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Impact of cattle treading on hill land
2. Soil physical properties and contaminant runoff
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Abstract A simulated rainfall study carried out
as part of a larger grazing experiment was conducted
to investigate the effects of a 2-3 day cattle-treading
event in winter on soil physical properties and
contaminant (sediment and nutrient) runoff in
topographically variable hill land. Measurements
were made on two land zones: easy contoured ridges
and gullies (15-24° slope) and steep inter-track land
(28-39° slope). Simulated rainfall was applied to
16 plots (0.5 m2) with a range of treading damage
for each land zone within 14 days of the treading
event. Simulated rainfall was repeated on the same
plots in the following summer and winter to assess
the recovery of soil from treading damage.
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Treading damage reduced water infiltration rate,
particularly in the steep zone. It also caused a
significant increase in the transport of suspended
solids (SS), total Kjeldahl nitrogen (TKN), and total
phosphorus (TP) from the plots during simulated
runoff. On the steep inter-track zone, damaged areas
had a 46% lower infiltration rate, and runoff from
these areas contained on average 87% more
sediment, and 89% more N and 94% more P
compared with undamaged areas. These effects had
disappeared six months later. The rainfall simulation
and soil physical studies show that a 2-3 day winter
treading event may increase soil bulk density,
reduce soil macroporosity and total porosity, and
lead to a decrease in the water infiltration rate and
an increase in contaminant runoff.
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INTRODUCTION

Sustainable land use involves, amongst other things,
the management of grazing animals to avoid soil
erosion and nutrient loss in runoff (Lambert et al.
1985; Cooke 1988; Blaschke et al. 1992). Treading
by grazing cattle can influence pasture composition,
cover, and growth rate (Edmond 1974; Sheath &
Carlson 1998) and affect soil physical properties,
as indicated by an increase in soil bulk density and
soil surface disturbance, and a decrease in pore
spaces (Witschi & Michalk 1979; Willatt & Pullar
1983; Proffitt et al. 1993). Treading may thus
influence the way water moves into and through
the soil, thereby reducing water infiltration rates
and increasing potential contaminant runoff
(nutrient and suspended solids) and erosion
(Gradwell 1968;Edmond 1974; Warren etal. 1986a,
1986b; Dormaar et al. 1989; Proffitt et al. 1993).

The extent of damage may be influenced by the
type of animals, pasture cover, stocking rate and
grazing duration, soil texture, soil structure, and soil
organic matter content (McCalla et al. 1984). Soil
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moisture at the time of animal treading is critical
(Gradwell 1968; Climo & Richardson 1984).
Warren et al. (1986a, 1986b) and Proffitt et al.
(1993) have shown that treading on moist soils
destroys existing soil aggregates and leads to the
creation of a flat, comparatively impermeable
surface layer composed of dense, unstable clods.
Soil compaction can result in water saturation of
the surface soil (ponding), thus rendering the soil
more susceptible to further treading damage
(Gradwell 1968; Van Haveren 1983; Willatt &
Pullar 1983; Climo & Richardson 1984; Proffitt et
al. 1993).

Outdoor grazing throughout the year is a special
feature of New Zealand's farming system. Intensive
livestock grazing during wet (winter) months, even
for a short period (2-3 days), may cause soil damage
and contamination of waterways as a result of
surface runoff of suspended sediments (SS) and
nutrients (Smith et al. 1993; Quinn et al. 1994).
Nitrogen (N), phosphorus (P), and SS represent
major contaminants in many lowland reaches of
agriculturally developed catchments (Smith et al.
1993). These contaminants can originate from the
surface runoff of water, SS, fertilisers, plant debris,
and faecal material (Hedley et al. 1991; Heathwaite
& Jones 1996). Since excessive levels of N, P, and
SS are harmful to aquatic life and water quality
(Smith et al. 1993), it is important to assess the
potential impact of grazing animals on runoff of
these contaminants to receiving waters.

Although studies in New Zealand have indicated
that treading impacts from grazing animals can
generate significant SS and nutrient losses (McColl
& Gibson 1979; Lambert et al. 1985), the extent of
these losses under different levels of treading
damage during a short-term (2-3 days) winter
grazing has not been established. This paper reports
a rainfall simulation study in which the effects of
cattle-treading on soil physical properties and
surface runoff of water, SS, N, and P were measured.
The work was part of a major research programme
(Sheath & Carlson 1998), which aims to evaluate
the effect of winter treading on soil and pasture
damage, contaminant (SS, N, and P) runoff, and
the recovery of soil and pasture plants.

METHODS AND MATERIALS

Site
The study site was located at Whatawhata Research
Centre, Hamilton, New Zealand (37°48'S, 175°5'E,

220 m a.s.l., 22 km west of Hamilton), on steep hill
land which is topographically very variable (Sheath
& Carlson 1998). Two land zones dominated the
study site: steep land (28-39°) which is dissected
by animal tracks, and easy contoured land (15-24°)
on hill ridges and gullies. Pastures at the site were
predominantly ryegrass (Lolium perenne L.)-clover
(Trifolium repens L.) which had been top-dressed
annually in autumn (February-March) with
superphosphate at a rate of approximately 200-
300 kg ha"1.

The soil in the steep land is a Waingaro steepland
soil, derived from a sedimentary argillaceous
greywacke parent material. It is classified as a
steepland soil related to yellow-brown earth
(Umbric Dystrochrept, USDA Soil Taxonomy) and
has a low to moderate infiltration rate (Fieldes
1968a). The soil on the easy contoured land is
predominantly Dunmore silt loam, which is derived
from a volcanic parent material and has a coarser
texture and higher macroporosity than the Waingaro
steepland soil (Bruce 1978). It is classified as a
yellow-brown loam (Entic Dystrandept, USDA) and
has a friable silt loam topsoil (moderately to
strongly developed medium and fine granular and
crumb structure) with an average depth of 100-120
mm over a friable silt loam subsoil (weakly
developed medium granules and nuts) (Bruce
1978). Although the soil is well-drained, it does not
dry out excessively in summer because of its high
allophanic content (30-40%) (Fieldes 1968a). The
Waingaro steepland soil has less than 13%
amorphous minerals with a shallow (50-75 mm
depth) clay loam topsoil of fine and medium nut
structure, and a subsoil of firm clay with weakly
developed nut structure (Bruce 1978). Recent
information (Sheath & Carlson 1998) shows that
the Dunmore silt loam has higher liquid and plastic
limits (92 and 75% on a gravimetric basis,
respectively) than the Waingaro steepland soil (57
and 49%, respectively), suggesting that the physical
properties of the Dunmore silt loam are less
sensitive to changes in soil moisture than are those
of the Waingaro steepland soil (Fieldes 1968a).

Treatment context
A large-scale treading experiment reported
previously by Sheath & Carlson (1998) was
conducted during 1993-94 to assess the impact of
cattle treading on soil and pasture status. This
experiment was a 3 x 3 factorial design with three
block replicates. These replicates were based on


