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Effect of treading by dairy cattle on topsoil physical conditions for six
contrasting soil types in Waikato and Northland, New Zealand, with
implications for monitoring
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Abstract A study of the physical condition of
soils under dairying in the Waikato and Northland
regions was undertaken to determine the physical
condition of the soil, possible changes from pugging
damage, and the most appropriate measurements
and sampling regimes for monitoring change.

Sites were selected on widespread soil types
(Allophanic and Gley Soils in the Waikato;
Allophanic, Ultic, and Podzol Soils in Northland)
and corresponded to never trodden, usual usage or
conditions, and previously pugged (>18 months
ago) pasture. Soil cores were collected at 50-mm
depth increments for determination of bulk density,
total porosity, saturated and unsaturated hydraulic
conductivity, proportion of pores greater than 30
and 60 |im, and aggregate size class.

The 0-100-mm depth was best for showing
differences between treading regimes. Within this
depth, hydraulic conductivity and aggregate size
showed the greatest differences between regimes.
All measurements were useful for showing
differences in the Waikato data. However, for
Northland, bulk density, total porosity, and
proportion of pores were not always indicators of
change. Approximately 20 cores were needed per
regime to show differences. Soil properties on most
soil types were still affected 18 months after a
pugging event. Measurements selected for showing
change varied depending on whether data were for
geographic regions, a single region, or a particular
soil type.
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INTRODUCTION

The Waikato and Northland regions of the North
Island of New Zealand have a variety of contrasting
soil types and topographies which are used for
dairying. Because stocking intensity varies from
place to place it is possible that the amount of soil
change could also vary within the same soil type
and between regions. In Northland, dairy herd
stocking densities average approximately 2.0 cows
ha"1, and in the Waikato approximately 2.7 cows
ha"1 (Livestock Improvement 1997). Cows are
grazed outdoors year round, but in winter, paddocks
are subdivided into smaller strips using electric
fences. The strips are grazed on a rotational basis
to ensure maximum pasture utilisation and stock
density can reach 300 to 600 cows ha"1 in winter
when the soil is wet and susceptible to treading and
pugging (poaching). As a result, parts of paddocks
can be severely pugged damaging both the soil and
pasture.

Over several years, pugging may have occurred
at some time over much of the farm with some areas
being more pugged than others. Any decline in soil
physical condition as a result of treading damage
and its subsequent effects on pastoral sustainability
is of concern (Haynes 1995; MAF Policy 1995,
1996; Ministry for the Environment 1996). Several
studies have shown the effects of pugging on
reducing pasture production (e.g., Mullen et al.
1978; Johnson et al. 1993; Thomson et al. 1993;
Ledgard et al. 1996). However, few data are
available to show the extent of any soil change, or
what the best depths and measurements are for
monitoring change. The purpose of this paper was
to help answer these questions for intensive dairy
farming systems in Northland and the Waikato, both
of which have a variety of soils and high stocking
rates.
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MATERIALS AND METHODS

Sites
A total of six widespread soils used for dairy
farming, and covering a range of susceptibility to
pugging damage, were selected for measurement.
Three soils each came from the Waikato and
Northland regions. Horotiu and Kiripaka soils
(Typic Orthic Allophanic soils, Hewitt 1998)
selected are free-draining soils which have a
significant proportion of allophanic clays that are
non-sticky, giving the soils a strong microaggregate
structure resistant to treading damage. The Te
Kowhai, Hauraki, and Kara soils (Typic Orthic
Gley, Melanic Orthic Gley, and Orthic Perch-gley
Podzol, respectively, Hewitt 1998) selected were
poorly drained in winter and the water table could
be near the surface. The latter two soil types are
known for their susceptibility to winter pugging
damage. The Waiotira (Typic Perch-gley Ultic,
Hewitt 1998) is an imperfectly drained clayey soil
type.

Sites were identified on each soil corresponding
to: never trodden (under long-established fence
lines), usual conditions (representing average
paddock and pasture condition according to the
farmer), and previously pugged (pugged at least 18
months previously and subsequently grazed
normally and now "apparently recovered" in pasture
growth according to the farmer). The farms used
were representative of typical dairy farms in their
regions in terms of farm management and fertiliser
application. Stock densities had been stable for at
least five years and the sites had been dairy farms
for at least 25 years. All farms used strip grazing in
winter and the cows were grazed on the properties
year round. With strip grazing (fence in front but
not behind), cow densities were approximately 300
to 400 cows ha"1 and cows remained on the paddock
for up to 12 hours. However, in particularly wet
soil conditions cows were sometimes removed from
the paddock to prevent serious pugging damage.
The swards were predominantly perennial ryegrass/
white clover pasture (Lolium perennelTrifolium
repens) and at least 5 years old.

Sample collection and analysis
Soil samples were collected from 12 sites per soil
type in the Waikato and 33 sites per soil type in
Northland in late spring. The soil was sampled at
50-mm depth increments to 250 mm. Three or four
random locations were sampled at each never
trodden (NT) and usual (U) site, but, because of

limited areeis available, sampling was restricted to
two locations at some previously pugged (PP) sites.
Two undisturbed soil cores were collected side-by-
side from each depth at each of the two to four
locations at a site. One core (soil 50 mm high, core
ring 76 mm high and 98 mm diam.) was for
determination of saturated (Ksat) and unsaturated
hydraulic conductivity (K_ioo), and the other (core
ring 50 mm high and 98 mm diam.) for deter-
mination of pore-size distribution. Approximately
384 cores were collected from Waikato sites and
2400 from Northland sites. All cores were carefully
carved into the soil following trimming of the grass
to the ground surface. The inside of the rings used
to collect cores for hydraulic conductivity were
smeared with petroleum jelly to prevent edge flow
during measurements. Cores were first equilibrated
at the appropriate tension before steady-state
hydraulic conductivity was measured. Saturated
hydraulic conductivity was determined using the
constant head (10 mm) method. Unsaturated
hydraulic conductivity (\|/_ioo mm> K_ioo) followed
the method of Perroux & White (1988) using tension
infiltrometers, and the cores were equilibrated and
measured on a tension table (\|/.ioo mm).

Cores collected for pore-size distribution were
also used for total porosity and bulk density
determinations. Pore-size distribution was
measured using tension tables (pores >60 and >30
|im). The upper surfaces of the cores were first
peeled using plaster of Paris to remove any
smearing, and any losses in volume were accounted
for. All cores were saturated before measurement.
The volume of soil in cores with an uneven upper
surface (cores 0-50 mm) was determined by the
Archimedes technique of determining volume from
loss in weight in water. Separate soil samples were
collected for determination of % clay, % organic
C, plastic and liquid limits, and particle density.
Particle density was determined using field-moist
samples so as to avoid changes in density that can
occur on drying allophanic soil material (Gradwell
& Birrell 1979). Soil aggregate size distribution was
measured by dry sieving (<20 mm, >60 mm)
following gentle disaggregation of an intact soil
block (300 x 200 x 50 mm high), using the method
outlined in Milne et al. (1995).

All data were analysed using ANOVA in the
GENSTAT statistical package with a 95% con-
fidence level for determining any significant
differences (P < 0.05). Hydraulic conductivity data
required log-transformation before analysis and the
back-transformed means are presented. Because of


