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Impact of cattle treading on hill land
1. Soil damage patterns and pasture status
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Abstract An experiment was conducted on steep
hill land in New Zealand to describe the pattern of
cattle treading that occurred from a single damage
event during winter. The experiment also measured
some of the consequences of treading and sought
to define the subsequent grazing management which
promoted the most rapid recovery of pasture.

In hill paddocks of mixed topography, damage
of the soil surface was greatest on animal tracks/
camps and easy contoured areas (<25°) where cattle
prefer to walk. Evidence of this initial winter impact
disappeared over spring, most rapidly on easy
contoured areas and under continuous sheep
grazing. To promote rapid recovery of damaged
paddocks continued grazing of cattle during spring
should be avoided.

At high levels of damage (>50% soil surface),
puddling on tracks/camps and skid damage on steep
inter-tracks became frequent. These processes are
significant because animal tracks/camps act as
important channels for surface water flow in hill
lands; and disturbed, inter-track areas are an
important source of sediment runoff.

During spring, pasture growth rates were
reduced by treading damage. From a systems
context this could represent losses of 5-10 kg DM
ha"1 d"1 during early-mid spring. Pasture cover and
growth rates had fully recovered by early December.
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INTRODUCTION

Animal treading in grassland ecosystems is known
to affect the condition of both soil and vegetation.
Much of this knowledge centres on dry and/or
rangeland conditions where soils and vegetation are
considered to be very fragile. Treading action can
result in reduced soil water infiltration and increased
water runoff (van Haveren 1983; Warren et al.
1986a, 1986b; Proffittetal. 1993).

In New Zealand, all grass wintering is a key
element in low cost pastoral farming (Sheath et al.
1987). However, the potential for soil surface and
pasture damage is high as a consequence of animal
treading during winter and early spring (Sheath &
Boom 1998). Not only is there a cost in terms of
reduced plant growth (Brown & Evans 1973;
Edmond 1974), but losses of soil particles and
nutrients also occur (Cooke 1988). Whole catch-
ment studies have shown that greater soil particle
and nutrient losses occur with mob grazing systems
(McColl & Gibson 1979) and with cattle-dominant
grazing (Lambert et al. 1985). These findings are
significant given the widespread use of winter mob
grazing and the market driven trend of finishing
cattle to heavier weights.

Within pastoral hill lands of New Zealand, there
is considerable variation in soil type, botanical
composition, and farming animals. Given the
importance of long-term resource management, it
is important to match soil, pasture, and animal type
in a way that minimises both on-site and off-site
impacts of treading damage. To achieve this, we
require a better description of damage patterns in a
hill land system; a measure of the consequences of
different damage levels; and a knowledge of
management practices that reduce initial damage
and/or promote subsequent recovery.

This paper reports an experiment which sought
to describe the patterns of treading in hill lands that
were generated by a single cattle "damage" event
in late winter. The experiment also sought to
measure some of the consequences of that damage.
The impact of treading on pasture performance is
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reported here and the effects on soil physical
properties and contaminant runoff are reported by
Nguyen et al. (1998). For the year that followed
the damage event, three different grazing manage-
ments were compared with the expectation of
defining the most appropriate practices during a
recovery phase. These results are also presented and
discussed here. The research described in this paper
considered the impact of treading at a paddock level.
The systems context in which the results can be
interpreted is provided by Sheath & Boom (1998).

MATERIALS AND METHODS

Site
The experiment was conducted at Whatawhata
Research Centre, New Zealand (37°48'S, 175°5'E)
on steep hill land that was dissected by animal
tracks. The average slope of the experimental
paddocks ranged from 25° to 37°. Topography on
these hillsides can be classified into three land
zones: animal tracks and camps; easy contoured
ridges and gullies (<25° slope); and steep inter-
tracks (>25° slope). Transect survey information
indicated that the proportions of these three
respective zones were 28, 15, and 57% of the land
surface within the experimental area.

These hillsides are broadly classified as
Waingaro steepland soils, a northern yellow-brown
earth derived from argillaceous greywacke (Bruce
1978). However, because of variation in slope and
retained volcanic ash, small areas of easy contoured
land would be more accurately classified as a
continuum between yellow brown earth Kawa hill
soils and yellow brown loam Dunmore hill soils.
Tracks and camp areas are predominantly steepland
soils which have been modified through animal
impacts such as concentrated walking and defe-
cation. Average soil physical characteristics across
three block replicates are given in Table 1 for each

of the three land zones. Further information for
similar hillsides is provided in Sheath & Boom
(1985) and Nguyen et al. (1998). Soil fertility quick
tests (Cornforth & Sinclair 1984) across the three
replicates averaged 16 for Olsen P and 6 for
potassium, indicating a moderate level of fertility
for hill pasture situations.

On a point basis (0.5 mm diam.), the frequency
of occurrence of Lolium perenne in spring was 56
and 34% on easy contour and steep inter-track strata,
respectively. Total legume content in spring ranged
between 15 and 20%. Pastures in the experimental
area can be considered as well developed and
capable of producing 8.0-9.01 DM ha-'yr"1 (Webby
et al. 1990).

Design and treatments
The experimental design was a 3 x 3 factorial, with
three block replicates. The replicates were based
on aspect. Within each block, three levels of
treading damage were imposed and, subsequently,
three grazing management regimes were compared
across each of these damage levels. All treatments
were separately fenced so as to include all three
land zones in proportions similar to those described
above for the experimental area.

Treading damage was created by beef breeding
cows (440 kg average liveweight) during wet
periods in late July-early August 1993. Average soil
moisture levels (% gravimetric dry weight for 0-
75 mm zone) at the time of treading were 86% for
tracks/camps, 82% for easy contoured ridges and
gullies, and 56% for steep inter-tracks. Variations
in cattle density (40-70 ha"1) and/or grazing
duration (2-3 days) were used to produce three
levels of initial treading damage. On a total paddock
basis, the average level of soil surface disturbance
on a point frequency basis was 43% (low tread, LT),
53% (medium tread, MT), and 72% (high tread, HT)
for the three damage treatments.

Table 1 Soil physical characteristics averaged across replicates for the three
land zones.

Organic matter (0-75 mm; %)
Bulk density (0-20 mm; Mg m~3)
Total porosity (0-75 mm; %)
Soil moisture at -10 KPa (0-20 mm;

% gravimetric)
Plastic limit (0-75 mm; % gravimetric)
Liquid limit (0-75 mm; % gravimetric)

Track-
Camp

17.0
0.84

64.7
68.0

52.7
86.3

Easy
Contour

18.1
0.76

68.4
74.7

57.3
92.0

Steep
Inter-track

15.4
0.85

64.8
53.0

49.0
75.0


