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ABSTRACT

Machinery traffic affects soil physical and hydraulic properties thereby influencing crop growth and
yield. Soil hydraulic properties which reveal the flow of water within the soil could be affected by
load application and this can affect irrigation processes if not restored. This study investigated the
influence of organic materials incorporation rate and load application by a tractor during harrowing
operation on the hydraulic properties of loamy sand soil in Abeokuta, South-western Nigeria.
Organic manures were cow dung, poultry manure and swine manure. Application rates for organic
manure were 0 (control), 5 and 10 tonnes per hectare. Forty five plots, each measuring 5m by 3m
were established in a complete randomized block experimental design with three replications
making a total of 135 plots. Load application was done using an MF 435 tractor coupled to a 20
disc harrow and run on the plots at O(control), 5, 10, 15 and 20 passes. Sorptivity and saturated
hydraulic conductivity were determined using the disc permeameter before and after tractorization.
Results showed that there were significant differences (P<0.05) in sorptivity and saturated hydraulic
conductivity in relation to the tillage practice and manure incorporation rate. Sorptivity was
relatively high on all tractorized plots and poultry manure reduced the effect of sorptivity due to its
binding property. Saturated hydraulic conductivity increased with tractorization and manure
incorporation rate on most plots. Saturated hydraulic conductivity decreased on poultry manured
plots compared to cow dunged and swine manured. Poultry manure was a better amendment in
reducing sorptivity in the loamy sand soil.

Keywords: Saturated hydraulic conductivity, sorptivity, harrowing, organic amendments,
tractorization

INTRODUCTION

Excessive machinery traffic has been a major
challenge facing many farmers involved in
agricultural farming due to its negative effect on
soil structure (Pagliai et al., 2003), root
development of crops and water movement in
the soil. In mechanised agriculture, soil
compaction has been shown to affect crop
production by the great reduction in soil
porosity (Code, 2000) which invariably causes
reduction in soil aeration and hydraulic
conductivity (Hakansson and Lipiec, 2000).

Intensive tractor passes on agricultural soils
produces compaction, a major cause of soil
degradation and increase in bulk density (Van
Landen, 2000; Dada et al., 2020). Hydraulic soil
properties can give us a better understanding of
the physical water flow processes in soils. It
reveals the water dynamics in the soil. Sorptivity
is governed by surface soil physical properties
like texture, degree of aggregation and the
stability of the aggregates (Shaver et al., 2013)
and this has great influence on reducing soil
erosion and runoff. Physical changes as a result
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of machinery traffic has also altered the
microhabitats of soil microorganisms by either
preventing them from recycling nutrients in the
soil or reducing their microbial activities
(Pengthamkeerati et al., 2005, 2006). Soils that
are frequently tilled for farm activities become
compacted with time and this depends on the
soil type and texture.

Soils of sandy texture are more susceptible to
compaction due to their macropores within the
soil fabric compared to other types of soils and
the susceptibility of most soils to compaction
has been reported to decrease with increase in
organic matter content (Phogat et al., 2009)
Some soils when compacted have the ability to
either enhance or reduce soil infiltration and this
is mostly dependent on the soil textural class
(Mirzaee et al., 2014; Ma et al., 2016). In some
cases the effect on infiltration process is due to
the vegetal cover and soil tillage as a result of
land use (de Almeida et al., 2018). Such soils
have to be restored to boost crop production and
improve their structural properties. Soil organic
amendments have been used to remediate soil
compaction and these have influenced both the
physical and hydraulic properties of soils.
Reicosky, (2002) used bulky organic materials
to reduce soil bulk density and compactability
which increased soil porosity, rate of infiltration
and water holding capacity of the soil which
aided better aeration and moisture for
microorganisms and crops. Agele, (2000)
reclaimed an erosion simulated soil with the use
of farmyard manure and NPK fertilizer. This
improved the bulk density, porosity and
retention of the degraded soil. According to
Salako et al., (2007), poultry manure was an
acceptable amendment in the restoration of an
artificially degraded soil in south west Nigeria.

Farmers need to be guided on the use of organic
materials in terms of quantity and the effects of
continuous use of farm machinery for tillage
practices on their agricultural lands. Few works
have been carried out on the influence of
machinery traffic on loamy sand soils because
of their loose nature and low fertility level of the
soil due to heavy leaching of nutrients. The
objective of this work is to investigate the effect

of different organic manure incorporation rates
and tractorization from harrowing operation on
the hydraulic properties of a loamy sand soil in
Abeokuta, South-western Nigeria.

MATERIALS AND METHODS

Description of study site

The study site was located in the Federal
University of Agriculture, Abeokuta in Ogun
state Southwest Nigeria (Latitude 7°14’ North
and Longitude 3°25’ East). The average annual
rainfall is 1200 mm with a mean daily
temperature of 25°C. A land area measuring 100
by 120 m was cleared manually with simple
hand tools and stumps and small roots removed.
Three main plots were established. It was
divided into sub plots of sizes 3m by 5m with
3m buffer for tractor turnings. Each subplot has
an area of 15 m?. A total of 45 subplots were
established in the first replication making total
135 subplots for the three replications. The
randomised complete block design was used for
experimental setup to cater for variations that
may arise on the field (Figure 1).

Load application was achieved by a MF 435
Tractor coupled to a 20 disc harrow and run at
O(control), 5, 10, 15 and 20 passes. The tractor
was operated at an average speed of 6km/hr. The
increased number of passes was used to
represent continuous use of tractor for tillage
operations on the same land. The poultry, cow
and swine manure (Organic manure treatments)
were collected from the University farms and
applied at the rate of 5 tonnes/ha, 10 tonnes/ha
(0.5kg/m? and 1kg/m?) on the plots. Manure
incorporation was done on all subplots on the
surface before the harrowing operation. After
the manure was spread on the plots, grid
sampling was done on portions within the plots
to determine the percentage of the ground that
was covered with manure. The sampling tool
was a constructed wooden grid measuring 61 x
61 cm with strings stretched every 5 cm along
each side to form a grid. Surface coverage was
measured by determining the number of places
where manure lay under string intersections.
Manure coverage area in each subplot was over
95%.
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Figure. 1. Experimental plot design (Rep 1)

Key: SM — Swine manure
PM — Poultry manure
CD - Cow dung

0T — 0 Tonnes/ha, 5T — 5 Tonnes/ha, and 10T — 10 Tonnes/ha

Determination of soil physical properties
Soil moisture content

Soil moisture content was determined
gravimetrically. Gravimetric moisture content
of each subplot was determined by oven dry
method. Soil samples were collected using steel
core samplers of 7 cm diameter and depth 10 cm
at soil depths of 0-10 and 10-20cm for the
determination of soil moisture contents. The
collected soil samples were put into cellophane
bags, weighed and oven dried at 105°C for 24
hours and weights were monitored until constant
weight was achieved. Gravimetric moisture
content was determined by the equation 1:

_ Mt—-Ms _
Ms

og

Where;

©q is gravimetric moisture content (%)
Mt is total mass of wet soil (g)

Ms is mass of dry soil (g)

Mw is mass of water (g)

Soil textural class

Soil textural class was done by the hydrometer
method as stated by Gee and Or, (2002) and the
soil samples were classified according to the
United States Department of Agriculture
(USDA) soil texture classification. Soil samples
were collected and ground to pass through a 2
mm sieve and air dried for two days. The
percentage of sand, silt and clay was
determined.

Soil bulk density

Soil bulk density was evaluated both before and
after the tractor passes on each plot. Samples
were taken from each plot at depths of 0-10 and
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10-20 cm using cylindrical cores (Blake and
Hartge, 1986) with dimension 7 cm diameter
and 10 cm height. Each of the samples were
transferred into a moisture can, weighed and
oven dried at 105°C for 24 hrs and weights were
monitored until constant weight was achieved.
The samples were reweighed to determine the
mass of dry soil. Mathematically, bulk density
was calculated using the equation 2.

Where;

Bd is dry bulk density (g cm™)

Wdry is weight of the dried soil sample ()

Vol is total volume of the soil core sampler
(cm®) = mh.

r is radius of soil core and h is the height (cm)

Saturated hydraulic conductivity

Saturated hydraulic conductivity which reveals
the rate of water movement in the soil was
determined using the disc permeameter which
consists of two water towers over a circular base
and water flows out through a nylon mesh. The
smaller tower creates the tension that is applied
to the soil (Plate 1) and the larger tower consists
of a calibrated reservoir. The Wooding’s
equation (1968) was used for the determination
of the hydraulic conductivity (Ko). Fine sand
(0.002 mm) was put at the base of the disc to act
as a contact material between the soil surface
and disc plate.

q 4bSo°

Where;

q is the steady state water flux,

I'o is the radius of the disc permeameter,

S is sorptivity in mm hr?

tois the moisture content at the supply
potential in %.

this the initial moisture content in %. The
dimensionless constant, b (0.55) is usually used
for field soils and it lies between %2 and n/4
(Warrick and Broadbridge, 1992).

Cumulative infiltration as given by (Phillip,
1987) is represented thus:

Where;

Q is the total volume of water infiltrated (mm)

t is the time from commencement of infiltration
in hours

So is the slope of cumulative infiltration versus
square root of time (t) which represents
sorptivity.

Sorptivity represents early time infiltration into
the soil.

Statistical analysis

Data collected from the field were subjected to
analysis of variance using GenStat statistical
software (version 2016) and treatment means
were separated using least significant design
(LSD) at 5% level of probability to determine
the interaction effects of the subplot treatments
on the soil hydraulic properties.

RESULTS AND DISCUSSION
Initial soil physical properties of the study
area

Table 1: Soil physical properties of the study
area

Parameter Depth (cm)
0-10 10-20
Gravimetric moisture 0.71 1.28
content (%)
Bulk density gcm™® 1.26 1.23
Porosity (%) 52.5 54.0
Penetration Resistance 390 357
(kPa)

Particle size distribution (sand: 84, silt: 9, clay:
7) revealed that the soil in study area was
predominated by loamy sand. Mean gravimetric
moisture content was 0.71% at the 0-10 cm
depth while at the 10-20 cm depth, there was a
slight increase to about 1.28% (Table 1). It was
observed that the moisture content increased
with depth which was as a result of infiltration
of surface water into the soil. Penetration
resistance as revealed by the soil strength
measurement was relatively low at both depths.
At the 0-10 cm depth, soil strength was about
390 kPa and at the 10-20 cm depth, a slight
decrease of about 1.1% was observed. The soil
resistance is closely related to the soil moisture
content in the study location. It is observed that
as moisture level increased with depth, there
was a decrease in penetration resistance of the
soil. Similar results were reported by Uusitalo et
al. (2019); and Zhu and Xiao, (2020) where
strength of silty and clayey forest soils are
affected by moisture content with respect to
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depth increments. The bulk density which
reveals the density of the soil was relatively low
at both depths but it decreased with depth in the

Height
adjusting
screw

Stainless

steel

cylinder /
Air
hole

location. These values depict the loose nature of
the soil and the level of dryness of the soil
during the period.

Interchangeable
calibrated
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Air inlet

Side tube:
volume
equal to
volume

of water
above soil

Soil surface

Fine s/s mesh

Plate 1: Pictorial view of disc permeameter used in the study

Source: Adapted from Perroux and White (1988)

Sorptivity as influenced by tractorization and
manure incorporation rate

Mean sorptivity in all the plots were very high
with values ranging from 5.86 to 12.68 cm/hr%°.
The high values can be attributed to the sandy
nature of the soil and the level of pulverisation
achieved during the harrowing operation.
Tractorization as well as the manure
incorporation rate had highly significant effect
on sorptivity rate (p<0.05) (Table 2). As the
number of passes of the tractor with harrow
increased, there was an increase in the sorptivity
rate which was aided by the creation of more
voids within the soil. It was also observed that
poultry manure as an amendment appeared to
reduce the sorptivity rate compared to cow dung
and swine manure in most plots and this could
be as a result of the better binding property of
poultry manure than other amendments. At 20
passes of the tractor with harrow, it was
observed that sorptivity rate increased with the
application of organic amendments though the
increase was more pronounced under the use of

poultry manure. This can be attributed to the
porous nature of poultry manure and its ability
to mix easily into soils compared to other
organic amendments like cow dung and swine
manure.

Saturated hydraulic  conductivity as
influenced by tractorization and manure
incorporation rate

Saturated hydraulic conductivity which reveals
the rate of water movement in the soil was
generally high with values ranging from 7.22 to
44.22 cm/hr (Figures 2-4). There was high
significant effect of saturated hydraulic
conductivity with respect to tractorization and
manure incorporation (p<0.05). On poultry
manure plots, the rate of hydraulic conductivity
was highly significant with respect to the
number of passes. At the 0 (zero) pass with
manure application rate of 10t/ha, the rate was
very high (34 cm/hr) but decreased as the
number of tractor passes increased. The
decrease was observed at 5, 10 and 15 passes
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with a sharp increase at the 20 passes of the
harrow. This high value could be attributed to
the high level of pulverization of the soil by the
tillage equipment (Figure 2) since tillage is
known to modify soil hydraulic properties
(Singh et al., 2021).

On the cow dunged plots, the addition of cow
dung at 10 t/ha helped in reducing the saturated
hydraulic conductivity in almost all the passes
(0,5,10 and 15) but at the application rate of
5t/ha, there was an increase in saturated
hydraulic conductivity (Figure 3). At 10 t/ha,
there was a strong relationship between the
saturated hyraulic conductivity and tractor

passes with a coefficient of determination of
over 76% under the application of poultry
manure. On swine manure plots, it was observed
that the wvalues of saturated hydraulic
conductivity increased consistently  with
increase in number of passes and swine manure
incorporation rate. This reveals that swine
manure also had a positive effect on soil
structure considering the moisture condition of
the soil (Figure 4). A similar result was observed
by Asada et al., (2012) where long time
application of swine manure did not decrease
hydraulic conductivity but had a relatively
positive effect.

Table 2: Mean Sorptivity (cm/hr*?) as influenced by tractorization and manure incorporation rate

Tractor Poultry Manure Cow dung incorporation Swine Manure
+Harrow incorporation Rate Rate (t/ha) incorporation Rate (t/ha)
passes (t/ha)
0 5 10 0 5 10 0 5 10

0 Pass 6.15 5.89 10.76 7.02 7.76  9.07 7.34 7.73 6.95
5 Passes 766 6.63 8.04 7.24 848 7.17 7.82 8.88 9.08
10 Passes 7.69 10.72 751 6.24 7.09 9093 5.86 8.25 9.47
15 Passes 6.79 879 757 6.28 794 712 12.87 10.93 7.74
20 Passes 9.74 9.72 10.80 9.54 10.69 5.93 12.68 10.40 10.79
LSD P<0.05
Manure = 0.001
Number of runs = 0.001
Manure X Number of runs = 0.001

40 0 (t/ha)

% 35 Poultry manured plots iét(/tr}fll)

C Log. (5 (t/ha))

Z 30 Poly. (5 (t/ha))

% Linear (5 (t/ha))

-g 25 y = 0.0783x? - 1.6729x + 23.389

5 R?=0.1964

© 20

Li y = 0.0072x2 + 0.404x + 14.403

C 15 R? =0.3909

3

S 10 y =0.1527x2 - 3.6209x + 37.212

% R?=0.7613

35

7 0

0 5 10 15 20 25

Tractor passes

Figure 2: Mean saturated hydraulic conductivity (cm/hr) as influenced by number of passes and poultry

manure incorporation rate
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20 25

Figure 3: Mean saturated hydraulic conductivity (cm/hr) as influenced by number of passes and cow dung

incorporation rate.
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10 (t/ha)
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Figure 4: Mean saturated hydraulic conductivity (cm/hr) as influenced by number of passes and swine

manure incorporation rate

CONCLUSIONS

The study considered the effect of tractorization
and manure incorporation rate on soil hydraulic
properties such as sorptivity and saturated
hydraulic conductivity on a loamy sand soil in
Abeokuta, southwest Nigeria. This study
revealed that bulk density had no significant
differences with respect to tractorization at the
0-20 cm depth. Sorptivity was high in all plots
and increased as tractorization increased with
respect to the soil type. Poultry manure as an

amendment reduced sorptivity rate compared to
cow dung and swine manure due to its cohesive
nature in most of the plots. Saturated hydraulic
conductivity was affected positively by
increased tractorization on most plots amended
with poultry and swine manure.
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