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ECOLOGICAL IMPLICATIONS OF GRAZING SYSTEMS:
PASTURE MANAGEMENT EFFECTS ON SOIL BIOTA
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system,

he muntenance of a healthy and viable population

ot soil bt 1s one important aspect of sustmnabil-
iy, Girassiand soils teem with orgamisms whose activi-
tics are vital for the meuntenance of soul structure,
organie matter breakdown and the cyeling of mineral
nutrients, These biological processes are influenced by
the impact of management, some favourably, others
adversely. For such practices to be sustainable, the im-
pact should be minimal, or at least, capable of amelio-
rition, so that on-farm soil ferility and the biological
processes that mediate i, can be sustained. Increas-
ingly, off-farm effects of farm management practices
are being considered as environmentally important; for
example, nutrient run-off and water quality. However,
this review will be directed at the on-farm effects of
management practices on soil and litter biota of pas-
tures and the implications that these practices may
have for sustaining the graring enterprise.

The soil biota

The term, “soil biota”, in this review includes not
only the community of organisms which live benzath
the soil surface, but also those that live in the liter
layer and dung overlying soil. Soil organisms are of
many and diverse types. Their numbers per unit area
are often in inverse proportion to their size. with
smalier organisms having a relatively larger metabo-
lism.

The array of soil invertebrates includes insects,
arachmids, protozoa, nematodes, earthworms, milli-
pedes, fly larvae, beetle larvae, ants, and other smaller.
lesser-known animals. Specics diversity in pastures ap-
pears to be high. For example, in native and improved
pastures ot Armidale there are at least 40 species of
Caollembola alone (King er al., 1976 King, 1989a),
Sizes for soil organisms range from lengths of 0.001

Abstrack. The many types of organisms in soil form an intricate food.web which governs the decomposition
of organic matter, the cycling of nutriems and helps maintain soil structure. Sustainability of the grazing sys-
tem is dependent on efficient functioning of these biological processes. Pasture management practices such as
stocking rate, the use of fertilisers and other agrochemicals, pasture renovation, irmigation and the introduction
of exotic sofl animals all bave effects on the soil biota, some sdverse, others stimulatory. Soil acidification,
which may be associated with clover dominance, can also affect pasture biota. The effects of management on
so0i| organtsms are reviewed in relation 1o their potential role in sustaining production from the grazing eco-

mm (bacteria) to over 100 mm (earthworms). The bi-
ota are generally divided by size into micro-organisms
{bacteria, fung), sctinomycetes and algae), microfauna
{protozoa), mesofauna (Collembola, Acan, nema-
toddes) and macrofauna (earthworms, millipedes, larger
Insects ).

High numbers of earthworms (over 4mfm3} have
been measured in pastures in Tasmania and 5A (Lobry
de Bruyn, 1993; Baker er al., 1992), In contrast, the
numbers in grazed pastures at Armidale were lower
(145/m~) (Hutchinson and King, [1980). Mi-
croarthropods (Collembola and -Acan), being only a
few mm long, would seem 1o be insignificant, but they
have high mmn_?eli.: rates and occur in large numbers,
from 12400/m” in lightly stocked native pastures to
25 500¢m" in similarly stocked improved pastures a
Armidale (King and Hutchinson, 1976; 1983),

Although the invertebrate animals attract attention
through their relatively larger size and high mobility, it
is the micro-organisms which are the main agents for
decomposition and nutrient cycling in all ecosystems.
Numbers of fungi and bacteria are difficult to measure,
but they are very high in comparison with the fauna. A
more usual measure of their presence is biovolume or
biomass. Soil microbial biomass is moch larger than
previously realised. Sparling er al. (1986) obtained an
average value of 650 pg carbon per gram of soil in the
top 5 cm of 17 New Zealand soils. This translates into
around 5,300 kgfha (equivalent 1o the mass of about

110 sheep/ha).

Soil biota migrate up and down the litter and soil
profile, but most biological activity occurs in the top
10 cm of soil and litter. Some orgamsms can move
relatively guickly (spiders, centipedes) and others
move only slowly (micro-organisms). Slowly moving
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organisms often depend on faster moving amimals to
transport them. Dung beetles transport mites, and mi-
croarthropods re-distribute fungal propagules through
the so0il on their bodies or in excreta from their guts.
The distribution of soil organisms also depends on soil
organic matter, which represents their food base and
habital. Moisture, temperature and aeration also deter-
mine levels of lhiological activity in soil

The functional importance of soil biota 15 not di-
rectly proportional to theirr momass. Taking metabolic
activity as one measure, Hutchinson and King (1982)
partitioned energy usage between various components
of the soil biota in intensively grazed (20 DSE/Mha) im-
proved pastures at Armidale (Figure 1). Microbial res-
piration accounted for 70% of the al energy
expended on these pastures in one year. In contrast, the
sheep flock used 26%. and the inveriebrates 4%.

Function of soil organisms in grazing
systems

The main roles of soil biota are to sustain soil fer-
tility by decomposing organic residues, release nutn-
ents and contribute to the maintenance of soil
structure, The overwhelming muonty of organisms
that colomse the orgamc residues from plants and
dung from domestic animals are beneficial. Organic
residues are fragmented and reduced physically in size
by invertebrates, thus increasing the surface area avail-
able for microbial colonisation. Lee (1985} found that
earthworms processed up 1o 17% of the total nitrogen
in Polish pastures, and brood masses of dung beetles
have been shown to be a source of phosphorus for
plants (Ridsdiil-Smith, 1989). Invenebrate size is no
measure of importance since King (1989ab) found
that the presence of microarthropods can increase the
transfer ratz of P, 5 and N from paswre liter by 305,
reflecting a remarkable synergism between these fauna
and the microbial colonisers of pasture residues. How-
ever, it 15 the micro-organisms that have the central
role in nutrient cycling. Mineral nutrients are bound in

Fligure 1. Partitioning of energy use (percent) between dif-
ferent components of the grazing ecosystem (From Howchin-
son and King, 1982).

organic complexes and microbial enzymes can break
these bonds. releasing the mineral elements which be-
come available for re-use by plants.

Soil organisms affect soil structure as well. The
burrowing activities of the larger invertebrates create
macropores which improve aeration and water infiltra-
tion. Roots find their way easily down these channels
and the ammals also mix mineral soil and organic par-
ticles. The role of soil microbes i improving sml
structure 15 1o secrete biochemical exudates which pro-
vide binding agents for stable soil aggregates.

Mangement practices in grazing systems

Stocking rate.

High sheep numbers on improved and native pas-
wres at Armidale reduced the numbers of both large
(earthworms, scarab larvae,millipedes) and small {mi-
croarthropods, enchytraeids and nematodes) decom-
poser animals (King and  Hutchinson, 1976, 1983;
Hutchinson and King, 1980). Although Baker e ol
{19934} found that increased sheep numbers had noef-
fect on earthworm biomass or numbers on pastures at
Hamilton in Victona, the highly stocked treatments in
this work were not as repressive as in the Armidale
stsdy. When pastures are overgrazed, the soil becomes
compacted with reduced pore spaces, restricting the
movement of the non-burrowing soil animals such as
Collembola, Acan and nematodes in particular. Soil
pore volume of pasture soils decreasés with increasing
stocking rate of sheep (King and Hutchinson, 1976},
This decreases the oxygen levels in the soil and slows
water infiltration rates, thus increasing the incidence of
surface run-off with consequent erosion and nutrient
loss problems.

Overgrazing also removes the litter layer (King and
Hutchinson, 1976; 1983; King, 1989a) which has sev-
eral important consequences. The litter layer acts as a
moderator of abiotic conditions in the soil, insulating
the soil environment from the effects of hat and cold
conditions and slowing evaporation to retain favorable
soil moisture conditions. Under high stocking regimes,
the main detrital food source changes from litter to
dung. The aggregation of dung in sheep camps
changes the distribution of the base of the food supply
for the whole detrital food web.

Both numbers of and species richness of biota are
affected by the intensity of stocking. Numbers of
Collembola species declined from 28 to 17 in native
pastures and from 21 to |5 in improved pastures as
sheep stocking increased from low to high levels
(King ef al., 1976,1985). Soi1l microbes can also be af-
fected by stocking rate. Hutchinson and King (1982)
found that increasing stocking intensity of sheep from
10 to 30Wha did not alter the soil microbial activity
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overall, but higher microbial respiration occurred in
sheep camps where organic matter of sail was higher.
due to the aggregation of excreta. For plant residues,
fungi predominate as the colonisers (Hutchinson and
King, 1989} and the removal of sheéep from pastures
has been associated with an increase in the 1otal hyphal
lengths in the surface soil {Bardgett, 1991),

There has ben no work done comparing the ef-
fects of rotational grazing versus set stocking on soil
biota, However, there have been claims that the former
15 advantageous. These claims await substantiation,

Superphosphate and sown pasture species
Australian soils are low in phosphorus (P}, sulphur
{8) and nitrogen (N). Temperate pasture improvement
in Australin has been based mainly on superphosphate,
which contains P and 5, and on N fixed by legumes
The final component of improvement has been the in-
traduction of productive and nutritious grasses that re-
spond 1o the improvement in fertility, Total annual P
uptake by plants, above and below the ground, can
show a tenfold increase due to pasture improvement
{(Hutchinson, 1989) and this flows on 1o the organic
side of the nutrient cycle (Figure 2). Budgets for S and
N are expected to be similar, although the more mobile
sulphate and mitrate ions will be less well retained.

There is a pervasive community view that there are
deleterious effects of inorganic fertilisers on soil biota.
In forest soils, there were early reports of short-term
reductions in microarthropod numbers which were
thought 1o be due to an increase in osmotic potential
due to a rise in salt concentration in the soil solution
(Huhta er al, 1967 Lohm er al, 1977). However,
Marshall (1977) reviewed early studies and concluded
that there was a general increase in numbers and spe-
cies of soil founa following the application of inor-
ganic fertilisers and this effect was most probably a
result of mcreased primary productivity and herbage
quality. Marshall's conclusion has been extended by a
number of studies based on differences between sown,
fertilised pastures versus native specics in natural, un-
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Rusidual Inarganic

|

Eroded
o

fertilised pastures at Armidale, NSW.

Numbers of useful invertebrate fauna increased
with pasture improvement based on the use of super-
phosphate and sown species (King and Hutchinson,
1983; King, 1989a). Baker er al. (1993a) found little
difference in earthworm numbers and biomass be-
tween phosphate treatments in Victorian pastures al
Hamilton. However, stocking rates increased with P
levels in this trial and this may have diminished the
earthworm response. Microarthropods can be particu-
larly responsive to pasture improvement, with Collem-
bola numbers on improved pasture sites being three
times higher (46,000/m”) than on native sites
(14.500/m’). For Acari, the difference was 1.5 times
(25, 100/m* vs 17.0100/m™) (King and Hutchinson,
1976,1983), Wuh pasture improvement, the native
Collembola tend to be replaced. but not eliminated, by
cosmopalitan, introduced species (King et al., 1976;
1985; King, 1989a). The soil microbes that colonise
litter from sown species in improved pastures have
higher respiration rates and biovolumes than organ-
isms colomsing native species from natural, unfertil-
1sed pastures. These microbial parameters are strongly
correlated with litter decompaosition rates (Hutchinson
and King, 1989),

Dry matter decompasition and the transfer rates of
P, S and N from sheep dung 1o soil are faster in dung
from sheep grazing improved pastures than in sheep
dung from native pastures (King, 1993), probably due
to differences in microbial volume and respiration ac-
uvity. The presence of larger numbers of Collembola
and Acari in sown, fertilised pasture substantially in-
creases the transfer rates of P, 8 and N from litter to
soil (King, 1989a; 1989b; King and Hutchinson,
1992). This provides a clear example of the impor-
tance of inveriebrate/microbial synergisms and the
valoe of maintaining a high level of biotic activity to
promaote the cycling of nutrients.

Soil pH and liming
Lime is generally applied to pastures to improve

Improved pasture
ol
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Figure 2, Annual P budgets (kgtha) for both native and improved pastures ot Armidale, NSW. (From Hutchinson, 19893



Kathleen King

Page I

the structure of clay soils and o ameliorate acid soils.
The application of lime to pastures at Hamilton in Vie-
toria had no overall effect on earthworm numbers
(Baker, 1992). However, species reacted differently,
with some increasing in abundance while others de-
clined. Liming can change the relative proportions of
fungi and bacteria, increasing the total bacterial num-
bers and decreasing fungal numbers (Alexander,
1961). However, Shah er al. (1990) reported that the
lirge increase in bactenal populations immediately
following liming upland pasture did not persist and
there were no changes in total fungal populations.

King and Hutchinson (1989) denived a relationship
between microarthropod numbers and pH based on
long-term data on Rethamsted pasture plots (Edwards
and Lofty, 1975). An opumum pH for both Collem-
bola and Acari occurred at pH 6.0, but numbers were
lowered by about 75 per cent when pH fell 1o 4.5. Ef-
fects of pH may be direct or indirect by affecting the
micrabial food supply, Long-term acidification of soils
can occur under legumes, with a decline in pH of |
unit in 50 years being widespread for pastures (Pear-
son and Ison, 1987). Acid soils under improved pas-
lures may dlter the size and composition of
assemblages of biota involved in nutnient cycling, The
potential for introduced earthworms to mix surface-ap-
plied lime through the soil profile will be discussed
under "Introduced Biota®.

Ecotoxicity of antiparasitic drugs

Some drugs used to control helminth and arthropod
parasites of domestic livestock can have ecotoxic ef-
fects, particularly on dung fauna. ITvermectin, dichlor-
vos and phenothiazine are notable in this respect
(Blume er al., 1976; Lumaret, 1986; Madsen er al.,
1988}, Most ecoroxicological studies on antiparasitic
drugs have been done on the avermectins, a new fam-
ily of drugs released onto the Australian market in the
1980°s with a broad spectrum of action effective
against both intestinal nematode parasites and ec-
toparasitic arthropods. Most of the avermectins pass
from the animal in the faeces, whatever the route of
dosage. Disappearance of the drug from the faeces var-
ies from 6 days or less (Lumaret er al., 1993) 1o more
than 45 days (Sommer et al., 1992). Strong (1992) has
reviewed the effects of the avermectins on insects in
cattle dung where they were shown to reduce the larval
survival of dung-breeding Diptera and dung-beetles.
Similar effects have been found for sheep dung (Ward-
haugh er al., 1993: Mahon et al., 1993), Wall and
Strong (1987) and Madsen et al. (1990) reported that
the disappearance of cattle dung was delayed in pats
which contained avermectin, The latter had fewer ar-
thropods but there was little effect of the drug on
cirthworms. Barth er al. (1993) found that, although
dung containing ivermectin had fewer Coleoptera and

Diptera larvac and dung-specific nematodes, the over-
all degradation of dung was not significantly lowered.
Lattle 15 known of the effects on the smaller decom-
poser invertebrates such as microarthropods, free-liv-
ing nematodes and soil microbes which are also very
impartant in the breakdown of the dung pat, However,
Onishi and Miller (1985) found no effects of aver
mectin on fungal activity

Despite the adverse effects of avermectin on the
fauna which ammive first at the dung pat, the overall ef-
fect of the drug on the rate of decomposition and nutri-
ent cycling in pastures grazed by sheep over the course
of an entire year may be small, Calculations for phos-
phorus budgets on both native and improved postures
indicate that the amount of phosphorus reeyeled in
these systems may be reduced by only 5% at the dos-
age levels currently recommended for the drug (King,
1993},

Moxydectin, a macrocyclic lactone like the aver
mecting, is new to the market in Australin and seems (o
have less adverse effects on the dung fauna than the
avermectins, but few studies have been conducted on
this product. Doherty er al. (1994) found that moxy-
dectin had little effect on dung-beetles and buffalo fly
larvae in cattle dung. The drug also appears to have no
effect on bush fly larvae (Wardhaugh er al. pers.
comm. ).

Effect of herbicides on soil biota

Herbicides make up 44% of the world market for
non-fertiliser agrochemicals and are the fastest grow-
ing sector of this market (Evans and Finney, 1992). In
pastures, glyphosate, simazine, 2,4-D, paraguat,
diguat, MCPA and metsulfuron are commonly used in
renovation and spray-topping pastures. Many fungi
and actinomycetes have a high degree of tolerance to
herbicides and few herhicides have any great or pro-
longed adverse effect on the tolal bacterial component
of soils when herbicides are used at normal field rates
{Anderson, 1978). However, herbicides can be as se-
leetive 1o their action among micro-organisms as they
are with plants {Grossbard, 1976) and some herbicides
will affect certain microbial species more than others.

The effects of glyphosate on microflora, including
ectomycorrhizal fungi, are neglible (Chakravarty and
Chatarpaul, 1990ab; Schuster and Schroder, 1990,
Wardle and Parkinson, 1991). Wardrop (1986) re-
ported that glyphosate did not have much effect on the
soil microbes except in sumulating cellulose decompo-
sition. Glyphosate does depress the growth rate of
some earthworms (Springett and Gray, 1992). The her-
bicide 2.4-D would seem to stimulate soil respiration
and microbial biomass in the short term, but in field
expeniments extended over 290 days, Wardle and
Parkinson (199]) found no effect of this herbicide,
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which appears to have little deleterious direct effects
on Collembola and Acari numbers (Rapoport and
Cangioli, 1963; Fox, 1964, Edwards, 1965. Davies,
1965; Prasse, 1975).

Anderson (1978), in his review on pesticide effects
on non-target soil microbes, states that simarine, ap-
plied at normal field rates, had no adverse effect on
fungi but did sumulate some mycorrhizae. There
would appear to be hittle effect of simazine on ecarth-
worms (Lee, 1985) but it reduced numbers of Collem-
bola by 60% when averaged throughout the year
following application. However, its effect on Acan
was less persistent (Prasse, 1975). Edwards (1965)
found that simazine reduced numbers of soil fauna 1o
ane-third to one-half compared with those in untreated
soil. Collembaola, particularly the isotomids, were most
affected by simazine, and earthworms, Diptera and
Coleoptera larvae also declined in numbers, These re-
ductions m abundance were sull apparent for up to
four months after applicavon of the herbicide (Ed-
wirds, 1965).

Wardrop (1986) states that paraguat had little ef-
feet on total populations of seill microbes or enzymic
activity although it may delay cellulose decomposi-
tion. Earthworms suffer few effects from paraquat
(Lee. 1985; Caseley and Eno, 1966). MCPA had no ef-
fect on grassland arthropods even after continual an-
nual applications  (Davies, 1965, Rapoport  and
Cangioh, 1963).

Compared with cropping. herbicides are used infre-
quently on pastures and their effects would appear to
be relatively small and non-persistent, New generation
herbicides, such as the sulphonyl vreas (eg. metsul-
phuren) are used in low concentrations (less than 10 g
ai/ha), which should ensure mumimal environmental ef-
fects.

Cultivation and pasture establishment
Cultivation of soil, depending on its intensity. may
affect the soil biota. The effects will be far greater in
cropping soils than in pastures where disturbance is re-
stricted to establishment and renovation. Ploughing
and reseeding pasture resulted in a 50% decrease in the
numbers of total arthropods, particularly hemiedaphic
Collembola, and Cryptostigmatid mites (Edwards and
Lofty, 1975). However, earthworm numbers increased
over a two year penod with cultivation and reseeding
{Edwards and Lofty, 1975), which may have been due
to the increased supply of organic matter from the in-
corporated sward (Curry, 1986). Other groups of sml
arthropads such as prostigmatid and mesostigmatd
Acari and Diplopods were only slightly affected (Ed-
wards and Lofty, 1969). In general, species with a
short life cycle repopulated cultivated soil within a sin-

gle growing season.

Less physically disruptive methods are increas-
ingly used to establish and renovate pastures. The use
of herbicides in conjunction with surface seeding or
direct dnlling should minimise effects of cultivation.
The effects of herbicides on soil biota have been dealt
with above.

Irrigation and drainage

Summer irmgation changed the proportions of the
two man earthworm species inhabiting improved
dairy pastures in Tasmania (Lobry de Bruyn, 1993).
Following irmigation, numbers of Aporrectadea caligi-
nosa declined by over 50 per cent while Lumbricus
rubellus increased duning the two irrigation seasons
studied. L rubellus would appear to be less sensitive
to wampling associated with imigation. Conversely,
Baker (1992) has shown that dranage increased num-
bers of earthworms, especially A. caliginosa, i pas-
tures at Hamilton, Victorin Earthworms showed no
changes m total abundance with irmigation but different
species dominated irmigated and dryland pastures in the
Mt Lofty Ranges in South Australin (Baker er al.,
1994},

Introduced biota

Dung beetles were intreduced into Australian pas-
toral soils with the CSIRO Dung Beetle Project pri-
marily to control buffalo and bush flies. An added
bonus is the quick fragmentation and burial (within
hours) of dung in the soil, bringing it into contact with
microbes with a subsequent increase in de¢omposition
and release of nutrients to the soil. So far, 17 species
have become established in NSW, 4 in Victoria and 4
in Tasmania. However, their natural rate of spread is
slow (Creagh, 1993},

Earthworms have been introduced into Australian
pastures for a variety of reasons. Those introduced into
irrigated pastures at Deniliquin incorporated the accu-
mulated litter mat into soil. Mat weights were redoced
from 72 to 8 tha when earthworms were present (Mo-
ble er al., 1970). Baker er af. (1994) have reviewed the
requirements for the management of earthworms
which may be introduced into pastures to both im-
prove soil structure and fertility, and to bury fertilisers
such as lime. Baker e ol (1993b) demonstrated that
the earthworm A trapezoides was more efficient at
burying surface-applied lime in pastures than A. rosea.
The rate of dispersal of both dung beetles and earth-
worms has been relatively slow, although there have
been more widespread introductions of dung beetles.

Conclusions

Efficient nutrient cycling and the maintenance of
good soil structure are two very important aspects of
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sustaining the biological fertility of grazed pastures.
Management practices such as stocking rate, applica-
tion of superphosphate and the sowing of legumes
probably have the most profound and sustained posi-
live effects on soil biota in those areas not subject to
imigation or acidification. Non-fertiliser agrochemicals
and cultivation effects would appear to be relatively
short lived, as these practices are only used sporadi-
cally, and introductions of inveriebrates are generally
only on a limited scale. Overgrazing with high sheep
numbers has not only adverse effects on soil biota, but
also on botanical composition of pastures. Fertilisers
will maintain the presence of nutritious perennal
grasses and legumes and will increase and sustain high
levels of soil biological activity provided gross soil
dysfunction does not develop. Management for
healthy and viable soil biota populations would appear
to be compatible with good agronomic practice, and
sustained biological fertility of pastures 15 achievable
as long as both objectives are attmned.
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