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ABSTRACT

Farmers face compaction problems due to its negative effect on soil structure, root development and water
movement in soils. Hydraulic and physical soil properties are affected by compaction due to cattle treading.
This research was carried out to study the effects of cattle treading on soil physical and hydraulic properties on
a typical cattle farm in Abeokuta, southwestern Nigeria for two years. Treatments include within the paddock,
a cattle trampled pathway and control. Soil physical properties such as bulk density, porosity, gravimetric
moisture content and compaction characteristics were investigated using standard procedures. Hydraulic
properties such as hydraulic conductivity, sorptivity, steady state flow and macroscopic capillary length were
investigated with the CSIRO disc permeameter. Data were analyzed using a One way Analysis of Variance
and mean differences were found using the Duncan Multiple Range Test at 0.05 level of significance. Mean
bulk density at the 20-30 cm depth within paddock, on the trampled and control were 1.85, 1.83 and 1.65 gcm™
respectively. Sorptivity values for within paddock, trampled pathway and control were 2.0, 142 and 47.1cmhr?®?
respectively. Hydraulic conductivity for paddock, trampled pathways and control were 4.9, 51.7 and 129.2 cm
hr-1 respectively. Average steady state flow for control, trampled pathways and within paddock were 136.4,
123.9 and 5cmhr! respectively. Mean pore sizes for control, trampled pathway and within paddock were 0.51,
1.06 and 0.18 cm respectively. Paddocks should be designed on sloppy lands to facilitate easy flow of waste
into drainage systems and paddock floors should be sandy to facilitate infiltration.
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INTRODUCTION

Compaction has been shown to be a major challenge
for many farmers especially those involved in crop
production and agriculture(Asinyetogha and Josiah,
2016,0dey, 2018). It alters the structure of soils
by increasing bulk density, reducing porosity and
affecting pore spaces, aggregate shapes and size
distribution (Pagliai et al., 2003). Compaction due
to animal treading often destroys soil structure by
increasing bulk density, reducing the sizes of pore
and decreasing infiltration rate leading to increase
in surface ponding in depressed portions and surface
runoff thereby increasing the vulnerability of soils in
affected area to water erosion. Compaction from cattle
has been reported to reduce the drainage capacity of
soils by increasing soil bulk density (Cournane et
al., 2011; Houlbrooke et al., 2008; McDowell et al.,
2003).

The effects of compaction from cattle
treading cannot be ignored especially on agricultural
lands where their negative effects on physical soil
properties could be highly significant. In a report by
Drewry et al., 2000), cattle treading affects physical
soil condition due to pugging especially when soils
are wet causing major soil degradation. This process
remolds the surface soil and destroys large pores
in the soil. Studies have shown that cattle treading
imposes a treading pressure of about 200-400KPa
when considering static load which may increase
with movement of the cattle (Thomas et al., 1990)
and increasing the grazing or stocking intensity will
consequently increase the rate of compaction on
many agricultural lands (Houlbrooke et al., 2009). In
a study by Singleton et al. (2000), grazing animals
severely distorted the movement of water and drainage
pathways by compacting the surface soil, resulting in
increased bulk density and decreased macroporosity.
This could result in a rigorous decrease of the
infiltration rate of soils leading to high runoff volumes
on the surface soil (Pietola et al., 2005). This study
was initiated to investigate the consequence of cattle
treading on soil hydraulic and physical properties in
a selected cattle paddock in Abeokuta, South western
part of Nigeria.

MATERIALS AND METHODS

The research was carried out in a cattle paddock
located in Abeokuta, Southwestern Nigeria (Latitude
70 19°N and longitude 30 34E). Vegetation around the
paddock includes scattered shrubs, trees and grasses
with some subsistent farms nearby for production
of maize, cassava and pepper. The soil around the
paddock is loamy sand based on particle size analysis
using the hydrometer method (Gee and Or, 2002).
The paddock has an area of 0.11ha (39.2m x 27m).
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A total of 92 cattle were stocked within the paddock
and the average weight of cattle was 177kg. Heavy
drainage problems were observed within the paddock
during periods of rainfall (Plate 1).

Soil damage as a result of cattle treading

Plate 1.
within paddock on a farm in Abeokuta, southwestern
Nigeria

Random soil samples were taken within the paddock,
on the cattle pathways and a control site about 30m
from the paddock for determination of soil physical
and hydraulic properties at depths of 0-10, 10-20 and
20-30 cm for two consecutive years (2014-2015).
Moisture content was determined gravimetrically.
Bulk density was determined by the method of
(Blake and Hartge, 1986) Porosity was determined
from bulk density data assuming a particle density of
2.65 g cm?. Particle size distribution was carried out
using hydrometer method (Gee and Or, 2002) and the
textural triangle used to identify the textural class of
soil at sample locations. Hydraulic soil properties such
as cumulative infiltration, Hydraulic Conductivity,
sorptivity, infiltration rate, macroscopic capillary
length, mean pore size and steady state flow were
investigated using the (CSIRO) disc permeameter
(Clothier, 2001) which was installed on all sample
points. Samples were taken from nine different points
in each treatment for determination of the hydraulic
parameters. Cumulative infiltration at any time t is
the total amount of water that has gone into the soil at
time t divided by the cross sectional area of the disc
ring for the ponded flow. The cumulative infiltration
is calculated by the relation proposed by Clothier,
(2001).

.......... Equation 1

Where SR is the scale reading at time of measurement,
is the initial scale reading, and RC is the reservoir

calibration.
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The Wooding’s equation (1968) was used to determine the soil hydraulic conductivity (K ).

K,= a4 _ 4bSo” Equation 2

wr° mwolBo —Bn)

Where "o is the radius of the ring , 0, is the volumetric moisture content at measurement potential .0 is the
volumetric moisture content at initial potential ,and b is approximately 0.55.
Sorptivity was estimated from the slope of the cumulative infiltration _ri_ and square root of time at the
initial stage of the infiltration process. The steady flow rate f was determined by plotting the cumulative
infiltration as a function of time at final stage of infiltration. The macroscopic capillary length (A which
simplifies the treatment multidimensional flow was investigated using the relationship below:

|:| — -
(B, — 2 Ky Equation 3

The mean pore size ( A ) which identifies the pore sizes that are hydraulically functioning was determined
from the Laplace’s capillary rise equation proposed by (Phillip, 1987)

A =74
™ "llr‘:l'-‘ .......... Equation 4
assuming pure water at 20°C.
The characteristic time in relation to gravity or runoff initiation time (Tgmv) was investigated using the
relationship proposed by Phillip (1969) defined as:

Tyras = |22
i Mol i, Equation 5

Analysis of results. The data obtained was analyzed using one way analysis of variance (ANOVA) at 5%
level probability. Least significant difference (LSD) was applied by the Duncan test using Genstat Discovery

Edition 3 software.

RESULTS AND DISCUSSION
The Soil Physical Properties are presented in Table 1 below.

Table 1.  Soil physical properties with respect to depth (Mean values for two years)

PSD (%
Slf(:?lﬂlse 2;[::)11 Po(l;zs)ity Dlzllllg(ty D;[(?:lsttel:ll;e Sand | Silt | Clay Textural class
(g/cm’) (%)
0-10 37.7 1.65 13.2 853 |23 12.4 Loamy fine sand
Control |10-20 41.5 1.55 12.1 83.6 4.2 12.2 Loamy fine sand
20-30 36.6 1.68 9.6 799 |58 [143 [Sandyloam
0-10 30.9 1.83 8.9 8  |2.6 |124 |Loamysand
T;:gf:; 10-20 264 1.95 4.6 83 |47 [12.1 |Loamy sand
20-30 38.9 1.62 5.1 81 |47 [143 [SandyLoam
o0 30.2 1.85 10.9 873 [1.6 [11.1 |Loamy fine sand
Within 5050 31.7 1.81 6.5 842 [2.6 [132 |Loamy fine sand
Paddock
20-30 23.8 2.02 6.2 83.7 |20 [143 [SandyLoam

They reveal that particle size analysis within the paddock and the control site showed good similarities and the
texture was predominantly loamy sand. Sand content was relatively high at all locations with values ranging
from 77% - 87%, clay content was also high with values ranging from 11.2%-15.2% in both locations (Table
1) and the silt content was low with values ranging from 1.8%-8.8%, the porosity within the paddock was
within the range of 23.8-41.5%, and ranged from 36.6 - 41.5% on the control plots showing the predominance
of void spaces within the soil. At the 0-10cm depth, bulk density were higher in the paddock and on the
trampled pathways but a reduction was observed on the control site with values of 1.85, 1.83 and 1.65 g cm™
respectively. It was also observed that bulk density was higher both within the paddock and on the trampled

pathways compared to the control further revealing the compactive effect of the cattle on the soil. This could
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be as a result of the clay content in the soil and the organic matter content. This observation was also reported
by Hillel (1980) where bulk density increases by about 20% at the topsoil as a result of cattle treading and
porosity decreases from about 17 to 7%. The porosity level was significantly higher at the control (37.7%) than
within the paddock and on the trampled pathway which reveals that the cattle trampling caused a significant
reduction in the pore spaces. It was also observed that moisture content decreased with depth increment in the
soil in all the treatments though the it was not significantly different with respect to depth at the control site
which further reveals that cattle trampling within the paddock reduced the pore sizes, prevented infiltrability
causing considerable reduction of moisture with depth. This can be attributed to the reduction in organic
matter content with depth. Similar reports were observed by Relf, (1997) and Betteridge et al., (1999) where
cattle treading prevented water from infiltrating into the soil causing wetted topsoil than subsoil.

The soil hydraulic properties give an indication of water flow movement within the soil with the aim of
giving adequate information for proper soil management. Sorptivity rate which depicts the early flow of water
into the soil without the influence of gravity was significantly low within the paddock (2.0 cm hr*°) compared
to the values obtained on trampled pathways and control plots. This reveals the effect of high compaction rate
within the paddock. Similarly, hydraulic conductivity for paddock, trampled pathways and control were 4.9,
51.7 and 129.2 ¢cm hr! respectively (P<0.05). The very low saturated hydraulic conductivity could also be
attributed to the high stocking rate per unit area and the level of compaction generated by the cattle. This has
a direct effect on the rate of flow within the paddock causing enormous drainage challenges during periods
of heavy rainfall. The steady state flow which gives an insight into the infiltration capacity of the soil was 5.0
cm/ hr within the paddock further revealing the minimal amount of water flow into the soil. This value was
relatively low compared to many agricultural soils used for crop production. It was observed that there was
no significant difference between the trampled pathways and the control sites in terms of steady state flow in
the locations (P value 0.05). The mean pore sizes is the size of pores that are hydraulically functioning during
the infiltration process and it was observed that fewer pores conducted water within the paddock and on the
trampled pathways but no significant difference were noticed between the control and trampled pathways even
though there were more pores conducting water through them on the trampled pathways than on the control
site. The low pore sizes observed within the paddock further reveals that the macropores were significantly
reduced by the pressure exerted by the cattle treading leading to inability of the pores to aid water percolation.
The characteristic time in relation to gravity which is also an hydraulic soil property (time to ponding) shows
when the gravity forces dominates the flow process and it further gives an indication of the time at which
gravity and capillary forces are equal. The characteristic time in relation to gravity revealed that the time taken
for water to flood within the paddock, on trampled pathways and control were very similar (8-9 minutes). This
shows that during periods of light or short duration rainfall, the soil pores would be filled within a short period
causing flooding. Generally, hydraulic conductivity, sorptivity and steady state flow were all significantly low
under the trampled and control plots than within the paddock. This confirms the effect of the cattle treading on
the soil which invariably affects the hydraulic soil properties.

Table 2. Effects of cattle treading on hydraulic soil properties under different treatments (Mean values for two
consecutive years)

Initial . . Mean . | Characteristic
. Moisture F}nal Sorptivity Hydral.lll.c Steady pore Macr9scop1c time in
Locations moisture 05 conductivity | state flow . capillary .
Content content (%) (cmhr’?) (cm hr') (cm hr) size length (cm) relation to
(%) (cm) 8 gravity (hr)
18.56 46.55 55.75 149.65 157.42 0.41 1.81 0.14
19.17 36.9 54.96 145 156 0.67 1.11 0.14
17.79 48.76 32.32 120.17 122.54 0.27 2.74 0.07
17.65 42.7 47.97 135.84 141.38 0.32 23 0.13
23.8 52.81 48.29 151.61 157.24 0.29 2.54 0.1
Control
16.68 43.02 102.86 198.27 226.4 1.11 0.66 0.23
34.88 77.63 48.6 131.14 135 0.23 3.19 0.14
42 80.22 23.02 65.98 66.95 0.29 2.55 0.35
24.75 49.1 41.07 127.98 132.83 1.19 0.62 0.1
40.05 76.48 14.57 66.71 67.78 0.35 2.13 0.05
Mean 25.5 55.4 47.0 129.2 136.4 0.51 1.97 0.15
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9.1 16.1 38.21 7.02 37.72 0.14 5.16 0.04

9.92 26.2 168.93 55.17 155.83 0.66 1.12 0.13

11.91 26.39 43.83 7.08 43.59 0.44 1.69 0.02

9.91 24.7 274.5 129.12 195.58 3.18 0.23 0.44

Trampled |5.63 20.62 358.05 124.71 292.03 3.68 0.2 0.18

pathways | 7.5 28.63 116.33 36.19 120.66 0.29 2.52 0.09

9.9 26.21 135.28 48.28 127.56 0.48 1.55 0.14

11.63 27.67 29.15 4.32 29.07 0.2 3.7 0.02

21.13 38.18 140.77 54.23 128.7 0.78 0.95 0.18

13.41 30.95 118.49 51.32 107.977 0.77 0.97 0.23

Mean 11.0 26.6 142.0 51.7 123.9 1.06 1.81 0.15

7.52 10.56 1.75 4.06 4.12 0.14 5.418 0.19

6.83 9.25 4.14 10.51 11 0.37 2 0.16

3.45 6.13 1.79 4.46 4.54 0.15 5.05 0.16

5.22 7.8 1.1 5.63 5.63 0.15 5 0.04

Within 7.88 13.4 1.74 3.84 3.86 0.32 2.24 0.21

Paddock |7.13 12.07 0.88 5.75 5.76 0.15 4.93 0.02

4.6 10.24 0.88 2.46 2.48 0.15 5.1 0.18

7.48 12.02 1.49 3.63 3.65 0.16 4.74 0.168

8.2 13.9 0.64 5.28 5.37 0.15 5.07 0.015

4.78 7.68 1.37 3.37 3.412 0.11 6.99 0.166

Mean 6.3 10.3 2.0 4.9 5.00 0.18 4.65 0.13

LSD<0.05 |5.71 9.26 571 31.51 48.93 0.70 1.24 0.09
CONCLUSION

This study has confirmed adequately the negative effects of cattle compaction by treading in a selected
paddock in the Southwestern part of Nigeria by critically expatiating on physical and hydraulic soil properties
that are affected by cattle treading in selected paddocks for two consecutive years. Bulk density was very
high within the paddock and water flow into the soil was drastically impeded with the very low sorptivity
observed. Similar results were observed in the hydraulic conductivity and characteristic time in relation
to gravity that had low values. Based on this research work, It is recommended that stocking rates should
be standardized by strategically managing the animals not only within their paddocks but on the trampled
pathways. Cattle treading paths should be changed either yearly or in two years and such paths can be used
for agricultural purposes thereafter by proper and sustainable tillage activities. Furthermore, paddock floors
should be critically constructed on well aerated sandy soils having adequate drainage system and not soils
prone to compaction. Paddocks can also be designed on sloppy lands to facilitate or aid drainage of wastes
such as water and cattle dung.
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