity, the poresize distribution also attained
its original value at the end of the residual
crop due 1o the reasons attributed earlier (Gupla
and Abrol, 1993). Application of organics
favourably influenced the pore’size distribution
of the surface soil (Bharadwaj and Omanwar,
1992). However, the' cffect was not observed
in subsurface layers possibly due to the incor-
poration of organic manures only in the top
layer prior lo sowing.
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Thus it can be concluded from these results
that the effect of chiseling was stupendous
followed by two country ploughing in improving
the soil physical properties viz., bulk density,
hydraulic conductivity and pore size distribution
particularly by shattering the sub surface layers,
thereby providing a conducive physical envi-
ronment for better movement of water, nutrients
better foraging of roots to deeper layers facilitating
for effective mining of nutrients from deeper
layers thus culminating in higher N uptake and
grain yield of sorghum.
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