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ABSTRACT

Infiltration tests were conducted on a sandy loam soil subjected to three levels of compaction using 5, 7,
and 12 tractor passes with a tractor weighing 40 kN. Results indicated that 5 tractor passes induced
average soil bulk density of 1.72 Mgm™, hydraulic conductivity of 1.74 x 10 c¢m/s, and penetration
resistance of 479.55 kPa at a moisture content of 14.91 %. The 7 tractor passes produced average bulk
density of 1.81 Mgm™, hydraulic conductivity of 1.24 x 10~ cm/s and penetration resistance of 514.7 kPa
at a moisture content of 12.54 %, while the 12 tractor passes produced average bulk density of 1.91 Mgm~
3, hydraulic conductivity of 1.69 x 10 c¢m/s, and penetration resistance of 474.35 kPa, at a moisture
content of 12.11 %. The findings revealed that the number of tractor passes imposed did not significantly
(p> 0.05) influence water infiltration into the soil. However, soil strength increased with compaction
without a corresponding decrease in infiltration. It is concluded that soil type, soil moisture content and
machinery capacity are crucial factors in the infiltration process.
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1. INTRODUCTION

The quest and urge to make agriculture less rigorous, more interesting and to reduce the drudgery
associated with agricultural practices gave rise to the mechanization of agriculture. As useful and time-
efficient as agricultural machinery and equipment may be in the execution of field operations, the heavy
weight of these equipment results to soil compaction which has adverse effects on the rate of water
infiltration into soils.

Compaction increases the bulk density of soil due to a decrease in the number and volume of large pores,
which in turn alters aeration, water infiltration, and hydraulic conductivity, and increases soil strength
(Blouin et al. 2008). The detrimental effects of compaction are not universal, and are affected by soil type
(Gomez et al. 2002) and the level of compaction (Sanchez et al. 2006). Low soil oxygen level caused by
soil compaction is the primary factor limiting plant growth. Soil compaction is difficult to correct, being
the resulting effect from field traffic of farm machinery. Excessively compacted soil results in problems
such as poor root penetration, reduced internal soil drainage, reduced rainfall infiltration, and lack of soil
aeration from larger macro pores. According to Soanne and Van Ouwerkerk (1994), soil compaction is
responsible for the degradation of an estimated 83 million hectares of land worldwide. Traffic over the
soil is the major contributor to soil compaction e.g. a moist soil could reach 75% maximum compaction
the first time it is stepped on and 90% by the fourth time it is stepped on (Whiting et al. 2010). According
to FAO (2008), soil compaction can lead to reduction in the pore size and spaces through which air and
water flow through the soil thereby leading to runoff, erosion and causing emergence of agricultural
wastelands.

Studies have shown that most soil compaction at the urban lot scale leads to increased storm water runoff
and this is particularly crucial in low impact development strategies where storm water is intended to
infiltrate rather than flow through a traditional network to a detention basin (Pitt et al. 2002). Therefore,
identifying the presence of compaction is crucial to understanding its effect on the infiltration rate and
relating such to crop yield and environmental problems of runoff and erosion.
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Soil can be an excellent temporary storage medium for water, depending on the type and condition of the
soil. Infiltration rate and cumulative infiltration are two parameters commonly used in evaluating the
infiltration characteristics of a soil; infiltration being a dynamic process, variable in time and space plays
a vital role in the replenishment of soil water which is responsible for the growth and development of
crops (Ahaneku, 2011). Decrease in infiltration or increase in saturation above a compacted layer can also
cause nutrient deficiencies in crops. Either condition can result in anaerobic conditions which reduce
biological activity and fertilizer use efficiencies (Duike 2004).

There has been relatively little research done on the effects of traffic-induced compaction on water
infiltration in Nigerian soil. The essence of this study was to determine the effects of different levels of
compaction by tractor passes on infiltration rates and physical properties of a sandy loam soil.

2. MATERIALS AND METHODS

2.1 Description of Study Site

The study site is the Federal University of Technology, Gidan Kwano campus, Minna, Niger state,
Nigeria. The site was relatively undisturbed as no cultural or tillage activities had been carried-out on it
for six months prior to the experiment.

Minna is in the southern Guinea Savannah vegetation of Nigeria (latitude 09 °31.8> N and longitude 06 °
27.1’E). Niger state lies in the semi-arid zone and has two distinct seasons, wet and dry season. The wet
season starts in April and ends in October with the maximum annual rainfall recorded in August. Minna
has a mean annual rainfall of 1220 mm. The average maximum and minimum temperature for Minna is
31 °C and 28 °C, respectively with annual relative humidity of 59 %.

2.2 Specifications of Tractor Used

The specifications of the tractor used to achieve compaction is given in Table 1

Table 1.Tractor specifications

Tractor Model Steyr 8075

Engine Type 4-cylinder diesel engine

Weight Maximum gross weight: 4000kg
Maximum gross axle weight: 1500kg

Effective output 64hp (47.7kW)

Tyre inflation pressure Front wheel: 275.79 kPa
Rear wheel: 103.42 kPa

Speed of operation 10km/hr

Gear selection Gear 2 (high)

2.3 Compaction Test

The experimental site was divided into three plots for the purpose of the compaction test. The treatment
consisted of three levels of compaction: 5 tractor passes, 7 tractor passes, and 12 tractor passes, with one
level imposed on each of the three plots. A tractor of known specification was used to achieve the
compaction by driving it between two points at the specified number of passes.
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2.4 Determination of Infiltration rate

Prior to the tests, soil samples were collected from the site and taken to the laboratory for determination
of soil physical properties like bulk density, particle density, moisture content, porosity and the soil
textural class.

Infiltration tests were carried-out on each level of compaction at varied time intervals within a two-hour
frame with three (3) replicates at each level of compaction. The infiltration measurement was done using
double ring infiltrometers. The inner ring of the infiltrometer is 34cm in diameter, while the outer ring has
a diameter of 65cm with a height of 25cm. The rings were inserted into the soil and left overnight and the
infiltration tests carried out the next day. The field data was used to determine the infiltration rate,
cumulative infiltration and the average infiltration rate of the soil.

2.5 Determination of Soil Penetration Resistance

Soil penetration resistance was measured in each plot in three replicates using a hand-held penetrometer.
The shank with a cross-sectional area of 4.84 ¢cm? was used for 5 passes level of compaction, while shank
with a cross-sectional area of 6.45 cm? was used for 7 passes and 12 passes compaction, respectively.

2.6 Soil Texture and Moisture Content determination

Soil texture was determined by the hydrometer method, while soil moisture content was determined
gravimetrically. Soil samples were collected from the field after compaction and taken to the laboratory;
the soil was weighed and placed in the oven and heated at 105 °C for 24 hours after which it was weighed
again. The change in mass represents the moisture content.

2.7  Soil Bulk Density Determination

Soil bulk density was determined from oven dried undisturbed cores as mass per volume of oven dried
soil.

2.8 Soil Porosity Determination

Porosity was determined using the relationship between bulk density and particle density as:

Bulk density

% Porosity =1 — [ ] x 100 )

Particle density
2.9 Determination of Field Capacity
Three 65 cm infiltrometer rings were used to pond water on each of the compacted sites and left
undisturbed for 24 hours. This was done to allow the water within the ring to drain through the soil profile
completely after which soil samples were taken from each of the locations and oven-dried for 24 hours to
determine the average moisture content.

2.10 Determination of Hydraulic Conductivity

The hydraulic conductivities of the soil at the three levels of compaction were determined in the
laboratory using constant-head permeameter method (Israelsen and Hansen, 1962).
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2.11 Data Analyses

The SPSS IBM version 20 software was used for the statistical analyses. To test the equality of means of
the treatment parameters, one-way analyses of variance (ANOVA) was applied and mean comparison
evaluated using Chi-square test.

3.  RESULTS AND DISCUSSION
3.1 Effect of level of Compaction on Infiltration and Soil Physical Properties

The soil particle size distribution revealed the soil texture at the experimental site to be sandy loam (Table
2). Infiltration tests carried out on 5 tractor passes plot showed that final infiltration rate ranged from 1.5
mm/hr to 2.75 mm/hr. Soil penetration resistance of between 466.20 kPa and 492.50 kPa was observed
with average soil moisture content of 14.91 % and bulk density of 1.72 Mgm™. Observed infiltration rate
for the 7 tractor passes ranged from 7.75 mm/hr to 17.5 mm/hr. The penetration resistance was found to
be between 509.5 kPa and 520.2 kPa at an average soil moisture content of 12.54 % and bulk density
range of 1.81 Mgm. Soil compaction for the 12 tractor passes yielded final infiltration rate ranging from
12 mm/hr to 18.75 mm/hr. The soil penetration resistance was found to be between 471.5 kPa and 477.2
kPa at average moisture of 12.11 % and bulk density of 1.91 Mgm™.

Table 2.Particle size distribution of test soil

Site  Compaction Level Sand (%) Silt (%) Clay (%)  Textural Class

A 5 Passes 68.62 17.90 13.48 Sandy Loam
B 7 Passes 71.52 16.40 12.08 Sandy Loam
C 12 Passes 66.12 20.20 13.68 Sandy Loam

3.2 Impact of Compaction on Infiltration and Soil Properties

The values of the control parameters are presented in Table 3. Comparison of means of soil properties are
shown in Table 4, while the average infiltration rates and cumulative infiltration are shown in Figs.1 and
2, respectively. As can be seen from Table 4, no significant difference was found in all the parameters
with the treatments. The result of the infiltration tests showed a lot of variability, with the lowest level of
compaction (5 tractor passes compacted soil), having the least infiltration rate of betweenl.5 to 2.75
mm/hr, while the highest level of compaction (12 tractor passes) exhibiting higher infiltration rate of
between 12 mm/hr to 18.75 mm/hr. The observed cumulative infiltration for the 5 tractor passes
compacted site ranged between 3 mm to 5.5 mm, while those for the 7 and 12 tractor passes were 15.5
mm to 35 mm and 24 mm to 37.5 mm, respectively. The median initial infiltration rate for 5 passes
compacted soil is 3.5 mm/hr. The 7 tractor passes compacted soil had initial infiltration rate ranging from
10.5 mm/hr to 22 mm/hr, while that of 12 passes compacted soil ranged from 16 to 22 mm/hr. This shows
that within the first hour, the 12 passes compacted soil had a higher initial infiltration rate than the 5 and 7
passes compacted plots which was not anticipated.

Table 3. Values of control parameters

MC FC IR HC PR BD Porosity (%)
(%) (%) (mmhr!)  (x10°cms?)  (kPa) (Mgm™)
18.24 22.44 21.47 1410.00 349.40 1.34 41.50

MC = Moisture content, FC= Field capacity, IR = Infiltration rate, HC = Hydraulic conductivity, PR =
Penetration resistance, BD = Bulk density
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Table 4. Comparison of mean soil properties and their standard deviations in the studied treatments

Number of MC IR HC x 10 PR BD Porosity
Tractor (%) (mm hr) (cms™) (kPa) Mgm?) (%)

Passes

5 14.91+£2.23 2.17+£0.14 1.74+0.03 479.55+445.01  1.72+0.04  34.34+0.30
7 12.54£2.00 12.00+£0.19 12.40+0.51 514.70+13.90  1.81+0.03  31.70+0.01
12 12.11+£1.08  15.92+0.74 16.90£0.11 474.35+2.28 1.91£0.04  27.92+0.05
Sig. 0.076 0.083 0.072 0.060 0.063 0.56
(2-tailed)

MC = Moisture content, IR = Infiltration rate, HC = Hydraulic conductivity,
PR = Penetration resistance, BD = Bulk density
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Fig. 1. Average infiltration rates for 5, 7, 12 Passes
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Fig. 2. Average cumulative infiltration for 5, 7, and 12 Passes

The observed results do not mean that compaction is a favourable phenomenon which enhances
infiltration. Table 2 shows that there was more silt in the plot with 12 tractor passes than in the other two
plots. The higher infiltration rate observed in the 12 tractor passes could probably be due to the
heterogeneity of the soil (having more sand and silt in the lower horizon of the 12 tractor passes plot than
in the other two plots). Also, compaction at near field capacity as was the case with the 5 tractor passes

could reduce infiltration rates (Akram and Kemper, 1979).
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According to Pitt et al. (2001), a more detailed testing could explain some of the large variations
observed. During the first hour it was also observed that there was no movement of water at certain
intervals which may be due to subsurface compaction that occurred during the tractor passes or as a result
of activities performed on the land years before the tests, as a reliable history of the site, twol or more
years prior to the tests was not available. After two hours of testing, the average final infiltration rates
were 2.25, 12 and 15.92 mm/hr for the 5, 7 and 12 tractor passes compacted plots, respectively. The area
with the poorest drainage (5 tractor passes compacted plot) had the least infiltration rate. The 12 tractor
passes compacted plot showed the highest infiltration rate for the three replicates (17, 18.75 and 12
mm/hr).

Water infiltration into the soil was more during the first hour than in the second hour for all the replicates
which conformed to literature (Siyal et al. 2002) that more water will be infiltrated in the early minutes of
an infiltration test and as the time increases, the amount of water infiltrated reduces until a constant water
level is attained.

The compaction at the three locations was found to reduce the infiltration rate from 21.47 mm/hr before
compaction to an average of 2.17 mm/hr for the 5 passes making the soil behave like clay with a steady
infiltration rate ranging from 1 to 5 mm/hr as shown in Fig.1. Average infiltration rates of 12 mm/hr and
15.92 mm/hr in the 7 tractor passes and the 12 passes, respectively showed infiltration rates
characteristics of loam (Fig.1). The variability and inconsistency observed during the infiltration tests can
be reduced if more tests are conducted and a smaller diameter infiltrometer ring used as recommended by
Pitt et al. (2001).

Penetration resistance of soils is dependent on the moisture content of the soil. The values for the
compacted soils were very high and may impact negatively on root penetration.

The bulk densities for the three compacted sites at 5, 7, and 12 tractor passes were found to have average
values of 1.74 Mgm™>, 1.81 Mgm~, and 1.91 Mgm?, respectively, in relation to 1.34 Mgm™ for the control
location. Infiltration rate was affected by the high bulk densities observed. In spite of this, the 12 tractor
passes compacted soil showed the highest infiltration rate with an average value of 15.92 mm/hr. The
observed results do not suggest that the more the traffic on soils, the less the infiltration rate. Similar
findings were reported by Whiting et al. (2010). The observed results may be due to the fact that the soil
was compacted within accepted moisture range for sandy loam soil (less than 28.2% dry basis) and the
tractor capacity used was within the established safe loads (60kN) for sandy loam fields as reported by
Kanali et al. (1997). Notwithstanding the observed infiltration figures, the high bulk densities may limit
root penetration in accord with The Cooperative Soil Survey (2011) report that bulk density from 1.6
Mgm™ will have severe negative impact on plant growth.

3.3 Compaction, Soil Moisture and Hydraulic Conductivity Relationship

As with infiltration rate, the hydraulic conductivities obtained at the three levels of compaction also
indicate that the 5 tractor passes compacted soil with bulk density of 1.74 Mgm™ had the least value of
hydraulic conductivity ( 1.74 x 10 cm/s ), while 7 tractor passes with bulk density of 1.81 Mgm™ had a
value of 1.24 x 10 cm/s, and the 12 tractor passes with bulk density of 1.91 Mgm™ had a value of 1.69 x
10° cm/s. According to Kooistra et al. (1984), the higher the bulk densities of soils, the lesser the
hydraulic conductivity, but this is not always true because clay with a bulk density of about 1.4 Mgm
can have hydraulic conductivity of between 107 to 10 cm/s (The Cooperative Soil Survey, 2011). The 5
tractor passes compacted soil with soil moisture of 14.91 % had the highest value of conductivity closest
to the field of capacity of the soil (23.44 %), indicating that compaction was carried-out near field
capacity leading to the reduced infiltration rate observed in that treatment with an average rate of 2.17
mm/hr after 120 minutes. The 7 tractor passes compacted soil with moisture content at 12.54 % had a
higher observed average infiltration rate of 12 mm/hr after two hours. The 12 tractor passes with the least
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moisture content (12.11 %), had the highest average infiltration rate of 15.92 mm/hr at the end of two
hours. The results show that soil moisture content before compaction strongly affected soil strength
properties. The outcome of this study is in agreement with the findings of Blouin et al. (2008) in a similar
study.

4. CONCLUSIONS

The study evaluated the effects of traffic compaction on water infiltration and soil physical properties of a
sandy loam soil. Results of the study showed that in all parameters measured, no significant difference
was found between the treatments. However, there was appreciable increase in soil strength properties
(bulk density and penetration resistance) with compaction. The findings of this study suggest that
provided the soil is not too wet and the axle load of the machinery used in the field is within established
limits for a particular soil type, compaction may not limit infiltration adversely within the limits of this
experiment). With the results of this study, farm managers may make informed decisions on the effects of
traffic compaction on soil productivity.
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