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Shallow mechanical loosening of a soil under dairy cattle grazing:
Effects on soil and pasture
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Abstract Shallow mechanical loosening of soil
to 22 cm deep (aeration) was investigated as a
method for ameliorating soil compaction caused by
dairy cattle treading. Soil physical and pasture
measurements taken over 46 weeks compared plots
grazed under normal grazing practice (non-aerated)
with plots under normal grazing practice where soil
was mechanically loosened (aerated). Aerated soil
initially showed reduced (P < 0.05) penetration
resistance, degree of packing, and bulk density, and
increased (P < 0.05) hydraulic conductivity, total
porosity, macroporosity, and proportion of small
aggregates, compared with non-aerated soil.
However, after 40 weeks aerated soil showed some
reversion back to a non-aerated state, and only the
most sensitive measurements (penetration resis-
tance, degree of packing, soil structure, and

*Author for correspondence
A99038
Received 6 August 1999; accepted 13 April 2000

macroporosity) showed significant (P < 0.05)
treatment differences. Pasture herbage yield,
botanical composition, and root length were
unaffected (P < 0.05) by aeration, but aeration
increased (P < 0.05) root dry weight and decreased
bare ground. This work suggests that timing of
aeration with regard to soil moisture and atmos-
pheric conditions is vital for optimal soil and pasture
responses. The need to use methods which sample
large volumes of soil and pasture to detect soil
physical and pasture changes due to loosening is
also stressed.
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INTRODUCTION

There is increasing evidence that soil compaction
and structural degradation resulting from livestock
treading is a problem in Australasia (Climo &
Richardson 1984; Willat & Pullar 1984; Kelly 1985;
Greenwood & McNamara 1992; Proffit et al. 1995;
Holt et al. 1996; Greenwood et al. 1997) and other
parts of the world (Scholefield et al. 1985; Davies
et al. 1989; Mulholland & Fullen 1991). Livestock
treading under intensive farming systems can be
detrimental to soil structure by causing compaction,
which adversely influences air, water, and nutrient
movement and chemical and biological processes
in soils. This structural degradation also affects
pasture root and shoot growth and plant health
(Gradwell 1960, 1965; Mulholland & Fullen 1991;
Greenwood & McNamara 1992; Harrison et al.
1994; Cook et al. 1996; Houlbrooke et al. 1997;
Lobry de Bruyn & Kingston 1997). Therefore, soil
damage by the hooves of grazing animals can
influence plant productivity and the overall
profitability and sustainability of pastoral farms
(Raghavan et al. 1989).

Two soil processes can occur in response to
treading. Compression by hooves predominates at
low to medium soil moisture contents (trampling
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or remoulding), whereas plastic flow around the
hoof (pugging or poaching) predominates in wet
soil (Scholefield et al. 1985). Poaching or pugging
refers to penetration of the soil surface by the hooves
of grazing animals, causing damage to the grass
sward (Mulholland & Fullen 1991). Poaching or
pugging may result from progressive loss of soil
strength by repeated treading in wet weather (Climo
& Richardson 1984; Scholefield & Hall 1985).

High stocking rates such as 250-500 cows ha"'
commonly used in winter "block" grazing on New
Zealand dairy farms can cause soil structural
degradation in the form of compaction and
remoulding of soil by cattle hooves to a depth of
20 cm, particularly when soil is wet (Climo &
Richardson 1984). "Block" grazing refers to
confinement of the dairy herd to a small (usually
square) area of pasture within a paddock for daily
grazing to ensure accurate feed allocation (Johnson
et al. 1993). The cows are moved to a new "block"
of pasture the next day, so that if the soil is wet and
susceptible to treading damage several areas can
be pugged, and over time entire paddocks may be
damaged.

Despite evidence that livestock treading can be
detrimental to soil physical properties and pasture
growth, published literature on the effectiveness of
strategies for ameliorating treading-induced
compaction of soils supporting permanent pasture
is rare (Davies et al. 1989). Mechanical loosening
of soil supporting permanent pasture with rigid tine
implements (subsoiling or aeration) to ameliorate
compaction has beneficial effects on soil structure
and pasture root growth, and has increased pasture
herbage yield (Chapman & Allbrook 1987; Davies
et al. 1989; Harrison et al. 1994). However, there
have been few studies specifically aimed at
ameliorating shallow soil compaction caused by
cattle treading under intensive dairying and defining
the longevity of amelioration effects on soils and
on plant growth (Davies et al. 1989).

Intensive dairy farming is an important industry
in many regions of New Zealand. Therefore, there
is a need for investigations into the impact of cattle
treading on soils and pasture, and techniques for
amelioration of soil damaged by cattle treading.
Intensive dairy farming is common in the Waikato
region of the North Island, New Zealand, where
soil structural damage as a result of cattle treading
is of concern on silt and clay textured soils
(Campbell 1966; Chapman 1992). During winter
(when soil moistures are high) treading damage
often results in pugging.

The aim of this study was to assess the
effectiveness of shallow mechanical loosening
(aeration) of a Waikato soil (Te Kowhai silt loam)
as a strategy for the amelioration of soil damaged
by cattle treading under intensive dairy farming.
Soil physical properties and pasture yield, botanical
composition, ground cover, and root activity were
monitored so that the longevity of effects could be
studied.

MATERIALS AND METHODS

Site and soil type
The trial was located at two sites on the No. 1
Dairying Research Corporation Farm, Ruakura
Research Centre, Hamilton, New Zealand within
large paddocks (1.2 ha), supporting a ryegrass
(Lolium perenne)/white clover (Trifolium repens)
pasture which was intensively grazed by cows for
at least 20 years. The soil at both sites was a poorly
drained Te Kowhai silt loam, an Acidic Orthic Gley
Soil in the New Zealand Soil Classification (Hewitt
1998) or a Typic Ochraqualf in Soil Taxonomy (Soil
Survey Staff 1990). The soil contains the clay
mineral halloysite, which causes the soil to swell
when wet and shrink and crack when dry (Singleton
1991). The trial sites were flat with mean annual
rainfall of 1200 mm and mean annual air
temperature of 13°C (Singleton 1991). Nitrogen
fertiliser inputs were high (approximately 400 kg
N ha-' yr 1 ) .

Treatments and experimental design
Two replicate plots (17 m x 6 m) of each treatment
(non-aerated and aerated) were established at each
site (four replicate plots) in a randomised in-
complete plot design. Non-aerated plots represented
"normal" grazing conditions (described under
grazing management) on No. 1 Dairy Farm. Aerated
plots were also grazed under the "normal" grazing
regime, and had soil loosened to a depth of 22 cm
using the James Soil Aerator (James Engineering
Limited, Gore, New Zealand).

Grazing management

The 1.2-ha paddock sites were equally divided into
two smaller paddocks to accommodate summer,
spring, and autumn grazing, and were divided
further into "blocks" for winter grazing. Under the
"normal" grazing regime on No. 1 Dairy Farm
stocking rates depended on the time of year and
pasture growth. In spring, summer, and autumn,


