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Abstract

An estimated 3.7 million ha or 33% of the North
Island requires the application of significant soil
conservation measures to be able to physically
sustain pastoral enterprises. Traditionally, erosion
control measures on hill farmland have centred on
the planting of hardwood trees, such as poplars
and willows, at wide spacings. Research and
experience has confirmed that where hardwood
trees are adequately planted and tended, they
significantly reduce the magnitude of soil erosion
and maintain soil stability. However, the effects
that such erosion-control plantings have on pasture
and animal production owing to changes in the
farm microclimate, soil and water resources remains
relatively unresearched in New Zealand.
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Background

The development of North Island soft-rock hill terrain
into pasture has increased the magnitude of hillside soil
erosion 2- to 10-fold, even though the frequency of
erosion events remains unaltered (Miller et al. 1996).
This soil erosion reduces the productive capacities of
pastoral hill farms (Blaschke et al. 1992). On-farm
degradation can be seen as the physical removal of
pasture by mass movement and fluvial erosion processes;
depletion of fertile topsoil by accelerated gross or
insidious soil loss; reduced soil water-holding capacity
owing to shallower soils with poor physical structure
and lower organic matter content; and damage to fixed
structures such as farm tracks and fences (Clough &
Hicks 1993; Hicks et al. 1993; Blaschke et al. 1992;
Lambert et al. 1984). Pasture production on erosion
scars takes about 20 to 40 years to reach levels equivalent
to 70 to 80% of neighbouring uneroded sites, with little
further recovery thereafter (Lambert et al. 1984; Douglas
et al. 1986; DeRose et al. 1995). This indicates that on
hillsides where mass movement erosion is severe and/
or frequent, current production levels from pastoral
regimes will increasingly become difficult to sustain

(Trustrum et al. 1984). Eyles & Newsome (1992), using
the New Zealand Land Resource Inventory database as
well as other physical parameters, have estimated that
3.7 million ha or 33% of the North Island requires
significant soil conservation measures in order to be
able to physically sustain pastoral land uses.

The tree species most commonly used for the
stabilisation of easier sloped (<28°) North Island pastoral
hill land are space-planted poplars and willows, and
Pinus radiata forestry (Thompson & Luckman 1993).
Where factors such as steep gradients, water stress,
ongoing soil disturbance, and desiccating winds inhibit
tree establishment and subsequent growth, alternative
hardwood tree species, such as Eucalyptus and Acacia
(wattles), are increasingly being planted (Van
Kraayenoord & Hathaway 1986). Such inhibitory factors
are common to eastern North Island regions.

The planting patterns and tree spacings used for
pastoral hillside stabilisation are not usually uniform
over entire paddocks. High tree stockings are used where
erosion is severe or active, and spacings are progressively
widened as trees extend into more stable ground (Van
Kraayenoord & Hathaway 1986). The tree stockings
used for soil conservation range between 25 to 150
stems/ha (Wilkinson 1995; Thompson & Luckman
1993), and though understorey pasture is present at
these stockings its effectiveness for animal production
has been little researched except for agroforestry trials
with Pinus radiata (Maclaren 1988) (Figure 1).

Figure 1 schematically shows the continuum from
tree–pasture systems to forestry systems, and illustrates
the tree stockings that have potential for livestock
grazing.

The development of whole-farm packages for the
integration and management of silvipastoral systems
using widely spaced hardwood soil conservation trees,
that can be applied to a wide range of environments,
requires a thorough understanding of how such trees
utilise available farm resources and in turn affect existing
pastoral systems. Information presently available is
fragmented and incomplete. For this reason MAFpol
contracted a review of research and practical experience,
to identify the potential advantages and disadvantages
that hardwood soil conservation trees may incur when
incorporated into pastoral hill systems.
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Approach

Because little has been published in New Zealand on
spaced-planted hardwood conservation tree systems,
most information obtained was from associated arable
land shelter belts, Pinus radiata agroforestry, overseas
silvipastoral studies, and from pasture and animal
research which has relevance to tree–pasture systems.
A large body of information exists as unpublished
reports, technical bulletins and in the minds of
practitioners. As part of the review, key researchers,
soil conservators and farmers who have had a close
association with hardwood conservation tree planting
and management were consulted.

Tree effects on the hill farm microclimate

New Zealand research on microclimatic changes caused
by trees is based mainly on Pinus radiata agroforestry
and shelter belts. Changes to the radiation balance and
surface wind flow are thought to be of particular
importance when trees are introduced into pastoral
systems, as they combine to regulate the energy balance
of both understorey and overstorey. This in turn
influences plant water use, temperature, and overall
plant and animal productivity (Brenner 1996).

Light
New Zealand Pinus radiata tree stocking trials and
overseas studies have demonstrated that the incidence
of Photosynthetically Active Radiation (PAR) and the
red-to-far-red ratio (R:FR) of light available to
understorey pasture decreases under trees with larger,
more dense canopies, and at higher tree stockings
(Onyewotu et al.  1994; Eastham & Rose 1988;

Anderson & Moore 1987; Ong et al.
1996). Lower PAR delays the rate of
pasture development, but reductions in
growth are partly offset by mor-
phological changes in the plants
resulting from a reduced R:FR caused
by the filtering effect of tree foliage. A
low R:FR ratio is an important signal
used by plants to increase plant stem,
internode, lamina or petiole lengths, in
order to optimise PAR interception by
pasture leaves (Mitchell & Woodward
1988). Indirectly the number of grass
tillers and legume runners also decrease
under shade (Ludlow et al. 1974), and
so understorey pasture swards are less
dense than open pastures (Percival et
al. 1988). The soluble-carbohydrate
content in ryegrass (Lolium perenne

L.) roots and shoots decreases with lower light (Alberda
1965), reducing pasture regrowth and suppressing
general plant growth and vigour (Eriksen & Whitney
1981; Wong & Wilson 1980). Thus, hard grazing (i.e.,
leaving low residual pasture cover) should be avoided,
and the intervals between grazing should be extended
in comparison to the grazing management of open
pasture (Hawke & Percival 1992; Percival et al. 1988).
However, the nature and actual extent of understorey
pasture responses to shading, imposed by hardwood
trees with different canopy structures and leaf display,
planted at low stocking densities, and managed under
different silvicultural regimes has not been measured
in New Zealand.

Wind flow and wind speed
Measurements of the effects of trees on wind speed and
air turbulence is limited to Pinus radiata agroforestry
and shelter belt studies in New Zealand. Trees act as a
barrier, influencing horizontal wind speed and air
turbulence, as they absorb wind momentum and force
air to flow around and over them (Brenner 1996). Open-
structured shelter belts with high porosity such as widely
spaced leafless poplar trees give relatively small, non-
turbulent reductions in wind speed in comparison to
more impermeable belts (Sturrock 1972). Turbulence is
the main factor that affects the distance before normal
wind velocity is regained (Gregory 1995). Standing
trees in agroforestry systems have been shown to
significantly reduce wind speed (Anderson 1991; Bird
et al. 1992; Knowles 1991). Even at tree stockings of
only 17 stems/ha, mature river red gums in western
Victoria, Australia, reduced wind speed at 1.5 m above
ground to 50–60% of that in adjacent open paddocks
(Bird et al. 1992).
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Soil water balance
Trees planted at high stockings are able to intercept
large volumes of precipitation coming into a catchment
and can remove large volumes of soil water by
transpiration (Maclaren 1996; Fahey & Rowe 1992). In
New Zealand, Pinus radiata within the Mangatu Forest
lowered the soil water table by 2 m in comparison to
areas where trees were felled and the land was
revegetated in pasture (Treeby 1989). Australian
investigations into the effectiveness of different planting
strategies in reducing soil water, have shown that where
trees were planted to cover 35% of lower slope and
discharge zones, the water table was lowered by 2 m
over a 9- to 10-year period. Widely spaced plantations
also lowered the water table by 1.6 m over 10 years
(Schofield 1991). It is evident that strategic plantings of
trees can be used to lower water tables where drainage
(surface or subsurface) is not feasible for technical or
economic reasons, and in doing so can reduce the
susceptibility of wet soils to stock treading damage.
However, there is very limited information available on
the effects of widely spaced hardwood trees on the soil
water balance (Wallace 1996).

Tree effects on the soil resource

Trees can improve the physical and chemical properties
of soils by providing organic matter from either litter
and/or root decay. The effect that different tree species
have on the surrounding micro-environment (soil water
distribution, soil temperature and soil pH) and variation
in the quantity and composition of tree organic matter
also influences the biological properties of soils (Binkley
1995; Schroth 1995; Palm 1995). Canadian research
has found that poplar stands have relatively high rates
of nutrient cycling compared with most temperate forest
species (Bernier 1984), and as well as supplying nitrogen
via litter, root excretion and/or root decay, many tree
species used for soil conservation (e.g., alders, acacias
and robinias) are able to fix significant amounts of
atmospheric nitrogen through symbiotic relationships
(Maclaren 1996; Sheppard et al. 1984; Bulloch 1983).

Turnover of fine tree roots and associated mycorrhiza
have been shown to contribute 2–4 times more nitrogen,
and 6–10 times more phosphorus, than above-ground
litter fall (Bowen 1984 cited by Palm 1995). A tree’s
ability to extend considerable distances laterally,
especially at low tree stockings, means its roots influence
the soil at distances far beyond the area affected by leaf
fall (Schroth 1995).

Trees are highly efficient at utilising nutrients present
in forest-soil or agroforestry systems. Several New
Zealand investigations under Pinus radiata have shown
low leaching losses of nitrates compared with the total

nitrogen content in the system (Dyck et al. 1981; Knight
& Will 1977).

Tree effects on pasture production

Changes to the microclimate, water balance and soil
properties by trees in turn affect pasture production, but
there have been very few studies on the effects of
hardwood trees on the production of hill land pastures.
Data that are available (Gilchrist et al. 1993; Miller et
al. 1996) are based on point-in-time experiments of
either single trees or trees at high stockings. The
progressive impacts of widely spaced (25–150 stems/
ha) hardwood trees on pasture production and quality,
as the trees mature and their canopies develop, are
unknown. Similarly the competitive interactions that
hardwood trees have with hill pastures for available soil
water and nutrients have not been measured.

Miller et al. 1996 observed at high tree stockings
(400 stems/ha), 6- to 10-year-old willows formed a
dense canopy which reduced annual pasture yields by
40% relative to that on stable open ground, but were
similar to open pasture yields on unstable earthflows,
and were higher than yields on recently disturbed ground.
As found with other tree species such as Pinus radiata,
under densely planted willows (400 stems/ha) the
ryegrass and clover component of the pasture sward is
lower than that of open pasture. Gilchrist et al. (1993)
found that around single hardwood soil conservation
trees pasture dry matter yields were similar to those of
open pasture during winter, but in spring were
significantly reduced closer to the trees. Through summer
and autumn, reductions in pasture yields progressively
became more uniform over entire paddocks.

Tree effects on animal production

New Zealand and Australian agroforestry research has
shown general declines (lower ewe liveweights, lamb
growth rates and wool weights) in animal productivity
under Pinus radiata compared with that from open
pasture (Anderson & Moore 1987; Bird et al. 1995;
Percival et al. 1988; Knowles 1991). Animal production
was lower at high tree stockings (>100 stems/ha) and
under mature trees with greater crown dimensions
(Table 1) (Hawke & Percival 1992). Factors attributed
to the reduced animal production under Pinus radiata
include: a reduction in annual pasture dry matter yields;
a lower ryegrass and white clover component in the
pasture sward; less dense pasture swards; an increased
prevalence of gastro-intestinal parasites; and a greater
proportion of low digestibility tree litter in the animal’s
diet (Anderson & Moore 1987; Percival & Hawke 1985;
Percival et al. 1988; Bird et al. 1995).
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Widely spaced hardwood soil conservation tree
plantings may affect animal production differently from
Pinus radiata. This is because trees are generally planted
at low overall stockings (25 to 150 stems/ha); trees are
planted close to final stocking ratios; poplar, willow,
and eucalyptus trees generally have narrower, more open,
canopies; the use of individually protected poplar and
willow poles allows trees to be directly planted into
erosion-susceptible areas of farms without having to
exclude grazing livestock; and tree foliage from poplars
and willows is nutritious and reasonably palatable to
browsing livestock.

On land that is highly susceptible to erosion, any
suppression of pastures by widely spaced trees is often
counterbalanced by the utilisation of pasture on areas
that otherwise would not have been available for
grazing. The stabilisation of this land allows more
efficient feed utilisation (Hicks 1995). Increases of
approximately seven stock units/ha in annual stock
carrying capacity have been recorded on spaced-planted,
previously unstable ground on the East coast and the
Wairarapa (Hicks 1995).

Tree effects on animal welfare

Animal welfare issues are attaining greater importance
to New Zealand’s primary export industries with the
realisation of the potential market consequences if our
standards of practice fall below those of our trading
partners (Sutton 1990). Under the Animals Protection
Act 1960, a code of recommendations and minimum
standards has been set for all farm animals, including,
freedom from discomfort and freedom from distress
(Anon. 1994). In relation to these requirements, trees
provide shade and shelter for grazing animals which
reduces their exposure to direct ultra-violet radiation,
temperature extremes, high wind speeds and driving
rains (Bird et al. 1992; Gregory 1995). As a result trees
also reduce energy required by animals to maintain a
constant deep body temperature (Bird et al. 1992).
However, under field conditions in New Zealand’s
temperate environment, the theoretical advantages of
shelter have been difficult to prove as results have often

been inconsistent (King & Sturrock 1984; Knowles
1991).

Trees can have positive effects on animal behaviour
by reducing visual stimuli. This substantially reduces
aggression in bulls and farmed red deer hinds (Chamove
& Grimmer 1993; Whittington & Chamove 1995).
Reduced stress, in a tree environment, is also attributed
to increased calving percentages for sika and red deer
(Crofskey 1988).

Additional benefits of trees

Certain soil conservation trees (e.g., poplars and willows)
can be used as a source of fodder when there is a
shortage of pasture during summer droughts (Hewson
1993; Hathaway 1986). Where carefully sited and
managed, some poplar, acacia, robinia, alder, and
eucalyptus species have timber values (Anon. 1995;
van Kraayenoord 1987). The use of a variety of
hardwood tree species also improves the amenity value
of the farmers working environment and overall value
of the farm (Lucas 1983).

Summary

Where hardwood soil conservation trees are adequately
planted and tended they significantly reduce the
magnitude of soil erosion, along with the associated
detrimental impacts on pasture production and
utilisation. Many of the hardwood tree species used in
New Zealand for soil conservation also have positive
effects on the soils of hill farms. This is owing to the
addition of valuable organic matter to the soil, in some
instances higher nitrogen fixation, and improved
drainage of wet soils. However, even though relatively
open-crowned and widely spaced hardwood trees have
the potential to reduce the negative effects that Pinus
radiata has on pasture and animals, as yet there is very
limited numerical evidence to support such a hypothesis.
Clearly, further research is required to demonstrate the
value of silvipastoral systems utilising hardwood trees.
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