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Abstract

Non-selective grazing (NSG) is a relatively novel way of farm-
ing livestock in the Nama Karoo of South Africa. Our key ques-
tion was how heavy grazing under this high-intensity, low-fre-
quency grazing system would impact on certain soil properties.
The study was designed to compare the impacts of NSG (treat-
ment) with no grazing (control) in terms of: (1) amount of soil
organic carbon (OC); (2) soil microbial respiration rates; (3) soil
stability and infiltration properties. The treatment significantly
lowered the amount of OC in the topsoil. Microbial respiration
rates corresponded with the fertile patch matrix in both treat-
ment and control with significantly higher respiration rates mea-
sured under plants compared to open, unvegetated areas.
Respiration rates in treatment open areas were significantly
higher than in control open areas. There was a trend (P < 0.1) for
higher aggregate stability, final infiltration rate and cumulative
infiltration for treatment open soils compared to controls during
an initial rain event of 44 mm hour” in a rainfall simulator.
During a second rain event on sealed soils only aggregate stabili-
ty was significantly higher for treatment compared to control
soils. We conclude that the short-duration, low-frequency, inten-
sive herbivory by livestock under the non-selective grazing sys-
tem resulted in a more active microbial community, which
turned over organic matter more rapidly and led to higher soil
stability and infiltration capacity of open, unvegetated soils. We
present this as an example of conditions where herding by high
densities of large herbivores can have positive impacts on soil
quality.
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Grazing animals primarily affect rangeland soils by direct
impacts through trampling and dunging (Smoliak et al. 1972),
and indirectly by altering plant community structure (Thurow et
al. 1988, Dormaar et al. 1997). Soil quality, or productive poten-
tial, as characterized by, amongst others, infiltration rate, nutrient
status, and stability (resistance to erosion), determines the flows
of nutrients and water between soils and plants (Tongway and
Hindley 1995). Management may change these soil qualities,
either by ensuring resource conservation (soil, nutrients, water)
within the system, or by degrading the system so that resources
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Resumen

El apacentamiento no selectivo (NSG) es una forma relativa-
mente nueva de manejar el ganado en el Nama Karoo de
Sudéfrica. Nuestra pregunta clave fue como el apacentamiento
fuerte bajo este sistema de apacentamiento de alta intensidad
baja frecuencia impactaria en las propiedades del suelo. El estu-
dio se disefio para comparar los impactos del NSG (tratamiento)
con el no apacentamiento (control) en términos de: (1) cantidad
de carbén orgdnico en el suelo (OC); (2) tasas de respiracién
microbiana en el suelo y (3) propiedades de infiltracion y estabil-
idad del suelo. El tratamiento disminuyo significativamente la
cantidad de OC en la capa superior del suelo. Tanto en el
tratamiento como en el control las tasas de respiracion micro-
biana correspondieron a las de una matriz de parches fértiles y
el control con tasas de respiracion significativamente mayores
bajo las plantas que en los espacios abiertos sin vegetacién. Las
tasas de respiracién en las dreas abiertas del tratamiento fueron
significativamente mayores que las tasas de las areas abiertas del
control. Hubo una tendencia (P < 0.1) de mayor estabilidad de
los agregados, mayor tasa de infiltracién final e infiltracién acu-
mulada en los suelos abiertos del tratamiento comparados con el
control, esto durante un evento inicial de lluvia de 44 mm hora!
realizado con en el simulador de lluvia. Durante un segundo
evento de lluvia sobre el suelo sellado solo la estabilidad de los
agregados fue significativamente mayor en el tratamiento que en
los suelos del control. Concluimos que la corta duracion, baja
frecuencia y herbivora intensa del ganado bajo el sistema de
apacentamiento no selectivo resulta en una comunidad micro-
biana mas activa, la cual actué mas rapidamente sobre la mate-
ria organica lo que conduce a una mayor estabilidad del suelo y
mayor capacidad de infiltracion de los suelos abiertos sin veg-
etacién. Presentamos esto como un ejemplo de las condiciones
donde el apacentamiento con altas densidades de grandes her-
bivoros puede impactar positivamente en la calidad del suelo.

are lost or “leaked” (Tongway and Hindley 1995). Biologically
mediated soil processes such as decomposition, mineralization,
production and maintenance of macropores, production of soil
aggregates, and fixation, are critical for the maintenance and
restoration of soil production potential (Whitford and Herrick
1996). Grazing animals are the “tools” by which the rangeland
manager can either maintain or reduce productive potential,
depending mainly on stocking rate and grazing systems applied.
The correct use of these tools can have long-term economic
implications for the livestock operation (Savory 1983, Biondini et
al. 1998, Beukes et al. 2002).
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There is an extensive literature on the
merits of different stocking rates and graz-
ing systems. Some reviews (e.g.
O’Reagain and Turner 1992) suggest that
there is little evidence to support rotational
grazing in favour of continuous grazing.
Others have postulated that grazing sys-
tems that combine short periods of high
grazing intensity with prolonged periods
of rest (high-intensity-low-frequency graz-
ing = non-selective grazing) simulates the
herding of wild ungulates and may play an
important role in influencing range condi-
tion (Acocks 1966). McNaughton et al.
(1988) have shown that removal of this
type of grazing in the Serengeti grasslands
leads to an increase in N immobilized in
litter and standing dead biomass, and a
reduction in soil microbial turnover rates
and net soil N mineralization. This stimu-
lated McNaughton’s (1993) grazing opti-
mization theory—grazing stimulates soil
and plant processes which, in turn, maxi-
mize primary production through plant
compensatory growth mechanisms.
However, this theory is still being inten-
sively debated (Painter and Belsky 1993,
Biondini et al. 1998).

A number of studies have shown that
heavy grazing leads to plant compositional
changes, a reduction in total organic
cover, and changed physical and chemical
properties of the topsoil layers with a
resultant reduction in infiltration rates
(Smoliak et al. 1972, McCalla et al. 1984,
Graetz and Tongway 1986, Thurow et al.
1986, Biondini and Manske 1996, Mworia
et al. 1997, Biondini et al. 1998). The lit-
erature, however, is replete with contradic-
tory results on the effects of grazing on
soils, possibly a consequence of the differ-
ent environments, soils and grazing man-
agement systems of the trials (Lavado et
al. 1996). One of the reasons for these
contradictions is the varied interpretations
of “heavy grazing”. Although heavy graz-
ing is generally understood to mean that
grazing animals are kept in an area (pad-
dock) until they have removed up to 90%
of the aboveground biomass (Biondini et
al. 1998), this can be achieved by either
keeping relatively few animals for a long
time in the paddock (which translates into
short rest periods) or by stocking high
densities for a short time in numerous
small paddocks (which translates into
longer rests depending on the number of
paddocks available). We argue that these
differences are important and will result in
different impacts on soils and vegetation.
We postulate that heavy grazing under a
high-intensity-low-frequency/non-selec-
tive grazing system would improve soil
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quality through its concentrated but short
duration impacts on ecosystem processes
(McNaughton et al. 1988, Savory 1991).

This study was designed to test this
hypothesis by comparing the impacts of
non-selective grazing (treatment) vs. no
grazing (control) on certain soil quality
indicators viz: (1) total soil organic carbon
(OC); (2) soil microbial respiration rates;
(3) aggregate stability, infiltration rate,
erodibility, and cumulative infiltration. In
each case we predicted that the grazing
treatment would increase OC, microbial
respiration rates, and soil stability and
infiltration.

Materials and Methods

Study Area

Fieldwork was conducted on the farm
Elandsfontein (7,000 ha) situated 32 km
north-east of Beaufort West in the Nama
Karoo (32°15'S/22°45'E). A series of
doloritic rocky outcrops run across the
farm with the rest of the landscape consist-
ing of level to near-level pediments. Soils
are of mixed origin, derived from dolerite
weathering products and Karoo System
shales or shale-derived pedisediments
(Ellis and Lambrechts 1986). The reddish
coloured duplex soils have a coarse sandy
loam texture, are relatively rich in most
plant nutrients (topsoil plant-available P >
20 mg/kg; topsoil exchangeable K > 7%),
and have low levels of salts (electrical
resistance > 1,000 ohms), exchangeable
Na (ESP < 1%), and organic carbon (OC =
+0.2%).

The mean annual rainfall for the farm
for the period 1987-1998 was 212 mm
year' with a CV of 47%. Severe droughts
occur regularly in the Nama Karoo with
the last one being the 1990-1994 drought
when Elandsfontein recorded a mean of
139 mm year™. Fieldwork at Elandsfontein
commenced in the drought-breaking year
of 1995 (238 mm) after the very dry 1994
(33 mm). There is a trend for more rain-
fall, with a higher reliability, to fall during
summer months. Frontal systems bring
light rain in winter while summer rains are
often characterized by brief cloudbursts
resulting in rapid run-off. The mean annu-
al A-pan equivalent potential evapotran-
spiration is 2,400-2,600 mm (Schulze
1997).

The vegetation is classified by Acocks
(1975) as veld type 26, Karroid Broken
Veld; and by Low and Rebelo (1996) as
Central Lower Karoo. This semi-arid
grassy shrubland is dominated by grasses,
mainly species of Stipagrostis and

Eragrostis, while Pentzia incana (Thunb.)
Kuntze and Rosenia humilis (Less.)
Bremer are dominant dwarf shrubs.
Rocky sites include a sparse, tall shrub to
low tree stratum where the principle genus
is Rhus. A highly variable ephemeral, and
scarce succulent component exists.

Over a period of 30 years the landowner
subdivided the farm into many small pad-
docks. Only since the early 1990’s were
these paddocks sufficiently small to
achieve the high grazing intensities of the
non-selective grazing system. Currently
the infrastructure on Elandsfontein con-
sists of 147 paddocks arranged in wagon-
wheel layouts around 38 permanent water-
ing points. Large mixed herds of Nguni
cattle, Merino sheep, and Boer goats (in an
average ratio of 1:14:3) are rotated
through the paddocks in a non-selective
grazing system. The number of herds is
reduced as far as possible to concentrate
animals and minimize the grazing period
(< 14 days). Grazing intensities of 40— 60
Large Stock Unit Grazing Days per
hectare (LSU*days/ha where 1 LSU is the
equivalent forage intake of a 455 kg steer)
are applied (compared to 10— 20 of more
conventional group camp systems), after
which a paddock is rested for at least a full
year. A rumen stimulant in the form of cut
saltbush (Atriplex nummularia Lindl.) is
supplied to improve animals’ intake of
poorer quality fibre towards the end of a
period of occupation.

This non-selective grazing system dif-
fers from short-duration grazing (SDG) as
summarized by Holechek et al. (2000) in
that high grazing intensities are achieved
by reducing numbers of herds and pad-
dock sizes and not by increasing stocking
rate. With substantially more paddocks
non-selective grazing also allows for much
longer periods of rest compared to short-
duration grazing.

Experimental design

In April 1995, four paddocks (A, B, C
and D) on Elandsfontein were subjectively
assessed as similar in terms of topography,
soils, and vegetation, and were identified
as the 4 replicates for this study. Although
the paddocks differed in size (A = 34 ha,
B =87, C = 108, D = 32) the treatment,
grazing intensity (measured as Large
Stock Unit Grazing Days/ha =
LSU*days/ha), were kept similar across
the replicates by adjusting the grazing
period (days). A 5 strand stock fence was
used to erect a 50 m x 50 m exclosure in
each paddock. The exclosure fences were
positioned away from watering points and
stock paths, and excluded livestock graz-
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ing but not herbivory by indigenous verte-
brates steenbok (Raphicerus campestris),
hares (Lepus spp.), tortoises (Psammobates
spp.), porcupine (Hystrix austro-
africanae), and invertebrates. The fenced
areas were regarded as controls whereas
the adjacent 50 m x 50 m areas were
regarded as the grazing treatments.

The Treatment

After the exclosures were set up in April
1995, each paddock received a non-selec-
tive grazing (NSG) treatment each year
thereafter (until 1998) by stocking a com-
bination of Nguni cattle, Merino sheep,
and Boer goats at grazing pressures vary-
ing from 40 to 60 LSU*days/ha. Grazing
intensities varied between years because
of food availability, and animal reproduc-
tive status and condition, but were always
kept as similar as possible across repli-
cates by adjusting the length of the grazing
period (days). The treatment was not
applied during any particular season, but
the aim was always to herd as many ani-
mals together as was available, and to
keep the grazing period within the maxi-
mum of about 2 weeks (it varied between
2 and 16 days). These high grazing inten-
sities were achieved by herding up to 348
LSU in a 32 ha paddock for 5 days (1998
treatment). To extend the period of occu-
pation by a few days, and thereby force
the animals to ingest more fibrous, less
palatable material, they were supplied
with 1.5-2 tonnes of cut saltbush (Atriplex
nummularia Lindl.) every alternate day.
The woody portion (> 50%) of the salt-
bush shoots does not get utilized and
remains on the land as litter. The leaf
material with an average 22% protein,
helps to maintain rumen function and
improves intake of low quality fibre
(Barnard 1986). Care was taken not to
deposit the saltbush on or nearby the 50 m
x 50 m treatment areas. For experimental
purposes the treatment was applied annu-
ally, but under normal circumstances a
paddock would receive a rest period of
more than a year (147 paddocks at + 9
days per paddock converts into a theoreti-
cal rest period of 3—4 years).

Soil organic carbon (OC)

In June 1998, within a month after the
treatment, 3 of the 4 replicate paddocks
were selected for collecting soil samples
for OC measurements. Owing to financial
constraints, OC measurements were taken
in only 3 (A, C and D) of the 4 experimen-
tal paddocks. One, 5 m x 5 m plot was
randomly positioned inside the control and
treatment areas of each paddock. Care was

taken to avoid stock paths. Each plot was
subdivided into a grid with 100 cells each
measuring 0.5 m x 0.5 m. Using this grid,
100 soil samples (top 5 cm) were system-
atically collected in each plot. After pass-
ing each soil sample through a 2 mm sieve
to remove larger fractions, the OC content
(%) was determined using the Walkley
and Black method (Nelson and Sommers
1982).

Soil microbial respiration rates

Every year since 1996, within a month
after the treatment had been applied, soil
samples were collected from control and
treatment areas of the 4 replicate paddocks
for measuring microbial respiration rates.
Samples were randomly taken from the
top 5 cm of open, unvegetated areas
between shrub and grass clumps (inter-
mound), as well as from mound soils
underneath shrubs (mainly Pentzia incana
(Thunb.) Kuntze). Samples were passed
through a 2 mm sieve, moistened with 10
g water per 100 g air-dry soil, and stored
in a polythene bag for 1 week. Bags were
shaken every day to aerate the soil. After
the incubation period of 1 week, CO,
release as a result of microbial respiration
was determined using NaOH to react with
the CO, in respiration flasks. After
approximately 1 week (the exact time was
noted) in the respirometers, the free NaOH
was titrated with HCI1. Titrations were
standardized against a control respirometer
with sand instead of soil. The water con-
tent of the moist soil at the time the
respirometers were set up was determined
by drying sub-samples overnight at 105°
C. Soil microbial respiration rates were
expressed as g CO, g air-dry soil second™
(for more detail see Rowell (1994) pp. 117
-119).

Aggregate stability, infiltration rate,
erodibility, and cumulative infiltration
Soil sample collection and preparation

In June 1998, within a month after the
grazing treatment, 20 kg soil samples were
collected from the top 10 cm of open,
unvegetated areas in treatment and control
areas of all 4 paddocks. The collected

samples were air-dried and crushed to pass
a 4 mm sieve.

Rainfall simulation

Infiltration, runoff and interrill erosion
were measured by using a rainfall simula-
tor with a rotating disk, such as those
developed by Morin et al. (1967). Three
replicates of a soil were packed 20 mm
deep in 300 mm x 500 mm boxes, over an
80 mm deep layer of coarse sand. The
boxes were placed in the rainfall simulator
at a slope of 5%. The soil was first saturat-
ed from the bottom with tap water and
then exposed to simulated rainfall of dis-
tilled water with an electrical conductivity
value of 1.0 mS m™. The mechanical para-
meters of the applied rain were: instanta-
neous application rate of 44 mm hour™;
water drop average diameter of 19 mm;
median drop velocity of the rain event,
6.02 m second™; and the kinetic energy
was 18.1 J mm™ m? The volumes of
water percolating through the soil were
recorded at 2-minute intervals during an
event of 2 hours. Timed runoff samples
were collected at 2-minute intervals during
the 2-hour event, weighed, oven dried at
105° C, and reweighed to determine runoff
rate, sediment concentration, and sediment
yield. During the first storm seal formation
occurred (a thin wet layer of low hydraulic
conductivity that forms at the soil surface
during a storm) as a result of physical and
chemical processes initiated by the multi-
ple impacts of the raindrops (Levy 1988).

After the first storm, the trays with soil
were removed from the rain simulator and
dried at room temperature to form a crust
(hard setting of seal with drying). The
dried soil was then again subjected to a
second storm similar as the first storm
where similar soil parameters were mea-
sured.

Calculations
Cumulative infiltration and final infil-
tration rate

In many arid and semi-arid region soils,
the amount of water that infiltrates the soil
is determined by the hydraulic conductivi-
ty of a seal at the soil surface (Ben-Hur et

Table 1. Summary statistics for soil organic carbon (%) measurements from 3 paddocks

(A, C, and D) at Elandsfontein in June 1998.

Paddock
A C D
Statistic Treatment Control Treatment Control Treatment  Control
(%)
Mean (n = 100) 0.26 0.31 0.42 0.43 0.58 0.63
Standard Deviation 0.13 0.12 0.11 0.11 0.24 0.25
549

JOURNAL OF RANGE MANAGEMENT 56(5) September 2003



—~ a
T 5.0x10™~
5 ECW treatment
(%]
g2  4.0x107-
8o
§% 3.0x10m
E (=]
a9 2.0x10"
2o
1.0x10"°
0.0x10°°-
Mar. 1987 Jun. 1998
survey date
T 7.5x10™-
c
2
8 " b
;‘% 5.0x10"° F(treatment)=31.06
(<]
25 P<0.01
ad
8% 2.5x10"
0.0x107°-

Sep. 1996

Mar. 1997

Jun. 1998

survey date

Fig. 1 Soil microbial respiration rates for mound soils (a), and intermound soils (b).

al. 1985, Singer and Warrington 1992). A
rainfall simulator was used to determine
infiltration and runoff as other methods
like infiltrometers in the field and perme-
ameters in the laboratory ignore the nega-
tive influence of a seal formation (Morin
and Benyamini 1977, Sidiras and Roth
1987). Final infiltration rate (mm hour™) is
measured directly from a graph of infiltra-
tion rate vs. cumulative rainfall (mm)
when infiltration rate is constant 3 consec-
utive times. Cumulative infiltration (mm)
is calculated as the amount of rain that
infiltrates the soil until the final infiltration
rate occurs.

Aggregate stability

Sealing, crusting, water infiltration,
runoff and erosion result from aggregate
breakdown. The detachment of soil frag-
ments by rain, and the susceptibility of
soil to these processes is inferred from
measurements of aggregate stability
(Morin and Benyamini 1977, Stern et al.
1991, Le Bissonnais 1996). Le Bissonnais
(1996) reviewed the 4 main mechanisms
(i.e. slaking, breakdown by differential
swelling, mechanical breakdown by rain-
drop impact and physico-chemical disper-
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sion) of aggregate breakdown, and the
existing methods for the assessment of
aggregate stability. According to Nearing
and Bradford (1985), the main cause of
structural degradation at the soil surface is
raindrop impact. Therefore, the stability of
aggregates was determined from the
approach of mechanical breakdown by
raindrop impact by using a rainfall simula-
tor. The measure of seal formation
employed in this study was the infiltration
rate calculated by a Hortonian type equa-
tion describing the curve relating infiltra-
tion rate (Iy) to elapse time (t):

L=I+ @ -Ipe™ )

in which [; is the initial infiltration rate, I¢
is the final infiltration rate, Y is a curve-
fitting parameter related to the stability of
the soil aggregates and p is rain intensity
(Van der Watt and Valentine 1992). The
parameter values were transformed using
1-x so that aggregate stability would fol-
low the same trend as infiltration.

Erodibility

Interrill erosion was estimated based on
the area and total runoff from each tray
and the calculated sediment concentration.

The interrill erodibility coefficient related
to soil properties (K; in kg second’ m™)
was calculated from Kinnell (1993);

K = qg; /I-Q-L+S¢ ()

where qg; is the rate of soil discharge from
an interrill area (kg m second™); I the
intensity of the rainfall (m second™); Q the
rate of runoff discharge from an interrill
area (m second™); L the down slope length
of the interrill area; and S¢ a non-dimen-
sional slope adjustment factor that is cal-
culated from Sg = 1.05 — 0.85exp™*"®,
where S is the slope (Kinnell 1993).

Statistical analysis

The amount of OC was analysed using
2-way analysis of variance with “treat-
ment” and “paddock” as the 2 factors.

Microbial respiration rates were mea-
sured on more than 1 occasion (1996,
1997 and 1998). An analysis of variance
for repeated measurements was performed
to test the null hypothesis that the change
over time in the measured parameter
would not differ significantly between
treatment and control.

For the rainfall simulator results on
aggregate stability, final infiltration rate,
erodibility and cumulative infiltration
paired t-tests (2-tailed) were used to test
the null hypothesis that there was no sig-
nificant difference in the values of the
observed variable between treatment and
control.

Results

Soil organic carbon (OC)

Both treatment (P = 0.009) and paddock
(P < 0.001) had a significant effect on OC
amount while the interaction between
these 2 factors was not significant (P >
0.05). Non-selective grazing generally
resulted in lower OC of the topsoil; more
so in paddocks A and D (Table 1).

Soil microbial respiration rates

In control areas respiration rates were
always significantly higher in mound soils
compared to intermound soils. Treatment
had no significant impact on microbial
activity in mound soils, but resulted in a
significant increase in microbial respira-
tion rates in intermound soils (Fig. 1). The
time effect and the time x treatment inter-
action were not significant.

Aggregate stability, infiltration rate,
erodibility, cumulative infiltration
There was a trend for soils from grazed
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Table 2. Characteristics (mean + SD) of soils collected from open areas in control and grazing treatment paddocks (n = 4) in June 1998. Soils
were subsequently subjected to a 44 mm hour rainfall event using a rainfall simulator. Results of paired t-tests (two-tailed) are shown.

Treatment Control t-value P

Initial rain shower on disturbed soils (first storm)

Parameter related to aggregate stability 0.9747 £ 0.017 0.9519 = 0.009 241 0.09

Final infiltration rate (mm hour") 16.88 £ 8.95 42 +0.13 2.83 0.07

Erodibility (x 10% (kg second™ m™) 1.55 +0.19 1.61 +0.31 0.37 0.74

Cumulative infiltration (mm) 28.98 +11.23 8.48 +2.85 2.96 0.06
Second rain shower on sealed soils (second storm)

Parameter related to aggregate stability 0.9702 + 0.005 0.9606 + 0.006 11.26 0.002

Final infiltration rate (mm hour™) 528 +2.72 248 +0.74 1.68 0.19

Erodibility (x 10°) (kg second™ m™) 1.219 £ 0.33 1.404 + 0.08 1.07 0.36

Cumulative infiltration (mm) 14.95 £9.09 5.6 +0.08 2.04 0.13

areas to be more stable, and with a better
water infiltration capacity compared to
control soils when a rain event was simu-
lated on sieved (disturbed) soils (Table 2).
There was no significant difference in
erodibility. When a rain event was simu-
lated on sealed soils, which is closer to
field conditions most of the time, the treat-
ment soils showed a significantly higher
aggregate stability compared to the control
soils. With this second rain event there
were no significant differences in erodibil-
ity or infiltration capacity.

Discussion and Conclusions

Our results do not support the initial
hypothesis that non-selective grazing
would increase organic carbon (OC). The
trend was for soils of grazed areas to have
lower OC values compared to ungrazed
areas. The visible coarse litter after a non-
selective grazing event was not reflected
in the OC readings probably because soil
samples were passed through a 2 mm
sieve before recording OC content, or
there was not sufficient time for the coarse
litter to be fragmented. It would appear
that the concentrated hoof action concomi-
tant with non-selective grazing did not
promote the process of fragmentation. In a
study of short-duration grazing (SDG)
impacts on range soils in Alberta, Canada,
Dormaar et al. (1989) also found that hoof
action did not significantly increase incor-
poration of litter into the soil. The reduced
OC of the topsoil as a result of the non-
selective grazing treatment is in accor-
dance with the results of several workers
(e.g. Graetz and Tongway 1986, Thurow
et al. 1986, Willms et al. 1990, Dormaar et
al. 1997) who found that heavy grazing
reduced the plant biomass and litter base,
and therefore OC of the soils. Since organ-
ic matter input is related to standing plant
biomass (Garcia-Miragaya and Céceres
1990), it is possible that with the removal

of >50% of the forage with non-selective
grazing, organic matter input over time
was lower in the grazed compared to
ungrazed areas.

Another explanation for the trend of
lower OC in the grazed areas is related to
the significantly higher microbial respira-
tion rates recorded in the intermounds of
the grazed areas (Fig. 1). Soil respiration
rate (CO, production) depends on the
activities of microbial organisms which is
controlled by organic matter content, O,
supply, temperature, soil water content,
and nutrient supply (Rowell 1994). The
pulsed input of organic matter from inten-
sive feeding and trampling and the thor-
ough mixing and aeration of the topsoil by
hoof action resulted in a highly active soil
biotic community, which rapidly turned
over soil OC (McNaughton et al. 1988,
Tongway and Ludwig 1996). This grazing
impact was not as pronounced in mound
soils because of the already loose and fri-
able structure of these soils.

Since soil samples for the rainfall simu-
lator measurements were collected from
intermound areas, it is possible to relate
the rainfall simulator results to microbial
respiration rates of intermound soils. We
postulate that the pulsed input of litter and
dung together with mixing and aeration of
the top layers of non-selective grazing
soils led to a rapid increase in soil biotic
processes. These soil biotic processes are
largely responsible for aggregate creation
and stabilisation (Whitford and Herrick
1996). The trend for higher final infiltra-
tion rate and cumulative infiltration of the
treatment compared to the control soils
could be related to the greater aggregate
stability of the treatment soils (Greene and
Tongway 1989). Furthermore, the increased
infiltration in the treatment soils induced a
higher water content, which fed back to fur-
ther promote microbial activities.

The trend for both treatment and control
soils to seal, and thereby reduce infiltrabil-
ity, after an initial rain event (Table 2) is
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important in confirming field observations
that intermound soils become hard and
devoid of life when grazed areas are rested
for too long (Savory 1983). The longer
these unvegetated areas are exposed to
raindrop impact and the sun, the more
their physical structure can be expected to
deteriorate. The challenge is therefore for
the manager to avoid returning animals to
a paddock too soon, and thus impact nega-
tively on plant productivity, or wait too
long and thus reduce rainfall effectiveness.

Holechek et al. (2000) summarized the
current knowledge on the merits of short-
duration grazing. The evidence they
assimilated suggests that short-duration
grazing, with its large numbers of animals
on small areas for short periods of time,
does not benefit soil health but rather
results in degradation. Our results point to
situations and conditions where high-den-
sity grazing might indeed improve water
infiltration mainly due to a more active
soil biota. This tentative result warrants a
reassessment of the positive impacts of
high-density grazing systems on soil quali-
ty as perceived by amongst others Savory
(1983) and McNaughton et al. (1988).
There are particularly 3 aspects that we
recommend receive further attention: (a)
The role of grazing frequency as a factor
in determining the impact of large herbi-
vores on soils. The longer rest periods
between herding events of non-selective
grazing compared to short-duration graz-
ing might be an important difference in
terms of soil impacts. The infrequent but
heavy grazing of non-selective grazing
ensures a pulsed but adequate below-
ground input of organic matter as a sub-
strate for soil organisms, while soils are
loosened and aerated but not compacted;
(b) The role of soil type. Our study was
conducted on dolerite derived soils with
high levels of sesqioxides, high base status
and favourable soil structure (Ellis pers
comm. 2002). The outcome of herding on
more compact soils (e.g. shale) might be
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completely different; (c) The impacts of
infrequent, intensive grazing on soil micro-
bial activities and therefore OC dynamics,
nutrient cycling and water infiltration. We
believe that any grazing system which
enhances soil biotic activities will improve
overall ecosystem condition and therefore
productivity and sustainability.
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