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Abstract
Unguided cattle husbandry (UCH) is a form of resource
exploitation in South Africa where common property is
treated as rangeland, and cattle herds of varying sizes
without herdsmen make their way into these properties
whenever they can. The environmental consequences
of this widespread husbandry method have not been
studied in the Eastern Cape Province. We conducted a
study on the impact of UCH on soil physical properties
including bulk density, infiltration, macroporosity and
penetration resistance. Results obtained showed that
there was a signif icant increase in bulk density and
penetration resistance on the tracks when compared with
the control whereas  hydraul ic  conductivity and
macroporosity were signif icantly decreased by cattle
grazing activities. I t was concluded that exposure of
community lands to UCH caused substantial damage to
the soil physical properties.
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Introduction
Half of the world’s land area is rangeland (Havstad, 2008),
and grazing by domestic livestock is a substantial and
pervasive land use form throughout the world (Milchunas
and Lauenro th, 1993 ; D iaz et a l.,  2007). Recent
investigations in cattle husbandry practiced on rangelands
showed how rangeland ecosystems have adjusted to
alterations induced by human exploitation. Many studies
have shown that grazing might have a positive impact on
landscape elements such as soil, water and vegetation
and enhance biodiversity, especially on riparian pastures
(Kauffman and Krueger 1984; Smith and Maltby, 2003;
Humphrey and Patterson 2000). Vegetation density and
diversity increased as cattle dung and urine revitalized
soil and vegetation when compared to ungrazed sites.
Van Uytvanck et al. (2009) showed that free ranging cattle

can be used to restore nitrogen depleted soils and thus
serve as a potential management tool.

The greater proportion of literature have however, shown
that these environmental elements suffer from more
negative effects from grazing than positive ones (Mekuria
et al., 2007; Zhao et al., 2007). Faecal and urine deposits
may be potential sources of air and water pollution
despite their restorative capacities on land, there is also
signif icant correlations between overgrazing and soil
infertility as livestock reduce biomass, trample vegetation,
disturb and compact soils through disruption of the soil
structure (Abril and Butcher, 1999). Soil degradation
further limits production of forage (Singh et al., 2011).
One of the major impacts of livestock on soil resources
is compaction. Soil compaction leads to the increase in
bulk density of soils as a result of applied pressure or
load (Kasisra, 2005). Compaction allows the soil
particles to move closer to each other, reducing the pore
spaces between them and increasing the bulk density
of the soil. The pressure exerted by cattle results in the
compression of soil particles which greatly reduces
water and air storage in the soil profile. The reduced
water storage increases the risk of moisture stress and
reduces infiltration which enhances the soil erosions.

Unguided cattle husbandry can, therefore, have a negative
impact on soil resources and reduce the ecosystem
services rendered. In this study it was aimed to quantify
the impact of this land use system on selected soil
physical properties in the common property regimes of
Alice, Eastern Cape, South Africa.

Materials and Methods
Study area: The study was conducted in Alice (34 000
inhabitants), the Eastern Cape Province of South Africa
(Fig 1). The climate is semi-arid with an annual rainfall
of approximately 530 mm; the majority of the precipitation
falling during warm summer months (Fig 2).
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Fig 1. Study area (Alice), dominant cattle tracks and
location of observation points

Fig 2. Selected climatic parameters for the study area

The vegetation forms part of the Savannah biome,
characterized by herbaceous vegetation and short
structured graminoids which grow and f lourish in the
same cyc lical pattern as the rainfall (Mucina and
Rutherford, 2011). The f lood plain of the Tyume river
(where observations were made) has deep alluvial soils
generally referred to as the Orthic luvisols which belongs
to the Oakleaf-Jozini series (Van Averberke and Marais,
1991).

Methodology: Soil samples were collected from 15
positions established on the animal tracks (Fig 1).
Samples were collected at a depth of 0 - 15 cm and 15 -
30 cm. Control plots were set adjacent to tracks but at
distances eliminating cattle interaction (approximately 5
m). Disturbed samples were collected to determine the
particle size distribution (using the Bouyoucos hydrometer
method). Undisturbed samples were collected from the
sites using a core sampler with core having diameter of
11 cm and height of 7.7 cm. These 60 undisturbed
samples were used to determine the dry bulk density
(Db) of  the dif fe rent si tes as wel l as hydraul ic
characteristics. Saturated hydraulic conductivity (Ks) was

determined using the falling head double ring method.
After the core was saturated, a smaller core (diameter 6
cm) was installed on top of the undisturbed core.
Saturated hydraulic conductivity was calculated following
Bouwer and Rice (1976):

Ks =
L
t

X
(ho + L)
(h1 + L)

Where:  was the thickness of the core;  was time till
constant inf iltration rate was obtained and  and 
were the head of water above surface before and at the
start of test and after  respectively.

Hydraulic conductivity was also measured on the
undisturbed cores at dif ferent suctions using tension
infiltrometers. Infiltration rates were calculated using the
approach followed by Ankeny et al. (1990). This method
had the advantage that only steady state inf iltration
measurements were required, pore structure was not
disturbed, the same soil surface was used and the
calculations o f the  hydraulic conduc tivi ty were
straightforward. Infiltration rates at different tensions were
used to calculate the water conducting macroporosity
(WCM).

In this study macropores were the pores which were
emptied at a suction head of 3 cm with an equivalent
pore radius (r) larger than 0.05 cm, following Luxmoore
(1981). Macroporosity was calculated using the Watson
and Luxmoore (1986) approach from the dif ference
between pounded (double ring) infiltration rate and the
infiltration rate at a tension of 3 cm. The theory behind
this approach was that the capillary rise equation could
be used to calculate the maximum pore size [(r) in cm)]
which was filled with water at a certain suction head [(h)
in cm]:

Where:  = surface tension of water (M T-2);  = contact
angle between water and pore wall (assumed to be 0); 
= density of water (M L-3) and  = gravitational force (L T-

2). Using the assumption of Watson and Luxmoore (1986)
equation 2 predicted that all pores with a radius larger
than 0.05 cm were macropores.

By making use the minimum pore radius at a certain
tension in conjunction with Poiseuille’s law the maximum
number of  water conduc ting macropores were
determined by Watson and Luxmoore (1986):

(Eq 1)

(Eq 2)

(Eq 3)

.................

.................

.................
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The total effective water conducting macroporosity
(WCM, ) in m3 m-3 was then obtained by equation 3;
and was expressed as a percentage of the total soil
volume in this study.

An American Society of Agricultural Engineers standard
dynamic cone penetrometer (DCP) was used to measure
penetration resistance and hence the effects of hoofing
on soil compaction (Herrick and Jones, 2002). This DCP
consists of a 30º hardened cone with a 2.03 cm diameter
base. The energy source was obtained from a 2 kg slide
hammer with a drop height of 40 cm. The soil resistance
was measured by:

Where Rs was the soil resistance (N), Ws was the work
done by the soil in (J) and Pd was the distance travelled
by the penetrometer through the soil. Herrick and Jones
(2002) calculated the work done by a single blow was
7.84 J. The distance (Pd) was determined after 5 blows
and therefore the average resistance over Pd.

Statistical analysis: The statistical package SPSS
version 19 was used to assess the differences between
infiltration, bulk density, moisture content and penetration
resistance of track and control points as well as between
treatments at different depths. Fisher’s Least Significant
Difference (LSD) was used to evaluate dif ferences
between dif ferent parameters.

Results and Discussion

Particle size distribution: The results presented in Table
1 indicated that there were no significant differences in
the textural classes of the 15 sample points and their
controls (P> 0.05). The soils had sandy clay loam texture.

Table 1. Soil particle size distribution, bulk density, saturated and unsaturated hydraulic conductivity, water conducting
macroporosity and penetration resistance of different depths of tracks and their controls

1D
b
= Bulk density; 2K

s
 = Saturated hydraulic conductivity; 3K

30
 = Hydraulic conductivity at -30 mm tension; 4WCM = Water conducting macroporosity; 5R

s

= Penetration resistance, Parameter values with different letters are significantly different (P <0.05) according to Fischers’ LSD

Indeed, texture is constant soil property, not influenced
by external treatments. The homogeneous texture
between the track and control sites implied that any
differences in the more dynamic soil properties, such as
bulk density, hydraulic conductivity and water conducting
macroporosity were due to animal impacts and not due
to inherent differences between the soils.

Bulk density and penetration resistance: The bulk
densities were signif icantly higher on tracks when
compared to the control plots (P< 0.001). There were no
differences within the groups i.e. at different depths (Table
1). Similar to the bulk density, signif icantly higher
penetration resistance (Rs) values were measured on
the tracks when compared to the control points (P< 0.005).
Rs was only measured on the surface (0 - 15 cm). This
clearly indicated that the soils were more compacted in
the tracks than in the control plots. The capability of cattle
to impact the mechanical elements of the soil was related
to the fact that soil bulks contain voids. Voids facilitate
the development of healthy root system, and they also
easily respond to trampling pressure exerted by grazing
cattle on rangelands. Where pressure exerted by animal
hooves is high, more particulate materials are forced to
move closer to each other. Consequently, more voids
are impaired leading to greater compaction. This implied
the tracks invariably were more compacted with higher
bulk densities at both 0 - 15 cm and 15 - 30 cm levels
given the incessant animal passes. It was noted from
the results that there was a slight decrease in the bulk
density with increasing depth in the track treatment
(Table 1). Although not signif icantly different it was worth
mentioning that the impact of cattle appears to be greater
in the surface layers. These f indings were agreed with
those obtained by Chaichi et al. (2005) who investigated
the impact of grazing intensities on rangeland in the Lal

(Eq 4)

(Eq 5)

Depth (cm)
Sand (%)
Silt (%)
Clay (%)
Texture class
Db1 (g cm-3)
Ks2 (cm h-1)
K3

3 (cm h-1)
WCM4 [Θm (%)]
Rs

5 (N)

0-15
63.50a

15.60a

20.90a

SaClLm
1.54b

2.236b

0.317a

0.104352a

414.62b

15-30
59.80a

18.60a

21.60a

SaClLm
1.51b

2.172b

0.243a

0.104909a

0-15
60.09a

16.81a

23.10a

SaClLm
1.37a

5.337a

0.406a

0.268073b

205.29a

15-30
59.10a

18.70a

22.20a

SaClLm
1.38a

6.244a

0.523a

0.311059b

p > 0.05
p > 0.05
p > 0.05

p < 0.001
p < 0.001

p > 0.05
p < 0.05

p < 0.005

Treatment                           Track                       Track                      Control     Control     Significance (p value)

.................

.................
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rangeland in Iraq. The reason advanced to explain this
tendency by Chaichi et al. (2005) was that the stocking
density of cattle exceeded the numbers that the enclosure
could hold. In this current study it was not a question
stocking densities, but that of uncontrolled number of
routine passes throughout the day. Equal farming rights
with the system of exploitation leads to this. High bulk
densities easily translate into poor soil health; the soil
then fails to function as a vital living system within the
ecosystem and living land boundaries. Since there were
no dif ferences in the bulk densities within groups it
indicates that unguided cattle grazing/movements do
affect soil mechanical properties to a depth of 30 cm
and even more (Naeth et al., 1991; Chaichi et al., 2005).
Compaction of surface layers are further supported by
the increase of penetration resistance of surface layers
(Table 1).

Hydraulic conductivity  and water conducting
macroporosity: The saturated hydraulic conductivity (Ks)
was  signif icantly higher in the control p lots when
compared to the tracks. Interestingly Ks was lower in the
surface (0 - 15 cm) of the control plots than the 15 - 30
cm depth, although this difference was not significant.
There was no signif icant dif ference in the hydraulic
conductivity at a suction of 3 cm (P> 0.05). The water
conducting macroporosity (W CM) was, however,
significantly higher in the control plots when compared
to  the animal trodden tracks . But there were no
differences in WCM at dif ferent depths (Table 1).

The differences in saturated hydraulic conductivities in
this study rather strongly suggested that the pore spaces
in various shapes or sizes had been damaged by
compaction. The reduced pore sizes and distorted pore
shapes, the broken inter-connective links and walls, were
found to be more plausible explanations than differences
in structure and texture. Discontinuous pores were very
common in soils that were subjected to external burdens
such as trampling pressures exerted by ruminant grazers
(Van Tol et al., 2012). Pores were defined by Hendrickx
and Flurry (2001) as ‘all phenomena where water and
solutes move along certain pathways, while bypassing
a fraction of the porous matrix’. Taboada and Lavado
(1993) showed that compaction could reduce WCM into
a series of disconnected micro-pores inhibiting soil
aeration and infiltration. This change in pore distribution
shifts the function of the surface soil from aeration to
water clogging. This action may then block the exchange
of gases between the soil and the atmosphere and
degrade the soils capacity to support plant life. The lower

hydraulic conductivity of animal tracks will further inhibit
water inf iltration and can result in the generation of
overland flow which may cause signif icant soil water
erosion.

Conclusion
The numerous passes from countless herds created
denuded tracks with increased bulk densities and thereby
reduced the storage capacities of the soil for water. The
greater pene tration resistance, smaller inf il trat ion
capabilities and fewer macropores of the soils subjected
on animal trodden paths implied that the soil physical
health were substantially damaged leaving the soils very
vulnerable to erosive forces. Conclusively, unguided
cattle husbandry had comparatively greater negative
impacts to the soil physical properties namely bulk
density, hydraulic conductivity, penetration resistance and
water conducting porosity.
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