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Abstract
A study was carried out in the Research and
Demonstration Farm of the Federal College of Land
Resources Technology to determine the effect of
different tillage practices and sampling depth on
selected physical and chemical properties of soils of
Oforola in Owerri Area of Imo State Southeastern
Nigeria. Tillage practices considered were: zero,
primary, and secondary tillage, while two sampling
depths (0 – 7 and 7 – 14 cm) were investigated. The
experiment was laid out in a randomized complete
block design (RCBD) with three replications. Data
generated were subjected to Analysis of Variance
(ANOVA) while means were separated using LSD
at 5% level of probability. Results obtained showed
that secondary tillage significantly improved all the
physical parameters considered more than other
tillage practices. This tillage practice recorded
significantly (P < 0.01) highest soil moisture content
(29.2%), total porosity (56.23%), Ksat (11.21 cm/hr)
and lowest bulk density of 1.16 g/cm3. The average
steady state infiltration which is the maximum
velocity at which water enters the soil surface at
equilibrium time varied according to tillage practice
in this order: Primary tillage (163.3 cm/hr) >
Secondary tillage (155.7 cm/hr) > Zero tillage (17.7
cm/hr). Bulk density (BD) increased with depth,
being higher at 7 – 14 cm (1.26 g/cm3) than at 0 – 7
cm (1.22 g/cm3). Moisture content (%), total
porosity (%), and saturated hydraulic conductivity
(Ksat) (cm/hr) decreased with increase in soil depth.
This could be attributed to increased BD at 7 – 14
cm soil depth. The predominant particle-size fraction
was sand, averaging more than 71%. Soil texture in
all the tillage plots was loamy sand. Tillage practice
significantly (P < 0.01) increased soil acidity by 9.9
and 7.6% in primary and secondary tillage plots,
respectively. Soil organic carbon (SOC) level
increased remarkably by about 53.7 and 18.7% in
zero tillage plots when compared with values
obtained from secondary and primary tillage
practices, respectively. The decline in soil organic
carbon and soil organic matter in primary and
secondary tillage plots was attributed to cultivation,
which exposed the stored SOC to degradation.
Secondary tillage enhanced soil physical and
chemical parameters better than zero and primary
tillage practices and is therefore, recommended for
soils of the study area.
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Introduction
The national task of achieving self-sufficiency in
food production for the increasing population as well
as fiber and raw materials for our increasing
industries makes it absolutely necessary for us to pay
more attention to the effect of tillage practices on the
physical and chemical properties of soils. Tillage
practice is an important agronomic practice which
has a direct influence on the condition of the soil in
relation to interactions with moisture, temperature,
porosity and unimpeded root development (Licht
and Al-Kaisi, 2005). Good tillage improves soil
properties for better seed bed preparation and the
growth of crops (Gupta 1986; Atkinson et al., 2007;
Jabro et al., 2009). Tillage operations are widely
divided into primary and secondary tillage,
minimum and zero tillage (Arakeri 1993).
Different research works showed great benefits from
management of soils through various tillage
practices. They noted improved soil properties such
as bulk density, pore size distribution, aggregate
stability and infiltration characteristics (Lugo-Lopez
et al 1981; Hamblin, 1985 and Wood et al.1987).
According to Adeoye (1982), deep tillage of Alfisol
in Northern Nigeria resulted in increased porosity,
while Tollner et al., (1984) reported that the
beneficial effects of tillage on soils included an
increase in the number of drainage pores in the soil.
However, for exposed soils especially, highly
degraded soils in the tropics, water retention is
reduced and is attributable to runoff and possibly a
reduction in porosity due to high bulk density
(Enyioko et al., 2012). No work had been done on
the effect of tillage practices on soils of Oforola in
Owerri West LGA of Imo State. This work is an
attempt to fill this gap in knowledge. The objective
was to evaluate the effect of different tillage
practices on selected physico-chemical properties of
the study soil.
Materials and Methods
The study was conducted in the Research and
Demonstration Farm of Federal College of Land
Resources Technology, Oforola in Owerri West
Local Government Area. Oforola lies within
Latitude 50 41′N and 60 31′E and Longitude 70 34′N
and 60 15′E (Uwakwe and Iwuala, 2012). The
climate falls within the humid tropical climates. The
rainfall distribution pattern is bi-modal with peaks in
July and September. There is normally a short period

2974

INT’L JOURNAL OF AGRIC. AND RURAL DEV.

of low precipitation between end of July and early
August usually termed “August break”. The rainfall
pattern gives rise to two distinct growing seasons,
the early season (April to July) and the late season
(mid-August to mid-October or November). There
are four to five months of dry season part of which is
characterized by cool dry northeastern wind called
harmattan. The major occupation of the people is
farming, from where they generate income to
support livelihood.
Soil Sample Collection
Composite soil sample were collected before
clearing the experimental site. Subsequently two
samples were collected at each plot at 0 – 7 and 7 –
14 cm depth for the determination of the physical
properties of the soil. Composite samples were
collected from 0 – 15 cm depth for the determination
of chemical properties.
Experimental Design
The experimental design was a 3 x 2 factorial
experiment in randomized complete block design
(RCBD) replicated three times. Tillage practices of
zero (0T), primary (PT) and secondary (ST) tillage
constituted factor A, while sampling depth (0 – 7
and 7 – 14 cm) constituted factor B. The zero tillage
plots were left undisturbed. The primary tillage plots
were pulverized in one direction to a depth of 5 cm
while that of secondary tillage plots were tilled in
two directions to a depth of 10 cm with a spade.
Laboratory Analysis
Soil samples were analyzed based on selected
physical and chemical properties. Samples collected
were dried under room temperature for 2 weeks. The
large lumps were crushed with a wooden roller, and
sieved with a 2 mm sieve. The following physical
and chemical properties were determined. Particle
size distribution was measured by the hydrometer
method (Day, 1965). Infiltration rates were
determined using the double ring method.
Undisturbed soil core samples were taken from all
the treatment plots at 2 depths (0 - 7 cm and 7 - 14
cm). The samples were used to determine bulk
density (BD) according to Blake and Hartage (1986).
Total porosity (PT) was obtained from bulk density
(dB) values, with assumed particle density (dP) of
2.65 g cm-3, as follows:
PT = 100 (1- dB / dP)-----------------(1)
Saturated hydraulic conductivity (Ksat) was
determined by the constant head method as
described by Klute (1986) using the equation
Ksat = θ / At x L / ∆H --------------(2)
Where θ = volume of water per unit time; A = area
of core sampler; t = unit time in minutes / hour; L =
length of core; and ∆H = hydraulic head difference.
Soil pH (H2O) was measured (soil / water ratio of
1:.2.5) with a digital pH Meter (McLean, 1982).
Percent organic carbon (%OC) was determined by
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the dichromate oxidation method of Walkley and
Black, 1934 (Nelson and Sommers, 1996). Organic
matter (OM) was determined by multiplying %OC
with the conventional van Bemmelen factor of
1.724.
Statistical Analysis
Soil data generated were subjected to analysis of
variance for randomized complete design using
Genstat discovery (Edition 4). Significant treatment
means were separation using Least Significant
Different (LSD) at 5% probability level.
Results and Discussion
Initial physical properties of the soil before land
clearing are as shown in Table 1. Mean values of
bulk density (BD), moisture content, total porosity
and saturated hydraulic conductivity (Ksat) were
1.45 g/cm3, 17.84%, 45.47% and 5.02 cm/hr,
respectively.
The effect of different tillage methods and sampling
depth and tillage method X sampling depth
interaction on selected physical parameters is as
shown in Table 2. Tillage method significantly (P<
0.01) affected bulk density, moisture content, total
porosity and saturated hydraulic conductivity of the
study soil. Significantly highest value of BD
(1.35g/cm3) was obtained in zero tillage. However
secondary tillage recorded the lowest value of BD
(1.16g/cm3), results obtained indicate that primary
and secondary tillage significantly reduce BD of the
study soil. Moisture content (%) significantly varied
due to tillage method in this order ST > PT > OT.
Results obtained showed that tillage practice
improved the moisture content (%) of the study soil
being highest in secondary tillage, followed by
primary tillage.
Tillage practices significantly (P < 0.01) influenced
the total porosity of the study soil. Highest value
(56.23%) was recorded in secondary tillage with the
lowest value obtained on zero tillage (49.06%). This
result showed that tillage practice improved the
percent void space available to crops in the soil
which increased as the bulk density of the soil
reduced due to tillage.
Saturated hydraulic conductivity (Ksat) was
significantly influenced by tillage practice. Highest
value (11.21cm/hr) was obtained under secondary
tillage, followed by zero tillage with (7.86cm/hr).
This could be attributed to the improvement and
maintenance of transmission pores in the soil in plots
that received secondary tillage. The results,
therefore, demonstrated the beneficial effect of soil
loosening by tillage. Secondary tillage significantly
improved all the physical parameters considered
more than other tillage practices. This makes
secondary tillage a necessary practice in Oforola
soil.
Bulk density (BD) increased with depth, being
higher at 7 – 14 cm (1.26 g/cm3) than at 0 – 7 cm

2975

INT’L JOURNAL OF AGRIC. AND RURAL DEV.

SAAT FUTO 2017

(1.22 g/cm3) (Table 2). Moisture content (%), total
porosity (%), and saturated hydraulic conductivity
(Ksat) (cm/hr) decreased with increase in soil depth.
This could be attributed to increased BD at 7 – 14
Table 1.

cm soil depth. Lal (1979) reported that Ksat
correlated negatively with BD and positively with
total porosity.

Initial properties of soils before clearing/treatment
Bulk
Moisture
Total
Core sample
Density
Content
porosity
(g/cm3)
M.C %
(%)
CS 0 – 7 cm
1.34
19.00
49.43
CS 7 – 14 cm
1.55
16.67
41.51
Mean value
1.45
17.84
45.47

Hydraulic
Conductivity
(cm/hr)
8.62
1.42
5.02

at 7 – 14 cm soil depth recorded the highest Ksat
value of 12.92 cm/hr as opposed to 9.50 cm/hr
obtained from 0 – 7 cm depth in secondary tillage
plots. This deviation in 0 – 7 cm depth may be
attributed to initial soil loosening, and that soil
settling may have counteracted the effect of reduced
BD.

Tillage x sampling depth interaction significantly (P
< 0.01) influenced BD, moisture content, total
porosity and Ksat (Table 2). Sampling secondary
tillage plots at 0 – 7 cm produced the lowest
reduction in BD of 1.11 g/cm3 and the highest
improvement in moisture content (29.93%) and total
porosity (58.11%). Secondary tillage plots sampled

Table 2.
Effect of tillage practice and sampling depth (cm) on some selected soil physical parameters
of Oforola Soil sampled at two soil depths after 2 months
Treatment

Bulk density
(g/cm3)

Moisture
content (%)

Tillage practice
0T
1.35
PT
1.21
ST
1.16
LSD (0.05)
0.03**
Sampling depth (cm)
0 – 7 cm
1.22
7 – 14 cm
1.26
LSD (0.05)
0.03**
Tillage practice x sampling depth interaction
0T x 0 - 7 cm
1.38
0T x 7 – 14 cm
1.32
PT x 0 – 7 cm
1.16
PT x 7 – 14 cm
1.26
ST x 0 – 7 cm
1.11
ST x 7 – 14 cm
1.21
LSD
0.05**
** = Significant at 1% probability level.
Table 3 showed the result of some selected soil
physico-chemical properties as affected by the
different tillage practice. The predominant particlesize fraction was sand, averaging more than 71%.
Soil texture in all the tillage plots was loamy sand.
This could be attributed to the parent material which
is coastal plain sands of sandstone origin. Tillage
practice significantly (P < 0.01) affected the sand
content of the soil, which decreased as intensity of
tillage increased, from primary to secondary tillage.
Zero tillage plots recorded the highest sand content
of 78%.
Tillage practice significantly (P < 0.01) increased
soil acidity by 9.9 and 7.6% in primary and
secondary tillage plots, respectively. This may be
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Total porosity
(%)

Ksat (cm/hr)

17.05
26.29
29.20
0.04**

49.06
54.34
56.23
1.21**

7.86
4.84
11.21
0.25**

24.37
23.98
0.04**

54.09
52.33
0.98**

6.33
9.61
0.20**

15.17
18.92
28.01
24.57
29.93
28.46
0.07**

47.92
50.19
56.23
52.45
58.11
54.34
1.71**

9.74
6.98
0.76
8.93
9.50
12.92
0.35**

attributed to improved water movement down the
soil profile and the attendant leaching loss of
exchangeable bases.
Soil organic carbon (SOC) level increased
remarkably by about 53.7 and 18.7% in zero tillage
plots when compared with values obtained from
secondary
and
primary
tillage
practices,
respectively. The decline in soil organic carbon and
soil organic matter in primary and secondary tillage
plots could be attributed to cultivation, which
exposed the stored SOC to degradation.
Average and accumulated infiltration due to tillage
practice in soils of Oforola are as shown in Fig, 1.
Average infiltration rate for zero tillage was high
within the first five minutes of the start of the
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infiltration runs (up to 50 cm depth) and dropped till
30 minutes when it assumed a steady state. The
accumulated infiltration had a gradual rise up to the
period of 90 minutes. Zero tillage plots had an
average steady state infiltration rate of 17.7 cm/hr.
Primary tillage had an average steady state
infiltration rate of 163.3 cm/hr which commenced at
80 min of the infiltration run. Secondary tillage
showed an upward rise for average infiltration rate.
Accumulated infiltration rose gradually and peaked
at 120 mins. Average steady state infiltration rate of
155.7 cm/hr was obtained in secondary tillage plots
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which commenced at 45 min of the infiltration run.
Low rate of infiltration in Zero tillage restricts water
from entering the soil and it either ponds on the
surface or runs off the land. Consequently, less water
is stored in the soil profile for plants use. Human
traffic on the Zero tillage plots may have compacted
the soil, restricting entry of water into the soil.
Relatively high OM recorded in Primary tillage plots
may have increased the stability of soil aggregates in
the plots and this was earlier reported by Anikwe
(2006).

Infiltration during period
of observation
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Fig. 1. Average infiltration rate (cm/hr) and accumulated infiltration (cm) obtained
from Oforola soil due to tillage practice.

Conclusion and Recommendations
Conclusively, secondary tillage practice enhanced
soil physical and chemical parameters studied better
than zero and primary tillage practices. Based on the
finding of this study we recommend that secondary

tillage should be adopted in the study
improve crop productivity. Government
sensitize farmers in the study area on the
adopt secondary tillage instead of zero and
tillage which have been their tradition.

area to
should
need to
primary

Table 3:

Selected soil physico-chemical properties of Oforola soil as influenced by tillage
practice.
Tillage
Sand (%) Silt (%)
Clay (%)
pH (H2O)
Organic
Organic matter
practice
carbon (%)
(%)
OT
78.60
6.00
15.40
5.67
2.03
3.50
PT
74.60
4.00
21.40
5.11
1.65
2.85
ST
71.60
8.00
20.40
5.24
0.94
1.62
LSD(0.05)
4.14*
NS
NS
0.09**
0.08**
0.15**
*,** = significant at 5 and 1% probability levels, respectively; NS = Not significant at 5% probability
level.
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